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ABSTRACT. Objective: To determine the relative contribution of en-
vironmental and genetic influences on the joint distribution of heavy
smoking, heavy alcohol use and heavy coffee drinking. Method: Multi-
variate structural equation modeling in a large cohort of male twins
(N =2,220 monozygotic and 2,373 dizygotic twin pairs; mean
age = 62.1 years) from the National Academy of Sciences-National Re-
search Council’s World War II Twin Registry. Results: The best-fitting
model identified two independent (i.e., uncorrelated) sets of genetic and
environmental latent factors, with one set underlying joint heavy
smoking and heavy alcohol use and the other set underlying joint heavy

smoking and heavy coffee drinking (x2 = 14.13, 22 df, p > .80). Heavy
alcohol use and heavy coffee drinking were uncorrelated in this sample.
While common genetic factors accounted for 35% to 78% of the total
genetic variance in heavy substance use, a substantial amount of genetic
variance remained specific to each of the three substances. Conclusions:
Several hypotheses involving genetic and environmental factors are
presented to account for the independent clustering of heavy smoking
and heavy alcohol use and of heavy smoking and heavy coffee drinking.
(J. Stud. Alcohol 58: 182-190, 1997)

MOKING, alcohol use and coffee consumption are con-

sistently correlated across a wide variety of populations
with moderately strong associations between tobacco and
alcohol consumption and between coffee drinking and ciga-
rette smoking (Istvan and Matarazzo, 1984; Swanson et al.,
1994). Although the strength of these associations appears
to increase with the level of consumption, the intercorrela-
tion between heavy coffee drinking and alcohol use appears
to be less consistent over a variety of studies (Istvan and
Matarazzo, 1984). These associations have led some to con-
clude that common pathophysiologic processes may under-
lie the joint use of these substances (Istvan and Matarazzo,
1984; Kaprio and Koskenvuo, 1988).

Several models have been proposed to explain the clus-
tering in the use of these substances. These include bio-
behavioral models in which the effects of one substance
serve as cues for the use of others (Istvan and Matarazzo,
1984), personality models in which an underlying psycho-
logical trait or set of traits (e.g., antisocial behavior, de-
pression or neuroticism) predisposes an individual to
polysubstance use (Mangan and Golding, 1984) and neuro-
chemical models in which the various substances are seen
to act and interact on common neural pathways and recep-
tors (Collins, 1990; Wise, 1988).

Most previous behavioral genetic studies have estimated
the heritability (i.e., proportion of total variance attributable
to genetic sources) in the use of these substances as if they
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occur independently of each other. Reviews of this literature
indicate the presence of significant genetic variance for both
tobacco and alcohol consumption (Ball and Murray, 1994;
Froehlich, 1995; Heath and Madden, 1995; Hughes, 1986;
Pedersen, 1981; Pomerleau et al., 1993; Schuckit, 1994). Es-
timates of the proportion of variance attributable to genetic
sources for cigarette smoking range from .28 to .84, with a
mean of .53 (Hughes, 1986). Recent work done by our group
and others supports the conclusion of genetic influence on to-
bacco use (Carmelli et al., 1990, 1992; Heath and Martin,
1993; Swan et al., 1990). Heritability estimates for alcohol
use range from .28 to .51, with a mean of .42 (Carmelli et al.,
1990; Hughes, 1986; Swan et al., 1990).

We include coffee drinking in the present analysis because
caffeine is the most widely consumed psychotropic drug in
the world, followed by alcohol and nicotine (Griffiths and
Mumford, 1995). Recent studies indicate that caffeine also
exhibits features of a psychoactive substance with a potential
for dependence (Griffiths and Mumford, 1995; Hughes et al.,
1991; Nehlig et al., 1992; Strain et al., 1994). These and other
findings have led some authors to conclude that caffeine has
a dependence potential under certain conditions (Heishman
and Henningfield, 1992) and in certain individuals (Hughes
et al., 1991, 1992; Strain et al., 1994). Other studies have
shown the heritability for coffee drinking in male twins to
range from .46 to .88 (Carmelli et al., 1990; Kaprio et al.,
1981; Partanen et al., 1966; Pedersen, 1981).

A previous multivariate genetic analysis over the full
range of consumption of all three substances identified a
common latent factor underlying twin similarity in the joint
use of tobacco, alcohol and coffee. This latent factor was ex-
plained entirely by additive genetic sources, suggesting that
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the observed associations between substances over the full
range of use are genetically mediated (Swan et al., 1996). At
present, the genetic and environmental contributions to the
joint heavy use of these substances are unknown. Because the
factors determining joint heavy use (e.g., impaired neu-
ropsychological status, psychopathology, family history of
heavy use; Meyer, 1994) may be different from those deter-
mining joint use over the entire range of consumption (e.g.,
social settings, work demands, everyday stress; Wills, 1990),
we sought to determine the best-fitting multivariate genetic
model for the joint distribution of heavy smoking and
heavy alcohol use and coffee drinking. To do this we used a
recently developed constrained multivariate structural equa-
tion model postulating two latent sets of polygenes instead of
one to account for the clustering of heavy smoking with
heavy alcohol use and of heavy smoking with heavy coffee
drinking. The complete mathematical development of this
model is presented in Cardon et al., in press.

