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Genetic and Environmental Contributions
to Alcohol Abuse and Dependence

in a Population-Based Sample of Male Twins

Carol A. Prescott, Ph.D., and Kenneth S. Kendler, M.D.

Objective: Most twin and adoption studies of alcoholism have ascertained cases
through treatment settings or archival data; these subjects may differ from affected sub-
jects identified epidemiologically. The authors studied the importance of genetic influences
on risk of alcohol-related disorders in a new population-based twin sample. Method: Struc-
tured personal interviews were used to assess DSM-III-R-defined and DSM-IV-defined al-
cohol abuse and dependence among 3,516 twins from male-male pairs born in Virginia be-
tween 1940 and 1974. Results: The magnitude of resemblance among twin pairs was
similar across several definitions of alcoholism and was substantially higher among 861
identical pairs than among 653 fraternal pairs. On the basis of a liability threshold model,
48%–58% of the variation in liability was attributed to additive genetic factors, with the re-
mainder attributed to environmental influences not shared by family members. When a
treatment-based proband concordance model was used, evidence for shared environmen-
tal as well as genetic influences emerged. Conclusions: In this first population-based
study of male twins from the United States, it was found that genetic factors played a major
role in the development of alcoholism among males, with similar influence for alcohol abuse
and alcohol dependence. Prior findings implicating the influence of common environment
may be attributable to sampling strategy; in this population-based sample, environmental
factors shared by family members appear to have had little influence on the development
of alcoholism in males. 

(Am J Psychiatry 1999; 156:34–40)

Previous twin and adoption studies have found
moderate to strong genetic influences on alcoholism
among men, with heritability estimates of 40%–60%.
These include studies using archival or registry data
(1–5), clinically ascertained samples (6–11), and a

sample of volunteer Australian twins (12). Two studies
that did not support strong genetic influences had lim-
itations of small sample size (13) and incomplete ascer-
tainment of cases (14). Several studies (2, 4, 8, 10, 11)
found evidence for shared environmental effects in ad-
dition to genetic effects, particularly when alcoholism
was defined broadly.

Studies based on archival data or treatment samples
are likely to be weighted toward more severe forms of
alcoholism, and cases may be selected for excess co-
morbidity with other disorders (15). These cases ac-
count for only a small proportion of the morbidity and
social costs associated with misuse of alcohol (16). We
addressed this issue by studying, for the first time in a
population-based U.S. sample, the etiology of alcohol-
related disorders in personally interviewed male twins.

METHOD

This report is based on data collected as part of a new study of
adult twins from the Virginia Twin Registry. The registry was
formed by means of a systematic search of all Virginia birth certifi-
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cates since 1918. Subjects from multiple births are matched by name
and birth date to state records to obtain addresses and telephone
numbers. Individuals were eligible for participation in this study if
one or both of a pair were successfully matched, if they were a mem-
ber of a multiple birth that included at least one male, if they were
Caucasian, and if they were born between 1940 and 1974. Of 9,420
eligible individuals, 6,856 (72.8%) were interviewed, 1,163 (12.3%)
refused to participate, 385 (4.1%) did not agree to participate within
the study time limit, 863 (9.2%) could not be located, and 153
(1.6%) were deceased or too ill to be interviewed. Thus, of 8,404
twins contacted and available for participation, 81.6% were success-
fully interviewed.

This report is based on 3,516 male twins, triplets, and quadru-
plets from male-male pairs with complete data on alcohol diagnosis.
The sample included 3,012 subjects from 1,514 complete pairs (861
identical and 653 fraternal) and 504 subjects whose co-twins were
not interviewed. (The number of pairs includes 12 created by com-
bining all possible pairs from four all-male triplet sets.) Excluded
from the analyses were 27 males with incomplete alcohol data and
3,313 male and female twins from opposite-sex pairs.

At the time of interview (1993–1996), the subjects were 18–56
years old (mean age=35.1 years, SD=9.2) and had a mean of 13.4
years (SD=2.6) of education. Fifty-nine percent were married, 13%
separated/divorced, 28% single, and 0.5% widowed. Most subjects
were interviewed by telephone, but about 5% were interviewed in
person because of subject preference, residence in an institutional
setting (usually jail), or not having telephone service.

This project was approved by our local institutional review board.
Subjects were informed about the goals of the study and provided
verbal consent before the telephone interviews and written informed
consent before collection of DNA samples.

Measures

Lifetime alcohol abuse and alcohol dependence were assessed by
structured interview. Diagnostic criteria were adapted from standard
instruments (17, 18) and structured to permit evaluation of both
DSM-III-R-defined and DSM-IV-defined diagnoses. Subjects were
assessed for alcohol-related diagnoses if they 1) reported that their
maximum single-day intake was 13 or more drinks, and/or 2) an-
swered yes to any of three screening questions: “Have you ever had
a period in your life when you drank too much?…when you drank
instead of spending time with hobbies, family, or friends?…when
someone else objected to your drinking?” Diagnostic criteria were
evaluated for the time “when you used alcohol the most” (number 1)
or when “this problem was at its worst” (number 2).

