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Abstract
In a further contribution to recent investigations of the relevance of genetic processes for
demographic outcomes, we investigate genetic associations with whether adolescents use
contraception. Using data from the National Longitudinal Study of Adolescent Health, we find
that variants in the dopamine transporter gene DAT1, the dopamine receptor gene DRD2, and the
monoamine oxidase gene MAOA are associated with unprotected sexual intercourse. Consistent
with previous analyses of these data, the genotypes DRD2*A1/A2, DRD2*A2/A2, DAT1*9R/
10R, and MAOA*2R/ are associated with higher odds of unprotected sexual intercourse than other
genotypes at these loci. The DRD2 associations apply to both men and women, whereas the other
associations apply to women only. These results are robust to controls for population stratification
by continental ancestry, do not vary by contraceptive type, and are consistent with previous
research showing that these genetic variants are associated with higher rates of impulsivity.
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Introduction
A number of health processes of interest to demographers have been linked to genetic
variants involved in the regulation of neurotransmitters in the human brain. For instance, an
analysis of data on adolescents in the United States demonstrated that timing of first sexual
intercourse is associated with variation in the DRD4 gene in all races and ethnicities (Guo
and Tong 2006). Similarly, research has linked variations in mental health (Caspi et al.
2002) and health behaviors (e.g., Salamone 1994) to different genetic variants that regulate
neurotransmitter function. These findings illustrate the potential for genetic influences on a
wide range of demographic processes.

To contribute to this line of research we investigated the association of genes regulating the
experience of psychological reward—the dopamine transporter gene DAT1, the dopamine
receptor gene DRD2, and the monoamine oxidase gene MAOA— with whether adolescents
used a contraceptive when they last engaged in sexual intercourse. We concluded that
variation in these genes was associated with large differences in the odds of reporting
unprotected last coitus. We further concluded that these associations were not limited to
particular contraceptive types, and were not mere artifacts of the differential frequency of
genetic variants by ancestral group.

*Authors listed alphabetically to indicate equality of contribution.
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Because many readers of this Journal may be unfamiliar with some of the genetic and
biological concepts discussed in the paper, we provide an appendix that contains definitions
of those genetic terms we have used that seem least likely to be familiar. Additionally, many
terms are briefly clarified parenthetically in the text the first time they are used. For those
interested in learning more about the use of genetic data and concepts in social science
research, we refer the reader to the large number of recent special issues of journals on the
subject (e.g., Guo 2006, 2008; Bearman 2008; Blum 2010).

Previous studies on contraceptive use
In spite of recent declines, teenage childbearing is still more prevalent in the United States
than in most other developed countries. Twenty-two per cent of women have had a child
before age 20 in the United States, whereas the figure is only 15 per cent in Great Britain, 11
per cent in Canada, 6 per cent in France, and 4 per cent in Sweden (Singh and Darroch 2000;
Singh et al. 2001). The large majority of early pregnancies and births are unintended
(Henshaw 1998; Abma et al. 2004) and most births to adolescent mothers take place outside
marriage (Franzetta et al. 2006).

Among teens and young adults, unintended pregnancies are the result of either unprotected
sexual intercourse or contraceptive failure (Brown and Eisenberg 1995; Glei 1999), and the
former is by far the strongest risk factor. Those who forgo contraceptives are significantly
more likely to become pregnant than those who sometimes or always use contraceptives.
Adolescents in the United States initiate sexual intercourse at about the same age as
adolescents in most other developed countries, but US adolescents are less likely to use
contraceptives. Twenty-five and twenty per cent of women in the US report unprotected first
and most recent coitus, respectively (Singh et al. 2001). In contrast, the corresponding
figures are 11 and 12 per cent for France, 21 and 4 per cent for Great Britain, and 22 and 7
per cent for Sweden.

Unintended pregnancies can have serious consequences, perhaps forcing adolescents and
young adults into unwanted marriages, limiting their educational and career opportunities,
and sometimes predisposing them to long-term dependence on the support of welfare
agencies. Differential rates of unintended pregnancy among racial and ethnic minorities
contribute to disparities in socioeconomic and health prospects of both parents and children.
These and other consequences of unintended pregnancies point to a compelling need for
research on the full range of factors that influence contraceptive use.

Previous studies have demonstrated the importance of a number of factors that influence
contraceptive use at the family, individual, and partner level. Adolescents aged 15-17 report
lower rates of use than older youths (Glei 1999). Racial and ethnic minorities, especially
Hispanics, on average report lower levels of use (Ford et al. 2001). Higher levels of parents’
education and living with two biological parents predict a higher likelihood of use (Manning
et al. 2000). Frequency of church attendance is shown to be associated with timing of first
sexual intercourse, but not necessarily with contraceptive use (Manlove et al. 2006).
Knowledge of contraception, the way it is perceived, and relevant attitudes are shown to be
important predictors of use (Schuster et al. 1998; Ryan et al. 2007), while Manlove et al.
(2004) show that many relationship characteristics and partner attributes are significantly
related to females’, but not to males’, contraceptive use. Psychological factors will also be
relevant since the opportunity for coitus sometimes occurs unexpectedly, and individuals
may have to decide whether to proceed with it in the absence of an effective contraceptive
option. Finally, consistent contraceptive availability is required for consistent contraceptive
use (e.g., Longmore et al. 2003).
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Genetic propensities for non-use of contraception
In addition to demonstrating the importance of individual, family, and partner influences on
contraceptive use, Manlove et al. (2004) observe that its use or non-use by the individual is
relatively stable over time, and suggest that this is due to unmeasured propensities of the
individual. In this and following sections, we outline why genetic variation in individual
propensities could plausibly contribute to the explanation of whether contraception is used.
Although no previous study has attempted to link genetic variants to contraceptive use,
available evidence suggests that links between contraceptive behavior and the DAT1, DRD2
and MAOA genes are plausible.

While it has long been clear that no gene controls behavior directly, certain genes do affect
behavior via neurotransmitters in the brain such as dopamine and serotonin.
Neurotransmitters function by transmitting signals across the synapse (connection) between
brain cells. Biochemical work suggests that neurotransmitters are involved in the regulation
of ‘pleasure’ behaviors such as sexual intercourse, substance abuse (especially alcohol
consumption), binge eating, novelty seeking, and risk taking (Salamone 1994). These
neurotransmitters may affect behaviour by modulating its psychological rewards (Blum et
al. 1996). Because neurotransmitters regulate the experience of pleasure, genes such as
DAT1, DRD2, and MAOA, which influence neurotransmitter function, they are potentially
important in the explanation of patterns of pleasurable behaviors such as coitus.

A key concept in this connection is impulsivity. Impulsivity is often measured using the
‘delay discounting task’, which assesses an individual’s preference for a lesser reward with a
nearer time horizon over a larger reward later in time (Ainslie 1975; Eisenberg et al. 2007a).
The involvement of neurotransmitters in impulsivity has been demonstrated in animal
models (Cardinal et al. 2001; Isles et al. 2004; van Gaalen et al. 2006; Winstanley et al.
2006), and is supported by neuroimaging studies in humans (McClure et al. 2004).
Impulsivity could plausibly influence contraceptive behaviour in number of ways. For
instance, it could influence the frequency of coitus and the type of relationship in which it
occurs, which are associated with contraceptive use patterns. Impulsivity could also
influence the odds of use contraception in any relationship context. More immediately, it
could influence the likelihood of a person keeping contraceptives available and of forgoing
sexual intercourse if they were not available.

