Gene-Environment Transactions between Peer Tobacco Use, Parental Supervision, and
Chinese Adolescent Cigarette Smoking Initiation
By

Zachary Meyer

A thesis submitted in partial fulfillment of the requirements for the degree of

Master of Science

Department of Psychology

University of Alberta

© Zachary Meyer, 2024



Abstract

Following 602 Chinese twin pairs (52% female) from early to middle adolescence at two time
points (Mage = 12 and 15), this study examined gene-environment interplay between perceived
parental supervision, peer tobacco use, and adolescent cigarette smoking initiation. From early to
middle adolescence, genetic influences on cigarette smoking initiation became more pronounced,
whereas shared environmental influences that promote similarity between family members
diminished. Genetic factors primarily explained the links between parental supervision and
cigarette smoking initiation in mid-adolescence. Peer tobacco use displayed stronger associations
with and moderating potential in adolescent cigarette smoking initiation than parental
supervision. High levels of peer tobacco use amplified genetic risk for cigarette smoking
initiation in mid-adolescence. The patterns of gene-environment interplay between peer
processes and Chinese adolescent cigarette smoking initiation are dynamic throughout

adolescence.
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Introduction

Tobacco use is a major source of preventable disease and death, putting considerable financial
strain on healthcare systems globally (Goodchild et al., 2018). Tobacco use during adolescence
can exacerbate the risk for continued tobacco use and abuse of other substances (e.g., alcohol,
cocaine; Silveira et al., 2018). In addition, adolescents are at heightened risk for tobacco
experimentation, given the confluence of biological, social, and cognitive changes that occur
during this developmental period (Jamner et al., 2003). Therefore, a comprehensive
understanding of the aetiologies and mechanisms contributing to adolescent initiation and use of
tobacco products is essential to inform prevention efforts. Cumulative evidence has demonstrated
genetic and environmental aetiologies of adolescent tobacco use (Dick et al., 2007a; Maes et al.,
2004). However, scant research has simultaneously investigated how peer substance use and
parenting practices—two major sources of socialization and antecedents of adolescent substance
use—are implicated in the dynamic processes of gene-environment transactions involved in the
development of adolescent cigarette smoking initiation, especially in ethnically/racially diverse
populations (Dick, 2011; Zheng et al., 2023). The present study sought to elucidate the gene-
environment transaction mechanisms linking parental supervision and peer tobacco use with
Chinese adolescent cigarette smoking initiation in a large sample of Chinese adolescent twins
followed prospectively from early to middle adolescence.

Peer and Parental Influences on the Development of Adolescent Tobacco Use
Developmental approaches play a crucial role in identifying risk and protective factors that
impact the development of adolescent initiation and use of tobacco products (Bricker et al., 2009;
Hemphill et al., 2010). Longitudinal research can illustrate how the influences of specific factors

that contribute to the onset and development of tobacco use manifest over time. Behavioral



genetic research has robustly shown that genetic liabilities and environmental exposures
constitute substantial risk factors for tobacco use throughout adolescence (Dick et al., 2009;
Maes et al., 2004). Notably, developmental behavioral genetic studies have demonstrated that
genes play an increasingly important role in tobacco use from adolescence into young adulthood,
while the contributions of shared environment (common experiences shared across family
members that promote similarity) generally decrease (Do et al., 2015; Kendler et al., 2008; Maes
et al., 2017). Identifying specific and modifiable environmental exposures that could alter
genetic and environmental influences on adolescent cigarette use is vital for further
understanding its development and informing prevention programs.

Affiliation with substance-using peers is robustly linked with adolescent tobacco use
(Cambron et al., 2018; Liu et al., 2017). Peer influence/socialization and selection constitute two
primary ways peer affiliation could influence adolescent tobacco use. Adolescents may adopt
favorable attitudes towards substance use and use norms to achieve social acceptance (i.e.,
socialization) or seek out like-minded peers to reinforce their behaviors (i.e., selection; Hoffman
et al., 2006; Simons-Morton & Farhat, 2010). Having peers who engage in deviant behaviors
may also facilitate increased tobacco access while creating more experimentation opportunities
(Sun et al., 2021). The influence of these peer processes may differ across cultural norms. For
instance, studies using Western samples typically reveal peer selection in tobacco use without
peer influence/socialization (Kiuru et al., 2010), whereas a recent study reveals peer
influence/socialization in Chinese adolescent tobacco use without peer selection (DeLay et al.,
2023). Furthermore, research has consistently linked low parental supervision (e.g., knowledge,
active regulation, and control of adolescent activities) with adolescent tobacco use (Blustein et

al., 2015; Van Ryzin et al., 2012). As the importance of peer influences increases throughout



adolescence, high parental supervision can potentially buffer against pro-use attitudes promoted
through association with substance-using peers (Hemovich et al., 2011). Parental efforts to
regulate friend groups, prevent unsupervised activities, and establish stricter expectations and
rules around substance use may reduce the likelihood of adolescents accessing tobacco products
in the first place (Tornay et al., 2013). Thus, peer affiliation and parental supervision are two
pertinent candidate correlates with adolescent tobacco use and warrant investigations into the
gene-environment transaction mechanisms involved in their influences on adolescent cigarette
smoking initiation.
Gene-Environment Interplay between Parental Supervision, Peer and Adolescent Tobacco
Use

Gene-environment correlations (rGE) can partly explain the links between adolescent tobacco
use, peer tobacco use, and parental supervision. For instance, tobacco-using parents may also
show low parental supervision and pass their smoking-inclined genes to their offspring (i.e.,
passive rGE). Adolescents genetically at risk for tobacco use could actively seek out peers who
also smoke (i.e., active rGE; Knafo & Jaffee, 2013). Genetically influenced smoking behaviors
may elicit varying parenting responses, prompting more lenient or stricter parental monitoring
(i.e., evocative rGE; Elam et al., 2017). Twin studies have revealed common genetic factors
between adolescent tobacco use and affiliation with tobacco-using peers, suggesting the presence
of active or evocative rGE (Cleveland et al., 2005; Harden et al., 2008; Wills & Carey, 2013).
Molecular genetic research has shown that polygenic risk scores (PGS) for behavioral problems
in childhood predicted lower parental monitoring and subsequently increased affiliation with
tobacco-using peers, supporting evocative rGE (Elam et al., 2017). Scarce research has explored

rGE between parenting practices and adolescent cigarette use, although relatively more studies



have focused on adolescent alcohol use (e.g., Zheng et al., 2021, 2023). Pertinent research has
similarly revealed common genetic as well as common non-shared environmental (unique
experiences promoting dissimilarity) factors between parenting practices (e.g., parental
knowledge, warmth, and autonomy permissiveness) and adolescent alcohol use (Latendresse et
al., 2010). Additional efforts are needed to further elucidate the rGEs between adolescent
cigarette use, parental supervision, and peer tobacco use.

