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Original Articles

Association of Anxiety Symptoms in Offspring of Bipolar
Parents with Serotonin Transporter-Linked Polymorphic

Region (5-HTTLPR) Genotype

Min-Hyeon Park, MD, PhD,1 Erica Sanders, BA,2 Meghan Howe, LCSW, MSW,2 Manpreet Singh, MD, MS,2

Joachim Hallmayer, MD,PhD,2 Eunjoo Kim, MD,3 and Kiki Chang, MD2

Abstract

Objective: Offspring of parents with bipolar disorder (BD) have been shown to be at high risk for BD. Anxiety symptoms,

even at subclinical levels, have been associated with increased risk for BD in these youth. The s-allele of the serotonin

transporter-linked polymorphic region (5-HTTLPR) has been implicated in the pathophysiology of both BD and anxiety

disorders and has been associated with pharmacological treatment response and increased risk for antidepressant side effects.

Therefore, we aimed to explore 1) whether anxiety symptoms in offspring of BD parents were associated with presence of the

5-HTTLPR s-allele and 2) whether anxiety symptoms in the offspring of BD parents according to the 5-HTTLPR genotypes

are related to antianxiety medication status.

Methods: A total of 64 offspring of BD parents (mean age: 13.7 years) and 51 healthy controls (HC) (mean age: 13.7 years)

were compared genetically and on the Multidimensional Anxiety Scale for Children (MASC).

Results: Offspring of BD parents showed higher levels of overall anxiety than did the HC group. Only antianxiety medication

naı̈ve offspring of BD parents were found to have an association between 5-HTTLPR genotypes and anxiety symptoms. The

antianxiety medication naı̈ve offspring of BD parents with the s-allele showed higher level of overall anxiety than offspring of

BD parents with the l/l genotype. No significant differences in anxiety symptoms or their association with the 5-HTTLPR

genotype were found in the HC group.

Conclusions: This study indicated that there may be an association between 5-HTTLPR genotypes and anxiety symptoms in

offspring of BD parents, and that antianxiety medication status may affect anxiety symptoms in the offspring of BD patients

according to genotype.

Introduction

Children of parents with bipolar disorder (BD) (offspring

of BD parents) have been shown to be at high risk for devel-

oping BD (DelBello and Geller 2001; Chang et al. 2003a) and other

psychiatric disorders (Lapalme et al. 1997; Singh et al. 2007).

Among the various psychiatric comorbidities in offspring of BD

parents, anxiety disorders have attracted special attention not only

because of their high prevalence rate in offspring of BD parents but

also because the presence of anxiety disorders may serve as a

predictor for developing BD (Chang et al. 2003a; Henin et al. 2005;

Sala et al. 2014). Even subclinical levels of anxiety can predispose

individuals to developing BD, suggesting that having early anxiety

symptoms in BD offspring may represent an endophenotype of BD

(Contreras et al. 2010).

The serotonin transporter gene (SLC6A4) has been implicated in

the pathophysiology of anxiety disorders (Lesch et al. 1996; La-

palme, et al. 1997; Hariri et al. 2002; Heinz et al. 2005; Munafò

et al. 2008; Surguladze et al. 2008) and mood disorders including

BD (Cho et al. 2005; Kenna et al. 2012). The serotonin transporter-

linked polymorphic region (5-HTTLPR) is the most studied sero-

tonergic gene polymorphism in psychiatric behavioral genetics

(Margoob and Mushtaq 2011). The l-allele of the 5-HTTLPR is

associated with a relative acceleration of serotonin reuptake and

the subsequent decreased concentration of serotonin in synapse,

whereas the s-allele is associated with decreased serotonin reuptake

(Lesch et al. 1996). Most studies that have examined the association

between the response to selective serotonin reuptake inhibitors

(SSRIs) and the 5-HTTLPR genotypes in patients with depression

or anxiety have reported that the s/s genotype or s-allele is related to
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a poor response, because serotonin transporter activity is depressed;

therefore, if additional SSRIs are administered, it is impossible to

expect an additional decrease in serotonin transporter activity be-

cause of the floor effect (Murphy et al. 2004). Serotonin receptors

are a common target of pharmacotherapy for anxiety (Roerig 1999)

and mood disorders (Kenna et al. 2012). Furthermore, the serotonin

transporter (5-HTT) is abundantly distributed throughout the brain

and most highly expressed in medial structures such as the amyg-

dala (Du et al. 2000), which is principally involved in anxiety states

and emotional regulation (Davidson 2002).

