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NOTE TO THE READER

The term 'carcinogenic risk' in the/ARC Monographs series is taken to mean the
probabilty that exposure to an agent wil lead ta cancer in humans.

Inclusion of an agent in the Monographs does not imply that it is a carcinogen,
only that the published data have been examined. Equally, the fact that an agent has
not yet been evaluated in a monograph does not mean that it is not carcinogenic.

The evaluations of carcinogenic risk are made by international working groups
of independent scientists and are qualitative in nature. No recommendation is
given for regulation or legislation.

Anyone who is aware of published data that may alter the evaluation of the
carcinogenic risk of an agent ta humans is encouraged to make this information
available to the Unit of Carcinogen Identification and Evaluation, International
Agency for Research on Cancer, iso cours Albert Thomas, 69372 Lyon Cedex 08,

France, in order that the agent may be considered for re-evaluation by a future
working groupa

Although every effort is made to prepare the monographs as accurately as
possible, mistakes may occur. Readers are requested to communicate any errors ta
the Unit of Carcinogen Identification and Evaluation, 50 that corrections can be
reported in future volumes.
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lAe MONOGRAHS PROGRAME ON THE
EVALUATION OF CARCINOGENIC RISKS TO HUMAS1

PREAMBLE

1. BACKGROUND
ln 1969, the International Agency for Research on Cancer (IAC) initiated a

programme to evaluate the carcinogenic risk of chemicals to humans and ta
produce monographs on individual chemicals. The Monographs programme has
since been expanded to include consideration of exposures ta complex mixures of
chemicals (which occur, for example, in sorne occupations and as a result of human
habits) and of exposures ta other agents, such as radiation and viruses. With

Supplement 6(1), the title of the series was modified from IARC Monographs on the
Evaluation of the Carcinogenic Risk of Chemicals to Humans to lARe Monographs
on the Evaluation of Carcinogenic Risks to Humans, in order ta reflect the widened
scope of the programme.

The criteria established in 1971 to evaluate carcinogenic risk to humans were
adopted by the working groups whose deliberations resulted in the first 16 volumes
of the IARC Monographs series. Those criteria were subsequently re-evaluated by
working groups which met in 1977(2), 1978(3), 1979(4), 1982(5) and 1983(6). The
present preamble. was prepared by two working groups which met in September
1986 and January 1987, prior to the preparation of Supplement 7(7) to the
Monographs and was modified by a working group which met in November 1988(8).

2. OBJECTIV AND SCOPE

The objective of the programme is to prepare, with the help of international
working groups of experts, and to publish in the faIm of monographs, critIcal

IThis project is supported by PHS Grant No. 5 UO 1 CA33193-0 awaded by the US National Cancer

Institute, Deparment of ReaIth and Ruman Servce, and with a subcntract ta Tracor Technology
Resurce, Ine. Since 1986, this programme has aIs ben supported by the Commission of the Euro-

pean Communities.
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reviews and evaluations of evidence on the carcinogenicity of a wide range of human
exposures. The Monographs may also indicate where additional research efforts are
needed.

The Monographs represent the first step in carcinogenic risk assessment, which
involves examination of all relevant information in order to assess the strength of
the available evidence that certain exposures could alter the incidence of cancer in
humans. The second step is quantitative risk estimation, which is not usually
attempted in the Monographs. Detailed, quantitative evaluations of epidemio-
logical data may be made in the Monographs, but without extrapolation beyond the
range of the data available. Quantitative extrapolation from experimental data to
the human situation is not undertaken.

These monographs may assist national and international authorities in making
risk assessments and in formulating decisions concerning any necssary preventive
measures. The evaluations of IAC working groups are scientific, qualitative
judgements about the degree of evidence for carcinogenicity provided by the
available data on an agent. These evaluations represent only one part of the body of
information on which regulatory measures may be based. Other components of
regulatory decisions may vary from one situation to another and from country to
country, responding to different socioeconomic and national priorities. Therefore,
no recommendation is given with regard to regulation or legilation, which are the
responsibility of individual govemments and/or other internationa organizations.

The IARC Monographs are recognized as an authoritative source of
information on the carcinogenicity of chemicals and complex exposures. A users'
survey, made in 1988, indicated that the Monographs are consulted by various
agencies in 57 countries. Each volume is generally printed in 40 copies for
distribution to governments, regulatory bodies and interested scientists. The
Monographs are also available via the Distribution and Sales Service of the World
Health Organization.

3. SELECTION OF TOPICS FOR MONOGRAPHS

Topics are selected on the basis of two main criteria: (a) that they concern
agents and complex exposures for which there is evidence of human exposure, and
(b) that there is some evidence or suspicion of carcinogenicity. The term agent is
used to include individual chemical compounds, groups of chemical compounds,
physical agents (such as radiation) and biological factors (such as viruses) and
mixures of agents such as occur in occupational exposures and as a result of
personal and cultural habits (like smoking and dietary practices). Chemical
analogues and compounds with biological or physical characteristics similar to
those of suspected carcinogens may also be considered, even in the absence of data
on carcinogenicity.
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The scientific literature is surveyed for published data relevant to an
assessment of carcinogenicity; the lAC surveys of chemicals being tested for
carcinogenicity(9) and directories of on-going research in cancer epidemiology(10)
often indicate those exposures that may be scheduled for future meetings. Ad-hoc
working groups convened by !AC in 1984 and 1989 gave recommendations as to
which chemicals and exposures to complex mixures should be evaluated in the
lAC Monographs series(11,12).

As significant new data on subjects on which monographs have already been
prepared becme available, re-evaluations are made at subsequent meetings, and
revised monographs are published.

4. DATA FOR MONOGRAPHS

The Monographs do not necssarily cite all the literature concerning the subject
of an evaluation. Only those data considered by the Working Group ta be relevant
to making the evaluation are included.

With regard to biological and epidemiological data, only reports that have
been published or accepted for publication in the openly available scientific
literature are reviewed by the working groups. ln certain instances, government
agency reports that have undergone peer review and are widely available are
considered. Exceptions may be made on an ad-hoc basis ta include unpublished
reports that are in their final form and publicly available, if their inclusion is
considered pertinent to making a final evaluation (see pp. 27 et seq.). ln the sections
on chemical and physical properties and on production, use, occurrence and
analysis, unpublished sources of information may be used.

5. THE WORKING GROUP

Reviews and evaluations are formulated by a working group of experts. The
tasks of this group are five-fold: (i) to ascertain that all appropriate data have been
collected; (ii) to select the data relevant for the evaluation on the basis of scientific
merit; (iii) to prepare accurate summaries of the data to enable the reader to follow
the reasoning of the Working Group; (iv) to evaluate the results of experimental and
epidemiological studies; and (v) to make an overall evaluation of the carcinogenicity
of the exposure to humans.

Working Group participants who contributed to the considerations and
evaluations within a particular volume are listed, with their addresses, at the
beginning of each publication. Each participant who is a member of a working
group serves as an individual scientist and not as a representative of any

organization, government or industiy. ln addition, representatives from national
and international agencies and indus trial associations are invited as observers.
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6. WORKING PROCEDURES

Approximately one year in advance of a meeting of a working group, the tapi cs
of the monographs are announced and participants are selected by IAC staff in
consultation with other experts. Subsequently, relevant biological and

epidemiological data are collected by IAC from recognized sources of
information on carcinogenesis, including data storage and retrieval systems such as
CHEMICAL ABSTRCTS, MEDLlNE and TOXLlNE - including EMIC and
ETIC for data on genetic and related effects and teratogenicity, respectively.

The major collection of data and the preparation of first drafts of the sections
on chemical and physical properties, on production and use, on occurrence, and on
analysis are carried out under a separate contract funded by the US National
Cancer Institute. Efforts are made to supplement this information with data from
other national and international sources. Representatives from indus trial
associations may assist in the preparation of sections on production and use.

Production and trade data are obtained from governmental and trade

publications and, in sorne cases, by direct contact with industries. Separate
production data on sorne agents may not be available because their publication
could disclose confidential information. Information on uses is usually obtained
from published sources but is often complemented by direct contact with
manufacturers.

Six months before the meeting, reference material is sent to experts, or is used
by IAC staff, to prepare sections for the first drafts of monographs. The complete
first drafts are compiled by IAC staff and sent, prior to the meeting, ta alI
participants of the Working Group for review.

The Working Group meets in Lyon for seven to eight days to discuss and
finalize the texts of the monographs and to formulate the evaluations. Mter the
meeting, the master copy of each monograph is verified by consulting the original
literature, edited and prepared for publication. The aim is to publish monographs
within nine months of the Working Group meeting.

7. EXPOSURE DATA

Sections that indicate the extent of past and present human exposure, the
sources of exposure, the persons most likely to be exposed and the factors that

contribute to exposure to the agent, mixure or exposure cIrcumstance are included
at the beginning of each monograph.

Most monographs on individual chemIcals or complex mixures include
sections on chemical and physical data, and production, use, occurrence and
analysis. ln other monographs, for example on physical agents, biological factors,
occupational exposures and cultural habits, other sections may be included, such
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as: historical perspectives, description of an industry or habit, exposures in the work
place or chemistry of the complex mixure.

The Chemical Abstracts Services Registry Number and the latest Chemical
Abstracts Primaiy Name are recorded. Other synonyms and trade names are given,
but the list is not necessarily comprehensive. Some of the trade names may be those
of mixures in which the agent being evaluated is only one of the ingredients.

Information on chemical and physical properties and, in particular, data
relevant to identification, ocurrence and biological activity are included. A
separate description of technical products gives relevant specifications and

includes avaIlable information on composition and impurities.
The dates of first synthesis and of first commercial production of an agent or

mixure are provided; for agents which do not occur naturalIy, this information may
allowa reasonable estimate to be made of the date before which no human exposure
to the agent could have ocurred. The dates of first reported occurrence of an
exposure are also provided. ln addition, methods of synthesis used in past and
present commercial production and different methods of production which may
give rise to different impurities are described.

Data on production, foreign trade and uses are obtained for representative
regions, which usually include Europe, Japan and the USA. It should not, however,
be inferred that those areas or nations are necessarily the sole or major sources or
users of the agent being evaluated.

Sorne identified uses may not be current or major applications, and the
coverage is not necessarily comprehensive. ln the case of drugs, mention of their
therapeutic uses does not necessarily represent current practice nor does it imply
judgement as to their clinical efficacy.

Information on the occurrence of an agent or mixure in the environment is
obtained from data derived from the monitoring and surveilance of levels in
occupational environments, air, water, soil, foods and animal and human tissues.
When available, data on the generation, persistence and bioaccumulation are also
included. ln the case of mixures, industries, ocupations or processes, information
is given about all agents present. For processes, industries and occupations, a
historical description is also given, noting variations in chemical composition,
physical properties or levels of occupational exposure with time.

Statements concerning regulations and guidelines (e.g., pesticide registrations,
maxmal levels permitted in foods, ocupational exposure lImits) are included for
sorne countries as indications of potential exposures, but they may not reflect the
most recent situation, since such limits are continuously reviewed and modified.
The absence of information on regulatory status for a country should not be taken to
imply that that country does not have regulations with regard to the exposure.
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The purPOse of the section on analysis is to give the reader an overvew of
current methods cited in the literature, with emphasis on those widely used for
regulatory pUfPses. No critical evaluation or recmmendation of any of the
methods is meant or implied. Methods for monitoring human exposure are also
given, when available. The !AC publishes a series of volumes, Environmental
Carcinogens: Methods of Anysis and Exsure Measurement(13), that describe

validated methods for analysing a wide variety of agents and mixures.

8. BIOLOGICAL DATA RELEVANT TO THE EVALUATION OF CARCINO-
GENICITY TO HUMANS

The term 'carcinogen' is used in these monographs to denote an agent or
mixure that is capable of increasing the incidence of malignant neoplasms; the
induction ofbenign neoplasms may in some circumstances (see p. 20) contribute to
the judgement that the exposure is carcinogenic. The terms 'neoplasm' and
'tumour' are used interchangeably.

Some epidemiological and experimental studies indicate that different agents
may act at different stages in the carcinogenic process, probably by fundamentally
different mechanisms. ln the present state of knowledge, the aim of the Monographs
is to evaluate evidence of carcinogenicity at any stage in the carcinogenic process
independently of the underlying mechanism involved. There is as yet insufficient
information to implement classification according to mechanisms of action(6).

Definitive evidence of carcinogenicity in humans can be provided only by
epidemiological studies. Evidence relevant to human carcinogenicity may also be
provided by experimental studies of carcinogenicity in animaIs and by other
biological data, particularly those relating to humans.

The available studies are summarized by the Working Group, with particular
regard to the qualitative aspects discussed below. ln general, numerical findings
are indicated as they appear in the original report; units are converted when
necessary for easier comparison. The Working Group may conduct additional
analyses of the published data and use them in their assessment of the evidence and
may include them in their summary of a study; the results of such supplementary
analyses are given in square brackets. Any comments are also made in square
brackets; however, these are kept to a minimum, being restricted to those'instances
in which it is felt that an important aspect of a study, directly impinging on its
interpretation, should be brought to the attention of the reader.

For experimental studies with mixures, consideration is given ta the

possibilty of changes in the physicohemical properties of the test substance
during collection, storage, extraction, concentration and delivery. Either chemIcal
or toxicological interactions of the components of mixures may result in nonlinear
dose-response relationships.

kajo
Rectangle
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An assessment is made as to the relevance to human exposure of samples
tested in experimental systems, which may involve consideration of: (i) physical and
chemical characteristics, (ii) constituent substances that indicate the presence of a
class of substances, (iii) tests for genetic and related effects, including genetic
activity profiles, (iv) DNA adduct profiles, (v) oncogene expression and mutation,
suppressor gene inactivation.

9. EVDENCE FOR CARCINOGENICITY lN EXPERIMENTAL ANlMALS

For several agents (e.g., 4-aminobiphenyl, bise chloromethyI)ether,

diethylstilboestrol, melphalan, 8-methoxypsoralen (methoxsalen) plus ultra -violet
radiation, mustard gas and vinyl chloride), evidence of carcinogenicity in
experimentaI animaIs precded evidence obtained from epidemiological studies or
case reports. Information compiled from the first 41 volumes of the IARC
Monographs14) shows that, of the 44 agents and mixures for which there is
suffcìent or limited evidence of carcinogenicity to humans (see p. 28), all 37 that have
been tested adequately experimentally produce cancer in at least one animal

species. Although this association cannot establish that all agents and mixures
that cause cancer in experimental animaIs also cause cancer in humans,

nevertheless, in the absence of adequate data on humans, it is biologically plausible
and pruent to regard agents and mixures for which there is suffcìent evidence (see
p. 29) of carcinogenicity in exerimental animaIs as if they presented a carcinogenic rik
to humans.

The monographs are not intended to summarize all published studies. Those
that are inadequate (e.g., too short a duration, too few animaIs, poor survival; see
below) or are judged irrelevant ta the evaluation are generally omitted. They may be
mentioned briefly, particularly when the information is considered to be a useful
supplement to that of other reports or when they provide the only data available.
Their inclusion does not, however, imply acceptance of the adequacy of the
experimental design or of the analysis and interpretation of their results.
Guidelines for adequate long-term carcinogenicity experiments have been outlined
(e.g., 15).

The nature and extent of impurities or contaminants present in the agent or
mixure being evaluated are given when available. Mention is made of all routes of
exposure that have been adequately studied and of aIl species in which relevant
experiments have ben performed. Animal strain, sex, numbers per group, age at
start of treatment and survival are reported.

Experiments in which the ag"nt or mixure was administered in conjunction
with known carcinogens or factors that modify carcinogenic effects are aIs a
reported. Experiments on the carcinogenicity of known metabolites and derivatives
may be included.
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(a) Quaitative aspects

An assessment of carcinogenicity involves several considerations of qualitative
importance, including (i) the experimental conditions under which the test was
performed, including route and schedule of exposure, spedes, strain, sex, age,
duration of follow-up; (ii) the consistency of the results, for example, across species
and target organes); (iii) the spectrum of neoplastic response, from benign tumours
to malignant neoplasms; and (iv) the possible role of modifying factors.

Considerations of importance to the Working Group in the interpretation and
evaluation of a paricular study include: (i) how clearly the agent was defined and, in
the case of mixures, how adequately the sample characterization was reported; (ii)
whether the dose was adequately monitored, particularly in inhalation experiments;
(ii) whether the doses used were appropriate and whether the survval of treated
animaIs was similar to that of controls; (iv) whether there were adequate numbers of
animaIs per group; (v) whether animaIs of both sexes were used; (vi) whether
animaIs were allocated randomly to groups; (vii) whether the duration of

observation was adequate; and (viii) whether the data were adequately reported. If
available, recent data on the incidence of specific tumours in historical contraIs, as
well as in concurrent controls, should be taken into account in the evaluation of
tumour response.

When benign tumours occur together with and originate from the same cell
type in an organ or tissue as malignant tumours in a particular study and appear to
represent a stage in the progression to malignancy, it may be valid to combine them
in assessing tumour incidence. The occurrence of lesions presumed ta be
preneoplastic may in certain instances aid in assessing the biological plausibilty of
any neoplastic response observed.

Of the many agents and mixures that have been studied extensively, few
induce only benign neoplasms. Benign tumours in experimental animaIs

frequently represent a stage in the evolution of a malignant neoplasm, but they may
be 'endpoints' that do not readily undergo transition to malignancy. However, if an
agent or mixure is found to induce only benign neoplasms, it should be suspected of
being a carcinogen and it requires further investigation.

(h) Quantitative aspects

The probabilty that tumours wil occur may de pend on the species and strain,
the dose of the carcinogen and the route and period of exposure. Evidence of an
increased incidence of neoplasms with increased level of exposure strengthens the
inference of a causal association b~tween the exposure and the development of
neoplasms.

The form of the dose-response relationship can vary widely, depending on the
particular agent under study and the target organ. Since many chemicals require
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metabolic activation before being converted into their reactive intermediates, both
metabolic and pharmacokinetic aspects are important in determining the

dose-response pattern. Saturation of steps such as absorption, activation,
inactivation and elimination of the carcinogen may produce nonlinearity in the
dose-response relationship, as could saturation of processes such as DNA
repaire 16,17).

(c) Statistical anaysis of long-term exriments in animais
Factors considered by the Working Group include the adequacy of the

information given for each treatment group: (i) the number of animaIs studied and
the number examined histologicalIy, (ii) the number of animaIs with a given tumour
type and (iii) length of survvaL. The statistical methods used should be clearly
stated and should be the generally accpted techniques refined for this
purpose(17,18). When there is no difference in survival between control and
treatment groups, the Working Group usually compares the proportions of animaIs
developing each tumour type in each of the groups. Otherwise, consideration is
given as to whether or not appropriate adjustments have been made for differences
in survivaL. These ad justments can include: comparisons of the proportions of
tumour-bearing animaIs among the 'effective number' of animaIs alive at the time
the first tumour is discovered, in the case where most differences in survival occur
before tumours appear; life-table methods, when tumours are visible or when they
may be considered 'fatal' because mortality rapidly follows tumour development;
and the Mantel- Haenszel test or logis tic regression, when occult tumours do not
affect the animaIs' risk of dying but are 'incidental' findings at autopsy.

ln practice, classifying tumours as fatal or incidental may be difficult. Several
survival-adjusted methods have been developed that do not require this
distinction(17), although they have not been fully evaluated.

10. OTHER RELEVANT DATA lN EXPERIMENTAL SYSTEMS AND
HUMANS

(a) Structúre-activity considerations

This section describes structure-activity correlations that are relevant to an
evaluation of the carçinogenicity of an agent.

(h) Absorption, distriution, exretion and metabolism
Concise information is given on absorption, distribution (including placental

transfer) and excretion. Kinetic factors that may affect the dose-reponse

relationship, such as saturation of uptake, protein binding, metabolic activation,
detoxification and DNA repair procsses, are mentioned. _Studies that indicate the
metabolic fate of the agent in experimental animaIs and humans are summarized
briefly, and comparisons of data from animaIs and humans are made when
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possible. Comparative information on the relationship between exposure and the
dose that reaches the target site may be of particular importance for extrapolation
between species.

(e) Toxicity

Data are given on acute and chronic toxic effects (other th an cancer), such as
organ toxicity, immunotoxicity, endocrine effects and preneoplastic lesions. Effects
on reproduction, teratogenicity, feto- and embryotoxicity are also summarized
briefly.

(d) Genetie and related effeets
Tests of genetic and related effects may indicate possible carcinogenic activity.

They can also be used in detecting active metabolites of known carcinogens in
hum an or animal body fluids, in detecting active components in complex mixures
and in the elucidation of possible mechanisms of carcinogenesis.

The adequacy of the reporting of sample characterization is considered and,
where necessary, commented upon. The available data are interpreted critically by
phylogenetic group according to the endpoints detected, which may include DNA
damage, gene mutation, sister chromatid exchange, micronuclei, chromosomal
aberrations, aneuploidy and cell transformation. The concentrations (doses)

employed are given and mention is made ofwhether an exogenous metabolic system
was required. When appropriate, these data may be represented by bar graphs
(activity profiles), with corresponding summary tables and listings of test systems,
data and references. Detailed information on the preparation of these profiles is
given in an appendix to those volumes in which they are used.

Positive results in tests using prokaryotes, lower eukaryotes, plants, insects and
cultured mammalian cells suggest that genetic and related effects (and therefore
possibly carcinogenic effects) could occur in mammals. Results from such tests
may also give information about the types of genetic effect produced and about the
involvement of metabolic activation. Some endpoints described are clearly genetic
in nature (e.g., gene mutations and chromosomal aberrations); others are to a
greater or lesser degree associated with genetic effects (e.g., unscheduled DNA
synthesis). ln-vitro tests for tumour-promoting activity and for cell transformation
may detect changes that are not necessarily the result of genetic alterations but that
may have specific relevance to the process of carcinogenesis. A critical appraisal of
these tests has been published(15).

Genetic or other activity detected in the systems mentioned above is not always
manifest in whole mammals. Positive indications of genetic effects in experimental
mammals and in hum ans are regarded as being of greater relevance than those in
other organisms. The demonstration that an agent or mixure can induce gene and
chromosomal mutations in whole mammals indicates that it may have the potential
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for carcinogenic activity, although this activity may not be detectably expressed in
any or all species tested. Relative potency in tests for mutagenicity and related
effects is not a reliable indicator of carcinogenic POtency. Negative results in tests
for mutagenicity in selected tissues from animaIs treated in vivo provide less weight,
partly because they do not exc1ude the possibilty of an effect in tissues other th 

anthose examined. Moreover, negative results in short-term tests with genetic
endpoints cannot be considered to provide evidence to ru le out carcinogenicity of
agents or mixures that act through other mechanisms. Factors may arise in many
tests that could give misleading results; these have been discussed in detail
elsewhere( 15).

The adequacy of epidemiological studies of reproductive outcomes and
genetic and related effects in humans is evaluated by the same criteria as are
applied to epidemiological studies of cancer.

11. EVIDENCE FOR CARCINOGENICITY lN HUMANS

(a) Types of studies considered

Three types of epidemiological studies of cancer contribute data to the
assessment of carcinogenicity in humans - cohort studies, case-control studies
and correlation studies. Rarely, results from randomized trials may be available.
Case reports of cancer in humans are also reviewed.

Cohort and case-control studies relate individual exposures un 

der study to theoccurrence of cancer in individuals and provide an estimate of relative risk (ratio of
incidence in those exposed to incidence in those not exposed) as the main measure
of association.

ln correlation studies, the units of investigation are usuaHy whole populations
(e.g., in particular geographical areas or at particular times), and cancer frequency
is related to a summary measure of the exposure of the population to the agent,
mixure or exposure circumstance under study. Because individual exposure is not
documented, however, a causal relationship is less easy to infer from correlation
studies than from cohort and case-control studies.

Case reports generally arise from a suspicion, based on clinical experience,
that the concurrence of two events - that is, a particular exposure and occurrence
of a cancer - has happened rather more frequently th 

an would be expected bychance. Case reports usually lack complete ascertainment of cases in any
population, definition or enumeration of the population at risk and estimation of
the expected number of cases in the absence of exposure.

The uncertainties surrounding interpretation of case reports and correlation
studies make them inadequate, except in rare instances, to form the sole basis for
inferring a causal relationship. When taken together with case-control and cohort
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studies, however, relevant case reports or correlation studies may add materially to
the judgement that a causal relationship is present.

Epidemiological studies of benign neoplasms and presumed preneoplastic
lesions are also reviewed by working groups. They may, in some instances,
strengthen inferences drawn from studies of cancer itself.

(b) Quaity of studies considered

It is necssar to take into accunt the possible roles of bias, confounding and
chance in the iIlterpretation of epidemiological studies. By 'bias' is meant the
operation of factors in study design or execution that lead erroneously to a stronger
or weaker association than in fact exists between disease and an agent, mixure or
exposure cIrcumstance. By 'confounding' is meant a situation in which the
relationship with disease is made to appear stronger or to appear weaker than it
truly is as a result of an association between the apparent causal factor and another
factor that is associated with either an increase or decrease in the incidence of the
disease. ln evaluating the extent to which these factors have been minimized in an
individual study, working groups consider a number of aspects of design and
analysis as described in the report of the study. Most of these considerations apply
equally to case-control, cohort and correlation studies. Lack of clarity of any of
the se aspects in the reporting of a study can decrease its credibilIty and its
consequent weighting in the final evaluation of the exposure.

Firstly, the study population, disease (or diseases) and exposure should have
been well defined by the authors. Cases in the study population should have been
identified in a way that was independent of the exposure of interest, and exposure
should have been assessed in a way that was not related to disease status.

Secondly, the authors should have taken account in the study design and
analysis of other variables that ca.n influence the risk of disease and may have been
related to the exposure of interest. Potential confounding by such variables should
have been de aIt with either in the design of the study, such as by matching, or in the
analysis, by statistical adjustment. ln cohort studies, comparisons with local rates
of disease may be more appropriate than those with national rates. InternaI
comparisons of disease frequency among individuals at different levels of exposure
should also have been made in the study.

Thirdly, the authors should have reported the basic data on which the
conclusions are founded, even if sophisticated statistical analyses were employed.
At the very least, they should have given the numbers of exposed and unexposed
cases and controls in a case-control study and the numbers of cases observed and
expected in a cohort study. Further tabulations by time since exposure began and
other temporal factors are also important. ln a cohort study, data on all cancer sites
and all causes of death should have been given, to avoid the possibilty of reporting
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bias. ln a case-control study, the effects of investigated factors other than the

exposure of interest should have been reported.
Finally, the statistical methods used to obtain estimates of relative risk,

absolute cancer rates, confidence intervals and significance tests, and to adjust for
confounding should have been clearly stated by the authors. The methods used
should preferably have ben the generally accpted techniques that have been

refined since the mid-1970s. These methods have ben reviewed for case-control
studies(19) and for cohort studies(20).

(c) Quantitative considerations

Detailed analyses of both relative and absolute risks in relation to age at first
exposure and to temporal variables, such as time since first exposure, duration of
exposure and time since exposure ceased, are reviewed and summarized when
available. The analysis of temporal relationships can provide a useful guide in

formulating models of carcinogenesis. ln particular, such analyses may suggest
whether a carcinogen acts early or late in the process of carcinogenesis( 6), although
such speculative inferences cannot be used to draw firm conclusions concerning the
mechanism of action and hence the shape (linear or otherwise) of the dose- response
relationship below the range of observation.

(d) Criteria for causality

After the quality of individual epidemiological studies has been summarized
, and assessed, a judgement is made concerning the strength of evidence that the
agent, mixure or exposure circumstance in question is carcinogenic for humans. ln
making their judgement, the Working Group considers several criteria for causality.
A strong association (i.e., a large relative risk) is more likely to indicate causality
th an a weak association, although it is recognized that relative risks of small
magnitude do not imply lack of causality and may be important if the disease is
common. Associations that are replicated in several studies of the same design or
using different epidemiological approaches .or under different circumstances of
exposure are more likely to represent a causal relationship than isolated
observations from single studies. If there are inconsistent results among

investigations, possible reasons are sought (such as differences in amount of
exposure), and results of studies judgéd to be of high quality are given more weight
than those from studies judged to be methodologically less sound. When suspicion
of carcinogenicity arises largely from a single study, these data are not combined
with those from later studies in any subsequent reassessment of the strength of the
evidence.

If the risk of the disease in question increases with the amount of exposure, this
is considered to be a strong indication of causality, although absence of a graded
response is not necessarily evidence against a causal relationship. Demonstration
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of a decline in risk after cessation of or reduction in exposure in individuals or in
whole populations also support a causal interpretation of the findings.

Although a carcinogen may act upon more th an one target, the specificity of an
association (i.e., an increased ocurrence of cancer at one anatomical site or of one
morphological type) adds plausibilty to a causal relationship, particularly when
excess cancer ocurrence is limited to one morphological type within the same
organ.

Although rarely available, results from randomized trials showing different
rates among exposed and unexposed individuals provide particularly strong
evidence for causality.

When sever al epidemiological studies show little or no indication of an
association between an exposure and cancer, the judgement may be made that, in
the aggregate, they show evidence of lack of carcinogenicity. Such a judgement
requires first of all that the studies giving rise to it meet, to a sufficient degree, the
standards of design and analysis described above. Specifically, the possibility that
bias, confounding or misclassification of exposure or outcome could explain the
observed results should be considered and excluded with reasonable certainty. ln

addition, all studies that are judged to be methodologically sound should be
consistent with a relative risk of unity for any observed level of exposure and, when
considered together, should provide a pooled estimate of relative risk which is at or
near unity and has a narrow confidence interval, due to sufficient population size.
Moreover, no individual study nor the pooled results of all the studies should show
any consistent tendency for relative risk of cancer to increase with increasing level of
exposure. It is important ta note that evidence oflack of carcinogenicity obtained in
this way from several epidemiological studies can apply only to the type( s ) of cancer
studied and to dose levels and intervals between first exposure and observation of
disease that are the same as or less th an those observed in all the studies.
Experience with human cancer indicates that, in some cases, the period from first
exposure to the development of clinical cancer is sel dom less than 20 years; latent
periods substantially shorter th an 30 years cannot provide evidence for lack of
carcinogenicity.

12. SUMMARY OF DATA REPORTED

ln this section, the relevant experimental and epidemiological data are
summarized. Only reports, other than in abstract form, that meet the criteria
outlined on p. 15 are considered for evaluating carcinogenicity. Inadequate studies
are generally not summarized: such studies are usually identified by a
square-bracketed comment in the text.
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(a) Exsures
Human exPOsure is summarized on the basis of elements such as production,

use, ocurrence in the environment and determinations in human tissues and body
fluids. Quantitative data are given when available.

(h) Exrimental carcinogenicity data
Data relevant to the evaluation of carcinogenicity in animaIs are summarized.

For each animal species and route of administration, it is stated whether an
increased incidence of neoplasms was observed, and the tumour sites are indicated.
If the agent or mixure produced tumours after prenatal exposure or in single-dose
experiments, this is also indicated. Dose-response and other quantitative data may
be given when avaIlable. Negative findings are also summarized.

(c) Human carcinogenicity data
Results of epidemiological studies that are considered to be pertinent to an

assessment ofhuman carcinogenicity are summarized. When relevant, case reports
and correlation studies are also considered.

(d) Other relevant data

Structure-activity correlations are mentioned when relevant.
Toxicological information and data on kinetics and metabolism in

experimental animaIs are given when considered relevant. The results of tests for
genetic and related effects are summarized for whole mammals, cultured
mammalIan ceHs and nonmammalIan systems.

Data on other biological effects in humans of particular relevance are
summarized. These may include kinetic and metabolic considerations and
evidence of DNA binding, persistence of DNA lesions or genetic damage in
exposed humans.

When available, comparisons of such data for hum ans and for animaIs, and
particularly animaIs that have developed cancer, are described.

13. EVALUATION

Evaluations of the strength of the evidence for carcinogenicity arising from
human and exprimental animal data are made, using standard terms.

It is recgnized that the criteria for these evaluations, described below, cannot
encompass aH of the factors that may be relevant to an evaluation of
carcinogenicity. ln considering aH of the relevant data, the Working Group may
assign the agent, mixure or exposure circumstance to a higher or lower category
than a strict interpretation of these criteria would indicate.
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(a) Degrees of evidence for carcinogenicity in humans and in exerimental
anima and supporting evidence

It should be noted that these categories refer only to the strength of the
evidence that an exposure is carcinogenic and not to the extent of its carcinogenic
activity (potency) nor to the mechanism involved. A classification may change as
new information becomes available.

An evaluation of degree of evidence, whether for a single substance or a
mixure, is limited to the materials tested, and these are chemically and physically
defined. When the materials evaluated are considered by the Working Group to be
sufficiently closely related, they may be grouped for the purpose of a single
evaluation of degree of evidence.

(i) Human carcinogenicity data
The applicabilty of an evaluation of the carcinogenicity of a mixure, process,

occupation or industry on the basis of evidence from epidemiological studies

depends on the variability over time and place of the mixures, processes,
occupations and industries. The Working Group seeks to identify the specific
exposure, process or activity which is considered most likely to be responsible for
any excess risk. The evaluation is focused as narrowly as the available data on
exposure and other aspects permit.

The evidence relevant to carcinogenicity from studies in humans is classified
into one of the following categories:

Suffcient evidence of carcinogenicity The Working Group considers that a
causal relationship has been established between exposure to the agent, mixure or
exposure circumstance and human cancer. That is, a positive relationship has been
observed between the exposure and cancer in studies in which chance, bias and
confounding could be ruled out with reasonable confidence.

Limited evidence of carcinogenicity A positive association has been observed
between exposure to the agent, mixure or exposure circumstance and cancer for
which a causal interpretation is considered by the Working Group to be credible,
but chance, bias or confounding could not be ruled out with reasonable confidence.

Inaequate evidence of carcinogenicity The available studies are of insufficient
quality, consistency or statistical power to permit a conclusion regarding the
presence or absence of a causal association.

Evidence suggesting lack of carcinogenicity There are several adequate studies
covering the full range of levels of exposure that human beings are known to
encounter, which are mutually consistent in not showing a positive association
between exposure to the agent, mixure or exposure circumstance and any studied
cancer at any observed level of exposure. A conclusion of' evidence suggesting lack
of carcinogenicity' is inevitably limited to the cancer sites, conditions and levels of
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exposure and length of observation covered by the available studies. ln addition,
the POssibilty of a very small risk at the levels of exposure studied can never be
excluded.

ln some instances, the above categories may be used ta classify the degree of
evidence for carcinogenicity for specific organs or tissues.

(ii) Exenmenta/ carcinogenicity data
The evidence relevant to carcinogenicity in experimental animaIs is classified

into one of the following categories:

Suffcient evidence of carcinogenicity The Working Group considers that a
causal relationship has been established between the agent or mixure and an
increased incidence of malignant neoplasms or of an appropriate combination of
benign and malignant neoplasms (as described on p. 20) in (a) two or more species
of animaIs or (b) in two or more independent studies in one species carried out at
different times or in different laboratories or under different protocls.

Exceptionally, a single study in one species might be considered ta provide
sufficient evidence of carcinogenicity when malignant neoplasms occur to an
unusual degree with regard ta incidence, site, type of tumour or age at onset.

ln the absence of adequate data on humans, it is biologically plausible and
prudent to regard agents and mixures for which there is suffcient evidence of
carcinogenicity in experimental animaIs as if they presented a carcinogenic risk ta
humans.

Limited evidence of carcinogenicity The data suggest a carcinogenic effect but

are limited for making a definitive evaluation because, e.g., (a) the evidence of
carcinogenicity is restricted ta a single experiment; or (b) there are unresolved
questions regarding the adequacy of the design, conduct or interpretation of the
study; or (c) the agent or mixure increases the incidence only of benign neoplasms
or lesions of uncertain neoplastic potential, or of certain neoplasms which may
occur spontaneously in high incidences in certain strains.

Inaequate evidence of carcinogenicity The studies cannat be interpreted as
showing either the presence or absence of a carcinogenic effect because of major
qualitative or quantitative limitations.

Evidence suggesting /ack of carcinogenicity Adequate studies involving at least

two species are available which show that, within the limits of the tests used, the
agent or mixure is not carcinogenic. A conclusion of evidence suggesting lack of

carcinogenicity is inevitably limited to the species, tumour sites and levels of
exposure studied.

(iii) Supporting evidence of carcinogenicity

Other evidence judged to be relevant to an evaluation of carcinogenicity and of
sufficient importance to affect the overall evaluation is then described. This may
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include data on tumour pathology, genetic and related effects, structure-activity
relationships, metabolism and pharmacokinetics, physicohemical parameters,
chemical composition and possible mechanisms of action. For complex exposures,
including ocupational and indus trial exposures, the potential contribution of
carcinogens known to be present as well as the relevance of materials tested are
considered by the Working Group in its overall evaluation of human
carcinogenicity. The Working Group also determines to what extent the materials
tested in eXPrimental systems are relevant to those to which humans are exposed.
The avaIlable experimental evidence may help to speify more precisely the causal
factor( s ).

(h) Overall evaluation

Finaly, the boy of evidence is considered as a whole, in order to reach an

overall evaluation of the carcinogenicity to humans of an agent, mixure or
circumstance of exposure.

An evaluation may be made for a group of chemical compounds that have been
evaluated by the Working Group. ln addition, when supporting data indicate that
other, related compounds for which there is no direct evidence of capacity to induce
cancer in animaIs or in humans may also be carcinogenic, a statement describing
the ration ale for this conclusion is added to the evaluation narrative; an additional
evaluation may be made for this broader group of compounds if the strength of the
evidence warrants il.

The agent, mixure or exposure circumstance is described accrding to the

wording of one of the following categories, and the designated group is given. The
categorization of an agent, mixure or exposure circumstance is a matter of
scientific judgement, retlecting the strength of the evidence derived from studies in
humans and in experimental animaIs and from other relevant data.

Group 1 - The agent (mixure) is carcinogenic to humans.
The e.sure circumstance entails e.sures that are carcinogenic to humans.

This category is used only when there is suffcient evidence of carcinogenicity in
humans.

Group 2

This category includes agents, mixures and exposure circumstances for which,
at one extreme, the degree of evidence of carcinogenicity in humans is almost
sufficient, as weIl as those for which, at the other extreme, there are no human data
but for which there is experimental evidence of carcinogenicity. Agents, mixures
and exposure circumstances are assigned to either 2A (probably carcinogenic) or
2B (possibly carcinogenic) on the basis of epidemiological, experimental and other
relevant data.
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Group lA - The agent (mixure) is probably carcinogenic to humans.
The exsure circumstance entail exsures that are probably carcinogenic to
humans.

This category is used when there is limited evidence of carcinogenicity in
hum ans and suffcient evidence of carcinogenicity in experimental animaIs.
Exceptionally, an agent, mixure or exposure circumstance may be classified into
this category solely on the basis of limited evidence of carcinogenicity in humans or
of suffcient evidence of carcinogenicity in experimental animaIs strengthened by
supporting evidence from other relevant data.
Group 2B - The agent (mixure) is possibly carcinogenic to humans.
The exsure circumstance entails exsures that are possibly carcinogenic to humans.

This category is generally used for agents, mixures and exposure

circumstances for which there is limited evidence of carcinogenicity in humans in the
absence of suffcient evidence of carcinogenicity in experimental animaIs. It may
also be used when there is inadequate evidence of carcinogenicity in humans orwhen
human data are nonexistent but there is suffcient evidence of carcinogenicity in
experimental animaIs. ln sorne instances, an agent, mixure or exposure

circumstance for which there is inaequate evidence of or no data on carcinogenicity
in hum ans but limited evidence of carcinogenicity in experimental animaIs together
with supporting evidence froID other relevant data may be placed in this groupe

Group 3 - The agent (mixure, exsure circumstance) is not classifable as to its
carcinogenicity to humans.

Agents, mixures and exposure circumstances are placed in this category when
they do not fall into any other group.
Group 4 - The agent (mixure, exsure circumstance) is probably not carcinogenic to
humans.

This categoiy is used for agents, mixures and exposure circumstances for
which there is evidence suggesting lack of carcinogenicity in humans together with
evidence suggesting lack of carcinogenicity in experimental animaIs. ln some
instances, agents, mixures or exposure circumstances for which there is inadequate
evidence of or no data on carcinogenicity in humans but evidence suggesting lack of
carcinogenicity in experimental animaIs, consistently and strongly supported by a
broad range of other relevant data, may be classified in this groupe
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GENERA REMAS
ON THE SUBSTANCES CONSIDERED

This fift-first volume of lARe Monographs describes the evidence for possible
carcinogenic effects of coffee, tea, mate, three methylated xanthines (caffeine,
theophyllne and theobromine) and methylglyoxaL. Caffeine, other methylated
xanthines and coffee drinking were recmmended in June 1984 for evaluation in the
IARC Monographs by an ad-hoc Working Group of scientists from many countries
engaged in the study of human health problems (IAC, 1984). The topics for
consideration were broadened by the !AC to include tea and mate because these
are also methylxanthine-containing beverages which are consumed in large
quantities. Serious consideration was also given to the inclusion of caffeinated soft
drinks and choclate, which are widely consumed thoughout the world, but these
products have not been the specifie object of any epidemiological or experimental
studies.

Green coffee beans are one of the major commodities of world trade. More
than five millon tonnes are produced annually in sorne 50 coffee-growing nations,

and coffee is second only to oil in international commerce. Green coffee is the
second most important food commodity in the world after wheat (Viani, 1986).
Approximately 1.5 bilion cups of coffee are drunk every day throughout the world
(Anon., 1987). The highest per-caput consumption of coffee prevails in the
Scandinavian countries and amounts to four to five cups per person per day.
Therefore, the safety of this product has major consequences for international
public health as weIl as for the world ecnomy.

Tea is presently the most popular beverage in the world. ln parts of Asia and
North Africa, green tea is the principal tye consumed, whereas black tea is
preferred elsewhere in the world. Mate, prepared from the dried leaves of a local
tree, is a popular beverage in parts of South America.

The basis for preparing the monograph on coffee was the results of early
case-control studies in which an association between bladder cancer and coffee
consumption was suggested. ln many parts of the world, an individual may drink
coffee, tea and caffeine-containing soft drinks; therefore, the health effects of these
beverages are difficult to isolate and assess. Some of the case-control studies that
have been undertaken examined both tea and coffee consumption or estimated
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total methylxanthine intake. Furthermore, coffee and tea are complex mixtures of
hundreds of compounds of widely different chemical classes. Some components of
these beverages have been the subject of long-term experiments in animaIs ta study
their potential carcinogenicity. Compounds that have been reported ta occur in
coffee and tea and which have been evaluated previously in the ¡ARC Monographs
series are listed in Table 1. Various strains of beans and of tea are grown under
different conditions and are processed for consumption in a variety of ways. The
beverages are th en prepared according ta different local customs, which may
include boilng, filtration and the addition of other plant materials (e.g., lemon
juice) or milk. A third problem is that it is difficult to quantify individual
consumption of coffee and te a, as there is no standardized ffeasure for a cup of
either beverage. Lastly, the use of these beverages is associated with other

widespread concomitant behaviours, such as cigarette smoking and certain dietary
habits, and these associations may vary even within regions.

Table 1. Compounds that have been reported to occur in coffee and tea and
which have been evaluated previously in the lARC Monographs seriesa

Compound IARC Monographs Evaluation
(volume, year)

Humans AnimaIs Ove raIl 

Coffee beverage

Acetaldehyde 36, 1985b 1 S 2B
Catechol 15, 1977 ND 1 3
Formaldehyde 29, 1982b L S 2A
Hydrogen peroxide 36, 1985 ND L 3
Hydroquinone 15, 1977 ND 1 3
Phenol 47, 1989 1 1 3

Black tea

H ydrogenperoxide 36, 1985 ND L 3
Kampferol 31, 1983 ND 1 3
Phenol 47, 1989 1 1 3

Quercetin 31, 1983 ND L 3

Green tea

Phenol 47, 1989 1 1 3

Additives in tea

Bergamot oH (containing 40, 1986b 1 S 2A
5-methoxysoralen)

apossible contaminants are discsssed in the respective monographs.
b Also considered in Supplement 7



GENERA RE MARKS ON 1RE SUBSTANCES CONSIDERED 37

An important component of coffee is caffeine; its stimulatory action is
considered to be one of the reasons for the POpularity of coffee and other
caffeine-cntaining beverages (Viani, 1986), although consumption of
decaffeinated coffee is increasing in sorne part of the world. Quantification of
caffeine intake is difficult not only beause of the lack of standardization of cups of
tea or coffee but also beause of the multiplicity of sources containing it; it is the
dominant pharmacologically active constituent of coffee and tea and is aIs a present
in many nonprescription pharmaceutical preparations.

It has ben suggested that excessive use of caffeine-containing beverages,

particularly coffee, influences the risk for coronary heart disease. The question is
stil open, despite a vast body of research, reviewed only in part in this volume.
Concern over the past 10-15 years about the potential of caffeine and
caffeine-containing foos and beverages to cause adverse reproductive effects or
birth defects in humans stemmed from a series of studies in laboratory animaIs,
dating back to 196. These showed that caffeine was teratogenic in animaIs at doses
far in excess of the levels of consumption of caffeine by humans. Recent studies in
which human exPOsure was mimicked more appropriately have been used ta assess
the potential reproductive and developmental toxicity from the use of caffeinated
products by humans. The large number of animal studies in which reproductive
and developmental toxicity was evaluated compared to other manifestations of
toxicity, including cancer, reflects the con cern over potential adverse reproductive
effects.

Mate had been reported to be associated with increased risks of oesophageal
cancer.

Carcinogenicity studies in experimental animaIs were available on coffee, tea
(or tea fractions) and caffeine. With regard to theophyllne and theobromine,
experimental studies were available only on their modifying effects on

carcinogenesis. Methylglyoxal, which is present in brewed and instant coffee, was
the subject of a carcinogenicity study in animaIs which had been reported at the
time the substances were selected. No monograph was prepared on glyoxal, which
is also present in brewed and instant coffee and in many foods, because no
carcinogenicity data were available. A recent study by Takahashi et al. (1989)
examined only the potential modifying effects of glyoxal on carcinogenesis in the rat
stomach and was not designed to investigate its carcinogenic potential in an
adequate manner.

It is noteworthy that all these beverages, which have been consumed worldwide
in large quantities for centuries, have been tested for carcinogeIiicity in
experimental animaIs only recently. No proper carcinogenicity testing has been
done for tea, the world's most commonly consumed beverage, or for mate.
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COFFEEl

1. Production and Use

1.1 Introduction

'Coffee has never been a mere beverage. Sorne three centuries have passed
since it became the overnight rage among the fashionable and witty in cities
throughout Europe. Even in the late twentieth century, however, it has yet tö be
relegated to the rank of the more pedestrian potions with which we quench our
thirst or warm our insides. Little of coffee's original mystique has been worn offby
centuries of familiarity.' (Hattox, 1988).

The year 575 is often cited as the date of the arrivaI of coffee on the Arabian
peninsula froID Ethiopia. Commercial and political links were at that time
becoming quite strong across the Red Sea. Coffee cherries (bun or bon) were then
probably only dried and chewed as a stimulant against fatigue. It is only by the
middle of the fifteenth century that coffee as a beverage (kahwah in Arabic), an
infusion of roasted and ground coffee beans that had been cultivated in the Yemen,
near the harbour of Mocha, came into general use throughout the Ottoman empire.
By the end of the sIxeenth century, it had crossed the Mediterranean Se a, and in
less than a century it had spread throughout Europe and to the British settlements
in North America (Wellman, 1961).

During the seventeenth century, the cultivation of coffee spread to the Malabar
coast of India and to Ceylon; and, from the beginning of the eighteenth century,
seedlings of Coffea arabica L. cultivated in European glasshouses, as first described
by Linnaeus in 1737 (Debry, 1989), were introduced into the Dutch West Indies and
to the Portuguese, French and Spanish colonies of Asia and America (Wellman,
1961).

Low-altitude coffee cultures in Asia were destroyed during the last part of the
nineteenth cent ury by the coffee rust, Hemueia vastatri. A rust-resistant species,

lUnles otherwse speified, the term 'coffee' is us to mean brewe, caeinated coffee.
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Coffea canephora, var. robusta, was introduced during the twentieth century in Asia,
Africa and, more recently, Brazil (Viani, 1986).

i.2 Production processes

(a) Green coffee

(i) Botany and culture (Wrigley, 1988; Viani, 1989)

Approximately 60 species of the genus Coffea L. (Rubiaceae family) have been
described. The commercially important varieties are C. arabica L., arabica coffee,
which accounts for 85-90% of world production, and C. canephora (Pierre ex
Froehner), robusta coffee, which contributes 10-15% of world production. Two
other species, which contribute less than 1% ofworld production, are also grown: C.
liberica (Bull ex Hiern), liberica coffee, and C. dewevrei (de Wild.), excelsa coffee.

The main characteristics of arabica and robusta coffees are given in Table 1.

Table 1. Main botanical and physical characteristics of arabica and robusta
coffee plants 

a

Parameter Robusta speciesArabica species

Botanical varieties, mutants
and cultivars

Optimal growth

Climate
Altitude (m)
Average temperature CC)
Maxmal temperature CC)
Rain/year (mm)

Plant
Chromosomes (2n)
Root system

Leaf

Flower (white to pink)

Fruit, cherr or berr (crimson),

605% water

Seed, bean (blue-green to
yellow-green), 10-12% water

Cafeine content of seed
(% dry basis)

Weight of clean beans from
fully ripened cherres (%)

Arabica or tyica bourbon,

Caturra, Maragogipe, etc.

Temperate, equable
7001700
15-23
25
1500-220

Self-fertilizing
44
Deep
Small, glossy, oval

Afer rain, small

Oblong ellpsoid, 15 mm
long, 8-9 months to ripen

Round to oval, flat, deeply
grooved, 5-13-mm long

0.8-1.4, average 1.2

12-20 (usually 16-18)

Robusta (upright), nganda
(spreading), Kouilouensis
(various spellngs: kouilou,
quilou, conilon), etc.

Warm, humid
0-800
18-27
30
220-300

Sterile
22
Shallow
Large, broad, corrgated

Irregular, large

Ellpsoid, 12-mm long, 10-11
months to ripen

Oval to round, grooved, 4-8-mm
long

1.7-4.0, average 2.0

17-22 (usually ~ 20)
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Table i (contd)

Parmeter Arabica speies Robusta speies

Density of beans (g)

Pests (disasl
HemiJeia vastatri (rut)

Colletotrihum coffeaum
(coffee berr disas)
Stephodore coffea
(Hypthenemus hape;)
(coffee berr borer)

550-700 550-700

Susptible
Susptible

Susptible

Resistant
Resistant

Susptible

aFrom Viani (1986, 1989)

bFrom Clarke & Macrae (1988a)

The seeds of arabica and cuttings of robusta coffee plants are propagated in
nurseries and are cultivated on sheltered slopes, protected from wind and frost on
porous, well-drained soil rich in organic matter and slightly acidic.

Natural and botanical interspecific hybrids have been described: 'Hibrido de
Timor' is a natural cross between arabica and robusta, while arabusta and 1 catu

were created artificially (Wrigley, 1988).

(ii) Harvesting and processing of coffee cherres (Viani, 1986, 1989)

The operations necessary to transform harvested cherries into green beans
vary depending upon ecological conditions. Where water is scarce or labour
unskilIed, the 'dry' process is applied; such is the case in Brazl and Ethiopia, the
main producers of 'natural' unwashed arabicas and most robustas. Where all
cherries can be picked at the optimal degree of ripeness, where water is abundant
and equipment is available, coffee is treated by the 'wet process, resulting in
'washed' arabicas. The two processes are shown schematically in Table 2.

ln the 'dry' or 'natural' procss, cherries of different degrees of ripeness are
strip-picked and handled simultaneously. They are spread in a thin layer on the
ground, where they are sun-dried for up to three weeks. Husks (skin and pulp) are
removed in centrifugaI hullng machines.

ln the 'wet or 'washed' process, freshly picked berries are separated in water
channels into 'floaters' (overripe and one-bean cherries) and 'sinkers' (ripe
cherries), which are pulped mechanically; floaters are usually dry-processed and
consumed locally. Enzymatic fermentation of the mucilage which stil adheres ta
the bean solubilzes the mass so that it can be removed by stirring with water. Some
pulpers remove ski n, pulp and mucilage mechanically in a single operation. The
beans, which are stil surrounded by parchment, are then washed and either
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sun-dried for four to eight days or dried in a hot-air dryer for 24-30 h. The
parchment is removed in centrifugaI hullng machines, and the beans are c1eaned by
density, sorted electronically by colour, graded by size through screens and bagged
in 60- or 70-kg jute bags.

Table 2. Dry and wet processes for processing
cotiee cherriesa

Operation Dry Wet

Haresting of cherres strip selective
Floating in water no yes
Pulping of 'sinkers' no yes
Fermenting no yes
Washing no yes
Dryng yes yes
Hullng yes yes
Polishing no usually
Cleaning yes yes
Sorting/grading usually yes
Baggng yes yes

a From Viani (1989)

(b) Decaffeination (Viani, 1986, 1989)

The presence ofwater is essential in decaffeination in order ta open the cellular
structure of the bean and to ensure diffusion of caffeine out of the bean by
solubilizing the caffeine-potassium chlorogenate complexe Decaffeination is
usually performed on green beans before aromatic substances are formed by
roasting; however, a process for decaffeinating roasted coffee extract is also used.
The techniques applied can be divided approximately into two types: 'bean
decaffeination' at moisture levels below 40% and 'extract decaffeination' at
moisture levels above 60%.

(i) Solvents/ adsorbents

The solvents and adsorbents currently employed during decaffeination are:
dichloromethane (see IAC, 1986a, 1987), ethyl acetate, edible fats and oils,
supercritical carbon dioxide and acid-activated carbon. Formerly trichloro-
ethylene (see IAC, 1979, 1987) was used.

(ii) Bean decaffeination

This technique was patented in 1905 by Roselius (Meyer, 1906; Meyer et aL.,
1908; Katz, 1987) and is stil the most commonly used. Green coffee beans are
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swollen to contain 30-40% moisture with water and steam at tempe ratures of

2O-100°C for up ta 5 h and decaffeinated in static or rotating drums with a
water-saturated solvent, such as dichloromethane (Patel & Wolfson, 1972), ethyl
acetate (Morrison & Phillps, 1983) or edible fats and oils (Malizia & Trumbetas,
1984; Pagliaro et al., 1984), at tempe ratures ranging from 60 ta 10SoC for 2-12 h,
depending upon the level of residual caffeine permitted. Most countries require
that the content be reduced to less th an 0.1% on a dry weight basis. The beans are
then freed from residual volatile solvent (deodorized) by steam stripping at
lOO-110°C for 1-4 h to levels usuallywell below those required by local regulations

(..5-15 ppm according to country and solvent), and dried to their initial moisture
content (approximately 10%) at 40-48 ° C for 0.5-10 h wi th hot air or under vacuum.

The solvent is recovered by batch or continuous evaporation or by steam
stripping of the caffeine under vacuum, and the caffeine is purified by repeated
crystallzation for further use in, e.g., cola-type drinks.

Green coffee beans can also be decaffeinated using supercritical carbon
dioxide at temperatures and pressures above its critical point (31.06°C, 73.8 bar),
usually at 4O-8O°C and 20-300 bar for 5-30 h (Zosel, 1981; Martin, 1982).
Supercritical carbon dioxide is circulated in a pressurized vessel through moist
coffee, where it dissolves the caffeine selectively; the caffeine solution is then passed
through a second pressurized vessel containing activated carbon or water which
retains the caffeine.

(iii) Extract decaffeinatìon

Green (or roasted) coffee beans are extracted with water (Berry & Walters,
1943), and the extract is decaffeinated either by liquid-liquid extraction with

dichloromethane (Katz, 1980) followed by steam deodorization or by selective
adsorption of caffeine on acid-activated carbon. Processes that do not employ an
organic solvent are known as 'water decaffeination'.

The decaffeinated extract is concentrated and reincorporated on the predried
decaffeinated beans (Fischer & Kummer, 1979; Green & Blanc, 1981).
Alternatively, the decaffeinated extract can be used to decaffeinate new beans (Katz
& Proscia, 1981). The beans are then dried to their initial moisture leveL.

(c) Roasted coffee (Rothfos, 1986)

(i) Process

During the roasting process, hard green coffee beans which are stone-hard
increase in volume and develop a brittle structure, a dark-brown colour and a
characteristic flavour rich in volatile constituents. During the first phase of
roasting, the beans are dried at temperatures of up to 120-150 ° C, after which
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pyrolysis starts. The release of carbon dioxide and volatile aroma increases at
temperatures above 150°C. ln the last phase of roasting, when the temperature
reaches approximately 190°C, the reaction becomes exothermic and the beans puff,
doubling in size.

The chemical constituents of green beans can change dramatically with
roasting. For example, the total chlorogenic acid content of green arabica coffee
beans is typically 6.9%; following light roasting, the concentration decreases to
about 2.7%, and after dark roasting is only about 0.2% (Trugo & Macrae, 1984a).

Mter coling, which can be acclerated by quenching with water, residual
carbon dioxide trapped in the bean is released slowly over a period of days.

The main operations used in the manufacture of roasted coffee are shown in
Table 3.

Table 3. Main operations in the manufacture of roasted coffee

Operation Means

Recption
Emptyng
Weighing

Cleaning

Conveying

Storae
Weighing

Blending

Roasting

Weighing

Conveying

Sorting
Degasing

Grinding
Packaging
or
Procing

Green coffee arves at the plant either loo in containers or in bags.
Manually or mechanically

ln hoppers of 250- or 500kg capacity

Through vibrating screens (removal of small stones and large, heavy lxies);

by air levitation (removal of dust); with magnets (removal of iron scrap)

Pneumatically, to storage silos

ln bins of 1- to 100tonnes capacity
Manually or automatically for blending

Manually (1-2 bags max.) or mechanically (up to 10 different coffee tys)

ln batch or continuous roasters (a few to 500 kg/h)
To detennine the roast weight los
With bucket (vertically) or belt conveyors (horizontally) or with dense-phas
air conveyors to avoid breakage

Electronically by colour

Freshly roasted coffee releass cabon dioxide: the gas must be allowe to
espe before whole coffee beans are packaged in gas-tight wrappings

ln stainles-steel mils
Under vacuum or inert gas to maintain freshnes

ln instant coffee plants

(ii) Roasters

Many models of roasters exist, which operate both by batch and continuously,
with capacities ranging froID a few kilograms to over 500 kglh, and range froID
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manually operated to fully automated. They can be divided into conduction
roasters with direct-flame heating and convection roasters employing preheated
gas. Modem gas-heated roasters are equipped with gas recirculation units and
catalysts to reduce emissions. Some models are also equipped with automatic
cleaning cycles to avoid a build-up of tars (Viani, 1986).

ln sorne of the more recent models, so-called 'high yield or 'fast roasted' coffee
can be prepared by heating green coffee beans by convection to temperatures of up
to 30°C for 2-3 min and by increasing the ratio of hot air to beans. This type of
roasted coffee can yield up to 20% more extractable matter with a sharper taste
when brewed.

(ii) Grinders

Roasted beans are ground in mils that vary in capacity from a few grams to 4
tonnes/ho The average particle size of the ground coffee depends on the extraction
equipment to be used; indicative sizes are given in Table 4.

Table 4. Particle sizes of roasted coffeesQ

Use Paricle size (mm)

Instant coffee manufacture
US drip, percolator
Filter
Espres
Middle East

1.5 to whole beans
0.7-1.0
0.4-.6
0.3-t.4
.:0.1

4From Viani (1986)

(iv) Packaging

Unlike green beans, roasted coffee spoils relatively quickly if unprotected froID
oxygen and moisture; at ambient temperature, whole beans become stale after four
to six weeks and ground coffee after two weeks.

Since coffee beans release carbon dioxide for up to 48 h after roasting, they
cannot be packed in airtight containers immediately. Whole beans are therefore
either placed in non-airtight packs or allowed to degas and then packed un der
vacuum or in an inert atmosphere in metal cans or impermeable plastic containers.
Coffee is now sold pre-ground and packed in brick packs or cans after short
degassing (2-4 h) or under an initial slight vacuum in flexible bags with a one-way
degassing valve (Viani, 1986).
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(d) Instant coffee (Viani, 1986)

The first commercially acceptable instant (or soluble) coffee was produced in
Switzerland in 1938 as 50% coffee solids and 50% corn syrup solids; 100% pure
instant coffee became available from the 1950s.

Instant coffee is the dried water extract of roast and ground coffee, which
readily dissolves in both cold and hot water and eliminates the need for brewing
equipment. The unit operations performed during the manufacture of instant
coffee are: storing, blending, decaffeination and roasting of green beans; grinding,
recovery of volatile aroma and extraction of roasted beans; stripping of aroma;
concentrating and drying of the extract; and agglomeration, aromatization and
packaging of the powder. The operations performed on the beans up to and
including roasting have already been described. The steps described below are
specific to instant coffee technology.

(i) Extraction

Whole roasted coffee beans or coffee ground to a particle size of 1.5 mm are
extracted with softened water in a battery of five to eight percolation columns called
'cells', with a capacity of a few kilograms to one tonne. The process is
semi-continuous; water at 160-180°C enters the most completely extracted cell and
circulates through to the most recently filled cell (see Figure 1). The cells are divided
into 'hot' cells at a temperature of 140-180°C under a pressure of 14-16 bar and
'cold cells at a temperature of approximately 100°C. ln the hot cells, high-
molecular-weight material (in particular carbohydrates) is extracted. ln the cold

cells, the material with the most flavour is extracted. The extract is withdrawn from
the fresh cell, cooled to 4-5°C and sent into a scale in amounts that depend on the
desired yield (33-55% based on roasted coffee) and on the concentration of the
extract (10-30%). At the end of the 'draw-off' period, a new cell enters the circuit,
which may have been steam-stripped to recover volatile aroma, and the spent
grounds are evacuated from the most completely extracted cel!.

(ii) Concentration

Exracts with a concentration of 25-30% (w/w) soluble solids can be dried

directly but with loss of volatile components. The volatile constituents present in
extracts coming from the hot section are, however, unimportant from the point of
view of aroma or flavour. The hot extract can then be evaporated to a concentration
of 50-60% (w/w) and mixed with cold extract; if both hot and cold extracts are
collected together, the dilute extract is stripped prior to concentration and the
volatile components added back ('standardization') before drying. A technique
that preserves most of the volatile aroma is freeze concentration, in which pure ice is
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Figure 1. Battery for instant cofTee extractiona

Percent solids extracted from each column

28% 20% 15% 8% 1.9%

'Draw-off'
40%

Most compietely
extracted cell

FreshIy filed

cell
Heat exchanger

Water at
142°C;
1.4 MPa
(14 bar)1 Il 1/

+- Cold -+1.
section

IV V
Hot section

Vi

.
60-90 min 40-100 min

a From Viani (1986)

separated from the frozen extract in gradient columns at a concentration of up ta
35-40%. The extract is then cooled ta 4-5°C and clarified.

(iii) Spray-drying

The extract is sprayed through a pressure nozzle into the top of a tower and
dried by a concurrent flow of hot air at approximately 250°C; the dry powder is
collected at the bottom of the tower. Powder with a bulk density of 230-300 g/l can
thus be obtained. For the convenience of consumers, the powder can be

agglomerated to a coarse structure by rewetting and redrying.

(iv) Freeze-drying

The extract is gradually frozen to -40 ta -50°C; ice crystals are separated and
sublimed under vacuum.

(v) Aromatization

The volatile aroma fractions collected dUTing stripping of the fresh cell cao be
emulsified with oil from pressed roasted coffee or speot grounds and sprayed or
injected onto the powder at levels of 0.3- 1.0% (w/v) during packaging.
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(vi) Packaging

The POwder, which should contain less than 5% moi sture (Commission of the
European Communities, 1985), is packed un der vacuum or in an inert atmosphere
in jars or flexible bags and is stable for more than two years if unopened.

i.3 Worldwide production, trade and consumption

(a) Production and exrt

Coffee is one of the major commodities of world trade; it is often the main
source of foreign exchange for the producing countries in the belt between the
tropics. World coffee supply and distribution in 1984-88 are given in Table 5.

Table S. World production and distribution of coffee in i 984-88
(millions of 60-kg bags (millions of tonnes Da

Year Total production Domestic consumption Total exprts

1984

1985

1986

1987

1988

Average

83.8 (5.03)

90.0 (5.40)

81.1 (4.87)

107.7 (6.46)

87.1 (5.23)

89.9 (5.39)

19.4 (1.16)

19.2 (1.15)

19.8 (1.19)

18.6 (1.12)

19.7 (1.18)

19.3 (1.16)

64.4 (3.86)

70.8 (4.25)

61.3 (3.68)

89.1 (5.35)

67.5 (4.05)

70.6 (4.24)

tlrom International Coffee Organization (1989a)

International coffee trade is regulated by the International Coffee

Organization, which administers the International Coffee Agreement. The current
1983 (International Coffee Organization, 1982) agreement expired in September
1989 but was extended for a further two years as of October 1989. It has been signed
by 74 members - 50 exporting and 24 importing countries comprising 99% of
world production and 85% of world consumption (International Coffee
Organization, 1989b,c). The producing countries are divided into three main
categories, according to botanical origin (arabica or robusta) and method of
preparation (dry or wet processing). The majority of the coffee produced is traded
as mi Ids (wet-processed arabica), Brazilian and other arabicas (dry-processed
arabicas) and robustas (dry-processed) (Viani, 1989).

The production, exports and consumption of green coffee by the main
producing countries are given in Table 6. The consumption figures are only
indicative, as they were calculated by dividing the amount of coffee that
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disappeared (produced but not exported, 1984-87 average) by the 1987 population
of the countiy concerned (Anon., 1989).

Table 6. Production, exports (millions or 6Okg bags) and consumption of
green coffee (kg per caput per year) or the main producing countriesa

Country Productiona Exrtb ConsumptionC
(1984 average) (1983-88 average)

Wet-processed arabicas 42.16 29.93
Colombia 14.25 10.49 3.64
Mexico 4.93 3.25 1.36
Guatemala 2.85 2.46 1.29
India 2.78 1.41 0.07
Costa Rica 2.24 1.94 5.06
El Salvador 2.19 2.61 1.66
Kenya 1.88 1.65 O.08dEcador 1.82 1.59 2.13
Honduras 1.41 1.31 2.37
Peru 1.20 1.03 0.60
Venezuela 1.06 0.18 2.60
Dominican Republic 0.85 0.52 2.88
Tanzania, United Republic of 0.78 0.79 O.Old
Nicaagua 0.72 0.70 1.88
Others 3.20

Dry-processed arabicas 28.93 18. 46

Brazl 26.13 17.14 3.10
Ethiopia 2.80 1.32 2.09

Robustas 16.23 16.27
Indonesia 6.01 4.76 0.41
Ivory Coast 4.35 3.84 1.24
Zaire 1.86 1.52 0.38Madagas 1.11 0.81 1.31
Philippines 1.02 0.49 0.51
Others 1.88 4.85

Total 87.32 64.66

aFrom International Coffee Organization (1989b,d)
bFrom International Coffee Organization (198ge)
C Calculated by the Working Group
dFrom Viani (1989)

-, not avalable
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(b) Imports and consumption

The disappearance (industiy term: net imports adjusted for changes in visible
inventories; in milions of 6O-kg bags) and consumption (disappearance divided by
the population of the country in 1987; in kgper caput per year) of green coffee in the
main importing members of the International Coffee Organization are given in
Table 7.

Per-caput disappearance of coffee in importing member countries of the
International Coffee Organization in 1981-86 is given in Table 8. Annual per-caput
consumption of coffee in major consuming countries in 1970-81 is given in Table 9.

Imports (in milions of 6Okg bags) and estimated consumption (in kgper caput
per year) of green coffee by non-International Coffee Organization member
consuming countries importing more than 100 00 bags per year are given in Table
10.

(c) Brewing techniques (Pictet, 1987)

The most cam mon brewing techniques are indicated below. Exraction yields
of 16-30% (w/w) for the so-called 'super-high-yield' coffees are usual, depending on
the type of roasting, contact time and pressure and fineness of grind. Brewing
techniques encompass a wide range of procedures used in different parts of the
world, which are based on the types of coffee and roasting procedures traditionally

used. Loal cultural practices associated with the preparation and use of coffee
result in a wide range of individual consumption patterns.

(i) Decoction/boiling

To prepare northern Scandinavian 'boiled' coffee, roasted ground arabica
coffee is brewed in continuously boilng water. The brew is made by boilng about
70 g coffee grounds in 1 1 boiling water for 10-30 min (1 cup ,. 150 ml). The
decoction usually lasts upwards of 10 min. Sometimes, fresh coffee and water are
added to a boiling kettle during the day.

Very finely ground Turkish coffee (less than 0.1 mm particle size) is brewed by
gentle boilng of proportions of 5 g coffee grounds, 10 g sugar, 60 ml water untIl a

foam is formed (1 cup,. 60 ml).

(ii) Infuion

Light-to-medium roasted, coarsely ground coffee (particle size, 0.7-1.0 mm) Is
infused with boiling water in a pot for a few minutes, stirred and separated froID the
grounds by pouring through a metal strainer. ln the 'plunger' system, the metal
strainer is pushed down the coffee pot to separate the grounds from the coffee. This
system is used in northern Europe and Australia with a concentration of grounds to



Table 7. Disappearance (millions of 60-kg bags) and consumption (calculated by the Working Group) of
green coffee in main importing countries by order of consumption (average, 1984-1988)

Country Disappearnce4 Consumption (kgper caput per year) Coffee used in 1988 (%)b

198488 average 1989 Arabica Robusta Other
Finland 1.00 1.01 1224 stable (10- 11 in 1988)b 99 1Sween 1.60 1.47 11.57 down 99 1Denmark 0.92 0.89 10.83 down (10- 11 in 1988)h 80 17 3Norwy 0.71 0.69 10.12 stable (10 in the 1980s)b 97 2 1Netherlands 238 234 9.65 stable (8.13 in 1988)b 68 27 5Austria 0.98 1.31 7.88 up (8.7 in 1988)b 87 12 1Germany, Federal Republic of 7.68 9.02 7.60 up (7.92 in 1988)h 89 10 1BelgiumlLmborg 1.23 1.11 7.52 stable NASwitzerland 0.73 0.87 6.46 down 81 17 2 (jFrance 5.16 5.18 5.63 up 45 54 1 0USA 18.09 18.69 4.48 down 81 15 4 ~Italy 4.22 4.30 4.41 up 52 48 m

mCanada 1.82 1.83 3.33 down NASpain 206 250 3.17 stable (2 Tt 58 41 1Cyru 0.03 0.04 2nNA NAGree 0.45 0.56 277 stable (275 in 1987)b 94 5 1UK 233 224 249 up 57 42 1Australia 0.64 0.65 239 up NAJ apan 4.57 4.80 225 up NAPortgal 0.40 0.45 204 up (221 30 62 8Yugoslavia 0.65 0.74 1.67 NA NAIreland 0.10 0.10 1.46 stable NA
Total 57.75 60.79

4From International Coffee Organization (1989f, 199)
b Acrding to Müller-Henniges & Rothfos (1989)

NA, not avalable
fJw
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water of up to 65 g/l. ln North America, this method is used with high-yield, lightly
roasted coffee with grounds concentrations of 28-40 gi. One cup equals 150-190 mL.

Table 8. Derived per-taput disappearance of cotTee in importing member
countries of the International CotTee Organization, 1981-86°

Importing member Kilogrms green coffee equivalent for total population

1981 1982 1983 1984 1985 1986

USAb 4.80 4.n 4.63 4.71 4.65 4.41

EEC
Denmark 11.79 11.46 11.15 11.05 11.04 11.00

Netherlands 9.09 8.97 9.58 9.46 9.41 9.65

Germany, Federal Republic of 7.06 7.34 7.29 7.03 6.84 7.38

Belgium/Luembourg 8.58 7.15 8.84 7.25 7.60 7.14

France 6.05 5.91 5.94 5.39 5.47 5.49

Italy 3.98 4.33 4.34 3.89 4.93 4.37

Spain 275 2.76 3.19 2.92 2.74 3.44

UK 2.55 2.43 2.41 2.51 2.44 2.42

Gree 263 265 2.81 3.00 2.96 2.18

Ireland 1.10 1.00 1.16 1.47 1.59 1.81

Portgal 1.48 1.42 1.90 1.96 219 1.64

Other importing members
Finland 13.52 12.78 12.93 14.59 10.09 1209

Sween 12.91 11.73 12.14 11.29 11.55 11.64

Norwy 10.26 10.51 11.36 10.39 10.47 10.09

Austra 6.55 7.92 8.53 7.73 7.34 7.75

Switzerland 6.57 5.58 6.00 6.04 6.17 6.59

Canada 4.79 4.33 4.25 4.27 4.41 4.15

Singapore C C C 2.36 C C

Yugoslavia 2.01 1.05 1.51 0.89 0.58 2.31

Australia 2.51 2.62 2.31 2.44 211 2.24

Japan 1.68 1.85 1.94 201 2.14 2.23

New Zealand 2.09 1.96 2.25 2.01 1.94 1.88

Cyru 2.95 2.63 6.55 c 2.87 1.34

Fiji 0.37 0.18 0.18 0.17 0.09 0.09

aFrom Clarke & Macra (1988b)
bBas on estimates of civilian population by the US Deparment of Commerce
cRe-exprt exceed import in thes year.
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Table 10. Imports and consumption of green coffee in main non-
International Coffee Organiztion member consuming countries,
by order of consumption (average, 1982-86)4

Country Import (milions
of 6Okg bag)

Consumptionb (kg
per caput per year)

German Democratie Republie
Hungar
Lebanon
Algeria
Czehoslovaa
Saudi Arbia
New Zealand
Argentina
Pol and
Bulgara
Syra
Korea, Republic of

South Afca
Chile
Moroc
Hong Kong
Korea, Democratie People's

Republie of

USSR
China
Others
Total

1.08

0.65
0.18
1.10

0.44
0.39
0.11
0.60
0.52
0.13
0.12
0.28
0.27
0.10
0.22
0.06
0.13

3.94
3.83
3.38
231
2.09
1.93

1.91

1.08

0.99
0.83
0.61
0.55
0.49
0.43
0.40
0.33
0.32

0.84
0.03
0.67

7.92

0.23

aFrom International Coffee Organization (1989g)
bEstimated by the Working Group by dividing the quantity of green coffee imported

by the country during the 'coffee year' 1987-8, les the average re~xprt of 1985-87,
by the population of the country in 1984

-, not available

(iii) Filtration

Filtered coffee, generally known as 'drip coffee' in North America, is made by
pouring boilng water over finely ground, light-to-dark roasted coffee (average
particle size, 0.5-0.7 mm) in a filter paper set in a funnel. The brew drips into a
warmed pot within about 2-5 min. Automatic coffee makers are now used in most
central and northern European, North American and J apanese households; the
system is also widely adopted for food-servce coffee-making equipment. Brew
strengths vary according to the degree of roasting, the process and local habits;
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concentrations as high as 75-80 g/l (dark roast; 1 cup ,. 60-150 ml) are common iD
France and BrazL. For automatic coffee makers, concentrations of 28-65 g/l are
used.

(iv) Percolation

Coarsely ground coffee (average particle size, 0.7-1.0 mm) is extracted by
recirculating boilng water until the desired brew strength is reached. ln more
modern equipment, continuous recirculation and filtration by gravity (under
pressure) improve extraction and shorten brewing time to under 2 min. The use of
percolators has declined significantly in favour of automatic drip coffee makers.
Ground coffee concentrations normally used range from 40 g/ (light roast) in North
America to 60 g/ (medium roast) in the UK

(v) Vaporization under pressure (espresso)

Water heated to just above boiling-point is forced by slight excess pressure
through a bed of medium-to-dark roasted coffee ground to an average particle size
of 0.3-0.4 mm ('moca' or 'Neapolitan' coffee machines). This method is used in
most Italian and Spanish households. ln Italian 'espresso' machines, the addition
of a high-pressure pump working at 8-12 bar allows rapid extraction of grounds
during 15-35 sec at a water temperature of 92-95 0 C. For 5-8 g of roasted coffee, one
25-60 ml cup is obtained with an extraction yield of coffee soluble solids from the
roasted coffee of 18-26% and a soluble solids concentration in the cup of 20-60 g/l
brew; 70-85% caffeine is recovered (Petracc, 199).

(vi) Instant coffee

Average concentrations used in most countries are 1.5-2.5 g/150 ml cup,
although in Latin countries, 2 g/60 ml cup are common. Consumption in the ten
countries where the most instant coffee was drunk in 1987 is given in Table Il.

(d) Consumption in selected countries

Worldwide consumption of green coffee (1983-87 average) can be estimated at
1 milion tonnes of arabica and 20 00 tonnes of robusta in producer countries and
2.9 millon tonnes of arabica and 1 millon tonnes of robusta in consumer countries,
giving a total of 5.1 millon tonnes per year. Using a conversion factor of 1.19 kg
green coffee for each kilogram of roasted coffee (International Coffee Organization,
1982), the total quantity of roasted coffee consumed per year is thus 4.29 million
tonnes.
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Table 11. Consumption of instant coffee iD the ten countries
where the most was drunk in 19S7a

Country Retail sales
(tonnes)

Share of total
coffee market (%)

USA
UK
J apan
France
Mexco
South Afca
Austrlia
Canada
Germany, Federa Republic of
Spain

55 09
37 500

34 20
19 850

19 38
16 970

9820
8 54
840
760

33
94
86
32
71
91
96
52
10

37

a From Viani (1989)

On the basis of a caffeine content of 1.1% for green arabica and 2.2% for green
robusta, with no loss due to either decaffeination or processing, worldwide

consumption of caffeine from coffee can be estimated to be 65 500 tonnes per year
(1983-87 average), which is equivalent to 40 mg per day per caput. This figure
corresponds to just over half of the caffeine consumed from all sources (Roberts &
Barone, 1983; Gilbert, 1984; Simpson, 1988).

Data on actual coffee or caffeine consumption are often based on the reported
number of cups per day; but the wide variabilty in volume and strength of a 'cup' of
brewed coffee renders such data difficult to interpret. The actual variation of'cups'
has been reported in sever al studies in North America. Accrding to a study in
Canada (Stavric et al., 1988), one household cup equals approximately 22 ml but
can vary between 25 and 330 ml, with mean caffeine contents of 84, 71 and 82 mglcup
for drip, instant and percolated coffee, respectively. ln another study in Canada
(Gilbert et al., 1976), cup size varied between 140 and 285 ml, with a caffeine content
of 29-176 mglcup for brewed and instant coffees. ln the USA, mean caffeine
contents were 115 mg (range, 60-180 mg)/150-ml cup of drip coffee, 80 mg (40-170
mg) of percolated coffee and 65 mg (30-12 mg) of instant coffee (Lecos, 1984).

Coffee consumption by different populations also varies widely, depending on
the type of coffee used and brewing practices. ln any single region, coffee brews
differ widely in terms of the concentration of soluble solids and chemical

constitution, as in urban areas of Scandinavia where boiled, filtered and espresso
types are likely to be consumed. Data on consumption ofcoffee and caffeine are
thus available for only a few countries.
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(i) Autralia

Tea consumption is stil greater th an that of coffee, which is, however,
increasing at a rate of approximately 2% per year (94 1 per person in 1986). Instant
coffee constitutes 85% of total consumption, but brewed coffee usage is increasing
slowly. Consumption of decaffeinated coffee is static and contributes only a few
percent to the total.

(ii) Germany (western)

Coffee is the most popular beverage (170 1 per person in 1986), and

consumption, which is stil increasing ( + 6% in 1987), is slightly higher than that of
fruit juice, mineraI water, soft drinks and beer; 90% of the coffee consumed is
arabica. Tea consumption is estimated ta be 27 1 per caput. The market shares of
various coffee preparations are: brewed coffee, approximately 90%; instant coffee,
10% (down and stil decreasing); 'treated' coffees (health coffees), 8.9% (in 1987;
decreasing slowly); 'natural mild taste' coffees, 20.8% (in 1987; increasing fast); and
decaffeinated coffee, 13.8% (increasing slowly). Approximately 90% of the
population drink coffee (versus 16% tea and 14% cola drinks), and 80% of It is
consumed at home (Hudler, 1988). The number of cups drunk is slowly increasing
(4.18 cups per persan aged 15 years or more per day in 1987; International Coffee
Organization, 1988a).

(iii) France

Consumption of coffee is decreasing slightly, while the percentage of arabica
coffee compared ta robusta consumed is increasing, leading to a decrease in
caffeine intake from coffee. Levels of consumption are: brewed coffee, 75%; instant
coffee, 15%; coffee-chicory mixtures, 10%; and decaffeinated coffee, approximately
8% of all types drunk. The number of cups consumed per day is 1.47 per person;
80% of the total population drink coffee (44 milion persons drinking 1.83 cups per
day): 40% of children aged 0-14 years (4.4 millon children) drink 0.87 cup per day,

and 90% of people aged 15 years or more (39.6 milion people) drink 1.88 cups per
day (Debry, 1989).

(iv) Italy

Consumption of coffee is stil increasing slowly. The market shares of the
various coffees are: brewed, 95.4% (in 1986); instant, 2.4% (increasing); and
decaffeinated,2.2%. Approximately 70% of coffee is drunk at home (brewed in a
'mocca' machine), 27% in bars ( espresso machine) and 3% in vending machines
(mostly instant coffee) (Anon., 1988).

(v) Japan

Consumption of coffee is increasing rapidly, although it is stil much lower
than that of tea. ln 1983, 83.9% of the population drank coffee (versus 93% green
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tea, 63% black tea and approximately 50% cola drinks), with instant accounting for
58%, brewed, 32%, and canned, 10%. ln 1987, total consumption was 1.38 cups per
day (brewed, 0.44; instant, 0.73; canned, 0.19), was higher among men th 

an among
women and was highest among people aged 18-39 years (International Coffee
Organization, 1988b).

(vi) Netherlands

Consumption of coffee is increasing slowly, and per-caput consumption is the
highest in Europe outside the northern European countries (Anon., 1987).
Practically ail of the coffee consumed is brewed, 70% of which is drunk at home
(Douwe- Egberts, 1989).

(vii) Nordic countries (Den 
mark, Finland, Iceland, Norway and

Sweden) (Kraft General Foods, 1989)

Consumption of brewed coffee is relatively stable (approximately 10 kg per
caput per year), with small declines in Sweden and Iceland and a marked dec1ine in
Denmark. Nearly all of the caffeine consumed is from coffee (Gilbert, 1984).. More
than 95% of aIl coffee consumed is brewed arabica, and the rest is instant (ranging
from 2% in Finland to 10% in Denmark); hardly any decaffeinated coffee is drunk.
Estimated ratios of coffee to water used are 55-65 g/l in Finland, 50-60 g/l in Norway
and Sweden, 45-55 g/l in Iceland and 40-50 g/l in Denmark, with extraction yields of
soluble coffee solids of 18-25%. Filtration is the most common brewing method,
followed by boiling (Table 12).

Table 12. Brewing methods used in Nordic countries

Country FiItered (%) Boiled (%)

Norwy 65 35

Finland 65 35

Sweden 75 25

Denmark 95 5

Iceland 95 5

(viii) Switzerland

Per-caput consumption of coffee is estimated at 2.58 cups per day. It is the
most popular beverage, followed by milk, mineraI water and soft drinks. Brewed
coffee is most commonly drunk, but instant coffee is consumed frequently (Nestlé,
1989).

(ix) UK
ln 1985, tea (mostly black tea) was stil the most popular beverage, accounting

for 65% of the total hot drink intake versus 26% for coffee, but coffee consumption



COFFEE
61

IS increasing. Instant coffee accounts for 85-90% of total consumption; 70-75% of
brewed coffee is filtered, 20% is percolated and 5% is espresso coffee. ln one
report, decaffeinated coffee accounted for 20% of instant and 9% of brewed coffee
and for 6% of retail consumption at home (Anan., 1987).

(x) USA
ln 1989, 52.5% of the population over 10 years of age drank coffee (40.2%

brewed, 15% instant), and 29.4% drank tea and 58.8% drank soft drinks. The
number of cups of coffee consumed per person per day was 3.12 in 1962, decreased
to 1.67 in 1988 and increased ta 1.75 in 1989. Consumption per coffee drinker has
been stable since 1985 at 3.34 cups per day, but this value had decreased from 4.17
cups per day in 1962. Consumption of decaffeinated coffee has increased from 4%
in 1962 to 16.7% in 1989, at 2.40 cups per drinker per day (International Coffee

Organization, 1989f,h).
Trends in coffee consumption over 1957-89 in the USA by type of coffee,

region, age group, sex, location and time of day are given in Table 13. Consumption
of brewed and instant coffee declined by an average of about 46% between 1962 (the
year of highest average consumption) and 1989. The proportion of cups prepared
from decaffeinated coffee (ground and soluble) increased from 3% ta 19% during
1962-89, and the proportion of the total population drinking coffee has declined

sharply, from 74.7% ta 52.5% (Gilbert, 1984; International Coffee Organization,
1989f,h). Consumption of decaffeinated coffee in the USA in 1985-88 and in 1962 is
given in Table 14 (International Coffee Organization, 1989h), which shows an
increase of nearly four times. The decrease in the proportion of the population
drinking coffee in 1988 from that in 1985 was seen across all age groups, with a large
decrease in drinkers aged 30-59 years. Almost twice as many people aged 30 years
and over drink coffee th 

an do those younger th an 30.

2. ehemical Composition

2.1 General aspects

Roasted, ground and decaffeinated coffee, in their dry form, consist of a
soluble and an insoluble portion; the proportions of each in the beverage depends
upon the brewing conditions and the appliance used. While it is possible by
exhaustive extraction in the laboratory ta obtain 30-32% w/w soluble substances
from roasted coffee, the more usual yield in household brews is 15-25% w/w. As
mentioned above, the ratio of weight of dry product to volume of water used for
brewing also varies according ta national and local tas 

tes; variations aIs a occur in
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Table 13. Coffee consumption trends in the USA in people aged 10 years and over, 1957-89a
N

Cups per persn per day
Difference Change
1962-89 (%)-

1957 1962 1967 1972 197 1982 1983 1984 1985 1986 1987 1988 1989

Typ
Brewe 232 245 219 1.67 1.30 1.33 1.31 1.44 1.39 1.37 1.37 1.31 1.43 -1.02 -42

Instant 0.50 0.67 0.65 0.68 0.64 0.56 0.53 0.54 0.42 0.36 0.37 0.34 0.32 -0.35 -52 -
Deceinated NA 0.10 0.16 0.17 0.27 0.38 0.39 0.44 0.42 0.41 0.43 0.38 0.40 +0.30 +20

~
AlI 282 3.12 284 235 1.94 1.90 1.87 1.99 1.83 1.74 1.76 1.67 1.75 -1.37 -4

Region
~0

North-east 272 291 263 210 1. 79 1.85 1.90 1.90 1.84 1.86 1. 75 1.58 1.79 -1.12 -38 Z

North-cntral 299 3.34 3.18 266 234 218 206 227 204 1.92 1.90 1.96 1.98 -1.36 -41 0
0

South 248 278 239 1.97 1.99 1.68 1.66 1.84 1.57 1.53 1.58 1.45 1.52 -1.26 -45
~West 3.25 3.52 3.19 274 1.98 1.96 1.86 200 201 1.70 1.91 1.n 1.81 -1. 71 -49

An 282 3.12 284 235 1.94 1.90 1.87 1.99 1.83 1.74 1.76 1.67 1.75 -1.37 -4 ::
en

Age group â
10-14 0.19 0.18 0.19 0.12 0.07 0.03 0.04 0.04 0.03 0.02 0.03 0.04 0.02 -0.16 -89

~15-19 1.11 1.09 0.82 0.55 0.45 0.33 0.26 0.30 0.21 0.16 0.19 0.23 0.20 -0.89 -82

2024 260 299 222 1.48 1.36 0.92 0.88 0.92 1.00 0.79 0.55 0.63 0.72 -227 -76 tr

25-29 3.65 3.88 3.21 247 1.89 1.75 1.60 1.64 1.48 1.32 1.39 1.22 1.23 -265 -6 t.~
30-39 3.67 4.50 3.99 3.51 262 237 239 242 224 211 219 1.91 203 -247 -55

409 3.74 4.44 4.48 3.72 3.49 3.U 285 3.15 3.02 262 275 257 257 -1.79 -4
50-59 3.16 3.83 3.70 3.35 3.22 3.09 3.27 3.33 293 2n 295 285 297 -0.86 -22

609 275 3.01 3.16 285 272 265 249 287 251 270 249 249 264 -0.37 -12

~70 229 239 250 249 200 203 1.95 218 1.87 204 1.85 1.83 1.93 -0.46 -19

Sex
Male 291 3.28 293 248 212 206 1.90 210 1.91 1.80 1.89 1.86 1.85 -1.43 -4
Female 273 298 2n 223 1.95 1.75 1.81 1.89 1.76 1.68 1.64 1.50 1.66 - 1.32 -4

kajo
Rectangle



Table 13 (contd)-
Cups per persn per day

Difference Change
1962-89 (%)1957 1962 1967 1972 19n 1982 1983 1984 1985 1986 1987 1988 1989

Lotion
Home 235 257 229 1.86 1.62 1.36 1.37 1.40 1.29 1.24 1.23 1.19 1.23 -1.34 -52Work 0.21 0.26 0.30 0.28 0.16 0.38 0.33 0.38 0.35 0.31 0.33 0.32 0.34 +0.08 +131Eating place 0.26 0.29 0.25 0.21 0.25 0.14 0.13 0.17 0.14 0.14 0.14 O.U 0.18 -0.11 -38 (j0Time of day

~
Breakast 1.14 1.17 1.13 1.00 0.91 0.88 0.89 0.92 0.88 0.84 0.85 0.83 0.90 -0.27 -23Other meals 0.96 0.98 o.n 0.59 0.46 0.36 0.36 0.35 0.30 0.27 0.30 0.25 0.22 -0.76 -78 mBetween meals 0.72 0.97 0.94 0.76 0.66 0.66 0.62 0.71 0.65 0.65 0.61 0.59 0.63 -0.34 -35

% of US population n.3 74.7 71.4 65.0 57.9 56.3 55.2 57.3 54.9 524 520 50.0 525 -222 -30drinking coffee

Cups per drinker 3.65 4.17 3.98 3.62 3.51 3.38 3.36 3.48 3.33 3.32 3.38 3.34 3.34 -0.83 -20per day

aProm Gilbert (1984); International Coffee Organization (1989f,h)

NA not available

0'
W
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Table 14. Consumption of decaffeinated coffee iD the USA
in 1985-88 and iD 1962 a

Year % of US population No. of cups per day
drinking coffee

per persn per drinker

1962 4.0 0.10 2.61

1985 17.3 0.42 2.42

1986 17.1 0.41 2.37

1987 17.5 0.43 2.48

1988 15.8 0.38 2.40

% change:
1962-8 + 11.8 +0.28 -0.21

1985-88 -1.5 -0.04 -0.02

a Adapted frOID International Coffee Organization (1989h)

the nature and origin of the coffee, the appliance and the amount of additives (e.g.,
milk) used subsequently. AlI of these factors influence the concentration of soluble
substances in the resultant brews and their chemical compositions. GeneralIy,42,
48 and 57 g roasted, ground coffee are used typically per litre of water in the USA,
UK and Europe, respectively, and some 150 ml of the water are retained in the spent
coffee grounds.

Soluble substances have already been extracted from instant coffee at the point
of manufacture. The percentage removed varies according to brand and may be up
ta 50%, sa that more of the normally insoluble substances are rendered soluble at
100°C. About 12 g/l is a typically used average concentration of product in water
for UK and US tastes; it is higher and lower in other countries. Clearly, the
composition of different instant coffees varies considerably, especially in the
relative proportions of the various constituents.

The main component of the beverages consumed is therefore water. Caffeine
has particularly important stimulatory properties, but all three preparations

contain other nonvolatile soluble compounds. Compounds of known physiological
importance in roasted coffee and instant coffee have been reviewed by Viani (1988).
Volatile compounds occur in the dry product, and their presence in the brews is
again dependent on the amount and type of product and on the brewing conditions:
40-100% is extracted in practice (Pictet, 1987). The content of volatile substances in
instant coffees is particularly dependent upon the sophistication of the method for
extracting and retaining such substances on drying. The influence of nonvolatile
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and volatile components on the flavour of coffee has been described in detail
(Clarke, 1986).

Tables 15 and 16 give a broad tabulation of all components of green and
roasted arabica and robusta coffees (Clarke, 1987). It should be noted that

considerable variation mayocur, depending on factors such as the exact source
and storage conditions, especially with regard to the concentrations of compounds
that occur at low levels, such as aliphatic acids, reducing sugars and free amino
acids. The values for polysaccharides, lignin and pectin are considered to be less
reliable than others, as they are derived by indirect analysis from data on hydrolysis;
however, theyare indicative. For roasted coffee, further differences depend on the
degree of roasting. Roasted coffee may also contain roasted seeds, tubers and other
parts of vegetable plants, such as chicory. Instant coffee may similarly contain the
soluble parts of these materials (Clarke & Macrae, 1987a).

Table IS. Composition of green coffeea

Com¡xment Typical average content
(dry basis, %)

Arabica Robusta

Alkaloids (caeine) 1.2 2.2
Trigonellne 1.0 0.7
MineraIs (as oxide ash)

41% potasium and 4% phosphoru 4.2 4.4
Acids

Total chlorogenic 6.5 10.0
Aliphatic 1.0 1.0
Quinic 0.4 0.4

Sugar
Sucros 8.0 4.0
Reducing 0.1 0.4

Polysacchardes ('mannan', 'galactan', 45.0 50.0
'glucan' and 'arban')

Ugnin 2.0 2.0
Pectins 3.0 3.0
Proteinaceus compounds

Protein 11.0 11.0
Free amino acids 0.5 0.8

Upids
Coffee oil (triglyceride with 16.0 10.0

unsaponifiable fat)

aFrom Clarke (1987)
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Table i 6. Composition of a medium-roasted coffeea

Component Typical average content % extractable with
(dry basis, %) water at 1000Cb

Arabica Robusta

Alkaloids (caffeine) 1.3 2.4 75-100
Trigonellne (including roasted by-products) 1.0 0.7 85-100
MineraIs (as oxide ash) 4.5 4.7 90
Acids

Residual chlorogenic 2.5 3.8 100

Quinic 0.8 1.0 100
Aliphatic 1.6 1.6 100

Sugars
Sucrose 0.0 0.0
Reducing 0.3 0.3 100

Polysaccharides (unchanged from green) 33 37 10
Lignin 2.0 2.0 0
Pectins 3.0 3.0
Proteinaceous compounds

Protein 10 10 15-20
Free amino acids 0.0 0.0

Lipids (coffee oil) 17 11 1

CaramelIzed or condensation products 23 22.5 20-25
(e.g., melanoidins) by difference

Volatile substances other th an acids 0.1 0.1 40-80

aFrom Clarke (1987)
bFrom Maier (1981), for normal household brewing

A general and detailed description of all aspects of the chemistry of coffee has
been published (Clarke & Macrae, 1985).

2.2 Compounds present in green, roasted, brewed, instant and decaffeinated
coffees

The formulae of sorne of the compounds described below are given II
Appendix 1 to this monograph (p. 199).

The quantitative data presented are generally for dry roasted coffee. Ta
calculate representative values for the content in the beverage consumed, an
average usage of 10 g roasted coffee per cup of filtered coffee (150 ml), equivalent ta
57 g roasted coffee brewed with Il of water, can be assumed. Approximately 86% of
the water is in the brew and the remainder left with the grounds. At an extraction
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yield of 20% total soluble solids, a concentration of 1.3% w/w would therefore be
consumed. Assuming 100% extraction of particulate substances, their content in a
cup can be estimated by dividing the content in roasted coffee (mg/kg) by 100.

With some filter devices and using finér grinds (as in the UK), smaller
quantities of roasted coffee are used, e.g., 48 g/l ofwater or 8.3 g/cup. Spiler (1984b)
assumed 7.5 g/150-ml cup from US experience; however, Clinton (1985) analysed
data from 30 respondents across the USA and found an average strength of 1.38 g
coffee solubles per cup, equivalent to only 6.9 g roasted, ground coffee at 20% yield.
Weaker coffee was drunk in the west than in the east.

Another form of expression is that 10 g per cup is equivalent to 100 cups/kg
roasted, ground coffee,- 8.3 g is equivalent to 122 cups/kg and 6.9 g to 147 cups/kg.

Table 16 gave an indication of the percentages of various components that are
extracted. The level may be 75-100% for components such as caffeine and
chlorogenic and other acids, but is rather less for volatile components.

(a) Nonvolatile substances

(i) Caffeine and other purines

Extensive determinations of caffeine in green coffees have been reported
(Macrae, 1985). These indicate an average of 1.2% on a dry basis (commercial
range, 0.9-1.4%) for arabica coffee and 2.2% (commercial range, 1.5-2.6%) for
robusta coffee. (Analytical methods are reported in the monograph on caffeine.)
The content in roasted coffee is usually somewhat higher th an in the corresponding
green - by up to 10% in darker roasts - due to physical loss in weightof other
components; 0-5% of the caffeine is lost by sublimation. Few reliable direct
determinations have been made on roasted coffee, but several have been done on
brewed coffee (Table 17; Bunker & McWillams, 1979; Clinton, 1985). Minute
amounts of related alkaloids have been identified and quantified in roasted coffee,
e.g., theobromine at 0.00-0.037% and theophyllne at 0.00-0.013% (Kazi, 1985;
Macrae, 1985); traces of paraxanthine, theacrine and liberine have been detected in
unripe green coffees (Viani, 1988).

(ii) Chlorogenic acids and related substances

A number of different chlorogenic acids are present; the amount of each
depends largely on the degree and type of roasting to which the green coffee has
been subjected (Clifford, 1985). 5-Caffeoylquinic acid is present in the largest
amounts, in both green and roasted coffees. Dicaffeoyl and feruloyl quinic acids are
also present, together with the 3- and 4-isomers of monocaffeoylquinic acid. The
total percentage of chlorogenic acids in eight commercial roasted coffee samples
ranged from 0.2-3.5% (very dark to light roasting) (Trugo, 1984), and that in 19
samples was 1.6-3.8% (Maier, 1987a). On the basis of 10 g coffee per cup of brew
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and 85% recovery, this would indicate a level of 15-325 mg/cup (Viani, 1988). Actual
data (Clinton, 1985) from the USA give an average value of 190 mg total chlorogenic
acids per cup ofbrewed coffee. Pyrolysis products of chlorogenic acid, in particular
quinic acid and caffeic acid (see p. 69), are also found, depending upon the origin
and degree of roasting, as are phenols (see p. 76).

Table 17. Caffeine content per cup of brewed coffee

Reference and loction Typ of brew No. of Cup size Caffeine (mg/cup)
samples (ml)

Average Range

10 g/cup
Arabica 150 ml 102-120
Robusta 150 ml 187-220

7 g/cup
Arabica 150 ml 71-84
Robusta 150 ml 131-154

Percolated 20 150 ml 83 64124

Percolated 150 ml 74 39-168
Drip 150 ml 112 56-176

Percolated 150 ml 104 89-122
Drip 150 ml 142 137-149

Percolated 150 ml 80 40170
Drip 150 ml 115 60180
Percolated/Drip 300 197 ml 85

Estimated by the Working
Groupa

Burg (1975l

USA

Gilbert et al. (1976)
Canada

Bunker & McWiliams (1979)
USA

Leco (1984)
USA

Clinton (1985)

USA

aon the basis of 1.2% caffeine in roasted dry arabica and 2.2% in roasted dry robusta, and range
given for 85% and 100% effciencies of extraction of caffeine
bCited by Robert & Barone (1983)

-, not given

(ii) Glycosides

Atractyligenin (a nor-diterpenoid substance of the (- )-kaurane series) has been
found in coffee, both as the free compound and as the aglycone of three glycosides
(Mätzel & Maier, 1983). The content of atractyligenin has been estimated at 2.9-1I.5
mg/cup of brewed arabica and 0-0.2 mg/cup of brewed robusta (Viani, 1988).

(iv) Lipids

Roasted coffee has a very high lipid content - approximately 16% w/w in
arabica and 11% in robusta - associated with two diterpenes specific ta coffee,
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kahweol and cafestol, mostly combined as glycerides. The total diterpene content is

typically reported at 1.3% in green arabica (ratio of cafestol:kahweol, 40:60 to 70:30)

and at only 0.2% in green robusta (predominately cafestol) (Viani, 1988).
There appears to be little destruction on roasting; but of greater importance is

the fact that little of the oil (1ipids) and of these terpenes occurs in brewed coffee,
e.g., 0.9 mg lipid (coffee oil) per cup and 0.005 mg diterpenes in filter brews, with
rather more in espresso brews (40 and 3.2 mg, respectively) (Viani, 1988).

Various sterols (and theiî esters with fatty acids) and tocopherols are also
present in the lipids, but there is no evidence of their presence in brewed coffee. The
presence of various alkanoylated 5-hydroxyryptamines (high Co fatty acids plus
5-hydroxyryptamine) in the wax on the outer surface of green coffee beans has been
examined extensively by Folstar (1985); they are present at 500- 1000 ppm (mg/kg),
but they are partly destroyed on roasting and very little passes into the brew (van der
Stegen, 1979).

(v) Trigonelline and nicotinic add

Trigonellne is present typically at 1.1% in dry arabica green canee (range,
0.6-1.3) and 0.65% in dry robusta green coffee (range, 0.3-0.9) (Macrae, 1985). The
amount destroyed during roasting depends on the degree of roast, e.g., an original
1. 1 % level wil decline ta around 0.2% in dark roasts (Trugo, 1984), corresponding ta
110 and 20 mg/cup assuming 10 g of roasted coffed per cup. An average content of
53 mg/cup has been reported by Clinton (1985) in the USA. Trigonelline is
transformed into several volatile products but aIs a into nicotinic acid (niacin;
vitamin PP), ofwhich roasted and brewed coffee can be important sources (100-400

mg/kg) (Macrae, 1985). A content of 0.03-0.05 mg nicotinic acid per cup was
reported from six samples (Viani, 1988); Macrae (1985) reported 1 mg/cup and
2-3 mg from a dark roast. Residual trigonellne has been reported at a level of
40-55 mg/cup (Viani, 1988).

(vi) Adds
The nature and amount of nonvolatile acids in roasted coffee has been

examined extensively, since they can contribute significantly to its flavour
(Woodman, 1985; Maier, 1987a; van der Stegen & van Duijn, 1987). Apart from
residual chlorogenic acids, the main acids present in significant quantities are
quinic, malic, citric, lactic, pyruvic, succinic and glycolic acids (Table 18).

The amount of each acid is strongly dependent upon the degree of roasting,
sometimes peaking in medium roasts, such as citric acid in Kenya arabica with
'fine' acidity (van der Stegen & Duijn, 1987).
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Table 18. Content of selected nonvolatile acids in roasted coffee

Acid Content (%, dry weightl

Arabica (during roasting)b Arabica Robusta Commercial (17
(4 samples)C (4 samples)C samples )d

Tanzania Kenya Averae Range

Citric 0.87 to 0.55 0.70 to 0.18 (0.67) (Q.48) 0.59 0.43-t.70
Malic 0.39 to 0.24 0.30 to 0.19 (0.33) (0.13) 0.27 0.10-.39
Lactic 0.08 to 0.10 0.09 to 0.16 0.10 0.00.18
Pyrvic 0.17 to 0.14 0.09 to 0.09

Glycolic (0.26) (0.19) 0.26 0.17-t.49
Succinic 0.40 0.19-t.80
Quinic 0.56 to 0.87 (0.96) (1.15) 1.04 0.89-1.50

llo convert to miligrms per kilogrm, multiply by 10 00; to convert to miligrams per cup multiply

by 100.

bprom Blanc (1977; in samples roasted in the laboratory, with 9-20% los (i.e., from very light to dark)
Cfrom Maier (l987a); in samples roasted in the laboratory, with 17% los for arabica and 19% for
robusta (medium to dark roast); graphic data in milimoles per kilogram, converted by the Working
Group
dprom van der Stegen & van Duijn (1987)

Maier (1987a) also found phosphoric acid (estimated from a graph by the
Working Group at 0.19%) in roasted arabica and (0.29%) in roasted robusta; he
also found significant amounts of an unspecified high-molecular-weight acid.

