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ELATIONSHIPS AMONG 5-HTT GENOTYPE, LIFE EVENTS AND

ENDER IN THE RECOGNITION OF FACIAL EMOTIONS
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bstract—Accumulating evidence has shown that a polymor-
hism in the promoter region of the serotonin-transporter
5-HTTLPR) modulates neural activation during the percep-
ual processing of emotional facial expressions. Further-
ore, behavioral research has shown that attentional bias for
egative information is increased in s allele carriers. We
xamined the interactions among 5-HTTLPR (including SNP
s25531), life events and gender on the detection of facial
motions. We found a main effect of genotype, as well as
oderating effects of childhood emotional abuse (CEA) and

ecent life events (RLE). S homozygous participants recog-
ized negative facial expressions at a lower intensity than the
ther genotype groups. This effect was more evident in fe-
ale participants and in participants who had experienced

ife events. The 5-HTTLPR genotype affects facial emotional
erception, a process which is linked to a neurobiological
esponse to threat and vulnerability to emotional disorders.

2010 IBRO. Published by Elsevier Ltd. All rights reserved.

ey words: serotonin transporter gene, stressful life events,
acial emotion recognition, gender, gene-environment inter-
ction.

ood disorders are associated with impairments and bi-
ses in the processing of emotional and social stimuli.
hese impairments may underlie reduced affect regulation
nd social interaction, and therefore contribute to the de-
elopment and maintenance of such disorders (Leppanen,
006). Biases in the perception of emotional face expres-
ions constitute a measurement with face validity since
hese biases influence social and emotional adaptation.
acial stimuli have also been used in many neuro-imaging
tudies since they reliably engage the amygdala, a brain
egion involved in emotional arousal and vigilance (Hariri
t al., 2000).

Research has demonstrated that compared with
ealthy controls, depressed individuals show a bias in the
rocessing of negative emotions in facial recognition tasks
Bouhuys et al., 1999; Gollan et al., 2008; Gur et al., 1992;
ikhailova et al., 1996; Surguladze et al., 2004). Facial
motion recognition bias has also been observed in the

Corresponding author. Tel: �31-71-527-3991; fax: �31-71-527-4678.
-mail address: nantypa@fsw.leidenuniv.nl (N. Antypa).
bbreviations: ANOVA, analysis of variance; CEA, childhood emo-

ional abuse; HADS, hospital anxiety and depression scale; RLE,
f
ecent life events; 5-HTTLPR, serotonin-transporter-linked promoter
egion.

306-4522/10 $ - see front matter © 2010 IBRO. Published by Elsevier Ltd. All right
oi:10.1016/j.neuroscience.2010.10.042

1

emitted state of depression (Bhagwagar et al., 2004; Hay-
ard et al., 2005; Joormann and Gotlib, 2007; Merens et
l., 2008b). Furthermore, experimental manipulations of
erotonin affect the recognition of emotional face expres-
ions, both in healthy volunteers (Harmer et al., 2003a,b,
004; Hayward et al., 2005) and in remitted depressed
atients (Merens et al., 2008a).

Hasler et al. (2004) have suggested that biased pro-
essing of emotional stimuli is a plausible endophenotype
or major depression. With respect to the endophenotype
riteria, there is evidence for specificity for depression,
tate-independence and familial association (Hasler et al.,
004). Neurobiological research has examined the asso-
iation between emotional cognition and a polymorphism

n the promoter region of the serotonin transporter gene
5-HTTLPR) (Canli and Lesch, 2007). The serotonin trans-
orter (5-HTT) is known to be a key regulator of seroto-
ergic neurotransmission (Heils et al., 1996; Lesch et al.,
994). 5-HTTLPR has two variants: short allele (s) carriers
ave reduced transcriptional efficiency of serotonin com-
ared with individuals with two copies of the long allele (ll)
Heils et al., 1996). More recently, an A/G single nucleotide
olymorphism (rs25531) within 5-HTTLPR has been de-
cribed (Wendland et al., 2006). The G allele within the l
ariant (LG) shows lower 5-HTT mRNA expression, similar
o the s allele (Hu et al., 2006).

Hariri and colleagues (2002) assessed neural activa-
ion during perceptual processing of fearful and angry hu-
an facial expressions, and found that s allele carriers
xhibited greater amygdala activity, than ll homozygotes
Hariri et al., 2002). This finding has been replicated with
arger samples (Hariri et al., 2005), and by independent
roups (Canli et al., 2008; Munafo et al., 2008; Pezawas et
l., 2005). S homozygotes also show greater activation
ithin other brain regions (fusiform gyrus, ventral, lateral
refrontal cortex) in response to fearful faces than l carriers
Surguladze et al., 2008).

These studies imply that the short variant of the sero-
onin transporter gene leads to enhanced reactivity to neg-
tive stimuli, which may indicate a genetic-susceptibility
echanism for depression (Pezawas et al., 2005). Parallel
ehavioral research has shown similar results. In a mixed

npatient psychiatric sample (n�27), s carriers showed a
tronger attentional bias for anxious word stimuli than par-
icipants with two long alleles (Beevers et al., 2007). In a
ealthy sample (n�144), s homozygotes displayed greater
ifficulty disengaging attention from sad, happy and fearful
acial expressions than ll homozygotes (Beevers et al.,
009). In another study, healthy individuals homozygous

or the l allele (n�97) were found to selectively attend to
s reserved.

mailto:nantypa@fsw.leidenuniv.nl
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ositive affective pictures and avoid negative ones,
hereas this pattern was absent among s allele carriers

Fox et al., 2009). Among an adolescent sample (n�112),
ias for angry faces increased progressively according to
-HTTLPR status in a dot-probe task, with the ss group
howing the highest levels of bias. For happy faces, the
everse pattern was found (Perez-Edgar et al., 2009). Chil-
ren with familial history of depression had greater atten-
ional avoidance of sad faces; a bias which was stronger
mong children carrying the s allele (Gibb et al., 2009).
he effects of acute tryptophan depletion on the process-

ng of facial emotional expressions also vary as a function
f 5-HTTLPR genotype: depletion impaired the recognition
f fear in s carriers, but not in l homozygotes (Marsh et al.,
006).