Four measures of alcohol consumption were obtained for the year
when the subject drank the most: frequency (number of days on
which alcohol was consumed in a typical month), quantity (typical
number of drinks per drinking occasion), maximum single-day
quantity, and monthly consumption (calculated as a weighted sum of
the frequency of consuming 1–3, 4–6, 7–9, 10–12, and 13 or more
drinks).

Interviewers had a master’s degree in social work, psychology, or
another mental health-related field or a bachelor’s degree in one of
these areas plus 2 years of relevant clinical experience. They received
40 hours of classroom training plus regular individual and group re-
view sessions. Two senior staff members reviewed each interview for
completeness and consistency. Members of a twin pair were inter-
viewed by different interviewers who were blind to clinical informa-
tion about the co-twin.

Pairs were classified as identical (monozygotic) or fraternal (dizy-
gotic) on the basis of a computer algorithm of questionnaire re-
sponses previously validated on a parallel sample of female-female
twin pairs (19). We validated the application of the algorithm to the
male sample by analysis of 15 highly informative DNA polymor-
phisms in a random sample of 184 twin pairs. The algorithm cor-
rectly classified 177 (96.2%) of the pairs.

Statistical Analysis

We present information about twin resemblance in several ways.
Proband concordance is the proportion of affected individuals

among the co-twins of affected twins (probands). This statistic does
not use the information available from the proportion of pairs in
which both twins are unaffected. All of the information is summa-
rized by an odds ratio—the risk of being affected among co-twins of
affected twins compared to the risk of being affected among co-
twins of unaffected twins.

We use a standard liability-threshold model to estimate the ge-
netic and environmental contributions to twin resemblance. For a
categorical characteristic such as diagnosis, the estimates are for the
resemblance of twins in a pair for their liability to develop the disor-
der (20). Liability is assumed to be continuous and normally distrib-
uted in the population, with individuals who exceed a theoretical
threshold expressing the disorder.

Individual differences in liability are assumed to arise from three
sources: additive genetic (A), from genes whose allelic effects com-
bine additively; common environment (C), which includes all
sources shared by members of a twin pair, including family environ-
ment, social class, and schools; and specific environment (E), which
includes all remaining environmental factors not shared within a
twin pair plus measurement error. Monozygotic twins within a pair
resemble each other because they share all of their A and C compo-
nents, while dizygotic pairs share all of their C and (on average) one-
half of their A components. Comparing the resemblance of monozy-
gotic and dizygotic twins provides estimates of each source’s contri-
bution to the population variance in liability. It is possible to include
nonadditive genetic effects (dominance, epistasis), but these have not
been implicated in prior studies of alcohol abuse/dependence, and
their inclusion did not improve the fit of our models, so we do not
consider them further.

Our model assumes independence and additivity of the three com-
ponents, absence of assortative mating, equality of shared environ-
mental effects, and no age effects. Assortative mating is the tendency
for people to choose mates nonrandomly. If spouses choose each
other on the basis of characteristics that are genetically influenced,
the genetic correlation for these characteristics among dizygotic
twins will be higher than 0.50, and the genetic component will be
underestimated. Spousal resemblance for alcohol dependence was
modest (correlations of –0.21 to 0.27) among parents of female-fe-
male twins studied previously (21), so a large impact of assortative
mating seems unlikely.

The equal environment assumption requires that monozygotic
and dizygotic pairs be equally similar in the etiologically relevant
aspects of their shared environments. We test this assumption by
studying whether, when zygosity is controlled, pairs with greater
adult or childhood environmental similarity are more similar for
alcoholism.

Prior studies have found differences between cohorts in risk of al-
coholism, and the younger subjects in our sample have not com-
pleted the risk period. We address this by testing the invariance of
the prevalences and biometric parameters across age groups.

Models were fitted directly to contingency table data with the use
of weighted least squares in the program Mx (22). Alternative mod-
els were evaluated by comparing the difference in their chi-square
values relative to the difference in their degrees of freedom, accord-
ing to the principle of parsimony—models with fewer parameters
are preferable if they do not provide significantly worse fit. We oper-
ationalized parsimony by using the AIC statistic (23), calculated as
χ2–2 df.

RESULTS

Diagnostic Prevalences

Lifetime prevalences were as follows: according to
DSM-III-R criteria, alcohol abuse=7.6% and alcohol
dependence=27.4%; according to DSM-IV criteria, al-
cohol abuse=12.0% and alcohol dependence=24.0%.
To address the convergent validity of these classifica-
tions, we examined the association between diagnosis
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and alcohol consumption for the year of heaviest
drinking. The 3,473 subjects who reported any lifetime
alcohol consumption were divided into three groups: one
group included 1,015 subjects who met the DSM-III-R
or DSM-IV criteria for alcohol dependence; the second
included 318 subjects with DSM-III-R or DSM-IV alco-
hol abuse (but not alcohol dependence); and the third in-
cluded 2,140 nonabstainers without any diagnosis.

