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h  i g  h  l  i  g  h  t  s

• We  studied  triallelic  5-HTTLPR  in early-onset  obsessive–compulsive  disorder  (OCD).
• 103  trios  of  OCD-affected  children  and  both  their  parents  were  investigated.
• Over-transmission  of  the LA allele  to affected  offspring  was observed.
• Meta-analysis  confirmed  association  of  the  LA allele  with OCD.
• Our  data  support  the  5-HTTLPR  LA allele  as  a risk  variant  for  early-onset  OCD.
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a  b  s  t  r  a  c  t

Despite  compelling  evidence  for major  genetic  contributions  to  the etiology  of  obsessive–compulsive
disorder (OCD),  few  genetic  variants  have  been  consistently  associated  with  this  debilitating  illness.
Molecular  genetic  studies  in  children  and adolescents  with  OCD  are of particular  interest,  since  early
onset  of  the  disease  has  been  observed  to  be  associated  with  increased  familiality.  We  replicate  here  for
the  first  time  in  early-onset  OCD  patients,  a previously  reported  association  of  OCD  with  the  common
gain-of-function  LA allele  at the  serotonin  transporter  linked  polymorphic  region  known  as  5-HTTLPR  in
a collection  of  parent-offspring  trios.  The  present  meta-analysis  of  this  recently  refined  serotonin  trans-
porter  gene  variant  revealed  further  support  for the LA allele  conferring  increased  genetic  susceptibility
to  OCD.  We conclude  that  the  5-HTTLPR  is currently  the  single  best  supported  risk  variant  for  OCD,  in
regards  of  early-onset  OCD,  albeit  of  modest  effect  size  and  the  possibility  that  the  conferred  risk  might
not  be specific  to OCD.
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1. Introduction

Obsessive–compulsive disorder (OCD) is a debilitating neu-
ropsychiatric disorder marked by recurring, anxiety-laden intru-
sive thoughts (obsessions) and repetitive behaviors (compulsions).
OCD patients suffer from recurrent, persistent thoughts, ideas,
impulses, and behavioral patterns imposing themselves on the
patients against their will and perceived by them as distressing
and excessive [2]. Obsessive–compulsive symptoms heritability
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has been estimated to be between 0.27 and 0.47 in adults and
between 0.45 and 0.65 in children [22]. One of the most frequently
investigated candidate genes for OCD is the serotonin transporter
(SLC6A4) with its transcriptional control insertion/deletion poly-
morphism known as the 5-HTTLPR. Traditionally, 5-HTTLPR alleles
have been divided into long (L) alleles with high expressing function
and short (S) alleles with low expressing function. Recently the L
alleles at the 5-HTTLPR were subdivided into truly high-expressing
LA and low-expressing LG alleles, calling for a re-appreciation of
previous research [11]. Hu et al. showed that as many as one in
three L alleles (depending on ethnicity) are actually low-expressing
(LG) and thus functionally equivalent to the short (S) variant [11].
This improved understanding of 5-HTTLPR functionality enabled
them to identify a significant association of the gain-of-function
LA allele with OCD in an unrelated case–control sample and a col-
lection of trios. Although three subsequent replication attempts
were statistically non-significant, all showed increased odds ratio
for association of the LA allele with OCD [20,24,28].

While OCD onset occurs most often in adolescence and early
adulthood (median age of onset 19 years reported in the National
Comorbidity Survey Replication), symptoms can occur already in
young children [12]. Early–onset OCD has been associated with
higher prevalence of OCD in first-degree relatives, suggesting
higher familiality in this group [reviewed in 18,26]. In addition,
some differences in gender distribution, the nature of OCD symp-
toms and the illness course, as well as pattern of co-morbidity are
present between early and late-onset OCD [13]. A stratified meta-
analysis has pointed toward a possible particular association of the
5-HTTLPR long (L) allele with early-onset OCD and OCD in Cau-
casians [3]. This finding and the known especially high familiality
in early-onset OCD prompted us to further evaluate the role of the
refined 5-HTTLPR in a separate sample including only children and
adolescents with OCD and both of their biological parents.

Here, we replicate for the first time the originally reported asso-
ciation of the LA allele with OCD [11] in a collection of early-onset
OCD trios and further demonstrate a strong association of this allele
with OCD in a meta-analysis for the LA allele.

