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Anxiety-related personality traits, such as NEO
neuroticism and TCI/TPQ harm avoidance, have
been shown to have significant genetic compo-
nents. To date, however, no specific genetic vari-
ants that contribute to these traits have been
conclusively identified. At least 26 studies have
investigated a putative association between a
functional serotonin transporter promoter poly-
morphism (5-HTTLPR) and anxiety-related person-
ality traits. The results of these studies have been
inconsistent with some studies finding evidence
for an association, and others not. We performed
a meta-analysis of all applicable studies investi-
gating this association. In the overall analysis
(N¼5,629 subjects), we found suggestive evidence
for an association between the 5-HTTLPR short
allele (s) and increased anxiety-related personal-
ity trait scores (P¼ 0.087). However, we also found
strong evidence for heterogeneity. This hetero-
geneity is largely explained by substantial varia-
tion between the studies in the inventory used.
When the analysis was stratified by inventory
type, there was a significant association between
5-HTTLPR and NEO neuroticism (P¼0.000016), a
non-significant association between 5-HTTLPR
and TCI/TPQ harm avoidance (P¼0.166), and no
association between 5-HTTLPR and other anxi-
ety-related personality traits (P¼0.944). There
was no evidence that these results were either
due to publication bias or accounted for by any
one single study. We conclude that there is a
strong association between the serotonin trans-
porter promoter variant and neuroticism as
measured in the NEO personality inventory and
that non-replications are largely due to small
sample size and the use of different inventories.
� 2004 Wiley-Liss, Inc.
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INTRODUCTION

Evidence from twin studies indicate that a substantial com-
ponent of human personality trait variation is due to genetic
factors [Loehlin, 1993]. Finding the specific genetic variants
responsible for the personality trait variation however has
proven difficult. A personality trait extensively studied in
behavioral genetics is neuroticism. Neuroticism, as measured
through theNEOpersonality inventories (NEO-PI-R,NEO-PI,
and NEO-FFI), is characterized by ‘‘negative emotionality’’
such as anxiety, low mood, vulnerability, and hostility [Costa
and McCrae, 1997].

Lesch et al. [1996] reported an association between a
serotonin transporter promoter polymorphism (5-HTTLPR)
and neuroticism. The serotonin transporter is located on the
presynaptic membrane of serotonergic neurons and acts to
resorb serotonin from the synapse. This protein is a target of
the SSRI class of anti-depressant/anti-anxiety medications.
5-HTTLPR is a repeat polymorphism with two alleles, a
14 repeat (s) and 16 repeat (l), predominant inmost population
samples studies to date [Nakamura et al., 2000]. There is
substantial evidence that the l allele is transcriptionally more
active than the alternate s allele [Heils et al., 1995; Hanna
et al., 1998].

Since the initial report of an association between 5-HTTLPR
and neuroticism, there have been numerous attempts to re-
plicate the finding. Some of these studies followed Lesch and
colleagues and usedNEOneuroticism as their phenotype [Ball
et al., 1997; Nakamura et al., 1997; Gelernter et al., 1998;
Deary et al., 1999; Flory et al., 1999; Kumakiri et al., 1999; Du
et al., 2000; Greenberg et al., 2000; Sen et al. (in press);
Stoltenberg et al., 2002; Umekage et al., 2003]. Another subset
of studies investigated harm avoidance, a trait correlated with
neuroticism measured by the temperament and character
inventory (TCI)/tridimenstional personality questionnaire
(TPQ) family of personality inventories [Ebstein et al., 1997;
Mazzanti et al., 1998; Ricketts et al., 1998; Hamer et al., 1999;
Katsuragi et al., 1999; Osher et al., 2000; Samochowiec et al.,
2001; Tsai et al., 2002]. Harm avoidance is characterized
by anxiety proneness and an aversion to risk taking [Zohar
et al., 2003]. A third subset of studies employed other
correlated but distinct traits as outcome measures [Jorm
et al., 1998; Gustavsson et al., 1999; Murakami et al., 1999;
Melke et al., 2001]. The results from these replication studies
have been inconsistent. Seven replication studies found
significant evidence for an association between the 5-HTTLPR
s allele and higher anxiety-related personality trait scores
while seventeen replication studies found no significant
evidence of this association.
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This inconsistency is typical for association studies involving
complex traits [Hirschhorn et al., 2002]. One potential reason
for discrepancies between studies investigating the same as-
sociation is that with the sample sizes typically used in
association studies, it is difficult to distinguish between genes
that exert small effects on a complex trait and genes that exert
no effect at all. The situation can be further complicated by
variation between studies in both the population samples
studied and the method used to evaluate the relevant trait. A
technique that has proven useful in resolving discrepancies
between association studies is meta-analysis [Lohmueller
et al., 2003]. Meta-analysis is a quantitative method of com-
bining the results of independent studies and synthesizing
summaries and conclusions. This method increases power to
distinguish between small effects and no effect. Furthermore,
it can help determine whether variation in effect between
studies is due merely to expected random statistical fluctua-
tion, or also due to variation between studies in the sample
used or trait assessment. Meta-analysis has been used suc-
cessfully to both confirm [Altshuler et al., 2000; Faraone et al.,
2001] and refute [Kluger et al., 2002; Lalovic and Turecki,
2002] putative associations between genetic variants and
complex traits. In this study, we perform a meta-analysis on
all available studies investigating the association between
5-HTTLPR and anxiety-related personality traits.

