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Abstract Alcohol use and sexual risk behaviors are multidi-
mensional phenomena involving many genetic and environ-
mental factors. 5-HT transporter linked promoter region (5-
HTTLPR) polymorphism constitutes an important factor af-
fecting alcohol use problems and risky sexual behaviors. This
paper narratively reviews studies on 5-HTTLPR polymor-
phism and its associations with alcohol use problems and sex-
ual risk behaviors. We searched the electronic databases,
PubMed, Ovid, and Google Scholar for articles using MeSH
terms. Relevant articles were reviewed and eligible articles
were selected for the study. Many studies have reported a
significant but moderate association between 5S-HTTLPR
polymorphism and alcohol use problems. These studies have
implicated the presence of at least one S allele to be associated
with significant increases in alcohol use problems. Similarly,
some studies associate the S allele with increased sexual risk
behaviors. Effective alcohol cessation initiatives and STI/HIV
prevention programs should be modified to account for 5-
HTTLPR polymorphism before planning interventions; ge-
netic effects could moderate the intervention effect.
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Introduction

Alcohol use and sexual risk-taking are complex and multifac-
torial behaviors involving an interplay between genetic, envi-
ronmental, and social factors (Edenberg et al. 1998; McHale
etal. 2009). Alcohol use is associated with uninhibited behav-
iors and impaired judgment. It has been implicated in high-
risk sexual behaviors like failure to use condoms and having
multiple sexual partners. Though the threshold for alcohol use
precipitating risky sexual behaviors differ between individ-
uals, the degree of intoxication and history of alcoholism have
been associated with increased risky behaviors in both risk-
prone and risk-averse individuals (Bryant 2006; Organista and
Kubo 2005). Alcohol use also tends to compromise informa-
tion processing, emotional regulation, and executive function-
ing, which could be important in adhering to safe sex practices
and other preventive behaviors. Accordingly, many studies
have shown alcohol use to be a major risk factor for sexually
transmitted infections (STIs) (Kalichman et al. 2007; Rees
etal. 2001).

Several studies have demonstrated an association between
genetic variables and alcohol use problems. One of the impli-
cated genes is the serotonin transporter gene (SLC6A4) (Feinn
et al. 2005). As early as 1987, Cloninger (1987) showed that
deficits in central serotoninergic neurotransmission was asso-
ciated with early onset alcoholism as well as addictive behav-
iors. Serotonin is a monoamine neurotransmitter involved in
many psychological and physiological processes like mood,
behavior, sleep regulation, vascular tone, food intake, pain,
motor activity, and platelet functions (Coccaro et al. 1990;
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Glennon and Dukat 2002; Hoyer et al. 2002). Serotonin is also
involved in complex novelty-seeking behaviors (Vormfelde
et al. 2006). Serotonin is synthesized by the cell bodies of
raphe nuclei and is carried to the cerebral cortex, subcortical
regions, and hippocampus, thereby regulating many complex
reward circuitry pathways within the central nervous system.
Serotonin released into the synaptic cleft acts on serotonin
receptors on post-synaptic neuronal membranes. Some of
the serotonin released into the synaptic cleft undergoes a pro-
cess of reuptake through serotonin transporters (5-HT trans-
porter, 5-HTT) located on the pre-synaptic neuronal mem-
branes and metabolized by monoamine oxidase enzymes
(Heils et al. 1995). This is the mechanism for synaptic regu-
lation of serotonin levels, which in turn, controls the magni-
tude and duration of post-synaptic serotoninergic neuronal
responses. Alterations in these mechanisms could be respon-
sible for several behavioral and neurocognitive dysfunctions.

