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Objective: Caffeine is by far the most commonly consumed psychoactive substance.
The use and abuse of most other licit and illicit psychoactive drugs have been shown to be
substantially heritable. However, the impact of genetic factors on caffeine consumption,
heavy use, intoxication, tolerance, and withdrawal is largely unknown. Method: Caffeine
consumption, in the form of brewed coffee, instant coffee, tea, and caffeinated soft drinks,
as well as caffeine intoxication, tolerance, and withdrawal, were assessed by personal in-
terviews of 1,934 individual twins from female-female pairs ascertained from the popula-
tion-based Virginia Twin Registry. The sample included both members of 486 monozygotic
and 335 dizygotic pairs. Twin resemblance was assessed by probandwise concordance,
odds ratios, and tetrachoric correlations. Biometrical model fitting was also performed. Re-
sults: The resemblance in twin pairs for total caffeine consumption, heavy caffeine use,
caffeine intoxication, caffeine tolerance, and caffeine withdrawal was substantially greater
in monozygotic than in dizygotic twin pairs. Model fitting suggested that twin resemblance
for these measures could be ascribed solely to genetic factors, with estimated broad heri-
tabilities of between 35% and 77%. Conclusions: Caffeine is an addictive psychoactive
substance. Similar to previous findings with other licit and illicit psychoactive drugs, individ-
ual differences in caffeine use, intoxication, tolerance, and withdrawal are substantially in-

fluenced by genetic factors.
(Am J Psychiatry 1999; 156:223-228)

“How sweet the coffee tastes, more delicious than a
thousand kisses . . . . Coffee, I must have coffee . ... If I
don’t get my three cups of coffee each day, I’ll shrivel up
like a piece of roast goat.”

—Lieschen in J.S. Bach’s Coffee Cantata,
written in 1732 (1)
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Caffeine is by far the most commonly used psycho-
active substance, consumed daily by approximately
80% of the world’s population (2). While the adverse
health consequences of caffeine consumption may be
small, given widespread use, even minimal risk could
produce substantial public health effects (2). While
caffeine currently has a benign public image, as appre-
ciated by the fictional young lady Lieschen in the early
1700s, caffeine use is influenced by the reinforcing
properties of taste, hedonic psychoactive effects, and
the desire to avoid withdrawal (2-5). There are wide
interindividual variations in preference for caffeine
and in sensitivity to withdrawal (6, 7). What is respon-
sible for these differences?

Given the importance of genetic factors in use and
dependence of other psychoactive drugs (8-13), ge-
netic variation might also influence individual differ-
ences in caffeine use, tolerance, and dependence.
While several twin studies have found heritable influ-
ences on coffee consumption (e.g., references 14-18),
we are unaware of studies in genetically informative
populations that have assessed total caffeine con-
sumption or symptoms of caffeine toxicity, tolerance,
or withdrawal.
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METHOD

Sample and Interviewers

Subjects in this study were from Caucasian, female, same-sex twin
pairs from the Virginia Twin Registry (19)—a population-based reg-
ister formed from a systematic review of birth certificates in the
Commonwealth of Virginia. Twins were initially ascertained through
mailed surveys to female twin pairs in the registry, the response to
which was approximately 64%. The true cooperation rate was
higher because such large-scale mailings contain a significant per-
centage of questionnaires that do not reach the intended recipient.
Twins were then interviewed face to face, at which time our refusal
rate was approximately 8%. In the current phase of the project,
2,288 members of female-female pairs from the Virginia Twin Reg-
istry were eligible, on the basis of prior cooperation with at least one
interview, to participate in a structured telephone interview. Of these
twins, 1,937 were successfully interviewed in 1995-1997, three had
died, 33 were lost to follow-up, one was too medically ill to be inter-
viewed, three had incomplete interviews, 58 neither refused partici-
pation nor completed an interview by the end of the study, and 253
refused. Thus, we succeeded in interviewing 84.7% of the entire
sample and 86.2% of the eligible sample. Zygosity was determined
blindly by standard questions (20), photographs, and, when neces-
sary, DNA (19, 21). All interviews were conducted blind to informa-
tion about the co-twin. The mean age at interview was slightly
greater in monozygotic (36.1, SD=8.0) than in dizygotic (35.4, SD=
8.6) twins (t=1.89, df=1,931, p=0.06).