To summarize, neurotransmitter function appears to influence impulsivity, which may
plausibly influence the odds of using contraceptives during sexual intercourse. For these
reasons we thought it likely that variation in genes regulating neurotransmitter function—
such as DAT1, DRD2, and MAOA—would be associated with contraceptive use. As well as
investigating this association, we investigated differentials in the association of these genes
by contraceptive type, in the belief that contraceptive methods that were coitus-dependent
might be more strongly related to processes governing impulsivity than those that were not.

Hypotheses
The DAT1 gene

Given current knowledge of the functioning of the dopamine transporter gene (DAT1) and
previously published analyses using the National Longitudinal Study of Adolescent Health
(Add Health) dataset, we expected that the DAT1 gene would be related to contraceptive
behaviour among adolescents in the United States. The DAT1 gene codes for a dopamine
transporter protein, which limits the level and duration of dopamine receptor activation
(Bannon and Whitty 1995). The central importance of the dopamine transporter in
controlling synaptic dopamine levels was established by a study that selectively disabled the
DAT1 gene in laboratory mice (Giros et al. 1996). Because dopamine and other
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neurotransmitters regulate reward and impulsivity and DAT1 regulates their function, we
predicted that variation in the functioning of this gene would influence contraceptive
behavior.

Vandenbergh et al. (1992) first discovered the major alleles (variations) in DAT1,
identifying a 40-base-pair (bp) repeat in the gene, which repeats serially, with the number of
such repeated sequences varying between individuals. The most common variants in this
gene repeat such a sequence 9 (DAT1*9R) or 10 times (DAT1*10R). Furthermore, the
number of repeated sequences at this locus influences the biochemical functioning of the
gene: the DAT1*9R allele is associated with lower levels of dopamine transporter (DAT) in
comparison to the 10R allele (Fuke et al. 2001; Fuke et al. 2005; VanNess et al. 2005).

This variability in biochemical functioning is behaviorally consequential. For instance, the
DAT1*10R allele is linked to attention deficit hyperactivity disorder (ADHD) (Cook et al.
1995; Gill et al. 1997; Waldman et al. 1998; Daly et al. 1999; Cornish et al. 2005) and the
DAT1*9R allele is associated with both a lower score in novelty seeking and a greater
success in smoking cessation (Sabol et al. 1999). Similarly, previous research using the Add
Health dataset supports the association of DAT1 with risky behaviour. For instance, relative
to the DAT1*10R/10R and DAT1*9R/10R genotypes, men with the DAT1*9R/9R genotype
scored considerably lower on scales measuring propensity for serious and violent
delinquency (Guo et al. 2008c) and reported fewer sexual partners (Guo et al. 2008b). In
short, the DAT1*9R allele seems to be associated with a broadly conservative pattern of
behaviour. We therefore posed the following hypothesis:

Hypothesis 1: individuals with the DAT1*9R/9R genotype are less likely to engage
in unprotected sexual intercourse than individuals with the DAT1*10R/10R
genotype or the DAT1*9R/10R genotype.

The DRD2 gene
We also expected that variations in the dopamine D2 receptor (DRD2) gene would be
related to differences in adolescent contraceptive behavior. This gene regulates the
functioning of dopamine receptors along brain synapses, and therefore potentially influences
the effect of this pleasure-regulating neurotransmitter. To the extent that differences in the
pleasurable effects of dopamine could influence a tendency to engage in potentially risky
sexual behavior, functional variation in this gene could plausibly influence contraceptive
use.

Civelli and colleagues were the first to clone a DRD2 gene (Bunzow et al. 1988) and the
first to describe variation in the structure of the gene. The two alleles at this locus (known as
the TaqI polymorphism) are the result of variability in a single nucleotide in the gene, which
takes the form of either a T or C nucleotide, resulting in two different alleles (known as A1
and A2). This is known as a single nucleotide polymorphism, or SNP. Although recent
research has shown that the TaqI polymorphism is actually located in a neighboring gene
known as the ankyrin repeat and kinase domain containing-1 (ANKK1) gene (Neville et al.
2004), this genetic variant is still believed to influence dopamine function (Laakso et al
2005).

Despite the obvious theoretical relevance of this gene for the regulation of neurotransmitter
function, findings about the connection of DRD2 to behavioral outcomes have been mixed..
For example, although some studies have linked DRD2*A1 alleles to alcoholism (Noble
1998), others do not find this link (Gorwood et al. 2000). However, previous research using
Add Health supports the connection of variation in this gene with risky behavioral
outcomes. Compared with the DRD2*A2/A2 and the DRD2*A1/A1 genotypes, Guo et al.
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(2008c) found that males with the DRD2*A1/A2 genotype reported significantly higher
scores on scales measuring propensity for serious and violent delinquency. On the basis of
these previous findings, we posed another hypothesis:

Hypothesis 2: Individuals with the DRD2*A1/A2 genotype are more likely to
engage in unprotected sexual intercourse than individuals with the DRD2*A1/A1
or DRD2*A2/A2 genotypes.

The MAOA gene
We also expected that differences in the monoamine oxidase A (MAOA) gene would be
related to variability in contraceptive behavior. MAOA has long been a leading candidate
gene for studying impulsive and aggressive behaviour in rodents and humans. The gene
produces an enzyme (also named MAOA; we differentiate the two by italicizing the gene
and not the enzyme) that catalyzes the oxidative deamination (breakdown) of a number of
neurotransmitters in the brain, including dopamine. The functioning of this gene is best
observed by the effect of its disablement. In a series of studies, Case et al. (1995) and Shih
and Thompson (1999) developed mice with a targeted disruption of the MAOA gene, and
observed an increase in the brain levels of dopamine, serotonin, and norepinephrine, as well
as an increase in manifested aggression among the males. These results show that MAOA,
by breaking down neurotransmitters in brain synapses, functions to regulate the level of
these neurotransmitters, and therefore potentially to influence behaviour influenced by
neurotransmitter function, such as contraceptive behaviour.

Sabol et al. (1998) first identified a 30-base-pair repeat in MAOA, which is known as a
variable number tandem repeat (VNTR). Like the polymorphism for DAT1, this shows that
humans vary in the number of repeated sequences of base observed in their DNA.

As with the DAT1 gene, variability in the number of repeats in MAOA is biochemically
consequential, affecting levels of neurotransmitter activity that may be associated with
outcomes such as depression and impulsive aggressive behaviour (Brunner et al 1993).
Among three of the repeats (2, 3, and 4) in the VNTR they analyzed, Caspi et al. (2002)
showed that maltreated children with a 3-repeat allele were more likely to engage in violent
behavior than maltreated children with a 4-repeat allele in the MAOA gene. Previous work
using the Add Health dataset demonstrates that males with a VNTR 2-repeat (2R) in MAOA
report a level of serious delinquency and violent delinquency in adolescence and young
adulthood at least twice as high as those for participants with the other variants. In a
biochemical functional analysis, the 2-repeat allele exhibited far levels of promoter activity
than the other alleles (Guo et al. 2008a). In light of these findings we posed the following
hypothesis:

Hypothesis 3: individuals with the MAOA*2R genotype are more likely to be
engage in unprotected sexual intercourse than those with the other MAOA
genotypes.