Although anxiety symptoms may serve as a predisposing factor

for BD development in offspring of BD parents, and the 5-HTTLPR

polymorphism is thought to be implicated in both BD and anxiety,

no previous study has investigated the relation between anxiety

symptoms and the 5-HTTLPR genotype in offspring of BD parents.

Furthermore, the 5-HTTLPR genotype may moderate antianxiety

medication response and risk for adverse effects (Kronenberg et al.

2007).

Therefore, we aimed to examine 1) whether the offspring of BD

parents group would show higher anxiety than the healthy control

(HC) group, 2) whether the 5-HTTLPR s-allele is associated with

higher anxiety symptoms, and 3) whether anxiety symptoms in the

offspring of BD parents are affected by their antianxiety medication

status, according to the 5-HTTLPR genotype.

Methods

Participants

The protocol was approved by the Stanford University Panel of

Medical Research in Human Subjects. One hundred BD offspring

and 60 HC were recruited from an ongoing study of youth at risk for

BD and from the community. After obtaining oral and written in-

formed consent and assent from parents from their offspring, re-

spectively, we conducted semistructured interviews to assess for

BD in parents and psychopathology in their offspring. Parents were

diagnosed using the Structured Clinical Interview for DSM-IV

Axis I Disorders (SCID) (First et al. 1996), and were interviewed

for psychiatric history of first- and second-degree relatives fol-

lowing the Family History-Research Diagnostic Criteria (FH-

RDC) (Andreasen et al. 1977). BD offspring were assessed using

the Affective Disorders Module of the Washington Schedule for

Affective Disorders and Schizophrenia for School-Age Children

(WASH-U-KSADS) (Geller et al. 2001) and Kiddie-SADS-Present

and Lifetime Version (K-SADS-PL) (Kaufman et al. 1997). All

evaluations were conducted by either a child and adolescent psy-

chiatrist or a trained master’s level research assistant with at least 2

years’ experience in psychiatric interviewing. Evaluators were

aware of parental diagnoses, and parents were interviewed while

they were euthymic at the time of their child’s assessment. Inter-

rater reliability was established by rating videotaped interviews,

observing trained rater interviews, and performing interviews with

observation by a trained rater. Diagnostic decisions were ultimately

made by a board-certified child and adolescent psychiatrist (K.C.

or M.S.) based on personal interview, discussion with the research

assistant, and written notes of parent and offspring responses to

interview questions. Current and lifetime diagnoses were estab-

lished according to Diagnostic and Statistical Manual of Mental

Disorders, 4th ed. (DSM-IV) criteria (American Psychiatric

Association 1994).

Youth 9–17 years of age who had at least one biological parent

with BD were included in the BD offspring group. BD offspring

with the following disorders or conditions were excluded: BD I or

II, schizophrenia, pervasive developmental disorder, Tourette’s

disorder, substance use disorder, obsessive-compulsive disorder

(OCD), panic disorder, or a neurological condition (such as a sei-

zure disorder). HC had no personal or parental psychiatric history

and no family history of BD, and were excluded with current Young

Mania Rating Scale (YMRS) (Young et al. 1978) scores >8 or

Childhood Depression Rating Scale (CDRS-R) (Poznanski et al.

1985) >26.

Multidimensional Anxiety Scale for Children (MASC)

To assess anxiety symptoms, we used the MASC (March et al.

1997), a 39 item scale, distributed into four major factors: physical

symptoms, social anxiety, harm avoidance, and separation anxiety.

The MASC has been shown to reliably distinguish anxiety from

depression, and to differentiate various anxiety disorders (Dierker

et al. 1999).

Genotyping

DNA was extracted from 200 uL of frozen blood using the

QiagenDNeasy Kit (Qiagen, Hilden, Germany [Cat. #69506]).