This project was approved by the Committee for the Conduct of
Human Research at Virginia Commonwealth University. Written
informed consent was obtained before face-to-face interviews and
verbal assent before phone interviews. Clinically experienced inter-
viewers were initially trained for 40 hours and received regularly
scheduled review sessions over the course of the study.

Caffeine use was assessed for the year before interview and for the
time of maximum caffeine consumption. For each time period, we
assessed the frequency of caffeine consumption. For days in which
the twins consumed caffeine, we asked separately for the average
daily consumption of cups of caffeinated coffee, cups of caffeinated
tea, and servings of caffeinated soda. If they reported drinking cof-
fee, we inquired whether the coffee was usually brewed or instant.
Our calculation of caffeine consumption used the following esti-
mates of caffeine content: brewed coffee, 125 mg/cup, instant coffee,
90 mg/cup, tea, 60 mg/cup, and caffeinated soft drinks, 40 mg/can
(2). Caffeine consumption per month was estimated by multiplying
the average consumption per day by the average numbers of days per
month in which caffeine was consumed. We report last-year rather
than maximum lifetime caffeine use because of the higher reliability
of the former measure.

Caffeine toxicity was assessed by the item: “During the time when
you consumed caffeinated beverages the most, did you ever feel ill or
shaky or jittery after drinking caffeinated beverages?” Caffeine tol-
erance was assessed by the response to the following two questions
adapted from the Psychoactive Substance Abuse Section of the Struc-
tured Clinical Interview for DSM-III-R—Patient Version (22): “Dur-
ing the time when you were consuming caffeinated beverages the
most, did you find that you needed to drink a lot more to get the de-
sired effect than you did when you first drank them?” and “What
about finding out that when you drank the same amount, it had
much less effect than before?” A positive response to either question
was assumed to reflect tolerance.

All individuals who responded positively to the question, “...did
you ever stop or try to cut down on your consumption of caffeinated
beverages?” were asked about the four DSM-IV symptoms of caf-
feine withdrawal: headaches, marked fatigue or drowsiness, marked
anxiety or depression, and nausea or vomiting. We defined caffeine
withdrawal following DSM-IV criteria as the presence of headache
and at least one of the other three additional symptoms.

We defined “heavy use” as daily or near-daily consumption of
625 mg or more of caffeine. The distribution of milligrams of caf-
feine per month was substantially skewed and was, therefore, log-
transformed before analysis.
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To test the validity of the equal environment assumption—that
monozygotic and dizygotic twins are equally correlated for exposure
to relevant environmental risk factors—we assessed twin similarity
for three kinds of environments: childhood (how often the twins
shared the same room at home and class at school and were dressed
alike), adolescence (how often they had the same friends, were in the
same social group, and went together to movies and dances), and
adulthood (how often, in the last year, they were in contact with one
another).

Twin studies provide a method for detecting cooperation bias. If
heavy caffeine use both is correlated in twin pairs and predicts non-
cooperation, then the rates of heavy caffeine use in a twin could be
predicted from the interview status (cooperated versus refused) of
the co-twin.

