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Abstract

Although sociologists, demographers, and others have thoroughly studied contextual and life-
course influences on tobacco and alcohol use in adolescence and young adulthood, far less
attention has been paid to the determinants of tobacco and alcohol co-use. This is important to
remedy because co-use has non-additive effect on long-term health. In this paper, we use
nationally representative, longitudinal data from adolescence to young adulthood to examine
patterns of joint tobacco and alcohol use behaviors across the life course. Importantly, we describe
how these trajectories are linked to their high school's joint profile of tobacco and alcohol use,
measured two ways: the proportion of tobacco and alcohol co-users, and as the ‘excess proportion
above that expected based on the marginal probabilities of smoking and drinking in that school.
Joint tobacco and alcohol use is associated with both measures, emphasizing the ‘long arm’ of
adolescent contexts. Furthermore, we extend previous research to assess whether there is a gene-
environment interaction between this school-level measure, 5H7TLPR, and tobacco and alcohol
Cco-use, as suggested by recent work analyzing drinking and smoking separately. We find evidence
of such a pattern, but conclude that it is likely to be due to population stratification or other forms
of confounding.

Introduction

Cigarette smoking and alcohol abuse are important behavioral determinants of long-term
health prospects (World Health Organization 2012, Nelson et al. 2013), especially when
used together (Castellsague et al. 1999, Kalman et al. 2010). Because co-use is particularly
common in adolescence and young adulthood (Grant 1998, Koopmans, vanDoornen, and
Boomsma 1997, Levine et al. 2011, Weitzman and Chen 2005), it is important to consider
the mechanisms responsible for the development of smoking and drinking as well as each
separate behavior. Research on substance use frequently adopts a life course perspective that
emphasizes behavioral transitions and how earlier contexts shape later-life outcomes. During
adolescence, substance use and other health behaviors are closely regulated by parents
(Johnston et al. 2008a, Johnston et al. 2008b, Beasley, Hackett, and Maxwell 2004, White et
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al. 2006). As individuals enter young adulthood, peers eclipse parents as the primary agents
of socialization (Frech 2012, Van Ryzin, Fosco, and Dishion 2012, McDermott, Dobson, and
Owen 2006), and rates of substance use and other unhealthy behaviors increase as parental
control wanes (Beasley, Hackett, and Maxwell 2004, Frech 2012, Harris et al. 2006, White
et al. 2006, Johnston et al. 2008a, Johnston et al. 2008b). Despite these changes in life
circumstances, however, young adult health behaviors are not decoupled from the past. In
general, early life conditions predict later health outcomes (Hayward and Gorman 2004,
Umberson, Crosnoe, and Reczek 2010) as individuals draw on resources from earlier life
stages to navigate their current circumstances (Crosnoe and Elder 2002). Accordingly, early
life health behaviors are highly predictive of later-life behaviors (Lau, Jacobs Quadrel, and
Hartman 1990, Telama et al. 1997). Less research has explored the specific contexts that
shape health behavior trajectories during the transition to adulthood, however, with the
exception of research on the independent effects of early life socioeconomic status
(Lindstrom, Moden, and Rosvall 2013, Pampel, Mollborn, and Lawrence 2014, Poulton et
al. 2002, Yang et al. 2007).

Research has linked tobacco and alcohol use in adolescence and adulthood to school and
neighborhood characteristics cross-sectionally, however. Rates of cigarette smoking and
alcohol consumption vary across schools (Aveyard, Markham, and Cheng 2004, Cleveland
and Wiebe 2003, Ennett et al. 1997, Lovato et al. 2013, Maes and Lievens 2003, O'Malley et
al. 2006, Rose et al. 2003, Sabiston et al. 2009, Sellstrom and Bremberg 2006) and
neighborhoods (Galea et al. 2007, Karriker-Jaffe 2011, Snedker, Herting, and Walton 2009).
However, the aggregate-level characteristics that may explain these patterns remain unclear.
Some emphasize the role of composition (Aveyard, Markham, and Cheng 2004, Maes and
Lievens 2003, O'Malley et al. 2006) and norms (Botticello 2009). A great deal of research
examines the relationship of substance use rates and socioeconomic disadvantage, but varies
in the direction of this association (Boardman et al. 2001, Hoffman, Welte, and Barnes 2001,
Reboussin et al. 2010, Ennett et al. 1997, Galea et al. 2007, O'Malley et al. 2006). Finally,
the rate of smoking in a school itself may be self-perpetuating, as peer substance use rates
(Alexander et al. 2001, Eitle and Eitle 2004, Ellickson et al. 2003) and perceived rates
(Chassin et al. 1984, Henry, Slater, and Oetting 2005) predict substance use initiation.