Other acids have been identified (Spiler, 1984b) but in minor quantities. Maier
(1987a) quantified these as citraconic at 0.048-0.070%, 2-furoic at 0.00-0.0250%,
itaconic at 0.013-0.020%, pyrrolidone carboxylic (pyroglutamic acid) at 0.06-0.10%,
mesaconic at 0.005-0.013%, fumaric at 0.010-0.016% and maleic at 0.00-0.016%; a
number of others were found at even lower levels, all in commercial roasted coffees.
Tressl et al. (1978a) reported 2-furoic acid at 0.008% in an arabica roasted coffee.

The total content of major nonvolatile acids estimated by the Working Group
from the data ofvan der Stegen and van Duijn (1987) is 276 mg/cup (assuming use of
10 g roasted coffee per cup ), ranging from 246 to 300; the content estimated from the
data of Maier (1987a), including phosphoric acid, averages 231 mg in arabica and
224 mg in robusta. These figures are somewhat higher than the average of 178 mg,
including formic/acetic acids, given by Clinton (1985) on the basis of use of 7 g/cup.

Maier (1987a) regarded the combination of citric and acetic acids as the reason
for the higher acidity of arabica than robusta coffee. Also significant for flavour is
the relatively high amount of quinic acid lactone, which, like quinic acid itself,
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increases and decreases again with increasing severity of roasting, peaking at 0.7%
on a dry basis (Clifford, 1985). Brews containing this compound and standing at
elevated temperatures show increasing acidity, partIy because this lactone is
transformed into more quinic acid but also because the concentrations of sorne
other acids increase (van der Stegen & van Duijn, 1987).

(vii) Maillard reaction products (melanoidins)

Products of the Mailard reaction are important constituents of roasted coffee;
in a dry medium roast, they can comprise some 15-20%, of which 20-25% are hot
water-soluble. At present, they are poorly characterized as caramelized products of
suc rose and condensation products of polysaccharides with 'proteins' and other
compounds (Trugo, 1985).

(viii) Other compounds
Clinton (1985) found reducing sugars at an average content per cup of 15 mg,

other carbohydrates at 205 mg and peptides/'protein' at 62 mg.

(h) Volatile substances

The volatile compounds in coffee include carbonyl compounds, alcohols,
acids, esters, terpenoid compounds, nitrogen- and sulfur-containing compounds,
hydrocarbons, heterocyclic and aromatic compounds. The quantity (apart from the
volatile aliphatic acids) obtained by distilation of roasted coffee is about 0.1% or
100 mg/kg (Silwar et al., 1986a). Volatile compounds are present in smaller
amounts than in most other foods, but the range of types is greater.

The number of volatile components that have been identified has risen sharply
over the last 20 years (Flament, 1987). The most up-to-date, complete listing of ail
identified components is that of Maarse and Visscher (1986) - now comprising
over 700. An earlier listing by Vitzthum (1976) gave 550 volatile compounds (an
English version is provided by Spiler, 1984a). Listings by Silwar et al. (1986a) and
Flament (1987) give numbers only for categories of compounds. The systems of
chemical grouping used differ somewhat in these lists, particularly with regard ta
sulfur-containing and furan-based compounds. The numbers of volatile
compounds identified in roasted coffee are listed by group in Tables 19-22.

Those compounds that have been quantified have been listed by van Straten et
al. (1983) and Silwar et al. (1986a,b). Only those detected by modern gas
chromatography (GC)/mass spectrometry methods (i.e., published since about
1970) can be regarded as reliably identified, however. Contents are usefully given
per cup of brew (standardized at 150 ml) or per litre, and suitable bases for
calculation were given above.
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Table 19. Classification of volatile compounds in roasted coffee: alI-
phatic benzenoid and alicyclic compoundsa

Group/subgroup Number identified

Total Aliphatic Benzenoid Alicyclic

Hydrocbons 73

Saturated 24 9 1

Unsaturated 16 2 (in side chain) 1

Condens polynuclear 20

Alcohols 20
Saturate 12 2 1

Unsaturated 4 0 1

Aldehydes 29
Saturated 11 5 0
Unsaturated 7 1 0
Hydroxy- 0 4 0
Alkoxy- 0 1 0

Ketones 69
Mono-

Saturated 23 2 2
Unsaturated 5 0 8
Hydroxy 6 3 0

Acl- 0 0 1

Di-
Saturated 13 1 5
Unsaturated 0 0 0

Acids 22
Saturated 15 1 2
Unsaturated 4 0 0

Esters 29 23 6 0
Ethers 2 2 0 0

Actal 1 1 0 0
Nitrogen-cntaining 21

Amines 12 5 0
Nitriles 3 0 0
Oxme 1 0 0

Sulfur-cntaining 18

Thiols 3 0 0
Thioethers (sulfides)

Mono- 2 1 0
Di- 3 0 0
Tri- 2 0 0
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Table 19 (contd)

Group/subgroup Number identified

Total Aliphatic Benzenoid

Sulfur-cntaining (contd)

Thioeter 1 0
Thioketone 1 0
Thiophenol 1

Misllaneous (CS2 etc.) 4 0

Phenols 40
Moncr 1

Alkylated 22
Alkoxy- 8

Dihydroxy benzenes 7
Trihydroxy benzenes 2

Total 324 198 104

73

Alicyclic

o

o

o

22

aprom Maa & Visher (1986)
-, not applicable

Silwar et al. (1986a,b) stated that steam distilation of a medium-roasted
arabica coffee released 700-80 ppm (mg/kg) by weight of 'aromatics', which
corresponds to the 0.1% generally previously believed to be present, if acetic and
formic acids are excluded. By GC analysis, they were able to account for 85-95% of
this amount by summation of individually determined amounts: 170 compounds
were found in the parts per milion (miligrams per kilogram) range (1-150 ppm) and
70 in the parts per billon range (1-500 ppb); however, actual data were given for only
157 compounds. The greatest amount of the ste am volatile complex by weight was
contributed by heterocyclic compounds (8085% ), comprising furans of all kinds (at
38-45%), pyraznes (25-30%), pyridines (3-7%), pyrroles (2-3%), sulfur-substituted
fur ans (0.4%), thiophenes (0.4%), thiazles (0.15%) and oxazles (~0.01%). Only
3-5% by weight were aliphatic compounds, 3-5% were aromatic compounds and
-i 0.5% were alicyclic compounds.

A compilation of the data of SiÌwar et al. (1986a,b) is given in Table 23 ta
ilustrate the expected content of volatile compounds per cup of brewed coffee. It is
assumed that the extraction efficiency of home brewing is 100%, although in
practice it is substantially less. Maarse and Visschler (1986) identified 715
compounds (see Tables 19-22).
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Table 20. Classification or volatile compounds in roasted coffee: heterocyclic
(oxygen ring-containing compounds)a

Group/subgroup Number identified

Total Furans Benzo Pyrones Pyrns Lactones Anhydrides
furans (maleic)

0 W Q 0 Çlo=V
0

Simple 5 1 1 0 0 3 0
Hydrogenated 8 5 1 0 2 0 0
Alkyl- 42 29 1 3 0 6 3
Alkoxy- 1 1 0 0 0

Arl- 1 1 0 0 0

Difuryl 8 8 0

Aldehydes 6 6 0

Ketones (including 15
hydrogenated)

Mono- 10 0
Di- S 0

Acl- 9 9 0

Alcohols 2 2 0

Acid 1 1 0

Esters 11 11 0

Ethers 4 4 0

Sulfur-cntaining 18

Thiols 2 0
Thioethers 14 0
Thioeter 1 0
Thioketone 1 0

Total 131 111 3 3 2 9 3

aFrom Maa & Visher (1986)
~.

-, not applicable
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Table 21. Classification of volatile compounds in roasted coffee: heterocyclic
(nitrogen ring-containing compounds)a

Group/subgroup Number identified

Total Pyroles Benzo- Pyra- Benzo(a)- Pyr- Benzo(b )-
pyroles zines pyrazines dines pyrdines
(indoles) ( quinoxa- (quinolines)

lines)

0 (J C) 0:) 0 ro~ 1 N..N
1 N

H 1

H

Simple 6 1 1 1 1 1 1

Hydrogenated 9 2 1 0 5 1 0
Alkyl- 77 28 2 34 4 6 3
Furfryl- 27 14 0 13 0 0 0

Arl- 1 1 0 0 0 0 0
Acyl- 30 20 0 7 0 3 0
Alkoxy- 4 0 0 4 0 0 0
Ketones (mono- 3 2 1 0 0 0 0

and di-)
Alicyclic 12 0 0 12 0 0 0
Other 2 0 0 0 1 1 0

Total 171 68 5 71 11 12 4

aFrom Maarse & Visscher (1986)

(i) Carbon 
yI compounds (Table 24)

Maarse and Visscher (1986) listed 18 aliphatic aldehydes in freshly roasted
coffee, in a saturated series up to heptanal, including seven unsaturated but no
alicyclic compounds. trans-2-Nonenal is believed ta be present in a very small
amount. Glyoxal, methylglyoxal and ethylglyoxal are not listed as being present in
roasted coffee by Maarse and Visscher (1986) and were not quantified by Silwar et
al. (1986a) using a direct, non-derivative GC method; however, methylglyoxal has
been detected by indirect GC methods (Kasai et al., 1982; Hayashi & Shibamoto,
1985; Nagao et al., 1986a; Shane et aL., 1988; Aeschbacher et al., 1989) (Table 25; see
also the monograph on methylglyoxal, p. 446).

kajo
Rectangle



76 IARC MONOGRAHS VOLUME 51

Table 22. Classification of volatile compounds in roasted coffee: heterocyclic
(suif ur, sulfur/nitrogen and nitrogen/oxygen ring-containing compounds)a

Group/subgroup Number identified

Total Thio- Benzothio- Thia- Benw- Oxazles Benw-
phenes phenes zoles thiazles oxazoles

Q (J () 0:) o:~ ~~ 1 1
Simple 4 1 1 1 1 0 0
Hydrogenated 1 0 0 0 0 1 0
Alkyl- 56 7 0 23 0 20 5
Di- 1 0 0 0 0 0

Arl- 2 1 0 0 0 1 0
Ketones 5 5 0 0 0 0 0
Acyl- 13 9 0 2 0 2 0
Alcohols 1 1 0 0 0 0 0
Esters 3 3 0 0 0 0 0
Other 4 4 0 0 0 0 0

Total 89 32 1 26 1 24 5

a From Maa & Vissher (1986)

Table 23. Volatile compounds in coffee brewed from i 0 g medium-roasted
arabica coffeea

Group Number Number Total (mglcupt
identified quantified

Carbonyls ~97 ~12 0.10-.20
26 furanoid 18 furanoid 1.30-1. 91

Volatile acids ~21 ~ 2 65'(mainly acetic acid)
1 furanoid 1 furanoid

Alcohols ~20 ~ 5
2 furanoid 2 furanoid 0.9-1.35 (mainly

furfryl alcohol)

Esters, lactones and ethers ~40 ~ 0
15 furanoid 7 furanoid -:0.07

Pyroles ~66 ~14 0.13-0.16
4 indoles 2 indoles

Pyraznes 71 28
L

1.7-22Pyrdines 10 2
Furans (not already included) 45 21 -:0.04
Phenols and phenol ethers 40 9 0.12-0.29
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Group Number
identified

Total (mglcup)bNumber
quantified

Sulfur compounds
Others
Total

95

139

~692

21

14

158

0.1

Very small

~ 4.46.11

(excluding acids)

a Adapted from Silwa et al. (1986a,b)
b Calculated by the Working Group

Table 24. Contents or carbonyls in roasted coffee (mg/kg)

Compound ReferenceContenta
(ppm; mg/g)

Aldehydes

Aliphatic
3-Methyl butanal
n-Hexanal

Benzenoid
Benzaldehyde
3,4-Dihydroxybenzaldehyde
4-Hydroxy-3-methoxybenzaldehyde

(vanilln)
3,4- Dihydroxycinnamaldehyde
2-Phenylbut-2-enal
2-Phenylacetaldehyde

Furanoid
Furfral
5-Methylfurfral
5-(ydroxyethyl)-2-furfral
(2-Furyl)acetaldehyde

Ketones and diketones

Aliphatic
1-Hydroxyropan-2-one
3-Hydroxbutan-2-one
2,3-Butanedione (diacetyl)
2-Pentanone
4-Methylpentan-2-one
2-Hydroxyntan-3-one

6.7
0.3-0.7

1.8,0.7-1.10
8-20
2-3

5-12
0.6, 0.1-0.20
3.7, 1.5-2.0

5.2-232, 55-80
216,50-70
10-35

0.5

4, 0.25-0.30
4.9,0.25-0.35
2.7,0.05-0.15
0.4-.3
6.5
5.2, 0.05-0.15

van Straten et al. (1983)
Silwa (1982)

Silwa (1982); Silwa et al. (1986a)
Tressl et al. (1978a)
Tresl et al. (1978a)

Tressl et al. (1978a)
Silwa (1982); Silwa et al. (1986a)
Silwa (1982); Silwa et al. (1986a)

Silwa (1982); Silwa et al. (1986a)
Silwa (1982); Silwa et al. (1986a)
Tresl et al. (1978a)

Silwa (1982)

Silwa (1982); Silwaet al. (1986a)
Silwa et al. (1986a)
Silwa et al. (1986a)
Silwa (1982)

Silwa (1982)

Silwa (1982); Silwa et al. (1986a)
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Table 24 (contd)

ReferenceCompound Contenta
(ppm; mg!g)

Ketones and diketones (contd)

Aliphatic (contd)
2,3-Pentanedione
5-~ethylhexan-2-one
2,3-Hexanedione
3-Heptanone
4-Heptanone
2-Pentadecanone
1-Acetoxy-2-propanone
1-Actoxy- 3-butanone
1-Acetoxy-2-butanone

Benzenoid
2-Hydroxyacetophenone

Alicyclic
3- ~ethylcyclopentane-1,2 dione

(3-~ethyl-2-hydroxycyclo-
pent-2-ene-1-one) (cyclotene)

Furanoid
2-~ethyltetrahydrofuran-3-one
2,4-Dimethyl-2H -furan-3-one

2,5- Dimethyl-2H -furan-3-one
2,5-Dimethyl-4hydroxy-2H -furan-3-one

(furaneol)
2,5-Dimethyl-4thoxy-2H -furan-3-one
2-Acetylfuran

2-Acetonylfuran
2-Propionylfuran
1-(2-Furyl)butan-2-one
4-2-Furyl)butan-2-one
1-(5- ~ethyl-2-furyl)bu tan-2-one

4-5-~ethyl-2-furyl)butan-2-one
1-(2- Furyl)pntan-1,2-dione
2-Acetyl-5-methylfuran
2- ~ethyl-5-propionylfuran
1-(2- FuryI)-propane-1,2-dione
1-(5-~ethyi-2-furyl)propane-1,2-dione

1.0-3.0
0.5
3.2, 0.3-0.5
0.4
0.5
2.9,0.10-0.15
2.0-5.0
2.0-4.0
2.0-3.0

1.6

17-40

10.0-16.0
0.50-.60
10.7

25-50

2-8
24.1-31.4
6.0-12.00
2.2
0.5, 1.10-1.50
1.4, 0.10-0.20
4.6, 0.10-0.15
0.8, 0.25-0.35
0.25-0.30
1.0, 0.05-0.10
0.5-1.0
4.2
3.9,0.10-0.15
3.4, 0.25-0.30

Silwar et al. (1986a)
Silwar (1982)
Silwar (1982); Silwar et al. (1986a)
Silwar (1982)
Silwa (1982)

Silwar (1982); Silwar et al. (1986a)
Silwar et al. (1986a)
Silwar et al. (1986a)
Silwar et al. (1986a)

Silwar (1982)

Tressl et al. (1978a)

Silwar et al. (1986a)
Silwar et al. (1986a)
Silwar (1982)
Tressl et al. (1978a)

Tressl et al. (1978a)
Silwar (1982)
Silwar et al. (1986a)
Silwar (1982)
Silwar (1982); Silwar et al. (1986a)
Silwar (1982); Silwar et al. (1986a)
Silwar (1982); Silwar et al. (1986a)
Silwar (1982); Silwar et al. (1986a)
Silwar et al. (1986a)
Silwar (1982); Silwar et al. (1986a)
Silwar et al. (1986a)
Silwar (1982)
Silwar (1982); Silwar et al. (1986a)
Silwar (1982); Silwar et al. (1986a)
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Table 24 (contd)

Compound Contenta
(ppm; mg/g)

Reference

Ketones and diketones (contd)

Furanoid (contd)
1-(2- Furyl)butane-1,2-dione
1-(5-Methyl-2-furyl)butane-1,2-dione

3.3, 0.10-.15
1.4, 0.05-0.10

Silwa (1982); Silwa et al. (1986a)
Silwa (1982); Silwa et al. (1986a)

a One figure is given for one sample; Silwa et al. (1986a) tested five commercial samples of roasted
arbica coffee, while Silwa (1982) and Tressl et al. (1978a) tested numerous sam pIes of arabica and
robusta coffee.

Table 25. Contents of methylglyoxal in cofTee

Content

Roasted coffee (mg/g) Brewed coffee

Amount Conditions

(58-75) 470-730 ¡.glcup 8 gl100 ml

25 76 ¡.g 3 gll80 ml

7 ¡.glml 10 gl150 ml

273-341¡.glg (fiItered coffee) 25 gl250 ml

(21-39)a 106197 ¡.glg dried product 1 gl10 ml

Reference

Kasaï et al. (1982)

Hayashi & Shibamoto
(1985)

Nagao et al. (1986a)

Shane et al. (1988)

Aeschbacher et al.

(1989)
aCalculated asuming extraction yield of 20% dry soluble solids in the brew

van Straten et al. (1983) reported quantitative data on only two of the 18
aldehydes. While acetaldehyde has been reported repeatedly as being present, no
reliable quantitative data appear to be available. Hayashi et al. (1986) reported a
level of 3.4-4.5 ppm (mg/l) formaldehyde (see IAC, 1982, 1987) in brewed coffee.

Maarse and Visscher (1986) lIsted Il benzenoid aldehydes; van Straten et al.
(1983) reported quantitative data on five of them, including 3,4-dihydroxybenz-
aldehyde at 8-20 ppm (mg/kg) and benzaldehyde at 1.8 ppm (mg/kg). The laterwork
of Silwar et al. (1986a), which was not in this listing, generally reported lower levels
of all carbonyls quantified in a medium-roasted arabica coffee and a lower level of
benzaldehyde, and included 2-phenylacetaldehyde (1.5-2 mglg).

Other important aldehydes present are furanoid (six quantified byvan Straten
et al., 1983); in particular, furfural has been found at up to 255 ppm (mg/kg)
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(equivalent to 2.6 mg/cup) and 5-methylfurfural at up to 216 ppm (mg/g; Silwar,
1982). However, Silwar et al. (1986a) reported much lower quantities (up to 80 and
70 ppm (mglg), respectively).

Maarse and Visscher (1986) list 47 aliphatic and 16 alicyclic ketones, including
diketones, three acetophenones, two benzenoid ketones and one benzenoid
diketone. van Straten et al. (1983) reported quantitative data on 14 of these,
although only 3-methylcyclopentane-l,2-dione (cyclotene) is present at significant
amounts of 17-4 ppm (mglg; Tressl et al. (1978a). This compound was not
reported by Silwar et al. (1986a). Diacetyl (2,3-butadione) was present at 2.7 ppm
(mglg; Silwar, 1982), but Silwar et al. (1986a) reported only 0.05-0.15 ppm (mglg)
diacetyl fequivalent to 0.5-15 J1g/cup). They also gave data on 10 aliphatic ketones,
three benznoid aldehydes and 14 furanoid ketones.

Strictly speaking, a number of other pyrrole-based carbonyls could be
included; but these are described with nitrogen compounds, and the quantities
involved are small. Isomaltol (2-acetyl-3-hydroxyuran) has been found in arabica
and robusta coffees at levels of 8 and 1.5 ppm (mg/kg), respectively (Tressl et al.,
1978a ).

(ii) Alcohols

Maarse and Visscher (1986) listed 18 basic aliphatic and alicyc1ic alcohols and
two aromatic alcohols; van Straten et al. (1983) quoted quantitative amounts for
only four of them.

Furfuryl alcohol (grouped by Maarse & Visscher (1986) in the furan group) is
the most prevalent volatile compound in roasted coffee (except acetic acid), with
reported levels of 300 ppm (mglg) in arabica and 520 ppm (mglg) in robusta
(Tressl et al., 1978a), up to 881 ppm (mg/g; van Straten et al., 1983) and 678 ppm
(mg/kg; Silwar, 1982). 5-Methylfurfuryl alcohol was reported at 25 ppm (mg/kg;
Silwar, 1982). Silwar et al. (1986a) later reported levels of 90-135 ppm (mg/kg)
furfuryl alcohol and 1.2-1.8 ppm (mglg) 5-methylfurfuryl alcohoL. Furfuryl alcohol
is regarded as detrimental to the flavour of coffee.

(iii) Acids

Maarse and Visscher (1986) listed 19 volatile acids in an aliphatic series up to
decanoic, one benzoic and two alicyclic. The quantitative data quoted by van
Straten et al. (1983) are derived from Kung et al. (1967), but the later data of Blanc
(1977), Maier (1987a) and van der Stegen and van Duijn (1987) are more reliable
(Table 26). The total content of formic and acetic acids found by van der Stegen and
van Duijn (1987) would be 6500 ppm fwhich amount to about 65 mg per cup).
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Table 26. Volatile acid content of dry roated coffees

Coffee Content (%) Reference

Formic acid Actic acid

Colombian and Santos robusta 0.06.140

Kenya arabica (very dark to very light) -

Arbica (averae of 4 samples, peak 0.23
value r

Robusta medium roast (averae of 0.23
4 samplesl

17 commercial coffee (averae and 0.22 (0.18-0.25)
range)

0.25-0.33

0.4-.09
0.60

Kung et al. (1967)

Blanc (1977

Maier (1987a)

0.54 Maier (1987a)

0.43 (0.36.55) van der Stegen &
van Duijn (1987)

aCalculated by the Working Group

-, not tested

Kung et al. (1967) reported the presence of nine other acids in relatively low
quantities. Silwar et al. (1986a) gave levels only for 2-methylbutanoic acid, at

25.0-40.0 ppm (mglg).

(iv) Esters, ethers and lactones

Maarse and Visscher (1986) reported the presence of 23 aliphatic, six
benzenoid esters and Il furanoid-based esters. None of these is reported to be
present in any substantial amount; methyl salicylate is reported at 1.4 ppm (mg/kg)
and furfuryl acetate at 16.3 ppm (mg/kg; Silwar, 1982) or 3.5-5.5 ppm (mg/kg; Silwar
et al., 1986a), but there are few other quantitative data. Six ethers and nine lactones
are listed by Maarse and Visscher (1986), and are reported in relatively small
amounts by Silwar et al. (1986a).

(v) Nitrogen compounds

Amines and amides: Maarse and Visscher (1986) listed the presence of 12
aliphatic amines; van Straten et al. (1983) reported quantitatively only on

dimethylamine at 2 ppm (mg/kg) and on five' aromatIc amines. One imide,
N-~-dimethylsuccinimide (Maarse & Visscher, 1986), and the secondary amine,
pyrrolidine (Singer & Lijinsky, 1976), have been reported.

N-N/S- and N/O-Heterocyclic compounds: This is an important group of

compounds with regard to the flavour of roasted coffee. Maarse and Visscher
(1986) listed the presence of 71 pyraznes, 12 pyridines, four quinolines, Il
quinoxalines, 26 thiazles, 24 oxazoles, 68 pyrroles and five indoles.

A considerable amount of quantitative data was reported by Tressl et al. (1981)
and van Straten et al. (1983) on 44 of the pyrroles and 25 of the pyrazines. The
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quantities of individual pyrroles are quite low (in general c: 1 ppm), although levels
of 1.1-2.7 ppm (mg/kg) pyrrole itself and 17 ppm (mg/kg) 2-formyl-l-methylpyrrole
were reported. Sorne pyrazines occur at higher levels (104 ppm (mg/kg) methyl
pyrazine), but most are found at lower levels (acetyl pyrazine, 1.3 ppm (mg/kg)).
Pyridine was reported ta be present at up to 49 ppm (mg/kg; van Straten et aL., 1983).
Quantitative data on 18 pyrroles (including 13 carbonylic) give a total of 79 ppm
(mg/kg); 2 ppm (mg/kg) were found for two indoles and 395 ppm for 28 pyrazines
(Silwar, 1982). Silwar et al. (1986a) provided quantitative data on 28 pyrazines
(170-218 mg/kg), two pyridines, 14 pyrroles (mainly carbonylic, 12.6-15.0 mg/kg) 

and
two indoles.

2-Amino-3,4-dimethylimidazo(4,5-flquinoline (MeIQ) (see IARC, 1986b) has
been detected in coffee beans at 16 ng/kg (hot-air-roasted), 32 ng/kg
(charcoal-roasted) and 150 ng/kg (high-temperature-roasted) only after alkaline
hydrolysis (Kikugawa et al., 1989; Takahashi et al., 1989).

S- and O/S-Heterocyclic compounds: Maarse and Visscher (1986) reported the
presence of 28 thiophenes and two dithiolanes and provided sa me quantitative
data; none occurs in apparently significant amounts. Silwar (1982) found six
thiophenes at a total content of 8.9 ppm (mg/kg) and one dithiolane at 3.7 ppm
(mg/kg). Silwar et al. (1986b) reported the total content of six thiophenes at 4.7 ppm
(mg/kg) in roasted Colombian arabica and 3.2 in roasted robusta coffee.

(vi) Furan-based compounds

Maarse and Visscher (1986) reported the presence of92 furan compounds and
a further 18 sulfur-containing furan compounds, many of which have been
mentioned previously (as aldehydes, ketones and esters). Furfurylthiols (furfuryl
mercaptans) and sulfides appear ta be especially important with regard ta flavour
but are present in only small absolute quantities, e.g., furfurylthiol at 2.2 ppm
(mg/kg) iD roasted robusta, at 1.1 ppm (mg/kg) in arabica (Tressl & Silwar, 1981), at
1.65 ppm (mg/kg) in roasted Ivory Coast robusta and at 0.9 ppm (mg/kg) in roasted
Colombias (Silwar et al., 1986b). The total content of ten sulfur-containing furans
was only 2.5-6.4 ppm (mg/kg; van Straten et al., 1983). The total content of 17 furans
was 41 ppm (mg/kg), with 2-acetylfuran contributing 31.4 ppm (Silwar, 1982; van
Straten et al., 1983). Kahweofuran (2-methyl-3-oxa-8-thiabicyclo(3.3.0)-1,4-
octadiene), of particular importance in flavour, has been reported at 1.75 ppm
(mg/kg) in roasted Colombian arabicas, at 2.0 ppm (mg/kg) in Kenyan coffees and
at 0.45 ppm (mg/kg) in roasted Ivory Coast robustas (Silwar et aL., 1986b).

(vii) Other sulfur compounds
A number of other aliphatic and aromatic sulfides, including di- and

trisulfides, are especially important in the aroma of dry roasted coffee. Maarse and
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Visscher (1986) listed 14 aliphatic and two aromatic sulfides. The quantities
involved are very small; e.g., dimethyldisulfide was found at 0.01 ppm (mg/kg) in
roasted Colombian arabica and at 0.1 ppm in roasted Ivory Coast robustas (Tressl
& Silwar, 1981; Silwar et al., 1986b).

(viii) Phenols

Phenols are another important group of flavour compounds; 39 were listed by
van Straten et al. (1983). Quantitative determinations were reported by Tressl
(1977), Tressl et al. (1978a,b), van Straten et al. (1983) and Silwar et al. (1986a). Silwar
et al. (1986a) reported on the contents of 13 phenols (excluding dihydroxy- and
trihydroxybenzenes) in a medium-roasted arabica. The actual quantities present
are again smalI; the differences between roasted robusta and arabica are shown in
Table 27. When arabica coffee is roasted very darkly, greater quantities of sorne
phenols have been found, e.g., the phenol content increased from 13 to 63 ppm
(mg/kg) and that of guaiacol from 2.7 ta 10.6 ppm (Tressl et al., 1978b).

(ix) Pyrones

Three pyrones have been identified and quantified by Tressl et al. (1978a) and
reported by van Straten et al. (1983; Table 28).

(x) Hydrocarbons

Seventy-three hydrocarbons have been identified in roasted coffee (Maarse &
Visscher, 1986); II have been quantified at the parts per bilion

(micrograms/kilogram) level and four at the parts per milion (miligrams/kilogram)
level (van Straten et al., 1983).

As both roasted and instant coffee are derived by roasting procedures (at
tempe ratures of the order of 210°C, with higher air tempe ratures), polycyclic

aromatic hydrocarbons (PAR), and in particular benzo(a)pyrene, can be expected
ta be present. Numerous studies have been conducted on their actual occurrence
(e.g., Ruschenburg, 1985; de Kruijf et al., 1987; reviewed by Strobel, 1988a).
Determinations in roasted coffee, best done by high-performance liquid

chromatography (HPLC) and fluorimetric techniques, suggest a range of c( 0.1-1.2
l1g/kg, with an average of 0.3 l1g1kg; however, PAR are largely removed in the spent
grounds (e.g., on filter papers), leading to contents in the brews of ~ 0.01 l1g/1

(Ruschenburg, 1985) or 0.0003-0.0008 l1g/1 (de Kruijf et al., 1987). Darker roasts

produce slightly higher values. It has been shown that the chaff produced during
roasting contains much higher levels (2-23 l1g/kg) (de Kruijf et al., 1987); although
this material is usually discarded, it is sometimes mixed in with subsequently
ground roasted coffee. Strobel (1988a) calculated that coffee consumption

contributes ~ 0.1% (or 0.25 l1g per year per person) of the total PAR inhaled or
ingested from all sources.
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Table 27. Phenol content of roasted coffees6

Phenolic compound Content (mg/)

Arbica Robusta Not stated

Phenol 13, 1.20220b 17 60
2-Methylphenol (oTt~resl) 1.2, 0.7G-1.10b 1.1 UA
3-Methylphenol (meta-cesl) 0.7,0.15-o.SOb 1.2 7.4
4-Methylphenol (p~resl) 1.3, O.30.60b 1.0 13.2
2- Ethylphenol 1.7
3- Ethylphenol 1.3
4- Vinylphenol 0.2 0.2 0.6
2,-Dimethylphenol 21
2,4-Dimethylphenol 20
2,5-Dimethylphenol 1.5
2,6-Dimethylphenol 0.2
3,4- Dimethylphenol 0.8
2-Ethyl-4methylphenol 1.0
4- Ethyl-2-methylphenol 0.9
Ethylmethylphenol 004
2-Propyl-4methylphenol 0.2
Methylpropylphenol 0.2
2,3,5- Trimethylphenol 0.3
2,4,5- Trimethylphenol 0.3
2,3,6- Trimethylphenol 0.2
l,2-Dihydroxybenzene (pyroctechol) 80 120
1,4-Dihydroxybenzene (hydroquinone) 40 30
1,2-Dihydroxy-3-methylbenzene 9c
1,2-Dihydroxy-4methylbenzene 16 13
1,2-Dihydroxy-4thylbenzene 37 80
1,2-Dihydroxy-4vinylbenzene 25 25
2-Methoxyhenol (gaiacol) 2.7, 2-3b 8.4 10.6
4-Methyl-2-methoxyhenol 0.01-o.02b 0.1
4-Ethyl-2-methoxyhenol 0.8-1.50b 2.2
4- Vinyl-2-methoxyhenol 9.5, 8-20.0b 19.5 7.9
4-Propenyl-2-methoxyhenol (isugenol) 0.1
1,2-Dimethoxy-4vinylbenzene 0.40.8Ob 3d
1,2,4- Trihydroxybenzene 20 13
1,2, Trihydroxybenzene (pyrogallol) 45 55

QData from Tresl et aI. (1978a,b) unles noted otheiw
bFrom Silwa et aI. (1986a)
CFrom van Straten et aI. (1983)
dFrom Silwa (1982)
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Table 28. Pyrone content of roasted coffeesa

Pyrone Content (mg!g)

Arabica Robusta

3-Hydroxy-2-methyl-4pyrone (maItol)
5,6- Dihydro- 3,5-dihydroxy-2-methyl-4pyrone

(or 5,6-ihydro-5-hydroxyaltol)
3,5- Dihydroxy-2-methyl-4-pyrone (5-hydroxyaltoI)

39
13

45
10

15 6

a From Tressl et al. (1978a)

(xi) Other compounds

Hydrogen peroxide has been found in roasted coffee (Fujita et aL., 1985a).

(c) Compounds in instant coffee
The quantitative data presented refer generally to dry instant coffee (powder

or granules). To obtain representative values for the content in the beverage, it is
convenient and realistic to assume use of 2 g instant coffee per 150-ml cup. With
100% solubility, the content in miligrams per kilogram for a given component of
instant coffee should be divided by 500 ta give the content in miligrams per cup.

(i) Nonvo/ati/e substances

Caffeine and other purines: Caffeine levels have been determined directly in 12
commercial samples using HPLC methods (Trugo et a/., 1983); the range was 28-48
g/kg (which would correspond ta 56-92 mg/cup). The higher level resulted from
higher levels of robusta in the blend. The caffeine contents of instant coffees
manufactured in Brazil are somewhat lower: Angelucci et aL. (1973), using a
spectrophotometric method on 15 arabica samples, reported levels of 1.63-3.86%,
with one robusta containing 4.64%. Minute amounts of the other alkaloids that
occur in roasted and green coffees also appear in instant coffee, at approximately
half the amount.

Ch/orogenic acids and re/ated substances: Trugo and Macrae (1984b)
determined by HPLC the chlorogenic acid content of 13 commercial instant coffees
bought in the UK. Total chlorogenic acids ranged from 3.61 ta 10.73%; the levels
were 2.55-7.64% for total caffeoylquinic acids, 0.16-0.58% for total dicaffeoylquinic
acids and 0.74-1.93% for total feruloyl quinic acids. The levels found depended on
the extraction conditions and on differences between varieties. Data from other
workers (summarized by Clifford, 1985) showed a similar range for total
chlorogenic acids; Maier (1987a) found (2.7-8.9%) in five samples. The lower .
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figures resulted from use of darkly roasted coffees. The Working Group estimated
that these values correspond to 54-215 mglcup.

Glycosides: Viani (1988) estimated the content of atractyligenin at 0.8-0.9
mglcup of arabica instant coffee and negligible for robusta.

Lipid: Instant coffees are generally free of lipids (and therefore the
diterpenes, kahweol and cafestol), but many commercial brands are plated with
about 0.3-0.5% coffee oil obtained by expression from roasted coffee or other
methods to provide headspace aroma. Viani (1988) reported 0.02% oil and 0.002%
diterpenes in nonaromatized powder and 0.3% and 0.02%, respectively, in
aromatized powder, corresponding to 0.4 mglcup oil and 0.00 mglcup diterpnes
in nonaromatized powder and 7 mglcup oil and 0.4 mglcup diterpenes in
aromatized powder. Certan commercial brands of instant coffee contain up to
10% by weight of very finely ground roasted coffee; this will increase these figures by
1.6% oil and 0.12% diterpenes in the powder, or 32 and 2.4 mglcup, respectively,
making this brew comparable with an espresso-type brew.

Trigonelline and nicotinic acid: Trigonellne has ben determined in 12 UK
commercial dry instant coffees by HPLC; an average of 1.37% (range, 0.94-1.69%)
was found (Trugo et al., 1983), (corresponding to 20-35 mglcup, although the data on
roasted coffee would suggest figures of 8-44 mglcup). Viani (1988) reported
trigonellne at 5-15 mglcup in 22 samples, which were therefore probably darkly
roasted. ln the same samples, nicotinic acid was found at 0.2-1.2 mglcup; the data
for roasted coffee suggest similar levels (0.4-1.6 mglcup).

Acid: Of the nonvolatile acids, quinic, citric, malic and pyruvic acids are
known to be present in fairly large quantities. Blanc (1977) reported on the total
quantity of citric, malic, lactic and pyruvic acids and of the volatile acetic acid in
instant coffees from four different countries. A range of 1.5-4.9% was found, which
suggests that the acid content is increased only slightly as a consequence of
indus trial processing from roasted to dried extracts. Any increase ocurring during
extraction is balanced by loss during drying. Schormüller et al. (1961) reported
average values of 2.20% citric acid, 0.50% malic acid, 0.45% lactic acid, 0.95%
acetic acid and 0.08% pyruvic acid in dry instant coffee, to give a total of 4.18%,
suggesting a marked increase in the level of acetic acid. Instant coffees derived from
medium-roasted arabica coffee tend to have higher acid contents than darkly
roasted robusta. Average levels of 3.8% (German instant coffees) and 2.3% (French
instant coffee) result in (76 and 46 mglcup), respectively.

Trace elements: The main mineraI element in roasted and instant coffee is
potassium, and levels can range from 3.6 to 5.9% in dry instant coffee (Clarke, 1985).
Maier (1981) compiled data on all other elements present or likely to be present. ln
instant coffee, trace elements can originate both from the roasted coffee and from
the water used for extraction: the content in the water can be at least tri pIed during



COFFEE 87

evaporation and drying of the extracts to the final product. Instant coffee is
manufactured almost entirely in stainless-steel equipment, froID which
contamination is minimal (Clarke, 1985).

Other components: As a consequence of industrial extraction, higher
percentages of melanoidins (see p. 71), polysaccharides and 'proteins' are found in
instant coffee than in the soluble part of brewed coffee. Dissolution of a greater
amount of polysaccharides is accompanied by sorne cleavage into constituent
monoses, indicated by the presence of small quantitites of arabinose, galactose and
mannose (Trugo, 1985).

(ii) Volatile compounds
Little quantitative information and few comprehensive listings are available of

the volatile compounds present in commercial instant coffee. Certain volatile
compounds, particularly sulfides and other non-polar substances, that occur
preferentiallyin the ail of roasted coffee rather than in the carbohydrate matrix wil
be present as a result of'aromatization' with coffee aiL. Over 80 volatile compounds
were identified in a commercial freeze-dried brew, including thiazoles, thiophenes,
pyridines, pyrroles, pyrazines and furfurals (Dart & Nursten, 1985); the preparation
was relatively rich in the latter two groups of compounds. ln general, the volatile
compounds found in brewed coffee can be expected to occur, ta a greater or lesser
extent.

Carbonyls: Methylglyoxal has been quantified in instant coffee by derivative
GC (see also the monograph on methyIglyoxal, p. 445), at levels of 23 ppm Ü-ig/g;
Hayashi & Shibamoto, 1985), 404-994 ppm (Shane et al., 1988) and 70-217 ppm
(Aeschbacher et al., 1989). Kasai et al. (1982) found 100- 150 J1g/cup assuming 1.5 g
of instant coffee for 100 ml water. Aeschbacher et al. (1989) also reported the
presence of 13-42 l1g/g diacetyl and 5-25 l1g/g glyoxal in dry product.

Acids: The volatile and nonvolatile acid content of instant coffee is discussed
above (pp. 80 and 86).

Esters: Methyl salicylate was found at 0-8.4 mg/l in nine samples of instant
coffee (2 g powder/1oo ml water; Swain et al., 1985).

Furan- and sulfur-based compounds: Some compounds containing sulfur were
quantified in instant coffee: furfuryl thiol, 3.90 ppm (mg/kg); 5-methyl furfuryl
methyl disulfide, 0.015 mg/kg; and kahweofuran, 0.60 mg/kg. Three other furans
have also been quantified (Tressl & Silwar, 1981). ln general, these figures are
comparable with those for roasted coffee, but when they are calculated as
miligrams per cup they are quite low re.g., kahweofuran, 1.2 J1g/cup).

Pyrones: Tressl (1980) found more maltol (60-120 ppm (mg/kg)) than was
expected.
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Othe, compound: Hydrogen peroxide has ben detected at 180 ppm (mg!g)
in instant coffee (Aeschbacher et al., 1989), and formaldehyde was found at 10-16.3
ppm (Hayashi et al., 1986). Cyclotene, found at 70-110 mglg, ocurred at a higher

level than would have been expected from roasted coffees (Tressl, 1980).
No data were available to the Working Group on alcohols, nitrogen

compounds, other sulfur compounds or phenols.

(d) Compounds in decaffeinated coffee

Un der the Directives of the Commission of the European Communities (1977,
1985), dry decaffeinated instant coffees must contain no more than 0.3% caffeine; in
practice, they contain less. This figure corresponds to 0- mglcup of instant coffee
brew, which also corresponds to that found (Barone & Roberts, 1984).

The solvents used in decaffeination may remove small quantities of aroma
precursors, e.g., trigonellne, or increase their levels, e.g., ami no acids and reducing
sugars.

(e) Additives and contaminants

(i) Flavouring additives

Both roasted and instant coffees are largely marketed throughout the world as
100% pure coffee products, and are clearly labelled as such in developed countries

(Commission of 
the European Communities, 1985). Blends are also available with

many different kinds of roasted plant products, including chicory and malted and
unmalted barley. Worldwide consumption in 1985 of dried chicory roots was
estimated at 128 () tonnes per annum, ofwhich 32% was consumed in France, 55%
in other European countries and 12% in South Africa. After roasting, chicory is
mixed with both roasted and instant coffee, but no information was available on the
quantities used. The quantities consumed annually of mixures with barley vary
considerably, in relation to the cast of coffee (Maier, 1987b).

(ii) Othe, additives

Preservatives are not used. Occasionally, roasted and instant coffees have

been used as vehicles for vitamins and mineraIs. Flow agents (sodium aluminium
silcates) may be incorporated in instant coffees used in vending machines (by.
national derogation in the Directive of the Commission of the European
Communities ).

(ii) Contaminants

For the purpose of this section of the monograph, the term 'contaminants' is
used to mean those constituents sometimes present in the products, and therefore
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in the beverages derived from them, which are not essential to the flavour and
properties of the beverage. Sorne of these potential contaminants have known
toxicological and, in sorne cases, carcinogenic effects.

Mycotoxins: Numerous studies, especially since 1965, have been conducted on
the occurrence of mycotoxins in green coffee, and therefore in roasted and brewed
coffee, due to the presence of mouldy beans. These studies were reviewed
comprehensively by Strobel (1988b) and more briefly by Viani (1988). ln particular,
aflatoxin B1 (see !AC, 1976a, 1987), ochratoxin A (see !AC, 1983, 1987) and, less
often, sterigmatocystin (see lAC, 1976b) have been found in consignments of
green coffees containing mouldy beans, although regulations seek to prevent such
importation. Levels of aflatoxin B1 at 3- 12 ppb (iig/kg) in 2% of samples analysed,
of ochratoxin A at 0.5-360 ppb in 3.5% of samples, and of sterigmatocystin at 1140
and 12 00. ppb in two very mouldy samples have been measured in sorne 2000
consignments examined. Decaffeinated green coffee beans that have been allowed
ta go mouldy show a greater tendency ta develop toxins th an nondecaffeinated
coffee on account of the absence of the inhibitory action of caffeine. Ochratoxin A
was found to be largely destroyed (80-99%) on roasting, as was aflatoxin Bh to a
slightly lesser extent.

Pesticides: Coffee beans are protected from pests within the cherry by direct
application of pesticides, details of which have been reported (Mitchell, 1988;
Snoeck, 1988). Coffee itself is consumed in the producing countries only after
further processing, including roasting and brewing or extracting, which eliminate
these contaminants almost quantitatively. Viani (1988) compiled available data on
~- and ß-hexachlorocyclohexanes, lindane, the DDT group, aldrin, dieldrin and
others. Of six instant coffee sam pIes, one contained 1.2 ng/g total hexachloro-
cyclohexanes and one contained 3 ng/g lindane, but no other pesticide was found. ln
contrast, 15 of 150 samples of green coffee had traces up to 290 ng/g lindane.

Nitrosamines: N-Nitrosopyrrolidine (see IARC, 1978) was found in five of ten
instant coffees at 0.3-1.4 ppb (i.tg/kg) by Sen and Seaman (1981). The presence of
this nitrosamine has been confirmed in two of seven samples of instant coffee by
mass spectrometry as weIl as by liquid chromatography-thermal energy analysis at
levels of 1.5 and 2.8 ppb (i.tg/kg). ln one of six samples of roasted, ground coffee,
N-nitrosopyrrolidine was found at a level of 0.4 ppb (i.tg/kg) (Sen et aL., 1990).
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3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Rumans

3.1 CarcinogeDicity studies iD animaIs

(a) Perinatal exsure/oral administration

Mouse: ln a study available only as a preliminary report, groups of 150 male
and 150 female Swiss mice (CRL:COBS, CD-l) were mated at 12 weeks of age, and
mothers of mi ce to be allocated to treated groups received 1% instant coffee in the
di et throughout gestation and lactation. After weaning, offspring were housed
singly and recived diets containing 0, 1, 2.5 or 5% (w/w) instant coffee (origin
unspecified) until the end of the experiment at 720 days. Increasing levels of coffee
in the diet impaired the growth of animaIs, but better survival was noted in animaIs
that received the higher doses: at 24 months, the survival rate in the group receiving
5% instant coffee was 50% compared with about 25% in controls. Tumours of the
liver, lung and lymphatic tissue were observed frequently. The incidences ofbenign
liver-cell tumours in males were 42/150 controls, 38/150 receiving 1%, 20/150
receiving 2.5% and 16/150 receiving 5%; those in females were 2/150 controls, 2/150
receiving 1%, 1/150 receiving 2.5% and 1/150 receiving 5%. Two hepatocellular
carcinomas were observed in one male mouse treated with 1% instant coffee and in
one male mouse treated with 2.5%, but none was seen in mIce receiving 5% or in
controls. (The Working Group noted that hepatocellular tumours are common in
Swiss mice.) No increase in the incidence of benign or malignant lung tumours was
observed. Lymphosarcomas (aIl histological types) were observed in male and
female control and treated animaIs. ln males, the incidence of these tumours
decreased from 32% in controls to 12% in the high-dose group. ln females, no clear
dose-dependent decrease was observed, although the incidence oflymphosarcomas
was 46% in controls and 18% in the high-dose group (Stalder et al., 1984). (The
Working Group noted that the reduced numbers of liver adenomas in males and of
lymphosarcomas in animaIs of each sex in the higher-dose groups might have been
due to impaired growth; these animaIs also had longer survivaL. Neither of these
factors was taken into account in the analysis.)

Rat: Groups of 55 male and 55 female F 1 Sprague- Dawley rats, five to six
weeks old, were given 25, 50 or 100% freshly brewed coffee as drinking fluid ad
libitum for two years, at which time all survivors were killed. The animaIs were
derived from females given 50% coffee as drinking fluid for about five weeks before
mating and throughout gestation and lactation. Parent males, parent control
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females and two groups of F 1 control rats received tap-water only. Ten rats of each
sex per group were kiled at one year and were submitted ta blood sampling and
necropsy. Lower me an body weights were observed in males that received 100%
coffee, and significantly increased mortality was seen in females given 50 and 100%
coffee. Two statistical methods were used to adjust the incidence data for survival
differences: ln the first, which assumes that tumours are non-fatal (i.e., incidental),
a significant increase in the number of tumour-bearing males was seen in the
low-dose group (relative risk (RR), 1.26; p .: 0.05) but in no other group. ln the

second analysis, which assumes that tumours are lethal, increased numbers of
tumour-bearing animaIs were seen among males in the low- and mid-dose groups
(RR, 1.71,p .: 0.01 and 1.43,p .: 0.05, respectively) and among females in the mid-
and high-dose groups (RR, 1.47, p .: 0.05 and 1.45, p .: 0.05, respectively) (Palm et
al., 1984). (The Working Group noted that the first statistical analysis was more
appropriate, since the tumours were not the cause of death.)

(h) Oral administration

Rat: ln a study reported as a letter to the Editor of The Lancet, 144 male and
144 female Sprague-Dawley rats, 21 days of age, were administered 5% instant
coffee in the diet for two years, at which time the survivors were kiled. An untreated
control group of 41 males and 41 females was available. The urinary bladders of 94

male and 99 female treated and 29 male and 29 female control animaIs were

examined histologically. No hyperplasia or tumour of the urinary bladder was
observed (Zeitlin, 1972). (The Working Group noted the incomplete reporting of
the study: no information on survival was given, and only the bladder was examined
histologically. J

Groups of 40 male and 40 female Sprague- Dawley rats, weighing
approximately 100 g, were fed diets containing 6% of 13 different sam 

pIes of instantcoffee; caffeine had been removed by extraction with dichloromethane from seven
of the samples, but in three of these the caffeine had been put back. Treatment was
for twe years, at which time aIl survivors were kiled. A control group of 40 males
and 40 females was available. Survival was similar in all groups, although males
given the decaffeinated coffees had slightly lower death rates, but the body weights
of treated males were lower th an those of controls. No increase in the incidence of
any type of tumour was noted. ln males in two of the six groups given instant coffee
and in one of the three groups given decaffeinated coffee plus caffeine (see also the
monograph on caffeine p. 310), the incidence of benign and malignant tumours was
significantly lowered (all p .: 0.05); in females, the decrease was not statistically
significant. A logistic regression analysis showed that the level of caffeine

significantly lowered the incidence of tumours (Würzner et al., 1977a,b). (The
Working Group noted that only one control group was used for the 13 treatment
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groups and that the reduced numbers of tumours might have ben due to impaired
growth. )

(c) Administration with knwn carcinogens

The Working Group was aware of various other experiments (e.g., Mori &
Hirono, 1977; Fujii et al., 1980; Wattenberg & Lam, 1984; Nishikawa et al., 1986) that
were part of studies on the modifying effects of coffee on the activity of known
carcinogens, which are not included here since their design was inadequate to reveal
any effect of coffee on tumour production (short duration of exposure and/or
limited numbers of animaIs).

(i) Azerine
Rat: Groups of 40 male SPF Wistar rats, 19 days of age, were given a single

intraperitoneal injection of azaserine, a pancreatic carcInogen, at 30 mglg bw and
were then fed a low-fat diet, a high-fat diet or a high-fat diet plus coffee solution as
the drinking fluid. The concentration of coffee was increased gradually from 25%
during the first two weeks to 100% within four weeks, which was continued for the
life span of the animaIs. AnimaIs were autopsied 15 months after the end of
azaserine treatment. The mean body weight of rats given the high- fat di 

et and
coffee was significantIy lower than that of the high-fat controls. The number of
pancreatic tumours was significantIy smaller in the group maintained on the
high-fat diet and coffee than in the group on a high-fat diet only(44 adenomas versus
176 lP ~ 0.(01) and 28 carcInomas versus 57 fp ~ 0.05)) (Woutersen et al., 1989).
(The Working Group noted that the decrease could have been due, at least partIy, to
the impaired growth of the animaIs.)

(ii) 7, 
12-Dimethylbenzlajanthracene

Rat: Groups of 4041 female Sprague-Dawley rats, 53-55 days of age, were
given a single intravenous injection of 7, 12-dimethylbenz(a )anthracene (DMBA) at
20 mg/kg bw. Coffee (moderate or full strength) and decaffeinated (97%
caffeine- free) coffee were given instead of drinking-water 29 days before up ta three
days after DMBA treatment; the experiment was terminated 12-18 weeks after
DMlA treatment. Further groups of 80 or 84 female rats received a single dose of
DMBA at 5 mg by gavage at 54 or 55 days of age and three days later were given
coffee in the drinking fluid until18-21 weeks after DMBA treatment. After DMBA
treatment, all rats were palpated at two-week intervals for the presence of mammary
tumours. When tumours reached 2 cm in diameter, theywere excIsed surgically,
and the rat was placed back in the experiment. ln rats treated by intravenous
administration of DMBA, moderate and high doses of coffee significantIy (p ~
0.05) reduced the number of mammary carcinomas per rat. Consumption of high
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and moderate doses of decaffeinated coffee did not have this effect, but addition of
caffeine at 86 mg to decaffeinated coffee resulted in a significant reduction (p -(
0.05) in the number of mammary carcinomas per animaL. Coffee consumption did
not significantly affect the percentage of rats with mammary tumours.
Administration of coffee to rats treated with DMBA by gavage did not significantly
affect the number of mammary carcinomas per animal (Welsch et al., 1988).

ln a subsequent study with the same experimental protocol (intravenous and
gastric administration of DMBA) but with administration of a chemically defined
di et containing 5% unsaturated fat (corn oil) ad libitum, similar results with coffee
were obtained, Le., a reduction in the number of mammary tumours per rat but no
effect on the percentage of rats with tumours (Welsch & DeHoog, 1988).

Hamster. Groups of 20 female Syrian golden hamsters, weighing
approximately 70 g, were fed powdered chow or chow supplemented with 20%
powdered green coffee beans. Two weeks later, the right buccal pouch of 16 animaIs
from each group was painted three times with a 0.5% solution of DMBA in heavy
mineraI oil; the remaining four animaIs per group were treated three times weekly
with heavy mineraI ail alone and served as controls. The experiment was terminated
after a total of 50 treatments (16.5 weeks). At the end of the experiment, 12/16
animaIs given chow alone and 9/16 also given green coffee beans were stil alive;
most of the losses were due to respiratory infections or ether anaesthesia. Tumours
of the buccal pouch were seen in 9/12 animaIs receiving chow (eight had multiple
tumours) and 2/9 also reciving green coffee beans. Two hamsters receiving chow
had mild to moderate dysplasia of the right buccal pouch and one had dysplasia,
including carcinoma in situ; the buccal pouches of the nine remaining animaIs had
various grades of dysplasia, inc1uding carcinoma in situ and papilary carcinomas.
Of the animaIs receiving green coffee beans, only two had carcinomas of the right
buccal pouch; the remaining seven showed dysplasia. A statistically significant
reduction in average tumour mass was observed in the latter group (Miler et al.,
1988). (The Working Group noted that survival was low.)

(ii) N-Nitrosobis(2-oxyropyl)amine

Hamster. Groups of 40 male Syrian golden hamsters, six weeks old, received
two weekly subcutaneous injections of 20 mg/kg bw N-nitrosobis(2-oxypropyl)-
amine and were then fed a low-fat diet, a high-fat diet or a high-fat diet plus daily
preparations of coffee as the drinking fluide The concentration of coffee was

gradually increased from 25% during the first two weeks to 100% within four weeks,
which was continued for the life span of the animaIs. The hamsters were killed 12
months after the secnd injection of nitrosamine, and autopsied. Mean body
weights of animaIs on high-fat di 

et alone were significantly greater th an those of
animaIs on low-fat diet; those of hamsters fed high-fat diets with caffeine did not
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differ significantly from those of animaIs on the high-fat diet alone. The total
number of ductal/ductular adenocarcinomas of the pancreas was significantly
increased in the high-fat group (eight; p -: 0.05) as compared ta the low-fat group
(two). The total number of adenocarcinomas in the group receiving high-fat diet
plus coffee (five) was slightly but not significantly smaller than that in the group on
high-fat diet alone (Woutersen et al., 1989).

3.2 Other relevant data

(a) Experimental systems

(i) Absorption, distribution, metabolism and excretion

No data were available to the Working Group (see the monograph on caff~ine
p. 321).

(ii) Toxic effects

Groups of male Wistar rats were given 4 or 8% brewed or decaffeinated coffee
in the drinking-water for six to eight months. Body weights of coffee-treated rats
were 6-7% lower than those of controls receiving water only. Coffee induced 'no
untoward effect on the liver (Strubelt et al., 1973).

Weanling male Sprague-Dawley rats were fed starch-based diets
supplemented with either brewed coffee, decaffeinated coffee, tea, caffeine or
nothing (controls). Compared with controls, rats consuming coffee or caffeine had
elevated concentrations of cholesterol and phospholipids. ln addition, both groups
had lower levels of triglycerides, although the difference was significant only for the
group receiving caffeine (Naismith et al., 1969).

Six male and nine female adult rhesus monkeys were fed an atherogenic diet ad
libitum for 12 months. Major changes in the profiles of total plasma lipids and
lipoproteins occurred within three to six months and remained at the higher level
thereafter. Four females and three males were then given 50% coffee as drinking

fluid for 12 months, while the remaining animaIs were given water. The authors
reported no significant difference in total plasma protein or lipids between
coffee-treated and control animaIs after 15 and 18 months (Callahan et al., 1979).

ln a study reported as an abstract, coffee did not enhance the number or size of
pancreatic atypical acinar-cell foci induced in rats by azaserine (Roebuck et aL.,
1985).

(iii) Effects on reproduction and prenatal toxicity

Brewed coffee: ln a combined subchronic, reproductive and developmental
toxicity study, Sprague-Dawley rats were given 12.5, 25 or 50% freshly percolated
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coffee as the drinking fluid (daily caffeine intake, 9, 19 or 38 mg/kg bw) for five
weeks before mating, throughout gestation and until 27 days after parturition. No
effect on fertility, litter size, neonatal growth or survival was observed with any dose
level. Among the offspring, underdevelopment of the renal pelvis was observed in
the mid- and high-dose groups; cleft palate and delayed ossification were also
observed in the offspring, but these were not clearly dose-related (Palm et aL., 1978).

ln a similarly designed study, Sprague-Dawley rats received 25, 50 or 100%
percolatedcoffee as the drinking fluid (approximate daily caffeine intake, 20,40 or
80 mg/kg bw) for 91 days, after which they were mated to produce F la litters, while
the administration of coffee continued. Female rats were mated again ten days after
their first litters had been weaned to produce Flb litters, which were used for
teratological examination. Parent rats treated with 50 and 100% coffee had
enlarged livers and kidneys, but no significant effect on reproduction or lactation
was observed. Body weights of F la offspring of the high-dose rats were comparable
to those of con troIs at four days of age but had decreased significantly by weaning at
21 days of age. No teratogenic effect or decrease in neonatal body weight was
observed in F lb pups delivered by caesarean section, although offspring of rats
given the mid- and high doses showed a significantly increased incidence of delayed
ossification of the sternebrae (Nolen, 1981).

ln a behavioural teratology study, Sprague-Dawley rats were given either

drinking-water or fresh drip coffee as drinking fluid from the time of mating until
parturition. The average daily dose of caffeine was 122 mg/kg bw. Significant
decreases in body, liver and brain weights were observed in the offspring of the
coffee-treated group at birth but not at 30 days of age. ln addition, a significant
increase in motor activity and a decrease in grooming time and time spent with a
novel object were observed in this group at 30 days of age (Graisser et aL., 1982).

ln another behavioural study, Sprague-Dawley rats received 0, 25 or 100%
brewed coffee as the drinking fluid from 60 days before mating until weaning of the
F 1 offspring. No effect on reproduction was observed. Among the offspring of
treated rats, there were delays in the eruption of incisor teeth and maturation of
swimming skills. A significant decrease in running wheel and preweaning
open-field activities was also observed, but no effect was seen on learning, meffory
or motor function. On the basis of post-weaning measurements, the authors

concluded that the treatment did not result in a significant risk for irreversible
damage in the offspring (Butcher et al., 1984).

Instant coffee: ln a combined subchronic, reproductive and developmental
toxicity study of instant coffee (Nolen, 1981), described above, the body weights of
F la offspring of high-dose dams were comparable to those of con 

troIs at four daysof age but had decreased significantly byweaning at 21 days of age. No teratogenic
effect or decrease in fetal body weight was observed in F lb pups delivered by
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caesarean section, although offspring of the high-dose group had a significantly
increased incidence of delayed ossification of the sternebrae.

Groups ofwhite mice (strain unspecified) were fed instant coffee crystals in the
diet, at doses equivalent to human consumption of 0, 4, 8, 12, 16 or 20 cups of coffee
per day, from the time of mating to parturition. No abnormality or gross

malformation of the alimentary tract was observed in the offspring, but pup body
weight and length were significantly decreased at doses equivalent to eight cups of
coffee or more (Murphy & Benjamin, 1981).

Sprague-Dawley rats were given 1.5% (w/v) solvent-free, freeze-dried coffee
solution as the drinking fluid from the time of mating until gestation day 21 or
postnatal day 14. When treatment was continued until postnatal day 14,offspring
of coffee-treated and control groups were cross-fostered. No gross malformation,
difference in organ or fetal body weights, or change in iron, zinc or copper levels in
maternaI plasma, liver or kidney or in fetal liver were observed. Offspring of dams
treated with coffee prenatally had significantly decreased birth weights; no change
in body weight was observed three or four days after birth (Muñoz et aL., 1986).

Decaffeinated coffee: ln a combined subchronic, reproductive and

developmental toxicity study, Sprague-Dawley rats received 25, 50 or 100%
decaffeinated brewed and instant coffee as the drinking fluid (equivalent ta 12, 25 or
50 cups of coffee per day) with the same study design as described previously

(Nole 
n, 1981). No effect on reproduction, litter size or postnatal viability of the F la

litters was observed. Body weights of offspring of mid- and high-dose dams were
comparable to those of controls at four days of age but were significantly decreased
at weaning. No malformation or variation was observed in F lb offspring, and no
delay in ossification was seen (Nolen, 1982).

ln a behavioural teratology study, Sprague- Dawley rats received freshly

brewed decaffeinated coffee (average daily caffeine intake, 4.5 mg/kg bw) as the
drinking fluid from the time of mating until parturition. A significant decrease in

the liver weights of the offspring was observed at birth, and a significant increase in
motor activity and a decrease in time spent grooming or with a novel object were
seen (Groisser et al., 1982).

(iv) Genetic and related effects
The genetic and related effects of various types of coffee have been reviewed

(Sugimura, 1982; Sugimura & Sato, 1983; Aeschbacher et al., 1984a; Nagao et aL.,
1984; Sugimura et al., 1984; Nagao et al., 1986b; Aeschbacher, 1990). ln bacteria,
there is evidence that dicarbonyls (e.g., methylglyoxal) and hydrogen peroxide
acting together contribute to the mutagenic activity of roasted coffee (Nagao et al.,
1984; Fujita et al., 1985a,b). Both the dicarbonyls and hydrogen peroxide may be
deactivated by enzymes present in ce lis and tissue, such as glyoxalase, glutathione
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(for methylglyoxal), catalase and peroxidase (for hydrogen peroxide) (Nagao et al.,
1984; Friederich et aL., 1985; Fujita et al., 1985b; Tucker et aL., 1989). ln mammalian
cells, coffee aroma stripped from roasted coffee and the dicarbonyls contained
therein may contribute to the genetic effects (Aeschbacher et al., 1985; Tucker et al.,
1989). There is substantial evidence in various genetic test systems, with one
exception (Graf & Würgler, 1986), that caffeine is not involved in the genetic activity
observed (Nagao et al., 1979; Aeschbacher, 1990).

Coffee has been studied in experimental genetic and related systems as both
instant coffee powders and as finely ground roasted coffee beans prepared with
water in the normal way for drinking and then lyophilized. The doses are expressed
as mass of coffee powder used in the treatment, which generally required the
powder to be dissolved in the treatment solvent. Sterilization of preparations to be
tested for bacterial mutagenicity, by filtration or autoclaving, did not influence the
results significantly (Aeschbacher et al., 1980). Time between sample preparation
and test may affect the genetic response. ln several studies, where specifically
noted, the coffee was solvent-extracted or chemically fractionated. Studies in

bacteria of green coffee beans indicate a lack of mutagenic activity (Kosugi et al.,
1983; Albertini et al., 1985; Dorado et al., 1987); similar comparisons of roasted and
unroasted beans have not been made with other systems.

The results of the studies on genetic and related effects are listed at the end of
this section in Table 29, with the evaluation of the Working Group, as positive,
negative or inconclusive, as defined in the footnotes. The results are tabulated
separately for the presence and absence of an exogenous metabolic activation
system. The lowest effective dose (LED), in the case of positive results, and the
highest ineffective dose (HID), in the case of negative results, are shown together
with the appropriate reference. The studies are summarized briefly below.

Brewed coffee: Freshly brewed coffee induced prophage lambda in Iysogenic
Escherichia coli K12.

A number of studies have been conducted on the mutagenicity of coffees to
Salmonella tyhimurium under different conditions. Brewed coffee consistently
induced mutations in S. tyhimurium TAI00, and mutations were also induced in
TAI02 and TAI04, which are more sensitive to oxidative mutagens, and in E. coli
WP2 uvrA/pKMI01. There are conflicting reports on the mutagenicity of coffee to
S. typhimurium TA98. (The Working Group noted the inadequate reporting of
several of the studies with TA98.) Coffee gave negative results in standard strains of
S. tyhimurium, which do not contain the pKMI0l plasmid. Brewed coffee was also
mutagenic in theS. typhimurium L-arabinose-resistance forward mutation assay in
strain BA13.

There was no significant response in tests for sex-linked recessive lethal
mutation, dominant lethal mutation or chromosome loss in Drosophila
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melanogaster, but weak activity was observed in the somatic cell (wing imaginaI
disc) mutation and mitotic recombination tests following larval feeding. These
effects were attributed to caffeine.

Treatment of cultured human lymphocytes with brewed coffee induced sister
chromatid exchange, gaps, breaks and total chromosomal aberrations.
Endoreduplicated cells were induced in Chinese hamster ovary AUXBl cells.
Bisulfite, which complexes carbonyls, reduced the frequency of sister chromatid
exchange and endoreduplicated cells, while catalase and peroxidase treatment had
no effect (Tucker et al., 1989). Coffee aroma stripped from roasted coffee beans also
induced gaps, breaks and total chromosomal aberrations in hum an peripheral
lymphocytes.

Instant coffee: Instant coffee induced prophage lambda in lysogenic E. coli
K12, strain GY5027 but did not induce SOS activity in S. tyhimurium
TAI535/pSKl002.

Instant coffee induced mutations in S. typhimurium TAl00 but not in TA98,
TA1535, TA1537 or TA1538. Instant coffees were mutagenic ta S. tyhimurium
strains TAI02 and TAI04, which are more sensitive ta oxidative mutagens. Instant
coffee was also active in the S. tyhimurium L-arabinose-resistance forward

mutation assay in strain BA13. The mutagens in coffee are inactivated by the
cytosolic fraction of exogenous metabolic systems from rat liver, by heat in the
presence of oxygen (Friederich et aL., 1985), by sodium sulfite (Suwa et al., 1982) and
by catalase (Fujita et al., 1985b). This evidence, together with that from other
studies, led ta the conclusion that an interaction of methylglyoxal with hydrogen
peroxide accounts for most of the mutagenicity of instant coffee (Fujita et aL.,
1985a, b ).

Negative results were obtained in host-mediated assays in which coffee was
administered to male Swiss mice by gavage after intraperitoneal injection of S.
tyhimurium TA1530. Similarly, negative results were obtained in the
intrasanguinous test following intravenous injection of E. coli K12 into male Swiss
mi ce and assaying for reverse and forward mutation at the nia + and gal+ loci,
respectively.

Treatment of Chinese hamster lung cells with instant coffee increased the
frequency of mutations in the diphtheria toxin resistance assay. Most of the
mutagenicity was suppressed by sodium bisulfite. Methylglyoxal was shawn ta
account for less than 3% of the mutagenicity (Nakasato et aL., 1984).

There was no significant response in tests for sex-linked recessive lethal
mutation, dominant lethal mutation or chromosome loss in Drosophila

melanogaster, but weak activity was observed in the somatic cell (wing imaginaI
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disc) mutation and mitotic recombination tests following larval feeding. These
effects were attributed to caffeine.

Treatment of cultured human lymphocytes with instant coffee induced gaps,
breaks and total chromosomal aberrations. Sister chromatid exchange and

endoreduplicated cells were induced in Chinese hamster ovary AUXB 1 cells
(Tucker et al., 1989).

Instant coffee administered ta Chinese hamsters as a single oral dose did not
increase the frequency of sister chromatid exchange. ln a micronucleus test, Swiss
mice were given five consecutive daily oral doses of instant coffee; no significant
induction of micronuclei above spontaneous levels was observed. Two oral doses to
Swiss mi ce of coffee aroma (up to 50 ml/kg bw) also gave negative results
(Aeschbacher et al., 1984b). ln another study, no significant increase in the
frequency of micronuclei was induced by single or multiple administrations of
instant coffee by gavage (Shimizu & Yano, 1987). (The Working Group noted that
the authors reported a tendency for the number of micronuclei to increase in a
dose-related fashion.)

Decaffeinated coffee: Decaffeinated coffee induced prophage lambda in
lysogenic E. coli K12, strain GY5027. It induced mutation in S. typhimurium TA98,
TA100, TAI02 and TAI04, which are sensitive to oxidative mutagens. No effect was
observed in Drosophila melanogasterwhen decaffeinated coffee was assayed for the
induction of somatic cell (wing imaginaI disc) mutation and mitotic recombination.
Treatment of cultured human lymphocytes with decaffeinated coffee induced gaps,
breaks and total chromosomal aberrations. Sister chromatid exchange and

endoreduplicated cells were induced in Chinese hamster ovary AUXBl cells
(Tucker et al., 1989).

Coffee in combination with known mutagens: Brewed coffee, instant coffee and
decaffeinated coffee suppressed SOS induction by ultra-violet light,
2-(2-furyl)-3-(5-nitro-2-furyl)acrylamide, 4-nitroquinoline-N-oxide and N-methyl-
N'-nitro-N-nitrosoguanidine in S. tyhimurium TA1535/pSKI002 (Obana et al.,
1986). Instant, decaffeinated and brewed coffee inhibited mutagenesis resulting
from the nitrosation of methylurea in S. tyhimurium TA1535 (Stich et al., 1982).

ln mouse bone-marrow micronucleus tests, positive responses to mitomycin C,
cyclophosphamide and procarbazine (but not adriamycin) were significantly
reduced by administration of instant coffee 2 h before the clastogens. Similar
effects were observed with decaffeinated and brewed coffee on the micronucleating
effect of mitomycin C, and with brewed coffee on the effect of procarbazine
(Abraham, 1989). ln contras t, it has been reported that instant coffee caused no
significant alteration in the incidence of micronuclei induced by N-nitroso-
dimethylamine (Shimizu & Yano, 1987).
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Table 29 (contd)

Test system Resul ts Reference

without
exogenous
metabolic
acti va tion

With
exogenous
metabolic
activation

Dosea
LED/HID

Deffeinted coffee

PRB, À Prophage induction in E. coli K12, strain GY5027
SAO, Salmonella typhimurium TAlOO, reverse mutation
SAO, Salmonella typhimurium TAlOO, reverse mutation
SAO, Salmonella typhimurium TAlOO, reverse mutation
SA2, Salmonella typhimurium TAl02, reverse mutation
SA4, Salmonella typhimurium TAl04, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
OM, Drosophi1a me1anogaster, somatic mutation
OM, Drosophila melanogaster, mitotic recombination
SiC, Chinese hamster ovary AUXBl ce11s, sister chromatid ex 

change
CHL, Chromosomal aberrations, human lymphocytes in vitro

+
+
+
+
+
+

+

+
+

aExpressed as dry weight of extract

o

(+)

(+)
(+)

o

o

o

+

5700,0000
1500.0000
2500.0000

50000.0000
5000,0000
5000,0000

0,0000
50000.0000

200000.0000
200000.0000

300,0000
2500.0000

Kosugi et al, (1983)
Nagao et al. (1979)
Shane et aL. (1988)
Karn (1980)
Shane et al. (1988)
Shane et aL. (1988)
Nagao et al, (1979)
Kam (19ã
Graf & WUrg1er (1986)
Graf & WUrgler (1986)
Tucker et al, (1989)
Aeschbacher et al, (1985)
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(h) Humans

(i) Toxic effects

Coffee drinking has been associated with a number of adverse effects
(Goldman, 1984; Spiler, 1984c; Stone, 1987). Many of the undesirable effects of
coffee have been ascribed ta caffeine, and they are dealt with in the respective
monograph; at least sorne of the effects of coffee on plasma cholesterol and lipids,
however, can be attributed ta ingredients other than caffeine.

A weak association was seen between coffee drinking and total mortality
among men in a 25-year follow-up from the Netherlands. No cause-specific
mortality was reported (Vandenbroucke et al., 1986).

Plasma cholesterol and lipoproteins: A series of epidemiological studies have
investigated possible associations between coffee drinking and serum cholesterol
levels; these have been reviewed (Thelle et al., 1987). Many of the studies found that
coffee consumption was positively associated, ta variable degrees, with levels of
total serum cholesterol in people of each sex (Thelle et al., 1983; Kark et al., 1985;
Klatsky et al., 1985; Tuomilehto et al., 1987; Ara et al., 1989). Other investigators
found sorne association in men or women (Nichais et al., 1976; Shirlow & Mathers,
1984; Mathias et al., 1985; Curb et al., 1986; Pietinen et al., 1988) or in only some
segments of the general population, e.g., individuals with coronary heart disease
(Little et al., 1966) or hypertension (Davis et al., 1988). There are also a number of
studies in which no association was observed (Philips et aL., 1981; Hofman et aL.,
1983; Kovar l:t al., 1983; Aro et al., 1985; Donahue et al., 1987; Paoletti et aL., 1989).

Only a few scientists have investigated the relationship between coffee
consumption and the concentration of individual serum lipoproteins. A positive
association was observed between the level of low-density lipoproteins and coffee
intake, whereas no such relation was seen with high-density lipoproteins or
triglycerides (Førde et al., 1985; Aro et al., 1987; Bak & Grobbee, 1989; Paoletti et al.,
1989).

The conflicting data on the effects of coffee on serum cholesterol may be due ta
the use of different methods in the preparation of coffee. Thus, boiled coffee, but
not filtered coffee, raised serum cholesterol (0.5-1.0 mmol/l) in three separate
clinical trials conducted in Norway, Finland and the Netherlands (Førde et al., 1985;
Aro et al., 1987; Bak & Grobbee, 1989). Epidemiological observations agree with
the results of these clinical trials (Stensvold et al., 1989; Pietinen et al., 1990). Zock et
al. (1990) suggest that a nonsaponifiable lipid fraction, isolated from boiled coffee
by ultracentrifugation, raised serum cholesterol in healthy volunteers.
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Coronary heart disease: The results of the Boston Collaborative Drug
Suiveilance Program (1972) suggest that consumption of more than five cups of
coffee per day doubles the risk for rnyocardial infarction, as compared to no
consumption at all. SimIlar results were reported by other investigators (Jick et al.,
1973; Mann & Thorogoo, 1975; LaCroix et al., 1986; LeGrady et al., 1987;
Rosenberg et al., 1988). Sorne established only a modest association between
myocardial infarction and heavy coffee consumption and for only some segments of
the population (Rosenberg et al., 1980, 1987; La Vechia et al., 1989a). Severalother
epidemiological studies found no association (Klatsky et al., 1973; Dawber et al.,
1974; Hennekens et al., 1976).

ln sorne studies, the apparent assoiation between coffee drinking and
ischaemic heart disease can be accunted for by cigarette smoking (Hennekens et
al., 1976; Wilhelmsen et al., 1977; La Vechia et al., 1989a).

(Te Working Group was not aware of any longitudinal study on the
association between coffee intake and the risk of coronary heart disease from
populations with high consumption of boiled coffee.)

(ii) Effects on reproduction and prenatal toxicity

The reproductive effects of coffee on hum ans have been reviewed (Ernster,
1984; Leviton, 1984; James & PaulI, 1985; Pieters, 1985; HelIer, 1987; Schneider,
1987; Leviton, 1988). Most epidemiological studies have ben affected by a nurnber
of methodological issues, including (i) inadequate measurement of intake: almost
ail studies relied on reported intakes; some studies were lImited to coffee
consumption and ignored other sources of caffeine; and rnost studies ignored
distinctions between different types of preparation and different strengths of
coffee; (ii) inadequate control for the possible confounding effects of variables such
as smoking, alcohol consurnption, age, nutrition and life-style factors in some
studies; (ii) low response rates in several studies; (iv) biased selection of adequate
controls because of self-selection into groups of drinkers and nondrinkers of coffee;
(v) recall bias in retrospective studies, particularly those of malformations; and (vi)
insuffcient statistical power in sorne of the studies. Despite these limitations,
epiderniological studies are the single source of information on human reproductive
effects of coffee.

Malformtions: Borlée et al. (1978) identified 202 infants with congenital
malformations of any'type among 17 970 births in eight Belgian hospitals between
1972 and 1974. A group of 175 control infants was also selected. The parents of

cases and con troIs were interviewed about consumption of coffee and other
possible risk factors. Compared to women who did not drink coffee, the relative
risks (RR) were calculated by the Working Group to be (0.7) for women drinking
one to four cups per day, (0.8) for those drinking five to seven cups and (1.5) for
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those drinking eight or more cups. ln a chi-square test, the linear trend was barely
significant ((p = 0.05)). No significant association was found between coffee
drinking and smoking or use of medicines. (The Working Group noted that no
information was given on refusaIs or other losses, that the possibility of recall bias
was not considered, and that there was no proper control of confounding variables.)

Jacobson et al. (1981) reported three cases of infants with ectrodactyly born ta
women who drank eight to 25 cups of percolated coffee per day. The women were
selected from among those who contacted the authors after reading press accounts
of the relationship between coffee drinking and malformations. (The Working
Group noted that this letter to the Editor constitutes only anecdotal information.)

Linn et al. (1982) studied the association between coffee consumption and
several outcomes of pregnancy in 12 205 women in Boston, MA USA, in 1977-80,
who represented 71% of women giving birth in one hospitaL. Women were
intervewed one to two days after delivery about their previous medical and
obstetric history and habits, including coffee and tea consumption during the first
trimester. Diabetic and asthmatic women and those with multiple pregnancies
were excluded. The analysis was controlled for a number of confounding factors.
No association was found between coffee drinking and the frequency of
malformations.

The association between drinking caffeine-containing beverages and six types
of malformation (inguinal hernia, oral cleft, cardiac defects, pyloric stenosis and
neural tube defects) was studied in a case-cntrol study of 2030 children from a

number of hospitals in Boston, MA, Philadelphia, PA, and Toronto, Canada,
between 1976 and 1980 (Rosenberg et al., 1982). Controls were 712 children with
other malformations, mainly of the gastrointestinal, musculoskeletal and central
nervous systems. Mothers were interviewed in their homes within six months of
delivery about consumption of a number of caffeine-containing beverages,
including coffee, tea and cola. Consumption of coffee was 0, ocasion 

al, 1-2 or :: 3

cups per day. No association was found between coffee consumption and any of the
six malformations (all RRs, --1.4). Adjustment for a large number of potentially
confounding variables - but not for alcohol consumption - in the analysis did not
change these estimates. (The Working Group noted that the use of malformed
infants as con troIs helps reduce recall bias, but it might be inadequate if caffeine
were a teratogen that affects many sites.)

A monitoring system identified 755 children with birth defects in Finland
between 1980 and 1982 (Kurppa et al., 1983) including 112 with central nervous
system defects, 241 with orofacIal clefts, 210 with musculoskeletal defects and 143
with cardiovascular malformations. Thirt-five pairs that included habituaI tea
drinkers and 14 pairs with incomplete data were excluded. One control infant
matched to each case was an infant whose birth immediately preceded that of the
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case in the same maternity district. Information on coffee drinking was collected
through interviews; cola drinking was infrequent. No important difference was seen
between mothers of cases and of contraIs regarding the consumption of coffee
during pregnancy. After adjustment for maternai age, smoking and alcohol

consumption, the RR for coffee drinkers relative to those who did not drink coffee
was 1.1 (95% confidence interval (CI), 0.8-1.3). Separate analyses of the four
diagnostic categories showed no significant association.

As reported in an abstract, a case-control study of risk factors for c1eft palate
was carried out in five areas of Japan from 1978 to 1981. One control was matched
ta each of 194 cases for residence, sex, birth order and maternaI age.

Questionnaires answered by mothers inc1uded information on dietary habits.
Frequent intake of coffee was associated with a RR of 2.3 (p ~ 0.05) (Tohnai et aL.,
1984).

Furuhashi et al. (1985) carried out a prospective study in Japan in which 9921
women at 24 weeks' gestation or more were interviewed about coffee and tea
drinking. Women were divided into five consumption groups: those who drank
neither tea nor coffee, drinkers of fewer than five cups of coffee per day, five or more
cups of coffee per day, coffee (any quantity) plus green te a, and green tea only. The
rates of congenital anomalies of any type were 3.7% among coffee and/or tea
drinkers and 1.7% among women who drank neither beverage. (The Working
Group calculated that this difference was highly significant (p .. 0.001), although
the authors stated the opposite.) The association with coffee drinking was

particularly strong for multiple anomalies. (The Working Group noted that no data
are given on how the women were selected, or on when and where the study was
carried out. Data on refusaIs and losses ta folIow-up are not given. Confounding
variables were not adjusted for. It was surprising that the excess risk was seen for a
wide variety of congenital malformations, inc1uding those associated with

chromosomal anomalies.)

Tikkanen and Heinonen (1988) carried out a case-control study of maternai
exposure to organic solvents and cardiovascular malformations in Finland in
1982-84. The 569 cases were identified from a population-based registry of
congenital malformations; ail diagnoses were confirmed by a cardiologist with
experience in teratology. Controls were selected randomly from 52 hospitals in the
country, and of 1200 con troIs selected, 1052 (88%) were inc1uded in the study.
Mothers were interviewed at maternity welfare centres concerning exposures
during the first trimester of pregnancy. Coffee drinkers were equally distributed
among cases and controls: 82.3% and 81.8%, respectively.

Law birthweight and/or preterm delivery: The three best-designed studies are
summarized in Table 30.



Table 30. Summary of selecteda studies that provide relative risks (RR) for low birthweight in relation to coffee
or catleine intake of mothers

Reference, location and No. of Coffee or caffeine RR (95% CIb) Comments
design women consumption

van den Berg (1977) 8514 ~1 cup/day 1.0 Coffee intake
California, USA 2-6 cups/day (1.4 Y
Prospective

-;7 cups/day (22Y
(j

~6 cups/day 1.0 RR adjusted for smoking 0
-;7 cups/day 1.2 p = 0.01, calculated by Hogue (1981) "T

tBLinn et al. (1982) 12 205 -: 4 cups/day 1.0 Adjusted for smoking and other tTBoston, USA
-;4 cups/day 1.2 (0.9-1.6) confounding variables

Cros-section al Coffee intake
Marin & Bracken (1987) 3891 Nondrinkers 1.0 Term deliveries only; RR adjusted for
New Haven, USA 1-150 mglday 1.4 (0.7-3.0) race, parity, smoking and gestational
Prospective 151-300 mglday 23 (1.1-5.2) age

~ 300 mglday 4.6 (2.0-10.5) Caffeine intake

a Selected on the basis of design and quality

b CI, confidence interval
C Crude RR calculated by the Working Group

~o..
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Mau and Netter (1974) carried out a prospective study of over 520 pregnant
women from 20 matemity departments in the Federal Republic of Germany. The
women were intervewed during the first trimester of pregnancy, but little
information was provided on how coffee drinking was quantified. Compared to
nondrinkers, women who ocasionally drank coffee had a RR of (1.4); frequent
drinkers had a RR of (1.6) for delivering a low birthweight ( .: 2500 g) baby ((p .:
0.01)). The risk among drinkers remained unchanged after stratification for
smoking (as reanalysed by Rogue, 1981).

van den Berg (1977) studied the effect of coffee consumption on birthweight
and preterm delivery in a prospetive study carried out in California, USA, between
196 and 1967. Approximately 15 00 pregnant women reciving antenatal care
un der a prepaid medical plan were enrolled. Data were obtained from their
medical recrds as well as from interviews covering reproductive history,
socioeconomic factors, smoking habits and beverage consumption. A
dose- response effect of coffee drinking was seen on low birthweight (see Table 30). A
similar effect was noted on prematurity (gestational age under 37 weeks at birth),
with RRs of (1.3) for women drinking two to six cups per day and (1.8) for those
drinking seven or more cups, compared to women drinking up to one cup per day.
Hogue (1981) examined the data on low birthweight after adjustment for smoking
and length of gestation: a smaller but stil significant RR of 1.2 was found for women
who drank seven or more cups per day as compared to women who drank fewer than
seven cups per day.

Arnandova and Kaculov (1978) reported a study of the pregnancy outcomes of
60 women in the US SR in 1976. Coffee consumption was not associated with
prematurity, but the mean birthweight of infants born to coffee drinkers (usually
one to two cups per day) was 115 g less than that of babies of women who did not
drink coffee. The authors commented that this difference was probably due to
greater . consumption of alcohol and tobacc among coffee drinkers.

Kuza and Sokol (1982) carried out a study of pregnant women who gave birth
at four hospitals in California, USA, in 1974-78. About three-quarters of the women
receiving antenatal care in these hospitals answered a self-administered

questionnaire on their first visit, which included information on demographic and
socioenomic variables and on the use of coffee, alcohol, tobacco and other
substances. If a mother had not sought antenatal care or had been missed in the
enrollment procedure, the same data were obtained shortly after delivery; 37% of
the study sample was recruited in this way. No important difference was found
between information collected prospectively and retrospectively. Complete data
were available for 5093 mother-infant pairs. Afer adjustment for gestational age,
pre-pregnancy weight, weight gain, ethnicity and smoking, caffeine use was
significantly (p .: 0.01) associated with lower birthweight. (The Working Group
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noted that it is not clear what percentage of eligible women were included in the
study and that no information was given on how caffeine intake was caIculated,
particularly as to whether sources other than coffee were accounted fOL)

ln the study of Linn et al. (1982), described on p. 105, coffee drinking during the
first trimester was associated in the crude analysis with a greater proportion of low
birthweight. After adjustment for smoking, with or without other confounding

variables, no significant effect of coffee drinking was seen: the RR for women
drinking four or more cups a day was 1.2 (95% CI, 0.9-1.6) (see Table 30). No
dose-response effect was present, and the association between coffee drinking and
duration of gestation was nonsignificant.

ln a case-control study, Berkowitz et al. (1982) compared 175 preterm infants
and 313 term infants delivered at a Connecticut, USA, hospital in 1977. Preterm
infants (cases) were defined as those barn before 37 weeks of gestation, as
determined by the Dubowitz criteria, and controls were a random sample of term
infants. Interviews were completed with the mothers of 86% of potential cases and
95% of potential contraIs and included data on alcohol, smoking and on the average
daily number of cups of coffee or tea taken during each trimester. Cases were of
lower socioeconomic status than contrais. Coffee drinking was not associated with
shortened gestation periode

Watkinson and Fried (1985) investigated the possible association between
coffee consumption during pregnancy and perinatal outcomes among women in the
Ottawa area, Canada. From 1978, 371 women were studied for a range of perinatal
outcomes. Five years later, in 1983, those women whose offspring were at least one
year of age by that date were mailed a questionnaire concerning their consumption
of coffee, tea, cola and other sources of caffeine throughout their pregnancies; 28
women (77%) responded. Coffee and tea sam pIes were collected from 53 mothers
and were used to estimate the caffeine content of these drinks. Caffeine
consumption was greater among smokers and among women of low educational
leveL. Caffeine intake, expressed as a continuous variable, was not significantly
associated with birthweight or gestational age; however, the mean weight of babies
born to 12 heavy users (~300 mg caffeine/day) was 3158 g, compared to 3537 g for
the remaining sample (p -( 0.05). This association was stil significant after
adjustment for nicotine use but not quite significant (p = 0.06) after controllng for
maternaI education. No association was found between heavy use and gestational
age. (The Working Group noted that women had been asked ta recall the intake of a
number of caffeine-containing substances several years after a pregnancy. No
dose-response effect was present.

ln the study of Furuhashi et al (1985), described on p. 106, no significant
difference in mean birthweight was seen between the five categories. Infants born ta
53 women who drank five or more cups of coffee per day, however, were on average
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about 70 g lighter than the other infants. The incidence of infants who were small for
gestational age was approximately three times greater ip ~ 0.05; Poisson test) in the
women who dran more than five cups of coffee per day. (The Working Group
noted that no information on smoking was available, and no definition was given of
'small for gestational age'.)

Martin and Bracken (1987) carred out a prospetive study of 3891 pregnant

women reciving antenatal care in greater New Haven, Connecticut, USA, between
1980 and 1982. A total of 6219 women were considered for the study but only 5331
agreed to be contacted. Of these, 4926 fulflled the entiy criteria, and 85% were
intervewed at home withln a few weeks of the first prenatal visit. Caffeine
consumption during pregnancy was estimated from data on the consumption of
coffee, tea, colas and drugs. Data on pregnancy outcomes were obtained from
hospital recrds and were analysed using logistic regression. Caffeine consumption
was associated with lower socioenomic status, smoking and alcohol intake. The
effect of caffeine on birthweight was restricted to term infants. After adjustment for
gestational age, race, parity and smoking, intake of caffeine at ~ 30 mglday was
associated with a RR of 4.6 (95% CI, 2.0-10.5) for low birthweight compared with
that of women who did not consume caffeine-containing beverages or drugs. A
dose-response pattern was present (see Table 30). No association was seen between
caffeine intake and gestational age.

Brooke et al. (1989) studied the effects on birthweight of smoking, alcohol,
caffeine, socioenomic factors and psychosocial stress among 186 white women
in London, UK of whom 1513 were. included in the study and interviewed
prenatalIy. Birthweight was corrected for gestational age, maternaI height, parity
and baby's sex (adjusted to a standard population). Smoking was found to be the
most important single factor, inducing a 5% reduction in birthweight, which was
statistically significant even when corrected for consumption of alcohol, tea, coffee
or caffeine. Total caffeine consumption (miligrams per week) was calculated for
the entire pregnancy and was found to be related ta birthweight (adjusted to 40
weeks): with an intake of 0-20 mglday, birth weight was 36 g; with 20-40
mglday, birthweight was 36 g; and with a daily intake of more than 40 mglday,
the average birthweight was 3556 g. The corresponding birthweight ratios were
1.050, 1.034 and 1.019. ln a cru de analysis (not corrected for smoking), the

difference across groups gives p = 0.005; however, when corrected for smoking, the
adjusted birthweight ratios did not differ with cafeine consumption categories,
being 1.051 (95% CI, 1.039-1.062) for 0-20 mglday, 1.055 (95% CI, 1.043-1.068) for
20 mglday and 1.054 (95% CI, 1.033-1.075) for ~ 40 mglday. The authors
concluded that smoking was the main environmenta cause of variations in
birthweight (corrected for gestational age). (Te Working Group noted that the
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study was not designed to detect a possible effect on birthweight mediated through
prematurity.)

ln Costa Rica, women of low socioeconomic status were contacted at an
antenatal care service before they were six months' pregnant (Muñoz et al., 1988).
Of 378 women contacted, 301 fulfilled the entry criteria, which included being aged
between 17 and 30 years, uncomplicated pregnancy and delivery, term ddivery,
avoidance of smoking and alcohol, and initiation of breastfeeding. The study was
restricted to non-coffee drinkers and to women who drank 450 ml or more coffee per
day. Of 110 eligible women, 62 (56%) dropped out, sa that the study was limited ta
22 coffee drinkers and 26 who did not drink coffee. Dropouts had had less
education and higher parity than the women studied. Birthweight was 121 g lower
for the children of coffee drinkers than those of non-coffee drinkers (p ~ 0.(01).
This difference was stil significant after adjustment for potential confounding
factors through multiple linear regression. Iron deficiency anaemia was found in
23% of the coffee Consumers and in none of the non-consumers. The haematocrit
levels of infants of coffee-drinking mothers at one week and one month of age were
lower th an those of the contraIs. This association persisted after adjustment for
confounding factors. (The Working Group noted the high rate of dropouts.)

The effect of first-trimester maternaI caffeine consumption on birthweight was
examined in a case-control study of 131 cases and 136 controls (Caan & Goldhaber,
1989). Heavy consumption of caffeine (300 mg/day or three servings) from coffee,
tea or cola drinks was associated with a high prevalence of low birthweight. For
women who had drunk three or more cups of coffee per day, the crude odds ratio
was 2.1; when adjusted for ethnicity, alcohol, cigarettes, pre-pregnancy weight,
weight gain and parity, the odds ratio increased ta 2.8 (95% Ci; 0.89-8.7).

Spontaneous abortions and stillbirths: ln the study of Arnandova and Kaculov
(1978), described on p. 108, no difference was reported in the rates of spontaneous
abortions and stilbirths in relation to coffee drinking.

ln the study of Furuhashi et al. (1985), described on p. 106, 2% of pregnant
women who had drunk coffee and 1.2% of contraIs had spontaneous abortions
(p ~ 0.(01). (Reservations regarding this study are given on p. 106. The Working
Group noted further that most abortions are likely to have been missed in this
study, since women were recruited at 24 weeks' gestation or more. It is unclear
whether stilbirths were included among abortions since there was no mention of
stilbirths in the report. No confounding variable was adjusted for.)

Srisuphan and Bracken (1986) carried out a prospective study of 3 135 pregnant
women who had sought antenatal care in the New Haven, Connecticut, area, USA,
between 1980 and 1982. Details of the study design are given on p. 110 in the
description of the study by Martin and Bracken (1987). The abortion rates were
1.8% for non-caffeine users, 1.8% for light users (1-150 mg/day) and 3.1% for
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moderate-to-heavy users (~150 mg/day) (trend not significant). Comparing

moderate-to-heavy users with the remainder, the RR was 1.7 (95% CI, 1.0-2.7;p =
0.03). This estimate was unchanged (RR, 1.7; p = 0.03) after adjustment for
maternaI age, gestational age, Jewish religion, prior gynaecological surgery and
previous spontaneous abortions. Women who received caffeine only from coffee
appeared to have a higher risk of miscarriage (RR, 2) than those who drank only tea
(1.1) or colas (1.3), but the numbers were small and the differences not significant.

Kršnjavi and Mimica (1987) studied 308 pregnant women in Zagreb,
Yugoslavia, in 1982-83, ofwhom 246 (80%) responded to a questionnaire on alcohol,
tobacco and coffee consumption. No association was found between coffee
drinking and the frequency of spontaneous abortions.

Effects on fertility Information on caffeine consumption before trying ta
conceive was obtained for 221 women. The adjusted mean fecundability ratio for
higher caffeine users compared to non-users was 0.80 (Wilcox et al., 1988). An
association between reduced fertilty and caffeine intake received further support
from data presented in a letter to the Editor of The Lancet (Christianson et al.,
1989). ln a further study, however, no association was found between time ta
conceive and coffee consumption among 2817 women who had recently had a
liveborn chi Id, while there was a suggested effect of tea and also of age and tobacco
smoking (Joesoef et al., 199).

(iii) Genetic and related effects

The non polar fractions of urine from humans who had ingested 12 g of instant
coffee per day for four days or 12 g within 2 h were not mutagenic to S. typhimurium
TA98 or TAl00 in the presence or absence of an exogenous metabolic system, with
or without ß-glucuronidase treatment of the urine (Aeschbacher & Chappuis,
1981).

Organic fractions isolated from the urine of drinkers of at least five cups of
coffee per day induced chromosomal aberrations in cultured Chinese hamster
ovary cells. This clastogenic effect was abolished in two of the organic fractions by
the addition of either catalase or superoxide dismutase to the cell system, suggesting
that active oxygen species are involved (Dunn & Curtis, 1985).

ln a population of 30 smokers and 30 nonsmokers, a positive, statistically
significant linear relationship between the square-root transformed frequency of
sister chromatid exchange in cultured peripheral blood lymphocytes and coffee
consumption was reported (Reidy et al., 1988). ln the same population, a positive
linear relationship was observed between the average number of cups of coffee
consumed per day and the proportion of low-folate cultured blood lymphocytes
with chromosomal aberrations. Only about 5% of the variance was attributable ta
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coffee consumption. ln comparison, smoking contributed about 10% and the use of
two different slide scorers contributed about 15% (Chen et al., 1989). (The Working
Group noted that this study of smokers and nonsmokers was not designed ta
evaluate coffee consumption.)

ln a study on 44 otherwise healthy splenectomized persans, drinking coffee

(and occasionally te 
a) was associated with a significant, dose-dependent increase in

the frequency of micronuclei in both reticulocytes and mature erythrocytes (Smith
et al., 199).

3.3 Epidemiological studies of carcinogenicity to humans1

(a) Descriptive epidemiology

These studies are of four main types. Ecological studies examining geographic
variation in coffee consumption and either cancer incidence or mortality rates
(Takahashi, 1964; Stocks, 1970; Shennan, 1973; Armstrong & Doll, 1975; Binstock et
aL., 1983; Decarli & La Vecchia, 1986; Phelps & Phelps, 1988) are the most common.
A second type of study examines time trends in cancer rates and coffee
consumption within a given country or countries (Morrison, 1978; Pannelli et aL.,
1989). A hybrid design combines an examination of time trends (Cuckle & Kinlen,
1981; Benarde & Weiss, 1982) and geographic differences among countries. The
final type of descriptive studies examines cancer rates among special population
groups such as Mormons, a cultural group one of whose practices is abstension
from tea and coffee drinking (Enstrom, 1975; Lyon et al., 1976; Enstrom, 1978, 1980;

Lyon et aL., 1980), in which incidence and mortality rates for different cancer sites
were compared either wi th the general population or wi th non - practising Mormons.
It is not possible in these studies, however, to distinguish between the effect of
reduced coffee and tea consumption, reduced cigarette smoking and alcohol
drinking and the other prohibited behaviours of this sect; they do not contribute ta
our knowledge of the association between coffee drinking and cancer risk and are
not discussed further in this monograph.

(i) Bladder cancer

ln an examination of time trends in incidence rates and per-caput coffee

imports in the USA and Denmark, coffee consumption was adjusted for cigarette
consumption. No association was noted between changes in bladder cancer rates

1The Working Group was aware of a large multicentre ca-cntrol study on pancreatic cancer which

has ben completed, but the results were not available.
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and coffee imports in Denmark or among women in the USA; a weak positive
association was noted for US men (Morrison, 1978). Cohort and period variation in
bladder cancer mortality in Italy between 1950-54 and 1980-81 was compared with
changes in coffee, cocoa, tea and cigarette consumption. The authors stated that
changes in coffee intake do not explain the cohort changes (Pannell et al., 1989). No
association was noted in the study of either Armstrong and Doll (1975) or Stocks
(1970).

(ii) Breast cancer

Weak positive correlations were reported between incidence (r = 0.42) and
mortality (r = 0.37) from breast cancer and coffee consumption in a geographical
study (Armstrong & Doll, 1975). Phelps and Phelps (1988) conducted an ecological
study, which did not distinguish between tea and coffee consumption, and reported
a correlation of 0.00 with breast cancer mortality ratios after adjusting for dietary
fat intake.

(iii) Endometrial cancer

A positive correlation was reported between the incidence of corpus uterine
cancer (r = 0.43) and international variation in coffee consumption (Armstrong &
Doll, 1975).

(iv) Kidney cancer

The correlation between age-adjusted mortality rates from kidney cancer in
1964 and per-caput coffee consumption was 0.79 (p c( 0.(01) (Shennan, 1973). A
reported correlation between coffee consumption and the incidence of kidney
cancer (men, 0.62; women, 0.40) was explained by the stronger association with

consumption of animal protein (Armstrong & Doll, 1975), which is also correlated
with coffee consumption.

(v) Leukaemia

A positive correlation was reported between mean, age-adjusted mortality
rates for leukaemia in 1964-65 and annual coffee consumption (males, p = 0.001;
females, p = 0.03) (Stocks, 1970).

(vi) Ovarian cancer

A positive correlation was reported between mean, age-adjusted mortality
rates in 196465 and annual coffee consumption (p = 0.00) (Stocks, 1970). A weak
correlation was reported between incidence (r = 0.50) and mortality (r = 0.50) and
coffee consumption in the study of Armstrong and Doll (1975).

(vii) Pancreatic cancer

An association was reported between mean, age-ad justed death rates for
males in 1964-65 and annual coffee consumption (p = 0.(08) (Stocks, 1970). An
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examination of international time trends in mortality rates and coffee consumption,
in which adjustment was made for changes in lung cancer mortality as a proxy for
smoking, showed correlations of 0.58 (males) and 0.66 (females) (Cuckle & Kinlen,
1981). An additional correlation study in the USA, which used lag periods ta
examine trends in mortality ratios and coffee consumption, reported correlation
coefficients ranging from 0.39 ta 0.68 over the peri ad of the study (Benarde & Weiss,
1982). A simple correlation coefficient of 0.59 (p = 0.001) between coffee

consumption in 1957-65 and mortality in 1971-74 was found ta be significant after
controlling for confounding variables (Binstock et al., 1983). Positive but

nonsignificant correlation coefficients have been reported between age-
standardized, sex-specific mortality rates and per-caput coffee consumption in 20
regions of Italy (Decarli & La Vecchia, 1986).

(viii) Prostatic cancer

The correlation between age-adjusted mortality ratios for 1956-59 and

per-caput coffee consumption for 1955-59 was 0.7 (p , 0.001) (Takahashi, 1964).

This association was confirmed using mortality data for 1964-65 (p .: 0.001)

(Stocks, 1970).

(b) Cohort studies

The association between coffee consumption and subsequent cancer incidence
or mortality has been investigated in a number of prospective studies. ln the
following text, the most recent publication on cancer outcomes has been
summarized when a number of papers have been generated from a single cohort
study. The studies are summarized in Table 31 on p. 119.

(i) AlI sites combined
Heyden et al. (1979) conducted a nine-year follow-up of 2530 US men and

women interviewed about their daily coffee consumption in 1967-69. Seventy-four
cancer deaths with biopsy or hospital data were analysed. Two sets of controls
consisted of age-, race- and sex-matched deaths from cardiovascular disease and
live study participants. Coffee consumption was more corn mon among each set of
con troIs than among the cancer cases (odds ratio, 0.67; p / 0.05). The

matched-pairs odds ratios were based on 6:9 discordant pairs for each set of.
con troIs.

The association between coffee consumption and mortality from aIl causes,
coronary heart disease and noncoronary causes over 19 years was examined among
1910 white men, aged 40-56 at the time of the baseline examination, who took part in
a study of the Chicago Western Electric Company (LeGrady et aL., 1987). Intake was
measured in terms of 6-oz (178-ml) cups over 28 days. Since only 97 men consumed



116 IARC MONOGRAHS VOLUME 51

two or more cups of decaffeinated coffee per day, intake of caffeinated and
decaffeinated coffee was combined. The Cox proportional hazards model was used
ta analyse the association between coffee intake and mortality after adjustment for
age, diastolic blood pressure, serum cholesterol and smoking. The adjusted RR for
cancers at all sites comparing none to one cup per day with all other levels of intake
was 1.6 (95% CI, 0.95-2.6). (Te Working Group noted that no analysis of
site-specific cancer risks was undertaken.)

(ii) Site-specife anayses

A case-control analysis of a cohort study investigated pancreatic cancer
mortality in a 16-50-year follow up of 50 () male former college students
(Whittemore et al., 1983). There were 12 deaths from pancreatic cancer. Data on
coffee and tea consumption and other variables had been collected during a
physical examination at college. No significant association was noted with coffee
consumption.