In contrast, some studies have shown effects inconsis-
ent with those mentioned above. In an eye-tracking par-
digm, healthy s allele homozygotes displayed an atten-

ional bias to positive images compared to the other geno-
ype groups (n�45) (Beevers et al., 2010). In another
tudy, among a sample of individuals with familial risk of
epression, no effects of allelic variation in the 5HTTLPR
ere found on measures of facial emotional processing

Mannie et al., 2007).
Most studies so far have used tasks displaying facial

xpressions of various emotional intensities for only brief
eriods of time. In daily life however, facial expressions are
ot seen as static and brief, but as varying in intensity. The
ase with which people detect subtle, rather than full-
lown, emotional expressions may be related to depres-
ion vulnerability. From this perspective, Joormann and
otlib (2006) introduced a task using real faces that
hange progressively from a neutral expression to a full
motional expression. They found that depressed partici-
ants, in comparison with social anxiety disorder patients
r healthy controls, required a greater intensity of happy
motion to correctly identify it as happy. Additionally, social
nxiety disorder participants correctly identified angry ex-
ressions at a lower intensity than did depressed partici-
ants or healthy controls.

The purpose of the present study was to further exam-
ne the relationship between the 5-HTTLPR and identifica-
ion of emotional facial expressions. We used the task
ntroduced by Joormann and Gotlib (2006), which allows
or evaluations of facial emotions at varying intensities, as
his more closely reflects perceptual communication in real
ife interpersonal situations. Secondly, previous research
nvolving the 5-HTTLPR and emotional information pro-
essing has not explored gender effects (except Beevers
t al., 2010, who report no effects). Research has shown
ifferential performance between males and females in
acial emotion recognition paradigms. For example, 5-HT
epletion impaired the recognition of facial expressions of
ear in healthy female volunteers, but not in males (Harmer
t al., 2003b). Neuroimaging studies have also reported
ender differences in neural responses to facial emotion
ecognition (Kesler-West et al., 2001; Williams et al.,
005). Men performed worse than women on a task mea-

uring the perception of facial emotional expressions (

Please cite this article in press as: Antypa N, et al., Relationships amon
of facial emotions, Neuroscience (2010), doi: 10.1016/j.neuroscience.20
Montagne et al., 2005). Further, in a study examining
ene-environment interaction for depression, males and
emales showed opposite responses to environmental
tressors: s allele homozygous females were affected by
raumatic conflicts and were more prone to develop de-
ressive symptoms, but s allele homozygous males were
rotected from depression (Sjoberg et al., 2006).

There is mounting research examining gene-environ-
ent interactions on depression outcomes, as well as on

ntermediate phenotypes that are indicators of stress sen-
itivity (stress hormones, amygdala reactivity) (Caspi et al.,
010). We aimed to examine such a gene-environment

nteraction on facial emotion perception. We focused on
hildhood emotional abuse as an environmental stressor,
ince this type of abuse has been uniquely linked with
epression outcomes (Brown and Harris, 2008; Gibb,
002; Gibb et al., 2001). Emotional problems in adoles-
ents have also been associated with biased recognition of
ngry and sad faces (Leist and Dadds, 2009). We also
xamined the influence of recent life events.

We investigated the association between facial emo-
ion identification and 5-HTTLPR, gene-environment inter-
ctions and gender differences in these associations. We
ypothesized that the ss allele group would identify nega-

ive emotions (sad, anger, fear) earlier in the emotion
ntensity sequence than participants in the sl and ll groups,
nd that this pattern would be more dominant among
emales. Furthermore, we hypothesized that life events
ould moderate this relationship: the ss genotype group
ould identify negative emotions earlier than other geno-

ypes when having had adverse life experiences (early or
ate). Finally, we aimed to explore the effects of recent life
vents upon the relationship between 5-HTTLPR and fa-
ial emotion perception, to determine whether they (a)
ave an additive or an inoculation effect upon this relation-
hip among participants with prior childhood emotional
buse, and/or (b) act as a sole moderator of this relation-
hip among participants without a history of childhood
motional abuse.

EXPERIMENTAL PROCEDURES

articipants and procedure

wo hundred and fifty university students of European ancestry
ere recruited at various sites at Leiden University through ad-
ertisements. Participants were included only if both their parents
ere European. Age range was 18–45 years. On arrival to the

aboratory, participants provided written informed consent and
ompleted a number of questionnaires (data reported elsewhere:
ntypa and Van der Does, 2010). The participants subsequently
rovided saliva samples, and finally performed the facial morphing
omputer task. The procedure lasted about 45 min, and partici-
ants received a small monetary reward or course credits for their
articipation. The research was approved by the Ethics Commit-
ee of the Leiden University Medical Center in The Netherlands.

ssessments

Genetic assessment. DNA was obtained using the Or-
gene Self-Collection Kit—DISC format (DNA Genotek Inc., Ot-
awa, ON, Canada). 200 �l of saliva was collected in lysis buffer

100 mM NaCl, 10 mM EDTA, 10 mM Tris pH 8, 0.1 mg/ml

g 5-HTT genotype, life events and gender in the recognition
10.10.042
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roteinase K and 0.5% w/v SDS) until further processing.
enomic DNA was isolated from the samples using the Chemagic
it on a Chemagen Module I workstation (Chemagen Biopolymer-
echnologie AG, Baesweiler, Germany). DNA concentrations
ere quantified by OD260 measurement and by agarose gel
lectrophoresis. The average yield was approximately 4 �g of
enomic DNA per sample.