The three groups differed significantly in consump-
tion frequency (days per month) (alcohol dependence
group mean=22.3, SD=8.4; alcohol abuse group
mean=18.4, SD=8.6; no-diagnosis group mean=9.6,
SD=8.5; F=829, df=2, 3470, p<0.0001; R2=31.8%)
and in typical quantity (number of drinks per drinking
occasion) (alcohol dependence group mean=9.9, SD=
7.3; alcohol abuse group mean=7.3, SD=4.6; no-diag-
nosis group mean=4.3, SD=4.0; F=410, df=2, 3468, p<
0.0001; R2=18.8%). They also differed significantly in
single-day maximum number of drinks (alcohol depen-
dence group mean=20.7, SD=11.4; alcohol abuse
group mean=16.5, SD=8.3; no-diagnosis group mean=
9.3, SD=7.2; F=616, df=2, 3470, p<0.0001; R2=
25.8%) and in total drinks per month (alcohol depen-
dence group mean=252, SD=209; alcohol abuse group
mean=160, SD=125; no-diagnosis group mean=57,
SD=84; F=740, df=2, 3468, p<0.0001; R2=29.5%).

Potential Biases

Twins whose co-twins were not interviewed were
older (mean age=35.8 years, SD=9.2, versus 34.6
years, SD=9.3; t=13.0, df=3516, p<0.0003; R2=0.4%)
but did not differ significantly in the prevalence of any
diagnosis, suggesting that restricting the analyses to
complete pairs did not bias the results.

Dizygotic twins had slightly higher prevalences for
each classification (table 1), but these were significant

only for alcohol abuse. Our models required equal
thresholds across zygosity; any threshold differences
contribute to model misfit.

We tested the validity of the equal environment as-
sumption by studying the association between diagno-
sis and measures of environmental similarity during
childhood (sharing a bedroom, sharing playmates,
dressing alike, being in the same classroom) and adult-
hood (age at which the twins stopped cohabiting, fre-
quency of past-year contact). Logistic regression mod-
els were used to predict pair concordance for diagnosis
(DSM-III-R and DSM-IV alcohol abuse/dependence
and alcohol dependence) from zygosity and the inter-
action of zygosity with each environmental measure.
Of 24 tests conducted (four diagnoses multiplied by six
predictors), we found one significant effect: monozy-
gotic pairs who stopped living together later in life
were more likely to be similar in having (or not having)
DSM-III-R alcohol dependence (odds ratio=1.06, p<
0.04; DSM-IV alcohol abuse/dependence, p<0.07;
DSM-III-R alcohol abuse/dependence, nonsignificant;
DSM-IV alcohol dependence, nonsignificant). We
found no evidence that differences in monozygotic and
dizygotic pairs’ similarity of diagnostic outcomes were
associated with differences in the similarity of their
childhood environments or their level of recent social
contact.

Analyses of the Epidemiologic Sample

Table 1 displays twin pair resemblance among all in-
terviewed male pairs for DSM-III-R and DSM-IV alco-
hol abuse, alcohol dependence, alcohol abuse/depen-
dence, and a multiple threshold definition (unaffected,
abuse only, dependence). Results of chi-square tests
suggest that the multiple threshold definition fitted the
data well for both DSM-III-R diagnosis (monozygotic

TABLE 1. Prevalence and Pair Resemblance for Lifetime Alcohol Abuse and Dependence Among 1,514 Male Twin Pairs

Diagnosis

Prevalence (%)a
Probandwise

Concordanceb Odds Ratiob Mono-
zygotic–
Dizygotic 
Equality 
of Odds 
Ratiosc

Pair Correlationd

Mono-
zygotic 

Twin 
Pairs

Dizygotic 
Twin 
Pairs 

Mono-
zygotic 

Twin 
Pairs

Dizygotic 
Twin 
Pairs

Mono-
zygotic 

Twin 
Pairs

Dizygotic 
Twin 
Pairs

Mono-
zygotic 

Twin 
Pairs

Dizygotic 
Twin 
Pairs

DSM-III-R criteria
Alcohol dependence 26.5 28.1 0.49 0.38 8.5 3.9 9.7 0.49 0.24
Alcohol abusee 28.3 31.9f 0.54 0.44 10.4 4.5 12.3 0.54 0.30
Alcohol abuse or dependence 33.3 36.6 0.57 0.50 9.7 5.0 8.4 0.53 0.34