Besides rGE, environmental experiences and exposures could also potentially modify genetic
and environmental contributions to adolescent substance use, termed gene-environment
interaction (GxE). The diathesis-stress model posits that individuals with genetic vulnerabilities
are more likely to develop problem behaviors in adverse environments; a benign environment
can buffer or suppress genetic risk for psychopathology (Monroe & Simons, 1991). Accordingly,
twin research has shown that higher levels of parental knowledge can suppress the genetic risk
for and amplify shared environmental influences on adolescent smoking in Finnish twins at ages
14 and 17 (Dick et al., 2007a, 2007b), and that parent—child relationship problems (high conflict
and low involvement) amplify genetic influences on child externalizing problems including
nicotine dependence in 17-year-old American twins (Hicks et al., 2009). Moreover, peer tobacco
use amplifies the genetic risk for U.S. adolescent substance use (Harden et al., 2008).
Examinations of PGS for tobacco use trajectories in 12-21-year-old Black adolescents suggest
GxE between elevated polygenic risk and low environmental risk characterized by moderate
parental monitoring and low prevalence of substance-using peers, which can increase the
likelihood of following lower tobacco use trajectories (Musci et al., 2015). Additionally, the
influences of PGS on adolescent externalizing disorders (encompassing substance use but not

tobacco) were more prominent at low levels of parental monitoring and high levels of peer



substance use (Salvatore et al., 2015). Collectively, extant findings consistently implicate
parental and peer factors involved in gene-environment influences on adolescent substance use,
including cigarettes.

Many of the aforementioned studies are cross-sectional. Genetically informed longitudinal
studies have demonstrated that genetic and environmental influences, as well as GXE patterns
involved in problem behaviors (e.g., alcohol use, conduct problems), can vary throughout
development (Burt, 2015; Dick, 2011; Zheng et al., 2023) and across distinct developmental
trajectories (e.g., low vs. increasing alcohol use; Zheng et al., 2019, 2021). For example, peer
alcohol use amplifies genetic influences on Finnish adolescent alcohol use at age 17 but not at
age 14 (Dick et al., 2007a). Parental supervision suppresses genetic risks for Chinese adolescent
alcohol initiation only in middle adolescence but not in early adolescence (Zheng et al., 2023).
Such findings highlight the importance of considering how gene-environment contributions to
adolescent tobacco use could change during development. Moreover, previous studies have
separately explored the contributions of parenting practices (Dick et al., 2007b) and peer tobacco
use (Harden et al., 2008). No study has concurrently explored their relative contributions to
adolescent tobacco use while implementing a longitudinal design. However, relevant studies on
adolescent alcohol use have shown a stronger role of peer alcohol use than parenting practices in
modulating genetic influences on adolescent alcohol use (Cooke et al., 2015; Dick et al., 2007a;
Zheng et al., 2019, 2021, 2023).

Genetic Research on Chinese Tobacco Use

Extant behavioral genetics studies have primarily focused on populations of European descent

(Polderman et al., 2015), as have studies on adolescent alcohol and drug use (D'amico et al.,

2014). As such, human genetics research has increasingly called for greater diversity initiatives



to address these issues (Sirugo et al., 2019). Including and investigating diverse ethnic/racial
populations could further elucidate the mechanisms contributing to tobacco initiation,
persistence, and desistence during adolescence under various environmental experiences and
broader sociocultural contexts. Differences in the genetic compositions and sociocultural
structures between non-European populations and European populations can result in differences
in how genetic and environmental factors contribute to the development of substance use in
adolescence (Zheng et al., 2023). For example, culture can heavily influence adolescent
socialization processes (i.e., parent—child and peer relationships; Chen & French, 2008).
Differences in these processes may result in distinct rGE and GXE patterns in other ethnic/racial
populations compared with European populations. For instance, recent research found smaller
genetic and greater shared environmental influences on attention-deficit/hyperactivity disorder,
depression, and anxiety symptoms in Chinese adolescent twins, suggesting different patterns of
gene-environment transactions than what is typically found in Western populations (Zheng et al.,
2016, 2020).

Tobacco use continues to pose a significant threat to China's public health. With the world's
second-largest population of youth (United Nations Children's Fund [UNICEF], 2018), the
prevalence of regular tobacco use in mainland China youth is estimated at 8.17% (Xiong et al.,
2020), indicating that a sizeable portion of Chinese youth is at risk for developing tobacco-
related adverse outcomes. However, scant genetically informed studies have explored genetic
and environmental influences on cigarette use in Chinese populations, and the few extant studies
primarily focused on adults. For example, Lessov-Schlaggar and colleagues (2006) found
substantial genetic (70%) and modest shared environmental (4%) on current smoking in Chinese

adult twins (> 24 years). Similar heritability estimates (69%) for tobacco initiation have been



found in Chinese adult twins (> 18 years; Gao et al., 2010). In contrast, Bao et al. (2016) found
moderate genetic influences on smoking (26%) in Chinese adult male twins (> 25 years). The
only Chinese twin study on adolescent tobacco use found moderate genetic (28%) and shared
environmental (34%) influences on lifetime smoking and negligible genetic but substantial
shared environmental influences (64%) on past month smoking (Unger et al., 2011).
The Current Study