A series of letters to the Editor of The Lancet (Nomura et al., 1981; KInlen et al.,
1984; Nomura et al., 1984) report pancreatic cancer incidence in cohort studies.
Since Nomura et al. (1986) reported on pancreatic cancer and coffee consumption in
the same cohort, no additional data from these letters are reported here. Kinlen et
al. (1984) carried out a cohort study of 14 085 men in London, UK. There were 47
deaths from pancreatic cancer, identified from death certificates, in the 13 years of
follow-up to 1982. The me an daily consumption of coffee, adjusted for age and
smoking, was 0.83 cup for cases and 1.00 cup for controls.

ln a Hawaiian cohort study of the association between cancer incidence and
coffee consumption, 7355 Japanese men were followed for a minimum of 14 years
from the time of collection of 24-h consumption data in 1965-68 (Nomura et al.,
1986). There were 672 incident cancers in the cohort as of J uly 1983. Incidence rates
were adjusted for age or both age and smoking, using the entire cohort as the
standard population. The reference category for all analyses included the 1173 men
who reported drinking no coffee. Coffee intake was analysed accrding to none, one
ta two, three to four and five or more cups per day. No significant association was
reported between coffee drinking and age- and smoking-adjusted RRs for
pancreatic cancer (p for trend, 0.41), lung cancer (p for trend, 0.19) or bladder
cancer (p for trend, 0.25). No association was noted with colon cancer risk. (The
Working Group noted that dietary information was based on a single 24-h recall.)

A series of papers has examined the association between coffee intake and
21-year mortality among Seventh-day Adventists in the USA (Philips & Snowdon,
1983; Snowdon & Philips, 1984; Phillps & Snowdon, 1985).

The final analysis in the series was based on a cohort of 25 493 subjects
(Philips & Snowdon, 1985). Univariate analyses indicated a consistent positive
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relationship between colon and rectal cancer death rates and increased coffee
consumption for both men and women. Drinking two or more cups of coffee per
day was associated with a crude RR for colon cancer of 2.0 (95% CI, 1. 1-3.6) for men
and 1.5 (0.8-2.6) for women. Different multivariate analyses were completed for the
first 10 and the last II years of follow-up siiice the association between coffee

drinking and colorectal cancer varied across this period. The excess risk associated
with drinking two or more cups of coffee per day in the latter follow-up period was
3.0 (p ~ 0.05) for men following adjustment for age, egg consumption, excess weight
and meat consumption. The equivalent ad justed risk for women was 2.4 (p c: 0.05).

(The Working Group noted that the distribution of coffee drinking in this
population is unusual because there are few heavy coffee drinkers: 17-18% of the

population drank two or more cups per day. There may be residual confounding by
other factors associated with non-adherence to dietary restrictions.)

Two papers have been published from a prospective study conducted in
Norway examining the relationship between coffee drinking and cancer incidence
and mortality among approximately 16 000 men and women (Heuch et aL., 1983;
Jacobsen et al., 1986). Site-specific incidence and mortality were determined among
three groups of people: a probability sample of adult males selected from the 1960
census, Norwegian brothers of migrants ta the USA, and spouses and siblings of
people interviewed for a case-control study of gastrointestinaI cancer. Average
daily coffee consumption was determined by questionnaire in 1967-69. No data are
presented on the completeness of the II.5-year follow-up, during which time there
were 602 cancer deaths and 1498 incident cancers (incIuding 207 nonmelanomatous
skin cancers). Incidence data that were presented for approximately 20 cancer sites
were adjusted for sex, age and residence; sorne additional analyses among males
were also adjusted for smoking. ln the calculation of RRs, comparisons were made
between the consumption of two or fewer and seven or more cups per day. The RR
for mortality from cancers at ail sites was 1.3 (p for trend = 0.09). Raised RRs were
reported for the incidence of cervical (10.6; p for trend = 0.07) and lung cancer (1.8;
p for trend = 0.02); the smoking-adjusted RR for lung cancer incidence among
males was 1.1 (p for trend = 0.84). Heavy coffee drinking was associated with

reduced risks for the incidence of colon (RR, 0.6; p for trend = 0.10) and kidney
cancer (RR, 0.3; p for trend = 0.01). The RR for the incidence of pancreatic cancer
was 0.7 (p for trend = 0.37) and that for bladder cancerwas 0.99 (p for trend = 0.99).

(The Working Group noted that odds ratios were in fact calculated and presented
as RRs.)

A cohort study investigated a six-year follow-up of pancreatic cancer incidence
among 122894 men and women who had completed a questionnaire collecting data
on coffee, tea, smoking and alcohol use in 1978-84 (Riatt et al., 1988). There were 49
cases of pancreatic cancer. A multivariate analysis (ad justing for age, sex, ethnicity,
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blood glucose level, smoking, alcohol and diabetes) identified no increased risk
associated with increasing coffee consumption.

A co hart study (Mils et al., 1988) of approximately 34 00 non-Hispanic, white
Californian Seventh-day Adventists followed participants for six years after their
completion of a questionnaire determining their exposures in 1976. Fort y deaths
from pancreatic cancerwere reported. ln the analyses of age- and sex-adjusted RRs
for pancreatic cancer, current consumption of coffee at least once a day relative ta
no consumption was associated with a RR of 2.0 (95% Ci, 0.9-4.4). Past
consumption showed an inconsistent, nonsignificant protective relationship with
mortality from pancreatic cancer. Multivariate analyses, using the Cox

proportional hazards model, give a RR for current coffee consumption, adjusted
for age, sex and smoking of 2.2 (95% Ci, 0.6-8.0).

A cohort study of colorectal cancer incidence in a retirement community (Wu
et aL., 1987) identified 58 male and 68 female cases among 11888 people in a 4.5-year
follow up. Questionnaires were completed between 1981 and 1982 by 62% of
community members. ln an analysis that adjusted only for age, there was no effect
of increased coffee intake on cancer risk in women and a nonsignificant increase in
men.

Paffenbarger et aL. (1978) examined the association between coffee drinking
and mortality from six cancers in a nested case-control analysis of a cohort study in
the USA of 5000 male former college students (the same population as used by
Whittemore et al., 1983, p. 116). Each case was matched with four contraIs chosen
randomly from among classmates born in the same year and known ta have
survived the decedent. Information on risk factors was obtained from medical
records completed at the time of college entry. Coffee drinking at that time was
associated with a two- to three-fold higher risk for Hodgkin's disease, lymphatic
and myeloid leukaemia, but no significant association was found with
non-Hodgkin's lymphoma, with malignant melanoma orwith other and unspecified
leukaemias.

(c) Case-control studies

(i) Bladder and urinary tract

Bladder cancer. More than two dozen case-control studies have been
published on the association between coffee and bladder cancer. Their main results

are summarized in Tables 32 (users versus non-us ers) and 33 (dose-response

relationships and significance of the linear trend in risk) on pp. 129 and 132.
Whenever possible, combined RRs are derived from data presented in strata of sex,
age, race and other possible covariates.

Cole (1971) reported a population-based case-control study of 445 cases of
cancer of the lower urinary tract (renal pelvis, ureter, bladder (90% of cases) and



Table 31. Summary of results of cohort studies on cancer and coffee consumption

Reference, loction and site Subjec Events Coffee RR (95% CI) Comments
(deaths or consumption
cas) (cupsday)

Heyden et al. (1979) 2530 men and 74 c( 5 1.0 p ;: 0.05; same RR withUSA women ~5 0.7 each control groupAIl sites

LeGray et al. (1987) 1910 white men 117 0-1 1.0 Adjusted for age, diastolicUSA ~2 1.6 (0.95-26) bloo pressure, serum
AIl sites cholesterol and smoking

Whittemore et al. (1983) 50 00 men 126 0 1.0 Past coffee consumption
USA Any 1.1 (0.7-1.9) Adjusted for age, college

nPancras and class year 0Kinlen et al. (198) 14 085 men 47 Mean: Adjusted for age and 'i
'iUK ca 0.83 smoking tiPancreas controls 1.00 ti

Nomura et al. (1986) 7355 J apanes men
Hawai

Pancreas 21 0 1.0 P = 0.41, adjusted for age
1-2 (1.2) and smoking
3-4 (21)
~5 (1.6)

Lung 110 0 1.0 P = 0.19, adjusted for age
1-2 1.1 and smoking
3-4 1.1
~5 1.4

Bladder 39 0 1.0 p = 0.25, adjusted for age
1-2 1.0 and smoking
3-4 1.4
).5 1.6 ~~\0
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Table 31 (contd)
~

Reference, location and site Subjects Events Coffee RR (95% CI) Comments
(deaths or consumption
cases) (cups/day)

Philips & Snowdon (1985) Seventh-day
USA Adventists

Colon 9 175 men 53 .. 1 1 P = 0.04, adjusted for age ..
1 1.3 (0.5-3.4)

~::2 2.0 (1.1-3.6)

16 336 women 83 .. 1 1 p = 0.20, adjusted for age ~
1 1.2 (0.6-2.4) 0
::2 1.5 (0.8-2.6)

Z0
Rectum 25 493 men and 28 oc 1 1.0 p = 0.38, adjusted for age c.

women 1

L
1.4 (0.6-3.1)

and sex
~::2 ~

Wu et al. (1987) 11 888 men and 58 men 0-1 1.0 Adjusted for age
C/

~
USA women 2-3 1.3 (0.7-2.5) 0

Colon and rectum )-4 1.5 (0.6-3.7) ~
C

68 women 0-1 1.0 ~
2-3 1.5 (0.8-2.7) tr
~4 1.2 (0.4-3.1) Ul¡.

Hiatt et al. (1988) 122 894 men and 49 0 1.0 Adjusted for age, sex,
USA women .. 1 0.8 (0.3-2.6) ethnie group, bloo

Pancreas 1-3 0.9 (0.4-2.1) glucose, smoking, alcohol
::4 0.7 (0.2-1.9) and diabetes

Mils et al. (1988) 34198 white male 4u Current use p for trend = 0.087,

USA and female Never 1.0 adjusted for age and sex
Pancreas Seventh-day .. Daily 1.4 (0.6-3.6)

Adventists Daily 2.0 (0.9-4.4)



Table 31 (contd)

Reference, loction and site Subjects Events Coffee RR (95% CI) Comments
(deaths or consumption
cass) (cips/day)

Mils et al. (1988) Past use
USA Never 1.0 p = 0.254, adjusted for agePancreas (contd)

c: Daily 0.7 (0.2-1.9) and sex
Daily 0.7(0.3-1.5)

Pafenbarger et al. (1978) 50 00 men
USA

n0Hodgkn's diseas 45 Never 1.0 p = 0.07; RR basd on ~
Ever 25 matched analysis ~

trNon-Hodgkn's lymphoma 89 Never 1.0 Nonsignificant t'
Ever 1.6

Malignant melanoma 45 Never 1.0 Nonsignificant
Ever 1.3

Lymphatic leukaemia 27 Never 1.0 p = 0.06
Ever 27

Myeloid leukaemia 41 Never 10 p = 0.02
Ever 3.2

Other/unspeified 30 Never 1.0 Nonsignificantleukaemias Ever 0.8

""N""
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urethra) and 451 controls from Massachusetts, USA. The study, in which 90% of
cases and controls participated, found a RR of 1.2 for men and 2.6 for women
among coffee drinkers versus non-coffee drinkers, after adjustment for age and
smoking at three levels (non-smokers, ~1/2 pack, :: 1/2 pack per day). The RR was
significant for women, and was 1.6 for one, 3.8 for two to three and 2.2 for four or
more cups per day. The association was apparently stronger among the 90 cases
who neither smoked nor had a high-risk ocupation.

ln a study conducted in Louisiana, USA, Dunham et al. (1968) obtained
information on 493 patients with bladder cancer and 527 controls admitted to
hospital for a wide spectrum of other conditions. The data were stratified for type
of coffee, sex and race, and reanalysed by Fraumeni et al. (1971), in a study reported
as a letter to the Editor of The Lancet. Sorne association was found for blacks
(significant in females) but not for whites. After adjustment for age and smoking,
the overall RR was 1.5 (nonsignificant). There was no consistent dose-response
relationship.

ln a Canadian case-control study of 158 men and 74 women with bladder
cancer and similar numbers of controls with benign prostatic hypertrophy (men) or
stress incontinence (women), data were collected using a postal questionnaire on
previous health, employment, beverage and artificial sweetener intake (Morgan &
J ain, 1974). The overall response rate was 69% among the cases and 57% among the
controls, but the numbers of subjects included in the final analysis were further
reduced by matching for age. The mean number of cups of coffee drunk per daywas
1.8 for cases and 2.0 for controls among females, and 2.1 for both cases and controls
among males. The RR (calculated by the Working Group) for coffee drinkers versus
non-drinkers was (0.7) for males and (1.3) for females. None ofthese estimates, nor
the corresponding trends in risk with dose was significant.

A study by Simon et al. (1975) was based on 216 white female cases of cancer of
the lower urinary tract (renal pelvis, ureter, bladder (95% ofcases) and urethra)
identified at 10 hospitals in urban areas in Massachussets, USA. Among them, 40
had died and 41 did not respond. The remaining 135 cases were compared with 390
respondent controls out of a total of 648 selected from the discharge lists of the same
hospitals. Postal questionnaires were used for data collection. Ninety-three

percent of cases drank coffee versus 85% of the controls, with an unadjusted RR of
2.1 (95% Ci, 1.1-4.3). The unadjusted RRs were 2.2 for one or two cups per day, 1.9
for three to four and 2.3 for five or more. (Adjustment for smoking by the Working
Group was possible according to two categories only (nonsmokers and light
smokers versus moderate to heavy smokers); the RR declined ta (1.9) and was no
longer significant.)

Wynder and Goldsmith (1977) utilized data collected between 1969 and 1974
on patients interviewed in 17 hospitals in six areas of the USA (46% from Memorial
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Hospital in New York City). A total of 574 male and 158 female bladder cancer
patients and equal numbers of hospital con troIs were considered. The refusaI or
nonparticipation rate was less than 4%. The RRs for whether coffee was ever drunk
or not, adjusted for smoking at four levels, were above unit y (RR, 1.5 for males, 1.3for females). Trends in risk with dose were not significant.

Miler et aL. (1978) published data from a study originally planned ta consider
the possible association between isonicotinic acid hydrazide, a drug used in the
treatment and prophylaxis of tuberculosis, and bladder cancer. Patients admitted
to a hospital in Ottawa for bladder cancer (255 cases) and other urological

conditions (510 contraIs) completed a questionnaire including, among other items,
information on coffee and tea consumption. ln relation ta coffee, a matched,
unadjusted analysis provided a RR of 1.3 for males and of 1.6 for females. (The
Working Group noted that no information was provided on the confounding or
modifying effect of covariates, including smoking.)

Mettlin and Graham (1979) studied the role of dietary factors in the risk for
bladder cancer using data from the Roswell Park Memorial Institute, NY, USA,
collected between 1957 and 1965 (Bross & Tidings, 1973). A total of 429 white male
and 140 white female patients with primary bladder cancer were compared with
1025 contraIs admitted for non-neoplastic conditions. After adjustment for

smoking in two categories (less th an half a pack versus half a pack or more per day),
the RR for five subsequent levels of coffee drinking was around unit y in women, but
above unity in men, in the absence, however, of any trend in risk (RRs, 1 (referent),
1.4, 1.2, 2.1 and 1.6). Consequently, in the two sexes combined, there was a small,
inconsistent increase in smoking-adjusted RRs for bladdeT cancer risk with
increasing coffee consumption: 1 (referent), (1.2, 1.1, 1.8 and 1.3).

Howe et al. (1980) reconsidered the relation between coffee and bladder cancer
in a Canadian population-based case-control study of 480 male and 152 female

case-control pairs (Miller, 1977). The overall response rate was 77% for the cases
and 86% for the contrais. For users versus non-users of any coffee preparation, the
RR was 1.4 for men and 1.0 for women, neither estimate being significant. The
unadjusted RRs were 1.5 (95% Ci, 1.0-2.2) for men consuming brewed coffee and
1.5 (1.1-2.0) for those drinking instant coffee, and 1.4 (0.8-2.6) for women consuming
instant coffee, but no dose-response relationship was found.

Cartwright et al. (1981) conducted a case-control study of bladder cancer in
West Yorkshire, UK, a high incidence area for the disease. The study population
included 841 cases (631 male, 210 female; 622 prevalent, 219 incident) and 1060
hospital patients of similar age and same sex. ln this preliminary report, no
information was given on participation rate. Questions were asked on coffee
drinking habits and various types of coffee, besides other known and potential
bladder cancer risk factors (smoking, saccharin use, occupational history, past
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medical history). No relation was found between any type of coffee consumption
and bladder cancer risk after adjustment for smoking. The RRs for drinking aIl
types of coffee, adjusted for age, type of case (incident/prevalent) and cigarette
smoking, were 1.1 for males and 0.8 for females (corresponding estimates not
adjusted for smoking were 1.3 and 1.1, respectively). Similarly, no heterogeneity in
risk was observed between instant and ground coffee. The authors conc1uded that
the correlation between cigarette and coffee consumption can explain the moderate
association observed in the unadjusted analysis.

Morrison et al. (1982) published data from a population-based case-control
study from Boston, MA, USA (587 cases, 528 contraIs), Manchester, UK (541 cases,
725 controls) and Nagoya, Japan (289 cases, 586 controls). A further report of a
section of this study was made by Oh no et al. (1985). Con troIs were selected from
electoral rolls or other population registries. Participation rates in various centres
were over 80% for both cases and contraIs. The overall RR for coffee drinkers
versus non-drinkers, adjusted for age, sex, centre and smoking was 1.0 (95% CI,
0.8-1.2), and in no ne of the centres was there consistent evidence of a dose-response
relationship.

Najem et aL. (1982) considered several risk factors for bladder carcinogenesis
in a case-control study in New Jersey, USA, of 75 histologically confirmed cases
among white people and 142 matched contraIs derived from the same c1inic and
hospital populations from which bladder cancer cases were obtained. Only five
cases and 16 controls did not consume coffee. The RR (not adjusted) was 1.8, with a
very wide 95% CI (0.1-10.0). (The Working Group noted the small number of cases
and the limited information provided.)

Sullivan (1982) analysed 82 bladder cancer cases (out of 101 diagnosed) and
169 controls selected through random digit diallng in the area of greater New
Orleans, LA, USA. ln relation to coffee drinking, a number of inconsistent
relationships was observed. White male cases, for instance, reported significantly
greater consumption of brewed ground coffee th an controls, and white women
consumed more decaffeinated ground coffee than controls. No relationship was
found with duration of use. (The Working Group noted that no RR was given, and
there was no indication that adjustment was made for covariates.)

The largest case-control study on bladder cancer was that published by Hartge
et al. (1983), based on 2982 cases and 5782 general population con troIs interviewed
in a collaborative, population-based study conducted in ten geographical are as of
the USA. A report of part of this study was made by Marrett et aL. (1983).
Participation was 73% for the cases and 82% for the controls. The RRs for ever
versus never coffee drinking were 1.6 (95% Ci, 1.2-2.2) for men, 1.2 (0.8-1.7) for
women and 1.4 (1.1-1.8) for men and women combined, after simultaneous
allowance for sex (when appropriate), age, race, geographical are a and tobacco
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consumption. When various levels of coffee consumption were considered, the RR
was significantly above unity (1.5; 1.1-1.9) only for men drinking over 63 cups of
coffee per week, but no dose-response relationship was evident for either men or
women. Similarly, there was no association with duration of coffee drinking. No
interaction was observed with geographical area, race, occupation, artificial
sweetener use or history of urinary infections. The authors noted that adjustment
for smoking reduced the RR for ever/never coffee drinking from 1.8 to 1.4, and that
residual confounding by tobacco (or possibly other correlates of coffee drinking)
may explain the persistent but inconsistent relation between bladder cancer and
coffee. Men who drank only decaffeinated coffee (ground or instant) had an
estimated RR of 1.2 (0.8-1.9) compared to men who never drank coffee. The
corresponding estimate for women was 1.5 (0.9-2.6). Kantor et aL. (1988), examining
the same data set by three separate histological types (squamous-cell, adeno- and
transitional-cell carcinomas), found a significant trend in risk for adenocarcinomas
in men and women combined, although the number was extremely low (32 cases)
and none ofthe point estirnates was significant. (The Working Group noted that the
lack of significance may be the result of less precise adjustment for.smoking th an in
the study by Hartge et al. (1983).)

ln a population-based study carried out using the Connecticut (USA) Tumor
Registry during 1978-79, Marrett et al. (1983) investigated the relationship between
coffee consumption and bladder cancer. Data were available on 412 cases aged
21-84 (80% of those identified) and 493 con troIs (81% of those selected). After
adjustment for age and smoking, the RR for one cup per week or more was 1.3 for
males and 1.1 for females; for more th an seven cups per week the RR was 1.5 for
males and (1.0) for females. ln males, there was sorne evidence of a dose-response
relationship: for over 21 cups per week, the RR was 2.0. No trend in risk with dose
was evident in females, nor with duration in people of either sex. The authors noted
that among male and female nonsmokers combined, the RR for more than seven
cups per week was 1.9 (95% Ci, 1.0-3.6). There was no significant effect of the
consumption of decaffeinated coffee. (The Working Group noted that there may be
some overlap between this study and that of Hartge et al. (1983).)

ln a case-control study in Aarhus, Denmark, Mommsen et al. (1983a,b)
collected information from cases admitted to hospital and (through maIled
questionnaires) from population controls (response rate of first selected controls,
85%). The overall report, based on 165 male and 47 female cases, found no
association with coffee drinking, but an elevated risk was observed (RR, 2.6) among
women, although the estimate was not significant and only one case and five
controls were not coffee drinkers. Dose-response relationships were Bot analysed.
(Te Working Group noted the small number of cases and the limi ted information
provided.)
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ln a study in Gree, Rebelakos et al. (1985) compared 30 cases of

histologicaly confrmed bladder cancer (250 male, 50 female) admitted to the major

cancer hospital in Athens with an equal number of age- and sex-matched

orthopaedic controls. The refusal rate was only approximately 1%. The RR,
adjusted for smoking, was not elevated in drnkers of one cup per day compared
with non-coffee usrs; however, a signficant RR of 1.7was found when drinkers of
two or more cups were conípared with those drinking fewer than two cups per day.
For male and female cases combined, the point estimates for five levels of coffee
consumption were 1 (referent), 1.2, 1.7, 2.7 and 0.7, and the trend in risk was
significant (p = 0.02).

Gonzáles et al. (1985) reported a hospital-based case-cntrol study in Spain

based on 58 cases; two age-matched controls were available for each case - one

with non-urinary tract cancer (excluding lung cancer) and one with non-neoplastic
conditions. They found a RR of (0.6) (not significant) for 'habituaI coffee
consumers'. (Te Working Group noted the small number of cases, the lImited
information provided and that no allowance was made for potential confounders.)

Jensen et al. (1986) conducted a population-based case-control study in
1979-81 in Coperihagen, Denmark, of 371 (28 male, 91 female) bladder cancer cases

(including papillomas) and 771 controls. The paricipation rate, as given in a
previous paper (Jensen et al., 1983), was 94% among the cases and 75% among the
controls. The RR for coffee users versus non-users, adjusted for age, sex, smoking
(never/ever, plus a measure of pack years) was (approximately 1.4) in men and
women combined, and the trend in risk with dose was not significant. The RRs were
1 (referent), 1.4, 1.2, 1.4 and 1.8 for subsequent levels of coffee use. The point
estimates tended to be above unity for female coffee drinkers, but they were not
dose- related.

Claude et al. (1986) conducted a case-cntrol study of lower urinar tract

cancer (90% were bladder tumours) in the Federal Republic of Germany. A total of
431 cases (34 male, 91 female) were matched for age and sex with 431 controls, who
were primarily patients in hospitas for urological diseases (79%) and in homes for
the elderly (21%). Only about 2% of cases refused to paricipate. The results were
presented for each sex separately after allowance for smoking (never/ever and
lifetime consumption in packs). ln peple of each sex, the RRs were above unity for

coffee drinkers; the point estimates for more than four cups per day were 2.3 in
males and 2.2 in femaIes, and the trend in risk was signficant for males. The RRs
associated with coffee drnking were similar in smokers and nonsmokers. ln this
study, a positive association was found with tota daily fluid intake, with a
paricularly high RR in males. The RR for drinkng decafeinated coffee versus that
for non-users was 1.6 in males and 1.0 in females.
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Piper et al. (1986) described a population-based case-control study of bladder
cancer in women (aged 20-49) conducted in New York State in 1975-80. Information
was available through telephone interviews on a total of 173 age-matched pairs, for a
participation rate of 68% among cases and 71% among community contraIs. The
crude RR for drinking brewed coffee was 1.6. The RR increased with dose, but the
trend was not statistically significant.

ln a study in Spain, based on 353 male and 53 female cases of bladder cancer
compared with equal numbers of hospital con troIs without malignant or urological
conditions (Bravo et al., 1986, 1987), a positive association emerged among males
for drinking 'espresso' coffee, with RRs of 1.9 for fewer than three cups and 2.6 for
three or more cups per day. For women, the RR for daily use of coffee was (2.3), of
borderline statistical significance. (The Working Group noted that details of the
response rate were not given, and no allowance was made for any covariate,
including smoking.)

Kabat et aL. (1986) studied bladder cancer in nonsmokers among 76 male and
76 female cases and 238 male and 254 female hospital contrais matched for sex,
race, hospital and year of interview; the male contraIs consisted of 67% cancers not
related to tobacco smoking and 33% non-neoplastic conditions; the female controls
consisted of 59% and 41%, respectively. No association with brewed coffee was
observed in either sex (overall RR adjusted for sex, 1.1; 95% CI, 0.8-1.5), and aIl
subsequent risk estimates with dose were close to unity. Similarly, no association
was evident with decaffeinated coffee use.

The RR for coffee drinking was significantly above unit 

y (2.4; 95% CI, 1.4-4.4)in a study of 99 male cases of histologically confirmed bladder cancer and two
groups each of 99 contraIs (one hospital, one neighbourhood) in La Plata, Argentina
(Iscovich et al., 1987). A positive trend in risk with dose was found, which persisted
after allowance for smoking. The refusaI rate was negligible (less than 3% of cases
and 5% of controls). (The Working Group noted the limited size of the study and
that an unstated number of re-interviews were undertaken ta obtain missing
information or to correct inconsistencies.)

ln a population-based case-control study in Utah, USA, Slattery et aL. (1988)
obtained data on a total of 419 cases of bladder cancer and 889 controls

(participation rate, 76% among cases and 82% among contraIs). A substantial
proportion of the Utah population belongs to the Mormon church, which
proscribes the use of coffee and te a, besides alcohol and tobacco. The RR for coffee
consumption, adjusted for age, sex, diabetes, bladder infections and cigarette
smoking was (approximately 1.2). No consistent dose-response was evident, since
the RR was 1.2 for up ta 20 servings per week, 1.1 for 21-40 and 1.6 for over 40.
Similarly, no association emerged in relation to drinking decaffeinated coffee (RR,
1.0).
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ln a study in Italy, Ciccone and Vineis (1988) studied coffee drinking among
cases of bladder cancer (512 men, 55 women) from the main hospital of Turin;
controls were 596 men and 202 women with urological or surgical conditions. The
overall paricipation rate was 82% for cases (although there were only 2% refusaIs)

and 98% for controls. With current coffee use, the overall RR, adjusted for smoking
(never, ex- or current smoker) was (1.0) for men and (0.9) for women. There was no
evidence of an increase in risk with increasing intake: in both men and women, the
adjusted RR for four cups per day or more was 0.8. Similarly, no association was
evident for either sex for past use (10 years before interview). The authors noted
that the only subgroup with an elevated risk and a dose-response relationship was
male nonsmokers.

Risch et aI. (1988) analys~d the association between drinking of coffee, tea and
other beverages in a population-based case-control study on dietary factors and
bladder cancer based on 826 cases of histologically confirmed bladder cancer and
792 controls in Canada. The participation rate was 67% for cases and 53% for
controls. For total coffee consumption, the RR was 0.9 in males and 1.9 in females.
Adjustment was made for history of diabetes and cigarette use in terms of
cumulated pack -years. There was no association in either sex with freq uency of use,
and the RRs for the highest intake level (over six cups per day) were 0.9 for males
and 1.1 for females. (Te Working Group noted that the participation rates were
lower than in other case-control studies.)

La Vecchia et ai. (1989b) provided information on the coffee consumption of
163 patients with histologically confirmed bladder cancer (136 male, 27 female),
from a network of hospitals in northern Italy, and of 181 controls with acute,
nonneoplastic or urological conditions. The participation rate was over 98%.
Compared with non- or moderate coffee drinkers, the RRs adjusted for age, sex,
area of residence, social c1ass and smoking were 2.0 for intermediate and 1.6 for
heavy drinkers; the trend was not significant.

Rena pelvis and ureter. The etiology and pathogenesis of transitional-cell
cancer of the renal pelvis and ureter are in several aspects similar ta those of
bladder cancer, although the frequency of cancer at these sites is much lower and,
hence, the studies are based on small data sets.

One study in the USA (Schmauz & Cole, 1974), based on 43 cases of cancer of
the renal pelvis and ureter and 451 population control s, showed a positive
association with high levels of coffee consumption among men (RR for over seven
cups per day, 14.9; 95% CI, 2.4-94.3).
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Table 32. Summary of results of case-control studies or bladder cancer and
cofTee consumption: users versus nonusersa

Reference and Subjects Relative rik Significanceb Comments
loction (cas, con troIs) (95% CI)

Cole (1971) Men 1.2 (0.8-1.9) NS Adjusted for age and
USA (345, 351) smoking (nonsmokers/

Women 2.6 (1.3-5.1) Significant .( ~pack/~~ pack per
(100, 1(0) day). Similar relation

among nonsmokers non-
ocpationally exp to
cacinogens

Dunham et aI. Men and women 1.5 NS; signifi- Adjusted for age and
(196); (493, 527) cant in black cigarette smoking
Fraumeni et aI. women
(1971)
USA

Morgan & Jain Men (0.7) NS Unadjusted; mailed ques-
(1974) (158, 158) tionnaire
Canada Women (1.3) NS

(74, 74)
Simon et aI. Women 2.1 (1.1-4.3) Significant (RR, 1.9) (NS) after
(1975) (135, 390) adjustment for smoking
USA in two categories
Wynder & Men (1.5) NS Adjusted for smoking
Goldsmith (574, 574) (four levels)
(1977 Women (1.3) NS
USA (158, 158)

Miler et aI. Men 1.3 NS
(1978) (183, 366)
Canada Women 1.6 (1.0-2.9) NS

(72, 144)

Mettlin & Men and women (1.5 (0.9-2.5)) NS Adjusted for smoking
Graham (1979) (569, 1025) (two levels) from
USA published data
Howe et aI. Men 1.4 (0.9-2.0) NS Unadjusted estimates
(1980) (48, 480) from matched analysis
Canada Women 1.0 (0.5-2.1) NS

(152, 152)

Carght et aI. Men 1.1 (0.9-1.4) NS Adjusted for age, ty of

(1981) (631, 789) case (incident/prevalent)
OK Women 0.8 (0.6-1.2) NS and smoking; no hetero-

(210, 271) geneity accrding to ty

of coffee (instant/ground)
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Table 32 (contd)

Reference and Subjec Relative rik Signifcanceb Comments
loction (ca controls) (95% CI)

Morrn et al. Men and women 1.0 (0.8- 1.2) NS Adjusted for age, se
(1982) (1417, 1839) study ara and smoking
USA OK and
Japan

Najem et al. Men and women 1.8 (0.1-10.0) NS Unadjuste estimates;
(1982) (75, 142) low power
USA

Sullva (1982) Men and women Not given Significat No relation with duration;
USA (82, 169) difference in unadjuste covaate

averae mean
intake of
ground coffee
in white men,
deceinated
ground in
white women

Harge et al. Men and women 1.4 (1.1-1.8) Significant Adjusted for sex, age,
(1983) (2982, 5782) race, geogrphical area
USA and tobac histoiy
Marett et al. Men 1.3 (1.1-1.6) Significant Adjusted for age and
(1983)C Women 1.1 (0.8-1.4) NS smoking
USA (412, 493)

Mommsen et al. Men No asiation Details not given for
(1983a,b) (165, 165) men; only one female
Denmark Women 26 (0.4-18.8) NS ca and fIve controls

(47,94) non-cffee drinkers
Rebelakos et al. Men and women 1.7 (1.2-2.3) Significant ):2 versus .: 2 cups per

(1985) (300, 30) day; adjusted for age, sexGree and smoking

Gonzáles et al. Men and women (0.6) NS 'HabituaI consumers'
(1985) (58, 116)
Spain

Jensn et al. Men and women
(,. 1.4) NS Including papilomas;

(1986) (371, 771) adjusted for age, sex,
Denmark smoking (never/cuITent;

lifetime pack year), tea
and soft drinks

Claude et al. Men 1.8 NS Adjusted for smoking
(1986) (340, 340) (never/ever; lifetime pack
Federal Repu- Women 1.1 NS year). Significant trend
blic of Germany (91, 91) in men
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Table 32 (contd)

Reference and Subjects Relative risk Significanceb Comments
loction (cas, controls) (95% CI)

Piper et al. Women 1.6 (0.8-3.3) NS Aged 209; unadjusted
(1986) (173, 173)
USA

Bravo et al. Men 1.9 (1.4-2.6) Significant Matched for age and area
(1986) (353, 353) of residence;
Spain Women (2.3 (1.1-5.1)) Significant unadjusted

(53, 53)
Kabat et al. Men (1.1 (0.8-1.5)) NS Nonsmokers only;
(1986) (76,238) adjusted for sex
USA Women

(76, 2S4)
Isvich et al. Men 2.4 (1.4-.4) Significant Adjusted for smoking
(1987) (99, 198)
Argentina

Slattery et al. Men and women
(r- 1.2) NS Adjusted for age, sex,

(1988) (419,889) diabetes, bladder
USA infections and smoking
Ciccne & Men (1.0) NS Adjusted for smoking
Vineis (1988) Women (0.9) (never, ex-, cuITent)Italy (567, 798)
Rish et al. Men 0.9 (0.6-1.3) NS Adjusted for smoking
(1988) Women 1.9 (1.0-3.4) Significant (cumulated pack year)Canada (826, 792) and history of diabetes
La Vechia Men and women (1.8) Significant Adjusted for age, sex, .
et al. (1989b) (163, 181) area of residence, soial
Italy clas, smoking

a ln square brackets, calculated by the Working Group
b NS, not significant
c Sorne overlap with the study of Harge et aI. (1983)
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Table 33. Summary of results of case-control studies of bladder cancer and
cotTee consumption: dose-response relationships

Reference and Sex Relative risk for level of coffee Significance
loction consumptiona (trend; p)

1 II III IV V VI VII
Lowest Highest

Cole (1971) Men 1 1.3 1.2 1.3 Not given

USA Women 1 1.6 3.8 2.2

Fraumeni et al. Men, white 1 1.4 2.0 1.7 Not given

(1971) Men, black 1 2.1 2.9 2.1
USA Women, 1 0.7 0.5 0.3

white
Women, 1 10.0 4.6 2.2

black

Morgan & J ain Men and (1 0.6 0.9 0.8 1.1) - Nonsignificant
(1974)b women

Canada

Simon et al. (1975)b Women 1 2.2 1.9 2.3 0.28
USA

Wynder & Men 1 1.4 1.9 2.0 Nonsignificant
Goldsmith (1977) Women 1 1.0 1.9 1.3 Nonsignificant

USA

Mettlin & Graham Men and 1 (1.2 1.1 1.8 1.3) - Nonsignificant
(1979) women

USA

Howe et al. (1980)b Men 1 (1.6 1.3 1.5) - Nonsignificant
Canada Women 1 (0.7 1.7 1.3) - Nonsignificant

Morrn et al.
(1982)

USA Men 1 0.8 0.7 0.9 0,8 0.8 1.5 Nonsignificant
Women 1 0.8 0.6 1.7 0.9 0.7 1.0 Nonsignificant

UK Men 1 1.1 0.9 0.9 0.8 Nonsignificant
Women 1 1.4 0.4 1.2 1.0 Nonsignificant

Japan Men 1 1.0 1.2 1.3 1.9 Nonsignificant
Women 1 0.7 - 0.7 Nonsignificant

Harge et al. (1983) Men 1 0.9 1.0 1.1 1.0 1.2 1.5 Nonsignificant
USA Women 1 0.9 0.8 0.9 0.7 0.9 0.8 Nonsignificant

Marett et al. (1983r Men 1 1.6 2.0 2.0 Significant
USA Women 1 (1.3 1.2 1.0) - Nonsignificant
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Table 33 (contd)

Reference and Sex Relative risk for level of coffee Significance
loction consurnptiona (trend; p)

1 II III IV V VI VII
Lowest Highest

Rebelakos et al. Men and 1 1.2 1.7 2.7 0.7 0.02

(1985) wornen

Gree
Jensn et al. (1986) Men and 1 1.4 1.2 1.4 1.8 0.12

Denrnark wornen

Claude et al. (1986) Men 1 1.4 1.4 2,3 - .c 0.05

Federal Republic Wornen 1 1.3 1.9 2.2 - Nonsignificant
of Germany

Piper et al. (1986)d Wornen 1 0.9 1.9 2,1 - Nonsignificant
USA

Bravo et al. Men 1 1.9 2.6 .c 0.01

(1986, 1987t
Spain

Kabat et al. (1986)b Men 1 0.9 1.4 1.4 0.5 Nonsignificant
USA Wornen 1 1.5 0.8 0.7 2.4 Nonsignificant

Iscvich et al. (1987) Men and 1 1.1 4.5 12,0 - .c 0.01

Argentina wornen

Slattery et al. (1988) Men and 1 1.2 1.1 1.6 - Nonsignificant
USA wornen

Ciccne & Vineis Men 1 0,8 1.0 1.2 0,8 Nonsignificant
(1988) Wornen 1 1.4 1.0 0.7 0.8 Nonsignificant

Italy

Rish et al. (1988) Men 1 1.0 1.2 0.9 - Nonsignificant
Canada Wornen 1 1.0 1.9 1.1 - Nonsignificant

La Vechia et al. Men and 1 2.0 1.6 Nonsignificant

(1989b) wornen

Italy

a The levels relate to different quantities in each study; therefore, they offer infonnation for analyss

within each study but not for cornparisons between studies. l, lowest (referent) level; 7, highest level
b Crude risks
c Sorne overlap with the study of Hartge et al. (1983)
å Adjusted risks, but not stated whether smoking included
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A matched hospital-based study of 33 cases of cancer of the renal pelvis and 33
controls in the UK (Amstrong et al., 1976) found no positive association with coffee
rRR, 0.2; p c: 0.01). Indeed, there was a significant excess of cases who had never
consumed coffee regularly.

A population-based case-control study of 74 cases and 697 controls in the USA
(McLaughlin et al., 1983) showed no consistent association between cancer of the
renal pelvis and coffee drinking in people of either sex after adjustment for smoking
(RR, 1.6 for men, 0.5 for women).

The largest study on cancer at this site (187 case-control pairs) was conducted
in Los Angeles County, USA, using telephone interviews for cases and
neighbourhood controls (Ross et al., 1989). Heavy coffee drinkers had an
apparently elevated risk for cancer of the renal pelvis and ureter (RR for seven cups
or more per day, adjusted for cigarette smoking, 1.8), but the trend in risk with dose
was not significant.

Kiney The causes of renal-cell cancer (adenocarcinoma of the kidney) are
less weIl defined but are certainly, at least in part, different from those of cancer of
the urinar tract.

ln a case-control study conducted in several areas of the USA between 1965
and 1973 on 202 patients with adenocarcinoma of the kidney and 394 hospital
controls, Wyder et al. (1974) found no significant difference in daily coffee
consumption within each smokingcategory: rRR, 0.6, 0.9 and 1.1 for 1-2,3-4 and ~5
cups per day).

Armstrong et al. (1976), conducted a case-control study of 106 cases of
adenocarcinoma of the renal parenchyma and 106 controls in Oxford, UK, and
found neither an association with coffee use rRR, 1.1) nor a dose-response

relationshi p.

McLaughlin et al. (1984) conducted a population-based case-control study on
495 cases ofrenal-cell carcinoma and 697 controls from the Minneapolis-St Paul
seven-county metropolitan area (USA). The RR for ever having drunk coffee was
1.0 (95% CI, 0.6-1.8) in men and 1.4 (0.7-2.9) in women. ln neither was a
dose-response relationship observed.

Gooman et al. (1986) conducted a hospital-based case-control study of
renal-cell carcinoma among 189 men and 78 women from various areas of the USA.
For coffee drinking, the RRs (for the two sexes combined) were 0.7 for one to two
cups per day and 0.8 for three or more compared with non-coffee drinkers. The RR
for ever having drunk decaffeinated coffee was 1.9 (95% CI, 1.0-3.6), but people
drinkng one to two cups per day had a RR of 2.0 while those drinking three cups or
more had a RR of 1.3.
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ln a study of 166 incident cases of renal-cell carcinoma and an equal number of
age-, sex- and race-matched neighbourhood contraIs, Yu et al. (1986) found an
association in women for daily coffee consumption (RR, 2.3; p = 0.06) in the

absence of a direct dose-response relationship. No significant association was
observed in men.

A study from Australia (McCredie et al., 1988) based on 360 cases of cancer of
the renal parenchyma and 985 population controls found no association with coffee
consumption, but no precise information is given in the text.

(ii) Pancreas

Twenty-one case-control studies have reported on the relationship between
coffee consumption and pancreatic cancer; these data are summarized in Table 34
on p. 140.

As part of a study of cancer at 13 sites, Lin and Kessler (1981) reported on 109
histologically confirmed cases (67 male, 42 female) of pancreatic cancer (94
adenocarcinomas and 15 islet-cell tumours) identified in 1972-75 in more th an 115
hospitals in the USA. Equal numbers of hospital controls were matched for age,
sex, race, hospital and year of admission. Most of the cases and contraIs were
intervewed while in hospital by a persan who was unaware of the diagnosis of the
patient. Overall 86% of eligible subjects were interviewed. It was reported in a
letter that an association was found with drinking decaffeinated coffee but not with
total coffee consumption: 91% of the cases drank coffee compared ta 93% of
controls, but 41% of cases drank decaffeinated coffee compared to only 25% of
controls (p ~ 0.01) (Kessler, 1981).

MacMahon et al. (1981a,b; the latter studywas reported in a letter) reported on
367 histologically confirmed cases (216 male, 151 female) of pancreatic cancer
(excluding islet-cell tumours) out of 578 patients under 80 years of age identified in
Il hospitals in Boston and Rhode Island, USA. There were 643 hospital controls,
out of 1118 eligible patients, who had been at hospital at the same time as the cases;
254 had diseases other th an cancer at sites other than the gastrointestinal tract, 157
had cancers other th an in the gastrointestinal tract, 117 had diseases of the
gastrointestinal tract other th an cancer, and 115 had gastrointestinal cancer. Each
case and control pair was interviewed personally by the same physician. The main
reasons for failure to participate were death (20 cases, 9 contraIs), early discharge
(35, 131), ilness (78, 179), language difficulties (14, 26) and refusaI (26, 73). An
increased risk was found for bath men and women. The RR of coffee drinkers
versus non-coffee drinkers was 2.6 for men and 2.3 for women. No dose-response
was observed in men, but a significant trend with consumption was found in
women, rising to a risk of 3.1 for women who drank five or more cups per day. These
risks persisted after adjustment for cigarette smoking.
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Several generally smaller studies (Elinder et al., 1981; Jick & Dinan, 1981;
Goldstein, 1982; Severson et al., 1982) reported essentially negative results. The
study of Jick and Dinan (1981), published as a letter, which gave few details, was
based on 83 cases and 161 hospital controls aged c: 80 years in several countries
matched 2:1 for age, sex, hospital and year of admission and used a standard
personal hospital interview. Elinder et al. (1981) conducted two studies: ln one, they
used information from certificates of deaths in 1961-74 in two small Swedish
parishes; the study was based on 21 male cases and 51 deceased male controls
obtained from a random sample of deaths in the same parish and matched for age.
Next-of-kin, usually wives, were interviewed. The second study was based on 41
twn pairs, bom 1886-1925, both of whom were alive in 1961 and one of whom
developed pancreatic cancer. Information was obtained from postal
questionnaires. The study of Goldstein (1982) was based on 91 histologically
verified cases of pancreatic cancer diagnosed in 1973-80 in San Diego, CA, USA;
controls were patients with cancer of the prostate (45) and breast (48). Routine
hospital interview data were used. Severson et al. (1982) based their study on 22
cases aged 40-79 from a registiy that was part of the SEER (Surveilance,

Epidemiology and End Results) Program in Seattle, WA, USA, 1977-80, and on a
random population sample of controls. Next-of-kin were interviewed for most of
the cases (20), whereas personal interviews were obtained for controls. The last two
studies were also published as letters, which contained few details.

A large study of 275 histologically verified cases (153 men, 122 women) aged
20-80 interviewed in 1977-81 and of 7994 hospital contraIs also gave negative results,
with risk ratios veiy near to unity after adjustment for smoking (Wynder et al., 1983).
This was part of a large study of tobacco-related cancers in six US cities; controls
were patients with non-tobacco-related diseases: 42% had other cancers, 10% had
benign neoplasms and 7% had trauma. Personal interviews were carried out within
six months of diagnosis. During the last year of interviewing, 45% of potential cases
and 35% of potential controls completed interviews. The main reasons for Hot
interviewing cases were death, early discharge, ilness and persan al or physician
refusaI. The main reason for not interviewing controls was that their initial
diagnosis had ben made more than six months before interview.

KInlen and McPherson (1984) re-evaluated data from the case-control study of
Stocks (partIy reported by Stocks, 1957) on data collected in north-west England
and north Wales in 1952-54 on 216 cases (109 men, 107 women) aged ~ 40 years.
These were compared with 432 controls, who were patients with other cancers in the
original study, matched 2: 1 for age, sex and area of residence; cancers of the lung,
bladder, mouth, pharynx, oesophagus, gastrointestinal tract and ovary were
excluded, and controls were thus patients with breast cancer (38%), prostatic
cancer (19%), leukaemia or lymphoma (19%), renal cancer (7%) and other cancers
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(17% ). No relation with coffee consumption was found either before or after
adjustment for smoking.

Subsequent studies by Gold et al. (1985), Mack et al. (1986) and Norell et al.
(1986) all provided some evidence of an association. ln the study of Gold et aL.
(1985), 201 cases (94 men, 107 women) were interviewed and inc1uded in a matched
analysis out of a total of 392 patients with pancreatic cancer from 16 hospitals in
Baltimore, MD, USA, in 1977-80. Seventy-two patients refused to be interviewed,
physician consent was not obtained for 36, and 10 patients could not be traced or
had died and no relative could be found. Of the 201, 25% had a personal intervew;
for 35% the spouse was interviewed and for 40%, another relative. Two control
groups were used: a matched hospital series (for age, race, sex, hospital, date of
admission) in which patients with other cancers were exc1uded (30% had heart or
other circulatory disease and 13% had digestive disease) and a population-based
group that was chosen by random-digit diallng, matched by age, race, sex and
telephone exchange and interviewed by telephone. Participation was about 50% of
'eligible' individuals in both control series; a total of 20 706 telephone numbers and
37033 calls were made to find eligible controls. A nonsignificant relationship was
found among women only, but this was less apparent when smoking was adjusted
for.

Mack et aL. (1986) conducted a study of 490 histologically confirmed cases (282
male, 208 female) of adenocarcinoma of the exocrine pancreas in patients aged
-c 65 years, comprising all those registered in Los Angeles county, and an equal
number of neighbourhood controls matched for age, sex, race and neighbourhood
in Los Angeles, CA, USA. Home interviews were conducted;for cases, about 25%
of the intervews were with the case, 53% with the spouse and 19% witha
first-degree relative. Cases were selected from 736 eligible cases; losses were due ta
failure to lòcate the case (77), physician refusaI (43), patient refusaI (86), language
problems (10) and failure to find a matched control (17). Final medical review
eliminated another 13 cases. Results for coffee drinking showed a significant
relationship, which persisted after adjustment for smoking.

Norell et al. (1986) conducted a study in Stockholm and Uppsala, Sweden, in
1982-84, based on 99 cases (55 male, 44 female) aged 40-79 out of 120 that were

eligible, 138 population con troIs (a sample from the same parish matched for age
and sex) out of 162 that were eligible and 163 hospital controls who were a random
sample of patients with inguinal hernia, of whom 179 were eligible. Of the cases,
61 % were verified by resection or autopsy, 33% by radiology and biopsy, and 6% by
clInical examination and radiology. Cases and hospital controls were given a
questionnaire at the time of diagnosis, whereas population controls were sent a
postal questionnaire followed by a telephone calI when necessary. The results were
positive when hospital controls were used and disappeared when population



138 lAe MONOGRAHS VOLUME 51

controls were the basis of comparson. Results adjusted for smoking were not
presented.

Wynder et al. (1986) undertook a study of 238 patients (127 men, 111 women)
and 696 controls in 18 hospitals in six US cities, 1981-84, in which both coffee and
decafeinated coffee were examined. Controls were selected from among patients
with non-tobaccrelated diseases matched for age, sex, race, hospital and year of
intervew; 62% had other cancers. A hospital intervewwas used. Neither exPOsure
was related to pancreatic cancer either before or afer adjustment for smoking.

A study (rePOrted in a letter to the Editor of The New England Journ of
Medicine) of 172 patients (85 men, 87 women) aged 4( 80 years with histologicaly
verified pancreatic cancer and 'l7 controls was conducted in 1981-84 in Boston and
Rhode Island, MA USA, on the basis of hospita intervews (Hsieh et al., 1986).
Controls had the same physician, and the main diagnoses were cancer of the breast,
colon, stomach or uterus, benign tumours, hemia, colitis, enteritis and bowel
obstruction. An elevated risk, ofborderline significance, was found only in patients
who had drunk more than five cups of coffee Per day, the RR being 2.4 in men and
2.2 in women. SimIlar results were found for coffee and for decaffeinated coffee.

A study was cared out in northem Italy of 150 histologically verified cases
aged 4( 75 (99 men, 51 women) and 605 hospital controls with acute conditions
except cancer, digestive-tract disorders or conditions related to coffee, alcohol or
tobacc consumption (33% trauma, 12% other orthopaedic, 42% general surgery)
(La Vechia et al., 1987). More than 98% of eligible patients (cases and controls)
agreed to participate and were given a hospital intervew. Some evidence of risk was
seen, but there was no dose-response relationship and the highest risk was found
among peple who drank one to two cups per day. Gnly 16 cases did not drink
coffee. No relationship with decaffeinated coffee was found.

Studies by Raymond et al. (1987), based on 88 cases (43 male, 45 female), 67%
of which were verified histologically, and 336 population controls, and by Falk et al.
(1988), based on 363 cases (203 male, 160 female) out of 427 incident cases and 12
hospita controls, gave negative results. ln the first study, personal intervews were
obtained from cases identified through the Geneva, Switzrland, registry in 1976-81
and from controls who were contacted by letter. The study by Falk et al. (1988) was
caried out in Louisiana, USA; 82% of cases were confirmed histologically and the
remainder by X-ray, ultrasound or clinical examination. Controls were matched for
hospita, age, sex and race and excluded patients with cancer, diabetes, circulatory
disorders and digestive or respiratory diseases. Direct intervews were carred out
with 50% of cases~and 50% were with next of kin.

A smal study by Gorham et al. (1988) of 30 cases (out of 51 eligible) and 47
controls (out of 58 eligible) was based onlyon death certificates in Imperial County,
CA, USA, in 1978-84. Controls were matched for age, sex, race and year of death; ,
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cancer patients were excluded, and 47% had died from heart disease, 17% from
cerebrovascular disease, 4% from pneumonia and 4% from chronic obstructive
pulmonary disease. The estimated RR for three or more cups of coffee a day was
(2.7) compared to less than three cups, which dropped to (1.9) and was
nonsignificant after adjustment for smoking. (The Working Group noted that only
30 of 51 deaths from pancreatic cancer were included; hospital records were not
examined.)

Clavel et al. (1989) conducted a hospital interview study in Paris, France, with
161 cases (98 male, 63 female), 63% of which were histologically verified (28% by
surgery and 9% by clinical examination) in 1982-85. There were 268 hospital
controls: 129 had other cancers, excluding biliary, liver, stomach, oesophagus,
respiratory and bladder cancers, and 139 had non-neoplastic disease. AlI were
matched to cases for age, sex and hospital interviewer. None ofthe cases and about
5% of controls refused to participate. After adjustment for education, a1cohol and
smoking, a nonsignificant trend was found for males, giving a RR of 2.1 for four or
more cups/day. ln females, a significant trend was observed, and the observed risk
for more than four cups per day was 9.6. Unusually high risks were seen in women
and in persons who had never drunk a1cohoL.

A study of 216 cases (123 male, 93 female) and 279 contraIs was carried out in

the UK for 1983-86 (Cuzick & Babiker, 1989), based on persan al interview. Of the
cases, 30% were verified histologically, 23% by surgery and 47% by clinical
examination or imaging. The controls included 212 hospital controls without other
cancers or other chronic medical conditions: 27% had fractures, 23%, hernia, 15%,
varicose veins and haemorrhoids and 11%, genitourinary diseases; the remaining 67
were population contraIs. The study gave essentially negative results, although a
slightly elevated risk was seen in cases whose current consumption was more than
five cups per day (RR, 1.4). This trend disappeared when consumption

approximately 10 years previously wasexamined.
A case-control study in the USA involved 212 cases (140 of which were

confirmed pathologicalIy) identified from death certificates, out of 262 that were
eligible, and 250 population-based contraIs contacted by random telephone diallng
and matched to cases by age within five years (Olsen et al., 1989). Family members
(usually widow or spouse) were interviewed on the case's use of cigarettes, alcohol,
coffee and other dietary factors two years prior to death of the patient or prior to
intervew. Coffee was not a risk factor (odds ratio for seven cups or more per day,
0.6; 95% CI, 0.3-1.3).
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Table 34. Summary of results of case-control studies of cotTee drinking and
pancreatic cancer

Reference and Subjects Coffee Relative risk Comments
loction (ca, controls) consumption (95% CI)

(cups/day)

Un & Kesler Men and women 91 % cas vs 93% con-
(1981); Kesler (109, 109) troIs drank coffee
(1981) 41% cas vs 25% con-

USA trois drank decei-
nated coffee (p-:O.01)

MacMahon et a/. Men (216, 307) 0 1.0
X2 trend = 1.5

(1981a,b) 1-2 2.6
USA 3- 2.3

~5 2.6

Women (151, 0 1.0
X2 trend = 13.7336) 1-2 1.6

3-4 3.3
~5 3.1

Men and women 0 1.0 Adjusted for smoking;
1-2 1.8

X2 trend = 10.6~3 2.7

Jick & Dinan Men and women 0 1.0
(1981) (83, 166) 1-5 0.7

Several ~6 0.5
countries

Elinder et a/. Men (21, 51) 95% CI for difference:
(1981) Cas 5.3 :: 2.1 -2.9-0.2

Sween (SD)
Con trois 6.1 :: 2.4

Men and women 3.8 95% CI for difference
(twns; 41, 41) 3.6 -0.33-0.77

Goldstein (1982) Men and women 0 1.0 Crude odds ratio;
USA (91, 93) 1-2 1.8

X2 for trend nonsignifi-
3-4 1.0 cant
~5 1.6

Seversn et a/. Men and women CuITent 1.0 (0.2-4.5) Adjusted for age, sex,
(1982) (22, 485) smoking

USA

Wynder et a/. Men (153, 5469) 0 1.0
(1983) 1-2 (1.1)

USA 3-4 1.0
~5 1.4
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Table 34 (contd)

Reference and Subjects Coffee Relative risk Comments
loction

(cas, con troIs) consumption (95% CI)
(cups/day)

Wynder et al. Women (122, 0 1.0
(1983) (contd) 2525) 1-2 (1.0)

3-4 1.0
:; 5 1.2

Men 0 1.0 Adjusted for smoking
1-2 (1.0)
3-4 1.0
:;5 1.0

Women 0 1.0 Adjusted for smoking
1-2 0.9
3-4 0,9
:;5 1.0

Kinlen & Men (109, 218) Never 1.0
McPhersn Weekly 0.9
(1984) Daily 0.9

UK

Women (107, Never 1.0 Adjusted for tea and
214) Weekly 1.3 smoking

Daily 0.9

Gold et al. (1985) Men (94, 96/96) 0 1.0 Adjusted for age;
USA 1-2 1.6/1.5 hospital random-

3-4 1.5/1.0 digit diallng controls;
:;5 1.0113 X2 for trend, (0.0210.4)

Women (103, 0 1.0
X2 for trend, (3.8/2.7J

103/104) 1-2 0.8112
3-4 2.0/1.6
:; 5 2.112.9

Mack et al. (1986) Men and women 0 1.0 Crude odds ratio
USA (490, 490) 1-4 1.6

:;5 2.0

Men and women 0 1.0 Adjusted for smoking
1-4 (1.4)
:;5 (1.6)

Norell et aI. Men and women 0-1 1.0 Hospital/population
(1986) (99, 163/138) 2-4 1.711.6 controls; 90% CI

Sween :;5 (0.7-3.9/0.8-3.2)
1.9/1.0

(0.8-4.9/0.4-2.6)
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Table 34 (contd)

Reference and Subjec Coffee Relative rik Comments
loction (ca, controls) consumption (95% CI)

(cupsday)

Wynder et a/. Men (U7, 371) 0 1.0
(1986) 1-2 (1.1)

USA ~3 (1.5)

Women (111, 0 1.0
325) 1-2 (0.7)

~3 (1.0)

Men 0 1.0 Deceinated
1-2 0.8
~3 0.7

Women 0 1.0
1-2 1.6
~3 0.9

Hsieh et a/. Men (85, 129) 0 1.0 Consumption rv 10
(1986) 1-2 1.1 year previously; X2 forUSA 3-4 1.0

trend, (2.8)
~5 2.4

Women (87, 138) 0 1.0 X2 for trend, (1.3)1-2 1.3
3-4 1.0
~5 22

Men and women 0 1.0 Total consumption of
(170,265) .: 20.00 1.0 coffee; X2 for trend,

203900 1.3 (3.3)405900 1.8
~60 00 1.4

Men and women 0 1.0 Total consumption of
(170,265) .c 20.00 1.0 deceinated coffee; X2

2039 00 1.0 for trend, (2.1)
4059 00 1.5
~60 00 1.6

Men and women 0 1.0 Total consumption of
(170,26) .: 20.00 1.4 both ty of coffee;

203900 1.2 X2 for trend, (2.4)405900 2.0
~60 00 1.5

La Vechia et a/. Men and women 0 1.0
(1987) (150,605) 1-2 1.8

Italy 3- 1.5
~5 1.4
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Table 34 (contd)

Reference and Subjects Coffee Relative risk Comments
loction

(cas, con troIs) consumption (95% CI)
(cups/day)

La Vechia et al. Men and women 0 1.0 Adjusted for smoking,
(1987) (contd) 1-2 1.7 alcohol, ocpation

3-4 1.4
~5 1.1

Men and women 0 1.0 Decaffeinated coffee
3-4 0.8

Men and women 0 1.0 Decaffeinated coffee;
3-4 0.9 adjusted for smoking,

alcohol, ocpation

Raymond et al. Men and women 0 1.0 90% CI
(1987) (88, 336) -c 1.4 Vweek 0.9 (0.5-1.8)

Switzerland ~ 1.4 l/week 1.3 (0.7-2.3)

Men and women 0 1.0 Instant coffee; 90% CI
Any 1.4 (0.8-2.4)

Falk et al. (1988) Men (203, 890) 0 1.0 Adjusted for smoking,
USA 1-2 0,7 alcohol, frit consump-

3-4 0.5 tion, income
5-7 0.7
~8 1.4

Women (160, 0 1.0 Adjusted aS above
344) 1-2 0.7

3-4 0.7
5-7 1.0
~8 0.9

Gorham et al. Men and women 0 1.0
(1988) (30, 47) 1-2 (0.5)

USA 3-4 (1.2)
~5 (2.3)

Clavel et al. Men (98, 161) 0 1.0 X2 for trend, (1.2)
(1989) 1 1.1

France 2-3 1.5
~4 2.1

Women (63, 107) 0 1.0 X2 for trend, (6.4)
1 3.9
2-3 6.7
~4 9.6
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Table 34 (contd)

Reference and Subjects Coffee Relative risk Comments
loction

(cas, con troIs ) consumption (95% CI)
(cups/day)

Cuzick & Babiker Men and women 0 1.0 Adjusted for smoking;
(1989) (216, 279) 1-2 0.9 X2 for trend, 0.23

UK 3-4 0.6
~5 1.4

Men and women 0 1.0 Coffee consumption
1-2 0.9 ,. 10 years previously;

3-4 0.6 X2 for trend, 0.43~5 1.4

Olsen et al. Men and women c( 1 1.0 Odds ratio, adjusted for
(1989) (212, 22) 1-3 0.5 smoking, diet

USA 4- 0.7

~7 0.6

(ii) Breast cancer

Case-control studies of breast cancer and coffee, instant coffee and
decaffeinated coffee are summarized in Table 35 (p. 147).

Lawson et al. (1981) analysed data obtained from the Boston Collaborative
Drug Surveilance Program and from a collaborative study conducted in the USA,
Scotland and New Zealand. Cases were 241 women discharged with a diagnosis of
breast cancer. Three controls were matched to each case for age, smoking habit,
study and country. Coffee and tea drinking were grouped as 'hot beverage

consumption'. Compared to those who did not drink coffee or tea, RRs for those
who drank one to three, four to six and seven or more cups per day were 1.3, 1.5 and
1.1 (90% CI, 0.6-1.8 for the last category), respectively.

Lubin et al. (1981) reported the results of a study conducted in northern
Alberta, Canada, during 1976-77. Interview was completed for 577 cases and 826

population controls. The response rate was 95% for cases and 72% for controls.
Information on consumption of tea or coffee was obtained along with demographic,
reproductive and medical histories and data on several food items. Tea and coffee
consumption was analysed together: the age-adjusted RR whencomparing more
than five cups per day to five or fewer was 1.2 (95% CI, 0.9-1.5).

Mansel et al. (1982) in an abstract reported the results froID an analysis of a
computer data base of 20 00 hospital in-patients with a diagnosis ofbreast disease.
These patients were compared with a matched non-breast disease group. As
compared with non-coffee drinkers, coffee drinkers had an increased risk for breast
cancer (RR, 1.3; 95% CI, 0.99-1.6). (It was not clear who was included in the control
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group, what variables were matched on, whether matched analyses were carried
out, and thus, what confounders had been controlled. Although information was
collected on several doses levels, information on any dose-effect relation was not
available.l

Lubin et al. (1984, 1985) conducted a hospital-based case-control study in
IsraeL. Cases were histologically confirmed breast cancer cases in the greater Tel
Aviv metropolitan area diagnosed between 1975 and 1979. Two control series,
surgical and neighbourhood, were used; each was matched individually ta a case by
age (:1 five years), country of origin and length of residence in IsraeL.

Neighbourhood con troIs were drawn from the national voting list and lived in the
same voting district as the cases. Information was sought on the frequency of
consumption of 250 food and beverage items as well as on selected hormonal,
medical and demographic characteristIcs. Response rates among the eligible
subjects were 96% for cases and surgical contraIs and 72% for neighbourhood
controls. A total of 818 cases, 743 surgical controls and 813 neighbourhood contraIs
were included in the analysis. Breast cancer cases were found to consume less
coffee than both control series.

Rosenberg et al. (1984, 1985) analysed data obtained in a case-control

programme for the surveilance of drug effects. Cases were 2651 in-patients in
hospitals located in eastern USA who were interviewed between 1975 and 1982.
There were two control groups: one consisted of 1501 women admitted for acute
nonmalignant conditions (trauma or infections); the other comprised 385 women
with malignancies (malignant melanoma, lymphoma and leukaemia). With either
control group, RRs were close ta 1.0 and there was no trend of increasing risk with
increasing daily intake of coffee. Coffee drinking was not associated with breast
cancer risk among subgroups ofwomen stratified by age and reproductive history,
history of fibrocystic breast disease, family history of breast cancer, or body mass
index. Among a subset of subjects who did not drink caffeine-containing coffee,
age-adjusted RRs were close ta 1.0.

ln a study in France, described by Lê et al. (1984) and reported in a letter by Lê
(1985),500 cases and 945 surgical con troIs with nonmalignant disease were studied.
The risk for breast cancer was found to be inversely associated with reported

current daily coffee consumption. Results were similar for women with and without
a history of benign breast disease.

La Vecchia et al. (1986) conducted a hospital-based case-control study of
breast cancer in Italy, beginning in 1980. There were 616 pairs of cases and controls.
Adjusted RRs for coffee drinking were 1.0 for none, 1.6 (95% CI, 1.1-2.4) for less
than two, 1.4 (1.0-2.0) for two to three and 1.1 (0.7-1.7) for four or more cups per day.
There was no tendency for the risk of breast cancer to increase with increasing
quantity or duration of coffee drinking.
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Katsuyanni et al. (1986) conducted a hospita-based cas-cntrol study in
Gree over a 12-month period in 1983-84. The study included 12 cases from two
teaching hospita in the Greater Athens area and 12 controls admitted for
accidents and orthopaedic disorders in a third teaching hospita. Subjects were
asked to indicate average frequency of consumption of 12 foo or beverage items
in the period precding the onset of disease, along with information on

demographic, soioenomic, reproductive and medical variables. A test for a
linear trend was not signficat for coffee consumption.

Schairer et al. (1987) conducted a cas-cntrol study on paricipants in the
Breast Cancer Detection Demonstration Project in the USA, a five-year screening
programme begun in 197. Cases were diagnosed from June 1977 to November

1980. Control subjects were women who had not ben recmmended for, and had
not undergone, sUfgica evaluation during screening parcipation and were similar

to breast cancer cas with regard to screening centre, age, ethnic origin, time of
entry into the screening programe and length of participation in the programme.
The number of daily servngs of brewed, instant or decafeinated coffee was not
associated with increased risk for breast cancer.

Pozner et al. (1986) exained caffeine and coffee intake in women with breast
cancer to determine whether it infuences cell differentiation in tumours. Dietary
history was obtained by intervew with 106 women who had undergone mastectomy
and axllary dissection for breast cancer at the Mount Sinai Medical Center in New
York, USA. Information on tumour differentiation was missing for five women,
leaving 101 with complete data. Thmours categorized as weil or moderately
differentiated were grouped (70 subjects) and compared to poorly differentiated
tumours (31 subjects). Women with moderately to well differentiated tumours had
had a higher intake of coffee (2.65 :: 2.23 cups per day) than women with poorly
differentiated tumours (1. 71:: 1.43); the same trend was seen for caffeine and for all
coffee, decaffeinated coffee, cola and tea. Stepwise logistic regression, with tumour
differentiation as the dependent variable and coffee, both cafeinated and
decaffeinated, tea, cola, coa, cafeine (mg/day), cafeine (mg per kg boy weight
per day), vitamn A, age and Quetelets index as candidate independent variables,
indicated that high coffee consumption is associated with moderately and well
differentiated tumours; afer accunting for differences in coffee intake, no other
variable in the model emerged as significant. When logistic regression was
performed including smoking, oral-cntraceptive use, parity, number of children,
age at first pregnancy, age at menarche, total calories, protein, total fat and other
nutrients, however, no variable appeared to be significantly associated with degree
of tumour differentiation. (Te Working Group noted that this study is diffcult to
group with other studies of etiology. Also, factors that historically have been linked
to breast cancer did not appear to infuence tumour differentiation in this study.)
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Mabuchi et aL. (1985a) studied risk factors for male breast cancer as part of a
larger case-control investigation of various rare cancers conducted over 1972-75 in a
large number of hospitals in five US metropolitan areas. Cases were identified
through continuous monitoring of documents in the hospital pathology and medical
recrds departments. ContraIs were hospital patients free of cancer and matched
to the cases for age (:: three years), sex, race and marital status. Of 

the 64 eligible
male breast cancer patients identified, 52 were interviewed, along with an equal
number of con troIs. Matched analysis showed no difference in coffee or
decaffeinated coffee consumption.

Table 35. Summary of results of case-control studies of breast cancer
and coffee consumption

Reference and Subjects Coffee Relative risk Commentsloction
(ca, con troIs) consumption (95% confi-

(cups/day) dence
inteival)

Lawson et al. Women 0 1.0 Coffee and tea; 90%
(1981) (241, 723) 1-3 1.3 CIUSA, 4- 1.5Sctland, '/7 1.1 (0.6-1.8)New Zealand

Lubin et al. Women 005 1.0 Coffee and tea
(1981) (577, 826) :;5 1.2 (0.9-1.5)Canada

Lubin et al. Women 0 1.0 Matched by age,
(1984, 1985) (738, 738) 1 0.7 (0.4-1.1) country of origin,Israel surgical con troIs 2-3 0.7 (0.4-1.0) length of residence

'/4 0.7 (0.4-1.1) in IsraeL. Cass in
the two comparisons

(807, 807) 0 1.0 involved the same
neighbourhoo 1 0.5 (0.3-0.9) series of subjects.
con troIs 2-3 0.5 (0.2-0.9)

'/4 0.6 (0.2-0.9)
Rosnberg et al. Women

Exensive adjustment
(1984, 1985) (2651, 1501) 0 1.0 made for known orUSA controls with non- 1-2 1.2 (1.0-1.5) suspected breastmalignant condi- 3-4 1.2 (1.0-1.6)

cancer risk factorstions '/5 1.2 (0.9-1.6)

0 1.0
(2651, 385) 1-2 1.0 (0.7-1.4)
con troIs with can- 3-4 0.9 (0.7-1.3)
cers at other sites '/5 1.1 (0.7-1.6)
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Table 3S (contd)

Reference and Subjec Coffee Relative nsk Comments
loction (ca, controls) consumption (95% confi-

(cups/day) dence
intervaI)

Rosnberg et al. (916, 584) 0 1.0 Decfeinated coffee;
(1984, 1985) controls with non- 1-2 1.2 (0.9-1.5) adjusted for age

(contd) malignant condi- 3-4 1.4 (0~9-1.8)
tions ~5 0.6 (0.3-1.1)

(916, 138) 0 1.0 Decfeinated coffee;
controls with can- 1-2 1.1 (0.7-1.7) adjusted for age
cers at other sites 3-4 1.1 (0.6-2.0)

~5 1.0 (0.4-2.8)

Lê (1985) Women Never 1.0 Test for trend, p =
France (50, 945) 1-2 0.8 0.003; adjusted for

~3 0.6 known risk factors

La Vechia Women 0 1.0 Adjusted for known
et al. (1986) (616, 616) C:2 1.6 (1.1-2.4) risk factors

Italy 2-3 1.4 (1.0-2.0)
~4 1.1 (0.7-1.7)

Katsuyanni Women Frequency Adjusted for age, in-
et al. (1986) (120, 120) of use tervewer, and length

Gree Tertie 1 of schooling; nonsig-

2 nificant invers trend
3

Schairer et al. Women 0 1.0 Crude, unmatched

(1987) (1510, 1882) c: 1 1.0 (0.8-1.3) analysis; adjustment
USA 2 1.0 (0.7-1.2) for other risk factors

3 0.9 (0.7-1.2) and tys of caffei-
4 0.9 (0.7-1.3) ne-cntaining bever-

~5 1.0 (0.8-1.3) age did not change
the results.

0 1.0
Instant coffee

c: 1 0.9 (0.8-1.1)
2 0.9 (0.7-1.2)

3 0.9 (0.6-1.3)
4 0.9 (0.5-1.7)

~5 0.7 (0.3-1.3)
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Table 35 (contd)

Reference and Subjects Coffee Relative rik Commentsloction
(cas, con troIs) consumption (95% confi-

(cups/day) dence
interval)

Schairer et al. 0 1.0 Decaffeinated coffee
(1987) ~1 1.0 (0.9-1.2)

(contd) 2 1.0 (0.8-1.4)
3 0.7 (0.4-1.1)
4 0.9 (0.5-1.7)
::5 1.1 (0.6-2.2)

Mabuchi et al. Men ~1 (81 % versus Matched on age, sex,
(1985a) (52, 52) ::1 83%, NS) race, marital statuUSA

~1 (38% versus Decffeinated coffee
::1 31%, NS)

(iv) Ovary

Case-control studies of ovarian cancer and coffee or decaffeinated coffee are
summarized in Table 36 (p. 153).

uichoPOulos et al. (1981) reported data from a relatively small case-control
study in Athens, Greece, showing a suggestive positive association between coffee
consumption and risk of ovarian cancer of corn mon epithelial types. The
association was significant (two-tailed p ~ 0.03) when dose trends (cups of coffee
per day, lifetime consumption of cups of coffee) were taken into account. (The
Working Group noted that this study is not considered separately, since the relevant
data are part of a larger subsequent study (Trichopoulos et al., 1984; Tzonou et al.,
1984).)

Subsequently, Hartge et al. (1982) reported in a letter to the Editor of The
Interntiona Journ of Cancer data on coffee and ovarian cancer collected as part

of a case-control study of ovarian cancer (McGowan et al., 1979). Cases were 158
women with pathologically confirmed primaiy ovarian cancer of the epithelial tye
treated in participating hospitals in the Washington DC area. Con troIs were 187
women frequency-matched to cases for age, race and hospital, treated at the same
hospitals for conditions other than gynaecological, psychiatric or malignant

diseases or pregnancy. Ten women had been excluded from the control series
beause they were hospitalized for conditions that might necessitate alterations in
the diet. Women who regularly drank any amount of coffee had a nonsignificant
increased risk for ovarian cancer compared to non-coffee drinkers (adjusted RR,
1.3; 95% CI, 0.8-2.2), but there was.no statistically significant dose-response. (The
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Working Group noted that there was no apparent confounding by the controlled
variables in this study. The crude estimate of RR for drinkers of any amount of
coffee was (1.3), Le., identical to the reported adjusted figure.)

ln a multicentre, hospital-based case-control study, Miler et al. (1984, 1987)
collected data on 290 women, 20-69 years old, with epithelial ovarian cancer
diagnosed within six months of the index hospital admission. Two control groups
were used: women with benign conditions hospitalized more or less acutely (580)
and women with malignancies (476) presumed to be unrelated to coffee (thus
excluding women with pancreatic or bladder cancer) and to other factors that are
considered to be predictive of ovarian cancer (thus excluding women with
endometrial cancer). Women with benign conditions were a priri considered to be
heavier consumers of coffee than the other control group (Miler et al., 1984). There
was no evidence of a positive association between ovarian cancer and drinking
decaffeinated coffee. With respect to brewed coffee, there was evidence of a
positive association with overall consumption when comparison was made with
noncancer controls, but there was no such evidence when ovarian cancer cases were
compared with the 'other cancers' control groupe ln no instance was there a clear
indication of a dose-dependent trend. (The Working Group noted that, since the
results with respect to the two control groups are contrary to what was predicted, it
is legitimate to combine the two control groups, the results of which are given in
Table 36. The crude estimate of RR for drinkers of any amount of coffee was (1.2);
from the crude and adjusted data, there seems to be no evidence of confounding.)

Byers et al. (1983) conducted a case-control study of dietary and nondietary
factors in ovarian cancer. Cases were 274 white women, 30-79 years old, admitted to
the Roswell Park Memorial Institute, Buffalo, NY, USA, between 1957-65 for
ovarian cancer. Nineteen addition al cases with ovarian tumours of nonepithelial
origin and 36 additional cases with ovarian cancer diagnosed more than two years
prior to the admission date were excluded. Controls were 1034 women, 30-79 years
old (probably white only) admitted during the same period to the Institute for
conditions that were found to be nonmalignant. An additional 499 women with
diagnoses related to the reproductive system and 408 with conditions of the
gastrointestinal system (401) or diabetes (seven) were excluded. There was no
statistically significant association with any consumption category or dose trend
with respet to coffee consumption. (The Working Group calculated that the
age-adjusted RR for drinkers of any amount of coffee, with adjustment ta age
distribution of the control group by the direct method, was (1.2) (nonsignificant).)

ln the Greek case-control study (Tzonou et al., 1984), coffee consumption was
compared between 150 women with epithelial ovarian cancer admitted to any of ten
large hospitals in Athens between 1980 and 1981, and 250 control women
hospitalized during the same period for fractures or orthopaedic disorders in the
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Athens Hospital for Qrthopaedic Disorders. ln the final results, after adjustment
for age, parity, menopausal status, age at menopause, use of exogenous oestrogens,
tobacco smoking and consumption of a1coholic beverages, the X2 for trend in coffee
consumption was 1.15 (p ,. 0.27); at no level of coffee consumption did the RR differ
significantly from the value of 1.0. (The Working Group noted that the crude
estimate of RR for drinkers of any amount of coffee was 1.2; comparison of crude
and adjusted RR estimates indicates that there was little confounding, and that
which existed was slightly 'negative'.)

Cramer et al. (1984) conducted a case-control study in the Boston, MA (USA),
area between 1978 and 1981. Cases were 215 white women with newly diagnosed
epithelial ovarian cancer admitted to 12 participating hospitals, whereas con 

troIswere 215 white women randomly select~d from lists of Massachusetts residents,
matched for age and precinct of residence. There was no evidence of an association
between ovarian cancer and any of the combinations of coffee drinking, alcohol
drinking or tobacco smoking. The crude RR was 1.2 for coffee drinkers. ln the
combinations that included coffee drinking, the RRs of coffee users versus nonusers
of either coffee, alcohol or tobacco were between 1.2 and 1.8. (The Working Group
noted that there was no evidence of overt confounding with respect to the results for
coffee.)

La Vecchia et al. (1984) conducted a case-control study of ovarian cancer in
Milan between 1979 and 1983. Cases were 247 women, 19-74 years of age, with
epithelial ovarian cancer admitted to the university hospital and the National
Cancer Institute of Milan. Con troIs were 494 women below the age of 75 years
admitted to the university or general hospitals of the Milan area, suffering from
diseases judged to be unrelated to coffee consumption or to any of the established
or suspected risk factors of ovarian cancer. ln the logistic regression analyses, there
were statistically significant linear trends with daily consumption of coffee (p =
0.(03) and with years of regular coffee consumption (p = 0.02). (The Working
Group noted that comparison of cru de (1.4) and adjusted RR indicates that there is
some degree of confounding that incorrectly reduces the association between coffee
consumption and risk of ovarian cancer ('negative' confounding).)

ln a case-control study in the San Francisco Bay are a, CA, USA, between 1983
and 1985, Whittemore et al. (1988) compared the exposure histories of 188 women
with primary epithelial ovarian cancer admitted to one of seven participating
hospitals with the exposure histories of women in two control groups. The first
control group consisted of women hospitalized in one of the hospitals to which cases
were admitted, whereas the second group was selected from the general population
using random-digit diallng. When both control groups were combined, there was a

statistically significant positive association between coffee drinking and the risk for
ovarian cancer. (The Working Group noted that there may be an error, in that the
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risk relative to the two control groups combined is higher (2.0) th 
an that relative to

either control group (1.9 for hospital controls and 1.5 for population controls ).) RRs
were elevated in 23 of the 24 categories of coffee drinking by quantity (cups per day),
duration (years) or by product when hospital and population controls were
considered separately; they were significantly elevated (p ~ 0.05) in II out of 12

such categories when hospital and population controls were combined. However,
no clear trend was seen with daily quantity of coffee consumed.

Overall, in all seven case-cntrol studies of coffee use and risk for ovarian
cancer, users of any amount of coffee had an increased risk, although the elevation
was significant in only two. ln most of the studies, the increase was small or
minimal: the overall crude RR estimates were between 1.1 and 1.3 in five studies, 1.4
in a recent study and 1.9 in the last one. Use of crude estimates is legitimate, since
confounding of the association between coffee drinking and ovarian cancer in these
sets was either absent or negative. ln only one study was there a statistically
significant dose-response relationship. A Mantel-Haenszel meta-analysis by the
Working Group of the crude data from these seven studies (an acceptable, although
slightly conservative procedure, for the reasons indicated above) gave a significant
(p ~ 0.01) poled estimated RR of (1.3 (95% Ci, 1.1-1.5)) for coffee users versus
nonusers.

(v) Cancers of the digestive tract
Case-cntrol studies of cancers of the digestive tract and coffee consumption

are summarized in Tables 37-39 (pp. 158, 162, 164).
Large bowel: Higginson (196) studied 340 cases of colorectal cancer (196 male,

144 female) from seven hospitals in the Kansas City are a, USA, from 1959 to the
early 196. TIiree controls per case were selected from the same hospitals. Cases

had histologically confirmed diagnoses, and controls excluded patients with
gastrointestinal disease or with recent dietary abnormalities. Cases and controls
were matched for"age, sex and race. The socioeconomic status of cases and controls
were simIlar. No significant association was found between coffee consumption and
culorectal cancer: the RR for subjects who drank one or more cups of coffee a day
was (0.8 (95% Ci, 0.7-1.0)). (The Working Group noted that no adjustment was
made for confounding variables other than age, sex and race.)

Haenszel et al. (1973) studied 179 J apanese patients (101 male, 78 female) with
colorectal cancer and 357 age- and sex-matched controls from the three largest
general hospital in Honolulu, Hawaii, between 196 and 1970. AIl but one of the
cases had ben confirmed histologically. Controls did not include patients with
gastric or duodenal ulcers, gastrointestinal cancer or other diseases of the large
bowel; their most frequent diagnoses were circulatory diseases,external causes and
genito-urinary diseases. Patients were interviewed on dietary history, habits and



Table 36. Case-control studies olovarian cancer (common epithelial tumours) and brewed cotTee intake

Reference and Subjects Coffee Relative risk (95% CI) Commentsloction
(cas, controls) consumption

(cupsday)

Harge et al. (1982) 158, 187 0 1.0 Adjusted for age,USA -c2 1.0 (0.5-22) gravity and smoking
2-3 1.8 (0.9-3.6)
~4 1.4 (0.6-3.0)

Byers et al. (1983) 274, 1034 0 1.0 No significantUSA -c3 (1.3) asiation with any
~3 (1.0) consumption

category or trend
Miler et al. (1984, 1987) 287, 569/470 Noncancer Cancer AlI con troIs MultivaateSeveral cities

con troIs controls analysis (jin t.he USA and Canada 0
"T0 1.0 1.0 1.0 "T
tr1 1.6 (0.9-27) 1.0 (0.5- 1. 7) (1.3) tr2 1.5 (0.9-26) 0.9 (0.6-1.6) (1.2)

3 1.6 (0.9-27) 0.9 (0.6-1.6) (1.3)4 1.7(0.9-3.3) 1.6 (0.8-3.1) (1. 7)~5 1.1 (0.6-20) 1.0 (0.5-1.8) (1. 1)

289, 572473 0 1.0 1.0 1.0 Decaeinated
1-2 1.4 (0.9-22) 1.0 (0.6- 1.4) (1.2) coffee
3-4 0.8 (0.4-1.6) 0.9 (0.5-1.6) (0.9)~5 0.7 (0.2-21) 0.7 (0.2-3.3) (0.7)

Trichopoulos et.al. (1981, 149, 25 0 1.0
1984); Tzonou et al. (1984) 0.5-1 0.9

Greece 1.5-2 1.6
25-3 0.9
~3.5 1.5

Cramer et al. (1984) 215, 215 0 1.0 Adjusted for smok-
¡-USA Any 1.1 mg ~
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Table 36 (contd)

Reference and Subjects Coffee Relative risk Comments
loction (cas, controls) consumption (95% CI) -

~La Vecchia et al. (1984) 247, 494 0 1.0 Multivariate
Italy -C1 1.5 (0.9-2.5) analysis ~

2-3 1.9 (1.2-3.0) 0
Z

:; 4 22 (1.2-3.9) 0
Whittemore et al. (1988) 188, 28/259 Hospital Population AIl Adjusted for

0

~USA con troIs con troIs con troIs smoking

0 1.0 1.0 1.0 0:
iZ

1 2.2 1.9 24 (1.2-5.1)
â2-3 2.1 1.6 23 (1.1-4.7)

:; 4 20 1.6 21 (1;0-4.4) 5
0 1.0 1.0 1.0 ~
1-14 years 1.6 0.7 1.5 (0.6-3,6)

ti
VI

15-24 year 1.8 1.7 22 (1.0-4.8) ..
25-39 years 2.4 1.7 23 (1.1-4.9)
:;40 years 3.5 25 3.4 (1.5-8.0)
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socioeonomic status. Coffee drinking was associated with a RR of 0.7, which was
not statistically significant.

A significant negative association between coffee consumption and colon
cancer was reported from case-control studies in Norway and the USA (B jelke,
1973).

Graham et al. (1978) carried out a case-control study of white male patients
with histologically confirmed cancer of the colon (256 patients) or rectum (330
patients) and 1222 controls seen at the Roswell Park Memorial Institute in Buffalo,
NY, USA, during 1959-65. Con troIs were non-cancer, non-gastrointestinal patients
who were selected so as to have a similar distribution as the cases, but no individual
matching was carried out. Patients attending the hospital where the study was
carred out were similar to the population of the neighouring areas iu terms of
socioenomic and marital status, religion and smoking habits. The intervew
included demographic, socioeconomic and dietary variables. Frequent drinking of
coffee was associated with a 'significant but small excess risk' for cancer of the colon
but not of the rectum, as was 'drinking coffee very hot'. (The Working Group noted
that no figures were given, that, other th an for age, there was no adjustment for
possible confounding variables and that no RRs or Cls are given.)

Dales et al. (1979) carried out a study of black patients with colorectal cancer
and matched con troIs from hospitals and c1inics in the San Francisco Bay are a, CA,USA. Cases were identified from a cancer registry covering the period September
1973 to August 1976, but 60% could not be interviewed, mostly due ta death or

severe illness, leaving 99 cases. Similarly, only 50% (280) of the con 

troIs who were
identified were successfully interviewed. The questionnaire was answered at the
patients' homes and inc1uded demographic and socioeconomic data, as well as
information on dietary habits three years prior to the interview. No association
between coffee drinking and colorectal cancer was found. (The Working Group
noted that the low rates of participation make this study difficult to interpret and
that RRs associated with coffee consumption are not given.)

Watanabe et al. (1984) studied 65 cases of cancer of the rectum (39 male, 26
female) and 138 cases of colon cancer (71 male, 67 female) in Kyoto, J apan. For each
case, one control was selected; the sex and age distribution of cases and con 

troIswere similar. Data were collected on a number of dietary items inc1uding coffee and
tea consumption. No significant association was found between coffee drinking
and cancer of the rectum or of the colon, although both risks were reduced by
2030% among coffee drinkers.

1àjima and Tominaga (1985) compared the characteristics of 42 incident cases
of colon cancer (27 male, 15 female) and 51 cases of rectal cancer (25 male, 26
female) with those of 186 controls admitted to a specialized hospital in Nagoya,
Japan, between 1981 and 1983. The diagnoses of the cases were confirmed
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histologicalIy. There was no significant association between coffee drinking and
either colon or rectal cancer (RRs for daily drinkers, 1.1 and 1.0, respectively). (The
Working Group noted that almost half of the controls had gastrointestinal
conditions.)

Macquart-Moulin et al. (1986) reported a case-control study from Marseile,
France, based on 399 histologically confirmed cases of colorectal cancer and the
same number of controls which was conducted between 1979 and 1984. After
adjustment for age, sex, calories and weight, the risk in increasing quartiles of coffee
consumption was 1.0, 0.6, 0.7 and 0.6. The test for trend was not significant.

Tuyns (1986) and Tuyns et al. (1988) presented the results of a study which
covered approximately one-half of the cases of colorectal cancer in two Belgian
provinces, Oost-Vlaanderen and Liège, in 1978-82. A total of 453 cases of colon
cancer, 365 of rectal cancer and 2851 population controls were included. The
response rate for controls was approximately 70%. The analyses were adjusted for
age, sex and residence. 'Heavy consumers' of coffee and/or tea had crude RRs of 0.7
(95% CI, 0.6-0.9) for colon cancer and 0.8 for rectal cancer (0.6-0.9), relative ta 'light
consumers' (Tuyns, 1986). Separate results are not given for coffee and tea drinking,
but the latter was reported to be rare.

ln Yugoslavia, Jarebinski et al. (1989) compared 98 patients (56 male, 42
female) with histologically confirmed rectal cancer admitted to one of five hospitals
in Belgrade in 1984-86 to two control groups: Hospital contrais were patients

admitted due to non-cancer conditions - mainly fractures and other injuries,
cardiovascular diseases and hernias; a second control group consisted of
neighbours of the cases. Controls were matched to cases by age, sex, place of
residence and interviewer. The RRs associated with any coffee consumption were
1.7 when compared with hospital controls and 0.8 when compared with
neighbourhood controls. The corresponding RRs for consumption of three or more
cups per day were 1.1 and 0.8, and for having consumed coffee for 30 or more years,
1.2 and 1.2. None of these differences approached statistical significance. (The
Working Group noted that no data are given on the proportions of potential cases
or controls who could not be contacted.)

La Vecchia et al. (1988, 1989c) studied 455 histologically confirmed cases of
colon cancer (221 male, 234 female), 295 cases of rectal cancer (170 male, 125
female) and 1944 hospital controls recruited from a network of teaching and general
hospitals in greater Milan, Italy, between 1985 and 1988. Controls did not include
patients with malignant tumours, digestive diseases or any condition related to use
of coffee, alcohol or tobacco or which may have resulted in long-term dietary
modification. RRs were calculated through logistic regression after adjustment for
sex, age, social class, education, marital status, smoking and alcohol consumption.
Compared to subjects consuming no to one cup per day, those consuming two cups
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per day had a RR of 0.9 for colon cancer, and those consuming three or more cups
had a RR of 0.6 (p for trend, ~ 0.01). The corresponding figures for rectal cancer
were 1.0 and 0.7 (p for trend, ~ 0.05). The RRs were also examined after

stratification for sex, age, marital status, education, social class, smoking and
alcohol consumption. The overall pattern of protection afforded by coffee against
colon cancer was evident in all strata but appeared to be restricted to males.

ln another case-control study, carried out among Singapore Chinese, Lee et al.
(1989) studied 203 (121 male, 82 female) consecutive incident cases (132 cases of

colon cancer, 71 of rectal cancer) admitted to a general hospital in 1985-87. Ali
cases had histologically confirmed colorectal cancer. A total of 426 contraIs were
selected among 489 patients who were free of any gastrointestinal disease, cancer or
diabetes; approximately two con troIs were selected for each case, matched for age
group and sex. The response rates for cases and controls were above 80%. Coffee
intake of one or more cups per day was associated with a nonsignificant 30-40%
reduction in the risk for cancer at each site. When both sites were poole 

d, the
association was close ta significance (O. 1 ~ p ~ 0.05). The effect of coffee remained
virtually unchanged after adjustment for other food items for which a significant
result was found. However, there was no evidence of a dose-response relationship.

Data on coffee consumption was collected as part of a multicentre, multiorgan
case-control study in the USA (Rosenberg et aL., 1989). ln 1978-82, data were
obtained on coffee consumption one month before interview, whereas during
1983-86 the data on consumption were for one and three years before hospital
admission. Cases were 717 patients with cancer of colon and 538 with rectal cancer,
aged 30-69 years. A non-cancer control group consisted of 2128 trauma and 369
appendicitis patients, and a second, cancer control group was composed of 892
patients with malignant melanoma and 494 with lymphoma and bone cancer.
Multiple logistic regression analyses, adjusting for age, sex, geographic area, year of
interview, cigarette smoking, alcohol consumption, education, religion and race,
were employed, using persans who consumed one cup of coffee per day as the
referent category. For colon cancer, the adjusted RRs for drinking less th 

an one,
two and three lo four cups of coffee per day compared to one cup per day were all
close to one, but the risk associated with drinking five or more cups per day was
significantly reduced (0.6; 95% Ci, 0.4-0.8). This risk pattern was similar for men
and women and when recent or past consumption was evaluated. For rectal cancer,
the risks were close ta unity for present or past consumption at all dose levels. The
risk pattern was somewhat different for males and females: with the exception of a
significantlyelevated risk for drinking three to four cups per day (1.7; 95% CI,
1.0-2.8), men had nonsignificantly increased risks for all other dose categories;
however, women had nonsignificantly reduced risks.
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Benito et al. (199) rePOrted a case-control study of 28 incident cases of
histologically confirmed colorectal cancer, 295 population controls and 203 hospital
controls in Majorca, Spain. Coffee consumption was presented in quartiles. Risk in
the lowest intake categoiy was 1.0 and that in increasing quartiles of intake was 0.7,
0.5 and 0.8. The trend statistic was not significant.

Table 37. Summary of results of case-control studies on colorectal cancer
and coffee consumption

Reference, Subjec Coffee Relative Comments
loction and (ca, controls) consumption rik
site (cups/day) (95% CI)

Higgnsn (196) Men and women O/irregular 1.0 Crude RR; nonsignifi-
USA (34, 1020) -e 1 (0.4) cant
Colon and rectum -e2 (0.7)

~3 (0.6)

Haenszel et al. Men and women 0 1.0 Crude RR; nonsignifi-
(1973) (179,357) Any 0.7 cant
USA
Colon and rectum

Watanabe et al.
(1984)
J apan

Rectum Men and women 0 1.0
(65, 65) Any 0.7 (0.3- 1.6)

Colon Men and women 0 1.0
(138, 138) Any 0.8 (0.5- 1.3)

Tajima & Tominaga
(1985)
Japan

Rectum Men and women 0 1.0 Nonsignificant;
(51, 186) Sometimes 1.3 adjusted for age, sex

Daily 1.0

Colon Men and women 0 1.0 Nonsignificant;
(42, 186) Sometimes 1.2 adjusted for age, sex

Daily 1.1

Macquar-Moulin Men and women Quariles Nonsignificant;
et al. (1986) (399, 399) Low 1.0 adjusted for age, sex,

France 2nd 0.6 calories, weight
Colon and rectum 3rd 0.7

High 0.6
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Table 37 (contd)

Reference, Subjects Coffee Relative Comments
loction and (cas, controls) consumption risk
site (cups/day) (95% CI)

Tuyns et al. (1988)
Belgium

Rectum Men and women Quariles Coffee and tea, but
(365, 2851) Low 1.0 latter said to be uncom-

2nd 0.9 mon; adjusted for age,
3rd 0.9 sex, province; signifi-
High 0.7 cant trend

Colon Men and women Quariles
(453,2851) Low 1.0

2nd 0.9
3rd 1.0
High 0.6

Jarebinski et al. Men and women 0 1.0 Nonsignificant; hospital
(1989) (98, 98) Any 1.7 con troIs 
Yugoslavia ~3 1.0 Nonsignificant

Rectum ~3 1.1
~ 30 year 1.0 Nonsignificant
~ 30 year 1.2

0 1.0 Nonsignificant; neigh-
Any 0,8 bourhoo controls
-c3 1.0 Nonsignificant
~3 cups/day 0.8
-c 30 year 1.0 Nonsignificant
~30 year 1.2

La Vechia et al.
(1989c)
Italy Men 0-1 1.0 p -c 0.01 for men;

Rectum (170, 1334) 2 0.8 nonsignificant for
~3 0.5 women; adjusted for

age, marital statu,
Women 0-1 1.0 education, soial clas,

(125, 610) 2 1.2 smoking, alcohol
~3 0.9 consumption; 95% CI

could not be calculated;
p levels basd on
chi-squared test for
linear trend
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Table 37 (contd)

Reference, Subjects Coffee Relative Comments
loction and (cas, controls) consumption risk
site (cups/day) (95% Ci)

La Vechia et al.
(1989c) (contd)

Colon Men 0-1 1.0 p -c 0.05

(221, 1334) 2 0.8
::3 0.6

Women 0-1 1.0 P -c 0.05
(234, 610) 2 0.9

::3 0.6

Le et al. (1989)
Singapore

Colon Men and women Tertiles
(132, 426) Low 1.0

Intennediate 0.7 (0.4-1.1) Nonsignificant
High 0.7 (0.4-1.2)

Rectum (71, 426) Low 1.0
Intennediate 0.6 (0.3-1.1) Nonsignificant
High 0.7 (0,4-1.4)

Colon and rectum (203, 426) Low 1.0 0.1 :: P ~ 0,05;

Intennediate 0.7 (0.4-1.0) logis tic analysis
High 0.7 (0.5-1.1)

Colon and rectum Low 1.0 Nonsignificant; com-
Intennediate 0.7 (0.4-1.0) bined analysis; adjusted
High 0.7 (0.5-1.2) for cruciferous vegeta-

bles, total vegetables,
meat/vegetable ratio,
cholecystectomy history

Rosnberg et al. Adjusted for age, sex,
(1989) cigarette smoking,
USA alcohol consumption,

Colon Men and women .( 1 1.1 (0.8-1.4) several other potential
(717,3883) 1 1.0 confounding factors

2 1.0 (0.8-1.3)
3-4 0.9 (0.7-1.2)
::5 0.6 (0.4-.8)
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Table 37 (contd)

Reference, Subjects Coffee Relative Comments
loction and

(cas, con troIs) consumption risk
site (cups/day) (95% CI)

Rosnberg et al.
(1989) (contd)

Rectum (538, 3883) -c 1 1.2 (0.9-1.6)
1 1.0
2 1.1 (0.8-1.5)
3-4 1.1 (0.8-1.5)/5 1.2 (0.8-1.8)

Benito et al. (199) Men and women 0 1.0 Nonsignificant;
Spain (28, 498) 1-30/month 0.7 adjusted for age, sex,

Colon and rectum 31-60/month 0.5 weight
/60/month 0.8

Stomach: ln the study of Higginson (1966), described on p. 152, 93 cases of
histologically confirmed stomach cancer and 279 age-, sex- and race-matched
controls were studied. No significant association was found between coffee
drinking and stomach cancer.

Graham et al. (1967) compared 276 cases (188 male, 88 female) of gastric
cancer and 2221 controls (800 male, 1421 female)with non-neoplastic, non-digestive

conditions seen at the Roswell Park Memorial Institute in Buffalo, NY, USA,
between 1957 and 1965. Interviews on dietary habits prior to the onset of symptoms
were carried out at admission. Separate analyses were made for each sex and for
four age groups. The authors infer that the frequency of drinking coffee was not
significantly associated with the risk for gastric cancer, but no figures were given.

Tajima and Tominaga (1985), in the study described above (p. 155), reported on
93 cases of histologically confirmed stomach cancer and 186 controls admitted to a
specialized hospital in Nagoya, Japan. There was no significant association
between coffee drinking and cancer of the stomach. (The Working Group noted
that almost half of the contraIs had gastrointestinal conditions.)

Trichopoulos et al. (1985) studied 110 consecutive incident cases (57 male, 53
female) ofhistologically confirmed adenocarcinoma of the stomach admitted to two
hospitals in Piraeus, Greece, between 1981 and 1984. ContraIs were 100 patients
admitted to a nearby hospital due to accidents, fractures and orthopaedic

disorders. Age, sex and years of schooling were controlled for in the statistical
analysis. The association between the consumption of coffee and tea and the risk
for stomach cancer was not statistically significant.
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La Vechia et al. (1989c) studied 397 histologically confirmed cases of stomach
cancer (243 male, 154 female) and 194 hospital controls from greater Milan, Italy.
No association between coffee drinking and stomach cancer was found after
adjustment for sex and age. The lack of association remained when the data were
also adjusted for social class, education, marital status, smoking and alcohol
consumption.

Table 38. Summary or results or case-control studies on stomach cancer and
coffee consumption

Reference, Subjects Coffee Relative Comments
loction and (ca, controls) consumption nsk
site (cups/day) (95% CI)

Higgnson (196) Men and women O/irregular 1.0 Crude RR; nonsignificant
USA (93, 279) .c 1 (0.7)

.c 2 (1.3)
~3 (1.3)

Graham et al. Men and women No asiation

(1967) (276, 221)
USA

Tajima & Men and women 0 1.0 Nonsignificant; adjusted for
Tominaga (1985) (93, 186) Not daily 0.8 age, sex

Japan Daily 1.0

Trichopoulos et al. Men and women 1 (1ow) 1.0 Nonsignificant afer ad just- 

(1985) (110, 100) 2 (1.7) ment for age, sex, year of
Gree 3 (1.8) schooling; p values bas on

4 (2.7) chi-squared test for linear
5 (high) (3.2) trend; coffee and tea

La Vechia et al. Men and women 0-1 1.0 Nonsignificant; adjusted for
(1989c) (397, 1944) 2 0.9 age, martal status, educa-

Italy ~3 1.3 tion, soial clas, smoking,

alcohol consumption; 95%
CI cou Id not be calculated;
p values bas on chi-
squared test for linear trend

Upper digestive tract: Martinez (1969) studied 40 cases of cancer of the
oesophagus (179 cases; 120 male, 59 female), mouth (153 cases; 115 male, 38 female)
and pharynx (68 cases; 55 male, 13 female), comprising all histologically confirmed
cases reported to the Puerto Rico cancer registry in 196. For each case, three age-
and sex-matched controls were selected: one non-cancer patient from the same
hospital and two community contraIs. The results were presented for cancer of the
mouth, pharynx and oesophagus taken together. For men, there was a significant
association between drinking hot coffee and cancer at these three sites; there was a
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similar, but nonsignificant trend for women. There was no association between
drinking coffee with milk and the occurrence of cancer.

de Jong et al. (1974) carried out a hospital-based case-control study of

oesophageal cancer among Singapore Chinese in 1970-72. For each case, four age-
and sex-matched control patients were selected: two non-cancer patients from the
same ward and two orthopaedic controls from a general hospital. Neither in the
unadjusted analysis nor after adjustment for dialect group was there an association
between coffee drinking and oesophageal cancer. Reported drinking of 'burning
hot' coffee, however, was associated with a five- ta six-fold higher crude risk of

cancer. (The Working Group noted that the control groups inc1uded a large number
of patients with digestive disorders.)

Yen et al. (1987) studied 67 patients with cancer of the extrahepatic bile ducts

(40 men, 27women) who had originally been recruited as contrais in a case-control
study of pancreatic cancer carried out in II large hospitals in Massachusetts and
Rhode Island, USA, in 1975-79. The cases were obtained from a group of 104
patients with histologically confirmed cancer of the extrahepatic bile ducts, 37 of
whom could not be interviewed. A control group was selected comprising 275
patients with other cancers not known ta be related ta tobacco or alcohol
consumption - mainly of the breast (65 patients) and colon (60 patients). The
analysis was stratified by age and sex. No association was found betweeen cancer
occurrence and coffee drinking. (The Working Group noted that the study was not
designed ta study extrahepatic bile duct cancer, and a large proportion of the
potential cases could not be interviewed.)

Victora et al. (1987), in a study described in detail in the monograph on mate,
compared 171 cases of oesophageal cancer in southern Brazil with 342 hospital
con troIs matched for age and sex. They found no effect of coffee drinking. (The
Working Group noted that data are not given.)

ln the study of La Vecchia et al. (1989c), described on p. 156, the association
between coffee drinking and oesophageal cancer was examined by comparing 209
histologically confirmed cases (162 male, 47 female) with 1944 controls. The data
were initially adjusted for age and sex, and later aIs a for a number of confounding
variables. Neither analysis showed anyassociation. These authors also studied 50
cases of cancer of the mouth and pharynx (43 male, seven female) and 151 cases of
liver cancer (115 male, 36 female). No association was found between coffee
drinking and cancer of the mouth or pharynx, either in the analysis adjusted for sex
and age or after adjustment for a number of confounding variables. ln the first type
of analysis, the RR for liver cancer for those drinking two cups per daywas 0.7, and
that for people drinking more th an three cups per day, 0.6. This trend was less
marked and no longer significant after adjustment for other confounding variables,
when the corresponding RRs were 0.8 and 0.8.
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Franco et al. (1989) carred out a case-cntrol study of cancer of the mouth in
three Brazlian cities. A total of 232 incident cases (201 male, 31 female) of

histologically confirmed cancer of the tongue, gum, floor of the mouth and other
parts of the oral cavity were recruited in three head-and-neck surgery servces. Two
hospital controls matched for age, sex, hospital and time of admission were selected
for each case. Patients with cancer or with mental disorders were not included as
controls. The crude analysis showed a clear trend of increasing risk with greater
frequency of coffee drinking (p = 0.01). Afer adjustment for tobacc and alcohol
consumption, however, this association was no longer significant. There was no
indication that the temperature at which coffee was drunk affected the risk. (The
Working Group noted that approximately one-third of the controls had digestive
conditions.)