Polymerase chain reaction (PCR) amplification. The region
f interest from the 5-HTT gene was amplified by triplex PCR
sing the following primers: a FAM-labeled primer HTTLPR-FW-
AM 5=-TCCTCCGCTTTGGCGCCTCTTCC-3=, and a reverse
rimer HTTLPR-RV 5=-TGGGGGTTGCAGGGGAGATCCTG-3=.
ypical PCR reactions contained between 10 and 100 ng genomic
NA template, and 10 pmol of forward and reverse primer. PCR
as carried out in the presence of 5% DMSO with 0.5 U of
ioThermAB polymerase (GeneCraft, Munster, Germany) in a

otal volume of 30 �l using the following cycling conditions: initial
enaturation step of 5 min at 95 °C, followed by 40 cycles of 30 s
6 °C, 30 s 61 °C, 60 s 72 °C and a final extension step of 10 min
2 °C. After PCR, 5 �l of the sample was subjected to restriction
igestion with the enzyme HpaII in a total volume of 20 �l. Re-
triction was incubated for 3 h at 37 °C.

Analysis of PCR products. One �l of PCR product before
nd after restriction digestion was mixed with LIZ-500 size stan-
ard and formamide and run in two separate lanes on a AB 3100
enetic analyser set up for genotyping with 50 cm capillaries.
esults were analysed using Genescan software version 3.7 (Ap-
lied Biosystems) and alleles were scored visually according to
he following scheme: Uncut: S: 469 bp, L: 512 bp. Cut: Sg:
02�67 bp, Lg: 402�110 bp.

he facial morphing expression task

aces from Ekman and Friesen’s (1976) series of facial affect
ere morphed from a neutral expression to a fully emotive ex-
ression in 2% intervals; yielding 50 unique expressions (see Fig.
). One male and one female face expressing sadness, anger,
appiness, and fear were used. For practice trials, the faces of the
ame actors expressing disgust were used. Using E-Prime soft-
are Version 2.0 we presented each face for 500 ms, which
reated the impression of an animated clip of the development of
n emotional facial expression. The black-and-white faces were
8.5�13 cm in size, and were presented in the middle of the
creen with a black background.

For each sequence, participants were instructed to watch the
ace change from neutral to an emotion, and to press the space
ar as soon as they saw an emotion they could identify. After
ressing the space bar, the sequence stopped, and participants
ere presented with a rating screen asking them to identify the
motion as happy, sad, fearful, or angry by pressing the button 1,
, 3 or 4 respectively. The intensity of the emotion being ex-
ressed on the face when the participants pressed the space bar
as recorded. In this way, both data on accuracy (final judgments)
nd level of emotion intensity (required before accurate judgment)
ere collected.

After responding to two practice trials to familiarize them-
elves with the procedure and the stimuli, participants were shown
0 morphed sequences in random order: each emotion was pre-
ented five times with a male face and five times with a female
ace. To reduce the perfect correlation between expression inten-
ity and time (and to increase task difficulty), faces of the same
ntensity were repeated in some sequences. For example, the
4% intensity of an emotional face was repeated twice, or three
imes in some sequences, whereas in other sequences 14% was
mmediately followed by a 16% intensity of the emotional face.
hus, there were 50 unique emotional faces in each sequence,
ut 70 presentations possible (if the subject did not respond till the

nd of the sequence). Total task duration was about 20 min. a

Please cite this article in press as: Antypa N, et al., Relationships amon
of facial emotions, Neuroscience (2010), doi: 10.1016/j.neuroscience.20
Environmental adversity. Childhood emotional abuse (CEA)
as measured using the Childhood trauma tuestionnaire (CTQ), a
alid screening measure for maltreatment histories in both clinical
nd non-referred groups (Bernstein and Fink, 1998).

The instrument measures abuse during childhood and ado-
escence. A validated Dutch translation is available. An example of
n item from the emotional abuse subscale is: “I thought that my
arents wished I had never been born.”

Recent life events (RLE) were measured using the list of
hreatening experiences (Brugha et al., 1985). This is a list of 12
ommonly reported life events known to have moderate or marked
ong-term threat. Participants had to respond whether they had
xperienced any of these events during the past 6 months, with a
yes” or “no” answer.

Depression. We used the major depression questionnaire
MDQ) to assess the presence of current and past depression, in
rder to have an estimate of depression diagnosis in our sample.
he measure covers all DSM-IV diagnostic criteria for current and
ast major depression. Consistency of this questionnaire with
iagnoses based on SCID interviews has been examined in a
ample of 39 individuals: sensitivity�100%, specificity�75%, pos-
tive predictive value �79%; negative predictive value �100%;
verall kappa�0.75 (Williams et al., 2008).