DSM-IV criteria
Alcohol dependence 22.5 24.4 0.48 0.32 10.3 3.3 18.2 0.53 0.18
Alcohol abusee 30.0 33.6g 0.57 0.46 11.6 4.5 15.8 0.58 0.31
Alcohol abuse or dependence 34.3 37.5 0.58 0.50 10.0 4.6 11.7 0.55 0.31

a Based on all male twins from complete pairs with known zygosity.
b Sample sizes are numbers of complete pairs and vary with diagnostic criteria. For DSM-III-R: alcohol dependence, monozygotic=444,

dizygotic=363; alcohol abuse, monozygotic=477, dizygotic=415; alcohol abuse/dependence, monozygotic=560, dizygotic=475; for DSM-
IV: alcohol dependence, monozygotic=378, dizygotic=316; alcohol abuse, monozygotic=505, dizygotic=436; alcohol abuse/dependence,
monozygotic=576, dizygotic=475.

c Breslow-Day chi-square test (24), all df=1, p<0.01.
d Tetrachoric correlations; monozygotic pairs=861, dizygotic pairs=653.
e With or without dependence.
f Significantly greater than for monozygotic, χ2=4.3, df=1, p<0.05.
g Significantly greater than for monozygotic, χ2=4.6, df=1, p<0.05.
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twins, χ2=3.5; dizygotic twins, χ2=6.2) and DSM-IV
diagnosis (monozygotic twins, χ2=3.5; dizygotic twins,
χ2=4.6; df=5, p>0.05, for all tests), consistent with al-
cohol abuse and alcohol dependence forming a contin-
uum of severity. For analyses of alcohol abuse, we did
not use the hierarchical rule; all subjects who met cri-
teria for alcohol abuse were included, whether or not
they also met criteria for alcohol dependence.

The concordances and odds ratios in table 1 show
that the risk of an alcohol-related disorder in the co-
twin of an affected twin is increased substantially over
the sample prevalence. The odds ratios and pair cor-
relations were significantly higher among monozy-
gotic than among dizygotic pairs, suggesting the im-
portance of genetic influences on variation in risk of
these disorders.

The results in table 2 show that for each diagnosis,
the best-fitting model was AE, which assigns all famil-
ial resemblance to genetic sources. There was little ev-
idence that environmental factors shared by siblings
influence the development of these disorders. The full
(ACE) model had slightly smaller chi-square values
than the AE model for alcohol abuse, alcohol abuse/
dependence, and multiple threshold, suggesting a
small effect of common environment, but the result-
ing estimates (3%–11%) were not significantly differ-
ent from 0.

Table 3 displays the standardized proportions of
variance estimated from the AE models. For each defi-
nition, 48%–58% of the variation in liability is attrib-
uted to genetic variation, with the remaining variance
attributed to individual specific factors.

We divided the sample into four age groups (18–24,
25–34, 35–44, and 45–56 years) and tested for differ-
ences in the model parameters. The 25- to 34-year age
group had significantly higher prevalences of alcohol
dependence (χ2=20.9, df=3, p<0.001) and alcohol
abuse/dependence (χ2=10.7, df=3, p<0.05). However,
allowing the genetic and environmental parameters to
vary across age groups did not produce a substantial
improvement in fit for either diagnosis.

Treatment-Ascertainment Models

We “simulated” a treatment ascertainment strategy
by defining as probands twins who met diagnostic cri-
teria and reported treatment in an inpatient or outpa-
tient alcohol or substance abuse program or who were
court-ordered into an outpatient program following an
alcohol-related offense. We then simulated a follow-up
study by examining the diagnoses of their co-twins.

Table 4 shows the probandwise concordances, pair
correlations, and resulting biometric estimates for
DSM-IV-defined alcohol dependence, alcohol abuse,
and alcohol abuse/dependence. (Similar results were
obtained for DSM-III-R classifications.) For all three
diagnoses, pair resemblance was remarkably strong,
but co-twins of affected monozygotic twins were more
likely to be affected than co-twins of affected dizygotic
twins. Additive genetic estimates were similar to those

obtained with the use of the epidemiologic sample, but
these analyses also yielded evidence for shared envi-
ronmental influences, particularly for alcohol abuse
and alcohol abuse/dependence.

DISCUSSION

Like other twin and adoption studies of alcoholism
in males, we found evidence for substantial genetic in-
fluences. Potential genetic mechanisms include loci as-
sociated with aldehyde and alcohol dehydrogenase
(25) and a variant of the dopamine D2 receptor gene
(26). Although these findings have not been consis-
tently replicated (27), they provide a plausible mecha-
nism for direct genetic influence on clinical phenotypes.
Possible mechanisms for indirect genetic transmission
include personality traits (28) and comorbid psychopa-
thology such as affective and conduct disorders (29).
Findings of distinct loci associated with different com-
ponents of alcohol-related behaviors in animals (30),
research in humans suggesting genetic influences on
initial sensitivity to alcoholism (31), and reports link-
ing alcohol-related phenotypes to multiple chromo-
somes (32) underscore the likely etiological complexity
of alcoholism.

