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Abstract 

 Adolescent alcohol use patterns stem from both genetic and environmental 

influences. In addition to these factors contributing additively to risk for use, genetic and 

environmental factors interact with each other to inhibit or exacerbate risk (Young-Wolff 

et al., 2011). Socioeconomic status (SES) is one environmental factor that might interact 

with genetic risk for alcohol use. Two theories exist for understanding how SES might 

interact with genetic risk: 1) the social control model (Shanahan & Hofer, 2005) and 2) 

the diathesis stress model (South et al., 2015). The current study examined indicators of 

both family social status and financial resources as potential moderators of genetic and 

environmental influences on alcohol involvement among adolescents using data from the 

1962 National Merit Twin Study. Results provided evidence for moderation of genetic 

and environmental influences on alcohol involvement by family income, with increased 

genetic contributions to alcohol involvement among individuals with lower family 

incomes and increased environmental contributions to alcohol use among those with 

higher family incomes. Despite a lack of significance, analyses did show that genetic and 

shared environmental influences varied across average parental education levels, 

particularly for females. These findings suggest etiological influences on alcohol 

involvement vary as a function of an adolescent’s socioeconomic status. Implications and 

limitations are discussed. 
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Introduction 

Among adolescents, alcohol is the most widely used substance, with about three-

quarters of high school juniors (75.3%) endorsing lifetime use of alcohol, while almost 

half (42.7%) of high school juniors endorsed past month alcohol use (Eaton et al., 2012). 

The National Survey on Drug Use and Health (NSDUH) found that almost a fifth 

(15.3%) of 17-year-olds engaged in past month binge drinking (Center for Behavioral 

Health Statistics and Quality, 2016). Research also shows that alcohol use tends to peak 

in late adolescence or early adulthood and then decline thereafter (Chen & Jacobson, 

2013). Alcohol use in adolescence is associated with many negative consequences, 

including higher risk of an alcohol use disorder and risky sexual behaviors (Dawson et 

al., 2008; Stueve & O’Donnell, 2005). Alcohol consumption has also been found to be a 

predictor of violent offending among adolescent males (Welte & Wieczorek, 1999). Due 

to these negative outcomes associated with adolescent alcohol use, a greater 

understanding of the contributors to use is needed to inform intervention and policy 

efforts at both the individual and community level.  

Prior research shows that an individual’s alcohol use is determined by a variety of 

factors, both environmental and genetic (Polderman et al., 2015; Seglem et al., 2016; 

Verhulst et al., 2015). This is evidenced by a recently published meta-analysis of twin 

studies of alcohol-use-related phenotypes in adolescents. This meta-analysis found 

estimated genetic contributions of 40% and shared environmental influences of 41%, 

with the remainder of variance in adolescent alcohol use being attributed to unique 

environmental influences (Polderman et al., 2015). Research also shows that 

environmental contributions have the largest impact on alcohol use in adolescence (Dick, 
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2011; Polderman et al., 2015; Rose et al., 2001a), suggesting this is an optimal time for 

examining these factors and their relationship with genetic risk. 

The Debated Relationship between SES and Alcohol Use 

Individual and family level socioeconomic status (SES), as well as neighborhood 

level indicators of disadvantage, have been studied as environmental factors that may be 

related to alcohol use among adolescents. Some hypotheses, such as the social 

disorganization theory, suggest that poverty and neighborhood disadvantage should be 

associated with negative outcomes, including increased rates of alcohol involvement 

(Bursik, 1988; Shaw & McKay, 1942). However, findings in this area are often 

inconsistent with this hypothesis. Research examining disadvantage at the neighborhood 

level often finds that the most disadvantaged areas have the lowest levels of alcohol use 

or the highest percentage of abstainers (Browning, 2012; Slutske et al., 2016). Other 

research has found that neighborhood disadvantage is not related to adolescent alcohol 

use after considering other factors, such as maternal support and peer alcohol use 

(Brenner et al., 2011).  

Even when individual level SES is considered rather than neighborhood 

disadvantage, a recent meta-analysis found that most studies also find no relationship 

between SES and alcohol use in adolescence (Hanson & Chen, 2007). An earlier meta-

analysis of longitudinal studies examining the relationship between childhood SES and 

later alcohol use also found little evidence to support an association between 

disadvantage and later alcohol use or abuse (Wiles et al., 2007). Some research even 

finds that higher socioeconomic status is related to a greater incidence of alcohol use 

(Melotti et al., 2012; Keyes & Hasin, 2008; Grittner et al., 2013). However, despite this 
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positive association of SES with alcohol consumption, research is conflicting on the 

association between SES and problematic alcohol use (Grittner et al., 2013; Melotti et al., 

2012). An international study examining levels of alcohol consumption and individual 

SES found that lower SES was associated with an increased risk of problematic drinking 

behavior among females in high-income and high-income disparity countries like the 

United States (Grittner et al., 2013). On the other hand, research examining the 

relationship between children’s socioeconomic status early in life and later alcohol use in 

adolescence found that higher household income was associated with an increased risk of 

problematic alcohol use, particularly among females (Melotti et al., 2012). Levels of 

income disparity might help explain why researchers sometimes find moderation of IQ by 

socioeconomic status in the United States but not in other countries (Hanscombe et al., 

2012, Tucker-Drob & Bates, 2016, Turkheimer et al., 2003). This distinction may be 

important for understanding differential effects of SES on phenotypes such as alcohol use 

as well.  

When indicators of family social status, such as parental education, are used 

instead of financial resources indicators, a negative association between SES and alcohol 

use is more likely to be found, suggesting that adolescents with parents lower in social 

status might have increased levels of alcohol use (Hanson & Chen, 2007). For example, 

research on adolescents in the United Kingdom found that while higher family income 

was associated with a increased likelihood of having consumed alcohol in the past six 

months, a higher maternal educational attainment was associated with a decreased risk of 

binge drinking (Melotti et al., 2011). Research has also shown that adolescents whose 

parents experience downward socioeconomic mobility, are more likely to endorse past 
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year drinking than those children who experienced upward mobility or who retained their 

disadvantaged status throughout adolescence (Poonawalla et al., 2014). These findings 

are consistent with other research that shows lower SES is linked to poorer health 

outcomes and negative health behaviors (Cohen et al., 2013; Goodman, 1999; Link & 

Phelan, 1995). These findings suggest the importance of understanding parental level 

indicators of SES in addition to neighborhood level disadvantage, as family SES might 

have greater implications for adolescents’ alcohol use. Greater attention should be paid to 

understanding these factors that might increase vulnerability to substance use among low-

income groups.  

Does SES Moderate Genetic Risk for Alcohol Use? 

While research shows that genetic and environmental factors, like family level 

SES, are important additive contributors to alcohol use behavior among adolescents, the 

two factors may also interact, creating a heightened or decreased susceptibility to alcohol 

use. A gene-environment interaction (G x E) is a phenomenon whereby a protective or 

risk factor has a greater or lesser impact on a phenotype depending on the individual’s 

genetic vulnerability (Young-Wolff et al., 2011). Gene-environment interactions suggest 

that environmental contexts can either inhibit or exacerbate an individual’s genetic 

vulnerability for a trait. Some environmental factors, like socioeconomic disadvantage, 

may act to limit the genetic variability in a trait by imposing a restricted environment that 

overwhelms genetic predispositions (Bronfenbrenner & Ceci, 1994; Kendler et al., 2012). 

The social control model (Shanahan & Hofer, 2005), which is similar to the bioecological 

model (Bronfenbrenner & Ceci, 1994), would align with this idea, suggesting that greater 

genetic influences would be seen in less stressful or less restricted environments that 
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allow for variability in genetic predisposition to be expressed. Socioeconomically 

disadvantaged environments would act to decrease the heritability of the trait and 

increase the contribution of the shared environment to variance in alcohol use.  

A competing theory, however, would suggest the opposite should be found. The 

diathesis stress model (South et al., 2015) suggests that a stressful environment would 

trigger a predisposition for alcohol use. This theory would be supported through a finding 

of enhanced genetic influences in more stressful or high-risk environments, such as low 

SES environments (South et al., 2015; Vendlinski et al., 2011). The diathesis stress model 

suggests that genetic effects do not present themselves until the environment is more 

permissive or conducive to alcohol use (Vendlinski et al., 2011). These two competing 

models provide a framework for understanding how environments might interact with 

risk to provide protection or to elicit greater susceptibility. 

Educational Attainment as a Moderator of Risk 

Several studies have started to examine these theories in relation to whether 

genetic and environmental contributions to alcohol use vary as a function of an 

individual’s education level, which is often used as an indicator of SES. Using the 

National Longitudinal Study of Adolescent Health (Add Health) data on adolescents 

followed into young adulthood, Timberlake and colleagues (2007) found a higher genetic 

contribution to college students’ quantity of alcohol use compared to noncollege peers. 

