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Background: Much is unknown about the relationship between socioeconomic status (SES) and
alcohol use, including the means by which SESmay influence risk for alcohol use.

Methods: Using a sample of 672 twin pairs (aged 25 to 74) derived from theMacArthur Foundation
Survey of Midlife Development in the United States, this study examined whether SES, measured by
household income and educational attainment, moderates genetic and environmental influences on 3
indices of alcohol use: amount used, frequency of use, and problem use.

Results: We found significant moderation for amount of alcohol used. Specifically, genetic effects
were greater in low-SES conditions, shared environmental effects (i.e., environmental effects that
enhance the similarity of twins from the same families) tended to increase in high-SES conditions, and
nonshared environmental effects (i.e., environmental effects that distinguish twins) tended to decrease
with SES. This pattern of results was found for both income and education, and it largely replicated at
a second wave of assessment spaced 9 years after the first. There was virtually no evidence of modera-
tion for either frequency of alcohol use or alcohol problems.

Conclusions: Our findings indicate that genetic and environmental influences on drinking amount
vary as a function of the broader SES context, whereas the etiologies of other drinking phenomena are
less affected by this context. Efforts to find the causes underlying the amount of alcohol used are likely
to be more successful if such contextual information is taken into account.
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AS ONE OF the top 10 risk factors for death, disease,
and disability (WHO, 2011), alcohol use can be a finan-

cial burden on society with economic costs ranging from 1.3
to 3.3% of gross domestic product in middle- and high-
income countries (Rehm et al., 2009). Informed policy
making and effective intervention are crucial, and both could
benefit from research on the genetic and environmental
determinants underlying alcohol use. Unfortunately, specific
causes have been elusive so far. One reason for this etiologi-
cal indeterminacy may be that genetic and environmental
influences vary by context. For example, a growing literature
is showing that the heritability of alcohol use—the propor-
tion of variation in alcohol use explained by genetic factors
—is greater in adolescents with more alcohol-using peers
(Dick et al., 2007), in girls with less parental closeness (Miles
et al., 2005), in urban areas as opposed to rural ones (Le-
grand et al., 2008; Rose et al., 2001), in females without a
religious upbringing compared to ones with such an upbring-
ing (Koopmans et al., 1999), and in unmarried women com-
pared to married women (Heath et al., 1989). These findings

have been reported for several different alcohol use variables,
including frequency of use, problem use, amount used, and
any alcohol used.
When the heritability of a trait varies along a measured

environmental dimension (e.g., number of alcohol-using
peers), this is a form of gene-by-environment (G 9 E) inter-
action known as moderation. The majority of studies explor-
ing G 9 E in alcohol use seem to find that genetic effects are
larger in environments that either increase risk for alcohol
use or are less restraining (Young-Wolff et al., 2011). But
more research of this kind is needed to confirm existing find-
ings and to uncover additional dimensions that may moder-
ate the etiology of alcohol consumption. This study
investigated whether socioeconomic status (SES) moderates
total genetic and environmental influences on alcohol use.
Previous studies have begun examining whether genetic

and environmental effects on alcohol use vary by education,
a commonly used indicator of SES. For example, Latvala
and colleagues (2011) examined moderation for maximum
alcoholic drinks consumed within 24 hours and found that
environmental influences not shared between twins decreased
with years of education, whereas shared environmental influ-
ences followed a u-shaped pattern. Additionally, Timberlake
and colleagues (2007) reported that college attendance
enhanced genetic effects on quantity of alcohol consumed.
But this result may contrast with findings from adoption
studies (e.g., Sigvardsson et al., 1996), which indicate that a
genetic predisposition for a common type of alcoholism pre-
dicts a severe form of this disorder only in low-SES environ-
ments. Specifically, adoptees with a genetic predisposition
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were at elevated risk of severe alcoholism only if their
adoptive fathers had an unskilled occupation. Admittedly,
this study did not estimate the heritability of alcoholism but
inferred adoptees’ genetic risk based on their biological par-
ents’ histories. To our knowledge, no studies have examined
whether socioeconomic variables besides education moder-
ate total genetic and environmental influences on alcohol
consumption. Additionally, no studies have investigated the
moderating role of SES beyond adolescence and young
adulthood.

To fill this gap in the literature, we examined whether SES,
measured by household income and educational attainment,
moderates genetic and environmental influences on 3 alcohol
use variables, including amount of use, frequency of use, and
alcohol problems, in a sample spanning all of middle adult-
hood.