The serotonin transporter gene is located on chromo-
some 17ql2. The promoter and the 14 exons of the sero-
tonin transporter gene span 31 Kbs on chromosome 17
(Lesch et al. 1994). A polymorphic region of the serotonin
transporter gene is situated in a guanine-cytosine (GC-rich)
region made up of 20-23 bp repeats. This region is iden-
tified by a 43-bp insertion-deletion at the promoter region
(5-HT transporter linked promoter region, 5-HTTLPR)
(Heils et al. 1996). This variation in the promoter is asso-
ciated with changes in the transcriptional activity of the
gene. The two alleles that constitute this variation in the
promoter region are termed the long (L) and the short (S)
alleles and exhibit different phenotypes (Nakamura et al.
2000). The effects of SS and SL genotypes varies signif-
icantly from LL genotype. Cells with a homozygous L
allele (LL), in comparison to those containing S allele
(SL and SS), synthesize 1.4-1.7 times more 5-HTT mes-
senger RNA (mRNA) (Lesch et al. 1996). The LL variant
has a threefold higher basal activity for 5-HTT than the
SS and SL variants. In addition, cells with the LL variant
are capable of serotonin reuptake from the synaptic cleft at
a rate 1.9-2.2 times than that of SS and SL variants
(Lesch et al. 1996).

Since the first study by Sander et al. (1998), several
studies have been conducted on alcohol-dependent popula-
tions to evaluate the role of allelic variations of the 5-HTT
transporter genes. Most of the studies demonstrate an as-
sociation between 5-HTTLPR polymorphism and alcohol
use problems, most commonly, alcohol dependence. Ac-
cording to the DSM V, “alcohol dependence is maladap-
tive pattern of alcohol use, leading to clinically significant
impairment or distress” (American Psychological Associa-
tion 2013). The role of 5S-HTTLPR on alcohol use prob-
lems has been controversial. Similarly, although not con-
clusive, some recent studies have shown an association
between 5-HTTLPR polymorphism and sexual risk
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behaviors (Sales et al. 2014). In the wake of recent studies
on the associations between 5-HTTLPR polymorphism,
alcohol use problems, and sexual risk behaviors, it is im-
portant to review all these factors jointly for the develop-
ment of effective interventions for alcohol use problems
and STIs. The main objective of this paper is to review
and analyze serotonin transporter promoter polymorphism
and its associations with alcohol use problems and risky
sexual behaviors.

Search strategy and selection criteria

We searched the electronic databases, PubMed, Ovid, and
Google Scholar for articles published between January 1995
and December 2014 (20 years) by combining the following
search terms: “serotonin transporter polymorphism,”
“serotonin transporter promoter polymorphism,”
“SHTTLPR,” “SHTT linked polymorphic region,”
“SCL6A4” and “alcohol,” “drinking,” “substance abuse,”
“risky sexual behaviors,” and “sexual risk.” A total of 39
studies that met the review criteria were included in this study
(Fig. 1). We followed a narrative review method to summarize
studies on the associations between 5-HTTLPR polymor-
phism and two risk factors: alcohol use problems and sexual
risk behaviors.

5-HTTLPR polymorphism and alcohol use problems

Several studies point to greater strength in the S allele to pre-
dict alcohol dependence. A meta-analysis of 22 studies (n=
8050) showed that there was significant association between
the S allele and alcohol dependence. This association was
stronger for SS and SL genotypes when compared to the LL
genotype. This meta-analysis also reported a 15 % greater
likelihood of having at least one S allele in patients diagnosed
with alcohol dependence (McHugh et al. 2010). Another
meta-analysis of 17 studies by Feinn et al. (2005), reported
similar associations between the S allele and alcohol depen-
dence. This study reported an odds ratio of 1.18 (95 % confi-
dence intervals (CI)=1.03—1.33) for the S allele in alcohol-
dependent subjects; hence an 18 % higher risk for developing
alcohol dependence.

