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ABSTRACT

Introduction: There is inconsistent evidence of interaction between
childhood adversities and a serotonin transporter promoter polymorphism
(5-HTTLPR) in depression. Itis hypothesized that genetic sensitivity to stress
could be more specific to recurrent major depressive disorder (MDD). The
aim of the study is to replicate a recent study which provided preliminary
evidence of interaction between severity of childhood maltreatment and
the 5-HTTLPR polymorphism in recurrent MDD.

Methods: Participants included a well-characterized clinical sample of
70 recurrent MDD cases and 67 never psychiatrically ill controls, aged
18 years or over. Socio-demographic and clinical information form,
Composite International Diagnostic Interview (CIDI), Childhood Trauma
Questionnaire (CTQ), Beck Depression Inventory (BDI) were applied to
both groups, along with genotyping.

Results: There was no interaction between childhood maltreatment
and the 5-HTTLPR in relation to recurrent MDD. All forms of childhood
maltreatment were reported as more severe by cases than controls,
and there was an independent association between maltreatment and
recurrent MDD.

Conclusion: The path forward to detect genetic risk loci for depression
remains challenging. Taking childhood maltreatment history into
account could lead to a richer understanding of differences in biological
correlates, genetic underpinnings, and outcomes.
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INTRODUCTION

There has been extensive evidence for the negative impact of adverse
childhood experiences on mental health in adulthood (1). Epidemiological
studies indicate that children exposed to early adverse experiences such as
childhood maltreatment are at increased risk for depression (2). However,
not everyone who encounter adversities in childhood succumb to their
negative effect, there are substantial individual differences in outcome
(3). Therefore, it has been hypothesized that gene by environment
(GXE) interactions are of importance in the etiology of major depressive
disorder (MDD).

SLC6A4 gene which regulates the uptake of serotonin from the synaptic
cleft (4) contains a sequence with varying numbers of repeats which have
different transcriptional efficiencies. Although there may be as many as 10
alleles in humans, by far the most common are what are generally termed
short (S) and long (L) alleles. Research in GxE interactions has culminated
in the demonstration that S allele confers risk for the development of
MDD in the presence of adverse life events (5). This potential etiological
role of an interaction between stressful life experiences and 5-HTTLPR
in MDD has sparked further debate and an array of inconsistent findings

(6, 7). Interaction between childhood maltreatment and S allele of
5-HTTLPR has been shown to be stronger amongst individuals suffering
from persistent MDD rather than onsets of new episodes (8, 9). Recently,
Fisher et al. (10) provided preliminary evidence of interaction between
childhood sexual abuse and the 5-HTTLPR in relation to recurrent MDD.

Theaim of this study was to replicate Fisher etal.s study (10) and investigate
the interaction between specific forms of childhood maltreatment and
the 5-HTTLPR in a clinical sample.

METHODS

Participants

Out of the 448 patients diagnosed with MDD at Baskent University
Faculty of Medicine, Department of Psychiatry, 84 patients were included
in the study. This study was approved by Baskent University Ethical Board
for Clinical Research (KA. 14.201), and all participants provided written
informed consent.
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After obtaining a detailed medical and family history, patients who had
psychotic features (n=23), serious or unstable medical illness (n=46), a
history or a current diagnosis of a neurological illness (n=14), a DSM-IV
(11)/1CD-10(12) diagnosis other than recurrent MDD (n=217), clinical and
laboratory evidence of thyroid dysfunction (n=24), anemia, vitamin B12
and folic acid deficiency (n=40) were excluded to achieve a homogenous
study group. Blood samples of 5 patients were not available, genotyping
failed for 3 participants, and 6 patients didn't complete the assessment
tools. As a result, 70 recurrent MDD patients were recruited (56 female, 14
male; mean age 37.76+8.46 years). 67 healthy individuals matched for age,
sexand level of education (52 female, 15 male; mean age 39.79+9.39 years)
who were responders to verbal announcement were enrolled in the study
under identical conditions to those of the patients. None of the controls
had a personal history of a psychiatric disorder and/or a neurological
illness. All participants were Caucasian, and aged 18 years or over.