Oligonucleotide primers flanking the 5-HTT-linked polymorphic

region and corresponding to the nucleotide positions -1416 to

-1397 (stpr5, 5¢-GGC GTT GCC GCT CTG AAT GC) and -910 to

-888 (stpr3, 5¢-GAG GGA CTG AGC TGG ACA ACC AC) of the

5-HTT gene 5¢-flanking regulatory region were used to generate

484 bp or 528 bp fragments. Polymerase chain reaction (PCR)

amplification was conducted in a final volume of 30 uL, consisting

of 50 ng of genomic DNA, 50 ng each of sense and antisense

primers, 15 uL of Taq PCR Master mix (Qiagen, Cat.#201445),

10% dimethyl sulfoxide (DMSO), and 1 mol/L betaine. Annealing

was performed at 61�C for 30 seconds, extension was performed at

71�C for 1 minute, and denaturation was performed at 95�C for 30

seconds, for a total of 35 cycles. The PCR products were electro-

phoresed through 5% polyacrylamide gel (acrylamide/bis-acrylamide

ratio19:1) at 60 V for 60 minutes. A 100 bp marker was used to

measure the PCR product size for the l- and s-alleles. Alleles were

called by raters blind to clinical status of the participant.

Statistical analysis

To compare categorical variables, we conducted v2 tests. To

compare continuous variables, we conducted independent t tests for

parametric data, and Mann–Whitney U tests for nonparametric data.

To compare subjects with different genotypes (s/s vs l/s vs l/l), we

conducted a three way ANOVA with post-hoc Tukey (b) tests. The

initial three groups sorted by genotype were then redivided into two

groups of offspring of BD parents dichotomized by the presence of or

absence of the s-allele. This method has been used in previous studies

to determine the effect of having at least one s-allele (Kaufman et al.

2004, 2006). The statistical significance for all tests was set at

p < 0.05. We corrected significance levels for multiple comparisons

using a Bonferroni correction (0.05/5 comparisons = 0.01).

Results

Among 100 offspring of BD parents and 60 HC, 35 offspring of

BD parents and 9 HC were excluded because of incomplete MASC

data (34 offspring of BD parents and 9HC) or genotyping failure (1

offspring of BD parents), leaving 64 offspring of BD parents (mean

age, 13.7 [SD 3.45); males = 30, females = 34) and 51 HC (mean

age, 13.68 [SD 2.68]; males = 23, females = 28) to be included as

subjects for statistical analysis. Among the total of 64 offspring of
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BD parents, 37 (57.8%) showed subthreshold mood symptoms

(YMRS > 12 or CDRS > 27). The offspring of BD parents group

had significantly higher anxiety scores than HC in the physical

subscale ( p = 0.001) and the social anxiety subscale ( p = 0.037), as

well as in the overall MASC score ( p = 0.018). Results for the

physical subscale and MASC total scores remained significant after

adjusting for multiple comparisons (Fig. 1a). Participant demo-

graphic and clinical characteristics are provided in Table 1. In the

offspring of BD parents group, the l/l genotype of the 5-HTTLPR

was observed in 19 subjects (29.7%), the l/s genotype was observed

in 30 subjects (46.9%), and the s/s genotype was observed in 15

subjects (23.4%). In the HC group, the l/l genotype was observed in

8 subjects (15.7%), the l/s genotype was observed in 28 subjects

(54.9%), and the s/s genotype was observed in 15 subjects (29.4%)

in the HC group. The distributions of genotypes for the 5-HTTLPR

polymorphism were consistent, with expected values based on

Hardy–Weinberg equilibrium in both the offspring of BD parents

( p = 0.64) and HC groups ( p = 0.40).

There was no significant difference in the current usage of an-

tianxiety medications (Table 2) among the three 5-HTTLPR ge-

notype groups. Similarly, there was no significant difference in the

current usage of stimulant medications, which may have anxio-

genic properties. Among the offspring of BD parents not currently

taking antianxiety medications, no one had a past history of anti-

anxiety medication use. In other words, there were no offspring of

BD parents who had formerly taken antianxiety medication who

were not current antianxiety medication users in this study.

Therefore, we were able to dichotomize the offspring of BD parents

group into those who were taking antianxiety medications and
those who were antianxiety medication naı̈ve. The offspring of BD

parents who were taking antianxiety medications generally showed

higher anxiety than the offspring of BD parents who were not

taking antianxiety medications (Table S1) (see supplementary

material in the online article at http://www.liebertonline.com/jcap).