These findings could be seen as providing support for the diathesis stress model, as a 

college environment is a stressful environment that seems to trigger genetic risk for 

alcohol use among students. However, college education could also be viewed as a 
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permissive environment that encourages alcohol use and allows genetic predispositions to 

alcohol use to emerge, consistent with the social control model.  

More recent research has found that educational attainment did not moderate 

genetic risk, but rather interacted with environmental factors, such that a larger 

proportion of variance in intoxication frequency in those with low education was 

explained by the environment compared to those with higher educational attainment 

(Barr et al., 2016). This finding provides some support for the social control model, as it 

suggests that the environment accounts for a larger proportion of variance in those with 

lower educational attainment. However, this study only provides limited support, as it did 

not find moderation of genetic risk, which remained constant across all educational 

attainment levels (Barr et al., 2016). These findings are similar to those from an earlier 

study that found moderation of unique environmental influences on alcohol problems, 

such that those with higher education levels had decreased unique environmental 

contributions to variance (Latvala et al., 2011a). The study also found moderation of 

shared environmental and unique environmental influences on the maximum number of 

drinks in a day. The study found a decreased contribution of the unique environment 

among those with higher education and a curvilinear effect on the shared environmental 

influences, such that there was a higher contribution of the shared environment among 

those with high and low levels of education, but a decreased contribution among those at 

the mean of education (Latvala et al., 2011a). These findings provide additional evidence 

for the social control model; however, these studies were conducted using young adult 

samples, and young adults might have different etiological influences on their alcohol use 

than adolescents. 
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A study among younger adolescents in ninth through eleventh grade found 

additive genetic influences accounted for significantly less variance in alcohol use among 

high achieving adolescents (Benner et al., 2014). The results showed that high academic 

achievement acted as a protective factor against use by moderating the heritability of 

alcohol consumption (Benner et al., 2014). This suggests that academic achievement may 

act to restrict genetic variance in alcohol use, as posited by the social control model 

(Shanahan & Hofer, 2005).  

Toward a Broader Conceptualization of SES 

Prior work examining the relationship between SES and genetic and 

environmental factors and its impact on alcohol use has often focused on a narrow 

understanding of SES. Indeed, in the literature in general, SES has often been poorly 

conceptualized (Kaplan, 1999; Oakes & Rossi, 2003; Rose et al., 2001b; Shavers, 2007), 

and there are numerous methodological issues related to the typical measures. For 

example, while current income is useful for understanding a person’s resources and 

access to goods or services that might promote health, this measure is limited in that it is 

not useful for understanding adolescent health (Shavers, 2007). Occupation, which has 

been examined in some prior research (Tuvblad et al, 2006), has its own issues, as 

minorities or women in the same occupation as white males might have fewer 

opportunities, lower status, or lower income (Shavers, 2007). This measure, too, is 

limited in that adolescents’ occupations, if they have one, are likely not an accurate 

assessment of their SES. Because of these issues with conceptualizing adolescent SES, 

some researchers have called for the need to include multiple measures of SES in 

adolescent health surveys (Currie et al., 1997). 
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Because of these measurement problems, operationalizing socioeconomic status 

more broadly is of interest, as education alone does not fully capture an individual or 

family’s social status. Research using data from Swedish adolescents examined both 

parental education and occupational status, which ranged from an unskilled worker to a 

self-employed professional, higher civil servant, or executive, as potential moderators of 

the genetic influence on antisocial behavior, which was conceptualized to include 

substance use (Tuvblad et al., 2016). The researchers found that genetic influences on 

antisocial behavior were greater for male adolescents in more socioeconomically 

advantaged families, though this interaction was only found for occupational status and 

not for parental education level (Tuvblad et al., 2006). Among girls, no moderation was 

found for either SES indicator (Tuvblad et al., 2006). This finding that occupational 

status, but not parental education level, moderated genetic influences for males suggests 

that important information might be lost when SES is narrowly defined. 

One recent study has examined alcohol use more specifically and is of interest 

given its similar conceptualization of SES as the current study. Using a sample of twins 

ranging from young adults to older adults (ages 25-74), Hamdi and colleagues (2015) 

examined an individual’s household income and educational attainment as moderators of 

the genetic and environmental influences on amount of alcohol used, frequency of use, 

and problematic use. Findings showed that genetic influences on amount of alcohol used 

were greater for those with lower SES, while environmental influences were heightened 

for those with higher SES (Hamdi et al., 2015). This pattern of results was obtained for 

both educational attainment and income. Other indicators of alcohol involvement, the 

frequency of use and problematic use measures, were not moderated by SES. These 
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findings are more in line with the diathesis stress model of gene-environment 

interactions, though Hamdi and colleagues (2015) point out that the positive correlation 

found in this study between SES and amount of alcohol used would not be expected 

under the diathesis stress model.  

Current Study 

The current project aimed to build upon the prior studies (see Table 1; a list of all 

tables and figures is provided on page 2) by examining social status and financial 

indicators of family SES (family income and parental educational attainment) as 

moderators of genetic and environmental influences on alcohol use among adolescents 

using the 1962 National Merit Scholarship Qualifying Test (NMSQT) twin sample. 

While one study examined these two components of SES as moderators of the genetic 

and environmental influences on alcohol use, this was done in a sample of adults with a 

wide range of ages and also used an individual’s own level of SES, rather than their 

family of origin’s SES (Hamdi et al., 2015). Other studies have typically only examined 

indicators of education (Benner et al., 2014; Latvala et al., 2011b; Timberlake et al., 

2007), which does not fully capture an individual or family’s SES. Furthermore, as 

research suggests the environment has a greater impact on behavioral phenotypes among 

adolescents compared to adults (Dick, 2011; Polderman et al., 2015; Rose et al., 2001a), 

examining the impact of these indicators of SES on alcohol use in adolescence is 

especially important. In addition, this project will shed light on the two competing 

theories regarding SES’s role in alcohol use: the diathesis stress model, which suggests 

that a stressful environment would trigger genetic predisposition to alcohol use, and the 
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social control model, which suggests that a more restricted environment would suppress 

genetic predisposition to alcohol use. 

In our prior research using the 1962 NMSQT twin sample, we found that 

differences in family SES did not explain the rural moderation of genetic influences on 

alcohol use among adolescent females (Davis et al., 2017). While those in rural areas 

were more disadvantaged than those in urban areas, having significantly lower family 

incomes than their urban peers, significant differences in the heritability of alcohol 

involvement among rural and urban females could not be explained by SES gap between 

the groups (Davis et al., 2017). Despite not mediating this gene-environment interaction, 

SES might act as a significant moderator of genetic or environmental influences on 

alcohol use in the absence of the examination of rural residency as a moderator.  
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Methods 

Participants 

The sample consisted of same-sex twin pairs who completed the 1962 National 

Merit Scholarship Qualifying Test (NMSQT), a test that is largely taken by college bound 

high school students (Loehlin & Nichols, 1976). Twin pairs were identified from 596,241 

high school juniors who completed the NMSQT. 1,507 same-sex twin pairs were 

recruited to respond to a questionnaire; of these, 1,188 (79%) completed the 

questionnaire. Among the respondents were 509 monozygotic (MZ) twin pairs (MZF = 

293 and MZM = 216) and 330 dizygotic (DZ) twin pairs (DZF = 195 and DZM = 135). 

Participants completed a variety of questions regarding their personality, behavior, and 

alcohol involvement, in addition to the NMSQT itself. Participants were approximately 

17 years old at the time of the NMSQT administration, and the sample was 

overwhelmingly (98%) Caucasian, with females being slightly over-represented (58.2%) 

as well. In addition to the twins’ participation, a parent, stepparent, or guardian of the 

twin pair provided information pertaining to the twins’ family environment while 

growing up. In almost all cases (92.9%), the twins’ mother completed the parent 

questionnaire. The father completed the questionnaire in most other instances (5.6%), 

with the remainder of questionnaires completed by a stepparent (.2%), guardian (.4%), or 

another person responsible for care of the children (other; .8%). 

Measures 

 The measure of alcohol involvement was obtained from the twin questionnaire, 

while information on family income and parental education was gathered in the parent 

questionnaire.  
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 Alcohol involvement. Ten items from the twin questionnaire pertained to 

drinking behaviors. Eight of these items came from the Objective Behavior Inventory 

(OBI) and two were from the California Psychological Inventory (CPI). Response options 

were coded dichotomously, such that ‘not at all’ was coded as ‘0’, and ‘frequently’ or 

‘occasionally’ was coded as a ‘1’. The percentage of participants who endorsed each item 

is reported in Table 2. As the alcohol involvement items included a variety of both 

normative (drank beer) and problem drinking behaviors (drank before breakfast), 

exploratory and confirmatory factor analyses were conducted to assess whether items 

could be summed. Exploratory factor analysis in Mplus (Muthen & Muthen, 2010) 

suggested that a single factor was the most parsimonious factor structure of the data. 