In order to control for current mood state, we measured
urrent symptoms of anxiety and depression using the hospital
nxiety and depression scale (HADS; Zigmond and Snaith, 1983);
utch translation: (Spinhoven et al., 1997). The HADS is a 14 item
elf-report scale developed to assess the presence of current
nxiety or depressive states.

tatistical analyses

he intensity scores of correctly identified emotions were the
rimary outcome measures. Accuracy rates were also analyzed to
void confounding with group differences in the response criterion
sed to identify and label an emotion. Accuracy data and intensity
core (at the time of the key press) were analyzed by a repeated
easures analysis of variance (ANOVA) with emotion (happy,

ad, angry, fearful) as a within-subjects factor, and triallelic geno-
ype, environmental contributor, and gender as between-subject
actors. Participants were allocated into high and low abuse
roups based on CEA scores (median split: above score six coded
s one, below or equal to score six coded as 0; scores range from
to 25). Another division was created based on RLE outcome: 0

r 1 recent life event vs. �1 life event. Partial eta squared (�p
2) is

eported as an estimate of effect size. If significant interactions
ere detected, separate ANCOVAs were conducted in which
ccuracy rates of each emotion were added as a covariate. Main
ffects and interaction effects were followed by one-way ANOVA’s

ncluding post hoc tests (Tukey HSD). Only significant post hoc
ests are reported. Finally, we checked if the results remained the
ame after controlling for current symptoms of depression and

ig. A. Example of emotional sequence of anger used in the facial
orphing task.
nxiety (HADS).

g 5-HTT genotype, life events and gender in the recognition
10.10.042
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RESULTS

enotype analysis

enotype analysis failed for two participants, yielding 248
amples for association analysis. Participants were divided
n the basis of the triallelic classification. Lg alleles were
ollapsed with s variants according to evidence of similar
unctionality (Wendland et al., 2006), forming three geno-
ype groups: S=S= (n�57); L=S= (n�114); L=L= (n�77)1.
enotype frequencies in the present sample were as fol-

ows: SS: 16.9%, SLg: 5.2%, LgLg, 0.8%, LLg: 8.9%, SL:
7.1%, LL: 31.1%. Genotype frequencies were consistent
ith Hardy–Weinberg Equilibrium, �2(1)�1.55, P�0.21.

ata screening

rior to analysis all variables were examined for accuracy
f data entry, missing values and normal distribution. Per-
ormance data were not available for three participants,
ue to computer failure, yielding a sample of 245 partici-
ants for analysis. The emotion intensity scores were nor-
ally distributed with no outliers. The emotion accuracy

cores for the sad and happy faces were skewed. Arcsine
ransformations of the proportion accuracy scores im-
roved skewness and kurtosis. Tables and figures report
ntransformed values.

articipant characteristics

able 1 displays means and standard deviations of the
articipant characteristics. Among genotype groups, no
ifferences were found with respect to age [F(2,242)�
.08, P�0.34], gender [�2(2)�1.17, P�0.56] and depres-
ion diagnosis [�2(4)�2.3, P�0.68]. There were also no
ifferences between genotypes in current levels of anxiety
HADS anxiety subscale) [F(2,242)�0.13, P�0.87], de-
ression (HADS depression subscale) [F(2,242)�0.54,
�0.58], and total symptomatology (HADS total) [F(2,242)�
.28, P�0.76]. There were no significant differences among
he genotype groups on recent life events [F(2,242)�0.4,

able 1. Participant characteristics by 5-HTTLPR genotype (n�245)

enotype S=S= (n�54)

Age 23.2�6.2
Gender: females n(%) 42 (77.8%)
MDD diagnoses

No lifetime MDD 53.7%
Past MDD 40.7%
Current MDD 5.6%

Current symptoms
HADS total 9.48�5.9
HADS depression 2.96�3.1
HADS anxiety 6.52�3.4

Life Events
Childhood emotional abuse 8.28�3.2
Recent life events 1.20�1.3

HADS, hospital anxiety depression scale, MDD, major depressive d
These group abbreviations will be used when referring to the data of
he present study in order to indicate the triallelic classification. 2

Please cite this article in press as: Antypa N, et al., Relationships amon
of facial emotions, Neuroscience (2010), doi: 10.1016/j.neuroscience.20
�0.96]. The S=S= homozygotes reported the highest rates
f childhood emotional abuse, followed by the L=S= genotype
nd the L=L= homozygotes, but these differences reached a

rend [F(2,242)�2.62, P�0.08].

acial morphing task

Genetic interaction with childhood emotional ab-
se. Accuracy. The primary outcome measure was the

ntensity score at which participants correctly recognized
ach emotion. We analyzed accuracy to ensure that any
roup differences in required intensity are not due to re-
ponse bias. If one of the groups was characterized by a
eneral response bias (e.g. the participants are concerned
bout making errors and wait to respond until they are
bsolutely sure that they have correctly identified the face),
e would have expected this group to need more intense
xpressions to respond and to be more accurate than the
ther participants in their expression identification. Overall

dentification accuracy was high. Repeated measures
NOVA showed a significant main effect of emotion type

F(3,699)�143.9, P�0.001] with the following differences
etween accurate emotion identification (mean percent-
ge�standard deviation (SD)): happy: 97.8�0.4, sad:
8.5�0.1, anger: 70.5�1.3, fear: 83.3�1.1. No main
ffect of genotype group and no significant interactions be-

ween genotype, CEA and gender were found on the correct
dentification of any of the emotions (all P’s�0.10).