Presentation of Results From Twin Studies

We report twin resemblance in three different ways, which we will
illustrate for heavy caffeine use. Probandwise concordance is defined
as the proportion of co-twins of heavy-consuming proband twins
who themselves are heavy users. The odds ratio reflects the increase
in risk for heavy caffeine use in co-twins of twins with heavy use rel-
ative to that found in co-twins of twins without heavy use. Odds ra-
tios and their 95% confidence intervals were obtained from the lo-
gistic regression procedure in SAS (23). The significance of the
difference in odds ratios was determined by the Breslow-Day test
(24). The tetrachoric correlation, or “correlation of liability” (235,
26), assumes that underlying the observed division of twins into
those with and without heavy caffeine use, there exists a latent dis-
tribution that reflects their underlying “liability.” We assume a
threshold exists on this liability distribution such that individuals
with a liability above the threshold develop heavy caffeine use, while
those with a liability below the threshold do not. The tetrachoric
correlation represents the correlation in twins for this underlying li-
ability. This model further assumes that caffeine use, heavy use, in-
toxication, tolerance, and dependence have a multifactorial etiology
involving a number of genetic and environment risk factors of small
to moderate effect (27).

On the basis of this liability-threshold model, we performed bio-
metrical modeling fitting (for further details, see references 28 and
29). We assumed that twin resemblance resulted from three possible
sets of latent factors: 1) additive genes (A), which reflect the additive
effect of alleles at susceptibility loci and contribute twice as much to
the correlation in monozygotic as in dizygotic twins (because
monozygotic twins share all their genes identical by descent, while
dizygotic twins, like nontwin siblings, share on average half of their
genes); 2) dominance genes (D), which reflect the nonadditive inter-
action between alleles at the same locus and contribute four times as
much to the correlation in monozygotic as in dizygotic twins (be-
cause, at any given locus, monozygotic twins always share both alle-
les identical by descent, while dizygotic twins share them both one
time in four); and 3) family or “common” environment (C), which
contributes equally to the correlation in monozygotic and dizygotic
twins. In addition to “common” environment (those environmental
factors that make members of a twin pair similar for liability to
heavy caffeine use), the model also contains individual-specific envi-
ronment (E), which, in addition to measurement error, is a measure
of the impact of those environmental experiences that make mem-
bers of a twin pair different for liability to heavy caffeine use.

The formal analysis of our twin data began with fitting an ACE
model. This model, and all other models here reported, were fitted
directly to contingency tables through use of the program Mx (30)
by weighted least squares. (The exception to this was for caffeine
consumption—where models were fitted directly to variance-covari-
ance matrices.) The ACE model includes additive genes (A), com-
mon environment (C), and individual-specific environment (E). We
then fit three additional models. The ADE model contains domi-
nance genetic variance (D) instead of common environment. This
model assumes that all twin resemblance results from genetic fac-
tors, some of which are additive in effect and others of which are in-
teractive. Because the estimates of A and D in the ADE model are
highly negatively correlated in twin studies (28), we focus on
broadly defined heritability that equals a? + d>. The AE model con-
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TABLE 1. Twin Correlations and Model Fitting for Caffeine Use, Heavy Use, Toxicity, Tolerance, and Withdrawal in 821 Female-Fe-

male Twin Pairs From the Virginia Twin Registry

Correlation (r) Between Twins

Model Fit? (x?)

Parameter Estimate for Best-Fitting Model?

Caffeine Monozygotic Dizygotic ACE ADE CE AE az d2 az+d2 95% CI°¢ e?

Used 0.44 0.12 5.7 2.5¢ 28.4 5.7 0.03 0.40 0.43 0.35-0.48 0.57
Heavy Use' 0.78 0.24 1.6 0.6 111 1.6° 0.77 — 0.77 0.58-0.89 0.23
Toxicityf 0.48 0.14 0.8 0.2 4.9 0.8¢ 0.45 — 0.45 0.27-0.61 0.55
Tolerance' 0.44 0.05 1.9 0.4 7.0 1.9¢ 0.40 — 0.40 0.23-0.55 0.60
Withdrawal® 0.38 -0.15 6.0 4.4¢ 9.1 6.0 0.00 0.35 0.35 0.11-0.65 0.65

2 Model tested influence of combinations of additive genetic factors (A), family or “common” environmental factors (C), dominance genetic

factors (D), and individual-specific environmental factors (E).

b paths a, d, and e from factors A, D, and E are standardized regression coefficients.
¢ For estimates of az+d2 for use and withdrawal and for a2 for heavy use, toxicity, and tolerance.
d Product-moment correlations; for ACE and ADE, df=4; for CE and AE, df=5.

