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Abstract

Background—The serotonin transporter gene-linked polymorphic region (5-HTTLPR) has been
proposed as a predictor of antidepressant response. Insertion or deletion of a 44bp long region
gives rise to short 'S’ and long 'L' forms of the promoter region, the 'S' form being associated with
reduced serotonin transporter expression.

Methods—A systematic review and meta-analysis was performed to clarify the effect of 5-
HTTLPR on antidepressant response and remission rates. Data were obtained from 28 studies with
5408 participants. Three genotype comparisons were tested - SS versus (SL or LL), (SS or SL)
versus LL, and SS versus LL.

Results—There was no statistically significant effect on antidepressant response. Compared to L
carriers, there was an apparent effect of the SS genotype on remission rate (RR 0.88; 95% CI1 0.79
to 0.98; p=0.02). However, after trim and fill correction for missing data, the effect disappeared
(RR 0.92; 95% CI 0.81 to 1.05; p=0.23) indicating that the initial significant effect was likely the
result of publication bias. No significant effect on remission rate was seen for SS versus LL and
SS/SL versus LL. Substantial unexplained heterogeneity of effect sizes was observed between
studies, pointing to additional interacting factors contributing to an association in some cases.

Conclusions—The 5-HTTLPR biallelic short/long polymorphism by itself does not appear to
usefully predict antidepressant response.

Keywords
depression; meta-analysis; 5-HTTLPR; polymorphism; treatment response; antidepressant

Introduction

Selective serotonin reuptake inhibitors (SSRI) are widely prescribed first line treatments for
major depressive disorder (MDD) and act by blocking the reuptake of serotonin (5-HT) from
the synaptic cleft. Despite evidence of a possible early onset of action (1), recent data show
that only a third of patients respond to treatment with citalopram (2). Therefore it is
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tantalizing to speculate that it may be possible to a priori predict patients who are more
likely to respond to an SSRI or antidepressants in general. This has been the premise of the
concept of personalized medicine in the treatment of MDD (3) and polymorphisms within
the serotonin transporter are an attractive candidate.

A serotonin transporter linked polymorphic region polymorphism in the promoter region of
the serotonin transporter (5-HTTLPR) (4) has aroused much interest over recent years and is
arguably the most well studied genetic polymorphism in clinical neuroscience. Insertion or
deletion of a 44bp long region gives rise to short 'S' and long 'L' forms of the promoter
region, the 'S’ form being associated with lower levels of transporter expression (5). This
biallelic polymorphism is proposed to modulate a number of factors including vulnerability
to depression (6), some anxiety-related personality measures (7), and putative imaging
phenotypes (8), although more recent data questions this link with depression vulnerability
(9). As the serotonin transporter is the site of action of SSRIs, it is certainly plausible that
differing levels of this protein might affect their efficacy, whether directly or via adaptive
changes in other aspects of serotonergic function (10).

The first report of an effect of 5-HTTLPR genotype and antidepressant response came in the
landmark study of Smeraldi and colleagues in 1998 when they found that individuals with
the SS genotype (who would therefore have lower levels of transporter expression) were less
likely to respond to treatment with the SSRI antidepressant, fluvoxamine (11). Many
subsequent studies investigated this effect; some replicated an association of genotype with
response while others did not. When data from 15 studies were combined in a meta-analysis,
a highly significant association of SS with worse remission rate (<0.0001) and SS and SL
with worse response rate (p 0.0002) was found (12). These data supported the potential of 5-
HTTLPR genotype as a predictor of antidepressant response. If this finding were to hold true
it could represent a landmark advance in our understanding of the illness and result in
improved prediction of response to SSRIs.

However, in the short period since that analysis, many further studies have reported,
resulting in a threefold increase over the originally reported dataset. The one study that
stands out amongst the other recent studies is the STAR*D study, the single largest study of
this type which in itself included data from more participants than the entire previous meta-
analysis. Intriguingly, in contradistinction to the previous reports the STAR*D study did not
find any effect of the 5-HTTLPR on treatment outcome phenotypes, although there was an
effect on adverse event rates (13).

It is therefore appropriate to evaluate the utility of polymorphisms in the 5-HTTLPR as a
biomarker or clinical predictor of outcome to antidepressant treatment. We systematically
assessed this crucial issue by performing a meta-analysis of all currently available data
including both published manuscripts and searching for unpublished data.