MATERIALS AND METHODS

Studies

Studies were identified through PubMed at the National
Library of Medicine using the search terms: (1) neuroticism
serotonin transporter, (2) harm avoidance serotonin transpor-
ter, (3) personality serotonin transporter. We subsequently
checked the reference sections of the publications found
through our search to identify additional studies that may
have been missed. We restricted the scope of our analysis
to studies that used adult samples. In total, 26 studies from
24 publications were identified, and 23 studies were included
in the analysis (Table I). Three of these studies were exclud-
ed from our analysis because: (1) we were unable to obtain

necessary information from the publication or the authors
[Gelernter et al., 1998] or (2) the studydesignwas incompatible
with our analysis because only extreme values of neuroticism
were genotyped [Ball et al., 1997; Deary et al., 1999].

Statistical Analysis

We recorded the number of subjects, mean anxiety-related
personality trait score, and standard deviation for each of the
three genotype groups (s/s, s/l, and l/l) in each study included in
our analysis.Wealso recorded the inventoryused in each study
as well as the gender and ethnic compositions of the sample
used in each study. Studies were grouped into three inventory
categories: (1) NEO (NEO-PI, NEO-PI-R, and NEO-FFI), (2)
TCI/TPQ (TCI and TPQ), and (3) others (EPQ, KSP, and SRQ-
AD). For studies where all or part of this information was not
available in the publication, the authors were contacted by
email.

In order tohave all studies on the same scale for our analysis,
the rawscore fromeach study-genotype groupwas converted to
a T-score so that each study had an overall mean score of
50� 10. A random effects meta-analysis was performed with
the study-genotype T-score as the dependent variable and
genotype as the independent variable. Ethnicity and gender
composition of the study were included as covariates and each
study-genotype groupwasweighted according to the inverse of
its variance. Three studies [Nakamura et al., 1997; Kumakiri
et al., 1999; Osher et al., 2000] administered multiple inven-
tories to the same sample. For these studies, the inventory
for which more subjects had valid trait scores was used in
the overall analysis. For analyses specific to one inventory, the
studies using multiple inventories were included if the
relevant inventorywasused in the study regardless ofwhether
the study used other inventories as well.

To ascertain if the results of our analysis were strongly in-
fluenced by any single study a sensitivity analysis was per-
formed. Both the overall significance and the inventory specific
significance of the analyses were recomputed after each study
was individually deleted from the analysis (Table II).

In order to determine if there is a significant publication bias
the method described by Egger et al. [1997] was used. This