Low parental supervision and high peer tobacco use are potent risk factors for adolescent
cigarette initiation and use. Few genetic studies have explored the relative contributions of
genetic and environmental factors and their interplay to the links between peer tobacco use,
parenting practices, and adolescent cigarette use, lending to much inconclusive and weaker
evidence than those on adolescent alcohol use. Moreover, previous relevant research primarily
employed cross-sectional designs that fail to illustrate how gene-environment transactions
involved in adolescent cigarette smoking initiation could change across different ages. Most
previous research only examined parenting practices or peer tobacco use independently, without
jointly considering their influences in the same study. Given the scarcity of studies on Chinese
adolescent cigarette smoking initiation, the lack of ethnic/racial diversity in genetic tobacco
research, and the ongoing risk tobacco use presents to Chinese youth, additional research
addressing these issues is paramount. The current study aimed to address these literature gaps by
investigating the gene-environment interplay linking perceived parental supervision and peer
tobacco use with Chinese adolescent cigarette smoking initiation. Specifically, rGEs were first
examined between adolescent cigarette smoking initiation, parental supervision, and peer
tobacco use in a large sample of Chinese twins followed prospectively from early to middle

adolescence. Next, it investigated whether parental supervision and peer tobacco use could



modify genetic and environmental contributions (i.e., GXE) to Chinese adolescent cigarette
smoking initiation. Based on the pertinent but scant literature, three exploratory hypotheses were
formulated: 1) Chinese adolescent cigarette smoking initiation will be heritable, while shared
environmental influences may be larger than in Western populations; 2) common genetic factors
will partly explain the links between adolescent cigarette smoking initiation, peer tobacco use,
and parental supervision (i.e., rtGE); and 3) parental supervision and peer tobacco use will
modulate genetic influences on cigarette smoking initiation (i.e., GXE), where higher levels of
parental supervision will suppress and higher levels of peer tobacco use will amplify genetic
influences on adolescent cigarette smoking initiation. This GXE pattern, nonetheless, may change
from early to middle adolescence.
Methods

Participants and Procedure

Participants were drawn from the Qingdao Twin Registry (QTR) and recruited via medical
records and outreach efforts through schools and the media. The QTR enrolled an estimated 74%
of all twins in Qingdao in 2005 (see Duan et al., 2013 for additional information on survey and
recruitment methods). DNA testing of blood samples determined the zygosity of twin pairs by
examining 16 short tandem repeat markers—a method that produced an over 99.6% likelihood of
correct zygosity identification. The current sample consisted of an adolescent cohort (Han
ethnicity) that was first contacted and assessed through paper-and-pencil questionnaires in 2006
(n=1200), followed up between 2007-2008 (n = 1106), and again in 2009 (n = 917). This study
used data from 2006 and 2009, given the short interval between the first two assessment periods.
At time 1, the sample comprised 602 twin pairs ages 9-16 (M = 12.16 years, SD = 1.93, 51.6%

female). In 2006, 59.1% of twins were between 10—12 years and enrolled in elementary school



(grades 4-6). The sex-zygosity breakdown of the twin pairs is as follows: 321 monozygotic
(MZ) and 281 dizygotic (DZ) twins (170 female MZ, 151 male MZ, 80 female DZ, 80 male DZ,
119 opposite-sex, 2 unknown sex DZ) pairs (4 unpaired twins at time 1). In 2009 average
participant age was 14.99 (SD = 1.88, 50.7% female), with 63.1% of participants between 13—15
years and enrolled in middle school (grades 7-9). Adolescent-reported parental monitoring at
time 1 did not differ significantly between participants who did or did not participate at time 3,
1(466.64) = -1.70, p = .09, nor did their sex differ significantly, y*(1) = 2.31, p = 13. However,
participants lost over time due to attrition reported significantly higher levels of peer tobacco use
at time 1 than those who were retained, #(462.35) = 3.29, p < .01, were older, #(473.15) = 5.06, p
<.05, and were more likely to report lifetime cigarette smoking initiation at time 1, y*(1) = 5.50,
p=.02.

Parent-reports (55.7% mother completion) indicated that parents in most households were
married (96.1%). Regarding educational attainment, 62% had a middle school or lower
education, 19.2% had a high school degree, 6.5% graduated from training/vocational school, and
11.3% graduated from college/university. The reported average annual household income was
between 5,001-10,000 RMB and 10,001-15,000 RMB, revealing a relatively more rural and
below-average socioeconomic sample compared to the provincial 2006 individual income of
approximately 12,000 RMB. Informed assents and consent were obtained from participants and
their parents respectively. All procedures were approved by the institutional review board at the
University of Alberta (Protocol 00115717).

Measures
Cigarette smoking initiation. At each time, participants answered one question "Have you ever

tried cigarette smoking, even a few puffs?" (1 = yes, 0 = no). A binary response option for "Have



you ever tried cigarette smoking" aims to assess participants' current lifetime history of smoking
initiation behavior by capturing whether individuals have ever experimented with cigarette
smoking up to that point. This measure is appropriate to use across waves as changes in lifetime
history from times 1 to 2 (i.e., no use to any use) would indicate a change in cigarette initiation
behavior. Capturing a participant's current initiation status allows for investigation into how
various factors (e.g., peer use and parental supervision) as well as gene-environment transactions
potentially influence initiation status at each time. The term "initiation" was chosen instead of
"lifetime use" to avoid confusion with cumulative tobacco usage and to indicate changes in
experimentation behavior.

Parental supervision. At each time, participants answered two questions: "Are you allowed to
go out with friends that your parents don't know?" (1 = yes, 2 = maybe yes, 3 = maybe no, 4

= no) and "How important is it to your parents to know where you are at all times?" (1 = not
important at all, 2 = a little bit important, 3 = important, 4 = very important). The two items
moderately correlated at both times (s = .33 and .27, ps < .001). An average score was created
each time, with higher values indicating higher levels of parental supervision.