Nine BD offspring were taking stimulant medications, and of these

subjects, five were also taking antianxiety medications. As these

five subjects had already been excluded from the original analysis,

we reanalyzed the data after excluding the remaining four subjects.

However, no significant differences were observed when compared

with the results prior to excluding stimulant medications. Four

BD offspring were taking antipsychotics (three taking aripiprazole,

one taking risperidone), and five BD offspring were taking lamo-

trigine. We performed additional analyses after excluding the

subjects who were taking antipsychotics or lamotrigine, and among

the subjects seven had already been excluded from the previous

steps. Eventually two more subjects were excluded; however, again

no significant differences were observed when compared with the

results prior to excluding stimulant medications.

Comparisons by 5-HTTLPR genotype (s/s vs. l/s vs. l/l)

Analysis of the entire study group showed no significant dif-

ference in the MASC scores by 5-HTTLPR genotype. Similarly,

neither the offspring of BD parents nor the HC group showed a

significant difference in the MASC scores by the 5-HTTLPR ge-

notype within each group. However, when we excluded offspring

of BD parents currently taking antianxiety medication, certain

trends in anxiety patterns according to genotype appeared. The

antianxiety medication naı̈ve offspring of BD parents with both the

s/s (n = 15) and l/s (n = 30) genotypes reported higher levels of

anxiety than the offspring of BD parents with the l/l (n = 19) ge-

notype, except in the harm avoidance subscale.

The symptom patterns observed in the offspring of BD parents

were not observed in the HC group except in the social anxiety

FIG. 1. Anxiety symptoms differences (a) between the bipolar
disorder (BD) offspring group and healthy control group (b) ac-
cording to 5-HTTLPR genotype in BD offspring.

Table 1. Demographic and Clinical Characteristics

of the Participants

Offspring of
BD parents Control

(n = 64) (n = 51) p

Age 13.73 (3.45) 13.68 (2.68) 0.93

Gender
Male (%) 30 (46.88) 23 (45.10) 1.00

Race
Non-Caucasian (%) 6 (9.37) 20 (39.22) < 0.001

YMRS
Mean (SD) 6.50 (6.90) 1.10 (1.34) < 0.001

CDRS
Mean (SD) 27.33 (11.74) 18.85 (2.24) < 0.001

MASC
Mean (SD)

Physical 8.05 (7.01) 4.31 (4.06) 0.01
Harm avoidance 16.41 (4.71) 15.76 (4.64) 0.47
Social anxiety 10.06 (6.14) 7.75 (5.41) 0.04
Separation anxiety 5.95 (5.24) 5.51 (4.35) 0.63
MASC Total 40.47 (17.09) 33.33 (14.24) 0.02

BD, bipolar disorder; CDRS, Children’s Depression Rating Scale;
MASC, Multidimensional Anxiety Scale for Children; YMRS, Young
Mania Rating Scale.
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subscale (Fig. 2), where social anxiety symptoms tended to be

greater (trend) in those with the s-allele in both the offspring of BD

parents and HC groups.

Comparisons according to presence of an s allele
(l/l vs. l/s + s/s)

When dichotomized according to presence or absence of the

s-allele (l/l vs. l/s + s/s), no significant difference was observed in

the MASC scores according to presence of the s-allele in either the

entire study group or the HC group. After excluding the offspring of

BD parents taking antianxiety medications (n = 13), we examined

only the remaining offspring of BD parents who were naı̈ve to

antianxiety medications (n = 51). Within this latter group, offspring

of BD parents with at least one s-allele had significantly higher

MASC anxiety scores than offspring of BD parents without the

s-allele in the social anxiety subscale ( p = 0.020), separation anx-

iety subscale ( p = 0.022), and total MASC score ( p = 0.013) (Fig.

1b). Results for the MASC total scores remained significant after

adjusting for multiple comparisons (Table 3). However, when we

examined only the offspring of BD parents currently taking anti-

anxiety medication, no significant differences were observed in the

MASC scores by presence/absence of the s-allele.

Discussion

In this study, the offspring of BD parents group demonstrated

higher anxiety levels than the HC group, which was to be expected,

given that 57.8% of the offspring of BD parent subjects were re-

cruited for presence of mood dysregulation.