In contrast, far less research has examined the co-use of tobacco and alcohol and the
potential role of school variation in predicting this key outcome. Most research on this topic
has examined the relationship between these two behaviors at the individual level, showing
that the two are positively related (Brener and Collins 1998, Johnson et al. 2000, Topolski et
al. 2001, Orlando et al. 2005). This research concludes that the association runs more
strongly in one direction than the other; i.e., far more adolescents drink without smoking
than smoke without drinking (Jackson et al. 2002, Orlando et al. 2005). Approximately 22%
of adolescents co-used tobacco and alcohol in the past year (Hoffman, Welte, and Barnes
2001), and rates of co-use increase with advancing age in adolescence and young adulthood
(Connell et al. 2010, Costello et al. 2012, Leatherdale and Ahmed 2010). Finally, recent
research (Daw, Nowotny, and Boardman 2013) demonstrates that the linkage between these
two behaviors has strengthened over time even as their prevalence has declined. However, no
previous research has examined the contextual determinants of tobacco and alcohol co-use,
either cross-sectionally or longitudinally.
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Finally, relatively little research incorporates information on both genetic influences on
tobacco and alcohol use and the social environment to understand these patterns. Gene-
environment interactions (GxEs) hold the potential to elucidate how combinations of social
circumstances and genetic variation interact to predict important behaviors. Although a large
number of genes (Munafo et al. 2004, Young-Wolff, Enoch, and Prescott 2011) and social
influences have been linked to tobacco and alcohol use, relatively little research investigates
multilevel gene-environment interactions for these outcomes, and none have taken such an
approach to studying tobacco and alcohol co-use. However, outside of substance use
research, a large body of research has demonstrated the potential importance of 5HTTLPR
(a polymorphic region in the SLC6A4 gene) with a large number of outcomes such as
psychopathy (Fowler et al. 2009), impulsivity (Gerra et al. 2004), alcoholism (Wu et al.
2008), and violence (Liao et al. 2004, Retz et al. 2004).

This polymorphic region has played a particularly crucial role in research on gene-
environment interactions. Previous research has demonstrated that individuals vary in their
environmental susceptibility, which is associated with demographic characteristics like age
and gender (Duncan et al. 2005, Sumter et al. 2009), but also potentially related to genetic
variation. The differential susceptibility hypothesis (Belsky and Pluess 2009, Conley,
Rauscher, and Siegal 2013, Ellis and Boyce 2008) posits that 547 7L PR genotype is related
to environmental sensitivity, such that persons with more copies of the short (S’) allele may
have very opposite outcomes depending on their environmental context. If the dependent
variable is health, this hypothesis predicts that persons with more copies of the S’ allele will
have better health in more favorable environments compared to others, and worse health in
more unfavorable environments compared to others. In this way, persons with more copies
of the S’ allele may be considered ‘orchids’ whose outcomes depend strongly on their soil,
while those with more copies of the long (L) allele may be considered ‘dandelions’ whose
outcomes are comparatively insensitive to their soil (Conley, Rauscher, and Siegal 2013). In
this vein, previous research has found gene-environment interactions for 5SH7TLPR for
tobacco and alcohol use (Daw et al. 2013), depression (Caspi et al. 2003), physiological
dysregulation (Brody et al. 2013), and juvenile delinquency (Aslund et al. 2013, Simons et
al. 2011, Vaughn et al. 2009), among other outcomes. However, no research has investigated
whether this model potentially applies to tobacco and alcohol co-use.