MATERIALS ANDMETHODS

Participants

Participants in the current study came from a representative
national, random-digit-dial sample of noninstitutionalized English-
speaking adults aged 25 to 74 years. The sample was derived from
the MacArthur Foundation Survey of Midlife Development in the
United States (MIDUS) conducted in 1995 to 1996 to examine phys-
ical health, psychological well-being, and social responsibility
throughout midlife. In 2004 to 2006, participants were reassessed. At
both assessment waves, data were collected via a 30- to 45-minute
phone interview and 2 self-administered questionnaires (SAQs).

A subsample of 998 twin pairs, formed by screening 50,000
nationally representative households, was the focus of this study.
Approximately 15% of respondents identified a twin in the family,
and 60% of those respondents gave the research team permission to
contact the twin. For more information on twin recruitment in
MIDUS, see Kendler and colleagues (2000). To determine zygosity,
twins were queried about the similarity of their eye and hair color
and the extent to which others had difficulty telling them apart. Past
research has shown that this approach classifies over 90% of twins
accurately (Krueger and Johnson, 2002; Lykken et al., 1990). Only
16 twin pairs were unclassifiable due to missing or indeterminate
zygosity information. In addition to these twins, we excluded all
opposite-sex pairs (n = 263) from the study. Fifty-two singletons
did not complete the phone interview or SAQ, and another 42 were
dropped from the sample because of missing data on their cotwins.
This resulted in a sample size of 672 complete twin pairs, with 350
monozygotic (MZ) pairs and 322 dizygotic (DZ) pairs. Mean age in
this sample was 45 years (SD = 12, range = 25 to 74), and 57% of
participants were female. At the second assessment wave, 454 of the
672 twin pairs were reassessed (68% of original sample), including
240MZ pairs and 214 DZ pairs. Mean age at this time was 54 years
(SD = 12, range = 34 to 82).

Measures

Amount of Alcohol Use. Amount of alcohol use was assessed via
the phone interview. At wave 1, alcohol use was measured as the
typical number of drinks that participants had on days on which
they drank, during the year in which they drank most. A drink was
defined as either a bottle of beer, a wine cooler, a glass of wine, a
shot of liquor, or a mixed drink. At wave 2, drinking amount was
assessed in the same manner but referred to the past month. Partici-
pants who indicated that they never drink were given a score of “0.”
At wave 2, participants who stated that they did not drink in the

past month were also given a score of “0.” The distribution of this
variable was right-skewed at both waves, so we transformed the var-
iable to normalize its distribution. At wave 1, a natural-log transfor-
mation was most effective at normalizing the distribution, while at
wave 2 a square-root transformation yielded the best result.

Frequency of Alcohol Use. Frequency of alcohol use was also
assessed via the phone interview. At wave 1, participants were asked
to indicate how often they typically had at least 1 drink during the
year in which they drank most. Possible answers included: Every
day, 5 or 6 days a week, 3 or 4 days a week, 1 or 2 days a week, 1 to
4 days a month, less than once a month, or “never drink.” Drinking
frequency was assessed in the same way at wave 2, except that the
assessed period was the past month. Frequency of use was fairly
normally distributed at wave 1 (skewness = 0.15) and did not
require transformation. At wave 2, frequency of use was right-
skewed and was therefore natural-log transformed.

Alcohol Problems. Alcohol problems were assessed via the
SAQs, which were mailed to participants following the phone
interview. The response rate was high, with over 90% of twins
who completed the phone interview at wave 1 returning the ini-
tial set of SAQs and over 80% of twins who completed the
phone interview at wave 2 returning the second set of SAQs.
Alcohol problems were assessed with 7 items inquiring about
abuse or dependence symptoms within the past 12 months, such
as having a strong desire to use alcohol, using alcohol in haz-
ardous situations, and experiencing emotional problems from
alcohol. Six of the 7 items were available at wave 2. A 1-factor
principal axis analysis was performed on all available items, with
factor loadings ranging from a low of 0.52 to a high of 0.78.
The resulting factor score was subjected to an inverse transfor-
mation (i.e., 1/x) because this transformation was most effective
at normalizing the distribution of the factor score.

