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Abstract

This paper examines the impact of sibling gender on substance use during adolescence.
I analyze a sample of dizygotic twins, leveraging the exogenous variation in their as-
signed sex at birth. This design helps me to address some methodological concerns in
studying sibling gender effects and provide clean causal estimates. I find that among
male adolescents, having a brother increases the probabilities of using cigarettes, al-
cohol, and marijuana. Regarding potential mechanisms, I find that the results are
consistent with the channel of direct sibling influences, but not with the channels of

differential parental investment, family structure, or epigenetic influences.
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1 Introduction

Which peers influence an adolescent’s human capital development, and how? This question is
of critical importance to parents, educators, policymakers, and researchers because peer dynam-
ics can shape the optimal organization of schools, neighborhoods, and other social settings where
adolescents interact. Peer characteristics, such as gender, may play a pivotal role in determin-
ing human capital outcomes. Adolescents tend to form stronger bonds with same-gender peers
(Poulin and Pedersen, 2007), potentially intensifying peer influence within these groups. In con-
texts where there are large gender disparities—such as science, technology, engineering, and math-
ematics (STEM) participation (Brenge and Zolitz, 2020)—greater exposure to peers of a particular
gender may widen the existing gender gap in outcomes.! Understanding how peer gender shapes
behavior is essential for developing effective strategies to enhance human capital production.

In this paper, I investigate how peer gender influences adolescent substance use. Despite the
harmful effects of adolescent substance use on human capital formation and long-term outcomes,’
it remains a widespread issue in the United States. In 2010, 75.6 percent of high school students
had tried cigarettes, alcohol, or other drugs, and 46.1 percent were current users (National Cen-
ter on Addiction and Substance Abuse, 2011). While previous studies have established that peers
significantly influence substance use behaviors among adolescents (Gaviria and Raphael, 2001;
Lundborg, 2006; Clark and Lohéac, 2007), the specific role of peer gender in this context remains
unclear. This paper aims to fill that gap by investigating the causal effect of peer gender on adoles-
cent substance use, a domain with a well-documented gender gap (Gruber, 2009).

Among various peer relationships, this study focuses on siblings, a particularly influential peer
group. Siblings spend a substantial amount of time together (Claes, 1998), sometimes even more

than with their friends.? This extensive exposure fosters substantial mutual influence (Black et al.,

'For instance, Brenge and Zolitz (2020) suggests that having more female peers changes the gender gap in high
school GPA in favor of males, which may lead women to perceive themselves as less equipped for STEM studies.

2For more details, see the followings: Academic performances (Ellickson et al., 2001; DeSimone, 2010; Balsa
et al., 2011), educational attainments (Cook and Moore, 1993; Dee and Evans, 2003; Chatterji, 2006a,b), criminal
activities (Sen et al., 2009; Chalfin et al., 2023) and labor market outcomes (MacDonald and Pudney, 2000; Van Ours,
2004).

3By surveying adolescents aged 11-18 years, the paper examines the daily time allocation with siblings and close
friends. The findings underscore the important role of siblings among adolescents. In Italy, the time spent with siblings
was substantial, with 4.80 hours for brothers, 4.65 hours for sisters, while close friends received 2.09 hours. Similarly
in Belgium, adolescents spent 3.70 hours for brothers and 3.95 hours for sisters, but 3.00 hours for close friends.



2021; Dahl et al., 2014), unlike more distant peer groups, such as students in the same school-
grade, who may share the same environment but do not necessarily interact closely. By examining
the effect of sibling gender, this paper aims to uncover how peer gender—within the context of
these close relationships—can shape adolescent behaviors, specifically substance use.

There are two key challenges in estimating the causal effects of sibling gender. First, sib-
ling gender composition can be biased by selective parental fertility decisions. Parents often have
specific preferences about their children’s gender composition, which influences their subsequent
fertility (Angrist and Evans, 1998; Dahl and Moretti, 2008). In some cases, this preference may
even result in sex-selective abortions (Yamaguchi, 1989; Lin et al., 2014). These behaviors bias
the observed sibling gender composition and, consequently, the estimated effect of sibling gen-
der. Second, it is difficult to address the birth order effect and its possible interaction with the
sibling gender effect. For example, as Averett et al. (2011) noted, later-born children receive less
parental supervision than first-born children, and this effect is further pronounced when they have
a same-sex older sibling. Failure to address such an interaction can result in biased estimates, but
addressing all potential interactions is very challenging.

I address these two challenges by utilizing a sample of dizygotic twins, formed from the fer-
tilization of two separate eggs by two separate sperm, in the National Longitudinal Study of Ado-
lescent Health (Add Health). First, the sex of dizygotic twins at birth is randomly assigned in the
absence of assisted reproductive technologies. As these methods were not widely utilized when
my sample respondents were born, it provides a natural experiment for investigating sibling gen-
der, free from parental fertility selection. Second, the design minimizes birth order effects and
effectively circumvents the intricate interactions between birth order and sibling gender effects, as
twins share the same age, birth timing, and environment at each age.

I examine sibling gender effects on adolescent substance use by own gender. In other words,
I compare males with a twin brother to males with a twin sister, and compare females with a twin
brother to females with a twin sister. This separate analysis is due to the fact that sibling gender
effects may differ depending on an individual’s own gender, and is in line with the literature.

I find that teen males with a twin brother are more likely to smoke cigarettes, drink alcohol, and
use marijuana than males with a twin sister. The magnitudes of these effects are large. For example,

males with a twin brother are more likely to be current smokers, alcohol drinkers, and marijuana



users than males with a twin sister by 9.9 percentage points (30.2 percent compared to the mean),
15.5 percentage points (31.6 percent) and 5.5 percentage points (33.3 percent), respectively. By
contrast, sibling gender has little impact on females. The negative effects of having a twin brother
for males (while no significant effects for females) are consistent with prior findings on peer effects:
Males are both more influential as peers and are more influenced by peers than are females.*

I then explore potential mechanisms underlying the sibling gender effects: Direct sibling in-
teractions (Peter et al., 2018), parental investment (Cools and Patacchini, 2019; Brenge, 2021),
and biological influence (Tapp et al., 2011). While I find no evidence of differential parental in-
vestment or changes in family structure by sibling gender, I argue that the results align with the
sibling interactions channel. Specifically, I propose two examples of sibling interactions with sug-
gestive evidence: Sharing a friend network for substance access and serving as a reference point
for substance use.

This paper contributes to the literature on sibling gender effects in three important ways. First,
by utilizing dizygotic twins, it effectively addresses two key methodological concerns: Selective
parental fertility decisions and complex interactions between birth order and sibling gender. Prior
studies have traditionally included both older and younger siblings in the sample and compared
those with sisters to those with brothers.” To address the two concerns, particularly selective
parental fertility, more recent studies have focused on the effects of the younger sibling’s gender
on the older sibling, as the younger sibling’s gender is random conditional on the their birth. Yet,
this recent approach is less intuitive in the context of substance use where older siblings exert
more influence on younger siblings than vice versa (Rowe and Gulley, 1992; Lee and Schnorr,
Forthcoming). In the context of substance use, my twin research design offers a more suitable
solution to these methodological concerns.

Second, this paper studies the causal effects of sibling gender on substance use, which, despite
its far-reaching negative impacts on health and well-being, is not well-established in the literature.

While sibling gender has been found to significantly impact various outcomes,’ prior studies have

4Examples include: Non-cognitive skills among siblings (Cyron et al., 2017; Golsteyn and Magnée, 2017), aca-
demic performance (Hoxby, 2000; Lavy and Schlosser, 2011; Gottfried and Graves, 2014; Lee et al., 2014; Hu, 2015;
Hill, 2017) and disruptive behaviors among school peers (Clark and Lohéac, 2007; Carrell and Hoekstra, 2010) , and
crime among juvenile prisoners (Stevenson, 2017).

SFor instance, see Butcher and Case (1994), Kaestner (1997), Hauser and Kuo (1998), Conley (2000), Brunello
and De Paola (2013), Anelli and Peri (2015), Cyron et al. (2017), and Rao and Chatterjee (2018).