Confirmatory factor analysis was conducted in Mplus to account for the clustering of the 

twin data and to obtain the standardized factor loadings reported in Table 2. Following 

these analyses, the ten items were summed to obtain an alcohol composite score 

(Cronbach’s α=0.79). The alcohol composite scores were pro-rated to account for missing 

items, and the resulting scores were log transformed. After log transformation, the 

skewness and kurtosis for the full sample were 1.09 and 0.39, respectively. Prior research 

has shown evidence that log-transformation of a non-normally distributed phenotype in 

GxE research limits false positive findings (Murray et al., 2016). The distribution of the 

alcohol composite variable prior to and following log transformation is presented in 

Figure 1.  

The alcohol composite measure used was similar to the measure reported in 

Loehlin (2010), except that the three items that were not directly related to the 

participants’ own alcohol use were not included in analyses. The three excluded items 
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were: “Women should not be allowed to drink in cocktail bars,” “I would disapprove of 

anyone’s drinking to the point of intoxication at a party,” and “I have mixed a cocktail 

consisting of three or more ingredients.” The first two items were excluded as they 

reflected perceptions of alcohol use, rather than actual alcohol involvement, and the third 

item was excluded since mixing a cocktail does not directly indicate alcohol use by the 

respondent.  

 Parental education. Parental education level was assessed with the following 

item: “What is each parent’s highest educational attainment?”. This information was 

obtained separately for both the mother and father’s education level. Response options 

ranged from ‘8th grade or less’ to ‘graduate or professional degree beyond the bachelor’s 

degree’ (see Table 3). To create a single parental education variable, the average of the 

mother and father’s reported educational attainment was calculated. If information on 

only one parent’s education level was provided, that parent’s information was used for 

the parental education variable. To provide context, in 1962, the median educational 

attainment was less than a high school diploma (11.4 years of schooling) among those 25 

and older (U.S. Department of Commerce, 1963b). A little over a quarter (28.3%) of 

those 25 and older had completed high school, while 9.1% had completed some college, 

5.9% had completed a four-year degree, and 3.1% had some post-baccalaureate education 

(U.S. Department of Commerce, 1963b). The sample contains more highly educated 

individuals than was the norm at the time. The distribution of the average parental 

education variable is shown in Figure 2. Figure 3 presents the distribution for maternal 

and paternal education. 
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 Highest parental education. A highest parental education variable was created 

by using the highest level of education completed by either the mother or father. About a 

quarter of the sample (25.4%) had parents whose highest educational attainment was a 

high school diploma, while another quarter of participants (26.2%) had parents whose 

highest educational attainment was some college or junior college. Only 12.4% of the 

sample had parents whose highest education level was less than a high school diploma. 

Complete prevalence rates are reported in Table 3. The distribution of the highest 

parental education variable is shown in Figure 2. 

 Family income. Family income was assessed in the parent questionnaire by 

asking, “What is the family’s income before taxes?”. Response options ranged from ‘less 

than $5,000 per year’ to ‘$25,000 and over’ (see Table 3). Slightly more than one-tenth 

(11%) of the sample reported incomes below $5,000, while almost a quarter (23.8%) 

reported incomes in the range of $5,000 to $7,499. The distribution of the family income 

variable is shown in Figure 4. For context, at the time of data collection in 1962, the 

average family income was $6,000 (U.S. Department of Commerce, 1963a). While the 

U.S. Department of Commerce (1963) reported that at the time of data collection, 39% of 

families had incomes over $7,000, over half (62.5%) of the current sample had incomes 

at or above $7,500 suggesting high SES families were overrepresented in the data. 

Parental education and family income were significantly correlated in our sample (r= .53; 

see Table 4). 

Data Analysis 

 Descriptive analyses were conducted using SPSS (v23.0; IBM Corp., 2015). 

These descriptive analyses included prevalence rates on the alcohol composite measure, 



SOCIOECONOMIC STATUS AND ALCOHOL INVOLVEMENT 15 

 

 

 

family income, and parental education variables. Correlations between parental 

education, maternal education, paternal education, family income, and alcohol 

involvement were calculated (see Table 4).  

Power analyses were conducted using the OpenMx 2 (Boker et al., 2011; Neale et 

al., 2015) and umx packages (Bates et al., 2016b) within the statistical program R (R 

Development Core Team, 2013) to determine the study’s ability to detect a moderation 

effect for the genetic component of variance in alcohol involvement. Researchers have 

called for the need to conduct power analyses in order to aid in the interpretation of 

findings from gene-environment interaction studies (Hanscombe et al., 2012; Salvatore et 

al., 2017; van der Sluis et al., 2012). Power analyses were conducted using estimates of 

small and large moderation effects, as reported by Bates and colleagues (2016a). As 

sample sizes were different for analyses examining average parental education as a 

moderator and family income as a moderator due to missing data, power analyses were 

conducted separately for each. 

Structural equation modeling was conducted to determine the proportions of the 

variance in alcohol involvement accounted for by additive genetic influences (A), shared 

environmental influences (C), and unique environmental influences (E; see Figure 5). As 

shown in Figure 5, correlations between additive genetic influences were set to 1.0 for 

MZ twins and 0.5 for DZ. As shared environmental influences are those aspects of the 

environment twins share, these correlations were set to 1.0 for both MZ and DZ twins. 

Unique environmental influences were uncorrelated for both MZ and DZ twins. Evidence 

for a gene-environment interaction would be shown by significant moderation (βa, βc, and 

βe in Figure 5) of parental education and/or family income (SES in Figure 5) on estimates 
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of additive genetic, shared environmental, or unique environmental influences. Models 

were fit examining average parental education, highest parental education, and family 

income as moderators of genetic and environmental influences on alcohol use. To rule 

out gene-environment correlation, we regressed out variance in alcohol involvement that 

is due to family income or average parental education, depending on the model (Purcell, 

2001).  This removed any potential genetic effects shared between alcohol involvement 

and income/average parental education (Purcell, 2002). Models were fit allowing MZ and 

DZ twins’ regression weights of alcohol involvement on SES to differ. This extended 

univariate moderation model decreases the possibility of a false positive finding (van der 

Sluis et al., 2012). Additionally, analyses were conducted using both the untransformed 

alcohol composite variable and the log-transformed alcohol composite variable.  

Initial models were fit using the full sample and controlling for the effect of sex in 

order to have maximal power to detect moderation of genetic and environmental 

influences. These full sample models were fit for the average parental education, highest 

parental education, maternal education, paternal education, and annual family income 

moderation models. Additionally, Wald tests were conducted in these full sample 

analyses to determine whether moderation parameters were significant. Following the 

analysis of the full sample models, further models were fit to examine whether estimates 

differed for males and females. Wald tests were conducted in the sex-specific analyses as 

well to test whether moderation parameters were equal to zero among males and/or 

among females.  

Due to scarcity at the upper and lower ends of the distribution of family income 

and average parental education, models were also conducted combining some of these 
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upper and lower levels. Analyses were conducted using a 4, 5, and the original 6 level 

parental education moderator variable and a log-transformed and non-transformed 

alcohol composite outcome variable. For family income, analyses were conducted using a 

5, 6, and the original 7 level family income moderator variable and a log-transformed and 

non-transformed alcohol composite outcome variable (see Appendix). These analyses 

were conducted to ensure findings were consistent across various conceptualizations of 

the moderator variables, as well as to ensure that moderation effects were not the result of 

transformation of the alcohol composite score.  

Power Analyses 

 Power analyses were conducted to determine the ability of the study to detect 

moderation of the genetic component of variance. Data was simulated with a shared 

environment component of .3 and a small unique environmental component (.1), similar 

to the process undertaken by Bates et al. (2016a). A shared environmental component 

was included unlike Bates et al. (2016a) procedure, as the shared environment would be 

expected to contribute to alcohol use among adolescents. All power analyses consisted of 

1000 simulations, with the p-value set at .05. Power to detect a small moderation effect 

and large moderation effect was calculated using the sex-specific sample sizes for both 

average parental education and family income, as sample sizes differed due to missing 

data. A small moderation effect was defined as the genetic component ranging from 0.43 

to 0.57, while a large moderation effect was defined as the genetic component ranging 

from 0.3 to 0.7 (Bates et al., 2016a).  

 Parental education. Among males, power to detect a small moderation of genetic 

component of variance was poor (6.7%). Power to detect a large effect was similarly low 
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(23.2%). For females, the study was similarly underpowered, with power of just 8.8% to 

detect a small effect and power of 30% to detect a large effect. Using the full sample size 

improved power to detect moderation but the analyses were still underpowered, with 

power of 9.2% to detect a small effect and power of 47.9% to detect a large moderation 

effect. 