Table 39. Summary of results of case-control studies on other digestive
cancers and coffee consumption

Reference, Subjects Coffee Relative rik Comments
loction and (ca, controls) consumption (95% CI)
site (cups/day)

Marinez (1%9) Men 0 1.0 Black coffee; p -: 0.01

Puerto Rico (290, 870) Cold or wa (1.3)
Oesphagu, Hot (2.7)
mouth andphar

0 1.0 With milk; non-
Cold or wa (0.8) significant
Hot (1.2)

Women 0 1.0 Black coffee; non-
(110, 330) Cold or wa (1.6) significant

Hot (3.4)

0 1.0 With milk; nonsignifi-
Cold or wa (1.0) cant
Hot (1.6)

de long et aI. Men Not daily 1.0 Nonsignificant
(1974) (95, 465) Daily 0.9
Singapore Buming hot 5.1 crude RR p -: 0.01 for both

Oesphagu 4.2 adjusted RR

Women Not daily 1.0 Nonsignificant
(36,20) Daily 1.4

Buming hot 6.6 crude RR p -: 0.01 for both;
4.1 adjusted RR RR crde and ad-

justed for dialect

group
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Table 39 (contd)

Reference, Subjects Coffee Relative risk Comments
loction and (cas, controls) consumption (9S% CI)
site (cups/day)

Yen et al. (1987) Men and 0 1.0 Adjusted for age, sex
USA women Any 0.8 (0.3-2.0)

Extrahepatic (67, 27S) 1-2 0.8 (0.3-2.0)
bile ducts 3-4 1.0 (0,4-2.8)

;:S 0,6 (0.2-1.9)

Victora et al. Men and No asiation
(1987) women
Brazl (171, 342)

Oesophagus

La Vechia et al. Nonsignificant;
(1989c) adjusted for age, sex,

Oesophagus Men and 0-1 1.0 marital status,
women 2 0.9 education, soial class,
(20, 1944) ;:3 1.0 smoking, alcohol con-

sumption; 9S% CI
Mouth and Men and 0-1 1.0 could not be calcu-phary women 2 0.9 lated; p values basd

(SO, 1944) ;:3 0.8 on chi-squared test
for IInear trend

Uver (lSl, 1944) 0-1 1.0

2 0.8

;:3 0.8

Franco et al. (1989) Men and 0-1 1.0 p = 0.01; crude
Brazl women 2-S 1.3 (0.8-1.9) matched analysis; p

Oral cavity (232, 46) ;:6 1.9 (1.2-3.2) value based on test
for linear trend

0-1 1.0 Nonsignificant; ad-
2-S 1.1 (0.7-1.8) justed for tobacc,
;:6 1.S (0.9-2.6) alcohol consumption

(vi) Cancers at other sites
These studies are summarized in Table 40 (p. 166).
Henderson et al. (1976) studied 156 (105 male, 51 female) patients with

nasopharygeal squamous-cell carcinoma from three cancer registries and 267
controls in California, USA. From the main registry included in the study, 41% of
the cases could not be interviewed. Controls were selected froID inpatient and
outpatient facilities and were matched to the cases for age, sex, race and
socioeconomic status. No association was found between coffee drinking and

nasopharyngeal carcinoma. (The Working Group noted that the description of the
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selection of cases and controls is confusing, as several different sources were used,
and that a high proportion of cases could not be interviewed.)

Mabuchi et aL. (1985b) studied 149 patients with histologically confirmed
carcinoma of the vulva from five metropolitan areas in the USA between 1972 and
1975. Cases were identified from more than 115 hospitals. One non-cancer patient
was matched to each case according to age, race, marital status and hospitaL.
Drinking one or more cups of coffee dailywas associated with a doubling ofthe RR
for cancer of the vulva, but this was not significant. The risk was significantly
higher, however, among women drinking three or more cups per day. There was no
dose-response relationship.

Mettlin (1989) reported a case-control study of 569 cases of histologically
diagnosed lung cancer and the same number of controls who had no diagnosis or
history of malignant or benign neoplasms, selected from patients seen at Roswell
Park Memorial Institute in Buffalo, NY, USA. After adjustment for sex, smoking
history, beta-carotene intake and education level relative to the risk in people who
had never drunk coffee (1.0), the risk in increasing categories of coffee consumption
was 1.0 (0.7-1.5) for less than one cup per day, 1.0 (0.7-1.4) for two ta three cups per
day and 1.3 (0.9- 1.8) for four or more cups per day. The study also presented data
regarding intake of decaffeinated coffee, and for the same categories of
consumption the RRs were 1.0, 0.7 (0.5-0.9), 0.5 (0.3-0.7) and 0.8 (0.5-1.3).

ln a case-control study of 208 cases of non-Hodgkin's lymphoma and 401
hospital controls in northeastern Italy, Franceschi et al. (1989) found a direct trend
in risk, of borderline statistical significance, for coffee drinking in a multivariate
analysis (RR for the upper tertile, 1.6). Only total methylxanthine-containing

beverage consumption was correlated in multivariate analysis, which seemed to
flatten out the relationship moderately.

Table 40. Summary of results of case-control studies on other cancers and
cofTee consumption

Reference, Subjects Coffee Relative Comments
loction

(cass, con troIs) consumption risk
and site (cups/day)

Hendersn et al. Men and women 0 1.0 Nonsignificant;
(1976) (156, 267) Any 1.1 adjusted for sex, race,
USA socioeconomic status,

Nasphary place of residence

Paffenbarger et al. Cas-cntrol analysis

(1978) of cohort study
USA described on p. 118

Hodgkn's diseas Men 0 1.0 Nonsignificant; .
(45, 180) Any 2,5 matched analysis



COFFEE 167

Table 40 (contd)

Reference, Subjects Coffee Relative Comments
loction (cas, contraIs) consumption risk
and site (cups/day) (95% CI)

Paffenbarger et al.
(1978) (contd)

Non-Hodgkin's Men 0 1.0 Nonsignificant
lymphoma (89, 356) Any 1.6

Malignant Men 0 1.0 Nonsignificant
melanoma (45, 180) Any 1.3

Lymphatic Men 0 1.0 Nonsignificant
leukaemia (27, 108) Any 2.7

Myeloid Men 0 1.0 p = 0.02
leukaemia (41, 164) Any 3.2

Other/unspecified Men 0 1.0 Nonsignificant
leukaemias (30, 120) Any 0,8

Mabuchi et al. Women .: 1 1.0 Unmatched analysis
(1985b) (149, 149) 1-2 1.5 Nonsignificant
USA 3-4 3.0 p ~ 0.05

Vulva :;5 2.4 p ~ 0.05

Franceschi et al. Men and women Law 1.0 Borderline
(1989) (20, 401) Intermediate 1.2 significance
Italy High 1.6

Non-Hodgkin's
lymphoma

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Coffee is a beverage that has been consumed in many parts of the world for
centuries. The two main types of cultivated coffee are arabica and robusta. Green
coffee is one of the major commodities of world trade and is exported mainly from
tropical countries. Ground roasted coffee is brewed in many different ways,
including decoction/boilng, infusion, filtration and percolation. Instant (soluble)
coffee and decaffeinated coffee are more recent developments. Instant coffee is the
dried pure water extract of ground roasted coffee and Is used directly to prepare the
beverage. Caffeine, the major pharmacologically active purine present in coffee,
can be effectively and selectively removed from green coffee beans ta give,
ultimately, decaffeinated coffee.
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Worldwide consumption of roasted coffee was estimated ta be 4.3 milion
tonnes per year in 1983-87. Per-caput consumption in Nordic countries is two or
three times higher th an that in Canada, the USA and other countries of Europe.
These regions have higher consumption levels than in the rest of the world.

Over 700 volatile compounds in many structural categories have been
identified in roasted coffee, as well as numerous nonvolatile components (e.g.,
polysaccharides, melanoidins, protein-like products, chlorogenic acids). Arabica
and robusta green coffees contain average caffeine levels of 1.2% and 2.2%,
respectively, on a dry weight basis. Depending on the brewing method and species
of coffee used, caffeine levels in the beverage are generally in the range of 70-150 mg
per cup. Many volatile aldehydes and ketones have been characterized in coffee,
inchiding glyoxal and methylglyoxaL. Occasional contamination of green coffe es
with mycotoxins has been reported.

4.2 Experimental carcinogenicity data

Coffee was tested for carcinogenicity in one study in mi ce and in two studies in
rats by oral administration. The mice received instant coffee in the diet for their
lifetime, including the gestation period; no increase in tumour incidence was
reported. Rats were given brewed coffee as the drinking fluid in one study; a slight
increase in the number of tumour-bearing animaIs was seen only among males in
the lowest dose group. ln another study, rats were given different samples of instant
coffee, decaffeinated coffee or decaffeinated coffee supplemented with caffeine; no
increase in tumour incidence was observed.

These three studies are suggestive of an absence of relationship between coffee
and cancer in experimental animaIs, but the incomplete reporting of the study in
mice precludes a definitive evaluation at present.

ln a number of studies, various known carcinogens were administered by
different routes either simultaneously or sequentially with coffee in water as the
drinking fluid or in the diet. Several of these studies, however, suffered from various
limitations and were not considered for the evaluation.

ln one of the adequate studies, coffee reduced the number of pancreatic
tumours per animal in azaserine-treated rats maintained on a high-fat diet; the
result may have been due in part ta impaired growth. No significant effect of coffee
was found on the number of pancreatic tumours per animal induced in hamsters by
N-nitrosobis(2-oxypropyl)amine. ln separate experiments, rats on two different
diets were treated intravenously or orally with a single dose of 7,12-di-
methylbenz(a)anthracene in combination with coffee. No difference in the number
of rats with mammary tumours was found as compared to animaIs receiving
7,12-dimethylbenz(a)anthracene only; a significant decrease in the number of
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mammary tumours per animal was observed after administration of coffee only in
rats treated intravenously and not in those treated orally with 7,12-dimethyl-

benz( al anthracene.

4.3 "uman carcinogenicity data

(a) Descriptive studies

The risk for cancer associated with coffee consumption has been investigated
in several descriptive geographical and temporal studies. There was no consistent
association between coffee intake, usually estimated indirectly from trade data, and
cancer risk, although significant results were occasionally reported in a number of
studies. Pancreatic cancer was correlated with coffee consumption in all of the
studies in which the relationship was examined. None of the ecologicalstudies
showed an association with risk for bladder cancer.

(h) Analytical studies

(i) AlI sites

A cohort study in which a case-control analysis was used showed a

nonsignificant reduction in risk for mortality from cancer at aIl sites with increased
coffee consumption. A second cohort study with longer follow-up reported a
nonsignificant increase in mortality after adjustment for age, smoking and other
confounders.

(ii) Bladder and urinary tract cancer

Two cohort studies reported findings on bladder cancer incidence. ln one,
there was a nonsignificant increase in risk; the second showed neither an increase
nor a decrease.

Of the 26 case-control studies considered that provided information on the
possible relationship between coffee drinking and the occurrence of urinary tract
cancers, predominantly of the bladder, in very different populations, 22 were used
to make the evaluation. ln 16 studies, a weak positive association was seen with

consumption of coffee as compared ta nonconsumption; in seven of these the
association was significant, with a dose-response relationship in three. No
association was seen in the six remaining studies. The association persiste d, but
was less clear, when reported nonsmokers were considered in seven of the 16
studies, suggesting that confounding by tobacco smoking is unlikely ta be the sole
explanation for this finding. The association was also found in men and women
separately, suggesting that occupational factors could not fully explain the finding.

Of the four available case-control studies, three indicated a slightly increased
risk for transitional-cell cancers of the renal pelvis and ureter, but none of the

kajo
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results was significant. Six case-cntrol studies and one cohort study do not
provide evidence of a consistent association between adenocarcInoma of the kidney
and coffee drinking.

Although drinking of decaffeinated coffee was addressed in six case-cntrol
studies, it was not possible to distinguish the effects from those of coffee containing
caffeine.

Taken as a whole, these data are consistent with a weak positive relationship
between coffee consumption and the ocurrence of bladder cancer, but the

possibility that this is due to bias or confounding cannot be excluded.

(ii) Breast cancer

None of the seven case-cntrol studies has suggested the existence of an
association between breast cancer risk and the consumption of coffee. AlI of the
studies gave relative risk estimates that were near unity. One study presented
results on instant coffee separately and also found no association; three studies
showed no association with decaffeinated coffee consumption. Confounding due to
recognized risk factors for breast cancer was controlled in most studies. There is no
reason to believe that measurement error or confounding was responsible for the
finding.

(iv) Cancer of the large bowel

Cohort studies that addressed the issue of coffee drinking and risk for cancer
of the colon or rectum were not particularly informative but have generally been
interpreted as showing no association.

Of the 12 informative case-cntrol studies, Il indicated inverse ('protective')
associations between coffee consumption and risk for colorectal cancer, which
reached significance in five. A significant dose-response relationship was seen in
one study. At present, it is not possible to exclude bias and confounding as the
source of the apparent inverse association, but the collective evidence is also
compatible with a 'protective' effect.

(v) Pancreatic cancer

Six cohort studies provide data on the relationship between coffee

consumption and pancreatic cancer. None reported a significant association with
increased consumption; any nonsignificant increase was reduced following
adjustment for smoking.

Twenty-one case-cntrol studies have reported on the relationship between
coffee consumption and pancreatic cancer. An early report showed a positive
relationship, with a significant dose-response, in women but not in men, which
persisted after removing those controls with digestive disorders. Another study
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reported a significant relationship with decaffeinated coffee but not with
consumption of all kinds of coffee. Nineteen subsequent reports have been less
positive overall. ln ten of these studies, a positive association was seen; in three of
these, the findings were significant, with a dose-response relationship in two
studies. No association was seen in seven studies, and a weakly negative association
was found in another. A nonsignificant increase in risk for the highest exposure
group has ben a more consistent finding, but this has generally becme weaker
afer adjustment for smoking and may be the result of residual confounding.
Potential biases associated with the comparabilty of case and control groups also
complicate interpretation, and methodological problems were noted in some
studies.

Taken as a whole, the data are suggestive of a weak relationship between high
levels of coffee consumption and the ocurrence of pancreatic cancer, but the
possibilty that this is due to bias or confounding is tenable.

The results with regard to decaffeinated coffee are less comprehensive but
have generally been negative.

(vi) Ovarin cancer

ln two case-cntrol studies of coffee drinking and risk for ovarian cancer, a
significant increase in risk was found, whereas in five others smalI, nonsignificant
increases were noted. An overall analysis of the data indicates a marginal,
significant increase in relative risk, but bias from unidentitìed sources or even
chance cannot be ruled out.

The few available studies do not suggest that drinking decaffeinated coffee
increases the risk for ovarian cancer.

(vii) Gastric cancer

The relationship between coffee drinking and gastric cancer was studied in five
case-cntrol investigations, none of which showed an association.

(viii) Cancers of the upper digestive tract

Six case-cntrol studies assessed the association between coffee drinking and

cancers of the oesophagus, mouth and pharynx. After ad justment for confounding
variables, the frequency of coffee drinkingwas not associated with risk for cancer in
any of these studies. Overall, no association was found between coffee drinking and
cancers of the upper digestive tract, except when populations who drink coffee at
very high temperatures were studied.
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(ix) Cancers ut other sites
ln one case-cntrol study, no association with the ocurrence of liver cancer

was found among coffee drinkers after adjustment for smoking and alcohol
consumption.

Two cohort studies and one case-cntrol study showed no association with
lung cancer.

A cohort study reported associations between coffee drinking and Hodgkin's
disease and lymphatic and myeloid leukaemia; no association was reported with the
ocurrence of non-Hodgkin's lymphoma, malignant melanoma, or other and

unspecified leukaemias. One case-cntrol study showed an increased incidence of

carcinoma of the vulva among coffee drinkers. A single cohort study showed an
association with cervcal cancer.

4.4 Other relevant data

(a) Toxic effects

The available evidence cannot be used to establish a significant, independent
relationship between coffee consumption and morbidity or mortality from coronary
heart disease. The question remains open, however, especially in view of the finding
that some methods of coffee preparation are associated with an elevation in plasma
levels of cholesterol and low-density lipoproteins.

(h) Effects on reproduction and prenatal toxicity

The teratogenic potential of coffee and caffeine-cntaining beverages was
investigated in two cohort and four case-control studies. Two studies (one cohort
and one case-control) found significant positive associations between the
consumption of caffeine-cntaining drinks and the risk for malformations. The
remaining four studies (one cohort and three case-control), which included the
three most informative reports, failed to find an association. Taken together, these
studies do not provide evidence of a teratogenic effect of coffee intake.

Eight studies, from Costa Rica, the Federal Republic of Germany, the UK and
the USA, reported an association between decreased birth weight and intake of
coffee and caffeine-containing beverages, which was statistically significant in the
crude analyses. After correction for confounding variables, including smoking,

four of the studies reported positive associations which were significant. Of two
other studies, one reported an increased risk among heavy consumers which,
however, was not significant, and the other reported a positive association of only
borderline significance. The two remaining studies did not show an association
after adjustment for confounding. Reporting of coffee consumption was usually
most complete for the first and second trimesters, while the greatest impact on birth



COFFEE 173

weight may be from consumption during the last trimes ter . OveralI, the data
provide an indication that maternaI coffee drinking reduces the birth weight of
offspring.

Of the three studies with adequate design and interpretation, only one showed
a clear dose-resPOnse relationship.

Information conceming prematurity was insufficient for conclusions to be
drawn about an effect of coffee consumption. One study provided evidence of a
relationship between late spontaneous abortions and moderate to heavy coffee
consumption.

No effect on reproduction was observed in rats given percolated or drip
(filtered) coffee as the drinking fluide Developmental delays were observed in the
offspring of coffee-treated rats, including decreased fetal and neonatal body
weights and delayed ossification. No teratogenic effect was observed.

No teratogenic effect or effect on reproduction was observed in rats given
instant coffee as the drinking fluid or as ciystals in the diet. ln the offspring of

treated rats, delayed development was observed, including decreased fetal and
neonatal boy weight and delayed ossification shortly before birth.

No teratogenic effect or effect on reproduction was observed in rats given
decaffeinated coffee (either brewed or instant) as the drinking fluid, although a
decrease in body weight of offspring was observed.

The reproductive effects seen in these studies ocurred only at levels of coffee
much higher th an those to which humans are exposed.

(c) Genetic and related effects
Otherwise healthy splenectomized coffee drinkers, some ofwhom occasionally

drank tea, had an increased frequency of micronuclei in both reticulocytes and
mature eryhrocytes.

The urine of coffee drinkers was not mutagenic to bacteria but induced
chromosomal aberrations in cultured mammalIan cells.

Brewed coffee induced chromosomal aberrations and sister chromatid
exchange in cultured human lymphocytes. Sis ter chromatid exchange was aIs a
induced in cultured mammalian cells. ln insects, negative results were obtained for
aneuploidy, chromosomal aberrations, dominant lethal effects and sex-lInked
recssive lethal mutation; brewed coffee gave wealdy positive results in assays for
somatic cell mutation and mitotic recmbination. ln bacteria, it was mutagenic,
particularly to strains with enhanced sensitivity to oxidative mutagens, and induced
DNA damage.

Instant coffee did not induce sis ter chromatid exchange or micronuclei in the
bone-marrow cells of rodents treated in vivo. It induced chromosomal aberrations
in cultured human lymphocytes and induced mutations and sister chromatid
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exchange in cultured mammalIan cells. ln insects, negative results were obtained
for aneuploidy, chromosomal aberrations, dominant lethal effects and sex-linked
recessive lethal mutations; instant coffee gave weakly positive results in assays for
somatic cell mutation and mitotic recombination. ln bacteria, instant coffee was
mutagenic, particularly to strains sensitive to oxidative mutagens, and induced
DNA damage; it was not mutagenic in host-mediated bacterial mutagenicity
assays.

Decaffeinated coffee induced chromosomal aberrations in cultured human
lymphocytes and sis ter chromatid exchange in cultured mammalian cells. It gave
negative results in assays for somatic cell mutation and mitotic recombination
assays in insects. ln bacteria, decaffeinated coffee was mutagenic, particularly In
strains with enhanced sensitivity to oxidative mutagens, and induced DNA damage.

Coffee reduced the genotoxic activity of several model mutagens both in vivo
and in vitro.

4.5 Evaluation!

There is limited evidence in humans that coffee drinking is carcinogenic in the
urinary bladder.

There is evidence suggesting lack of carcinogenicity of coffee drinking in the

human female breast and in the large boweL.
There is inadequate evidence in humans that coffee drinking is carcinogenic in

the pancreas, ovary and other body sites.
There is inadequate evidence in experimental animaIs for the carcinogenicity of

coffee.

Overall evaluation2,3

Coffee is possibly carcinogenic to the human urinaty bladder (Group 2E).

lFor description of the italicized tenus, see Preamble, pp. 27-31.
2There is sorne evidence of an invers relationship between coffee drinking and cancer of the large

bowel; coffee drinking could not be clasified as to its carcinogenicity to other organs.
3M.J. Araud dissiated himself from the overaU evaluation.
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Appendix 1

Chemical formulae of selected components of cofTee

1. Nonvolatile compounds

(a) Caffeine and other purines

R1 )0): 13, N
~ 3 1 7/)o N N

1

R2

R1 )0): 13'N N
~3 1 ;)=0o N N

1 1
R2 R4
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Ri = Ri = R3 = CH3:
Ri = H, Ri = R3 = CH3:
Ri = Ri = CH3, R3 = H:
Ri = R3 = CH3, Ri = H:

Caffeine, 1,3,7-trimethylxanthine
Theobromine, 3,7-dimethylxanthine
Theophyllne, 1,3-dimethylxanthine
Paraxanthine, 1,7-dimethylxanthine

Ri = Ri = R3 = R4 = CH3: Theacrine, 1,3,7,9-tetramethyluric acid

Ri = R4 = CH3, R3 = H: Liberine,0(2), 1,9-trimethyluric acid
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(b) Chlorogenic acid and related substances

R20

R30~CH_CH-CO+ R, HOa

OH OH
A (Ri = R3 = H): Caffeoyl B: Quinyl

Ri = B, Ri = R3 = H, R4 = A:
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Ri = OH, Ri = H, R3 = CH3:
Ri = OH, Ri = CH3, R3 = H:
R4 = H:

Chlorogenic acid
Caffeic acid

Ferulic acid

Isoferulic acid
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A chlorogenic acid (taken as S-caffeoylquinic acid) and component acids

(c) Glycosides
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(d) Lipids

APPENDIX 1
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if Acids
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2. Volatile compounds

(a) Carbonyl compounds
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(h) Alcohols

(,0y CH20HLJ
Furfryl alcohol

(c) Acids
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OH

Formic acid

(d) Esters, ethers and lactones
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(e) Nitrogen compounds
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(f Furan-based compounds
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(g) Phenols
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(h) Pyrones
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TEA

1. Production and Use

1.1 Introduction

The origin of tea is lost in ancient history, although legend dates it at about
2700 BC (Woodward, 1980). The first generally accepted reference to tea is found in
a Chinese dictionary from 350 AD which stated that the beverage was used as a
medicine for various ils (Schapira et al., 1975). Tea achieved popularity in the west
only during the late seventeenth and eighteenth centuries, although it was brought
ta Europe in 1559 (Wickremasinghe, 1978). The first public sale of tea in England
was held in 1657. The beverage's popularity grew, and its trade became an
economic mainstay. Today, tea is arguably the most popular beverage in the world
(Graham, 1984).

Black and green tea are the two main types, defined by their respective
manufacturing techniques. Green tea is consumed mostly in Japan, China, North
Africa and the Middle East; the remainder of the world uses black tea. Oolong tea,
found in sorne regions of China, is an intermediate variant between black and green
tea (Graham, 1983). Black and green te as lightly flavoured with other botanicals are
sometimes seen; these include jasmine tea, scented with jasmine blossoms, and Earl
Grey tea, flavoured with bergamot, a type of citrus fruit (Graham, 1984).

1.2 Production processes

A general description oftea manufacture and terms used is provided by Eden
(1976) and, more briefly, by Graham (1984) and by Milln (1987).

(a) Botany and culture

Tea was first cultivated in China and then in Japan. With the opening of ocean
routes ta the east by European traders during the fifteenth, sixteenth and
seventeenth centuries, commercial cultivation gradually expanded to Indonesia and
then to the Indian subcontinent, including Sri Lanka. Tea is now grown

-207-
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commercially in tropical and subtropical regions of Asia, Africa and South
America. Major exporting countries include Argentina, China, India, Kenya and
Sri Lanka (Forrest, 1985).

Ail varieties and cultivars of tea belong ta a single species, Camellia sinensis

(L.) O. Kuntze (Cloughley, 1983), formerly called Thea sinensis (Graham, 1984). The
plant is a tender evergreen that can grow to heights of 12-14 m (Forrest, 1985). The
bushes are usually kept about 1 m tall by pruning and periodic harvesting of new
growth, called flush. Flush is used for the manufacture of finished tea (Graham,
1984).

Throughout many of the world's tea growing regions, harvesting is done by
hand as it has been for centuries. Mechanical harvesting is practised ta sorne
extent; however, uniformity and, therefore, quality are considered ta be superior
with the precise selection ofleaf that is achievable only by hand selection (Graham,
1984; Forrest, 1985).

(h) Manufacture

Following harvest, fresh tea flush is subjected to a series of treatment steps that
result in the manufacture of either black, Oolong or green tea. Black tea results
from promoting enzymic oxidation of fresh leaves; the process was originally called
'fermentation' but does not involve microbial action; for the production of green tea
'fermentation' is prevented. The third type, Oolong, is produced by short
fermentation (Graham, 1984).

(i) Black tea

Withering: After transport ta the tea factory, freshly harvested leaves are

spread in layers on trays and belts for up ta 18 h in order to reduce the initial
moisture content to approximately 60% of the leaf weight (Graham, 1983). Warm or
ambient air may be circulated through the beds of tea leaves depending on local
c1imatic conditions. A uniform moisture distribution is dependent on the

uniformity of the flush and is important in maintaining the quality of the finished
tea. Chemical changes, inc1uding an increase in caffeine content, begin during this
step (Cloughley, 1983).

Rolling: The leaves are crushed .and macerated, partially destroying cell
structure, to allow enzymic oxidation of the flavanols in the presence of oxygen from
the atmosphere. Orthodox rollng involves use of traditional devices that impart a
characteristic curl to the leaf. Other types of maceration equipment are now
becoming popular, for example, crush, tear, curl (CTC) is gradually replacing
orthodox processing in some growing regions (Graham, 1983).

'Fermentation': During 'fermentation', tea undergoes significant
compositional changes leading to the characteristic colour and flavour of black tea
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(Sanderson, 1972). 'Fermentation' actually begins during rolling when endogenous
enzymes are freed ta comingle with other leaf components, primarily flavanols.
This enzymatically catalysed aerobic oxidation and subsequent reactions constitute
the 'fermentation' process. After rollng, the tea is spread in layers ta optimize

temperature, moi sture and air circulation. The time for which the macerated leaf is
allowed ta ferment varies according to temperature and other local conditions but
ranges from 45 min ta 3 h. During this step, the tea begins ta develop Its
characteristic aroma and copper-coloured appearance. Duration is judged
subjectively and the reaction is stopped by the next step in manufacture (Graham,
1983). Sorne caffeine is lost during 'fermentation' (Cloughley, 1983).

Firing: Passing the tea on trays through hot air driers halts the enzymIc

fermentation step. Moisture content is reduced ta 3% in about 20 min. During
firing, nonenzymic chemical changes, resulting in further flavour and aroma
development, continue. The tea takes on the black colour characteristic of black tea
(Graham, 1983). Small amounts of caffeine are lost through sublimation
(Cloughley, 1983).

Grading: The last step is to sort the black tea into appropriate grades. The
dried leaves are passed through a series of screens with varying mesh sizes to yield
tea corresponding ta particular grades su ch as Orange Pekoe, Pekoe, broken
Orange Pekoe, fannings and dust. Traditionally, bulk tea has been shipped in
aluminium foil-lined plywood chests (Milln, 1987) holding 45-60 kg, depending on
the tea's density (Graham, 1983). More recently, tea 'sacks', which are also
foil-lined, have begun to replace the chests.

Specifcation: The International Organization for Standardization (ISO)
(1981) has established a standard for black tea (ISO 3720- 1981), which includes the
following specifications:

"Definition: Tea derived solely and exclusively, and produced by acceptable
processes, notably 'fermentation' and drying, from the leaves, buds and tender
stems of varieties of the species Camellia sinensis (Linnaeus) O. Kuntze known to be
suitable for making tea for consumption as a beverage.

"General requirements: The tea shall be clean and reasonably free from

extraneous matter.
"Chemical requirements: (1) The tea shall comply with the requirements

specified in Table 1, in which ail the figures given are calculated on the basis of the
material oven-dried to constant mass at 103 :l 20 C.
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"Table 1. Chemical requirements for black tea

Characteristic Test methodRequirement

Water extract, % (w/w) minimum

Total ash, % (w/w)
maxmum
minimum

Water-soluble ash, as percentage of total ash,
minimum

Alkalinity of water-soluble ash (as KOH), % (w/w)
minimum
maxmum

Acid-insoluble ash, % (w/w) maxmum

Crude fibre, % (w/w) maxmum

32 iso 1574

8
4

iso 1575

45 iso 1576

1.0a

3.0

1.0

16.5

iso 1578

iso 1577

Annex

aWhen the alkalinity of water-soluble ash is expressed in tenus of miliequivalents per
100 g of ground sample, the limits are: minimum, 17.8; maxmum, 53.6.

"(2) No limit is specified for the 'moisture' content of the tea. If desired, the
actual loss in mass at 1030 C of the sam pIe under test may be determined and the
result recorded in the test report. The determination shall be carried out by the
method described in ISO 1573."

(ii) Green tea

Green tea is made from the same species as black tea, although the varieties
used are suited to the specific climatic conditions prevailng in the growing region
and loca~ taste preferences. Green tea is not allowed to ferment. Harvesting is
similar to that for black tea, but the fresh leaves are quickly subjected to heat in
order to inactivate enzymes, thus preventing any oxidative fermentation from
occurring. This is accomplished by either steaming the fresh leaves (J apanese type)
or roasting in pans with dry heat (Chinese type) (Yamanishi, 1986). Prior to final
drying, the leaves are pressed and rolIed, which develops their characteristic shape
and sizes. Mter drying, the leaf fragments are sorted into various grades.
International standards have not been finalized for green tea (Graham, 1984).

(iii) Oolong tea

Oolong teas are only partially oxidized and retain a considerable amount of the
original polyphenolic materiaL. Manufacture is usually a cottage industry; the teas
are prepared by a series of withering, gentle rollng and drying steps, which vary
greatly froID facility to facilty. Sun drying is often utilzed as the first step. The
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appearance of the leaf is considered an important aspect of quality, and a
significant amount of hand labour is often utilized. The colour of Oolong tea is
intermediate between that of green and black tea (Graham, 1984).

(iv) Instant tea

Instant tea is used almost entirely ta prepare iced tea. It is manufactured bya
fairly exhaustive extraction of black tea with hot water. After separation of leaf
matter from the extract, the latter is usually stripped of volatile substances (aroma)
and concentrated. Drying of such a concentrate without further processing would
result in a product incompletely soluble in cold water, so the extract is precooled ta
precipitate cold water-insoluble fractions, known as 'cream'. These may be
processed to improve solubilty and then added ta the main extract. The preserved
aroma fraction is added back ta the total extract concentrate before spray or freeze
drying (Graham, 1984).

ln the USA approximately 15% oftea is used in the instant forma Production in
1981 was about 600 tonnes; Kenya, India and Sri Lanka together manufactured
about 100 tonnes, much of which was exported ta the USA (Graham, 1984).

(v) Decaffeinated tea

The most prevalent process for decaffeinating tea is extraction using
supercritical carbon dioxide as the solvent. Conditions of temperature and
pressure are chosen ta favour the selective extraction of caffeine. Carbon dioxide is
removed by allowing it to vapourize (Graham, 1984).

1.3 Preparation of tea beverage

(a) Traditional

Tea beverage is prepared by steeping tea leaves in water at 90- 100 0 C in teapots
or cups. Additional hot water may be added to residual leaf In teapots ta produce
more but often weaker beverage. ln J apan, different varieties of green tea are
steeped in water at the temperature considered appropriate for the tea used.

(b) Tea bags

Tea is confined in porous bags chosen ta retain solids but allow free diffusion of
water and beverage without imparting taste to the tea. ln the USA, tea bags now
account for well over 95% of home use. Their use is increasing throughout the
world.

(c) Brick tea

ln China, Outer Mongolia and the USSR, tea is sometimes compressed into
bricks, pieces of which are used ta prepare the infusion (Graham, 1984).
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(d) lced tea

This beverage may be prepared by cooling traditionally brewed tea, but it is
sometimes prepared by the prolonged (8-24 h) steeping of tea at room temperature
or in chiled water. Cold water-soluble instant teas, which may be sweetened and
flavoured, are also used. Instant tea products are usually used at levels of 0.6- 1.0 g of
tea solids per 100 ml water. Iced tea beverage is also available in canned forme

(e) Tea-grel

Tea leaves packed in a cotton pouch are boiled in water in an iron pan for
several minutes. Washed or unwashed rice is then added and the mixture is
reboiled. The product is usually eaten burning hot (Anon., 1974).

1.4 Production, trade and consumption

(a) Production

World production of manufactured tea in 1988 was nearly 2.5 milion tonnes

(Table 2). Four of the top five producing areas are in Asia. Green tea comprises
about 21% of the total (International Tea Committee, 1989).

Table 2. World tea production in 1983-88 (in thousand tonnes)a

Continent or country 1983 1984 1985 1986 1987 1988

Asia (including Oceania) 1630.3 1748,0 1820.3 1817.0 1921.6 2026.5

Africa 224.9 236.1 271.8 26.3 263.9 282.3

US SR 145.6 151.1 152.1 146.6 120.0 120.0

South America 53.1 57.6 44.6 55.9 50.0 50.0

Total 2054.0 2192.8 228.8 2279.8 2355.5 2478.8

tlrom International Tea Committee (1989)

Eight countries account for 86% of world production (Table 3); six of these
eight account for 95% of green tea production. Virtually aIl tea produced in J apan
and about 60% of that produced in China is green tea. India is the largest tea
producer, nearly all of which is black tea.
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Table 3. Tea production by country in 1988

(in thousand tonnes)4

Country AlI tea

India 701.1
China 545.4
Sri Lanka 22.2
Kenya 164.0
Turkey 153.2
Indonesia 135.6
USSR 120.0
Japan 89.8
Other 341.6

Green tea

8.0
338.5

1.2

30.0
24.0
89.8
28.1

tlrom International Tea Committee (1989)

(h) Exprts

About 40% of total tea production is exported, and five countries account for
over 80% of the se exports (Table 4). Of the eight most important producing
countries, China is the only significant exporter of green tea. ln J apan, Turkey and
the USSR, nearly all the production is consumed within the country.

Table 4. Tea exports by country in 1988 (iD

thousand tonnes)4

Country AlI tea Green tea

India
Sri Lanka
China
Kenya
Indonesia
Other

221.5
219.7
198.3
138.2

927
183.1

2.0
1.3

78.6

0.1
12.5

a From International Tea Committee (1989)

(c) lmports

Total tea imports (adjusted for re-export) in 1988 were approximately 1030
thousand tonnes. The 15 leading importing countries in 1988 accounted for 80% of
all imports. Imports over the last six years from these countries are shown in Table
5.
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Table 5. Tea imports for consumption by country in 1983-88 (in thousand
tonnes)a

Country 1983 1984 1985 1986 1987 1988

UK 155.2 184.2 155.4 171.1 142.6 162.7

USSR 55.8 70.0 95.8 109.9 134.8 140.0

Pakistan 86.7 85.7 89.1 84.8 90.1 85.5

USA 77.1 88.2 79.1 89.5 77.3 90.1

Egyt 65.5 75.0 76.2 72.9 64.9 76.4

Iran 27.4 29.1 32.6 25.5 28.4 40.3

Iraq 37.8 45.5 34.6 44.7 41.8 57.7

Poland 25.9 25.5 34.7 29.9 32.1 33.6

J apan 12.0 15.6 22.9 26.3 26.3 27.3

Moroc 16.6 22.6 22.3 20.4 23.4 30.0

Saudi Arabia 18.0 20.5 20.6 17.6 19.0 19.0

Australia 21.8 20.6 20.7 20.6 18.2 19.4

Germany, Federal Republic of 14.1 17.1 15.5 15.5 15.2 13.6

Canada 17.5 18.4 15.7 17.5 14.2 14.1

Sudan 12.9 10.7 14.0 11.1 13.0 13.0

aFrom International Tea Committee (1989)

(d) Consumption

Consumption data based on import, export and production statistics provide a
sound estimate for economic purposes; however, determination of actual human
consumption or ingestion must take into account the methods of beverage

preparation and varying levels of extraction of tea leaves into finished beverages. ln
addition to the nature of the manufactured leaf, brewing variables, such as leaf to
water ratio, temperature and time, all affect the amount of solid extracted.

The estimates of the International Tea Committee of actual consumption take
into account imports, exports and, when possible, locally grown tea. Tables 6 and 7
show total and per-caput consumption, respectively.
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Table 6. Total average tea consumption by country (iD thousand tonnes)a

Country Consumption Country or region Consumption

1984-86 1985-87 1984-86 1985-87

India 415.10 430.00 Ireland 10.77 10.95
China ,. 350.00 (1988) Netherlands 9.34 9.51
USSR 236.35 NA Hong Kong 9.22 9.14
UK 166.97 160.03 France 9.21 9.45
Turkey 130.81 139.42 New Zealand 5.76 5.61
J apan 113.49 120.28 Algeria 5.18 4.90
Pakistan 86.56 88.02 Kuwait 4.37 4.16
USA 85.61 81. 97 Jordan 3.92 4.07Egyt 74.70 73.03 Tanzania, United 4.39 4.80
Iran 50.20 NA Republie of
Iraq 43.20 41.40 Italy 3.43 3.55
Pol and 30.06 32.25 Sweden 2.98 2.99
Sri Lanka 22.70 23.00 Gennan Democratie 2.72 2.60Moroc 21.75 22.03 Republie
South Afea 20.96 20.23 Denmark 2.36 2.30
Australia 20.64 19.87 Czeehoslovakia 2.25 2.20
Saudi Arabia 19.54 19.05 Switzerland 1.89 1.80
Canada 17.22 15.79 Belgium/Luxembourg 1.36 1.34
Kenya 16.36 17.35 Austria 1.23 1.15
Gennany, Federal 16.03 15.40 Qatar 1.16 0.99

Republie of Noiway 0.87 0.93
Syra 14.72 13.83 Finland 0.85 0.94
Tunisia 13.10 13.56 Bahrain 0.64 0.62
Sudan 11.89 12.68 Thailand 0.55 0.54
Afghanistan 11.33 NA Greece 0.30 NA
Chile 11.01 11.43 Portugal 0.22 NA

Spain 0.71 NA
aFrom International Tea Committee (1989)

NA, not available
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Table 7. Average tea consumption per caputa

Country or region Amount (kg) Country or region Amount (kg)

1984-86 1985-87 1984-86 1985-87

Qatar 3.74 3.21 Afghanistan 0.63 NA

Ireland 3.03 3.09 South Afca 0.56 0.53

United Kingdon 2.94 2.81 Sudan 0.55 0.56

Iraq 2.72 2.51 India 0.55 0.55

Turkey 2.65 2.72 Denmark 0.46 0.45

Kuwat 2.55 2.23 Sweden 0.36 0.35

Tunisia 1.81 1.82 USA 0.36 0.34

New Zealand 1.77 1.71 China '" 0.35 (1988)

Hong Kong 1.69 1.63 Switzerland 0.29 0.27

Saudi Arabia 1.69 1.40 Germany, Federal 0.26 0.25

Egyt 1.54 1.44 Republie of

Bahrain 1.52 1.45 Algeria 0.24 0.22

Sri Lanka 1.43 1.41 Norwy 0.21 0.22

Syra 1.43 1.26 Tanzania, United 0.20 0.21

Australia 1.31 1.22 Republie of

Jordan 1.12 1.12 Finland 0.17 0.19

Iran 1.05 NA France 0.17 0.17

Moroc 0.99 0.97 German Democratie 0.16 0.16

Japan 0.94 0.99 Republie

Chile 0.91 0.93 Austria 0.16 0.15

Paktan 0.90 0.86 Czeehoslovaka 0.14 0.14

USSR 0.85 NA Belgium/Luembourg 0.13 0.13

Pol and 0.81 0.86 Italy 0.06 0.06

Kenya 0.80 0.76 Portgal 0.02 NA

Canada 0.68 0.62 Spain 0.02 NA

Netherlands 0.65 0.65 Thailand 0.01 0.01

aFrom International Tea Committee (1989)

NA, not available
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2. ehemical Composition

2.1 Compounds present in black tea and its beverage

The precise composition of black tea is markedly influenced by the nature of
the green shoots used and by procedures in their subsequent processing which take
place in the producing countries. Differences in chemical composition are reflected
in the various flavour grades and origins offered on the market, which are froID
mixed seedling populations with characteristics intermediate between two extreme
genotypes, Camellia sinensis var. assamica (larger leaves) and C. sInensis var.
sinensis (small leaves) (Milin, 1987).

The flavour aspects of black and green tea have been described (Milin, 1987),

and a review of tea volatiles is available (Bokuchava & Skobeleva, 1986). A listing of
the volatile compounds identified in black, Oolong and green tea has been provided
by Maarse and Visscher (1986); 404 volatile compounds are listed for black tea, 48 in
Oolong tea and 230 in green tea. Groups and subgroups of volatile compounds in
black tea leaves are shawn in Tables 8 and 9. Table 10 gives a broad tabulation of the

components of fresh leaf (Milin, 1987); the structures of some of the components
are given in Figure 1. Table II gives the composition of black tea beverage.

Table 8. Classification of volatile compounds iD black tea leafa

Group/subgroup Numbers of compounds

Total Aliphatic Benzenoid Alicyclic

Hydrocbons 22
Saturated 1 11 0
Unsaturated 4 1 5

Alcohols 39
Saturated 12 3 0
Unsaturated 19 0 5

Aldehydes 54
Saturated 11 4 0
Unsaturated 30 4 3
Hydroxy- 0 1 0
Methoxy- 0 1 0
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Table 8 (contd)

Group/subgroup Numbers of compounds

Total Aliphatic Benzenoid Alicyclic

Ketones 48

Mono-
Saturated 10 9 1

Unsaturated 11 0 12

Hydroxy- 1 0 1

Di-
Saturated 2 0 0

Unsaturated 0 0 1

Hydroxy- 0 0 0

Acids 72

Saturated 38 2 0

Unsaturated 28 0 0

Hydroxy- 2 1 0

Oxo- 1 0 0

Esters 52

Saturated 16 12 2

Unsaturated 19 1 2

Acetal 1 1 0

Nitrogen-cntaining 19

Nitriles 4 1 0

Amides 2 0 0

Amines
Prmary 5 2 0

Secondary 0 3 0

Aza-, Diaza- 2 0 0

Sulfur -cntaining 5

Thiols 3 0 0

Thioether 1 0 0

Other 1 0 0

Phenols 11

Monohydroxy- 8

Alkoxy- (ethers) 3

Totals 323 224 67 32

a From Maarse & Visscher (1986)

0, none found
-, not applicable
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Table 9. Classification of heterocyclic (oxygen-, nitrogen- and sulfur-containing) volatile compounds in dry black
teaa-
Group/ Epoxides Purans Pyrans Lactones Pyrroles Benzo- Pyrazines Pyridines Benzo- Thiophene Thiazoles Benzo- Totalsubgroup pyrrole pyridines xazoles

(indole) (quinolines)

Simple - 1 - - - 1 - 1 - 1 - 1
Hydrogenated - 3 2 1

Alkyl- 6 4 - 13 - - 11 11 7 - 5 -
~Alkoxy- - 1 - - - - - 1 - - - - ~Aldehydes - 2

Alcohols - 1

Acyl- - - - - 3 - - 1

i, Arl- - - - - - - - 2 - - 2
Totals 6 12 2 14 3 1 11 16 7 1 7 1 81

aProm Maarse & Visscher (1986)

-, not reported

N,.\0
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Table 10. Composition of fresh tea leaf, var. assamicaa

Substance % dry weight

Flavanols
Epi-gallocatechin gallate
Epi-ctechin gallate
Epi-galloctechin
Epi-ctechin
Others

Flavonols and flavonol glycoides
Flavanediols
Polyphenolic acids and depsides
Other polyphenols

Cafeine
Theobromine
Theophyllne
Amino acids
Organic acids
Monosaccharides
Polysaccharides
Protein
Cellulose
Lignin
Lipids
Chlorophyll and other pigments

Ash
Volatiles

25

9-13
3-6
3-6
1-3

1-2

3-4
2-3

5

3

3-4
0.2
0.04
4
0.5
4
13-14
15

7

6

3

0.5

5

0.01-0.02

a Adapted from Sanderson (1972), Graham (1984) and Milln (1987)

Black tea beverage differs in composition from fresh leaf in that most of the
flavanols and sorne of the other phenolic materials are converted to the oxidized
forms known as theaflavins and thearubigins. The total flavanol level is reduced to
10%, and theaflavins may be present at a level of 1-3% and thearubigins at a level of
10-40% (Graham, 1984; Ulla.h et al., 1984). Changes in pigmentation and aroma also
take place. AlI other components are virtually unchanged (Milln, 1987).
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Fig. 1. Structures of sorne important tea components (From Milln, 1987)
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Table 11. Composition of a black tea beveragea

Substance % dry weight

Epi-galloctechin gallate
Epi-galloctechin
Epi-atechin gallate
Epi-atechin
Flavonol glycoides
Bisflavanols
Theaflavins
Theaflavic acid

Thearbigins
Cafeine
Theobromine
Theophyllne
Gallc acid

Chlorogenic acid
Oxalic acid
Malonie acid
Succinie aeid

Malie acid
Acnitic aeid

Citrie acid
Lipids
Monosacchardes
Peetin
Polysacchardes
Peptides
Theanine
Other amino aeids
Potasium
Other mineraIs

Volatiles

4.6
1.1

3.9
1.2

trace
trace
2.6
trace
35.9
7.6
0.7
0.3
1.2

0.2
1.5

0.02
0.1
0.3
0.01
0.8
4.8
6.9
0.2
4.2
6.0
3.6
3.0
4.8
4.7
0.01

a Adapte from Graham (1984)

The quantitative data given below generally refer to the content in dry black
tea. ln order to provide representative values for the content in hot beverage

prepared by steeping loose tea (or in tea bags), it is convenient and realistic to
assume usage of 13.5 g black tea per litre of hot water, providing six 150-ml cups of
consumable brew (or 6.67 cups in all). Thus, 20 cups are available from 450 g black
tea, giving 2.25 g black tea per cup. Spiler (1984) assumed an average of 2.27 g per
teabag in a cup for US usage.
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At a yield of 23-28% w/w soluble solids in black tea from, say, a 3-5 min brew or
first withdrawal, 2.25 g per cup would provide 0.3% w/w soluble solids per cup.

(a) Nonvolatile eompounds

Considerable information is given by Yamanishi (1986) on the changes in
composition ofboth nonvolatile and volatile components during storage under both
normal and accelerated conditions.

(i) Caffeine and other purines

Because brewing techniques vary widely according to cultural customs around
the world (Woodward, 1980), estimation of caffeine intake from tea is subject ta
considerable variation (Stavric et al., 1988). There is little pub 

Ii shed information on
extraction efficiency un der household conditions, but examination of the caffeine
contents of brewed tea (Bunker & Mc Wiliams, 1979) allowed the Working Group ta
ca1culate an extraction efficiency of total solids in the range of 20-30%.

Caffeine has been reported ta be present in dry black tea at 3-4% (Milin, 1987),
depending upon the type of leaf used (e.g., there is more in fresh shoots). More
detailed information is available from Cloughley (1983). ln five samples of
commercial blended black tea available in the UK, Kazi (1985) found caffeine
contents ranging from 2.7-3.2% by a high-performance liquid chromatography
procedure.

Table 12 provides estimates of probable caffeine contents per cup of brewed
tea, together with directly obtained data. Bunker and Mc Wiliams (1979) provided
data on the caffeine content of black tea brews after various brewing times (Table
13). Caffeine tends to form complexes with oxidized polyphenols in black tea

(especially theaflavins and thearubigins); when the latter possess gallate ester
groupings, such complexes are poorly soluble in cold water.

Kazi (1985) found theobromine at 0.09-0.28% and theophyllne at 0.02-0.06%

in dry black tea, which were ca1culated by the Working Group to correspond ta
2.6-8.4 mg and 0.5-1.8 mg per cup.

(ii) Flavanols and their gallie add esters

Four flavanols and their gallc acid esters occur in large amounts among the
polyphenols present in tea shoots (34% on a dry basis), I.e., epi-gallocatechin and
epi-catechin and their corresponding gallates. NormalIy, only 5-10% of these
flavanols survive the processing of black tea, e.g., 1-3% in dry black tea and 3-8% in
its total soluble solids (Milin, 1987). Minimal amounts of other flavanols have been
reported (Milin, 1987; Hashimoto et aL., 1989). Flavandiols, which are originally
present in small quantities, disappear totally on processing (Milln, 1987).
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Table 12. Caffeine content of black tea brews

Reference

Kaz (1985)

Barone & Robert (1984)

US Foo and Drug Administration
(1984)

~stimates basd upon average caffeine content in dry black tea of 3.0% (Kazi, 1985) and
range given for 85-100% extraction efficiencies on addition of 150 ml boiling water; 2.25
g tea per cup

NS, not specified; -, not reported

Table 13. Mean caffeine content by brand and brewing time
of black and Oolong teasa

Typ of tea Weight of Caffeine content (mgll40 ml; mean :l
tea leaf (g) SD) with brewing time of:

1 min 3 min 5 min

Bagged

Black

Brand A NS 33:l0.4 46:l7.0 50:15.0

Brand B NS 29:l0.2 44:l6.0 48:14.8

Brand C NS 21:l1.0 35:l1.8 39:12.4

Oolong NS 13:l2.9 30:l 1. 7 40:1 1. 6

Leaf
Black, Brand A 3 31:l1.1 38:l1.9 40:16.7

Black, Brand E 1.7 19:12.7 25:l1.7 28:13.3

Oolong 2 17:l0.3 20:10.6 24:10.2

aFrom Bunker & McWi1iams (1979)

NS, not stated; bag use as purchasd, one bag per cup of beverage
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(iii) Flavonols and their glycosides

Three flavonols are present: kaempferol (see IAC, 1983 a), quercetin (see
IAC, 1983b) and myricetin, predominantly as their 3-glycosides. A portion
survives the processing stages unchanged and is present in the final product (Milin,
1987).

(iv) Phenolic acids and depsides

A depside is an ester formed by the condensation of two naturally occurring
hydroxy acids. Gallc acid is the most important phenolic acid, while theogallin
(3-galIoylquinic acid) is the major depside, up to 4% occurring in dry black tea, and
is substantially water soluble. The depsides are often referred to as hydrolysable
tannins and are the gallo-equivalent of chlorogenic acid in coffee. They are virtually
unchanged by processing (Milin, 1987).

(v) Theajlavins and their gaUates

These are of major significance in determining the quality and flavour of tea.
They are formed in black tea by oxidation of qui nones derived from the
epicatechins. They are present to the extent of 1-2% in dry black tea and are
substantially water extractable (Milin, 1987).

(vi) Bisjlavanols

Bisflavanols result from the condensation of orlho-quinones, derived from the
gallocatechins. They are present at low levels (2-4%) in black tea and are largely
water extractable (Milin, 1987).

(vii) Thearubigins

Thearubigin is a collective name for the largely unidentified, highly coloured
flavanol oxidation products. They are highly heterogeneous in molecular weight
and molecular structure and comprise a significant proportion of non-dialysable
materiaL. They are often structurally linked to small quantities of peptides or
proteins. Their quantity in dry black tea has been given as 10-20% (Ullah et al.,
1984), and they are substantially water extractable.

(viii) Amino acids and peptides

These compounds are present to a significant extent in black tea (5% on a dry
basis); among the amino acids, theanine (y-N-ethylglutamine) is a major
component (Millin, 1987).

(ix) Other organic acids

These comprise only a small proportion of black tea (0.5%) and are water
extractable (see Table 10).
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(x) Trace elements

MineraIs including fluoride and potassium are present in black and green teas.
The tea plant is known to accumulate aluminium and manganese (Graham, 1984).

(xi) Other nonvolatile compounds
The remaining cömpounds consist of partially soluble proteins, poly-

saccharides, lignins and sugars (monosaccharides).

(b) Volatile substances

van Straten et aL. (1983) compiled quantitative data on 56 volatile substances in
black tea; 40 such compounds were listed by Maarse and Visscher (1986). Volatile
essences (obtained by steam distilation) were reported ta account for only 0.02% by
weight of black tea, Le., 20 mg/kg (Sanderson, 1972). It is notable that different
groups of workers emphasize different groups of substances as being important to
the flavour of tea.

(i) Carbonyls

van Straten et al. (1983) listed quantatitive data for nine aliphatic and two
aromatic aldehydes. The quantities reported are generally very small, except that
for trans-2-hexenal (1.6-25 mg/kg) derived from lipids in the mature leaf; this

compound is generally recognized as being undesirable with regard to flavour.
van Straten et al. (1983) listed only one ketone and one diketone, both aliphatic,

present in very small quantities (0.00-0.2 mg/kg), ß-Ionone, a mixed alicyclic-
aliphatic ketone, is regarded as important for flavour and has been quantified by
Skobeleva et al. (1979) at 1.3-4.4 mg/kg (0.13-0.44 mg %) in a range of black teas.
2,3-Butanedione (diacetyl) is reported to be present (Wickremasinghe & Swain,
1965) at 0.01-0.2 mg/kg (corresponding to 0.02-0.45 J-g per cup (2.25 g/cup black
tea)). Small quantities (0.05 mg/l) of methylglyoxal were reported in black tea by
Nagao et al. (1986); 2.4 mg/kg (0.7 J-g peT serving) were reported in instant tea
(Hayashi & Shibamoto, 1985).

(H) Alcohols

Quantitative data are reported by van Straten et al. (1983) for 15 aliphatic
alcohols, including citronellol and geranioL. Higher quantities of linalool and its
oxides, citronelIol and geraniol are present in more 'flavourful' teas (e.g., from
India) than in lower grades (e.g., from Georgia) (Skobeleva et al., 1979). The listing
by von Straten et al. (1983) included three other alcohols: benzyl alcohol,

2-phenylethanol and a-terpineoL. Of the simpler aliphatic alcohols, 1-butanol is
reported to be present in the largest quantity (12-89 mg/kg); of the others, linalool is
reported at 1-29 mg/kg.

-"
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(iii) Volatile acids

Maarse and Visscher (1986) listed 72 volatile acids in black tea. van Straten et
al. (1983) gave quantitative data for only three of these: formic, acetic and butanoic
acids were reported at levels of 0.4, 5.3 and 1.0 mg/kg, respectively, in one sample.

(iv) Esters

Quantitative data on five aliphatic and three aromatic esters were listed by van
Straten et al. (1983). The largest reported amount is for hexyl benzoate, at 4-22
mg/kg; methyl salicylate is present at 4.8-4.9 mg/kg.

(v) Nitrogen compounds

Two amines have been reported to be present in substantial quantities:
ethylamine at 288 mg/kg and propylamine at 20-29 mg/kg (van Straten et aL., 1983).
Although a number of N, N/S and N/O-heterocyclic compounds have been reported

(see Table 9), none has been quantified. Yamanishi (1986) reported the occurrence
of benzyl cyanide and indole in black tea.

(vi) Furans

Two complex furans were listed by van Straten et al. (1983): one,
cis-5-(2-hydroxyisopropyl)-2-methyl-2-vinyltetrahydrofuran, was reported ta occur
at 4-20 mg/kg.

(vii) Sulfur compounds
Methylthiomethane was reported ta be present in black tea at 0.05-0.1 mg/kg

(van Straten et al., 1983)

(viii) Phenols

Eleven phenols were listed as present (Maarse & Visscher, 1986); only phenol
was quantified and found at 7-15 mg/kg (Skobeleva et al., 1979).

(ix) Epoxides

cis- and trans- Linalool oxides were reported ta be present in small amounts
(Saijo & Kuwabara, 1967). Yamanishi (1986) additionally identified pyranoid and
furanoid forms of these two substances. ln conjunction with linalool itself, theyare
regarded as being important for flavour.

(x) Hydrocarbons

Twenty-two hydrocarbons have been reported in black tea (Maarse &

Visscher, 1986). Ruschenburg (1985) reported quantities of polycyclic aromatic
hydrocarbons ranging from 0.5 ta 3.12 l1g/kg in II samples of black tea. Four other
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samples of black teas had levels ranging from 13.3 ta 18.7 l1g/kg; 51.5-64.6 l1g/kg
were found in five samples of smoked tea. ln a 5-min black tea brew, the quantities
were less than 0.01 l1g/L.

(xi) Hydrogen peroxide

The hydrogen peroxide content of tea brews was found ta increase with the
length of incubation and the concentration of tea: for example, a solution of 1 mg/ml
tea contained 11.8 nmol/ml (0.4 l1g1ml) hydrogen peroxide 1 min after it was

prepared; a solution of 0.5 mg/ml tea contained 270.4 nmol/ml (9.2 l1g/ml) hydrogen
peroxide after standing at 30°C for about 24 h (Ariza et al., 1988).

(xii) Summarized data

Table 14 gives estimates of the contents per cup of the groups of volatile
compounds considered above. The approximate calculated total is 570 mg/kg
(0.06%) in black te 

a, which is higher than the figure obtained for essence weight
(0.02%). (The Working Group suggested that the determined quantity of amines
had been overestimated.)

Table 14. Estimated content of various groups of volatile compounds in
brewed black tea

Group Number Number Total average amount (mg/cupY
identifieda quantifiedb

Carbonyls 102 13 0.115 (mainly tran-2-hexanol and hexanal)
Alcohols 39 18 0.31 (mainly I-butanol, linalool, 2-phenyl

ethanol)
Acids 72 3 0.013 (mainly acetic acid)
Ester 52 8 0.074 (mainly hexyl benzoate)
Amines 12 2 0.68 (substantially ethylamine)
Sulfur compounds 13 1 0.002
Phenols 11 1 0.015-0.034
Furans 12 3 0,05
Epoxides/actones 20 2 0.014
Hydrocbons 22 3 0.0001
Others 49
Total 40 54 1.3 (578 mglg)

aFrom Maar & Vissher (1986)
bFrom van Straten et al. (1983)

'Calculated by the Working Group asuming 100% extraction from 2.25 g of dry black tea

Table 15 provides quantitative data on the most abundant aroma compounds
in a high-quality black Darjeeling tea (Schreier & Mick, 1984).
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Table 15. Principal aroma components in a dry
Darjeeling teaO

Component Quantity (mglg)

Linalool oxides

Linalool
Geraniol and henzyl alcohol
Methyl salicylate
cis-3-Hexen-l-ol
2- Phenylethanol
tran-2-Hexenal
Hexanal
1-Penten-3-o1
tran-2-pen ten-1-ol
Phenylacetaldehyde
tran,trans-2,4- Heptadienal
trans-2- Hexen-1-o1

23

18

7.5
5.5
4.2
3.3
2.5
1.7

1.6

1.3

1.3

1.2

1.2

"From Schreier & Mick (1984)

(d) Additives and contaminants

Allowable levels of pesticide residues are given by the US Department of
Agriculture (1989). Most te as in international trade comply with these regulations.

Sorne black tea has traditionally been flavoured with various natural agents;
the most famous is the 'Earl Grey' blend, prepared by the addition of oil of
bergamot (main constituent, linalool) (Milin, 1987). Another popular additive is
jasmine flowers, added at the time of drying to bath black and green tea. Lapsang
Souchong teas are smoked during processing (Graham, 1984).

2.2 Compounds present in green tea and its beverage

The flavour of the green tea beverage is considered to depend upon a suitable
balance between the largely unoxidized polyphenols and amino acids, especially
theanine (Graham, 1984). The volatile fraction is derived from the original volatiles
present in the fresh leaf and pyrolysis products produced during firing. Like black
tea, the most important desirable flavour characteristics are associated with
higher-boiling terpenid and aromatic substances (Milin, 1987). A total of 230
volatile compounds has been identified in green tea (Maarse & Visscher, 1986).

The quantitative data presented below refer ta the content in dry green te a,
assuming that the quantity of green tea used per cup is similar to that for black tea,
Le., 2.25-3.0 g.
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(a) Nonvolatile compounds

(i) Caffeine

The caffeine content of green tea is similar to that of black tea (Table 16).

Table i 6. Mean cafTeine content by brand and brewing
time of green teaa

Typ of tea Weight of tea Caffeine content (mg/140 ml;
leaf (g) mean :1 Sn) with brewing time of:

1 min 3 min 5 min

Bagged
Brand A NS 19:11.0 33:12.7 36:12.7
Brand B NS 9:10.2 20:10.2 26:10.2

Leaf
Brand A 2.7 28:1 1.5 33:15.8 35:11.6
Brand C 1.2 15:10.1 20:1 1.8

Pan-fired 1.7 14:10.9 20:12.7 21:13.5

tlrom Bunker & McWiliams (1979)
NS, not stated; bag used as purchased, one bag per cup of beverage

(ii) Flavanols, flavonols and their glycosides

As no 'fermentation' is involved, there is very little polyphenol oxidation;
polyphenols amount to 38% ofthe total soluble solids of dry extract (Graham, 1984).

(ii) Phenolic acids and their depsides

Depsides are present in the green tea shoots and are largely unchanged by
processing (Milln, 1987).

(iv) Theaflavins and thearubigins

Green tea has little or none of these transformation products.

(v) Ascorbic acid

Ascorbic acid (vitamin C) is present in green tea at an average level of

2.0-2.5 glkg (Yamanishi, 1986).

(vi) Amino acids and peptides
Theanine (y-N-ethylglutamine) is the most important constituent of green tea,

constituting some 4.70% of the dry weight of extract. Other free amino acids are
present, in particular glutamic acid (0.50%), aspartic acid (0.50%) and arginine
(0.74%); others are present to a total of 0.74% (Graham, 1984).

-"
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(h) Volatile compounds

van Straten et al. (1983) listed data on 113 volatile compounds in green tea. The
total volatile compound content is reported to be one-third to one-quarter of that in
black tea, and quantitative data are available for a large number of compounds.

(i) Carhonyls

van Straten et al. (1983) reported quantitative data for three aliphatic
aldehydes, one aromatic aldehyde, ß-cyclocitral and safranaL. Only trans-2-hexenal
was reported to be present in a significant quantity, I.e., 10 mg/kg. These authors
also reported quantitative data for 13 complex ketones and diketones, aIl present in
very small quantity, except ß-ionone at 0.4-6.4 mg/kg. Traces of methylglyoxal have
been reported in green tea (Nagao et al., 1986).

(ii) Æcohols
van Straten et al. (1983) gave quantitative data for 26 a1cohols, including

geraniol, nerol and linalooL. The concentration of geraniol ranged from 0.2 to 13.8
mg/kg, and that of linalool from 0.4 to 50 mg/kg.

(iii) Acids

van Straten et aL. (1983) reported that six aliphatic acids up ta decanoic
occurred at low levels.

(iv) Esters

van Straten et al. (1983) reported data for II mainly aliphatic esters, including
methyl jasmonate (0.2 mg/kg).

(v) Nitrogen compounds

van Straten et al. (1983) reported ethylamine at 210-457 mg/kg and

diphenylamine at 1.5 mg/kg. They aIs a reported data on four pyrroles, two indoles
and three pyrazines, presumably arising from the 'fi ring' stage, but in small

quantities, except for indole at 1.2-9.7 mg/kg.

(vi) Furans

The same furans as in black tea are reported to be present in very small
quantities.

(vii) Others

van Straten et al. (1983) reported figures for five lactones, benzy1cyanide, three
phenols, 1,2,4-trichlorobenzene and three epoxides. They also reported figures for
20 hydrocarbons, of which 8-cadinene occurred in the largest amount (23.5 mg/kg).

kajo
Pencil



232 IARC MONOGRAHS VOLUME 51

(vii) Summarized data

Belitz and Grosch (1986) listed the percentages ofvolatile compounds, ranging
from linalool (19.9%) and 8-cadinene (9.4%) down to heptanol (0.1%). Table 17
gives estimates of the contents per cup of the groups of volatile compounds
considered above.

Table 17. Estimated content of various groups of volatile com-
pounds iD brewed green tea

Group Number Number Total average amount
identifieda quantifiedb (mg/cup y

Carbonyls 55 19 0.11
Alcohols 34 15 1.1

Acids 15 6 0.007
Esters 20 11 0.0018
Amines 3 2 0.9 (mainly ethylamine)
Pyroles and indoles 10 6 0.03
Pyraznes 23 3 0.0018
Phenols 14 3 0.0039
Furans 8 7 0.048
Lactones 5 5 0.00
Epoxides 6 3 0.018
Hydrocbons 30 20 0.15
Others 7 28 0.009

Total 230 128 2.4

tlrom Maar & Vissher (1986)
Trom van Straten et al. (1983)
CCalculated by the Working Group assuming 100% extraction from 3 g green tea

Kosuge et al. (1981) determined the aroma composition in high-quality
pan-fired green Japanese teas. One example is shown in Table 18.

Table 18. Volatile compounds in a Japanese
paD-fired green teaa

Compound %
Geraniol 17.9Iinalool oxides 16.1Iinalool 9.5Nerolidol 8.8ciS-Jasmone 7.5
2,6,6- Trimethyl-2-hydroxycyc1ohexane-1-one 7.0
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Table i 8 (contd)

Corn pound %

ß-Tonone
Benzyl alcohol
cis-3-Hexenyl hexanoate

5,6-Epoxy-ß-ionone
1-Penten-3-o1

a-Terpineol
cis-3-Hexen-1-o1
Acetylpyrole
2- Phenylethanol
cis-2-Penten-1-o1
Pentanol
2,5-Dirnethylpyrazine

5.5

4.7
3.5
2.7

2.7
2.2

2.0
1.8

1.3

1.1

0.7
0.6

aProrn Kosuge et al. (1981)

3. Biological Data Relevant to the Evaluation
of Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animaIs

(a) Subcutaneous administration

Rat: Groups of 15 male and 15 female NlHBlack rats, one to two months of
age, received weekly subcutaneous injections of 12 mg of the total aqueous extract
or 8 mg of the tannin fraction of Assam tea leaf alternately into each flank for 69-70
weeks (extract) or 45-77 weeks (fraction). A group of 15 male and 15 female contrais
received injections of saline. Whereas a high number of local tumours (malignant
fibrous histiocytomas) developed in the rats receiving the tannin fraction (10/15
males and 11/15 females), a nonsignificant number of local tumours developed iii
rats treated with the aqueous extract (1/15 males and 1/15 females). No local
tumour developed iii the contraIs (Kapadia et aL., 1976).

(b) Administration with known carcinogens

(i) Polycyclic aromatic hydrocarbons

Mouse: A group of 15 young Swiss mice (sex unspecified) received a single skiii
application in the neck region of a 1% solution of benzo(a )pyrene in acetone,
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followed by applications of black tea solution (1 g tea brewed for 5 min in 155 ml
boilng water) on alternate days for 55 paintings. A control group of 15 mIce
received benzo(a lpyrene alone. (The duration of the study was not stated). ln the

group treated with benzo(a lpyrene and te a, 6/15 mice developed epithelial-cell
carcinomas in the neck region. Other mice in this group developed various

preneoplastic lesions of the squamous epithelium. No skin les ion was observed in
the group treated with benzo(alpyrene alone (Kaiser, 1967). (The Working Group
noted the absence of an appropriate control group and the inadequate reporting of
histological findings.l

Two groups of 25 male and 25 female Charles River CD-l random-bred albino
mice, sixweeks old, were treated with a single application of 50 J.Ll of al % solution of
benzo(alpyrene (0.53-0.6 mg benzo(alpyrene) in acetone on the shaved
interscapular area. One group received no further treatment and served as
controls. The other group received 80 applications three times per week of an
infusion of black Chinese (Keemun) tea containing 1% tannin. Mice were observed
for 567-580 days, at which time all survivors were kiled. Survival was siffilar in
both groups. The incidence of hepatomas was 10% in the group receiving
benzo(a lpyrene alone and 6% in the group also given tea. Skin tumour occurrence
in the interscapular area was similar in both groups: the incidences of benign and
malignant (carcinomas) tumours in the group given benzo( a lpyrene were 15/50 and
2/50, respectively; those in animaIs also given tea were 15/50 and 3/50, respectively.
ln the group treated with benzo(alpyrene plus te a, skin tumours occurred
significantly earlier than in those given benzo(a lpyrene alone (Bogovksi et al., 1977).

Eight groups of 20 female Sencar mi ce, six weeks al d, were pretreated wi th
plant phenols (tannic acid or quercetin; 3000 nmol), green tea polyphenols (24

mglmouse) or acetone for seven days, after which they received a single topical
application of 20 nmol (::)-7ß,8a-dihydroxy-9a, 10a-epoxy-7,8,9, 10-tetrahydro-

benz(alpyrene as the initiating agent or acetone. Beginning seven days after

initiation, animaIs received applications of 3.24 nmol 12-0-tetradecanoylphorbol
13-acetate three times per week until termination of the experiffent at 18 weeks.

The formation of skin tumours (probably papilomas l ~ 1 mm in diameter and
persisting for two weeks or more was recorded weekly and included in the
cumulative total. Tannic acid and green tea phenols afforded significant protection
(p ~ 0.01) against the induction of skin tumours; quercetin gave only moderate
protection (Khan et al., 1988).

Four groups of 20 female BALB/c mice, six weeks of age, were painted on
shaved dorsal skin as follows: Group 1 received 0.2 ml acetone daily for seven days
then 0.2 ml acetone twice weekly for 16 weeks; Group 2 received acetone daily for
seven days and then 3-methylcholanthrene twice weekly for 16 weeks; Group 3
recived 1.2 mg green tea polyphenols in acetone daily for seven days and then
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3-methylcholanthrene in acetone 1 h following the green tea polyphenols twice

weekly for 16 weeks; Group 4 received green tea polyphenols daily for seven days
and then green tea polyphenols 1 h following acetone twice weekly for 16 weeks, at

which time the experiment was terminated. The number of skin tumours / 1 mm in
diameter and persisting for two weeks or more was 11.6 :1 0.5 in mice receiving
3-methylcholanthrene (Group 2) as compared with 5.8 :1 0.9 in those pretreated
with green tea polyphenols followed by 3-methylcholanthrene (Group 3). ln a

parallel experiment, protection by green tea polyphenols was obtained in female
Sencar mice pretreated by topical application or in the drinking-water against
initiation by 7,12-dimethylbenz(a)anthracene or promotion by 12-0-tetradecanoyl
phorbol 13-acetate; I.e., there was a longer latent period and 28.8:1 1.7 or 29.1:1 3.7
versus 51.3 :1 3.6 tumours per animaIs. Green tea polyphenols did not initiate skin
tumours. Furthermore, when administered topically or orally, they significantly
inhibited polycyclic aromatic hydrocarbon-DNA adduct formation in epidermis
after topical administration of 3H -7, 12-dimethylbenz( a )anthracene or 3H -benzo( a)-

pyrene (Wang et al., 1989a).

(ii) N-Nitroso compounds

Mouse: Thirty-one male C57BI/6 mi ce, eight weeks of age, received 100 mg/l
N-ethyl-N' -nitro-N-nitrosoguanidine in the drinking-water for four weeks; 15

animaIs subsequently received 0.005% epi-gallocatechin gallate (the main
polyphenolic constituent of green tea infusion) in the drinking-water for II weeks;
16 animaIs received tap-water only for II weeks. AIl mice were sacrificed in the 16th
week after the start of treatment with the nitrosamide. The incidences of duodenal
tumours were 3/15 (20%) in the group receiving epi-gallocatechin gallate and 10/16
(63%; p -: 0.001) in the group treated with the nitrosamide alone. Similar results
were obtained when the experiment was repeated (Fujita et al., 1989).

3.2 Other relevant data

(a) Experimental systems

(i) Absorption, distribution, metabolism and excretion

No data were available ta the Working Group.

(ii) Toxic effects

Green and black teas have been reported to decrease significantly the activity
of transketolase in whole blood of rats. The activity of liver transketolase was
decreased by green tea only. Neither type of tea had any effect on the activity of
intestinal transketolase. The activity of lactate dehydrogenase was not affected by
the teas, while bath green and black teas decreased the activity of lactate
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dehydrogenase in whole blood. Neither tea had an effect on intestinal alkaline
phosphatase, but thiamine diphosphatase activity was decreased by both te as (Ali
et al., 1989).

(ii) Effects on reproduction and prenatal toxicity

No data were available to the Working Group.

(iv) Genetic and related effects
The genetic and related effects of tea have been reviewed (Sugimura, 1982;

Sugimura & Sato, 1983; Nagao et al., 1986).
Tea has been studied in experimental genetic and related systems following

preparation by various methods (Nagao et al., 1979; Uyeta et al., 1981), including
adding water at various temperatures to tea leaves, followed by decanting or
filtering the solution. Variations included the use of different types of tea, water:leaf
ratios and steeping times. The tea beverage was evaporated and the residue
redissolved in a solve nt (e.g., dimethylsulfoxide) for testing. The doses are
expressed either as the original weight of tea leaves from which the extract was
obtained or as the original volume of the tea beverage (infusion). Tea preparations
were hydrolysed by various methods (e.g., acid, enzymes or bacteria), the
hydrolysates extracted with organic solvents, the solvents evaporated and the
residue redissolved in a solvent (e.g., dimethylsulfoxide) suitable for genetic assays.

. Several studies addressed the nature of the components of green and black tea
that are mutagenic to bacteria. Mutagenic activity suppressed by catalase may be
attributed in part to hydrogen peroxide (Ariza et al., 1988) and dicarbonyls present
in tea (Nagao et al., 1986). ln addition, tea has been shawn to contain precursors
(flavonoid glycosides) of mutagenic flavonols (e.g., kaempferol, quercetin and
myricetin) which are released when the tea is treated ta produce hydrolysates. ln
these studies, treatment of dried teas with acid, glycosidase enzymes (e.g.,

hesperidinase) or bacteria (e.g., human intestinal bacteria) increased their
mutagenic activity in Salmonella tyhimurium TA98 and TAI00, especially when an
exogenous metabolic activation system was added (Nagao et al., 1979; Uyeta et al.,
1981).

The results described in this section are listed at the end, in Table 19, withthe
evaluation of the Working Group, as positive, negative or inconclusive, as defined
in the footnotes. The results are tabulated separately for the presence and absence
of an exogenous metabolic system. The lowest effective dose (LED), in the case of
positive results, or the highest ineffective dose (HID), in the case of negative results,
are shown, together with the appropriate reference. The studies are summarized
briefly below.
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Black tea: Black te as were mutagenic to S. tyhimurium. Oolong, Lapsang
Souchong and jasmine te as inhibited DNA synthesis in cultured lymphocytes (Yang
et al., 1979).

Green tea: Green teas were mutagenic to S. tyhimurium. An antioxidant
fraction of green tea did not affect gap-junctional intercellular communication in
cultured mou se hepatocytes and human keratinocytes.

Japanese green tea was found to contain a considerable amount of

epi-gallocatechin gallate; this tannin effectively reduced the spontaneous mutation
rate in NIG 1125 Bacil/us subtilis carrying a mutation in DNA-polymerase III, but
failed to lower the frequency of chemically or ultra-violet radiation-induced reverse
mutations in S. tyhimurium or Escherichia coli (Kada et al., 1985).

Unspecifed teas: Tea (Horniman's brand, puchased in Córdoba, Spain
(unspecified as black or green, but probably black D was mutagenic to S.
tyhimurium TAI04 in the histidine reversion assay and to S. tyhimurium BA13 in
the arabinose-resistance forward mutation assay.

Tea in combination with other agents: Both green and black teas decreased the
mutagenic activity of N-methyl-N' -nitro-N-nitrosoguanidine in E. coli and S.

tyhimurium TA 
100, bath in vitro and in an in-vivo/in-vitro assay in which the

gastric contents of rats were sampled and tested i h after oral administration of the
nitrosamide either alone or with tea extracts (Jain et aL., 1989a).

Green tea and black tea decreased the mutagenic activity of nitrosation
products of methylurea and salted fish in S. typhimurium TA1535 (Stich et al.,
1982a,b) and decreased the mutagenic activity of benzo(a )pyrene in S. tyhimurium
TAl00 (Joner & Dommarsnes, 1983). Bath Oolong and green teas similarly
decreased the mutagenicity induced by benzo(a)pyrene in S. typhimurium; and the
frequency of chromosomal aberrations induced by benzo(a)pyrene in Chinese
hamster lung (CHL) cells was decreased by the addition of Oolong tea (Kojima et
al., 1989). Oolong tea also decreased the mutagenicity induced in S. typhimurium by
gasoline vehicle exhaust, cooked salmon, 1,6-dinitropyrene, 3-amino-l-methyl-
5H -pyrido( 4,3-b )indole (Trp- P-2) and 2-amino-3-methylimidazo( 4,5-j)quinoline
(IQ) (Kojima et al., 1989).

The frequency of chromosomal aberrations in rat bone marrow following
intraperitoneal injection of aflatoxin Bi was reduced by hot-water extracts of green
tea but not of black tea. This effect was observed when the teas were administered
24 h before the aflatoxin, and was attributed to green tea tannins (Ho et aL., 1989).

An antioxidant fraction from green tea containing catechins prevented the
inhibition of gap-junctional intercellular communication induced by paraquat,
glucose oxidase and phenobarbital in mouse hepatocytes, and by
12-0-tetradecanoylphorbol 13-acetate in human keratinocytes (Ruch et aL., 1989).
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Green tea and polyphenols from green tea inhibited the mutagenicity of
benzo(a )pyrene, aflatoxin Bi, 2-aminofluorene and coal-tar pitch in S. tyhimurium
TAl00 and/or TA98. The polyphenols from green tea also inhibited aflatoxin
Bi-induced mutations, decreased sister chromatid exchange and chromosomal
aberrations in V79 cells and inhibited benzo(a)pyrene-induced mutations in V79
cells (Wang et al., 1989b).

ln one study, green tea and black tea reduced the induction of
anchorage-independent growth of mouse epidermal JB6 cells by 12-0-tetra-
decanoylphorbol 13-acetate (Jain et al., 1989b).

(b) Humans

(i) Absorption, distribution, metabolism and exretion
No data were available to the Working Group.

(H) Toxic effects
ln a number of studies in which coffee drinking was associated with increased

serum cholesterol levels, participants who consumed tea showed either no
association or a negative correlation with serum cholesterol levels (Arab et al., 1983;
Haffner et al., 1985; Klatsky et al., 1985; Curb et al., 1986; Green & Jucha, 1986; Little
et al., 1986; Tuomilehto et al., 1987).

Several studies, including the Boston Collaborative Drug Surveilance
Program (1972), that showed a correlation between coffee consumption and the risk
of coronaiy heart disease (see p. 104) showed no difference between patients and
controls for tea drinking (Jick et al., 1973; Rosenberg et al., 1980).

Cases of asthma due to sensitivity ta tea dust have been reported in workers
who procss tea in the tea industry (Lewis & Morgan, 1989).

A positive association between the consumption of tea and other
caffeine-containing beverages and the premenstrual syndrome was suggested
(Rossignol, 1985; Rossignol et al., 1989). (The Working Group noted the limitation
of the methodology and the small number of subjects.)

(ii) Effects on reproduction and prenatal toxicity

No association was found between tea consumption during pregnancy and the
ocurrence of malformations in offspring (Rosenberg et al., 1982) (for a description
of the study, see the monograph on coffee, p. 105).

ln a study by Berkowitz et aL. (1982), described on p. 109, tea drinking was
compared among women who had had preterm infants and women who had had
full-term infants. Drinking four or more cups daily was more frequent among cases
than controls (odds ratios, 1.5-2.0 in the three trimesters), but these differences were
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not significant. The odds ratio was 1.6 (95% confidence interval (CI), 0.7-3.7) after
adjustment for smoking and alcohol and coffee consumption.

Brooke et al. (1989), in a study described on p. 110, found an association
between tea consumption and low birth weight in their cru de data. The birthweight
ratios, adjusted to 40 weeks' gestation, were 1.050, 1.043, 1.034 and 1.012 in babies

born to mothers drinking 0, 1-14, 15-43 and more th an 43 cups of tea per week.
While the difference among the groups and the linear trend were statistically
significant, no significance remained when the data were additionally adjusted for
smoking.

ln the papers of Watkinson and Fried (1985) and Martin and Bracken (1987)
tea drinkers were inc1uded but data were not given separately. The studies of

Furuhashi et al. (1985) and Caan and Goldhaber (1989) showed no association
between tea drinking and low birth weight. (These studies are discussed on pp. 109,
110, 106 and 111.)

ln a study described on p. 111, late spontaneous abortions were studied by
Srisuphan and Bracken (1986) in relation ta caffeine intake froID various beverages
including tea. Tea was apparently not associated with spontaneous abortions

(crude relative risk (RR), 1.1).

(iii) Genetic and related effects

No data were available to the Working Group.

3.3 Case reports and epidemiological studies of cancer in humans

ln comparison with coffee, less attention has been paid to the possible
relationship between tea and cancer. No study has been specifically designed to
study this issue, but data on tea have been published in severaL. studies in which
coffee and other possible risk factors for cancer were considered.

(a) Descriptive epidemiology

ln the study of Phelps and Phelps (1988), described on p. 114, no association

was found with breast cancer; no distinction was made between tea and coffee.
An eclogical study examining the association between annual tea

consumption, estimated from trade data, and age-adjusted cancer mortality rates
for 196-65 from 20 different countries (Stocks, 1970) noted that mean death rates
from cancers at the following sites were significantly associated with tea
consumption: intestine (p -: 0.01), breast (women; p -: 0.01), larynx (women;

0.01 -: p -: 0.05), lung and bronchus (women; 0.01 0( p -: 0.05). There was no
association with oesophageal cancer.
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A comprehensive examination of the correlation between cancer incidence
(27 cancers in 23 countries) and mortality (14 cancers in 32 countries) and a variety

of dietary and other environmental variables (Armstrong & Doll, 1975) showed
weak positive correlations between tea consumption and cancers of the colon and
rectum, although the adjusted correlation coefficients for tea were not noted. Lung
cancer incidence in women was significantly associated with tea consumption
(p c: 0.01).

(i) Pancreatic cancer

ln an early J apanese paper (Ishii et aL., 1973), information on diet, smoking and
occupation was collected from a case series of 311 male patients with pancreatic
cancer. A comparison group of the same age (but unspecified sex l was identified
from a separate prospective study. ln a ridit analysis, patients had a nonsigni-
ficantly higher prevalence of drinking hot tea.

(ii) Oesophageal cancer

A number of the studies investigating the association between oesophageal
cancer and tea consumption have focused on the Caspian littoral of Iran, where
oesophageal cancer rates are the highest in the world (Hormozdiari et aL., 1975;
Joint Iran-IAC Study Group, 1977; Mahboubi & Aramesh, 1980; Ghadirian,
1987). Within this region, incidence rates for oesophageal cancer vary by 30 fold in
women and by six fold in men (Hormozdiari et al., 1975). A household survey
showed that in the vilages in the are as with the highest cancer rates there was higher
tea consumption th an in the lowest incidence vilages, although the intermediate
incidence region reported the highest tea consumption overall. These data were
confirmed in a subsequent report (Joint Iran-IARC Study Group, 1977).

The effect of differences in the temperature at which the tea was consumed was
reported (Ghadirian, 1987), and this was related ta incidence rates in high- and
low-risk regions of the littoraL. ln the low-risk region, tea was consumed at an
average temperature of 50.1 °C compared with an average temperature of 61.3°C
(p c: 0.001) in the high incidence area.

ln an ecological study by Segi (1975) in J apan, a geographical correlation was
found between rates for cancer of the oesophagus and consumption of tea-gruel.

(h) Cohort studies

These studies are summarized in Table 20.

(i) ÆI sites

ln the study of Heilbrun et al. (1986), 7833 HawaiIan Japanese men were
interviewed about their consumption of black tea in 1965-68, and incident cases of
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cancer were identified. The RRs for rectal cancer, adjusted for age at examination
and alcohol consumption, showed a significant dose-response relationship (p for
trend = 0.007) when the tea consumption category 'almost never' was used as the
standard. The excess risk for rectal cancer was confined to men aged 58 years or
over at examination. The authors also reported that none of the examined variables
that were associated with tea intake (height, weight, pack-years of smoking and
physical activity level) was associated with rectal cancer risk. Prostate cancer risk,
adjusted for age at examination, showed a significant negative association with tea
consumption, although there was no clear dose-response relationship. There was a
nonsignificant, steady inverse association between the risk for liver cancer and tea
consumption.

KInlen et al. (1988) examined the relationship between tea consumption and
rectal and other cancers in a mortality study of 14 453 men in London, UK, aged
45-60, who were administered a questionnaire about diet and smoking in 1967; 97%
were traced ta the end of 1986 (14 085 men). Only deaths that occurred after the first
18 months of follow-up were included in analyses. Expected numbers of deaths
were calculated using age-specific mortality rates for men in England and Wales for
the appropriate time periods. Rectal cancer showed no trend with tea consumption,
while colon cancer showed a negative trend with increasing consumption; the risk
associated with tea consumption was similar among aIder and younger men. The
authors reported positive trends between increasing tea consumption and the risk
for stomach, lung and kidney cancers. The association with stomach and lung
cancer persisted after limited adjustment for social class and smoking. (The
Working Group noted that there were inconsistencies in the paper in reporting the
number of rectal cancer deaths.)

(ii) Pancreatic cancer
ln the study by Hiatt et al. (1988; described on p. 117), cancer patients had

drunk 0.32 cup of tea per day, while the contraIs from within the cohort had drunk
0.62 cup per day (p = 0.10). These figures were ad justed for age and smoking.

The nested case-control study of Whittemore et al. (1983; described on p. 116)
found a RR of 0.6 for drinking ::2cups per day. The authors stated that adjustment
for smoking at college did not alter the findings.' The reduction remained after
adjustment for coffee drinking.

~
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Table 20. Summary of results of cohort studies on cancer and tea
consumption

Reference, Subjects Tea consumption RR (95% CI) Comments
loction, site

Heilbrun et al. 7833 J apanese

(1986) men
Hawaii 76 caes Almost never 1.0 p for trend = 0.0007;

Rectum Twice/week 1.3 adjusted for age at
2-4 X /week 2.0 examination and
Almast daily 2.1 significant alcohol consumption
? Once daiIy 4.2 significant

Pancreas 30 cases Almost never 1.0 p for trend = 0.87;

Twice/week 0.6 adjusted for age at
2-4 X /week 1.4 examination and
Almost daiIy

L
0.9

pack-yearsof
? Once daiIy smoking

Prostate 149 cases Almost never 1.0 p for trend = 0.02;

Twice/week 0.8 adjusted for age at
2-4 X /week 0.4 examination
Almost daily

L 0.6? Once daiIy

Bladder 57 cases Almost never 1.0 p for trend = 0.68;

Twice/week 1.4 adjusted for age at
2-4 X /week 1.0 examination and
Almost daiIy

L
0.8

pack-years of
? Once daily smoking

Liver 25 cases Almost never 1.0 p for trend =
Twice/week 0.8 0.134; adjusted for

2-4 X /week

)
age at examination

Almost daily 0.6 and alcohol
? Once daiIy consumption

Rectum 37 caes Almost never 1.0 p for trend = 0.67; ad-

-: 58 years old Twice/week 1.4 justed for age at

at examination 2-4 X /week 1.4 examination and
Almast daiIy 1.1 aIcohoI consumption
? Once daiIy 1.4

Rectum 39 cases Almost never 1.0 p for trend -: 0.0001;

::58 years old Twice/week 1.0 adjusted for age at ex-
at examination 2-4 X /week 2.9 amination and aIcohoI

Almost daily 3.5 significant consumption
? Once daily 8.7 significant
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Table 20 (contd)

Reference, Subjects Tea consumption RR (95% CI) Comments
loction, site

Kinlen et al. 14 085 men Observed:ex- Expcted no. of deaths
(1988) pected ratios calculated using
London, UK national age-specific

data

Rectum 62 caes 0-3 cups/day 0.5 p for trend = 0.94

4-6 cups/day 0.9
7-9 cups/day 0.8
~1O cups/day 0.5

Pancreas 70 cases 0-3 cups/day 0.6 p for trend = 0.28

4-6 cups/day 0.8
7-9 cups/day 1.1

~10 cups/day 0.9

Prostate 88 cases 0-3 cups/day 0.6 p for trend = 0.30

4-6 cups/day 0.8
7-9 cups/day 1.0

~1O cups/day 0.8

Bladder 71 cases 0-3 cups/day 1.0 p for trend .( 0.13

4- cups/day 0.7
7-9 cups/day 1.2

~1O cups/day 1.4

Stomach 172 cases 0-3 cups/day 0.6 p for trend .( 0.005
4-6 cups/day 0.8
7-9 cups/day 1.2

~1O cups/day 1.4

Colon 79 cases 0-3 cups/day 1.0 p for trend = 0.06
4-6 cups/day 0.8
7-9 cups/day 0.5
~1O cups/day 0.7

Lung 718 cases 0-3 cups/day 0.6 p for trend = 0.0001

4- cups/day 0.8
7-9 cups/day 1.1

~1O cups/day 1.4

Kidney 26 cases 0-3 cups/day 0.4 p for trend = 0.04

4-6 cups/day 0.7
7-9 cups/day 1.2

~1O cups/day 1.8

~
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Table 20 (contd)

Reference, Subjects Tea consumption RR (95% CI) Comments
loction, site

Whittemore et al. 50 00 men
(1983)
USA

Pancreas 126 caes Nondrinkers 1.00 Adjusted for age,
Drinkers 0.5 (0.3-0.9) college and c1as year

.: 2 cups/day 1.0 Adjusted for age,
~2 cups/day 0.6 (0.3-1.1) college and c1ass year

(c) Case-control studies

(i) Bladder and urinary tract

These studies are summarized in Table 21, at the end of this section.
Bladder: ln a Canadian case-control study of patients with histologically

confirmed bladder cancer (Morgan & J ain, 1974; described on p. 122), there was no
association with tea intake (overall RR for drinkers versus non-drinkers adjusted
for sex, 0.7).

ln the US study of Simon et al. (1975; described on p. 122), no relation between
tea drinking and cancer of the lower urinary tract (renal pelvis, ureter, bladder and
urethra) was revealed.

ln the study by Miler et al. (1978; described on p. 123) of cases of bladder
cancer in Ottawa, Canada, the RR for drinking tea (users versus nonusers) was close
to unity for people of each sex. No quantitative data were provided on doses.

ln the Canadian study of Howe et al. (1980; described on p. 123), the RRs for
tea drinkers versus nondrinkers were 1.0 for men and 0.5 for women.

ln the largest case-control study on bladder cancer carried out in the USA
(Hartge et al., 1983; described on p. 124), the relation between tea consumption and
bladder cancer risk was examined among subjects who drank no more than seven
cups of coffee per week. No evidence of an association was found for people of
either sex, and the trends in risk with dose were nonsignificant.

ln a case-control study conducted in 1976-78 in metropolitan Nagoya, Japan
(Ohno et al., 1985; described on p. 124), no relation was evidentwith consumption of
black tea.

ln the study by Jensen et al. (1986); described on p. 126) on bladder cancer in
Denmark, a significant, direct relationship with dose of tea emerged among men,
but not among women. The overall trend in risk associated with tea drinking in the

kajo
Rectangle



246 IARC MONOGRAHS VOLUME 51

two sexes combined, adjusted for age, sex, smoking, coffee and soft drinks, was
significant. The authors noted that the association with tea might be related to the
unexpected finding of a positive association between total beverage consumption
and bladder cancer risk in this study.

ln a case-control study of bladder cancer in the Federal Republic of Germany
(Claude et al., 1986; described on p. 126), the estimated RRs for drinking black tea
were above unity in men and women, but the trends in risk with dose were not
significant. ln this study, a positive association was found with total daily fluid
intake, with a particularly high RR in men. (The Working Group noted the possible
influence of the use of urological con troIs on these estimates.)

ln the study by Iscovich et al. (1987; described on p. 127) in La Plata, Argentina,
the RR for tea drinking was above unity. However, only four cases drank three or
more cups per day, and the trend in risk with dose was not significant.

ln a population-based case-control study from Utah, USA (Slattery et al., 1988;
described on p. 127), data for tea consumption were presented separately for people
who had never smoked and those who had ever smoked. The authors stated that the
risk increased in nonsmokers with number of cups of tea per week. (The Working
Group noted that, when the data were examined globally, however, there was no
appreciable association with tea. The RRs, as calculated by the Working Group,
were 1.0 for one to three cups per week and 1.2 for more th an three cups per week.)

ln the study by Risch et al. (1988; described on p. 128), on bladder cancer in
Canada, no association was found with various measures of tea consumption: the
RR for 100 cup-years, derived from a multiple logis tic model, was 1.0 for men and
women.

ln a study from northern Italy (La Vecchia et aL., 1989; described on p. 128),
univariate analysis suggested a reduced bladder cancer risk among tea drinkers
(RR, 0.5; (95%,0.3-0.8)), but the risk rose ta 0.8 (nonsignificant) after multivariate
analysis.

Renal pelvis and ureter: The etiology and pathogenesis of transitional-cell
cancer of the renal pelvis and ureter are in several aspects similar to those of
bladder cancer, although the frequency of cancers at these sites is much lower and,
hence, the studies are based on small data sets.

A matched hospital-based study of 33 cases of cancer of the renal pelvis and 33
controls in the UK (Amstrong et al., 1976) found no association with tea drinking,
although no risk estimate was reported.
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Table 21. Summary of results of case-control studies of bladder cancer and
tea consumption

Reference, Subjects Tea Relative risk Comments
loction (caes, controls) consumption (95% CI)

Morgan & J ain Men and women 0 1 Nonsignificant; adjusted
(1974) (232, 232) .: 1 cup/day (0.5) for sex only
Canada 1-.: 3 cups/day (0.6)

3- .: 5 cups/day (1.1)

:;5 cups/day (1.0)

Simon et al. Men and women Nonuser 1 Nonsignificant; unad-
(1975) (132, 384) .: 1 cup/day 1.0 justed
USA 1-2 cups/day 1.3

:;3 cups/day 0.8

Miler et al. Men Users versus 1.1 Nonsignificant; unad-
(1978) (183, 366) nonusers justed
Canada Women 0.9 Nonsignificant

(72, 144)

Howe et al. Discordant pairsa
(1980) Men Users versus 1.0 (0.7-1.4) Nonsignificant; un-
Canada (80/79) nonusers adjusted estimates from

Women matched analysis
(12/26) 0.5 (0.2-1.0) Nonsignificant

Hartge et al. Men Nonuser 1 Nonsignificant; adjusted
(1983) (455, 1106) .: 7 cups/week 1.1 for age, race, geogra-
USA 7-14 cups/week 1.1 phical area, tobacc and

? 14 cups/week 1.0 coffee

Women Nonuser 1 Nonsignificant
(20, 452) .: 7 cups/week 1.1

7-14 cups/week 1.7

? 14 cups/week 1.2

Ohno et al. Men (227, 443) Users versus 1.0 (0.7-1.3) Nonsignificant;adjusted
(1985) Women (65, 146) nonusers for age and smoking
J apan 0.6 (0.3-1.0) Nonsignificant

Jensen et al. Men and women 0 1 p = 0.03; adjusted for
(1986) (371, 771) .: 0.5 1/day 0.8 age, sex, smoking
Denmark 0.5-o.991/day 2.0 (never/current and

:;11/day 1.5 lifetime pack-years),
coffee and soft drinks
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Table 20 (contd)

Reference, Subjects Tea Relative risk Comments
location (cases, con troIs) consumption (95% CI)

Claude et al. Men (340, 340) 0 1 Nonsignificant; adjusted
(1986) 1-2 cups/day 1.0 for smoking (never/ever
Federal Repu- 3-4 cups/day 1.5 and lifetime packs)
blic of Gennany /4 cups/day 1.9

Women (91, 91) 0 1 Nonsignificant
1-2 cups/day 1.9
3-4 cups/day 1.3
/4 cups/day 1.9

Iscovich et al. Men and women 0 1 Nonsignificant; adjusted
(1987) (99, 99) 1 cup/day 1.5 for smoking
Argentina 2 cups/day 1.2

::3 cups/day 1.4

Slattery et al. Men and women 0 1 Nonsignificant; adjusted
(1988) (413, 886) 1-3 cups/week (1.0) for smoking (never/ever)
USA ::4 cups/week ( 1.2) from published data;

calculated by the
Working Group

Risch et al. Men and women Per 100 cup- 1.0 (0.9-1.1) Adjusted for smoking
(1988) (826, 792) years 1.0 (0.8-1.2) (cumulated pack-years)
Canada and history of diabetes

La Vecchia et al. Men and women Users versus 0.8 (0.4-1.3) Adjusted for age, area
(1989) (163, 181) nonusers of residence, social class
Italy and selected indicator

foos

apatient ever used, control never used/patient never used, control ever used

A population-based case-control study of 74 cases (50 men and 24 women) of
cancer of the renal pelvis and 697 controls from the USA (McLaughlin et aL., 1983)
showed a positive trend with tea drinking in women only. The RRs, adjusted for
smoking, were 2.6 for two cups per day, based on three cases, and 18.8 for three cups
or more, based on nine cases. (The Working Group noted that the same control
group was used in this study and in that on renal-cell cancer described below.)

Kidney: Among the studies in which tea was considered in the epidemiology of
renal-cell cancers, four (Armstrong et al., 1976; Goodman et al., 1986, ?2 cups/day;
RR, 1.4 (0.9-2.2); Yu et al., 1986, RR for daily consumption, 0.6; McCredie et al.,
1988) found no association, and one (McLaughlin et al., 1984) found an association
with drinking ::3 cups/day in women only (RR, 3.4; 95% CI, 1.4-8.9), although the
trend in risk was largely inconsistent.
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(ii) Pancreas (see Table 22)

ln the study of KInlen and McPherson (1984), described on p. 136, a positive
trend for tea consumption was found, which was not significant.

ln several other case-control studies (MacMahon et al., 1981; Mack et al., 1986;
La Vecchia et al., 1987; Raymond et aL., 1987; Cuzik & Babiker, 1989; described on
pp. 135, 137, 138, 139), no association was found between tea consumption and
pancreatic cancer.

Table 22. Summary case-control studies of tea consumption and
pancreatic cancer

Reference,
loction

CommentsSubjects Tea consump- RR
(ca, controls) tion

(cupsday)

MacMahon et al. Men (216, 306) 0 1.0
(1981) 1-2 0.7
USA ::3 0.8

Women (150, 0 1.0
336) 1-2 0.7

::3 0.6

Kinlen & McPhersn Men and women 0-2 1.0
(1984) (216, 432) 3-4 2.2
UK 5-9 2.3

::10 2.5
Men and women 0-2 1.0

3-4 2.3
5-9 2.3
::10 2.6

Mack et al. (1986) Men and women 0 1.0
USA (490, 490) 1-4 0.7

:: 5 0.7

La Vecchia et al. Men and women 0 1.0

(1987) (150,605) 1 0.9
Italy :: 2 1.3

Men and women 0 1.0
1 0.8

::2 1.1

x2 = 1.4

x2 = 1.9

Significant
Significant

Adjusted for
smoking and coffee
Significant
Significant

Crude odds ratio

Adjusted for
smoking and

ocpation
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Table 22 (contd)

CommentsReference,
loction

Subjects
(cas, controls)

Tea consump-
tion
(cups/day)

RR

Raymond et al.
(1987)
Switzerland

Men and women
(88, 336)

Cuzik & Babiker
(1989)
UK

Men and women
(216, 279)

Men and women

o
cC 910 mVweek
~ 910 mVwek

0-2
3-4
5-6
-:7
0-2
3-4
5-6
-: 7

1.0
2.2
(1.1-4.3)
1.0

(0.5-2.0)

1.0
0.8
0.9
0.9
1.0
1.2
1.1
1.5

90% CI

Adjusted for
smoking;

X2 = 0.01

Consumption r- 10
year previously;
adjusted for

smoking; X2 = 1.0

(iii) Breast

Case-control studies of breast cancer and tea consumption are summarized in
Table 23.

A study by Lawson et al. (1981), in which coffee and tea drinking were grouped,
is described on p. 144.

ln the hospital-based case-control study in Israel of Lubin et al. (1984, 1985;
described on p. 144), no association between tea consumption and breast cancer
risk was found.

ln the study of Rosenberg et al. (1984, 1985; described on p. 145), using data
from a case-control study in eastern USA, the consumption of tea was similar
among all cases and controls and among those cases and controls who did not drink
caffeine-containing coffee.

ln the study by La Vecchia et aL. (1986; described on p. 145), the RRs for
drinkers of one and two or more cups per day were 1.3 and 1.0.

ln the study by Schairer et al. (1987; described on p. 146), results were given on
consumption of non-herbal tea: RRs were 0.9, 0.8, 1.3, 1.0 and 0.6 for increasing
levels of consumption.

ln the study of Mabuchi et al. (1985a; see p.147), on risk factors for male breast
cancer in a large number of hospitals in five US metropolitan areas, 42% of case~
and 54% of controls drank one cup or more of tea per day; the difference was no
significant.
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Table 23. Summary or results of case-control studies of breast cancer and tea
consumption

Reference, Subjects Tea Relative risk Commentsloction (cas, controls) consumption (95% confidence
(cups/day) interval)

Lubin et al. (1984, Women 0 1.0 Matched for age,
1985) (731, 731) 1 1.0 (0.6-1.4) country of origin,
Israel surgical controls 2-3 0.9 (0.5-1.2) length of residence

):4 0.9 (0.4-1.8) in Israel

(80, 80) 0 1.0
neighbourhoo 1 0.8 (0.6-1.4)
con troIs 2-3 0.8 (0.5-1.2)

):4 0.8 (0.4-1.8)

Rosenberg et al. Women 0 1.0 Adjusted for age
(1985) (2651, 1501) 1-2 1.0 (0.8-1.1) within five years
USA noncancer 3-4 0.8 (0.6-1.0)

controls :)5 0.6 (0.5-0.9)

(2651, 385) 0 1.0
cancer 1-2 0.9 (0.7-1.2)
con troIs 3-4 1.1 (0.7-1.6)

):5 0.8 (0.5-1.4)

La Vecchia et al. Women 0 1.0
(1986) (616, 616) 1 1.3
Italy ):2 1.0

Schairer et al. Women 0 1.0
(1987) (1510, 1882) -C1 0.9 (0.8-1.1)
USA 2 0.8 (0.6-1.1)

3 1.3 (0.8-2.1)
4 1.0 (0.5-2.3)
):5 0.6 (0.2-1.9)

Mabuchi et al. Men ,1 42% versus 54%;
(1985a) (52, 52) ):1 nonsignificant;
USA matched on age,

race, marital
status

(iv) Ovary (see Table 24)

ln the study by Byers et al. (1983; described on p. 150), there was no significant
association with any consumption category or dose trend of tea among ovarian
cancer patients in Buffalo, NY, USA.

ln the North American multicentre study of Miler et al. (1984, 1987; described
on p. 150), no association was found between tea consumption and ovarian cancer.
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Table 24. Summary of case-control studies of ovarian cancer (common
epithelial tumours) and tea intake

Reference, Subjects Tea Relative risk Comment
loction (cas, controls) consumption (95% confidence

(cups/day) interval)

Byers et al. 274, 1034 0 1.0 No significant asiation
(1983) .c 3 1.1 with any consumption
USA ~3 0.8 category or trend

Miler et al. 290 cas 0 1.0

(1984, 1987) 48 noncancer 1-2 0.8 (0.6-1.2)
Several cities controls 3-4 0.8 (0.5-1.4)
in the USA ~5 0.5 (0.2-1.0)
and Canada

376 cancer 0 1.0
controls 1-2 0.7 (0.5-1.0)

3-4 1.1 (0.6-2.1)
~5 0.7 (0.3-1.6)

856 combined 0 1.0
con troIs 1-2 (0.8)

3-4 (1.0)
~5 (0.6)

(v) Cancers of the digestive tract
Large bowel: Case-control studies on colorectal cancer and tea consumption

are summarized in Table 25.
ln the study of Higginson (196; described on p. 152), no significant association

was found between tea consumption and colorectal cancer in patients in Kansas
City, USA.

ln the study by Watanabe et aL. (1984; described on p. 155), drinking black tea
was negatively associated with the risk for rectal cancer in cases in Kyoto, Japan.
Therewas a possible dose-response relationship (the RR for non-daily drinkers was
0.5 and for daily drinkers, 0.4). The positive association between rectal cancer and
drinking green teâ was not significant, nor were the associations between colon
cancer and the consumption of black or green tea.

ln the study of Tajima and Tominaga (1985; described on p. 155) in Nagoya,
J apan, there was no significant association between black or green tea drinking and
cancers of the colon or rectum.

ln the large case-control study in Milan, Italy, conducted by La Vecchia et al.
(1988; described on p. 156), subjects with a higher intake of tea had RRs of 1.4 for
colon cancer fp = 0.06) and 1.5 for rectal cancer (p c: 0.05).
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Table 2S (contd)

Reference,
loction,
site

Subjects
(cas, con 

troIs)
Tea
consumption

Relative risk
(95% CI)

Comments

Colon 1.0Men and women
(339, 778)

Low tertile
Intennediate/
high tertiles Nonsignificant1.4

Stomach: Case-control studies on stomach cancer and tea consumption are
summarized in Table 26.

ln the studies of Higginson (1966; see p. 152), in the Kansas City area, USA, of
Graham et al. (1967; see p. 161) in Buffalo, NY, USA~ of Tajima and Tominaga (1985;
see p. 155) in Nagoya, Japan, and of Trichopoulos et al. (1985; see p. 161) in Piraeus,
Greece, there was no significant association between drinking tea and cancer of the
stomach.