The literature suggests causal effects of sibling gender on occupations (Brenge, 2021), earnings (Peter et al., 2018;



paid little attention to its effects on substance use. To the best of my knowledge, there are only
two relevant economic papers. Cools and Patacchini (2019) briefly explores sibling gender ef-
fects on some disruptive behaviors only among females with younger brothers in their mechanism
section. Argys et al. (2006) compares the effect of having older sisters to that of having older
brothers among younger siblings regardless of birth order and birth space in their heterogeneity
section. However, nearly 25 percent of their participants had both older sisters and brothers and
were included in both estimations. Moreover, since parents who stop after one child are excluded
from their sample, while those pursuing a second child are included, parental preferences for child
gender affects both the observed sibling composition and parenting styles, potentially biasing their
estimates of the sibling gender effect. By providing the first causal evidence on how sibling gender
affects substance use, this paper fills the gap in the literature on sibling gender.

Third, this paper sheds light on an underexplored mechanism of sibling gender effects—direct
sibling interactions—by providing suggestive evidence. While prior studies have extensively ex-
amined channels of parental investment and family structure,’ the channel of direct sibling interac-
tions has been less explored due to data limitations. Utilizing extensive survey data on adolescent
behaviors in Add Health, this paper provides suggestive evidence on how siblings directly influ-
ence each other, deepening our understanding of sibling gender effects.

This paper also contributes to the broader literature on peer gender effects. Investigating the
causal effect of “friend” gender is very challenging due to the selective nature of friendships.
To avoid this selection, prior studies have relied on measures such as gender composition within
specific peer groups.® However, it remains uncertain whether these measures accurately capture
the impact of friends with whom adolescents spend substantial time together, as these measures
may include peers with infrequent interactions. In contrast, twins are more likely to view each
other as their friends, compared to non-twin full siblings (Fraley and Tancredy, 2012) and school
peers (McGuire and Segal, 2013). Twins (and their parents) in my sample are not able to choose
each other’s sex, free from selecting friends of a particular gender. Twins share the same family

environment at each developmental stage, which eliminates selective friendship based on family

Cools and Patacchini, 2019), family formation (Peter et al., 2018), and personality (Golsteyn and Magnée, 2020).
"Examples include Butcher and Case (1994), Oguzoglu and Ozbeklik (2016), Cools and Patacchini (2019), Gol-
steyn and Magnée (2020), and Brenge (2021).
8Such peer groups include individuals in the same classroom (Hoxby, 2000; Gottfried and Graves, 2014; Lee et al.,
2014), school-grade (Lavy and Schlosser, 2011; Hu, 2015; Hill, 2017), and neighborhood (Hill, 2015).



environments. By utilizing twins, this study offers valuable insights into the effect of friend gender.
The remainder of this paper proceeds as follows. Section 2 introduces the identification strategy
and describes the data. Section 3 presents the results and checks their robustness. Section 4

explores potential mechanisms behind the findings. Section 5 concludes.

2 Empirical Strategy and Data

2.1 Twin research design

This study utilizes dizygotic twins who, on average, share approximately 50 percent of their genes,
similar to other full siblings. Dizygotic twins, resulting from the fertilization of two separate eggs
by two separate sperm, have been widely recognized in biology as having randomly determined
sexes in nature. For instance, Weinberg’s differential method, a commonly used approach for esti-
mating the number of dizygotic twins and different-sex twins, assumes that the sex of each twin in
a dizygotic pair is independently determined from the other twin’s sex. Numerous empirical stud-
ies have provided substantial support for this method and particularly, its underlying assumption
of independence (Vlietinck et al., 1988; Husby et al., 1991; Fellman and Eriksson, 2006).

For my twin research design, it is crucial to determine the zygosity of twin pairs and focus on
dizygotic twins. This is because monozygotic twins, formed when a single zygote splits, are always
of the same sex. As a result, given one’s sex, there is no variation in the co-twin’s sex to explore,
making it impossible to investigate the effect of having a same-sex co-twin versus a different-sex
co-twin. Furthermore, monozygotic twin pairs share 100 percent of their genes, setting them apart
genetically from dizygotic twins or non-twin full siblings who, on average, share 50 percent of their
genes. This genetic dissimilarity poses challenges when comparing them with same-sex dizygotic
twins or same-sex non-twin full siblings.9 Therefore, it is essential to have accurate information

on zygosity and limit the analysis to dizygotic twins (Peter et al., 2018).!°

For example, Table 1.A1 indicates that the correlation in substance use is considerably higher among monozygotic
twins than among dizygotic same-sex twins across all measures. This finding underscores the influence of genetic
factors in shaping substance use behaviors among twin pairs.

19For readers who may be interested in comparing monozygotic twins and same-sex dizygotic twins, Table 1.A2
reveals that monozygotic twins are notably less likely to engage in substance use compared to dizygotic same-sex
twins, particularly among males. This finding is consistent with the prior studies that monozygotic twins are known to



The twin research design has several advantages. First, it addresses the parental selection bias
on the gender composition of their children. The traditional approach is to compare those with a
brother to those with a sister regardless of their birth order (see footnote 6). However, it has been
found that parents in the United States may want to have at least one son and one daughter (Angrist
and Evans, 1998) or at least one son (Dahl and Moretti, 2008). This implies that parents who plan
another birth after having a specific children’s gender composition may have different preferences
and even different parenting styles. With my research design of using dizygotic twins, however,
I can circumvent the parental selection bias: Twins are born at the same time, the sexes of twins
are determined independently, and parents cannot choose one child’s birth based on the sex of the
other child.

Second, the design allows me to explore sibling gender effects separately from the effect of
their birth order. Among non-twin siblings, there is always a birth order, and thus we need to
consider the birth order effect and its interaction with the sibling gender effect. For example, Price
(2008) finds that the differences in time spent with the father among siblings are the greatest when
the father has the first-born son and second-born daughter. It is also found that parents supervise
their younger child less if there is a same-sex older child, potentially leading to younger children
being supervised by their same-sex older siblings (Averett et al., 2011). In contrast, twins share
the same age, birth timing, and environment at each age, effectively circumventing the intricate
interactions between birth order and sibling gender effects.

Third, in a broader sense, the twin research design offers an exceptional framework to explore
the effects of “friend” gender. Twins are more likely to regard each other as their friends than
non-twin full siblings (Fraley and Tancredy, 2012) or school peers (McGuire and Segal, 2013).
Meanwhile, the twin design eliminates two selection biases in friendships. Twins and their parents
cannot choose the gender composition of the twin pair, leading to a causal estimate that avoids
selection biases in friend gender.!! Also, they are of the same age and share the same family
environment at each age, which eliminates selective friendship based on family environments.

While the twin design offers certain advantages, it is important to be cautious when generaliz-

exhibit better behaviors and outcomes compared to same-sex dizygotic twins or non-twin full siblings: They are more
likely to have stable marriage relationship (Heller et al., 1988), higher educational level and net worth (Felson, 2014),
and better health outcomes (Kanazawa and Segal, 2019) and lower mortality rate (Sharrow and Anderson, 2016).

""Non-twin full siblings cannot choose each other’s gender but their parents may do, which results in the parental
selective fertility decisions.



ing the findings of this paper to non-twin families. Twinning can be influenced by several factors.
Although the respondents in my sample were born before the widespread use of in vitro fertiliza-
tion (IVF), as discussed in the next section, natural multiple pregnancies can still be mildly affected
by factors such as maternal age (MacGillivray et al., 1988) and race (Oleszczuk et al., 2001).
Additionally, parents of twins may differ in their parenting styles and investments in children.
Some studies suggest that raising twins fosters unique experiences for parents, which could lead
to heightened emotional attachment (Holditch-Davis et al., 1999; Leonard and Denton, 2006).
However, it also presents challenges, such as increased time demands and stress (Beck, 2002;
Damato and Burant, 2008; Bolch et al., 2012; Heinonen, 2016), potentially resulting in stricter

parenting practices and less nurturing behaviors (Anthony et al., 2005).