Gene-sex interactions
We expected sex differences in the associations of genetic variants with contraceptive use
for a number of reasons. First, the MAOA gene is on the sex-linked X chromosome, of
which females possess two copies and males only one. Possession of two copies of the X
chromosome increases the odds that, relative to males, females inherit a copy of the
MAOA*2R allele. Table 2 confirms this, showing that 3 per cent of females in the sample
have copies of the MAOA*2R allele whereas only 1 per cent of males do. However,
although females are more likely to possess a copy of this allele, it is less likely to be
expressed owing to X-inactivation, a process whereby women, who have two X

Daw and Guo Page 5

Popul Stud (Camb). Author manuscript; available in PMC 2013 July 19.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



chromosomes, randomly inactivate the genes on one of these chromosomes. This process
could influence the effect of possession of a MAOA*2R allele.

A second reason for expecting sex differences in the associations is that the potential
consequences of unprotected sexual intercourse differ sharply for the two sexes. For
females, unprotected sexual intercourse increases the probability of pregnancy, which may
be followed by lengthy periods of child-bearing and child-rearing. In contrast, males may
often experience no or fewer consequences of pregnancy. Thus, even if the two sexes are
subject to the same genetic propensities for contraceptive use, the fact that females have
greater disincentives for risky sexual behavior than males may moderate the effects of any
genetic propensities.

Finally, males and females may also differ importantly in sexual behavior more generally.
Males of most mammalian species show a stronger desire towards variety in sexual partners
than do females. This phenomenon has been referred to as the ‘Coolidge Effect’ (Wilson et
al. 1963; Bermant et al. 1968; Bermant 1976).

Although a sex difference in the effect of genes is likely, its total direction cannot be
straightforwardly predicted. The effects of random inactivation, differential costs of
childrearing, and differences in sexual behavior more broadly could modulate genetic effects
in unpredictable and inseparable ways. In summary, genetic influences on contraceptive
behavior may vary by sex owing to differences in the chromosomal structure of each sex as
well as differences in broader patterns of sexual behavior and propensities. For these
reasons, we analyzed genetic associations with contraceptive use separately by sex,
formalized in the following hypothesis:

Hypothesis 4: Genetic effects may vary by sex.

Variations by contraceptive type
It is possible that genetic effects on contraceptive behaviour varies by type of contraceptive.
All contraceptive use requires a degree of planning and a desire to avoid undesired
consequences of sexual behavior. However, certain types of contraceptive behavior may be
differentially related to impulsivity. Specifically, the decision whether to use a condom can
be an impulsive one since the decision is made immediately preceding coitus. In contrast,
the decision to use most other modes of effective contraception is made separately from any
particular occurrence of coitus. Although other contraceptive methods are coitus-dependent
(such as the diaphragm), condom use is by far the most common coitus-dependent method in
the Add Health dataset. For this reason and owing to the association of neurotransmitter
function with impulsivity, condom use may be differentially related to the functioning of
these genes compared with other types of contraceptive use. Therefore we posed the
following hypothesis:

Hypothesis 5: Genetic associations may vary by contraceptive type—specifically,
between condom use and other contraceptive methods.

Samples
To test the hypotheses, we used data from the National Longitudinal Study of Adolescent
Health (Add Health), which started as a nationally representative sample of more than
20,000 adolescents in grades 7-12 in 1994/5 in the United States (Harris et al. 2009). The
respondents have since been followed by two additional in-home interviews in 1995/6
(Wave II) and 2002 (Wave III). Add Health is school-based and the adolescents are from
134 schools. The school sample was stratified by region, ethnic mix, size, urbanicity (urban/
suburban/rural), and school type (public/private/parochial).
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A key feature of the Add Health sampling design was an oversample of the siblings of those
selected to participate in the survey, known as the genetic subsample. In this subsample, all
identified identical twins, fraternal twins, and half-siblings of initial survey respondents
were recruited into the study, while a sample of full siblings were recruited when both
members of a pair were sampled independently (see http://www.cpc.unc.edu/projects/
addhealth/design/wave1/index.html#in-school-sampling-frame-1). Our analysis was based
on the 2,574 individuals in the genetic subsample whose buccal (cheek) cell DNA was
collected at Wave III in 2002. Our analytical dataset consisted of 2,167 individuals who had
experienced sexual intercourse by Wave III and whose genetic and environmental data were
available. We employed every wave-individual observation by which the individual in
question had experienced sexual intercourse, such that each individual could potentially
contribute three observations from Waves I-III of the dataset. Table 1 shows the distribution
of the observations by Add Health wave and sex. The 2,167 individuals contributed 4,063
observations, with earlier waves contributing fewer observations since the proportion of the
subsample with sexual intercourse experience grew with each additional wave. Of the total
sample of 4,063 observations, females contributed 2,092 observations and males 1,971. The
repeated measures of the same individual were analysed simultaneously with necessary
statistical adjustments (described below).

Measures
In this section we discuss the survey and genetic measures used in our study. In the
following sections we discuss and justify our measure of contraceptive use, describe how
our genetic data were obtained and coded in our study, and briefly review the range of
demographic, social, and behavioral controls we included in our models. These controls
were employed to ensure that the genetic associations which were the focus of our analysis
were not spurious. Descriptive statistics on all variables used in this analysis are provided in
Table 2.

Contraceptive use
In order to connect our findings to the literature on the genetics of risky behavior, we set up
our analysis in terms of the non-use rather than the more common use of contraception.
Therefore, although our dependent variable was contraceptive use at last coitus, the category
of this variable which we modelled was non-use. For linguistic convenience, we refer to this
category as unprotected sexual intercourse (or coitus), by which we mean sexual intercourse
in which no effective contraceptive method was used.

Contraceptive use is a sensitive subject and not amenable to direct observation. For this
reason Add Health adopted audio-computer-assisted self-interview techniques, which have
been showed to increase response rates and reduce biases when sensitive questions are
involved (Turner et al. 1998; Des Jarlais et al. 1999; Newman et al. 2002).

Unprotected sexual intercourse at last coitus was measured by the answer to the following
yes/no question at Waves I and II: ‘Did you or your partner use any method of birth control
when you had sexual intercourse most recently?’ At Wave III, a slight variant of this
question was used: ‘The most recent time you had vaginal intercourse, did you or your
partner use some form of birth control?’ Respondents were deemed to have engaged in
unprotected sexual intercourse if they did not use an effective contraceptive technique at last
coitus. A subsequent question then asked respondents to list up to three contraceptive
methods that were used at last coitus. We coded all those who reported using coitus
interruptus (withdrawal) or the rhythm method as having engaged in unprotected sexual
intercourse because these methods are not usually as effective as alternative methods such as
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the pill (e.g., Fu et al 1999). Finally, for some analyses we distinguished between use of
condoms and use of other contraceptive methods.