In addition, antianxiety medication naı̈ve offspring of BD par-

ents with at least one s-allele had higher reported anxiety than

antianxiety medication naı̈ve offspring of BD parents without an

s-allele.

Concerning the relationship between BD and the 5-HTTLPR

genotypes, even though some studies have shown negative results,

meta-analytic results (Cho et al. 2005; Lasky-Su et al. 2005; Jiang

et al. 2013) have consistently reported that the presence of the

s-allele has a significant association with BD, albeit the effects sizes

are mostly small.

Regarding the relationship between anxiety and the 5-HTTLPR

genotypes, studies on anxiety manifestations below clinical disor-

der level, such as subclinical anxiety symptoms or anxiety traits,

have shown relatively consistent results, and found that s-allele

carriers tend to have increased anxiety-related temperament traits

(Lesch et al. 1996; Mazzanti et al. 1998; Katsuragi et al. 1999;

Osher et al. 2000; Melke et al. 2001; Jacob et al. 2004; Schinka et al.

2004; Sen et al. 2004; Calapoğlu et al. 2011), although a few studies

have reported negative results (Willis-Owen et al. 2005; Mid-

deldorp et al. 2007; Munafò et al. 2009) and Jorm et al. (2000)

reported the l-allele as being a risk allele. However, the studies on

clinical level anxiety disorder, such as panic disorder (Deckert et al.

1997; Ishiguro et al. 1997; Matsushita et al. 1997; Maron et al.

2005; Martinez-Barrondo et al. 2005; Blaya et al. 2007; Lonsdorf

et al. 2009; Strug et al. 2010), generalized anxiety disorder (Sa-

mochowiec et al. 2004), social anxiety disorder (Strug et al. 2010),

generalized social phobia (Ohara et al. 1998; Stein et al. 1998), and

OCD (McDougle et al. 1998; Bengel et al. 1999; Hamilton et al.

1999) have shown conflicting results. Therefore, high scores on

Table 2. The Demographic and Clinical Characteristics According to 5-HTTLPR Genotype

in Offspring of Bipolar Parents

l/l l/s s/s
(n = 19) (n = 30) (n = 15) p

Age 14.13 (3.73) 13.54 (3.22) 13.59 (3.74) 0.84

Gender
Male (%) 8 (42.10) 17 (56.67) 5 (33.33) 0.30

Race
Non-Caucasian (%) 1 (5.26) 4 (13.33) 1 (6.67) 0.60

YMRS
Mean (SD) 4.50 (5.24) 8.53 (7.75) 5.73 (6.26) 0.18

CDRS
Mean (SD) 23.21 (7.49) 31.65 (13.89) 25.09 (8.24) 0.06

BD diagnosis
BD NOS (%) 2 (10.53) 7 (23.33) 2 (13.33) 0.46

Comorbidity
ADHD (%) 5 (26.32) 7 (23.33) 3 (20.00) 0.91
ODD (%) 1 (5.26) 3 (10.00) 0 (0.00) 0.42
GAD (%) 5 (26.32) 7 (23.33) 1 (6.67) 0.31
Anxiety disorder NOS (%) 0 (0.00) 1 (3.33) 2 (13.33) 0.17
Phobia (%) 1 (5.26) 2 (6.67) 1 (6.67) 1.00

Antianxiety medication
Total 6 (31.58) 6 (20.00) 2 (13.33) 0.46
SSRI 5 (26.32) 4 (13.33) 1 (6.67) 0.27
Antidepressant other than SSRI 4 (21.05) 5 (16.70) 1 (6.67) 0.55
Anxiolytic 2 (10.53) 2 (6.67) 0 (0.00) 0.56

Stimulant medication 3 (15.79) 4 (13.33) 2 (13.33) 0.74

ADHD, attention-deficit/hyperactivity disorder; BD, bipolar disorder; CDRS, Children’s Depression Rating Scale; GAD, generalized anxiety disorder;
NOS, not otherwise specified; ODD, oppositional defiant disorder; SSRI, selective serotonin reuptake inhibitor; YMRS, Young Mania Rating Scale.
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subscales of trait anxiety may be related to the subclinical range of

anxiety symptoms that may place youth at high risk for BD.