Method
Subjects

The Nas-NRC Twin Registry consists of white male twins
born between 1917 and 1927 who both served in the military,
primarily in World War II. Beginning in 1965, an initial ques-
tionnaire was mailed to 27,502 men; of the 20,946 respon-
dents, 13,486 have been classified by zygosity. A second
questionnaire was mailed to individuals in the Registry during
1967-79ina collaborative study with investigators of the Twin
Registry of the Karolinska Institute in Stockholm (Cederlof
etal., 1971). The objectives of the questionnaire were to eval-
uate respiratory and coronary symptoms, to obtain a history of
tobacco, alcohol and coffee consumption and diet, and to col-
lectinformation on other social and environmental factors that
mightbe related to tobacco use or coronary and respiratory dis-
ease experience. The methods used to construct the NAS-NRC
Twin Registry are described elsewhere (Jablon et al., 1967).

Complete data for the smoking, alcohol and coffee con-
sumption indices in the second questionnaire were available
for 2,220 monozygotic (MZ) and 2,373 dizygotic (DZ) twin
pairs. The measures are defined as: smoking, self-reported
number of cigarettes smoked currently (i.e., 1967-69) per
day; alcohol, self-reported total number of drinks (including
beer, wine and cocktails) per month at the time of evaluation;
and coffee, number of cups of coffee consumed per typical
day at the time of assessment. For the analysis of heavy poly-
substance use, we define heavy consumption of each sub-
stance as the upper 20% of the respective distributions after
excluding never users of each substance. For smoking, this
translated as more than 30 cigarettes per day; for heavy al-
cohol use, as more than 67 drinks per month; and, for heavy
coffee consumption, as more than five cups per day.

Although we present concordance rates for heavy sub-
stance use, our analyses in this report use a more efficient sta-

tistic, the tetrachoric correlation, that uses all the information
available in the joint distribution of these variables (Mather
and Jinks, 1982). The tetrachoric correlation assumes that,
underlying the division of twins into heavy and nonheavy
users, there exists a latent distribution that is the liability or
vulnerability to heavy substance use. The threshold of this li-
ability is such that individuals with liability above the thresh-
old will become heavy users while those with a liability
below the threshold will be regular users. The tetrachoric
correlation represents the correlation in twins for an under-
lying liability to become heavy smokers, heavy users of al-
cohol and heavy coffee drinkers. Since the model further
assumes a multifactorial etiology involving multiple genetic
and environmental risk factors of small to moderate effects,
the distribution of the liability to heavy substance use is as-
sumed to be approximately normal.

Multivariate structural equation modeling procedures
(Neale and Cardon, 1992) were used to estimate the genetic
and environmental contributions to the variation and covari-
ation described in Table 2. We used a multivariate genetic
model recently developed to account for the specific pattern
of correlations observed in heavy smoking, heavy alcohol
use and heavy coffee drinking (i.e., higher correlations be-
tween heavy smoking and heavy alcohol use and heavy
smoking and heavy coffee drinking than between heavy al-
cohol use and heavy coffee drinking; Cardon et al., in press).

Apathdiagramofthe modelis presented in Figure 1, inwhich
observed variables are in boxes and latent variables are inovals.
The diagram shows two groupings of substance use (latent fac-
tors), heavy smoking—heavy alcohol use and heavy smok-
ing-heavy coffee drinking, corresponding to the observed
correlational structure. The weaker association between heavy
alcohol use and heavy coffee drinking is explained by the sec-
ond-order correlation, p, between the two factors (shown as a
double-headed arrow). The extent to which all three substances
share a common source of covariance also will be reflected in
thefactor correlation. Forexample, ashared genetic etiology for
heavy smoking, heavy alcohol use and heavy coffee drinking
would be manifest as a significant estimate of the genetic factor
correlation, p, whereas independent etiologies for the two clus-
ters would result in a zero correlation. In application to twin
data, all the parametersin Figure 1 are specified foreach of three
components of variation: additive genetic (A); environmental
effects shared by, or “common” to, twins (CE); and environ-
mental effects not shared by twins (SE). The substance-specific
effects additionally account for genetic and environmental
effects specific to each measure of substance use.

The full model was fitted to the tetrachoric correlations for
substance use given in Table 2. The 18 free parameters in the
model were estimated from the data by weighted least
squares using the Mx computer program (Neale, 1991). This
program provides maximum-likelihood estimates of all
model parameters and calculates for each model a x2
goodness-of-fit measure. Larger p values indicate a better fit
to the data. For tests of statistical significance of submodels
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FIGURE 1. Two-factor model of heavy smoking, heavy alcohol use and heavy coffee drinking. Circled variables “Heavy Smoking-Heavy Alcohol Drinking”
and “Heavy Smoking-Heavy Coffee Drinking” represent unmeasured (latent) clusters of heavy smoking and heavy alcohol use and heavy smoking and heavy
coffee drinking. Latent variables A, CE and SE represent substance-specific factors contributing to variation in heavy alcohol use, heavy smoking and heavy
coffee drinking. Model parameters ;" and vy," are constrained for model identification.

involving different combinations of genetic and environ-
mental effects, we systematically omit the corresponding pa-
rameters from the model and recalculate the x2 statistic. If the
change in X2 values is significant, then the omitted parame-
ter must be retained in the final model. Smaller p values are
indicative of significant loss of fit.

The specific parameters evaluated for significance in-
cluded the higher-order factor correlation (p), shared influ-
ences for each cluster (y; for heavy alcohol-heavy smoking
correlations and +y; for heavy smoking-heavy coffee use cor-
relations) and substance-specific effects for each covariance
component: additive genetic, shared environmental and non-
shared environmental.