Three measures of contraceptive use are commonly reported in the contraceptive literature:
use at first intercourse, patterns of use over time, and use at last intercourse. We selected use
at last intercourse for a number of reasons. First, owing to its temporal proximity, it is
probably less subject to biases than either recall of use at first intercourse or patterns of
contraceptive use. Second, we wished to take advantage of the repeated measures of
contraceptive use at Waves I-III in Add Health and examine the role of genetic propensities
in contraceptive use across adolescence and young adulthood—an objective that could not
be accomplished by the measure of use at first intercourse, which does not vary over time.
Third, use at last coitus is less likely than the patterns-of-contraceptive-use indicator to be
affected by the individual’s total number of coital experiences. For a given probability of
use, those with a higher number of experiences are more likely to report inconsistent use,
and those with lower numbers to report consistent use or consistent non-use. Fourth, use at
last coitus has been shown to be correlated with use at first coitus and use at other times, an
association that remains after controls for potential confounders (Kusseling et al. 1995;
Shafii et al. 2007).

Genetic measures
As part of Add Health Wave III, buccal cell DNA samples were collected from a subset of
the overall sample. Genomic DNA was isolated at the Institute for Behavioral Genetics at
the University of Colorado (http://www.cpc.unc.edu/projects/addhealth/) using a
modification of published methods (Lench et al. 1988; Meulenbelt et al. 1995; Spitz et al.
1996; Freeman et al. 1997). The average yield of DNA was 58 ± 1 micrograms (μg).

Two types of genetic measure were used in our analysis: 1) functional genetic
polymorphisms, which were hypothesized to be linked to contraceptive use, and 2)
ancestrally informative markers, which were used to address potential confounding caused
by population stratification, a statistical concern described in detail below.

This study examined variants in each of three genes: DAT1, DRD2, and MAOA. The
analysis of DAT1 focused on three genotypes: 9R/9R, 10R/10R, and 9R/10R; these three
genotypes accounted for more than 96% of the analysis sample. DRD2 has three different
genotypes, which are A2/A2 (178/178), A1/A1 (304/304), and A1/A2 (178/304). (The
numbers in parentheses refer to the number of base pairs in the allele’s genetic sequence.)
MAOA has five different alleles, with 2, 3, 3.5, 4, or 5 copies of the repeated sequence; the
3 and 4 repeats are much more common than the 2, 3.5, and 5 repeats in human populations.
Our analysis investigated the association of the 2R allele among males, and the possession
of any 2R allele among females, with contraceptive use. The distributions of genes and self-
reported ethnicity did not show any deviation from the Hardy-Weinberg equilibrium
(indicating that these genetic factors did not appear to be subject to evolutionary pressures,
genetic drift, or other disturbances).

Add Health obtained a panel of 186 ancestrally informative markers, of which 121 were
successfully obtained using an Illumina GoldenGate assay for 384 candidate SNPs. This
panel was designed for the purpose of the detection and correction of population
stratification for genetic association studies (Enoch et al. 2006).

Demographic, family socioeconomic, and knowledge/attitude measures
Race/ethnicity was measured using self-reports of individuals, who were first asked ‘Are
you of Hispanic or Spanish origin?’ and then ‘What is your race? You may give more than
one answer’. The resultant variable included the categories of Hispanics, African
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Americans, Asians, Native Americans, and Non-Hispanic whites. Any respondent who
reported a Hispanic or Latino ethnicity in the survey was coded as Hispanic, and any non-
Hispanic who reported African American, Asian, or Native American ethnicity was coded
(non-exclusively) in those categories. Age in years was measured using data on month and
year at interview and birth. For analyses, this variable was dichotomized, with 1 indicating
that the individual was less than or equal to age 18 at time of interview and 0 indicating that
they were older. The legal age of adulthood may be related to contraceptive use since
childbearing increasingly influences contraceptive decisions after age 18. Moreover, Glei
(1999) finds that the difference between 17-year-olds and 18-year-olds corresponds to the
largest increase in rates of use of effective contraception, suggesting that age 18 is a turning
point in life-course patterns of contraceptive use.

Our analysis included a number of other control variables, mostly constructed using Wave I
data. Using the household roster data, we inferred parental structure and number of
biological siblings living at home with the respondent. Adolescents were coded as living in
one of the following types of family: single parent, two biological parents, one biological
parent/one stepparent, or ‘other’. Information on parents’ education came from parents’
responses in the Wave-I home interviews to the question, ‘How far did you go in school?’
We coded this information dichotomously: 1 if the most educated parent attended at least
some college, 0 otherwise.

For parents’ income in thousands of dollars, we used the parents’ self-report at the Wave-I
interview, without transformation. Reported incomes of $1,000,000 or more were top coded
as $999,000. Frequency of church attendance was measured with the question ‘In the past 12
months, how often did you attend religious services?’ ‘Once a week or more’ was coded 1,
other responses were coded 0; these other responses included ‘Once a month or more but
less than once a week’, ‘Less than once a month’, and ‘Never’. Months since first sexual
intercourse was the length of time in months from time of first sexual intercourse to the
interview.

Smoked in last 30 days was coded 1 one if the respondent had smoked in this period and 0 if
not or if respondent had indicated that he or she had never smoked. Drinking frequency was
measured on a scale of how often a respondent had drunk alcohol in the previous 12 months.
The scale ranged from 0 to 6 with 0 indicating ‘Never,’ and 6 indicating ‘Every day or
almost every day’. Legitimate skips (based on other questions measuring whether the
respondent had ever drunk alcohol) were coded as 0. Expelled from school was a time-
varying self-reported measure of whether a respondent had ever been expelled from school
by the date of each of the first three Add Health Waves. Married at Wave III was based on
self-reported marital history at Wave III. It was coded 1 if the respondent reported having
been married or was currently married, and 0 otherwise.

Knowledge and attitude measures included Birth control self-efficacy, Prepared for birth
control, Forgo coitus if no birth control, Contraceptive knowledge, and Contraceptive
attitude. The first three measures were scales that asked respondents to show on a scale of 1
to 5 how sure they were that they could: (i) stop and use contraceptives before sexual
intercourse, (ii) plan ahead to have contraceptives available, and (iii) forgo sexual
intercourse in the absence of contraceptives. The measure of contraceptive knowledge was
the proportion of a series of ten factual questions about contraceptives that the respondent
answered correctly (questions H1KQ1A to H1KQ10A in the Add Health codebook). Finally,
the measure of contraceptive attitudes was the average score on a battery of seven scales that
asked respondents to indicate their attitudes to aspects of contraception on a scale of 1 to 5.
(We used all such items in the Add Health survey—H1BC1 to H1BC8 in the codebook—
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except for H1BC6, which reads, ‘It is easy for you to get birth control’; unlike the other
measures, this item does not directly measure an attitude.)

