Culture but not gender modulates amygdala
activation during explicit emotion recognition
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Abstract

Background

Mounting evidence indicates that humans have significant difficulties in understanding
emotional expressions from individuals of different ethnic backgrounds, leading todeduce
recognition accuracy and stronger amygdala activation. However, the imggctdsr on thg
behavioral and neural reactions during the initial phase of cultural assimilasiorhlaeen
addressed. Therefore, we investigated 24 Asians students (12 females) and atchgd-m
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European students (12 females) during an explicit emotion recognition task, ustasida
facial expressions only, on a high-field MRI scanner.

Results

Analysis of functional data revealed bilateral amygdala activation to @mabgxpressions i
Asian and European subjects. However, in the Asian sample, a stronger response of the
amygdala emerged and was paralleled by reduced recognition accuréicylgsgr for angry
male faces. Moreover, no significant gender difference emerged. We atsvenba
significant inverse correlation between duration of stay and amygdalatiactiva

)

Conclusion

In this study we investigated the “alien-effect” as an initial problem dwttgral
assimilation and examined this effect on a behavioral and neural level. Gdyshsis
revealed bilateral amygdala activation to emotional expressions in AsiarusygeEn
females and males. In the Asian sample, a stronger response of the amygtakdipilvas
observed and this was paralleled by reduced performance, especiallydoaadglisgust
depicted by male expressions. However, no gender difference occurred. Taken,together
while gender exerts only a subtle effect, culture and duration of stay aasvgglhder of
poser are shown to be relevant factors for emotion processing, influencing not only
behavioral but also neural responses in female and male immigrants.
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Background

Within the last decade the interdisciplinary field of cultural neuroscienestigating
interrelations among culture, mind and the brain has increased tremendously cf. [1].
According to Chiao and Ambady [2], the main goal of cultural neuroscience is stigate
how much of the cultural variation observable in human behavior is traceable to cultural
variation, including the biological and neural levels. Previous studies reportectult
differences in neural activation for a variety of cognitive functions includictyn@ encoding
[3], voting behavior [4], empathy [5,6], and self-representation [7,8].

Broad consensus exists that culture also asserts a significant impachenrecorrelates

of face processing, particularly regarding activation of the amygdala,ymegtrting

stronger or sustained activation to out-group faces e.g., [4,9-12]; for review see [1,13,14].
Emotional expressions (i.e., happy and fearful) have rarely been used in fMR$ studie
addressing culture effects, but play a special role in emotion processinguthoet al. [15]
showed differences in the neural processing of fearful faces betweeast@auand Japanese
subjects, with higher activation of the left amygdala in Caucasians. Chiaolé]al. [
presented emotional expressions of Japanese and Caucasian actors to Japanesasiad C
Americans and observed significantly elevated amygdala response to in-gpoegsens of
fear in both groups, suggesting a specific sensitivity of the amygdala to hptiespond to
facial expressions of fear specific to one’s own cultural group. Recently, A\efaah [17]



investigated the effect of direct vs. averted eye gaze during procet&dagfol Caucasian
and Japanese faces in Caucasian American and Japanese students. They ohseeded ele
amygdala activation during the averted vs. direct gaze when expressiornos@iedy in-
group posers, while out-group posers elicited stronger amygdala activation dugstg/sir
averted gaze. These findings reveal a meaningful role of culture in thegngcekeye gaze
and emotion, and highlight their interactive influences in neural processing. Howexaet ge
differences and the impact of gender of poser were not addressed in either gtadghal
mixed samples were investigated and mixed stimuli presented.

Recently we reported bilateral amygdala response of Asian males anddraicbpean
Caucasian subjects to Caucasian emotional expressions [18]. We observeasthnific
stronger amygdala activation in Asian males that was inversely ced®l@h duration of
stay. Moreover, a decreased recognition rate of disgust was demonstratelolyproba
indicating initial problems with a difficult emotion that may be shaped to &egrextent by
cultural influences than the other basic emotions. As we only examined matgpats,
analysis of gender-by-culture interactions on amygdala response was siblepos

Gender differences in the activation of the amygdala during facial emotion pngcesge
been documented frequently, albeit with findings being extremely heterogeseoss:
studies showed stronger activation in females e.g., [19-21], some in males e.g., @#&i24]
some studies report no significant activation difference e.g., [25-28]. In sum, thes
inconsistencies in the level of amygdala activation may be due to the emotisigateel
and differences in the methodology employed (e.g., stimuli, task design, MR-methgds, etc
and results from a recent meta-analysis across 105 fMRI studies [29]gaistronger
activation of the right amygdala during facial emotion processing in maleseugoystudies
specifically addressing the interaction of culture and gender on amygdation during
emotion processing are still missing. More generally, none of the previous nagirgjma
studies exploring cultural effects examined gender differences, though treakbrea mixed
sample or used mixed stimuli [3-12,15-17].