The association between the S allele and alcohol depen-
dence has also been strong in research across genders and
ethnicities. In a study involving 118 subjects of Han Chinese
origin, the S allele was associated with increased risk for al-
cohol dependence and subjects with L alleles were found to be
less susceptible (Wang et al. 2011). In a study done by Enoch
etal. (2011), among 360 treatment-seeking African-American
male patients, the frequency of the S allele was found to be
significantly associated with alcohol dependence. A study by
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Fig. 1 Flow diagram indicating
the selection of included articles
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basis of titles and abstracts
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® Study investigating S-HTTLPR in relation to
squamous cell carcinoma (n=1)

e Study on 5-HTTLPR polymorphism in the
3°’UTR (n=1)

e Studies of post-mortem reports on alcoholic
suicide victims (n=2)

® Study on detoxified male alcoholics (n=1)

review
(n=39)

Articles included in the

e Study on the effect of 5-HTTLPR on
dopaminergic sensitivity in alcoholics (n=1)

Lin et al. (2007) demonstrated that the SS genotype was sig-
nificantly associated with alcohol consumption and
dependence in a group of male Han Chinese population
from Taiwan. In a longitudinal study of 583 adolescents,
Merendkk et al. (2011) showed that the SS genotype was
associated with increased alcohol consumption. Similarly,
van der Zwaluw et al. (2010) reported associations between
the S allele and higher incidence of alcohol consumption in a
group of 428 Dutch adolescents.

Research has also found the S allele to be related to
variations in drinking patterns. Herman et al. (2005) also
reported that the S allele was associated with a higher risk
for binge drinking among women. Hammoumi et al.
(1999) showed that Caucasian subjects with the SS and
SL genotypes had increased frequency of binge drinking,
compared to the LL genotype. The S alleles were also
associated with early onset of binge drinking when com-
pared to LL variants. A study among college students at
George Washington University showed that the S allele
was associated with increased risk of binge drinking (Her-
man et al. 2005). Matsushita et al. (2001) reported a
higher frequency of the SS genotype among a sub-group
of Japanese male adult alcoholics with binge drinking be-
haviors. Herman et al. reported an association between the
S allele and alcoholism in young Caucasian women (Her-
man et al. 2005). Hallikainen et al. (1999) found that the
S allele was associated with early onset alcoholism in a
Finnish study. In a Japanese study, subjects with late-onset

alcoholism showed increased frequencies of the S allele
(Ishiguro et al. 1999). Hallikainen et al. (1999) also re-
ported that the S allele was significantly associated with
type 2 alcoholism (onset of alcoholism before 25 years of
age) in the Finnish study.

In contrast to those findings pointing to the power of the S
allele in the development of alcohol use disorders, a Korean
study found that participants with L alleles showed higher risk
for alcohol dependence (Kweon et al. 2005). This study also
showed a gene-dose effect which suggested that people with
the LL genotype had a higher risk for alcoholism when com-
pared to the LS and SS variants. Additionally, increased fre-
quency of the L allele was seen in individuals with a positive
family history of alcohol dependence. In a study involving 97
Portuguese alcohol-dependent subjects, Pombo et al. (2008)
showed that most (30.7 %) had the LL genotype, with 19.8 %
displaying the SS genotype and the remaining had the SL
genotype. Studies found that the L allele predicted alcohol
dependence across ages, genders, and ethnicities. Gokturk
et al. (2008) found an association between LL genotype and
severe alcoholism in women. In a study of 305 German ado-
lescent subjects, the LL genotype was associated with in-
creased alcohol consumption in adolescent female participants
(Skowronek et al. 2006). Schuckit et al. (1999) reported an
association of LL genotype with higher incidence of alcohol-
ism in a population of male subjects.

The L variants were also associated with early onset of
alcohol use disorders in several studies. Daws et al. (2009)
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analyzed the genotypes of adolescents from mixed races
(mostly Caucasian and Hispanics) and found that the LL ge-
notype was associated with early onset of alcoholism when
compared to SS and SL genotypes. They also found an asso-
ciation between the LL genotype and longer duration of alco-
hol abuse. Participants with the LL genotype also showed an
increased number of 5-HTT indicated by indirect measures
like platelet binding profiles of selective serotonin reuptake
inhibitor (SSRI) drugs. This indicates faster depletion of sero-
toninergic activity and increased risk for alcoholism.
Matsushita et al. (2001) showed that individuals with LL
and LS genotypes had earlier onset of alcohol use when com-
pared to subjects with SS genotype. In a study of factors af-
fecting age of onset of alcoholism, it was observed that the LL
genotype was relatively more susceptible to early
onset alcoholism because of inadequate levels of serotonin
functioning (Johnson 2000; Johnson and Ait-Daoud 2000).