Statistical methods
Our analysis was undertaken in two stages: an exploratory analysis and a regression
analysis. The exploratory analysis investigated the proportion of cases of unprotected sexual
intercourse by genotype, life stage, and sex. The regression analysis used a generalized
estimating equation (GEE) logistic regression to estimate the association between the
genetic polymorphisms and unprotected sexual intercourse:

1

where i, j, and t index individual, sibling cluster, and Add Health Wave, respectively; p is
the probability of unprotected last coitus; D is a row vector of demographic covariates; C is
a row vector of individual, family, and knowledge/attitude measures; and G is a row vector
of covariates measuring genetic variants in DAT1, DRD2, and MAOA. GEE methods
(Liang and Zeger 1986) have long been established in the statistical literature as a standard
way of analyzing data with correlated observations. Finally, although our primary objective
was to test the associations of genetic variants with unprotected sexual intercourse, we
included a full set of demographic, family, and knowledge/attitude variables in addition to
genetic variants in the statistical models. The purpose of doing so was to test whether the
genotypes modelled made independent contributions to the explanations of contraceptive
use net of a standard social science model of this variable.

Out of about 20 variables used in our regression analysis, the large majority of cases (82 per
cent) had missing data for two or fewer variables. Those with the highest proportions of
missing data were Parents’ income (22.1 per cent), Birth control self-efficacy (17.4 per
cent), and Prepared for birth control (16.9 per cent). The proportions missing for other
variables were much lower. For the analysis, missing data were imputed using the EM
algorithm via SAS’s PROC MI. The EM algorithm provides unbiased, maximum-likelihood
estimates of missing values through a two-step, iterative process (Dempster et al. 1977;
Allison 2001).The missing genetic data were not imputed.

In addition to correlated observations and missing data, population stratification (e.g.,
Cardon and Palmer 2003) was another potential concern for our analysis. Population
stratification occurs when a population consists of multiple subgroups, each with a different
allele distribution. This can potentially produce false associations between genetic
polymorphisms and an outcome, just as a false statistical association can be produced
through confounding. Within each subgroup, the allele may be unrelated to the outcome but
nonetheless yield the appearance of an association between them. Because this potential
source of bias is not adequately addressed using controls for racial/ethnic background alone,
we used the ancestrally informative markers in the Add Health data to control for population
stratification via the methods of structured association (Pritchard et al. 2000) and principal
components (Price et al. 2006). The proportional bio-ancestral contributions from the
structured association approach and the principal components approach were estimated
using the software packages STRCTURE and Plink, respectively.

Results
Exploratory results

Table 3 shows the proportion of cases of unprotected last coitus by genotype, sex, and age
group. Our hypotheses are supported in ten of the twelve subgroups of sex, age, and genes
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(DAT1, DRD2, or MAOA), with the exception of results related to the DAT1 genes for
males, especially males older than 18.

In the DAT1 comparisons, females with the 9R/9R genotype are less likely to report
unprotected last coitus for both age groups. For males, however, this pattern was not
observed. In the DRD2 comparisons, those with the heterozygous A1/A2 genotype are the
most likely to report unprotected sexual intercourse in all age-sex groups. Those with
MAOA*2R/- genotypes report higher rates of unprotected last coitus than all other MAOA
genotypes in each sex-age block.

Regression models
The GEE binary regression analysis expanded upon the exploratory results from the
contingency table analysis, by taking into account the correlation among the repeated
measures over Add Health Waves and within sibling clusters. Table 4 presents the
coefficients of the genetic variants estimated in a social science model of unprotected sexual
intercourse. The coefficients for males and females were estimated in separate regression
models, with separate models employing two different controls for population stratification
by ancestry – using controls for race, and using the structured association method (Pritchard
et al. 2000). These separate models are labelled ‘Race Controls’ and ‘Structural Controls.’
The associations of genetic variants in the DAT1, DRD2, and MAOA genes with
contraceptive behavior were estimated simultaneously. The estimates were similar when the
variants of each gene were entered into the model separately (results not shown). For each
estimate, we present its exponentiated coefficient to facilitate interpretation, as well as the t
ratio of the coefficient. The level of statistical significance is also indicated.

The coefficients of genetic variants in Table 4 are consistent with the results from the
contingency analysis (Table 3). As before, our hypothesis concerning the DAT1 gene is
supported among females only. Females with the DAT1*9R/10R genotype have more than
twice the odds of having engaged in unprotected sexual intercourse than those with the
DAT1*9R/9R genotype, which we regarded as a behaviorally conservative genotype. The
DAT1*10R/10R genotype has a coefficient similar to that for DAT1*9R/10R, but the
estimate is not statistically significant.

Depending on the model specification, individuals with the DRD2*A1/A2 or DRD2*A2/A2
genotype have about 72-95 per cent (males) and 65-72 per cent (females) higher odds than
individuals with the DRD2*A1/A1 genotype of reporting unprotected last coitus. Thus one
or two A2 alleles are associated with a higher risk of unprotected sexual intercourse. Of the
MAOA*2R associations, only the coefficient for females is statistically significant. Females
possessing a MAOA*2R allele have odds of unprotected last coitus about 158-175 per cent
higher than the odds of those without a 2R allele.

Even with the inclusion of a number of genetic variables, a number of more traditional
social science variables retain significant associations with the probability of unprotected
sexual intercourse. Among males, Native Americans have odds of reporting unprotected
sexual intercourse 239 per cent higher than those of whites. More hostile attitudes to
contraception are associated with 24 per cent higher odds of unprotected sexual intercourse.
For married persons, the odds of unprotected sexual intercourse are more than twice as high
as those for persons in other forms of relationship. A number of other factors among males
predict a lower likelihood of unprotected sexual intercourse: those more knowledgeable
about contraceptives have lower odds of unprotected sexual intercourse, and the odds are
also lower for those who report that they would forgo intercourse in the absence of available
contraception.
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Similar, but distinctive, relationships are observed among females. Those from families with
two biological parents have lower odds of reporting unprotected sexual intercourse than do
those from nontraditional family structures. Lower odds are also observed for those whose
parents who have higher incomes, those who have higher scores on the scale of
Contraceptive self-efficacy, and those who report that they would refrain from intercourse if
contraception was not available. Lastly, higher odds of unprotected intercourse are observed
for those who have been expelled from school, those who have attitudes hostile to
contraceptive use, and those who were married by wave 3 of Add Health.

The right-most two columns of Table 4 present the estimates obtained after controlling for
population stratification via the method of structured association. On the whole, these
estimates do not differ substantially from those in the first two columns, where population
stratification is controlled by self-reported race and ethnicity. We also estimated male and
female models controlling population stratification via the method of principal components
(results not shown). The principal components method yields results substantially identical
to those yielded by the structured association method.

Finally, Tables 5 (for females) and 6 (for males) present the results of two logistic GEE
models of contraceptive use by type, where the categories of the dependent variable were
‘condom use’, ‘other effective contraceptive use’, and ‘no contraceptive use at last sexual
intercourse’. In these logistic regression models, only observations in which the indicated
contraceptive outcomes were observed were compared. While multinomial logistic
regression is the usual method of analysing unordered dependent variables, no software was
available to estimate such models using GEE. The method we used is closely related, but not
identical, to GEE multinomial logit regression.