Peer tobacco use. At each time, participants answered two items: "How often are you around
people your age who are smoking?" on a 4-point scale (1 = often, 2 = sometimes, 3 = hardly
ever, 4 = never), and "How many of your good friends smoke cigarettes at least once a month?"
on a 4-point scale (1 = none, 2 = a few, 3 = most, 4 = all). The first item was reverse coded, and

_n

both items were rescaled with 0 = "never/none" and 3 = "often/all." The two items moderately
correlated at both times (s = .35 and .45, ps< .001). An average score was created, with higher

values indicating higher levels of peer tobacco use.

Analytic Strategy

10



Differences in genetic relatedness between MZ and DZ twins, who share all and half of their
segregating genes on average, respectively, are foundational to biometric twin modeling.
Univariate biometric modeling separates the variance of a given trait (phenotype) into three
distinct sources: additive genetic factors (A) denoting the sum of allelic effects that influence a
given phenotype, shared environmental effects (C) constituting common experiences that foster
sibling similarities, and non-shared environmental effects (E) corresponding to unique
environmental exposures that promote twin dissimilarities and measurement error (Neale &
Maes, 2004). The correlation of A between siblings is 1 for MZ twins and .50 for DZ twins,
indicating their expected genetic similarity. The correlations between siblings for C and E are 1
and 0, respectively, representing the anticipated associations of shared and unique experiences
between siblings regardless of zygosity (Neale & Maes, 2004). For the binary outcome of
adolescent cigarette smoking initiation, a biometric liability threshold model was specified,
which assumes that the underlying liability for cigarette smoking initiation is normally
distributed and decomposes the latent continuous liability for cigarette smoking initiation into A,
C, and E components. Preliminary analyses revealed no sex difference in genetic or
environmental influences on all variables (i.e., males and females were influenced by the same
genetic and environmental factors to the same degree; Neale et al., 2006).

Bivariate biometric modeling compares cross-twin cross-trait correlations across MZ and DZ
twin pairs to disentangle the covariance between two phenotypes (e.g., parental supervision and
adolescent cigarette smoking initiation) into A, C, and E factors. First, a bivariate model using a
correlated-factors approach (Figure 1) where distinct genetic factors influence each variable was
used to examine rGE (Maes et al., 2004). Here, ra denotes the similarity between the two genetic

factors, with similar specifications for the shared (rc) and non-shared (rg) environmental factors.
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To determine the presence of rGE, a significant rpo accompanied by non-zero 95% confidence
intervals (Cls) is required.
Figure 1

Bivariate Biometric Model with the Correlated-Factors Approach

Note. A = additive genetic influences. C = shared environmental influences. E = non-shared
environmental influences. M = moderator. ATI = adolescent cigarette smoking initiation.
Bivariate biometric moderation models were used to assess GXE while also controlling for

rGE (van der Sluis et al., 2012). A Cholesky decomposition containing common paths between
variables (e.g., ai2, c12, €12) and unique paths (e.g., a1, c11, €11, a22, €22, €22) was specified to
examine the covariance of these variables (Figure 2). Parental supervision and peer tobacco use
were independently included as the moderator to evaluate their influences on each of the
specified paths to adolescent cigarette smoking initiation (Bazi, Bc2i, Beai, Bazz, Pcaz, Pex). Age
was incorporated into each moderation model to control for potential age differences in genetic

12



and environmental influences on cigarette smoking initiation. All moderators were first z-
standardized (with a 0-value indicating group average levels) to facilitate the interpretation of
moderation models.

Figure 2

Bivariate Biometric Moderation Model

e22+ BE ZXM + BEZXage

elZ + I3&12>(I\f| + Belxage

Note. A = additive genetic influences. C = shared environmental influences. E = non-shared
environmental influences. M = moderator. ATI = adolescent cigarette smoking initiation.

The structural equation modeling package OpenMx 2.0 in R 3.4.1 was used to calculate the
parameter estimates, 95% Cls, as well as fit indicators (AIC) for each model (Neale et al., 2016).
For nested models, the goodness of fit was determined using -2 times the log-likelihood (-2LL).
The goodness of fit was compared for competing models via y? tests, wherein the degree of
freedom equaled the difference in the number of parameters estimated between a full and nested
model. Nested models (more parsimonious ones) were selected when the ¥ tests were non-

significant. AIC additionally assisted model selection, wherein smaller values suggested a better-
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fitting model, and missing data were addressed using the full information maximum likelihood
(FIML) estimation.
Results

Univariate model fit suggested the full ACE model as the best fit for adolescent cigarette
smoking initiation at time 1, while the AE model was the best fit at time 2 (see Table 1). For
parental supervision and peer tobacco use, a full ACE model was selected as the best fit at both
time points. Adolescent cigarette smoking initiation at time 1 was explained by genetic (29%),
shared environmental (35%), and non-shared environmental (36%) factors (see Table 2). In
contrast, adolescent cigarette smoking initiation at time 2 was primarily explained by genetic
factors (78%), with non-shared environmental influences (22%) explaining the remaining
variance as shared environmental influences were negligible. At time 1, parental supervision was
primarily explained by non-shared environmental factors (55%), with genetic (29%) and shared
environment (15%) factors accounting for the remaining variance. At time 2, parental
supervision was again explained mainly by non-shared environmental factors (51%), while the
relative contributions of genetic and shared environmental factors switched from time 1 to 10%
and 39%, respectively. Peer tobacco use at time 1 was primarily explained by non-shared
environmental factors (61%), with the remaining variance explained by genetic (26%) and
shared environmental (13%) factors. In contrast, at time 2, it was explained primarily by non-
shared and shared environmental (49% and 39%) factors, while genetic factors only explained a
modest portion of the variance (12%).

The prevalence of adolescent cigarette smoking initiation (9% vs. 10%) and the levels of
parental supervision (Ms = 3.31 and 3.29) were generally stable from early to middle

adolescence (see Table 2). In contrast, peer tobacco use (0 = “never/none” and 3 = “often/all”)
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slightly increased from time 1 (.62) to time 2 (.75). Given the wide age range across the
adolescent twin cohort at each wave, supplementary univariate analyses were conducted splitting
the sample into young and old subgroups to assess whether gene-environment influences varied
by age group across each variable at each wave of assessment. Results revealed no substantial
differences in gene-environment influences across age subgroups for any variable at either
timepoint (Table 3).