Income. Income was assessed via the SAQs and was measured
as total annual household income, including personal earnings,
spouses’ earnings, government assistance, social security, pensions,
and investments. Maximum household income was capped at
$300,000. Income was right-skewed at both waves and was conse-
quently square-root transformed.

Educational Attainment. Education was assessed during the
phone interview and was measured as the amount of schooling par-
ticipants had completed. The measure consisted of 12 levels of
schooling, with the lowest level equal to “No school/some grade
school” and the highest level equal to “Ph.D., Ed.D., M.D., D.D.S.,
LL.B., LL.D., J.D., or other professional degree.” Education was
square-root transformed at both waves to normalize its distribu-
tion.

Analytic Plan

We analyzed the data using the extended univariate moderation
model outlined by van der Sluis and colleagues (2012). We chose
this model over the univariate model by Purcell (2002) because the
latter can produce false-positive effects. The van der Sluis extended
univariate model reduces the false-positive rate to conventional lev-
els, but it can misspecify the location of moderation when the
covariance between moderator and trait is being moderated. For
this reason, we also ran our analyses with Purcell’s bivariate moder-
ation model, which directly tests for moderation of the covariance.
Results from the bivariate model were largely consistent with the
findings from the van der Sluis model that are reported in this paper,
and any significant differences are noted below. Specific results for
the bivariate moderation model are available from the first author
upon request.
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Figure 1 shows the van der Sluis extension of the univariate mod-
eration model for SES and drinking. The figure is depicted for both
twins in a twin pair. In this extended univariate model, variance
shared between drinking and SES is partialled out of drinking by
regressing twins’ drinking values on their cotwins’ SES values in
addition to their own SES values (e.g., with the formula
b0 + b1M1 + b2M2, where M1 is Twin 1’s moderator and M2 is
Twin 2’s moderator and where the b coefficients are estimated sepa-
rately for MZ twins and DZ twins). The residual variance in drink-
ing is then decomposed into its ACE components. A captures
additive genetic influences, C represents environmental influences
that make members of the same family similar, and E contains envi-
ronmental influences that distinguish family members. Of note, vari-
ance in drinking is allowed to vary by the moderator, SES. For
example, in the formula a + baM1, a is an intercept capturing
genetic effects on drinking, ba reflects moderation of these genetic
effects, andM1 is the level of the moderator for Twin 1.

To test for moderation, we compared the above moderation
model against a no-moderation model that fixes ba, bc, and be to
zero so that genetic and environmental effects on drinking do not
vary by SES. Two fit indices were used to compare the 2 models: the
log-likelihood ratio test (LLRT) and Akaike information criterion
(AIC). LLRT equals the difference between the �2ln(L) values of
the 2 models and is distributed as a chi-square. A statistically signifi-
cant chi-square indicates that the moderation model fits the data sig-
nificantly better than the no-moderation model. The formula for
AIC is 2k � 2ln(L), where k denotes the number of parameters in
the model. Smaller values of AIC indicate a better fit.

All analyses were conducted in the statistical program Mx, using
maximum likelihood estimation. Biometric models were fit to the
transformed alcohol and SES variables, with age, age2, sex, sex*age,
and sex*age2 included as predictors in the model. When evidence of
moderation was found for wave 1 measures of SES and drinking,
we attempted replication at wave 2. Wave 2 measures were thus
used to determine the robustness of wave 1 findings. Because the
MIDUS sample spans a wide age range, we conducted age group
analyses to investigate whether significant findings were consistent
across age.We also ran additional analyses in which we left our vari-
ables untransformed or subjected them to a different transformation

(most frequently a square-root transformation instead of a natu-
ral-log transformation, or vice versa). Results were robust in the
sense that findings emerging as statistically significant under the
original transformation almost always remained significant in
these subsequent analyses, and moderation patterns showed little
change across the different analyses. Thus, the findings reported
in this paper were significant across transformations (and lack of
transformation). Complete results are available from the first
author upon request.

RESULTS

Descriptive Statistics

We computed descriptive statistics for all wave 1 mea-
sures of alcohol use, income, and education. The mean
amount of alcohol that participants had on a typical
drinking occasion during the year in which they drank
most was 3 drinks (SD = 3, range = 0 to 30), and they
drank alcohol an average of 1 to 2 days per week.
Twenty-two percent of respondents admitted to having
used more alcohol than intended within the past
12 months, but only 3% reported having had such a
strong desire to use alcohol that they could not resist it or
think of anything else. Mean household income was
$73,484 (SD = 60,145, range = 0 to 300,000), and the med-
ian level of schooling was some college without degree
attainment. Table 1 shows the correlations among all alco-
hol and SES measures. When income and education were
categorized into 3 levels (low, moderate, high), mean
drinking frequency increased across levels of income and
education (p < 0.01). Mean drinking amount and mean
alcohol problems did not vary along levels of income or
education (p > 0.05).