Although these estimates sometimes differ in degree when modelling the two comparisons,
overall the genetic associations are substantially similar for condoms and other methods of
contraception compared with no effective contraception. The sole exceptions to this
generalization are the DAT1 associations with unprotected sexual intercourse, which are
negative for males’ condom use and have either no effect or a small positive one for other
contraceptive use. However, none of these odds ratios are statistically significant. Finally, it
is notable that the only statistically significant effect of genotypic variation among males is
that of the DRD2*A1/A2 genotype on the condom–none comparison. This is to be expected
given that males have more direct control and knowledge over condom than over other types
of contraceptive, which are likely to be disproportionately female-controlled.

Discussion and conclusion
Our empirical investigation supports the proposition that genes—specifically the DAT1,
DRD2, and MAOA genes—have a role in regulating neurotransmitter function, and thereby
contraceptive use, among adolescents and young adults. There is evidence for four of our
five hypotheses about genetic associations and the gene-sex interaction. Our first hypothesis
stated that there should be a positive relationship between possession of a DAT1*9R/10R or
DAT1*10R/10R genotype and the odds of engaging in unprotected sexual intercourse. This
hypothesis was supported among females only—females with the DAT1*9R/10R genotype
have odds about twice as high as those with the 9R/9R genotype of engaging in unprotected
sexual intercourse. These and all findings remain significant even with the inclusion of a
comprehensive set of controls in the model.

Our second hypothesis predicted that individuals with the DRD2*A1/A2 genotype should
report higher rates of unprotected sexual intercourse than those with other DRD2 genotypes.
This hypothesis was supported among both males and females. Males with the DRD2*A1/
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A2 genotype were estimated to have 91-95 per cent higher odds of reported unprotected
sexual intercourse than those with the DRD2*A1/A1 genotype. Similarly females with this
genotype were estimated to have 72 per cent higher odds of unprotected sexual intercourse
than those with the DRD2*A1/A1 genotype.

Our third hypothesis predicted that those with the MAOA*2R/- genotype would demonstrate
higher odds of reporting unprotected sexual intercourse than those with other MAOA
genotypes. This hypothesis was supported among females only— depending on model
specification, females with this genotype were estimated to have 158 to 175 per cent higher
odds of reporting unprotected sexual intercourse than those with other MAOA genotypes.

Our fourth hypothesis predicted that the associations of these genetic variants with
contraceptive behavior might vary by sex in an uncertain direction. This hypothesis was
supported: while all three association hypotheses were supported for the females, only one
was supported for males. These results suggest that genetic propensities may interact with
sex. The specific mechanisms for the gene-sex interaction remain unknown, and should be
the subject of future research.

Finally, our fifth hypothesis predicted that the associations of these genes would vary by
contraceptive type, specifically that the association for condom use would differ from that
for other contraceptive types. This hypothesis was not supported: the associations of genetic
variants with these two contraceptive types were very similar for both males and females.
We conclude that the genetic associations which we document do not vary significantly by
contraceptive type.

A great deal of human genetic research has been plagued by the problems of small sample
sizes, population stratification, multiple testing, inappropriate controls, and lack of
replicability (Ioannidis et al. 2001; Cardon and Palmer 2003; Ioannidis et al. 2003).
Furthermore, although DRD2 is one of the most investigated genes for psychiatric
conditions, considerable inconsistency exists about which allele in DRD2 is associated with
high-risk outcomes (Noble 2003). The source of these disagreements about the nature of
DRD2 effects is not well understood. Many studies (e.g., Eisenberg et al. 2007b) were based
on small convenience samples in clinical settings. In contrast, our findings are based on a
nationally representative sample with more than 2,000 respondents, and we control for a
wide set of individual contraceptive-relevant characteristics.

Although we use only one dataset and replications would be required for greater confidence
in these findings, our analysis is relatively free from typical weaknesses in clinically-based
genetic studies. To be specific: our analytical sample is reasonably large; our tests are driven
by explicit hypotheses; we work with only a small number of genetic polymorphisms (thus
minimizing multiple testing concerns); our positive and negative cases come from the same
population; and we were able to adjust for potential population stratification using a panel of
ancestrally informative markers.

Furthermore, we have re-estimated our models of contraceptive use, employing the entire
Add Health sample and without including genetic polymorphisms because they are
unavailable for the full sample (results not shown). The estimates of the non-genetic
associations based on the full sample are comparable to those based on the Add Health
genetic sample, suggesting that our findings may be generalizable to the Add Health full
sample.

Nevertheless, our analyses are subject to a number of limitations. While our overall sample
is relatively large, the number of observed respondents with certain genotypes is sometimes
small. Estimates of these associations may therefore be imprecise. Furthermore, the
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inconsistency of previous research on the associations of DRD2 with behavioral outcomes
suggests that a degree of caution is merited. Our analyses need to be replicated in future
research with independent samples.

Finally, establishing genetic associations with contraceptive behavior does not automatically
imply a causal relationship, nor does it directly clarify the mechanisms linking genotype
with behavior. However, our results are consistent with previous research on the
dopaminergic system, the literature on which has established a key role for the system in the
production of individual differences in impulsivity. Impulsivity may plausibly influence the
odds of obtaining effective contraception, of using the contraceptive obtained, and of
forgoing sexual intercourse in the absence of effective contraceptive options. Although we
cannot test the connections between genotype and these behaviours directly with our data,
we founded our hypotheses on the assumed connections and our findings are largely
consistent with our assumptions. However, future research should investigate the
connections in more depth and test them against competing explanations for these results.

To summarize: our analysis finds evidence of statistically significant and substantial
associations between human genetic variation and the contraceptive behaviour of
adolescents and young adults. These genetic effects were estimated side by side with
demographic, psychological, environmental, and attitudinal factors, and may partially
explain the observation that patterns of contraceptive use are fairly stable over time. These
results add to the growing body of evidence of the relevance of biology to a variety of
demographic processes.
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APPENDIX: A glossary of genetic and biological concepts and terms

Allele
DNA sequences which vary within a species. Variations between alleles may lead to
different phenotypes for a given trait. For instance, there are three variants of the red blood
cell type gene A, B, and O, which in different combinations produce the A, B, AB, and O
blood types.

Dopamine
A brain chemical that transmits signals between neurons in the brain. This chemical is
involved in motivation, reward, and other cognitive functions. Dopamine is a monoamine
neurotransmitter (see below).

Enzyme
A groups of chemicals serving as catalysts (which accelerate or decelerate chemical
processes) for chemical reactions. For instance, the MAOA enzyme breaks down
neurotransmitters in the brain, limiting the duration of their influence on chemical reward.
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Genotype
The observed combination of alleles in an organism at a particular location in the DNA
sequence. Excluding the X and Y chromosomes for males, all humans have two copies of
every genetic sequence, and these together define the genotype. For instance, someone with
an AB blood type has one A allele and one B allele, giving them an A/B genotype.

Hardy-Weinberg equilibrium
A principle stating that the genetic variation in a population will remain constant from one
generation to the next in the absence of disturbing factors. In other words, when a gene’s
distribution is not subject to natural selection, assortative mating, substantial genetic drift, or
other pressures, we expect to observe an equilibrium in which the allelic frequencies in one
generation approximately match that of the next.

Knock-out mice study
A research design in which mice are genetically engineered to ensure that a certain gene
does not function. These studies seek to identify genetic influences through the effect of
their absence. For instance, disabling the MAOA gene in mice results in increased levels of
neurotransmitters in the brain, suggesting that MAOA plays a role in regulating the
prevalence of these chemicals.