Genetic Influence and Nosology

Unlike several other studies (2, 4, 8, 10, 11), but sim-
ilar to our parallel study of alcoholism in female twins

TABLE 2. Goodness-of-Fit Results for Biometric Models of
Lifetime Diagnoses of Alcohol Abuse and Dependence Among
1,514 Male Twin Pairsa

Diagnosis 
and Modelb

DSM-III-R Criteria DSM-IV Criteria

Fit 
(χ2)c p AIC

Fit 
(χ2)c p AIC

Alcohol de-
pendence
ACE 1.98 0.58 –4.02 3.73 0.29 –2.27
AE 1.98 0.74 –6.02d 3.73 0.44 –4.27d

CE 11.63 0.02 3.63 19.37 <0.001 11.37
Alcohol

abusee

ACE 3.63 0.31 –2.37 3.59 0.31 –2.41
AE 3.81 0.43 –4.19d 3.64 0.46 –4.36d

CE 13.73 0.008 5.73 17.47 0.002 9.47
Abuse or de-

pendence
ACE 2.61 0.46 –3.39 3.02 0.39 –2.99
AE 3.84 0.43 –4.16d 3.41 0.49 –4.60d

CE 9.87 0.04 1.87 13.54 0.009 5.54
Multiple 

threshold
ACE 13.33 0.35 –10.66 10.23 0.60 –13.77
AE 14.13 0.36 –11.87d 10.37 0.66 –15.63d

CE 21.61 0.06 –4.40 24.77 0.03 –1.23
a Monozygotic, 861 pairs; dizygotic, 653 pairs.
b Model parameters: A=additive genetic, C=common environment,

E=specific environment.
c Degrees of freedom: ACE=3, AE=4, CE=4, except for the multiple

threshold model, ACE=12, AE=13, CE=13.
d Best-fitting model by AIC (23).
e With or without dependence.
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(33), we found little evidence that genetic factors are
more important for the etiology of narrowly defined
alcoholism (alcohol dependence or alcohol dependence
with tolerance or physiological dependence) than for
broadly defined alcoholism (alcohol abuse/dependence
or “problem drinking”). These results are consistent
with a continuum of alcohol-related problems and do
not suggest the existence of separate etiologies for al-
cohol abuse and dependence. Factor analytic studies of
diagnostic criteria have identified multiple dimensions
(34), but these factors differ from DSM-based diag-
noses. The results of several family (35), adoption (36),
and twin (11) studies suggest etiological heterogeneity
for other definitions and subtypes of alcoholism,
which merit further investigation.

Ascertainment Method

In contrast to several prior studies, we found little
evidence that within-family environmental factors are
involved in the development of alcohol-related disor-
ders. The studies that found evidence for common en-
vironment were based on treatment samples (10, 11)
or registrations for alcohol-related offenses (4), in
which subjects with the disorders may have been more
severely affected or more likely to have comorbid char-
acteristics than the subjects with the disorders in the
present study. Previously, we presented analyses of
simulated data (37) showing that shared environmen-

tal effects could be mimicked by common environmen-
tal processes that influence ascertainment of cases but
are unrelated to etiology (e.g., treatment of one twin
increasing the probability that the co-twin seeks help,
regardless of zygosity). When we applied a treatment
ascertainment strategy to the current sample, we ob-
tained similar results. Since the evidence of common
environmental effects was stronger for the broader def-
initions of alcohol abuse and alcohol abuse/depen-
dence than for alcohol dependence, these data suggest
that the differences among studies are not due to dif-
ferences in severity among the subjects but to common
environmental effects that influence who is included in
treatment-based samples.

Age Effects

Similar to findings in other epidemiologic studies, we
observed a nonlinear association between age and life-
time prevalence of alcohol dependence, with the high-
est prevalences observed among men aged 25–44
years. The lower prevalences in the older group are
consistent with estimates from national samples (38),
while those in the youngest group are most likely due
to censoring because individuals are still within the age
of risk.

Although our tests of equality of genetic and envi-
ronmental estimates across age groups have limited
power, the results suggest that the estimates from our

TABLE 3. Proportions of Variance Estimated From Best-Fitting Models for Lifetime Alcohol Abuse and Dependence Among 1,514
Male Twin Pairsa

Diagnosis

DSM-III-R Criteria DSM-IV Criteria

Additive Genetic
Variance

Specific Environment 
Variance

Additive Genetic
Variance

Specific Environment 
Variance

Proportion 95% CIb Proportion 95% CIb Proportion 95% CIb Proportion 95% CIb

Alcohol dependence 0.49 0.39–0.58 0.51 0.42–0.61 0.51 0.41–0.60 0.49 0.40–0.59
Alcohol abusec 0.55 0.46–0.63 0.45 0.37–0.54 0.58 0.50–0.66 0.42 0.34–0.50
Alcohol abuse or dependence 0.55 0.47–0.63 0.45 0.37–0.53 0.56 0.48–0.64 0.44 0.36–0.52
Multiple threshold 0.48 0.41–0.56 0.52 0.44–0.59 0.56 0.49–0.64 0.44 0.36–0.51
a Monozygotic, 861 pairs; dizygotic, 653 pairs. In all cases, the best-fitting model included additive genetic and specific environmental

sources (table 2).
b CI=confidence interval.
c With or without dependence.