Drinking1

ACE

SES1

β0 + β1M1 + β2M2

a + βaM1

e + βeM1

Drinking2

SES2

β0 + β1M2 + β2M1

A C E

e + βeM2 

c + βcM1

a + βaM2

c + βcM2

1

1 / 0.5

Fig. 1. van der Sluis extended univariate moderation model. The model is shown for both members of a twin pair. It allows genetic and environmental
influences on drinking to vary by the moderator M, which is socioeconomic status (SES). A, C, and E represent residual variance in drinking after the vari-
ance in common with SES is regressed out. A represents influences due to additive genetics, C captures common/shared environmental influences, and
E captures nonshared environmental influences. SES can moderate variance underlying drinking through ba, bc, and be, which index the direction and
magnitude of genetic and environmental moderation. When these b coefficients are set to zero, this represents no moderation effects.
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Table 2 shows twin correlations and univariate ACE esti-
mates for all variables. We decided to retain the full ACE
model for all alcohol variables despite C being (essentially)
zero because this does not preclude the possibility of C mod-
eration at low or high levels of SES.

van der Sluis Extended Univariate ModerationModel at
Wave 1

At wave 1, the moderation model for drinking amount fit
better than the no-moderation model according to both
LLRT and AIC, and this was found when income was the
moderator and when education was the moderator (see
Table 3). For drinking frequency and alcohol problems, the
no-moderation model almost always fit better. Although
AIC suggested that education might moderate genetic or
environmental effects on drinking frequency, LLRT was not
significant. The bivariate moderation model found no evi-
dence that education moderates the etiology of drinking fre-
quency, so we do not interpret this result here. Table 4
shows the effects of age and sex on drinking amount, as well
as the moderation parameters (ba, bc, and be) estimated for
drinking amount. In the analysis with income at wave 1, the
confidence interval around bc indicates that this parameter
differs significantly from zero. In the analysis with education
at wave 1, be was significant.

Below, we present plots of the moderation estimates for
drinking amount. We chose to plot the model estimating all
moderation parameters as opposed to submodels estimating
only a subset of moderation parameters because fixing some
parameters to be exactly zero can bias the estimation of other
parameters. All figures were plotted for �2 to 2 standard
deviations from the moderator mean, which was well within
the range of both income and education. Figure 2 shows the

unstandardized (A) and standardized (B) moderation models
with income as moderator. The former model allows the
variance of drinking amount to change by moderator level,
whereas the latter model fixes the variance to 1 at each mod-
erator level. Figure 2A shows that, as income increases,
genetic effects on drinking amount decline sharply; shared

Table 2. Twin Correlations and Univariate ACE Estimates for Wave 1 Measures of Alcohol Use and Socioeconomic Status

Measure
rMZ rDZ A C E

r (95% CI) r (95% CI) % (95% CI) % (95% CI) % (95%CI)

Drinking amount 0.59 (0.51 to 0.65) 0.30 (0.20 to 0.40) 61 (42 to 67) 0 (0 to 17) 39 (33 to 46)
Drinking frequency 0.58 (0.50 to 0.64) 0.29 (0.18 to 0.38) 55 (33 to 63) 2 (0 to 22) 43 (37 to 50)
Alcohol problems 0.38 (0.28 to 0.47) 0.18 (0.06 to 0.29) 37 (9 to 46) 0 (0 to 23) 63 (54 to 73)
Income 0.33 (0.23 to 0.43) 0.23 (0.12 to 0.35) 16 (0 to 41) 16 (0 to 35) 67 (58 to 78)
Education 0.68 (0.62 to 0.73) 0.54 (0.46 to 0.62) 41 (25 to 57) 31 (16 to 45) 28 (24 to 33)

rMZ, intra-class correlation for monozygotic twin pairs; rDZ, intra-class correlation for dizygotic twin pairs; A, additive genetic variation; C, common/
shared environmental influences; E, nonshared environmental influences; 95%CI, 95% confidence interval.