Intensity. Analyses were restricted to the intensity of
orrectly identified emotions. A repeated measures ANOVA
howed the following results. A significant emotion�
enotype�CEA interaction was found [F(5.6,655.1)�
.19, P�0.046] (�p

2�0.018)2. The emotion�genotype�
ender interaction was marginally significant [F(5.6,699)�
.12, P�0.05] (�p

2�0.018), but yielded a significant qua-
ratic contrast [F(2,233)�5.82, P�0.003] (�p

2�0.048). The
our-way emotion�genotype�CEA�gender interaction was
ot significant (P�0.19). The following two-way interactions
ere also significant: emotion�genotype [F(5.6,655.1)�
.63, P�0.02], genotype�gender [F(2,233)�5.92, P�

standard deviations)

S=L= (n�114) L=L= (n�77) P-value

22.5�4.2 22.0�4.5 0.34
83 (72.8%) 61 (79.2%) 0.56

61.4% 63.6% 0.68
31.6% 28.6%
7.0% 7.8%

8.78�5.9 9.1�5.3 0.76
2.51�2.8 2.83�3.0 0.58
6.27�3.7 6.22�3.0 0.87

7.45�3.4 6.99�2.9 0.08
1.20�1.2 1.16�1.2 0.96
(means�
0.01 � small effect, 0.06 � moderate effect, 0.14 � large effect.

g 5-HTT genotype, life events and gender in the recognition
10.10.042
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.003], and emotion�gender [P�0.001]. Significant main
ffects of emotion type [F(2.8,655.1)�217.0, P��0.001] and
ender [F(1,233)�15.97, P�0.001] were also found.

First,wedecomposedthesignificantemotion�genotype�
EA interaction. Separate ANCOVAs for each emotion, with
ccuracy of the emotion as a covariate, showed a significant
�CEA interaction only on angry faces [F(2,238)�3.31,
�0.04] (�p

2�0.027) (Fig. 1). A trend was found for sad
aces: [F(2,238)�2.56, P�0.08] (�p

2�0.021), and a non-
ignificant interaction for fearful and happy faces (P�.10).
xamining the significant interaction on anger further, we

ound no differences between genotype groups when partic-
pants had experienced low CEA. In the high CEA group,
here was a significant difference among genotype groups
F(2,111)�5.79, P�0.004]. Post hoc tests (Tukey HSD)
howed that the S=S= and the S=L= genotype groups recog-
ized angry faces significantly earlier compared to the L=L=
roup (P=s�0.05).

Furthermore, the ANCOVA yielded a significant main
ffect of genotype on angry faces [F(2,238)�3.5, P�0.03]
�p

2�0.029). Means�standard error (SE): S=S=: 41.7�
.7, S=L=: 43.4�1.1, L=L=: 47.1�1.4. Post hoc tests
howed that the the S=S= group recognized anger at a

ower intensity level compared to the L=L= genotype but this
ifference was significant at only at trend level (P�0.07).

Next, we decomposed the emotion�genotype�gender
nteraction. Separate ANCOVAs for each emotion, with ac-
uracy rate of the emotion as a covariate, showed a signifi-
ant genotype�gender interaction on the perception of sad
aces [F(2,238)�6.23, P�0.002] (�p

2�0.05) and angry faces
F(2,238)�3.35, P�0.04] (�p

2�0.027). A main effect of ge-
otype was found on sad faces [F(2,238)�3.49, P�0.03]
�p

2�0.028). A linear pattern was shown in which the S=S=
enotype recognized sadness earlier than the other geno-
ypes but post hoc tests were not significant (P�0.10).

We investigated the significant interaction further for
ach gender. Analysis with only the male sample (n�59;
=S=�12, S=L=�31, L=L=�16), showed significant main
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ig. 1. Childhood emotional abuse moderates the relationship be-
ween the 5-HTTLPR genotype and recognition of anger. * P�0.05.
or interpretation of the references to color in this figure legend, the
eader is referred to the Web version of this article.
ffects of genotype on sad intensity [F(2,53)�5.73, P�
o
t

Please cite this article in press as: Antypa N, et al., Relationships amon
of facial emotions, Neuroscience (2010), doi: 10.1016/j.neuroscience.20
.006] (�p
2�0.178) and on anger intensity [F(2,53)�5.39,

�0.007] (�p
2�0.169) (Fig. 2). Post hoc tests showed that

he S=L= genotype recognized sadness significantly earlier
ompared to the other two genotype groups (P�0.05); the
=L= group recognized anger earlier than L=L= (P�0.02)
nd than S=S= (but at trend level of significance P�0.08).
nalysis with the female sample (n�186; S=S=�42,
=L=�83, L=L=�61) showed a main effect of genotype also
n sad intensity [F(2,180)�3.50, P�0.03] (�p

2�0.037)
nd on anger intensity [F(2,180)�4.17, P�0.02]
�p

2�0.044) (Fig. 2). Post hoc tests showed that the S=S=
roup recognized anger (P�0.04) and sadness (P�0.058)
t lower intensities than the L=L= genotype. Repeated Mea-
ures ANOVA with the HADS as a covariate showed the
ame results as the original analyses.

Genetic interaction with recent life events. Accuracy.
repeated measures ANOVA showed no main effect of

enotype and no significant interactions between geno-
ype, RLE and gender on the correct identification of any of
he emotion faces (all P=s�0.10). Participants were more
orrect in identifying emotions if they had experienced �1
ecent life events, compared to those with �1 recent life
vents [F(1,233)�6.22, P�0.01].

Intensity. A repeated measures ANOVA showed a
ignificant four-way emotion�genotype�RLE�gender in-
eraction [F(5.7,666.4)�3.76, P�0.001] (�p

2�0.031). The
hree-way emotion�genotype�gender interaction was
lso significant [F(5.7,666.4)�2.19, P�0.045] (�p

2�
.018). The emotion�genotype�RLE interaction was not
ignificant [F(5.7,666.4)�1.33, P�0.25]. The emotion�
ender interaction was also significant (P�0.001) and a
ain effect of RLE was found (P�0.05).