Results

Over the entire sample, subjects smoked an average of
18.6 * 16.1 cigarettes per day, consumed 9.5 * 13.3 alco-
holic drinks per month and had 3.7 * 2.4 cups of coffee per
day. As a group MZ twins smoked an average of 18.0 *+ 16.0
cigarettes per day, reported 9.3 * 12.7 alcoholic drinks per
month and consumed 3.6 * 2.4 cups of coffee per day. Cor-
responding values for DZ twins were: 19.0 £ 16.2 cigarettes

per day, 9.8 * 13.5 alcoholic drinks per month and
3.8 = 2.5 cups of coffee per day. Phenotypic Pearson corre-
lations for the entire sample over the entire range of con-
sumption are: smoking-alcohol, r=.22 (p <.001);
smoking-coffee, r = .28 (p <.001); and alcohol-coffee,
r=_.14(p <.001).

Prevalences and twin concordance rates for the three sub-
stances and their joint occurrence are presented in Table 1.
About 20% of the NAs-NRC twins of either zygosity exceeded
at least one of these thresholds, and 4% (81 MZ and 105 DZ
twins) exceeded all three criteria for heavy polysubstance
use. The probandwise concordance rates given in the table
reveal higher concordances for MZ twins than for DZ twins
for combined heavy use, indicating heritable etiologies for
the use of these substances.

Across the entire sample, the tetrachoric correlation be-
tween heavy smoking and heavy alcohol use was .29
(p < .001), and that between heavy smoking and heavy cof-
fee drinking was also .29 (p < .001). The correlation be-
tween heavy alcohol use and heavy coffee drinking
was —.04 (p < .01). Tetrachoric correlations by zygosity are
presented in Table 2. Cross-twin correlations, shown in bold-
face, provide the information for estimation of genetic and
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TABLE 1.
and dizygotic (DZ; 2373 pairs) twins

Prevalences and concordance rates for heavy smoking, heavy alcohol use and heavy coffee drinking among male monozygotic (MZ; 2220 pairs)

Total number Proband Pairwise

of affected N pairs, both N pairs, one Prevalence concordance concordance

individuals affected (C) affected (D) (2C + D)2N 2C/(2C + D) C/(C + D)
Categories of heavy substance use MZ DZ MZ DZ MZ DZ MZ DZ MZ DZ MZ DZ
Smoking 821 971 166 139 489 693 185 205 404 28.6 253 190
Alcohol 912 1020 203 178 506 664 20.5 21.5 445 349 286 21.1
Coffee 1027 227 238 226 551 775 23.1 25.8 46.4 36.8 302 226
Smoking—Alcohol 266 323 29 19 208 285 6.0 6.8 21.8 11.8 122 63
Alcohol-Coffee 189 244 13 11 163 222 43 5.1 13.8 9.0 74 47
Smoking—Coffee 311 376 40 23 231 330 7.0 79 25.7 12.2 148 6.5
Smoking—Alcohol—Coffee 81 105 3 2 75 101 1.8 22 7.4 38 3.7 1.9

environmental influences. Again, MZ twins are more similar
than are DZ twins for the liability of heavy use of each sub-
stance (italic diagonal elements) and their combined use (off-
diagonal elements). In addition, MZ twins reveal greater cor-
relations than DZ twins only for the heavy smoking-heavy
alcohol and heavy smoking-heavy coffee relationships. For
the joint heavy use of alcohol and coffee, all correlations are
close to zero.

The full two-factor model applied to the tetrachoric corre-
lations in Table 3 provided a very good explanation of the
data (goodness of fit x2 = 13.74, 15 df, p > .60; Model 1).

Model-fitting results revealed that shared environmental
influences did not contribute significantly to a correlation be-
tween the two factors or on the two factors individually, on
the joint heavy use of cigarettes, alcohol and coffee, or on the
individual heavy use of cigarettes or coffee (Models 2-5, 7-
8, as compared with Model 1, indicated nonsignificant loss
of fit). Significant common environmental effects were ob-
served for the specific heavy use of alcohol only
(X2 = 4.02,1 df, p < .025; the difference between Model 6
and Model 1).

Further testing revealed that, while nonshared environ-
mental influences did not contribute to a significant correla-
tion between the heavy smoking-heavy alcohol and heavy
smoking-heavy coffee groupings (x2 = .42, Ns; Model 9 vs
Model 1), nonshared environmental effects on the two indi-
vidual groupings were significantly different from zero (test
of heavy smoking-heavy alcohol use: x2 = 12.36, p < .01;
test of heavy smoking-heavy coffee drinking: x2 = 5.93, 1

df, p = .025; Models 10 and 11 vs Model 9, respectively).
This suggests that nonshared environment does affect joint
heavy substance use but the environmental factors influenc-
ing joint heavy consumption of alcohol and heavy smoking
are not the same as those influencing heavy joint smoking
and heavy coffee use. '

The final test series indicated no effect for additive genetic
influences on the genetic correlation between heavy
smoking-heavy alcohol and heavy smoking-heavy coffee
factors (x2 = 1.08, 1 df, Ns; Model 12 vs Model 1), whereas
genetic influences on each of the substance use clusters were
highly significant (heavy alcohol/heavy smoking:
x2 =42.79, 1 df, p = .0001; heavy smoking/heavy coffee:
x2 = 80.08, 1 df, p = .0001; Models 13 and 14 vs Model 1,
respectively). Substance-specific genetic effects could also
not be omitted from the model without significant loss of fit
(see Models 15-18 tested against Model 1).