Methods and Materials

Trials in which patients with major depressive disorder received antidepressant medication
and outcomes were reported by 5-HTTLPR polymorphism status were sought. Electronic
databases were searched (EMBASE, MEDLINE, PsycINFO) to from 1996 to July 2009
Week 1 with search terms (5HT OR 5-HT OR 5HTT OR SERT OR transporter OR LPR OR
serotonin OR SLC6A4) AND (VNTR OR variant OR polymorphism OR allele OR “tandem
repeat$”) AND (antidepressant OR SSRI or SRI or “reuptake inhibitor” OR paroxetine OR
citalopram OR fluoxetine OR fluvoxamine OR sertraline OR escitalopram OR mirtazapine
OR nefazodone OR trazodone OR TCA OR tricyclic OR reboxetine OR nortriptyline OR
lofepramine OR imipramine OR amitriptiline OR venlafaxine OR duloxetine OR dosulepin
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OR dothiepin OR MAOI OR RIMA OR moclobemide OR phenelzine OR tranylcyp$ OR
mianserin OR milnacipran OR bupropion OR tianeptine OR agomelatin$ OR clomipramine
OR doxepin OR trimipramine OR desipramine OR selegiline OR gepirone). Studies were
also identified from reference lists of identified studies, earlier reviews, and personal
reference collections.

Statistical analyses were performed using R version 2.5 (14) with the meta package (15)
Relative risk (RR) treatment estimates were calculated for both fixed effects (Mantel-
Haenszel) and random effects models (DerSimonian-Laird). Random effects estimates are
reported in the text, although both are given in figures and no qualitative differences in
estimates of effect were observed. There is a lack of certainty about dominance of effects of
the 'S" and 'L" alleles and various studies use different methods and rationales to group these
alleles. In order to study the effect of the S and L alleles in a systematic and unbiased way
and to minimize the chance of a type Il error three comparisons were tested - (a) SS versus
(SL or LL), (b) (SS or SL) versus LL, and (c) SS versus LL. Effects on both antidepressant
'response’ and ‘remission’ were tested, defined by Hamilton Depression Rating Scale
(HDRS) score 50% reduction or endpoint score of 7 or less respectively, where data were
available, or as defined by each study. Where possible, data were stratified by class of
antidepressant employed. Unpublished data were sought where necessary and obtained as
shown below.

Statistical heterogeneity was identified using the 12 measure (16). 12 values describe the
percentage of total variation across studies that is due to heterogeneity rather than chance
variation; values of 25, 50, and 75% are sometimes considered low, medium, and high
heterogeneity respectively (16). Funnel plots were prepared of effect estimate against its
standard error (17), and tested for evidence of asymmetry with a modified linear regression
test (18). Where funnel plot asymmetry was observed, estimates of effect corrected for small
study effects, such as publication bias, were generated by the trim and fill method (19). The
trim and fill method uses available data to estimate the numbers and outcomes of missing
(unreported) studies, and recalculates the overall effect that would be observed with their
inclusion.

Sensitivity analyses were performed including only those studies where SSRI
antidepressants were used, or those where participants were explicitly restricted to unipolar
depression, and an influence analysis was performed to measure the effects of excluding
single studies. Exploratory random effects meta-regression was performed to test potential
explanatory variables (study duration, year of publication, participant age, gender,
geographic location, caucasian ethnicity) leading to heterogeneity (20). Meta-regression
investigates the effect of study-level characteristics on estimates of effect, and is statistically
less powerful than within-study comparisons. As meta-regression can be vulnerable to false-
positive findings, it is may be best considered as hypothesis-generating (21).