Therefore, in the present study behavioral performance and amygdaléi@activere
examined during an explicit emotion recognition task in female and male Asmaigrants
(i.e., exchange students with a short residence time in Austria) and femalaland m
Caucasian Europeans (Caucasian Austrians), allowing investigation dfdifficulties in
emotion identification, their possible impact on amygdala response and analysisrufal
gender-by-culture interactions regarding behavioral performancelleaswesural activation
patterns.

Based on previous findings e.g. [18,30-32], we hypothesized bilateral amygdala response
all subjects. However, according to findings on cultural differences in emotiorspirnge
behavior: e.g. [33-35]; neural correlates: e.g., [16,18], we posited a significat iohpa
ethnic group on behavioral and neural responses that affects the amygdala: we hyobthesiz
stronger amygdala activation in the female Asian sample as they wene@opttg the ethnic
group of posers presented (i.e., Caucasians). Considering previous results onftbarigni
effect of duration of stay on emotion recognition performance [36] and amygdaktiant

in male immigrants [18], we also expected a significant association lmetueation of stay
and behavioral performance and amygdala activation in Asian females. Mogeawmed

at further exploring the impact of gender and culture on amygdala activatioeyasipr
studies, mentioned above, reported inconsistencies or did not address this issue.



Results

Behavioral data

Emotion recognition accuracy was 77.4% (SI38.5) on average for Asian and 90.8%
(SD=3.8) for European subjects. The repeated measures ANOVA revealed a significa
emotion effect, F(5,223)9.359, p<.001,42=.175, with highest accuracy for fearful
expressions and lowest performance for disgust, a significant ethnic dgiectp e
F(1,44)=15.294, <.001,72=.258, with better performance of the Europeans, a significant
gender of poser effect, F(1,44%.715, p=.013,4#2=.132, with higher scores for female
posers, but no significant gender effect, F(1:42)339, p=.133, ns. Moreover, we observed
a significant emotion-by-ethnic group interaction, F(5,2280)690, p<.001,72=.132, a
significant emotion-by-gender of poser interaction, F(5,220%06, p<.001,4#2=.178, and a
significant emotion-by-gender of poser-by-ethnic group interaction, F(5522015,
p<.001,#2=.136. No further interaction reached significance (all p-vatu&54).

Disentangling the significant emotion-by-ethnic group interaction, we obsegreficeint
differences for anger .001) and disgust .001) that even remained significant after
Bonferroni correction, indicating lower performance of Asians. Post-hocsamallythe
significant emotion-by-gender of poser interaction revealed that andrglisgusted
expressions were better recognized in male posers (ka®0p) while fear was more
accurately recognized in female posers (@09). For the other expressions no significant
effect occurred (all p.150). Looking at the three-way interaction (emotion-by-gender of
poser-by-ethnic group) we noticed several significant differences, hoakeeBonferroni
correction only those for female and male anger (bstl0p1) as well as female and male
disgust (female: §.001; male: p=.001) remained significant, indicating lower performance
in the Asian sample.

Reaction times were 2.3 s ($1D.4 s) on average for Asians and 2.2 s £8I4 s) for
Europeans. Analysis of reaction times revealed a significant emotewt, eff
F(5,220=20.737, p<.001,#2 =.320, with fastest response times to happy expressions, no
significant ethnic group effect, F(1,442.712, p=.107, no significant gender of poser effect,
F(1,44)=0.065, p=.800, and no significant gender effect, F(1744)735, p=.195. However,

a significant emotion-by-gender of poser, F(5,228)096, p<.001,4#2=.155, and a
significant emotion-by-gender of poser-by-ethnic group interaction, F(5526%0,
p<.001,#2=.175, occurred. All other interactions were not significant (2ll325).

Figure 1 illustrates emotion recognition accuracy for Asians and Europeans.

Figure 1 Behavioral performance during the explicit emotion recognition task shomg
recognition accuracy with standard error of the mean (SEM) for all emotionsRepeated
measures ANOVA revealed a significant ethnic group effect@@1) with lower
performance of the Asian participants, in particular for angry and disgastesi rharked
with an asterisk.