Locus
A specific location in the DNA sequence of a species.

Monoamine neurotransmitters
A group of neurotransmitters including dopamine, norepinephrine, and serotonin.

Neurotransmitters
A category of chemicals which function as the principal ‘messenger’ chemicals in the brain.
These function by modulating, amplifying, or relaying messages between brain neurons.

Nucleotide
The set of molecules from which DNA is constructed. DNA consists of two matching strings
of nucleotides arrayed in a double helix. Matching nucleotides in DNA are together known
as base pairs. There are four nucleotides in DNA: adenine (A), thymine (T), guanine (G),
and cytosine (C). Each nucleotide pairs with another deterministically—A with T and G
with C. These are the codes from which all proteins, and therefore cell functions, are
produced.

Polymorphism
Variation in a DNA sequence between individuals. This term is a synonym of ‘allele.’

Population stratification
A form of confounding whereby the appearance of a direct association of a gene with an
outcome may be created spuriously. Certain alleles are more commonly found in some
subpopulations than others. If these subpopulations are associated with variability in an
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outcome, the appearance of an association between the alleles and outcomes in question can
be created where none exists. For instance, if persons descended from a certain region were
more likely to possess the DRD2*A1 allele and (unrelatedly) were more likely to engage in
unprotected sexual intercourse, a spurious association between the A1 allele and unprotected
sexual intercourse would be observed.

Serotonin
A brain chemical that transmits signals between neurons in the brain, and that is involved in
the regulation of pleasure and other cognitive functions. Serotonin is a monoamine
neurotransmitter (see above).

Single nucleotide polymorphism (SNP)
Variations in a DNA sequence of base pairs that occur when a lone nucleotide in the base
pair sequence varies between individuals. For instance, if a four-nucleotide sequence was
typically GGAC but in some members of the species was GAAC, this would be a SNP. This
is a type of genetic polymorphism (see above).

Synapses
The space between neuron cells in the brain, in which neurotransmitters such as dopamine
are passed to deliver messages between neurons.

Variable Number Tandem Repeat (VNTR)
A location in the genome at which a particular repetitive sequence of base pairs is present
with different numbers of repeated sequences in different individuals in a population. For
instance, if a given section of DNA is ATGATG in one person and ATGATGATG in
another, this is a VNTR.
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Table 3
Percentage of cases of unprotected last coitus by sex, age group, and genotype among
adolescents, United States 1994-2002

Males (N=1971) Females (N=2092)

Genotype Age ≤18 (N) Age >18 (N) Age ≤ 18 (N) Age >18 (N)

DAT1

 9R/9R 25.71 (35) 30.19 (53) 27.59 (29) 20.37 (54)

 9R/10R 25.29 (257) 23.82 (382) 39.27 (275) 34.07 (408)

 10R/10R 29.18 (490) 30.04 (669) 31.60 (519) 31.96 (751)

 −/− 20.00 (40) 26.67 (45) 44.44 (27) 20.69 (29)

DRD2

 A1/A1 15.63 (64) 22.22 (90) 29.87 (77) 20.83 (96)

 A2/A2 27.70 (444) 25.73 (614) 33.49 (433) 31.14 (684)

 A1/A2 29.30 (314) 31.91 (445) 36.47 (340) 35.28 (462)

MAOA

 2R/− 37.50 (16) 45.45 (11) 58.62 (29) 48.39 (31)

 −/− 27.17 (806) 27.68 (1138) 33.50 (821) 31.46 (1211)

Boldface indicates that the results are consistent with the following hypotheses: (1) DAT1*9R/9R respondents have lower rates of unprotected sex
than other DAT1 genotypes; (2) DRD2*A1/A2 respondents have higher rates of unprotected sex than other DRD2 genotypes; and (3)MAOA*2R
respondents have higher rates of unprotected sex than other MAOA genotypes. Formal hypothesis tests are presented in Table 4. The symbol ‘−
‘ indicates an unlisted allele (e.g., neither 9R nor 10R for DAT1 gene).

Source: As for Table 1.
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Table 4
Associations of genotypes and other variables with adolescents%#x2019; non-use of
contraception, by sex: Results of generalized estimating equation logistic regressions with
controls for population stratification, United States 1994-2002

Race controls Structural controls

Males Females Males Females

Variables eβ (t) eβ (t) eβ (t) eβ (t)

Genotype

 DRD2 *A1/A2 1.95 (2.49)* 1.72 (2.53)* 1.91 (2.44)* 1.72 (2.51)*

 DRD2*A2/A2 1.82 (2.23)* 1.65 (2.35)* 1.72 (2.08)* 1.68 (2.44)*

 DRD2*A1/A1 (Ref.) -- -- -- --

 DAT1 *9R/10R 0.72 (1.15) 2.06 (2.21)* 0.77 (0.93) 2.07 (2.22)*

 DAT1 *10R/10R 0.77 (0.95) 1.62 (1.50) 0.82 (0.73) 1.59 (1.44)

 DAT1 *−/− (Ref.) 0.54 (1.57) 1.91 (1.37) 0.61 (1.18) 1.83 (1.28)

 DAT1 *9R/9R -- -- -- --

 MAOA*2R/− 1.67 (0.89) 2.75 (2.83)** 1.70 (0.93) 2.58 (2.70)**

 MAOA*−/− (Ref.) -- -- -- --

Demographics

 Age <=18 0.89 (1.00) 1.08 (0.64) 0.91 (0.82) 1.07 (0.61)

 African American 1.20 (1.06) 0.84 (1.06) -- --

 Hispanic 1.20 (1.05) 1.16 (0.88) -- --

 Asian 1.45 (1.51) 1.30 (1.02) -- --

 Native American 3.39 (4.23)** 0.70 (1.36) -- --

 Caucasian (Ref.) -- -- -- --

Family

 2 biological parents 0.83 (1.49) 0.75 (2.37)* 0.84 (1.36) 0.77 (2.12)*

 Parents’ income 1.00 (1.16) 1.00 (2.09)* 1.00 (1.33) 1.00 (1.98)*

 Parents’ education >HS 1.01 (0.08) 0.84 (1.36) 0.98 (0.15) 0.82 (1.56)

 Number of siblings 1.01 (0.21) 1.11 (2.17)* 1.02 (0.35) 1.1 (1.99)*

Behaviour and attitudes

 Religiosity 1.22 (1.56) 1.03 (0.24) 1.25 (1.77)† 1.01 (0.09)

 Months since 1st sex 1.00 (1.25) 1.00 (2.05)* 1.00 (1.46) 1.00 (1.92)†

 Smoked last 30 days 1.26 (1.96)† 1.27 (2.05)* 1.24 (1.83)† 1.29 (2.17)*

 Drinking frequency 1.02 (0.72) 0.95 (1.43) 1.02 (0.62) 0.95 (1.37)

 Expelled from school 1.36 (1.64) 1.85 (2.51)* 1.41 (1.85)† 1.79 (2.36)*

 Birth control self-
efficacy 0.95 (0.89) 0.90 (2.02)* 0.95 (0.90) 0.90 (2.00)*

Prepared for birth
control 0.90 (1.59) 0.86 (2.00)* 0.89 (1.73)† 0.86 (1.93)†
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Race controls Structural controls