Table 3. Model Comparison Fit Statistics

�2ln(L) df v2 Ddf p AIC

Drinking amount and income
No-moderation 2809.13 1,092 625.13
Moderation 2794.83 1,089 14.30 3 0.003 616.83

Drinking amount and education
No-moderation 3361.61 1,300 761.61
Moderation 3339.41 1,297 22.20 3 <0.001 745.41

Drinking frequency and income
No-moderation 2865.69 1,102 661.69
Moderation 2863.32 1,099 2.37 3 0.501 665.32

Drinking frequency and education
No-moderation 3451.78 1,313 825.78
Moderation 3444.24 1,310 7.54 3 0.057 824.24

Alcohol problems and income
No-moderation 2992.76 1,088 816.76
Moderation 2990.36 1,085 2.40 3 0.495 820.36

Alcohol problems and education
No-moderation 3328.18 1,208 912.18
Moderation 3325.12 1,205 3.06 3 0.382 915.12

Wave 2 drinking amount and income
No-moderation 1588.11 585 418.11
Moderation 1581.71 582 6.40 3 0.094 417.71

Wave 2 drinking amount and education
No-moderation 2391.08 884 623.08
Moderation 2376.82 881 14.26 3 0.003 614.82

Smaller AIC values indicate better model fit.
�2ln(L), �2 log likelihood; df, degrees of freedom; v2, difference in �2ln

(L) between no-moderation and moderation models; Ddf, difference in df
between no-moderation and moderation models; p, probability value; AIC,
Akaike information criterion.

Table 1. Correlation Matrix for Wave 1 Alcohol and Socioeconomic Status Measures

Drinking amount Drinking frequency Alcohol problems Income Education

Drinking amount 1 0.70** 0.37** 0.06* �0.01
Drinking frequency 1 0.46** 0.12** 0.08**
Alcohol problems 1 0.06* 0.03
Income 1 0.35**
Education 1

*p < 0.05, **p < 0.01.
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environmental effects increase significantly, and nonshared
environmental effects decline slightly with higher levels of
income. Total phenotypic variance, equal to the sum of A, C,
and E, also declines with increasing levels of income. Fig-
ure 2B expresses these genetic and environmental influences
as proportions of the total variance in drinking amount. Fig-
ure 3 depicts the same information with education as the
moderator. Mirroring the pattern observed for income,
genetic and nonshared environmental influences on drinking
amount decrease, while shared environmental influences
increase with greater education, although to a lesser degree.
Again, phenotypic variance declines with increasing educa-
tion.

Wave 2 Extension

We examined whether our findings for drinking amount
replicated at wave 2. At this time, participants reported
drinking, on average, 1 drink per drinking occasion in the
past month (SD = 1, range = 0 to 10). Mean household
income was $71,159 (SD = 56,735, range = 0 to 300,000),
and median education was still some college without degree
attainment. Drinking amount correlated 0.18 with income
and 0.06 with education, while income and education corre-
lated 0.36. Mean drinking amount increased across low,
moderate, and high levels of income (p < 0.01) but did not
differ across education levels (p > 0.05). The ACE compo-
nents of income and education were virtually unchanged at
wave 2. Drinking amount, however, had a slightly reduced
genetic etiology (0.52, 95% CI: 0.38 to 0.60) and an increased
nonshared environmental etiology (0.48, 95% CI: 0.40 to
0.58) at wave 2 compared to wave 1. Table 3 shows that the
moderation model fit well at wave 2, with the exception that
LLRT for income moderating drinking amount was only
marginally significant. Still, AIC showed evidence for moder-
ation, and the bivariate moderation model provided statisti-
cally significant evidence for moderation.
Table 4 shows that none of the estimated moderation

parameters at wave 2 differed significantly from zero when
income was the moderator, even though the overall modera-
tion model fit well. When education was the moderator, ba
differed significantly from zero. Figure 4 depicts the unstan-
dardized full moderation models for income and education
moderating drinking amount at wave 2. As was observed at
wave 1, genetic influences declined with greater income and
education. Shared environmental influences were flat around
zero. Nonshared environmental influences decreased with
greater income but increased with greater education. Total
phenotypic variance declined with increasing income and
education.