 Family income. Power to detect a small moderation by family income of the 

genetic component of variance among males was very poor (7.4%). The power to detect a 

large moderation effect among males was just 22.6%. For females, the study was 

similarly underpowered to detect small (7.7%) and large (27%) moderation effects. Using 

the full sample with males and females combined improved power a bit but analyses were 

still underpowered to detect moderation, with power of 10.8% to detect a small 

moderation effect and power of 45.3% to detect a large moderation effect. 
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Results 

Descriptive Statistics 

 The prevalence rates of the alcohol use behaviors are reported in Table 2. Almost 

two-thirds of participants (61.4%) reported some alcohol use. However, due concerns 

about a lack of power, those participants who endorsed no alcohol use were still included 

in subsequent analyses. An extreme groups analysis revealed twin pairs whose families 

were in the lowest and highest income groups had significantly different levels of alcohol 

involvement (t(262) = -2.155, p = .032), with those twins whose family income was in 

the highest category (> $25,000/year) reporting significantly more alcohol involvement 

than those twins whose family income was in the lowest category (< $5,000/year). This 

difference in alcohol involvement by income was not significant when conducting a 

median split analysis comparing those who reported family incomes less than $10,000 to 

those who reported incomes above this level (t(1552) = 1.591, p = .112). Additionally, 

those who reported average parental education levels of at least a completed high school 

education did not significantly differ in alcohol involvement from those who reported 

average parental education levels below a high school education (t(1674) = -0.559, p = 

.576). Maternal and paternal education were significantly correlated in the sample (r = 

0.56, p < .0001; see Table 4).  

 In the full sample, among those at the lowest levels of average parental education, 

MZ twin correlations were greater than DZ twin correlations (see Table 5). This suggests 

the importance of genetic influences on alcohol use among this group. This was a fairly 

consistent pattern across all parental education levels, with the exception of those whose 

parents’ average educational attainment was a graduate or professional degree. Among 
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this group, the DZ twin correlation was much greater than the MZ twin correlation. Full 

sample twin correlations on the alcohol composite variable within highest parental 

education levels showed a consistent pattern of greater MZ twin correlations than DZ 

twin correlations (see Table 5). This was the case for all levels of highest parental 

education, except for twins whose parents’ highest level of education was some high 

school (rMZ = .73 vs rDZ = .83). Among family income levels, MZ twin correlations on 

the alcohol composite were typically greater than DZ twin correlations, with two 

exceptions: twins whose family incomes were between $7,500 and $9,999, and twins 

whose families earned between $20,000 and $24,999 annually. As average family 

incomes at the time of data collection were around $6,000 a year, each of these groups 

represented relatively high earning families. In order to explore these patterns further, we 

conducted more rigorous model fitting analyses. For a summary of all models tested, see 

Appendix 1.  

Full Sample G x E Models 

 Among the full sample, phenotypic variance in adolescent alcohol involvement 

was highest among those individuals with the highest family incomes (s² = .028 vs. .020 

at the lowest levels of income) and among those individuals who had the lowest average 

parental education levels (s² = .024 vs. .015 at the highest levels of parental education). 

These variance differences were not significant. Variance differences were examined, as 

these set the stage for examining differences in genetic and environmental influences. If 

overall variance is larger in one group, then the genetic, shared, or unique environmental 

influences (or some combination of the three components) will be larger compared to the 

other group. 
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Parental education. All full sample analyses controlled for the participant’s sex, 

as sex was significantly correlated with alcohol involvement (r = -.37; p = .005). 

Analyses on average parental education moderation were based on 822 twin pairs (MZ = 

498 and DZ = 324). Despite the increased power of the full sample, the findings 

suggested no evidence of moderation of genetic or environmental influences on alcohol 

involvement by parental education. An omnibus Wald test of the moderation parameters 

was not significant (χ2 = 0.42, df = 3, p = 0.94). Wald tests of the moderation of specific 

A, C, or E parameters were not conducted.  

Figure 6 presents a graphical depiction of the change in ACE components of 

variance across levels of average parental education based on the moderation model. For 

additional reference, Table 7 presents the unstandardized estimates of the proportion of 

variance in alcohol involvement attributed to A, C, and E components for the full sample 

at each level of average parental education. In this combined sample, all components of 

variance remained relatively stable across the levels of average parental education. It is 

important to note, however, that this lack of change in variance across levels of average 

parental education may be due to conflicting moderation patterns found for males and 

females in the sex-specific moderation model. 

Maternal and paternal education levels were also examined separately as 

moderators of the genetic and environmental influences on alcohol involvement. An 

omnibus Wald test revealed no evidence of moderation by maternal or paternal education 

among the full sample (maternal education: χ2 = 0.74, df = 3, p = 0.86; paternal 

education: χ2 = 0.53, df = 3, p = 0.91). While there was no evidence of significant 

moderation, genetic influences appeared to increase as maternal education increased 
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(26.5% to 39%), with shared environmental influences decreasing (46.1% to 29.9%), and 

the unique environmental influences remained relatively stable as maternal education 

levels increased (27.4% to 31.1%). Results for paternal education were similarly 

nonsignificant, but patterns of genetic and shared environmental influences differed from 

those of maternal education. Genetic influences appeared to decrease as paternal 

education increased (39.4% to 26.1%), shared environmental influences increased (33.4% 

to 43.2%), and unique environmental influences remained stable across paternal 

education increased (27.3% to 30.7%). 

Highest parental education. Findings suggested no evidence of moderation of 

genetic or environmental influences on alcohol involvement by highest parental 

education attainment. An omnibus Wald test of the moderation parameters was not 

significant (χ2 = 0.65, df = 3, p = 0.89). As a result of the lack of a significant omnibus 

test, Wald tests of the moderation of specific A, C, or E parameters were not conducted.  

While results were nonsignificant, Figure 7 presents a graphical depiction of the change 

in ACE components of variance across levels of highest parental education based on the 

moderation model. Additionally, Table 7 presents unstandardized estimates of the 

proportion of variance in alcohol involvement attributed to A, C, and E components for 

the full sample at each level of highest parental education attainment. In the full sample, 

the additive genetic component appeared to increase as the level of highest parental 

education increased, with additive genetic factors accounting for less than a quarter of 

variance (23.2%) among participants with parents at the lowest levels of education and 

39% of variance among participants with parents at the highest levels of education. The 

shared environmental component accounted for the most variance in those with the 
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lowest levels of parental education, accounting for almost half the variance (48.6%) in 

alcohol involvement among twins whose parents’ highest level of education is 8th grade 

or less. For twins whose parents’ highest level of educational attainment is a graduate or 

professional degree, shared environmental components accounted for less than a third of 

variance in alcohol involvement (31.5%).  

Family income. An omnibus Wald test of the moderation parameters was 

significant (χ2 = 21.86, df = 3, p < 0.0001). Wald tests of the individual parameters of 

moderation were conducted, with moderation of genetic (χ2 = 5.97, df = 1, p = .01), 

shared environmental (χ2 = 6.98, df = 1, p = .01), and unique environmental influences all 

reaching significance (χ2 = 6.57, df = 1, p = .01).  

Figure 8 presents a graphical depiction of the significant change in ACE 

components of variance across levels of annual family income for the combined sample 

full moderation model. Among those at the lowest level of family income, genetic factors 

accounted for half of the variance in alcohol involvement, while for those adolescents 

whose families had the highest level of income (greater than $25,000), genetic factors 

accounted for virtually none (2%) of the variance in alcohol involvement. The shared 

environmental component accounted for approximately a fourth (26%) of the variance in 

alcohol involvement at the lowest level of family income, while at the highest level of 

annual family income, the environment accounted for about two-thirds (67%) of the 

variance in adolescent alcohol involvement. The unique environmental component 

remained relatively stable across levels of family income, ranging from accounting for a 

quarter of the variance at the lowest levels of income to a little under a third (31%) of the 

variance at the highest level of income. Table 7 presents unstandardized estimates of the 
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proportion of variance in alcohol involvement attributed to A, C, and E components for 

the full sample at each level of annual family income. 

Sex-Specific G x E Models 

Parental education. Due to sparsity within cells at the highest level of average 

parental education (0 MZ males, 6 MZ females, 5 DZ males, and 5 DZ females), the 

categories of “college graduate” and “graduate/professional degree” were combined for 

sex-specific analyses. The findings suggested no evidence of moderation of genetic or 

environmental influences on alcohol involvement by average parental education. An 

omnibus Wald test of all moderation parameters was not significant (χ2 = 4.79, df = 6, p = 

0.57). Omnibus Wald tests of moderation for males and females were also not significant 

(males: χ2 = 2.20, df = 3, p = .53; females: χ2 = 2.59, df = 3, p = .46). As a result of the 

lack of a significant omnibus test of moderation, Wald tests of the moderation of specific 

A, C, or E parameters were not conducted.  