In this paper, we employ two novel measures of the school health behavioral environment
(the proportion of co-users and the ‘excess proportion’ thereof), establish their associations
with subsequent joint tobacco and alcohol use behaviors and behavioral transitions, and
assess their role in tobacco and alcohol co-use from a gene-environment interaction
perspective. Given the importance of earlier-life contexts and peer behaviors for health
behavioral trajectories, and previous work relating gene-environment interactions to
substance use, this research is a natural and important extension of previous work on this
crucial topic. Our findings emphasize the ‘long arm’ of adolescence in predicting health
behaviors years into the future, but find only questionable evidence of a gene-environment
interaction between the school health behavior environment, 547 7L PR, and tobacco and
alcohol co-use.
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Analytical Strategy

The primary goal of this analysis is to investigate longitudinal patterns of tobacco and
alcohol co-use in adolescence and young adulthood from a life course and gene-environment
interaction perspective. Tobacco and alcohol co-use may be more likely through two
separate proximate determinants: (a) the independent prevalences of tobacco and alcohol
use; and (b) a tobacco-alcohol use association. For instance, if half the students at a school
use alcohol and half use tobacco, even without an association one would expect that one-
fourth of the students would use both alcohol and tobacco. Any proportion higher than one-
fourth — i.e., an “excess proportion’ (EP) — would indicate an association between the two
behaviors. More formally, one can determine the association between these two behaviors by
comparing the prevalence of tobacco-and-alcohol co-use to that expected if the behaviors
were independent (Daw, Nowotny, and Boardman 2013):

Pej=Pcj — PsjPdjs (1)

where pg; is the prevalence of co-use in school j, psj is the prevalence of smoking, and pg; is
the prevalence of drinking. Under the assumption of independence, psjpgj is the expected
proportion of co-users of tobacco and alcohol. Therefore pg; is the ‘excess’ proportion of
tobacco-and-alcohol co-use above that expected if the two behaviors were independent. The
proportion of co-use itself (pgj) is also of independent interest, since it may simply be the
prevalence of co-use behavior, rather than the association between the two behaviors, that
influences co-use outcomes.

We hypothesize that students attending schools with higher proportions of co-users and
higher excess proportions of co-use are more likely to co-use tobacco and alcohol in
subsequent. While the proportion of students at a school who use tobacco and use alcohol
are separate indicators of the school health behavioral environment, the proportion of co-
users and the excess proportion provides information on whether tobacco and alcohol use
are /inked at the school.

We test this hypothesis by examining over-time patterns of tobacco use, alcohol use, and
their co-use; the relationship between these patterns and school-level indicators (using
multinomial logistic regression and logistic regression models); and the interactive
relationship between school indicators, 5H7 7L PR, and tobacco and alcohol co-use (using
logistic and conditional logit regression models). This last gene-environment interaction step
requires some additional exposition. A crucial methodological issue when conducting
genetic research in heterogeneous populations is population stratification, which creates a
spurious relationship between the gene and the dependent variable (Cardon and Palmer
2003). This occurs when allele frequencies vary across socially-defined groups and, for
causally-unrelated reasons, significantly different levels of the dependent variable than
others. The most common methods for addressing this concern require genome-wide data
that are not available to us for this analysis (Price et al. 2006, Pritchard et al. 2000), and
merely controlling for race/ethnicity is inadequate since these grouping mask considerable
heterogeneity by ancestry group (Ramachandran et al. 2005). Instead, since population
stratification occurs at the ancestry group level, we reason (like others: Conley and Rauscher
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2013, Daw et al. 2013, Guo et al. 2007) that full siblings uniformly share this characteristic,
since they share two parents and their implied lineages. Therefore, we address population
stratification concerns using a sibling conditional logit model in which only within-pair
differences are used to estimate these effects. Compared to the full sample logistic
regression models, these models reduce the likelihood of Type | error by eliminating a large
number of potential confounders, including population stratification. However, as a result of
the smaller analytical sample, non-representativeness of that sample, and discarded variance,
this comes at the cost of an increased likelihood of Type Il error.