Assessment

Socio-demographic and clinical information form: In the form that was
designed by the researchers, there were questions regarding age, sex,
educational, marital and working status, medical illness and history of
mental disorder in the family.

Composite International Diagnostic Interview (CIDI): Diagnosis of recurrent
MDD and absence of any other mental disorder was confirmed by using
CIDI. CIDI is a standardized, fully-structured interview developed by
the World Health Organization (WHO) that provides current and life-
time ICD-10 and DSM-IV diagnoses (13). It is widely used as a research
diagnostic interview and has been adapted to Turkish population by Kilig
and Gogus (14).

Childhood Trauma Questionnaire (CTQ): CTQ was developed by Bernstein
et al. (15) for screening the experiences of childhood maltreatment
before age 18. It is a Likert type self-report questionnaire which is widely
used in clinical and general population samples. Aslan and Alparslan (16)
adapted CTQ into Turkish and reported that Turkish version consisted of
40-items with a 3-factor structure: Physical abuse (PA), emotional abuse
and emotional neglect (EA-EN) and sexual abuse (SA).

Beck Depression Inventory (BDI): BDI was used to measure the participants’
severity of depressive symptomatology. It is a Likert type self-report
inventory developed by Beck et al. (17) and consists of 21 questions
about how the subject has been feeling in the last week. BDI was adapted
for the Turkish population by Hisli (18).

Genotyping

DNA was extracted from a 10 ml sample of peripheral blood
collected from all participants and using NucleoSpin DNA isolation
kit (Macherey-Nagel GmbH, Germany). Polymerase chain reaction
(PCR) was performed on samples to amplify the 44 base-pair repeat
sequence on the promoter region of the SLC6A4 gene (19). Previously
published  primer  sequences, 5-GGCGTTGCCGCTCTGAATGC-
3'(Forward) and 5-GAGGGACTGAGCTGGACAACCA-3'(Reverse) were
used for amplification (20). The products were run on 3% agarose
gel electrophoresis to determine L and S polymorphisms and allele
frequencies.

Statistical Analysis

Descriptive analyses were presented in mean * standard deviation for
continuous, and in n (%) for categorical variables. Inferential analyses
were performed using t-test for continuous variables and a chi-square
test for categorical variables.

Main effects of the 5-HTTLPR and childhood trauma were tested with a
logistic regression analysis. All analyses were adjusted for age and sex.
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We first explored the main effects of the CTQ score and genotype on
recurrent MDD status using logistic regression analysis. Then, the effects
of the 5-HTTLPR and childhood trauma on presence of recurrent MDD
were tested with statistical interaction model. Statistical analyses were
performed for additive, dominant and recessive models. All analyses
were performed with the IBM SPSS 21.0. A p-value threshold of 0.05 was
used for statistical significance.

RESULTS

There was no difference in terms of age, gender, marital status and
education between groups (Table 1). In control group, more participants
had regular income when compared to patients (p=0.003). In recurrent
MDD group, more participants had medical illness (p<0.01), and family
history of mental disorder (p<0.001). The BDI score (p<0.001), total CTQ
score (p<0.007) and subdomain scores (PA p<0.001; EA-EN p<0.007; SA
p=0.003) were higher in recurrent MDD group compared to controls.

The 5-HTTLPR genotypes in patients with recurrent MDD (LL=16 (22.9%),
SL=33 (47.1%), SS=21 (30%) were in Hardy-Weinberg equilibrium
(c?=0.19, p=0.66). In controls, the 5-HTTLPR genotypes (LL=17 (25.4%),
SL=29 (43.3%), SS=21 (31.3%) were also in Hardy-Weinberg equilibrium
(c?=1.15, p=0.28). We analyzed three genetic models: additive (LL=0, SL=1,
$S=2), dominant (LL=0, SL=T1, S5=1) and recessive (LL=0, SL=0, S5=1).

There was a significant independent association between CTQ scores and
recurrent MDD (p<0.001) even after adjustment for age and gender (Table
2). On the other hand, we detected no genetic main effect. The total CTQ
score for LL, LS and SS genotypes by recurrent MDD status was given
in Figure 1 indicating a possible interaction. As seen in the figure, total
CTQ scores were higher in participants with recurrent MDD regardless of
the genotype. However, participants with an S allele had a steeper slope
when compared to participants without an S allele. Statistical interaction
was tested for additive model only as this model is considered best model
to test biological interaction (21). There was not a statistically significant
interaction detected in regression analysis (Table 2).