€ Best-fitting model by Akaike’s information criterion (31).

f Tetrachoric correlations; for ACE and ADE, df=2; for CE and AE, df=3.

tains only additive genes (A) and individual-specific environment (E)
and assumes that all familial aggregation results from additive ge-
netic effects. The CE model, which contains only common environ-
ment (C) and individual-specific environment (E), assumes that all
familial aggregation is due to the effects of family or “common” en-
vironment. For a familial trait, the presence of genetic risk factors is
directly tested by the attempt to reject the CE model, which assumes
that all observed familial aggregation is the result of shared environ-
mental influences.

The goal in model fitting is to explain the observed data as well
with as few parameters as possible. We operationalize this goal with
the use of Akaike’s information criterion (31, 32), which equals the
chi-square value of the model minus twice the degrees of freedom.
The model with the lowest value of Akaike’s information criterion
reflects the best balance of goodness of fit and parsimony. In addi-
tion, the fit of the CE or AE model can be directly compared with
that of the ACE model by a chi-square difference test (df=1).

The final step in twin analysis is to estimate, on the basis of the
best-fitting model, the proportion of variance in liability to caffeine
use or misuse due to individual-specific environment (e?) and, de-
pending upon the results of model fitting, additive gene action (a2),
dominance gene action (d2), or common environment (cZ). The pro-
portion of variance in liability due to additive or dominance genetic
effects or both is often termed “heritability.”

RESULTS

Complete data for caffeine were available for 1,934
individual twins, including both members of 486
monozygotic and 335 dizygotic pairs.

Reliability

A total of 192 twins were interviewed twice, by dif-
ferent interviewers, with a mean interval of 4.3 weeks
(SD=1.5). The intraclass correlation for last-year
monthly caffeine consumption was r=0.84. For the re-
maining dichotomous measures, reliabilities, evaluated
by chance-corrected agreement (kappa) (33) and tetra-
choric correlation (r), were as follows: heavy use,
kappa=0.88, r=0.99; toxicity, kappa=0.60, r=0.82; tol-
erance, kappa=0.41, r=0.66; and withdrawal, kappa=
0.65, r=0.85.

Tests for Potential Biases
The level of past-year caffeine consumption did not

differ significantly in monozygotic and dizygotic twins
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(t=1.41, df=1, 640, p=0.16). While the frequency of
heavy caffeine use was significantly greater in dizygotic
than in monozygotic twins (x2=4.2, df=1, p=0.04), no
significant differences were seen in the rates of caffeine
toxicity (x?=1.5, df=1, p=0.22), tolerance (x2=0.6, df=
1, p=0.43), or withdrawal (x2=0.0, df=1, p=0.96).

To test the equal environment assumption, we exam-
ined whether—when we controlled for zygosity—sim-
ilarity of childhood, adolescent, and adult environ-
ments could predict twin resemblance for caffeine
consumption, heavy caffeine use, and caffeine toxicity,
tolerance, and dependence. Of these 15 analyses, one
was statistically significant: increased current contact
predicted greater twin resemblance for current caffeine
consumption. However, this effect was inconsistent
across zygosity groups. Within dizygotic twins, high-
contact pairs were more highly correlated for caffeine
consumption than were low-contact pairs (0.21 versus
0.07). By contrast, high-contact monozygotic pairs were
less correlated in their level of caffeine use than were
low-contact monozygotic pairs (0.41 versus 0.48).

No difference was seen in the level of caffeine use or
in the frequency of heavy use, toxicity, tolerance, or
withdrawal between twins whose co-twins were or
were not interviewed in this study.