Data, Measures, and Analysis

Data

Data for this study come from the National Longitudinal Study of Adolescent Health (Add
Health), a nationally representative dataset on secondary school attendees in 132 schools in
1994. There are currently five waves of Add Health data: the in-school survey, and four
waves of in-home interviews with a subset of the attendees of those schools (Harris et al.
2009). The in-school survey offers far less depth than the in-home surveys, but has the
benefit of surveying everyone at each of these schools on a moderate range of behavioral,
attitudinal, and other social measures. Crucially, the in-school survey asked students to
report their cigarette smoking and alcohol drinking, producing data on the health behaviors
of more than 90,000 students in 132 schools, which we used to measure the school health
behavioral environment. Furthermore, the longitudinal follow ups of a subset of these
students (more than 15,000 in waves 3 and 4) permit study of the long-term influences of
this association on co-use. In wave 4, genetic data was collected on all consenting
participants using Oragene genetic data collection kits, and genotype calls were made for the
SHTTLPR gene. As described elsewhere (Smolen et al. 2013), 15,140 (96%) of the Wave 4
Add Health Sample consented to the collection of Oragene saliva samples but only 12,234
(78%) agreed to archive their genotypes for future analyses. Archive rates varied slightly by
racial and ethnic groups in which non-Hispanic blacks rate of archival (72%) was lower than
that of non-Hispanic white (82%) respondents. Smolen et al. (2013) also present the Hardy
Weinberg Equilibrium (HWE) estimates for all study participants and show no deviations
from HWE for the 5H7TLPR for non-Hispanic and white respondents but significant
deviations among non-Hispanic and black respondents. We recalculated HWE based on the
genotype frequencies presented in Table 1 which are based on the updated 5H77TLPR
genotype and we continue to see significant deviations from HWE (Chi-squared = 13.25, 1
df, p<.001). We largely attribute these differences to population stratification rather than
genotyping errors which is largely confirmed by ancillary analyses in which HWE was met
for four of the five major racial/ethnic groups. The exception was African-American
respondents (HWE = 8.08, p< .004).

In this analysis, the Add Health data is subset to those who are the typical ages for their
grades in wave | (11-12 for 6t grade, 17-18 for 12" grade, etc.). This results in an analytical
sample size of 13,773, who are followed-up in each wave. One further characteristic of the
Add Health data is crucial for present purposes. The sibling subsample in Add Health takes
advantage of the fact that siblings frequently attend the same schools to obtain crucial data
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for genetic research (Harris et al. 2013). In the in-school survey, all respondents were asked
if they had a twin; Add Health sought to recruit all persons who responded affirmatively into
the in-home sample. Additionally, other types of siblings were both recruited into the in-
home sample by chance. As a result, the sibling subsample includes data on 289 identical
twin pairs, 452 fraternal twin pairs, 1,251 full sibling pairs, and 442 half sibling pairs. For
our sibling fixed effects regression models, we analyze the all full sibling and fraternal twin
pairs (who share two biological parents and 50% of their genes by descent) in order to
address population stratification concerns.

In-school tobacco and alcohol use measures—The school health behavior
environment indicators are calculated using in-school measures of tobacco and alcohol use.
The in-school tobacco use measure is constructed using the question, “During the past
twelve months, how often did you smoke cigarettes?” Responses were measured ordinally
on a 0-6 scale, indicating “never,” “once or twice,” “once a month or less,” “2 or 3 days a
month,” “once or twice a week,” “3 to 5 days a week,” and “nearly everyday,” in order. Any
tobacco use is indicated by a value of 1to 6; heavy tobacco use is indicated by a value of 6—
that is, the respondent smokes cigarettes nearly every day.

The in-school alcohol use measure is based on the question, “During the past twelve months,
how often did you drink beer, wine, or liquor?” Response categories are identical to those of
the tobacco use measure just described. Any alcohol use is indicated by a value of 1 to 6;
heavy alcohol use is indicated by values of 4 or higher—that is, the respondent drinks
alcohol at least once a week. Co-use is indicated if the respondent reports both behaviors at
the threshold in question.

School measures—We calculate the school health behavior environment in two different
ways: the proportion of co-users, and the excess proportion of co-users using both ‘any’ and
‘heavy’ cutoffs for tobacco and alcohol use. The proportion of students who engage in these
behaviors are then calculated separately by school, and then the school excess proportion for
that cutoff is then calculated using equation (1). Because substance use patterns differ
greatly between high school and middle school, middle schoolers are assigned the excess
proportion measure for the high school into which their school feeds.

In-home tobacco and alcohol use measures—Dependent variable measures of
tobacco and alcohol use come from the in-home survey, where more detailed measures were
available. We employ measures that combine information on the frequency and intensity of
tobacco and alcohol use over the previous 30 days and 12 months respectively to obtain an
estimate of the total cigarettes and alcoholic beverages consumed over those periods.
Tobacco use frequency is measured using the question, “During the past 30 days, on how
many days did you smoke cigarettes?” Tobacco use intensity is measured by the question,
“During the past 30 days, on the days you smoked, how many cigarettes did you smoke each
day?” Multiplying these responses yields the estimated number of cigarettes smoked over
the last 30 days. For analytical purposes, two dichotomous versions of this variable are
created. First, any cigarette smoking is assigned a value of 1 if this number is greater than 0,
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and 0 otherwise. Second, heavy cigarette smoking is assigned a value of 1 if this number is
greater than the sample-wide median, and 0 otherwise.