TABLE 4. Proband Concordance and Parameter Estimates Obtained From Use of a Treatment-Ascertainment Design Among Male
Twin Pairsa

DSM-IV
Diagnosis

Population 
Prevalence

(%)

Probandwise
Concordance (%)

Tetrachoric
Correlation

Additive Genetic
Variance

Common
Environment

Variance

Specific
Environment

Variance
Mono-
zygotic 

Twin 
Pairs

Dizygotic 
Twin 
Pairs

Mono-
zygotic 

Twin 
Pairs

Dizygotic 
Twin 
Pairs

Pro-
portion 95% CIb

Pro-
portion 95% CIb

Pro-
portion 95% CIb

Alcohol de-
pendence 24.0 67.5 47.1 0.80 0.49 0.63 0.14–0.90 0.17 0.00–0.59 0.20 0.11–0.35

Alcohol abusec 30.1 73.3 58.7 0.82 0.61 0.48 0.05–0.78 0.34 0.00–0.69 0.18 0.09–0.32
Alcohol abuse 

or depen-
dence 36.0 77.5 62.9 0.85 0.61 0.48 0.07–0.83 0.37 0.00–0.71 0.15 0.07–0.28

a Based on 108 monozygotic and 109 dizygotic pairs. Prevalences are based on all males from male-male pairs.
b CI=confidence interval.
c With or without dependence.
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twin models are unlikely to have been substantially bi-
ased by age heterogeneity in the sample. This finding is
similar to our recent study of temperance board regis-
tration among Swedish male twins (4), which found no
evidence of cohort differences in genetic and environ-
mental influences.

Limitations

This study was limited to male Caucasian twins born
in Virginia and may not be representative of individu-
als from other regions or ethnic backgrounds. Twins
have an increased rate of perinatal injury and slightly
lower intellectual functioning but are apparently repre-
sentative in rates of psychopathology (39, 40).

We attempted to interview all eligible twins, but
nonparticipants may have differed from the subjects
interviewed. Analyses comparing twins from complete
and incomplete pairs do not suggest that the twins ex-
cluded from twin pair analyses differed in prevalence
of alcohol abuse or dependence, but other biases are
possible.

The use of telephone interviews rather than in-per-
son interviews may have increased the unreliability of
our assessments. Interviewers may be better able to
perceive and correct misunderstandings of questions if
they have visual cues from respondents. However,
some evidence suggests that the more anonymous for-
mat of a telephone interview may improve validity by
increasing willingness to discuss socially undesirable
behaviors (41).

We found that pair similarity in DSM-III-R alcohol
dependence was higher for monozygotic twins who
separated later in life. This could represent a violation
of the equal environment assumption, suggesting an
overestimate of genetic influences on this disorder. It is
also plausible that early separation is an outcome
(rather than a cause) of differences in alcohol-related
behavior, and this would not be a violation of the equal
environment assumption.

The lifetime prevalences of alcohol dependence in
this sample (by DSM-III-R criteria, 27.4%; by DSM-
IV criteria, 24.0%) were somewhat higher than those
for males of similar age from national epidemiologic
studies, including the Epidemiologic Catchment Area
Study (by DSM-III-R criteria, 25.1%) (38), the Na-
tional Comorbidity Survey (by DSM-III-R criteria,
20.7%) (42), and the National Longitudinal Alcohol
Epidemiologic Survey (by DSM-IV criteria, 21.7%)
(43). A partial explanation may be that our sample in-
cluded fewer abstainers than did other studies. The
prevalence of DSM-IV alcohol dependence was 27.6%
among male drinkers aged 18–54 years in the National
Longitudinal Alcohol Epidemiologic Survey, compara-
ble to 27.1% among drinkers in our sample (defined as
individuals who had 12 or more drinks during any
year). When we applied a more stringent diagnostic
definition (requiring subjects to meet four of nine
DSM-III-R criteria), the prevalence was 19.5%. The
resulting pair correlations (for monozygotic twins, r=

0.57; for dizygotic twins, r=0.26) and heritability
(57%) were similar to those we report for other defini-
tions, suggesting that the breadth of our definition did
not alter the biometric results.

Despite these limitations, this sample arguably pro-
vides the best genetically informative data from which
to generalize about the etiology of alcohol abuse and
dependence among men in the U.S. population. Prior
genetically informative studies of alcoholism in males
used subjects from foreign countries or subjects identi-
fied through treatment or alcohol offenses.