Age Group Analyses

To examine whether our results for drinking amount held
up across age groups, we split the sample at the median age
(45 years at wave 1) and tested for moderation separately in
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each age group. At wave 1, there was significant moderation
in all combinations of age groups and moderators, except for
the younger age group when income was the moderator,
where there was a trend (p-value for v2 < 0.1). The original
pattern of results observed at wave 1 replicated for both
income and education, with the exception that shared envi-
ronmental influences decreased with greater education in the
older age group. At wave 2, the median age split resulted in

samples that were generally too small to allow statistically
significant detection of moderation; thus, the moderation
model was significant only for the younger age group when
education was the moderator, and it was marginally signifi-
cant for the younger age group when income was the moder-
ator. Still, when the parameter estimates from the
moderation model were plotted, results showed once again
that genetic influences declined with higher levels of SES.

(A) (B)

Fig. 3. Drinking amount and education. (A) Unstandardized variance in drinking amount from the moderation model with education. (B) Proportion of
variance in drinking amount from the moderation model with education. A = additive genetic variance; C = common/shared environmental variance;
E = nonshared environmental variance.

(A) (B)

Fig. 4. Wave 2 drinking amount, income, and education. (A) Unstandardized variance in wave 2 drinking amount from the moderation model with
wave 2 income. (B) Unstandardized variance in wave 2 drinking amount from the moderation model with wave 2 education. A = additive genetic vari-
ance; C = common/shared environmental variance; E = nonshared environmental variance.

(A) (B)

Fig. 2. Drinking amount and income. (A) Unstandardized variance in drinking amount from the moderation model with income. (B) Proportion of
variance in drinking amount from the moderation model with income. A = additive genetic variance; C = common/shared environmental variance;
E = nonshared environmental variance.
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Shared environmental influences were very small and fairly
flat, but they declined slightly with higher education in the
older age group. Nonshared environmental influences
declined with greater income but increased with greater edu-
cation.

DISCUSSION

This study examined whether SES moderated etiological
influences on drinking amount, drinking frequency, and
alcohol problems. Moderation was generally evident only
for drinking amount. Genetic and nonshared environmental
influences on drinking amount tended to decrease with
greater SES, while shared environmental effects tended to
increase, although the latter was observed only at the first
wave of assessment and generally only in individuals below
age 45. This general pattern of results was found for both
income and education and largely replicated at a second
wave of assessment spaced 9 years after the first.
Our results prompt the question why the moderating

effects of SES are rather specific to drinking amount. Effects
for alcohol problems may have been harder to detect because
participants may have been reluctant to disclose alcohol-
related problems. Still, this does not explain why effects were
generally not found for drinking frequency. An alternative
explanation is that SES is differentially related to specific fac-
ets of alcohol use, an explanation that is consistent with pre-
vious research (e.g., Casswell et al., 2003; Huckle et al.,
2010). Thus, SES may moderate factors underlying the
amount of alcohol consumed (e.g., ability to exercise
restraint or metabolic factors) rather than risk for frequent
use or problematic use.
We found that genetic variance in drinking amount is

greatest in low-SES conditions, as is total phenotypic vari-
ance. Thus, individuals from low-SES environments vary
considerably in the amount of alcohol they drink, and this
variation is largely explained by genetic factors. In contrast,
high-SES individuals vary less in the amount of alcohol they
drink, and drinking in this environment is also influenced by
familial environmental factors. Of note, there were few
mean-level differences in drinking amount by SES. This
means that SES does not explain much phenotypic variation
in drinking amount, but the underlying determinants of
drinking amount do depend on SES.
The results of this study are partly consistent with the

diathesis-stress model, which posits that environmental
stressors activate or trigger genetic vulnerabilities for
undesirable outcomes. The model has been interpreted to
indicate that total genetic influences are greater in more
high-risk environments (Vendlinski et al., 2011). Our
results align with this model to the extent that (i) amount
of alcohol use is conceptualized as an undesirable out-
come, (ii) low-SES environments are a trigger of its
genetic diatheses, and (iii) these diatheses are the reason
why total genetic variance in drinking amount is greatest
in low-SES environments. Conversely, our results diverge