Alcohol use frequency is measured more coarsely, using ordinal responses to the question,
“During the past 12 months, on how many days did you drink alcohol?”” Responses were
reverse coded so that they ranged from 0 to 6, respectively indicating “never,” “1 or 2 days,”
“once a month or less,” “2 or 3 days a month,” “1 or 2 days a week,” “3 to 5 days a week,”
and “every day or almost every day.” Alcohol use intensity was then measured using the
question, “Think of all the times you have had a drink during the past 12 months. How many
drinks did you usually have each time? (A “drink’ is a glass of wine, a can of beer, a wine
cooler, a shot glass of liquor, or a mixed drink.)” Legitimate skips were recoded to 0. An
interval-level measure of the estimated number of alcoholic drinks consumed over the past
12 months is then derived by multiplying these values. Two dichotomous versions of this
variable are then created, following an identical procedure as with smoking.

Controls—We also employ two school-level and six individual-level measures as controls.
Because average rates of tobacco and alcohol use are potentially related to the excess
proportion of co-users, we employ these measures as key controls. At the individual level,
we also control for demographic characteristics such as self-reported race (coded as white,
black, Hispanic, Asian/Pacific Islander, and other/multiracial), sex, parental education
(coded as the highest parental response, with less than high school, high school, some
college, and bachelor's degree or higher categories), and age. Finally, because both substance
use and 5HTTLPR gene are associated with delinquent behaviors and depressive symptoms,
we also control for these characteristics, measured in wave | following Wang and colleagues
(Wang et al. 1999). Descriptive statistics for all variables are provided in Table 1.

Using these data, we use multinomial logistic regression models to predict tobacco use
alone, alcohol use alone, or co-use of tobacco and alcohol, compared to no substance use in
waves 3 and 4, as a function of the school level measures, substance use in the previous
wave, and a set of school, individual demographic, and psychological controls. By
predicting substance use in wave Il as a function of excess proportion while controlling for
substance use in wave Il (or the equivalent between waves Il and V), our analysis assesses
the odds of transitioning to a substance use category net of baseline substance use. Our
statistical inferences employ the sandwich standard error estimator (Rogers 1993) to account
for the non-independence of observations. Additionally, we investigate the effect of high
school excess proportion on the probability of persisting in co-use of tobacco and alcohol
between waves 3 and 4. Finally, we estimate two gene-environment interaction models. The
first pools person-wave observations in a logistic regression model of the probability of co-
use as a function of the interaction of school measures and 5H7TLPR, the second estimate a
sibling conditional logit model of co-use to determine whether these findings hold with
adjustment for population stratification and other forms of confounding.
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Results

Transitions in Substance Use—Table 2 provides information on the cross-wave
substance use transition matrix in Add Health, examining the rates at which persons with
one substance use profile (tobacco use only, alcohol use only, co-use, or no use) shows
different substance use profiles at the subsequent wave, for both any-use and heavy-use
patterns. Several patterns are immediately apparent. First, there is a high degree of
fluctuation in substance use patterns over time. Between waves Il and 111, for instance, any-
use patterns show that only those who report alcohol-only and co-use have a probability of
remaining in that status of greater than 0.50. A majority of non-users in wave Il have
adopted alcohol-only use by wave 111, and a majority of tobacco-only users from wave Il
have transitioned into co-use by wave Il1. In short, alcohol use is very commonly adopted
between waves Il and 111, as expected given the stages of the life course represented during
this transition (from 13-19 to 19-25). Moreover, co-users of tobacco and alcohol in wave 11
are much more likely to quit using tobacco (38%) than alcohol (13%). Similar patterns are
observed during the same transition period for heavy substance use. However, using this
definition of substance use, the tendency to remain in the same substance use category
reported in wave Il is stronger, and accordingly somewhat less volatility is observed.