A total of 28 trials provided suitable data for inclusion in this meta-analysis (see Table 1).
The studies varied in size; the largest individual study was STAR*D, although the majority
of other studies included over 100 participants. Studies were performed in a wide range of
geographic locations; however participant diagnoses were made to standard internationally
accepted criteria in all cases (in most cases DSM-1V was used). Some studies included a
minority of participants with bipolar depression (Table 1). Study authors provided additional
unpublished data in a number of cases which aided analysis (23,34,38,40,41,44,46,48).
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Antidepressant response

Remission

A total of 23 studies (combined n=4894) provided data on antidepressant response rates,
defined in a majority of studies as a 50% reduction or more in HDRS score from baseline
(Table 1). No statistically significant effect of transporter promoter length polymorphism on
rates of antidepressant response was seen (Figure 1). This was true for all three genotype
comparisons tested - SS versus (SL or LL): RR 1.01 (95% Confidence Interval 0.90 to 1.15,
p=.78); SS versus LL: RR 0.92 (95% CI1 0.77 to 1.10, p=.37); (SS or SL) versus LL: RR
0.90 (95% CI 0.79 to 1.02, p=0.09). In all three comparisons, substantial statistical
heterogeneity was evident, with 12> 70% in all cases.

Heterogeneity remained high when only studies including exclusively unipolar depression
were included, and exploratory meta-regression found no significant effect of year of
publication, study duration, participant age, ethnicity or geographic location on estimates of
genotype effect. For the comparisons of SS or S carriers against LL genotypes, there was an
interaction of effect with proportion of male participants (SS vs LL, p=0.023; SS/SL vs LL,
p=0.047), such that the LL genotype was associated with a higher chance of response in
studies with more male participants and a lower chance of response in those including more
females (Figure 4A). This effect was also observed when proportion male was considered as
a dichotomous measure (greater or less than sample median; p<.05 in both cases). This
interaction did not reach statistical significance for the SS vs SL/LL comparisons (p=.08).

Visual funnel plot inspection for comparisons versus LL suggested estimates of effect size
might be skewed by two or three outlier results, however there was no marked asymmetry of
funnel plot evident on statistical testing (Figure 2A, p>0.5 in all cases). The absence of
effect of the 5-HTTLPR polymorphism on antidepressant response continued to be evident
when analyses were repeated restricting studies to those using SSRI antidepressants only, or
without any bipolar participants. Excluding no individual study from analysis qualitatively
altered the results, except for the comparison of SS/SL vs LL where exclusion of the study
of Kim and colleagues (36) led to a statistically significant effect estimate with the random
effects model (p=0.04), but not using fixed effects (p=0.13).

A total of 15 studies (combined n= 4099) provided data on remission rates, defined as
HDRS score of 7 or less in the majority of studies (Table 1). Rates of remission with
antidepressant treatment did appear to vary with transporter promoter polymorphism in one
comparison of genotypes (Figure 3). Therefore participants with the SS genotype had lower
rates of remission than L carriers - SS versus (SL or LL): RR 0.88 (95% C1 0.79 to 0.98,
p=0.02). However, compared to LL, neither SS nor S carriers differed significantly -SS
versus LL: RR 0.86 (95% CI 0.74 to 1.00, p=0.06), (SS or SL) versus LL: RR 0.97 (95% CI
0.89 to 1.06, p=0.47). This difference between SS genotype and L carriers was robust to
restriction of analysis by antidepressant class but not diagnosis: remission rates were lower
in participants with SS genotype versus (SL or LL) considering studies of SSRIs alone (RR
0.87; 95% CI 0.76 to 0.99, p=0.04), but not when analysis was restricted to exclusively
unipolar cohorts (RR 0.94; 95% CI 0.84 to 1.05, p=0.26).

Estimates of effect on remission rates were more sensitive than response to the inclusion or
exclusion of individual studies. The difference between SS and L carriers was no longer
statistically significant if either of two studies (29,33) were omitted, whereas the comparison
of SS and LL reached statistical significance (p=0.03) if either of two studies (13,41) were
omitted.

For remission comparisons, there were lower levels of statistical heterogeneity than
observed for response rates (12 between 14 and 30%) indicating that more, but not all, of the
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variation between study estimates for the remission comparisons could be explained by the
play of chance alone (16).

These was evident asymmetry on funnel plots for the comparisons against SS genotype both
on visual inspection and on formal statistical testing (p=0.016 in both cases, Figure 2B). For
the SS or SL versus LL comparison, there was a trend towards asymmetry (p=0.09). When
trim and fill correction for confounding by publication bias was applied, there was no longer
any significant effect of genotype on rates of remission (SS versus (SL or LL): RR 0.92,
95% CI 0.81 to 1.05, p=0.23; SS versus LL: RR 0.92, 95% CI 0.77 to 1.10, p=0.37; (SS or
SL) versus LL, RR 0.97, 95% CI 0.88 to 1.07, p=0.55).