Figure 9 presents a graphical depiction of the change in ACE components of 

variance across levels of average parental education from the sex-specific full moderation 

model. While no significant moderation was present, the results from the G x E model for 

females followed the pattern that would be expected by the social control model, as 

females whose parents had low education levels had the lowest genetic contribution to 

alcohol use. At the lowest levels of average parental education, the additive genetic 

component accounted for 10.9% of variance in alcohol involvement among females, 

while at the highest levels of parental education, the genetic component accounted for 

half of the variance (50.0%) in alcohol involvement. On the other hand, males whose 

parents had low education levels had the highest genetic contribution to use. The genetic 
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component accounted for 38.7% of the variance in alcohol involvement among males 

whose parents had the lowest levels of education, while additive genetic influences 

accounted for about a third of variance (30.2%) in alcohol involvement among males 

whose parents had the highest levels of education. For further reference, unstandardized 

estimates of the proportion of variance in alcohol involvement attributed to A, C, and E 

components for males and females at each level of average parental education are 

presented in Table 8. 

When examining maternal education separately as a moderator of the genetic and 

environmental influences on alcohol involvement, results were similar to those found for 

average parental education. An omnibus Wald test of all moderation parameters was not 

significant (χ2 = 3.25, df = 6, p = .78). Omnibus Wald tests of moderation for males and 

females were also not significant (males: χ2 = 1.45, df = 3, p = .69; females: χ2 = 1.80, df 

= 3, p = .62). Among females, a similar pattern to that of average parental education was 

found, whereby there were decreased genetic contributions at lower levels of maternal 

education and higher shared environmental contributions at lower levels of maternal 

education. At the lowest levels of maternal education, additive genetic influences 

accounted for just 18.8% of the variance in alcohol involvement, while at the highest 

levels of maternal education these factors accounted for almost half of variance (44.9%) 

in alcohol involvement. For males, the opposite pattern was found, similar to the results 

for the average parental education variable. At the lowest levels of maternal education, 

additive genetic influences accounted for almost half of the variance (44.2%) in alcohol 

involvement, while at the highest levels of maternal education, additive genetic 
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influences accounted for just under a quarter of the variance (24.1%) in alcohol 

involvement.  

Results for paternal education also showed the same pattern as the findings for 

average parental education. An omnibus Wald test of all moderation parameters did not 

show evidence for moderation by paternal education (χ2 = 2.66, df = 6, p = .85). An 

omnibus Wald test for moderation among females was not significant (χ2 = 1.29, df = 3, p 

= .73). Among females, additive genetic factors accounted for the least amount of 

variance (18.6%) among those with the lowest levels of paternal education and the largest 

amount of variance (50.5%) among those with the highest levels of paternal education. 

Shared environmental influences followed the opposite pattern, with these factors 

accounting for over half of the variance (54.7%) in alcohol involvement among those 

with the lowest levels of paternal education. At the highest levels of paternal education, 

shared environmental factors accounted for just 21.7% of the variance in alcohol 

involvement. An omnibus Wald test for moderation among males was also not significant 

(χ2 = 1.37, df = 3, p = .71). Among males, additive genetic influences accounted for 

approximately half of the variance (50.1%) in alcohol involvement among those with the 

lowest levels of paternal education. At the highest levels of paternal education, genetic 

influences accounted for just 13.2% of the variance in alcohol involvement. Shared 

environmental factors accounted for just under a quarter of the variance (24.1%) in 

alcohol involvement among males with the lowest levels of paternal education. At the 

highest levels of paternal education, shared environmental influences accounted for 

almost half (54%) of the variance in alcohol involvement. However, none of the ACE 
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components showed evidence for significant moderation by maternal or paternal 

education levels.  

Highest parental education. An omnibus Wald test of all moderation parameters 

was not significant (χ2 = 1.91, df = 6, p = .93). An omnibus Wald test of moderation 

among males was nonsignificant (χ2 = 0.57, df = 3, p = 0.90), as was an omnibus Wald 

test of moderation among females (χ2 = 1.34, df = 3, p = .72). Wald tests of the 

moderation of specific A, C, or E parameters were not conducted due to the lack of a 

significant omnibus test of moderation.  

Figure 10 presents a graphical depiction of the nonsignificant change in the ACE 

components of variance across levels of highest parental education for both females and 

males, respectively. Among females, additive genetic influences accounted for the 

smallest share of variance (12.4%) among those whose parents had lower education 

levels. At the highest levels of parental education, genetic influences accounted for 

almost half of the variance (48.2%) in alcohol involvement among females. Shared 

environmental influences followed the opposite pattern, with these factors accounting for 

over half of the variance (59.3%) in alcohol involvement among those whose parents’ 

highest education level was an 8th grade education or less. Females whose parents’ 

highest education level was a graduate or professional degree, shared environmental 

factors accounted for just a quarter (25.4%) of variance in alcohol involvement. Among 

males, A, C, and E components remained relatively stable across all levels of highest 

parental education.  

Family income. Due to sparsity within sex-specific groups at the highest level of 

family income (3 MZ males, 21 MZ females, 5 DZ males, and 11 DZ females), the top 
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two levels of family income were combined for sex-specific analyses. An omnibus Wald 

test of all the moderation parameters in the sex-specific analyses was not significant (χ2 = 

4.18, df = 6, p = 0.65). Omnibus Wald tests of moderation for males and females were 

similarly nonsignificant (males: χ2 = 0.23, df = 3, p = 0.97; females: χ2 = 3.95, df = 3, p = 

0.27). As a result of the lack of any significant omnibus test of moderation, Wald tests of 

the moderation of specific A, C, or E parameters were not conducted. Results for the full 

seven level family income variable were also nonsignificant (see Appendix 1).  

Figure 11 presents a graphical depiction of the nonsignificant change in ACE 

components of variance across levels of annual family income for the sex-specific full 

moderation model. For females, the additive genetic component decreased as levels of 

family income increased. The additive genetic component in females accounted for 

approximately two-fifths (41.9%) of the variance in alcohol involvement at the lowest 

levels of family income and just over one-fifth (23%) of the variance in alcohol 

involvement at the highest levels of income. The shared environmental component 

accounted for 22.2% of the variance in alcohol involvement at the lowest levels of family 

income and over half (55.2%) of the variance in alcohol involvement at the highest levels 

of family income. The unique environmental component accounted for just over a third 

(35.9%) of variance in alcohol involvement among females whose family incomes were 

less than $5,000 a year, while among females with family incomes $20,000 and over, the 

unique environment accounted for slightly more than a fifth (21.8%) of variance in 

alcohol involvement. 

Results for males followed a similar pattern as those for females. The additive 

genetic component for males in families with the lowest annual incomes accounted for 
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over a third (36%) of the variance in alcohol involvement. Among those males with 

family incomes of at least $20,000, the additive genetic component accounted for just 

14.2% of the variance in alcohol involvement. The shared environmental component, on 

the other hand, increased along with family income, with the shared environment 

accounting for just over a quarter (28.5%) of the variance in alcohol involvement among 

males with the lowest annual family incomes and approximately half (51.9%) of the 

variance in those with the highest annual family incomes. Despite the similar patterns of 

change in both males and females, there was no significant moderation. For further 

reference, unstandardized estimates of the proportion of variance in alcohol involvement 

attributed to A, C, and E components for males and females at each level of family 

income are presented in Table 8. 
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Discussion 

This study examined whether indicators of SES moderated genetic and 

environmental influences on alcohol involvement among adolescents. There was no 

evidence of significant moderation by average parental education levels among the full 

sample or sex-specific analyses. However, among the sex-specific samples, there did 

appear to be moderation effects, particularly among females, that the study may have 

simply been underpowered to detect. Among females, genetic influences on alcohol 

involvement increased as average parental education levels increased, while shared 

environmental influences decreased as average parental education levels increased. This 

pattern of moderation is in line with the social control model and is consistent with many 

of the prior studies examining education as a moderator of genetic influences on alcohol 

use (Barr et al., 2016; Latvala et al., 2011a; Timberlake et al., 2007). Among males, the 

opposite moderation pattern emerged. For males, genetic influences on alcohol 

involvement decreased as average parental education levels increased, and shared 

environmental influences increased. This finding is more in line with recent work by 

Hamdi and colleagues (2015) and provides some support for the diathesis stress model. 

As the pattern of effects for males and females were in the opposite direction, combining 

the two groups in the full sample analyses may have canceled out the moderation effects 

and led to the nonsignificant results that showed etiological influences remained constant 

across average parental education levels. 