Kono et aL. (1988) studied 139 incident cases of gastric cancer in Kyushu, J apan.
Two control groups were used: 2574 controls were subjects screened for
gastrointestinal conditions but found to be healthy, and 278 (two per case) were
population controls from ten neighbouring municipalities, matched ta the cases by
sex and year of birth. Individuals consuming ten or more cups of green tea per day
tended to have a lower risk for gastric cancer. There was no difference, however,
between individuals drinking none to four cups and five to nine cups per day.

Table 26. Summary of results of case-control studies on gastric cancer and
tea consumption

Reference,
loction

Subjects
(cas, con troIs)

Tea
consumption

Relative risk Comments
(95% CI)

Higgnsn
(1966)
USA

Graham et al.
(1967)
USA

Tajima &
Tominaga
(1985)
Japan

Men and women Never/irregular 1.0

(93, 279) .. 1 cup/day (0.9)
.. 2 cups/day (1.3)
~3 cups/day (1.3)

Men and women
(276, 2221)

Men and women Green tea
(93, 186) 0- times/day 1.0

~5 times/day 0.6
Black tea

Nondrinkers 1.0
Drinkers 0.8

Nonsignificant

No association

Nonsignificant;
adjusted for age and sex

Nonsignificant
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Table 26 (contd)

Reference, Subjects Tea Relative rik Comments
loction

(ca, con troIs) consumption (95% CI)

Trichopoulos Men and women 1 (low) 1.0 Nonsignificant;
et al. (1985) (110, 1(0) 2 (1.7) adjusted for age, sex,
Greece 3 (1.8) yeaTS of schooling;

4 (2.7) p value basd on chi-
S (high) (3.2) squared test for linear

trend; coffee and tea
intakes added

Kono et al. Men and women 0-9 cups/day 1.0
(1988) (139, 2574) :;10 cups/day 0.5 (0.3-1.1) p = 0.10; hospital con-
Japan troIs; adjusted for age,

sex, smoking, consump-
tion of oranges and
other fruit

Men and women 0-9 cups/day 1.0
(139, 278) :; 10 cups/day 0.3 (0.1-0.7) p = 0.007; population

con troIs 

Oesophagus: Case-control studies on oesophageal cancer and tea
consumption are summarized in Table 27.

Kaufman et al. (1965) studied 82 cases of oesophageal cancer and 73 con troIs in
Kaakhstan, USSR, and later added 51 cases from another area (effective numbers,
127 cases and 72 controls). Drinking very hot tea was associated with a three-fold

higher risk of cancer.
ln the same region, Bashirov et al. (1968) carried out a comparison of 301 cases

of oesophageal cancer (142 men and 159 women) and 301 healthy population
controls. Cases and con troIs had smoked for similar durations and used nass to the
same extent. Oesophageal cancer was more common among those who reported
drinking six or more cups of hot black tea at a single sitting than among those who
did not.

ln the study of de Jong et al. (1974; described on p. 163) among Singapore
Chinese, there was no association between tea drinking and oesophageal cancer;
however, drinking of 'burning hot' tea was associated with a three- ta four-fold
higher risk.

ln northern Iran, Cook-Mozaffari et al. (1979) studied 344 patients with
oesophageal cancer registered at the Caspian cancer registry between J anuary 1975
and 1976. These comprised 54% of the patients registered during that period. Two
population controls were chosen per case, matched for vilage of residence, age, sex
and language group. A second group of 181 patients with other cancers (ofwhom
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approximately 50% had stomach cancer) were also matched to two neighbourhood
controls. Drinking hot tea was associated with a doubling in the risk of oesophageal
cancer in males and females (p .c 0.01). Hot-tea drinking was also associated with a
three-fold higher risk of the other cancers studied among men, but with no excess
among women.

ln the study of Victora et al. (1987; see p. 28) in southern Brazil, cases and
con troIs did not differ significantly in the frequency of tea intake, although no data
were given.

Table 27. Summary of results of case-control studies on oesophageal cancer
and tea consumption

Reference,
location

Subjects
(cas, controls)

Tea
consumption

Relative risk Comments

Kaufman et al. Men and women Drinking of
(1965) (127, 72) very hot tea

USSR No
Yes

Bashirov et al. Men Glasses of hot
(1968) (142, 142) tea at a time
USSR .:7

~7
Women Glases of hot
(159, 159) tea at a time

.:7
~7

de long et al. Men Not daily
(1974) (95, 465) Daily
Singapore Buming hot

Women Not daily
(36, 20) Daily

Buming hot

Cook-Mozaffar Men Drinking hot
et al. (1979) (217,434) tea
Iran No

Yes

Women No
(127, 254) Yes

Victora et al. Men and women
(1987) (171,342)
Brazl

fp .: 0.001)

1.0

(3.2)

fp .: 0.01)

1.0

(2.6)

Nonsignificant

1.0

(3.0)

1.0 Nonsignificant; adjusted
0.8 for dialect group
3.7 p.: 0.01

1.0
0.8 Nonsignificant
3.5 p.: 0.05

1.0
1.7

1.0
2.2

p': 0.01

p .: 0.01

No association
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Other digestive tract (Table 28): ln the study of Yen et al. (1987; described on
p. 163) in eastern USA, subjects who consumed tea had half the risk for cancer of
the extrahepatic bile ducts th an people who had never drunk tea. This difference
was marginally significant, but there was no suggestion of a dose-response

relationship.
ln the study of Franco et al. (1989; described on p. 164), in Brazil, no association

was found between the frequency of tea drinking and oral cancer.

Table 28. Summary of results of case-control studies on other digestive tract
cancers

Reference,
loction,
site

Subjects Tea consumption Relative risk Comments
(cas, con troIs) (95% CI)

Yen et al. (1987) Men and women 0 1.0 Adjusted for age and
USA (67, 275) Ever 0.5 (0.3- 1.0) sex

Extrahepatic Occionally OA (0.2-0.9)
bile duet 1-2 cups/day 0.6 (0.3-1.3)

3-4 cups/day 0.5 (0.2-1.4)
:;5 eups/day 0.8 (0.2-3.3)

Franco et al. Men and women -: 1 cup/month 1.0 Nonsignificant; erude
(1989) (232, 46) 1-30 eups/month 0.9 (0.6-1.3) matehed analysis;
Brazl ~ 30 cups/month 1.0 (0.6-1.7) p level based on test

Oral eavity for linear trend

-: 1 cup/month 1.0 Nonsignificant;
1-30 eups/month 0.9 (0.6-1.3) adjusted for tobacc
~ 30 eups/month 1.3 (0.7-2.3) and alcohol consump-

tion

(vi) Nasophary
Case-control studies of nasopharyngeal cancers (NPC) and tea consumption

are summarized in Table 29.
Lin et al. (1973) studied 343 patients with NPC and 1017 contraIs in Taiwan. No

association was found between tea drinking and NPC, but no data were given.
ln the study of Henderson et al. (1976; described on p. 165), tea drinking was

associated with a significantly decreased risk for NPC (p = 0.02). Cases with other
pharyngeal cancers, however, were not more likely ta drink tea (RR, 1.4; p = 0.3).

Shanmugaratnam et aL. (1978) investigated the association between tea
drinking and NPC in Singapore. The case series consisted of 379 Chinese patients
(26 men, 113 women) with histologically confirmed NPC in Singapore between
196 and 1968. Two control groups were recruited: the first were 595 Chinese
patients from the ear, nose and throat department at the same hospital, and the

kajo
Rectangle



258 IARC MONOGRAHS VOLUME 51

second were 104 Chinese patients in the medical, surgical and orthopaedic wards
of another hospitaL. No difference was found regarding the frequency of

consumption of Chinese tea between cases and ear, nase and throat contraIs; the
comparison with other hospital con troIs showed no consistent association.

Table 29. Summary of results of case-control studies on nasopharygeal cancers
and tea consumption

Reference,
loction

Subjects
(cas, controls)

Tea
consumption

Relative rik

(95% CI)
Comments

Hendersn et al.
(1976)
USA

Men and women
(156,267)

o
Drinkers

1.0
0.5 (0.3-1.0)

p = 0.02; adjusted for
age, sex, race, soio-
ecnomic status and
place of residence

Nonsignificant; ear,
nos and throat con-
troIs; adjusted for sex,
age and intervewer

p oc 0.05; other hospital

con troIs

Shanmugaratnam
et al. (1978)
Singapore

Men and women
(379,595)

oc once/mon th
oc once/day
Daily

0.9
0.9
1.2

Men and women
(379, 104)

oc once/month
oc once/day
Daily

1.1
0.7
1.3

(vii) Other sites

Case-control studies of cancers at other sites and tea consumption are
summarized in Table 30.

ln the study of Mabuchi et aL. (1985b; described on p. 166) of carcinoma of the
vulva in five US metropolitan areas, no association was found between the
consumption of tea and cancer of the vulva.

Bunin et al (1987) studied tea drinking during pregnancy and Wilms' tumour in
the offspring. Cases were white children under 15 years of age identified through
the registries of the three main childhood cancer hospitals in Philadelphia, PA,
during 1970-83. About 30% of eligible cases could not be interviewed. Tea
consumption during pregnancy was associated with a doubling of the risk for
Wilms' tumour in the offspring (p ~ 0.05).

(The Working Group noted that, unless otherwise specified, the studies did not
distinguish different types of tea (green, black or herbal). Furthermore, the effect of
the consumption of other hot beverages was not considered in most of the studies.
Consequently, non-drinkers of tea could represent drinkers of other hot beverages,
including coffee. i
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Table 30. Summary of results of case-control studies on other cancers and
tea consumption

Reference, Subjects Tea Relative risk Comments
location, (cases, contraIs) consumption (95% CI)
site

Mabuchi et al. Women -: 1 cup/day 1.0 Nonsignificant;
(1985b) (149, 149) 1-2 cups/day 0.8 unmatched
USA 3-4 cups/day 1.1 analysis

Vulva /5 cups/day 1.1

Bunin et al. (1987) Boys and girls Tea intake of mother Matched
USA (88, 88) during pregnancy analysis

Wilms' tumour 0 1.0
Drinkers 2.2 (1.0-4.7)

P -: 0.05

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Tea is an aqueous infusion prepared from the dried leaves of Camella sinensis,
which has been consumed since ancient times in Asia and since the late seventeenth
century in most other parts of the world. Tea is the most widely consumed beverage
in the world. About 80% of world production of tea is in Asian countries.
Depending on manufacturing techniques, te as can be divided into two main types:
black tea, which has undergone an enzymic oxidation called 'fermentation' during
processing, and green tea, which has not. Black tea represents about 80% of world
production.

Annual tea consumption varies from country ta country, ranging from a high
level of about 3 kg per capu! ta negligible values in many countries. World
consumption is approximately 0.5 kg per caput. Green tea is the primary form
consumed in China, Japan and some Middle Eastern countries. Instant tea and
decaffeinated tea consumption is small, but the latter is becoming more significant
in the USA.

Over 400 volatile compounds comprising many structural categories have been
identified in black teas and over 200 in green teas; these contribute ta the flavour
and aroma of the beverage. ln addition ta the expected components of leaf matter
(e.g., flavonols, flavanols and phenolic acids), other nonvolatile components are
present; bisflavanols, theaflavins and thearubigins are found in black tea. Average
caffeine levels in bath black and green teas are 3-4% on a dryweight basis, resulting
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in about 30-50 mg caffeine per cup. Sorne black and green te as have traditionally
been flavoured with natural agents such as oil of bergamot and jasmine flowers.

4.2 Experimental carcinogenicity data

Tea was tested for carcinogenicity in one study in rats by repeated

subcutaneous injection of a total aqueous extract of tea leaves. A nonsignificant
increase in the incidence of local tumours was observed.

ln a number of studies, various known carcinogens were administered by
different routes either simultaneously or sequentially with tea or its constituents by
various routes. ln one study in mice, skin application of black tea infusion
containing 1% tannin after a single application of benzo( a )pyrene did not affect the
incidence of skin tumours.

Administration of polyphenolic extracts of green tea in combination with
known carcinogens resulted in decreased incidences of skin tumours in mice
treated with benzo(a)pyrene diol epoxide, 3-methylcholanthrene or 7,12-dimethyl-
benz(a )anthracene and of duodenal tumours in ffice treated with

N-ethyl-N'-nitro-N-nitrosoguanidine, within a limited period of observation.

4.3 Human carcinogenicity data

Correlation studies on cancer risk associated with tea consumption have
provided inconsistent reports of increased risks for cancers of the breast, intestine,
larynx, lung and colon. Ecological studies of vilages in the Caspian littoral have
shown a broad correspondence between the occurrence of oesophageal cancer and
tea consumption. An additional report found a relationship with the tempe rature
at which the tea was drunk. A geographical study showed that in areas of J apan
with high reported consumption of tea-gruel there were higher mortality rates from
oesophageal cancer.

(a) Bladder and urinary tract cancer
ln two cohort studies in which bladder cancer risk was examined, no

association was reported.
The overall evidence from 12 case-control studies indicates no consistent

association between measures of tea consumption and risk for bladder cancer.
Although the data are limited, a similar pattern of trend was apparent for
transitional-cell cancers of the renal pelvis and ureter.

One cohort study found a positive dose-response relationship for cancer of the
kidney, but there was inadequate adjustment for confounding. Case-control

studies on adenocarcinoma of the kidney are scarce and do not provide evidence of
an association with tea drinking.
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(b) Pancreatic cancer

The effect of tea consumption was examined in four cohort studies: three
reported no association, and one documented a small protective effect.

Six case-control studies were designed to evaluate the relationship between tea
consumption and pancreatic cancer: one showed a positive association.

(c) Breast cancer

None of five studies in which results on tea consumption were presented
showed an association with breast cancer.

(d) Ovarian cancer

ln two case-control studies, there was no association between tea consumption
and ovarian cancer.

(e) Cancer of the large bowel

One cohort study found a strong positive dose-response relationship for
cancer of the rectum, but another indicated no relationship with rectal cancer and a
nonsignificant 'protective' effect for colon cancer.

The association between tea consumption and cancer of the colon and rectum
was investigated in four case-control studies. Two showed no association. One
study found a decreased risk for cancer of the rectum but not for cancer ofthe colon
among drinkers of black tea relative to nondrinkers; another found an increased
risk in the high consumption group. Taken together, these studies do not suggest the
existence of an association.

(j Gastric cancer

One cohort study found an increased risk for gastric cancer, which remained
after inadequate adjustment for social class.

The role of tea drinking as a risk factor for cancer of the stomach was
considered in five case-control studies. Four of these found no association. A
negative association was observed in one study, but no dose-response relationship
was seen.

(g) Cancer of the oesophagu

Five case-control studies were carried out, in Iran, the USSR, Brazil and
Singapore, to investigate the effect of tea drinking on the frequency of cancer of the
oesophagus. One study in Brazil did not show an association between tea drinking
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and oesophageal cancer, but the subjects were not asked about the tempe rature at
which they drank tea. The other four studies, three of which were conducted in the
Cas pian are a, stressed the role of the temperature of tea. AlI four studies showed
that ingestion of very hot tea was associated with a two- ta three-fold increase in the
risk for oesophageal cancer. Only one of these studies investigated the effect of
frequency of tea ingestion irrespective of temperature; no association was found.
Taken together, these studies suggest that the temperature maybe more important
than the composition of the beverage, but the results are not conclusive.

One case-control study on oral cancer and one on cancer of the extrahepatic
bile ducts reported no clear association with tea drinking.

(h) Nasopharygeal cancer

Three case-control studies showed no evidence of an association between tea
drinking and nasopharyngeal cancer.

(i) Cancers at other sites

One cohort study found no association with liver cancer. Another showed a
significant positive dose-response relationship for lung cancer after adjusting for
age and smoking; these findings could, however, be attributed to residual
confounding by smoking.

One case-control study showed no association between tea drinking and
cancer of the vulva. Another indicated a possible effect of maternaI tea drinking
during pregnancy on the frequency of Wilms' tumour in the offspring.

4.4 Other relevant data

The few informative studies concerning the effect of tea consumption during
pregnancy on the frequency of adverse reproductive effects did not show an
association.

ln a number of studies, no association was seen between consumption of tea
and the frequency of coronary heart disease.

Black tea, green tea and several unspecified teas were mutagenic to bacterIa.
Teas were found to reduce the activity of known mutagens both in vivo and in vitro.
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4.5 Evaluation!

There is inadequate evidence for the carcinogenicity in hum ans of tea drinking.
There is inadequate evidence for the carcinogenicity in experimental animaIs of

tea.

Overall evaluation

Tea is no! classifable as!o its carcinogenicity to humans (Group 3).
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MATE

1. Production and Use

i. i Introduction

Mate is native to the area of South America between 180 and 25 0 S latitude and
from the Atlantic Ocean ta the Paraguay River. This area takes in a portion of
southern Brazil and Paraguay, Uruguay and northern Argentina. The plant was
used to make a beverage by the indigenous populations of the arealong before the

first Spanish colonists arrived early in the sixteenth century. Jesuit priests who
arrived in the middle of the century graduaUy took over control of IDost of the
producing areas and began cultivation of selected varieties to ensure supply.
Virtually aIl of Argentinian and Brazilian production is now cultivated, while much
of Paraguayan production is derived froID wild plants (Graham, 1984).

i.2 Production processes

(a) Botany and culture

Mate ('Yerba mate', 'Jesuits' tea', 'Paraguayan tea', 'yerba') is prepared froID
the leaves of llex paraguariensis St. Hil, a member of the Aquifoliaceae (hoUy)
family, which is native to Paraguay and Argentina. The tree can grow ta 12-16 m in
the wild but is usually cultivated as a shrub 3-6 m taU with numerous stems. The
leaves are dark-green, 15-20 cm long and short-stalked with an acuminate tip and
finely dentated edges. It has small white flowers, which grow in forked clusters in
the axils of the leaves, and violet-black berries, each ofwhich contains four to eight
seeds (Graham, 1984; Vázquez & Moyna, 1986).

Mate is propagated by seed; the seedlings are transplanted to a shaded nursery
where they remain for 9-12 months, and are finally transferred to the plantation
when they reach a height of 30-80 cm. During the first year, the plant must be
protected against wind and low temperatures. Plantations consist of 80-100 trees
per hectare pruned ta a height of 3-6 m ta facilitate harvesting. Harvesting, which
can start in the fourth or fifth year, is annual and takes place from May ta October;
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it consists of cutting off smaller leafy branches with a knife. A good plantation
yields 20-25 kg fresh leaves per tree (Graham, 1984).

(b) Processing

Information obtained from Graham (1984).

(i) Traditional

The trees are cleared of vines and smaller branches are cut off. These
leaf-bearing branches are 'toasted momentarily over an open fire. to reduce the
moisture content, but avoiding 'blackening'; this process is known as supeco. They
are dried further by heating for 12-24 h on a platform of poles suspended over an
open fire. An alternative procedure involves the use of a dome-shaped structure
(barbaqua), over which the toasted branches are spread; hot air is conducted
through a tunnel from a fire sorne distance away. This procedure avoids direct
deposition of smoke on the leaf and requires 5- 15 h.

Threshing separates leaf from bark and twigs. Further grading by sifting is
carried out, and the product is packed in 30-60-kg bags and aged. Additional
grading and blending is practised ta provide greater uniformity.

(ii) Modem
The toasting step is now frequently carried out by passing the branches

through a perforated rotating metal cylinder in an inclined position over an open
fire for a very short time. The cylinders used are about 2-2.5 min diameter and 4 m
in length. This process is known as sepecadora.

The barbaqua step may be carried out in a specially constructed room with a
frame above the floor ta contain the leaves, which are dried with hot air conducted
from a fire. Leaftemperatures reach 80-100°C. Some caffeine is lost at the higher
temperature.

Further grinding and sifting are carried out, and many different grades of mate
are made available. Ageing, which is extremely important to produce a palatable
beverage, may take place over 6-18 months.

1.3 Production, trade and consumption

Production of all types of mate is concentrated in Argentina (Misiones,

Corrientes; 172 000 tonnes in 1987), Brazil (Parana, Santa Catarina, Rio Grande do
Sul; 80000-120000 tonnes per year) and Paraguay (60000 tonnes per year) (Graham,
1984).

To prepare the mate, ground leaves are poured into a gourd ta three-quarters
of its internaI volume, with the gourds hole tilted about 30° from the verticaL. The
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gourd is then held upright and warm water (60-80°C) is poured on the depressed
side of the surface of the mate. The wet mate swells within 3-5 min, and a metal
straw with a filtering head (known as a bombilla) is introduced to the bottom of the
gourd. This step eliminates the possibility that the consumer wil suck up powdered
mate. Small volumes of hot water (90-95 ° C) are then poured onto the mate around
the bombilla, and the consumer sips through the bombilla until the sound of air
rushing in makes a typical chirping noise. This operation is repeated (and the

gourd circulates around a group of drinkers if there are more than one) until the
flavour diminishes. The bombiUa is then removed and inserted into a different
place in the mate ('turning the mate round). Once the drink has lost its taste, the
cebadura (the charge of yerba used and the operation of adding water) is finished
(Vázquez & Moyna, 1986).

Mate is consumed mainly in Argentina, Bolivia, Brazil, Chile, Ecuador,
Paraguay and Uruguay, usually as a hot beverage. To a much lesser extent, it is
drunk in Germany as a cold beverage. It is also drunk chiled in Paraguay and
southwestern Brazil, with milk or water and sugar. Burnt sugar, lemon or lime juice
are sometimes added instead of milk; 20% of mate is drunk in this manner in BraziL.
Consumption of mate in Argentina is increasing and was 162 329 tonnes in 1987
(equivalent to 5.14 kgper caput). Uruguay imports 18000-24000 tonnes per year,
with an average annual consumption of 6-8 kg per person (Vázquez & Moyna,
1986).

Table 1 gives data on production, trade and consumption of mate in South
America in 1977.

Table 1. Mate production, trade and consumption (in thousands
of tonnes) in 1977a

Country Production Exprt Waste Consumption Consumption
per caput
(kglyear)

Paraguay 20 1 2 17 6.2
Uruguay 18 0 0 18 6.2
Argentina 143 4 0 139 5.4
Brazil 100 23 5 72 0.6
Chile 0 0 0 4 0.3

Total 281 28 7 250

tlrom Gilbert (1984)

ln Argentina, the commercial product must be free froID extraneous matter,
well preserved and must contain less than II % moisture, 9% total ash, 1.5% ash in
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10% hydrochloric acid and 15% fibre and more than 0.6% caffeine and 25%
aqueous extract (Ministerio de Agricultura y Ganadería, 1971).

2. Chemical Composition

Two early accounts were given of the composition of the beverage mate,
especially as consumed in several South American countries (Hauschild, 1935;
Hegnauer, 196). More recent estimates of its composition have been compiled by
Graham (1984) and by Belitz and Grosch (1986), although these are brief and
contain negligible reference to volatile components. Clifford and Ramirez-
Martinez (199) determined the caffeine and chlorogenic acid contents of a number
of commercial packets of mate.

2.1 NonvolatIle compounds

(a) Caffeine and other purines

Graham (1984) stated that the caffeine content of the mate leaf was 0.9-2.2%,
depending on the age of the leaf; whilst Belitz and Grosch (1986) stated that, while
one-third of the total dry matter is solubilized with hot water, only half of the
available caffeine is released, to give 19-28 mg/l00 g of solution (brew). Cârtes
(1953) measured 25 mg per 120-ml cup. These figures are reasonably consistent.

Dried mate leaves were analysed for methylxanthines by high-performance
liquid chromatography, and caffeine was found at 0.56%, theobromine at 0.03%
and theophyllne at 0.02% (Vázquez & Moyna, 1986).

Stavric et al. (1988) analysed two sam pIes of mate leaves (purchased in Ottawa,
Canada) for extractable methylxanthines. After steeping 1 g of loose leaves for 2
min in 44 ml water, they found 7 mg (157 J-g/ml) caffeine and 2 mg (45.7 J-g/ml)
theobromine. When the steeping time was increased ta 5 min, the extractable
caffeine and theobromine contents were 9 and 3 mg, respectively.

Clifford and Ramirez-Martinez (1990) recently examined five commercial
samples of two types of mate leaf of South American origin, purchased in the UK
and the Federal Republic of Germany, using high-performance liquid chroma-

tography, and reported caffeine at 0.89- 1. 73% and theobromine at 0.45-0.88%, with
very small quantities of other unidentified purine alkaloid-like components.

Theophyllne was not detected in these sam pIes. Quantities were also assessed per
cup, after following the instructions for use given on the packet, which were not
necessarily South American practices; the amount of caffeine per cup was 12-33 mg
and that of theobromine, 6-17 mg.
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(h) Ch/orogenic acids

Chlorogenic acids are a family of mono- and di-acyl quinic acids. Quinic acid
is lL-l(OH),3,4/5-tetrahydroxycyclohexane carboxylic acid. The common
acylating residues are caffeic acid (3,4-dihydroxycinnamic acid), ferulic acid
(3-methoxy-4-hydroxycinnamic acid) and para-coumaric acid (4-hydroxycinnamic
acid), thus producing caffeoylquinic acids, dicaffeoylquinic acids, feruloylquinic
acids, para-coumaroylquinic acids and caffeoylferuloylquinic acids. Two samples
of mate leafthat yielded brown extracts contained 1.11-1.27% caffeoylquinic acids,

0.39-0.42% feruloylquinic acids, 0.62-1.12% dicaffeoylquinic acids and 2.88-2.89%
total chlorogenic acids; levels of 4.53-4.71%, 0, 4.03-4.56% and 9.16-9.76%,

respectively, were found in three samples yielding greenish extracts (Clifford &
Ramirez-Martinez,1990). The authors could not define which processes or species
were responsible. They also analysed the brews and found that those made with the
first two samples contained 16-41 mg caffeoylquinic acids and 1.8-9.5 mg

dicaffeoylquinic acids per cup; the last three contained 107-133 mg caffeoylquinic
acids and 36-44 mg per cup dicaffeoylquinic acids.

(c) Other components

Sorne other components are listed in Table 2.

Table 2. Components of mate other than caffeine
and other purines and chlorogenic acidsa

Component Amount

Sucrose
Raffinose
Glucose
Fructose
Trigonellne
Choline
Thiamine
Riboflavin
Ascorbic acid
Folic acid

Total extractablc ash

3.33 (% dry wt of lcaf)
0.44 (% dry wt of lcaf)
0.27 (% dry wt of lcaf)
0.16 (% dry wt of lcaf)
0.50 (% dry wt of lcaf)
15 J1glg

1 J1glg

Trace
20 J1glg

16 J1glg

5.99 (% dry wt of lcaf)

llrom Graham (1984)

Sorne 60 species of plants occur II sorne samples of mate along with

1. paraguariensis (Graham, 1984).
Aglycones of the family Aquifoliaceae that have been identified in mate are

rutin (quercetin-3-0-rutinoside), quercetin-3-0-glucoside and kaempferol-3-0-
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rutinoside. Triterpenes can also be found. The main component is ursolic acid
(Ohem & Hölzl, 1988).

2.2 Volatile compounds

No data were available.

2.3 Contaminants

Ruschenburg (1985) reported the presence of relatively large quantities (24-461
lLg/kg) of benzo(a lpyrene in eight commercial samples of mate leaf bought in the
Federal Republic of Germany, but only 0.02-0.12 lLg/I in the beverage (made from
15 g mate leaf and 1 lof water).

3. Biological Data Relevant to the Evaluation of
Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animaIs

No data were available to the Working Group.

3.2 Other relevant data

(a) Experimental systems

No data were available to the Working Group.

(b) Humans

(i) Absorption, distribution, metabolism and excretion

No relevant data were available to the Working Group.

(ii) Toxic effects

A brief report on mate drinking in Uruguay suggested that sorne of its
pharmacological effects were probably due ta its caffeine content (Pronczuk et al.,
1987; see also the monograph on caffeine, p. 299).

An endoscopic surveywas carried out in southern Brazil by Muñoz et al. (1987)
to investigate the presence of les ions of the oesophagus presumed ta be

precancerous (chronic oesophagitis, atrophy and dysplasia) in relation ta mate
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drinking. A total of 120 male unskiled workers were interviewed at their work

places on mate intake, alcohol drinking and smoking habits. Of these, 36 were
non-mate drinkers or drank mate less th an once a week, and they were matched ta
36 daily drinkers of similar age, smoking and alcohol drinking habits. Of the 72
subjects selected, 60 (83%) agreed to undergo an endoscopy of the oesophagus
during which biopsy samples were taken. The samples were examined
independently by two pathologists, who agreed on 57 out the 60. There was virtually
no difference in the endoscopic findings in the oesophagi of drinkers and

nondrinkers of mate. The presence of histopathological oesophagitis, however _
which had been defined a priori as the most valid outcome - was 2.2 times more
frequent (p c: 0.05) among drinkers in an unmatched analysis. A matched analysis
showed that this ratio was (3.3).

(iii) Effects on reproduction and prenatal toxicity

No data were available ta the Working Group.

(iv) Genetic and related effects
No data were avaiÏable ta the Working Group.

3.3 Case reports and epidemiological studies of cancer iD humaDs

(a) Descriptive epidemiology and cohort studies

No data were available ta the Working Group.

(h) Case-control studies

The studies are summarized in Table 3, at the end of this section.

(i) Oesophagu

Vassallo et al. (1985) studied 226 incident cases (185 male, 41 female) of
histopathologically confirmed squamous-cell carcinoma of the oesophagus treated
at the Oncology Institute of Montevideo, Uruguay, between 1979 and 1984. A total
of 469 unmatched controls (386 men, 83 women) with cancers at other sites were
obtained from the same institute; these constituted mainly cancers of the skin
(24%), colon or rectum (14%) and prostate (11%). Information on socio-
demographic variables and on consumption of tabac co, alcohol and mate was
obtained during the routine interviews ta which patients were submitted prior ta
diagnostic evaluation. Men who drank more th an one litre of mate per daywere five
times more likely ta develop oesophageal cancer than nondrinkers of mate, after
adjustment for age, tobacco and alcohol intake. For women, the corresponding
age-adjusted relative risk (RR) was 34.6. For men and women together, a c1ear
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dose-response relationship was observed. The joint effects of mate and tobacco
and of mate and a1cohol appeared ta be multiplicative. (The Working Group noted
that the issue of information bias, reflecting the assumption among health
professions that mate drinking is involved in the etiology of oesophageal cancer, was
not adequately addressed.)

Victora et aL. (1987) studied all cases of oesophageal cancer treated in II main
hospitals and radiotherapy units in the two largest cities in a southern Brazilian
state in 1985-86. Of 190 patients with histologically confirmed squamous-cell
carcinoma, 171 (90%) were included in the study (135 male, 36 female). For each
case, two sex-, age- and hospital-matched controls were selected, who did not
include patients with diseases of the upper gastrointestinal tract or with conditions
associated with use of tobacco or a1cohoL. Cases and controls were interviewed
about intake of mate, other hot beverages, a1cohol and a number of foodstuffs, as
well as on smoking and socioeconomic status. A matched analysis was carried out.
Relative to controls, cases had lower socioeconomic status, were more likely to
smoke, to drink a1cohol and to eat meat, and were less likely to eat fruit. ln the cru 

de
matched analysis, daily mate drinkers were 1.9 times more likely ta have
oesophageal cancer than nondaily drinkers (p = 0.00). Dose-response trends with
daily intake and with duration of the habit were observed. After adjustment for
a1cohol consumption, smoking, place of residence and meat and fruit intake, the RR
associated with daily drinking of mate was reduced to 1.5 (nonsignificant; one-tailed
test). Cases were no more likely than contraIs to report drinking mate hot or very
hot. (The Working Group noted that no data were available to assess whether the
range of temperatures was wide enough to permit an informative analysis.)

De Stefani et al. (1990) carried out a case-control study in Uruguay on 261
oesophageal cancer patients (199 male, 62 female) at the four main hospitals in
Montevideo in 1985-88. Of 268 patients with histologically confirmed
squamous-cell carcinoma of the oesophagus, seven (3%) could not be interviewed.
For each case, two controls matched by age, sex and hospital were selected, who did
not have a diagnosis of tobacco- or a1cohol-related disease; the most cam mon
diagnoses among contraIs were hernia (15%) and diseases of the eye (14%) and
gall-bladder (11 %). An unconditional analysis was carried out; RRs were adjusted
for age, sex, region, a1cohol, duration of smoking and type of tobacco. Mate was
drunk by 98% of cases and 91% of controls. There was a strong dose-response
relationship between the daily amount of mate drunk and the risk of oesophageal
cancer; this effect was observed in men and in women. There was also a significant
association with the duration of the habit, but the dose-response curve was not as
clear as for the daily amount drunk. The authors reported no consistent association
between the reported temperature at which mate was drunk and the risk for cancer.
(The Working Group noted that the dose-effect relationships within temperature



MATE 281

strata (very hot, hot, warm) were evaluated, but the effect of temperature per se was
not reported.)

(ii) Mouth and phary
ln the case-control study by Franco et aL. (1989), described in detail on p. 164, a

dose-response relationship for oral cancer was observed in a crude matched
analysis for daily drinkers of mate in three Brazilian cities; they had a nonsignificant
two-fold increase in risk over that in nondrinkers of mate. After adjustment for
smoking and a1cohol, mate drinking was associated with a nonsignificant RR of 1.6,
and no dose-response effect was seen.

ln another case-control study from Uruguay, the association between mate
drinking and cancer of the oral cavity and pharynx was investigated. A total of 108
male cases of squamous-cell carcinoma of the oral cavity (excluding lip and salivary
glands) and of the pharynx admitted to a university hospital in 1985-86 were

included; 28 contraIs from the same hospital with diagnoses other than diseases
related to smoking and a1cohol consumption were selected. Interviews were carried
out by social workers who were unaware of the diagnosis of the patients. A

dose-response association between daily intake of mate and risk for oropharyngeal
cancer was observed (crude RR, 1.0,2.8 and 7.8 for .c Il per day, 1- 1.991 per day and
~ 2 1 per day). This trend was stil present after adjustment for confounding

variables (age, smoking and a1cohol intake) (De Stefani et aL., 1988). (The vVorking
Group noted that no attempt was made ta compare the temperature at which mate
was drunk by cases and contraIs.)

(iii) Lary
A case-control study in Montevideo, Uruguay, included 107 histologically

confirmed male incident cases of squamous-cell carcinoma of the larynx diagnosed
at one hospital and 290 contraIs selected from the same hospital between June 1985
and May 1986. A questionnaire eliciting information on tobacco, a1cohol, diet and
mate drinking was administered by three trained interviewers. ContraIs were
patients who had diseases other th an those associated with tobacco and a1cohol
consumption. A significantly increased risk was found for mate drinking versus no
drinking of mate (RR, 3.4; 95% confidence interval, 1.8-6.6), and there was a
significant dose-response relationship after adjustment for age, tobacco and
a1cohol (De Stefani et al., 1987).

(iv) Bladder

A case-control study of 99 male cases of histologically confirmed bladder
cancer and two groups each of 99 contraIs (one hospital, one neighbourhood)
identified between March 1983 and December 1985 in La Plata, Argentina,
included information on mate, besides coffee and tea drinking. The participation

kajo
Pencil



282 IARC MONOGRAHS VOLUME 51

rate was 97% of cases and 96% of controls. Although a significant positive trend
with dose was observed for coffee (see p. 127), no such association was found for
mate (see Table 3) (Iscovich et al., 1987). (The Working Group noted that no
adjustment was made for coffee consumption.)

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Mate, an aqueous infusion prepared from dried leaves of Ilex paraguariensis, is
consumed mainly in Argentina, Bolivia, Brazil, Chile, Ecuador, Paraguay and
Uruguay. It is usually drunk very hot following repeated addition of almost boiling
water to the infusion; in Paraguay and southwestern Brazil, however, it is also drunk
cold. Among numerous constituents, caffeine, theobromine and a number of
chlorogenic acids have been identified in mate.

4.2 Experimental carcinogenicity data

No data were available to the Working Group.

4.3 "uman carcinogenicity data

Three case-control studies in South America have investigated the association
between mate drinking and oesophageal canceL Two studies from Uruguay
reported an increased risk among drinkers and dose-response relationships, even
after adjustment for confounding variables, including alcohol consumption and
smoking. Heavy drinkers of mate were approximately ten times more likely to
develop cancer than people who did not drink mate. Another study in southern

Brazil showed a nonsignificant increase in risk for oesophageal cancer among daily
drinkers of mate after adjustment for confounding variables; however, intake levels
were lower than in the previous studies, and no attempt was made to assess a
possible dose-response relationship.

The role of mate in oral cancer was the subject of another case-control

investigation in Brazil. The crude analysis showed a dose-response effect with the
frequency of mate drinking, but this effect was no longer present after adjustment
for smoking and alcohol consumption. After such adjustment, mate drinkers were
1.6 times more likely ta have oral cancer th an nondrinkers of mate - a
nonsignificant difference. A case-control study from Uruguay reported a
dose-response association between mate drinking and oropharyngeal cancer, which
remained after adjustment for age, alcohol and smoking.



Table 3. Summary of results of case-control studies on cancer and mate consumption

Reference, Site Subjects (cas, Mate consumption Relative risk Commentslocation
con troIs) (95% CI)

Vassallo et al. Oesophagus Men None 1.0 p -( 0.001; adjusted for age,
(1985) (185, 386) 0.01-0.491/day 1.1 (0.2-5.0) tobacco and alcohol consumptionUruguay 0.50-0.991/day 3.1 (1.2-7.8)

:: 1 1/ day 4.8 (1.9-12.1)
Women None 1.0 p -( 0.001; adjusted for age

(41,83) 0.01-0.491/day 2.1 (0.1-31. 7)

0.50-0.99 1/day 125 (2.0-80.1)
:: 1 l/day 34.6 (4.9-246.5)

~Victora et al. Oesophagus Men and women Less than daily 1.0 Nonsignificant; adjusted for

~
(1987) Brazl (171, 342) Daily 1.5 (0.9-2.5) alcohol, smoking, residence, fruit

and meat intake; 90% confidence
interval

De Stefani et al. Oesophagus Men and women None 1.0 Adjusted for age, sex, region,
(1990) (261, 522) 0.01-0.49 1/day 25 (0.8-8.4) alcohol and smokingUruguay 0.50-1.49 l/day 3.6 (1.3-9.9)

1.50-2.49 l/day 6.1 (2.1-17.3)
:: 2.50 1/day 12.2 (3.8-39.6)

Franco et al. Mouth Men and women -( 1 cup/month 1.0 Nonsignificant; adjusted for
(1989) (232, 46) 1-30 cups/month 1.6 (0.8-3.3) alcohol and smokingBrazl ~ 30 cups/month 1.6 (0.8-3.3)
De Stefani et al. Oral cavity Men -( l1/day 1.0 p -( 0.001; adjusted for age,
(1988) and phary (108, 286) 1.0-1.99 IIday 2.5 (1.1-5.7) smoking and alcoholUruguay

::2 Il day 5.2 (2.1-13.1)
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Table 3 (contd) ~

("

Reference, Site Subjects (cases, Mate consumption Relative risk Comments ~
0

location controls) (95% CI) Z0
De Stefani et al. Larynx Men 0.0-0.49 l/day 1.0 p -: 0.001; adjusted for age, 0
(1987) (107, 290) 0.5-0.99 l/day 3.2 (0.9-10.3) tobacco and alcohol

~Uruguay 1.0-1.491/day 2.6 (0.8-8.2)
;:1.5 l/day 4.9 (1. 7-14.3) ~

C/

Iscovich et al. Bladder Men None 1.0 Trend not significant; adjusted for â
(1987) (99, . 198) -: 10 drinks/day 2.0 age and smoking

5Argentina 10-19 drinks/day 0.9
;:20 drinks per day 0.8 ~

tT
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One study from Uruguay reported a three-fold increased risk for laryngeal
cancer among mate drinkers, with a significant dose-response relationship after
adjustment for age, tobacco and alcohoL.

The results of a case-control study of bladder cancer in Argentina showed no
evidence of trend in risk with increasing consumption of mate.

Overall, the case-control studies on mate drinking and cancer of the upper
gastrointestinal tract suggest a strong association, whereas no such association was
seen in one study of bladder cancer. These findings would be compatible with an
effect of mate drinking due either ta the composition of the beverage or to the
temperature at which it is consumed or both, since aIl of these studies were
conducted in populations that consume hot mate. No data were available on
populations that drink cold mate. Sorne issues must be resolved before a conclusive

result is obtained: (i) Awareness of the possibility that mate drinking may iocrease
the risk for cancer of the upper gastrointestinal tract may have led ta increased
reporting of mate drinking for cancer cases as compared ta contraIs. (ii) The

results require confirmation by other groups of investigators. (iii) The possibility of
residual confounding by alcohol drinking and tobacco smoking cannot be excluded
entirely, although this was adjusted for in an of the studies.

4.4 Other relevant data

An endoscopic survey from southern Brazil showed that daily drinkers of hot
mate had a prevalence of histologically confirmed oesophagitis which was three
times higher than that of nondrinkers of mate.

4.5 Evaluation 1

There is limited evidence for the carcinogenicity of hot mate drinking in
humans. No data were available on the drinking of cold mate.

There are no data on the carcinogenicity of mate in experimental animaIs.

Overall evaluation

Mate is no! classifiable as to its carcinogenicity to humans (Group 3).
Hot mate drinking is probably carcinogenic to humans (Group 2A).

IFor description of the italicized terms, see Preamble, pp. 27-31.
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1. ehemicai and Physicai Data

1.1 Synonyms

Chem. Abstr. Services Reg. No.: 58-08-2
Chem. Abstr. Name: 3, 7-Dihydro- 1,3, 7-trimethyl-lH-purine-2,6-dione
Synonym: Anhydrous caffeine; coffeine; coffeinum; guaranine; methyltheo-
bromine; methyltheophylline; thein; theine; 1,3,7-trimethyl-2,6-dioxopurine;
1,3,7-trimethylxanthine

1.2 Structural and molecular fOlmulae and molecular weight

o CH3
H3C, )):~Ni/)

oAN ..N
1

CH3

C8HlON40i MoL. wt: 194.19

1.3 Chemical and physical properties of the pure substance

(a) Description: White, odourless powder with a slightly bitter taste
(Gennaro, 1985; Macrae, 1985; McElvoy, 1989); glistening white crystals
or a white crystallne powder (Moffat, 1986); glistening white needles

(National Research Council, 1981; Gennaro, 1985; McElvoy, 1989)

(b) Sublimation-point: 178°C (Budavari, 1989); about 180°C (Moffat, 1986)

(c) Me/ting-point: 234-239°C (Moffat, 1986); 238°C (Budavari, 1989). When
crystallized from water, caffeine was thought until recently to contain one
molecule of water (monohydrate, CAS No. 5743-12-4); more recent
studies indicated that it is in fact a 4/5 hydrate (Macrae, 1985); anhydrous
when crystallzed from ethanol, chloroform or diethyl ether (Moffat, 1986)

(d) Density: d~8 1.23 (Budavari, 1989)

(e) Spectroscopy data: Ultraviolet spectra: aqueous acid; 273 nm (Al = 504a);
no alkaline shift; infrared spectra: principal peaks at wave numbers 1658,

-291-
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1698, 747, 1548, 1242 and 760 nm (potassium bromide di sc); mass spectra:
principal peaks at m/z 194, 109, 55, 67, 82, 195, 24 and 110 (Moffat, 1986)

if Solubility Soluble in water (1.0 g/46 ml at 20°C, 1.0 g/5.5 ml at 80°C, 1.0

g/1.5 ml at 100°C (Budavari, 1989)); 1.0 g/50 ml water (Gennaro, 1985),
ethanol (1.0 g/130 ml; Moffat, 1986; 1.0 g/22 ml at 60°C), acetone (1.0 g/50
ml), chloroform (1.0 g/5.5 ml), diethyl ether (1.0 g/530 ml), benzene (1.0
g/100 ml at 20 ° C, 1.0 g/22 ml in boiling benzene) and ethyl acetate; slightly

soluble in petroleum ether (Budavari, 1989)

(g) Stability Decomposed by strong solutions of caustic alkalis (Moffat,
1986); salts decomposed by water

(h) Equilibrium constants: acidic (Ka), .: 1.0xi0-14 at 25°C; basic (Kb),
0.7x 10-14 at 19°C (Windholz, 1983)

(i) Octanol!water partition coeffcient (P): 10g:P 0.0 at pH 7.4 (Moffat, 1986)

1.4 Technical products and impurities

Caffeine (anhydrous or containing one molecule of water of hydration) is
available in a USP grade with the following specifications: it contains not less than
98.5% and not more th an 101.0% of the above ingredient ca1culated on an
anhydrous basis, not more than 0.1% residue on ignition; 0.5% max weight loss on
drying the anhydrous form and not more than 8.5% of its weight when drying the
hydrous form (US Pharmacopeial Convention, 199).

Trade names: Caffeedrine; Dexitac; No Doz (Nodoz); Quick Pep; Tirend;
Vivarin (Griffith, 1989; McElvoy, 1989)

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Caffeine is produced commercially by both extraction and synthetic
procedures. Exraction procedures involve three methods: direct decaffeination of
green coffee beans with solvents, extraction froID tea dusts and wastes and
fragments of tea leaves, and extraction from cola nuts (McCutheon, 1969; Menthe,
1985; Halsey & Johnston, 1987). Caffeine has been obtained as a by-product from
the manufacture of caffeine-free coffee (Budavari, 1989), initially by water and then
by solvents, e.g., trichloroethylene (see lAC, 1979a, 1987), dichloromethane (see
lAC, 1979b; Anon., 1986; !ARC, 1987), ethyl acetate (Anon., 1986, 1987a),
water-carbon dioxide processes (Anon., 1987a), and also using ail from spent coffee



CAFFEINE 293

grounds ta remove caffeine from green coffee beans (Anan., 1986). Refining
processes are needed ta provide the pure caffeine of commerce.

Pressurized carbon dioxide is employed ta remove caffeine from tea in the
production of decaffeinated tea (Anon., 1986). The extraction yields in the
production of natural caffeine have declined significantly in recent years, following
the increasing use of water-based as opposed ta direct solvent-based extraction
procedures.

Synthetic production of caffeine involves the methylation ofvarious xanthines

(primarily theobromine) (Halsey & Johnston, 1987) and theophylline (Stanovnik et
al., 1982; Nesterov et al., 1985) or the reaction of theophyllne with carbon monoxide
and methanol (Bott, 1982); total synthesis can be achieved wIth dimethyl carbamide
and malonic acid (Anon., 1987b). Most ofthe caffeine produced in the USA prior to
1945 was obtained by methylation of theobromine extracted from cocoa; the
methylation agents used were dichloromethane and dimethyl sulfate.
Contemporary figures for the production of caffeine in the USA could not be
obtained; production in 1962 totalled 1 959 000 pounds (889 400 kg), while caffeine

imports totalled 1 807000 pounds (820 400 kg) (Huber, 1964).

The US International Trade Commission did not report dames tic production
from green coffee beans or of synthetic caffeine for 1986 (US International Trade
Commission, 1987). US imports of caffeine in 1988 totalled 6 345 310 pounds (290
thousand kg), while exports during this period were 753 515 pounds (342.1 thousand
kg) (US Bureau of the Census, 1989). US imports of caffeine and its derivatives
totalled 6.9 milion pounds (3133 thousand kg) in 1987 (Anon., 1988), 5.3 milion
pounds (2406 thousand kg) in 1986, 5 milion pounds (2270 thousand kg) in 1985
(Anon., 1987a) and 6.2 milion pounds (2815 thousand kg) in 1980 (Hirsh, 1984).
Estimates for the amount of caffeine sold in the USA ranged from 8 ta 12 millon
pounds (3632-5448 thousand kg) in 1986, 80% of which was used in soft drinks
(Anon., 1986). Caffeine is produced from green coffee by two companies in the
USA (Anon., 1987a) and synthetic caffeine by one (Anon., 1989a). US synthetic
production capacity was reported to have been expanded in 1989 by an additional
500 00 pounds (22700 kg) (Anan., 1989a). It is estimated that 60% of caffeine
used in the USA is synthetic (Anan., 1986).

Caffeine is also produced in China, the Federal Republic of Germany, Italy,
Japan, the Netherlands and Switzerland (Anon., 1987a, 1988, 1989a; Stabilimento

Farmaceutico 'Cau. G. Testa', 1989). ln the Federal Republic of Germany,

approximately 500 tonnes of caffeine are obtained annually from the decaffeInation
of coffee, while some 300-3300 tonnes are produced synthetically (Menthe, 1985).
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(h) Use

Approximately 80-90% of caffeine extracted froID green coffee is used in the
beverage industry and most of the remainder and synthetic caffeine are used in
pharmaceutical applications (Anon., 1987a, 1988). Caffeine is permitted in the
USA in nonalcoholic carbonated cola-type beverages at a content of up ta 0.02% by
weight of the finished product (Anon., 1987b; US Food and Drug Administration,
1988). It may be used as a flavour enhancer or synergist in foods as served at levels
of up to 20 ppm (0.02%) and as a flavouring agent in baked goods, frozen dairy
desserts, mixes, gelatins, puddings, fillngs and soft candy at levels of up ta 40 ppm
(Anon., 1987b).

Caffeine is an ingredient in many prescription and nonprescription drugs
including stimulant tablets, headache and cold remedies, tablets for the relief of
menstrual pain, weight control aids and diuretics (US Food and Drug
Administration, 1980). About 100 prescription drugs and 20 'over-the-counter'
drugs available in the USA con tain caffeine (US Food and Drug Administration,
1980; Barone & Roberts, 1984). Caffeine is widely used in a variety of
over-the-counter oral drug preparations, often in combination with analgesics such
as aspirin, paracetamol (see !ARC, 199), phenacetin (see !ARC, 1987) and
propoxyphene for the relief of headaches or menstrual tension, with ergotamine
tartrate for the treatment of migraine and in combination with sorne antihistamines
to overcome their soporific effects (Gennaro, 1985; Griffith, 1989; McElvoy, 1989;
Consumers Union, 199; US Pharmacopeial Convention, 1990). Caffeine (usually
as caffeine citrate) has been used intravenously in the treatment of neonatal apnoea
(McElvoy, 1989), to control asthmatic symptoms and to relieve bronchial spasms
(Stavric, 1988). Injection of caffeine and sodium benzoate has been used for the
symptomatic relief of headache following spinal puncture (Mc Elvoy, 1989).

Caffeine has been used in combination with cisplatin (see !AC, 1987) and
cytarabine in phase 1- II chemotherapy of advanced pancreatic cancer (Dougherty
et al., 1989).

Concentrations of caffeine are 100-20 mg/tablet in stimulants (US Food and
Drug Administration, 1980; Gennaro, 1985; Huff, 1989a,b), 15-65 mg/tablet in
analgesic combinations (US Food and Drug Administration, 1980; Huff, 1989a),
15-33 mg/tablet in cold and allergy relief formulations, 66-20 mg/capsule in weight
control aids, 16-20 mg/tablet in diuretics (US Food and Drug Administration,
1980) and 33-65 mg/tablet in menstrual relief products (Huff, 1989a,b). Caffeine

levels in over-the-counter drugs vary widely but are typically 15-20 mg/tablet or
capsule, depending on both the type of product and the brand (Barone & Roberts,
1984).
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2.2 Occurrence

(a) Naturaloccurrence

Caffeine occurs in more than 60 plant species throughout the world (Barone &
Roberts, 1984; Gilbert, 1984). It occurs in dry green beans of arabica and robusta
coffees at levels of 0.9-1.4% (average, 1.1%) and 1.5-2.6% (average, 2.2%; Macrae,
1985)~ respectively. Darkly roasted coffee beans may contain about 20% more
caffeine by weight th an green beans (Gilbert, 1981; see the monograph on coffee,
p.67). The level of caffeine in tea (Camellia sinensis) is affected by a wide variety of
parameters, including seasonal variations, genetic origin and use of nitrogen in
fertilzers; thus, only average values can be estimated. The caffeine content of tea
can be as high as 5% (Graham, 1984a) but is usually around 3.5% (Gilbert, 1984).
The weighted average caffeine level in tea sold in the USA is approximately 3.0%
(Graham, 1984a); those in tea sold in the UK range from 2.7 to 3.2% (Kazi, 1985; see
also the monograph on tea, p. 223).

Cacao is a major source of theobromine and contains only small amounts of
caffeine; significant differences in the caffeine content of dried unfermented and
fermented cotyledons have been found, as well as in the bark, beans, leaves, roots
and pods of Theobroma cacao. The bean is the main caffeine storage site, and there
are only traces in the leaves and pods (Somorin, 1974). Less caffeine (0.06% in
original and 0.152% in fat-free material) is found in cotyledons of fermented West
African cacao beans th an in unfermented cotyledons (0.085 and 0.196%,
respectively). The mean concentrations in fat-free samples of Amelonado and
Amazonas cacao beans after five days' fermentation were: green beans, 0.06 and
0.19%; yellow beans, 0.09 and 0.18%; orange beans, 0.08 and 0.23%; and black
beans, 0.10 and 0.22%. Concentrations of caffeine in 16 other samples ofvarious
origins were 0.07- 1. 70% (Shively & Tarka, 1984). Cocoa grown in Africa contains as
much as 1.7% caffeine (Graham, 1978). The average caffeine content of 22 samples
of various chocolate liquors was 0.214% (compared to 1.22% theobromine)
(Zoumas et al., 1980).

Caffeine occurs in the Ilex paraguariensis plant from which the South American
beverage mate is prepared and in other plants of the holly species (see also the
monograph on mate, p. 276). Caffeine levels in mate vary from 0.9 to 2.2%; the age
of the leaf is an important determinant of the caffeine content: young, growing
leaves, 2.0-2.2%; adult, one-year old leaves, 1.6%; two-year old leaves, 0.68%
(Graham, 1984b).

(b) Occupational exposure

No data were available ta the Working Group.

kajo
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(c) Air

Caffeine has been detected in the air of New York City and in New Jersey,
USA, mainly due ta emissions from coffee roasting plants (Dong et al., 1977).

(d) Water sediments

Caffeine was not found in US industrial effluents (Perry et aL., 1979) or
drinking-water (National Research Council, 1977a).

(e) Food and beverages

The monographs on coffee, tea and mate contain extensive information on the
methylxanthine content of these beverages. The occurrence in and consumption of
caffeine in foods and beverages has been reviewed extensively (National Research
Council, 1977b; Graham, 1978; National Soft Drink Association, 1982; Pao et al.,
1982; Barone & Roberts, 1984; Gilbert, 1984; Graham, 1984a; Hirsh, 1984; Shively &
Tarka, 1984; Lelo et al., 1986; National Soft Drink Association, 1986; Stavric &
Klassen, 1987; Schrieber et aL., 1988; Stavric et aL., 1988; Debry, 1989; National
Research Council, 1989).

One or more caffeine-containing foods or beverages (coffee, tea, cocoa and
chocolate products, soft drinks and mate) is consumed by most adults and children,
although 90% of caffeine consumed is in the form of coffee or tea (Gilbert, 1984). A
wide variety of values for caffeine content have been reported, especially in coffee
(Burg, 1975a; Barone & Roberts, 1984). The caffeine content of natural products
varies according ta the plant species, growing conditions, the amount used and the
method of brewing (e.g., brewing time) and preparation (Barone & Roberts, 1984).
Many early values were determined using a variety of analytical methods, often
undocumented, and different volumes ('cup' size) (Burg, 1975a; Barone & Roberts,
1984; Stavric & Klassen, 1984). The caffeine contents of a variety of food products
are given in Table 1.

ln foods and beverages consumed in Australia, reported caffeine levels were
300 mg/lOO g in cocoa beans, 6-42 mg/lOO g in cocoa drinks, 6 mg/30 g in milk

chocolate and 35 mg/30 g in cooking chocolate (Anan., 1983). (The Working Group
estimated that the average caffeine level in cola drinks was 120 mg/!.)

ln the UK, the average caffeine content per cup is estimated to be 48.2 mg in

instant coffee, 100 mg in percolated filter coffee, 55.2 mg in tea (theobromine, 2.3
mg) and 10 mg in colas.

The caffeine content in 12-oz servings of 22 soft drinks in the USA ranged from
30 ta 58.8 mg (US Food and Drug Administration, 1984). ln sorne countries, the
caffeine content of soft drinks is not indicated on the label, and it th us may be
consumed unwittingly (Galasko et aL., 1989).



298 IARC MONOGRAHS VOLUME 51

Table 1 (contd)

Product Volume Caffeine content Reference
orweight (mg)

Range Average

Choclate bar 30 g 20 Gilbert (1981)

Milk choclate 10z 1-15 6 US Foo and Drug Administration (1984)
10z 1-15 6 Zoumas et al. (1980)

Sweet choclate 10z 5-36 20 Zoumas et al. (1980)
Dark choclate, 10z 5-35 20 US Foo and Drug Administration (1984)

semi-sweet

Choclate milk 8 oz 2-7 5 US Foo and Drug Administration (1984)
8 oz 2-7 5 Zoumas et al. (1980)
8 oz 5 Barones & Robert (1984)

Baking choclate loz 35 US Foo and Drug Administration (1980)
Choclate-flavoured 10z 4 US Foo and Drug Administration (1984)syrp
Soft drinks

Regular cola . 6 oz 15-23 National Soft Drinks Asociation (1982)
6 oz 18 Barone & Robert (1984)

Decaffeinated cola 6 oz Trace National Soft Drinks Asociation (1982)
Diet cola 6 oz 1-29
Decaffeinated diet 6 oz O-trace

cola

Orange, lemon- 60z 0
lime, root beer,
tonic, ginger ale,
club soa

arhe US Foo and Drug Administration cites a range of 75-155 mg caffeine per cup of coffee, noting
that percolated coffee is in the lower part of this range and drip coffee in the upper part.

-, not given

The mean caffeine levels in 39 tinned 'regular' soft drinks in New York State,
USA, and Ontario, Canada, in 1986 were analysed: those in cola drinks were 34.3
and 22 mgltin (concentration range, 2.3-133.4 and 0.1-104.9 lLg/ml), respectively.
The range of caffeine contents in all products was 0.8-50.8 mgltin (12-oz (355 ml)) in
New York State and 0.03-29.4 mgltin (28-mI) in Ontario. Comparison with earlier

reports (47.3 mg/tin in the USA in 1979; 40 mg/tin in Ontario in 1976) indicated a
general decrease in the amount of caffeine in all types of cola beverages over the
seven-year period (Stavric & Klassen, 1987).
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Table 1. CatTeine content of varions beverages and food products

Product Volume Caffeine content Reference
or weight (mg)

Range Average

Roasted, ground 5 oz 64124 83 Burg (1975a)
coffee 5 oz 40170 80 US Foo and Drug Administration (1984)
(prcolated)Q 5 oz 74 Gilbert (1981)

5 oz 85 Barone & Roberts (1984)

Instant coffee 5 oz 40108 59 Burg (1975a)
5 oz 66 Gilbert (1981)

5 oz 30-120 65 US Foo and Drug Administration (1984)
5 oz 60 Barone & Robert (1984)

Roasted, ground 5 oz 2-5 3 Burg (1975a)
coffee 5 oz 2-5 3 US Foo and Drug Administration (1984)

( decafeinated) 5 oz 2 Gilbert (1981)

5 oz 3 Barone & Robert (1984)

Instant coffee 5 oz 2-8 3 Burg (1975a)

( decaffeinated) 5 oz 1-5 2 US Foo and Drug Administration (1984)

Roasted, ground 5 oz 60-180 115 US Foo and Drug Administration (1984)
coffee (drip t 5 oz 112 Gilbert (1981)

Instant, percolated 5 oz 29-176 Gilbert (1981)

and drip coffees

Tea
Major US brands 5 oz 8-91 27 Gilbert (1981)

5 oz 2090 40 US Foo and Drug Administration (1984)
5 oz 40 Barone & Roberts (1984)

Imported brands 5 oz 25-110 60 US Foo and Drug Administration (1984)

Bagged tea 5 oz 42 Burg (1975a)
5 oz 28-44 US Food and Drug Administration (1980)
5 oz 40 Barone & Robert (1984)

Ice tea 12 oz 67-76 70 US Foo and Drug Administration (1984)

l.af tea 5 oz 30-48 41 Burg (1975a)

Instant tea 5 oz 2431 28 Burg (1975a)
5 oz 25-50 30 US Foo and Drug Administration (1984)
5 oz 30 Barone & Roberts (1984)

Coca
- Afcan 5 oz 6 Burg (1975a)
- South American 5 oz 42 Burg (1975a)

Coca 5 oz 2-20 4 US Food and Drug Administration (1984)
5 oz 2-7 4 Zoumas et al. (1980)
5 oz .:40 Gilbert (1981)

5 oz 4 Barone & Robert (1984)
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The caffeine content of 14 soft drinks soJd in the USA in 1989 ranged from 36 ta
54 mg/12-oz serving. Another soft drink contained 72.0 mg/12-oz serving (Anon.,

1989b ).

Data on human consumption of caffeine are generally based on overall
product usage or on a relatively small number of dietary consumption surveys. A
gross estimate of consumption of caffeine can be derived by considering per-caput
intake (International Coffee Organization, 1981, 1982; Barone & Roberts, 1984;
Gilbert, 1984; Hirsh, 1984; International Coffee Organization, 1989). ln the USA
and Canada, coffee is the most important source of caffeine, accounting for
approximately 75 and 60% per-caput intake, respectively; tea accounts for 15 and
30% caffeine intake, respectively (Barone & Roberts, 1984).

Gross estimates of world caffeine consumption (in coffee, tea, cocoa and soft
drinks) compared ta that in the Canada, Sweden, the UK and the USA for 1981 or
1982 and based on total caffeine consumption and per-caput consumption are
shown in Table 2. Estimates of world consumption were derived by taking

production data for 1981, converting ta caffeine by assuming a 75:25 mixture of
arabica coffee at 1.1% and robusta coffee at 2.2%, and tea at 3.5%, and then
deducting 20% for spoilage and waste. Estimates of 'other' consumption inc1ude
coco a (approximately 1350 tonnes of caffeine), mate (approximately 1250 tonnes),
chewed cola nuts and miscellaneous sources. Total wOrld caffeine consumption in
1981 was estimated ta be approximately 120000 tonnes, equivalent to 70 mg per day

for each inhabitant. Approximately 95% of aIl caffeine consumed is contained in
coffee and tea. The per-caput rate of caffeine use in the USA and Canada is
approximately three times that in the world as a whole, but only half that of

countries, such as the UK, with heavy tea consumption (Gilbert, 1984).

Daily caffeine intake in the USA has been estimated at 200 mg on the basis of
total US consumption (Graham, 1978; Barone & Roberts, 1984). Specific studies
have indicated levels as high as 334 (Barone & Roberts, 1984) and 1022 mg/day
(Stavric et aL., 1988). ln the Nordic countries, nearly aIl caffeine is derived from
coffee, and consumption is estimated at 340 mg per day (Kraft General Foods,
1989). Overall mean daily caffeine intake in the UK was estimated ta be 359 mg
(smokers, 421 mg; nonsmokers, 329 mg); coffee contributed 55% of the total intake
of caffeine, and this percentage was higher in men than in women; tea contributed
44%, with no sex difference. ln Australia, the average daily intake of caffeine from
all sources was estimated to be 240 mg per persan (coffee, 54%; tea, 41%; soft
drinks, 5%) (Shizlow, 1983) with a maxmal average of 6.8 mg/kg bw for adult men

(Lelo et al., 1986). Assuming that the mate leaf yields 0.5% caffeine, the average
daily consumption of caffeine in Paraguay and Uruguay from this source was
estimated ta be 85 mg (Gilbert, 1984).
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Table 2. Estimates of caffeine consumption: world, North America,
Sweden and UK, 1981 or 1982a

Region Caffeine source Total caffeine consumption Per-cput consumption

(tonnes)

g/year mg/day

World Coffee 64 500 14 38
Tea 51 500 11 30
Other 400 1 2
All 120 00 26 70

USA Coffee 10 30 46 125
Tea 2850 13 35
Soft drinks 2 850 13 35
Coca 30 2 4
Other 1 00 5 12
Total 17 30 79 211

Canada Coffee 1 20 47 128
Tea 700 29 79
Soft drinks 150 6 16
Coca 30 1 3
Other 120 5 12
Total 220 88 238

Sween Coffee 1 30 125 340
Tea 100 13 34
Other 150 20 51
Total 1 550 158 425

UK Coffee 1 700 32 84
Tea .6500 118 320
Other 80 15 40
Total 9 00 165 44

QFrom Gilbert (1984)

Per-caput consumption of coffee, tea, cocoa and soft drinks in the USA and
Canada in selected years between 196 and 1982 is shawn in Table 3. Total caffeine
consumption from coffee in 1982 in the USA was estimated ta be 10 300 tonnes,
equivalent to a per-caput consumption of 125 mg/day. Per-caput tea-Ieaf
consumption in the USA in 1982 was 0.4 kg, giving an approximate caffeine
consumption from tea of 2850 tonnes, which is equivalent to a per-caput
consumption of 35 mg/day - the amount of caffeine In one cup ofweak-to-medium
strength tea. Table 3 shows a 231% increase in per-caput consumption of soft
drinks in the USA during the period 196-82 (Gilbert, 1984).



Table 3. Per-caput consumption of caffeine-containing beverages, Canada and the USA, in selected
years a-
Beverage 1960 1965 1970 1973 1974 1975 1976 1977 1978 1979 1980 1981 1982

USA

Coffee (kg) 7.2 6.7 6.2 6.2 5.9 5.6 5.8 4.3 4.8 5.1 4.7 4.7 4.6
Tea (kg) 0.3 0.3 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.3 0.4 0.4 0.4 ('
Cocoa (kg) 1.6 1.8 1.8 1.9 1.7 1.5 1.7 1.5 1.5 1.5 1.5 1.6 1.7 ~
Soft drinks (1) 45 61 85 101 100 103 115 125 133 138 142 146 149

~
tr-

Canada Z
Coffee (kg) 4.1 4.0 4.2 4.2 4.2 4.3 4.4 3.5 4.2 4.5 4.5 4.8 4.4

tr

Tea (kg) 1. 1 1. 1 1.0 1. 1 1. 1 1. 1 1.2 1.0 1.0 1.0 1.0 0.9 0.9
Cocoa (kg) NA NA NA 1.7 1.5 1.3 1.3 1.4 1.4 1.2 1.4 1.5 1.3
Soft drinks (1) 41 48 57 63 62 63 65 65 67 75 67 69 68

aprom Gilbert (1984); amounts of caffee, tea, coca and chocolate products are expressed as kg of fresh equivalent, Le., green
coffee bean, tea leaf and cocoa bean; the amounts of soft drinks are expressed as litres of beverage.
NA, not available

UJo..
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Table 4 gives the consumption of coffee, tea and soft drinks in the USA in 1962
and in 1985-89 and shows that coffee is now the second most popular beverage after
soft drinks.

Table 4. Consumption of cofTee, tea and soft drinks in the USA, 1962
and 1985-89°

Beverage Consumption (% of population) Change

1962 1985 1986 1987 1988 1989 1962-89 1986-88
to 1989

Coffee 74.7 54.9 52.1 52.0 50.0 52.5 -22.2 + 1.1

Tea 24.7 30.9 30.9 29.3 29.4 32.1 +7.4 +2.2
Soft drinks 32.6 59.4 58.4 58.1 58.8 62.1 +29.5 +3.7

llrom International Coffee Organization (1989)

Gilbert (1984) estimated that the total intake of caffeine-containing soft drinks
in the USA in 1982 was 28.7 bilion litres, giving a total caffeine yield of 2850 tonnes
and a daily per-caput consumption of approximately 35 mg (see Table 2). The total
soft drink sales for 1988 in the USA were estimated to be 7.5 bilion 192-oz cases,
equivalent ta a per-caput consumption of 45.9 gallons (174 1). Caffeine-free soft
drinks accounted for about 4.5% of the market (Anan., 1989c).

Table 5 gives estimations of the consumption of methylxanthines (caffeine,
theophyllne and theobromine) from foods and beverages; estimates of per-caput
consumption are based on the 1980 US census population of 226.5 milion. Coffee
accounted for the majority of caffeine consumption (72.3%; 140.7 mg/day), and tea
accounted for II.5%; ail other sources combined accounted for 16.2%. Total
per-caput intake of methylxanthines was estimated ta be 233.79 mg/day, of which
194.6 mg (83.2%) were from caffeine, 39.05 mg (16.7%) from theobromine and 0.14
mg (0.1%) from theophylline (Hirsh, 1984).

Additional data on caffeine consumption come from a national household
cens us covering a 14-day(Barone & Roberts, 1984) period in 1972-73 (Federation of
American Societies for Experimental Biology, 1978); Table 6 gives me an daily
consumption of caffeine by source, and Table 7 gives mean daily consumption of
individuals in the 9Oth- 100th percentiles of caffeine intake from aIl sources.

Another survey (Morgan et aL., 1982) gave daily caffeine consumption and that over
a seven-day period, by age group (Table 8), and the mean daily caffeine
consumption by source (Table 9). From these data, it was estimated that mean daily
caffeine intake is approximately 3 mg/kg bw for aIl adults in the general population
and approximately 4 mg/kg bw for consumers of caffeine. Among the 10% of adults
who consumed the most caffeine, me an intake was approximately 7 mg/kg bw per



Table S. Consumption of methylxanthines in foods and beverages, USA, 1980a

Content (milions of kg) Methylxanthines consumedb Daily per-caput Percentage total consumed
(milions of kg) consumption (mg)

Caffeine Theo- Theo- Caffeine Theo- Theo- Caffeine Theo- Theo- Caffeine Theo- Theo-
phylline bromine phylline bromine phylline bromine phylline bromine

Coffee 15.23 11.65 140.7 72.3
Tea 2.72 0.03 0.15 1.85 0.01 0.06 22.3 0.14 0.75 115 100 1.9 ()Cocoa 0.55 4.14 0.42 3.17 5.1 38.3 2.6 98.1 ~Kola nut and 0.05 0.04 0.4 0.2 "'

trother -
ZCaffeine 2.86 2.16 26.1 134 tr

Total (each 21.41 0.03 4.29 16.12 0.01 3.23 194.6 0.14 39.05 100 100 100
methylxanthine)

Total (all methyl- 25.73 19.36 233.79 83.2 0.1 16.7
xan thines)

aprom Hirsh (1984)

~eparation and extraction losses were estimated as 10% for caffeine from coffee; 25%, 50% and 50% for caffeine, theophylline and theobromine,
respectively, from tea; 10% for bath caffeine and theobromine from cocoa; 10% for caffeine from kola nut; and 10% for caffeine alkaloid. ln each
case, an additionalloss totallng 15% was assumed as waste from all causes.

V-o
V-

kajo
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Table 6. Mean daily consumption of caffeine by source for
subjects in a US national household censusa

Age (years) Consumption (mglg bw)

AlI sources Coffee Tea Soft drinks Choclate

.. 1 0.18 0.00 0.13 0.02 0.02
1-5 1.20 0.11 0.57 0.34 0.16
6-11 0.85 0.10 0.41 0.21 0.13
12-17 0.74 0.16 0.34 0.16 0.08

~18 2.60 2.1 0.41 0.10 0.03

tlrom Barone & Roberts (1984)

Table 7. Mean daily consumption of caffeine by subjects in
a US national household census in the 90th to lOOth
percentiles of caffeine intake from ail sourcesa

Age (years) Consumption (mglg bw)

AlI sources Coffee Tea Soft drinks Choclate

1-5 4.7 0.49 3.2 0.79 0.22
6-11 3.2 0.43 2.1 0.52 0.19
12-17 2.9 0.96 1.5 0.33 0.092

~18 7.0 6.55 0.35 0.069 0.036

tlrom Barone & Robert (1984)

Table 8. Mean daily caffeine consumption by
respondents in a US surveya

Age group (years) No. of subjects Consumption (mglg bw)

per day per 7 days

AlI 966 1.1 0.9
5-6 141 1.3 1.1

7-8 147 0.9 0.7
9-10 151 1.0 0.8
11-12 140 1.2 1.0

13-14 148 1.0 0.8
15-16 136 1.1 0.8
17-18 103 1.2 0.9

llrom Morgan et al. (1982)
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Table 9. Mean daily caffeine consumption by source for respondents
in a US survey and for caffeine consumers on days of consumptiona

Source No. of subjects Consumption (mg) Proportion of total
caffeine consumed:
aIl subjects (%)

Soft drinks 825Tea 457
Coffee 134
Choclate and 1053
choclate-cntaining
foos and beverages

per day per 7 days

33.3 9.8
59.5 12.8

193.4 8.3
11.7 6.4

26.4
34.2
22.1

17.3

'Prom Morgan et al. (1982)

day; for children under 18 years of age, the mean daily intake was approximately 1
mg/kg bw; and the 10% of children who consumed the most caffeine had a mean
intake of approximately 3-5 mg/kg bw (Barone & Roberts, 1984).

ln the US National Food Consumption Survey, 1977-78 (Pao et aL., 1982), the
average daily caffeine consumption from coffee, tea and cola was estimated for
those respondents who consumed the particular beverage for at least three days
(Barone & Roberts, 1984; Table 10). Average caffeine consumption among US tea
drinkers was 76.2 mg/day. For coco a and hot chocolate drinkers, caffeine intakes
ranged from 0.06 ta 0.22 mg/kg bw for children and averaged about 0.05 mg/kg bw
for adults. Chocolate milk consumption gave caffeine intakes of 0.02-0.06 mg/kg bw
for adults and 0.05-0.19 mg/kg bw for children. Children who consumed coffee and
tea had similar caffeine intakes; adult consumers of coffee had a higher intake of
caffeine than tea drinkers. Using caffeine contents of 85, 60 and 3 mg per cup for
ground roasted, instant and decaffeinated coffee, respectively, the daily caffeine
intake for all coffee drinkers was estimated to be 233 mg. From these data, which
cover only consumers of caffeine-containing products rather than all individuals, it
was estimated that, depending on age and sex, the mean daily caffeine intake froID
coffee for adult (?19 years) coffee drinkers ranged from 2.7 ta 4.0 mg/kg bw, that
from tea, 0.9-1.4 mg/kg bw, and that from colas, 0.23-0.47 mg/kg bw (Barone &
Roberts, 1984).

2.3 Analysis

Analytical procedures for the determination of caffeine and its metabolites
and otherxanthines in biological fluids (Christensen & Whitsett, 1979; Tobias, 1982;

Christensen & Neims, 1984; Hurst et aL., 1984) and in foods (Hurst et al., 1984) have
been reviewed. Until the mid 1970s, the usual technique for determining caffeine in
biological fluids was ultraviolet spectroscopy (Axelrod & Reichenthal, 1953; Routh
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et al., 1969). Use of thin-Iayer chromatography (Welch et al., 1977; Riechert, 1978;
Bradbrook et al., 1979), gas chromatography (Grab & Reinstein, 1968; Demas &
Statland, 1977; Bradbrook et al., 1979) and gas chromatography-mass spectrometry

(Merri 
man et al., 1978) for the analysis of caffeine in plasma has been described.

The minimal level of caffeine detected in plasma bythin-Iayer chromatographywas
0.1 l1g/ml (Bradbrook et al., 1979) and that in serum, saliva or urine was 1 l1g/ml
(Riechert, 1978); the level of detection of caffeine in plasma by gas chromatography
was 0.05 l1g/ml (Bradbrook et aL., 1979).

High-performance liquid chromatography is currently the most frequently
used procdure for determining caffeine and its metabolites and for separating
caffeine from other xanthines and drugs in biological fluids; detection techniques
range tram fixed-wavelength ultraviolet and variable ultraviolet to electrochemical
methods, and separation techniques range from normal and reverse-phase to ion
pairing (Sved & Wilson, 1977; Aldridge & Neims, 1979, 1980; Christensen &

Whitsett, 1979; Tin et al., 1979; Foenander et al., 1980; Van der Meer & Haas, 1980;
Christensen & Isernhagen, 1981; Haughey et al., 1982; Muir et al., 1982; Klassen &
Stavric, 1983; O'Connell & Zurzola, 1984; Stavric & Klassen, 1984; Kapke &
Franklin, 1987; Papadoyannis & Caddy, 1987; Wong et al., 1987; Meatherall & Ford,
1988).

Additional procedures for the determination of caffeine in biological fluids
include chromatography on ion-exchange resins (Walton et al., 1979),
radioimmunoassays (Cook et al., 1976) and enzyme immunoassay techniques
(Aranda et al., 1987).

Caffeine has been determined and separated from theobromine and
theophyllne in foods and beverages, including coffee, tea and cocoa, and in drug
formulations by a variety of techniques (Hurst et al., 1984). Earlier procedures
utilized spectrophotometry (Fincke, 1963; Ferren & Shane, 1968; Somorin, 1973,

1974; Horwitz, 198Oa), titrimetry (Mayanna & Jayaram, 1981), column
chromatography (Levi ne, 1962; Johnson, 1967) and Kjeldahl nitrogen
determination (Moores & Campbell, 1948). These were followed by paper
chromatography (Jalal & Colln, 1976), thin-Iayer chromatography (Senanayake &
Wijesekera, 1968, 1971; Somorin, 1974; Jalal & Colln, 1976) and gas

chromatography (Horwitz, 198Ob). High-performance liquid chromatography is
most widely used at present for determining caffeine and other methylxanthines in
foods and beverages (Madison et al., 1976; Kreiser & Martin, 1978; Timbie et aL.,
1978; Horwitz, 198O; Zoumas et al., 1980; De Vries et al., 1981; Reid & Good, 1982;
Blauch & Tarka, 1983; Craig & Nguyen, 1984; Vergnes & Alary, 1986).

Methods used for determining caffeine in green, roasted and instant coffee
have been reviewed by Macrae (1985).
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3. Biological Data Relevant to the Evaluation of

Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animaIs

The Working Group was aware of experiments (e.g., by Macklin & Szot, 1980)
that were parts of studies on the modifying effects of caffeine on the activity of
known carcinogens, in which a group given caffeine was frequently incorporated as
a control group. Only a few of these studies were included here, since the
experimental design of most of them was inadequate to reveal a possible
carcinogenic effect of caffeine: I.e., short duration of exposure to caffeine and/or the
histopathological examination was limited to the target organ of the carcinogen

used.

(a) Oral administration

Mouse: ln a series of experiments (Welsch et al., 1988a) (see also p. 316), groups
of 37-43 female C3H mice, eight weeks of age, received caffeine (purity unspecified)
at 0 (control), 250 or 500 mg/l drinking-water for 43 weeks. At termination of the
study all mammary tumours were excised, fixed in Bouin's fluid (Welsh et al., 1988b)
and examined histologically. The incidence of mammary carcinomas, mean time to
tumour appearance and body weight gain were not significantly affected by caffeine
treatment; however, the number of mammary adenocarcinomas per animal had
significantly increased (p -: 0.05) among those given 500 mg/l caffeine. (The
Working Group noted the short treatment period and that histopathological
examination was limited to the mammary gland.)

Rat: Three groups each of 50 male and 50 female Wistar rats, eight weeks of
age, were maintained on basal diet and given tap-water (contraIs) or a 0.1% (1000
mg/l) solution of synthetic caffeine (purity 100%; total amount consumed, 14.5 g for
males and 13.9g for females) or a 0.2% caffeine solution (total amount consumed,
26.6 g for males and 21.7 g for females) as the drinking fluid for 78 weeks. Surviving
rats were then given tap-water for a further 26 weeks. The numbers of
tumour-bearing animaIs were 24/46 in control males and 41/50 in females; 31/48 in
males given 0.1% caffeine and 44/48 in females; and 18/44 in males given 0.2%
caffeine and 37/50 in females. The numbers of tumours at specific sites were not
significantly different in treated and control rats (Takayama & Kuwabara, 1982).

Groups of 50 male and 50 female Sprague- Dawley rats, 28 days of age, received
food-grade natural caffeine (contaiiling less than 0.01% theobromine) at 200, 430,
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930 or 20 mg/l drinking-water for 104 weeks. Mean daily intakes were 12, 26, 49
and 102 mg/kg bw in males and 15, 37, 80 and 170 mg/kg bw in females. Two control
groups of 50 male and 50 female rats received tap-water only. No significant
increase in the numbers of tumour-bearing rats or of tumours at specific sites was
observed in treated as compared to control groups (see Table Il). A slight increase
in mortality was seen in males at the highest dose; a decrease in body weight was
seen in males and females at the higher doses; decreased numbers of
tumour-bearing animaIs and of tumours per animal were observed in males and
females treated with the highest dose (Mohr et al., 1984). (The Working Group
noted that the reduced number of tumours per animal might have been due partIy ta
impaired growth.)

Table i 1. Overall tumour response in rats treated with
caffeine at different doses in the drinking-watera

Caffeine (mg/l) Tumour incidence No. of tumours per animal

Males Females Males Females

0 37/50 46/50 1.41 1.46
0 32/50 38/50 1.56 1.63
20 35/50 40/50 1.37 1.68
430 29/50 40/50 1.24 1.60
930 27/50 36/50 1.48 1.6120 22/50 31150 1.05 1.23

'Prom Mohr et al. (1984)

A group of 40 female Wistar rats, four weeks of age, was given 0.2% (2000 mg/Il
caffeine solution (purity unspecified) as the drinking fluid ad libitum for 12 months
(mean total dose of caffeine, 13.5 g per rat). A group of 40 contraIs (reduced to 30 at
the end of the study) was given tap-water only. The number ofpituitary adenomas
(22/40) in the caffeine-treated group was significantly (p ~ 0.02) greater than that in
controls (8/30). Pituitary hyperplasia was seen in 5/40 rats given caffeine and in 1/30

con troIs (Yamagami et al., 1983). (The Working Group noted the short duration of
the study, that evaluation was limited to the pituitary gland and to one sex, and that
ten control rats were not evaluated since they died before the end of the study.)

As part of a study of the carcinogenicity of analgesics, 30 male Sprague- Dawley
rats, six weeks of age, were given 0.102% caffeine (purity, 99.6-99.9%) in the diet for
up to 117 weeks; caffeine consumption was 21.4 g per rat. A control group of 30

males received basal diet alone. The me an survival times were 78 weeks in the
treated group and 94 weeks in the controls. No difference in tumour incidencewas
found between the treated group (8/28) and contraIs (6/30) (Johansson, 1981). (The
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Working Group noted that only one sex was used and the high mortality in the
treated group.)

Groups of 40 male and 40 female Sprague-Dawley rats, weighing
approximately 100 g, were fed diets containing 6% instant coffee (13 samples of
coffee, including seven from which caffeine had been removed by extraction with
dichloromethane; in three of these, caffeine has been restored to the coffee) for 24
months, at which time all survivors were kiled. A control group of 40 males and 40
females was available. ln general, survival was similar in all groups (males given
decaffeinated coffees had a slightly lower death rate), but body weights of treated
males were lower than those of contraIs. No increase in the number of

tumour-bearing animaIs or of tumours at specific sites was observed in the group
receiving decaffeinated coffee with added caffeine as compared ta animaIs
receiving decaffeinated coffee or left untreated. The incidence of tumours (benign
and malignant combined) was significantly lowered (p .: 0.05) in males in two of the
six groups given coffee and in one of the three groups given decaffeinated coffee
with added caffeine; in females, the decrease was not significant (Würzner et aL.,
1977a,b). (The Working Group noted that comparisons of numbers of tumours per
animaIs were made and that the reduced number of tumours found might have been
due partly ta impaired growth.)

As part of a study on modifying effects (see p. 314), 32 male and 32 female
Sprague-Dawley rats, ten weeks of age, were administered caffeine (purity
unspecified) at 100 mg/kg bw (annual dose, 27 g/kg bw) by intragastric instilation
five times a weèk for life. Mean survival time was 102 weeks in treated and 129
weeks in control animaIs. The number of tumour at distant organ sites was lower in
the caffeine-treated group than in the con troIs; local tumours were seen in six
caffeine-treated rats and in three controls (Brune et al., 1981). (The Working Group
noted the limited reporting of the data and that the difference in survival times may
have influenced the results.)

(h) lntraperitoneal administration

Mouse: ln a screening assay based on the accelerated induction of lung
adenomas in a strain highly susceptible ta development of this neoplasm, groups of
40 male strain A mice, six weeks old, were given intraperitoneal injections of
caffeine (purity unspecified) at 8, 20 or 40 mg/kg bw in saline, three times a week for
eight weeks. A group of controls was given injections of saline only. Twenty-four
weeks after the first injection, the mice were sacrificed. The number of surface
adenomas was counted macroscopicalIy. All three doses of caffeine decreased the
incidence of lung tumours, but this effect was significant (p .: 0.05) only with the
highest dose (Theiss & Shimkin, 1978). (The Working Group noted that only lung
tumours were examined.)

kajo
Pencil
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(c) Administration with known carcinogens

These studies are summarized in Table 12 on p. 318.

(i) Morpholine plus sodium nitrite

Groups of 33-34 male strain A mice, ten weeks of age, were fed 6.35 g/kg of diet
morpholine and received 2.0 g/l sodium nitrite in the drinking-water either alone
(contrais) or in combination with 1 g/kg of diet caffeine (purity unspecified) on five
days a week for 20 weeks. Mice were killed when 40 weeks old. The number of
surface adenomas in the lungs of the group treated with caffeine (6.0 :i 0.7) was
significantly (p ~ 0.001) lower th an that in the control group (17.1 :i 1.3) (Mirvish et
aL., 1975).

(ii) N-Nitrosodiethylamine

Groups of 25 and 30 male BDVI and Wistar rats received 0 or 60 mg/l caffeine
in the drinking-water followed three days later by weekly intraperitoneal injections
of 80 mg/kg bw N-nitrosodiethylamine (NDEA) for 10 weeks. Treatment with
caffeine was continued for a further two weeks, and ail animaIs were kiled 24 weeks
after the beginning of NDEA treatment. There was high mortality (40%) in the
caffeine-treated group. Addition of caffeine ta the drinking-water decreased the
number of liver tumours induced by NDEA (p ~ 0.05): the average numbers of
tumours were 1.17:: 0.225 inthe group treated with NDEA and caffeine and 3.23::
0.667 in the group treated with NDEA alone (Balansky et al., 1983). (The Working
Group noted that the reduction could be attributed ta the high mortality in the
caffeine-treated group.)

(iii) 4- Nitroquinoline-l-oxide

A total of 339 male and 285 female ICR/Jc1 mice, 21 days of age, were divided
into five groups and received a single subcutaneous injection in the right flank of
12.5 J.g/g bw 4-nitroquinoline-l-oxide (4NQO) dissolved in propylene glycol and
five subcutaneous injections of 100 J.g/g bw caffeine (purity unspecified) dissolved
in water at intervals of 6-12 h: Groups 1 and 2 received caffeine 0-36 h or 120-156 h
after 4NQO treatment; group 3 received caffeine 12-18 h before 4NQO treatment;
group 4 received an equal volume of water instead of caffeine solution during the
0-36 h after 4NQO treatment; and group 5 received an equal volume of propylene
glycol instead of 4NQO solution and caffeine during the following 0-36 h. The doses
were the maximum tolerated doses. The mice were kiled 20 weeks after 4NQO
treatment and examined for the presence oflung tumours. The numbers oftumours
were as follows: group 1, 26/57 males and 24/54 females (p ~ 0.05); group 2, 8/26
males and 15/28 females; group 3, 10/22 males and 17/28 females; group 4, 41/98
males and 37/57 females (Nomura, 1976). Similar results were obtained by Nomura
(1980).

kajo
Pencil



312 lARe MONOGRAHS VOLUME 51

Two groups of 100 female ICR-Jcl mice, six weeks of age, received a single
irradiation with a surface dose of 3 krad ß-rays on an are a of skin 2 cm in diameter
followed 10 days later by skin applications of 0.1 mg 4NQO in benzene three times a
week for a total of 20 applications. One of these groups received 0.8 mg caffeine
(purity unspecified) in benzene painted onto the same site on altemate days from
the 4NQO applications. The study was terminated after 94 weeks. Caffeine
significantly (p -: 0.01) increased the incidence of squamous-cell carcinomas of the
skin: 21/96 in the group treated with ß-rays and 4NQO; 43/94 in the group treated
with ß-rays, 4NQO and caffeine (Hoshino & Tanooka, 1979). (The Working Group
noted the limited reporting of the experiment.)

(iv) 4- Hydroxyaminoquinoline-l-o.xide

Groups of 9-18 male Wistar rats, six weeks of age, received a single intravenous
injection of 7 mg/kg bw 4-hydroxyaminoquinoline-l-oxide (4HAQO) in

hydrochloric acid three days after partial pancreatectomy; they then received 6 or
12 subcutaneous injections of 120 mg/kg bw caffeine in saline (maximum tolerated
dose) at 12-h intervals from 0 to 72 h (group 3), 72 ta 132 h (group 4) and 0 ta 132 h
(group 5). Control rats received hydrochloric acid instead of 4HAQO (group 1) or
4HAQO plus saline instead of caffeine from 0 to 132 h (group 2). The animais were
sacrificed 52 weeks after 4HAQO treatment. Growth retardation of 10-20% was
observed in groups 3, 4 and 5 compared to groups 1 and 2, but surviving rats
recovered growth after the last treatment with caffeine. The numbers of acinar-cell
adenomas of the pancreas were not significantly different in the various groups; the
total number of macroscopic nodules per pancreas was 16.8 :: 6.5 in group 2 and
significantly lower (p -: 0.01) in groups 3, 4 and 5 (3.5 :: 2.0, 3.3 :: 1.2 and 2.9 :: 2.3).
No tumour was identified as an adenocarcInoma. ln another experiment, rats
received six subcutaneous injections of 120 mg/kg bw caffeine before the 4HAQO
treatment (7 mg/kg) (group 2), and three other groups of rats received 12

subcutaneous injections of caffeine from 0 to 132 h after the 4HAQO treatment at
doses of 120 (group 3), 60 (group 4) and 30 mg/kg bw (group 5). The animaIs were
sacrificed at 52 weeks. The incidence of acInar-cell adenomas was 100% in all of the
groups, and the numbers of pancreatic nodules in groups 4 and 5 were higher
(significant only in group 5) th an in group 1, which received saline instead of
caffeine (Denda et al., 1983).

(v) Urethane

Groups of 30 female ICR mice, six to eight weeks of age, received a single
subcutaneous injection of 25 mg/ml urethane in saline (exact dose unspecified),
followed two weeks later by a topical application of anthranil twice a week on
clipped dorsal skin. Single subcutaneous injections of 100 l.g/g bw (maxmum
tolerated dose) caffeine (purity unspecified) were given at various times between
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24 h before and 6 h after injection of urethane. All animaIs were sacrificed 45 weeks
after the beginning of anthranil treatment. Caffeine significantly (p -: 0.05)
enhanced the incidence of papilomas of the skin when given 6 h before urethane
treatment but had no significant effect when given at any other time tested (Armuth
& Berenblum, 1981). (The Working Group noted the use of the inadequate
promotor.)

Groups of 20 male strain A mice, six weeks of age, were given a single
subcutaneous injection of 0.25 or 1.0 mg/g bw urethane in saline solution.
Intraperitoneal injections of 20 or 40 mg/kg bw caffeine (purity unspecified) were
given three times a week for eight weeks beginning either seven days before, seven
days after or on the same day as (3 h before and 3 h after) urethane injection. AIl
mice were sacrificed 16 weeks after the urethane injection. Caffeine treatment

beginning seven days before the high dose of urethane resulted in a significant (p ~
0.01) suppression of the lung tumour response within the experimental period.
Similarly, when caffeine treatment was given on the same day as the urethane
injection, the lung tumour response was significantly (p -: 0.01) suppressed at bath
doses of urethane (Theiss & Shimkin, 1978).

Groups of female ICR/Jcl mice (initial numbers unspecified), 25 days of age,
received a single subcutaneous injection of 0.1 mg/g bw urethane followed
immediately by seven intraperitoneal injections of caffeine (purity unspecified) at
0.05 l1mol(10 l1g)/g bw at 6-h intervals up to 36 h after urethane treatment. Mice
were killed five months after urethane treatment. The incidence of lung tumours
was 7/32 in the group given caffeine and 31/59 in those given only urethane (p ~
0.01) (Nomura, 1983). (The Working Group noted that the effective numbers of
mice varied considerably among the groups.)

(vi) 2-Acetylaminojluorene

Groups of 15 or 20 male ACI rats, six weeks of age, were given 0.02%
2-acetylaminofluorene (2AAF) (purity, ;: 95%) in the diet and 0 or 0.2% caffeine
(purity, ;: 98%) in the drinking-water (total caffeine intake, 3.26:i 0.34 g/rat) for 18
weeks and were maintained on basal diet and caffeine-free water until 33 weeks, at
which time the experiment was terminated. The number of tumours per animaIs
but not the incidence of liver tumours was significantly (p ~ 0.001) lower in the
group treated with 2AAF and caffeine (3.8:i 2.3 tumours per rat) as compared ta
the group treated with 2AAF alone (13.5 :i 5.3 tumours per rat). The authors noted
that the total intake of 2AAF in the group also treated with caffeine (277 :i 13
mg/rat) was significantly (p -: 0.01) lower than that of the group treated with 2AAF
alone (302:i 24 mg/rat) (Hosaka et al., 1984). (The Working Group noted that the
finding may be due ta different intakes of the carcinogen.)
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(vii) Benzofajpyrene

Groups of 32 male and 32 female Sprague- Dawley rats, ten weeks of age, were
either fed benzo(a)pyrene (BP) in the diet (average annual dose, 6 or 39 mg/kg bw)
or administered BP by gavage in an aqueous 1.5% solution of caffeine (purity
unspecified) (average annual dose, 6, 18 or 39 mg/kg bw) for life. The median
survival time of rats given BP in caffeine was slightly shorter than that in the groups
given BP in the diet (about 100 versus about 128 weeks). Groups given BP in caffeine
developed more papilomas of the forestomach than groups given BP in the diet;
this difference was statistically significant (chi-square test modified according to
Peto) for the groups given 18 mg/kg bw (p .c 0.01) and 39 mg/kg bw (p .c 0.05)
compared to untreated controls (Brune et al., 1981). (The Working Group noted the
difference in routes of administration between the groups.)

(viii) Diethylstilboestrol

Groups of 24-30 ACI female rats, four months of age, received a subcutaneous
implantation of pellets containing 5 mg diethylstilboestroi (DES) one week after the
start of treament with caffeine (purity not specified) at 0, 1 mg/ml (approximately 60
mg/kg bw per day) or 2 mg/ml (approximately 120 mg/kg bw per day) in the
drinking-water for 10.5 months, at which time aIl animaIs were kiled. The average
body weight of treated animaIs was 157.7 g at the end of the experiment, compared
to 179 g in controls. Mammary tumours were excised surgically when 1 cm in
diameter (and the animaIs were put back in the experiment). Increasing caffeine
dosage significantly (p .c 0.05) lengthened the time ta appearance of mammary
tumours and decreased their incidence (DES alone, 12/24; DES and law-dose
caffeine, 10/24; DES and high-dose caffeine, 3/30) and the number of tumours per
animal (DES alone, 12 rats with 92 tumours; DES and law-dose caffeine, 10 rats
with 29 tumours; DES and high-dose caffeine, three rats with three tumours; p -c
0.05 for the high-dose group). The histological pattern of the tumours was not
influenced by caffeine (Petrek et al., 1985). (The Working Group noted that the
decrease in the number of mammary tumours per animal and their incidence in the
high-caffeine group may have been related, at least in part, to the decrease in body
weight.)

(ix) N - Nitroso- N -butyl (4-hydroxybutyl)amine

Six groups of 36 male Wistar rats, weighing on average 194 g, were given 0.01 %

or 0.05% N-nitroso-N-butyl( 4-hydroxybutyl)amine (NBHBA) in the drinking-water
for four weeks. One high-dose and one low-dose group received 0.1% (w/v) caffeine

(purity unspecified) in the drinking-water for 32 weeks; a second pair of high-dose
and low-dose groups received phenacetin at 2.5% in the diet for 30 weeks.
Additional groups of 24 rats received either caffeine or phenacetin alone. SUfViving
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rats were kiled 36 weeks after the start of the experiment. Treatment with 0.05%
NBHBA and caffeine did not change the incidence of bladder carcinomas (5/31
versus 4/27 with NBHBA alone), papilomas (15/31 versus 8/27) or papillary or
nodular hyperplasia (22/31 versus 23/27). Similar results were obtained in animaIs
treated with 0.01% NBHBA and caffeine (carcinomas, 0/28 versus 0/23; papilomas,
6/28 versus 3/23; papilary hyperplasia, 12/28 versus 6/23). Phenacetin, used as a
positive control, significantly increased the incidences of tumours and of
hyperplasia in the group receiving 0.05% NBHBA and of hyperplasia in those
receiving 0.01 %. No bladder lesion was found in caffeine controls (Nakanishi et al.,
1978).

Groups of 40 male Wistar rats, eight weeks of age, were given 0.01% NBHBA iii
the drinking-water for four weeks followed by 0.1 % caffeine (purity unspecified) for
32 weeks or were treated simultaneously with 0.001% NBHBA and 0.1% caffeine iii
the drinking-water for 40 weeks; similarly, NBHBA-treated groups received sodium
saccharin alone (5.0% in the diet) or saccharin plus caffeine for the same length of
time. At the end of the treatment period, all surviving animaIs were kiled.

Simultaneous administration of caffeine with 0.001% NBHBA did not modulate
urinary bladder carcinogenesis, since no tumour was noted, whereas rats giveii
saccharin or saccharin plus caffeine had papilomas (10/24 or 9/32 versus none in
NBHBA controls) and carcinomas (2/24 and 1/32 versus none). When NBHBA
(0.01 %) and caffeine were given sequentialIy, only papilomas were seen in the
caffeine-treated group (6/28 versus 3/23 in NBHBA contraIs). Treatment with
saccharin or saccharin plus caffeine increased the incidences of hyperplasia

significantly, but no increase was noted for papilomas (NBHBA plus saccharin,
9/31; NBHBA plus saccharin plus caffeine, 4/30; NBHBA contraIs, 3/23) or
carcinomas (NBHBA plus saccharin, 1/31; none in the others) (Nakanishi et al.,
1980).

Eight groups of 45 female Wistar rats, weighing 180-200 g, received three
consecutive administrations of 100 mg/kg bw NBHBA by gavage at 24-h intervals
with continuous administration of either 110 mg/kg bw per day caffeine (purity,
100% ) in the drinking-water or 500 mg/kg bw phenacetin in the diet. Four groups

(those receiving NBHBA, NBHBA plus caffeine, NBHBA plus phenacetin or
NBHBA plus caffeine plus phenacetin) were terminated after 15 months and the
other four groups after 21 months. Neither caffeine nor phenacetin nor caffeine
plus phenacetin influenced the incidence of bladder tumours significantly. At 15
months, the numbers of tumour-bearing rats were: NBHBA, 8/31; NBHBA plus
phenacetin, 9/40; NBHBA plus caffeine, 15/39; and NBHBA plus caffeine plus
phenacetin, 15/40. After 21 months, these numbers were 16/36, 16/34, 17/39 and
15/31, respectively (Kunze et al., 1987).
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(x) 7,12- Dimethylbenzl ajanthracene

Groups of 54-55 female C57BI x DBA/2fF 1 (BD2F 1) mice, eight weeks of age,
received weekly intragastric intubations of 1 mg 7,12-dimethylbenz(a)anthracene
(DMBA) for six weeks. One week after the last intubation the animaIs received 0
(controls), 250 or 500 mgll caffeine (purity unspecified) in the drinking-water for 20
weeks, at which time the study was terminated. The number of mammary
carcinomas per mouse was significantly (p c: 0.05) increased in the group given 500
mg/l caffeine in drinking-water (0.7 versus 0.5 in con troIs ). Caffeine did not
significantly affect the number of mice with mammary carcinomas or the time to
tumour appearance (Welsch et al., 1988a).

Four groups of 20 female Sprague-Dawley rats, 50 days of age, received a single
gastric intubation of 20 mg DMBA. One group was then given standard rat chow
and tap-water ad libitum; a second group received standard chow and 10 mg/kg bw
caffeine in the drinking-water; a third group received tap-water with a diet of 20%
vegetable fat; and a four th group received vegetable fat diet plus the caffeine
solution. Nine months after DMBA administration, the animaIs were killed and
mammary tumours were examined histologically. The mean latency of mammary
tumour development was significantly (p c: 0.05) reduced in the groups given
caffeine and fat, whereas in the group given caffeine alone the latency period was
significantly (p c: 0.05) lengthened. ln the groups maintained on high fat alone, the
latency was similar ta that of animaIs on standard chow. The combination of
caffeine and fat resulted in a larger number of tumours per rat than in the other
three groups (Minton et al., 1983). (The Working Group noted, as did Pike and
Bernstein (1985), that the analysis was based only on animaIs that developed
tumours and may have been biased by differential survival in the various groups.)