First, we decomposed the four-way interaction. Sepa-
ate ANCOVAs for each emotion, with accuracy rate of the
motion as a covariate, yielded the following results. On
he recognition of sad faces, a significant genotype�
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ender interaction [F(2,233)�3.93, P�0.02] (�p
2�0.033)

nd a marginally significant genotype�RLE interaction
F(2,233)�2.94, P�0.055] (�p

2�0.025) were found. On
he recognition of angry faces, significant genotype�RLE�
ender [F(2,233)�3.10, P�0.047] (�p

2�0.026) and
enotype�gender [F(2,233)�4.41, P�0.01] (�p

2�0.036)
nteractions were found. No significant interactions or main
ffects of genotype were found for the happy and fearful
motions.

We further decomposed the interactions involving RLE
n sad and angry emotion perception (the genotype�
ender interactions are the same as with the first analy-
is—see Fig. 2). For the recognition of sadness, we de-
omposed the two-way G�RLE interaction: we found no
ignificant differences between genotype groups when
hey had experienced �1 recent life events; the genotype
roups differed significantly when they had experienced
1 recent life event in the intensities of recognizing sad-
ess [F(2,79)�3.86, P�0.03]. Post hoc tests showed that
he S=S= group recognized sadness significantly earlier
ompared to the S=L= and L=L= genotype groups (P=s�
.05) (Fig. 3A).

For the recognition of anger, we decomposed the
-way genotype�RLE�gender interaction by analyzing
ach gender separately. Analysis with males only (n�59)
howed no significant G�RLE interaction and only a main
ffect of genotype on anger (P�0.04) (�p

2�0.111) and on
adness (P�0.058) (�p

2�0.102) (as in previous analysis:
ig. 2). Analysis with females only (n�186) showed a
ignificant G�RLE interaction on anger [F(2,180)�4.62,
�0.01] (�p

2�0.049), and a main effect of genotype on
nger (P�0.007) (�p

2�0.054) and sadness (P�0.03)
�p

2�0.037) (as in Fig. 2). Examining the G�RLE interac-
ion on anger further, we found no differences between
enotypes in participants with �1 recent life events; the
enotype groups differed significantly in their recognition of
nger when they had experienced �1 recent life event
F(2,62)�8.26, P�0.001]. Post hoc tests showed that the
=S= genotype recognized the emotions of anger at signif-

cantly lower intensities compared to the S=L and L=L=
enotypes (all P=s�0.05) (Fig. 3B). A Repeated measures
NOVA with HADS as a covariate showed the same re-
ults as the initial analysis.

Genetic interaction with recent life events—with and
ithout the influence of childhood emotional abuse.
ince we found an interaction between genotype and RLE,
e were interested to investigate whether this interaction
as dependent on the presence or absence of prior CEA.
e examined participants with and without CEA as two

eparate groups; however, we could not examine the
enotype�RLE�gender interactions since the male sam-
le size was too small. Consequently we investigated
enotype�RLE interactions only in females3.

In the female group without history of childhood emo-
ional abuse (n�95) a repeated measures ANOVA showed

significant G�RLE interaction [F(2,89)�4.21, P�0.02]
r
Analyses with all participants yielded same results for both groups

with/without history of CEA).

Please cite this article in press as: Antypa N, et al., Relationships amon
of facial emotions, Neuroscience (2010), doi: 10.1016/j.neuroscience.20
�p
2�0.086) and a significant main effect of genotype

F(2,89)�4.14, P�0.02] (�p
2�0.085). Investigating these

ffects for each emotion, we found a significant G�RLE
nteraction on sadness [F(2,89)�3.12, P�0.049] (�p

2�
.066), anger [F(2,89)�3.71, P�0.03] (�p

2�0.077) and
ear intensities [F(2,89)�3.93, P�0.02] (�p

2�0.081). A
ignificant main effect of genotype was found on sadness
F(2,89)�3.12, P�0.049] (�p

2�0.066), anger [F(2,89)�3.37,
�0.04] (�p

2�0.070) and fear [F(2,89)�3.37, P�0.04]
�p

2�0.070); post hoc tests showed no significant differ-
nces among the genotype groups.

Examining the G�RLE interaction further, we found no
ignificant differences among genotypes when participants
ad experienced �1 life events. When females had expe-
ienced �1 recent life events, there were significant differ-
nces between genotype groups in the recognition of sad-
ess [F(2,24)�4.84, P�0.02], anger [F(2,24)�7.87,
�0.002] and fear intensities [F(2,24)�5.33, P�0.01]

Fig. 4A). Post hoc tests showed that the S=S= genotype
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ig. 3. Recent life events (RLE) as a moderator of 5-HTTLPR on
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roups in the whole sample (G�RLE interaction), * P�0.05. (B) Rec-
gnition of anger across genotype groups in females (G�RLE�
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his article.
ecognized sad faces at a lower intensity than the S=L=
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enotype (P�0.01) but the difference with the L=L= geno-
ype fell short of significance (P�0.12). The S=S= genotype
ecognized anger and fearful expressions at significantly
ower intensities compared to the other genotype groups
all P=s�0.05).

In females with emotional abuse (n�91) a repeated mea-
ures ANOVA showed no significant emotion�genotype�
LE interaction as well as no genotype�RLE interaction (all
=s�0.10). The genotype�emotion interaction was signifi-
ant [F(5.2,219.5)�2.76, P�0.02] (�p

2�0.061). A one-way
NOVA showed significant differences between genotypes
n the recognition of anger [F(2,88)�3.51, P�0.03] and sad-
ess [F(2,88)�3.23, P�0.04] (Fig. 4B). Post hoc tests
howed that the S=S= genotype recognized sad and anger
xpressions earlier in the intensity sequence than the L=L=
enotype group (P=s�0.05).