There are other studies that do not show a relationship
between 5-HTTLPR polymorphism and alcohol depen-
dence. For example, a meta-analysis of 25 case control
studies (n=8885) found no link between 5S-HTTLPR poly-
morphism and alcoholism (Villalba et al. 2015). In a Ger-
man study conducted among 250 institutionalized alco-
holics and 94 healthy controls, no significant differences
were observed with respect to S and L allele genotypes
between the two groups (Kohnke et al. 2006). Similarly,
in a Spanish study of 165 alcohol-dependent patients, 113
heroine-dependent patients and 420 healthy controls, Saiz
et al. (2009) showed that there were no associations be-
tween 5S-HTTLPR polymorphism and alcohol dependence.
Rasmussen et al. (2009) studied an elderly population of
women with a history of severe alcoholism and also found
no association between 5-HTTLPR polymorphism and
alcohol dependence. Similarly, in a family based study
on adult males, Stoltenberg et al. (2002) did not find
any association between the 5-HTTLPR polymorphism
and diagnosis of alcoholism or levels of alcoholism. Ta-
ble 1 shows the summary of studies examining associa-
tions between HTTLPR polymorphism and alcohol use
problems.

5-HTTLPR polymorphism and sexual risk behaviors

Research has shown that 5S-HTTLPR polymorphism can
adversely affect neuropsychological factors like informa-
tion processing, executive functioning, memory, anxiety,
depression, suicidality, and other specific behaviors and
temperaments (Cysique et al. 2004; McArthur et al.
1989). There are several neurobiological mechanisms asso-
ciated with 5-HTTLPR polymorphism which include neu-
roticism, reward dependence, delayed gratification of tasks,
harm avoidance, novelty seeking, etc. (Carver and Miller
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2006). Sexual risk behaviors such as unprotected sex,
risky sexual encounters, and multiple sex partners are ex-
amples of novelty-seeking behaviors (Zuckerman 1979)
and have been associated with 5S-HTTLPR polymorphism
(Wood and Nizam 2014).

There are very few studies on the associations between 5-
HTTLPR polymorphism and risky sexual behaviors. In a
study done by Wood et al. (Wood and Nizam 2014), among
284 undergraduate students, it was found that participants
with the LL genotype had better cognition about risky sexual
behaviors as assessed by three measures: the Cloninger Tem-
perament and Character Inventory (TCI), the Physical Risk
Frequency Inventory (PRFI), and the Physical Risk Assess-
ment Inventory (PRAI). Hamer et al. (2002) reported that
participants with SS and SL genotypes had more frequent
sexual encounters than those with the LL genotype. In a study
conducted by Sales et al. (2014), it was recommended that 5-
HTTLPR polymorphism should be ascertained before enrol-
ment into STI/HIV prevention interventions because partici-
pants with the S allele were more resistant to risk reduction
strategies when compared to those with L alleles. This study
also reported increased levels of anxiety and lack of assertive-
ness in sexual decisions in participants with S alleles
when compared to those with L alleles, predisposing them
to greater risk for sexually transmitted infections and HIV.

Paaver et al. (2007) studied the effects of S-HTTLPR
polymorphism among adolescents who participated in
the Estonian Children Personality Behavior and Health
Study and concluded that participants with the S allele
reported higher impulsivity and error rates measured by
visual comparison task (VCT) assessments. In another
study of the same population, Paaver et al. (2008) also
showed that participants with the SS genotype were
more susceptible to stressful familial and environmental
triggers and showed increased disinhibition and impul-
sivity. Table 2 shows the summary of studies that
showed associations between 5-HTTLPR polymorphism
and sexual risk behaviors.

