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Abstract

Background—We compare the genotype distribution for the serotonin transporter
polymorphism (5-HTTLPR) in a sample of older Taiwanese adults with samples of various racial
and ethnic groups collected in other studies. We also explore interactions among sex, stressors,
and 5-HTTLPR genotype on depressive symptoms in our sample.

Methods—Using a nationally-representative sample of 984 Taiwanese aged 53 and older, we
model depressive symptoms as a function of 5-HTTLPR genotype and two classes of stressors:
lifetime trauma and recent major life events. We test two- and three-way interactions among
stressors, 5 HTTLPR, and sex.

Results—This sample exhibits higher frequency of S/S and lower frequency of L/L genotype
than Western samples, but the distribution is comparable to those in East Asian populations.
Nearly 9% carry an allele (XL) that has rarely been reported in the literature. Although the gene-
environment (GXE) interaction with recent major life events is not significant, our results suggest
that trauma has a worse effect on depressive symptoms for those with S/S or S/L genotype than for
those who do not carry the S allele (p<0.05). We find no evidence that this GXE interaction varies
by sex.

Conclusions—Previous studies of this GXE interaction have been inconclusive, perhaps because
interactions between genotype and stressful events are more prominent under extreme stressors.
Our findings underscore the need to move beyond a bi-allelic parameterization of the 5-HTTLPR
polymorphism and raise questions about why East Asian populations exhibit low rates of
depression despite a high frequency of the S allele.

Keywords
SLC6A4 protein; depressive disorder; life change events; stressful events; Taiwan

"Correspondence to: Dana A. Glei, 5985 San Aleso Ct., Santa Rosa, CA 95409-3912, USA. danaglei@sonic.net. Phone/Fax: (707)
539-5592.



1duasnuey Joyiny vd-HIN 1duasnuey Joyiny vd-HIN

1duasnuey Joyiny vd-HIN

Page 2

INTRODUCTION

Serotonin (5-HT), a key central nervous system neurotransmitter, is involved in regulating a
broad range of psychological traits, behaviors, and physical functions including mood, sleep,
appetite, and sexual activity. The serotonin transporter protein (5-HTT), which terminates
the action of serotonin by facilitating its reuptake from the synapse, appears to be part of the
pathway leading to psychiatric disorders and has been a target of widely used
pharmacological treatments. It is thus not surprising that the gene associated with serotonin
transport (SLC6A4) has been the focus of extensive research. More than a decade ago, a
polymorphism in the promoter region of the gene encoding 5-HTT, referred to as 5-
HTTLPR, was identified by Heils et al. [1]: a 44bp deletion/insertion generated two alleles
of 5-HTTLPR, with the 14-repeat short (S) variant having less transcriptional activity and
lower serotonin uptake than the 16-repeat long (L) variant. Researchers speculated that the
differential transcriptional activity caused by this polymorphism would influence complex
traits and diseases, including affective disorders [1,2].

Subsequent studies suggest a nuanced relationship between the 5-HTTLPR polymorphism
and psychiatric disorders. First, although most studies have considered the 5-HTTLPR
polymorphism to be functionally bi-allelic, researchers have identified additional alleles.
Gelernter et al. [3] identified two uncommon alleles that are longer than the L variant: 1) an
extra-long allele (XL) was found in both an African American and a Japanese sample; and
2) a single instance of an allele of length between the L and XL alleles (VL) was also
observed in the Japanese sample. In the same year, Delbruck and colleagues [4] identified a
“novel allelic variant” (XL) among persons of African origin but not among Caucasians or
East Asians. One study in Japan reported two XL variants—with 18 and 20 repeats [5]-
whereas another identified alleles with 19 and 20 repeats in a Japanese sample [6]. With
more detailed genotyping of 5-HTTLPR among Japanese and Caucasian subjects, Nakamura
et al. [7] identified four S alleles and six L alleles as well a few other variants (15-, 19-, 20-
and 22-repeats) found only in the Japanese sample. Thus, a dichotomous classification of 5-
HTTLPR is likely to obscure potential differences in allele effects.