REFERENCES

1. Bohman M, Sigvardsson S, Cloninger CR: Maternal inherit-
ance of alcohol abuse: cross-fostering analysis of adopted
women. Arch Gen Psychiatry 1981; 38:965–969

2. Kaij L: Alcoholism in Twins. Stockholm, Almqvist and Wiksell,
1960

3. Hrubec Z, Omenn GS: Evidence of genetic predisposition to
alcoholic cirrhosis and psychosis: twin concordances for alco-
holism and its biological endpoints by zygosity among male
veterans. Alcohol Clin Exp Res 1981; 5:207–215

4. Kendler KS, Prescott CA, Neale MC, Pedersen NL: Temper-
ance board registration for alcohol abuse in a national sample
of Swedish male twins born 1902–1949. Arch Gen Psychiatry
1997; 54:178–184

5. Reed T, Page WF, Viekn RJ, Christian JC: Genetic predispo-
sition to organ-specific endpoints of alcoholism. Alcohol Clin
Exp Res 1996; 20:1528–1533

6. Cadoret RJ, O’Gorman TW, Troughton E, Heywood E: Alco-
holism and antisocial personality: interrelationships, genetic
and environmental factors. Arch Gen Psychiatry 1985; 42:
161–167

7. Cadoret RJ, Troughton E, O’Gorman TW: Genetic and envi-
ronmental factors in alcohol abuse and antisocial personality.
J Stud Alcohol 1987; 48:1–8

8. Caldwell CB, Gottesman II: Sex differences in the risk for alco-
holism: a twin study (abstract). Behav Genet 1991; 21:563

9. Goodwin DW, Schulsinger R, Hermansen L, Guze SB, Wi-
nokur G: Alcohol problems in adoptees raised apart from al-
coholic biological parents. Arch Gen Psychiatry 1973; 28:
238–255

10. Pickens RW, Svikis DS, McGue M, Lykken DT, Heston LL,
Clayton PJ: Heterogeneity in the inheritance of alcoholism.
Arch Gen Psychiatry 1991; 48:19–28

11. McGue M, Pickens RW, Svikis DS: Sex and age effects on the
inheritance of alcohol problems: a twin study. J Abnorm Psy-
chol 1992; 101:3–17

12. Heath AC, Bucholz KK, Madden PAF, Dinwiddie SH, Slutske
WS, Bierut LJ, Statham DJ, Dunne MP, Whitfield JB, Martin
NG: Genetic and environmental contributions to alcohol de-
pendence risk in a national twin sample: consistency of find-
ings in women and men. Psychol Med 1997; 27:1381–1396

13. Gurling HMD, Oppenheim BE, Murray RM: Depression, crim-
inality and psychopathology associated with alcoholism: evi-
dence from a twin study. Acta Genet Med Gemellol 1984; 33:
333–339

14. Allgulander C, Nowak J, Rice JP: Psychopathology and treat-
ment of 30,344 twins in Sweden, II: heritability estimates of
psychiatric diagnosis and treatment in 12,884 twin pairs. Acta
Psychiatr Scand 1991; 83:12–15

15. Berkson J: Limitations of the application of fourfold table anal-
ysis to hospital data. Biometrics Bull 1946; 2:47–53

16. Heien DM, Pittman DJ: The economic costs of alcohol abuse:
an assessment of current methods and estimates. J Stud Al-
cohol 1989; 50:567–579

17. Spitzer RL, Williams JBW: Structured Clinical Interview for
DSM-III-R (SCID). New York, New York State Psychiatric Insti-
tute, Biometrics Research, 1985



40 Am J Psychiatry 156:1, January 1999

GENETIC AND ENVIRONMENTAL CONTRIBUTIONS

18. Bucholz KK, Cadoret RJ, Cloninger CR, Dinwiddie SH, Hes-
selbrock VM, Nurnberger JI Jr, Reich T, Schmidt I, Schuckit
MA: A new, semi-structured psychiatric interview for use in
genetic linkage studies: a report on the reliability of the
SSAGA. J Stud Alcohol 1994; 55:149–158

19. Kendler KS, Neale MC, Kessler RC, Heath AC, Eaves LJ: A
population-based twin study of major depression in women:
the impact of varying definitions of illness. Arch Gen Psychia-
try 1992; 49:257–266

20. Falconer DS: The inheritance of liability to certain diseases,
estimated from the incidence among relatives. Ann Hum
Genet 1965; 29:51–76

21. Kendler KS, Neale MC, Heath AC, Kessler RC, Eaves LJ: A
twin-family study of alcoholism in women. Am J Psychiatry
1994; 151:707–715

22. Neale MC: Mx: Statistical Modeling. Richmond, Virginia Com-
monwealth University, Department of Psychiatry, 1994

23. Akaike H: Factor analysis and AIC. Psychometrika 1987; 52:
317–322

24. Breslow NE, Day NE: Statistical Methods in Cancer Re-
search, vol 1. Lyons, France, International Agency for Re-
search on Cancer, 1980