Caffeine Consumption

Pearson product-moment correlations for the log-
transformed last-year daily caffeine consumption were
0.44 in monozygotic and 0.12 in dizygotic twin pairs.
The best-fitting twin model was the ADE model (table
1). The CE model could be confidently rejected (versus
the ACE model, x?=22.7, df=1, p<0.0001). Broad her-
itability of caffeine consumption from the ADE model
was estimated at 43%.

Heavy Caffeine Use and Caffeine Toxicity, Tolerance,
and Withdrawal

Table 2 depicts the frequency rates, probandwise
concordance rates, and odds ratios for heavy caffeine
use and caffeine toxicity, tolerance, and dependence in
monozygotic and dizygotic twins. For all four traits,
both concordance rates and odds ratios in monozy-

225



CAFFEINE INTAKE, TOLERANCE, AND WITHDRAWAL

TABLE 2. Population Frequency, Probandwise Concordance, and Odds Ratios for Caffeine Use, Heavy Use, Toxicity, Tolerance,
and Withdrawal in 821 Female-FemaleTwin Pairs From the Virginia Twin Registry

Probandwise Difference
Frequency (%) Concordance (%) Odds Ratio in Odds Ratios
Caffeine Monozygotic Dizygotic Monozygotic Dizygotic Monozygotic Dizygotic X2 (df=1) p
Heavy use 5.1 7.6 48.0 8.5 32.6 25 12.8 0.001
Toxicity 11.9 14.0 333 194 5.1 1.6 5.1 0.03
Tolerance 14.9 16.4 35.0 18.3 4.2 1.8 7.1 0.008
Dependence? 24.1 23.9 40.8 18.1 3.1 0.6 6.8 0.009

2 Among those individuals who reported stopping or cutting down their caffeine intake.

gotic twins were substantially greater than those found
in dizygotic twins.

For heavy caffeine use and caffeine toxicity, toler-
ance, and withdrawal, table 1 depicts both the esti-
mated tetrachoric correlations in monozygotic and
dizygotic twins and the results of model fitting. For
three of the four traits, the CE model could be rejected
by the chi-square difference test (versus the ACE
model, all df=1): heavy use, x?=9.5, p=0.002; toxicity,
X?=4.1, p=0.04; and tolerance, x*=5.1, p=0.02. For
withdrawal, the CE model fit considerably worse than
the ACE model, but this difference fell short of signifi-
cance (x2=3.1, p=0.08). For heavy caffeine use, caf-
feine toxicity, and caffeine tolerance, the best balance
of fit and parsimony (as indicated by the lowest Akaike
information criterion score) was obtained by the AE
model. For caffeine withdrawal, by contrast, the best
Akaike information criterion score was obtained with
the ADE model. While the broad heritabilities of caf-
feine toxicity, tolerance, and withdrawal were all simi-
lar, ranging from 35% to 45%, the heritability of
heavy caffeine use, estimated at 77%, was substan-
tially greater.

DISCUSSION

Genetic factors appear to substantially influence a
woman’s vulnerability to caffeine use, heavy use, in-
toxication, tolerance, and withdrawal. With respect to
the etiologic role of genetic factors, caffeine appears to
be qualitatively similar to the two other common licit
psychoactive drugs—nicotine (8, 34) and ethanol (11,
12)—as well as to the illicit psychoactive drugs such as
cocaine and cannabis (13, 35). Our results are consis-
tent with rodent studies demonstrating strain differ-
ences in behavioral responses to caffeine (36-38).

Our findings on caffeine consumption are consistent
with previous twin studies that found the heritability
of coffee consumption to range from 36% to 51%
(15-18). In accord with the largest of these studies
(17), we found no evidence that family environment
contributes to twin resemblance for caffeine intake.