Meta-regression revealed an effect of year of publication on estimate of difference between
SS and LL (p=0.03; Figure 4B), with the difference decreasing with time. No significant
associations with other pre-specified explanatory variables were identified, in particular no
interaction of gender with genotype and remission was observed (p>0.4 for each
comparison).

Discussion

We report the largest meta-analysis of the effect of 5-HTTLPR polymorphisms on response
or remission to antidepressant medication in patients with MDD. Our results find no
significant effect of the biallelic polymorphism on response to SSRI medication. While we
see a weak effect of the polymorphism on remission, a number of factors like publication
bias or lack of reporting of the remission outcome appear to explain this finding. Therefore
there is little evidence to suggest continued scrutiny of this particular polymorphism, in
isolation, to predict antidepressant response

The available evidence to test the association between the serotonin transporter promoter
polymorphism and antidepressant response has substantially increased over recent years. A
recent meta-analysis of this topic, published in 2007, included data from 15 studies with
1435 participants (12). Since then there has been an exponential increase in publications in
this area. Therefore the current analysis has the advantage of the inclusion of new data from
both the STAR*D study and from over 2000 participants in other studies that have also
recently reported resulting in a near quadrupling of the population available to answer the
question asked in this study. With the benefit of these additional data, there does not appear
to be any effect of the biallelic 5-HTTLPR polymorphism on antidepressant response rate.
This lack of effect is not simply explained by the inclusion of the negative STAR*D data,
since the same result is found when data from that study are excluded from analysis.

There was evidence of considerable heterogeneity of effect for response rates. Thus while
there may be no substantial overall effect of 5-HTTLPR genotype, there may be groups for
which there remains an effect. The variability is not readily explained by clinical sample
characteristics - while studies have been performed in many centres internationally, there
has been substantial similarity of antidepressant agents used, and in the diagnostic criteria by
which participants have been assessed. It may well be that additional and yet unknown gene
X gene or gene x environment interactions may be more useful in predicting response.
However, investigating such interactions does increase the risks of type | error, and robust
evidence of replication may be required to avoid false positive findings (49).

An interaction with gender was observed here, such that studies with more male participants
tended to observe an association of the S allele with worse response to antidepressant
treatment, in contrast to an improved response in studies with more female participants. This
finding must as yet be considered provisional, not least as it would not survive correction for
the multiple meta-regression tests performed.
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Interestingly, interactions of genotype effect with gender have recently been described using
within-study comparisons, however while the effect reported here is in keeping with the
findings of the GENDEP study (48), it is in the opposite direction to the findings of a recent
case-control study (50). A future analysis employing individual patient data might be able to
clarify the true extent of any such interaction.

Interestingly, while preclinical models demonstrate clear effects on levels of transporter
expression (4,51), in human populations the link may not always be so clear cut (52). There
are several possible explanations for this finding - for example it has been shown that an
A>G SNP exists within the longer form of the SHTT promoter region, and increased
transporter expression may only be observed where the long ‘L’ allele contains the A form
(39). Against this, the STAR*D dataset for example has been analysed using both biallelic
(Sand L) and triallelic (S, L, and Lg) approaches, and no effect on treatment response
observed (13).

Alternatively, functional effects may be only revealed in conjunction with polymorphisms of
other genes entirely, such as has been described for 5-HTTLPR and IL-6 in an experimental
model (53). One cannot rule out gene by gene interactions in the form of additive or
synergistic effects of polymorphisms in the 5-HTTLPR with other candidate genes that have
been studied in MDD such as HTR2A (54), GRIK4 (55) and FKBP5 (56). It is also
interesting that the two of the studies that found the greatest effects on response rates (28,40)
were performed in China and Taiwan, which may point to an ethnicity-moderated effect,
although such an effect could not be identified here with formal statistical testing.

Furthermore genetic effects may only be evident in interaction with individual experiences
such as adverse early life events (57). These questions remain unclear and cannot be
resolved from the data conventionally reported in studies of overall associations of the 5-
HTTLPR polymorphism and antidepressant response.