25. Bosron W: Liver alcohol dehydrogenase and ethanol metabo-
lism in humans. Alcohol Clin Exp Res 1996; 20(8 suppl):84A–
85A

26. Blum K, Noble EP, Sheridan PJ, Montgomery A, Ritchie T, Ja-
gadeeswaran P, Nogami H, Briggs AH, Cohn JB: Allelic asso-
ciation of human dopamine D2 receptor gene in alcoholism.
JAMA 1990; 263:2055–2095

27. Gorwood P, Martres MP, Ades J, Sokoloff P, Noble EP, Geijer
T, Blum K, Neiman J, Jonsson E, Feingold J, Schwartz JC:
Lack of association between alcohol dependence and D3 do-
pamine receptor gene in three independent samples. Am J
Med Genet Neuropsychiatr Genet 1995; 60:529–531

28. Cloninger CR: Neurogenetic adaptive mechanisms in alcohol-
ism. Science 1987; 236:410–416

29. Slutske WS, Heath AC, Dinwiddie SH, Madden PAF, Bucholz
KK, Dunne MP, Stratham DJ, Martin NG: Common genetic
risk factors for conduct disorder and alcohol dependence. J
Abnorm Psychol 1998; 107:363–374

30. Rodriguez LA, Plomin R, Blizard DA, Jones BC, McClearn
GE: Alcohol acceptance, preference, and sensitivity in mice,
II: quantitative trait loci mapping analysis using BXD recombi-
nant inbred strains. Alcohol Clin Exp Res 1995; 19:367–373

31. Schuckit MA, Tsuang JW, Anthenelli RM, Tipp JE, Nurnberger
JI Jr: Alcohol challenges in young men from alcoholic pedi-
grees and control families. J Stud Alcohol 1996; 57:368–377

32. Reich T: A genomic survey of alcohol dependence: results
from the Collaborative Study on the Genetics of Alcoholism
(COGA). Alcohol Clin Exp Res 1996; 20(8 suppl):135A–137A

33. Kendler KS, Heath AC, Neale MC, Kessler RC, Eaves LJ: A
population-based twin study of alcoholism in women. JAMA
1992; 268:1877–1882

34. Muthen BO, Grant B, Hasin D: The dimensionality of alcohol
abuse and dependence: factor analysis of DSM-III-R and pro-
posed DSM-IV criteria in the 1988 National Health Interview
Survey on alcohol dependence. Addiction 1993; 88:1079–
1090

35. Babor TF, Hofmann M, Delboca FK, Hesselbrock V, Meyer
RE, Dolinsky ZS, Rounsaville B: Types of alcoholics, I: evi-
dence for an empirically derived typology based on indicators
of vulnerability and severity. Arch Gen Psychiatry 1992; 49:
599–608

36. Sigvardsson S, Bohman M, Cloninger CR: Replication of the
Stockholm Adoption Study of alcoholism: confirmatory cross-
fostering analysis. Arch Gen Psychiatry 1996; 53:681–687

37. Prescott CA, Kendler KS: Gender and genetic vulnerability to
alcoholism, in Stress, Gender, and Alcohol-Seeking Behavior:
NIAAA Research Monograph 29. Edited by Hunt WA, Zakhari
S. Bethesda, Md, National Institutes of Heath, 1995, pp 23–46

38. Helzer JE, Burnam A, McEvoy LT: Alcohol abuse and depen-
dence, in Psychiatric Disorders in America: The Epidemio-
logic Catchment Area Study. Edited by Robins LN, Regier DA.
New York, Free Press, 1991, pp 81–115

39. Kendler KS, Martin NG, Heath AC, Eaves LJ: Self-report psy-
chiatric symptoms in twins and their nontwin relatives: are
twins different? Am J Med Genet Neuropsychiatr Genet 1995;
60:588–591

40. Kendler KS, Pedersen NL, Farahmand BY, Persson P-G: The
treated incidence of psychotic and affective illness in twins
compared to population expectation: a study in the Swedish
Twin and Psychiatric Registries. Psychol Med 1996; 26:1135–
1144

41. Catania JA, Coates TJ, Stall R, Turner H, Peterson J, Hearst
N, Dolcini MM, Hudes E, Gagnon J, Wiley J, Groves R: Prev-
alence of AIDS-related risk factors and condom use in the
United States. Science 1992; 258:1101–1106

42. Kessler RC, McGonagle KA, Zhao S, Nelson CB, Hughes M,
Eshleman S, Wittchen H-U, Kendler KS: Lifetime and 12-
month prevalence of DSM-III-R psychiatric disorders in the
United States: results from the National Comorbidity Survey.
Arch Gen Psychiatry 1994; 51:8–19

43. Grant BF: Prevalence and correlates of alcohol use and DSM-
IV alcohol dependence in the United States: results of the Na-
tional Longitudinal Alcohol Epidemiologic Survey. J Stud Alco-
hol 1997; 58:464–473