Since human twin studies are quasi-experimental de-
signs of nature, the possibility of biases should always
be considered. In particular, excess monozygotic over
dizygotic similarity for caffeine use might result from
closer environmental contact between monozygotic
twins. We examined this hypothesis and found it sup-
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ported by only one of 15 tests—a finding easily ex-
plained by chance (39). Furthermore, the observed ef-
fect—that similarity for current caffeine intake was
related to current frequency of contact—was not con-
sistent across zygosity groups. We also fitted a twin
model that estimates heritability, correcting for the ef-
fect of environmental similarity (40). This model indi-
cated no decline in the heritability of current caffeine
use when the effect of current contact was incorpo-
rated. These results argue against a strong bias in our
findings due to violations of the equal environment as-
sumption. We also found no evidence that refusal to
participate in our study was systematically related to
caffeine intake or the history of caffeine toxicity, toler-
ance, or withdrawal.

These results should be interpreted in the context of
eight potential methodologic limitations. First, the
sample was entirely female, and our findings may not
extrapolate to male subjects. Second, we did not assess
all dietary sources of caffeine—omitting those from
chocolate and over-the-counter medications. However,
these sources account for less than 10% of caffeine
consumption by U.S. adults (6). Third, the traits exam-
ined in this study had variable reliability. In standard
twin studies, errors of measurement result in an over-
estimation of the individual-specific environment (e?)
and an underestimation of heritability (a%) (29). For
measures such as caffeine intake, these biases are likely
to be modest. For others, such as caffeine tolerance,
the moderate reliability may result in a substantial un-
derestimation of heritability. Fourth, our data on caf-
feine intake and sequelae were collected by self-report.
Prior research has found that self-reported caffeine in-
take correlates substantially with the level of caffeine
and its metabolites in plasma (41) and saliva (42). In
addition, consistent with prior investigators (43, 44),
we found good test-retest reliability on our measures
of caffeine intake and at least moderate reliability for
our assessments of toxicity, tolerance, and withdrawal.
Fifth, the actual amount of caffeine in tea, coffee, and
soft drinks is variable and depends on many factors
including brand and, for tea and coffee, method of
brewing (45). Since it was not feasible to measure the
caffeine content of beverages consumed in this popula-
tion, our approximations undoubtedly introduced
some error. Sixth, in our sample, significantly more
dizygotic than monozygotic twins were heavy caffeine
users. However, this difference was modest, and none
of the other four caffeine-related phenotypes differed
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in frequency in the two zygosity groups. Seventh, since
our analyses of caffeine intake ignored the impact of
age and body weight on caffeine consumption, we re-
peated the analyses, correcting for these variables. The
broad heritability of caffeine consumption declined
from 43% to 40%. Eighth, the level of caffeine con-
sumption was obtained by multiplying two measures
reflecting quantity (milligrams per day) and frequency
(days per month) of caffeine consumption. To test
whether this composite measure obscured important
differences in heritability, we performed twin analyses
separately for quantity and frequency. For both mea-
sures, ADE was the best-fitting model, with broad heri-
tability estimates that were a bit higher than those
found for the composite measure: 50% (95% confi-
dence interval=43%-55%) for quantity and 61% (95%
confidence interval=56%-64%) for frequency. A bi-
variate twin analysis, which informs us about the causes
of correlation between these measures, indicated that
the same genetic factors influenced the quantity and fre-
quency of caffeine consumption. These results suggest
that it was not misleading to combine these two mea-
sures into a single index of overall caffeine use.

CONCLUSIONS

Genetic differences between individuals contribute
substantially to differences in liability to heavy caffeine
intake and to caffeine-related sequelae including intox-
ication, tolerance, and dependence. Genetic risk fac-
tors could be operating at many levels including per-
sonality (2), vulnerability to psychopathology (46),
caffeine metabolism (47), and variation in the adenos-
ine receptors that may mediate the psychoactive effects
of caffeine (48, 49).

Our results have implications for the debate over the
status of caffeine as a drug of abuse (2, 4). By demon-
strating genetic influences on caffeine tolerance and
withdrawal in man, our findings provide evidence in
support of the validity of these phenomena.
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