The best fitting model for these data included genetic and
nonshared (e.g., residual) environmental effects overlapping
heavy smoking and the heavy use of alcohol and heavy
smoking and heavy coffee drinking, the respective sub-
stance-specific genetic influences and the shared environ-
mental influences on heavy alcohol use (x2 = 14.13, 22 df,
p > .80). Standardized parameter estimates and summary
statistics for this model are presented in Table 4 and Figure
2. For heavy polysubstance use, the best fitting model shows
no common genetic or environmental effects among all three
substances (p; = p. = 0.00; Figure 2). Rather, genetic and
environmental effects that are unique to each of the two

TaBLE 2. Correlations among twins [MZ (DZ)] for heavy alcohol use, heavy smoking and heavy coffee drinking®

Twin 1 Twin 2

Category of heavy Alcohol Coffee Alcohol Coffee
substance use use Smoking drinking use Smoking drinking
Twin 1

Alcohol use

Smoking 31(27)

Coffee drinking .00 (—.04) 31 (.33)
Twin 2

Alcohol use .53 (.35 .18 (.02) -.04 (.05)

Smoking 21 (11) 50(24) 22 (.12) 28 (.32)

Coffee drinking 02 (—.02) 24 (.09) .51(.28) —.05(.01) 32(.249)

aThreshold criteria for heavy use: smoking, >30 cigarettes/day; alcohol, >67 drinks/month; coffee, >5 cups of coffee/day
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TABLE 3. Model comparison tests of shared environmental (CE), nonshared environmental (SE) and
additive genetic (A) sources of variation-covariation in heavy smoking, heavy alcohol use and heavy

coffee drinking
Goodness of
model fit Tests of parameter significance
Model x2 df P change x? df p
1 Full 2-factor model 13.74 15 >.60

Tests for common environmental (CE) effects on specific and joint heavy substance use

2 No factor correlation 13.97 16 >.60 0.23 1 NS
3 2 and no smoking—
alcohol factor 13.97 17 >.60 0.00 1 NS
4 2 and no smoking—
coffee factor 13.97 17 >.60 0.00 1 NS
5 No effect for joint use
of all three substances 13.97 18 >.70 0.23 3 NS
6 No alcohol-specific 17.76 16 >.30 4.02 1 <.05
7 No smoking-specific 13.97 16 >.60 0.00 1 NS
8 No coffee-specific 14.22 16 >.50 0.48 1 NS
Tests for nonshared environmental (SE) effects on common factors for joint heavy use
9 No factor correlation 14.16 16 >.50 0.42 1 NS
10 9 and no smoking—
alcohol factor 26.52 17 >.05 12.36 1 <.01
11 9 and no smoking—
coffee factor 20.09 17 >.20 5.93 1 <.03

Tests for genetic (A} effects on common factors for joint heavy use

12 No factor correlation 14.82 16 >.40 1.08 1 NS
13 12 and no smoking—

alcohol factor 56.53 17 <.01 42.79 1 <.0001
14 12 and no smoking—

coffee factor 93.82 17 <.01 80.08 1 <.0001

Tests for genetic (A) effects on specific heavy substance use

15 No alcohol-specific 18.97 16 >25 5.23 1 <.05

16 No smoking-specific 26.13 16 >.05 12.39 1 <.0t

17 No coffee-specific 21.02 16 >.05 7.28 1 <.01

18 All substance-specific

effects 105.28 19 <.01 91.54 3 <.0001

19 Best-fitting model 14.13 22 >.80
clusters of heavy smoking and heavy alcohol use and heavy sures and the latent phenotypes as derived from parameter
smoking and heavy coffee drinking are essential to the over- estimates in Figure 2. Heavy smoking, heavy alcohol use and
all fit. heavy coffee drinking exhibit significant heritable variation,

Table 4 presents the additive genetic and specific environ- with percent of variation (heritabilities, h?) of 38% to 51%.

mental proportions of variation for the three observed mea- The heavy smoking-heavy alcohol genetic factor accounted

TaBLE 4. Percent of variation in heavy smoking, heavy alcohol use and heavy coffee drinking attributable to genetic and environmental sources in
best-fitting model”

Genetic variance in heavy use Environmental variance in heavy use
Common factor Common Common factor Common
Proportion  for alcohol use factor for Proportion of total for alcohol factor for
of total and smoking and Substance- variance drinking and smoking and Substance-
Substance  variance smoking coffee drinking specific Common  Specific smoking coffee drinking specific
Alcohol 38 454 - 55 15¢ 47 264 - 74
Smoking 49 35 43 22 0 51 24 16 60
Coffee 51 - 41 59 0 49 - 16 84

aModel x2 = 14.13, 22 df, p > .80.

bPercent of total genetic variance.

cAll shared twin environmental influences are substance-specific.
“Percent of total specific environmental variance.
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FIGURE 2. Parameter estimates from best-fitting model of heavy smoking and heavy alcohol and heavy coffee drinking, x* = 14.13, 22 df, p > .80. Parame-
ter estimates that were not significantly different from zero are omitted from the diagram.

for 35% of the heritable variance in heavy smoking and 45%
of the heritable variance in heavy alcohol use. The heavy
smoking—heavy coffee genetic factor accounted for approx-
imately equal amounts of the heritable variance in heavy
smoking (43%) and heavy coffee drinking (41%).
Substance-specific genetic influences contributed 22% of the
total heritable variance in heavy smoking, 55% in heavy al-
cohol use and 59% in heavy coffee drinking.

The remaining percentage of the total variance in the use
of each substance was attributable to environmental
sources and ranged from 49% for heavy coffee drinking
to 62% for heavy alcohol use. The joint heavy smoking—
heavy alcohol environmental factor accounted for 24% in
heavy smoking and 26% of the nonshared environmental
variance in heavy alcohol use. A similar pattern was ob-
served for the joint environmental factor for heavy smok-
ing and heavy coffee drinking, with approximately equal
amounts of “environmentality” accounted for in heavy
smoking and heavy coffee drinking. Substance-specific
environmental influences (calculated as percentages of to-
tal specific environmentality) were similar for heavy use of
all three substances: smoking (60%), alcohol (74%) and
coffee (84%).