This different pattern of moderation effects for males and females might suggest 

that at least some aspects of socioeconomic status have a differential impact on etiologic 

influences for males and females. It might be that among males, a low SES environment 
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provided additional stress and pressure that triggered a genetic diathesis to alcohol use, 

while among females, a low SES environment might have acted as a particularly 

conservative and restricting one in which the opportunity to engage in alcohol use is 

limited. Prior research with this sample examining the impact of rural residency on 

etiologic influences on alcohol involvement found evidence for the social control model 

only among women, while among men there was no moderation effect of rural residency 

(Davis et al., 2017). This might suggest that females living in low income and/or rural 

environments were subjected to particularly restrictive monitoring on alcohol use 

behaviors at the time of data collection.  

Maternal and paternal education levels were examined separately as moderators 

of alcohol involvement, as prior research often highlights the importance of maternal 

education, in particular, for child and adolescent health and academic performance 

(Carneiro et al., 2012; Güneş, 2015). Among the full sample and sex-specific analyses, 

there was no evidence of significant moderation of the ACE components by either 

maternal or paternal education. The nonsignificant moderation by maternal and paternal 

education levels showed similar patterns of as that of the average parental education 

variable. The pattern among males fit more closely with the diathesis stress model 

(decreasing genetic contribution as education increased and increased shared 

environmental contribution as education increased), while the pattern among females 

adhered more closely to the social control model (increasing genetic contributions to 

variance as education increased and decreased shared environmental contributions as 

education increased).  
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Similar to average parental education and the individual parental education 

variables, there was no evidence of significant moderation using the highest parental 

education variable. Among the full sample, there was a small change in heritability across 

highest parental education levels. As highest parental education levels increased, 

heritability showed a small increase, with shared environmental contributions decreasing 

across levels of highest parental education. This provides a bit of support for the social 

control model, and these effects were primarily found among females, as A, C, and E 

components remained relatively stable across all levels of highest parental education for 

males. None of the indicators of parental education tested showed evidence of 

significance moderation, perhaps suggesting that education was not an important 

environmental moderator at the time of data collection. 

 Unlike the various parental education measures, evidence of significant 

moderation by annual family income was found among the full sample analysis, with 

genetic influences on alcohol involvement decreasing and shared environmental 

influences increasing as family income increased. Unique environmental influences 

contributed slightly more to alcohol involvement as family incomes increased. This 

pattern of decreasing genetic influences and increasing shared environmental influences 

across family income levels was also found in the sex-specific analyses, with results for 

both males and females showing similar patterns. Despite the significance among the full 

sample, the sex-specific analyses showed no evidence of significant moderation by 

family income. It is also important to note that only the full seven level conceptualization 

of family income resulted in significant moderation. Combining levels of family income, 

particularly among lower income groups, might have reduced some of the important 
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variability among groups and led to the lack of significant findings. Additionally, the lack 

of significant moderation in the sex-specific analyses might be due to a lack of power, as 

power analyses showed the study was significantly underpowered to detect even a large 

moderation effect among these restricted samples. The significant moderation finding 

provides support for the diathesis stress model, similar to results by Hamdi and 

colleagues (2015), suggesting that a low income environment activates genetic 

predispositions to alcohol use among adolescents, while a high income environment 

might protect against genetic predispositions to use.  

 The moderation effects of family income on genetic and environmental influences 

on alcohol involvement were somewhat consistent with the diathesis stress model. This 

model would posit that genetic influences on alcohol involvement would be greater in a 

high-risk environment, such as a low SES environment (Vendlinski et al., 2011). 

However, this model would also predict a negative association between SES and alcohol 

involvement, while our study found a small positive association between family income 

and alcohol involvement. This is consistent with similar work in the area, which has also 

found greater genetic influences on alcohol use in lower SES environments and a small 

positive association between alcohol use and SES (Hamdi et al., 2015). However, these 

moderation effects that are in line with the diathesis stress model are inconsistent with 

many prior studies that examined education only as a moderator of genetic and 

environmental influences on alcohol use (Barr et al., 2016; Latvala et al., 2011a; 

Timberlake et al., 2007). These findings might suggest that income and educational 

attainment have different patterns of moderation of ACE components on alcohol use.  
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Limitations and Future Extensions 

Although the use of data from 1962 United States provided a test of the 

moderation of genetic influences on alcohol use by SES in a novel context, the age of 

these data were also limiting in a number of ways. The changes that have occurred in 

America since these data were collected might reduce generalizability to today’s 

adolescents, who may face substantially different environments or restrictions on alcohol 

use as a result of their parent’s socioeconomic status. For example, in the decades since 

these data were collected, income inequality in the United States and many other nations 

has grown, and this may have important implications for understanding the impact of 

socioeconomic status on genetic and environmental factors related to alcohol use 

(Cingano, 2014). Research suggests that income inequality at both the national and 

neighborhood level is associated with increased frequency of alcohol use (Galea et al., 

2007), increased quantity of alcohol consumption (Elgar et al., 2005), and increased risk 

of death from alcohol related illnesses (Dietze et al., 2009). Income inequality might act 

to increase the importance of a family’s socioeconomic status as a moderator of genetic 

and environmental influences on alcohol use. Furthermore, some studies have shown that 

SES moderates genetic influences on IQ primarily in higher income nations that also 

have high degrees of income disparity (Tucker-Drob & Bates, 2016).  

Our sample is limited in that it primarily consisted of high-achieving, white 

adolescents. It is important to note that in 1960, around the time of data collection, more 

than a quarter of individuals (27.2%) dropped out of high school (Snyder et al., 2016). 

Twins taking the NMSQT would have been those who had not dropped out of high 

school and who were likely planning on attending college. Given that the data consisted 
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of more affluent individuals or those who were likely on upwardly mobile trajectories, 

this may limit the generalizability of the G x E findings to other groups. Additionally, 

those of other races/ethnicities may show different patterns of G x E that cannot be 

captured by this study. This problem of limited ethnic and racial diversity is not unique to 

the current study; many human genetics and genomic studies lack sufficient numbers of 

minorities and many scientists have called for greater inclusion in this area (Bustamante 

et al., 2011; Need & Goldstein, 2009). Future studies should seek to include minorities 

and those of diverse backgrounds in order to spread the benefits of genetics research to a 

wider group of individuals. 

Another limitation of the current study is the use of an alcohol composite 

measure. Although used in previous studies (LeGrand et al, 2008; Loehlin, 2010; 

Polderman et al., 2015), such a measure does not provide information about specific 

alcohol behaviors like quantity or frequency of use among adolescents. Prior research has 

found that SES has different moderation effects on various aspects of alcohol use (Hamdi 

et al., 2015), and the study’s use of an alcohol composite measure did not allow us to 

detect such effects. Instead, this study captured general adolescent alcohol use across a 

variety of dimensions. Prior research has also shown that different indicators of SES 

might have different relationships to various alcohol use behaviors (Casswell et al., 2003; 

Huckle et al., 2010); using an alcohol composite measure did not allow us to investigate 

whether parental education and income had the same relationship with various alcohol 

outcomes.  

The alcohol composite measure was also limited in that most participants had low 

levels of involvement, and many items were endorsed infrequently (see Table 2). While it 
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would have been ideal to include in analyses only those participants who endorsed 

alcohol involvement, this study did not have sufficient power to include only those twins 

who were alcohol involved. Power analyses revealed that even splitting the participants 

into sex-specific groups led to the study being significantly underpowered. Therefore, 

while analyses are limited by the inclusion of those with no alcohol involvement, the 

study would not have been feasible otherwise. 

While multiple measures of SES were included in this study in an attempt to 

present a broader conceptualization of SES than prior studies, it is important to note that 

these measures might have had very different impacts on social status and economic 

opportunities at the time of data collection, particularly for women and minorities 

(Shavers, 2007). For example, education and income correlations have been found to 

differ by race and ethnicity (Braveman et al., 2001). These issues in conceptualizing SES 

continue to be important for those who study the impact of SES on various health 

outcomes. Further, educational level at the time of data collection likely led to very 

different occupational and earning outcomes than the same level of education would 

today (Krieger et al., 1997; Levy & Murnane, 1992). In order to have the broadest index 

of family SES, including the occupational status of the parents would have been ideal, but 

this information was not available.  

It is also important to note that family income significantly moderated genetic and 

environmental influences on adolescent alcohol involvement only when the full seven 

level conceptualization of family income was used. Using the six or five level income 

variables that combined either the top or top and bottom levels of income did not result in 

significant moderation when using the log-transformed alcohol composite. This might 
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due to the fact that combining levels reduced important variability between levels and 

impacted the ability to see moderation effects. Using the untransformed alcohol 

composite variable yielded significant results for both the full seven level and six level 

income variables.  