TABLE I. Included Association Studies of 5-HTTLPR and Anxiety-Related Traits

Study Inventory N Mean age Ethnicity Female (%)a Recruitment

Jorm et al. [1998] EPQ 759 41.5 95% Caucasian 53 Volunteer
Hamer et al. [1999] TCI 634 31.3 79% Caucasian 57 Volunteer
Sen et al. (in press) NEO-PI 415 43.8 Caucasian 67 Blood pressure
Greenberg et al. [2000] NEO-PI-R 397 28.6 71% Caucasian 84 Volunteer
Mazzanti et al. [1998] TPQ 397 35.5 Caucasian 15 Alcoholic criminals
Lesch et al. [1996] NEO-PI 284 37.6 94% Caucasian 8 Homosexuality
Umekage et al. [2003] NEO-PI-R 244 37.7 Japanese 100 Volunteer
Flory et al. [1999] NEO-PI-R 225 45.7 84% Caucasian 50 Community
Lesch et al. [1996] NEO-PI 221 23.3 79% Caucasian 7 Volunteer
Tsai et al. [2002] TPQ 192 29.3 Chinese 51 Healthy
Melke et al. [2001] KSP 190 42.0 Caucasian 100 Volunteer
Murakami et al. [1999] SRQ-AD (Japanese) 189 49.3 Japanese 38 Volunteer
Nakamura et al. [1997] NEO-PI and TCI 186 19.6 Japanese 100 Students
Du et al. [2000] NEO-FFI 186 36.3 Caucasian 59 Volunteers
Gustavsson et al. [1999] KSP 175 45.3 Caucasian 52 Students
Osher et al. [2000] TPQ and NEO-PI-R 148 30.7 Caucasian 66 Students
Kumakiri et al. [1999] NEO and TCI 144 24.4 Japanese 46 Students
Samochowiec et al. [2001] TCI 126 23.8 Caucasian 59 Healthy
Gustavsson et al. [1999] KSP 125 38.0 Caucasian 39 Students
Ebstein et al. [1997] TPQ 121 29.7 Caucasian 45 Volunteer
Katsuragi et al. [1999] TPQ 101 25.0 Japanese 39 Students
Stoltenberg et al. [2002] NEO-FFI 86 39.2 Caucasian 5 Alcohol dependence
Ricketts et al. [1998] TPQ 84 67.4 Caucasian 43 Parkinsons disease

aPercentage of total study subjects that are female.
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method regresses the standard normal deviate (estimated
regression coefficient (b value) divided by standard error)
against the weight (1/variance) of the study. In order to
calculate the standard normal deviate, we first determined the
b value of each study by calculating the slope of the genotype-
neuroticism regression line. This value corresponds to the
effect on the T-score that results from the addition of one s
allele. The b values were also used to test for the presence of
heterogeneity among the results of the studies.When evidence
for heterogeneity was found, we determined the minimum
number of studies that had to be removed to eliminate evidence
of heterogeneity. All analyseswere carried out in SPSS 10.0.07
(SPSS Inc., Chicago, IL).

RESULTS

Across all 23 included studies investigating 5-HTTLPR and
anxiety-related personality traits (N¼ 5,629), the weighted
genotype T-scores were (mean�SD): s/s � 52.13� 9.72; s/l �
49.45� 10.09; l/l � 48.98� 10.11. The meta-analysis showed
suggestive evidence for anassociation between 5-HTTLPRand
anxiety-related personality traits (P¼ 0.087). Neither the
ethnic (P¼ 0.943) or gender (P¼ 0.763) composition of the
studies were significant as covariates in the analysis. b values
indicate the change in T-score that results from the addition of
one s allele. Across the studies, these values ranged from�1.47
to 21.93 with an overall b value weighted mean of 1.68
(Table II). There was evidence for heterogeneity among the
b values of the studies (w2¼ 472.3; df¼ 22; P< 0.0001). To
eliminate heterogeneity, the six studies contributing most

strongly to the heterogeneity had to be removed from the
analysis (Table III).

Given this significant heterogeneity, and the fact that
gender and ethnic composition were not significant, we per-
formed separate analyses for the three inventory categories.
For the NEO category, there was a strong association between
5-HTTLPR and neuroticism (P¼ 0.000016), while the TCI/
TPQ category studies showed a non-significant weak asso-
ciation between 5-HTTLPR and harm avoidance (P¼ 0.166)
and the other category showed no association between 5-
HTTLPRand the anxiety-related personality traits (P¼ 0.944)
(Table II). Among NEO studies, there was evidence of
heterogeneity among the b values (w2¼ 28.7; df¼ 10;
P< 0.0014). Removal of the onemost extreme study eliminated
the evidence for heterogeneity. For the TCI/TPQ category,
there was also significant evidence for heterogeneity among
the b values (w2¼ 400.6; df¼ 9; P< 0.0001). Removal of six
studies was necessary to eliminate the evidence for hetero-
geneity. For the category of other studies, significant evidence
forheterogeneity among bvalues also existed (w2¼ 16.2; df¼ 4;
P< 0.0028). Removal of two studieswas necessary to eliminate
the evidence of heterogeneity (Table III).