Studies linking serotoninergic activity
with alcoholism and other substance use as well
as high-risk sexual behaviors

There are very few studies that consider serotoninergic activ-
ity, alcohol use problems, and high-risk sexual behaviors
jointly. The studies on differential responses to interventions
for alcohol cessation and associated neurobiological factors
showed that there were strong associations between serotonin
deficiencies and heavy alcohol use and risky sexual behaviors
due to impulsivity (Bowirrat and Oscar-Berman 2005; Trobst
et al. 2002). Kogan et al. (2010) has further identified a rela-
tionship between early onset substance use (including alcohol)
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Table 1  Summary of literature references of allelic association of 5-HTT promoter with risk of alcohol use problems
Reference Population Co-occurring Mean age Male Sample Risk allele Type of study
clinical feature (years) (%)  size
Gelernter et al. (1997)) European ancestry - - 718 274 - Population based
Edenberg et al. (1998) European ancestry - - - 131 No bias Family based
Sander et al. (1998) German High severity 39.04 - 531 SS Population based
alcoholism
Hallikainen et al. (1999) Finnish Type Il alcoholism 43.91 100 105 S Gender based
Hammoumi et al. (1999) French 43.61 71.6 140 - -
Schuckit et al. (1999) European Ancestry 100 41 LL Gender based
Ishiguro et al. (1999) Japanese Early onset 52.24 922 166 L Population based
Gorwood et al. (2000) French Suicidality 43.61 - 171 S allele Population based,
unrelated to alcohol dependent
alcoholism
Thompson et al. (2000) European ancestry Tourette syndrome — - 256 No bias Population based
Lichtermann et al. (2000) German, Hungarian — — - 82.6 102 S Family based study
Matsushita et al. (2001) Japanese - 50.5 100 962 SS
Preuss et al. (2000) German, Hungarian  Suicidality 41.02 804 280 S Population based
Pastorelli et al. (2001) Italian Liver - 60 No bias Population based
cirrhosis
Kranzler et al. (2002) European ancestry Early onset - 749 555 No bias Population based
Kranzler et al. (2002) African-American Early onset - 75.0 151 No bias Population based
Stoltenberg et al. (2002) Caucasian Antisocial - 100 44 No bias Family based association
Johann et al. (2003) German ADHD 43.1 834 534 - -
Nellissery et al. (2003) European ancestry Depression 41.05 59.5 556 - -
Nellissery et al. (2003) African-American Depression 38.85 43.8 59 - -
Konishi et al. (2004) Mexican-American 38.24 100 451 - -
Mannelli et al. (2005) African-American Cocaine abuse 36.29 70 1411 S Population based
Herman et al. (2005) Caucasian - - 0 412 S Gender based
Olsson et al. (2005) Australian - Range - - L Population based
(14-24)
Kweon et al. (2005) Korean - - - - L Population based
Skowronek et al. (2006) German - 15 48 305 LL Population and gender
effects
Kohnke et al. (2006) German - - - 215 No association  Population based
Gokturk et al. (2008) Caucasian Anxiety / Range 0 110 LL Gender based
depression (18-75)
Pombo et al. (2008) Portuguese - - - 97 LL Population based
Pinto et al. (2008) - - - - 48 S
Lin et al. (2007) Han Chinese Depression 40 100 133 SS Population based
Saiz et al. (2009) Caucasian/Spanish - 47.8 84.8 165 NS Population based
Dawes et al. (2009) Mixed races (Whites, — 18.7 62 21 LL -
Hispanics, Biracial,
American Indians)
Rasmussen et al. (2009) - - 69.2 0 1365  No Significance Gender based
van der Zwaluw et al. (2010) Dutch Caucasian - 13.4 48 428 S Population based
Merenakk et al. (2011) Estonian - Range (9-18) — 583 SS Longitudinal study
Wang et al. (2011) Yunnan Han Chinese — - - 118 S Population based
Enoch et al. (2011) African-American - 34 100 360 S Population based

and significant high-risk sexual behaviors with 5-HTTLPR
polymorphism, specifically associated with S allele. In their
study among rural African-American youth, early onset