Bivariate biometric modeling (Table 4) indicated that adolescent cigarette smoking initiation
was positively correlated with peer tobacco use (rs = .42 and .45) and negatively with parental
supervision (rs = -.14 and -.16) at both time points. The links between adolescent cigarette
smoking initiation and peer tobacco use appear stronger than with parental supervision at both
time points. Furthermore, bivariate modeling suggested that at time 1, common genetic factors
predominantly explained the correlation between adolescent cigarette smoking initiation and
parental supervision. However, given the wide range of 95% Cls for ra, rc, and rg, these results
are inconclusive. The correlation between adolescent cigarette smoking initiation and peer
tobacco use was similarly inconclusive at time 1. At time 2, common genetic factors (r7a = -.66)
primarily explained the correlation between adolescent cigarette smoking initiation and parental
supervision. In contrast, the modest non-shared environmental correlation was not significant (rg
=.14). Like time 1, genetic and environmental contributions to the correlation between
adolescent cigarette smoking initiation and peer tobacco use were inconclusive, given the wide

ranges of 95% Cls across ACE correlation estimates.
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Table 1

Univariate Biometric Model Fit Indices and Model Estimates (95% Confidence Intervals)

Model -2LnL (df) AIC Comparison Model  Ay? (Adf) p A C E
Time 1 (Mdge = 12)
Adolescent cigarette smoking initiation (sex different threshold)
Saturated model 1 64591 (1155) -1664.09 - - - - - -
Constrained model 2 659.58 (1166) -1672.42 1 13.68 (11) .251 - - -
ACE 3 659.58 (1166) -1672.42 - - - .29(.00,.80) .35(.00,.72) .36(.19,1.00)
AE 4 660.70 (1167)  -1673.30 3 1.12(1)  .290 .70 (.46, .82) - 33 (.18, .54)
CE 5 660.28 (1167)  -1673.72 3 6.35(1) .012 - 58(.39,.73)  .42(.27,.61)
Parental supervision
Saturated model 1 2620.39 (1155)  310.39 - - - - - -
Constrained model 2 2636.83 (1176)  284.83 1 16.44 (21) .744 - - -
ACE 3 2636.83 (1176) 284.83 - - - .29(.03,.52) .15(.00,.36) .55(.47,.65)
AE 4 2638.67 (1177)  284.67 3 1.83(1) .176 .46 (.38,.54) - .54 (.46, .62)
CE 5 2641.66 (1177)  287.66 3 4.83(1) .028 - 37 (.30, .44) .63 (.56,.70)
Peer tobacco use (different M and SD across sex)
Saturated model 1 242430 (1152)  120.30 - - - - - -
Constrained model 2 2446.73 (1171)  104.73 1 2344 (19) .263 - - -
ACE 3 2446.73 (1171)  104.73 - - - .26(.00,47) .13(.00,.36) .61 (.53,.71)
AE 4 2447.87 (1172)  103.87 3 1.14 (1) 286 .40(.32,.48) - .60 (.52, .68)
CE 5 2449.97 (1172)  105.97 3 324(1) .072 — .33 (.26,.40) .67 (.60,.74)
Time 2 (Mage = 15)
Adolescent cigarette smoking initiation
Saturated model 1 515.80 (882)  -1248.20 - - - - - -
Constrained model 2 526.37 (893)  -1259.63 1 10.57 (11) .480 - - -
ACE 3 526.37 (893)  -1259.63 - - - .78 (.00, .90) .00 (.00, 1.00) .22 (.10, 1.00)
AE 4 526.37 (894) -1261.63 3 0.00 (1) 1.00 .78(.58,.90) - 22 (.10, .42)
CE 5 531.54 (894)  -1256.46 3 517(1)  .023 - .62 (44,.77)  .38(.23,.56)
Parental supervision
Saturated model 1 1806.87 (882) 58.87 - - - - - -
Constrained model 2 1839.07 (895) 49.07 1 32.20 (21) .056 - - -
ACE 3 1839.07 (895) 49.07 - - - .10(.00,.37) .39(.15,.53) .51 (.43,.60)
AE 4 1848.50 (896) 56.50 3 943 (1) .000 .52 (.44,.60) - 48 (.40, .56)
CE 5 1839.60 (896) 47.60 3 0.53(1) .470 - 47 (.39,.54) .53 (4o, .61)
Peer tobacco use (different M and SD across sex)
Saturated model 1 1816.30 (875) 66.30 - - - - - -
Constrained model 2 1839.51 (894) 51.51 1 23.21(19) .228 - - -
ACE 3 1839.51 (894) 51.51 - - - .12(.00,.38) .39(.18,.54) .49 (41,.59)
AE 4 1849.92 (895) 59.92 3 10.40 (1) .001 .55 (.46, .62) - 45 (.38, .54)
CE 5 1840.33 (895) 50.33 3 0.82(1) .366 - 48 (.40, .55)  .52(.45,.60)

16



Note. Constrained model constrained equal the variable mean and variance across twins in the same pair, across sex, and across
zygosity, as well as intra-class correlations across sex within zygosity, except for adolescent tobacco initiation in time 1 where
thresholds were allowed to be different across sex, and for peer tobacco use at both times where different means and variances were
allowed across sex. -2LnL = -2 log-likelihood; df = degrees of freedom, AIC = Akaike information criterion. A = additive genetic

influences. C = shared environmental influences. E = non-shared environmental influences. The p-values indicate tests in model fit
between the full and the reduced models. Final selected models bolded.
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Table 2

Descriptive Statistics and Univariate Model Estimates (95% Cls)

n | Mor(Yes)% | SD | Skewness | Kurtosis Univariate estimates
A | C | E

Time 1
Adolescent cigarette smoking initiation | 1172 .09 .29 2.83 6.04 .29 (.00, .80) | .35 (.00, .72) | .36 (.19, 1.00)
Parental supervision | 1182 3.31 77 -1.10 .58 29 (.03,.52) | .15 (.00, .36) | .55(.47,.65)
Peer tobacco use | 1179 .62 72 97 A2 .26 (.00, .47) | .13 (.00, .36) | .61 (.53,.71)