Males Females Males Females

Variables eβ (t) eβ (t) eβ (t) eβ (t)

Forgo coitus if no birth
control available 0.89 (2.17)* 0.75 (5.46)** 0.90 (2.17)* 0.75 (5.40)**

Contraceptive knowledge 0.44 (2.58)** 0.99 (0.02) 0.45 (2.54)* 0.98 (0.05)

 Contraceptive attitudes 1.24 (3.07)** 1.45 (4.59)** 1.24 (3.01)** 1.44 (4.53)**

 Married at Wave 3 1.90(4.42)** 1.84 (4.77)** 1.85 (4.23)** 1.88 (4.90)**

 Intercept 0.56 (0.97) 0.70 (0.55) 0.65 (0.67) 0.54 (0.90)

Sample size 1971 2092 1971 2092

†
p <0.10;

*
p < 0.05;

**
p <0.01, two-tailed test

Note: Regression coefficients are presented in exponentiated (odds’ ratio) form. Numbers in parantheses are t-statistics. The symbol ‘-‘ indicates an
unlisted allele (e.g., neither 9R nor 10R for DAT1 gene).

Source: As for Table 1.
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Table 5
Associations of genotypes and other variables with female adolescents’ non-use of
contraception, by contraceptive type: Results of generalized estimating equation logistic
regressions, United States 1994-2002

None vs.
Condom None vs. Other

Variables eβ (t) eβ (t)

Genotype

DRD2*A1/A2 1.63(2.02) * 2.07(2.59)**

DRD2*A2/A2 1.68(2.17) * 1.73(2.01)*

DRD2*A1/A1

DAT1 *9R/10R 1.76(1.55) 1.77(1.37)

DAT1 *10R/10R 2.16(2.07) * 2.13(1.80)
†

DAT1 *−/− 2.38(1.52) 1.46(0.70)

DAT1 *9R/9R

MAOA*2R/− 2.68(2.57) * 5.72(2.42)*

MAOA*−/−

Demographics

Age <=18 0.76(2.13) * 2.60(5.79)**

African American 0.58(2.94)** 2.19(3.28)**

Hispanic 1.08(0.4) 1.21(0.86)

Asian 1.28(0.87) 1.74(1.42)

Native American 0.96(0.11) 0.41(2.62)**

Caucasian

Family

2 biological parents 0.77(1.91)† 0.72(2.07)

Parent’s income 1.00(2.19) * 1.00(2.76)**

Parents’ education >HS 0.83(1.30) 0.88(0.79)

Number of siblings 1.05(0.99) 1.20(2.76)**

Behaviour and attitudes

Religiosity 1.03(0.23) 1.21(1.06)

Months since 1st sex 1.01(2.63) ** 1.00(0.89)

Smoked last 30 days 1.09(0.66) 1.38(2.08)*

Drinking frequency 0.98(0.61) 0.91(1.91)
†

Expelled from school 2.13(2.43) * 1.17(0.48)

Birth control self-efficacy 0.88(2.02) * 0.95(0.57)

Prepared for birth control 0.94(0.71) 0.72(2.64)**

Forgo coitus if no birth 0.78(4.49) ** 0.75(3.67)**
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None vs.
Condom None vs. Other

Variables eβ (t) eβ (t)

control available

Contraceptive knowledge 0.68(1.01) 0.69(0.77)

Contraceptive attitudes 1.49(4.49) ** 1.42(2.97)**

Married at Wave 3 1.91(4.42) ** 1.51(2.46)*

Intercept 1.05(0.07) 3.15(1.25)

Sample size 1545 1128

†
p <0.10;

*
p <0.05;

**
p < 0.01, two-tailed test

NOTE: Regression coefficients are presented in exponentiated (odds’ ratio) form. Numbers in parantheses are t-statistics. Contraceptive methods
considered to be ineffective (coitus interruptus, rhythm method) are categorized as no method. Sample sizes reflect the number of observations who
reported one of the two outcome values being analyzed. The symbol odds‘-odds‘ indicates an unlisted allele (e.g., neither 9R nor 10R for DAT1
gene).

Source: As for Table 1.
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Table 6
Associations of genotypes and other variables with male adolescents’ non-use of
contraception by contraceptive type: Results of generalized estimating equations logistic
regressions, United States 1994-2002

None vs.
Condom None vs. Other

Variables eβ (t) eβ (t)

Genotype

DRD2*A1/A2 1.85(2.15)* 1.45(0.92)

DRD2*A2/A2 1.68(1.83) 
† 1.52(1.06)

DRD2*A1/A1

DAT1 *9R/10R 0.64(1.37) 1.00(0.00)

DAT1 *10R/10R 0.60(1.64) 1.09(0.22)

DAT1 *−/− 0.45(1.82)
† 0.60(0.86)

DAT1 *9R/9R

MA OA *2R/− 1.55(0.72) 1.99(0.64)

MAOA*−/−

Demographics

Age <=18 0.57(4.61)* 3.20(5.37)**

African American 0.89(0.61) 2.77(3.74)**

Hispanic 0.99(0.07) 1.95(2.69)**

Asian 1.27(0.85) 1.81(1.75) 
†

Native American 2.93(3.5) ** 4.22(2.76) **

Caucasian

Family 0.70(1.83) 
†

2 biological parents 0.89(0.81)

Parents’ income 1.00(0.87) 0.99(1.43)

Parents’ education >HS 1.04(0.28) 0.92(0.42)

Number of siblings 1.00(0.07) 0.99(0.12)

Behaviour and attitudes

Religiosity 1.33(2.09)* 1.02(0.10)

Months since 1st sex 1.00(2.28)* 1.00(0.92)

Smoked last 30 days 1.20(1.46) 1.26(1.27)

Drinking frequency 1.01(0.32) 0.97(0.61)

Expelled from school 1.48(1.91)
† 1.24(0.78)

Birth control self-efficacy 0.95(0.86) 0.87(1.54)

Prepared for birth control 0.90(1.43) 0.86(1.44)

Forgo coitus if no birth
control available 0.89(2.16)* 0.90(1.19)
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None vs.
Condom None vs. Other

Variables eβ (t) eβ (t)

Contraceptive knowledge 0.45(2.34) * 0.31(2.45)*

Contraceptive attitudes 1.36(3.98)** 1.01(0.10)

Married at Wave 3 2.19(4.74)** 1.08(0.37)

Intercept 1.13(0.17) 9.84(2.48) *

Sample size 1492 852

†
p< 0.10;

*
p < 0.05;

**
p < 0.01, two-tailed test

NOTE: Regression coefficients are presented in exponentiated (odds ratio) form. Numbers in parantheses are t-statistics. Contraceptive methods
considered to be ineffective (coitus interruptus, rhythm method) are categorized as no method. Sample sizes reflect the number of observations who
reported one of the two outcome values being analyzed. The symbol ‘-‘ indicates an unlisted allele (e.g., neither 9R nor 10R for DAT1 gene).

Source: As for Table 1.
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