The transition from wave 111 (early adulthood) to 1V (established adulthood) also shows a
high degree of fluctuation in health behaviors. For instance, less than half of non-users or
tobacco-only users in wave 111 remain in those statuses in wave 1V, with the majority of
changers transitioning into adding alcohol consumption. Persistence in alcohol use is high,
as 72% of alcohol users in wave 111 continue to use alcohol only in wave IV (and only 16%
cease using alcohol). Finally, less than 5% of wave 111 co-users cease all substance use,
while 14% transition to tobacco use only, 22% transition to alcohol use only, and 60%
remain co-users. Similar patterns are observed for heavy use in the wave-1l1-to-1V transition.
However, using this definition it is much more common for non-users to remain non-users,
and less common for alcohol users and co-users in wave Il to remain in those statuses in
wave V.

School Health Environments and Substance Use Transitions

Wave 2 to 3 Substance Use Transitions—Table 3 shows selected multinomial logistic
regression results predicting wave 3 substance use outcomes net of wave 2 substance use as
a function of two indicators of the school health environment — excess proportion (EP), and
proportion co-users (PC). Both indicators are associated with substance use patterns in wave
3 in all models presented. Both are positively associated with all substance use compared to
none, and especially strongly associated with co-use compared to none. Introducing controls
for school substance use reduces these associations somewhat. For any use, the association
of both measures with tobacco-only use is no longer statistically significant in this model.
However, both measures are positively associated with alcohol-only use and co-use
compared to no use in this model, and they are positively associated with all three non-
reference categories in the equivalent heavy use models. Finally, introducing controls for
delinquency and depression does not substantively affect these conclusions.
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Wave 3 to 4 Transitions—Table 4 shows equivalent results for wave 3 to 4 substance use
transitions. As with the wave 2 to 3 transitions, indicators of the school health environment
are associated with wave 4 substance use net of wave 3 substance use in the baseline models.
Both measures are positively associated with any alcohol use or co-use compared to none.
Adding controls for school substance use and individual demographic factors eliminates the
association with co-use, maintains the association with alcohol (marginally for PC), and
produces a statistically significant, negative association with tobacco use compared to no
use. Controlling for psychological characteristics largely eliminates these associations for
EP (the tobacco association is marginally significant), but the associations are maintained
with PC.

Somewhat different patterns are observed for heavy use. Both EP and PC are associated with
concurrent heavy use, whereas PC only is associated with tobacco and alcohol use
(marginally in the latter case). All associations are eliminated by controls for demographic
and school characteristics, and additional controls for psychological characteristics do not
change this conclusion.

Co-Use Persistence—Table 5 shows the association of school health behavioral
environmental characteristics with the odds of persisting in co-use between waves Il and 1V
among those who co-used in wave I11. These analyses show that school excess proportion is
negatively associated with the odds of quitting heavy, but not any, co-use between waves 11
and IV, although including the controls render the association only marginally significant for
heavy co-use. However, these associations are fully significant in all three models for
proportion co-users. Thus, although school environmental characteristics are not associated
with substance use patterns in wave IV overall, it does predict the persistence of co-use
between waves 1l and IV.

Gene-Environment Interactions—The first column of Table 6 shows the results of a
series of logistic regression models predicting any or heavy co-use. The key coefficients for
present purposes are the interaction terms between 5H7 7L PR and the school environmental
measures. Starting with EP models, this is marginally significant for the baseline and school
and demographic controls heavy use models. However, adding controls for delinquency and
depression eliminates the gene-environment interaction, suggesting that this association may
be mediated by these factors. These associations are stronger and more consistent, however,
when PC is used as the school environmental measure. Positive interactive effects are found
for all full sample models, and these interactive effects are statistically significant for all but
the psychological controls model for heavy use.

However, evidence that this relationship may be spurious is provided in the sibling
conditional logit regression models, which control for population stratification and other
sources of family-level confounding. The results of these models consistently reject the
hypothesis that there is a positive gene-environment interaction between EP, 5H7TTLPR, and
tobacco and alcohol co-use — if anything, these models conclude that this interaction is
typically negative, not positive. (The exception is the PC models for any co-use.) This
suggests that the positive interaction estimates obtained from the full sample data are
potentially due to between-family sources of spurious variation, which could be the result of
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some combination of population stratification and other family-level variables related to
both 5SHTTLPR and co-use.