2.2 Data

This study utilizes data from the National Longitudinal Study of Adolescent to Adult Health Health
(Add Health), a comprehensive survey conducted in the United States. The survey employed
a stratified sampling method by selecting a random sample of high schools across the country
in 1994. The sample included adolescents in grades 7 through 12 during the 1994-1995 school
year, aiming to create a nationally representative cohort. The survey has since followed up with
participants through five waves: Wave I (1994-1995), Wave 11 (1996), Wave I1I (2001-2002), Wave
IV (2008-2009), and Wave V (2015-2017).

The Add Health dataset is highly suitable for this analysis due to its unique features. First, Add
Health over-sampled twins and siblings and has a large twin sample size of 784 twin pairs, making
it a valuable resource for twin research. While administrative data covering the entire population
of twins would be optimal for twin research due to the low twinning rate, such sources often lack
detailed information on substance use, particularly during adolescence. In contrast, Add Health
stands out as the largest and most comprehensive longitudinal survey of US adolescents’ health
behaviors. By deliberately oversampling twins, Add Health ensures a sufficient number of twin
participants, enabling rigorous examination of substance use outcomes among twins.

Second, 98.63 percent of the Add Health respondents were born between 1976 and 1982 when

in vitro fertilization (IVF) or prenatal sex discernment techniques were not available or commonly



utilized. The first instance of a child conceived with IVF in the United States occurred in 1981
(Barnhart, 2013). Prenatal sex discernment became available in the mid-70s, but their prevalence
was not substantial enough to influence the sex ratios among children born in the United States
until 1990, even among individuals whose parents hailed from countries with a high prevalence
of sex-selective abortion (Almond and Edlund, 2008). Citro et al. (2014) also found that the pro-
hibition of sex-selective abortions in Illinois and Pennsylvania—implemented in 1984 and 1989,
respectively—had no discernible impact on sex ratios. This temporal context strongly supports the
suitability of my twin research design to investigate the sibling gender effect.

Third, it provides comprehensive information on health behaviors, specifically on substance
use of the respondents during adolescence. The primary objective of the survey was to facilitate
research on the determinants of health and health behaviors among adolescents (Harris, 2013). As
a result, the survey has collected extensive data on substance use across all waves, making it a
valuable resource for studying this topic.

Among the twin pairs in the Add Health data, however, a few pairs are not suitable for my
analysis. To begin with, I restrict my sample to dizygotic twins, following the classification of
zygosity by the Add Health data team.'> Additionally, I include only those who listed their co-twin
in the household roster submitted by each respondent in Wave I (using the age and sex information
of household members), which leads to the exclusion of 48 dizygotic twin pairs. '* This restriction
is in place to ensure that they live in the same household and, therefore, predominately have the
same family environment. Table 1 displays the count of dizygotic twins in the final sample by sex
and co-twin’s sex.

The Add Health dataset also includes a sample of non-twin sibling pairs who, like the twin

12 All twins with an different-sex co-twin were classified as dizygotic, as they are always dizygotic by nature. Then
the same-sex twins were classified as dizygotic or monozygotic, based on their responses to the confusability of their
appearance with the co-twin. (Questions about confusability include whether they looked like two peas in a pod
when young children and whether strangers, teachers, or family members were confused by them.) If the information
on self-reported appearance confusability was missing, then the data team used the responses of their mother to the
questions on confusability. If all these responses are still not enough to classify the twin pairs, then the zygosity was
determined by DNA tests (performed at Wave III and IV). Despite these efforts, 5.7 percent of twin pairs were not
certainly classified. I drop these unclassified twin pairs in my analyses.

3For pairs who do not satisfy this condition, there can be two possibilities: (1) The twins do not live in the same
household, or (2) the twins do live in the same household, but either one or both of the twin pairs forgot to report the
other. Among the 48 pairs, 36 pairs attended the same schools, indicating that many of them are likely to fall into
the latter category. The probability of not satisfying this condition is found not to be correlated with my treatment
variable, the sex of the co-twin (correlation = 0.0276 for males; 0.0366 for females).



pairs, were in grades 7 through 12 during the 1994-95 school year. For comparison, I create a
sample of non-twin sibling pairs comparable to the sample of twin pairs. Specifically, I ensure
that the non-twin pairs were full siblings (sharing the same biological parents), resided in the same
household at Wave I (sharing the same family environment), were the closest in age among their
siblings based on household rosters (as twins were), and had an age spacing of two years (as closely
spaced as possible while not being negatively selected).'* The number of non-twin full siblings in

the final sample is provided in Table 1.A3.

2.3 Specification

Following the existing literature on sibling gender effects, I conduct separate analyses for males
and females, taking into account the potential differential impact of sibling gender for each group.
Specifically, I compare males (or females) with a twin brother to males (or females) with a twin

sister by employing the following model:

Y, = B0+ 5195 + Xil' +e; (1)

where Y; is a measure of substance use of the respondent ¢ and S.S; is a dummy variable which is
equal to 1 if the respondent 7 has a same-sex twin sibling. The control variables X; include region
dummies, race dummies, age, age squared, residential mother’s age, residential mother’s college
degree status, a dummy variable for missing maternal educational attainment, residential father’s
college degree status, and a dummy variable for missing paternal educational attainment.'> The
results, however, remain robust even when control variables are excluded, as the sex of the co-twin
is randomly assigned.

Standard errors are clustered at the school level, as substance use can be correlated within

“Non-twin siblings with an age spacing of one year or less (30.13% of sibling pairs in the Add Health dataset)
are excluded, as their parents may have distinct characteristics and parenting styles. Additionally, short birth intervals
are associated with increased risks of adverse fetal and infant outcomes (Schummers et al., 2018). Furthermore, to
focus on siblings closely spaced enough to be comparable to twins, those with an age spacing of three years or more
(24.79% of sibling pairs) are also excluded.

5In my analysis, I have chosen not to include family size as a control variable in the main specification. Family
size has been shown to impact substance use among adolescents, indicating a potential effect through this channel.
However, considering that the gender composition of older children can also influence parents’ fertility decisions,
family size becomes an endogenous variable in Equation 1. The findings from subsection 3.1 indicate that the family
size indeed does not significantly differ by co-twin sex and thus does not impact my results.



school (Powell et al., 2005; Lundborg, 2006; Clark and Lohéac, 2007; Fletcher, 2012; Fletcher and
Ross, 2018). Almost all twin pairs (92 percent) attended the same school and therefore will be in
the same cluster. The results are very similar when standard errors are clustered at the family level
instead.

Note that for each regression for males (or females), both males (or females) from a same-sex
twin pair and one male (or female) from a mixed-sex twin pair are used. In principle, this should
not bias the estimates as long as the inclusion into my sample is not correlated with the sex of the
co-twin. In subsection 3.4, I show the results remain robust even when applying a weight of 1/2 to
those with a same-sex twin sibling or when using only one observation per twin pair, suggesting

that this assumption holds.

2.4 Measures of substance use

Add Health includes extensive information about substance use among adolescents. I specifically
focus on three substances that exhibit the highest use prevalence among adolescents: Cigarette,
alcohol, and marijuana (Volkow, 2011).1°

To protect the confidentiality of the data and reduce self-reporting bias on sensitive topics in-
cluding substance use, Add Health interviews were conducted through audio-computer assisted
self-interview (ACASI) on laptop computers: Respondents wore headphones, listened to pre-
recorded questions, and answered on the laptop by themselves. The questions and answers were
not heard or observed by the interviewer or any other people. The ACASI method has been found
to improve the quality of self-reporting of sensitive information, making it widely favored and
extensively utilized in research (Turner et al., 1998; Kumar et al., 2016).

Despite the adoption of the ACASI method, self-reported measures for substance use may still
be subject to measurement errors.'” Nevertheless, if such a measurement error is not systemati-

cally associated with the sex of the co-twin, any potential effects of such error would be nullified

16 Add Health also examined the usage of other substances, which includes cocaine (including powder, freebase, or
crack cocaine) and illegal drugs (such as LSD, PCP, ecstasy, mushrooms, speed, ice, heroin, or pills). Nevertheless,
the prevalence of these substances is very low; only 29 respondents (2.16 percent) and 82 respondents (6.12 percent)
indicated having ever tried cocaine and illegal drugs, respectively.

7For example, some studies suggest that girls are more likely to accurately report their substance use compared to
boys in the United States (Siddiqui et al., 1999; Shillington and Clapp, 2000; Johnson and Mott, 2001).