That youth may be biologically predisposed to developing

anxiety is supported by functional magnetic resonance imaging

(fMRI) studies on the relationship between the 5-HTTLPR geno-

type and amygdala activity, which have consistently shown that

s-allele carriers have significantly greater amygdala excitability

than individuals with other genotypes (Hariri, et al. 2002; Heinz,

et al. 2005; Munafò, et al. 2008; Surguladze, et al. 2008). The

5-HTTLPR genotype-mediated effect on brain region excitability

was specific to the amygdala (Hariri et al. 2002), and as amygdala

excitability plays a role as an intermediate phenotype of anxiety

symptoms (Davidson 2002; Blackford and Pine 2012), it may be

that amygdala excitability may be a mediating factor that links

genotype with anxiety symptoms.

Interestingly, in our study, the association between increased

anxiety and the presence of the s-allele was only observed in the

antianxiety medication naı̈ve offspring of BD parents group in this

study. To understand this finding, we need to first comment on the

characteristics of BD offspring and the role of antianxiety medi-

cation in BD offspring by the 5-HTTLPR genotype. Key gene-by-

environment interactions may be leading to epigenetic modulation

in BD offspring. Specifically, the BD offspring group is subject

to not only genetic risk factors but also to environmental risk fac-

tors such as parent–child relationship problems that result from

parents’ illnesses (Chang et al. 2001). The presence of the s-allele

of 5-HTTLPR polymorphism plays a role as a risk factor for the

development of depression or anxiety, especially in individuals

with stressful life events (Caspi et al. 2003; Eley et al. 2004;

Kaufman et al. 2004; Kendler 2005; Kaufman et al. 2006; Stein

et al. 2008; Karg et al. 2011), which are common among BD off-

spring (Moreno et al. 2012).

Second, one needs to consider the effect of antianxiety medi-

cations by 5-HTTLPR genotype. Except in some studies with AsianFIG. 2. Anxiety symptoms according to 5-HTTLPR genotype.

Table 3. The Demographic and Clinical Characteristics

According to 5-HTTLPR in Antianxiety Medication

Naı̈ve BD Offspring

l/l l/s + s/s
(n = 13) (n = 38) p

*corrected
p

Age 13.30 (3.54) 12.99 (3.10) 0.77
Gender

Male (%) 5 (38.46) 19 (50.00) 0.53
Race

Non-Caucasian
(%)

0 (0.00) 4 (10.53) 0.56

YMRS
Mean (SD) 3.83 (5.29) 7.80 (7.63) 0.11

CDRS
Mean (SD) 21.50 (6.59) 28.71 (12.26) 0.06

MASC
Mean (SD)

Physical 4.62 (4.17) 7.61 (6.22) 0.11 0.37
Harm avoidance 15.23 (5.36) 16.34 (4.73) 0.48 0.07
Social anxiety 5.92 (4.97) 10.58 (6.34) 0.02 0.06
Separation anxiety 3.08 (3.05) 6.95 (5.50) 0.02 0.05
MASC Total 28.85 (11.76) 41.47 (16.31) 0.01 0.02

*Corrected by CDRS.
BD, bipolar disorder; CDRS, Children’s Depression Rating Scale;

MASC, Multidimensional Anxiety Scale for Children; YMRS, Young
Mania Rating Scale.
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populations (Yoshida et al. 2002; Kim et al. 2003), antidepressant

effectiveness by the 5-HTTLPR genotype in adults with depression

(Smeraldi et al. 1998; Pollock et al. 2000; Zanardi et al. 2000, 2001;

Durham et al. 2004) and anxiety (Perna et al. 2005; Stein et al.

2006) have found that individuals with the s/s genotype show

poorer response to antidepressants than do individuals with other

5-HTTLPR genotypes. However, a study with children and ado-

lescents with depression and/or anxiety (Kronenberg et al. 2007)

found that the s/s genotype was associated with poor antidepressant

treatment response only to depressive symptoms but not anxiety

symptoms. Further, animal studies have shown that, unlike the

anxiolytic effects of antidepressants in adults (Holick et al. 2008),

antidepressant exposure during adolescence appears to have an-

xiogenic rather than anxiolytic effects (Oh et al. 2009; Warren et al.