from the diathesis-stress model in that the phenotypic
correlation between drinking amount and SES is positive
(albeit very small), contrary to what the model would
predict. Overall, existing theoretical models for G 9 E
are often limited in their focus on genetic liability for
undesirable outcomes, whereby it is unclear how this
genetic risk generalizes to total genetic variance. Addition-
ally, most models do not consider that multiple processes
could be unfolding simultaneously (e.g., while stressors in
low-SES environments trigger genetic liabilities for drink-
ing, familial customs prominent in high-SES environments
could explain the variation in drinking observed in these
settings). Additional empirical results are needed to build
more comprehensive and nuanced theories of G 9 E.
Our results contrast with those from previous twin studies,

which found that the heritabilities of maximum drinks (Latv-
ala et al., 2011) and quantity of alcohol use (Timberlake
et al., 2007) were greater among more educated individuals.
At the same time, our findings resemble those of Latvala and
colleagues (2011) in showing that nonshared environmental
influences tend to decline with greater SES. Diverging find-
ings may be due to differences in participant age, as we
assessed adults across midlife, whereas Timberlake and col-
leagues (2007) and Latvala and colleagues (2011) assessed
young adults. Another, related possibility is that education
may either enhance or reduce genetic variance in alcohol use
contingent on context (e.g., current college attendance may
enhance genetic variance, whereas a history of greater educa-
tional attainment may reduce genetic variance, especially
later in life). On the whole, our understanding of howG 9 E
affects behavioral traits is still evolving, and it remains to be
seen how different measures of SES either enhance or reduce
genetic effects on related phenotypes.

Limitations

This study had several limitations. Because the amount
and frequency of alcohol use were originally assessed for the
year in which individuals drank the most, the timing of use is
unspecified and varies by individual. Also unclear is how
alcohol use relates to the moderators chronologically. In
light of these facts, it is reassuring that our moderation
results for drinking amount are essentially the same for
income and education, 2 nonredundant measures of SES that
refer to different time points. In addition, our results largely
replicate at a second assessment wave, wherein the timing of
alcohol use is well-defined (i.e., past month) and succeeds the
timing of the SES measures. The similarity in results across
time and measures of SES suggests that the observed moder-
ation pattern is robust, is not due to a timing artifact, and
captures effects that are common to SES rather than unique
to a particular SES measure. Relatedly, the fact that our
wave 1 alcohol measure refers to individuals’ heaviest drink-
ing year is simultaneously a strength because this likely maxi-
mizes phenotypic variance, which is optimal for an
examination of G 9 E.

SES AND ALCOHOL USE 609



Another limitation is that there was 32% sample attrition
at the second assessment wave. Still, this attrition makes it all
the more compelling that the wave 2 pattern of results
matched the wave 1 pattern fairly closely and was statistically
significant despite the loss in power. One aspect of our origi-
nal results that did not emerge at wave 2, however, was
shared environmental moderation. The attenuation of this
effect may be due to differences in the way in which drinking
amount was measured at the 2 assessment waves. Specifi-
cally, our wave 1 measure inquired about typical drinking
during the year in which individuals drank the most, whereas
our wave 2 measure inquired about typical drinking during
the past month. It is possible that SES moderates shared
environmental effects on heavier drinking only. This would
mean that, in high-SES environments, familial environmen-
tal factors explain a significant amount of variation in hea-
vier drinking but less variation in more moderate drinking
(while in low-SES environments, familial environmental fac-
tors explain little variation in either measure of drinking).
Additionally, past month drinking may show a reduced
shared environmental etiology because the past month refers
to different time points for twins not interviewed at the same
time. In this case, twins would be reporting on different
sociocultural occasions for drinking, which could reduce our
ability to detect shared environmental effects.

Finally, the sample size in this study was modest. As a
result, we had limited power to detect small effects, and it is
possible that we could have detected additional moderation
effects (e.g., for drinking frequency or problematic alcohol
use) in a larger sample. Future research should examine
G 9 E interplay as it affects various alcohol use phenomena
in a larger sample and with a longitudinal replication such as
the one that we provided here.

Implications

Our main finding is that the etiology of drinking amount is
not constant across all individuals in the population, but
rather, varies as a function of the broader socioeconomic
context. This finding has important implications for efforts
to locate the genetic and environmental causes underlying
how much alcohol is consumed—efforts that are more likely
to be successful if contextual information is taken into
account. Our results indicate that the likelihood of finding
genes for the quantity of alcohol used is maximized in a low-
SES sample, given the increased heritability in this group. In
contrast, researchers wanting to identify familial environ-
mental factors underlying drinking amount should consider
studying a high-SES sample.