10



in Equation 1.'"® To investigate an association between misreporting and co-twin sex, I use the
question “How honestly have you answered the questions?” (answers range from 1 = “completely
honest” to 4 = “not honestly at all”’) and check the likelihood of answering “completely honest.”
Table 1.A4 suggests no evidence of differential reporting behaviors based on the sex of the co-twin,
which implies that the concerns about measurement errors may not be pronounced in my setting.

My primary focus centers on high school students aged 14 to 18, encompassing Wave I and II of
the Add Health dataset. This specific age range is selected for two key reasons. First, considering
that siblings generally begin living separately after completing the 12th grade, individuals older
than 18 years old are excluded from the sample. Second, as substance consumption tends to be
positively associated with age, I exclude individuals who are too young.

The survey construction resulted in two distinct groups of respondents: Those who were aged
14-18 years old in either Wave I or Wave II, and those who were aged 14-18 years old in both
waves. For the former group, I analyze data from the wave when they were 14—18. In the case of
the latter group, I incorporate data from both waves, applying a weight of 1/2 to each observation.

Table 2 displays the summary statistics for these measures among dizygotic twins. The results
indicate a significant gender disparity, with male adolescents demonstrating a higher likelihood
of substance consumption compared to their female counterparts across all measures. This finding
aligns with previous studies that utilized the Monitoring the Future (MTF), the National Longitudi-
nal Survey of Youth (NLSY), and the Youth Risk Behavior Survey (YRBS) to examine adolescent
behavior in the 1990s (Cook et al., 2001; Gruber and Zinman, 2001; Pacula et al., 2001).

3 Effects of Having a Same-Sex Co-Twin

3.1 Exogeneity of co-twin gender

Table 3 presents the randomness tests for the sex of the co-twin among dizygotic twins, using
demographic characteristics, parental backgrounds, and school characteristics. Notably, it shows

that these variables are hardly correlated with the sex of the co-twin.! This finding supports the

18See subsection 7.1 for more discussions about self-report measurement errors.
9The only exceptions are race indicators for males. The joint F-test for race, however, fails to reject the null
hypothesis, with a p-value of 0.12.

11



identification assumption that the co-twin’s sex can be treated as random. Conversely, Table 1.A5
indicates that the sex of a non-twin sibling appears less random compared to that of a co-twin,
especially among females.

Furthermore, I test whether the co-twin sex affects the family environment in my samples.
Particularly, I examine the influence of co-twin sex on the number of siblings and parental cohabi-
tation, both of which are known to be associated with adolescent substance use (Black et al., 2005;
Booth and Kee, 2009; Ermisch and Francesconi, 2001; Gustavsen et al., 2016; Steele et al., 2009).
If co-twin sex is systematically related to these factors, certain families may be more likely to be
included in my sample, potentially introducing bias. The analysis is performed at the household
level, using one observation per household.

Table 4 shows the results for my sample of dizygotic twins. It suggests that the sex of the
co-twin does not significantly affect the total number of siblings (column (1)), potentially due to a
self-induced reduction in maternal fertility itself following twin births (Record et al., 1978). The
table also shows no evidence of differential parental marriage stability based on the sex of the co-
twin: No difference in the probability of living with both biological parents until age 5 (column
(2)) and the number of marriages or marriage-like relationships of the respondent parent until the
survey wave (column (3)). In contrast, Table 1.A6 suggests that in the non-twin full sibling sample,
having a same-sex sibling significantly increases the number of siblings, especially for females.

To address concerns about relatively small sample size in Table 4, I further utilize the 1990
Census Public Use Microdata Sample (PUMS), which represents 5 percent of the US population
from all states. Within this sample, I identify women who are likely to be mothers of twins?’
and explore their total number of children and marital stability in Table 1.A7, following Dahl
and Moretti (2008). All coefficients in Table 1.A7 are statistically insignificant, indicating limited

evidence of differential family structure by co-twin’s sex.

20The mother sample is restricted to women who were between the ages of 18 and 40, had at least one child with
the oldest being younger than 18 years old, and were living with all the children they ever reported having delivered.
Twins are identified as children in a household who were born between 1976 and 1983 as my Add Health sample and
have a sibling with the same birth year, birthplace, and age in years. The analysis excludes triplets and higher-order
multiples for simplicity, but cannot distinguish monozygotic twins and dizygotic twins.

The condition of mothers living with all the children having ever delivered is essential to identify twins due to
the data limitation. This condition aligns with the prevailing trend of child custody being predominantly awarded to
mothers in the 1990s. However, it should be noted that this restriction excludes divorced women who awarded custody
of some of their children to the father, which may limit the generalizability of the findings to divorced households.
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By comparison, Table 1.A8 shows the results for mothers of non-twin siblings with an age
space of 2 years.”! This table suggests that among mothers of non-twin siblings, having same-sex
children is positively associated with the total number of children for both mothers of male children
and mothers of female children. It also suggests that having same-sex children is associated with
marital instability, especially for mothers of female children. These results are consistent with
prior studies on non-twin full siblings (Angrist and Evans, 1998; Dahl and Moretti, 2008).

The comparison between the twin sample and the non-twin full sibling sample suggests that the
sex of the co-twin is more random than the sex of the non-twin full sibling and that the twin sample
is less likely to suffer from differential family environments than the non-twin sample. It highlights
that while both the twins and the non-twin full siblings share 50% of the genes on average, the twin
sample is advantageous in overcoming biases stemming from environmental factors, compared to

the non-twin full sibling sample.

3.2 Sibling gender effects on substance use

Figure 1 shows the unadjusted substance consumption of the dizygotic twins in my sample. It
reveals that males with a twin brother are more likely to be engaged in substance use than males
with a twin sister. In contrast, there are no differences observed among females for any of the
measures.

Table 5 presents the main estimates on the effects of having a same-sex co-twin, represented
by the dummy variable SS in the main specification. The results align with Figure 1. For males,
having a brother is associated with a higher probability of consuming substances. For example,
having a brother is associated with higher probability of smoking during the last 30 days by 9.9
percent points, drinking alcohol during the last 12 months by 15.5 percent points, and any binge
drinking (> 5 drinks per day) during the last 12 months by 7.6 percent points.These estimates
indicate 30 percent to 33 percent difference compared to the means.

For comparison, I also investigated the sibling gender effect in the non-twin full sibling sample.

Table 1.A9 and Table 1.A10 present the impact of a younger sibling’s gender on the older sibling

21Similar to Table 1.A7, the mother sample is restricted to women between the ages of 18 and 40, with at least one
child, the oldest being younger than 18 years old, and living with all the children they ever reported having delivered.
Non-twin siblings are identified as children in a household with an age spacing of 2 years, born between 1976 and
1983 as my Add Health sample.
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and the older sibling’s gender effect on the younger sibling, respectively.

The first approach, examining the impact of a younger sibling’s gender on the older sibling,
is widely adopted in recent studies (Peter et al., 2018; Cools and Patacchini, 2019; Golsteyn and
Magnée, 2020; Brenge, 2021). This is because assuming the younger sibling’s gender to be random
given the presence of a younger sibling, the estimate can be interpreted as causal. However, as the
impact of the younger sibling is typically marginal in the context of substance use, the estimates in
Table 1.A9 are statistically insignificant and closer to zero compared to those in Table 5.

The second approach, studying the impact of an older sibling’s gender on the younger sibling,
is more straightforward, as older siblings typically have a greater impact on younger siblings re-
garding substance use. However, it faces challenges from parental fertility selection biases. As a

result, the estimates in Table 1.A10 are very noisy, especially in terms of their sign.

3.3 Interpretation of the twin estimates

In my twin sample, the coefficients for males exhibit considerably larger magnitudes than those
for females.”> These negative effects of having a male co-twin on males, with little influence
observed among females, are consistent with previous literature on peer effects. Studies have
shown that adolescents are more negatively influenced by brothers (compared to sisters) (Cyron
etal., 2017; Golsteyn and Magnée, 2020) or male school peers (compared to female peers) (Hoxby,
2000; Clark and Lohéac, 2007; Kremer and Levy, 2008; Carrell and Hoekstra, 2010; Lavy and
Schlosser, 2011; Gottfried and Graves, 2014; Hu, 2015; Hill, 2017; Carrell et al., 2018).