2. Materials and methods

2.1. Study group and genotyping

We  collected a total of 103 trios from OCD-affected children and
from both of their biological parents. The study sample included
patients who had received treatment for OCD at the Departments
of Child and Adolescent Psychiatry at the Universities of Würzburg,
Marburg, Freiburg or Technical University of Aachen, according to
protocols approved by the local institutional review boards and
after obtaining informed written consent. All included patients
with OCD were children and adolescents with an age at onset of
less than 18 years, and all participants of the included trios were of
European ancestry. All OCD probands fulfilled the diagnostic crite-
ria for OCD according to DSM-IV [1]. Criteria for OCD were assessed
by interviewing the children and parents with the respective ver-
sions of “Diagnostisches Interview bei psychischen Störungen im
Kindes- und Jugendalter” (Kinder-DIPS) [21]. Severity and further
characteristics of OCD were examined by interviewing the patients
with the Children’s Yale-Brown Obsessive Compulsive Scale (CY-
BOCS) (with a summary score above 16 points determined to be
the cut-off for clinical impairment caused by OCD symptomatology)
[16].

Criteria for co-morbid disorders were assessed with Kinder-
DIPS, which screens for a wide range of psychiatric disorders in
children and adolescents. These include affective-, anxiety-, eating-
and tic disorders, attention-deficit/hyperactivity disorder (ADHD),

conduct-, oppositional disorder, as well as a screening component
for substance use, abuse, psychosis and somatic diseases. Screen-
ing for autistic spectrum disorders was  carried out with CASCAP-D
[4]. Diagnostic assessments of present and lifetime Tourette’s syn-
drome and tic disorders were performed with the adapted German
version [10] of the Child and Adult Schedule for Tourette and Other
Behavioral Syndromes (STOBS) [14]. Exclusion criteria were: life-
time history of psychotic disorder, Tourette’s syndrome, autistic
disorder, alcohol dependence and mental retardation (IQ < 70). Co-
morbid disorders in the probands included ADHD (10.9%), mood
(affective) disorders (5.8%), anorexia nervosa (2.5%), tics (10.9%, no
Tourette’s syndrome), phobias (5.9%) and other anxiety disorders
(1.7%). Probands with co-morbid disorders were included in the
study only when OCD symptoms predominated. The mean age ± SD
of the OCD-affected children was  12.84 ± 2.91 years. Mean age of
disease onset ± SD was 11 ± 3.19 years.

Psychiatric disorders in parents of the OCD probands were
assessed systematically with the lifetime version of the schedule
for affective disorders and schizophrenia (SADS-L) [7]. On average
3.8% of the mothers and 2.1% of the fathers of the probands met  the
criteria for OCD. Other psychiatric disorders observed in the parents
included most commonly anxiety (28.3% in mothers and 12.8% in
fathers) and affective (17% in mothers and 19.1% in fathers) disor-
ders. Less frequently diagnosed disorders in the parents were eating
disorders, tics, alcohol abuse and ADHD. This collection is an exten-
sion and re-evaluation of a previously published, non-significant
association analysis of the original (bi-allelic) 5-HTTLPR in OCD
[25]. Genomic DNA was  extracted from whole blood at the local
sites and genotyped as described previously [27] under a protocol
approved by the Institutional Review Board of the National Insti-
tute of Mental Health Division of Intramural Research Programs
in Bethesda, MD (protocol number 96-M-0124). No-template con-
trols and duplicate samples consistently yielded expected results;
there were no Mendel errors; founder genotypes did not deviate
from Hardy-Weinberg equilibrium (exact test, P = 0.57). The trans-
mission disequilibrium test (TDT) was  performed on child-parents
trios [17]. The software package PLINK was  used for the TDT analysis
[15].

2.2. Meta-analysis

Relevant studies were identified by searching the database
PUBMED (http://www.ncbi.nlm.nih.gov/pubmed/) for the terms
(“obsessive–compulsive disorder” OR “OCD”) AND (“5-HTTLPR”
OR “serotonin transporter”). From the search results all published
original articles, which investigated the association of the refined 5-
HTTLPR with OCD (both early- and late-onset) as of 30th April 2014
were included, and combined with the data from the current study.
Since both case–control and family-based studies were included
in the meta-analysis, and patient populations were not identical
between studies, a random-effects model with the DerSimonian-
Laird estimator of between-study variance (T2) was  used. The
results obtained were very similar using other estimators (e.g.
restricted maximum likelihood or empirical Bayes). Variability due
to between-study heterogeneity was  estimated to be I2 = 29% (95%
CI = 0–90; Q(5) = 7.02, P = 0.219). The studies were also analyzed
with fixed-effects meta-analyses. Funnel plot and a “trim and fill”
analysis were used to assess whether there was any evidence of
publication bias [5,6]. The analysis was conducted with the metafor
package in R (www.r-project.org) [23].

3. Results

We observed a significant over-transmission of the LA allele
at the 5-HTTLPR to affected offspring in our OCD-affected
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