Three groups of 30 female Sprague-Dawley rats, 30 days of age, were given 0
(control), 250 or 500 mg/l caffeine (purity unspecified) in the drinking-water for 30
consecutive days; at 57 days of age, all rats received single intragastric intubations
of 5 mg DMBA in 1 ml sesame aiL. Mammary tumours were excised surgicallywhen
they reached 2 cm in diameter, and the animaIs were put back in the experiment.
The study was terminated 20 weeks after DMBA treatment. Three other groups of
30 females received single intragastric intubations of 5 mg DMBA in 1 ml sesame oil
at 53 days of age followed three days later by 0 (control), 250 or 500 mg/l caffeine in
the drinking-water. This study was terminated 21 weeks after DMBA treatment.
Caffeine treatment of rats before or during DMBA treatment had no significant
effect on the incidence of mammary carcinomas, the number of tumours per animal
or the latency; caffeine treatment after DMBA treatment increased the incidence of
mammary carcinoma (Welsch et al., 1983).

Groups of 40-41 female Sprague- Dawley rats were administered 20 mg/kg bw
DMBA intravenously at 53-55 days of age; treatment with 100-860 mg/l caffeine
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rpurity unspecifiedl in the drinking-water began 29 days before and ended three
days after DMBA treatment. Mammary tumours were excised surgically when they
reached 2 cm in diameter, and the animaIs were put back in the experiment. The
study was terminated 12-18 weeks after DMBA treatment. Administration of
caffeine before DMBA treatment did not significantly affect the incidence of
mammary carcinomas, but the number of mammary tumours per rat was reduced.
Further groups of 40-41 females received a single intragastric administration of 5
mg DMBA followed three days later by 100-800 mg/l caffeine in the drinking-water
until 12 or 18 weeks after DMBA treatment. An increase in the number of
mammary gland carcinomas per animal was observed (p ~ 0.05) when caffeine was
administered after DMBA treatment for 12 weeks but not after treatment for 18
weeks. ln neither instance did caffeine influence the incidence of mammary
carcinomas or the time to appearance of tumours (Welsch et al., 1988b).

ln a subsequent study with the same experimental design, a chemically defined
di et containing standard (5%) or high (20%) levels of corn ail was used instead of
commercial laboratory animal chow. Caffeine (430-500 mg/l) consumption before
and during the DMBA treatment significantly (p , 0.05) reduced the number of
mammary carcinomas per animal, whereas no effect was found on the number of
carcinomas per animal when caffeine was administered after DMBA treatment.
No effect on incidence or latency was seen in either case (Welsch & DeHoog, 1988).

(xi) Ultraviolet light

Groups of 54-57 female, nonhomozygous Swiss mice, 10-12 weeks old, were
exposed ta light from an Ellpiol mercury vapour lamp (irradiation time, 90 min),
five times a week for a total of 133 exposures in 27 weeks (total dose, 1 x 107

ergs/mm2). Before each irradiation, 40 lLI of a 0.2% solution of caffeine rpurity
unspecifiedl in acetone/chloroform was applied ta the right ears. The same amount
of solvent was applied to the left ears as a control. The first tumours appeared on
the ears five months after and the last II months after the onset of irradiation. The
incidence of tumours of ears treated with caffeine (47-54%) was significantly (p ,

0.0001) lower than that on the left ear (consistently varying from 84-89%) (Zajdela &
Latarjet, 1973, 1975, 1978a,b).

(xii) Cigarette-smoke condensa te
Groups of 51 mice rstrain unspecifiedl, four ta six weeks of age, received skin

applications of 100 or 200 mg of two different fractions of cigarette-smoke
condensate dissolved in isopropanol:acetone (20:80) three times a week alone or in
combination with 0.04 and 0.2 mg caffeine or 0.08 and 0.4 mg caffeine, respectively.
Reduced incidences of skin tumour-bearing animaIs were found in aIl
caffeine-treated groups, except with the low dose of one condensate fraction
(Rothwell, 1974).
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Table 12. Summary of results of studies with caffeine in combination with known carcinogens

Carcinogen Animal Site Caffeine Results Comments

Morpholine and sodium Mice Lung 1 g/g in diet Decreas in number of p .: 0.001

nitrite adenomas
(Mirvsh et al., 1975)
N-Nitrosiethylamine Rats Liver 60 mg/l in drinking- Decreas in average Effect might be due
(Balansky et al., 1983) water number of tumours to lower survval in '"

~the caffeine group

4-Nitroquinoline- l-oxide Mice Lung 100 ~g/g bw sub- Decreas in numbers of p .: 0.05 ~
(Nomura, 1976, 1980) cutaneously tumours 0
4-Nitroquinoline- 1 -oxide Mice Skin 0.8 mg painted on Increas in number of p .: 0.01; limited

Z0
(Hoshino & Tanooka, 1979) skin tumours reporting 0
4- H ydroxyaminoquinoline- 1- Rats Pancreas 120 mg/g bw sub- Decreas in number of p .: 0.01

~oxide cutaneously pancreatic nodules when ::
(Denda et al., 1983) caffeine given after agent r:

Increas in number of p .: 0.01 ~0pancreatic nodules when
Ecafeine given before agent

Urethane Mice Skin 100 ~g/g bw single Essntially no effect, except Inadequate ~
tT

(Aruth & Berenblum, 1981) subctaneous injec- enhanced incidence of promotor VI-
tion papilomas when caffeine

given 6 h before initiation

Urethane Mice Lung 20 or 40 mg!g bw Number of tumours per p .: 0.01

(lheiss & Shimkin, 1978) intraperitoneally animal decreas in both
dos groups when caffeine
given before or at the same
time as agent

Urethane Mice Lung 0.05 ~mol/g bw Decreasd incidence of p .: 0.01

(Nomura, 1983) intraperitoneally tumours



Table 12 (cont)

Carcinogen Animal Site Caffeine Results Comments

2-Acetylaminofluorene Rats IJver 0.2% in the diet Decrease in number of p c: 0.001;(Hosaka et al., 1984) tumours per animal differences in intake
of the carcinogen

Benzo( a )pyrene Rats Stomach 1.5% aqueous Increase in number of p c: 0.05; different(Brune et al., 1981) solution tumours routes for treated
and control animaIs

Diethylstilboestrol Rats Mammary 1 or 2 mg/ml in Time to tumour p c: 0.05;
(petrek et al., 1985) gland drinking-water (60 appearance lengthened; decrease may be

or 120 mg!g bw per decreas in incidence and due partly to n
day) number of tumours per decrease in boy ~animal weight "I

tTN-Nitroso-N-butyl( 4-hydroxy- Rats 0.1% (w/v) in No effect "'Urinary
Zbutyl)amine bladder drinking-water tT(N akanishi et al., 1978)

N-Nitroso-N-butyl( 4-hydroxy- Rats Urinary 0.1% in drinking- No effectbutyl)amine bladder water
(Nakanishi et al., 1980)

N-Nitroso-N-butyl( 4-hydroxy- Rats Uri n ary 110 mg!g bw per No effectbutyl)amine bladder day in drinking-
(Kunze et al., 1987) water
7, 12-Dimethylbenz( a)- Mice Mammary 250 or 500 mg/l in No effect on incidence oranthracene gland drinking-water time to tumour appearance;
(Welsch et al., 1988a) increas in number of tu-

mours per mouse at the
high dose

w-\0
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Table 12 (cont)

t'0

Carcinogen Animal Site Caffeine Results Comments

7, 12-Dimethylbenz(a)- Rats Mammary 10 mg!g bw in Decrease in latency and Analysis based

anthracene gland drinking- increase in the number of only on animaIs

(Minton et al., 1983)
water tumours per animaL. developing tu-

Caffeine alone increased mours; differential
latency survval among

groups -
~

7,12- Dimethylbenz(a)- Rats Mammary 250-500 mgll in No effect on incidence, n
an thrace ne 

gland drinking-water number of tumours per ~
(Welsch et al., 1983)

animal or latency when 0
given before or with carci- Z
nogen; increase in tumour 0
incidence when given after

0
carcinogen ~

7, 12-Dimethylbenz( a)- Rats Mammary 100860 mgll in No effect on incidence or ::

anthracene gland drinking-wa ter latency. Increas in number
r.

(Welsch et al., 1988b)
of tumours per animal when

~
given for 12 weeks after

0
carcinogen 5

7, 12-Dimethylbenz(a)- Rats Mammary 430-500 mgll in No effect on incidence or
~

an thrace ne 
gland drinking-water latency. Decreas in num-

t1
VI

(Welsch & DeHoog, 1988)
ber of tumours per animal

1-

when given before and with
carcinogen

Ultraviolet light Mice Skin (ear) 40 ,..i of a 0.2% Decreas in ear tumour P .: 0.001

(Zajdela & Latarjet, 1973,
solution incidence

1975, 1978a,b)

Cigarette smoke condensate Mice Skin 0.04 and 0.2 or 0.08 Decreas in incidence Significant

(Rothwell, 1974)
and 0.4 mg except with low dose of one

condensate
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3.2 Other relevant data

(a) Experimental systems

(i) Absorption, distnbution, metabolism and excretion

The metabolism and pharmacokinetics of caffeine in animal species have been
reviewed (Burg, 1975b; Lachance, 1982; Tarka, 1982; Arnaud, 1984; Bonati &
Garattini, 1984; Bonati et al., 1984-85; Arnaud, 1987; Bonati & Garattini, 1988).

Animal experiments using radiolabelled caffeine showed its rapid and
complete gastrointestinal absorption and distribution (Bonati & Garattini, 1984;

Arnaud, 1985a). Caffeine is distributed ta all body fluids (Bonati & Garattini, 1984)
and appeared in all tissues within 5 min (Burg & Werner, 1972). There was no
accumulation of caffeine or its metabolites in specific organs, even after high doses
(Bonati & Garattini, 1984). No blood-brain barrier or placental barrier for caffeine
was observed in adult or fetal animaIs (Maickel & Snodgrass, 1973; Bonati &
Garattini, 1984; Kimmel et al., 1984; Tanaka et al., 1984). Using an experimental
protocol established ta study a single passage through the cerebral circulation,
caffeine at very high blood levels (Ki = 9.8 mM) may restrict the availability of
circulating purines ta the brain (McCall et al., 1982).

The fraction of caffeine bound to plasma albumin varies from 10 ta 30%. No
significant first-pass effect occurs after oral administration. Caffeine is eliminated
by various species by apparent first-order kinetics, described by a
one-compartment open model system (Bonati & Garattini, 1984). The half-time for
caffeine is 0.7-1.0 h in rats andmice, 1-1.6 h in rabbits, 3-5 h in monkeys, 4-4.3 h in
dogs and 11-12 h in baboons (Christensen et al., 1981; Bonati & Garattini, 1984;
Bonati et aL., 1984-85; Bonati & Garattini, 1988). A me an volume of distribution of
0.8 l/kg has been reported for different species (Bonati & Garattini, 1984; Bonati et
al., 1984-85).

Non-linear kinetics, shawn in rats by disproportionate increases in the
dose-concentration relationship, indicate a limited capacity to absorb and
metabolize caffeine at doses of 10-25 mg/kg bw (Aldridge et al., 1977; Latini et al.,
1978).

A decreased half-time was reported when 10 mg/kg bw caffeine were
administered to pregnant rats in drinking-water on day 18 of gestation (Nakazawa
et al., 1985); however a 25% decrease in mean total demethylation was demonstrated
in rats between 19 and 21 days of pregnancy, with a breath test using
(14C-l,3, 7 -methyl)caffeine at a dose of 4 mg/kg, wi th an immediate return ta normal
values one day after birth (Arnaud & Getaz, 1986). Rabbits receiving 8-22 mg/kg bw
per day caffeine through 29 days of gestation exibited increased plasma

concentrations in the last half of gestation, demonstrating that there is an increased
half-time (Dorrbecker et al., 1988).
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Caffeine is metabolized by liver microsomal mixed-function oxidases (Arnaud
& Welsch, 1980a). It can increase drug-metabolizing enzyme activity at high doses
(75 mg/kg bw) (Mitoma et al., 1969); however, in-vitro studies showed no induction
or inhibition of microsomal enzyme activity after a six-day treatment with oral
doses of 37.5 mg/kg bw caffeine (Aeschbacher & Würzner, 1975). Enzyme
induction was observed with doses of 100- 150 mg/kg bw (Thithapandha et al., 1974;
Aeschbacher & Würzner, 1975; Govindwar et al., 1984), while, with lower doses
(30-50 mg/kg bw), inhibition (Khanna & Cornish, 1973) or the absence of an effect
(Ahokas et al., 1981) were reported. Inducers of cytochrome P450, such as
3-methylcholanthrene but not phenobarbital, increased caffeine clearance and
shortened its half-time (Aldridge et al., 1977; Welch et al., 1977; Aldridge & Neims,
1979; Wietholtz et al., 1981).

ln-vivo and in-vitro experiments showed a progressive increase in the activity
of the hepatic microsomal enzymes that metabolize caffeine during neonatal
development (Warszawski et al., 1981, 1982). ln beagle puppies, change in caffeine
clearance was determined by the rate of maturation of caffeine-7-demethylase

(Aldridge & Neims, 1980). Caffeine is eliminated in animaIs by biotransformation
in the liver ta dimethylxanthines, dimethyl- and monomethyluric acids and uracil
derivatives; important quantitative differences have been demonstrated in the
formation and elimination of metabolites in rats, mice and Chinese hamsters
(Arnaud, 1985b). These differences are even more important in monkeys, where
caffeine is almost completely metabolized ta theophyllne (Gilbert et al., 1985, 1986).
ln addition ta the metabolites shown in Figure 1, some species-dependent

metabolites have been identified. Trimethylallantoin was first reported in rats in
1973 (Rao et al., 1973), and its chemical structure has now been reported (Arnaud et
aL., 1986a). A new derivative of paraxanthine was found in mice and identified as the
3-ß-D-glucuronide of paraxanthine (Arnaud, 1985b; Arnaud et aL., 1986b).
Methylated ureas (Arnaud, 1976) and sulfur-containing derivatives (Kamei et al.,
1975; Rafter & Nilsson, 1981) found in urine in trace amounts are produced by the
intestinal flora. ln contras t, the acetylated uracil derivative, 5-acetylamino-6-

formylamino-3-methyluracil, one of the most important caffeine metabolites in

humans, has not been identified in rodents or other animal species. Other uracil
derivatives produced from caffeine, theobromine and paraxanthine in rats were
found in hum an urine (Arnaud, 1984). ln rats, the hepatic demethylation of caffeine
shows an age-related decline, resulting in a greatly increased elimination half-time
in aIder adult rats (Latini et aL., 1980; Feely et al., 1987).

The effects of dietary factors on methylxanthine metabolism have been
reviewed (Anderson et al., 1982).

Pharmacokinetic differences have been observed in mice after oral

administration of caffeine, which may account for interstrain variation in toxicity



Fig. 1. CafTeine metabolites round in animal species
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studies (Arnaud et al., 1989). ln rabbits, two subpopulations could be described,
with slow or rapid caffeine metabolizing capacity. AnimaIs with slow metabolism
exhibited saturation kinetics with high doses of caffeine and inhibition of caffeine
metabolism by paraxanthine. Rabbits appear to be the lJest model to study the
inter- and intrasubject variabilty in caffeine disposition observed in man
(Dorrbecker et al., 1987).

Drug interactions with caffeine are known. Co-administration of caffeine was
found to increase acetaminophen-induced hepatotoxicity by enhancing the

production of a reactive metabolite (Sato & lzumi, 1989).

(ii) Toxic effects

The toxicity of caffeine has been reviewed extensively (Dews, 1982; Lachance,
1982; Tarka, 1982; Arnaud, 1987; Strubelt, 1987).

The acute oral LDSO of caffeine is 20 mg!kg bw in rats, 127 mg/kg bw in mice,
230 mg/kg bw in hamsters and in guinea-pigs and 246 mg/kg bw in rabbits; the
intraperitoneal LDsos of caffeine are 20 mg/kg bw in rats and 235 mg/kg bw in
guinea-pigs; and the intravenous LDsos of caffeine are 105 mg/kg bw in rats, 100
mg/kg bw in mi ce and 175 mg/kg bw in dogs. The toxicity of caffeine was
determined after daily administration via intragastric cannula ta female albino rats
over 100 days (equivalent to 1/10 of the animaIs' life span). Rats given daily doses
slightly above the maxmal LDSO (110 mg/kg bw) exhibited a stressor reaction in the
form of hypertrophy of the adrenal cortex and atrophy of the adrenal cortex and
thymus gland. Sorne animaIs manifested a psychotic-like mutilation, gastric ulcers,
hypertrophy of the salivary glands, liver, heart, kidneys and lungs, inhibition of
oogenesis, minor changes in organ water levels, and an occasional death apparently
from bronchopneumonia. Although no major change in growth rates or eating and
drinking habits was apparent, sorne polydypsia and diuresis, thyroiditis, occasional
dermatitis, sorne degree of nephritis, and loss of red pulp in the spleen were seen
(Tarka, 1982).

The sensitivity of rats to the lethal effects of caffeine increased with age;
caffeIne was more toxic in male than in female rats (Tarka, 1982).

The effects of caffeine on the rodent testis are reviewed in detail below and are
not covered here. Caffeine also induced thymic atrophy at a dietary level of 0.5%
(approximately 150 mg/kg hw) when fed for eight weeks to rats (Gans, 1984).

(ii) Effects on reproduction and prenatal toxicity

The effects of caffeIne on reproduction and development in experimental
animaIs have been revIewed (Mulvihil, 1973; Tarka, 1982; Wilson & Scott, 1984;
Nash & Persaud, 1988; Nolen, 1988; Al-Hachim, 1989).



CAFFEINE 325

Reproductive effects: CD-l mice were administered 0.012, 0.025 or 0.05%
caffeine in the drinking-water (daily caffeine intake, 21.9,43.8 or 87.5 mg/kg bw) for
seven days prior to mating and during a subsequent 100-day cohabitation period.
Offspring were removed when one-ay old. The last set of Ii tters from the high-dose
group and the F 1 generation of untreated controls were maintained on caffeine to 90
days of age and mated within their respective groups. Following treatment of the Fa
mice, no effect on pregnancy rate was observed but there was a decrease in the
number of live pups per liUer at the high dose. There was no effect on any
parameter in a cross-mated trial between control and high dose animais. Among
the F 1 males at termination of the study, there was no effect of caffeine on the weight
of the testis or epididymus relative to body weight; there was a significant decrease
in sperm motility, an increase in sperm density and no change in the proportion of
ab normal sperm (Gulati et al., 1984).

ln a similar study, no effect on pregnancy rate was observed in F 0 and F 1 mice,
but among Fa groups there was a significant decrease in the number oflive pups per
lItter at the two highest dose levels. There was no significant change in reproductive
organ weight, sperm motility or density or in the frequency of sperm abnormalities
(Reel et al., 1984).

Groups of male and female Wistar rats were administered 10 mg/kg bw
caffeine in the drinking-water daily through five successive sets of litters.
Progressively reduced growth and increased neonatal mortality (significant) were
observed in the offspring over sequential pregnancies (Dunlop & Court, 1981).

As reported in an abstract, female rats (strain unspecified) in a two-generation
reproduction study received daily oral administrations of 4, 20 or 126 mg/kg bw
caffeine for seven days before mating and through ta 20 days of lactation. The F 1
offspring received the same treatment. When mature, F 1 offspring were mated with
untreated animaIs. Pregnancy rate and reproduction were normal in Fa females

and F 1 males; among F 1 females, however, the pregnancy rate was normal, but

there were decreases in the numbers of corpora lutea, implants and fetuses at the
high dose. F 2 fetuses of these high-dose females were small and oedematous
(Bradford et al., 1983a).

Male and female Sprague-Dawley rats were given cocoa powder (containing
2.50-2.58% theobromine and 0.19% caffeine) in the diet at concentrations of 0, 1.5,
3.5 and 5.0% for three generations (Hostetler et al., 1990, see p. 430 of the
monograph on theobromine). No consistent dose-related effect was observed in
any reproductive index; nonreproductive toxicity was observed at the two highest
dose levels.

Female monkeys (Macaca fascicularis), 12-14 per group, received 0, 10-15 or
25-35 mg/kg bw caffeine in the drinking-water daily on seven days a week for a
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minimum of eight weeks prior ta mating with untreated males. Miscarriages and
sorne stilbirths were reported during two cycles of pregnancy in the
caffeine-treated groups, and birthweights of male infants was also significantly
lower in these groups in comparison to contraIs. The effects were dose-related but
occurred with both levels of caffeine. No malformation was observed in any of the
offspring (Gilbert et al., 1988). (The Working Group noted that the exclusion
criteria for stilbirths were not unequivocal.

Ax et al. (1976) reported that when roosters were fed 0.1% caffeine (about 100
mg/kg bw per day) in a standard ration, hens inseminated with sperm froID the
roosters had significantly reduced numbers of fertile eggs. Semen and sperm
counts were markedly reduced 17-21 days after treatment, and no semen could be
collected after 30 days. These effects were reversible on removal of dietary caffeine.

Friedman et al. (1979) found that feeding caffeine in the diet to immature
Osborne-Mendel rats at levels of 1% for three weeks and 0.5% (approximately 300
mg/kg bw per day) for 14-75 weeks produced severe testicular atrophy and
aspermatogenesis. Analogous results were observed in Holtzman rats. (The

Working Group noted the excessive doses used in the study.)
Developmental toxicity: Teratogenicity was reported in SMA mice given single

intraperitoneal injections of 250 mg/kg bw caffeine on one of days 7- 14 of gestation.
Significant increases in the incidence of fetal resorptions, deft palate and digital

defects were observed, depending on the day of treatment (Nishimura & Nakai,
1960).

Subsequently, caffeine was shown ta be teratogenic in rats and mice by oral
intubation (Bertrand et al., 1965, 1970; Palm et aL., 1978), by administration in the
di et (Knoche & König, 1964; Fujii & Nishimura, 1972) and by administration in
drinking-water (Knoche & König, 1964; Palm et al., 1978; Elmazar et al., 1982). The
most corn mon effects observed were digital defects, resorptions and deft palate. Six
out of 64 offspring of rabbits administered 100 mg/kg bw caffeIne on days 1-25 of
gestation were reported to have ectrodactyly (Bertrand et al., 1970). (The Working
Group noted that no control group was used in this study; however, this is the only
study in rabbits reported.)

ln order to establish a no-effect level, caffeine was administered ta

Osborne-Mendel rats by gavage; offspring had dose-related increases in the
frequency of ectrodactyly and delayed ossification. A no-effect level for terata was
40 mg/kg bw caffeine per day, although a significant increase in the frequency of
delayed sternebral ossification was observed with 6 mg/kg bw per day (Collins et al.,
1981). When administered in the drinking-water at a wider dose range (10-204
mg/kg bw per day), caffeine did not induce dose-related gross anomalies.
Sternebral ossification was seen less frequently in all treated groups than in
controls, except with the lowest dose (Collns et aL., 1983). (The Working Group
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concluded that caffeine was less toxic ta the developing embryo and fetus when
given in drinking-water than by gavage; this pattern of exposure ta caffeine - small

doses throughout the day - is closely similar to human exposure to caffeine.)
ln another study by Collns et al. (1987), the previously reported delay in

sternebral ossification was confirmed in day-20 fetuses of rats drinking
caffeine-containing water from gestation day 0 to day 20. Among offspring that
were raised ta postnatal day 6, the delay in ossification was nearly reversed. The
authors concluded that the reversai would have been complete if a longer postnatal
period had been studied.

Wistar rats received total daily administrations of 10 or 100 mg/kg bw caffeine
by gavage, either as a single dose or as four doses every three hours, on days 6-20 of
gestation. While a dose-related decrease in fetal weight and an increase in the delay
in ossification were observed with bath modes of administration, the major
malformation, ectrodactyly, was observed only in the group given 100 mg/kg bw as a
single dose (Smith et aL., 1987).

When CD-COBS rats were administered 80 mg/kg bw caffeine orally as a
single dose or as four doses every three hours on day 12 of gestation, the peak blood
levels of caffeine and the area under the blood concentration-time curve were
doubled with the single-dose as compared ta multiple-dose regime (Jiritano et al.,
1985). (The Working Group noted that this finding is consistent with that of the
preceding study.)

Sprague- Dawley rats were administered 5-75 mg/kg bw caffeine daily by

gavage on days 3-19 of gestation and their offspring were observed for behavioural
and developmental effects for nine weeks after birth. Dose-related developmental
effects included delayed incisor eruption, delayed vaginal opening and decreased
body weight. Active avoidance behaviour was also significantly decreased with the
highest doses of caffeine (West et al., 1986).

Many other developmental neurotoxicology studies, mostly in rats, have
evaluated the effect of prenatal administration of caffeine on behavioural and
neurochemical measures in neonates.These studies were reviewed by Sobotka et aL.

(1979). The effects are not consistent across studies: thus, caffeine may cause subtle
changes in discrete neuronal subsystems but is not a neurotoxicant in the sense of
disrupting primary neuronal systems.

(iv) Genetic and related effects
The genetic and related effects of caffeine have been reviewed (Bateman, 1969;

Adler, 1970; Fishbein et aL., 1970; Anon., 1973; Mulvihil, 1973; Kihlman, 1974;
Thayer & Palm, 1975; von Kreybig & Czok, 1976; Kihlman, 1977; Timson, 1977;
Legator & Zimmering, 1979; Lachance, 1982; Tarka, 1982; Haynes & Collns, 1984;
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Dalvi, 1986; Grice, 1987; Rosenkranz & Ennever, 1987), as have its antimutagenic
effects (Clarke & Shankel, 1975).

The results described in this section are listed in Table 13 on p. 336, with the
evaluation of the Working Group, as positive, negative or inconc1usive, as defined in
the footnotes. The results are tabulated separately for the presence and absence of
an exogenous metabolic system. The lowest effective dose (LED), in the case of
positive results, or the highest ineffective dose (HID), in the case of negative results,
are shown, together with the appropriate reference. The studies are summarized
briefly below.

Effects on DNA structure and DNA sythesis: Caffeine interacts in different
ways with DNA structure and metabolism. There is some evidence of intercalation
of caffeine in double-stranded DNA (Richardson et al., 1981; Tornaletti et al., 1989).
Caffeine impairs the helical structure of DNA (T'sa et aL., 1962), causes a slight
increase in the rate of its elongation (Bowden et al., 1979) and lowers its

melting-point. There may be local unwinding of DNA, as suggested by

susceptibility ta single-strand-specific nuc1ease digestion (Chetsanga et al., 1976).
It has been known since 1964 that caffeine interacts with DNA primarily at

single-stranded regions; however, in the initial studies very high concentrations of
methylxanthine were used (Byfield et al., 1981). ln ultraviolet-irradiated DNA
treated with low concentrations of caffeine, the caffeine molecules bind ta the DNA
near the region of the radiation-induced conformational changes. Caffeine binds ta
single-stranded (denatured) DNA regions, and it seems to bind preferentially ta
A-T-rich regions. This might be due to costacking, particularly with adenine
(Kihlman, 1977).

Co-incubation of caffeine with single-strand-specific endonuclease induced
sorne breakage, whereas no breakage occurred when DNA was incubated with
either caffeine or endonuclease alone (Sleigh & Grigg, 1974; Chetsanga et aL., 1976).
Denatured (single-stranded) DNA has a higher affinity for caffeine than does
native (double-stranded) DNA (Ts'o & Lu, 1964). ln human lymphocytes,
3H-Iabelled caffeine did notbind in situ ta chromosome preparations after heat or
alkali denaturation (Brøgger, 1974).

There are many studies on the effects of caffeine on enzymes involved in DNA
metabolism and on nucleotide pools. The RNA-dependent DNA polymerase
activity of murine and avian oncogenic viruses was inhibited by caffeine (Srinivasan
et al., 1979). There were conflcting reports of inhibition of Escherichia coli

polymerase 1 polymerizing activity (Solberg et al., 1978; Balachandran & Srinivasan,
1982); however, caffeine inhibited nuclease activities of E. coli DNA polymerase
(Solberg et aL., 1978). DNA polymerase activity in human embryonic lung cells was
inhibited by caffeine (Wragg et al., 1967). Caffeine inhibited three different
exonucleases of E. coli (Roulland- DussoIx, 1967), thymidine kinase (at high
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concentrations; Sandlie et al., 1980) and sorne, but not ail, of the purine nucleoside
phosphorylases of bath the ribose and deoxyribose series (Koch & Lamont, 1956);
thymidine phosphorylase was not affected (Sandlie et aL., 1980). Effects on
nucleotide pools are discussed below (p. 335).

ln E. coli, caffeine did not behave like a purine analogue in the purine
biosynthesis pathway (Delvaux & Devoret, 1969). The effects of caffeine on DNA
synthesis differed according ta the assay system used. Caffeine did not inhibit
DNA synthesis in vitro (Grigg, 1968), but DNA synthesis was inhibited in cell-free
extracts of cultured human embryonic lung cells (Wragg et al., 1967), in
Paramoecium aurelia (Smith-Sonneborn, 1974) and in Saccharomyces cerevisiae
(Tsuboi & Yanagishima, 1975), but not in Tetrahymena pyrformis (Lakhanisky et aL.,
1981).

ln Drosophila melanogaster larvae, caffeine strongly inhibited
semi-conservative DNA synthesis but had no effect on repair repli cation (Boyd &
Presley, 1974). Post-repli cation repair-deficient mutants were affected only
minimally by caffeine (Boyd & Shaw, 1982).

ln a study with partially hepatectomized mice in vivo, caffeine (given
intraperitoneally at 50 mg/kg per day for four days) depressed the synthesis of DNA
(as measured by 3H-thymidine incorporation) but not of RNA in the liver
(Mitznegg et aL., 1971). 3H-Thymidine incorporation into DNA was also depressed
in mouse bone-marrow cells (Singh et al., 1984).

Caffeine increased the number of replication sites in the DNA of Chinese
hamster V79 cells and in HeLa cells (Painter, 1980) and slightly increased the rate of
DNA elongation in V79 cells, which qualitatively and reproducibly correlated with
an increased cloning efficiency (Bowden et aL., 1979). The pattern of condensation
in DNA in chicken fibroblasts was changed by caffeine (Ghosh & Ghosh, 1972),
which also partially inhibited cell-cycle progression from G1 through ta M phase in
mou se S-180 ascites cells (Boynton et al., 1974). Caffeine inhibited DNA synthesis
in Chinese hamster CHO-K 1 cells (Waldren & Patterson, 1979), V79 cells, mouse
lymphoma L5178Y cells and mouse LS929 cells (Lehmann, 1973). An important
element in this inhibition of DNA synthesis is reduced precursor uptake by cells:
there were large reductions in the uptake of uridine and thymidine in Chinese
hamster ovary (CHO)-K 1 cells (Waldren, 1973) and that of thymidine in

L5178Y-UK cells (Lehmann & Kirk-Bell, 1974). ln CHO-K1 cells treated with
caffeine, one complete cell cycle was possible, but in the second cycle there was a
block near the G2/S interface (Waldren, 1973).

ln a test for differential cytotoxicity using wild-type and DNA repair-deficient
strains of CHO cells, it was concluded that caffeine was probably not a DNA
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damaging agent, because no differential retardation of growth was observed (Hoyet
al., 1984).

ln human HeLa celIs, caffeine inhibited RNA but not DNA synthesis
(Kuhlmann et al., 1968). 14C-Caffeine was not incorporated into the DNA of
human lymphocytes (Brøgger, 1974), but it reduced the size of DNA segments
synthesized by excision repair-defective xeroderma cells (Buhl & Regan, 1974).

Prokaryotes: Evidence of caffeine-induced DNA damage was observed in the
Bacillus subtilis rec assay (weak responses) and in the E. coli repair test.

The mutagenic activity of caffeine was first observed in a strepto-
mycin-dependent strain of E. coli in the 1940s (see Table 13); however, other studies
in E. coli gave positive and negative results. Its mutagenic activity was confirmed
using phage-resistance and a reverse mutation assay. Caffeine was shawn ta induce
frameshift mutations (Clarke & Wade, 1975). ln most cases, the mutation rate was
directly proportional to the growth rate (Kubitscheck & Bendigkeit, 1964), and this
is consistent with the hypothesis that a mutation al event occurs as a mistake during
DNA replication (Webb, 1970). Caffeine may also act as an antimutagen in E. coli
(Grigg & Stuckey, 1966), perhaps by reducing growth rate (Barfknecht & Shankel,
1975).

Caffeine was consistently nonmutagenic in many studies in all the Salmonella
tyhimurium his- reversion tester strains and in S. typhimurium forward mutation
assays. It was, however, mutagenic toXanthomonas phaseoli, Klebsiella pneumoniae
and BacHlus subtilisa

Lower eukaryotes (includingfungi): Caffeine was generally mutagenic in algae
(Plectonema boryanum) and fungi (Physarum polycephalum, Dictyostelium
discoideum, Ophiostoma multiannulatum). Some negative findings were observed
in fungi (Ophiostoma reverse mutation) and yeast (Schizosaccharomyces pombe).

Caffeine induced aneuploidy (manas ami cs) in Saccharomyces cerevisiae.
Studies in the yeast S. pombe revealed a significant decrease in the frequency of

meiotic recombination and an increase in that of ffitotic gene conversion between
closely linked heteroallelic markers. It was suggested that the reduction of meiotic
crossing-over may be caused by an interaction of caffeine with DNA, which inhibits
DNA degradation (Ahmad & Leupold, 1973; Loprieno et al., 1974). As a result of
this interaction, more stable pairing might occur at the level of mismatched bases,
thereby generating an increase in mitotic gene conversion.

Plants: Caffeine increased the rate of point mutations in plants (Glycine max).
It also induced chromosomal aberrations in many studies in plants (e.g., Allium,
Hordeum and Vicia species), with only a few exceptions. The incidence of
aberrations was modified by ATP (Kihlman et al., 1971a) and low temperature
(Osiecka, 1976). Sister chromatid exchange was induced in Vicia faba, and mitotic



CAFFEINE 331

recombination was induced in a number of studies in plants (e.g., Glycine max and
Nicotiana tabacum).

lnsects: Results of tests for sex-linked recessive lethal mutation in Drosophila
melanogaster were equivocal, but chromosomal aberrations were induced when the
exposed cells were in G2 or early mitosis, and there was evidence of recombinogenic
effects. Predominantly positive responses were induced in tests for aneuploidy in D.
melanogaster, although the frequencies were low. Dominant lethal responses were
not observed in Bombyx mon.

Mammalian cells in vitro: DNA strand breakage was not induced by caffeine.
ln V79 cells, mutation was not induced at the hprt locus, and there was no

increase in the frequency of ouabain-resistant mutants. Also, caffeine failed ta
induce forward mutations either to auxotrophy at a variety of loci in CHO-K 1 cells
or at the tk locus in mou se lymphoma L5178Y cells. Caffeine has been reported ta
be antimutagenic ta V79 ceIls, in which it reduces the fractions of both induced and
spontaneous mutations.

Sister chromatid exchange was induced in some studies but not in others. Its
induction may weIl be related ta an inhibition of the poly(ADP-ribose) polymerase;
this inhibition could delay the rejoining of DNA strand breaks induced by
bromodeoxyuridine (Natarajan et al., 1981). Inhibition ofthis enzyme is associated
with the induction of sister chromatid exchange (Levi et aL., 1978; Morgan &
Cleaver, 1982).

Micronuclei have been induced by caffeine in a cell line and in cultured mouse
preimplantation embryos. The sensitivity of different cell lines to the induction of
chromosomal aberrations by caffeine clearly varies widely. When treated with
caffeine, CHO cells responded with large increases in the frequency of
chromos omal aberrations that were dependent upon treatment during S-phase
(Kihlman et aL., 1971a,b; Kihlman, 1977). ln mice deficient in folate, caffeine
strongly increased the frequency of micronucleated cells (MacGregor, 1990).

Caffeine enhanced the frequency of cell transformation in several
virus-induced systems but not in an assay for colony morphology in primary Syrian
hamster embryo cells.

Human cells in vitro: The growth of HeLa cells was inhibited by
concentrations of caffeine above 300 j.g/ml (Ostertag et al., 1965); exposure of these
cells for 2 h ta 1% caffeine had virtually no effect on cell cycle time (Kuhlmann et al.,
1968).

Caffeine did not induce unscheduled DNA synthesis or hprt locus mutations in
human cells.

Caffeine weakly induced sister chromatid exchange in most of eight studies
with human leukocytes and in all three published studies with leukocytes or
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lymphoblastoid cells from patients with xeroderma pigmentosum. Dose-
dependent increases were obtained in only two of the studies (Ishii & Bender, 1978;
Guglielmi et aL., 1982).

ln contrast, numerous reports have described the induction of chromosomal
aberrations in human leukocytes and in HeLa cell lines. ln cultured human
lymphocytes from people with the heritable fragility condition, caffeine enhanced
the expression of fragile sites (Ledbetter et al., 1986; Smeets et aL., 1989).

Mammals in vivo: ln a large number of studies in mammals in vivo, caffeine
usually failed to induce significant responses. While single-strand breaks were
induced in mouse liver and kidney, there was no significant effect in host-mediated
assays (incubation ofbacteria in the intraperitoneal cavity or in-vitro testing against
bacteria from the urine of dosed rats), in an assay for specific locus in a mou se
germ-line cell or in a mouse spot test.

Variable responses were obtained, however, with respect to sister chromatid
exchange: of seven reports, two gave negative results, one gave a weak positive result
and four a significant positive response.

ln a large number of studies on the possible clastogenic effects of caffeine,
almost uniformly negative responses were obtained in tests for micronuclei,
bone-marrow metaphases and dominant lethal mutation. Negative results were
also seen in a translocation test, and chromosomal aberrations were not induced in
metaphase-I cells of mouse spermatogenesis. ln addition, no sperm abnormality
was induced in mice. Among this wealth of negative data, three significant positive
responses were seen in the micronucleus test; in each case, the doses were in the
toxic range.

Effects of methylxanthines on relevant targets other than DNA: ln this section, we
consider the effects of the methylxanthines, caffeine, theophyllne and theobromine,
on non-DNA targets but which potentially lead indirectly to DNA damage,
mutation and modification of the activities ofxenobiotics (including carcinogens)
co-administered with methylxanthines. These aspects have been reviewed

(Kihlman, 1977; Roberts, 1978; Byfeld et aL., 1981; Haynes & Collns, 1984; Roberts,
1984; Althaus & Richter, 1987; Boothman et al., 1988).

Non-DNA targets that are important to the genotoxic and related effects of
methylxanthines are (i) cytochrome P450s (see p. 322 et seq.), (ii) cAMP metabolism,
(ii) DNA metabolism, chromatin structure and function and (iv) nudeotide pools.

(1) cAMP metabolism

It is well established that methylxanthines can inhibit the phosphodiesterase
involved in the degradation of cyclic nucleotides (Leonard et aL., 1987), I.e., the
intracellular messengers that control a wide variety of phenomena not related to
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survival per se. The majority of the studies were performed in vitro with caffeine
concentrations higher than levels encountered by humans in vivo.

ln mouse B-16 melanoma celIs, Kolb and Mansfield (1980) found that
theophylline inhibited DNA synthesis, reduced cell growth rate, elevated
intracellular cAMP levels and changed cell morphology. Since these effects are also
caused by cAMP and its potentiators in other celllines, the inhibition of DNA
synthesis is assumed to be a secondary effect of the increased level of cAMP
resulting from inhibition of cAMP phosphodiesterase by theophyllne. cAMP is
known to inhibit cell growth and the transport of metabolites; it also mediates
contact inhibition, the formation of cytoskeletal structures and increases cell
adhesiveness (Rajaraman & Faulkner, 1984). Therefore, the reduced uptake of
3H-thymidine by L5178Y cells observed by Lehmann and Kirk-Bell (1974) may
also, in part, be mediated by the increased cAMP concentration (Kolb & Mansfield,
1980).

cAMP does not, however, mimic the effects of caffeine on chromosomal
structure nor on the gap fillng process in radiation-damaged DNA. Furthermore,
in some plant cells in which methylxanthines induce chromosome damage, the
presence of cAMP is equivocal (Kihlman, 1977). Therefore, the effects of caffeine
on cAMP levels appear not to be involved in the induction of chromosomal
aberrations.

(2) DNA metabolism, chromatin structure and function
The effects of methylxanthines in cells treated with mutagenic agents can be

summarized as follows (Roberts, 1984):

(i) reversaI of agent-induced depression of DNA synthesis;

(ii) reversaI of agent-induced inhibition of replicon initiation;

(iii) decrease in size of repli cons (also in the absence of DNA damage);
(iv) inhibition of elongation of nascent DNA (to high-molecular-weight,

template-sized DNA);

(v) time-dependent incision of template DNA;

(vi) time-dependent formation of DNA double-strand breaks;

(vii) inhibition of excision of base damage;

(viii) induction of protein synthesis; and

(ix) prevention of S phase delay and G2 arrest (induction of premature
mi tosis ).

These aspects are considered together because they appear to result from two
interrelated actions of methylxanthines affecting chromatin: interaction with
single-stranded DNA and inhibition of poly(ADP-ribosyl)ation reactions.
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Methylxanthines, in particular caffeine, interact with DNA primarily at
single-stranded regions. ln living cells, there is only indirect evidence for such
interaction (Althaus & Richter, 1987). The finding that the production of
chromosomal aberrations by methylxanthines in bean root tips is strongly
dependent on temperature, with a sharp maxmum around 12°C, led to the
suggestion that chromosomal aberrations may be the result of an influence of the
methylated oxypurines on macromolecular hydration structures (Kihlman, 1977).

Inhibition of poly(ADP-ribose)polymerase was determined in nuc1eotide-

permeable hum an lymphocytes following three days of stimulation with 2 J-g/ml
L-phytohaemagglutinin: theophylline (2 mM) gave 89% inhibition, theobromine (1
mM), 81%, and caffeine (2 mM), 35% (Althaus & Richter, 1987). This is an
important finding because poly(ADP-ribosyl)ation reactions are distributed
ubiquitously among higher eukaryotes and have been demonstrated in a number of
plants and lower eukaryotes. Various lines of evidence indicate an involvement of
poly(ADP-ribosyl)ation in the normal cell cycle of mammalian cells and, in
particular, in the molecular events occurring during S phase. Distinct changes in
the levels of biosynthetic activity of poly(ADP-ribose) were observed in cellular
differentiation processes. The presence of poly(ADP-ribosyl)ation in yeast is
controversiaL. No activity has sa far been found in prokaryotic organisms. An
inhibition of poly(ADP-ribosyl)ation reactions by methylxanthines may result in
genetic effects and in the modulation of genetic effects induced by other agents
(ionizing radiation, ultraviolet light, and mutagenic and carcinogenic chemicals),
because these reactions are involved in ail major chromatin functions, I.e., DNA
repair, DNA replication and transcriptional activity. They influence the local
organization of chromatin and, in particular, the architecture of active chromatin
domains as a consequence of altered protein interactions.

Important acceptor proteins for poly(ADP-ribose) are histone H2B and
histone Hl, which are involved in the nuc1eosomal organization of chromatin and of
polynucleosome structures, respectively. The production of DNA strand breaks,
either directly (ionizing radiation) or enzymatically in the process of DNA-excision
repair, is required for the stimulation ofpoly(ADP-ribose) biosynthesis. ln excision
repair, several steps have been shawn to be affected by poly(ADP-
ribose)polymerase inhibitors: incision and ligation are inhibited, excision is
reduced and repair synthesis is usually stimulated. Inhibition by methylxanthines
of poly(ADP-ribose) synthesis usually results in reduced repair. Many unrepaired
lesions are lethal, and reduced survival of damaged cells is observed.

There is a positive correlation between the sister chromatid exchange-inducing
potential and the inhibitory effects of chemicals that reduce the activity of
poly(ADP-ribose )polymerase. There is no concomitant increase in the frequency of
chromosomal aberrations or point mutations (e.g., hprt mutants). ln contrast, in
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cells with damaged DNA, ADP-ribosylation inhibitors significantly increased the
frequency of chromosomal aberrations induced by alkylating agents and other
types of chemical mutagens, and also by ultraviolet or ionizing radiation, and raised
the incidence of hprt mutants (which can result from deletions) but not of
ouabain-resistant mutants (resulting mostly from amino acid substitutions).
Overall, an altered poly(ADP-ribose) metabolism can have specific effects on
genetic phenomena such as DNA excision repair (Roberts, 1978), clastogenicity and
mutagenicity (Roberts, 1984; Althaus & Richter, 1987), but also on neoplastic
transformation (Roberts, 1984; Boothman et al., 1988). ln the last case,

controversial results have been reported.

(3) Nucleotide pools

It has been established that genetic effects can be produced notonly by
radiation and chemical attack upon DNA, but also by disturbances in
deoxyribonucleotide precursor pools. Sorne studies indicate that the purine

analogue, caffeine, may affect DNA precursor metabolism (Haynes & Collins,
1984). Caffeine is known to inhibit enzymes of purine metabolism and may thereby
alter the normal base ratio in the DNA precursor pool, thus causing errors in
pairing. Caffeine doses enhance the kiIing action of ultraviolet light. It inhibits
both de-nova synthesis and the utilization of exogenous purines in cultured CHO
cells. Furthermore, caffeine inhibited incorporation ofthymidine into DNA both in
prokaryotic and eukaryotic cells. ln E. coli, it has been suggested that this

inhibition could be caused by a caffeine-induced inhibition of thymidine kinase or,
more likely, an effect of caffeine on the DNA synthesis process itself. It was shown
that, although thymidine kinase is inhibited by caffeine in E. coli cells, intracellular
concentrations of thymidine triphosphate which one would consequently expect ta
decrease, actually increased significantly. Thus, the major effect of caffeine on the
nucleotide pool appears to be the result of inhibition of processes that involve
thymidine triphosphate. ln these experiments, intracellular concentrations of the
other nucleoside triphosphate pools were only slightly increased by caffeine. The
finding that chronic exposure ta caffeine led to sister chromatid exchange in human
peripheral blood lymphocytes (Guglielmi et al., 1982) was interpreted to be a result
of inhibition of DNA synthesis brought about by inhibition of de-novo synthesis of
endogenous purines and aIs a the transport and use of exogenous purines.

(b) Humans

(i) Absorption, distribution, metabolism and excretion

Caffeine absorption from the gastrointestinal tract is rapid, virtually complete
and directly dependent on pH (Chvasta & Cooke, 1971; Marks & Kelly, 1973;
Robertson et al., 1978; Bonati et al., 1982; Blanchard & Sawers, 1983a,b). Plasma
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Table 13 (contd)

Test system Results

Wi thout

exogenous
rntabolic
acti vation

with
exogenous
metabolic
acti vation

Dose
LEDjHID

Reference

ECR¡
ECR,
ECR,
ECR,
ECR,
ECR,
ECR,
ECR,
BSM,
KP?,
??F,
??R,
??R,
??R,
.,.,.,.... ,
??? ,

Escherichia coli, phage T5-resistance
Escherichia coli B, phage resistance
Escherichia coli, phage resistance
Escherichia coli, methionine independence
Escherichia coli, trytophan independence
Escherichia coli, streptomycin dependence
Escherichia coli, phage T5-resistance
Escherichia coli, trp, pro, his reversions
Bacillus subtilis ,-mltigene -šorulation test
Klebsiella pneuroniae, streptomycin resistance

Ophiostoma mul tiannulatur, forward mutation
Ophiostoma multiannulatur, reverse mutation
Xanthomonas phaseoli, streptomycin resistance
Plectonema boryanur (blue-green alga) cyanophage/streptomycinR
Physarur polycephalur, plaque size
Dictosteliur discoideur, aggregateless mutants
Schizosaccharomyces pombe, intergenic recombination
Schizosaccharomyces pombe, gene conversion
Schizosaccharomyces pombe, meiotic recombination
saccharomyces cerevisiae, mi tochondrial rho-
Saccharomyces cerevisiae, mitochondrial rh-
Schizosaccharomyces pombe, ade and his revrtants
Saccharomyces cerevisiae, añeploi~
Glycine max, gene mutation (point mutation)
Alliur cepa root tips, chromosomal aberrations
Alliur cepa root meristem bridges, fragments in ana-telophase
Al1iur sati vu root tips, chromosomal aberrations
Al1iur proliferur root tips, chromosomal aberrations
Hordeur vulgare, chromatid aberrations
Hordeur vulgare, chromosomal aberrations
Vicia faba roots, chromosornal aberrations
Vicia faba root tips, chromosomal breaks
Vicia faba roots, chromosornal breaks and subhromatid exchanges
Vicia faba root tips, interchanges
Vicia faba, chrornosomal aberrations
Vicia faba root tips, chrornosomal aberrations
Coreopsis tinctoria, chrornosornal aberrations

Ustilago maydis, mi totic crossing-over

.,.,.,.... ,
SZG,
SZG,
SCF,
SCF,
SZR,
SCN,
PLM,
ACC,
ACC,
FLe,
PLe,
HSC,
HSC,
VFC,
VFC,
VFC,
VFC,
VFC,
VFC,
PLe,
PL?,

+
+
+

(+)
+

+

+
+
+

+
+
+
+
+
+
+
+
+

+
+
+
+
+
+
+
+

+
+

+
+
+

a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a
a

150. 0000
20000. 0000

200. 0000
250. 0000
500. 0000

25. 0000
150. 0000

O. 0000
2500. 0000
2000. 0000

o. 0000
o. 0000
o. 0000
o. 0000
O. 0000
O. 0000
o. 0000

1000. 0000
o. 0000

1500. 0000
100. 0000

2000. 0000
125. 0000
625. 0000
400. 0000
580.0000

1000. 0000
1940. 0000
600. 0000
750.0000

3880. 0000
1000. 0000
300.0000

1000.0000
3880.0000
1000. 0000
3000. 0000

0.0000

Novick & Szilard (1951)
Gezelius & Fries (1952)
Glass & Novick (1959)
Greer (1958)
Greer (1958)
ryer & Szybalski (1958)((HN))
Kubitschek & Bendigkeit (1958)
Paribock et al. (1967)
Sacks & Mihara (1983)
Voogd & Vet (1969)
Fries & Kihlrnan (1948)
Zetterberg (1960)
Györffy (1960)
Singh & Kashyap( 1977)
Haugli & Dove (1972)
Liwerant & Pereira Da Silva (1975)
Loprieno & Schüpbach (1971)
Loprieno et al. (1974)
Loprieno et al. (1974)
Wolf & Kaudewitz (1976)
Bien et al. (1989)

Lopri~ Schüpbach (1971)
Parry et al. (1979)
Vig (1973)

Kihlman (1949)
González-Fernandez et al. (1985)
Koerting-Keiffer & Mickey (1969)
Kihlman et al. (1971a)
Yamamoto ~maguchi (1969)
Kesavan et al. (1973)

Schöneic~ al. (1970)
Swietlin'ska (1971)
Kaul & Zutshi (1973)
swietlin' ska et al. (1973)
Kih1man & Sturelid (1975)
Osiecka (1976)
Batikjan & Pogosjan (1976)

Holliday (1961)
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Table 13 (contd)

Tes t sys tem Results

without
exogenous
metabolic
acti vation

With
exogenous
metabolic
acti vation

Dose
LED/HID

Reference

PL? ,
PL? ,
DMG,

DMG,

DMM,

DMM,

DMX,

DMX,

DMX,

DMX,

DMX,

DMX,

DMX,

DMX,

DMX,

DM),
DM),
DMC,

DMC,

DMH,

DMN,

DMN,

DMN,

DMN,

DMN,

DMN,

DMN,
DMN,

DMN,

DMN,

DMN,

DMN,

DMN,

??L,
DIA,
DIA,
DIA,
UIA,

Glycine max, mi totic' recombination
Nicotiana tabacur cell cultures, mi totic recombination
Drosophila melanogaster, meiotic crossing over, oogonia
Drosophila melanogaster, meiotic crossing over, oocytes & stern cells -
Drosophila melanogaster, somatic mutation and recombination
Drosophila melanogaster, somatic mutation and recombination
Drosophila melanogaster, sex-linked recessive lethals, larval
Drosophila melanogaster, sex-linked recessive lethals, adult
Drosophila melanogaster, sex-linked recessi ve lethals, larval
Drosophila melanogaster, sex-linked recessive lethals, adult
Drosophila melanogaster, sex-linked recessive lethals, larval
Drosophila melanogaster, sex-linked recessi ve lethals
D~osophila melanogaster, sex-linked recessi ve lethals,
Drosophila melanogaster, sex-linked recessive lethals,
Drosophila melanogaster, sex-linked recessive lethals,
Drosophila melanogaster, sex-linked recessi ve lethals,
Drosophila melanogaster, sex-linked recessive lethals
Drosophila melanogaster ganglia cells, chromosomal aberrations +
Drosophila melanogaster larval ganglia cells, chromosomal aberration -
Drosophila melanogaster, translocations
Drosophila melanogaster, aneuploidy (chromosomal loss XO males)
Drosophila melanogaster, aneuploidy (nondisjunction XXY females)
Drosophila melanogaster, aneuploidy (chromosomal loss XO males)
Drosophila melanogaster, aneuploidy (nondisjunction XXY females)
Drosophila melanogaster, aneuploidy (chromosomal loss XO males)
Drosophila melanogaster, aneuploidy (nondisjunction XX females)
Drosophila melanogaster, aneuploidy (chromosomal loss XO males)
Drosophila melanogaster, aneuploidy (nondisjunction XX females)
Drosophila melanogaster, aneuploidy (X-chromosome nondisjunction)
Drosophila melanogaster, aneuploidy (chromosomal loss)
Drosophila melanogaster, aneuploidy (nondisjunction)
Drosophila melanogaster, aneuploidy (chromosomal loss, males)
Drosophila melanogaster, aneuploidy (chromosomal loss, females)
Bombyx mori, dominant lethal test
DNA strand breaks, chinese hamster ovary cells in vitro
DNA strand breaks, Chinese hamster V79 cells in vitro
DNA strand breads, syrian hamster embryo cells in vitro
Unscheduled DNA synthesis, Syrian hamster embryo cells

injection
fed
fem.fed
fed

+
+
+

+
+
(+)
(+)

+

+

+

+

+

+

+

+
+

+

+

o

o
o

o

o

o

o

o

o

o

o

o
o

o
o

o

o

o

o
o
o
o

o

o

o

o
o

o
o

o

o

o
o
o

o

o

o

o

0.0000
0.0000
0.0000
0.0000

3000.0000
5000.0000
2500.0000
5000.0000
5000.0000
5000.0000

10000.0000
750.0000

1940.0000
1940.0000
11 50.0000
970.0000

2500.0000
194.0000

1940.0000
1230.0000

10000.0000
10000.0000
1230.0000
1230.0000
1940.0000
1940.0000

10000.0000
10000.0000
1150.0000
5000.0000
5000.0000

0.0000
0.0000
0.0000

388.0000
5800.0000
1000.0000
1000.0000

Vig (1973)
Carlson (1974)
Yefremova & Filippova (1974)
Yefremova & Filippova (1974)
Graf & WÜrgler (1986)
Graf & WÜrgler (1986)
Andrew (1959)
Andrew (1959)
Yanders & Seaton (1962)
Yanders & Seaton (1962)
Ostertag & Haake (1966 ì

Alderson & Khan (1967)
Clark & Clark (1968)
Clark & Clark (1968)
Shakarnis (1970)
King et al. (1979)
Regull-Marques (1988)
De Marco & Cozzi (1980)
De Marco & Polani (19811
Mitt1er et al. (1967b)
Ostertag~ake (1966)
Ostertag & Haake (1966)
Mittler et al. (1967a,b)
Mitt1er et aL. (1967a,b)
Clark & Clark (1968)
Clark & Clark (1968)
Kuh1man et al. (1968)
Kuh1man et al. (1968)
Shakarniš-70)
Zett1e & Murnick (1973)
Zett1e & Murnick (1973)

Arisimova (1975)
Arisimova (1975)
Murota & Murakami (1976)
Ishida et al. (1985)
swenberg (1981)
Casto et aL. (1976)

Cast0 et aL. (1976)
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Table 13 (contd)

Test system Resul ts

wi thout
exogenous
metabolic
acti vation

CHL, Chromosomal aberrations (gaps¡breaks), human lymphocytes
CHL, Chromosomal aberrations (gaps¡breaks), human lymphocytes
CHL, Chromosomal aberrations (deletions, exchanges), human lymhocytes
CH, Chromosomal aberrations (breaks), human HeLa cells
CH, Chromosomal aberrations, human HeLa cells
CH, Chromosomal aberrations (breaks/rearrangments), human HeLa
CHL, Chromosomal aberrations, Fanconi' s anaemia lymphocytes
CH, Chromosomal aberrations (breaks), human leukocytes + Heta cells

" CHF, Chromosomal aberrations ( gaps¡breaks), human embryonic tissue
BFA, Urine of female rats, Salmonella typhimurium mutagenicity
HM, Host-mediated assay, Salmonella typhimurium G46 in mice
HM, Host-mediated assay, Escherichia coli Kl2 in mice
DVA, Single-strand DNA breakage, swiss mouse liver/kidney in vivo
MST, PTxHTF1 mouse spot test
SLO, Mouse specifie locus test (C3H/HCH female x 101/H male)

F 1 female x DC male
SVA, Sister chromatid ex change , Chinese hamster bone marrow
SVA, sister chromatid ex change , C57Bl/6J mouse bone marrow
SVA, Sister chromatid exchange, Chinese hamster bone marrow
SVA, Sister chromatid exchange, Sprague-Dawley rat blood
SVA, Sister chromatid exchange, Chinese hamster bone marrow
SVA, Sister chromatid exchange, swiss albino mice bone marrow
SVA, sister chromatid ex change , Chinese hamster bone marrow
MV, Micronucleus test, CD albino mouse bone marrow
MV, Micronucleus test, C3HxC57 mouse bone marrow
MV, Micronucleus test, CBA male mouse bone marrow
MV, Micronucleus test, NMI mouse bone marrow
MV, Micronucleus test, CD1 mouse bone marrow
MV, Micronucleus test, outbred Swiss CD-1 mouse bone marrow
MV, Micronucleus test, MS/Ae inbred mouse bone marrow
MV, Micronucleus test, rat bone marrow and peripheral blood
MVC, Micronucleus test, Chinese hamster bone marrow
MVC, Micronucleus test, Chinese hamster bone marrow
MIA, Micronucleus test, mouse pre-implantation embryo ex vivo
CBA, Chromosomal aberrations, C57Bl mouse bone marrow --
CB, Chromosoma1 aberrations, Chinese hamster bone marrow
CBA, Chromosomal abrrations, C57BI/6J "mouse bone marrow
CBA, Chromosomal àberrations, Chinese hamster bone marrow

CBA, Chromosomal aberrations, BA/c mouse bone marrow

+
+
+
+

+
+
+
+

+

+

(+)

+
+
+

+

+
+

(+)

+

with
exogenous
metabolic
activation

o

o

o

o

o

o

o
o

o

o

o

o

o
o

o

o

o

o
o

o
o

o

o

o

o
o
o
o

o

o
o
o
o
o
o

o

o

Dose
LED/HID

50.0000
250.0000
388.0000
500.0000
20.0000
80.0000
50.0000

10000.0000
50.0000

126.0000
150.0000 i.p.
194.0000 i.p.
100.0000 i.p.
50.0000 i.p

250.0000 d.w. x 70 d

100.0000 oral
50.0000 i.v.

200.0000 i.p.
1000.0000 diet
300.0000 oral
830.0000 oral
300.0000 oral
250.0000 i.p.

0.0000 inj.
100.0000 oral
97.0000 i.p.

250.0000 i.p.
100.0000 oral
100.0000 oral
126.0000 oral
250.0000 i.p.

300.0000 oral
388.0000

4000.0000 d.w.
200.0000 i.p.
50.0000 i. v.

200.0000 i. p.
50.0000 i.p.

Reference

Lee (1971)
Weinstein et al. (1972)
Ceccherini~l. (1988)
Ostertag et ~ (1965)
Thayer et~(1971)
Bishun et al. (1974)
Sasaki & Tonomura (1973)
Ostertag (1966)
Lee (1971)
Bradford et al. (1983b) (Abstr.)
Gabridge & Legator (1969)
King et al. (1979)
Cesarone et al. (1982)
Nomura (19ã
Lyon et al. (1962)

Basler et al. (1979)
Nakanis~ Schneider (1979)
Tsuchimoto & Matter (1979)
Granberg-ahman et al. (1980)
Renner (1982)
Panigrahi & Rao (1983)
Aeschbacher et al. (1986)
Matter & Grauwiler (1974)
Heddle & Bruce (1977)
Jenssen & Ramel (1978)
King et al. (1979)
Tsuchimoto & Matter (1979)
Aeschbacher et al. (1986)
Aeschbacher et al. (1986)
Bradford et ~ 1983b) (Abstr.)
Tsuchimot~Matter (1979)
Aeschbacher et al. (1986)
Müller et al~85)
Frei & Veni tt (1975)
Röhrborn & Buckel (1976)
Nakanishi & Schneider (1979)

Tsuchimoto & Matter (1979)
Dulout et al. (1981)
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concentration curves following oral and intravenous doses weresuperimposable,
suggesting that there is no pronounced first-pass effect (Axelrod & Reichenthal,
1953); after oral doses of 5-8 mg/kg bw, peak plasma concentrations of 8-10 i-g/ml
were observed (Arnaud & Welsch, 198Ob, 1982; Bonati et al., 1982; Blanchard &
Sawers, 1983a,b; Arnaud, 1987). After oral ingestion, the time ta reach peak plasma
concentration exhibits wide variations, ranging from 15 ta 120 min (Robertson et al.,
1978; Bonati et al., 1982; Arnaud, 1987). These variations can be explained by the
effect of gastric emptying (Chvasta & Cooke, 1971; Arnaud, 1987) and also by the
presence of dietary constituents (Arnaud, 1987).

After absorption, caffeine is rapidly and uniformly distributed into body fluids
(Bonati & Garattini, 1984). The volume of distribution of caffeine in man ranges
from 0.5 to 0.8 1/kg bw, but the value most often reported is close to 0.7l/kg bw
(Arnaud, 1987). ln newborns, the levels of caffeine in plasma and cerebrospinal
fluid are virtually identical (Turmen et al., 1979; Somani et al., 1980). ln-vivo and
in-vitro studies have shown that caffeine is bound at 10-35% ta plasma proteins,
mainly albumins, over a wide range of concentrations (1-100 i-g/ml) (Bonati &
Garattini, 1984; Yesair et al. 1984). The binding capacity of caffeine to breast milk
proteins is about 3.2% (Tyrala & Dodson, 1979).

Caffeine is eliminated by apparent first-order kinetics, described by a
one-compartment open model system. A study of a limited number of patients with
a small range of doses (-iiO mg/kg bw) excluded the existence of dose-dependent
kinetics in man at the levels at which people are normally exposed to caffeine
(Bonati et al., 1982).

The half-time of caffeine decreases gradually after birth and reaches adult
values (2.5-4.5 h) at about the age of six months (Aldridge et al., 1979; Aranda et aL.,
1979a,b; Parsons & Neims, 1981; Gorodischer & Karplus, 1982). A serum clearance

of 31.5 ml/kg bw per h in 1-2.5-month-old infants increased ta a me an maximum
value of 331.7 ml/kg bw per h in 5-6-month-old infants, while values of 155 and 94
ml/kg bw per h were observed in adult smokers and nonsmokers, respectively
(Aranda et al., 1979a). No significant difference in the elimination of caffeine in
young and elderly subjects has been found, although a slight decrease in plasina
caffeine binding was observed in the older group (Blanchard & Sawers, 1983b).

Caffeine clearance is stimulated by smoking (Parsons & Neims, 1978;
Wietholtz et aL., 1981; Kotake et al., 1982; Mayet al., 1982; Arnaud, 1987; Joeres et al.,
1988); after stopping smoking for only three or four days, the rate of caffeine
metabolism is substantially slower (Brown et al., 1988; Murphyet al., 1988). The
metabolic disposition or volume of distribution of caffeine does not differ between
men and women (Callahan et al., 1983; Arnaud, 1987). ln women, the use of oral
contraceptives was shown to double the half-time of caffeine (Patwardhan et al.,
1980; Callahan et al., 1983). A graduaI prolongation of the half-time was also shown
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during pregnancy (Neims et al., 1979; Aldridge et al., 1981; Knutti et al., 1981, 1982;
Parsons & Pelletier, 1982; Brazier et al., 1983), and caffeine clearance had increased
by more than three fold at 2- 12 weeks postpartum (Parsons & Pelletier; 1982).

Caffeine concentrations in human and fetal gonads were similar ta those in
plasma (Goldstein & Warren, 1962). A small percentage (0.5-4%) of an ingested
dose of caffeine is excreted unchanged in urine (Arnaud, 1987). Caffeine is also
excreted in bile (Arnaud, 1987) and is found in saliva (Cook et al., 1976; Parsons &
Neims, 1978; Newton et al., 1981), semen (Beach et al., 1982, 1984) and breast milk
(Tyrala & Dodson, 1979; Findlay et al., 1981; Bailey et al., 1982; Ryu, 1985); it was also
detected in umbilical cord blood (Parsons et al., 1976; van't Hoff, 1982). As salivary
concentrations correspond ta 65-85% of plasma concentrations, they can be used ta
predict serum concentrations (Khanna et al., 1980; Callahan et al., 1982). An
average milk to serum concentration ratio of 0.52 was observed (Tyrala & Dodson,
1979).

The metabolism of caffeine is the rate-limiting factor for its plasma clearance
(Arnaud, 1987). It is transformed by hepatic microsomal enzymes (Grant et al.,
1987; Berthou et al., 1989), and no significant metabolism occurs in other organs
(Arnaud, 1987). The initial major step in caffeine biotransformation in humans is
selective catalysis by cytochrome P450PA (P4501A2) in human liver microsomes,
which is also responsible for the N-oxidation of aryl amines (Butler et al. 1989). The
major raIe of the liver is demonstrated by the impaired clearance of caffeine in
subjects with liver disease, in whom serum half-times of 60- 168 h were reported
(Statland et al., 1976; Desmond et al., 1980; Statland & Demas, 1980; Renner et al.,
1984). Many drug interactions have been reported to lead to impaired caffeine
elimination, explained by competitive inhibition at the enzymatic level (Reynolds,

1989). Allopurinol causes dose-dependent inhibition of the conversion of
1-methylxanthine ta 1-methyluric acid (Grygiel et al., 1979; Grant et al., 1986).
Alcohol has been shawn to impair caffeine elimination (Mitchell et al., 1983; George
et al., 1986). Ingestion of 480 mg/day of caffeine for one week by healthy male
volunteers failed ta alter its pharmacokinetics (George et al., 1986).

Caffeine metabolism has been reviewed extensively (Arnaud, 1984, 1987) (see
Figure 2). After oral administration of caffeine, plasma concentrations of

theobromine and theophyllne showed a small and similar increase, while a ten-fold
higher paraxanthine concentration was observed. ln most of the subjects studied,
caffeine plasma concentrations decreased more rapidly th an those of paraxanthine,
so that paraxanthine concentrations became higher than those of caffeine from 8 ta
10 h after administration (Bonati et al., 1982). The amount of urinary caffeine
metabolites depends on the rate of each biotransformation step, the body

distribution of metabolites, their plasma concentrations and their renal excretion
(Arnaud, 1987). All the metabolic transformations shown in Figure 2 inc1ude
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multiple and separate pathways with demethylation, C-8 oxidation and perhaps,
associated with this transformation, the formation of uracil derivatives. ln contrast
to these biotransformations, the C-8 oxidation of 1 -methylxanthine into

1 -methyluric acid is not a microsomal transformation but was shawn to be
performed by xanthine oxidase (Bergmann & Dikstein, 1956; Grygiel et al., 1979;
Grant et al., 1986; Arnaud, 1987).

Although in women who used oral contraceptives, the half-time of caffeine was
doubled, only minor changes in the proportion of the formed metabolites have been
reported (Callahan et al., 1983). Compared to contraIs, pregnant women produced
smaller amounts of 1-methylxanthine and 1-methyluric acid (Scott et al., 1986).

The most important metabolic pathway in humans is demethylation of caffeine

(95%), only 5% giving trimethyl derivatives, whereas in rodents 40% trimethyl
derivatives are found (Arnaud & Welsch, 1980b; Arnaud, 1987). Therefore,
collection of labelled carbon dioxide after demethylation of (14C- or 13C-methyl)-
caffeine constitutes a breath test used in clinical studies ta detect impaired liver
function (Wietholtz et aL., 1981; Kotake et al., 1982; Renner et aL., 1984; Arnaud,
1987).

The 5-acetylamino-6-formylamino-3-methyluracil metabolite of caffeine is
found only in humans; paraxanthine was shown ta be its precursor (Grant et al.,
1983a; Arnaud, 1984). Although its estimated rate of production (3-35%)
approximates those of I-methylxanthine (18%) and 1-methyluric acid (15%)
(Callahan et al., 1982; Yesair et al., 1984), however, its metabolic formation is not yet
understood. The variability in the production and excretion rates of acetylated
urinary metabolites (Callahan et al., 1982; Tang et al., 1983) was related ta
acetylation polymorphism (Grant et al., 1983b). The demonstration that the general
population could be divided into fast and slow acetylators (Evans & White, 196)
explains sorne of the variability observed in caffeine metabolism. A simple marker
for acetylator status in man is the ratio 5-acetylamino-6-formylamino-3-methyl-
uracil:l-methylxanthine in urine (EI-Yazigi et al., 1989). The ratios of the urinary
concentrations of 1-methyluric acid:l-methylxanthine, of 1,7-dimethyluric

acid: 1,7 -dimethylxanthine and of 5-acetylamino-6- formylamino- 3-methyl uracil
plus 1-methyluric acid plus 1-methylxanthine:l,7-dimethylxanthine represent

indices of xanthine oxidase, 8-hydroxylation and 7-demethylation activities,
respectively (Kalow, 1984).

After oral administration of labelled caffeine, 2-5% was excreted in the faeces.
The most important products identified were 1,7-dimethyluric acid at44%,
1-methyluric acid at 38%, 1,3-dimethyluric acid at 14%, 1,3,7-trimethyluric acid at
6% and caffeine at 2% of faecal radioactivity (Callahan et al., 1982).
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(ii) Toxic effects

General toxicity: The toxiClty of caffeine in humans has been reviewed
(Lachance, 1982; RaIl, 1985; Arnaud, 1987; Ashton, 1987; Leonard et al., 1987;
Stavric, 1988).

At low doses (up ta 2 j.g/ml in blood), caffeine stimulates the central nervous
system, and this effect is perceived by many caffeine users as beneficiaL. High blood
concentration (10-30 j.g/ml) of caffeine may produce restlessness, excitement,
tremor, tinnitus, headache and insomnia (Lachance, 1982; Ashton, 1987; Stavric,
1988).

Caffeine can induce alterations in mood and sleep patterns, increase urine
production and gastric acid secretion, alter myocardial function, induce
hypertension and arrhythmia, and increase plasma catecholamine levels and

plasma renin activity, especially when administered to non-users or recent
abstainers (Leonard et al., 1987; Stavric, 1988). Excessive consumption of caffeine
may lead ta an anxety neurosis known as 'caffeinism'. Similar symptoms have been
described after withdrawal of caffeine (Greden, 1979; Griffiths & Woodson, 1988).

Acute toxicity due ta caffeine is not very common, although sorne adverse
effects (e.g., gastric symptoms, insomnia, diuresis) have been observed as a result of
overdoses (Lachance, 1982; RaIl, 1985; Stavric, 1988). Caffeine poisoning can be
especially hazardous ta persons with impaired liver function. Patients with liver
cirrhosis may accumulate up ta 40 times more caffeine and its metabolites th an
healthy controls (Wahlländer et al., 1985).

The effects of coffee and tea on plasma lipid levels and on morbidity and
mortality from cardiovascular disease are discussed in detail in the respective
monographs.

The effect of caffeine consumption (86.8% from coffee) on mortality from
cardiovascular disease was evaluated in a cohort study of more than 10 000
hypertensive people from 14 communities in the USA over four years. No evidence
was found ta support an association between increased caffeine consumption and
increased mortality due to cardiovascular disease (Martin et al., 1988).

Blood pressure: The effects of caffeine on blood pressure have been reviewed
(Myers, 1988; Robertson & Curatolo, 1984).

ln volunteers who abstained from caffeine-containing products, a bolus dose
of 250 mg led to a 5-10% increase in both systolic and diastolic blood pressure for

1-3 h. Tolerance to this effect developed, however, when caffeine was given three
times a day for seven days (Robertson et aL., 1978, 1981; Arnaud, 1987). Increases in
systolic and diastolic blood pressure (by 5.1 and Il.5 mm Hg, respectively) were
observed in 10 volunteers who drank coffee corresponding to about 240 mg caffeine
(Smits et aL., 1986). ln another study, daily use of decaffeinated coffee (40 mg
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caffeine) instead of five cups of regular coffee ( 445 mg caffeine) for six weeks led ta a

small but significant decrease in systolic (by 1.5 mm Hg) and diastolic (by 1.0 

mmHg) blood pressure in 45 healthy volunteers (van Dusseldorp et al., 1989).
Several epidemiological studies have investigated the association between

coffee drinking and blood pressure. One showed that only systolic blood pressure
was related to coffee intake, and the overall increase before adjustment for other
variables was 2.5 mm Hg (Lang et al., 1983). ln another study (Birkett & Logan,
1988) caffeine intake was positively related to an increase in diastolic blood

pressure, but the effect was small - less than 1 mm Hg at usual caffeine intake. A
longitudinal study with more th an 51 00 participants found no relationship
between either systolic or diastolic blood pressure and the number of cups of coffee
consumed (Bertrand et al., 1978). A significant decrease in blood pressure with
increased coffee consumption was found in an epidemiological investigation
involving 500 persans (Periti et al., 1987).

The available data indicate that consumption of caffeine iii moderate amounts
does not cause a persistent increase in blood pressure in normotensive subjects.
Caffeine can, however, acutely raise blood pressure in non-users of

caffeine-containing beverages, but after one to four days of regular consumption a
tolerance develops, with blood pressure returning ta previous levels.

Cardiac arrhythmias: Caffeine and caffeine-containing beverages have long

been implicated in the etiology of cardiac arrhythmias, but only a few well-designed
studies have been carried out in humans (for a review, see Dobmeyer et aL., 1983).
An association between premature ventricular beats and consumption of large
amounts of coffee or tea was found in a large cross-sectional study reported by
Prineas et al. (1980).

Contrary to several earlier authors (for reviews, see Dobmeyer et al., 1983;
Robertson & Curatolo, 1984), Myers et al. (1987) found no increase in the severity or
frequency of ventricular arrhythmia after intake of caffeine (300 mg) in a
placebo-controlled study of patients with previous myocardial infarction. These
results are in contrast ta those of another study (Sutherland et al., 1985) in which 200
mg caffeine induced a considerable increase in the frequency of extrasystoles in
subjects with a high incidence of spontaneous ventricular ectopic beats. Thus, the
traditional clinical view that caffeine induces cardiac arrhythinias in hum ans stil
remains open, bath in healthy subjects and in patients with existing heart disease.

Benign breast disease:

(1) Case series and inteivention trials: A clinical association between fibrocystic

breast disease and caffeine consumption was suggested in 1979, when Minton et al.

(1979a,b) reported differences in the levels of cAMP and cGMP in normal, fibrotic,
fibroadenomatous, fibrocystic and carcinomatous breast tissues. They also found
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an improvement in signs of the disease among women who eliIDinated methyl-
xanthines from their diet. Similar findings were reported in a subsequent study by
the same group (Minton et al., 1981). Several concerns about the studies have been
raised. They were not randomized, information on the extent of disease at baseline
was not always provided, caffeine consumption and the course of the disease were
not monitored during the study, and outcome was ascertained by people who were
aware of the caffeine consumption status of the subject.

Several clinical case series were subsequently studied. Brooks et al. (1981)
found an improvement in signs of fibrocystic breast disease after restricting
methylxanthine consuIDption. Heyden and Muhlbaier (1984; reported again by
Heyden & Fodor, 1986) found that the mean change in total methylxanthine
consumption in women who experienced a total or transient disappearance of
nodules was similar to that in women who did not experience such changes.
Hindi-Alexander et al. (1985) found that the severity of fibrocystic breast disease
was greater with greater intake of caffeine, theophyllne and total methylxanthines.
Three randomized studies were conducted: Ernster et al. (1982) found a reduction
in clinically palpable breast nodes in women on the methylxanthine-free diet but
found no relation between changes in caffeine levels in breast fluid and degree of
improvement in breast findings score. Parazzni et al. (1986) observed no difference
among the methylxanthine-abstention groups in respect of change in size, clinical
characteristics or mean scores at follow-up. Data from Allen and Froberg (1987)
did not support the hypothesis of decreasing nodularity in the caffeine-free group
relative to that in the group with no dietary restriction group or in a placebo group.

(Te Working Group noted that studies of case series and intervention trials
were concerned mainly with the effect of caffeine consumption on the symptoms of
benign breast disease; they have little, if any, bearing on the occurrence of this
condition.)

(2) Etiological studies: Lawson et al. (1981) analysed data obtained from the
Boston Collaborative Drug Surveilance Program (January-September 1972) and
from a collaborative study conducted in the USA, Scotland and New Zealand (from
1977 to present). Coffee and tea drinking were grouped as 'hot beverage

consumption'. When cases of fibrocystic disease were compared to contraIs who
did not drink coffee or tea, the relative risks (RRs) were 1.4, 1.5 and 1.3 for
increasing levels of intake.

Marshall et al. (1982) analysed a series of patients admitted ta the Roswell Park
Memorial Institute, Buffalo, NY, USA, between 1957 and 1965. When data were
analysed by number of cups per day, no relation was found between the occurrence
of fibrocystic breast disease and cOffee consumption (age-adjusted RR, 0.9 for
more than three cups per day versus non-coffee drinker); a nonsignificant reduction
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in risk was associated with tea consumption (RR, 0.8 for more than three cups per
day), and no relation was seen when results for the two beverages were combined.

Boyle et al. (1984) conducted a hospital-based case-control study in
Connecticut, USA, from 1979 to 1981. The study showed a clear, significant
dose-response relationship between the occurrence of fibrocystic breast disease
and the amount of caffeine that had been consumed daily five years previously.
When patients were compared with women who consumed fewer than 30 mg
caffeine per day, the RRs were 1.5, 2.0 and 2.3 for those who consumed 31-250,
251-500 and ;: 500 mg per day (p c: 0.001 test for trend). The increase in risk was
greater among women with those subtypes ofbenign breast disease that are thought
to be most closely related to an increased risk for breast cancer. The data were
based on patient recall of caffeine consumption.

Odenheimer et al. (1984) studied female twins from the Kaiser-Permanente
Twin Registry (USA) in 1977-79. For the 90 pairs in which one twin had

biopsy-confirmed benign breast disease, the RR was 1.6 (95% confidence interval
(CI), 1.0-2.4) for each cup of coffee consumed per day. For the 48 pairs in which
cases were determined by clinical examination, the RR was 4.2 (1.1-15.6) for
different categories of consumption. Fifteen pairs were in bath groups.

Lubin et al. (1984, 1985a) conducted a hospital-based case-control study in
Israel between 1977 and 1980. No significant association between the occurrence of
benign breast disease and coffee consumption was found: in comparison with
surgical controls, the adjusted RRs were 1.0, 1.1,0.95 and 0.80 for four categories of
consumption (0, 1, 2-3, ;: 4 cups/day); compared to neighbourhood contraIs they
were 1.0, 0.85, 0.83 and 0.70. No association between total methylxanthine intake
and benign breast disease was found. Similarly, no association was found when
women with different histological types or women with different degrees of ductal
atypia were examined separately.

La Vecchia et al. (1985) conducted a hospital-based case-control study of
benign breast disease in Milan, Italy, between 1981 and 1983. Categorizing coffee
consumption in three levels (0, 1-2 and ;: 3 cups/day), the RRs by multivariate
analysis were 1.0, 3.0 (95% CI, 1.7-5.3) and 3.8 (2.2-6.7) compared to the inpatient
controls, and 1.0, 1.4 (0.8-2.5) and 2.1 (1.2-3.8) compared to outpatient controls for
all benign breast disease together. For benign tumours (85 cases), the RRs were 1.0,
2.3 (1.0-4.8) and 1.6 (0.7-3.5) compared to the inpatient controls, and 1.0, 1.0 (0.5-2.2)
and 1.0 (0.4-2.1) compared ta outpatient controls. For dysplasia (203 cases), the
RRs were 1.0,4.1 (2.0-8.4) and 6.4 (3.1- 13. 1) compared to inpatient controls and 1.0,
2.0 (1.0-4.1) and 3.7 (1.8-7.7) when compared to outpatient contraIs.

Schairer et al. (1986) conducted a case-control study on participants in the
Breast Cancer Detection Demonstration Project in the USA. For all benign breast
disease cases, the RRs were 1.0, 1.0 (95% CI, 0.8-1.2),1.0 (0.8-1.2), 1.0 (0.7-1.2) and
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1.1 (0.8-1.5) for five increasing levels of methylxanthine consumption (c: 125,
126-250,251-500, 501-750, ~ 750 mg/day). When analysed specifically for cases of
fibrocystic disease, cases of unknown type and cases of benign neoplasms, the RRs
were all near unity. When cases with fibrocystic disease were subdivided by the
presence of atypia, hyperplasia, sclerosing adenosis and cyst, RRs near unity were
again observed.

Rohan et al. (1989) conducted a case-control study in Adelaide, Australia,
between 1983 and 1985 which included both biopsy-confirmed contrais (women
whose biopsy did not show epithelial proliferation) and community controls. Total
methylxanthine intake (caffeine, theobromine and theophylline) was not related to
the risk of benign proliferative epithelial disorders: adjusted RRs for increased
quintiles of intake ( c: 173.2, 173.2-270.0, 270.1-344.0, 344.1-429.3, ~ 429.3 mg/day)
were 1.0, 0.8 (0.5-1.3),0.8 (0.5-1.5), 0.8 (0.4-1.3) and 1.2 (0.7-2.1) using community
controls, and 1.0,0.7 (0.4-1.2),0.7 (0.5-1.7),0.7 (0.4-1.3) and 1.0 (0.6-1.9) using biopsy
controls. Separate analyses for theophyllne, theobromine and caffeine and for
degree of atypia generally showed no association; however, theobromine intake was
associated with an increased risk when biopsy contraIs were used as the comparison
group. Total methylxanthine intake was associated with an increased risk of severe
atypia when community contraIs were used.

(The Working Group noted that the positive association between coffee intake
and benign breast disease found in sorne etiological studies could be due to the
difference in the likelihood of disease detection between consumers and
nonconsumers of methylxanthines. The one study in which biopsy-confirmed

contraIs were used found no association.)

(iii) Effects on reproduction and prenatal toxicity

Malfonnations: A case-control study was carried out in Scotland by Nelson
and Forfar (1971) of 458 mothers who gave birth to infants with congenital
abnormalities and two control groups; the first was composed of the mothers of the
next 500 normal babies delivered in the same maternity units as the patients, and the
second were 411 mothers matched to the mothers of cases by age, parity and babies'
sex. Mothers were interviewed on the use of pharmaceuticals during pregnancy.
This information was confirmed by doctors' or pharmacists' records; 11.3% of the
reports were rejected due to lack of confirmation. Caffeine-containing drugs had
been used by 2.4% of the mothers of cases and 1.5% of those of controls
(nonsignificant). Few data are provided on losses and refusaIs. (The Working
Group noted the restricted use of caffeine-containing drugs; other sources of
caffeine were not corisidered.)

A large North American study followed 5378 women exposed during

pregnancy ta caffeine-containing drugs for possible malformations in their
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offspring (Heinonen, 1982). For all malformations considered together (n = 350),
the RR was 0.98. For malformations at individual sites, the RRs ranged from 0.70 ta
1.2 (nonsignificant). (The Working Group noted that non-medicinal sources of
caffeine were not accounted for.)

Several studies have reported congenital malformations in relation ta
consumption of caffeine in beverages (Borlée et aL., 1978; Linn et al., 1982;
Rosenberg et al., 1982; Tohnai et al., 1984, Furuhashi et al., 1985). These are
discussed in the monograph on coffee (pp. 104- 106).

Rosenberg et al. (1982) estimated total caffeine intake from coffee, tea and cola
for 2030 mothers of malformed infants and 712 contraIs. Total caffeine intake was
related neither to all malformations nor to those at invididual sites.

Low birthweight and/or preterm birth: Studies relating coffee intake and low
birthweight (Mau & Netter, 1974; van den Berg, 1977; Arnandova & Kaculov, 1978;
Kuzma & Sokol, 1982; Linn et al., 1982; Berkowitz et al., 1982; Watkinson.& Fried,
1985; Furuhashi et al., 1985; Martin & Bracken, 1987; Muñoz et al., 1988; Brooke et
al., 1989; Caan & Goldhaber, 1989) are described on pp. 106-112. ln several ofthese
studies sources of caffeine other than coffee were considered.

Total caffeine intake, as determined from various sources inc1uding coffee, tea,
cola and drugs, was positively associated with the proportion of low-birthweight
babies after controllng for smoking and other potential confounders (RR, 4.6 for
consumption of :: 300 mg/day versus no consumption; p -: 0.001) (Martin &

Bracken, 1987). A significant increase in the frequency of low birthweight was
found by Caan and Goldhaber (1989) among women with heavy consumption of
caffeine from coffee and cola as compared ta women with none (odds ratio, 3.5; p -:
0.05). (The Working Group was concerned that cola and coffee were considered ta
be equivalent sources of caffeine per drink.)

Effects on sperm and fertility The addition of caffeine ta human sperm
increased sperm mobility (Hommonai et aL., 1976; Traub et aL., 1982; Aitken et aL.,
1983). Barkay et aL. (1984) reported that women undergoing artificial insemination
were twice as likely ta become pregnant if their husband's semen had been treated
with caffeine than if it had not. Scanning electron microscopic examination of fresh
semen showed no morphological change caused by in-vitro treatment with caffeine.

(iv) Genetic and related effects
Vogel et al. (196) published results of an epidemiological study in which the

sex ratios of children in German familes were examined relative to the parents'
coffee-drinking habits. Using multiple regression techniques, no evidence was
found that caffeine induced sex-linked recessive lethal mutations in women or
sex-lInked dominant mutations in men. The authors suggested that since the
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questionnaires on coffee drinking were completed by the children and their parents,
there might be uncontrolled biases in the study. (The Working Group noted that
others have pointed out that during the years in which many of the children involved
were conceived, 'coffee' consumption may not necessarily have been synonymous
with caffeine consumption because of wartime substitutions.)

The urine of coffee drinkers was not mutagenic ta S. tyhimurium TAl00 or
TA98 (Aeschbacher & Chappuis, 1981) (see the monograph on coffee, p. 112).

Drinking coffee or tea to result in a total caffeine intake corresponding to that
in five cups of coffee per day (exact amount not stated) was associated by multiple
regression analysis with a roughly two-fold higher frequency of both
micronucleated reticulocytes and micronucleated mature eryhrocytes in
splenectomized but otherwise healthy individuals after adjustment for smoking.
Drinking decaffeinated coffee was not associated with an increase in the number of
micronucleated cells (Smith et al., 1990).

Cultured human lymphocytes from volunteers on a regime of 80 mg caffeine
daily for four weeks, resulting in caffeine blood levels as high as 29.6 J1g/ml after four
weeks showed no significant increase in the frequency of chromosomal damage
(Weinstein et al., 1972, 1973a,b, 1975).

ln one study of caffeine ingestion during pregnancy, an elevated frequency of
chromosomal anomalies was reported (Furuhashi et al., 1985). (The Working
Group noted that the laboratory and the epidemiological methods, as weil as the
data, were so inadequately reported that the study was not suitable for evaluation.)

3.3 Epidemiological studies of cancer in humans

The epidemiological studies considered are those in which the effect of

caffeine was examined as weil as those in which the effects of methylxanthines
(caffeine, theophyllne and theobromine) were looked at.

(a) Cohort studies

(i) Ali sites

The effect of caffeine consumption on mortality from cancer at aIl sites among
the 10 06 participants in the Hypertension Detection and Follow-up Program in
the USA was examined after four years of foIlow-up (Martin et al., 1988). Exposure
ta caffeine was estimated on the basis of data obtained at interview concerning
coffee and tea consumption and use of caffeine-containing medications; no data
were collected on consumption of caffeine-containing soft drinks. The unadjusted
RRs showed no association between caffeine consumption and mortality from
cancer or any other cause, although in all of these analyses, the confidence intervals
were very wide.
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(ii) Breast cancer

Phelps and Phelps (1988) conducted an ecological study, which did not
distinguish between tea and coffee consumption, and reported a correlation of 0.00
with breast cancer mortality ratios after adjusting for dietary fat intake.

(h) Case-control studies

(i) Breast

Case-control studies of breast cancer and methylxanthine consumption are
summarized in Table 14.

ln the hospital-based case-control study of Lubin et al. (1984, 1985b), described
on p. 145, methylxanthine intake was quantified on the basis of caffeine in coffee, tea
and cola and theobromine in chocolate and in cocoa. No association was found,
even after stratification for ethnie group, age or consumption of total, saturated or
polyunsaturated fats.

ln the study of Schairer et aL. (1987), described on p. 146, on participants in a
five-year screening programme for the detection of breast cancer in the USA,
information on methylxanthine consumption was derived from information about
consumption of brewed coffee, instant coffee, decaffeinated coffee, hot non-herbal
te a, hot cocoa, iced te a, chocolate milk, cola soft drinks and diet cola drinks. The
results for total caffeine alone were similar to those for total methylxanthines
consumed, so only the latter were given. No association was found.

Rohan and McMichael (1988) conducted a population-based case-control
study of breast cancer in Adelaide, South Australia. A total of 559 cases were
diagnosed between April 1982 and J uly 1984; 451 were inc1uded in the study.
Controls were matched ta the age of the cases at diagnosis and selected at random
from the electoral rolL. A total of 648 individuals were approached in order ta enroll
the 451 controls inc1uded in this study. Methylxanthine intake was measured by
me ans of a self-administered, quantitative food frequency questionnaire, and daily
iotake of caffeine was calculated in instant coffee, decaffeinated coffee, percolated
coffee, drip coffee, tea, cocoa, chocolate drink, solid chocolate and cola; daily intake
of theobromine in cocoa, chocolate drink and solid chocolate was also calculated.
No increased risk for breast cancer was found in postmenopausal women in
association with total caffeine and total methylxanthine intake. However,
premenopausal women had an increase in risk at mid-third of intake (caffeine: RR,
2.0; 95% Ci, 1.0-4.2; methylxanthines: 2.0, 1.0-4.1) and a smaller increase in risk at

the upper third of intake (caffeine: 1.4; 0.6-3.0; methylxanthines: 1.6; 0.7-3.3). None
of the RRs deviated markedly from unit y and none was statistically significant. The
patterns of RR provided little support for an interaction between methylxanthine
and fat in determining breast cancer risk.
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Iscovich et al. (1989) conducted a case-control study in La Plata, Argentina in
1984-85. Of the 153 cases of breast cancer identified, only three were not
interviewed. Two matched controls were selected for each case: one from a hospital
and the other from the neighbourhood of the case. Caffeine-containing beverages
were one of 147 dietary items on the questionnaire, along with questions on
demographic and socioeconomic characteristics, reproductive history and
smoking. Multivariate analysis, adjusting for known risk factors, showed no effect
of caffeine-containing beverages, analysed in quartiles, on breast cancer risk.

Smoking was not adjusted for.
ln the study by Pozneret al. (1986), described on p. 146, caffeine and coffee

intake were examined in women with breast cancer to determine whether their
consumption influenced cell differentiation in tumours. Caffeine consumption was
calculated for coffee, instant coffee, decaffeinated coffee, tea, cola and cocoa.
Women with moderately or well-differentiated tumours had higher intakes of all
coffee, caffeinated coffee, decaffeinated coffee, cola and tea.

Table i 4. Summary of results of case-control studies of breast cancer and
methylxanthine consumption

Reference and
loction

Subjects
(cas, con troIs)

Methylxanthine
consumption
(mglday)

Relative risk Comments
(95% confidence
interval)

Lubin et al. 724, 724 0-126 1.0
(1984, 1985b) surgical controls 127-213 0.6 (0.4-.9)

Israel 214-316 0.8 (0.5-1.2)

317-100 0.8 (0.5-1.4)

794, 794 0-129 1.0
neighbourhcx 130-215 0.7 (0.5-1.0)

controls 216-311 0.5 (0.3-0.8)

312-877 0.8 (0.5-1.3)

Schairer et al. 1510, 1882 ~125 1.0
(1987) 126250 0.8 (0.7-1.0)

USA 251-500 0.8 (0.7-1.0)

501-750 0.7 (0.6-1.0)

751-100 1.1 (0.7-1.6)
~ 100 0.7 (0.4-1.0)

Rohan & 451,451 0-179.3 1.0
McMichael 179.4-255.0 0.9 (0.6-1.3)

(1988) 255.1-317.8 1.0 (0.6-1.4)
Australia 37.9-415.0 1.1 (0.7-1.6)

~415.1 1.1 (0.7-1.7)

Matched on age,
country of origin,
length of residence in

Israel

Crude unmatched
analysis; similar
results obtained after
adjustment for other
risk factors

Matched on age
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Table i 4 (contd)

Reference and Subjects Methylxanthine Relative risk Comments
loction

(cass, con troIs) consumption (95% confidence
(mglday) interval)

Iscvich et al. 150, 150 1 1.0 Quartiles of caffeine-
(1989) hospital controls 2 0.7 containing beverage
Argentina 3 0.99 consumption; multi-

4 1.1 variate analysis

150, 150 1 1.0
ne ighbourhoo 2 0.9
con troIs 3 0.9

4 0.5

(ii) Urinary bladder

ln a case-control study in Copenhagen, Denmark (Jensen et aL., 1986),
described on p. 126, a weak association was found between cancer of the urinary
bladder and caffeine intake from coffee and tea. This association was significant in
men (p -: 0.05) after adjustment for consumption of beer and soft drinks, in
addition ta age and smoking.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Caffeine is a methylxanthine and occurs naturally in more than 60 plant
species throughout the world. It is prepared on an indus trial scale by methylation of
theobromine.

Global per-caput consumption of caffeine from all sources was estimated to be
70 mg per day in 1981-82.

Caffeine is consumed in beverages such as coffee, tea and mate and in soft
drinks to which caffeine is added. Coffee is the main source of dietary caffeine
consumption. The caffeine content ofbeverages varies widely. Caffeine is also used
in numerous prescription and non-prescription pharmaceutical preparations.

4.2 Experimental carcinogenicity data

Caffeine was tested for carcinogenicity in five studies in rats by oral

administration. ln two of these studies, no significant difference in the incidence of
tumours at any site was found. The other three studies were found to be inadequate
for evaluation.
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Studies on oral and intraperitoneal administration of caffeine to mIce were
found to be inadequate for evaluation.

ln one study, decaffeinated coffee to which caffeine was added was tested by
oral administration to rats; overall, no increase in the incidence of tumours at any
site was observed as compared ta appropriate controls.

Administration of caffeine in combination with known carcinogens resulted in
decreased incidences of lung tumours in mice treated with urethane, of mammary
tumours in rats treated with diethylstilboestrol and of skin tumours in mice treated
with either ultraviolet light or cigarette-smoke condensate. Caffeine did not
influence the incidence of bladder tumours induced in rats by N-nitroso-
N-butyl( 4-hydroxybutyl)amine in three experiments or of pancreatic tumours

induced in rats by 4-hydroxyaminoquinoline-l-oxide in another study.

4.3 "uman carcinogenicity data

A cohort study with a short follow-up period showed no association between
caffeine consumption and mortality from cancers at aIl sites, although there were
few deaths on which to base an analysis.

Four case-control studies of breast cancer in which an attempt was made to
measure methylxanthine intake showed no association. A slight increase in risk was
seen in premenopausal women in one study, but in general the relative risks were
below uni ty.

One case-control study of bladder cancer showed a weak association with
caffeine consumption.

Caffeine and coffee consumption are highly correlated in most of the

populations studied; thus, it is very difficult to separate the two exposures in
epidemiological studies. It was therefore not possible to evaluate adequately the
effect of caffeine per se.

4.4 Other relevant data

Caffeine intake from pharmaceutical sources has not been related to
teratogenic effects in humans. High levels of either coffee or caffeine consumption
were related to an increased frequency of low birthweight.

Quantitative and qualitative differences in the metabolism of caffeine are seen
between humans and experimental animaIs.

On the basis of the available evidence, caffeine consumed in moderate
amounts does not cause any persistent increase in blood pressure in normotensive
subjects. Whether caffeine consumed in amounts present in coffee or tea causes
cardiac arrhythmia in healthy subjects or in patients with heart disease remains an
open question.
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Caffeine has been shown to cause adverse reproductive and developmental
effects in mice, rats, rabbits and monkeys. Testicular atrophy was observed at high
dose levels in rats. Reproductive studies in mice showed no effect on pregnancy, but
there was a decrease in litter size at birth. Teratogenic effects were usually

associated with high, single, daily doses that were also associated with other signs of
maternaI toxicity. High daily levels given as divided doses were less toxic to the
conceptus than when given as a single dose. Reduced fetal body weight was
observed in rats. A reversible delay in ossification of the sternum was observed in
rats at a relatively low dose given by gavage. With administration in drinking-water,
similar effects were seen, but at higher doses.

One epidemiological study revealed no effect of caffeine (in coffee-drinking
subjects) on the sex ratio of their children. ln lymphocytes of normal,

caffeine-exposed people, chromosomal aberrations were not observed. An
increased frequency of micronucleated blood ce Ils was observed in otherwise
healthy splenectomized people exposed to caffeine. Urine of caffeine-exposed

persons was not mutagenic ta Salmonella tyhimurium.
Although it has been suggested that caffeine may induce gene mutations in

mammals and man, direct evidence in vivo is limited and the indirect evidence is
based largelyon extrapolation from results in lower organisms, in which there is no
doubt about the mutagenic action of caffeine, and from cultured mammalian cells,
in which caffeine is clastogenic at high concentrations.

Overall, caffeine affects photoreactivation, excision repair and postreplication
repair. The antagonistic effect of caffeine on mutations induced by ultraviolet
radiation has been explained on the basis of inhibition of an enar-prone,

postreplicative, recombination repair process. Caffeine can modulate the effects of
xenobiotics by acting on (i) cytochrome P450, (ii) cAMP metabolism, (iii) DNA
metabolism, chromatin structure and function and (iv) nucleotide pools.

4.5 Evaluation 1

There is inadequate evidence for the carcinogenicity in hum ans of caffeine.
There is inadequate evidence for the carcinogenicity in experimental animaIs of

caffeine.

Overall evaluation

Caffeine is not classifable as to its carcinogenicity to humans (Group 3).

lFor description of the italicized terms, see Preamble, pp. 27-31.
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THEOPHYLINE

1. Chemical and Physical Data

1.1 Synonyms

Chem. Abstr. Services Reg. No.: 58-55-9
Chem. Abstr. Name: 3,7-Dihydro-l,3-dimethyl-lH-purine-2,6-dione
Synonym: 1,3- Dimethylxanthine

1.2 Structural and molecular formulae and molecular weight

o H
H3C, )): 1N N

oAN 1--)
1

CH3

C7H8N402 MoL. wt: 180.17

1.3 Chemical and physical properties of the pure substance

(a) Description: White crystalline powder (Moffat, 1986)

(b) Melting-point: 270-274°C (Windholz, 1983)

(c) Spectroscopydata: Ultraviolet spectra: aqueous acid-270 nm( A~ = 536a),
aqueous alkali-275 nm (A~ = 650a); infrared spectra: principal peaks at
wave numbers 1670, 1717, 1567,745, 980 and 1190 (potassium bromide
di sc); mass spectra: principal peaks at m/z 180, 95, 68, 41, 53, 181, 96, 40;
3-methylxanthine,166, 68, 95, 41, 53, 123 (Moffat, 1986)

(d) Solubility: Soluble in water (1.0 g/120 rnl), ethanol (1.0 g/80 ml), chloroform
(1.0 g/110 ml), hot water, alkali hydroxides, ammonia and dilute
hydrochloric and nitric acids; sparingly soluble in diethyl ether
(Windholz, 1983)
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(e) Equilibrium constants: acidic (Ka), 1.69 x 10-9; basic (Kb), 1.9 x 10-14 at
25°C (Windholz, 1983)

(f Octanol/water partition coeffcient (P): log :P 0.0 (Moffat, 1986)

(g) Reactivity Solutions generally quite stable over the entire pH range;
strongly alkaline solutions (pH ~ 12) show decomposition and apparent
ring opening after several weeks (Cohen, 1975)

1.4 Technical products and impurities

Theophyllne is available in a USP grade with the following specifications:
97.0-102.0% active ingredient calculated on a dried basis; 0.5% max weight loss on
drying for the anhydrous form and 7.5-9.5% for the monohydrate form; 0.15% max
residue on ignition; and melting-point, 270-274 °C (US Pharmacopeial Convention,
1990). Theophyllne should contain not less than 99.0% and not more than 101.0%
active ingredient on a dried basis (Anon., 1988).

Trade names: Accurbron; Aerolate; Afonilum; Aquaphylln; Armophyllne;
Asthmophylline; Bronchoretard; Bronkodyl; Duraphyl; Elixicon; LaBid; Lasma;
Nuelin; Optiphylln; Oralphylln; Physpan; Primatene; Pro-vent; Quibron-T;

Rona-Phylln; Slixophylln; Slo-Bid; Slo-Phyllin; Somophylln-T; Sustaire; Teofilina;
Thealtabl; Theobid; Theocap; Theocin; Theoclear; Theocontin; Theocord; Theodel;
Theodrine; Theo- Dur; Theofed; Theofedral; Theograd; Theolair; Theolate;
Theolixr; Theoliz; Theon-300; Theophenylln; Theophyl; Theophyl-SR; Theoral;
Theosol; Theospan; Theostat; Theovent; Unicontin; Uniphylln. It is also an

ingredient of Franol; Franyl; Labophyllne; Phyldrox; Quibron; Tancolin;

Taumasthman; Tedral (Moffat, 1986)

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Theophyllne has been prepared from dimethylurea and ethyl cyanoacetate
(Windholz, 1983).

The production of theophyllne derivatives in the USA in 1977 amounted to
51 00 kg and total US imports of theophyllne and its derivatives in 1978 were
590 () kg (Haley, 1983a). Domestic production data were not reported for 1981-86;

however, on the basis of the total imports of food and beverages containing

methylxanthines into the USA in 1980, 185 milion pounds (84 milion kg) of tea
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containing 0.03% theophyllne were imported, resulting in approximately 60 00
pounds (27 00 kg) of theophyllne (Hirsh, 1984). Five companies in the USA were
reported to produce theophyllne or theophyllne derivatives in 1986 (SRI, 1986).
US imports of theophyllne, theophyllne ethylenediamine and their derivatives in
January to June 1989 amounted to approximately 825 00 kg (US Bureau of the
Cens us, 1989).

Data were not available from other parts of the world.

(b) Use

Theophyllne and its monohydrate, aluminium hydroxide, choline
(oxtriphyllne), calcium salicylate, ethylenediamine (aminophylline), dihydro-
xypropyl (dyphyllne), monoethanolamine and sodium glycinate derivatives
(Weinberger, 1978) are used ta control asthmatic symptoms, to relieve bronchial
spasms, to alleviate neonatal apnoea (Stavric, 1988), in the treatment of respiratory
diseases, such as bronchitis, obstructive pulmonary disease and emphysema, as a
myocardial stimulant, to relieve biliary colic and in diuretics (Ritchie, 1975; Stavric,
1988; Barnhart, 1989). The doses used are 180-100 mg per day (Moffat, 1986),
which result in 10-20 ).g/ml plasma.

Theophyllne is also administered in combination with ephedrine, guaifenesin,
butabarbital and phenobarbital (Gennaro, 1985; Moffat, 1986; Consumers Union,
199). Sodium and potassium salts and a large number of less basic salts and/or
complexes have been prepared in order to increase the water solubility of
theophyllne for parenteral administration (Cohen, 1975). More than 200 different
theophyllne preparations exist in the USA as prescription or over-the-counter

drugs and fewer than 100 in Canada (Weinberger, 1978; Stavric, 1988). ln the USA
in 1986, over Il milion prescriptions were written for the theophyllne drug,

Theo-Dur (Anon., 1986). ln 1985, over 25 milion prescriptions were written for
theophyllne-containing medications in the USA (Collins, 1987). ln the USA in
1980, theophyllne was ranked twentieth among the 100 mostprescribed drugs.