Estimates for male twins are large enough to be economically meaningful. Comparisons with
the family environment literature highlight the importance of sibling gender, which is on par with
other environmental factors. For example, regarding birth order, second-born boys have a 9.0 per-
cent higher likelihood of trying smoking compared to first-born boys (Argys et al., 2006), similar

to the 8.4 percent estimate in Table 5.%° Furthermore, according to See (2016), every extra weekly

22Table 1.A11 further checks whether the coefficients for S.S among males differ statistically from those among
females. The results indicate statistical significance for two measures: Having ever tried marijuana and drinking in the
last 12 months. The remaining findings largely align with those in Table 5, whose format is more straightforward and
more commonly used in previous studies.

2 Comparing the estimates in Table 5 with birth order effects on alcohol and marijuana use reveals even larger
magnitudes. Fifth-born (or higher) boys exhibit a 10.3 percent higher likelihood of ever drinking alcohol and a 13.4
percent higher likelihood of ever using marijuana compared to first-born boys, while the corresponding estimates in
Table 5 are 12.3 percent and 16.0 percent.
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hour of engaged activities with the father reduces the chance of current cigarette smoking by 2.0
percent. Translating these results, my estimates for smoking imply that spending approximately
5.0 additional weekly hours with the father would yield similar effects. In addition, drawing on
Chalfin and Deza (2018), which identified that each additional year of parental education reduces
child binge drinking by 4.1 percent, the estimates for binge drinking are equivalent to a nearly 1.8
years of parental education.

My estimates also reveal substantial impacts in magnitude when comparing them with the
effects of other peer influence on substance use. For example, using classmates’ parental edu-
cational attainment as an instrumental variable, Powell et al. (2005) suggests that moving a high
school student from a school where no children smoke to a school where 25 percent of the youths
smoke increases the probability of smoking by 14.5 percent points. This implies that my estimate
for smoking among male adolescents, 9.9 percent, corresponds to a 17.1 percent points increase
in smoking among peers if the effects are proportional. Similarly, by exploiting a variation in
alcohol consumption between classes within schools and grades, Lundborg (2006) suggests that
a 10 percent point increase in classmates’ binge drinking raises own binge drinking by 2.3 per-
cent points. This translates my estimate for binge drinking among male adolescents, which is 7.6
percent points, to a 33.0 percent point increase in classmates’ binge drinking. These findings un-
derscore the influential role of co-twins (or close friends), emphasizing their strong bond compared
to their classmates or school peers.

The findings presented in Table 5 reveal considerable magnitudes, even when compared to
successful policy interventions. For instance, in terms of prices, my estimates for current cigarette
smoking and alcohol consumption among male adolescents are approximately equivalent to a $0.98
(1994 dollars) increase per pack of cigarettes or a $1.83 (1993 dollars) increase in the price per six-
pack of alcohol, based on the results of Gruber and Zinman (2001) and Cook et al. (2001). Another
example is related to an education program, aimed at reducing adolescent substance use, where my
estimate for binge drinking corresponds to approximately 40 percent of the effect observed in the
intensive education program implemented in a school as studied by Botvin et al. (2001),* which

resulted in a 57 percent reduction in binge drinking. Furthermore, when comparing my findings

24This intervention involves instructing skills to resist alcohol and drug consumption, promoting norms discouraging
such behaviors, and enhancing essential personal and social skills.
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with the impact of community anti-smoking legislation, my estimate for having ever tried smoking
is comparable to approximately 26 percent of the effect achieved through the legislation (Jason

etal., 1991).

3.4 Additional analysis

I run a series of robustness checks to confirm the consistency of the results across various specifi-
cations. Table 6 presents the estimated coefficients of the dummy variable SS in different specifi-
cations for males and females. Columns (1) and (2) provide the estimates without and with control
variables, respectively, and the results are similar. Clustering the standard errors at the family level
in column (3) of Table 5 shows minimal changes in the significance of the coefficients. To address
over-representation of same-sex sibling pairs, column (4) further applies a weight of 1/2 to those
with a same-sex twin sibling, and column (5) includes only one respondent per household. The
coefficients and their significance remain similar. Additionally, column (6) examines the marginal
effects using a probit model, yielding comparable results in terms of magnitude and significance.
To address the family-wise type I over-rejection error associated with testing multiple hypothe-
ses, I employ summary standardized indices that aggregate information across multiple outcome
variables, enhancing statistical power (Kling et al., 2007; Anderson, 2008). The summary indices
are calculated by averaging the standardized z-scores for each outcome and then re-standardizing
the average. Four summary indices are used: An all-substances summary index (comprising all
outcome variables in Table Table 5), the cigarette summary index, the marijuana summary index,
and the alcohol summary index. The results presented in Table 1.A12 indicate that among males,
having a same-sex co-twin is associated with higher scores of substance use in all indices, leading
to an increase ranging from 0.23 to 0.28 standard deviations. However, this effect is not observed

among females, except in the case of marijuana.

4 Potential Mechanisms

Several mechanisms may underlie the results in subsection 3.2. In this section, I explore three

potential mechanisms for sibling gender effects that have been suggested by prior studies: Social
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interactions between twins, parental investment, and epigenetic influences between twins.

4.1 Direct sibling influences

In this subsection, I explore if and how siblings can directly affect each other. Manski (2000)
identifies that economic peer effects can work through one of three mechanisms: Constraints,
preferences, or expectations. Here I propose two examples of such effects with suggestive evi-
dence: Providing a network for access to substances (constraints channel) or serving as a reference

point for substance consumption (preferences/expectations channel).

4.1.1 Sibling’s network

Prior studies suggest that siblings share networks for job search (Peter et al., 2018; Rao and Chat-
terjee, 2018) and school choice (Dustan, 2018). Similarly, siblings can utilize each other’s network
for access to substances, especially during adolescence. Sibling gender may play a role in this
network if brothers have more friends who use substances than sisters, and if it is easier for an ado-
lescent to access the same-sex sibling’s network compared to the different-sex sibling’s network.

The predictions for this network channel are clear for males but unclear for females. For males,
twin brothers’ networks would have a higher number of substance users and be more likely to be
utilized than twin sisters’ networks. This suggests that twin brothers may contribute to an increase
in males’ substance consumption. However, for females, the twin sister’s network may be easier
to utilize but have fewer substance users compared to the twin brother’s network. Hence, overall
impacts on females’ substance use is less clear.

Ideally, examining where or from whom adolescents obtain substances and whether these pat-
terns differ by sibling gender would provide a more direct understanding of this dynamic. Unfor-
tunately however, such a question is not available in Add Health. Instead, I provide suggestive
evidence concerning the two elements of this channel: The higher prevalence of substance-using
friends among brothers than sisters, and the ease of accessing same-sex sibling networks relative
to different-sex sibling networks.

First, Table 7 utilizes three survey questions “Of your three best friends, how many smoke

at least 1 cigarette a day?” Of your three best friends, how many drink alcohol at least once
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a month?” and Of your three best friends, how many use marijuana at least once a month?”.
The results show that female adolescents report having fewer best friends who engage in these
behaviors. Additionally, females are less likely to have male friends and are more likely to have
female friends, which suggests that their friends would also have fewer substance users in their
network.

Second, I provide suggestive evidence on whether adolescents would find it easier to utilize the
same-sex co-twin’s network than the different-sex co-twin’s. The first column of Table 8 examines
the likelihood of having a friend in common, based on self-reported lists of five best friends. This
variable is coded as 1 if any common friend is reported within a twin pair and O otherwise. Siblings
could not be listed as friends, and if a respondent mistakenly included their sibling, I excluded
the sibling from the friend list.”> The results indicate that for both males and females, having a
same-sex co-twin is associated with a higher probability of sharing a friend. Additionally, Table 8
suggests that twins spend more time with their co-twin (column (2)) and with their co-twin and
their common friends together (column (3)) ?° if they are the same-sex than if they are different-sex.