DISCUSSION

In this study which was conducted in a clinical sample, we found
no interaction between childhood maltreatment and 5-HTTLPR
polymorphism in relation to recurrent MDD.

There are several studies reporting carriers of either one or two copies
of the S allele of 5-HTTLPR were more likely to develop MDD after
encountering adversities in childhood (22, 23). These studies also reported
that carriers of the S allele have more depressive symptoms in response
to childhood maltreatment than were individuals homozygous for the L
allele. Furthermore, there was evidence of a dose-response relationship
that is the risk of depression is higher amongst those with two copies of
the S allele compared to individuals with only one copy in the presence
of stress. But inconsistent results like ours have also been reported (6).

It is hypothesized that genetic sensitivity to stress could be more specific
to recurrent MDD which is more heritable (10) and is more strongly
associated with childhood maltreatment (24). Consequently, we designed
the study specifically for investigating GxE interaction for recurrent MDD.
Furthermore, following recommendations of Duncan et al. (25) we
tried to replicate Fisher et als study (10) in a well-characterized clinical
sample by taking into account variables such as psychiatric comorbidity,
serious or unstable medical illness, a history or a current diagnosis
of neurological illness, thyroid dysfunction, anemia, vitamin B12 and
folic acid deficiency, all of which have a potential to yield an unreliable
phenotype. For the same reason, in addition to clinical evaluation we
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Table 1. Group Comparisons for Sociodemographics, BDI and CTQ Scores, and Genotypes
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Statistical Analysis

Recurrent MDD Controls
(n=70) (n=67) 2 (dfy/t (df) P
Age, mean + SD 37.76+8.46 39.79+9.40 -1.33(135) 0.90
Sex, n (%) 0.12 (1) 0.73
Women 56 (80%) 52 (77.6%)
Men 14 (20%) 15 (22.4%)
Marital Status, n (%) 2.60 (1) 0.11
Married/partnered 48 (68.6%) 54 (80.6%)
Single 22 (31.4%) 13 (19.4%)
Education, n (%) 2.57(1) 0.11
Primary or secondary 29 (41.4%) 19 (28.4%)
Tertiary 41 (58.6%) 48 (71.6%)
Working status, n (%) 8.57(1) 0.003
Regular income 50 (71.4%) 61 (91%)
No regular income 20 (28.6%) 6 (9%)
Medical illness, n (%)
Present 25 (35.7%) 10 (14.9%) 7.78 (1) <0.01
Absent 45 (64.3%) 57 (85.1%)
Family history, n (%)
Present 38 (54.3%) 5 (7.5%) 25.409 (1) <0.001
Absent 32 (45.7%) 62 (92.5%) 2472 (87.54) <0.001
BDI score, mean = SD 28.70+8.29 2.58+3.00
Total CTQ score, mean + SD 79.94+24.75 53.64+9.21 8.31(88.50) <0.001
PA score, mean + SD 28.49+10.51 20.39+3.94 6.76 (88.72) <0.001
EA-EN score, mean + SD 44.54+15.59 28.12+6.96 8.02 (96.40) <0.001
SA score, mean = SD 5.91+1.81 5.19+0.68 3.11 (88.90) 0.003
Genotype, n (%)
LL 16 (22.9%) 17 (25.4%)
SL 33 (47.1%) 29 (43.3%)
ss 21 (30%) 21(31.3%)

MDD, major depressive disorder; BDI, Beck depression inventory; CTQ, childhood trauma questionnaire; PA, physical abuse, EA-EN, emotional abuse-emotional neglect; SA, sexual

abuse; SD, standard deviation
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Figure 1. CTQ scores for LL, LS, SS genotypes by depression status.