Correlations among the additive genetic influences (rg)
may also be derived directly from parameter estimates in
Figure 2, as the product of the common genetic paths (A) di-
vided by the product of the square roots of the individual her-

itabilities. These values can be viewed as estimates of the ge-
netic correlation between the two substances. As expected,
the genetic correlations mirror the pattern of observed corre-
lations showing relatively high but similar genetic correla-
tions between heavy smoking and heavy alcohol use
(rg = .40, calculated as [.41 X A1)/[V.49 X .38]) and be-
tween heavy smoking and heavy coffee drinking (r; = .43).
In contrast, the environmental correlations, r., between the
clusters of heavy substance use were approximately one-half
to one-third the size of the genetic correlations (r. = .24 for
heavy smoking and heavy alcohol use; r. = .15 for heavy
smoking and heavy coffee drinking), suggesting that joint
heavy use in these two pairings is determined primarily by
common genetic etiology.

Discussion

With respect to cigarette smoking, we note that the preva-
lence of ever smoking in this cohort, 80%, is identical to that
for unrelated individuals similar in birth cohort (80%,
DHHS, 1989, p. 300). The average number of cigarettes
smoked per day (18.6) is also similar to that for a compara-
bly aged cohort (18.3, Stein et al., 1993). At the time of as-
sessment, 52% of the sample was still smoking. This
prevalence is about 10% higher than that reported by the
Health Interview Survey (DHHS, 1989) of noninstitutional-
ized white males in the United States at about the same time.
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The proportion of consumers of alcohol (84%) is compara-
ble to that for similarly aged unrelated individuals (75%,
Stein et al., 1993). The average number of drinks per week
(9.5) appears to be higher than that for the general population
(5.1, Stein et al., 1993). The prevalence of coffee drinking,
82%, is comparable to that for the general population (82%,
Klag et al., 1994; 80%, Griffiths and Mumford, 1995). As-
suming an average of 100 mg of caffeine per cup of coffee
and that coffee consumption accounts for about 75% of total
caffeine intake (Consumers Union, 1994), the level of con-
sumption on a daily basis (370 [100 X 3.7] mg caffeine from
coffee and an estimated 500 mg from all sources of caffeine)
also appears to be substantially higher than the level noted
for the general U.S. population (235 mg/day, Griffiths and
Mumford, 1995) and for a sample of men (230 mg/day, Klag
et al., 1994).

In a previous multivariate genetic analysis of the joint use
of tobacco, alcohol and coffee over the entire range of con-
sumption in the National Heart, Lung, and Blood Institute
Twin Study, we obtained evidence for acommon genetic fac-
tor underlying the use of all three substances (Swan et al.,
1996). The present analysis identified two independent sets
of polygenes underlying the joint heavy use of cigarettes and
alcohol and of cigarettes and coffee. Despite differences in
sample size, methodology and results, conclusions from our
previous article are similar to several of those drawn here.
Heritabilities for the use of the three substances over the full
distribution of consumption ranged from 36% to 56% and
those for heavy consumption ranged from 38% to 51%. Best
fitting models in both analyses included a common genetic
factor or factors accounting for 28% to 64% of total genetic
variance in the full range of consumption and for 41% to 78%
of total genetic variance in heavy consumption. In both analy-
ses common genetic factor(s) accounted for the most genetic
variance in smoking (64% and 78%, respectively) and for the
least genetic variance in coffee drinking (28% and 41%, re-
spectively). From these analyses, we conclude that future be-
havior genetic studies of the use of these substances will need
to account for their common genetic etiologies. In other
words, the issue of genetic influence on substance use is only
partially addressed in the absence of multivariate approaches
to genetic analyses that take advantage of data from measures
of concurrent use of other psychoactive substances.

Several lines of research can be invoked to explain the ge-
netic and environmental correlations underlying the joint
heavy use of cigarettes and alcohol and of cigarettes and cof-
fee. On the environmental side, stress is known to increase
the use of both alcohol and tobacco (Wills, 1990), and the use
of both substances individually to manage the effects of
stress is well known (NTAAA, 1994; Pomerleau and Pomer-
leau, 1984). The combined effects of nicotine and alcohol on
the mesolimbic dopamine system, the structure and function
of which may be genetically mediated, may enhance the abil-
ity of both substances to lessen biobehavioral responses to
stress (Balfour, 1991, 1993).

The environmental overlap in the joint occurrence of
heavy smoking and heavy coffee drinking would seem less
likely to be related to stress, especially in view of caffeine’s
known anxiogenic potential and ability to disrupt sleep la-
tency (Nehlig et al., 1992). A more likely explanation lies
with the need to respond to an environmental demand with
heightened cognitive abilities. The combined use of both
nicotine and caffeine could produce a synergistic effect onre-
ceptor systems involving acetylcholine, norepinephrine and
serotonin. The net result would be enhanced alertness, vigi-
lance and concentration (Balfour, 1991, 1993; Nehlig et al.,
1992).