Third, I investigate whether the gender of the co-twin not only affects the co-twin’s friend
network but also one’s own friend network. The first five columns in Table 9 suggest that the
gender of the co-twin is related to the respondent’s friend network as well. For males, having
a same-sex co-twin is linked to a 16.9 percentage point higher likelihood of having friends who
smoke and 17.9 percentage points for friends who drink alcohol. For females, the gender of the
co-twin is not directly related to own number of substance-using best friends but is associated with
the likelihood of having at least one male friend.

The findings for the non-twin full sibling sample sharply contrast with those from the twin
sample. Same-sex non-twin siblings are more likely to share common friends and spend time

together than opposite-sex siblings, but these differences are much smaller than in the twin sample.

ZHowever, this measure may not be the most reliable for studying friendships within the twin sample due to its
relatively small size. Friends attending non-sampled schools could not be identified, significantly reducing the sample
size. Despite this limitation, the measure still offers suggestive evidence on the accessibility of a sibling’s social
network.

26The outcome variable in column (2) is a dummy for whether the respondent chose the answer ‘a lot’ to the
question “How much time do you and {Sibling} spend together?” among the choices ‘a lot’, ‘some’, ‘little’, and
‘none.” Similarly, the outcome variable in column (3) is a dummy for whether the respondent chose the answer ‘a lot’
to the question “How much time do you and {Sibling} spend with the same friend or group of friends?” among the
choices ‘a lot’, ‘some’, ‘little’, and ‘none.
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For example, among females, same-sex non-twin siblings are 18.8 percentage points more likely
to share friends among older siblings (Table 1.A13) and 18.9 percentage points among younger
siblings (Table 1.A14), which is less than half the 45.5 percentage point difference seen in twins
(Table 8). Moreover, the sample means for these variables in the non-twin sample are notably
lower than in the twin sample. Among females, the likelihood of having a common friend is
28.1% among older siblings and 31.3% among younger siblings, about half of the 55.6% observed
among twins, indicating less network utilization among non-twin siblings.

In line with the lower network utilization among non-twin full siblings, the sibling gender
effect on the own friend network also presents a notable contrast to the twin sample. For male
non-twins, the gender of a younger sibling no longer significantly affects the older sibling’s friend
network (Table 1.A15), nor does the older sibling’s gender affect the younger sibling’s friend
network (Table 1.A16). For female non-twins, a sister’s network might be as accessible or easier
to access, and includes fewer substance users compared to a brother’s network. Therefore, having
a sister is either negatively correlated (Table 1.A15) or shows no correlation (Table 1.A16) with
the number of substance-using friends. These contrasts between the twin sample and the non-twin

sample further support the channel of sibling network.

4.1.2 Siblings as reference points

Another way that siblings can directly influence each other is by serving as reference points, com-
paring themselves to each other and shaping each other’s preferences and behaviors (Schmitt,
1972).27 Peter et al. (2018) propose two reasons why sibling gender matters as a reference point.
First, for outcomes with a notable gender gap, brothers and sisters represent different reference
points. Second, same-sex siblings serve as more salient reference points compared to different-sex
siblings, in particular, if they consist of boys (Conley, 2000; Grose, 2021). This argument is also
consistent with the literature, which reports stronger spillover effects among same-sex siblings
than among different-sex siblings in various outcome variables (Eriksson et al., 2016; Joensen and
Nielsen, 2018; Nicoletti and Rabe, 2019; Dahl et al., 2020; Gurantz et al., 2020; Bingley et al.,
2021).

2TFor example, studies have found that a higher income than siblings is associated with higher life satisfaction (Kue-
gler, 2009), educational spillovers are driven by sibling rivalry (Joensen and Nielsen, 2018), and food consumption
habits may be influenced by siblings (Farrell and Shields, 2001)
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In the context of substance use, observing a sibling engaging in substance use may reduce
hesitancy or feelings of guilt among adolescents.”® The predictions align with those detailed in the
network channel. For males, they are more willing to use substances when their twin brothers do
compared to when twin sisters do, and indeed, twin brothers are more likely to use substances than
twin sisters. As a result, the presence of twin brothers might contribute to an increase in substance
consumption among males. Conversely, for females, they are less reluctant to use substances
when their twin sisters do than when their twin brothers do, but twin sisters are less likely to use
substances than twin brothers. Consequently, the overall impact is less clear for females.

A direct approach to assess this channel would involve investigating the extent to which an
adolescent compares themself with their twin siblings, particularly concerning substance use, and
whether this tendency varies based on the gender of the sibling. However, such detailed informa-
tion is hardly available in datasets. Instead, two exercises can provide indicative evidence address-
ing the two dimensions of this channel.

First, brothers tend to be a more significant reference point for substance consumption due
to the observed higher likelihood of substance use among males, not only in Table 2 but also in
previous research (Cook et al., 2001; Gruber and Zinman, 2001; Pacula et al., 2001). Second,
under the assumption that the amount of time spent together is associated with the saliency of the
reference point, the final two columns of Table Table 8 indicate that same-sex twin siblings hold
more influence as reference points. (Similarly, for non-twin full siblings, same-sex siblings serve
as a reference point, which is as salient as or more salient than different-sex siblings, based on
Table 1.A13 and Table 1.A14.) These predictions consistently align with my findings for twins in
Table 5 (and for non-twins in Table 1.A9 and Table 1.A10), as well as prior studies such as Peter
et al. (2018) and Joensen and Nielsen (2018).%

2 Conversely, adolescents might also be inclined to cease substance consumption if their siblings discontinue such
behavior. However, as highlighted by Harris and Lopez-Valcarcel (2008), social influences tend to be asymmetric.
Specifically, each smoking sibling in a household is linked to a 7.6 percent increase in the probability of smoking,
while each non-smoking sibling is associated with a 3.5 percent reduction in that probability.

PPpeter et al. (2018) find that men earn more when they have a brother (while the effect of having a brother on
earnings is small or insignificant for women) and women give birth earlier when they have a sister. They argue that
these findings are driven by stronger competition between same-sex siblings and differential level of reference points
by sibling gender. Joensen and Nielsen (2018) also find larger peer effects on education for brothers, supporting the
notion of heightened competition between male siblings.
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4.2 Parental investment

Sibling gender may indirectly affect adolescents through differential parental treatment (Lundberg
et al., 2007; Price, 2008; Mammen, 2011).

I examine three categories of parental investment—time spent with children, allowances, and
preventive care—following Cools and Patacchini (2019). Columns (1) and (2) investigate parental
time investment, which reflects the overall extent of parental involvement and supervision.*” Col-
umn (3) focuses on the weekly allowance in dollars given to adolescents, a factor that could impact
adolescent substance use due to their limited budget for purchasing substances. Columns (4) and
(5) explore two preventive care measures from the previous year: Physical and dental check-ups.
These measures, albeit not comprehensive, may offer insights into parental concern for child health
and possibly their attitudes towards children’s substance use. The findings suggest that sibling gen-
der has minimal impact on parental investment, at least in terms of the measures in Table 10.

Table 1.A17 and Table 1.A18 perform the same analysis for non-twin siblings. Unlike prior
studies (Cools and Patacchini, 2019; Brenge, 2021), nearly all estimates in these tables are statisti-
cally insignificant, possibly due to the small sample size. Nevertheless, most of these estimates are
larger than those in Table 10, implying that potential differences in parental investment by co-twin
sex among dizygotic twins, if any, would not exceed the differences by sibling sex among non-twin
full siblings. This indicates that considering the pronounced differences in sibling gender effects
between twins and non-twins, parental investment does not seem to be the driving mechanism

underlying the substantial sibling gender effects observed among male twins.

4.3 Epigenetic influence

Compared to non-twin siblings who only encounter each other after birth, twins are exposed
to one another both in utero and after birth. Therefore, it is possible that any biological influences

shared between twins in utero could impact their future outcomes.