For remission rates, the picture is less clear. Pooled estimates indicate that the SS genotype
is associated with remission rate, although with much less statistical certainty than appeared
the case in the previous analysis (p=0.02 rather than p<0.0001). Indeed were we to correct
for the multiple comparisons we performed for the remission data the effect observed for the
SS genotype does not achieve conventional statistical significance.

A similar magnitude of estimate is obtained if analyses are limited to studies studying SSRIs
alone, which suggests the inclusion of data from a variety of classes of antidepressant is not
obscuring any effect in this subgroup. However, when analyses are restricted to exclusively
unipolar cohorts, no effect on remission is seen, which raises the possibility that any effect
might be driven by an effect on bipolar depression. This might be surprising given the
disappointing treatment response to antidepressants in bipolar depression in recent studies
(58).

Omitting individual study data from remission analyses does give rise to differing apparent
magnitudes of effect. The effect of year of publication on estimates of effect in the SS vs LL
comparison would be compatible with a common observation (8,59) that the first published
study in a field often over-estimates the true effect. However, as the sensitivity analysis here
indicates, the apparent effect of genotypes on remission rates does not simply depend on the
inclusion of the first published data (11).

The asymmetry of funnel plots of this analysis on both visual inspection and statistical
analysis suggests that this apparent effect of 5-HTTLPR genotype on remission rate may
well be due to publication bias rather than a true genotype effect.
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Funnel plots — plots of estimates of effect on the horizontal axis against study precision on
the vertical — are a conventional approach to identifying publication bias (60). In the absence
of bias, regardless of the overall direction and magnitude of effect, they should have the
appearance of a symmetrical inverted funnel since treatment estimates should vary more
widely between smaller studies than between larger trials that should more precisely
estimate effects. The asymmetry shown for remission rates comparing SS to (SL and LL) or
LL alone suggests that there are unreported data (e.g. unpublished studies, or studies where
the necessary data for analysis are not available) that if included would further reduce the
pooled estimate of effect. Differences in effect between smaller and larger studies, leading to
funnel plot asymmetry, may be observed for other reasons, such as systematic differences in
methodological quality or patient population exaggerating effect sizes (61). However as
noted above, the studies included in the present analysis were highly consistent in such
respects which indicates publication bias as a likely cause. This meta-analysis already
includes further unpublished details from a number of studies (23,34,38,40,41,44) to reduce
such bias, but it is likely that if remission rates were available from further studies, yielding
a less biased estimate, the association would no longer be significant, as was found when
trim and fill correction was applied.

On current evidence, there does not appear to be an overall effect of the biallelic 5-HTTLPR
polymorphism on rates of antidepressant response and the evidence on remission is weak at
best. Future studies should focus on clarifying interactions of this polymorphism and other
factors that underlie the heterogeneity of effect seen.
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Serotonin transporter promoter length polymorphism and antidepressant response. Forest
plots of response rates by genotype for three comparisons, (a) SS vs SL/LL, (b) SSvs LL,
(c) SS/SL vs LL. Individual study and pooled estimates applying both fixed and random

effects models shown. For clarity study effect estimates are grouped by those that used of

SSRI alone, or those employing non-SSRI or a variety of antidepressant agents.
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Funnel plots of effect estimate as relative risk against its standard error for (a) response and
(b) remission comparisons of SS versus SL/LL (left), SS versus LL (middle), and SS/SL

versus LL (right) with random effects estimate and 95% CI shown. Statistically significant
asymmetry for remission rate comparisons of SS versus LL (p=0.02) and SS versus SL/LL

(p=0.02).
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Figure 3.

Serotonin transporter promoter length polymorphism and remission rate with antidepressant
treatment. Forest plots of remission rates by genotype for three comparisons, (a) SS vs SL/
LL, (b) SSvsLL, (c) SS/SL vs LL. Individual study and pooled estimates applying both
fixed and random effects models shown. For clarity study effect estimates are grouped by
those that used of SSRI alone, or those employing non-SSRI or a variety of antidepressant
agents.
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A: Effect on gender on genotype and response
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Figure4.

Meta-regression analyses finding significant effects. A. Effect of gender on association of
genotype with response rates. B. Effect of year of publication on association of genotype
with remission rates. Lines indicate significant effects (p<0.05).
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