While our discussion thus far has focused on neurochem-
ical and environmental explanations for the apparent cluster-
ing of the two joint-use factors, the exact nature of what and
how the two clusters for joint heavy substance use may be ge-
netically influenced is currently speculative. Schuckit
(1994), writing in the context of alcohol research, makes a
convincing case that, while the mode of transmission of in-
dividual differences in receptor functioning may well be
polygenic and multifactorial, other risk factors for substance
use also possibly influenced by genetic factors include: (1)
certain personality types (e.g., antisocial personality, reward
dependence); (2) heightened stress reactivity; and (3) co-
morbidity with other psychiatric disorders such as depression
(NIAAA, 1994). Associations between depression and dif-
ferent facets of smoking (Hall et al., 1993; Hemenway et al.,
1993), alcohol use (Berger and Adesso, 1991; Greeley et al.,
1992; Hartka et al., 1991) and caffeine consumption (Leiben-
Iuft et al., 1993) have been reported. The potential impor-
tance of depression as an explanatory variable to the
observed genetic associations is underscored by the recent
series of bivariate genetic analyses from Kendler and col-
leagues identifying genetic commonality to alcoholism and
depression (Kendler et al., 1993a) and to smoking and de-
pression (Kendler et al., 1993b). To date, the genetic associ-
ation between coffee drinking and depression remains
untested, as far as we know.

Other explanations can be invoked to explain the pattern of
covariation seen in this study. Swanson et al. (1994) suggest
a possible drug-drug interaction in which nicotine increases
the rate of caffeine metabolism, resulting in the need to drink
more caffeine to maintain the desired levels. Thus, heavy
smoking could lead to heavy coffee drinking. It seems simi-
larly likely that alcohol metabolism might also be altered
when used concurrently with nicotine. There is also, of course,
the possibility that the use of one substance such as nicotine
has become a conditioned cue to use other substances as well,
as originally proposed by Istvan and Matarazzo (1984).

Although an overlap in the genetic effects underlying the
use of these substances was indicated in the present study, it
is important to note that genetic variance specific to the use
of each substance was also identified. The findings reveal that
some of the variation in the use of each substance is specific,
accounting for 22% of the total heritabilities in heavy smok-
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ing, 55% in heavy alcohol use and 59% in heavy coffee drink-
ing. This pattern of results is also consistent with research in
animal models that shows, for example, that, although gene
products responsible for the regulation of ethanol sensitivity
also regulate sensitivity to nicotine (Collins, 1990), there re-
main unique genetic components that regulate sensitivity to
each substance separately (De Fiebre et al., 1990).

In reviewing these results, the reader should bear in mind
several limitations to generalizability. First, these findings are
based entirely on self-report. Although we have no data to sug-
gest that heavy users in this study had a strong motivation to
underreport their level of smoking, alcohol use or coffee
drinking, the use of a 7-day diary of consumption might have
resulted in a more accurate assessment of true levels. Second,
the analysis used in the present study relied on an assessment
of coffee use as a proxy for caffeine intake. Because there are
several other dietary sources of caffeine (e.g., soda, tea,
chocolate, over-the-counter stimulants) that we did not assess,
we may have underestimated the true level of caffeine intake
in these participants. Third, although specific environmen-
tal/cultural influences are noted for each of the three sub-
stances, the nature of these influences was not assessed in this
study. Moreover, these environmental influences could be
confounded with measurement error. Fourth, because there is
some evidence to suggest that women are different from men
with respect to substance use (Grunberg et al., 1991; Lex,
1991), it would be of great interest to repeat these analyses in
a female twin cohort.

Two basic assumptions of the twin model, if not met,
could lead to biased estimates of heritability. The first is that
all of the variance that contributes to the similarity within
pairs is due to genetic similarity and/or shared environmen-
tal influences. Since twins spend more time together and are
more often in similar situations (e.g., the same school) it is
reasonable to assume that they share more environmental in-
fluences than do nontwin siblings; shared environmental in-
fluences are assumed to be the same for MZ and DZ twins.
Only under this assumption is it possible to attribute under-
lying genetic causality to the observed twin similarity of a
measured characteristic. If common environmental influ-
ences are not the same for MZ and DZ twins, then estimates
of heritability will be biased. The second assumption is that
genetic influences act in an additive manner. If dominance is
involved or if polygenic influences interact with one another,
then the estimate of heritability used in the present study will
be biased upward.

The Nas-Nrc Twin Registry is composed of twins, both of
whom served in the U.S. armed forces during World War 1II.
These men are not a random sample of adult U.S. men. To be
included in the present study, twins had to pass an induction
examination, survive military service, survive to middle age
and be willing to participate in a longitudinal health study.
This sampling process therefore may have resulted in the se-
lection of a relatively healthy cohort. Previous research on a
subset of this cohort demonstrated that heavy smokers and

drinkers were in fact less likely to volunteer to participate
(Fabsitz et al., 1988). We believe that the effect of this bias
in the sample would lead to an underestimation of the ob-
served genetic variance.

References

BALFOUR, D.J.K. The neurochemical mechanisms underlying nicotine tol-
erance and dependence. In: PRATT, J.A. (Ed.) The Biological Bases of
Drug Tolerance and Dependence, London: Academic Press, Inc., 1991,
pp. 121-151.

BALFOUR, D.J.K. The pharmacology of nicotine in the CNS and its bearing
on nicotine replacement therapies. Int. J. Smoking Cess. 2: 3-8, 1993.

BALL, D.M. AND MURRAY, RM. Genetics of alcohol misuse. Brit. Med.
Bull. 50: 18-35, 1994.

BERGER, B.D. AND ADEsso, V.J. Gender differences in using alcohol to
cope with depression. Addict. Behav. 16: 315-327, 1991.

CarpoN, L.R., SwaN, G.E. AND CARMELLY, D. A model of genetic and en-
vironmental effects for the joint use of alcohol, smoking, and caffeine.
Behav. Gen., in press.

CARMELLI, D, SWaAN, G.E., ROBINETTE, D. AND FassiTz, R.R. Heritabil-
ity of substance use in the NAS-NRC Twin Registry. Acta Genet. Med.
Gemellol. (Roma) 39: 91-98, 1990.