ACKNOWLEDGMENTS

The MIDUS study was supported by the John D. and
Catherine T. MacArthur Foundation Research Network on
Successful Midlife Development and by the National Insti-
tute on Aging grant AG20166.

REFERENCES

Casswell S, Pledger M, Hooper R (2003) Socioeconomic status and drinking

patterns in young adults. Addiction 98:601–610.
Dick DM, Pagan JL, Viken R, Purcell S, Kaprio J, Pulkkinen L, Rose RJ

(2007) Changing environmental influences on substance use across devel-

opment. Twin Res HumGenet 10:315–326.
Heath AC, Jardine R, Martin NG (1989) Interactive effects of genotype and

social environment on alcohol consumption in female twins. J Stud Alco-

hol 50:38–48.
Huckle T, You RQ, Casswell S (2010) Socio-economic status predicts drink-

ing patterns but not alcohol-related consequences independently. Addic-

tion 105:1192–1202.
Kendler KS, Thornton LM, Gilman SE, Kessler RC (2000) Sexual orienta-

tion in a national sample of twin and sibling pairs. Am J Psychiatry

157:1843–1846.
Koopmans JR, Slutske WS, van Baal GCM, Boomsma DI (1999) The influ-

ence of religion on alcohol use initiation: evidence for genotype 9 envi-

ronment interaction. Behav Genet 29:445–453.
Krueger RF, Johnson W (2002) The Minnesota Twin Registry: current sta-

tus and future directions. Twin Res 5:488–492.
Latvala A, Dick DM, Tuulio-Henriksson A, Suvisaari J, Viken RJ, Rose RJ,

Kaprio J (2011) Genetic correlation and gene–environment interaction

between alcohol problems and educational level in young adulthood. J

Stud Alcohol Drugs 72:210–220.
Legrand LN, Keyes M, McGue M, Iacono WG, Krueger RF (2008) Rural

environments reduce the genetic influence on adolescent substance use and

rule-breaking behavior. Psychol Med 38:1341–1350.
Lykken DT, Bouchard TJ, McGue M, Tellegen A (1990) The Minnesota

Twin Family Registry: some initial findings. Acta Genet Med Gemellol

(Roma) 39:35–70.
Miles DR, Silberg JL, Pickens RW, Eaves LJ (2005) Familial influences on

alcohol use in adolescent female twins: testing for genetic and environmen-

tal interactions. J Stud Alcohol 66:445–451.
Purcell S (2002) Variance components models for gene–environment interac-

tion in twin analysis. Twin Res 5:554–571.
Rehm J, Mathers C, Popova S, ThavorncharoensapM, Teerawattananon Y,

Patra J (2009) Alcohol and global health 1: global burden of disease and

injury and economic cost attributable to alcohol use and alcohol-use disor-

ders. Lancet 373:2223–2233.
Rose RJ, Dick DM, Viken RJ, Kaprio J (2001) Gene–environment inter-

action in patterns of adolescent drinking: regional residency moderates

longitudinal influences on alcohol use. Alcohol Clin Exp Res 25:637–
643.

Sigvardsson S, Bohman M, Cloninger CR (1996) Replication of the Stock-

holm Adoption Study of alcoholism: confirmatory cross-fostering analysis.

Arch Gen Psychiatry 53:681–687.
van der Sluis S, Posthuma D, Dolan CV (2012) A note on false posi-

tives and power in G 9 E modelling of twin data. Behav Genet

42:170–186.
Timberlake DS, Hopfer CJ, Rhee SH, Friedman NP, Haberstick BC, Lessem

JM, Hewitt JK (2007) College attendance and its effect on drinking

behaviors in a longitudinal study of adolescents. Alcohol Clin Exp Res

31:1020–1030.
Vendlinski MK, Lemery-Chalfant K, Essex MJ, Goldsmith HH (2011)

Genetic risk by experience interaction for childhood internalizing prob-

lems: converging evidence across multiple methods. J Child Psychol Psy-

chiatry 52:607–618.
World Health Organization (2011) Global Status Report on Alcohol and

Health. Author, Geneva.

Young-Wolff KC, Enoch M-A, Prescott CA (2011) The influence of gene–
environment interactions on alcohol consumption and alcohol use disor-

ders: a comprehensive review. Clin Psychol Rev 31:800–816.

610 HAMDI ET AL.