A second more recent body of research has focused on whether the effects of 5-HTTLPR on
psychiatric disorders are moderated by exposure to stressors. A widely-cited study found no
direct association between 5-HTTLPR and depression, yet revealed that, among those
exposed to major life stressors, the short allele was related to depressive symptoms in an
additive fashion: levels of depressive symptoms were lowest among persons with L/L
genotype, intermediate among S/L, and highest among those with S/S genotype [8]. They
found a similar pattern among adults exposed to child maltreatment. Subsequent attempts to
replicate these findings yielded mixed results. Two recent meta-analyses concluded that
there is no evidence of such a gene-environment (GXE) interaction [9,10], but most of the
studies evaluated focused on major life stressors rather than more severe trauma.

Furthermore, among studies that examined the GXE interaction, the pattern of that
interaction varied. Some studies using measures of major life events replicated the additive
effect of the S allele [11-13], but others reported a recessive model (S/S vs. S/L or L/L) [14-
18] and many found no GxE interaction [19-24]. Among studies investigating the GXE
interaction with trauma, one study replicated the additive effect of the S allele among girls
(but not boys) exposed to traumatic family conflicts [12], whereas another reported the
reverse relationship (number of L alleles associated with higher risk) among those who
experienced traumatic events [25]. Studies focusing on child abuse have reported a recessive
effect [26-28], a dominant model [29], or no GXE interaction [28,29].
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A third source of complexity arises from studies hypothesizing that demographic
characteristics (e.g., sex, race and ethnicity) are likely to moderate this GXE interaction
[12,30]. Under stressful circumstances, susceptibility to depression among individuals
carrying the S allele was significant only for women in several studies [11,12,30]. Three
other studies reported no sex difference in the GXE interaction [16,18,24]. Although the
distribution of 5-HTTLPR genotype varies substantially across racial and ethnic groups
[3.4,7,16,30-32], we know of only two studies that explicitly tested an interaction among
race, stressors, and 5-HTTLPR in a model of depression. These studies found no difference
in the GXE interaction between blacks and whites [30] or between Asians and non-Asians
[16].

This study uses data from a large national sample in Taiwan to examine these issues. By
comparing the 5-HTTLPR genotype distribution in our study with other samples from
different racial and ethnic groups, we underscore the large variation across populations. Our
sample displays a much higher frequency of XL alleles than most previous studies,
challenging the contention that the XL allele is rare. We examine GXE interactions with two
types of stressors—recent major life events and lifetime trauma—aon depressive symptoms
among older adults, a segment of the population that has rarely been the focus of such
studies [17]. We also explore whether the GXE interaction varies by sex. The estimates
provide insight into the phenotype associated with the XL allele.

MATERIALS AND METHODS

Data

Measures

The 2006 wave of the Social Environment and Biomarkers of Aging Study (SEBAS)
comprised a nationally representative sample of Taiwanese aged 53 and older. Written
informed consent was obtained for participation in both the in-home interview and hospital
visit, which entailed a medical examination. The research was approved by human subjects
committees in Taiwan and at Georgetown University and Princeton University. In-home
interviews were completed with 1,284 respondents, including 757 participants aged 60 and
over who participated in the medical examination in the 2000 SEBAS (89.5% response rate)
as well as 527 respondents from a younger cohort aged 53 to 60 (80.2% response rate).

Among those interviewed, 80.7% (n=1,036) also participated in the medical exam in the
2006 study; 0.2% (n=3) died before the exam, 2.5% (n=32) were not eligible because of a
health condition, and 16.6% (n=213) declined. Both the youngest (aged 53-59) and the
oldest (80+) respondents were less likely to participate in the medical exam than those aged
60-79. Participation was also lower among less educated respondents and those with ADL
limitations compared with their respective counterparts. Participants did not differ
significantly from non-participants in terms of self-reported health status.