Time 2
Adolescent cigarette smoking initiation | 903 .10 .30 2.64 4.98 .78 (.58, .90) — 22 (.10, .42)
Parental supervision | 902 3.29 12 =71 -.48 .10 (.00, .37) | .39 (.15,.53) | .51 (.43, .60)
Peer tobacco use | 903 75 72 .60 -.64 .12 (.00, .38) | .39 (.18, .54) | .49 (.41, .59)

Note. MZ = monozygotic. DZ = dizygotic. A = additive genetic influences. C = shared environmental influences. E = non-shared
environmental influences. C in time 2 adolescent cigarette smoking initiation was estimated to be 0 in the full ACE model and

consequently fixed in subsequent analyses.
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Table 3

Descriptive Statistics and Univariate Model Estimates by Young & Old Subgroups (95% Cls)

n | Mor(Yes)% | SD | Skewness | Kurtosis Univariate estimates
A | C E
Time 1 young subgroup (> 9 & <12)
Adolescent cigarette smoking initiation | 716 .07 25 341 9.65 .14 (.00, .80) | .38 (.00,.73) | .48 (.20, .81)
Parental supervision 729 3.48 .67 -1.46 1.93 .12 (.00, .42) | .19 (.00, .36) | .70 (.58, .81)
Peer tobacco use 720 45 .65 1.43 1.49 .27 (.00, .38) | .00 (.00,.21) | .73 (.62,.86)
Time 1 old subgroup (> 13 & <16)
Adolescent cigarette smoking initiation | 456 13 33 2.23 2.98 .51(.00,.89) | .20 (.00,.77) | .29 (.11, .60)
Parental supervision 453 3.06 .84 -.64 -39 .52 (.20, .63) | .00 (.00, .25) | .48 (.37,.62)
Peer tobacco use 459 .88 75 46 -0.58 .29 (.00, .52) | .10 (.00, .42) | .61 (.48,.76)
Time 2 young subgroup (= 12 & < 15)
Adolescent cigarette smoking initiation | 592 .08 27 3.10 7.65 .60 (.23, .85) — 40 (.15,.77)
Parental supervision 593 3.39 .68 -.90 -.07 .00 (.00, .37) | .40 (.30, .49) | .60 (.51,.70)
Peer tobacco use 595 .61 .68 91 -.01 .00 (.00, .28) | .45(.20,.53) | .55(47,.65)
Time 2 old subgroup (= 16)
Adolescent cigarette smoking initiation | 308 .14 .35 2.03 2.13 .89 (.67,1.00) — 11 (.02, .33)
Parental supervision 309 3.11 75 -40 -.90 .35(.00,.70) | .26 (.00, .59) | .40 (.29,.55)
Peer tobacco use 308 1.02 13 A1 -.95 49 (.01, .67) | .06 (.00, .44) | .45(.33,.63)

Note. MZ = monozygotic. DZ = dizygotic. A = additive genetic influences. C = shared environmental influences. E = non-shared

environmental influences.
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Table 4

Correlations with Adolescent Cigarette Smoking Initiation based on Bivariate Correlated Models (95% Cls)

Phenotypic Cross-twin cross-trait ACE factors
r ™z | Dz ra rc e
Time 1
Parental supervision | -.14 (-.24, -.04) | -.21 (-.33,-.09) | -.09 (-.23, .06) | -.83 (-1.00, 1.00) | -.16 (-1.00, 1.00) | .16 (-.08, .39)
Peer tobacco use | .42 (.33,.50) 36 (.24, 47) .20 (.05, .34) | .88(-1.00, 1.00) | .69 (-1.00, 1.00) | -.14 (-.36, .09)
Time 2
Parental supervision | -.16 (-.27, -.04) | -.18 (-.31, -.04) | -.21 (-.35,-.05) | -.66 (-1.00, -.16) - .14 (-.14, .40)
Peer tobacco use | .45 (.34, .54) .34 (.20, .46) .25 (.09, .39) | 1.00 (-1.00, 1.00) - 26 (-.01, .51)

Note. MZ = monozygotic. DZ = dizygotic. A = additive genetic influences. C = shared environmental influences. E = non-shared

environmental influences.
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The bivariate biometric moderation model (Table 5) indicated the presence of GXE involving
peer tobacco use at time 2. Specifically, peer tobacco use at time 2 only moderated the unique
genetic path to adolescent cigarette smoking initiation (Ba = .69, 95% CI [0.49, 0.92]), but not
the unique non-shared environmental path or the common genetic and non-shared environmental
paths to adolescent cigarette smoking initiation. Parental supervision demonstrated no evidence
of GXE or EXE at either time point. As shown in Figure 3, the absolute genetic variance of
adolescent cigarette smoking initiation was amplified at higher levels of peer tobacco use in
middle adolescence.

Figure 3

Estimated Absolute Variance Components of Adolescent Cigarette Smoking Initiation in Mid-

Adolescence as a Function of Peer Tobacco Use

Absolute Variance Components

25

N

Time 2 Tobacco Initiation
1.0

\

0a
|

Peer Tobacco Use

Note. A = additive genetic influences. E = non-shared environmental influences.
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Table 5