2.2 Occurrence

(a) Natural occurrence

Theophyllne occurs in black tea (Camellia sinensis) at very low levels; values
cIted in the literature vary greatly, but the most reliable range is 0.02-0.04% dry
weight (Jalal & Colln, 1976; Graham, 1984a). Theophyllne has been found in green
coffee beans at approximately 5 mg/kg (Spiler, 1984), and trace amounts were
detected in cacao cotyledon (Shively & Tarka, 1984). Theophyllne was detected at
0.00% in dried mate (Graham, 1984b).
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(h) Occupational exsure
A national oceupational hazard survey conducted in the USA in 1972-74

estimated that approximately 7500 people were exposed occupationally to
theophyllne (National Institute for Occupational Safety and Health, 1974). No
occupational standard has been established for theophyllne.

(c) Water and sediments

Theophyllne was not found in US industrial effluents (Perry et al., 1979) or
drinking-water (National Research Council, 1977) or in European water supplies
(Commission of the European Communities, 1976).

(d) Foods and heverages (see also the monograph on caffeine, pp. 296 et seq.)

Theophyllne was detected in blended black tea beverages at a level of 0.25% of
the extractable solids present (Graham, 1984a). ln the USA in 1980, 26 000 pounds
(11800 kg) of theophyllne were consumed, as estimated from an importation of 185
milion pounds of tea containing an average of 0.03% theophyllne, equal ta 60 00
pounds and a preparation and extraction loss of 50%. The total daily per-caput
intake of theophyllne in the USA was estimated to be 0.14 mg (Hirsh, 1984).

2.3 Analysis

The techniques and analytical procedures for theophyllne and other
methylxanthines have been reviewed (Cohen, 1975; Christensen & Neims, 1984;

Hurst et al., 1984; Christensen & Neims, 1985; Stavric, 1988).
A large variety of analytical procedures, including spectrophotometiy,

fluorimetry, thin-Iayer chromatography, gas chromatography, high-performanee
liquid chromatography, radioimmunoassay, enzyme immunoassay and
isotachophoresis have been employed for the determination of theophyllne (and
concomitant separation from other methylxanthines and metabolites) in biological
fluids and dosage formulations. Earlier procedures primarily involved ultraviolet
spectrophotometry with a sensitivity ranging from 1- 10 J.g/ml in plasma (Schack &
Waxer, 1949; Gupta & Lundberg, 1973) and 2-15 J.g/ml in dosage formulations
(Kirichenko & Kagan, 1970); but these methods lacked specificity. Gas
chromatographic procedures for the analysis oftheophyllne are more sensitive and
more selective, in that interfering xanthines are separated from theophylline; in
general, however, these methods require more sample preparation and
derivatization. The sensitivity of detection is 1 J.g/ml theophyllne in plasma, serum
or saliva (Chrzanowski et al., 1974; Shah & Riegelman, 1974; Johnson et al., 1975).
High-performanee liquid chromatography procedures are sensitive and specifie
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and generally require smaller amounts of biological fluids; theyare used extensively
for monitoring theophyllne levels (Hurst et al., 1984; Christensen & Neims, 1985;
Stavric, 1988) in serum or plasma (Adams et al., 1976; Orcutt et aL., 1977; Soldin &
Hil, 1977; Broussard et aL., 1981; Muir et aL., 1982; Matsumoto et aL., 1988;
Meatherall & Ford, 1988) and urine(Muir et aL., 1980; Kester et aL., 1987) of treated
patients. Sensitivities of 1 l1g/ml (Adams et aL., 1976), 5 l1g/ml (Broussard et al.,
1981), 8 l1g/ml (Soldin & Hil, 1977), 20 l1g/ml (Orcutt et aL., 1977) and 0.5 iig/ml
plasma or saliva (Muir et al., 1982) and 0.15 l1g/ml urine (Kester et al., 1987) have
been obtained using high-performance liquid chromatography. ln ail of the
commonly used clinical procedures, detection was accomplished by ultraviolet
spectrophotometry at wavelengths of 254, 270-277 or 280 nm (Christensen & Neims,
1985).

Additional procedures for the determination of theophylline in biological
fluids include fluorimetry (Meola et al., 1979), substrate-labelled fluorescent
immunoassay (Messenger et aL., 1980; Li et al., 1981a,b; Lee & Liberti, 1987), enzyme
multiplied immunoassay (Gushaw et al., 1977; Eppel et al., 1978; Chang et al., 1982),
automated fluoroimmunoassay (Allain et al., 1989), homogeneous enzyme-inhibitor
immunoassay (Chan et al., 1987), radioimmunoassay (Neese & Soyka, 1977),
nephelometric inhibition immunoassay (Nishikawa et al., 1979), isotachophoresis
(Moberg et al., 1980) and ion-exchange chromatography (Walton et al., 1979).
Sensitivities ranged from 10 l1g/ml by fluorimetry (Meola et aL., 1979) ta 0.7 l1g/ml by
substrate-labelled fluorescent immunoassay (Li et aL., 1981a), 1 l1g/ml byautomated
fluoroimmunoassay (Allain et al., 1989) and 10 ng or less by ion-exchange

chromatography (Walton et al., 1979).

3. Biological Data Relevant to the Evaluation of

Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animaIs

No data were available from studies on the carcinogenicity of theophylline.

Modifing effects on the activity of known carcinogens

(i) Urethane

Groups of female ICR/Jcl mice (initial numbers unspecified), 25 days of age,
received a single subcutaneous injection of 0.1 mg/g bw urethane followed
immediately by seven intraperitoneal injections (0.05 iimol/g bw) of theophyllne
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(purity unspecified) at 6-h intervals up to 36 h after urethane treatment, to give a
total dose of 63 J-glg bw theophyllne. Mice were killed five months after urethane
treatment. No significant difference was noted in the numbers of mice with lung
tumours (31/59 controls compared to 25/43 mice that received theophyllne) or in
the numbers of tumours/lung (1.07 compared to 1.36) (Nomura, 1983). (The
Working Group noted that the effective numbers of mice varied considerably
among the different groups.)

(ii) Ultraviolet light

Groups of 54-56 female nonhomozygous Swiss mice, 10-12 weeks old, were
exposed to the light from an Ellpiol mercuryvapour lamp (irradiation time, 90 min)
five times a week for a total of 133 exposures over 27 weeks (total dose, 1 X 107
ergs/mm2). Before each irradiation, 40 J-l of a 0.2% solution of theophyllne (purity
unspecified) in acetone/chloroform were applied to the right ear; the same amount
of solvent was applied to the left ear as a control. The first tumours of the ears
appeared five months after and the last Il months after the onset of irradiation.
The incidence of tumours on the ears treated with theophyllne (48%) was

significantly (p c( 0.001) lower than that of the control ears (85%) (Zajdela &
Latarjet, 1973, 1974, 1978a,b).

3.2 Other relevant data

(a) Exerimental systems

(i) Absorption, distribution, metabolism and excretion

The metabolism and pharmacokinetics of theophyllne have been reviewed
(Arnaud, 1984).

Theophylline was rapidly and completely absorbed from the digestive tract of
dogs (McKIernan et al., 1981; Tse & Szeto, 1982). Large variations in its bio-
availabilty were reported in pigs (Koritz et al., 1981) while complete bioavailabilty
was found in cats and rats (Arnaud et al., 1982; McKIernan et aL., 1983).

Transport of theophyllne from blood to the intestinal lumen was

demonstrated in rats (Arimori & Nakano, 1985). After intravenous administration,
theophyllne was distributed to all organs of rats except adipose tissue (Shum &
Jusko, 1984). Whole-body autoradiographs showed no accumulation of
radioactivity in any specific tissue 24 h after oral administration of
(8- 14C)theophyllne to rats. By 1 h after oral administration, theophyllne had

crossed the placenta and was distributed among the organs of fetuses and of
pregnant rats, except for the brain of adults. Law theophyllne concentrations were
found ¡n fetal brain; no blood-brain barrier was observed (Arnaud et al., 1982).
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Similar results were found after intravenous administration ta rats (Gabrielsson et
al., 1984). ln rabbits, transplacental transfer of theophyllne from maternaI to fetal
circulation occurred within less than 1 h (Brashear et al., 1982).

Mean serum protein binding of theophylline was lower in dogs (10%) than in
man (60% )and rabbits (74%) (Brashear et al., 1980; May & Jarboe, 1981; Munsiff et
aL., 1988a), and less was bound in pregnant rats (6% l than in non-pregnant rats
(20% l (Ramzan & DeDonato, 1988). Similarly, a significant increase in the
half-time of theophylline was found in pregnant as compared to non-pregnant
rabbits (Brashear et al., 1982) and rats (Brandstetter et al., 1986). The half-time in
newborn rab bits was approximately 15 times longer than that in adult animaIs
(Brashear et al., 1982).

Theophyllne is distributed rapidly within the body, and plasma half-times
were 5.7-11.5 h in dogs (Barnhart & Combes, 1974; McKiernan et al., 1981), II h in
pigs (Koritz et al., 1981), 7.8 h in cats (McKiernan et al., 1983),3.8-5.5 h in rabbits (Ng
& Locock, 1979; May & Jarboe, 1981) and 1.2-4 h in rats. At higher doses (52-115
mg/kg bw), rats had longer half-times probably because of a combination of
increased diuresis and saturation of the metabolism (Teunissen et al., 1985).

Linear pharmacokinetics apply in rats only with intra-arterial doses not
exceeding 10 mg/kg bw (Teunissen et al., 1985); similar results were obtained in
guinea-pigs (Madsen & Ribel, 1981a,b). ln rabbits, there was no evidence of
concentration-dependent clearance of theophyllne at 15, 22.5 and 30 mg/kg bw
(El- Yazigi & Sawchuk, 1981). The clearance and disposition were unchanged in rats
with dietary induced obesity (Shum & Jusko 1984).

Theophyllne is metabolized only in the liver, mainly by the microsomal system
(Lohmann & Miech, 1976; McManus et al., 1988). ln rats, oral doses of 40 mg/kg bw
per day for three days did not induce liver microsomal enzyme activity, as measured
by aromatic ring hydroxylation of acetanilide (Mitoma et al., 1968), while doses of
75- 150 mg did.

The pathways of theophyllne metabolism reported in rats are presented in
Figure 1. Unchanged theophyllne (35% of urinary radioactivity) and
1,3-dimethyluric acid (34%) are the main compounds excreted in urine, followed by
1-methyluric acid (18%), 3-methylxanthine (3%) and unidentified polar metabolites

(4.8%). Theophyllne metabolism was impaired in rats at day 18 of gestation, as
shown by increased excretion of theophyllne (73%); this was explained by a
decreased formation of 1,3-dimethyluric acid (-68%) and 1-methyluric acid (-30%)
(Arnaud et al., 1982). Essentially similar results were obtained with pregnant
baboons (Logan et al., 1983). Each animal species is characterized by differences in
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the profile of the metabolites recovered in urine; in addition, quantitative

differences in theophyllne metabolic pathways were seen even in different strains
of mice (Betlach & Tozer, 1980).

Experiments in hepatectomized dogs have shawn that the liver plays a central
role in theophyllne elimination (Brashear et al., 1980). Theophyllne and its
metabolites are excreted into the bile; in rats, 0.2% (Arimori & Nakano, 1985) and
in dogs, 2-4% (Barnhart & Combes, 1974) of the dose was recovered.

(ii) Toxic effects

The acute intraperitoneal LDSO of theophyllne in rats was reported to be 206
mg/kg bw, and accompanying clinical signs were delayed convulsions and tetanic
spasm. Acute studies in mice showed an oral LDSO of 332 mg/kg bw and an
intraperitoneal LDSO of 217 mg/kg bw; clinical signs included convulsions, profuse
salivation and emesis (Tarka, 1982).

A single oral dose of 400 mg/kg bw theophyllne was acutely toxic ta rats and
mice. Administration of the same daily dose as two separate doses of 200 mg/kg bw
was acutely toxic ta rats but not to mice (Lindamood et al., 1988). ln dogs, the
minimal oral toxic concentration of theophyllne appears to be higher (37-60 ltg/ml
plasma) than in man (;: 20 l1g/ml) (Munsiff et al., 1988b). Theophyllne has been
reported ta be more toxic than caffeine or theobromine to the heart, bronchi and
kidneys (Tarka, 1982).

Twoweeks' feeding 80 ppm (mg/kg) theophylline in the diet to rats induced no
significant toxicity except for dose-related uterus hypoplasia (Lindamood et al.,
1988).

(ii) Effects on reproduction and prenatal toxicity

Reproductive toxicity Feeding theophyllne to immature (five to six weeks old)
Osborne-Mendel rats at 0.5% in the di et (approximately 300 mg/kg bw per day) for
75 weeks produced severe testicular atrophy in 50% of animaIs, oligo-
spermatogenesis and aspermatogenesis. These results were confirmed in

Holtzman rats fed 0.5% theophyllne for 19 weeks: 86% showed testicular atrophy
(Friedman et al., 1979).

ln 13-week toxicity studies, weanling B6C3F 1 mice and Fischer 344 rats were
administered theophyllne by gavage or in the di et. Gavage with 300 mg/kg bw per
day led to a slight but significant decrease in testicular weight in mice, but 150 mg/kg
bw or less had no effect. ln rats, a significant decrease in testicular weight was

observed after gavage with 150 mg/kg bw per day but not with 75 mg/kg bw or less.
No effect on sperm motilty, sperm density or the uumber of abnormal sperm was
observed in male rats or mice, and no effect was seen on the mean length of the
oestrous cycle in females. Daily administration of 184- 793 mg/kg bw theophyllne iu
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the di et to mice had no effect on sperm, whereas ab normal sperm were seen in rats
given 258 mg/kg in the diet but not at lower doses (Morrissey et al., 1988).

ln a reproductive study, Swiss CD-l mice were administered 0.075, 0.15 or
0.30% theophyllne in the diet (average daily doses, 125,265 or 530 mg/kg bw) for
one week before mating and during 13 weeks of cohabitation. Litters were removed
one day after birth, except for the last litter which was raised to 21 days of age.
Among all treated groups, there was a dose-related decrease in the number of live
pups per litter; in the high-dose groups, there was a significant decrease in the
number of litters per breeding pair and a significant decrease in live pup weight. ln
the high- and mid-dose groups, a significant decrease in the percentage of pups
born alive was obseived. Only mild toxicity was observed in adults at the se doses.
ln a cross-over mating trial at the end of a 19-week exposure ta 0.3% theophylline,
animaIs of each sex were found ta be affected, although females were more severely
affected than males. The decrease in reproductive capacity was considered by the
authors to be related partially to embryotoxicity (Morrissey et al., 1988).

Developmental toxicity IRC-JCL mice received a single intraperitoneal
injection of 175, 20 or 225 mg/kg bw theophyllne on day 12 of gestation.
Subsequently, 40% of dams in the high-dose group died, and dyspnoea and
convulsions were observed in those in the low- and mid-dose groups. Fetal body
weight was decreased with the high and medium doses, and the incidence of
resorptions was significantly increased with the high dose. Malformations were
obseived in all treated groups; these included deft palate, digital defects and
macrognathia. Subcutaneous haematomas were also seen (Fujii & Nishimura,
1969).

ICR mice received an intraperitoneal injection of 100, 150 or 20 mg/kg bw
theophyllne on one of gestation days 10-13. A dose-related increase in the
incidence of resorptions and malformations - mostly deft palate - was observed,
with a peak embryotoxic response in fetuses treated on day II (Tucci & Skalko,
1978).

Sprague-Dawley rats were fed theophyllne in the di et (average daily dose, 124,
218 or 259 mg/kg bw) on days 6-15 of gestation. ln paralIel, Swiss CD-l mice
received theophyllne in the drinking-water (daily doses, 282, 372 or 396 mg/kg bw)
on the same gestation days. Slight maternaI toxicity (decreased weight gain) was
observed in high-dose rats and in mid- and high-dose mice. ln rats, fetal body
weight was significantly decreased with the medium and high doses, and live liUer
size was decreased with the high dose; no malformation was observed. ln mice, fetal
body weight was significantly decreased in the mid- and high-dose groups, and the
incidence of resorptions was increased in the mid-dose group (Lindström et aL.,
1990).
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(iv) Genetic and related effects
The genetic effects of theophyllne have been reviewed (Timson, 1975).

Additional information on theophyllne is included in reviews by Timson (1977) and

Tarka (1982).

The results described below are listed in Table 1 on p. 403, with the evaluation
of the Working Group, as positive, negative or inconclusive, as defined in the
footnotes. The results are tabulated separately for the presence and absence of an
exogenous metabolic sytem. The lowest effective dose (LED), in the case of positive
results, or the highest ineffective dose (HID), in the case of negative results, are
shown, togetherwith the appropriate reference. The studies are summarized briefly
below.

As reported in an abstract, theophyllne at 3.2 mM displaced 50% of
intercalated acridine orange from DNA in vitro (Richardson et al., 1981). ln extracts
of Escherichia coli, theophyllne selectively inhibited sorne purine nucleoside

phosphorylases (Koch & Lamont, 1956). ln E. coli, which may not demethylate the
drug, theophyllne was not incorporated ta 'any great extent into D NA (Koch, 1956)
and, unlike other inhibitors of DNA synthesis, had little or no effect on À. prophage
induction (Noack & Klaus, 1972). The effects of theophyllne on relevant targets
other than DNA are discussed in the monograph on caffeine (p. 332).

Theophyllne gave negative results in the Bacil/us subtilis rec assay (details not
given). It was mutagenic ta E. coli chemostat cultures (Novick & Szilard, 1951;
Novick, 1956), and this activity could be inhibited by guanosine (Novick & Szilard,
1952). It was also mutagenic to E. coli and in the B. subtilis multigene sporulation
test, but not to Salmonella tyhimurium.

ln Saccharomyces cerevisiae, theophyllne promoted sporulation in

glucose-containing medium, where it increased the intracellular cAMP leveL. It had
no effect on DNA, RNA or protein synthesis or in medium in which glucose was
replaced by potassium acetate (Tsuboi & Yanagishima, 1975).

Theophyllne induced mutation in Ophiostoma multiannulatum and Euglena

gracilis. It induced chromosomal fragment formation and translocations inAllium
cepa root tips, but no chromosomal aberration in Vìcia faba root tips.

Theophyllne was reported in an abstract ta induce aneuploidy in Drosophila
melanogaster (Mittler & Mittler, 1968).

Doses of theophyllne greater th an 0.3 mg/ml inhibited DNA synthesis in
mouse L5178Y lymphoma cells, LS929 mouse fibroblasts and V79 Chinese hamster
cells. Theophyllne slightly reduced the size of newly synthesized DNA in both
unirradiated and ultraviolet-irradiated cells and reversibly inhibited the DNA
gap-fillng process in ultraviolet-damaged cells (Lehmann, 1973, abstract; Lehmann
& Kirk-Bell, 1974). Theophyllne also inhibited DNA synthesis in human
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fibroblastoid EUE cells, and the shape of the dose- response curves and the absence
of theophyllne-induced DNA strand breaks indicated that theophyllne does not
directly damage the DNA but acts as a metabolic inhibitor (Slamenová et al., 1986).
The results of a study with synchronized HeLa S3 cells exposed to theophyllne
Indicate that the block in DNA repli cation results from inhibition of histone 1
phosphorylation, which prevents the normal release of chromatin structure
between G1 and S phases (Dolby et al., 1981).

The incidence of 6-thioguanine-resistant mutants in V79 cells was not
increased by theophyllne.

ln the pseudodiploid Chinese hamster cell line, Don-6, theophyllne induced a
dose-related increase in sister chromatid exchange but did not induce micronuclei.
It induced sister chromatid exchange in hamster lung fibroblasts in vitro r details not
given). The induction of sister chromatid exchange is not necessarily due to a
directly damaging effect upon DNA, since theophyllne can inhibit poly-
(ADP-ribose)polymerase (Levi et al., 1978). This activity is assocIated with the
induction of sister chromatid exchange (Morgan & Cleaver, 1982) and may even
give rise to false-positive effects, the primary effect upon DNA being due to
bromodeoxyridine (Natarajan et al., 1981).

Theophyllne induced sister chromatid exchange in human cells in vitro.
Studies on the induction of chromosomal aberrations in human and mammalian
cells is equivocaL. The apparent lack of mutagenic activity of theophyllne may be
due to the antimitotic threshold being the same as the mutagenic threshold, so that
any mutant cells produced are unable to reproduce (Timson, 1972).

Butcher and Sutherland (1962) reported that theophyllne is the most potent
naturally occurring phosphodiesterase inhibitor. Inhibition of cyc1ic 3',5'-

nuc1eotide phosphodiesterase from beef heart by theophylline is apparently

competitive, with a Ki in the order of 0.1 mM. Since theophyllne in combination
with increasing concentrations of cAMP (up to 500 J-glml) had no c1astogenic effect,
Weinstein et al. (1973) argued that inhibition of phosphodiesterase is not involved in
c1astogenicity in human lymphocytes in culture.

ln Chinese hamster ovary CHO-Rl cells, theophyllne reduced the expression
of parameters associated with transformation, causing an increase in surface
fibronectin, cell-substratum adhesive strength and anchorage dependence for
growth and a reduction in cell population saturation density (Rajaraman &
Faulkner, 1984).

Theophyllne inhibited mitosis of mouse ear epidermal cells in the G2 phase
(Marks & Rebien, 1972). ln the host-mediated assay with S. tyhimurium (G46,
nonsense mutation) in Swiss albino mice, theophyllne gave negative results. It



Tale l. Genetic and rela~ed effects of theophylline

Test system Results Dose
LEOjHID

Reference

Without
exogenous
metabolic
activation

With
exogenous
metabolic
activation

BSO. Bacillus subtilis rec assay (spore)
SAO, Salmonella typhimur1m TAlOO, reverse mutation
SAO, Salmonella typhimurium TAlOO, reverse mutation
SAO, Salmonella typhimurium TAlOO, reverse mutation
SA7, Salmonella typhimurium TAl537, reverse mutation
SA9, Salmonella typhimurium TA98 , reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutation
SA9, Salmonella typhimurium TA98, reverse mutationECR, Escherichia coli, phage T5-resistance +
ECR, Escherichia coli Methionine auxotrophy to protrophy +
BSM, Bacillus subtilis, multigene sporulation test +
??? Ophiostoma multiannulatum, ascomycete, auxotrophic mutations +???, Euglena gracilis, auxotrophic mutations +???, Euglena gracilis, auxotrophic mutations +
ACC, Allium cepa, chromosomal aberrations +
VFC, Vicia faba, chromosomal aberrations
VFC, Vicia faba, chromosomal aberrations
???, Silkworm, mutation
G9H, Gene mutation, chinese hamster lung V79 cells, 6-thioguanine
SIA, Sister chromatid ex change . hamster lung fibroblasts +
sic, Sister chromatid ex change , Chinese hamster Don-6 cells +
MIA, Micronucleus test, Chinese hamster 00n-6 cells
CIA, chromosomal aberrations, hamster lung fibroblasts +
CIC, Chromosomal aberrations, Chinese hamster lung fibroblasts (CHL) +
CIC, Chromosomal aberrations, Chinese hamster lung fibroblasts (CHL) +
CIC, chromosomal aberrations, Chinese hamster lung fibroblasts (CHL)
S¡¡F, sister chromatid ex change , human ernryo fibroblasts +
SHF, Sis ter chromatid ex change , human diploid fibroblasts (HE2144) +
MIH, Micronucleus test, human diploid fibroblasts (HE2144)
CHL, Chromosomal aberrations, human lymphocytes +
CHL, Chromosomal aberrations, human lymphocytes
CHT, Chromosomal aberrations (chromatid breaks L, HeLa cells +
HM, Host-mediated assay, Salmonella typhimurium in Swiss mice
SVA, Sister chromatid exchanges, Chinese hamster bone-marrow +
CBA, Chromosomal aberrations, rat bone-marrow
OLM, Dominant lethal test, male Swiss Co-1 mice

o .0000 Kawachi et al. (1980 )
0.0000 Kawachi et al. (19801
o .0000 Ishidate-ei. (1981 )

500.0000 Slame~ová et al. (1986)
0.0000 Ishidate et al. (1981)
0.0000 Kawachi e~ (19801
0.0000 Ishidate-el. (1981)

500.0000 Slamenova-ei. (1986)

~0 150.0000 Novick & Szilard (1951)
0 500.0000 Greer (1958) tr0 7500.0000 Sacks & Mihara (1983) 00 o .0000 Fries & Kihlman (1948)

""0 o . 0000 Corne & Travis (1969) ::0 0.0000 Schiff et al. (1971)
0 200.0000 Kihlman~van (1949) ~
0 3600.0000 Kihlman & Sturelid (1975) ~
0 900.0000 Kihlman & Sturelid (1975) c:
0 o .0000 Kawachi et al. (1980) Z9.0000 Slameñová et al. (19861 tT
0 o .0000 Kawachi et~ (1980)
0 180.0000 Sasaki et al. (1980)
0 900.0000 Sasaki et aL. (1980)
0 0.0000 Kawachi-ei. (1980 )
0 o .0000 Ishidate-ei. (1981 )
0 500.0000 Ishidate (1988)

2000.0000 Ishidate (1988)
0 0.0000 Kawachi et aL. (1980)
0 180.0000 Sasaki e~ (19801
0 360.0000 Sasaki et aL. (1980)
0 500.0000 Weinstein et al. (1975 )
0 1800.0000 Timson (19~
0 13000.0000 Ostertag (1966)
0 o .0000 Gabridge & Legator ! 1969)
0 150.0000 Lp. Renner (1982)
0 0.0000 oral Kawachi et al. (19801
0 380.0000 Lp. Epstein & Shafer (1968)

.l0W
i.p., intraperitoneal; oral, by gavage
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induced sister chromatid exchange in Chinese hamsters, but did not cause
chromosomal aberrations in rat bone marrow in vivo (Renner, 1982). Theophylline
did not induce dominant lethal mutations in male Swiss CD- 1 mice.

(b) Humans

(i) Absorption, distribution, metabolism and excretion

The metabolism and pharmacokinetics of theophyllne in humans have been
reviewed (Haley, 1983b; MungalI, 1983; Arnaud, 1984; Stavric, 1988).

Theophyllne is readily absorbed after an oral dose. The absorbed fraction of a
dose of 7.5 mg/kg bw averaged 99% (Hendeles et al., 1977); however, the absorption
of oral theophyllne can be delayed by food (Wellng et al., 1975; Heimann et al.,
1982). Ageing had no effect on the rate or extent of absorption (Cusack et al., 1980;
Shin et al., 1988). Peak serum levels are generally achieved within 1.5-2 h (Hendeles
et al., 1977; Ogilvie, 1978).

At 17 l1g/ml, 56% of theophyllne was bound reversibly ta adult plasma
proteins compared ta r-36% in cord plasma proteins from full-term infants
(Aranda et al., 1976; Ogilvie, 1978). Protein binding was also reduced to 11-13%
during the last two trimesters of pregnancy (Frederiksen et aL., 1986). Theophyllne
is not accumulated in specific target organs: it was distributed in eryhrocytes
(Ogilvie, 1978), saliva (Culig et al., 1982) and breast milk (milk:serum concentration
ratio, 0.70; Yurchak & Jusko, 1976), but not extensively in adipose tissue
(Rohrbaugh et al., 1982). Theophyllne also passed into the amniotic fluid (Sommer
et al., 1975; Arood et al., 1979; Labovitz & Spector, 1982). The presence of a
blood-brain barrier reduces theophyllne concentrations in the brain, and a

cerebrospinal fluid:plasma ratio of 0.68 was reported (Kadlec et al., 1978).
The elImination half-time of theophyllne was 15-60 h in premature infants for

at least the first two to four weeks postpartum compared to 3.4 h in children aged
one to four years (Aranda et al., 1976), while the corresponding values for adults
exhibited large variations, between 3 and Il h (Jenne et al., 1972; Hunt et al., 1976;
Chrzanowski et al., 1977). Theophyllne clearance increased by 10% per year over
the age range 1-15 years (Driscoll et al., 1989). ln subjects over 60 years, half-times
of 5.4-9.0 h were reported (Nielsen-Kudsk et al., 1978; Fox et al., 1983).

The half-times were decreased from 7 h in nonsmokers to 4 h in smokers,
possibly due to induction of theophyllne metabolizing enzymes (Jenne et aL., 1975;
Hunt et al., 1976). Use of oral contraceptives lowered total plasma clearance and
prolonged the half-time of theophyllne (9-10 h versus 6-7 h), with no change in
plasma binding or volume of distribution (Tornatore et al., 1982; Roberts et aL.,
1983). Cirrhotic patients and patients with acute pulmonary oedema have a
prolonged half-time of theophyllne (between 23 and 26 h) and decreased plasma
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clearance (Piafsky et aL., 1977a,b; Staib et al., 1980). Plasma binding is also reduced
in cirrhotic patients (37% versus 53% in normal subjects) (Piafsky et al., 1977a). The
half-time of theophyllne was prolonged significantly during exercise (Schlaeffer et
aL., 1984).

The apparent volumes of distribution of theophyllne ranged from 0.44 to 0.51
l/kg bw in adults and children (Ogilvie, 1978), but a value of 0.69 was found in
premature newborns (Aranda et al., 1976). The distribution volume and
elimination half-time of theophyllne were increased in the third trimester of

pregnancy (Frederiksen et al., 1986).
Disproportionate increases and decreases in serum theophyllne

concentrations with changes in oral dosage in adults suggest that the rate of

elimination is dose-dependent (Jenne et al., 1972; Ogilvie, 1978; Tang-Liu et al.,
1982a). Several studies showed that linear pharmacokinetics is a valid model within
the therapeutic range (Mungall et aL., 1982; Rovei et al., 1982; Brown et al., 1983).
Dose-dependent pharmacokinetics seem ta be more frequent in children and in
sorne individual adult patients and are generally seen with plasma theophyllne
concentrations greater th an 15 llg/ml (Weinberger & Ginchansky, 1977).
Nonlinearity may be due ta metabolic saturation or to the diuretic effect of
theophyllne (Lesko, 1979, 1986; Tang-Liu et aL., 1982b). There is also an
age-dependent variation in the elimination of theophyllne (Jusko et al., 1979).

Experiments with hum an liver microsomes showed the involvement of at least
two cytochrome P450 isozymes in the metabolism of theophyllne (Robson. et al.,
1988). The pathways were presented in Figure 1.

Only 7-12% of theophyllne isexcreted unchanged in the urine, while several
parallel pathways produced 9-18% 3-methylxanthine, 0.3-4% I-methylxanthine,
traces of 3-methyluric acid, 13-26% 1-methyluric acid and the main metabolite,
1,3-dimethyluric acid, at 35-55% (Arnaud, 1984; Birkett et aL., 1985). Allopurinol, a
xanthine oxidase inhibitor, increased 1-methylxanthine excretion and decreased
1 -methyluric acid excretion, demonstrating that the conversion is mediated by
xanthine oxidase (Giygiel et al., 1979). Methylation of theophyllne into ca:teine is
the predominant metabolic pathway in neonates because the other enzymatic

systems are immature (Bory et aL., 1979). Methylation occurs ta sorne extent in
adults, but caffeine does not accumulate because it is metabolized further
(Tang-Liu & Riegelman, 1981). Patients with decompensated liver cIrrhosis have
different patterns of urinary metabolites of theophyllne than healthy subjects
(Staib et al., 1980).

Dietary factors have been shawn to modify the elImination of theophyllne in
children (Feldman et al., 1980) and adults (Anderson et al., 1979). A high protein
diet and diets containing charcoal-broiled beef resulted in accelerated elimination
of theophyllne (Kappas et al., 1978; Feldman et aL., 1980). Serum theophyllne levels
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follow a circadian rhythm (for review, see'Smolensky & McGovern, 1985), but the se
effects are less pronounced than interindividual variations (Straughn et al., 1984).

Studies of twins demonstrated that the large interindividual variations in
theophyllne elimination observed in human subjects are predominantly under
genetic control (Miler et al., 1985).

(ii) Tonc effects

The toxicology of theophyllne has been reviewed (Ells, 1983; Haley, 1983a,b;

Bukowskyj et al., 1984; Stavric, 1988).
Toxicity can be produced easily owing ta its narrow therapeutic index

(Labovitz & Spector, 1982; Greenberg et al., 1984; Singer & Kolischenko, 1985). A
small percentage of patients taking theophyllne therapeutically to control asthma
may develop toxicity at serum levels of 20-30 J-glml. These effects are generally not
seen at levels below 15 J-glml (Stavric, 1988).

Administration of theophyllne to premature babies in the preterm period

caused sleep disturbances that persisted after the drug had been cleared from the
body (Thom an et al., 1985). ln a study on long-term effects of theophyllne

administration in the preterm period, no difference was found at one or two years of

age as a function of drug treatment (Nelson et aL., 1980). The question ofwhether.
theophyllne affects learning abilty in children remains open (Stavric, 1988).

. 'Mild' toxicity may include headache, gastrointestinal disturbances,
hypotension, irritability and insomnia. Symptoms of 'severe toxicity' inc1ude
tachycardia, arrhythmia, cardiac arrest and serious neurological symptoms.

Seizures and death have occurred (Hellwell & Berry, 1979; Winek et al., 1980; Woo
et al., 1980; Woodcock et al., 1983; Greenberg et al., 1984; Singer & Kolischenko,
1985; Stavric, 1988).

Studies of a possible association between consumption of methylxanthines
and benign breast disease are discussed on pp. 347-350.

(ii) Effects on reproduction and prenatal toxicity

No association was seen between use of bronchodilators (theophyllne being
one of Il preparations used) and congenital abnormalities in the offspring (Nelson
& Forfar, 1971). This finding was corroborated bya study of 117 women who had
used the drug (Heinonen, 1982).

(iv) Genetic and related effects
Lymphocytes from a mother given continuous treatment for asthma with

theophyllne-containing drugs and from her stilborn triploid chi Id bath showed
increased frequencies of chromatid breaks (14 and 16%, respectively; Halbrecht et
aL., 1973). Timson (1975) suggestedthat theophyllne may have been involved in the
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induction of the chromatid breaks. (The Working Group noted that the medication
also contained ephedrine, phenobarbital and diphenylhydramine.l

The apparent lack of mutagenic activity of theophylline and other
methylxanthines in man may be due to the fact that the antimitotic threshold is the
same as the mutagenic threshold, so that any mutant cells produced are unable ta
reproduce; the net effect is therefore nonmutagenicity (Timson, 1972).

3.3 Epidemiological studies or carcinogenicity to humans

Studies on methylxanthines are summarized in the monograph on caffeine.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Theophyllne is found in black tea and to a lesser extent in green coffee, cocoa
cotyledon and dried mate. Theophyllne is synthesized on an industrial scale and is
used principally in pharmaceutical preparations.

Per-caput daily intake of theophyllne from black tea in the USA has been
estimated to be 0.14 mg.

4.2 Experimental carcinogenicity data

No data on the carcinogenicity of theophyllne were available.
ln the one adequate study, theophyllne applied to the skin of female mice

induced a significantly smaller number of ultraviolet light-induced tumours than in
controls.

4.3 "uman carcinogenicity data

No data were available ta the Working Group ta evaluate the carcinogenicity of
theophyllne per se.

For descriptions of studies on methylxanthines, see the monograph on
caffeine.

4.4 Other relevant data

Limited data on mothers taking theophyllne during pregnancy showed no
excess in the frequency of malformations in their offspring.
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Theophyllne given by gavage at high doses decreased testicular weight in rats
and mice, but there was no change in semen characteristics. Administration of
theophyllne in the di et at dose levels that were mildly toxic to adults caused

decreased numbers of litters per breeding pair, decreased live litter size, an
increased number of resorptions and decreased neonatal weight. Abnormal sperm
were observed in rats but not in mice at high dose levels.

Theophyllne induced sister chromatid exchange in Chinese hamsters in vivo
but did not induce dominant lethal mutations in mice or chromosomal aberrations
in the bone marrow of rats. Theophyllne gave negative results in a host-mediated
assay with Salmonella tyhimurium in mice. ln cultured human celIs, theophyllne
induced sister chromatid exchange and chromosomal breaks but not micronuclei or
chromosomal aberrations. It induced sister chromatid exchange and chromos omal
aberrations but not micronuclei or gene mutation in animal cells in vitro. Results on
the induction of chromosomal aberrations in plants are equivocaL. ln lower
eukaryotes, it induced gene mutations. Theophyllne gave negative results in the
Salmonella/mammalian microsome assay but induced mutation in other bacteria.

4.5 Evaluation 1

There is inadequate evidence for the carcinogenicity in humans of theophyllne.

There is inadequate evidence for the carcinogenicity in experimental animaIs of
theophyllne.

Overall evaluation

Theophyllne is not c/assifiable as to its carcinogenicity to humans (Group 3).
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THEOBROMINE

1. Chemical and Physical Data

1.1 Synonyms

Chem. Abstr. Services Reg. No.: 83-67-0

Chem. Abstr. Name: 3,7-Dihydro-3,7-dimethyl-lH-purine-2,6-dione
Synonym: 3,7- Dimethylxanthine

1.2 Structural and molecular formulae and molecular weight

H.. )0): lH3N N
Á 1 );o N rr

1

CH3

C7HaN402 MoL. wt: 180.17

1.3 Chemical and physical properties of the pure substance

(a) Description: White crystallne powder (Moffat, 1986)

(b) Sublimation-point: 29O-295°C (Windholz, 1983)

(c) Me/ting-point: 357°C (Windholz, 1983)

(d) Spectroscopy data: Ultraviolet spectra: aqueous acid-272 nm (Al -
563a); aqueous alkali-274 nm; infrared spectra: principal peaks at wave
numbers 1690, 1665, 1221, 1550, 1595, 680 nm (potassium bromide disc);
mass spectra: principal peaks at m/z 180, 55, 67, 109, 82, 42, 137, 70;
3-methylxanthine, 166,68, 95, 41, 53, 123; 7-methylxanthine, 166,68, 123,
53, 42, 41, 95 (Moffat, 1986)

(e) So/ubi/ity: Soluble in water (1.0 g/2 1), boilng water (1.0 g/O.15l) and 95%
ethanol (1.0 g/2.2 1) (Windholz, 1983); slightly soluble in chloroform (1.0
g/61; Moffat, 1986); almost insoluble in benzene, diethyl ether and carbon
tetrachloride (Windholz, 1983)
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if Equilibrium constants: acidic (Ka) 0.9x 10-10 and basic (Kb) 1.3 x 10-14 at

180 C (Windholz, 1983)

(g) Reactivity: Forms salts, which are decomposed by water, and compounds
with bases, which are more stable (Windholz, 1983)

(h) Octanol/water partition coeffcient (P): log P -0.8 (Moffat, 1986)

1.4 Technical products and impurities

Theobromine should contain not less th an 99.0% and not more th an 101.0% of
the product calculated on a dry basis (Anan., 1988).

Trade names: Riddospas; Riddovydrin; Santheose; Seominal; Theobrominum;
Theoguardenal; Theominal; Théoxalvose

2. Production, Use, Occurrence and Analysis

2.1 Production and use

(a) Production

Theobromine is the principal alkaloid (1.5-3%) of the cacao bean (Theobroma
cacao); it is usually extracted from the husks of cacao beans, which contain 0.7-1.2%
theobromine. It has been synthesized from 3-methyluric acid (Windholz, 1983), but
is not known ta be produced commercially. Annual production of theobromine in
the mid-1970s was over 33 00 tonnes (Cordell, 1978). ln 1980,607 milion pounds
(276 milion kg) of coco a were imported into the USA, which represents 9.11 million
pounds (4.1 milion kg) of theobromine (Hirsh, 1984).

(b) Use

Theobromine is used principally ta make caffeine (McCutheon, 1969).

Formerly, theobromine and its derivatives were used in diuretics, myocardial
stimulants, vasodilators and smooth muscle relaxants (Windholz, 1983).
Theobromine salts (calcium salicylate, sodium salicylate and sodium acetate) were
used previously to dilate coronary arteries (Tarka, 1982; Gennaro, 1985) at doses of
300 to 600 mg per day (Moffat, 1986). There is no current therapeutic use of
theobromine (Tarka, 1982).

2.2 Occurrence

(a) Natural occurrence

Theobromine is found in chocolate, tea and cocoa products (Graham, 1984a;
Shively & Tarka, 1984; Stavric, 1988). Cacao is the major natural source of
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theobromine; the concentration in whole cacao beans and nibs (cotyledon)
increases during the first day of fermentation and that in the shells increases
subsequently (Timbie et al., 1978; Shively & Tarka, 1984).

Theobromine has been reported in cacao husks and beans at 0.7-1.2% and
1.5-3% (15-30 g/kg) (Windholz, 1983). Levels have been reported to be 20 mg/kg in

green coffee beans (Spiler, 1984), 0.15-0.20% in manufactured tea (J al al & Colln,
1976; Graham, 1984a) and 0.3% in dried mate (Michl & Haberler, 1954; Graham,
1984b ).

(b) Occupational expsure

No data were available to the Working Group.

(c) Water and sediments

Theobromine has not been found in US industrial effluents (Perry et al., 1979)
or drinking-water (National Research Council, 1977).

(d) Foods and beverages (see also the monograph on caffeine, pp. 296 et seq.)
Theobromine is a component of the coco a solids, or nonlipid portion, of

chocolate liquor (Shively & Tarka, 1984). An average theobromine level of 1.89%
was found in eight commercial brands of cocoa powder (not calculated on a dry
basis; Zoumas et al., 1980; Shively & Tarka, 1984). A level of 2% was reported in one
cocoa powder (Sontag & Kral, 1980) and 2.5-3.3% in bulk unsweetened cocoa
(Martinek & Wolman, 1955; Shively & Tarka, 1984). Hot chocolate beverages had
average levels of 65 mg/5-oz serving (Zoumas et al., 1980); chocolate milk samples
prepared from instant, cold, sweetened cocoa powders had an average level of 58 mg

theobromine per serving (Zoumas et al., 1980; Shively & Tarka, 1984), and hot cocoa
prepared from nine commercial instant mixes had an average of 62 mg theobromine
per serving (Blauch & Tarka, 1983; Shively & Tarka, 1984). The mean concentration
oftheobromine in 12 varieties of cocoa powderwas 0.26% (Craig & Nguyen, 1984).

Dark chocolate contains the largest amount of theobromine per serving of any

type of eating chocolate; concentrations vary widely (0.36-0.63%) owing ta the initial
large difference in the theobromine content in chocolate liquors, but one l-oz bar of
dark chocolate contained 130 mg theobromine, and one 1 -oz bar of milk chocolate
contained 44 mg theobromine. The theobromine content of chocolate foods
prepared from home recipes using standard chocolate sources (i.e., cocoa and
baking chocolate) varies widely (24 mg per serving in chocolate brownies ta 724 mg
in chocolate frostings); chocolate frostings have relatively higher theobromine levels
(0.055-0.213%) than chocolate cakes. The methylxanthine (theobromine and
caffeine) content of manufactured chocolate foods and beverages varies according
to food source and within different brands ofthe same item (Shively & Tarka, 1984).
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Theobromine has been found in blended black tea beverage at a level of 0.69%
of dry extractable solids present (Graham, 1984a).

ln the USA in 1980, the daily per-caput intake of theobromine from food and
beverages was estimated to be 39.05 mg; daily per-caput consumption of

theobromine from cocoa was calculated to be 38.3 mg on the basis of the 276 millon
kg of coco a imported (Hirsh, 1984).

2.3 Analysis

Analytical procedures for the determination of methylxanthines (including

theobromine) in biological fluids (Schack & Waxler, 1949; Christensen & Whitsett,
1979; Tang-Liu & Riegelman, 1982; Klassen & Stavric, 1983; Christensen & Neims,
1984; Hurst et al., 1984) and in foods (Hurst et al., 1984) include ultraviolet
spectroscopy, thin-layer chromatography, gas chromatography and high-perfor-
mance liquid chromatography.

Modern methods for the determination of theobromine in foods and beverages
(cocoa beans, cocoa and chocolate products) usually rely on high-performance
liquid chromatography (Wildanger, 1975; Kreiser & Martin, 1978; Timbie et al.,
1978; Hatfull et al., 1980; Horwitz, 1980; Kreiser & Martin, 1980; Sontag & Kral,
1980; Zoumas et al., 1980; De Vries et al., 1981; Reid & Good, 1982; Woollard, 1982;
Blauch & Tarka, 1983; Craig & Nguyen, 1984; Vergnes & Alary, 1986) and, ta a lesser
extent, on thin-Iayer chromatography (Senanayake & Wijesekera, 1968a,b, 1971).
These methods replaced the traditional titrimetric procedure using silver nitrate
(Gerritsma & Koers, 1953), paper chromatography (Jalal & Colln, 1976),
gravimetry and ultraviolet spectroscopy (Hurst et al., 1984).

3. Biological Data Relevant to the Evaluation of

Carcinogenic Risk to Humans

3.1 Carcinogenicity studies in animais

No data were available from studies on the carcinogenicity of theobromine.

Modifng effects on the activity of known carcinogens

Urethane

Groups of female ICR/Jcl mice (initial numbers unspecified), 25 days of age,
received a single subcutaneous injection of 0.1 mg/ g bw urethane followed
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immediately by seven intraperitoneal injections (0.05 l1mol/g bw) of theobromine

(purity unspecified) at 6-h intervals up ta 36 h after urethane treatment, to give a
total dose of 63 l1g/g theobromine. Mice were killed five months after urethane
treatment. The number of mice with lung tumours was significantly reduced in
groups that received post-treatment with theobromine (II/56 versus 31/59; p .c
0.(01). The number oftumours/lung was also reduced (0.28 versus 1.07 in controls)
(Nomura, 1983). (The Working Group noted that the effective numbers of mice
varied considerably among the different groups.)

3.2 Other relevant data

(a) Experimental systems

(i) Absorption, distribution, metabolism and excretion

The pharmacokinetics and toxicity of theobromine have been reviewed

extensively (Tarka, 1982; Arnaud, 1984, 1987; Tarka & Shively, 1987). As a
metabolite of caffeine, theobromine has been detected in variable amounts in
plasma and urine of humans and different animal species (Arnaud, 1984).

When theobromine was given as a single oral dose of 15-50 mg/kg bw to male
dogs, peak plasma concentrations, with considerable individual variations, were
observed within 3 h. With a higher dose (150 mg/kg bw), the peak plasma

concentrations were attained 14-16 h later, showing delayed intestinal absorption
(Gans et al., 1980). ln rats, plasma protein binding was very low (8- 17%) after oral
administration of 1-100 mg/kg bw theobromine (Bonati et al., 1984).

Similar kinetic parameters were observed in male and female rabbits when
theobromine was administered intravenously or orally at doses of 1 and 5 mg/kg bw,
with complete gastrointestinal absorption. A reduction in the absorption rate
constant was seen in rabbits when the dose was increased from 10 to 100 mg/kg bw.
ln spi te of delayed gastrointestinal absorption at high doses, probably due to the
low solubility of the compound, the absolute bioavailability of theobromine
approached 100% (Latini et al., 1984). Labelled theobromine was almost
completely absorbed after oral administration (1-6 mg/kg; Arnaud & Welsch, 1979);
the peak blood level tended to appear later with larger doses (100 mg/kg; Shively &
Tarka, 1983).

Theobromine is absorbed and distributed rapidly after oral administration ta
rats (Shively & Tarka, 1983) and equilibrates freely between plasma and testicular
fluid (Shively et al., 1984).

The ratio of brain:blood theobromine concentrations decreased continuously
from 0.96 at birth ta 0.60 in 30-day-old rats (Arnaud & Getaz, 1982). After 24 h, no
organ accumulation of theobromine or its metabolites could be seen in adult
animaIs (Arnaud & Welsch, 1979).
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ln dogs, an average plasma half-time of 17.5 h was reported after single oral
doses of theobromine ranging from 15 to 150 mg/kg bw (Gans et al., 1980). ln
rabbits, the mean elimination half-time was 4.3-5.6 h for doses ranging from 1 to 100

mg/kg bw (Latini et al., 1984). From these data, it was concluded that the
pharmacokinetics of theobromine in rabbits are linear and not dose-dependent up
to 100 mg/kg (Traina & Bonati, 1985). Linear pharmacokinetics were also observed
in rats up to a dose of 100 mg/kg. No significant first-pass effect or sex difference
were observed (Shively & Tarka, 1983; Bonati et al., 1984). Repeated administration
of theobromine ta dogs, rabbits or rats did not alter its kinetics or metabolism
(Gans et aL., 1980; Bonati et al., 1984; Latini et aL., 1984). Pretreatment of rats with
3-methy1cholanthrene in vivo markedly increased theobromine elimination, while
phenobarbital had no effect (Shively & Vesell, 1987).

The kinetic parameters in rats on day 19 of gestation were similar ta those of
non-pregnant rats at doses ranging from 5 to 100 mg/kg bw (Shively & Tarka, 1983).
A decrease in the elimination rate constant was observed in pregnant rabbits at a
dose of 50 mg/kg bw, suggesting saturation (Latini et al., 1984).

The metabolic pathway of theobromine reported in rats and several other
animal species is shawn in Figure 1. 6-Amino-5-(N-methylformylamino)-I-methyl-
uracil is quantitatively the most important theobromine metabolite in rats,
accounting for 20-35% of urinary metabolites (Arnaud & Welsch, 1979; Shively &

Tarka, 1983; Bonati et al., 1984). The majority of theobromine-derived radioactivity
in the faeces of rats could be accounted for by 3,7-dimethyluric acid (Shively &
VeseIl, 1987). The most extensive metabolism of theobromine was observed in
rabbits and mice; male mice converted theobromine more extensively into this
metabolite th an did female mice. ln contrast, oxidation of theobromine ta
3,7-dimethyluric acid was significantly greater in female than in male rats. Rabbits
and dogs metabolized theobromine primarily to 7-methylxanthine and

3-methylxanthine, respectively, and dogs excreted small quantities of an
unidentified metabolite (Miler et al., 1984).

The compounds identified in bile of phenobarbital-treated rats were
3,7-dimethyluric acid (64-76% of biliary radioactivity), dimethylallantoin (5-8%),
6-amino-5-(N-methylformylamino )-l-methyluracil (10-17%) and theobromine
(8-10%). ln 3-methy1cholanthrene-treated rats, urinary elimination of unchanged
theobromine was reduced from 23-27% to only 2%, while excretion of
6-amino-5-(N-methylformylamino )-l-methyluracil was significantly increased.

Only 3,7-dimethyluric acid was produced by liver micros omal incubation in control
rats while phenobarbital and 3-methylcholanthrene pretreatment enhanced the
biotransformation resulting in the production of aIl metabolites found in vivo as
well as unknown polar compounds (Shively & VeseIl, 1987).
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Figure 1. Metabolism of theobrominea
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Pregnancy and increased doses of theobromine were shown ta modify
theobromine metabolism. At a dose of 50 mg/kg bw, pregnant rabbits excreted
more unchanged theobromine in the urine (51% versus 35%; Latini et al., 1984).
Pregnant rats excreted a higher percentage of a 5 mg/kg dose as unchanged
theobromine (53%) th an non-pregnant rats (39%); this difference disappeared at
the saturation dose (100 mg/kg), when unchanged theobromine corresponded ta
about 60% of the dose in the urine of bath pregnant and non-pregnant animaIs
(Shively & Tarka, 1983). Rats given 100 mg/kg excreted more unchanged
theobromine than those given 1 mg/kg (73% versus 51%), and showed a
corresponding relative decrease in excretion of its uracIl metabolite,

6-amino-5-(N-methylformylamino)-I-methyluracil (16% versus 28%) (Bonati et al.,
1984).

About 60% of orally administered labelled theobromine was recovered
unchanged in rat urine; 94-106% total urine radioactivity was recovered (Shively &
Tarka, 1983). Large variations in faecal excretion (2-38% of the dose) were reported
in metabolic experiments performed in rats, mi ce, hamsters, rabbits and dogs
(Miler et al., 1984). Theobromine was excreted into the bile of dogs fed
theobromine (Gans et al., 1980). Biliary secretion accounted for 5-10% of the
administered (8-14C)theobromine dose in phenobarbital-induced rats (Shively &
Vesell, 1987).

Urinary excretion of theobromine metabolites and theobromine clearance
were increased in rats on a commercial di et compared to those on a semipurified
diet (Shively et al., 1986).

(ii) Toxic effects

The toxicity of theobromine as compared to other methylxanthines has been
reviewed by Tarka (1982). The acute oral LDSO in rats was 950 mg/kg bw, whereas in
mice it was 1356 mg/kg (for the sodium acetate). While the toxicity oftheobromine
in domestic animaIs has been indirectly attributed to excessive consumption of
cocoa and chocolate products, there are few direct studies where theobromine was
evaluated,because of its extremely low solubility in aqueous media. The oral LDSO
of theobromine in dogs appears to be about 300 mg/kg bw (Gans et al., 1980).

The effects of theobromine on rodent and dog testis are reviewed below; the
other target organ identified in rodents is thethymus gland. High doses - 250-300
mg/kg bw (mature animaIs) and 500 mg/kg bw (immature animaIs) - have been

shown to cause complete thymic atrophy in male and female rats. This effect was
seen in hamsters only at a level of 850 mg/kg bw and in mi ce at levels of 1840-1880
mg/kg bw (Tarka et aL., 1979).

The only study of non-rodent species is that of Gans et al. (1980), who fed male
dogs 100-150 mg/kg bw theobromine for periods of 21-28 days as well as various
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doses over a one-year periode They reported a degenerative and fibrotic lesion in
the right atrial appendage ofthe heart. This finding appears to be unique ta the dog
since no such appendage exists in man. The study is further confounded by
administration of varying doses in early treatment groups, with adjustments at
several points in the one-year study.

A subchronic toxicity study performed in male and female Sprague-Dawley
rats was reported in an abstract (Tarka & Zoumas, 1983). Theobromine was fed at
levels of 0,0.02, 0.1 and 0.2% of a chow diet for 90 days (corresponding to 25, 125 and
250 mg/kg bw/day). The only changes noted were a reduction in body weight gain
and testicular weight in males at the high dose. No pathological lesion was observed
and there was no haematological change.

(ii) Effects on reproduction and prenatal toxicity

Reproductive toxicity Feeding theobromine ta male Osborne-Mendel rats at a
dietary level of 0.5% for 64 weeks resulted in severe testicular atrophy in 94% of
animaIs, with aspermatogenesis in 82% (Friedman et al., 1979). The results were
confirmed in another strain of rats (Holtzman); following 19 weeks of feeding

theobromine, all rats showed atrophy, and 79% had aspermatogenesis.
Tarka et al. (1979) found that feeding theobromine at levels of 0.2- 1.0% in the

diet (90-140 to 500-600 mg/kg bw per day) for a peri 
ad of 28 days to rats produced

severe testicular atrophy at the 0.8% level and seminiferous tubular-cell
degeneration at the 0.6% leveL. Rats were found ta be most sensitive, while mice
(doses, 0.2-1.2%; 300- 1850 mg/kg bw per day) were more resistant, and testicular
changes were seen only at concentrations that caused considerable mortality.
Hamsters (doses, 0.2-1.0%; 182-1027 mg/kg bw per day) were almost totally
resistant ta testicular changes. These authors also studied the potential
reversibility of this phenomenon by feeding proven breeder male Sprague-Dawley
rats 0.2,0.6 or 0.8% theobromine (88, 244 or 334 mg/kg bw per day, respectively) for
49 days, performing unilateral orchiectomy at that time and allowing rats ta recover
on a theobromine-free di et for an additional 49 days. Histologically, the effects at
the two highest dose leve1s were largely irreversible (Tarka et al., 1981). Daily
administration of 500 mg/kg bw theobromine to Fu albino rats for three or five days
interfered with germ cell kinetics but did not cause significant damage ta
spermatogonia. The release of late spermatids into the tubular lumen was retarded
and generally occurred two weeks after treatment (Ettlin et al., 1986).

Subsequent studies (Gans, 1982, 1984) substantiated these observations.
Significantly higher serum theobromine concentrations were achieved with a
semisynthetic diet, resulting in more advanced morphological changes in the testes
in rats, than with a chow diet. Shively et al. (1986) demonstrated that rats fed 0.6%
theobromine in a certified chow diet for 28 days did not develop the testicular
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atrophy induced by addition of theobromine ta a semisynthetic diet, due ta
induction of theobromine metabolism in animaIs on the chow diet.

Gans et aL. (1980) studied the effects of short-term and long-term theobromine
administration to male dogs; no testicular atrophy was seen at doses of 25,50, 100 or
150 mg/kg per day over a one-year peri ad.

Male and female Sprague-Dawley rats were given cocoa powder containing
2.50-2.58% theobromine and 0.19% caffeine in the diet at concentrations of 0, 1.5,
3.5 and 5.0% for three generations. Males and females were given diets containing
coco a powder for 12 and 2 weeks, respectively, prior to mating. The average
methylxanthine doses for males/females were 30/36, 72/86 and 104/126 mg/kg bw
per day in the 1.5, 3.5 and 5.0% coco a powder groups, respectively. No consistent
dose-related effect was observed in any reproductive index; nonreproductive
toxicity was observed at the two highest dose levels (Hostetler et aL., 1990).

Developmental toxicity ICR-JCL mice received a single intraperitoneal
injection of 500 or 600 mg/kg bw theobromine on day 12 of gestation. MaternaI
deaths occurred in 40% of the higher-dose group but not in the lower-dose groupe
The incidence of resorptions was significantly increased with the higher dose; at
bath dose levels, fetal body weight was decreased and the incidence of
malformations and subcutaneous haematomas was increased (Fujii & Nishimura,
1969).

ln Sprague- Dawley rats fed diets containing theobromine (daily doses, 53 or 99
mg/kg bw) on gestation days 6-19, no maternaI toxicity was observed. Although no
malformation occurred, slight decreases in fetal body weight were observed wIth the
high dose, and a significant increase was seen in the frequency of skeletal variations.
Serum concentrations of theobromine in the high-dose group were 15-20 JlI/ml
(Tarka et aL., 1986a).

New Zealand white rabbits were administered up to 20 mg/kg bw
theobromine by gavage on gestation days 6-29. MaternaI deaths occurred in 40% of
the group receiving the highest dose level, but little or no maternaI toxicity was
observed with 25, 75 or 125 mg/kg bw per day. Decreased fetal body weight and
malformations were seen at doses of 125 or 20 mg/kg; the incidence of skeletal
variations was increased with 75 mg/kg and over. With 75 mg/kg per day - the
lowest dose at which developmental toxicity was observed - serum concentrations
of theobromine were 24-86 Jll/mL. ln other groups of New Zealand rabbits fed diets
containing theobromine (daily doses, 21, 41 or 63 mg/kg bw), little or no maternaI
toxici ty was observed at any dose leveL. Fetal body weight was decreased at 41 and
63 mg/kg bw, and there were significant increases in the frequency of skeletal
variations. Average serum concentrations at the lowest effective concentrations
were 12-15 li1/ml (Tarka et al., 1986b). (The Working Group noted that serum
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concentrations of theobromine following administration of the lowest effective dose
were proportionally higher in rabbits than in rats.)

(iv) Genetic and related effects
The genetic effects of theobromine have been reviewed (Timson, 1975, 1977;

Tarka, 1982; Grice, 1987; Rosenkranz & Ennever, 1987a,b).
The results described below are listed in Table 1 on p. 433, with the evaluation

of the Working Group, as positive, negative or inconclusive, as defined in the
footnotes. The results are tabulated separately for the presence and absence of an
exogenous metabolic system. The lowest effective dose (LED), in the case of
positive results, or the highest ineffective dose (HID), in the case of negative results,
are shown, together with the appropriate reference. The studies are summarized
briefly below.

Theobromine has only a very weak capacity ta dis place acridine orange from
DNA in vitro (Richardson et aL., 1981). ln extracts of Escherichia coli, it selectively
inhibited sorne purine nucleoside phosphorylases (Koch & Lamont, 1956).
Theobromine was not incorporated ta 'any great extent' into the DNA of E. coli,
which possibly cannat demethylate this substance (Koch, 1956). The effects of
theobromine on relevant targets other th an DNA are discussed in the monograph
on caffeine (p. 332).

Theobromine was mutagenic to E. coli under conditions in which a constant
growth rate and cell population density were maintained, but it was not mutagenic
ta Salmonella tyhimurium. Theobromine induced mutations in a lower eukaryote,
Euglena gracilis.

Theobromine did not induce chromosomal aberrations in plants (Vicia faba).
It was reported in an abstract that chrornosomal aberrations were not observed in
Drosophila melanogaster treated with 0.45% theobromine in feeding experiments
(Mittler & Mittler, 1968).

Theobromine increased the frequency of mutant tk colonies in mouse
lymphoma cells, but only at extremely cytotoxic doses. Significant increases in the
frequency of sister chromatid exchange were induced in Chinese hamster CHO
cells in the absence of an exogenous metabolic system; in the presence of an
exogenous metabolic system the results were equivocal and not dose-related
(Brusick et al., 1986). Chromosomal aberrations were not induced by theobromine
in Chinese hamster cells. BALB/c 3T3 cells were not morphologically transformed
by treatment with theobromine, and, unlike theophyllne but like caffeine,
theobromine did not reduce the expression of parameters associated with
morphological transformation (Rajaraman & Faulkner, 1984).

ln human lymphocyte cultures, theobromine did not significantly increase the
number of sister chromatid exchanges per cell, but, in another experiment using
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higher doses, the numbers of sister chromatid exchanges per cell were increased in
the absence of an exogenous metabolic system. The induction of sister chromatid
exchange is not necessarily due to a directly damaging effect upon DNA, since
theobromine can have indirect effects (Levi et al., 1978) which are associated with
the induction of sister chromatid exchange (Morgan & Cleaver, 1982) and may even
give rise to false-positive effects, the primary effect upon DNA being due ta
bromodeoxyuridine (Natarajan et al., 1981). Theobromine did, however, induce
breaks in human lymphocytes in culture, contrary ta the results with rodent cells
(see above).

Theobromine induced sister chromatid exchange and micronuclei, but not
chromosomal aberrations, in the bone marrow of Chinese hamsters treated in vivo.
No dominant le th al effect (increases in either preimplantation loss or dead
implants) was observed in either CD-l mice or in male Sprague-Dawley rats. The
negative result in rats was not due to pharmacokinetic limitations, as demonstrated
above.

(b) Humans

(i) Absorption, distribution, exaetion and metabolism
Theobromine is readily absorbed from food and evenly distributed in body

fluids; the half-times in plasma and saliva are highly correlated (Drouilard et aL.,
1978). Theobromine has been reported ta pass into the breast milk of nursing
mothers (Resman et al., 1977).

The mean half-time of theobromine in human serum ranged from 6.1 to 10 h
(Drouilard et al., 1978; Tarka et al., 1983; Shively et aL, 1985); the apparent volumes
of distribution and clearance were estimated to be 0.76 l/kg bw and 0.88 ml/min/kg
bw, respectively (Shively et al., 1985).

The major metabolite of theobromine in hum an urine is 7-methylxanthine

(34-48%), followed by 3-methylxanthine (20%) and 7-methyluric acid (7-12%),
6-amino-5-(N-methylformylamino)-1-methyluracil (6-9%) and 3,7-dimethyluric
acid (1%). Of the dose, 1- 18% is recovered in the urine as unchanged theobromine
(Tarka et al., 1983; Birkett et al., 1985). Theobromine metabolites were not found in
the plasma of hum an subjects (Tarka et al., 1983). Theobromine has a low protein
binding capacity in both serum (15-21%) and breast milk (12%) (Resman et al.,
. 1977; Birkett et al., 1985).

(ii) Toxic effects

It has been stated that 'in large doses' theobromine may cause nausea and
anorexia (Reynolds, 1982) and that daily intake of 50-100 g cocoa (0.8-1.5 g
theobromine) by humans has been associated with sweating, trembling and severe
headache (Czok, 1974). ln a study of 13 volunteers who consumed 200 mg



Table 1. Genetic and related effects of theobromine

Test system Resul ts Dose Reference
LEDjHID

wi thout With
exogenous exogenous
metabol ic metabolic
acti vation acti vation

2500.0000 Renner & Münzer (1982 )
2500.0000 Brusick et al. (1986)
2500.0000 Renner & Münzer (1982)
500.0000 Brusick et al. (1986 )

2500.0000 Renner & Münzer (1982 )

~500.0000 Brusick et al. (1986 )
2500.0000 Renner & Münzer (1982 ) m500.0000 Brusick et al. (1986) 02500.0000 Renner & Münzer (1982)
2500.0000 Brusick et aL. (1986) tt

+ 0 150.0000 Novick & Szilard (1951) :;
+ 0 150.0000 Novick & Szilard (1952) 0
+ 0 o . 0000 Corne & Travis (1969 ) ~
(+) (+) 2000.0000 Brusick et aL. (1986) -
+ - 100.0000 Brusick et al. (1986) Z

1000.0000 Brusick et aL. (1986) m
0 5000.0000 Brusick et aL. (1986)

+ 0 100.0000 Brusick et aL. t1986)

0 100.0000 Mourelatos et al. (1982 )
0 120.0000 Mourelatos et al. (1983 )

+ 0 250.0000 Weinstein et al. (1973 )
+ 0 500.0000 Weinstein et al. (1975 )
+ 0 150.0000 oral Renner (1982)
+ 0 200.0000 oral Renner & Münzer \ 1982)
+ 0 1300.0000 oral Renner & Münzer (1982 )

0 1300.0000 oral Renner & Münzer (1982)
0 380.0000 i.p. Epstein & Shafer (1968 )
0 480.0000 i.p. Epstein et al. (1972 )
0 450.0000 oral x 5 d Shi vely et al. (1984 )

SAO,
SAO,
SAS,
SA5,
SA7,
SA7,
SA8,
SA8,
SA9,
SA9,
ECR,
ECR,
??? ,
G5T,
SiC,
CIC,
TBM,
SHL,
SHL,
SHL,
CHL,
CHL,
SVA,
SVA,
MVC,

CBA,
DLM,

DLM,
DLR,

Salmonella typhimuriur TA100, reverse mutation
Salmonella typhimurium TAlOO, reverse mutation
Salmonella typhimuriur TAl53S, reverse mutation
Salmonella typhimuriur TAl535 , reverse mutation
Salmonella typhimuriur TA1537, reverse mutation
'Salmonella typhimurium TA1537, reverse mutation
Salmonella typhimurium TAl538 , reVerse mutation
Salmonella typhimurium TA1538, reverse mutation
Salmonella typhimuriur TA98, reverse mutation
Salmonella typhimurium TA98 , reverse mutation
Escherichia coli, phage T5-resistance
Escherichia coli, phage T5-resistance
Euglena gracilis, auxotrophic mutations
Gene mutation, mouse lymphoma L5178Y cells, tk locus
Sis ter chromatid exchange, Chinese hamster CHO cells
chromosomal aberrations, Chinese hamster CHO cells
Cell transformation, BALB/c 3T3 cells
Sis ter chromatid exchange, huran lymphocytes
sister chromatid exchange, human lymphocytes
sister chromatid ex change , human lymphocytes
chromosomal aberrations, human lymphocytes
Chromosomal ~berrations, human lymphocytes
sister chromatid exchanges, Chinese hamster bone marrow
Sister chromatid exchanges, Chinese hamster bone marrow
Micronucleus test, Chinese hamster bone marrow
Chromosomal aberrations, Chinese hamster bone-marrow
Dominant lethal test, male Swiss CD-I mice
Dominant lethal test, male Swiss CD-l mi ce
Dominant lethal test, male Sprague-Dawley rats

i.p., intraperitoneal; oral, by gavage; d, days

.lW
W
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theobromine orally three times during a 24-h period, no clinical symptom or other
pharmacological activity was observed (Birkett et al., 1985). Ingestion of

theobromine in sweet chocolate at a dose of 6 mg/kg bw per day had no effect on
clinical parameters in 12 human subjects (Shively et al., 1985).

Studies on a possible association between consumption of methylxanthines
and benign breast disease are summarized on pp. 347-350.

(iii) Effects on reproduction and prenatal toxicity
No data were available to the Working Group.

(iv) Genetic and related effects
No data were available to the Working Group.

3.3 Epidemiological studies of carcinogenicity to humans

Studies on methylxanthines are summarized in the monograph on caffeine.

4. Summary of Data Reported and Evaluation

4.1 Exposure data

Theobromine is the principal alkaloid of the cacao bean. It is extracted from
the bean husks and used in the synthesis of caffeine. It has been used in various
pharmaceutical products. Theobromine is consumed in coco a and chocolate
beverages and in various forms of chocolate-based foods. Theobromine is also
present in small amounts in green coffee beans, tea and mate.

Daily per-caput consumption of theobromine in the USA in 1980 from food
and beverages was estimated to be 39 mg.

4.2 Experimental carcinogenicity data

No data on the carcinogenicIty of theobromine were available.

4.3 "uman carcinogenicity data

No data were available to the Working Group ta evaluate the carcinogenicity of
theobromiii~ per se.

For descriptions of studies on methylxanthines, see the monograph on
caffeine.
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4.4 Other relevant data

Oral administration of high doses of theobromine ta rats caused severe

testicular atrophy, which was largely irreversible. Administration of lower levels for
prolonged periods had no significant adverse effect on the testis. Mice, hamsters
and dogs were less sensitive than rats or were resistant to the effect of theobromine
in causing testicular changes. No adverse reproductive effect was observed in a
three-generation study in rats given cocoa powder containing theobromine in their
diet. Teratogenic effects were observed in rabbits after gavage but not after dietary
administration of theobromine. The signs of developmental toxicity observed at the
lowest dose level inc1uded decreased fetal body weight and increased skeletal
variations in rabbits. No teratogenic effect was seen in rats.

ln vivo, theobromine did not induce dominant lethal effects in mice or rats. It
induced sister chromatid exchange and micronuc1ei but not chromosomal aberra-
tions in the bone marrow of Chinese hamsters. ln human cells in vitro, theobromine
induced sister chromatid exchange and chromosomal breaks. ln cultured
mammalian cells, it induced gene mutations and sister chromatid exchange but not
chromosomal aberrations or cell transformation. ln plants, theobromine did not
induce chromosomal aberrations. It induced gene mutations in lower eukaryotes
and bacteria but gave negative results in the Salmonella/mammalian microsome
assay.

4.5 Evaluation 1

There is inadequate evidence for the carcinogenici ty in humans of theobromine.
There are no data on the carcinogenicity of theobromine in experimental

animaIs.

Overall evaluation

Theobromine is not classifable as to ifs carcinogenicity to humans (Group 3).

lFor descriptions of the italicized tenns, see Preamble, pp. 27-31.
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METHYGLYOXA

1. Chemical and Physical Data

1.1 Synonyms

Chem. Abstr. Services Reg. No.: 78-98-8
Chem. Ahstr. Name: 2-0xopropanal
Synon)'tS: Acetylformaldehyde; 2-ketopropionaldehyde; pyruvaldehyde

1.2 Structural and molecular formulae and molecular weight

CH3-C-C-H

Il Il
o 0

C3H402 MoL. wt: 72.06

1.3 Chemical and physical properties of the pure substance

From Windholz (1983)

(a) Description: Yellow liquid with pungent odour

(b) Boiling-point: 72°C

(c) Density: d24 1.0455

(d) Solubility Soluble in water, ethanol, diethyl ether and benzene

(e) Reactivity: Polymerizes very readily; hygroscopic

1.4 Technical products and Impurities

No data were available to the Working Group.
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2. Production, Use, Occurrence and Analysis

2.1 Production and use

Ca) Production

Methylglyoxal is not produced commercially. It can be obtained by warming
isonitrosoacetone with dilute sulfuric acid; by distiling a dilute solution of

dihydroxyacetone from calcium carbonate (Windholz, 1983); by the catalytic
dehydrogenation of glycerol (Baltes & Leupold, 1981); and by the oxidation of
acetone with selenium dioxide (Musashino Chemical Research Institute Ltd, 1981).

(b) Use

No commercial use of methylglyoxal has been reported.

2.2 Occurrence

(a) Natural occurrence

Methylglyoxal has been identified as a metabolite during glycolysis (Kas ai et

al., 1982) and as a sugar fragmentation product. It is one of the most highly reactive
compounds in a browning reaction (Hodge, 1953). It is also formed by several
bacteria of the human intestine (Baskaran et al., 1989).

(b) Occupational exsure
No data on exposure levels were available to the Working Group.

(c) Air

Methylglyoxal has been reported to be a degradation product of toluene under
simulated atmospheric conditions (Dumdei & O'Brien, 1984). It has been found in
cigarette smoke at levels ranging from 5 to 60 llg per cigarette (Moree-Testa &
Saint-Jalm, 1981).

(d) Water and sediments

Methylglyoxal has not been detected in US industrial effluents (Perry et al.,
1979) or in drinking-water (National Research Council, 1977).

(e) Food and beverages '

Methylglyoxal has been detected in a broad range of commercial food products
and beverages, including bread (Wiseblatt & Kohn, 1960; Nagao et al., 1986a), toast
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(Nagao et al., 1986a), tomatoes (SchormülIer & Grosch, 1964), boiled potatoes
(Kajita & Sen da, 1972), caramelized sucrose (Lukesch, 1956), soya sauce and soya
bean paste (Hayashi & Shibamato, 1985; Nagao et al., 1986a), roast turkey
(Hrdlicka & Kuca, 1965), alcohol from sugar cane (Matsubara & Tamura, 1970),
wine, saké, apple brandy and bourbon whiskey (Nagao et al., 1986a), apple, orange
and tomato juices, maple syrup, beer, root-beer and cola, non-fat dry milk (Hayashi
& Shibamato, 1985), instant, brewed and decaffeinated coffees (Kas ai et al., 1982;
Hayashi & Shibamato, 1985; Nagao et aL., 1986a; Shane et aL., 1988), and cocoa and
instant tea (Hayashi & Shibamato, 1985). Table 1 summarizes the amounts of
methylglyoxal determined in various foods and beverages (Nagao et al., 1986a) and
Table 2 gives the amounts in foods and the calculated intake.

Table 1. AmouDts of methylglyoxal round iD various
beverages and foodsQ

Beverage or foo Methylglyoxal (j.glml)

Bourbon whiskey

Apple brandy

Wine
Japanese saké

Instant coffeeb

Brewed coffeeC
Black te ad
Green teae
Soft drink
Bread
Toast
Soya sauce
Soya bean pas te

1.5

0.32
0.57
0.26
1.6

7.0

0.05

Trace
1.4

0.79 j.glg

2.5 j.glg

8.7

5.1 j.glg

QFrom Nagao et al. (1986a)
bPrepared by dissolving 1.5 g coffee powder in 100 ml water
cPrepared from 10 g ground coffee beans and 150 ml boiling water
dPrepared from 4 g tea leaves and 100 ml boilng water
ePrepared from 5 g tea leaves and 20 ml hot water
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Table 2. Methylglyoxal in foos and calculated amounts of methylglyoxal

intake for each food when consumeda

Beverage or foo Amount of item
per servng

Methylglyoxal

(iig/ g)

Methylglyoxal intake

per servng (iig)

Brewed coffee 3 g/180 ml
Decaffeinated brewed coffee 3 g/180 ml

Instant coffee 1 g/180 mlCoca 4 g/180 ml
Instant tea 0.3 g/180 ml
Nonfat dry milk 22.7 g/24 ml
Soya sauce A Not calculated
Soya bean paste (Miso) Not calculated

Cola 354 mllcan
Root beer 354 mllcan
Beer 355 mllcan
Wine (white) 100 mllglass
Apple juice 300 mllglass
Orange juice 354 mllcan
Tomato juice 177 mllcan
Maple syrp Not calculated
'Prom Hayashi & Shibamato (1985)

Among the various beverages, coffee contains the largest amount of
methylglyoxal (Hayashi & Shibamato, 1985; Nagao et al., 1986a), with a daily intake
resulting from the consumption of two ta three cups of coffee per day calculated as
1 mg. The content of methylglyoxal in soya sauce (8. 7 l1g/ml) was comparable ta that
ofbrewed coffee (7.0 l1g/ml), but the average daily per-caput intake of soya sauce in
J apan is 30 ml (N agao et al., 1986a). ln an examination of nine brands of coffee, the
concentration of methylglyoxal was highest in roasted instant coffees compared to
filtered and ta decaffeinated instant and filtered coffees. The me an concentration
of methylglyoxal in filtered coffees was 319 l1g/g, whereas that in instant coffees was
731 l1g/g (Shane et al., 1988). These results are at variance with those of earlier
studies in which one cup of instant coffee (1 g/100 ml) contained l00~150 J-g

methylglyoxal, whereas one cup of coffee prepared from ground coffee beans
(8 g/l00 ml) contained 470-730 l1g methylglyoxal (Kasai et al., 1982). Aeschbacher et
al. (1989) also determined the amounts of methylglyoxal in brewed coffee and
instant coffees (Table 3).

25
47
23
1.2

2.4
1.4

3-7.6
0.7
0.23
0.76
0.08
0.11
0.26
0.04
0.06
2.5

75.6
140.4

22.7
4.9

0.7
31.2

81.4
269.0
29.7
11.0

78.0
14.2

11.3
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Table 3. Contents of methylglyoxal in coffee

Reference Methylglyoxal

ln roasted coffee ln brewed coffee

Kasai et al. (1982)

Hayashi & Shibamato (1985)
Nagao et al. (1986a)

Shane et al. (1988)

Aeschbacher et al. (1989)

(58-75 J.glgJ

25 J.glg
NA
NA

(21-39 J.glgJe

470-730 J.glcupa

76 J.glcupb

7 J.g!mlc

273-341 J.glg (filtered)d

106-197 J.glgr

a ln a brew using 8 g roasted coffee per 100 ml water
b ln a brew using 3 g roasted coffee per 180 ml water
C ln a brew using 10 g roasted coffee per 150 ml water
d ln a brew containing 25 g roasted coffee per 250 ml water
e Calculated assuming extraction yield of 20% of dry soluble solids in the brew

r J.glg dried product (brew, 1 g roasted coffee per 10 ml water)

NA, not available

Methylgyoxal has been determined in bread at 0.5 ppm (mg/kg) (Borovikova &
Reuter, 1971) and in beer at 0.03- 1 1 ppm (mg/l) (Palamand et al., 1970; Wheeler et al.,
1971).

2.3 Analysis

Trace quantities of methylglyoxal have been determined by derivatization with
cysteamine to yield 2-acetylthiazolidine in a food or beverage sample at pH 6, then
extraction with dichloromethane and analysis by gas chromatography (Hayashi &
Shibamato, 1985). Methylglyoxal has been determined in coffee (Kas ai et al., 1982;
Shane et al., 1988) and in cigarette smoke (Moree-Testa & Saint-J alm, 1981) as the
2-methylquinoxaline derivative by gas chromatography (Kasai et al., 1982), gas
chromatography-mass spectrometry (Shane et al., 1988) or high-performance liquid
chromatography (Moree-Testa & Saint-Jalm, 1981) following its initial reaction with
ortho-phenylenediamine. Methylglyoxal was determined in biological tissues with
the fluorescent 2-(2-benzimidiazolyl)-3-methylquinoxaline following separation by
high-performance liquid chromatography; the detection limit was 48.4 pmol per
30-lll sample (Matsuura et al., 1985).
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3. Biological Data Relevant to the Evaluation of

Carcinogenic Risk to "umans

3.1 Carcinogenicity studies in animaIs

(a) Oral administration

Rat: ln a study rePOrted as an abstract, 40 male Fischer 34 rats were

administered 0.5% methylglyoxal in deionized water as drinking-water for life (854
days; average daily intake, 7.7 mg per rat); 40 con troIs received deionized water
alone. The average body weight of the treated rats was 15% lower than that of the
con troIs. No tumour was found that could be ascribed ta administration of
methylglyoxal (Fujita et al., 1986).

(b) Subcutaneous administration

Rat: Groups of ten male and ten female Fischer 344 rats, eight weeks of age,
received subcutaneous injections of 0 or 1.3 mg methylglyoxal solution neutralized
with sodium hydroxide (purity, 65.6%; the impurity 'might have been' pyruvic acid)
in 0.2 ml saline twice a week for ten weeks. A group of 20 contraIs received saline
solution for ten weeks. After 70 weeks, subcutaneous tumours (type unspecified)
were found in two treated animaIs, but no ne were seen in contraIs (Takayama et al.,
1984). (The Working Group noted the impurity of the test solution and the limited
reporting of the experiment.)

Groups of eight male and ten female Fischer 344 rats (age unspecified)
received subcutaneous injections of2 mg methylglyoxal (unpurified) in 0.2 ml saline
twice a week for ten weeks. A control group of 21 males and 19 females received
saline only. After 20 months, four of the treated rats (three males and one female)
developed malignant tumours (fibrosarcomas) at the injection site, whereas no
tumour was seen in con troIs (Nagao et al., 1986a,b). (The Working Group noted the
impurity of the test solution).

(c) Modifying effects on the activity of known carcinogens

N-Methyl-N'-nitro-N-nitrosoguanidine: Groups of 30 male Wistar rats, seven
weeks of age, were administered 100 mg/l N-methyl-N' -nitro-N-nitrosoguanidine in
the drinking-water and were simultaneously fed a diet supplemented with 10%
sodium chloride for eight weeks; they were then returned ta basal diet and
maintained on drinking-water containing no additive (controls) or 0.25%
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methylglyoxal (purity unspecified) for 32 weeks. AnimaIs were kiled at week 40.
Methylglyoxal caused a significant increase in the incidence of hyperplasia induced
by the nitrosamine but did not enhance the incidence of gastric adenocarcinomas
(Takahashi et al., 1989).

3.2 Other relevant data

(a) Experimental systems

(i) Absorption, distribution, excretion and metabolism
No experiment on the metabolism or tissue distribution of methylglyoxal after

oral ingestion in animaIs or man has been reported (Arnaud, 1988). The
biosynthesis and degradation of methylglyoxal in animaIs has been reviewed
(Ohmori et al., 1989). There is stil uncertainty about the biochemistry of
methylglyoxal in animaIs, owing to the difficulty of determining it in biological
tissues, which is due ta the active glyoxalase system (Brandt & Siegel, 1979).

Facultative, strictly anaerobic bacteria present in the human gut were shown ta
produce (and may be one of the most important sources of) methylglyoxaL. Several
groups of bacteria from human faeces produced methylglyoxal in vitro (Baskaran et
al., 1989).

Methylglyoxal can be formed from acetoacetate and carbohydrates in

glycolysing tissues and from triose phosphates by nonenzymatic processes (Oh mari
et aL., 1989). An enzyme fraction that specifically catalyses the formation of
methylglyoxal from dihydroxyacetone phosphate has been isolated from goat liver
(Ray & Ray, 1981). Amine oxidase from goat plasma was shawn to catalyse the
oxidation of aminoacetone to methylglyoxal (Ray & Ray, 1983). Methylglyoxal has
been measured at levels of micrograms per gram in the liver and skeletal muscle of
normal and diabetic rats (Ohmori et al., 1989). Methylglyoxal was shawn to be
present in liver noncovalently bound ta protein (Fodor et al., 1978). The
biosynthetic routes of methylglyoxal are shown in Figure 1 (Ohmori et al., 1989).

Methylglyoxal can be detoxified by the glyoxalase system present in

mammalian intestinal mucosa (Baskaran & Balasubramanian, 1987), and it is
converted into D-Iactic acid (Neuberg, 1913). Hepatocytes convert methylglyoxal ta
pyruvate (Ray & Ray, 1982) and to glucose and L-Iactate (Sáez et aL., 1985).

(ii) Toxic effects

The average acute oral LDsos of methylglyoxal in rats were 531 mg/kg bw in
newborn, between 1165 and 1623 mg/kg bw in females depending on age and/or
stage of pregnancy and 1990 mg/kg bw in adult males (Peters et al., 1978).

The effects of pre- (initiation) and post-treatment (promotion) with methyl-
glyoxal (0.05 or 0.2% in drinking-water) on the induction of )'-glutamyl-



Fig. 1. Biosynthesis of methylglyoxal
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transpeptidase-positive foci in the livers were studied in Fischer 344 rats (weighing
150-200 g; five to six animaIs per group). Foci were Induced in dose-related amounts
both in the absence and presence of initiation with 0.02% 2-acetylaminofluorene in
the di et (Martelli et al., 1988). (The Working Group noted the limited number of
animaIs used.)

Intraperitoneal treatment of mice with methylglyoxal at 600 mg/kg bw
enhanced aminopyrine N-demethylase and para-nitroanisole-O-demethylase
activities, while ethoxycoumarin-O-deethylase activity and total cytochrome P450
content was only weakly increased (Bronzetti et al., 1987). Administration of
300-600 mg/kg bw by gastric intubation to male Fisher 344 rats induced a 100-fold
increase in ornithinedecarboxylase activity within 7 h, a 26-fold increase in DNA
synthesis within 16 h and a 16-fold increase in the labelling index of S-phase cells
within 16 h in the glandular stomach mucosa (Furihata et aL., 1985).

(iii) Effects on reproduction and prenatal toxicity

While no data on reproductive or developmental toxicity were available to the
Working Group, available information on acute toxicity suggests that neonates are
more sensitive to methylglyoxal than adult male rats (Peters et al., 1978).

(iv) Genetic and related effects
The results described below are listed in Table 4 on p. 453, with the evaluation

of the Working Group, as positive, negative or inconc1usive, as defined in the
footnotes. The results are tabulated separately for the presence and absence of an
exogenous metabolic system. The lowest effective dose (LED), in the case of
positive results, or the highest ineffective dose (HID), in the case of negative results,
are shown, together with the appropriate reference. The studies are summarized
briefly below.

Methylglyoxal induced mutations in Salmonella typhimurium strains
containing the pKMI0l plasmid and in Escherichia coli WP2 uvrA and WP2 uvrA
(pKMI01). Mutagenicity in S. typhimurium was partially dependent upon the
pKMI01 plasmid and uvrB deletion, as shown by comparing the responses between
TAI04 and TA259 and between TAI04 and TA2638, respectively (Marnett et al.,
1985). Methylglyoxal was also active in the forward mutation araR test in S.
tyhimurium. Mutagenicity in S. typhimurium reversion tests was suppressed by
sulfite, glutathione, dithiothreitol (Nagao et al., 1984, 1986b) and cysteine, but not by
catalase (Fujita et al., 1985). There is no evidence for the formation of a stable
conjugate of methylglyoxal with cysteine, the most active of the thiol inhibitors of
mutagenic activity (Nagao et al., 1986b).

ln Saccharomyces cerevisiae (strain D7), methylglyoxal induced gene

conversions and reverse mutations. An exogenous metabolic system reduced the
effects (Bronzetti et al., 1987).
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ln cultured mammalian cells, methylglyoxal induced mutations, sis ter
chromatid exchange and (on the basis of alkaline elution and sensitivity ta
proteinase K) reparable DNA-protein cross-links (Brambila et al., 1985).

ln cultured human lymphocytes, methylglyoxal induced sister chromatid
exchange, chromosomal aberrations and micronuclei.

Unscheduled DNA synthesis appeared to be induced in the pyloric mucosa of
rats, but only a small proportion of the tritiated thymidine incorporation was not
inhibited by hydroxyurea during simultaneous S-phase stimulation by

methylglyoxal, making interpretation difficult (Furihata et al., 1985).
A single oral administration of methylgloxal induced neither sister chromatid

exchange nor chromosomal aberrations in the ileum of mice.
Combined with hydrogen peroxide in the quantities typically found in a

solution of 15 mg instant coffee, methylglyoxal was significantly mutagenic, whereas
the individual components (5 J.g hydrogen peroxide, 1.5 J.g methylglyoxal) had only
minor effects (Nagao et al., 1986a). Synergism with hydrogen peroxide was also
demonstrated in the araR test (Ariza et al., 1988), which the au th ors suggested was
due to inefficient detoxification of methylglyoxal in cells depleted of reduced
glutathione (Meister & Anderson, 1983; Alonso-Moraga et al., 1987) by hydrogen
peroxide (Smith et al., 1984). This explanation is in agreement with the fact that the
addition of glyoxalase 1 and II together with reduced glutathione abolished the
mutagenic activity of methylglyoxal and reduced the mutagenicity of instant coffee

(20 mg/plate) by approximately 80% in the Ames test (Friederich et aL., 1985).
Antimutagenic activity of methylglyoxal was seen against heterocyclic amines, such
as Trp-P-l, Trp-P-2, Glu-P-l, Glu-P-2 and IQ, in S. tyhimurium TA98 (Kim et al.,
1987).

ln E. coli, methylglyoxal inhibited protein synthesis and interfered with cell
population growth (Fraval & McBrien, 1980). Interaction of methylglyoxal with
guanosine triphosphate (Krmkiewicz et al., 1971) and with DNA and RNA has
been reported (Krmkiewicz, 1973). An N2-alkylguanine has been identified from
the reaction of methylglyoxal with guanine; glyoxal undergoes a similar reaction
(Shapiro et aL., 1969).

(b) Humans

No data were avaIlable to the Working Group.

3.3 Case reports and epidemiological studies of carcinogenicity to humans

No data were available to the Working Group.



Table 4. Genetic and related effects of methylglyoxal
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4. Summary of Data Reported and Evaluation

4.1 Exposure data

Methylglyoxal is present in many foods and drinks, including coffee, and is
produced during glycolysis and sugar fermentation. It is produced by many strains
of bacteria present in the intestinal tract. It is also present in tobacco smoke.

4.2 Experimental carcinogenicity data

No adequate study was available for the evaluation of methylglyoxal.

4.3 "uman carcinogenicity data

No data were available to the Working Group.

4.4 Other relevant data

Methylglyoxal induced sister chromatid exchange, chromosomal aberrations
and micronuclei in cultured human cells. It induced sister chromatid exchange and
gene mutations in cultured mammalian cells. ln yeast, it increased the frequencies
of reverse mutations and of mitotIc gene conversion. ln prokaryotes, methylglyoxal
was mutagenic in the absence of an exogenous metabolic system. Methylglyoxal

forms adducts with guanine bases and nucleic acids.

4.5 Evaluation 1

There are no data on the carcinogenicity in humans of methylglyoxaL.

There is inadequate evidence in experimental animaIs for the carcinogenicity of
methylglyoxal.

Overall evaluation

Methylglyoxal is not classifiable as to its carcinogenicity to humans (Group 3).
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Baking chocolate

Bittersweet chocolate

Boiled coffee

Cacao

Chocolate liquor

Chocolate mass

Cocoa

Cocoa butter

Cocoa powder

Cooking chocolate

Dark chocolate

Drip coffee

GLOSSARY

See chocolate liquor

See sweet chocolate

Brewed prepared by boiling coarsely ground, lightly
roasted coffee (50-70 g/l) in water (for 10 min or more); the
infusion is consumed without separation of grounds
(1 cup = 150-190 ml). Drunk particularly in the northern
part of the Nordic countries
The terms cacao and cocoa are often used interchange-
ably; the term cacao is generally reserved for botanical
contexts
Also called chocolate mass (in Europe); a solid or semi-
plastic food prepared by finely grinding the nib of the ca-
cao bean; also called baking or cooking chocolate; the ini-
tial material from which aIl chocolate products are pro-
duced
See chocolate liquor

The tropical tree from which cocoa powder and chocolate
are derived. Cocoa trees are of the family Sterculiaceae,
generally Theobroma cacao, rarely T. pentagona or T.
spherocarpa.
Pure fat extracted by pressure from ground and crushed
coco a beans

Prepared by pulverizing the material remaining after a
portion of the fat (cocoa butter) has been removed from
the liquor

See chocolate liquor

See sweet chocolate

Brew prepared by pouring boiling water over finely
ground, light (North America (28-40 g/l), northern Eu-
rope), medium (UK, Switzerland) or dark roasted coffee
(France, Belgium) in a filter paper (50-70 g/l; 1 cup -
150-190 ml) or in a cloth (Brazil; 1 cup = 80 g/l)
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Espresso

Infuion

Milk chocolate

Mocca coffee

Nib

Percolated coffee

Semiseet chocolate

Soluble coffee

Sweet chocolate

Turkish/ Greek coffee

IARC MONOGRAHS VOLUME 51

Brew prepared by extracting 6-8 g of finely ground, me-
dium-to-dark roasted coffee with water at 8-12 bar and
92-95°C for 15-25 sec (Italy; 25-50-ml cup) or longer
(France, Switzerland; 150-ml cup)
Brew prepared by infusing with boiling water in a pot for
a few minutes coarsely ground, light-to,.medium roasted
coffee (northern Europe and Australia; 55-65 g/l) or very
light roasted coffee (North America; 28-40 g/l) and sepa-
rating the brew from the grounds by pouring through a
metal screen strainer (1 cup = 150-190 ml)

Produced from chocolate liquor, sugar, cocoa butter and
milk solids
Brew prepared in a 'Neapolitan' coffee maker by forcing
just overheated water through a bed of finely ground, me-
dium-to-very dark roasted coffee (Haly, Spain; 6-10

g/50-ml cup)

Cotyledon

Brew prepared by extracting coarsely ground, light (North
America; 28-40 g/l) or medium roasted (UK; 60 g/l) coffee
with recirculating boiling water until the desired brew
strength is reached (1 cup = 150-190 ml)

See sweet chocolate

Brew prepared by dissolving 1.5-3.0 g of instant coffee
powder in 150-190 ml of hot water (worldwide)
Produced from chocolate liquor by addition of sugar and
cocoa butter; also called dark chocolate, bittersweet choco-
late and semisweet chocolate

Brew prepared by bringing to a gentle boil until a foam is
formed very finely ground, medium-to-dark roasted coffee
(l"5 g) in water (60 ml), usualIywith sugar (5-10 g) (Middle
East; 1 cup = 40-60 ml)



SUMMARY OF FINAL EVALUATIONS

Agent Degree of evidence for carcinogenicitya Overall evaluation of
carcinogenicity to humans

Ruman Animal

Coffee L (urinary bladder) 1 2B (urinary bladder)b
ESL (female breast, large
bowel)

1 (pancreas, ovary, other
sites)

Tea 1 1 3

Mate ND 3

Rot mate drinking L 2A

Caffeine 1 1 3

Theophyllne 1 1 3

Theobromine 1 ND 3

Methylglyoxal ND 1 3

~ limited evidence; 1, inadequate evidence; ESL, evidence suggesting lack of carcinogenicity; 2B,

poibly carcinogenic to humans; 3, unc1assifiable as to carcinogenicity to hum ans; 2A, probably
cacinogenic to hum ans; ND, no data
Úfere is sorne evidence of an inverse relationship between coffee drinking and cancer of the large

bowel; coffee drinking cou Id not be c1assified as to its carcinogenicity to other organs.
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Appendix 2. Summary table of genetic and related effects

Nonmammalian systems Mammalian systems

Proka- Lor Plants Insts ln vitro ln vivo
otes eukarotes

Animal cells Human ceUs AnimaIs Humans

D G D R G A D G C R G C A D A

Coffee

Brewe coffee
+1 + ?l -. _1 _1 +1 +1 +1 +1

Instant coffee

+1 + ?1 -. _1 _1 +1 +1 +1

Deeinate coffee
+1 + _1 _1 +1 +1

Tea
+ Ib lb

1 Calfeine'.i
? ? +1 d +1 ? ? ? 1 +1 ? +10' + + - + + - + - - + + - + + - + ? - -lJ

1 TheopbyJlne
-1 ? + '! - , - i + - , + + 1 ? +1

Theobromine
? +1 _1 +' +1 1 - , ? + + +1 -

Metbylglyoxal
+ + +1 + +1 +1 +1 +1

A, aneuploidy; C, ehrom05mal aberrtions; D, DNA damage; DL, dominant lethal mutation; G, gene mutation; l, inhibition of interceUular communication; M, micronuclei; R, mitotie recmbination and
gene conversion; S, sister ehromatid exhange; T, ceH transformation

ln completing the tables, the following symbo indicaJe the consnsus of the Worling Croup with red to the reults for eih endpint:

+ considered to be poitive for the spefie endpoint and level of biological complexty
+ t considere to be poitive, but only one valid study wa avalable to the Workng Group

considered to be negative

considered to be negative, but only one valid study wa avalable to the Workng Group

(e.g., there were contricory results frm different laboratories; there were confounding exure; the results were eauivol)
?l considered to be eauivol or inconclusive; only one study wa avalable to the Workng Group

"Test for se-linked recive lethal mutation gave negative reults but there wa a weak poitive trend for somaiie mutation

h(reen tea only
'Sperm morphology in animaIs, _1
dJncludes sister ehromatid exehange





APPENDIX 3

ACTIVTY PROFILES
FOR GENETIC AND RELATED EFFECTS

Methods

The x-axs of the activity profile (Waters et al., 1987, 1988) represents the
bioassays in phylogenetic sequence by end point, and the values on the y-axis
represent the logarithmically transformed lowest effective doses (LED) and highest
ineffective doses (HID) tested. The term 'dose', as used in this report, does not take
into consideration length of treatment or exposure and may therefore be considered
synonymous with concentration. ln practice, the concentrations used in aH the
in-vitro tests were converted to l1g/ml, and those for in-vivo tests were expressed
as mg/kg bw. Because dose units are plotted on a log sc ale, differences in molecular
weights of compounds do not, in most cases, greatly influence comparisons of their
activity profiles. Conventions for dose conversions are given below.

Profile-line height (the magnitude of each bar) is a function of the LED or
HID, which is associated with the characteristics of each individual test system -
such as population size, cell-cycle kinetics and metabolic competence. Thus, the
detection limit of each test system is different, and, across a given activity profile,
responses wil vary substantially. No attempt is made to adjust or relate responses
in one test system to those of another.

Line heights are derived as follows: for negative test results, the highest dose
tested without appreciable toxicity is defined as the HID. If there was evidence of
extreme toxicity, the next highest dose is used. A single dose tested with a negative
result is considered to be equivalent ta the HID. Similarly, for positive results, the
LED is recorded. If the original data were analysed statistically by the author, the
dose recorded is that at which the response was significant (p -: 0.05). If the
available data were not analysed statistically, the dose required ta produce an effect
is estimated as follows: when a dose-related positive response is observed with two
or more doses, the lower of the doses is taken as the LED; a single dose resulting
in a positive response is considered ta be equivalent to the LED.

ln order to accommodate both the wide range of doses encountered and

positive and negative responses on a continuous scale, doses are transformed
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logarithmically, so that effective (LED) and ineffective (HID) doses are represented
by positive and negative numbers, respectively. The response, or logarithmic dose
unit (L~Uij), for a given test system i and chemical j is represented by the
expressions

LDUij = -log,o (dose), for HID values; LDU -c0md (~
LDUij = -log,o (dose x 10-), for LED values; LDU ?O.
These simple relationships define a dose range of 0 to -5 logarithmic units for

ineffective doses (1-100 00 J.g/ml or mg/kg bw) and 0 to + 8 logarithmic units for
effective doses (100 00.001 J.g/ml or mg/kg bw). A sc ale ilustrating the LDU
values is shown in Figure 1. Negative responses at doses less th an 1 J.g/ml (mg/kg
bw) are set equal to 1. Effectively, an LED value ? 100 00 or an HID value ~1
produces an LDU = 0; no quantitative information is gained from such extreme
values. The dotted lines at the levels of log dose units 1 and -1 define a 'zone of
uncertainty' in which positive results are reported at such high doses (between
1000 and 100 () J.g/ml or mg/kg bw) or negative results are reported at such low
dose levels (1 to 10 J.g/ml or mg/kg bw) as ta call into question the adequacy of the
test.

Fig. 1. Scale of log dose units used on the y-axis of activity profiles

Positive Log dose
(J.g/ml or mg/kg bw) units

0.001 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
0.01 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 7
0.1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 6
1.0 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 5

10 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4
100 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

1() . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 2
10 () . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

100 () . . . . . . . . . . . . . . . .. 1 . . . . . . . . . . . . . . . 0
. . . . . . . . . . . . . . .. 10 . . . . . . . . . . . . . . . -1
. . . . . . . . . . . . . .. 100 .... . . . . . . . . . . . -2
. . . . . . . . . . . . .. 100 ... . . . . . . . . . . . . -3
. . . . . . . . . . . . . 10 00 ... . . . . . . . . . . . . -4
. . . . . . . . . . . . 100 00 .. . . . . . . . . . . . . . -5

Negative
(J.g/ml or mg/kg bw)

LED and HID are expressed as J.g/ml or mg/kg bw.
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ln practice, an activity profile is computer generated. A data entry programme
is used ta store abstracted data from published reports. A sequential file (in ASCII)
is created for each compound, and a record within that file consists of the name
and Chemical Abstracts Service number of the compound, a three-letter code for
the test system (see below), the qualitative test result (with and without an
exogenous metabolic system), dose (LED or HID), citation number and additional
source information. An abbreviated citation for each publication is stored in a
segment of a record accessing both the test data fie and the citation file. During
processing of the data file, an average of the logarithmic values of the data subset
is calculated, and the length of the profile line represents this average value. AlI dose
values are plotted for each profile line, regardless of whether results are positive
or negative. Results obtained in the absence of an exogenous metabolic system are
indicated by a bar (-), and results obtained in the presence of an exogenous

metabolic system are indicated by an upward-directed arrow (t). When all results
for a given assay are either positive or negative, the me an of the LDU values is
plotted as a solid line; when conflicting data are reported for the same assay (i.e.,
both positive and negative results), the majority data are shawn by a solid line and
the minority data by a dashed line (drawn to the extreme conflcting response). ln
the few cases in which the numbers of positive and negative results are equal, the
solid line is drawn in the positive direction and the maximal negative response is
indicated with a dashed line.

Profile lines are identified by three-Ietter code words representing the
commonly used tests. Code words for most of the test systems in current use in
genetic toxicology were defined for the US Environmental Protection Agency's
GENE-TOX Program (Waters, 1979; Waters & Auletta, 1981). For !ARC
Monographs Supplement 6, Volume 44 and subsequent volumes, including this
publication, codes were redefined in a manner that should facilitate inclusion of
additional tests. Naming conventions are described below.

Data listings are presented in the text and include endpoint and test codes,
a short test code definition, results (either with (M) or without (NM) an exogenous
activation system), the associated LED or HID value and a short citation. Test
codes are organized phylogenetically and by end point from left to right across each
activity profile and from top to bottom of the corresponding data listing. Endpoints
are defined as follows: A, aneuploidy; C, chromosomal aberrations; D, DNA
damage; F: assays of body fluids; G, gene mutation; H, host-mediated assays; 1,
inhibition of intercellular communication; M, micronuclei; P, sperm morphology;
R, mitotic recombination or gene conversion; S, sister chromatid exchange; and 1:
cell transformation.
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Dose conversions for activity profiles

Doses are converted to J1g/ml for in-vitro tests and to mg/kg bw per day for
in-vivo experiments.

1. ln-vitro test systems

(a) Weight/volume converts directly to J1g/ml.

(b) Molar (M) concentration x molecular weight = mg/ml = 1() J.g/mI; mM
concentration x molecular weight = J.g/ml.

(c) Soluble solids expressed as % concentration are assumed to be in units

of mass per volume (Le., 1% = 0.01 g/ml = 10 00 J1g/ml; also, 1 ppm
= 1 J1g/ml).

(d) Liquids and gases expressed as % concentration are assumed to be given
in units ofvolume pervolume. Liquids are converted toweight pervolume
using the density (D) of the solution (D = g/ml). Gases are converted
from volume ta mass using the ideal gas law, PV = nRT For exposure
at 20-37°C at standard atmospheric pressure, 1% (v/v) = 0.4 J1g/ml x
molecular weight of the gas. Also, 1 ppm (v/v) = 4 x 10-5 J1g/ml x
molecular weight.