substance use measured at age 14 was significantly related
to high-risk sexual behaviors measured in a follow-up visit

at age 16.
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Discussion

The associations between alcohol use problems, sexual risk
behaviors, and 5S-HTTLPR polymorphism are highly variable.
Currently there are many views on the actual mechanism
impacting alcohol dependence and addictive behaviors in the
presence of 5S-HTTLPR polymorphism. Heinz et al. (2001)
found that LL genotypes had decreased levels of serotonin
in the synaptic cleft and this could be responsible for higher
levels of impulsivity. Further, Johnson and Ait-Daoud (2000)
suggested that decreased serotonin levels in the synaptic cleft
could be responsible for persons with LL genotypes having
early onset problem drinking. Both the authors hypothesized
that LL homozygotes have an increased amount of 5-HTT in
pre-synaptic membranes, thereby leading to faster cessation of
serotonin activity in the synapse. This functional deficiency of
serotonin has been implicated as a factor for many addiction-
related variables like early onset problem drinking, heavy
drinking patterns, and impulsivity. The unanimity of the au-
thors’ conclusions about the LL genotype showing greater
propensity for addictive behaviors and problem drinking, as
well as the reversal of these symptoms with SSRI medica-
tions, suggests a broader hypothesis that decreased serotonin
levels could be responsible for addictive behaviors (Dawes
et al. 2009).

Another view is that the S allele is associated with in-
creased alcohol dependence, addictive behaviors, and person-
ality traits like neuroticism (Feinn et al. 2005; Herman et al.
2003; Munafo et al. 2006). The homeostatic effects of seroto-
ninergic systems in genesis, differentiation, and maturation of
neurons are thought to be responsible for these effects. Sero-
tonin is an important mitogenetic and morphogenetic factor
for brain development (Gaspar et al. 2003). The S allele has
decreased serotonin transporters and increased serotoninergic
activity in the synapse. Through unknown mechanisms, sero-
tonin affects the formation and plasticity of both neocortical
and subcortical brain matter (Lesch and Gutknecht 2005).
This hypothesis has been confirmed in knockout animals
where serotonin transporter genes were completely removed
from the genome of the experimental animals. Distinctive

brain and behavioral irregularities were observed in these an-
imals, which were consistent with those observed in SS and
SL genotypes (Lesch and Gutknecht 2005). These studies
suggest that excess of serotonin in S alleles produces irrevers-
ible changes in brain development and thereby potentially
increased likelihood for addictive and high-risk sexual
behaviors.

Although considerable research has focused on S and L
alleles of S-HTTLPR polymorphism, many other alleles have
also been discovered. Based on the number of repeats, 5-
HTTLPR has been classified into the S allele with 14 repeats
and L allele with 16 repeats. However, other alleles with 15,
19, 20, and 22 repeats have also been described (Delbriick
et al. 1997; Gelernter et al. 1997; Kunugi et al. 1996;
Michaelovsky et al. 1999). Because of the relative rarity of
these alleles, not many researchers have focused on this topic.
This is, indeed, a limitation because it restricts our understand-
ing about the overarching S-HTTLPR polymorphism phe-
nomena. In addition, there are two subtypes of L alleles: LA
and LG, identified as early as 2005 (Hu et al. 2005). Studies
show differences between LA and LG subtypes in relation to
alcoholism (Enoch et al. 2011; Kranzler et al. 2011; Philibert
et al. 2008; Thompson et al. 2010; Wang et al. 2012). Com-
parative transcriptional activity between the LG, LA, and the
S alleles showed that the LA allele is associated with increased
transcriptional activity of 5-HTT, compared to LG, which is
closer to the S allele (Hu et al. 2005). Therefore, inconsis-
tencies in associations between S or L alleles and alcohol
use problems and risky sexual behaviors could be due to these
LG and LA subtypes. Novel investigations based on the LA
and LG variants could help in explaining some of the previ-
ously reported inconsistencies.