As part of the medical exam, hospital personnel drew venous blood, which was subsequently
analyzed at Union Clinical Laboratories (UCL) in Taipei. Additional details about the
SEBAS study are provided elsewhere [33,34].

Depressive symptoms are measured by a 10-item subset of the 20-item Center for
Epidemiologic Studies Depression scale (CES-D). The CES-D, which focuses on depressive
symptoms experienced in the most recent week, was developed for use in epidemiological
studies of general populations rather than for clinical diagnosis of depression [35]. The CES-
D score in this analysis uses standard coding based on the number and severity of symptoms
(range 0 to 30; high = more symptoms; Cronbach’s alpha = 0.83). The CES-D has
demonstrated reliability in older populations [36]. Using clinical diagnosis of depression as
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the criterion, a 10-item form of the instrument showed good predictive ability among elderly
Chinese [37].

We include two measures of stressors—Ilifetime exposure to trauma and recent major life
events—based on two batteries of questions in the home interview, one pertaining to
traumatic events that respondents may have experienced at any time in the past and a second
pertaining to major life events during the most recent 12 months. The specific stressors are
described in Table 2. Because preliminary analyses indicated a threshold effect on
depressive symptoms at a level of two types of trauma (with insufficient sample size to
determine the effects of three or more traumas), we coded trauma as a dichotomous variable
(0-1 versus 2+). We coded major life events in a similar way: 0-1 versus 2+; fewer than 2%
of respondents reported more than two such events.

To determine 5-HTTLPR genotype, DNA was extracted from venous blood using the
technique described in Gustincich et al. [38] and then amplified with polymerase chain
reaction (PCR). The forward primer used was 5-GGC GTT GCC GCT CTG AAT GCC
A-3', while the reverse primer was 5-GAG GGA CTG AGC TGG ACA ACC AC-3". PCR
was performed in a total volume of 20.4uL containing 2.0 uL dNTP mix(2.5mM), 2.0 uL
Taq buffer, 0.4 pL of the Taq polymerase Enzyme(5 Units), 12.0 uL DEPC H20, 2.0 pL of
the primer mix and 2.0 pL of the genomic DNA (approximately 150 ng). Cycling conditions
consisted of 1) a 10 min denaturation at 95°C, 2) 45 cycles of 30 sec denaturation at 95°C,
3) 30 sec annealing at 65°C, 4) 60 sec extension at 75°C, and 5) a final cycle of 75°C for 5
min. The PCR products were separated by electrophoresis in a 2% agarose gel prepared with
ethidium bromide. Three allele variants of the gene polymorphism were identified based on
the PCR fragment sizes: short (S; 486bp, 14 repeats), long (L; 529bp, 16 repeats), or extra-
long (XL; 612 or 654bp, 20 or 22 repeats). Subjects were classified into five genotypes: S/S,
S/L, L/L, SIXL, and L/XL (no respondents were homozygous for the XL allele). The
genotype frequencies are in Hardy-Weinberg equilibrium (32=2.59, df=3, p~0.46).

Analytic Strategy

RESULTS

Genotype information for 5-HTTLPR is available for 1,019 of the 1,036 medical exam
participants. The sample used for model estimation (n=984) excludes another 35 participants
who are missing the CES-D or traumatic events.

Using linear regression, we model depressive symptoms as a function of 5-HTTLPR and
stressors controlling for age, sex and respondent’s education. We include a random effect for
township to adjust for the clustered sample design. The few persons with L/XL genotype
(n=24) are combined with L/L genotype following previous practice [26,27]. Models 1 and 2
test the GXE interaction for trauma and major life events, respectively. Model 3 includes
both GXE interactions. Subsequently, we re-estimate these models including two- and three-
way interactions among stressful exposure, 5-HTTLPR, and sex. We calculate predicted
CES-D scores by genotype and stressful experience using the coefficients from Model 3 and
mean values for age, percent female and education. All analyses were performed using

Stata, Version 10.1 [39].