(e) ln microbial plate tests, it is usual for the doses to be reported as
weight/plate, whereas concentrations are required to enter data on the
activity profile chart. While remaining cognisant of the errors involved
in the process, it is assumed that a 2-ml volume of top agar is delivered
to each plate and that the test substance remains in solution within it;
concentrations are derived from the reported weight/plate values by

dividing by this arbitrary volume. For spot tests, a I-ml volume is used
in the ca1culation.

(j Conversion of particulate concentrations given in J1g/cm2 are based on
the area (A) of the dish and the volume of medium per dish; Le., for a
100-mm dish: A = 1TR2 = 1T x (5 cm)2 = 78.5 cm2. If the volume of
medium is 10 ml, then 78.5 cm2 = 10 ml and 1 cm2 = 0.13 mL.

2. ln-vitro systems using in-vivo activation

For the body fluid-urine (BF-) test, the concentration used is the dose (in
mg/kg bw) of the compound administered to test animaIs or patients.

3. ln-vivo test systems

(a) Doses are converted ta mg/kg bw per day of exposure, assuming 100%
absorption. Standard values are used for each sex and species of rodent,
including body weight and average intake per day, as reported by Gold
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et al. (1984). For example, in a test using male mice fed 50 ppm of the agent
in the diet, the standard food intake per day is 12% of body weight, and
the conversion is dose = 50 ppm x 12% = 6 mg/kg bw per day.
Standard values used for humans are: weight - males, 70 kg; females,
55 kg; surface area, 1.7 m2; inhalation rate, 20 l/min for light work, 30 I/min
for mild exercise.

(b) When reported, the dose at the target site is used. For example, doses
given in studies of lymphoces of humans exposed in vivo are the
measured blood concentrations in J-g/mL.

Codes for test systems

For specific nonmammalian test systems, the first two letters of the
three-symbol code word define the test organism (e.g., SA- for Salmonella
tyhimurium, EC- for Escherichia coli). If the species is not known, the convention
used is -S-. The third symbol may be used to define the tester strain (e.g., SA8 for
S. tyhimurium TA1538, ECW for E. coli WP2uvrA). When strain designation is not
indicated, the third letter is used to define the specific genetic end point under
investigation (e.g., -D for differential toxicity, --F for forward mutation, -G for
gene conversion or genetic crossing-over, -N for aneuploidy, -R for reverse

mutation, -U for unscheduled DNA synthesis). The third letter may also be used
ta define the general endpoint under investigation when a more complete definition
is not possible or relevant (e.g., -M for mutation, -C for chromosomal
aberration).

For mammalian test systems, the first letter of the three-letter code word
defines the genetic endpoint under investigation: A- for aneuploidy, B-- for
binding, C- for chromosomal aberration, D- for DNA strand breaks, G- for
gene mutation, 1- for inhibition of intercellular communication, M- for
micronucleus formation, R- for DNA repair, S- for sister chromatid exchange,
T - for cell transformation and U- for unscheduled DNA synthesis.

For animal (i.e., non-human) test systems in vitro, when the cell type is not
specified, the code letters -lA are used. For such assays in vivo, when the animal
species is not specified, the code letters -VA are used. Commonly used animal
species are identified by the third letter (e.g., -C for Chinese hamster, --M for
mou se, -R for rat, -S for Syrian hamster).

For test systems using human cells in vitro, when the cell type is not specified,
the code letters -IH are used. For assays on humans in vivo, when the cell type is
not specified, the code letters - VH are used. Otherwise, the second letter specifies
the cell type under investigation (e.g., -BH for bone marrow, -LH for lymphocytes).

Some other specific coding conventions used for mammalian systems are as
follows: BF- for body fluids, HM- for host-mediated, -L for leucocytes or



470 IARC MONOGRAHS VOLUME 51

lymphocytes in vitro (-AL, animaIs; -HL, humans), -L- for leucocytes in vivo (-LA,
animaIs; -LH, hum ans), -T for transformed cells.

Note that these are examples of major conventions used ta define the assay
code words. The alphabetized listing of codes must be examined to confirm a
specific code ward. As might be expected from the limitation ta three symbols,
some codes do not fit the naming conventions precisely. ln a few cases, test systems
are defined by first-Ietter code words, for example: MS1: mouse spot test; SL~
mouse specific locus test, postspermatogonia; SLO, mouse specific locus test, other
stages; DLM~ dominant lethal test in mice; DLR, dominant lethal test in rats; MH1:
mouse heritable translocation test.

The genetic activity profiles and listings that follow were prepared in
collaboration with Environmental Health Research and Testing Inc. (EHRT) under
contract to the US Environmental Protection Agency; EHRT also determined the
doses used. The references cited in each genetic activity profile listing can be found
in the list of references in the appropriate monograph.
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SUPPLEMENTARY eORRGENDA TO VOLUMES 1-50

Volume 41

Volume 48

Volume 49

p.241

p.218

p.275

p.137

last line, replace 1.3 ppb (4.6 l1g/m3) by 0.17 ppb (0.6

l1g1m3)

Replace (a) Fibre production by (a) Fabrics production

Nousiainen, :P & Sundquist, J. (1979) Replace present

title by Kemialliset Haittatekijät Tekstiiliteollsuudessa.
Työilman Epäpuhtaudet

Table 22 (contd)

Replace Calcium chromate Intraperitoneal
by Calcium chromate Intrapleural
(three times)

-483-





CUMULATI CROSS INDEX TO IARC MONOGRARS ON
THE EVALUATION OF CARCINOGENIC RISKS TO RUMANS

The volume, page and year are given. References to corrigenda are given ¡n
parentheses.

A

A-a-C
Acetaldehyde

40, 245 (1986); Suppl. 7, 56 (1987)
36, 101 (1985) (con: 42, 263);

Suppl. 7, 77 (1987)
Actaldehyde formy1inethylhydrazone (see Gyromitrin)
Acetamide
Acetaminophen (see Paracetamol)
Acridine orange
Acriflavinium chloride

Acrolein

7, 197 (1974); Suppl. 7,389 (1987)

Acrylamide
Acrylic acid

Acrylic fibres
Acrylonitrile
Acrylonitrile-butadiene-styene copolymers

Actinolite (see Asbestos)
Actinomycins

16, 145 (1978); Suppl. 7,56 (1987)
13,31 (1977; Suppl. 7, 56 (1987)
19, 479 (1979); 36,133 (1985);

Suppl. 7, 78 (1987);
39,41 (1986); Suppl. 7,56 (1987)
19, 47 (1979); Suppl. 7,56 (1987)
19, 86 (1979); Suppl. 7,56 (1987)
19, 73 (1979); Suppl. 7, 79 (1987)
19, 91 (1979); Suppl. 7,56 (1987)

Adriamycin
AF-2
Afatoxins

10, 29 (1976) (con: 42, 255);
Suppl. 7, 80 (1987)
10, 43 (1976); Suppl. 7,82 (1987)
31, 47 (1983); Suppl. 7, 56 (1987)
1, 145 (1972) (con: 42,251);
10, 51 (1976); Suppl. 7,83 (1987)

Afatoxin Bi (see Aflatoxins)
Afatoxin Bi (see Afatoxins)
Afatoxin Gi (see Afatoxins)
Afatoxin Gi (see Afatoxins)
Afatoxin Mi (see Afatoxins)
Agartine 31, 63 (1983); Suppl. 7,56 (1987)

-485-
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Alcohol drinking
Aldrin
Allyl chloride
Allyl isothiocanate
Allyl isovalerate
Aluminium production
Amaranth
5-Aminoacenaphthene
2-Aminoanthraquinone

paa-Aminoazobenzene
ortho-Aminoazotoluene

paa-Aminobenzoic acid
4-Aminobiphenyl

2-Amino-3,4-dimethylimidazo( 4,5-j)quinoline (see MeIQ)
2-Amino-3,8-dimethylimidazo(4,5-j)quinoxaline (see MeIQx)
3-Amino-1,4-dimethyl-5H -pyrdo( 4,3-b lindole (see Trp P-1)
2-Aminodipyrdo(1,2-a:3' ,2' -d)imidazole (see Glu-P-2)
1-Amino-2-methylanthraquinone
2-Amino-3-methylimidazo(4,5-flquinoline (see IQ)
2-Amin0-methyldipyrdo(1,2-a:3' ,2' -d)-imidazole (see Glu-P-l)
2-Amino-3-methyl-9H-pyrdo(2,3-b lindole (see MeA-o:-C)
3-Amino-1-methyl-5H-pyrdo(4,3-blindole (see TrpP-2)
2-Amino-5-(5-nitro-2-furyl)-1,3,4-thiadiazole
4-Amino-2-nitrophenol
2-Amino-5-nitrothiazole
2-Amino-9H-pyrdo(2,3-b lindole (see A-o:-C)
ll-Aminoundecnoic acid
Amitrole

Ammonium potasium selenide (see Selenium and selenium
compounds )

Amorphous silca (see a/so Si1ca)
Amosite (se Asbestos)

Ampieilin
Anabolie steroids (see Androgenic (anabolic) steroids)
Anaesthetics, volatile
Analgesie mixres containing phenacetin (see also Phenacetin)
Androgenie (anabolic) steroids
Angeliein and sorne synthetic derivatives (see also Angelieins)
Angelicin plus ultraviolet radiation (see also Angelicin and sorne

synthetie derivatives)

Angelicins

44
5, 25 (1974); Suppl. 7, 88 (1987)
36,39 (1985); Suppl. 7,56 (1987)
36, 55 (1985); Suppl. 7, 56 (1987)
36, 69 (1985); Suppl. 7, 56 (1987)
34, 37 (1984); Suppl. 7, 89 (1987)
8,41 (1975); Suppl. 7,56 (1987)

16, 243 (1978); Suppl. 7, 56 (1987)
27, 191 (1982); Suppl. 7, 56 (1987)
8, 53 (1975); Suppl. 7, 390 (1987)
8, 61 (1975) (con: 42, 254);.
Suppl. 7,56 (1987)

16,249 (1978); Suppl. 7,56 (1987)
1, 74 (1972) (con: 42,251);
Suppl. 7, 91 (1987)

27, 199 (1982); Suppl. 7, 57 (1987)

7, 143 (1974); Suppl. 7, 57 (1987)
16, 43 (1978); Suppl.7, 57 (1987)
31, 71 (1983); Suppl. 7,57 (1987)

39, 239 (1986); Suppl. 7, 57 (1987)
7,31 (1974); 41,293 (1986)
Suppl. 7, 92 (1987)

Suppl. 7,341 (1987)

50, 153 (199)

11, 285 (1976); Suppl. 7, 93 (1987)
Suppl. 7, 310 (1987)
Suppl. 7, 96 (1987)

40, 291 (1986)

Suppl. 7, 57 (1987)

Suppl. 7, 57 (1987)
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Anilne 4, 27 (1974) (con: 42, 252);
27,39 (1982); Supp/. 7, 99 (1987)
27, 63 (1982); Suppl. 7, 57 (1987)
27, 65 (1982); Suppl. 7, 57 (1987)
32, 95 (1983); Suppl. 7, 57 (1987)

ortho-Anisidine
paa-Anisidine
Anthanthrene
Anthophyllte (see Asbestos)
Anthracene
Anthranilc acid

Antimony trioxide
Antimony trisulfide
ANU (see 1-Naphthylthiourea)
Apholate
Aramite~
Areca nut (see Betel quid)
Aranilc acid (see Arnic and arnic compounds)
Arnic and arnic compounds

32, 105 (1983); Suppl. 7, 57 (1987)

16, 265 (1978); Suppl. 7, 57 (1987)
47, 291 (1989)
47,291 (1989)

9, 31 (1975); Suppl. 7,57 (1987)

5, 39 (1974); Suppl. 7,57 (1987)

1,41 (1972); 2,48 (1973);

23, 39 (1980); Suppl. 7, 100 (1987)

Arenic pentoxide (see Arnic and arsnic compounds)
Arnic sulphide (see Arsnic and arsnic compounds)

Arnic trioxide (see Arnic and arsnic compounds)
Arine (see Arsnic and arsnic compounds)
Asbestos 2, 17 (1973) (con: 42,252);

14 (1977) (con: 42, 256); Suppl. 7,
106 (1987) (con: 45, 283)

42, 159 (1987); Suppl. 7, 117 (1987)

1,69 (1972) (con: 42,251); Suppl.

7, 118 (1987)

Suppl. 7, 118 (1987)

13,39 (1977); Suppl. 7,57 (1987)
26,37 (1981); Suppl. 7,57 (1987);
50, 47 (1990)

Attapulgite
Auramine (technical-grade)

Auramine, manufacture of (see also Auramine, technical-grade)
Aurothioglucose
Azacitidine

5-Azacyidine (see Azacitidine)
Azasrine 10, 73 (1976) (con: 42, 255);

Suppl. 7, 57 (1987)
26,47 (1981); Suppl. 7, 119 (1987)
9, 37 (1975); Suppl. 7, 58 (1987)
9, 47 (1975); Suppl. 7, 58 (1987)
9,51 (1975); Suppl. 7,58 (1987)
8, 75 (1975); Suppl. 7, 58 (1987)

Azathioprine
Azridine
2-(1-Azridinyl)ethanol
Aziridyl benzoquinone
Azobenzene

B

Barum chromate (see Chromium and chromium compounds)
Basic chromic sulphate (see Chromium and chromium compounds)
BCNU (see Bischloroethyl nitrosourea)
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Benz( a lacridine

Benz(c lacridine

Benzal chloride (see also a-Chlorinated toluenes)
Benz(a lanthracene

Benzene

Benzidine

Benzidine-basd dyes

Benzo( b lfluoranthene

Benzo(¡lfluoranthene

Benzo(k lfluoranthene

Benzo(ghilfluoranthene
Benzo(alfluorene
Benzo( b lfluorene

Benzo( c lfluorene

Benzo(ghilperylene
Benzo( c lphenanthrene
Benzo(alpyrene

Benzo(e lpyrene

pa-Benzouinone dioxime
Benzotrichloride (see also a-Chlorinated toluenes)
Benzoyl chloride

Benzoyl peroxide

Benzyl acetate

Benzyl chloride (see also a-Chlorinated toluenes)

Benzyl violet 4B
Bertrandite (se Beryllum and beryllum compounds)
Beryllum and beryllum compounds

Beryllum acetate (see Beryllum and beryllum compounds)
Beryllum acetate, basic (see Beryllum and beryllum compounds)
Beryllum-aluminium alloy (see Beryllum and beryllium

compounds)
Beryllum cabonate (see Beryllum and beryllum compounds)
Beryllum chloride (see Beryllum and bery11um compounds)
Beryllum-cpper alloy (see Beryllum and bery11um compounds)

32, 123 (1983); Suppl. 7, 58 (1987)
3, 241 (1973); 32, 129 (1983);

Suppl. 7,58 (1987)

29, 65 (1982); Suppl. 7, 148 (1987)
3, 45 (1973); 32, 135 (1983);

Suppl. 7,58 (1987)

7, 203 (1974) (corr 42,254); 29,93,
391 (1982); Suppl. 7, 120 (1987)

1,80 (1972); 29, 149,391 (1982);

Suppl. 7, 123 (1987)

Suppl. 7, 125 (1987)

3, 69 (1973); 32, 147 (1983);

Suppl. 7, 58 (1987)

3, 82 (1973); 32, 155 (1983); Suppl.
7,58 (1987)

32, 163 (1983); Suppl. 7, 58 (1987)
32, 171 (1983); Suppl. 7,58 (1987)
32, 177 (1983); Suppl. 7,58 (1987)
32, 183 (1983); Suppl. 7, 58 (1987)
32, 189 (1983); Suppl. 7, 58 (1987)
32, 195 (1983); Suppl. 7, 58 (1987)
32, 205 (1983); Suppl. 7, 58 (1987)
3, 91 (1973); 32, 211 (1983);
Suppl. 7, 58 (1987)

3, 137 (1973); 32, 225 (1983);

Suppl. 7, 58 (1987)

29, 185 (1982); Suppl. 7,58 (1987)

29, 73 (1982); Suppl. 7, 148 (1987)
29, 83 (1982) (corr 42, 261); Suppl.
7, 126 (1987)

36, 267 (1985); Suppl. 7, 58 (1987)
40, 109 (1986); Suppl. 7, 58 (1987)

11, 217 (1976) (corr 42,256); 29,

49 (1982); Suppl. 7, 148 (1987)

16, 153 (1978); Suppl. 7,58 (1987)

1, 17 (1972); 23, 143 (1980) (con:
42,26); Suppl. 7, 127 (1987)
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Beryllum-cpper-cbalt alloy (see Beryllum and beryllum compounds)

Beryllium fluoride (see Beryllum and beryllum compounds)
Beryllum hydroxide (see Beryllum and beryllum compounds)
Beryllum-nickel alloy (see Beryllum and beryllum compounds)
Beryllum oxide (see Beryllum and beryllum compounds)
Beryllum phosphate (see Beryllum and beryllum compounds)
Beryllum silcate (see Beryllum and beryllum compounds)
Beryllum sulphate (see Beryllum and beryllum compounds)
Beryl ore (see Beryllum and beryllum compounds)
Betel quid
Betel-quid chewing (see Betel quid)
BHA (see Butylated hydroxyanisole)
BHT (see Butylated hydroxyoluene)
Bis(l-azridinyl)morpholinophosphine sulphide

Bis(2-chloroethyl)ether
N,N-Bis(2-chloroethyl)- 2-naphthylamine

Bischloroethyl nitrosurea (see also Chloroethyl nitrosoureas)
1,2- Bis( chloromethoxy )ethane

1,4- Bis( chloromethoxyethyl)benzene
Bis( chloromethyl)ether

Bis(2-chloro-1-methylethyl)ether
Bis(2,3-epoxycyc1opentyl)ether
Bitumens
Bleomycins
Blue VRS
Bot and shoe manufacture and repair
Bracken fem
Brillant Blue FCF

1,3-Butadiene

1,4-Butanediol dimethanesulphonate
n-Butyl acrylate
Butylated hydroxyanisole

Butylated hydroxyoluene
Butyl benzyl phthalate

ß-Butyolactone

'Y- Butyolactone

c
Cabinet-makng (see Fumiture and cabinet-makng)

37,141 (1985); Suppl. 7,128 (1987)

9, 55 (1975); Suppl. 7, 58 (1987)
9, 117 (1975); Suppl. 7,58 (1987)
4, 119 (1974) (con: 42,253);
Suppl. 7, 130 (1987)

26, 79 (1981); Suppl. 7, 150 (1987)

15,31 (1977); Suppl. 7,58 (1987)
15, 37 (1977); Suppl. 7,58 (1987)
4,231 (1974) (con: 42, 253);
Suppl. 7, 131 (1987)

41, 149 (1986); Suppl. 7,59 (1987)
47, 231 (1989)

35,39 (1985); Suppl. 7, 133 (1987)
26, 97 (1981); Suppl. 7, 134 (1987)
16, 163 (1978); Suppl. 7, 59 (1987)
25,249 (1981); Suppl. 7,232 (1987)
40, 47 (1986); Suppl. 7, 135 (1987)

16, 171 (1978) (con: 42,257);
Suppl. 7, 59 (1987)
39, 155 (1986) (con: 42, 26);
Suppl. 7, 136 (1987)

4, 247 (1974); Suppl. 7, 137 (1987)

39,67 (1986); Suppl. 7,59 (1987)
40, 123 (1986); Suppl. 7, 59 (1987)
40, 161 (1986); Suppl. 7, 59 (1987)
29, 193 (1982) (con: 42,261);
Suppl. 7, 59 (1987)

11, 225 (1976); Suppl. 7, 59 (1987)

11, 231 (1976); Suppl. 7, 59 (1987)
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Cadmium acetate (see Cadmium and cadmium compounds)
Cadmium and cadmium compounds

Cadmium chloride (see Cadmium and cadmium compounds)
Cadmium oxide (see Cadmium and cadmium compounds)
Cadmium sulphate (see Cadmium and cadmium compounds)
Cadmium sulphide (see Cadmium and cadmium compounds)
Caffeine
Calcium arsnate (see Arnic and arsnic compounds)
Calcium chromate (see Chromium and chromium compounds)
Calcium cyclamate (see Cyclamates)
Calcium saccharin (see Saccharn)
Cantharidin
Caprolactam

Cap tan
Carbarl
Carbazole
3-Carbethoxysoralen
Carbon blacks

Carbon tetrachloride

Cannoisine
Carpntry and joinery
Carrageenan

Catechol
CCNU (see 1-(2-Chloroethyl)-3-cclohexyI-1-nitrosourea)
Ceramic fibres (see Man-made mineraI fibres)
Chemotherapy, combined, including alkylating agents

(see MOPP and other combined chemotherapy including
alkylating agents)

Chloram bucil

Chloramphenicol

Chlorendic acid
Chlordane (see also ChlordanelHeptachIor)
Chlordane/Heptachlor
Chlordecone
Chlordimefonn
Chlorinated dibenzodioxins (other th an TCDD)
Chlorinated paraffins

2, 74 (1973); 11, 39 (1976)

(con: 42, 255);

Suppl. 7, 139 (1987)

51,291 (1991)

10, 79 (1976); Suppl. 7, 59 (1987)
19, 115 (1979) (con: 42, 258);

39, 247 (1986) (con: 42,26);
Suppl. 7, 390 (1987)

30, 295 (1983); Suppl. 7, 59 (1987)
12, 37 (1976); Suppl. 7, 59 (1987)
32, 239 (1983); Suppl. 7, 59 (1987)
40,317 (1986); Suppl. 7,59 (1987)
3, 22 (1973); 33, 35 (1984); Suppl.
7, 142 (1987)
1, 53 (1972); 20, 371 (1979);
Suppl. 7, 143 (1987)

8, 83 (1975); Suppl. 7, 59 (1987)
25,139 (1981); Suppl. 7,378 (1987)
10, 181 (1976) (con: 42, 255); 31,
79 (1983); Suppl. 7, 59 (1987)
15, 155 (1977); Suppl. 7, 59 (1987)

9, 125 (1975); 26, 115 (1981);

Suppl. 7, 144 (1987)

10,85 (1976); Suppl. 7,145 (1987);
50, 169 (1990)

48, 45 (199)
20, 45 (1979) (con: 42, 258)

Suppl. 7, 146 (1987)

20, 67 (1979); Suppl. 7, 59 (1987)
30, 61 (1983); Suppl. 7, 59 (1987)
15, 41 (1977); Suppl. 7, 59 (1987)
48, 55 (1990)
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a-Chlorinated toluenes

Chlormadinone acetate (see also Progestins; Combined oral
contraceptives)

Chlomaphazne (see N;N-Bis(2-chloroethyl)-2-naphthylamine)
Chlorobenzilate

491

Suppl. 7, 148 (1987)

6, 149 (1974); 21, 365 (1979)

5, 75 (1974); 30, 73 (1983);

Suppl. 7,60(1987)
Chlorodifluoromethane 41,237 (1986); Suppl. 7, 149 (1987)
1-(2-Chloroethyl)-3-cclohexyl-1-nitrosurea (see also 26, 137 (1981) (con: 42,26);

Chloroethyl nitrosureas) Suppl. 7, 150 (1987)
1-(2-Chloroethyl)-3-(4-methylcyclohexyl)-1-nitrosurea (see also Suppl. 7, 150 (1987)

Chloroethyl nitrosureas)

Chloroethyl nitrosureas
Chlorofluoromethane
Chloroform

Chloromethyl methyl ether (technical-grade) (se also
Bis( chloromethyl)ether)

(4-hloro-2-methylphenoxy)acetic acid (see MCPA)
Chlorophenols
Chlorophenols (ocpation al expures to)
Chlorophenoxy herbicides
Chlorophenoxy herbicides (ocpation al expures to)
4-Chloro-0I1ho-phenylenediam ine
4-Chloro-meta-phenylenediamine
Chloroprene
Chloropropham
Chloroquine
Chlorothalonil

pa-ChlorO-rlho-toluidine and its strong acid salts
(see also Chlordimeform)

Chlorotrianisene (see also Nonsteroidal oestrogens)
2-Chloro-1, 1, 1-trifluoroethane
Chlorozotocin
Cholesterol

Chromic acetate (see Chromium and chromium compounds)
Chromic chloride (see Chromium and chromium compounds)
Chromic oxide (see Chromium and chromium compounds)
Chromic phosphate (see Chromium and chromium compounds)
Chromite ore (see Chromium and chi:mium compounds)
Chromium and chromium compounds

Chromium cabonyl (see Chromium and chromium compounds)
Chromium potasium sulphate (see Chromium and chromium

compounds)
Chromium sulphate (see Chromium and chromium compounds)

Suppl. 7, 150 (1987)

41, 229 (1986); Suppl. 7, 60 (1987)
1, 61 (1972); 20, 401 (1979);
Suppl. 7, 152 (1987)

4, 239 (1974)

Suppl. 7, 154 (1987)

41,319 (1986)

Suppl. 7, 156 (1987)

41, 357 (1986)

27, 81 (1982); Suppl. 7, 60 (1987)
27,82 (1982); Suppl. 7,60(1987)
19, 131 (1979); Suppl. 7, 160 (1987)
12, 55 (1976); Suppl. 7, 60 (1987)
13, 47 (1977); Suppl. 7, 60 (1987)
30,319 (1983); Suppl. 7,60(1987)
16,277 (1978); 30, 65 (1983);
Suppl. 7, 60 (1987); 48, 123 (1990)
21, 139 (1979)

41,253 (1986); Suppl. 7,60(1987)
50, 65 (1990)

10,99 (1976); 31, 95 (1983);
Suppl. 7, 161 (1987)

2, 100 (1973); 23, 205 (1980);

Suppl. 7, 165 (1987); 49, 49 (1990)
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Chromium trioxide (see Chromium and chromium compounds)
Chrysazn (see Dantron)
Chrysene

Chrysoidine
Chrysotile (see Asbestos)
Ciclosporin
CI Dispers Yellow 3

Cimetidine
Cinnamyl anthranilate

Cisplatin
Citrinin
Citrus Red No. 2

Clofibrate
Clomiphene citrate
Coal gasification
Coal-tar pitches (see also Coal-tars)
Coal-tars
Cobalt-chromium alloy (see Chromium and chromium

compounds)
Coffee
Coke production
Combined oral contraceptives (see also Oestrogens, progestins

and combinations)

Conjugated oetrogens (see also Steroidal oestrogens)
Contraceptives, oral (see Combined oral contraceptives;

Sequential oral contraceptives)
Copper 8-hydroxyquinoline
Coronene
Coumarn
Creostes (see also Coal-tars)
meta-Cresidine

pa-Cresidine
Crocidolite (see Asbestos)
Crude oil
Crytallne silica (see also Silica)

Cycain

Cyclamates
Cyclamic acid (see Cyclamates)
Cyclochlorotine
Cyclohexanone
Cyclohexylamine (see Cyc1amates)

3, 159 (1973); 32, 247 (1983);

Supp/. 7, 60 (1987)
8, 91 (1975); Suppl. 7, 169 (1987)

50, 77 (199)
8, 97 (1975); Suppl. 7, 60 (1987)
50, 235 (199)
16, 2B7 (1978); 31, 133 (1983);

Suppl. 7, 60 (1987)

26,151 (1981); Supp/. 7,170 (1987)
40, 67 (1986); Suppl. 7, 60 (1987)
8, 101 (1975) (con: 42, 254);

Supp/. 7, 60 (1987)
24,39 (1980); Suppl. 7, 171 (1987)
21,551 (1979); Suppl. 7,172 (1987)
34, 65 (1984); Suppl. 7, 173 (1987)
Suppl. 7, 174 (1987)

35,83 (1985); Suppl. 7, 175 (1987)

51,41 (1991)

34, 101 (1984); Suppl. 7, 176 (1987)

Suppl. 7,297 (1987)

21, 147 (1979)

15, 103 (1977); Suppl. 7, 61 (1987)
32, 263 (1983); Suppl. 7, 61 (1987)
10, 113 (1976); Suppl. 7, 61 (1987)
Suppl. 7, 177 (1987)

27, 91 (1982); Suppl. 7, 61 (1987)
27, 92 (1982); Suppl. 7, 61 (1987)

45, 119 (1989)

Suppl. 7,341 (1987)

1, 157 (1972) (con: 42,251); 10,
121 (1976); Suppl. 7, 61 (1987)

22,55 (1980); Suppl. 7, 178 (1987)

10, 139 (1976); Suppl. 7, 61 (1987)
47, 157 (1989)
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Cyc1openta( cd)pyrene

Cyc1opropane (see Anaesthetics, volatile)
Cyc1ophosphamide

D

2,4-D (see a/so Chlorophenoxy herbicides; Chlorophenoxy
herbicides, ocpation al expures to)

Dacabazne
Dantron
D & C Red No. 9
Dapsne
Daunomycin
DDD (see DDT)
DDE (see DDT)
DDT

Decabromodiphenyl oxide
Diacetylaminoazotoluene

N,N' -Diacetylbenzidine
Diallate

2,4-Diaminoanisole

4,4' -Diaminodiphenyl ether

1,2- Diamin0-nitrobenzene
1,4- Diamino-2-nitrobenzene
2,6-Diamino-3-(henylazo )pyrdine (see Phenazopyrdine

hydrochloride)
2,4-Diaminotoluene (see a/so Toluene diisocyanates)
2,5-Diaminotoluene (see a/so Toluene diisocanates)
onho-Dianisidine (see 3,3' -Dimethoxybenzidine)
Diazpam
Diazmethane
Dibenz(a,h )acridine

Dibenz(a,¡lacridine

Dibenz( a,c )anthracene

Dibenz(a,h )anthracene

Dibenz(a,¡lanthracene
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32, 269 (1983); Suppl. 7, 61 (1987)

9, 135 (1975); 26, 165 (1981);

Suppl. 7, 182 (1987)

15, 111 (1977)

26,203 (1981); Suppl. 7,184 (1987)
50, 265 (199)
8, 107 (1975); Suppl. 7, 61 (1987)
24, 59 (1980); Suppl. 7, 185 (1987)

10, 145 (1976); Suppl. 7, 61 (1987)

5, 83 (1974) (corr 42, 253);

Suppl. 7, 186 (1987)

48, 73 (199)
8, 113 (1975); Suppl. 7, 61 (1987)

16,293 (1978); Suppl. 7,61 (1987)
12, 69 (1976); 30, 235 (1983);

Suppl. 7,61 (1987)

16,51 (1978); 27, 103 (1982);
Suppl. 7, 61 (1987)

16,301 (1978); 29, 203 (1982);
Suppl. 7, 61(1987)
16,63 (1978); Suppl. 7,61 (1987)
16, 73 (1978); Suppl. 7,61 (1987)

16,83 (1978); Suppl. 7,61 (1987)
16, 97 (1978); Suppl. 7, 61 (1987)

13, 57 (1977); Suppl. 7, 189 (1987)

7, 223 (1974); Suppl. 7, 61 (1987)
3, 247 (1973); 32, 277 (1983);

Suppl. 7, 61 (1987)
3, 254 (1973); 32, 283 (1983);

Suppl. 7,61 (1987)

32, 289 (1983) (corr 42, 262);
Suppl. 7, 61 (1987)

3, 178 (1973) (corr 43,261);
32,299 (1983); Suppl. 7,61 (1987)
32, 309 (1983); Suppl. 7, 61 (1987)



494 lARC MONOGRAHS VOLUME 51

7H-Dibenzo(c,g)cabazle 3,26 (1973); 32,315 (1983);
Suppl. 7,61 (1987)

Dibenzodioxins, chlorinated (other than TCDD)
(see Chlorinated dibenzoioxins (other than TCDD))

Dibenzo( a,e )fluoranthene
Dibenzo(h,T.t)pentaphene
Dibenzo( a,e )pyrene

1,2-Dibromo-3-chloropropane

32, 321 (1983); Suppl. 7, 61 (1987)
3, 197 (1973); Suppl. 7, 62 (1987)
3, 201 (1973); 32, 327 (1983);
Supp/. 7, 62 (1987)
3,207 (1973); 32, 331 (1983);
Supp/. 7, 62 (1987)
3, 215 (1973); 32, 337 (1983);
Supp/. 7, 62 (1987)
3, 22 (1973); 32, 343 (1983);

Supp/. 7,62 (1987)

15, 139 (1977) 20, 83 (1979);

Supp/. 7, 191 (1987)

39,369 (1986); Suppl. 7,62 (1987)
7,231 (1974); 29,213 (1982);
Suppl. 7, 192 (1987)

7, 231 (1974); 29,215 (1982);
Suppl. 7, 192 (1987)

4, 49 (1974); 29, 239 (1982);
Suppl. 7, 193 (1987)

15, 149 (1977); Suppl. 7, 62 (1987)

16,309 (1978); Suppl. 7,62 (1987)
20, 429 (1979); Suppl. 7, 62 (1987)
20,449 (1979); 41,43 (1986);
Suppl. 7, 194 (1987)

Dibenzo(a,h )pyrene

Dibenzo( a,ilpyrene

Dibenzo(a,/)pyrene

Dichloroacetylene
ortho- Dichlorobenzene

paa-Dichlorobenzene

3,3'-Dichlorobenzidine

tra-1,4-Dichlorobu tene

3,3' -Dichlor0-,4' -diaminodiphenyl ether
1,2-Dichloroethane
Dichloromethane

2,4-Dichlorophenol (see Chlorophenols; Chlorophenols,
ocpational expures ta)

(2,4-Dichlorophenoxy)acetic acid (see 2,4-D)
2,6-Dichloro-pa-phenylenediamine
1,2-Dichloropropane
1,3-Dichloropropene (technical-grade)
Dichlorvos
Dicofol
Dicyclohexylamine (see Cyclamates)
Dieldrin
Dienoetrol (see a/so Nonsteroidal oestrogens)
Diepoxybutane

39, 325 (1986); Suppl. 7, 62 (1987)
41, 131 (1986); Suppl. 7, 62 (1987)
41,113 (1986); Suppl. 7,195 (1987)
20,97 (1979); Supp/. 7, 62 (1987)
30, 87 (1983); Suppl. 7, 62 (1987)

Diesl and gasline engine exhausts

Diesl fuels
Diethyl ether (see Anaesthetics, volatile)
Di(2-ethylhexyl)adipate

5, 125 (1974); Suppi. 7, 196 (1987)
21, 161 (1979)

Il, 115 (1976) (con: 42,255); Suppi.

7, 62 (1987)
46,41 (1989)

45, 219 (1989) (con: 47, 505)

29, 257 (1982); Suppl. 7,62 (1987)
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Di(2-ethylhexyl)phthalate

1,2- Diethylhydrazne
Diethylstilbostrol

Diethylstilbostrol dipropionate (see Diethylstilbotrol)

Diethyl sulphate
Diglycidyl resorcinol ether

Dihydrosafrole

1,B-Dihydroxyanthraquinone (see Dantron)
Dihydroxybenzenes (see Catechol; Hydroquinone; Resrcinol)
Dihydroxyethylfuratrizine
Dirnethisterone (see also Progestins; Sequential oral

contraceptives)
Dirnethoxane
3,3' -Dirnethoxybenzidine

3,3' -Dirnethoxybenzidine-4,4' -diisocanate

pa-Dirnethylarninoazobenzene
pa-Dirnethylarninoazobenzenediazo soium sulphonate
tra-2-( (Dirnethylarnino )rnethylirnino )-5-(2-(5-nitro-2-furyl)-

vinyl)-1,3,4-xadiazole
4,4' -Dirnethylangelicin plus ultraviolet radiation (see also

Angelicin and sorne synthetic derivatives)
4,5' -Dirnethylangelicin plus ultraviolet radiation (see also

Angelicin and sorne synthetic derivatives)
Dirnethylarinic acid (see Arsnic and arsnic cornpounds)
3,3' -Dirnethylbenzidine
Dirnethylcabarnoyl chIo ride
Dirnethylforrarnide
1,1-Dirnethylhydrazne
1,2- Dirnethylhydrazne

Dirnethyl hydrogen phosphite
1,4- Dirnethylphenanthrene
Dirnethyl sulphate
3,7- Dinitrofluoranthene
3,9- Dinitrofluoranthene
1,3-Dinitropyrene
1,6- Dinitropyrene
1,8- Dinitropyrene

Dinitrospentarnethylenetetrarnine
1,4-Dioxane

495

29, 269 (1982) (con: 42, 261); Suppl.
7, 62 (1987)
4, 153 (1974); Suppl. 7, 62 (1987)
6, 55 (1974); 21, 173 (1979)

(con: 42, 259); Suppl. 7, 273 (1987)

4, 277 (1974); Suppl. 7, 198 (1987)
11, 125 (1976); 36, 181 (1985);

Suppl. 7, 62 (1987)

1, 170 (1972); 10, 233 (1976);

Supp/. 7,62 (1987)

24, 77 (1980); Suppl. 7, 62 (1987)
6, 167 (1974); 21, 377 (1979)

15, 177 (1977); Suppl. 7,62 (1987)

4, 41 (1974); Suppl. 7, 198 (1987)

39,279 (1986); Suppl. 7, 62 (1987)
8, 125 (1975); Suppl. 7, 62 (1987)
8, 147 (1975); Suppl. 7, 62 (1987)
7, 147 (1974) (con: 42, 253);
Suppl. 7, 62 (1987)

Suppl. 7, 57 (1987)

Suppl. 7, 57 (1987)

1, 87 (1972); Suppl. 7, 62 (1987)
12, 77 (1976); Suppl. 7, 199 (1987)
47, 171 (1989)

4, 137 (1974); Suppl.7, 62 (1987)
4, 145 (1974) (con: 42, 253);

Suppl. 7, 62 (1987)
48, 85 (199)
32, 349 (1983); Suppl. 7, 62 (1987)
4, 271 (1974); Suppl. 7, 200 (1987)
46, 189 (1989)

46, 195 (1989)

46,201 (1989)

46, 215 (1989)

33, 171 (1984); Suppl. 7,63 (1987);

46,231 (1989)

Il, 241 (1976); Suppl. 7, 63 (1987)

Il,247 (1976); Suppl. 7,201 (1987)
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2,4' -Diphenyldiamine
Direct Black 38 (see also Benzidine-bas dyes)
Direct Blue 6 (see also Benzidine-bas dyes)
Direct Brown 95 (see also Benzidine-bas dyes)
Dispers Blue 1

Dispers Yellow 3

Disulfiram
Dithranol
Divinyl ether (see Anaesthetics, volatile)
Dulcin

E

Endrin
Enflurane (see Anaesthetics, volatile)
Eoin
Epichlorohydrin

1,2- Epoxybu ta ne
1-Epoxyethyl-3,4-poxycyclohexane
3,4-Epoxy-6methylcyclohexylmethyl-3,4-poxy-6-methyl_

cyclohexane carboxylate
cir-9,1O-Epoxystearic acid
Erionite
Ethinyloestradiol (see also Steroidal oestrogens)
Ethionamide
Ethyl acrylate

Ethylene
Ethylene dibromide
Ethylene oxide

Ethylene sulphide

Ethylene thiourea
Ethyl methanesulphonate
N-Ethyl-N-nitrosurea

Ethyl selenac (see also Selenium and selenium compounds)
Ethyl tellurac
Ethynociol diacetate (see also Progestins; Combined oral

contraceptives)
Eugenol
Evans blue

16,313 (1978); Suppl. 7,63 (1987)
29, 295 (1982) (con: 42, 261)

29, 311 (1982)

29, 321 (1982)
48, 139 (199)
48, 149 (199)
12,85 (1976); Suppl. 7,63 (1987)
13, 75 (1977); Suppl. 7, 63 (1987)

12, 97 (1976); Suppl. 7, 63 (1987)

5, 157 (1974); Suppl. 7, 63 (1987)

15, 183 (1977); Suppl. 7,63 (1987)
11, 131 (1976) (con: 42,256);
Suppl. 7,202 (1987)

47, 217 (1989)

11, 141 (1976); Suppl. 7,63 (1987)
11, 147 (1976); Suppl. 7,63 (1987)

11, 153 (1976); Suppl. 7, 63 (1987)
42, 225 (1987); Suppl. 7, 203 (1987)

6, 77 (1974); 21, 233 (1979)

13, 83 (1977); Suppl. 7, 63 (1987)
19,57 (1979); 39, 81 (1986);
Suppl. 7, 63 (1987)

19, 157 (1979); Suppl. 7,63 (1987)
15,195 (1977); Suppl. 7,20(1987)
11, 157 (1976); 36, 189 (1985)

(con: 42, 263); Suppl. 7,205 (1987)
11, 257 (1976); Suppl. 7, 63 (1987)

7, 45 (1974); Suppl. 7, 207 (1987)

7, 245 (1974); Suppl. 7, 63 (1987)

1, 135 (1972); 17, 191 (1978);

Suppl. 7, 63 (1987)

12, 107 (1976); Suppl. 7, 63 (1987)
12, 115 (1976); Suppl. 7,63 (1987)

6, 173 (1974); 21,387 (1979)

36, 75 (1985); Suppl. 7, 63 (1987)
8, 151 (1975); Suppl. 7, 63 (1987)
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F

Fast Green FCF
Ferbam

Ferrc oxide

Ferrochromium (se Chromium and chromium compounds)
Fluometuron
Fluoranthene
Fluorene
Fluorides (inorganic, use in drinking-water)
5- Fluorouracil
Fluorspar (se Fluorides)

Fluosilicic acid (se Fluorides)
Fluroxene (se Anaesthetics, volatile)
Formaldehyde
2-(2- Formylhydrazno )-5-nitro-2-furyl)thiazole

Frusemide (see Fu ros m ide )

Fuel oils (heating oils)
Furazlidone
Furniture and cabinet-making
Furosemide
2-(2-Furyl)-3-(5-nitro-2-furyl)acrylamide (see AF-2)
Fusarenon-X

G
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16, 187 (1978); Suppl. 7,63 (1987)
12, 121 (1976) (con: 42, 256);

Suppl. 7, 63 (i987)
1, 29 (1972); Suppl. 7, 216 (1987)

30, 245 (1983); Suppl. 7, 63 (1987)
32, 355 (1983); Suppl. 7, 63 (1987)
32, 365 (1983); Suppl. 7, 63 (1987)
27,237 (1982); Suppl. 7,20 (1987)
26,217 (1981); Suppl. 7,210 (1987)

29,345 (1982); Suppl. 7,211 (1987)
7, 151 (1974) (con: 42, 253);

Suppl. 7,63 (1987)

45, 239 (1989) (con: 47,505)
31, 141 (1983); Suppl. 7,63 (1987)
25, 99 (1981); Suppl. 7, 380 (1987)
50, 277 (199)

11, 169 (1976); 31, 153 (1983);

Suppl. 7, 64 (1987)

Gasline 45, 159 (1989) (con: 47, 505)
Gasoline engine exhaust (see Diesel and gasline engine exhausts)
Glas fibres (see Man-made mineraI fibres)
Glaswool (see Man-made mineraI fibres)
Glas fiaments (see Man-made mineraI fibres)
Glu-P-l
Glu-P-2
L-Glutamic acid, 5-(2-( 4-hydroxyethyl)phenylhydrazide l

(see Agaratine)
Glycidaldehyde
Sorne glycidyl ethers
Glycidyl oleate

Glycidyl stearate

Griseofulvin
Guinea Green B
Gyromitrin

40, 223 (1986); Suppl. 7, 64 (1987)
40, 235 (1986); Suppl. 7, 64 (1987)

11, 175 (1976); Suppl. 7, 64 (1987)
47, 237 (1989)

11, 183 (1976); Suppl. 7, 64 (1987)

11, 187 (1976); Suppl. 7, 64 (1987)
10,153 (1976); Suppl. 7,391 (1987)
16, 199 (1978); Suppl. 7, 64 (1987)

31,163 (1983); Suppl. 7,391 (1987)
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H

Haematite
Haematite and ferrc oxide
Haematite mining, underground, with expure to radon

Hair dyes, epidemiology of
Halothane (see Anaesthetics, volatile)

a-HCH (see Hexachlorocc1ohexanes)
ß-HCH (see Hexachlorocc1ohexanes)

'Y-HCH (see Hexachlorocc1ohexanes)
Heating oI1s (see Fuel oils)
Heptachlor (see also Chlordane/Heptachlor)
Hexachlorobenzene
Hexachlorobutadiene
Hexachlorocc1ohexanes

Hexachlorocc1ohexane, technical-grade (see Hexachloro-

cyc1ohexanes)
Hexachloroethane
Hexachlorophene
Hexamethylphosphoramide
Hexoestrol (see Nonsteroidal oestrogens)
Hycanthone mesylate
Hydralazne
Hydrazne
Hydrochlorothiazde
Hydrogen peroxide
Hydroquinone
4-Hydroxyazobenzene
17a-Hydroxyrogesterone caproate (see also Progestins)
8- H ydroxyquinoline
8- Hydroxynkirkine

1

Indeno(1,2,3-cd)pyrene

IQ
Iron and steel founding
Iron-dextran complex
Iron-dextrin complex

Iron oxide (see Ferric oxide)
Iron oxide, saccharated (see Saccharated iron oxide)

Iron sorbitol-citric acid complex

1, 29 (1972); Suppl. 7, 216 (1987)
Suppl. 7,216 (1987)

1, 29 (1972); Suppl. 7, 216 (1987)
16,29 (1978); 27,307 (1982)

5, 173 (1974); 20, 129 (1979)
20, 155 (1979); Suppl. 7, 219 (1987)
20, 179 (1979); Suppl. 7, 64 (1987)
5, 47 (1974); 20, 195 (1979)

(con: 42, 258); Suppl. 7, 220 (1987)

20, 467 (1979); Suppl. 7, 64 (1987)
20, 241 (1979); Suppl. 7, 64 (1987)
15, 211 (1977); Suppl. 7, 64 (1987)

13,91 (1977); Suppl. 7, 64 (1987)
24, 85 (1980); Suppl. 7, 222 (1987)
4, 127 (1974); Suppl. 7,223 (1987)
50, 293 (199)
36, 285 (1985); Suppl. 7, 64 (1987)
15, 155 (1977); Suppl. 7,64(1987)
8, 157 (1975); Suppl. 7, 64 (1987)
21, 399 (1979) (con: 42, 259)

13, 101 (1977); Suppl. 7,64(1987)
10, 265 (1976); Suppl. 7, 64 (1987)

3, 229 (1973); 32, 373 (1983);
Suppl. 7, 64 (1987)

40, 261 (1986); Suppl. 7, 64 (1987)
34, 133 (1984); Suppl. 7, 224 (1987)
2, 161 (1973); Suppl. 7,226 (1987)
2, 161 (1973) (con: 42, 252);

Suppl. 7, 64 (1987)

2, 161 (1973); Suppl. 7, 64 (1987)
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Isatidine
Isflurane (see Anaesthetics, volatile)

Isoniazd (see Isonicotinic acid hydrazde)
Isnicotinic acid hydrazde
Isophosphamide
Isopropyl alcohol

Isopropyl alcohol manufacture (strong-acid procss)

(see also Isopropyl alcohol)
Ispropyl oils
Isoafole

10,269 (1976); Suppl. 7,65 (1987)

4, 159 (1974); Suppl. 7, 227 (1987)
26,237 (1981); Suppl. 7,65 (1987)
15,223 (1977); Suppl. 7,229 (1987)
SuppL 7, 229 (1987)

15,223 (1977); Suppl. 7,229 (1987)
1, 169 (1972); 10,232 (1976);
Suppl. 7, 65 (1987)

J
Jacobine
Jet fuel

Joinery (see Carpntry and joinery)

10,275 (1976); Suppl. 7,65 (1987)
45,203 (1989)

K

Kaempferol
Kepone (see Chlordecone)

31, 171 (1983); Suppl. 7,65 (1987)

L

Laiocrpine
Lauroyl peroxide

Lead acetate (see Lead and lead compounds)
Lead and lead compounds

10, 281 (1976); Suppl. 7, 65 (1987)
36, 315 (1985); Suppi. 7,65 (1987)

1,40 (1972) (con: 42,251); 2, 52,
150 (1973); 12, 131 (1976);

23, 40, 20, 20, 325 (1980);

Suppl. 7, 230 (1987)
Lead arsnate (see Arsnic and arsnic compounds)
Lead cabonate (see Lead and lead compounds)
Lead chloride (see Lead and lead compounds)
Lead chromate (see Chromium and chromium compounds)
Lead chromate oxide (see Chromium and chromium compounds)
Lead naphthenate (see Lead and lead compounds)
Lead nitrate (see Lead and lead compounds)
Lead oxide (see Lead and lead compounds)
Lead phosphate (see Lead and lead compounds)
Lead subacetate (see Lead and lead compounds)
Lead tetroxide (see Lead and lead compounds)
Leather goos manufacture

Leather industries
25,279 (1981); Suppl. 7,235 (1987)
25,199 (1981); Suppl. 7,232 (1987)
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Leather tanning and procssing
Ledate (see a/so Lead and lead compounds)
Light Green SF
Lindane (see Hexachlorocc1ohexanes)
The lumber and sawmil industries (inc1uding loggng)
Luteokyn
Lynoetrenol (see a/so Progestins; Combined oral contraceptives)

M

Magenta

Magenta, manufacture of (see a/so Magenta)
Malathion
Maleic hydrazide

Malonaldehyde
Maneb
Man-made mineraI fibres
Mannomustine
Mate
MCPA (see a/so Chlorophenoxy herbicides; Chlorophenoxy

herbicides, ocpational expures to)
MeA-a-C
Medphalan
Medroxyrogesterone acetate

Megestrol acetate (see also Progestins; Combined oral
contraceptives)

MelQ
MeIQx
Melamine
Melphalan
6-Mercaptopurine
Merphalan
Mestranol (see a/so Steroidal oestrogens)

Methanearnic acid, disoium salt (se Arnic and arsnic
compounds )

Methanearnic acid, monosium salt (see Arnic and arnic
compounds

Methotrexate
Methoxsalen (see 8-Methoxyralen)
Methoxychlor

25,201 (1981); Suppl. 7,236 (1987)
12, 131 (1976)

16,20 (1978); Suppl. 7, 65 (1987)

25, 49 (1981); Suppl. 7,383 (1987)
10, 163 (1976); Suppl. 7, 65 (1987)
21, 407 (1979)

4, 57 (1974) (con: 42, 252);

Suppl. 7, 238 (1987)

Suppl. 7, 238 (1987)
30, 103 (1983); Suppl. 7, 65 (1987)
4, 173 (1974) (con: 42,253);
Suppl. 7, 65 (1987)

36, 163 (1985); Suppl. 7, 65 (1987)
12, 137 (1976); Suppl. 7, 65 (1987)
43, 39 (1988)
9, 157 (1975); Suppl. 7, 65 (1987)
51,273 (1991)

30, 255 (1983)

40, 253 (1986); Suppl. 7, fl5 (1987)
9, 168 (1975); Suppl. 7, 65 (1987)
6, 157 (1974); 21, 417 (1979)

(con: 42, 259); Suppl. 7, 289 (1987)

40, 275 (1986); Suppl. 7, 65 (1987)
40, 283 (1986); Suppl. 7, 65 (1987)
39, 333 (1986); Suppl. 7, 65 (1987)
9, 167 (1975); Suppl. 7, 239 (1987)
26,249 (1981); Suppl. 7,24(1987)
9, 169 (1975); Suppl. 7, 65 (1987)
6, 87 (1974); 21, 257 (1979)

(con: 42, 259)

26,267 (1981); Suppl. 7,241 (1987)

5, 193 (1974); 20, 259 (1979);

Suppl. 7, 66 (1987)
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Methoxyurane (see Anaesthetics, volatile)
5- Methoxyralen
8-Methoxyralen (see also 8-Methoxysoralen plus ultraviolet

radiation)
8-Methoxyralen plus ultraviolet radiation
Methyl acrylate

5-Methylangelicin plus ultraviolet radiation (see alo Angelicin
and sorne synthetic derivatives)

2- Methylazridine
Methylazoxyethanol acetate

Methyl bromide

Methyl cabarnate

Methyl-CCNU (see 1-(2-Chloroethyl)- 3-( 4-rnethylcyc1ohexyl)-
1-nitrosurea)

Methyl chloride
1-, 2-, 3-, 4-, 5- and 6-Methylchrysenes
N- Methyl-N,4-initrosanilne

4,4' -Methylene bis(2-chloroanilne)

4,4' -Methylene bis(iYN-dirnethyl)benzenarnine

4,4' -Methylene bis(2-rnethylaniline)
4,4' -Methylenedianilne

4,4' -Methylenediphenyl diisoanate
2- Methylfluoranthene
3- Methylfluoranthene
Methylglyoxal
Methyl iodide

Methyl rnethacrylate
Methyl rnethanesulphonate
2-Methyl-1-nitroanthraquinone
N-Methyl-N' -nitro-N-nitrosoguanidine
3-Methylnitrosarninopropionaldehyde (see 3-(N-Nitros

irethylamino )propionaldehyde)
3-Methylnitrosaminopropionitrile (see 3-(N-Nitrosmethyl-

amino )propionitrile)

4-ethylnitrosarnino )-3-pyrdyl)-1-butanal (see 4-N-Nitros
methylarnino )-3-pyrdyl)-1-butanal)

4-ethylnitrosamino )-1-(3-pyrdyl)-1-butanone (see 4-N-Nitros
methylarnino )-1-(3-pyrdyl)-1-butanone)
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40,327 (1986); Suppl. 7,242 (1987)

24, 101 (1980)

Suppl. 7,243 (1987)

19, 52 (1979); 39, 99 (1986);
Suppl. 7, 66 (1987)

Suppl. 7, 57 (1987)
9, 61 (1975); Suppl. 7, 66 (1987)
1, 164 (1972); 10, 131 (1976);

Suppl. 7, 66 (1987)
41, 187 (1986) (con: 45, 283);

Suppl. 7, 245 (1987)
12, 151 (1976); Suppl. 7, 66 (1987)

41,161 (1986); Suppl. 7,24(1987)
32, 379 (1983); Suppl. 7, 66 (1987)
1, 141 (1972); Suppl. 7, 66 (1987)

4, 65 (1974) (con: 42, 252);

Suppl. 7, 24 (1987)

27, 119 (1982); Suppl. 7, 66 (1987)

4, 73 (1974); Suppl. 7, 248 (1987)

4, 79 (1974) (con: 42, 252);
39,347 (1986); Suppl. 7,66(1987)
19, 314 (1979); Suppl. 7, 66 (1987)

32, 399 (1983); Suppl. 7, 66 (1987)

32, 399 (1983); Suppl. 7, 66 (1987)
51, 443 (1991)

15,245 (1977); 41, 213 (1986);
Suppl. 7,66(1987)
19, 187 (1979); Suppl. 7,66(1987)
7, 253 (1974); Suppl. 7, 66 (1987)

27, 205 (1982); Suppl. 7, 66 (1987)

4, 183 (1974); Suppl. 7, 248 (1987)
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N- Methyl-N-nitrosourea

N-Methyl-N-nitrosourethane
Methyl parathion

1 -Methylphenanthrene
7-Methylpyrdo(3,4- lpsoralen
Methyl red
Methyl selenac (see a/so Selenium and selenium compounds)
Methylthiouracil
Metronidazole
Mineral oils

Mirex

Mitomycin C
MNG (see N-Methyl-N' -nitro-N-nitrosguanidine)
MOCA (see 4,4/ -Methylene bis(2-chloroaniline))
Modacrylic fibres
Monocrotaline
Monuron
MOPP and other combined chemotherapy including

alkylating agents
Morpholine
5-(orpholinomethyl)-3-( (5-nitrofurfrylidene)am ino 1- 2-

oxazolidinone
Mustard gas

Myleran (see 1,4-Butanediol dimethanesulphonate)

N

Nafenopin
1,5-N aphthalenediamine
1,5-Naphthalene diisocyanate
1-Naphthylamine

2-Naphthylamine
1 -Naphthylthiourea
Nickel acetate (see Nickel and nickel compounds)
Nickel ammonium sulphate (see Nickel and nickel compounds)
Nickel and nickel compounds

Nickel cabonate (see Nickel and nickel compounds)
Nickel cabonyl (see Nickel and nickel compounds)

1, 125 (1972); 17, 227 (1978);
Suppl. 7, 66 (1987)

4, 211 (1974); Suppl. 7, 66 (1987)
30, 13 1 (1983); Suppl. 7, 392 (1987)

32, 405 (1983); Suppl. 7, 66 (1987)
40, 349 (1986); Suppl. 7, 71 (1987)
8, 161 (1975); Suppl. 7,66(1987)
12, 161 (1976); Suppl. 7,66(1987)
7, 53 (1974); Suppl. 7, 66 (1987)
13,113 (1977); Suppl. 7,250 (1987)
3,30 (1973); 33,87 (1984) (con: 42,
262); Suppl. 7, 252 (1987)
5, 203 (1974); 20, 283 (1979) (con:
42, 258); Suppl. 7, 66 (1987)
10, 171 (1976); Suppl. 7,67 (1987)

19, 86 (1979); Suppl. 7, 67 (1987)
10, 291 (1976); Suppl. 7, 67 (1987)
12, 167 (1976); Suppl. 7,67 (1987)
Suppl. 7, 254 (1987)

47, 199 (1989)

7, 161 (1974); Suppl. 7, 67 (1987)

9, 181 (1975) (con: 42, 254);

Suppl. 7, 259 (1987)

24, 125 (1980); Suppl. 7, 67 (1987)
27, 127 (1982); Suppl. 7, 67 (1987)
19, 311 (1979); Suppl. 7, 67 (1987)
4, 87 (1974) (con: 42, 253);

Suppl. 7, 26 (1987)
4,97 (1974); Suppl. 7, 261 (1987)

30,347 (1983); Suppl. 7,263 (1987)

2, 126 (1973) (con: 42, 252); 11, 75

(1976); Suppl. 7, 26 (1987)
(con: 45, 283); 49, 257 (199)
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Nickel chloride (se Nickel and nickel compounds)
Nickel-gallum alloy (se Nickel and nickel compounds)
Nickel hydroxide (see Nickel and nickel compounds)
Nickelocne (see Nickel and nickel compounds)
Nickel oxide (se Nickel and nickel compounds)
Nickel subsulphide (see Nickel and nickel compounds)
Nickel sulphate (see Nickel and nickel compounds)
Niridazle
Nithiazde
Nitrilotriacetic acid and its salts
5-Nitroacenaphthene
5-Nitro-nho-anisidine
9-Nitroanthracene
7-Nitrobenz(a )anthracne
6-Nitrobenw(a )pyrene

13, 123 (1977); Suppl. 7, 67 (1987)
31, 179 (1983); Suppl. 7, 67 (1987)

48, 181 (199)
16,319 (1978); Suppl. 7, 67 (1987)
27, 133 (1982); Suppl. 7, 67 (1987)

33, 179 (1984); Suppl. 7, 67 (1987)
46, 247 (1989)

33, 187 (1984); Supp/. 7, 67 (1987);
46, 255 (1989)

4, 113 (1974); Suppl. 7, 67 (1987)
33, 195 (1984); Suppl. 7,67 (1987);

46, 267 (1989)

30, 271 (1983); Suppl. 7, 67 (1987)
33, 201 (1984); Supp/. 7, 67 (1987)
46, 277 (1989)

7, 171 (1974); Suppl. 7,67 (1987);
50, 195 (1990)

4-Nitrobiphenyl
6-Nitrochryne

Nitrofen (technical-grade)
3-Nitrofluoranthene
2-Nitrofluorene
Nitrofural

5-Nitro-2-furaldehyde semicarbazone (see Nitrofural)
Nitrofurantoin
Nitrofurazne (see Nitrofural)
1-( (5-Nitrofurfrylidene )amino )-2-imidazolidinone
N-( 4-5-Nitro-2-furyl)-2-thiazolyl)acetamide

50, 211 (199)

Nitrogen mustard
Nitrogen mustard N-oxide
1-Nitronaphthalene
2-Nitronaphthalene
3-Nitroperylene
2-Nitropropane
1-Nitropyrene

7, 181 (1974); Suppl. 7, 67 (1987)
1, 181 (1972); 7, 185 (1974);

Suppl. 7, 67 (1987)
9, 193 (1975); Suppl. 7, 269 (1987)

9, 209 (1975); Suppl. 7, 67 (1987)
46, 291 (1989)

46, 303 (1989)

46,313 (1989)

29, 331 (1982); Suppl. 7, 67 (1987)

33, 20 (1984); Suppl. 7,67 (1987);

46, 321 (1989)

46, 359 (1989)

46, 367 (1989)

24, 297 (1980) (con: 42, 26)
30, 359 (1983)

37, 225 (1985); Suppl. 7, 67 (1987)

37, 233 (1985); Suppl. 7, 67 (1987)

2-Nitropyrene
4-Nitropyrene
N-Nitrosatable drugs

N-Nitrosatable pesticides
N' -Nitrosanabasine
N' -Nitrosanatabine
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N-Nitrosodi-n-butylamine

N-Nitrosiethanolamine
N-Nitrosiethylamine

N-Nitrosimethylamine

N-Nitrosodiphenylamine
paa-Nitrosiphenylamine

4, 197 (1974); 17, 51 (1978);

Suppl. 7, 67 (1987)
17, 77 (1978); Suppl. 7, 67 (1987)
1, 107 (1972) (con: 42,251);
17,83 (1978) (con: 42, 257);
Supp/. 7, 67 (1987)
1,95 (1972); 17, 125 (1978)

(corr 42, 257); Supp/. 7, 67 (1987)
27, 213 (1982); Suppl. 7, 67 (1987)
27, 227 (1982) (con: 42, 261);

Supp/. 7, 68 (1987)
17, 177 (1978); Suppl. 7,68(1987)N-Nitrosi-n-propylamine

N-NitrosN-ethylurea (see N-Ethyl-N-nitrosurea)
N-Nitrosfolic acid

N-Nitrosguvacine
N-Nitrosguvacoline
N-Nitrosohydroxyroline
3-(N-Nitrosmethylamino )propionalde hyde
3-(N-Nitrosomethylamino )propionitrile

4-N-Nitrosmethylamino )-4-3-pyrdyl)-l-butanal
4-N-Nitrosomethylamino )-1-(3-pyrdyl)-l-bu tanone
N-Nitrosomethylethylamine
N-NitrosN-methylurea (see N-Methyl-N-nitrosourea)
N-NitrosN-methylurethane (see N-Methyl-N-methylurethane)

N-Nitrosomethylvinylamine 17,257 (1978); Suppl. 7,68(1987)
N-Nitrosmorpholine 17,263 (1978); Suppl. 7,68(1987)
N'-Nitrosonomicotine 17,281 (1978); 37, 241 (1985);

Suppl. 7, 68 (1987)

17, 287 (1978); Suppl. 7, 68 (1987)
17, 303 (1978); Suppl. 7, 68 (1987)
17, 313 (1978); Suppl. 7, 68 (1987)
17, 327 (1978); Suppl. 7, 68 (1987)

N-Nitrospiperidine
N-Nitrosproline
N-Nitrosopyrolidine
N-Nitrososarcoine
Nitrosoureas, chloroethyl (see Chloroethyl nitrosureas)
5-Nitro-nho-toluidine
Nitrous oxide (see Anaesthetics, volatile)
Nitrovin
NNA (see 4-N-Nitrosomethylamino )-3-pyrdyl)-1-butanal)

NN (see 4-N-Nitrosmethylamino )-1-(3-pyrdyl)-l-butanone)
Nonsteroidal oestrogens (see also Oestrogens, progestins and Supp/. 7, 272 (1987)

combinations)
Norethisterone (see also Progestins; Combined oral

contraceptives)
Norethynodrel (see also Progestins; Combined oral

contraceptives
Norgestrel (see also Progestins, Combined oral contraceptives)

17,217 (1978); Suppl. 7,68(1987)
37,263 (1985); Suppl. 7,68(1987)
37, 263 (1985); Suppl. 7, 68 (1987)
17, 304 (1978); Suppl. 7, 68 (1987)
37, 263 (1985); Suppl. 7, 68 (1987)
37, 263 (1985); Suppl. 7, 68 (1987)
37, 205 (1985); Suppl. 7, 68 (1987)
37, 20 (1985); Suppl. 7, 68 (1987)

17,221'(1978); Suppl. 7,68(1987)

48, 169 (199)

31, 185 (1983); Suppl. 7, 68 (1987)

6, 179 (1974); 21,461 (1979)

6, 191 (1974); 21,461 (1979)

(con: 42, 259)
6, 201 (1974); 21, 479 (1979)
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Nylon 6

o
Ochratoxin A

Oestradiol-17ß (see a/sa Steroidal oestrogens)
Oestradiol 3-benwate (see Oestradiol-17ß)
Oestradiol dipropionate (see Oestradiol-17ß)
Oestradiol mustard
Oestradiol-17ß-valerate (see Oestradiol-17ß)
Oestriol (see a/sa Steroidal oestrogens)
Oestrogen-progestin combinations (see Oestrogens, progestins

and combinations)

Oestrogen-progestin replacement therapy (see aI Oestrogens,
progestins and combinations)

Oestrogen replacement therapy (see a/sa Oestrogens, progestins
and combinations)

Oestrogens (see Oestrogens, progestins and combinations)
Oestrogens, conjugated (see Conjugated oestrogens)
Oestrogens, nonsteroidal (see Nonsteroidal oestrogens)
Oestrogens, progestins and combinations

Oestrogens, steroidal (see Steroidal oestrogens)
Oestrone (see a/sa Steroidal oestrogens)
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19, 120 (1979); Suppl. 7,68(1987)

10, 191 (1976); 31,191 (1983)(con:
42,262); Suppl. 7,271 (1987)

6, 99 (1974); 21, 279 (1979)

9,217 (1975)

6, 117 (1974); 21, 327 (1979)

Suppl. 7, 308 (1987)

Suppl. 7, 280 (1987)

6 (1974); 21 (1979);
Suppl. 7,272 (1987)

6, 123 (1974); 21, 343 (1979)

(con: 42, 259)
Oestrone benzoate (see Oestrone)
Oil Orange SS 8, 165 (1975); Suppl. 7, 69 (1987)
Oral contraceptives, combined (see Combined oral contraceptives)
Oral contraceptives, investigational (see Combined oral

contraceptives)
Oral contraceptives, sequential (see Sequential oral contraceptives)
Orange 1 8, 173 (1975); Suppl. 7,69 (1987)
Orange G 8, 181 (1975); Suppl. 7, 69 (1987)
Organolead compounds (see a/sa Lead and lead compounds) Suppl. 7,230 (1987)
Oxazepam 13, 58 (1977); Suppl. 7, 69 (1987)
Oxyetholone (see a/sa Androgenic (anabolic) steroids) 13, 131 (1977)

Oxyhenbutazone 13, 185 (1977); Suppl. 7,69 (1987)

p

Paint manufacture and painting (ocpational expsures in)

Panfuran S (see a/sa Dihydroxyethylfuratrizine)
Paper manufacture (see Pulp and paper manufacture)
Paracetamol

47, 329 (1989)
24, 77 (1980); Suppl. 7, 69 (1987)

50, 307 (1990)
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Parasrbic acid

Parathion
Patulin

Penicilic acid

Pentachloroethane
Pentachloronitrobenzene (see Quintozene)
Pentachlorophenol (see also Chlorophenols; Chlorophenols,

ocpational expures to)
Perylene
Petasitenine
PetasÌles japonicus (see Pyrolizidine alkaloids)

Petroleurn refining (ocpation al expures in)
Sorne petroleurn solvents
Phenacetin

Phenanthrene
Phenazopyrdine hydrochloride

Phenelzine sulphate
Phenicabazde
Phenobarbital
Phenol
Phenoxyacetic acid herbicides (see Chlorophenoxy herbicides)
Phenoxybenzarnine hydrochloride

Phenylbutazone
meta- Phenylenediarnine

paa- Phenylenediarnine

N- Phenyl-2-naphthylarnine

ortho- Phenylphenol
Phenytoin
Piperazne oetrone sulphate (see Conjugated oestrogens)

Piperonyl butoxide
Pitches, coal-tar (see Coal-tar pitches)
Polyacrylic acid
Polybrorninated biphenyls

Polychlorinated biphenyls

Polychlorinated carnphenes (see Toxaphene)
Polychloroprene
Polyethylene

10, 199 (1976) (con: 42, 255);

Suppl. 7, 69 (1987)

30, 153 (1983); Suppl. 7, 69 (1987)
10, 205 (1976); 40, 83 (1986);

Suppl. 7, 69 (1987)

10,211 (1976); Suppl. 7,69 (1987)
41, 99 (1986); Suppl. 7, 69 (1987)

20, 303 (1979)

32,411 (1983); Suppl. 7,69 (1987)
31,207 (1983); Suppl. 7,69 (1987)

45, 39 (1989)
47, 43 (1989)
13, 141 (1977; 24, 135 (1980);

Suppl. 7, 310 (1987)
32,419 (1983); Suppl. 7,69 (1987)
8, 117 (1975); 24, 163 (1980)

(con: 42,26); Suppl. 7,312 (1987)
24, 175 (1980); Suppl. 7,312 (1987)
12, 177 (1976); Suppl. 7, 70 (1987)
13,157 (1977); Suppl. 7,313 (1987)
47, 263 (1989)

9, 223 (1975); 24, 185 (1980);
Suppl. 7, 70 (1987)

13,183 (1977; Suppl. 7,316 (1987)

16, 111 (1978); Suppl. 7, 70 (1987)
16, 125 (1978); Suppl. 7, 70 (1987)
16,325 (1978) (con: 42,257);
Suppl. 7, 318 (1987)
30,329 (1983); Suppl. 7, 70 (1987)
13,201 (1977; Suppl. 7,319 (1987)

30, 183 (1983); Suppl. 7, 70 (1987)

19,62 (1979); Suppl. 7, 70 (1987) .
18, 107 (1978); 41,261 (1986);
Suppl. 7, 321 (1987)
7, 261 (1974); 18, 43 (1978) (con:
42, 258);
Suppl. 7, 322 (1987)

19, 141 (1979); Suppl. 7, 70 (1987)
19, 164 (1979); Suppl. 7, 70 (1987)



CUMULATI CROSS INDEX

Polyvnyl pyrolidone
Ponceau MX
Ponceau 3R
Ponceau SX
Potasium arnate (see Arnic and arnic compounds)

Potassium arsnite (see Arsnic and arsnic compounds)
Potasium bis(2-hydroxyethyl)dithiocarbam ate
Potasium bromate

Potasium chromate (see Chromium and chromium compounds)
Potasium dichromate (see Chromium and chromium compounds)Prednimustine 50, 115 (1990)
Prednisone 26,293 (1981); Suppl. 7,326 (1987)
Procrbazne hydrochloride 26,311 (1981); Suppl. 7,327 (1987)
Proflavine salts 24, 195 (1980); Suppl. 7, 70 (1987)
Progesterone (see a/so Progestins; Combined oral contraceptives) 6, 135 (1974); 21,491 (1979)

(con: 42, 259)
Suppl. 7, 289 (1987)
13, 227 (1977) (con: 42, 256);
Suppl. 7, 70 (1987)
4, 253 (1974) (con: 42, 253);
Suppl. 7, 70 (1987)
12, 189 (1976); Suppl. 7, 70 (1987)

4, 259 (1974) (con: 42, 253);
Suppl. 7, 70 (1987)
12, 201 (1976); Suppl. 7, 70 (1987)
19,213 (1979); Suppl. 7, 71 (1987)
11, 191 (1976); 36, 227 (1985) (con:

42, 263); Suppl. 7, 328 (1987)
7, 67 (1974); Suppl. 7, 329 (1987)
40, 55 (1986); Suppl. 7, 71 (1987)

25,157 (1981); Suppl. 7,385 (1987)
32, 431 (1983); Suppl. 7, 71 (1987)
40, 349 (1986); Suppl. 7, 71 (1987)
13, 233 (1977); Suppl. 7, 71 (1987)

Polymethylene polyphenyl isanate

Polymethyl methacrylate

Polyoestradiol phosphate (see Oetradiol-17ß)
Polypropylene
Polystyene
Polytetrafuoroethylene
Polyurethane foams
Polyvnyl acetate
Polyvnyl alcohol
Polyvnyl chloride

Progestins (see a/so Oestrogens, progestins and combinations)
Pronetalol hydrochloride

1,3-Propane sultone

Propham
ß- Propiolactone

n-Propyl carbamate
Propylene
Propylene oxide

Propy1thiouracil
Ptaquiloside (see a/so Bracken fem)
Pulp and paper manufacture
Pyrene
Pyrdo(3,4- lpsoralen
Pyrmethamine
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19, 314 (1979); Suppl. 7, 70 (1987)
19, 195 (1979); Suppl. 7, 70 (1987)

19, 218 (1979); Suppl. 7, 70 (1987)
19, 245 (1979); Suppl. 7, 70 (1987)
19, 28 (1979); Suppl. 7, 70 (1987)

19, 320 (1979); Suppl. 7, 70 (1987)
19, 346 (1979); Suppl. 7, 70 (1987)
19,351 (1979); Suppl. 7, 70 (1987)
7, 306 (1974); 19, 402 (1979);
Suppl. 7, 70 (1987)
19,463 (1979); Suppl. 7, 70 (1987)
8, 189 (1975); Suppl. 7, 70 (1987)
8, 199 (1975); Suppl. 7, 70 (1987)
8, 207 (1975); Suppl. 7, 70 (1987)

12, 183 (1976); Suppl. 7, 70 (1987)

40, 207 (1986); Suppl. 7, 70 (1987)
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Pyrolizidine alkaloids (see Hydroxynkirkine; Isatidine;
Jacobine; Laiocrpine; Monocrotaline; Retrorsine; Riddelline;
Seneciphyllne; Senkirkine)

Q

Quercetin (see also Bracken fem)
paa-Quinone
Quintozene

R

Radon
Reserpine

Resorcinol
Retrorsine
Rhodamine B
Rhodamine 6G
Riddelline
Rifampicin
Rockwool (see Man-made mineraI fibres)
The rubber industry

Rugulosin

s
Saccharated iron oxide
Saccharin

Safrole

The sawmil industry (including logging) (see The lumber and
sawmil industry (including loggng))

Searlet Red
Selenium and selenium compounds

Selenium dioxide (see Selenium and selenium compounds)
Selenium oxide (see Selenium and selenium compounds)
Semicabazde hydrochloride

Senecio jacobaea L. (see Pyrolizidine alkaloids)

Senecio longilobus (see Pyrrolizidine alkaloids)

Seneciphyllne

31,213 (1983); Suppl. 7,71(1987)
15,255 (1977; Suppl. 7,71(1987)
5, 211 (1974); Suppl. 7, 71 (1987)

43, 173 (1988) (con: 45, 283)
10,217 (1976); 24,211 (1980)

(con: 42, 26); Suppl. 7,330 (1987)
15, 155 (1977; Suppl. 7,71(1987)
10,303 (1976); Suppl. 7,71(1987)
16,221 (1978); Suppl. 7,71(1987)
16, 233 (1978); Suppl. 7, 71 (1987)
10, 313 (1976); Suppl. 7, 71 (1987)
24,243 (1980); Suppl. 7,71(1987)

28 (1982) (con: 42, 261); Suppl. 7,
332 (1987)
40, 99 (1986); Suppl. 7, 71 (1987)

2, 161 (1973); Suppl. 7, 71 (1987)
22, 111 (1980) (con: 42, 259);

Suppl. 7, 334 (1987)
1, 169 (1972); 10, 231 (1976);
Suppl. 7, 71 (1987)

8,217 (1975); Suppl. 7,71(1987)
9, 245 (1975) (con: 42, 255);
Suppl. 7, 71 (1987)

12,20 (1976) (con: 42, 256);
Suppl. 7, 71 (1987)

10,319,335 (1976); Suppl. 7, 71

(1987)
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Senkirkine

Sepiolite
Sequential oral contraceptives (see also Oestrogens, progestins

and combinations)

Shale-oils
Shikimic acid (see also Bracken fem)
Shoe manufacture and repair (see Bot and shoe manufacture

and repair)
Silica (see also Amorphous silica; Cryta11ne silica)
Slagwool (see Man-made mineraI fibres)
Sodium arnate (see Arnic and arnic compounds)

Sodium arnite (see Arnic and arsnic compounds)

Sodium cacoylate (see Arnic and arnic compounds)
Sodium chromate (see Chromium and chromium compounds)
Sodium cyclamate (see Cyclamates)
Sodium dichromate (see Chromium and chromium compounds)
Sodium diethyldithiocrbamate
Sodium equiln sulphate (see Conjugated oestrogens)
Sodium fluoride (see Fluorides)
Sodium monofluorophosphate (see Fluorides)
Sodium oestrone sulphate (see Conjugated oestrogens)
Sodium onho-phenylphenate (see also onho-Phenylphenol)
Sodium saccharn (see Saccharin)
Sodium selenate (see Selenium and selenium compounds)
Sodium selenite (see Selenium and selenium compounds)
Sodium silcofluoride (see Fluorides)
Soots

Spironolactone
Stannous fluoride (see Fluorides)
Steel founding (see Iron and steel founding)
Sterigmatoctin

Steroidal oetrogens (see also Oestrogens, progestins and
combinations )

Streptozotocin

Strobane~ (see Terpne polychlorinates)
Strontium chromate (see Chromium and chromium compounds)
Styrene

Styrene-acrylonitrile copolymers
Styrene-butadiene copolymers

50

10,327 (1976); 31, 231 (1983);
Suppl. 7, 71 (1987)
42, 175 (1987); Suppl. 7, 71 (1987)

Suppl. 7,296 (1987)

35,161 (1985); Suppl. 7,339 (1987)
40, 55 (1986); Suppl. 7, 71 (1987)

42, 39 (1987)

12, 217 (1976); Suppl. 7, 71 (1987)

30, 329 (1983); Suppl. 7,392 (1987)

3, 22 (1973); 35, 219 (1985);
Suppl. 7,343 (1987)

24,259 (1980); Suppl. 7,344 (1987)

1, 175 (1972); 10, 245 (1976);

Suppl. 7, 72 (1987)

Suppl. 7, 280 (1987)

4, 221 (1974); 17, 337 (1978);
Suppl. 7, 72 (1987)

19, 231 (1979) (con: 42, 258);
Suppl. 7, 345 (1987)
19, 97 (1979); Suppl. 7, 72 (1987)
19, 252 (1979); Suppl. 7, 72 (1987)
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Styene oxide

Succinic anhydride
Sudan 1

Sudan II
Sudan III
Sudan Brown RR
Sudan Red 7B
Sulfafrazole
Sulfallate
Sulfamethoxazole
Sulphisoxazle (see Sulfafrazole)
Sulphur mustard (see Mustard gas)
Sunset Yellow FCF
Symphytine

T

2,4,5- T (see also Chlorophenoxy herbicides; Chlorophenoxy
herbicides, ocpation al expures to)

Talc
Tannic acid

Tannins (see also Tannic acid)
TCDD (see 2,3,7,8- Tetrachlorodibenzopaa-dioxin)
TDE (see DDT)
Tea
Terpne polychlorinates
Testosterone (see also Androgenic (anabolic) steroids)
Testosterone oenanthate (see Testosterone)
Testosterone propionate (see Testosterone)
2,2' ,5,5' - Tetrachlorobenzidine
2,3,7,8- Tetrachlorodibenzo-paa-dioxin
1,1,1,2- Tetrachloroethane
1,1,2,2- Tetrachloroethane
Tetrachloroethylene
2,3,4,6- Tetrachlorophenol (see Chlorophenols; Chlorophenols,

ocpation al expsures to)
Tetrachlorvnphos
Tetraethyllead (see Lead and le ad compounds)
Tetrafuoroethylene
Tetraks(hydroxyethyl) phosphonium salts
Tetramethyllead (see Lead and lead compounds)
Textile manufacturing industry, expures in
Theobromine

11,201 (1976); 19, 275 (1979);
36, 245 (1985); Suppl. 7, 72 (1987)
15,265 (1977; Suppl. 7, 72 (1987)
8, 22 (1975); Suppl. 7, 72 (1987)

8, 233 (1975); Suppl. 7, 72 (1987)
8,241 (1975); Suppl. 7,72(1987)
8, 249 (1975); Suppl. 7, 72 (1987)
8, 253 (1975); Suppl. 7, 72 (1987)
24, 275 (1980); Suppl. 7, 347 (1987)
30, 283 (1983); Suppl. 7, 72 (1987)
24, 285 (1980); Suppl. 7, 348 (1987)

8, 257 (1975); Suppl. 7, 72 (1987)
31,239 (1983); Suppl. 7,72(1987)

15,273 (1977)

42, 185 (1987); Suppl. 7, 349 (1987)

10, 253 (1976) (con: 42, 255);

Suppl. 7, 72 (1987)

10,254 (1976); Suppl. 7,72(1987)

51, 207 (1991)
5, 219 (1974); Suppl. 7, 72 (1987)
6,20 (1974); 21,519 (1979)

27, 141 (1982); Suppl. 7, 72 (1987)
15, 41 (1977); Suppl. 7, 350 (1987)
41, 87 (1986); Suppl. 7, 72 (1987)
20,477 (1979); Suppl. 7,354 (1987)
20, 491 (1979); Suppl. 7, 355 (1987)

30, 197 (1983); Suppl. 7, 72 (1987)

19,285 (1979); Suppl. 7, 72 (1987)
48, 95 (199)

48, 215 (199)
51, 421 (1991)
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Theophyllne
Thioacetamide
4,4' - Thiodianiline

Thiotepa

Thiouracil
Thiourea
Thiram
Titanium dioxide
Tobacc habits other th an smoking (see Tobacc products,

smokeless )
Tobacc products, smokeless

Tobacc smoke

Tobacc smoking (see Tobacc smoke)
onho- Tolidine (see 3,3' -Dimethylbenzidine)
2,4- Toluene diisocanate (see also Toluene diisoanates)
2,6- Toluene diisocanate (see also Toluene diisoanates)
Toluene
Toluene diisocanates

Toluenes, a-chlorinated (see a-Chlorinated toluenes)
onho- Toluenesulphonamide (see Saccharin)
onho- Toluidine

Toxaphene
Tremolite (see Asbestos)
Treosulphan
Triaziquone (see Tris(aziridinyl)-para-benzoquinone)
Trichlorfon
Trichlonnethine

1,1,1- Trichloroethane
1,1,2- Trichloroethane
Trich loroethylene

2,4,5- Trichlorophenol (see also Chlorophenols; Chlorophenols
ocupational expures to)

2,4,6- Trichlorophenol (see also Chlorophenols; Chlorophenols,
ocpation al expures to)

(2,4,5- Trichlorophenoxy)acetic acid (see 2,4,5- T)
Trichlorotriethylamine hydrochloride (see Trichlonnethine)
T 2- Trichothecene
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51, 391 (1991)

7, 77 (1974); Suppl. 7, 72 (1987)

16,343 (1978); 27, 147 (1982);
Suppl. 7, 72 (1987)
9, 85 (1975); Suppl. 7, 368 (1987);

50, 123 (199)
7, 85 (1974); Suppl. 7, 72 (1987)
7, 95 (1974); Suppl. 7, 72 (1987)
12,225 (1976); Suppl. 7, 72 (1987)
47, 307 (1989)

37 (1985) (corr 42, 263); Suppl. 7,
357 (1987)
38 (1986) (corr 42, 263); Suppl. 7,
357 (1987)

19,303 (1979); 39, 287 (1986)
19,303 (1979); 39, 289 (1986)
47, 79 (1989)

39, 287 (1986) (con: 42, 264);
Suppl. 7, 72 (1987)

16,349 (1978); 27, 155 (1982);
Suppl. 7, 362 (1987)
20, 327 (1979); Suppl. 7, 72 (1987)

26,341 (1981); Suppl. 7,363 (1987)

30, W7 (1983); Suppl. 7, 73 (1987)
9, 229 (1975); Suppl. 7, 73 (1987);

50, 143 (1990)

20,515 (1979); Suppl. 7, 73 (1987)
20, 533 (1979); Suppl. 7, 73 (1987)

11, 263 (1976); 20, 545 (1979);
Suppl. 7, 364 (1987)
20, 349 (1979)

20, 349 (1979)

31,265 (1983); Suppl. 7, 73 (1987)
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Triethylene glycol diglycidyl ether
4,4' ,6- Trirnethylangelicin plus ultraviolet radiation (see also

Angelicin and sorne synthetic derivatives)
2,4,5- Trirnethylaniline
2,4,6- Trirnethylanilne
4,5' ,8- Trirnethylpsoralen
Trimustine hydrochloride (see Trichlormethine)
Triphenylene
Tris( aziridinyl)-paa-benzoquinone
Tris(l-azridinyl)phosphine oxide

Tris(l-azridinyl)phosphine sulphide (see Thiotepa)

2,4,6- Tris(l-azridinyl)-s-triazine
Tris(2-chloroethyl) phosphate
1,2,3- Tri(chlorornethoxy)propane
Tris(2,3-dibrornopropyl)phosphate
Tris(2-rnethyl-1-aziridinyl)phosphine oxide

TrpP-1
TrpP-2
Tryan blue
Tusilago faiara L (see Pyrrolizidine alkaloids)

u
Ultraviolet radiation
Underground haernatite rnining with expure to radon
Uracil rnustard
Urethane

v
Vat Yellow 4
Vinblastine sulphate

Vincristine sulphate
Vinyl acetate

Vinyl brornide

Vinyl chloride

Vinyl chloride-vinyl acetate copolymers

4- Vinylcyclohexene

Vinyl fluoride

11, 20 (1976); Suppl. 7, 73 (1987)

Suppl. 7, 57 (1987)

27, 177 (1982); Suppl. 7, 73 (1987)
27,178 (1982); Suppl. 7,73 (1'987)
40, 357 (1986); Supp/. 7, 366 (1987)

32, 447 (1983); Suppl. 7, 73 (1987)
9, 67 (1975); Suppl. 7, 367 (1987)
9, 75 (1975); Suppl. 7, 73 (1987)

9, 95 (1975); Suppl. 7, 73 (1987)
48, 109 (199)
15, 301 (1977; Suppl. 7, 73 (1987)

20, 575 (1979); Suppl. 7, 369 (1987)
9, 107 (1975); Suppl. 7, 73 (1987)
31,247 (1983); Suppl. 7, 73 (1987)
31,255 (1983); Suppl. 7, 73 (1987)
8, 267 (1975); Suppl. 7, 73 (1987)

40, 379 (1986)
1, 29 (1972); Suppl. 7, 216 (1987)
9,235 (1975); Suppl. 7,370 (1987)
7, 111 (1974); Suppl. 7, 73 (1987)

48, 161 (199)
26,349 (1981) (con: 42, 261);
Suppl. 7, 371 (1987)

26,365 (1981); Suppl. 7,372 (1987)
19,341 (1979); 39, 113 (1986);
Supp/. 7, 73 (1987)
19,367 (1979); 39, 133 (1986);
Suppl. 7, 73 (1987)
7, 291 (1974); 19, 377 (1979)

(con: 42, 258); Supp/. 7, 373 (1987)
7,311 (1976); 19, 412 (1979) (COlT

42, 258); Suppl. 7, 73 (1987)
11,277 (1976); 39, 181 (1986);
Supp/. 7, 73 (1987)
39, 147 (1986); Suppl. 7, 73 (1987)
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VinyIidene chloride

Vinylidene chloride-vinyl chloride copolymers

Vinylidene fluoride
N- Vinyl-2-pyrolidone

w
Welding
Wollastonite
Woo industries

x
Xylene
2,4-Xylidine
2,5-Xylidine

y
Yellow AB
Yellow OB

z
Zearalenone
Zectran
Zinc beryllum silicate (see Beryllium and beryllum compounds)
Zinc chromate (see Chromium and chromium compounds)
Zinc chromate hydroxide (see Chromium and chromium

compounds)
Zinc potasium chromate (see Chromium and chromium

compounds)
Zinc yellow (see Chromium and chromium compounds)
Zineb
Ziram
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19,439 (1979); 39, 195 (1986);
Suppl. 7, 376 (1987)
19, 44 (1979) (con: 42, 258);

Suppl. 7, 73 (1987)
39,227 (1986); Suppl. 7, 73 (1987)
19,461 (1979); Suppl. 7, 73 (1987)

49, 447 (199)
42, 145 (1987); Suppl. 7,377 (1987)

25 (1981); Suppl. 7,378 (1987)

47, 125 (1989)

16,367 (1978); Suppl. 7, 74 (1987)
16, 377 (1978); Suppl. 7, 74 (1987)

8, 279 (1975); Suppl. 7, 74 (1987)
8, 287 (1975); Suppl. 7, 74 (1987)

31, 279 (1983); Suppl. 7, 74 (1987)
12, 237 (1976); Suppl. 7, 74 (1987)

12, 245 (1976); Suppl. 7, 74 (1987)
12, 259 (1976); Suppl. 7, 74 (1987)
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J.M. Rice, L Tomatis and
H. Yamasaki

1989; 436 pages; £48.00

No. 97 Occupational Exposure to
Silica and Cancer Risk
Edited by L Simonato,
A.C. Fletcher, R. Saracci and
T. Thomas
1990; 124 pages; £19.00

No. 98 Cancer Incidence in Jewish
Migrants to Israel, 1961-1981
Edited by R. Steinitz, D.M. Parkin,
J.L Young, c.A. Bieber and

L Katz
1989; 320 pages; £30.00

No. 99 Pathology of Thmours in
Laboratory Animais, Second

Edition, Volume 1, Thmours of the
Rat
Edited by V.S. Thrusov and
U. Mohr
740 pages; £85.00

No. 100 Cancer: Causes,

Occurrence and Control
Editor-in-Chief L Tomatis
1990; 352 pages; £24.00



No. 101 Diretory of On-going

Research in Cancer Epidemiology
1989/90
Edited by M. Coleman and
l. Wahrendorf
1989; 818 pages; £36.00

No. 102 Patterns of Cancer in Five
Continents
Edited by S.L Whelan and
D.M. Parkin
1990; 162 pages; £25.00

No. 103 Evaluating EfTectivenes of
Primary Prevention of Cancer
Edited by M. Hakama, V. Beral,
L.W Cullen and D.M. Parkin
1990; 250 pages; £32.00

No. 104 Complex Mixtures and
Cancer Risk

Edited by H. Vainio, M. Sors and
Al. McMichael

1990; 442 pages; £38.00
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No. 105 Relevance to Human
Cancer of N-Nitros Compounds,
Tobacco Smoke and Mycotoxins
Edited by I.K O'Neil, l. Chen and
H. Barth
Publ. due 1991; approx. 600 pages
£70.00

No. 108 Environmental

Carcinogens: Methods of Analysis
and Expure MeasuremenL
Volume IL: Polychlorinate Dioxins
and Dibenzofurans
Edited by C. Rappè, H.R. Buser,
B. Dodet and I.K O'Neill

Publ. due 1991; approx. 400 pages;

£45.00

No. 109 Environmental

Carcinogens: Methods of Analysis
and Exposure MeasuremenL
Volume 12: Indoor Air
Contaminants
Edited by B. Seifert, B. Dodet and
I.K O'Neill

Publ. due 1991; approx. 400 pages

No. 110 Directory of On-going
Resarch in Cancer Epidemiology
1991
Edited by M. Coleman and
J. Wahrendorf
1991; approx. 720 pages; £38.00

No. 112 Autops in Epidemiology
and Medical Resarch
Edited by E. Riboli and m. Delendi
1991; approx 250 pages; £25.00



List of lAC Publications

IAC MONOGRAHS ON THE EVALUATION OF
CARCINOGENIC RISKS TO HUMANS

(Available from boksellers through the network of WHO Sales Agents*)

Volume 1 Some Inorganic
Substances Chlonnate
Hydroarbons, Armatic Amines
N-Nitro Compounds, and Natural
Proucts
1972; 184 pages (out of print)

Volume 2 Some Inorganic and
Organometallc Compounds
1973; 181 pages (out of print)

Volume 3 Certin Polycyclic
Armatic Hydrocarbons and

Heterocclic Compounds
1973; 271 pages (out of print)

Volume 4 Some Aromatic Amines
Hydrazine and Related Substances,
N-Nitroso Compounds and
Miscellaneous Alkylating Agents
1974; 286 pages;
Sw. ff. 18.-fUS $14.40

Volume 5 Some Organochlonne
Pesticides
1974; 241 pages (out ofprint)

Volume 6 Sex Hormones 1974;
243 pages (out ofprint)

Volume 7 Sorn Anti- Thyroid and
Relate Substances Nitrofurans

and Industral Chemicals

1974; 326 pages (out ofprint)

Volume 8 Some Aromatic Az
Compounds
1975; 375 pages;
Sw. ff. 36.-fUS $28.80

Volume 9 Some Azndines N-, s-
and O-Mustards and Selenium
1975; 268 pages;
SW.ff. 27.-fUS $21.60

Volume 10 Some Naturally
Occuning Substances
1976; 353 pages (out ofprint)

Volume Il Cadmium, Nickel, Some
Epoxides Miscellaneous Industnal
Chemicals and General

Considerations on Volatile
Anaesthetics
1976; 306 pages (out ofprint)

Volume 12 Some Carbamate
Thiocarbamate and Carbazides
1976; 282 pages;
Sw. ff. 34.-fUS $27.20

Volume 13 Some Miscellaneous
Pharmaceutical Substances 1977;

255 pages;
Sw. ff. 30.-fUS$ 24.00

Volume 14 Asbestos
1977; 106 pages (out ofprint)

Volume 15 Some Fumigants The
Herbicides 2,4-D and 2,4,5-T,
Chlonnated Dibenzoioxins and
Miscellaneous Industnal Chemicals
1977; 354 pages;
Sw. ff. 50.-fUS $40.00

Volume 16 Some Armatic Amines

and Related Nitro Compounds -
Hair Dyes Colounng Agents and

Miscellaneous Indusmal Chemicals

1978; 400 pages;
Sw. ff. 50.-fUS $40.00

Volume 17 Some N-Nitroso
Compounds
1987; 365 pages;
Sw. ff. 50.-fUS $40.00

Volume 18 Polychlonnated
Biphenyls and Polybrominated
Biphenyls
1978; 140 pages;
Sw. ff. 20.-fUS $16.00

Volume 19 Some Monomers
Plastics and Synthetic Elastomers
and Acrolein
1979; 513 pages;
Sw. ff. 60.-fUS $48.00

Volume 20 Some Halogenate

Hydrocarbons
1979; 609 pages (out of prit)

Volume 21 Sex Hormones (II)
1979; 583 pages;
Sw. ff. 60.-fUS $48.00

Volume 22 Some Non-Nutritive
Sweetening Agents
1980; 208 pages;
Sw. ff. 25.-fUS $20.00

Volume 23 Some Metals and
Metallc Compounds
1980; 438 pages (out ofprint)

Volume 24 Some Pharmaceutical
Drugs
1980; 337 pages;

Sw. ff. 40.-fUS $32.00

Volume 25 Woo, Leather and
Some Asociated Industries
1981; 412 pages;
Sw. fr. 60-fUS $48.00

Volume 26 Some Antineoplastic
and Immunosuppressive Agents

1981; 411 pages;
Sw. fr. 62.-fUS $49.60

Volume 27 Sorne Aromatic Amines,
Anthraquinones and Nitroso
Cornpounds, and Inorganic
F1uorides Used in Dnnking Water
and Dental Preparations
1982; 341 pages;

Sw. ff. 40.-fUS $32.00

Volume 28 The Rubber Industry
1982; 486 pages;
Sw. ff. 70.-fUS $56.00

Volume 29 Some Industnal
Chernicals and Dyestuffs
1982; 416 pages;
Sw. ff. 60.-fUS $48.00

Volume 30 Miscellaneous Pesticides
1983; 424 pages;
Sw. ff. 60.-fUS $48.00

Volume 31 Some Food Additives,
Feed Additives and Naturally

Occurrng Substances
1983; 314 pages;

Sw. ff. 60-fUS $48.00



Volume 32 Polynuclear Aromatic
Compounds, Part 1: Chemical,
Environmental and Expenmental
Data
1984; 477 pages;
Sw. fI'. 60.-/US $48.00

Volume 33 Polynuclear Armatic
Compounds, Part 2: Carbon
Blacks Mineral Oils and Sorne

Nitroarenes
1984; 245 pages;
Sw. fI'. 50.-/US $40.00

Volume 34 Polynuclear Aromatic
Compounds, Part 3: Industnal
Expoures in Aluminium
Production, Coal Gasification,
Coke Production, and Iron and
Stel Founding

1984; 219 pages;
Sw. fI'. 48.-/US $38.40

Volume 35 Polynuclear Armatic
Compounds, Part 4: Bitumens,
Coal-tars and Denved Products,
Shale-oils and Sots
1985; 271 pages;
Sw. fI'. 70.-/US $56.00

Volume 37 Tobacco Habits Other
than Smoking: Betel-quid and

Areca-nut Chewing; and sorne
Related Nitrosamines
1985; 291 pages;
Sw. fI'. 70.-/US $56.00

Volume 38 Tobacco Smoking
1986; 421 pages;
Sw. fI'. 75.-/US $60.00

Volume 39 Sorne Chemicals Used in
Plastics and Elastomers
1986; 403 pages;
Sw. fr. 60.-/US $48.00

Volume 40 Sorne Naturally
Occumng and Synthetic Foo
Components, Furocoumanns and
Ultraviolet Radiation
1986; 444 pages;
Sw. fI'. 65.-/US $52.00

Volume 41 Sorne Halogenated
Hydrocarbons and Pesticide
Expoures
1986; 434 pages;
Sw. fr. 65.-/US $52.00
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Volume 42 Silica and Sorne
Silcate
1987; 289 pages;
Sw. fr. 65.-fUS $52.00

Volume 43 Man-Made Mineral
Fibres and Radon
1988; 300 pages;
Sw. fr. 65.-fUS $52.00

Volume 44 Alcohol Dnnking
1988; 416 pages;
Sw. fr. 65.-fUS $52.00

Volume 45 Occupational Exposures

in Petroleum Refining; Crude Oil
and Major Petroleum Fuels
1989; 322 pages;
Sw. fr. 65.-fUS $52.00

Volume 46 Diesel and Gasoline
Engine Exhausts and Sorne

Nitroarenes
1989; 458 pages;
Sw. fr. 65.-fUS $52.00

Volume 47 Sorne Organic Solvents
Resin Monomers and Related
Compounds, Pigments and
Occupational Exposures in Paint
Manufacture and Painting
1990; 536 pages;
Sw. fr. 85.-fUS $68.00

Volume 48 Sorne F1ame Retardants
and Textile Chemicals, and
Exposures in the Textile
Mailufactunng Industry
1990; 345 pages;
Sw. fr. 65.-fUS $52.00

Volume 49 Chromium, Nickel and
Welding
1990; 677 pages;
Sw. fr. 95.-fUS$76.00

Volume 50 Phannaceutical Drugs
1990; 415 pages;
Sw. fI'. 65.-fUS$52.00

Volume 51 Coffee, Tea, Mate,
Methylxanthines and Methylglyoxal

1991; 513 pages;
Sw. fI'. 80.-fUS$64.00

Supplement No. 1

Chemicals and Industnal Processes

Asociated with Cancer in Humans
(IAC Monographs, Volumes 1 to
20)
1979; 71 pages; (out of print)

Supplement No. 2

Long-tenn and Short-tenn
Screening Asys for Carcinogens:
A Cntical Appraisal

1980; 426 pages;
Sw. fI'. 40.-fUS $32.00

Supplement No. 3

Cross Index of Synonyms and Trade
Names in Volumes 1 to 26
1982; 199 pages (out of print)

Supplement No. 4

Chemicals, Industrial Processes and
Indusmes Asiated with Cancer
in Humans (IARC Monographs,
Volumes 1 to 29)
1982; 292 pages (out of print)

Supplement No. 5

Cross Index of Synonyms and Trade
Names in Volumes L to 36
1985; 259 pages;
Sw. fr. 46.-fUS $36.80

Supplement No. 6

Genetic and Related Effects: An
Updating of Selected IARC
Monographs from Volumes 1 to 42
1987; 729 pages;
Sw. fr 80.-fUS $64.00

Supplement No. 7

Overall Evaluations of
Carcinogenicity: An Updating of
IARC Monographs Volumes 1-42
1987; 434 pages;
Sw. fr. 65.-fUS $52.00

Supplement No. 8

Cross Index of Synonyms and Trade
Names in Volumes 1 to 46 of the
IARC Monographs
1990; 260 pages;
Sw. fI'. 60.-fUS $48.00



IAC TECHNICAL
REPORTS 

*

No. 1 Cancer in Costa Rica
Edited by R. Sierra,
R. Barrantes, G. Muñoz Leiva,
D.M. Parkin, c.A. Bieber and
N. Muñoz Calero
1988; 124 pages;
Sw. fr. 30.-/US $24.00

No. 2 SEACH: A Computer
Package to Asist th Statistical
Analysis of Casontrl Studies
Edited by G.J. Macfarlane,
P. Boyle and P. Maisonneuve (in
pres)

No. 3 Cancer Registration in the
European Economic Community
Edited by M.P. Coleman and
E. Démaret
1988; 188 pages;
Sw. fr. 30.-/US $24.00

No. 4 Diet, Hormones and Cancer:
Methodological Issues for
Prospetive Studies

Edited by E. Riboli and
R. Saracci

1988; 156 pages;
Sw. fr. 30.-/US $24.00

No. 5 Cancer in the Philippines
Edited by A.v. Laudico,
D. Esteban and D.M. Parkin
1989; 186 pages;
Sw. fr. 30.-/US $24.00

No. 6 La genès du Centr
International de Recherche sur le
Cancer
Par R. Sohier et A.G.B. Sutherland
1990; 104 pages

Sw. fr. 30.-/US $24.00

List of lAC Publications

No. 7 Epidémiologie du cancer

dans les pays de langue latine
1990; 310 pages

Sw. fr. 30.-/US $24.00

No. 8 Comparative Study of
Anti-smoking Legislation in
Countries of the European
Economic Community
Edited by A. Sasco
1990; c. 80 pages
Sw. fr. 30.-/US $24.00
(English and French editions
available) (in press)

DIRECTORY OF AGENTS
BEING TESTED FOR
CARCINOGENICI1Y (Until
Vol. 13 Information Bulletin on
the Survey of Chemicals Being
Tested for Carcinogenicity)*

No. 8 Edited by M.-J. Ghess,
H. Bartsch and L Tomatis
1979; 604 pages; Sw. fr. 40.-

No. 9 Edited by MA. Ghess,
J.O. Wilbourn, H. Barth and
L Tomatis

1981; 294 pages; Sw. fr. 41.-

No. 10 Edited by M.-J. Ghes,
J.O. Wilbourn and H. Barth
1982; 362 pages; Sw. fr. 42.-

No. 11 Edited by M.-J. Ghess,
J.O. Wilbourn, H. Vainio and
H. Bartsch

1984; 362 pages; Sw. fr. 50.-

No. 12 Edited by M.-J. Ghess,
J.O. Wilbourn, A. Tossvainen and
H. Vainio

1986; 385 pages; Sw. fr. 50.-

No. 13 Edited by M.-J. Ghes,
J.O. Wilbourn and A. Aitio 1988;
404 pages; Sw. fr. 43.-

No. 14 Edited by MA. Ghess,
J.O. Wilbourn and H. Vainio
1990; c. 370 pages; Sw. fr. 45.-

NON-SERI
PUBLICATIONS t

Alcool et Cancer
By A. Thyns (in French only)
1978; 42 pages; Fr. tr. 35.-

Cancer Morbidity and Cause of
Death Among Danish Brewery
Workers
By O.M. Jensen 1980;
143 pages; Fr. tr. 75.-

Diretory of Computer Systems
Use in Cancer Registries
By H.R. Menck and D.M. Parkin
1986; 236 pages;
Fr. ff. 50.-

* Avalable from boksllers through the network of WHO sales agents.

t Avalable directIy from IAC