Effects of depression diagnostic status on emotion
ntensity. We examined whether participants with cur-
ent, past or no depression diagnosis recognized emotions
t different intensities. Although a repeated measures
NOVA with diagnostic group (current MDD, past MDD, no
DD) as between-subject factor and emotion (happy, sad,
nger, fear) as within subject factor showed a non-signifi-
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ig. 4. (A) Females without childhood emotional abuse history: inter-
ction between genotype and recent life events on sadness, anger and
ear recognition, * P�0.05. (B) Females with childhood emotional
buse history: recognition of sadness and anger across genotype
roups, * P�0.05. For interpretation of the references to color in this
gure legend, the reader is referred to the Web version of this article.
ant group�emotion interaction [F(5.4,663.4)�1.35, P� n

Please cite this article in press as: Antypa N, et al., Relationships amon
of facial emotions, Neuroscience (2010), doi: 10.1016/j.neuroscience.20
.24] and no main effect of group (P�0.55), we probed into
otential effects of diagnostic status by investigating group
ifferences on the intensity of each emotion in separate
NCOVAs. Using accuracy rate of the emotion as a co-
ariate, currently depressed participants required a more

ntense emotional expression to identify happy faces
F(2,243)�3.36, P�0.04] (�p

2�0.027). No significant dif-
erences were found among diagnostic groups on recog-
ition of the other emotions (all P=s�0.33). Furthermore,
e examined whether the above mentioned effects involv-

ng genotype, life events and gender could be modulated
y depression status. Repeated measures ANOVA
howed no significant two-, three- or four-way interactions
f diagnostic status (lifetime depression vs. never-de-
ressed) with genotype, gender and life events (CEA or
LE) (all P=s�0.05). The significant interactions reported
arlier between genotype, life events and gender remained
tatistically significant when adding diagnostic status in the
nalyses.

DISCUSSION

he present study found a main effect of the 5-HTTLPR
enotype on emotion recognition, as well as a gene-envi-
onment interaction, with childhood emotional abuse and
ecent life events as contributors. Some of these effects
ere modulated by gender.

Firstly, we found that S= homozygotes who had expe-
ienced high CEA recognized anger earlier than the L=L=
enotype. Secondly, we found that genotype affects rec-
gnition of negative facial emotions. In the whole sample,
he S=S= allele group showed earlier recognition of anger
ompared to the other genotype groups. This finding is in
ccordance with previous research, which showed an at-
entional bias for negative emotional stimuli of the low-
xpressing genotype (Beevers et al., 2007; Perez-Edgar et
l., 2009). Furthermore, we found that this effect is differ-
nt for males and females. Specifically, female S= homozy-
otes recognized facial emotions of sadness and anger
uicker than the other genotype groups. Among males
owever, the heterozygous genotype was quicker to rec-
gnize these same emotional expressions than the other
enotypes, and this was a large effect.

Finally, we found that the S=S= genotype group recog-
ized sad and angry facial expressions earlier if they had
ecently experienced negative life events. Among other
enotypes, recent adversity did not influence the identifi-
ation of emotions. This effect (together with early fear
erception) was mainly evident among female S= homozy-
ous participants who had not experienced childhood
motional abuse, but had experienced more than one
ecent life event. This group recognized all negative facial
motions quicker than the other genotype groups, yielding
oderate to large effect sizes. On the contrary, recent life
vents did not have an additive effect among females who
ad experienced childhood emotional abuse. Among early
bused females, the S= homozygous genotypes recog-

ized sad and angry facial emotions at lower intensities

g 5-HTT genotype, life events and gender in the recognition
10.10.042
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han the other genotypes, regardless of recent life event
istory.

In most analyses, the S= homozygous genotypes rec-
gnized sad and angry, but not fearful, emotions earlier in
he emotion sequence than the other genotype groups.
areful inspection of our data showed that, compared with

he other emotions, fear recognition had the lowest vari-
nce in intensity (Variance: fear: 70, anger: 155, sadness:
44). The lack of effect on fear recognition might be attrib-
ted to the lower variance in responses. Other studies
ave excluded the fearful emotion from the task (LeMoult
t al., 2009) or have used it only to increase task difficulty
Joormann and Gotlib, 2006). Other paradigms may be
ore sensitive in detecting effects on fear recognition; for
xample, genetic variation in the 5-HTTLPR is associated
ith increased amygdala response to fearful faces (e.g.
ariri et al., 2002, 2005).

Diagnostic status had an effect on the perception of
appy faces, which is consistent with previous literature
Joormann and Gotlib, 2006). No differences were found
mong diagnostic groups on the intensity levels required
or identifying sad, angry and fearful faces, indicating that
he current findings have not been affected by diagnostic
tatus. Including current symptoms as a covariate also did
ot change our results.

Our findings indicate that the low-expressing genotype
nfluences facial emotion perception, primarily among fe-

ales. Most prior studies have not examined gender by
enotype interactions on emotion recognition, probably
ue to insufficient power. There is some evidence of mod-
lation by gender in studies examining gene-environment

nteractions to predict depression. In a young sample
16–19 years-old; n�200), homozygous s allele females
ad higher depressive symptom scores when exposed to
nvironmental stress, whereas homozygous s allele males
eemed to be protected from the effects of stress (Sjoberg
t al., 2006). It was also found that males and females
esponded to different environmental factors: females
ere more affected by traumatic conflicts in the family,
hereas males were more affected by separated family or

iving outside the home. Our results are also in accordance
ith other previous research showing gene effects (Brum-
ett et al., 2008b) and G�E effects interacting with gender
n depression-related phenotypes (Aslund et al., 2009;
rummett et al., 2008a; Eley et al., 2004).

The finding that heterozygous males recognized anger
nd sadness earlier than both homozygous genotypes was
nexpected. Females did show the expected main effect of
enotype. We found one animal study that found a similar
attern. Heterozygous male rhesus macaques had a
igher adrenocorticotropic hormone (ACTH) response to
eparation than both homozygous groups, whereas fe-
ales carrying the s allele had increased stress-induced

elease of ACTH and decreased cortisol levels after sep-
ration (Barr et al., 2004).