30The outcome variables are defined as the total number of activities that a respondent had with their father and
mother, respectively, in the past 4 weeks, ranging from 0 to 10 (going shopping; playing a sport; going to a religious
service or church-related event; talking about someone the respondent is dating or a party the respondent went to;
going to a movie, play, museum, or concert, or sports event; talking about a personal problem the respondent was
having; having a serious argument about the behavior of the respondent; talking about the respondent’s school work
or grades; working on a project for school; talking about other things the respondent is doing in school)
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One possibility, primarily supported by animal studies, is the twin testosterone transfer hypoth-
esis (Clemens, 1974; Vom Saal, 1989). This hypothesis suggests that testosterone, crucial for the
sexual differentiation of the male fetus, might be transferred between twin fetuses within the same
pregnancy and consequently, females with male co-twins could be exposed to elevated testosterone
levels than females with female co-twins (Tapp et al., 2011). While evidence from human twin
studies is still limited and inconsistent, some findings suggest that such prenatal testosterone expo-
sure may lead to more masculine cognitive and behavioral traits among females from different-sex
pairs compared to those from same-sex pairs (Biitikofer et al., 2019; Cronqvist et al., 2016).

However, testosterone transfer in utero does not appear to be a relevant mechanism in my
findings, even if such masculine traits might include substance use during adolescence. If it were
the underlying mechanism, we would expect no significant differences in substance use between
males with male co-twins and those with female co-twins. Conversely, a higher likelihood of
substance use would be anticipated among females with male co-twins compared to those with
female co-twins. Such expectations are inconsistent with the findings in Table 5 for both genders

in terms of both the direction and statistical significance.

5 Conclusion

This study explores the effects of having a same-sex sibling on substance use during adoles-
cence by utilizing a dataset of dizygotic twins in the United States. The twin design offers several
advantages for studying the causal impact of having a same-sex sibling on substance use. First,
the sex of a co-twin is, in nature, randomly assigned. Second, this approach overcomes potential
selection biases stemming from parental fertility decisions influenced by older children’s gender.
Third, twins share birth age, timing, and environment at each stage, minimizing the sibling birth or-
der effects and circumventing complex interactions between birth order and sibling gender effects.
Lastly, since twins cannot choose each other as peers, yet they view each other as their friends,
this setup enables studying substance consumption among “friends” without being influenced by
selection biases.

Among males, I observe that having a twin brother increases the probability of smoking, drink-

ing alcohol, and using marijuana. In contrast, among females, there is no significant difference
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in substance use between those with twin brothers and those with twin sisters. An examination
of potential mechanisms indicates that these findings align with direct sibling interactions and are
hardly driven by parental investment and family structure. I further propose two examples of how
siblings directly influence each other: Sharing a network for substance access and serving as a
reference point for substance use.

The magnitudes of the estimates, especially for male adolescents, are sizable. The comparison
with the estimates in the prior studies suggests that siblings are one of the most influential factors
in adolescent substance use. The results underscore the crucial role of siblings and influential peers

in shaping substance-related beliefs and consumption behaviors.
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6 Figures and Tables

Figure 1. Substance Use by Sibling Gender Composition Among Dizygotic Twins

(a) Ever tried smoking (b) Smoked during the last 30 days (c) Ever tried marijuana
e Male Female e Male Female e Male Female
I Co-Twin: Same Sex Co-Twin: Opposite Sex N Co-Twin: Same Sex Co-Twin: Opposite Sex I Co-Twin: Same Sex Co-Twin: Opposite Sex
(d) Used marijuana in the last 30 days (e) Ever tried alcohol (f) Drunk during the last 12 months
e Male Female IMae lﬂie ° IMae IFemae
N Co-Twin: Same Sex Co-Twin: Opposite Sex I Co-Twin: Same Sex Co-Twin: Opposite Sex N Co-Twin: Same Sex Co-Twin: Opposite Sex

(g) Any binge drinking during
the last 12 months

4
o~
o .

Male Female

1

I Co-Twin: Same Sex Co-Twin: Opposite Sex

Notes: Each bar represents the average value of the corresponding substance use by own gender and sibling gender in
my sample of dizygotic twins.
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Table 1. Number of Dizygotic Twin Respondents

Male Female Total

Have a different-sex twin 180 180 360
Have a same-sex twin 240 208 448
Total 420 388 808

Notes: The twin sample consists of all respondents who were iden-
tified as dizygotic twins by Add Health and reported each other in
their household roster at Wave 1.
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Table 2. Summary Statistics of Substance Use Among Dizygotic Twins

Male Female Male-Female
Variables Mean (SD) Mean (SD) Diff (SE)
Cigarette
Ever tried smoking 0.641 0.503 0.137%
(0.274) (0.314) (0.037)
Smoked during the last 30 days 0.328 0.221 0.107%*%*
(0.249) (0.225) (0.030)
Marijuana
Ever tried marijuana 0.335 0.244 0.091 %%
(0.230) (0.258) (0.030)
Used marijuana during the last 30 days 0.165 0.123 0.043%*
(0.177) (0.201) (0.024)
Alcohol
Ever tried alcohol 0.683 0.594 0.089**
(0.299) (0.339) (0.040)
Drank during the last 12 months 0.490 0.401 0.089**
(0.294) (0.276) (0.034)
Any binge drinking during the last 12 months 0.330 0.187 0.142%%
(0.274) 0.217) (0.031)
N 686 656 1342

Notes: This table shows descriptive statistics for my sample of dizygotic twins in the Add Health dataset by
gender and t-tests of differences in means by gender (columns (3)). Means are weighted by the reciprocal of
the observation count for each respondent. Standard errors clustered at the school level are indicated within
parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 4. Co-Twin Sex and Family Structure Among Dizygotic Twins

Number of Living With Both Respondent Parent’s

Siblings Biological Parents at Age 5 Number of Marriages

Panel 1: Male

SS -0.048 -0.003 0.104
(0.131) (0.043) (0.077)

Mean 2.130 0.770 1.184

N 283 283 253

Panel 2: Female

SS -0.122 -0.022 0.012
(0.135) (0.044) (0.087)

Mean 2.138 0.767 1.154

N 271 271 237

Notes: Each cell represents a separate regression based on Equation 1 among dizygotic twins. The analysis is
performed at the household level, using only one observation per household. Mean represents the sample average
of the corresponding measure for the corresponding sex. Standard errors clustered at the school level are indicated
within parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01 Clustered standard errors are in parenthesis. * p <

0.10, ** p < 0.05, *** p < 0.01
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Table 6. Robustness to Alternative Specifications

Male
(1) (2) 3) “4) &) (6)
Cigarette
Ever tried smoking
SS 0.119%* 0.084* 0.084* 0.086* 0.101%* 0.082%
(0.046) (0.046) (0.050) (0.047) (0.049) (0.044)
N 687 644 644 644 463 642
Smoked during the last 30 days
SS 0.122%*%* 0.099%* 0.099%* 0.102%* 0.133%%%* 0.094**
(0.041) (0.041) (0.045) (0.041) (0.046) (0.039)
N 679 636 636 636 460 634
Marijuana
Ever tried marijuana
SS 0.149% 0.160%** 0.160%** 0.163%#* 0.181%%*%* 0.164%*%*
(0.050) (0.047) (0.047) (0.046) (0.053) (0.045)
N 664 625 625 625 456 623
Used marijuana during the last 30 days
SS 0.060 0.055 0.055 0.054 0.055 0.054
(0.038) (0.037) (0.035) (0.036) (0.039) (0.037)
N 673 634 634 634 457 611
Alcohol
Ever tried alcohol
SS 0.138%* 0.123%* 0.123%* 0.117%* 0.131* 0.110%**
(0.054) (0.050) (0.057) (0.049) (0.070) (0.043)
N 688 644 644 644 462 642
Drank during the last 12 months
SS 0.189%** 0.155%** 0.155%** 0.154%%*%* 0.162%%*%* 0.152%*%*
(0.044) (0.043) (0.044) (0.043) (0.050) (0.040)
N 683 641 641 641 459 641
Any binge drinking during the last 12 months
SS 0.096** 0.076* 0.076* 0.077* 0.087** 0.075%
(0.040) (0.040) (0.045) (0.040) (0.042) (0.038)
N 681 639 639 639 458 639
Controls No Yes Yes Yes Yes Yes
Cluster School School Family School School School
SS Sample All/H All/H All/H 12 Wt 10bs/H All/H
Specification Linear Linear Linear Linear Linear Probit
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Female