2011). Moreover, studies with children and adolescents with de-

pression or anxiety disorders have reported high rates of agitation

or anxiety-like symptoms during antidepressant treatment (Rey-

Sánchez and Gutiérrez-Casares 1997; March et al. 1998; Ambrosini

et al. 1999; Cook et al. 2001; Emslie et al. 2002; Braconnier et al.

2003; Wagner et al. 2003). For example, Kronenberg et al. (2007)

found that depressed children and adolescents with the s/s genotype

showed a low agitation rate as a side effect of citalopram treatment.

Our study showed that BD offspring treated with antianxiety

medication had higher anxiety symptoms than BD offspring who

were antianxiety medication naı̈ve, suggesting that some of BD

offspring might not show full response to antianxiety medication or

may be vulnerable to developing anxiety-like symptoms as a side

effect of treatment. Further, antianxiety medication treatment may

alleviate the 5-HTTLPR genotypes’ moderating effect on anxiety

symptoms regardless of whether this possibility results from poor

treatment response or side effects.

Finally, BD offspring with the s-allele had a subclinical range of

anxiety symptoms. It is possible that such subclinical anxiety

symptoms may represent prodromal symptoms of BD (Chang

2010). Importantly, subsyndromal manic symptoms can be mis-

taken for anxiety symptoms. BD offspring are at relatively high risk

for the development of manic symptoms (Baumer et al. 2006;

Strawn et al. 2014), and subsyndromal manic symptoms commonly

first manifest as motor hyperactivity or irritability (Strawn et al.

2014). Furthermore, it is unclear whether mood instability or irri-

tability during pharmacological treatment results from medication

side effects or indicates bipolar psychopathology (Faedda et al.

2004) in BD offspring taking medications that exacerbate anxiety

symptoms.

Limitations

First, although there is a high possibility of epigenetic and gene–

gene interaction effect, we only examined anxiety symptoms and

the 5-HTTLPR polymorphism of the 5-HTT gene in the offspring

of BD parents and HC. We did not evaluate environmental risk

factors such as parent–child relationships, traumatic life events, or

levels of early life stress. We also did not look at other genetic

polymorphisms, which may interact with the 5-HTT gene. Second,

this study is a cross-sectional study that will require longitudinal

follow-up to determine whether trait anxiety predicts conversion to

BD in youth at familial risk. Furthermore, because of this study’s

cross-sectional nature and the lack of follow-up concerning the

response to antianxiety medication or side effects, we could not

fully investigate the alleviating effect of antianxiety medication on

the 5-HTTLPR genotypes’ moderating effect on anxiety symp-

toms. Third, the number of subjects was relatively small for genetic

analysis, and our sample contained multiple ethnic groups. How-

ever, our results did not change significantly when we re-analyzed

our data after excluding non-Caucasian participants.

Conclusion

This study found an association between the 5-HTTLPR geno-

type and anxiety symptoms in BD offspring not exposed to anti-

anxiety medications. Future longitudinal studies may confirm

whether or not anxiety symptoms and certain 5-HTTLPR geno-

types serve as risk factors for the development of BD in high-risk

offspring. Studies that monitor symptom change in high-risk youth

may capture subtle changes that may occur at a very early age.

Other possible risk factors such as gene–gene interaction and

genetic–environmental interactions should also be examined lon-

gitudinally. Pharmacological treatment response and side effects

according to 5-HTTLPR genotype should also be explored. There

have been some preliminary studies that have explored these re-

lationships (Stein et al. 2006; Kronenberg et al. 2007). However,

those studies have shown conflicting results, and the number and

sample sizes of these studies are small. Finally, because BD off-

spring may be at high risk for manic switching, pharmacogenetic

studies may aide in determining which youth are most likely to

benefit from certain pharmacotherapies, and which youth may

develop adverse reactions to them. Early identification of these

comprehensive risk factors will enable clinicians to intervene ear-

lier with the hope of preventing poor outcomes in these youth

(Chang et al. 2003b).

Clinical Significance

This study indicated that there may be an association between

5-HTTLPR genotypes and anxiety symptoms in offspring of BD

parents. Antianxiety medication status may affect anxiety symp-

toms in the offspring of BD patients according to genotype.

Therefore, youth at high risk for BD who are not treated for anxiety

may present with increased anxiety symptoms based on their

5-HTTLPR genotype. Such presentation may place them at even

higher risk for development of BD.
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