Future studies of socioeconomic status as a moderator of genetic and 

environmental influences on alcohol use among adolescents should examine and compare 

the impact of family social status and family financial resources on alcohol use. Some 

researchers (Hanson & Chen, 2007) have also proposed examining peer social status as a 

moderator of genetic influences on alcohol use, as this might be a more important 

indicator of status among adolescents. In addition, studies examining this moderating 

effect should make use of more specific alcohol outcome measures, like quantity and 

frequency of use, in order to detect precise effects of the moderator on alcohol 

involvement. Future studies might also examine how income disparity at both the 

neighborhood level and country level might impact findings of moderation by SES on 

genetic and environmental influences on alcohol use.  
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Table 2. 

 

 

  

Composite alcohol involvement scale in the 1962 National Merit Twin Study 

sample 

Item 
Prevalence 

(%) 

Standardized 

factor loading 

I have drunk wine. 46.5 .56 

I have dr5unk liquor. 31.9 .86 

I have drunk in a bar. 10.0 .79 

I have had a hangover. 10.0 .94 

I have drunk before breakfast. 2.8 .34 

I have become intoxicated. 12.4 .97 

I have drunk beer. 33.9 .86 

I have gone on the wagon. 3.6 .57 

I have never done any heavy drinking (r).  9.9 .80 

I have used alcohol excessively. 3.9 .73 

                                                   eigenvalue 6.00 

                                 % variance explained 58.55 

Note: r = reverse coded 
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Table 3. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Characteristics of the 1962 National Merit Twin Study sample 

Family Income 

 

Prevalence 

(%) 

< $5,000 11.8 

$5,000-7,499 25.7 

$7,500-9,999 21.4 

$10,000-14,999 23.6 

$15,000-19,999 9.4 

$20,000-24,999 3.0 

$25,000 + 5.1 

Mother’s Education  Prevalence 

(%) 

8th grade or less 6.6 

Part high school 12.8 

High school graduate 37.2 

Part college/junior college 23.8 

College graduate 15.1 

Graduate/professional degree 4.5 

Father’s Education  Prevalence 

(%) 

8th grade or less 11.0 

Part high school 12.0 

High school graduate 26.0 

Part college/junior college 21.8 

College graduate 15.0 

Graduate/professional degree 14.1 

Highest Parental 

Education 

 Prevalence 

(%) 

 8th grade or less 3.9 

 Part high school 8.5 

 High school graduate 25.4 

 Part college/junior college 26.2 

 College graduate 19.5 

 Graduate/professional degree 16.5 
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Table 4. 

 

 

  Correlations between alcohol involvement and socioeconomic status moderators 

 

Alcohol 

involvement 

Parental 

education 

Maternal 

education 

Paternal 

education Income 

Alcohol 

involvement 

Correlation 

p-value 

1 .01 

.63 

-.04 

.28 

.01 

.84 

.09* 

.02 

Parental education Correlation 

p-value 

 1 .86** 

.000 

.91** 

.000 

.53** 

.000 

Maternal education Correlation   1 .56** .41** 

 p-value 

 

   .000 .000 

Paternal education Correlation    1 .52** 

 p-value     .000 

  **. Correlation is significant at the 0.01 level. 

  *. Correlation is significant at the 0.05 level. 
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Table 5. 

Twin correlations among the full sample on the log-transformed 

alcohol composite variable 

Average Parental Education 

 rMZ (N) rDZ (N) 

8th grade or less 0.75 (47) 0.73 (22) 

Some high school 0.74 (86) 0.52 (54) 

High school graduate 0.61 (170) 0.62 (102) 

Part college/junior college 0.73 (107) 0.56 (82) 

College graduate 0.80 (82) 0.42 (54) 

Graduate/professional degree 0.20 (6) 0.68 (10) 

Family Income 

 rMZ (N) rDZ (N) 

< $5,000 0.68 (64) 0.47 (124) 

$5,000 – 7,499 0.65 (99) 0.51 (106) 

$7,500 – 9,999 0.62 (44) 0.76 (14) 

$10,000 – 14,999 0.76 (24) 0.53 (28) 

$15,000 – 19,999 0.63 (76) 0.46 (67) 

$20,000 – 24,999 0.73 (77) 0.83 (29) 

$25,000 + 0.80 (9) 0.49 (16) 

Highest Parental Education 

 rMZ (N) rDZ (N) 

8th grade or less 0.85 (22) 0.72 (10) 

Some high school 0.73 (49) 0.83 (21) 

High school graduate 0.64 (132) 0.48 (77) 

Part college/junior college 0.66 (130) 0.55 (85) 

College graduate 0.70 (87) 0.65 (73) 

Graduate/professional degree 0.79 (78) 0.35 (58) 

Note: Bold type indicates significance. 
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Table 6.  

 

Twin correlations on the log-transformed alcohol composite variable for males 

and females 

Average Parental Education 

 rMZ (N) rDZ (N) 

 Males Females Males Females 

8th grade or less 0.69 (20) 0.80 (27) 0.67 (7) 0.82 (15) 

Part high school 0.82 (35) 0.66 (51) 0.44 (21) 0.55 (33) 

High school graduate 0.57 (74) 0.64 (96) 0.60 (47) 0.65 (55) 

Some college/junior college 0.73 (48) 0.74 (59) 0.64 (29) 0.53 (53) 

College graduate 0.79 (33) 0.81 (49) 0.28 (24) 0.59 (30) 

Graduate/professional degree NA (0) 0.20 (6) 0.95 (5) 0.42 (5) 

Family Income 

 rMZ (N) rDZ (N) 

 Males Females Males Females 

< $5,000 0.64 (31) 0.71 (33) 0.40 (10) 0.49 (18) 

$5,000 – 7,499 0.67 (54) 0.61 (70) 0.66 (31) 0.36 (45) 

$7,500 – 9,999 0.58 (41) 0.65 (58) 0.54 (26) 0.91 (41) 

$10,000 – 14,999 0.78 (51) 0.72 (55) 0.59 (38) 0.44 (39) 

$15,000 – 19,999 0.68 (18) 0.36 (26) 0.19 (13) 0.69 (16) 

$20,000 – 24,999 0.68 (8) 0.76 (8) 1.00 (3) 0.78 (6) 

$25,000 + -0.08 (3) 0.90 (21) 0.09 (5) 0.50 (11) 

Highest Parental Education 

 rMZ (N) rDZ (N) 

 Males Females Males Females 

8th grade or less 0.91 (8) 0.72 (14) 0.63 (4) 0.82 (6) 

Part high school 0.71 (23) 0.74 (26) 0.86 (10) 0.80 (11) 

High school graduate 0.70 (54) 0.59 (78) 0.17 (28) 0.64 (49) 

Some college/junior college 0.61 (58) 0.71 (72) 0.62 (40) 0.33 (45) 

College graduate 0.64 (31) 0.78 (56) 0.52 (24) 0.71 (49) 

Graduate/professional degree 0.83 (36) 0.75 (42) 0.39 (27) 0.30 (31) 

Note: Bold indicates significance. 
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Table 7. 

Full sample unstandardized estimates of the portions of variation in the 

alcohol involvement composite explained by genetic and environmental 

influences in the 1962 National Merit Twin Study sample 

Average Parental Education 

 A C E 

8th grade or less .81 [-.06, 1.69] 1.06 [.19, 1.92] .71 [.49, .93] 

Some high school .80 [.21, 1.40] 1.01 [.43, 1.50] .71 [.56, .86] 

High school graduate .79 [.39, 1.19] .97 [.58, 1.36] .71 [.62, .81] 

Some college .78 [.38, 1.18] .93 [.53, 1.33] .72 [.62, .81] 

College graduate .77 [.18, 1.36] .89 [.31, 1.47] .72 [.57, .87] 

Graduate/professional 

degree 

.76 [-.09, 1.61] .85 [.03, 1.67] .72 [.50, .95] 

Highest Parental Education 

 A C E 

8th grade or less .61 [-.22, 1.43] 1.27 [.30, 2.24] .74 [.51, .97] 

Some high school .66 [.03, 1.30] 1.15 [.49, 1.81] .73 [.56, .90] 

High school graduate .72 [.27, 1.18] 1.04 [.61, 1.47] .72 [.61, .84] 

Some college .79 [.42, 1.16] .94 [.57, 1.30] .71 [.63, .80] 

College graduate .85 [.38, 1.33] .84 [.36, 1.31] .71 [.59, .82] 

Graduate/professional 

degree 
.92 [.21, 1.63] .74 [.10, 1.39] .70 [.53, .87] 

Family Income 

 A C E 

< $5,000/year 1.26 [.69, 1.82] .64 [.08, 1.20] .61 [.49, .74] 

$5,000-7,499/year .80 [.23, 1.36] .84 [.33, 1.34] .68 [.57, .78] 

$7,500-9,999/year .44 [-.16, 1.04] 1.06 [.61, 1.50] .74 [.64, .84] 

$10,000-14,999/year .19 [-.35, .72] 1.30 [.90, 1.70] .81 [.70, .92] 

$15,000-19,999/year .04 [-.28, .37] 1.58 [1.15, 2.00] .88 [.73, 1.03] 

$20,000-24,999/year .001 [-.04, .04] 1.88 [1.32, 2.43] .95 [.75, 1.15] 

$25,000 + /year .06 [-.51, .64] 2.20 [1.43, 2.98] 1.03 [.77, 1.29] 

Note: A = genetic variation, C = shared environmental variation, E = unique 

environmental variation. 95% confidence intervals are in brackets. Parameter 

estimates that are statistically significant at p < .05 are denoted with bold type. 
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Table 8.