Table 2. Main effects and interaction models of the 5-HTTLPR and
CTQ scores on presence of recurrent MDD

OR 95% CI P
CTQ total 1.10 1.06-1.15 <0.001
Additive model
5-HTTLPR 1.03 0.65-1.63 0.90
5-HTTLPR x Trauma 1.91 0.59-6.23 0.28
Dominant model
5-HTTLPR 1.15 0.52-2.53 0.73
Recessive model
5-HTTLPR 0.95 0.46-1.98 0.89

All analyses were adjusted for age and sex.
CTQ, childhood trauma questionnaire; MDD, major depressive disorder; OR, odds

ratio; Cl, confidence interval.
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applied CIDI to all participants in order to increase the diagnostic validity
and reliability of recurrent MDD in cases, and the lifetime absence of
psychiatric disorder in controls. Also, we conducted statistical tests for
all three genetic models. Still, we failed to demonstrate the interaction
between the serotonin transporter gene polymorphism and specific
forms of childhood maltreatment in the causation of recurrent MDD,
despite a strong indication of possible interaction (Figure 1).

There are several major limitations of this study. First, our sample size
was small which decreases statistical power. Although smaller samples
allow more precise measures, they are underpowered to establish robust
interaction (26). Large samples on the other hand often lack the depth
necessary to capture data on environmental or phenotype measures.
Second, depression is a phenotypically complex disorder, and itis possible
to meet DSM-IV-TR or DSM-5 diagnostic criteria for a MDD episode
through at least 227 different symptom combinations (27). Third, there
might be confounding factors which we failed to take into consideration.
For instance, because we conducted this study at a university out-patient
clinic there is a possibility that underprivileged individuals with severe
childhood maltreatment and severe depressive symptomatology were
unable to have access.

Nevertheless, the latest collaborative meta-analysis reported no evidence
of a strong interaction between childhood maltreatment and 5-HTTLPR
genotype contributing to the development of depression (28). To
determine the magnitude of the interaction and the conditions under
which it might be observed, authors performed new analyses on 31
data sets containing 38802 European ancestry subjects genotyped for
5-HTTLPR and assessed for depression and childhood maltreatment, and
meta-analyzed the results. Based on their findings Culverhouse et al. (28)
conclude that if an interaction exists in which the S allele of 5-HTTLPR
increases risk of depression only in stressed individuals, then it is not a
broadly generalizable effect, but must be of modest effect size and only
observable in limited situations.

Our finding for the main effect of childhood maltreatment in recurrent
MDD is consistent with the literature. Some of the strongest evidence
for an association between exposure to childhood maltreatment and the
development of MDD is found in the Adverse Childhood Experiences
(ACE) study (29) which showed that risk for depression increases in a
graded dose-dependent fashion with the number of maltreatment-
related adverse childhood experiences. Recent epidemiological studies
also provide findings that maltreated individuals are twice as likely as
those without a history of childhood maltreatment to develop recurrent
depression (30).

We found that family history of mental disorder was higher in the patient
group. This result is consistent with the literature reporting that presence
of positive family history for psychiatric conditions was associated with
recurrent MDD (31). Medical illness was also higher in the recurrent
MDD group compared to controls.

Cross-sectional design of our study is a salient limitation since it obstructs
setting a cause and effect relation. Another limitation is that we relied
on retrospective self-reports of childhood maltreatment. The potential
influence that mood-congruent memory biases could exert on the
salience of childhood memories is a concerning issue. Depressed adults
might remember more negative versus positive childhood memories,
whereas mentally well adults might show the opposite trend. Such
memory biases could confound or inflate the association between
childhood maltreatment and adult psychopathology, which raises
concerns over the validity of findings (32). However, results of the latest
study comparing prospective informant-reports and retrospective self-
reports notify that retrospective self-reports are potentially a more useful
indicator of clinical presentation (33).
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In conclusion, our lack of replication coincides with findings of the
latest collaborative meta-analysis in GxE interaction research (28).
Although the path forward to detect genetic risk loci for depression
remains challenging, what is certain is that an extensive understanding
of the etiology of depression is needed. Childhood maltreatment is
also a complex etiological agent that appears to vary in impact coupled
with a number of susceptibility and resilience co-factors. Still, taking
maltreatment history into account could lead to a richer understanding
of differences in clinical presentation, genetic underpinnings, biological
correlates, and outcomes.
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