CARMELLI, D., SwaN, G.E., ROBINETTE, D. AND FaBsITZ, R. Genetic in-
fluence on smoking: A study of male twins. New Engl. J. Med. 327:
829-833, 1992.

CEDERLOF, R., EpSTEIN, F.H., FRIBERG, L., HRUBEC, Z. AND RADFORD,
E.P. Twin registries in the study of chronic disease. Acta Med. Scand.
Suppl. 523, 1971.

CoLLINS, A.C. Interactions of ethanol and nicotine at the receptor level.
Rec. Devel. Alcsm 8: 221-231, 1990.

CoNsUMERS UNION. Coffee and health. Consumer Reports, October, 1994.

DE FIEBRE, C.M., MARKS, M.J. AND CoLLINS, A.C. Ethanol-nicotine inter-
actions in long-sleep and short-sleep mice. Alcohol 7: 249-257, 1990.

DEPARTMENT OF HEALTH AND HUMAN SERVICES. Reducing the Health
Consequences of Smoking: 25 Years of Progress: A Report of the Sur-
geon General, NIH Publication No. 89-8411, Washington, D.C.: Gov-
ernment Printing Office, 1989.

FaBsiTz,R.R., KALOUSDIAN, S., CARMELLI, D., ROBINETTE, D. AND CHRIS-
TIAN, J.C. Characteristics of participants and nonparticipants in the
NHLBI Twin Study. Acta Genet. Med. Gemellol. (Roma) 37: 217-228,
1988.

FroOEHLICH, J.C. Genetic factors in alcohol self-administration. J. Clin.
Psychiat. 56 (Suppl 7): 15-23, 1995.

GREELEY, J., SWIFT, W. AND HEATHER, N. Depressed affect as a predictor
of increased desire for alcohol in current drinkers of alcohol. Brit. J.
Addict. 87: 1005-1012, 1992.

GRIFFITHS, R.R. ANDMUMFORD, G.K. Caffeine: A drug of abuse?In: BLooM
F.E. AND KUPFER, D J.(Eds.) Psychopharmacology: The Fourth Genera-
tion of Progress, New York: Raven Press, Pubs., 1995, pp. 1699-1713.

GRUNBERG, N.E., WINDERS, S.E. AND WEWERS, M.E. Gender differences
in tobacco use. Health Psychology 10: 143-153, 1991.

HaLt, S.M,, Munoz, RF., REus, V.I. AND SEES, K.L. Nicotine, negative
affect, and depression. J. Cons. Clin. Psychol. 61: 761-767, 1993.

HARTKA, E., JOHNSTONE, B.M., LEINO, E.V., MOTOYOSHI, M.M., TEMPLE,
M.T.ANDFILLMORE, K. A meta-analysis of depressive symptomatology
and alcohol consumption over time. Brit. J. Addict. 86: 1283-1298, 1991.

HEATH, A.C. AND MADDEN, P.A F. Genetic influences on smoking behav-
ior. In: TURNER, J.R., CARDON, L.R. AND HEWITT, J.K.(Eds.). Behavior
Genetic Approaches in Behavioral Medicine. New York: Plenum Press,
1995, pp. 45-66.

HEATH, A.C. AND MARTIN, N.G. Genetic models for the natural history
of smoking: Evidence for a genetic influence on smoking persistence.
Addict. Behav. 18: 19-34, 1993.



190 JOURNAL OF STUDIES ON ALCOHOL / MARCH 1997

HEISHMAN, S.J. AND HENNINGFIELD, J.E. Stimulus functions of caffeine in
humans: Relation to dependence potential. Neurosci. Biobehav. Rev.
16: 273-287, 1992.

HEMENWAY, D., SOLNICK, S.J. AND CoLpITZ, G.A. Smoking and suicide
among nurses. Amer. J. Pub. Hith 83: 249-251, 1993.

HuGHES, J.R. Genetics of smoking: A review. Behav. Ther. 17: 335-345,
1986.

HuGHES, J.R., HiGGINs, S.T., BickeL, W K., HuNT, W K., FENWICK, J.W.,
GULLIVER, S.B. AND MIREAULT, G.C. Caffeine self-administration,
withdrawal, and adverse effects among coffee drinkers. Arch. Gen. Psy-
chiat. 48: 611-617, 1991.

HucHEs, J.R., OLIVETO, A.H., HELZER, J.E., HIGGINS, S.T. AND BICKEL,
W.K. Should caffeine abuse, dependence, or withdrawal be added to
DSM-1V and ICD-10? Amer. J. Psychiat. 149: 33-40, 1992.

ISTVAN, J. AND MATARAZZO, J.D. Tobacco, alcohol, and caffeine use: A
review of their interrelationships. Psychol. Bull. 95: 301-326, 1984.
JaBLON, S., NetL, J.V., GERsHOwWITZ, H. AND ATKINSON, G.F. The
NAS-NRC twin panel: Methods of construction of the panel, zygosity
diagnosis, and proposed use. Amer. J. Human Genet. 19: 133-161,

1967.

KAPRIO, J. AND KOSKENVUO, M. A prospective study of psychological and
socioeconomic characteristics, health behavior and morbidity in ciga-
rette smokers prior to quitting compared to persistent smokers and non-
smokers. J. Clin. Epidemiol. 41: 139-150, 1988.

KarPrio, J., KOSKENVUO, M. AND SARNA, S. Cigarette smoking, use of
alcohol, and leisure-time physical activity among same-sexed adult male
twins. Progr. Clin. Biol. Res. 69¢: 37-46, 1981.