Sex-specific unstandardized estimates of the portions of variation in the alcohol involvement composite explained by genetic and 

environmental influences in the 1962 National Merit Twin Study sample 

 
Males Females 

A C E A C E 

Average Parental Education 

8th grade or less 1.38 [-.37, 3.13] 1.17 [-.40, 2.72] 1.02 [.56, 1.48] .21 [-.30, .73] 1.20 [.46, 1.94] .56 [.35, .76] 

Some high school 1.22 [.09, 2.36] 1.13 [.06, 2.21] .97 [.68, 1.26] .37 [-.10, .84] 1.00 [.55, 1.46] .56 [.43, .70] 

High school graduate 1.07 [.30, 1.84] 1.10 [.35, 1.85] .92 [.74, 1.10] .57 [.17, .96] .82 [.44, 1.20] .57 [.47, .66] 

Some college .93 [.12, 1.75] 1.07 [.28, 1.87] .87 [.66, 1.08] .81 [.33, 1.29] .66 [.17, 1.15] .57 [.46, .69] 

Bachelor’s degree or 

higher 

.81 [-.31, 1.92] 1.04 [-.10, 2.18] .82 [.50, 1.15] 1.09 [.27, 1.91] .51 [-.12, 1.15] .58 [.40, .75] 

Family Income 

< $5,000/year 1.28 [-.57, 3.12] .86 [-.59, 2.32] .90 [.59, 1.20] .75 [-.63, 2.13] .40 [-.56, 1.36] .64 [.35, .94] 

$5,000-7,499/year 1.07 [.02, 2.12] .98 [-.05, 2.02] .92 [.70, 1.13] .71 [-.13, 1.55] .54 [-.21, 1.30] .62 [.44, .80] 

$7,500-9,999/year .88 [.10, 1.66] 1.11 [.36, 1.85] .94 [.75, 1.12] .67 [.22, 1.12] .71 [.20, 1.21] .49 [.60, .70] 

$10,000-14,999/year .71 [-.38, 1.79] 1.24 [.33, 2.16] .96 [.71, 1.20] .63 [.09, 1.17] .90 [.44, 1.35] .57 [.44, .70] 

$15,000-19,999/year .55 [-.92, 2.03] 1.38 [-.11, 2.87] .98 [.62, 1.34] .59 [-.34, 1.53] 1.11 [.25, 1.96] .55 [.33, .77] 

$20,000 + /year .42 [-1.35, 2.19] 1.53 [-.71, 3.78] 1.00 [.51, 1.49] .56 [-.81, 1.92] 1.34 [-.15, 2.83] .53 [.21, .84] 

Note: A = genetic variation, C = shared environmental variation, E = unique environmental variation. 95% confidence intervals are 

in brackets. Parameter estimates that are statistically significant at p < .05 are denoted with bold. 



SOCIOECONOMIC STATUS AND ALCOHOL INVOLVEMENT 58 

 

 

 

 

Appendix 2 

Figures of Results 

 

Figure 1. Distribution of the alcohol composite variable. Panel A shows the distribution 

of the alcohol composite variable following log-transformation while Panel B shows the 

distribution prior to transformation. 
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Figure 2. Distribution of the parental education variables. Panel A shows the distribution 

of the average parental education variable, while Panel B shows the distribution of the 

highest parental education variable. 
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Figure 3. Distribution of parental education levels. Panel A shows the distribution of 

maternal education levels, while Panel B shows the distribution of paternal education 

levels among the sample.  
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Figure 4. Distribution of the annual family income variable. 
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Figure 5. Path diagram for the full moderation model. A = additive genetic influences, C 

= shared environmental influences, E = unique environmental influences, MZ = 

monozygotic twins, DZ = dizygotic twins.
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Figure 6. Results from the full sample G x E model for average parental education. This model showed no evidence of 

significant moderation. 
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Figure 7. Results from the full sample G x E model for highest parental education. This model showed no evidence of 

significant moderation.  
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Figure 8. Results from the full sample G x E model for family income. This model showed evidence of significant moderation 

of the A, C, and E components of variance.  
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Figure 9. Results from the sex-specific GxE model for average parental education. These models did not show evidence of 

significant moderation.  



SOCIOECONOMIC STATUS AND ALCOHOL INVOLVEMENT  

 

 

 

 
6
7
 

 

Figure 10. Results from the sex-specific GxE model for highest parental education. These models did not show evidence of 

significant moderation. 
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Figure 11. Results from the sex-specific G x E model for family income. These models did not show evidence of significant 

moderation.
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Appendix 3 

Summary of Models Tested 

 

 

 

 

 

Summary of models tested using the log-transformed alcohol composite 

Full Sample Analyses 

Moderator (# of levels) χ2 df p-value 

Family Income (7) 21.86 3 .0001* 

Family Income (6) 1.97 3 .58 

Family Income (5) 1.73 3 .63 

Avg. Parental Education (6) 0.42 3 .94 

Avg. Parental Education (5) .96 3 .81 

Avg. Parental Education (4) .58 3 .90 

Paternal Education .53 3 .91 

Maternal Education .74 3 .86 

Highest Parental Education .65 3 .89 

Sex-specific Analyses: Tests of Moderation among Males 

Moderator (# of levels) χ2 df p-value 

Family Income (7) 4.04 3 .26 

Family Income (6) .23 3 .97 

Family Income (5)  .06 3 .99 

Avg. Parental Education (6) 2.58 3 .46 

Avg. Parental Education (5) 2.20 3 .53 

Avg. Parental Education (4) 2.44 3 .49 

Paternal Education 1.37 3 .71 

Maternal Education 1.45 3 .69 

Highest Parental Education .57 3 .90 

Sex-specific Analyses: Tests of Moderation among Females 

Moderator (# of levels) χ2 df p-value 

Family Income (7) 5.49 3 .14 

Family Income (6) 3.95 3 .27 

Family Income (5) 5.00 3 .17 

Avg. Parental Education (6) 2.20 3 .53 

Avg. Parental Education (5) 2.59 3 .46 

Avg. Parental Education (4) 1.84 3 .61 

Paternal Education 1.29 3 .73 

Maternal Education 1.80 3 .62 

Highest Parental Education 1.34 3 .72 

Note: χ2 value represents a Wald test that all moderation parameters are zero. * 

denote significance. 
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Summary of models tested using the untransformed alcohol composite 

Full Sample Analyses 

Moderator (# of levels) χ2 df p-value 

Family Income (7) 34.32 3 < .0001* 

Family Income (6) 68.09 3 < .0001* 

Family Income (5) 2.83 3 .42 

Avg. Parental Education (6) .58 3 .90 

Avg. Parental Education (5) 1.06 3 .79 

Avg. Parental Education (4) .84 3 .84 

Paternal Education 1.72 3 .63 

Maternal Education 1.14 3 .77 

Highest Parental Education .57 3 .90 

Sex-specific Analyses: Tests of Moderation among Males 

Moderator (# of levels) χ2 df p-value 

Family Income (7) 6.31 3 .10 

Family Income (6) 1.17 3 .76 

Family Income (5)  .33 3 .95 

Avg. Parental Education (6) 3.63 3 .46 

Avg. Parental Education (5) 3.10 3 .38 

Avg. Parental Education (4) 3.45 3 .33 

Paternal Education 2.55 3 .47 

Maternal Education 1.46 3 .69 

Highest Parental Education .69 3 .88 

Sex-specific Analyses: Tests of Moderation among Females 

Moderator (# of levels) χ2 df p-value 

Family Income (7) 7.33 3 .06 

Family Income (6) 4.90 3 .18 

Family Income (5) 6.86 3 .08 

Avg. Parental Education (6) 2.85 3 .42 

Avg. Parental Education (5) 3.40 3 .33 

Avg. Parental Education (4) 2.67 3 .44 

Paternal Education .82 3 .84 

Maternal Education 2.56 3 .47 

Highest Parental Education 1.32 3 .73 

Note: χ2 value is the result of a Wald test that all moderation parameters are zero. * 

denote significance. 