Distributions of 5-HTTLPR genotype across populations

Table 1 compares the 5-HTTLPR distributions for our Taiwan sample with other samples
from diverse populations. These studies emerged from a PubMed search for distributions of
the 5-HTTLPR polymorphism for specified racial or ethnic groups. For studies that reported
distributions for control and patient samples, we present results for the controls. In contrast
to the Taiwan study, which is based on a national sample, the other studies comprise various
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sampling strategies (e.g., convenience, clinical, and community samples). Sample sizes
range from fewer than 100 to more than 1000 participants in the Taiwan sample and two
Caucasian samples.

The comparisons reveal striking differences in the distributions of 5-HTTLPR by race and
ethnic group. Almost half of the SEBAS respondents (45%) are classified as homozygous
for the S allele, a lower prevalence than those observed in the other East Asian studies (49—
74%) and similar to Native American samples (42%), but much higher than in Caucasian
samples from various countries (12-24%) and African Americans (7-17%). Conversely, the
proportion with the L/L genotype in the SEBAS sample (8%) is substantially lower than in
Caucasians (29-43%) and African Americans (45-56%), but is generally comparable to
Native American (10-14%) and other East Asian samples (1-13%).

Notably, the majority of studies in Table 1- including all studies based on Caucasian
samples — found only the S and L alleles. The few studies that found alleles longer than L
are from East Asian (Chinese or Japanese), African or African-American populations. Four
of the six Japanese samples found individuals carrying an XL allele. In the SEBAS sample,
almost 9% (95% C.1. 7.1-10.6%) carries an XL allele, a prevalence greater than those in
other East Asian samples; only two studies report a higher frequency, and these are based on
very small samples of Africans [4] and African-Americans [3].

Effects of 5-HTTLPR and Stressors on the CES-D Score

Table 2 provides a description of the sample used in the statistical models. Nine percent
experienced two or more traumatic events in their lifetime, and 11% experienced at least two
major life events during the past year. Variations in the distribution of stressors by genotype
are not statistically significant. The average CES-D score by genotype is generally
consistent with the presumed differences in transcriptional efficiency of the alleles. The
mean for L/XL (2.9) is significantly lower (p<0.05) than those for S/S (4.7), S/L (4.9) and S/
XL (5.6), but does not differ significantly from that of L/L (4.1).

As expected, the estimated coefficients from models of the CES-D score indicate sizeable
main effects for trauma and major life events, but the main effects for 5-HTTLPR are not
significant (Table 3). The GXE interactions are significant for trauma (p<0.05 based on a
Wald joint test) but not major life events. As depicted in Figure 1, there is little genotypic
variation in predicted depressive symptom scores among persons who experienced one or no
traumatic event. However, among those exposed to at least two traumas, predicted CES-D
scores are higher for individuals with the S/S and S/L genotypes than other genotypes. The
differences between persons with S/S or S/L genotype and those with L/L or L/XL genotype
are significant (p< 0.01) and large—about one standard deviation in the score (5.5 points).
The significance of the GXE interaction with trauma but not with major life events suggests
that the interaction may be more prominent with exposure to extreme stressors.

The effect of trauma on the CES-D score is greater for the S/L than the S/XL genotype; the
difference between these coefficients is marginally significant in Model 1 (p~0.09) but not
Model 3. With only 24 respondents with L/XL genotype, we do not have sufficient
statistical power to distinguish between L/L and L/XL. However, we estimated additional
models (not shown) similar to those in Table 3, but excluding persons with L/XL genotype.
The magnitude of the coefficient for the interaction between trauma and L/L remains similar
but owing to the loss of statistical power is reduced to marginal significance (p~0.09).

In the models including interaction terms with sex (not shown), the set of two- or three-way
interactions with sex are not jointly significant. These findings may be driven by limited
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statistical power: in the three-way tabulations, several cells contain fewer than five
respondents.

DISCUSSION

This study provides the most comprehensive review to date of ethnic variation in the 5-
HTTLPR polymorphism. Although variation in the frequencies of the S and L alleles were
identified in earlier work, some studies have erroneously assumed that the 5-HTTLPR
polymorphism is bi-allelic. Our review demonstrates that extra-long alleles occur in several
samples of persons of African origin and East Asians, but they have not been reported in any
Caucasian group.