To determine if an individual study was responsible for the
presence or absence of an association in each of the tests, we
performedaseries of sensitivity analyses (Table II).Each study
was individually excluded and the significance of the analysis
was recomputed. In the analysis including all inventory cate-
gories, the significance of theassociation ranged fromP¼ 0.037
toP¼ 0.143after each studywas individually excluded.For the
NEO category, the significance ranged from P¼ 0.00000039 to

TABLE II. Results and Sensitivity Analysis of 5-HTTLPR and Anxiety-Related Traits Association Studies

Study N s/s N s/l N l/l
T-score
s/sb

T-score
s/lb

T-score
l/lb b value

Exclusion
P value (all
studies)c

Exclusion
P value

(inventory)d

Flory et al. 37 112 76 47.11 50.92 50.04 �1.47 0.071 0.00000039
Greenberg et al. 66 217 114 50.13 51.13 47.76 1.19 0.105 0.00038
Kumakiri et al. 85 48 11 49.94 50.16 49.76 0.09 0.091 0.000044
Lesch et al. (23.3)a 43 106 72 50.38 51.34 47.80 1.29 0.107 0.00018
Lesch et al. (37.6)a 52 141 91 51.22 50.68 48.25 1.49 0.111 0.00016
Nakamura et al. 128 55 3 50.00 50.30 44.31 5.14 0.098 0.000058
Sen et al. 83 183 149 52.15 50.50 48.19 1.98 0.139 0.00016
Stoltenberg et al. 17 45 24 48.63 50.57 49.91 �0.64 0.087 0.000020
Umekage et al. 161 70 13 50.15 49.90 48.59 0.78 0.094 0.000052
Du et al. 40 86 60 51.59 49.34 49.88 0.85 0.097 0.0000047
All NEO 751 1133 648 50.31 50.64 48.51 1.06 — 0.000016
Tsai et al. 100 71 21 49.98 50.12 49.69 0.15 0.090 0.138
Samachowiec et al. 18 67 41 49.87 48.74 52.11 �1.12 0.082 0.169
Ricketts et al. 19 37 28 73.13 53.80 29.27 21.93 0.143 0.263
Osher et al. 39 73 36 51.21 50.84 46.97 2.12 0.108 0.191
Mazzanti et al. 76 196 125 50.92 49.90 49.60 0.66 0.095 0.217
Katsuragi et al. 66 31 4 64.76 17.46 58.66 3.05 0.037 0.251
Hamer et al. 108 336 190 50.26 50.69 48.64 0.81 0.099 0.127
Ebstein et al. 32 66 23 56.98 45.36 53.61 1.68 0.107 0.230
All TCI/TPQ 709 1,014 519 52.65 48.97 48.35 2.02 — 0.166
Gustavsson et al. (45.3)a 35 83 57 48.17 50.49 50.40 �1.31 0.072 0.760
Gustavsson et al. (38.0)a 22 66 37 47.54 50.73 50.16 �1.12 0.079 0.792
Jorm et al. 155 350 254 49.76 50.15 49.94 �0.09 0.064 0.810
Melke et al. 35 84 71 53.56 48.58 49.92 1.82 0.104 0.953
Murakami et al. 124 55 10 51.18 47.74 47.74 1.72 0.110 0.924
All other 371 638 429 50.31 49.84 49.97 0.16 — 0.944
All studies 1,331 2,432 1,461 52.13 49.45 48.98 1.68 0.087 —

aMean age provided in parentheses to differentiate between studies of different populations reported in the same publication.
bMean T-score for indicated genotype group.
cThe overall significance when the study is excluded.
dThe inventory specific significance when the study is excluded.
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P¼ 0.00016, indicating that no one study was individually
responsible for the positive association. For the TCI/TPQ
category, the significance ranged from P¼ 0.127 to P¼ 0.263,
while for the other category, the significance ranged from
P¼ 0.760 to P¼ 0.953 indicating that for both categories, no
one study was responsible for the absence of an association.
The publication bias statistic of Egger et al. was not significant
(P¼ 0.515), suggesting that that there was no publication bias
in the overall analysis.