KENDLER, K.S., HEATH, A.C., NEALE, M.C., KESSLER, R.C. AND EAVES,
L.J. Alcoholism and major depression in women: A twin study of the
causes of comorbidity. Arch. Gen. Psychiat. 50: 690-698, 1993a.

KENDLER, K.S., NEALE, M.C., MACLEAN, C.J,, HEATH, A.C., EAVEs, L.J.
AND KESSLER, R.C. Smoking and major depression: A causal analysis.
Arch. Gen. Psychiat. 50: 36-43, 1993b.

KLaG, M.J,, MEAD, L.A., LACROIX, A.Z., WANG, N.Y., CORESH, J., LIANG,
K.Y., PEARsON, T.A. AND LEVINE, D.M. Coffee intake and coronary
heart disease. Ann. Epidemiol. 4: 425-433, 1994.

LEIBENLUFT, E., FiEro, P.L., BARTKO, J.J., MouL, D.E. AND ROSENTHAL,
N.E. Depressive symptoms and the self-reported use of alcohol,
caffeine, and carbohydrates in normal volunteers and four groups of
psychiatric outpatients. Amer. J. Psychiat. 150: 294-301, 1993.

LEX, B.W. Some gender differences in alcohol and polysubstance users.
Health Psychology 10: 121-132, 1991.

MANGAN, G.L. AND GoLDING, J.F. The Psychopharmacology of Smoking.
New York: Cambridge University Press, 1984.

MATHER K. AND Jinks, J.L. Biometrical Genetics: The Study of Continu-
ous Variation, 3d Edition, London: Chapman & Hall, 1982.

MEYER, R.E. Toward a comprehensive theory of alcoholism. In: BABOR,
T.F., HESSELBROCK, V., MEYER, R.E. AND SHOEMAKER, W. (Eds.)
Types of Alcoholics: Evidence from Clinical, Experimental, and

Genetic Research, New York: Ann. N.Y. Acad. Sci. 708: 238-250,
1994.

NATIONAL INSTITUTE ON ALCOHOL ABUSE AND ALCOHOLISM. Alcohol and
Health: Eighth Special Report to the U.S. Congress, NIH Publication
No. 94-3699, Washington, D.C.: Government Printing Office, 1994.

NEALE, M.C. Mx: Statistical Modeling, Richmond, Va.: Department of
Human Genetics, Medical College of Virginia, 1991.

NEALE, M.C. AND CaARrDON, L.R. Methodology for Genetic Studies of
Twins and Families. Dordrecht, The Netherlands: Kluwer Academic
Publishers, 1992.

NEHLIG, A., DAvAL, J. AND DEBRY, G. Caffeine and the central nervous
system: Mechanisms of action, biochemical, metabolic and psycho-
stimulant effects. Brain Res. Rev. 17: 139-169, 1992.

PARTANEN, J., BRUNN, K. ANDMARKKANEN, T. Inheritance of Drinking Be-
havior: A Study of Intelligence, Personality, and Use of Alcohol of Adult
Twins. Helsinki: The Finnish Foundation for Alcohol Studies, 1966.

PEDERSEN, N. Twin similarity for usage of common drugs. Prog. Clin, Biol.
Res. 69c¢: 53-59, 1981.

PoMERLEAU, O.F., CoLLINS, A.C., SHIFFMAN, S. AND POMERLEAU, C.S.
Why some people smoke and others do not: New perspectives. J. Cons.
Clin. Psychol. 61: 723-731, 1993.

PoMmERLEAU, O.F. AND POMERLEAU, C.S. Neuroregulators and the rein-
forcement of smoking: Towards a biobehavioral explanation. Neurosci.
Biobehav. Rev. 8: 503-513, 1984.

ScHuckiT, M.A. A clinical model of genetic influences in alcohol depen-
dence. J. Stud. Alcohot 55: 5-17, 1994.

STEIN, A.D., LEDERMAN, R.I. AND SHEA, S. The Behavioral Risk Factor
Surveillance System questionnaire: Its reliability in a statewide sample.
American Journal of Public Health 83: 1768-1772, 1993.

STrAIN, E.C., MUMFORD, G., SILVERMAN, K., GRIFFITHS, R.R. ET AL. Caf-
feine dependence syndrome: Evidence from case histories and experi-
mental evaluations. JAMA 272: 1043-1048, 1994.

SwaN, G.E., CARMELLI, D. AND CARDON, L.R. The consumption of to-
bacco, alcohol, and caffeine in Caucasian male twins: A multivariate ge-
netic analysis. J. Subst. Abuse 8: 19-31, 1996.

SwaN, G.E., CARMELLIL, D., RosENMAN, R.H., FaBsiTZ, R.R. AND CHRIST-
1AN, J.C. Smoking and alcohol consumption in adult male twins:
Genetic heritability and shared environmental influences. J. Subst.
Abuse 2: 39-50, 1990.

SwaNsON, J.A., LEe, J.W. aND Hopp, J.W. Caffeine and nicotine: A review
of their joint use and possible interactive effects in tobacco withdrawal.
Addict. Behav. 19: 229-256, 1994.

WiLLs, T.A. Stress and coping factors in the epidemiology of substance
use. In: KozLowski, L.T., ANNis, HM., CAPPELL, H.D., GLASER, F.B.,
GooDsTADT, M.S., IsRAEL, Y., KALLANT, H., SELLERS, EM. AND
VinaiLis, E.R. (Eds.) Research Advances in Alcohol and Drug Prob-
lems, vol. 10, New York: Plenum Press, 1990, pp. 215-250.

WISE, R.A. The neurobiology of craving: Implications for the understand-
ing and treatment of addiction. J. Abnorm. Psychol. 97: 118-132, 1988.