Still, we know relatively little about the XL allele. In light of the non-randomness and
geographic restriction of most of the samples in Table 1, it is impossible to ascertain the
prevalence of XL alleles in any large-scale population but Taiwan. Our data, derived from a
nationally representative sample, show that the XL allele is not rare in Taiwan.

Recent studies demonstrate that 5-HTTLPR is more highly polymorphic than previously
believed and that a reassessment of 5-HTTLPR as functionally tri-allelic is premature for at
least two reasons. First, despite our reference to an XL allele, several studies, including our
own, find that XL comprises variants with different numbers of repeats, at minimum 18, 19,
20 and 22 repeats. Second, SNP and other variations have been identified within the S and L
alleles. Nakamura et al. [7] found several novel variants consisting of different combinations
of the 14- and 16-repeats. Hu et al. [32] failed to detect most of Nakamura’s novel variants
in an ethnically diverse sample but demonstrated a large difference in transcriptional
efficiency resulting from a single base substitution in an L allele, with one of the L variants
having a similar degree of 5-HTT expression as the S allele. Wendland et al. [40]
demonstrated that this SNP (rs25531) occurs in the S allele—albeit very rarely—as well as
the L allele. Such findings raise the question of whether these variants are at least as
important functionally as differences in the tandem repeat structure.

The absence of a significant GXE interaction with recent major life events in our analysis is
consistent with recent meta-analyses [9,10], which are based primarily on samples of
Caucasians. Nonetheless, we do find evidence of a GXE interaction with exposure to trauma,
which has been less frequently studied than stressful life events. Consistent with Aguilera et
al. [29], our results suggest that trauma has a greater effect on depressive symptoms for
those with S/S or S/L genotypes than for those with L/L genotype, suggesting dominance of
the S allele. However, other studies of trauma have found different patterns including
additive and recessive effects of the S allele as well as a reversed relationship (L allele
associated with greater risk); a few found no GxE interaction. Unlike some previous studies
[11,12,30], we found no evidence that the GXE interaction varies by sex. Still, we are
cautious about drawing firm conclusions in light of Munafo and colleagues’ contention [10]
that most published studies are underpowered to examine these interactions? and that
variation in the pattern of the interaction across studies weakens researchers’ claims to have
replicated Caspi’s original study.

Our study raises an important question that has received little attention in the literature: Is
the high prevalence of the S allele in East Asian populations accompanied by high rates of
depression or depressive symptoms? Because of enormous variation in how depression is
measured across studies, and the selection biases inherent in relying on clinical data, this

1Only 3 of the 15 studies examined by Munafd and colleagues [10] and 5 of the 14 studies evaluated by Risch et al. [9] have a sample
size as large as that of the Taiwan study.
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question is difficult to address. Nevertheless, two reviews based on a large number of
comparable community-based studies suggest generally lower rates of depression in East
Asian populations [41,42], despite their presumed unfavorable allele distribution for 5-
HTTLPR.

These paradoxical findings are consistent with several hypotheses. One is that East Asians
fail to acknowledge symptoms of mental illness because of social stigma and potential “loss
of face” [42-47] or because the stoicism associated with Chinese culture encourages
individuals to tolerate emotional difficulties rather than seek help [48,49]. A second related
hypothesis is that East Asians have a greater tendency toward somatization of psychiatric
symptoms, in part because they may not view psychiatric symptoms as signs of illness [48—
50]. A third contention is that the strong family and social networks in East Asian societies
buffer individuals from the potentially negative impacts of stressful events [16,48,49,51]. An
extension of this argument posits a coevolution of 5-HTTLPR and collectivist cultures—East
Asia, for example—in which values of social harmony and support act as buffers to reduce
stress and resultant affective disorders among genetically susceptible populations [52]. A
final hypothesis is that these differences arise from ethnic variation in the phenotypes
associated with the 5-HTTLPR polymorphism.