€ (2) 3) “4) 4) (6)
Cigarette
Ever tried smoking
SS 0.042 0.048 0.048 0.053 0.047 0.039
(0.055) (0.052) (0.056) (0.053) (0.059) (0.053)
N 656 625 625 625 454 610
Smoked during the last 30 days
SS 0.021 0.028 0.028 0.034 0.019 0.034
(0.047) (0.045) (0.042) (0.044) (0.046) (0.044)
N 654 623 623 623 453 618
Marijuana
Ever tried marijuana
SS 0.060 0.062 0.062 0.063 0.077 0.059
(0.044) (0.044) 0.047) (0.044) (0.052) (0.042)
N 636 607 607 607 443 602
Used marijuana during the last 30 days
SS 0.039 0.048%* 0.048 0.050% 0.032 0.042
(0.027) (0.027) (0.031) (0.028) (0.030) (0.027)
N 644 616 616 616 448 611
Alcohol
Ever tried alcohol
SS 0.022 0.052 0.052 0.063 0.041 0.014
(0.070) (0.066) (0.072) (0.068) (0.083) (0.049)
N 659 628 628 628 456 623
Drank during the last 12 months
SS -0.046 -0.016 -0.016 -0.008 -0.034 -0.016
(0.052) (0.050) 0.047) (0.050) (0.053) (0.049)
N 655 624 624 624 453 619
Any binge drinking during the last 12 months
SS -0.020 -0.011 -0.011 -0.008 -0.012 -0.007
(0.043) (0.040) (0.036) (0.040) (0.043) (0.040)
N 654 623 623 623 453 618
Controls No Yes Yes Yes Yes Yes
Cluster School School Family School School School
SS Sample All/H All/H All/H 12 Wt 10bs/H All/H
Specification Linear Linear Linear Linear Linear Probit

Notes: Each cell represents a separate regression of the corresponding measure of substance use among dizygotic
twins. Controls include region dummies, race dummies, age and age squared variables, residential mothers’
age, residential mother’s college degree (dummy), missing maternal educational attainment (dummy), residential
father’s college degree (dummy), and missing paternal educational attainment (dummy). Estimates are weighted
by the reciprocal of the observation count for each respondent, except for column (4), where the model additionally
weights those with a same-sex twin sibling by multiplying the weight by 1/2. Clustered standard errors are in
parenthesis. * p < 0.10, ** p < 0.05, *** p < 0.01
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7 Appendices
7.1 Self-report Measurement Errors

Using data from the 1999-2000 National Health and Nutrition Examination Survey, I also ex-
plore the discrepancy between self-reported current smoking status and an objective measure of
smoking obtained from saliva cotinine levels (defined as a smoker if cotinine level > 15ng/ml).

In the sample of 6,758 youths aged 12-19, 5.3% are self-reported (SR) smoker but cotinine-
validated (CV) non-smoker, 27.5% are both SR and CV smoker, 65.7% are both SR and CV
non-smoker, and 1.5% are SR non-smoker but CV smoker. This analysis suggests that in the most
extreme case where (1) there is no real difference in the likelihood of current smoking among
males based on the sex of their co-twin, (2) all males with a same-sex co-twin over-report their
smoking status (i.e., 34.3% (= 5.3% + 27.5% + 1.5%) report smoking and the remaining 65.7%
report not smoking), and (3) all males with a different-sex co-twin under-report smoking (i.e.,
72.5% (= 5.3% + 65.7% + 1.5%) report not smoking and the remaining 27.5% report smoking),
we can still observe a 6.8 percentage point difference in the likelihood of current smoking. When
compared to the 9.9 percentage point difference estimated in the twin sample (Table 5), it indicates

that at most, misreporting behaviors could account for up to 68.7% of the observed estimate.
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7.2 Appendix Tables

Table 1.A1. Correlation in Substance Use Among Same-Sex Twins

Males Females
MZ DZ MZ DZ
Cigarette
Ever tried smoking
Correlation 0.518*** 0.324 % 0.600%#** 0.452%%*
(0.077) (0.105) (0.080) (0.084)
N 211 193 217 181
Smoked during the last 30 days
Correlation 0.585%#* 0.290%** 0.525%*%* 0.372%%*
(0.062) (0.080) (0.090) (0.090)
N 209 185 213 180
Marijuana
Ever tried marijuana during your life
Correlation 0.523##* 0.275%** 0.5971%#** 0.380%***
(0.090) (0.080) (0.080) (0.092)
N 202 177 209 169
Used marijuana during the last 30 days
Correlation 0.614%%* 0.288*** 0.287*%* 0.253*%*
(0.095) (0.090) (0.133) (0.094)
N 208 182 213 174
Alcohol
Ever tried drinking alcohol
Correlation 0.373#%* 0.065 0.4807%#** 0.729%%**
(0.084) (0.150) (0.066) (0.143)
N 211 192 218 182
Drank during the last 12 months
Correlation 0.4227%%* 0.215%** (0.5327%#%* 0.278***
(0.079) (0.074) (0.065) (0.080)
N 208 191 218 181
Any binge drinking during the last 12 months
Correlation 0.538%** 0.366%** 0.521%** 0.219%*
(0.087) (0.070) (0.089) (0.100)
N 208 190 216 180

Notes: Each model is estimated among twins with a same-sex twin sibling. M Z and D Z represent monozygotic
and dizygotic twins. Coefficients are unadjusted correlation coefficients for the corresponding measure of sub-
stance use. Estimates are weighted by the reciprocal of the observation count for each respondent. Standard errors
clustered at the school level are indicated within parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 1.A3. Number of Non-Twin Full Sibling Respondents

Male Female Total

Having a different-sex sibling 127 127 254
Having a same-sex sibling 206 192 398
Total 333 398 652

Notes: The sample of non-twin full siblings consists of the respondents iden-
tified by Add Health to have a non-twin full sibling who was also in grades
7-12 during the 1994-95 school year and agreed to be a respondent of the Add
Health survey. To be consistent with the twin sample, I require that each indi-
vidual should report his/her sibling in the household roster at Wave I, that the
sibling is his/her closest sibling in terms of age, and that the age difference
with the sibling is two years.
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Table 1.A4. Likelihood of Reporting Completely Honestly Among Dizygotic Twins

Males Females
SS 0.017 -0.043

(0.054) 0.047)
Mean 0.457 0.589
N 646 628

Notes: Each model is estimated among dizygotic twins us-
ing Equation 1. Standard errors clustered at the school
level are indicated within parentheses. * p < 0.10, ** p <
0.05, #** p < 0.01
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Table 1.A6. Sibling Gender and Family Structure Among Non-Twin Full Siblings

Number of Living With Both Respondent Parent’s
Siblings Biological Parents at Age 5 Number of Marriages

Panel 1: Male

SS 0.146 0.006 0.029
(0.149) (0.052) (0.107)

Mean 1.717 0.826 1.288

N 215 215 195

Panel 2: Female

SS 0.330%* -0.043 -0.017
(0.163) (0.038) (0.097)

Mean 1.776 0.857 1.289

N 211 211 184

Notes: Each cell represents a separate regression based on Equation 1 in the sample of non-twin full siblings.
The analysis is performed at the household level, using only one observation per household. Mean represents the
sample average of the corresponding measure for the corresponding sex. Standard errors clustered at the school
level are indicated within parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01
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Table 1.A12. Effects of Having a Same-Sex Co-Twin Using Summary Indices

All By Substance
All Cigarette Marijuana Alcohol
Panel 1: Male
SS 0.273%** 0.230%* 0.285%%* 0.234%%*
(0.076) (0.091) (0.105) (0.085)
N 646 644 635 646
Panel 2: Female
SS 0.157 0.090 0.149%* 0.045
0.117) (0.101) (0.086) (0.110)
N 628 625 616 628

Notes: Each cell represents a separate regression based on Equation 1 among dizygotic twins. Summary indices
are derived by averaging the standardized z-scores for each outcome and then re-standardizing the average. These
summary indices encompass the all substances summary index (comprising all outcome variables in Table Ta-
ble 5), the cigarette summary index, the marijuana summary index, and the alcohol summary index. Standard
errors clustered at the school level are indicated within parentheses. * p < 0.10, ** p < 0.05, *** p < 0.01
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