Correlation analysis revealed neither a significant association éetweognition
performance and duration of stay, r(22).245, p=.112, nor between reaction time and
duration of stay, r(2230.018, p=.423.



Functional data

Separate group analyses for Asian and European subjects showed bilateralamygda
activation to all presented emotions and neutral expressions, and direct compavwsen bet
emotional vs. neutral expressions revealed significantly stronger amygsiatase to
emotional faces. Besides amygdala activation, responses of bilatdi@nfugyrus, inferior
occipital and frontal gyri, inferior and medial temporal regions, hippocampus and
parahippocampal gyrus as well as brainstem and cerebellum emergectfootidins and
neutral expressions for Asians and Europeans, respectively (see Figure 2 and diable 1 f
details). Regarding direct comparisons (Asians vs. Europeans, Femaledesy, bésveral
differences occurred including the amygdala, although none of these survived an FDR
corrected threshold.

Figure 2 Results of whole-slab analysis showing activation maps of random effects
analysis for all emotions minus neutral on one coronal slice comprising tteEanygdala
for the Asian sample (left) and for the Caucasian European sample (righf)hreshold:

p <.05, FDR corrected) Stronger bilateral amygdala response to emotional categories
(minus neutral expressions) is visible in both groups.

Table 1 Results from the whole brain analysis showing activation in a widespread
neural network during recognition of emotional faces in Asians and Eurogans
thresholded at p/<1.05, FDR corrected.

Contrast MNIXY Z Cluster size t-value L/R Region
ASIANS -- EMOTION >NEUTRAL
-4 -30 -10 1227 10.99 L Brainstem
38 12 -30 536 8.60 R Superior temporal gyrus
20 20 -22 105 6.46 R Inferior frontal gyrus
-22 16 -26 575 5.15 L
-44 -36 -22 98 5.11 L Fusiform gyrus
6 16 -12 37 4.35 R Thalamus
-62 -6 -18 29 3.87 L Middle temporal gyrus
-16 32 -22 20 3.70 L Orbitofrontal gyrus
16 -4 -24 36 3.45 R Amygdala
-20 -56 -16 23 3.44 L Cerebellum
-22 0 -18 21 3.40 L Amygdala
EUROPEANS -- EMOTION >NEUTRAL
34 -84 -14 2389 8.46 R Inferior occipital gyrus
-44 -74 -14 738 8.43 L Middle occipital gyrus
38 -64 -18 811 7.99 R Fusiform gyrus
28 56 -34 a7 4.51 R Orbitofrontal gyrus
-18 -2 -16 44 4.43 L Amygdala
22 0 -18 31 4.13 R Amygdala
-16 22 -20 40 3.91 L Inferior frontal gyrus

MNI coordinates, cluster size $0), t-values, laterality and region.



ROI analysis

The ROI analysis including the contrast estimates embpti@utral for female and male
posers, demonstrated a significant main effect of ethnic group, FE19441, p=.004,
n?=.175, with stronger activation in Asians but no significant effect of gender,
F(1,44)=0.197, p=.659, nor gender-by-ethnic group interaction, F(1:42043, p=.837.
Moreover, a significant gender of poser effect, F(178B32, p=.026,7#?2=.110, and a
significant gender of poser-by-ethnic group interaction, F(54491, p=.040,,2=.090,
emerged. No laterality effect, F(1,440.861, p=.359, was observed and no further
interaction was significant (all>.280).

Post-hoc analysis of the significant gender of poser-by-ethnic group inerestealed a
significant difference in amygdala activation for male posers@09), with higher values in
the Asian sample and a trend in the same direction for amygdala reactionsléofesess
(p=.079). Mean parameter estimates of Asian females and males and Europdes deha
males for the contrast emotion-neutral female poser and male poser amgétustriFigure 3.

Figure 3 Results from ROI analysis showing mean parameter estimates of the
amygdala for the emotior> neutral contrast for female (FP) and male posers (MP) for
Asian females (AF), Asian males (AM), European females (EF) and Europearaias
(EM), revealing significantly stronger amygdala activation in the Asian sample
(p1=1.004) Moreover, a significant gender of poser-by-ethnic group interacterDgD)
emerged, indicating stronger activation of the Asian participants for rmaéE9(p=.009)
and a trend for stronger activation for female posers({@9).