One objective of our study was to assess phenotypic variation associated with the XL allele.
Given that the L allele is believed to result in more efficient serotonin function than the S
allele, are individuals who possess the XL allele especially resilient to depression? We are
not aware of any other study that has addressed this question. Our analysis suggests that the
XL allele confers similar or perhaps even greater resilience than the L allele. However, the
sampling variability of these estimates coupled with our inability to distinguish the effects of
L/XL from L/L genotype, or to analyze variants of the S, L and XL alleles, prevents us from
reaching a firmer conclusion.

This study has several advantages over related analyses, most notably the use of a national
sample and identification of a relatively large number of individuals carrying the XL allele
(N=89). Nevertheless, we have limited statistical power to examine some of the interactions
of interest or to consider each of the observed genotypes. Although we found no evidence of
gene-environment correlation (rGE) for this specific genotype-exposure combination, it
remains possible that exposure to trauma is influenced by unmeasured genetic differences
and that part of our estimated GxE effect could be the result of GxG interactions.

Our analysis raises several important issues that require further research. One question,
which we are beginning to explore, is how the transcriptional efficiency of the XL allele
compares with that of the S and L alleles. Additional laboratory research is needed to
identify the functional importance of other alleles of the 5-HTTLPR polymorphism. In
addition, our findings suggest that Risch and colleagues’ [9] failure to find evidence of an
interaction between 5-HTTLPR and stressful life events on depression may be premature.
Community-based studies based on large and diverse samples, with detailed genotyping of
5-HTTLPR variants, are necessary to identify more precisely the nature of the association
between the serotonin transporter genotype and depression, as well as potential variability
by the severity of stressful experience and ethnicity. It seems virtually certain that the links
between 5-HTTLPR and depression are more complex than previously thought.
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Predicted CES-D Score
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Figure 1. Predicted CES-D Score by Trauma Exposure and 5-HTTLPR Genotype

Note: Predicted scores are calculated using the coefficients from the Model 3 (Table 3);
assigning values for age, percent female, and education equal to the sample mean; and
setting major life events to zero.
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Estimated Coefficients from Linear Regression Models! Predicting CES-D in 2006 (n=984)

Table 3

Variable (1) (@) (©)]
Age 0.081™" 0.08L™" 0081
Female 1.199™ 1.150™" 1.228™"
Respondent’s years of schooling —0.153** —0.170 ™ —0.158 ***
5-HTTLPR genotype
SIS (ref group)
S/L -0.012 -0.014 —0.041
SIXL 0.656 0.513 0.818
L/L or L/XL —0.235 —-0.335 —0.000
2+ Traumas (lifetime) 2.165"" - 2.108""
2+ Traumas x S/L 1.383 - 0.983
2+ Traumas x S/XL —40222 - -3.945
2+ Traumas x (L/L or L/XL) -5.385%3 - —5301 %
Joint test for interaction terms (df=3)  x2=9.3, p~0.025 - X?=8.0, p~0.047
2+ Life Events (past yr) - 1.897* 1.881"
2+ Life Events x S/L - 1.076 0.539
2+ Life Events x S/XL - —1.423 —1.508
2+ Life Events x (L/L or L/XL) -- —2.240 —2.022
Joint test for interaction terms (df=3) -- X2=37,p~0.294 X?=2.3,p~0.521
Constant —0.235 -0.113 —0.454
*
p<0.05,

Fk

p<0.01, two-tailed tests.

1 . . . . . .
Models include a random effect for township of residence to adjust for the clustered sampling design.
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2The difference between this coefficient and the coefficient for 2+ Traumas x S/L is marginally significant (Wald test: X2:2.9, df=1, p~0.09).

3This coefficient differs significantly from the coefficient for 2+ Traumas x S/L (Wald test: X2=72, df=1, p~0.01).

4This coefficient differs significantly from the coefficient for 2+ Traumas x S/L (Wald test: X2:6.2, df=1, p~0.01).
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