DISCUSSION

This meta-analysis shows a borderline significant associa-
tion between 5-HTTLPR and anxiety-related personality
traits. In the overall analysis, there is strong evidence for
heterogeneity among the b values. Heterogeneity indicates
that there is greater variation among the results of the studies
than expected by chance. In general, this can result from vari-
ation among studies in a number of salient features including
sample demographics and outcome measure. In the case of
this meta-analysis, the heterogeneity seems to be due in part,
to the different inventories used by the different studies. The
two traits studied most frequently among studies included
in this analysis are neuroticism, as measured by NEO in-
ventories, and harm avoidance, as measured by TCI/TPQ
inventories. These two traits have a correlation of 0.55 [De
Fruyt et al., 2000], indicating that there is significant variation
in the outcome measure between studies that used NEO
inventories and studies that used TCI/TPQ inventories. On
the other hand, the demographic variables included, gender
and ethnic composition, were not significant as covariates in
the analysis, indicating that they are unlikely to be major
contributors to the heterogeneity found.

When the analysis is stratified by inventory type, there is a
highly significant association between 5-HTTLPR and neuro-
ticism among studies using NEO personality inventories. The
sensitivity analysis indicates that this result is not unduly
influenced by any one single study. Although heterogeneity
persists among the NEO category studies, the evidence of
heterogeneity is much weaker than for the analysis of all
studies (all studies w2¼ 472.3, d.f¼ 22; NEO studies w2¼ 28.7,
d.f.¼ 10). Furthermore, removal of one study from the analysis
eliminates the evidence for heterogeneity, indicating that the
heterogeneity among NEO studies is limited (Table III).

Among studies using TCI/TPQ inventories, the association
between 5-HTTLPR and harm avoidance shows a trend in
the same direction as NEO studies, but the result is non-
significant. This non-significance is not the result of small
overall sample size as the number of subjects in TCI/TPQ
studies (2,242 subjects) is comparable to thenumber of subjects
in NEO studies (2,532 subjects). Instead, the lack of signifi-
cance seems to be due to the substantial heterogeneity between
the results of these studies. Six of the ten studies had to be
removed from the analysis to eliminate evidence for hetero-
geneity, indicating that the heterogeneity was not due to a
small subset of the studies. The variation in results between
the TCI/TPQ studies may be due in part, to the number of TCI/
TPQ studies using small samples (for 6/10 studies, N< 150).

Inaddition, demographic variablesnot included inouranalysis
may have contributed to the heterogeneity among TCI/TPQ
studies.

Among the studies using other inventories, there is no evi-
dence of an association between 5-HTTLPR and anxiety-
related traits. In this category, significant evidence of hetero-
geneity among the results of these studies persists. Two of the
five studies had to be removed to eliminate evidence for
heterogeneity. These five studies used three different inven-
tories: the Karolinska Scales of Personality [Gustavsson et al.,
1999;Melke et al., 2001], the SRQ-AD [Murakami et al., 1999],
and the Eysenck Personality Questionnaire—revised [Jorm
et al., 1998]. It is likely that the residual heterogeneity in this
category is due to the variation between these inventories.

The low correlation between neuroticism and harm avoid-
ance and resultant heterogeneity may be the cause of the
difference in results between the meta-analysis of NEO in-
ventory studies and themeta-analysis of TCI/TPQ studies. It is
unlikely that any inventory trait perfectly captures the exact
psychological variation that associates with the 5-HTTLPR
variant. Our results are best explained assuming that the
true psychological variation associated with 5-HTTLPR is
more closely approximated by neuroticism than by harm
avoidance.

Overall, only 8 of the 23 included studies found a significant
association between 5-HTTLPR and anxiety-related person-
ality traits. It is likely thatmany of the non-replicating studies
suffered from lowpower. Seventeenof the twenty-three studies
had positive b values, indicating higher anxiety-related per-
sonality trait scores for subjects with the 5-HTTLPR s allele.
In addition, while eight studies found significant evidence
for an association between the 5-HTTLPR s allele and higher
trait scores, not a single study found an association between
the alternate 5-HTTLPR l allele and higher trait scores,
arguing against a chance distribution. For studies using NEO
inventories, the weighted mean b value across all studies
was 1.06, indicating that the addition of one s allele increased
the trait score by 0.106 standard deviations. Although such a
small effect is not unexpected for a complex trait, only the
largest of these studies would have the power to detect this
effect.
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