Our findings add to the growing body of research
howing that the effects of the 5-HTTLPR may be different
etween men and women. This is not surprising since the

erotonin system is known to act differently in each gender a

Please cite this article in press as: Antypa N, et al., Relationships amon
of facial emotions, Neuroscience (2010), doi: 10.1016/j.neuroscience.20
Biver et al., 1996; Nishizawa et al., 1997; Williams et al.,
003), and the prevalence of depression is also higher
mong females (Kessler et al., 1993). Dysregulation in the
motion information processing circuitry is evident in stud-

es examining gender and depression. In a sample of
oung adults, women with depression made more errors
hen identifying fearful and sad faces than did non-de-
ressed women or men with depression (Wright et al.,
009). Since males are more likely to develop other kind of
sychopathologies (aggression-related disorders for ex-
mple), other kinds of processing biases or other genes
ay come into play when examining gene and gene-
nvironment interactions in males.

The mechanisms that underlie the susceptibility of the
hort allele genotype to early detection of negative emo-
ional information are yet unknown. There is growing neu-
obiological evidence however, that the s allele shows
eightened amygdala activation to emotional stimuli rela-
ive to neutral stimuli, a key process reflecting physiologi-
al arousal to environmental threat (Munafo et al., 2008).
rior research investigating the effects of the 5-HTTLPR
as shown that resting activation in the hippocampus and
mygdala increased with increasing life stress for s carri-
rs, but decreased with increasing life stress in the ll group
Canli et al., 2006). It appears that the short allele is related
o poorer prefrontal cortical control over automatic activa-
ion of the amygdala, which may result in increased vigi-
ance for environmental emotional stimuli, and for negative
motional information in particular. Further, life stress may

nduce more vigilance for negative environmental stimuli in
ome genotype groups (ss), whereas it may reveal resil-

ence to such negative information in others (ll).
The issue of the homozygous versus heterozygous

ffect of the s allele remains unclear. We found in most of
ur analyses that the S=S= homozygous genotype consis-
ently recognized negative emotional faces earlier than the
ther genotypes. The heterozygous genotype performed
omparably to the L=L= genotype in some cases, and in
etween the two homozygous genotypes in other. Differ-
nces between carriers of one or two copies of the s allele
ave been found before, in various studies involving neural
esponses to emotional stimuli (Surguladze et al., 2008),
elective attention for emotional stimuli (Beevers et al.,
009), stress response (Gotlib et al., 2008), and in gene-
nvironment interactions with depression as an outcome
Caspi et al., 2003). Subsequently, future research should
ontinue to examine differential effects of the three geno-
ypes separately.

There are several limitations to be considered in the
resent research. Since participants were not forced to
ake a judgment at a specific point in time, groups may
iffer in the perception or detection of the onset of an
motion or in the response criterion (Joormann and Gotlib,
006). However, if participants in different groups were
dopting more conservative response criteria, we would
xpect differences in accuracy errors too. This was not the
ase. We based our analyses on ratings of correct re-
ponses, and used individual differences in accuracy rates

s a covariate (as previously suggested by Joormann and

g 5-HTT genotype, life events and gender in the recognition
10.10.042
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otlib, 2006). Further, we need to acknowledge that the
ale sample size is quite small to draw firm conclusions

rom our findings about this subgroup. We also have no
ata on other psychiatric diagnoses of the sample and no

nformation about any current treatments. Such unmea-
ured factors may have influenced the results and should
e taken into account in future studies. For example, pres-
nce of social anxiety disorder is known to facilitate the
erception of angry emotional expressions (Joormann and
otlib, 2006). Another limitation is that environmental ad-
ersities were assessed via self-report. Reports of early
rauma are likely dependent on subjective retrospective
nterpretation, and should be interpreted with caution (Of-
er et al., 2000). Our study population might have been
uboptimal for detecting G�E interactions, as individuals
ith stressful life events (recent or in childhood) were
robably under-represented in our young student sample.
uture studies examining samples with higher exposure to
dversity may detect genotype vulnerability effects of
reater magnitude.

Recently it was shown that environmental moderators
uch as childhood environment and life events seem to be
nder genetic influence, as they are partly heritable
Vinkhuyzen et al., 2009). In the present study we also
bserved a linear relationship between childhood emo-
ional abuse and genotype: the S=S= group reported higher
evels of abuse, followed by the S=L= group and the L=L=
roup. A review on such “gene-environment correlations”
howed that the estimates of heritability of the environment
re not solely the result of subjective perceptions (also
hen measured by self-report), but reflect actual environ-
ental experiences (Kendler and Baker, 2007). Ignoring
enetic effects on the measured environmental factor may

ead to overestimating its effect as a moderator in gene-
nvironment interaction research (Purcell, 2002). In our
ase, we found a moderating effect not only of childhood
motional abuse but also of recent life events, thereby

ncreasing our confidence in the value of the adverse
nvironment as a moderating factor. We also found a
irect effect of genotype on our outcome. Future research
hould take into account G�E correlations when investi-
ating G�E interactions.

The s allele seems to be involved in a perceptual bias
or negative emotional stimuli (in this case, vigilance for
egative facial expressions), which may be linked to a
eurobiological response to threat. A novel aspect of the
resent research involves the assessment of attentional
nd perceptual processing across an emotion intensity
ontinuum, in a paradigm with high ecological validity. Our
ndings shed light on the interplay between genes, envi-
onment and gender, and their effects on emotional
rocessing.
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