Bivariate Biometric Moderation Model Fit Indices Controlling Age

Model -2LnL (df) AIC Comparison Model  Ay*(Adf)  p
Peer Tobacco Use
Time 1
Common [, Be, Pe & unique Pa, Pe, Pe 1 3004.17 (2304) 3054.17 - - -
drop common B, B, Pe 2 3006.11 (2307) 3050.11 1 1.94(3) .585
drop unique Ba, Pe, Pe 3 3005.65 (2307)  3049.65 1 1.48(3) .686
drop all 4 3007.46 (2310) 3045.46 1 329(0) 771
Time 2
Common [, Be & unique Ba, Pe 1 2283.99 (1779) 2319.99 - - -
drop common B, Be 2 228591 (1781) 2317.91 1 1.92(2) .384
drop unique Ba, Be 3 2289.93 (1781) 2321.93 1 594 (22) .051
drop common B, B and unique B, 4 2305.35(1782) 2335.35 1 21.36 (3) .000
2 19.44 (1) .000
drop common B, e and unique e 5 2288.59 (1782) 2318.59 1 459 (3) .204
2 2.68(1) .102
Parental Supervision
Time 1
Common (s, Be, Be & unique Ba, Be, Be 1 3213.02 (2291) 3261.02 — — —
drop common Ba, Be, e 2 3217.88 (2294) 3259.88 1 486(3) .183
drop unique Ba, Pe, Pe 3 3217.59 (2294) 3259.59 1 4.57@3) 206
drop all 4 3220.25 (2297) 3256.25 1 7.23(6) .300
Time 2
Common [, Be & unique B, Pe 1 2333.32 (1764) 2367.32 - - -
drop common a, Be 2 2336.17 (1766) 2366.17 1 2.85(2) .240
drop unique Ba, e 3 2335.84 (1766) 2365.84 1 2.53(2) .283
drop all 4 2337.60 (1768) 2363.60 1 428 4 370

Note. -2L.nL = -2 log-likelihood; df = degrees of freedom, AIC = Akaike information criterion. The p-values indicate tests in model fit
between the full and the reduced models. Final selected models bolded.
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Discussion

Scant research has explored the genetic and environmental contributions to adolescent
tobacco use in non-Western samples. There is also scarce knowledge on how parental
supervision and peer tobacco use could potentially moderate genetic and environmental
influences on adolescent tobacco use. The current study investigated gene-environment interplay
between perceived parental supervision and peer tobacco use on cigarette smoking initiation
among Chinese adolescent twins from early to middle adolescence based on sample average age
at each assessment time. Cigarette smoking initiation was under genetic influence during early
and middle adolescence. While moderate in early adolescence, shared environmental influences
on cigarette smoking initiation became negligible in middle adolescence. Non-shared
environmental influences on cigarette smoking initiation were notable at both times, although
they became comparatively less prominent than genetic influences in middle adolescence.
Adolescent cigarette smoking initiation was negatively linked with parental supervision in early
and mid-adolescence, and positively related to peer tobacco use at both times. The links between
peer tobacco use and adolescent cigarette smoking initiation appear stronger than parental
supervision. Common genetic factors largely explained the relation between parental supervision
and adolescent cigarette smoking initiation in mid-adolescence. High levels of peer tobacco use
amplified genetic risk for adolescent cigarette smoking initiation only in mid-adolescence.
Gene-Environment Contributions to Adolescent Cigarette Smoking Initiation, Parental
Supervision, and Peer Tobacco Use

Genetic, shared, and non-shared environmental factors all contributed to Chinese adolescents’
cigarette smoking initiation in early adolescence. In mid-adolescence, genetic influences became

larger while shared environmental influences became negligible. These findings are consistent
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with the patterns of change in gene-environment contributions to tobacco use revealed in
previous research using Western and Eastern samples (Kendler et al., 2008; Lessov-Schlaggar et
al., 2006), providing further evidence for the increased heritability of tobacco use over time.

Notably, shared environmental influences became more pronounced, while genetic influences
became less prominent for parental supervision. Enhanced shared environmental influence could
reflect proactive efforts taken by Chinese parents to more closely monitor their children's
behavior to ensure their successful adaptation to increasingly complex social and academically
challenging environments during the transition from primary to secondary education (Zheng et
al., 2023). The reduced salience of genetic influences on parental supervision in mid-adolescence
could suggest that a greater implementation of parental control strategies counteracts or buffers
against the evocative effects of genetically influenced adolescent behaviors (Elam et al., 2017).
However, more future research is needed to further elaborate on these potential relations.

Active rGE has been implicated in adolescent affiliation with substance-using peers,
suggesting genetic influences on peer selection processes (Wills & Carey, 2013). In the current
sample, peer cigarette use was influenced by non-shared environmental and genetic factors in
early adolescence, but primarily by environmental (shared and non-shared) factors in mid-
adolescence. Recent work conducting social network analyses in Chinese adolescents has found
that peer selection does not influence their tobacco use, suggesting that shared interests in
smoking does not meaningfully contribute to peer group selection (Delay et al., 2023). A reduced
importance of peer selection processes in Chinese adolescent smoking behaviors could
potentially explain the modest genetic influences that were found on peer cigarette use in mid-

adolescence for the current sample.
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Links between Peer Tobacco Use, Parental Supervision, and Adolescent Cigarette Smoking
Initiation

Chinese adolescent cigarette smoking initiation and peer tobacco use were positively linked in
both early and middle adolescence, whose magnitudes were noticeably larger than with parental
supervision at both times. This finding suggests the increased importance of peer influences
during adolescence as evidenced in previous studies (Cambron et al., 2018; Liu et al., 2017).
Adolescents increasingly rely more on their peers when determining which activities and values
they endorse (Simons-Morton & Farhat, 2010). Adolescents' social circle and surroundings could
impact their behaviors and decision-making in using tobacco. For instance, adolescents could
feel pressured to conform to certain behaviors to be accepted by their peers (DeLay et al., 2023).
Current findings nonetheless cannot provide conclusive answers regarding potential
environmental or genetic mechanisms due to the wide 95% Cls. Further research with larger
sample sizes is required to further determine how common genetic and environmental factors
could explain the links between cigarette initiation and peer tobacco use to better understand the
mechanisms that potentiate genetic risk in adolescent tobacco use.