The mechanisms linking S-HTTLPR polymorphism, alco-
hol use problems, and risky sexual behaviors are not fully
understood. There could be gene x environment interactions
influencing this relationship. Many studies have researched
and established such interactions influencing S-HTTLPR
polymorphism and alcoholism. Environmental factors include
many complex associations (e.g., stressful events, childhood
abuse, peer pressure, unstable family environments,

Table 2  Summary of literature references of allelic association of 5-HTT promoter with sexual risk behavior
Reference Population Co-occurring Mean age Male Sample Risk Type of study
clinical feature (years) (%) size allele
Hamer (2002) - - - 100 - S -
Kogan et al. (2010) African-American - Wave 1-13.96 - 185 S Longitudinal, prospective
adolescents Wave 2-16.04 design
Wood et al., (2014) - - - 38.3 284 S -
Sales et al. (2014) African-American Depression 18.1 0 254 S Randomized trial

adolescent
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delinquency, etc.) play significant role in later development of
alcohol use problems. In a study done by Vaht et al. (2014)
among 1075 participants, it was observed that the effects of 5-
HTTLPR on alcohol use was affected by a significant geno-
type x gender X cohort interaction (p<0.001). Females with an
SS genotype in the older cohort (15 years old) reported sig-
nificantly delayed first alcohol consumption when compared
to females with SS genotype in the younger cohort (9 years
old). This study suggested that such effects could be due to the
environmental differences between the two cohorts. In a study
done by Nilsson et al. (2005), 5S-HTT genotype and family
relations interacted with one another and marginally predicted
alcohol consumption in a group of 200 adolescents (p=0.05).
Similar results were observed in a study by Kim et al. (2015)
among 5091 adolescents where a significant gene x environ-
ment interaction influenced alcohol misuse in these partici-
pants. This study showed that low-activity alleles of 5-
HTTLPR polymorphisms (S and LG alleles), when
compounded with family conflicts, resulted in significant in-
crease in alcohol misuse. Studies have also suggested that
serotonin neurotransmission is a plastic phenomenon which
changes in response to stressors and life experiences (Nilsson
et al. 2005; Uher and McGuffin 2008). Thus, the effect of
genetic susceptibility can be enhanced or decreased depending
upon life circumstances and environmental factors such as
parental influences, delinquent friends, unstable family
structure, low socioeconomic status, substance abuse among
peers, gender discrimination, STI/HIV status, sex education,
sexual behavior, norms, etc. Genetic factors may contribute an
inherent susceptibility for alcohol abuse and sexual risk be-
haviors, whereas environmental factors are likely to act as
moderators and induce expressions of these traits. For exam-
ple, Kogan et al. (2010) study reported high-risk sexual be-
haviors at age 16 if the subjects had learned high-risk behav-
iors at age 14 only if they had S allele. Through similar mech-
anisms, genetic propensity to alcohol use and sexual risk be-
haviors could be influenced by environmental factors leading
to more dramatic expression of these behaviors.

The biological mechanisms of S-HTTLPR polymorphism
and alcohol use problems and sexual risk behaviors are still
hazy. At this point, only associations have been made, but
exact mechanisms have not been established. This opens a
broad scope for genetic and environmental studies to under-
stand the mechanisms and develop models for such
associations.

Conclusion

Considering the existence of 5S-HTTLPR polymorphism and
its behavioral outcomes discussed above, alcohol use prob-
lems and high-risk sexual behaviors cannot be considered en-
tirely as acts of volition. The effects of this polymorphism on

alcohol use problems and risky sexual behaviors should be
considered when developing HIV/STI and alcohol prevention
programs. Future research should focus on larger and robust
studies with enhanced external validity that explore 5-
HTTLPR polymorphism, alcohol use problems, and sexual
risk behaviors. This would help to establish protocols for ef-
fective STI/HIV prevention programs and alcohol cessation
programs, possibly including pharmacotherapy (e.g., SSRI
treatment) where deficiencies are noted. Finally, we recom-
mend that a model linking factors associated with 5-
HTTLPR polymorphism, alcohol use problems, and sexual
risk behaviors be developed to further understand and explore
these complex relationships.
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