Discussion and Conclusions

The transition from adolescence to young adulthood crucially influences trajectories of
health behaviors. As many young adults leave their parents' homes and form new
households, the transition to adulthood is marked by a steep decline in the proportions who
eat right, get enough sleep, and avoid smoking and heavy drinking (Frech 2012). Like other
life course research on health behaviors (Crosnoe and Elder 2002, Crosnoe 2004, Elder,
Johnson, and Crosnoe 2003, Frech 2012), our study shows that the influence of home,
school, and neighborhood during adolescence does not end when young people reach legal
adulthood. We also employ two novel indicators of the school health behavioral environment
that are potent predictors of joint tobacco and alcohol use throughout the life course. Finally,
we investigate whether recently-documented gene-environment interactions (Daw et al.
2013) between school substance use rates, 547 7TLPR and smoking and drinking behaviors
(measured separately) apply to tobacco and alcohol co-use and our indicators of the school
health environment. Although there is some weak evidence supporting this hypothesis, we
conclude that this association is likely spurious due to confounding with depression,
delinquency, or family-level causes (including genetic ancestry).

Explanations of this social clustering of health behaviors tend to focus on the racial and
socioeconomic composition, cumulative disadvantage, or absence of social control as the
key social mechanisms responsible for the clustering of poor health behaviors (Ennett et al.
1997, Galea et al. 2007, O'Malley et al. 2006, Reboussin et al. 2010) — the same domains
that are regularly highlighted in the life course research on health behaviors. However, little
attention is paid to the role of social factors that shape expected co-morbid behaviors for a
particular context at a particular time, and no work has considered the long-term associations
of these social forces. Our work is in line with the key tenets of the life course perspective
and point to the importance of behavioral expectations that are structured and maintained by
social institutions such as schools. However, life course research typically does not address
the potential for these social influences to have genetically-contingent effects, a limitation
that this paper addresses.

Because the measures included are very similar to those used by Daw and colleagues (Daw
et al. 2013) and because smoking and drinking rates are highly correlated with each other
and with other school health behavior environments (not shown), it is surprising that the
evidence for a gene-environment interaction for co-use is much weaker than the evidence for
smoking and drinking measured separately. This suggests that these previously-documented
interactions are associated with the rates of substance use themselves, and not their joint
profile. Insofar as these previous findings reflected differential susceptibility to modeling
peers' behaviors, the current data suggest that this emulation occurs separately for each
behavior. It is also important to consider that the difference in the results between the
population model and the sibling fixed effects model may be due to allele frequency
differences across racial and ethnic groups. The minor (short) allele frequency for non-
Hispanic whites is .43 but only .27 for non-Hispanic black respondents. As such, the positive
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interaction evident in our GXE models may have simply been an indication that compared to
non-Hispanic and black students, non-Hispanic and white students are more likely to have
co-using health behaviors that match those of their schoolmates. This was not the case for
the single behaviors shown in the Daw et al. (2013), in which the sibling fixed effects results
confirmed these associations. This contrast emphasizes that gene-environment interactions
that describe one outcome may not characterize other, even closely related, outcomes, even
in the same dataset. As such, we encourage others to explore these potential social
influences on otherwise small genetic associations using independent data sources.

Research on candidate gene-environment interactions increasingly suggests caution when
interpreting novel findings. For instance, Caspi's seminal findings on stressful life events and
depression (Caspi et al. 2003) has an inconsistent record of replication (Risch et al. 2009,
Karg et al. 2011), and remains in scientific dispute. A recent review of candidate gene-
environment interaction research finds that this body of work is consistent with substantial
publication bias (Duncan and Keller 2011) suggesting that novel gene-environment
interaction findings should await replication before being incorporated into the scientific
corpus. Although it is possible that the null findings in the GXE analysis reflect this type of
random outcome, the fact that these null results resulted from an investigation of the same
variables in the same dataset, but operationalized differently, suggests that there is a
substantively important distinction between the processes in question that differentiates the
etiology of cigarette smoking, alcohol consumption, and alcohol and tobacco co-use.
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Table 5

Co-Use Persistence Between Waves3 & 4

Any Use Baseline | + School & Demographic Controls | +Psychological Controls
Excess Proportion 0.977 1.010 1.008
Proportion Co-Users 0.990 0.992 0.991

Heavy Use Baseline | + School & Demographic Controls | +Psychological Controls
Excess Proportion 0.865* 0.833+ 0.832+
Proportion Co-Users | 0.913* 0.796* 0.795*

Page 22

Note: N=2,599 for the any use models (2,595 for the psychological control model); N= 1,345 for the heavy use models (1,342 for the psychological

control model).
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