Consistent with previous studies (Blustein et al., 2015; Van Ryzin et al., 2012), parental
supervision was negatively linked with Chinese adolescent cigarette smoking initiation, which
could correspond to parental efforts to actively regulate their children’s peer groups and
activities and attempts at reducing exposure to tobacco products (Tornay et al., 2013). However,
the results showed that common genetic factors mainly explained the relation between parental
supervision and cigarette smoking initiation in mid-adolescence. This finding may suggest the

presence of a passive rGE in parent—child processes related to adolescent cigarette smoking
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initiation (Knafo & Jaffee, 2013), wherein parents who provide low supervision may also be
genetically susceptible to tobacco use and may pass on relevant risk genes to their children.
Gene-Environment Interactions between Parental Supervision, Peer and Adolescent
Cigarette Smoking Initiation

Consistent with previous twin studies on tobacco use (Harden et al., 2008) and broadly with
those on alcohol use (Dick et al., 2007a; Dick, 2011; Zheng et al., 2019, 2023), peer tobacco use
amplified unique genetic influences on adolescent cigarette smoking initiation in mid-
adolescence, showing evidence for GXE in accordance with the diathesis stress model (Monroe
& Simons, 1991). As teenagers strive for independence and spend more time with their peers,
peer pressure may substantially impact their experimentation and use of substances more than
parental guidance (Walden et al., 2004; Zheng et al., 2023). Notably, the presence of significant
moderation in mid-adolescence but not in early adolescence suggests the changing role of
genetic influences, or dynamic GXE throughout development consistent with previous findings
on conduct problems (Burt, 2015) and alcohol use (Dick, 2011; Zheng et al., 2023). This finding
indicates mid-adolescence as a vulnerable developmental period relative to early adolescence
wherein genetic vulnerabilities to cigarette smoking initiation are particularly susceptible to peer
influences. Future studies should further adopt more rigorous longitudinal approaches to explore
the shifting dynamics of genetic influences on tobacco use across development, especially into
late adolescence and young adulthood.

Contrary to our expectation and inconsistent with prior twin studies that have investigated
parental knowledge on tobacco use (Dick et al., 2007a, 2007b) or parent—child relationship
problems on externalizing problems including nicotine dependence (Hicks et al., 2009), the

current findings revealed no evidence of parental supervision modifying genetic or
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environmental influences on Chinese adolescent cigarette smoking initiation. The moderating
role of parenting practices on genetic and environmental influences are relatively explored more
in adolescent alcohol use, which also demonstrate inconsistent and inconclusive findings with
positive (Hicks et al., 2008; Zheng et al., 2021, 2023) and null (Cooke et al., 2015; Dick et al.,
2007 findings. Different measures of outcomes (e.g., externalizing problems vs. tobacco
initiation), ranges of ages (e.g., early to mid-adolescence vs. late adolescence), operationalization
of parenting practices (e.g., parental knowledge vs. supervision), as well as the (first) use of a
non-Western adolescent sample could all potentially contribute to these discrepant findings.
Additionally, different sociocultural norm leniency and parental attitudes could possibly explain
the discrepant findings regarding GXE between adolescent tobacco and alcohol use. Nonetheless,
by considering both peer tobacco use and parental supervision in the same study, the current
findings are congruent with the general pattern revealed in the small pertinent GXE literature that
has exclusively focused on adolescent alcohol use (Cooke et al., 2015; Dick et al., 2007a; Zheng
et al., 2019, 2021, 2023) by providing the first empirical evidence on the stronger role of peer
substance use than parenting practices in modulating genetic influences on adolescent cigarette
smoking initiation. Future studies are sorely needed to replicate and extend the current findings.
Strengths, Limitations, and Future Directions

The current study constitutes the first effort to jointly investigate the relative contributions of
parental supervision and peer tobacco use to gene-environment influences on adolescent
cigarette smoking initiation in a sample of Chinese twins prospectively followed from early to
middle adolescence. Besides contributing to ethnic and racial diversity in genetic research on
tobacco use, the current study provides novel insights into the dynamic processes in which peer

processes differentially modify genetic risk for cigarette smoking initiation over development.
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Despite the strengths, there are some limitations to consider when interpreting the findings.
First, the current sample includes participants from a broad age range. However, age was
statistically controlled for in all moderation analyses. Controlling for age allows us to clarify the
unique contributions of genetic and environmental factors of peer use and parental supervision
on cigarette smoking initiation while accounting for potential confounds associated with age-
related differences. Future studies should follow twins of similar ages in other non-Western
populations longitudinally to better understand how environmental and genetic factors impact the
initiation of cigarette use throughout development. Additionally, the current sample only
includes adolescents from one Chinese province; therefore, the findings may not apply to
populations from other regions of China. Second, genetically informed studies on adolescent
tobacco use have historically used a mixture of measures capturing both initiation and frequency
(e.g., Dick et al., 2007a, 2007b). Future studies should investigate the extent to which genetic
factors differ between tobacco use frequency and initiation in adolescent populations. Third,
while the measure of parental supervisory behaviors in this study covers aspects pertaining to
parental knowledge and control, it does not include active supervision components outlined in
previous research (Zheng et al., 2023). Fourth, assessments in the current study were all based on
adolescent self-reports, which could suffer the issue of shared method variance. Future studies
should use multiple sources to obtain more precise measures of adolescent tobacco use, parental
supervision, and peer tobacco use. Finally, the data utilized in the current study were obtained
before the widespread prevalence of e-cigarette use and vaping in China (Dai et al., 2022).
Future investigations should determine whether the current findings would replicate across these
alternative methods of tobacco consumption.

Conclusion
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The initiation and continued use of tobacco products constitutes an ongoing source of
preventable disease that continues to pose significant risk to adolescent health. Scarce research
has sought to explore the influences of two well-known environmental risk factors, parental
supervision and peer tobacco use, on genetic and environmental influences on adolescent
cigarette smoking initiation. The current study shows that Chinese adolescent cigarette smoking
initiation involves dynamic gene-environment transactions primarily with peer processes over
development. Peer tobacco use exerts larger impact than parental supervision on Chinese
adolescent cigarette smoking initiation during both early and mid-adolescence. Moreover, peer
tobacco use amplifies genetic risks for cigarette smoking initiation in middle adolescence but not
in early adolescence. This finding suggests that mid-adolescence constitutes a developmental
period wherein underlying genetic risk for cigarette smoking initiation is particularly sensitive to
peer influences. Targeted interventions aimed at reducing Chinese adolescent cigarette smoking

initiation should focus on peer processes during this developmental period.
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