Correlations

Since we observed no significant laterality effect and no significant ititevawe performed
correlation analyses using the mean parameters of amygdala activatiognificesit
correlation emerged between recognition accuracy and mean response ofgtalam
neither for the whole sample ¥p207), nor for Asians (p.295) or Europeans .102).

Analyzing the impact of duration of stay on mean amygdala activation atréssaa
participants revealed a significant result, r(220.394, p=.031, indicating stronger
amygdala response in those Asians with shorter duration of stay. Gendecspedifses
demonstrated a significant negative association for both, Asian females; #A 550,
p=.040, and Asian males, r(12)0.578, p=.025. To explore whether these correlations
significantly differ we applied a Fisher’s Z transformation, which aéaek no significant
difference (Z=0.497, Z<1.65 which is the critical Z-value for alph#®.05). Using multiple
hierarchical regression analyses, we assessed whether gender anelaga variable.
While gender alone showed no significant effect on amygdala activation-B@tE97,
t=-0.920, p=.368), duration of stay showed a significant impact (beta. 532, =-2.630,
p=.016), but the interaction of gender and duration of stay remained not significant
(beta=—-0.386, =-1.908, p=.071).

Explorative analysis of impact of gender of poser on these correlations teaeadmificant
association between duration of stay and amygdala activation to male posers;- 0323,
p =.035, while no such correlation occurred for female posers, (285, p=.188. Figure



4 illustrates the significant correlation between amygdala response atidnlf stay in
Asian females and males.

Figure 4 Correlation analysis between mean parameter estimates of the amygdala
region and duration of stay in Europe (months) showing a significant negative
association (r(22x —-0.394, p=.031) indicating stronger amygdala response in those
Asian participants with shorter duration of stay and thus probably refleding
adaptation effects on the neural level.

Discussion

This study investigated the behavioral performance and neural activation duargliar
emotion recognition task to examine the impact of exposure to emotional expressions of a
different, previously unfamiliar ethnic group in Asian female and male inamigyr In
concordance with previous results from our lab on male immigrants [18] and our hygothes
bilateral amygdala activation in both samples was observed, confirming tloeé tioée
amygdala as a 'relevance detector' [37]. The amygdala seems to be fuatianemotion
processing as a part of the underlying neural network although gender, sbarabral

cultural background seem to exert a certain impact on its activation.

Amygdala activation and the alien-effect

In general, Asian females and males demonstrated significantly strogigat response of

the amygdala when asked to explicitly recognize the emotions presented lgi@aactors,
which reflects recent findings observed in an Asian male sample [18]. Moreover,
significantly stronger amygdala activation was apparent during pragessimale faces in

the Asian sample, while only a trend emerged for female posers. Hencejzewpg

emotions in Caucasian faces, and here particularly male faces, leadagershitateral
amygdala activation in Asians than in Caucasians who are viewing in-grogp face
Interestingly, this effect is not specific to the gender of the ratee bioih female and male
Asians responded similarly. This demonstrates that an alien-effectfexifgmale and male
immigrants, a finding which extends our knowledge on ethnic group effects on (erf)otiona
face processing e.g., [9-12,15,16,38]. The stronger amygdala activation might laetoelate
novelty but also motivation and emotional learning e.g., [39] as Asian immigrantaamay

to assimilate with the host culture and thus emotional expressions of the foheigngedup
exhibit a strong salient cue as shown previously [40,41]. Moreover, in our study we only
presented faces with direct gaze and previous experiments indicated thaygidalans

sensitive to gaze direction e.g., [42,43]. Richeson and colleagues [44] even showed-that race
related activity of the amygdala is modulated by eye-gaze. Very recaddyns et al. [17]
reported stronger amygdala activation to direct vs. averted gaze fear edrgssit-group
posers in Caucasian American and Japanese students, while for in-group expresgieds a
vs. direct gaze yielded stronger amygdala response. Direct eye gdmehahown to

facilitate social categorization [45] but also communicates a rangeeafions, amongst

these also hostility [46] and has been shown to influence threat perceptions e.g., [47]. Hence,
in our Asian participants’ elevated amygdala activation particularly toroujpgnale
expressions might also be influenced by gaze direction, prompting a stronger reestd of f
evaluation. Additionally, several studies report greater attention to out-groep dpparent

in larger amplitudes of the N100, the P200 and the P300 e.g., [48,49] probably reflecting an
automatic vigilance effect in which attention is quickly and relatively aaticadly directed



to 1) stimuli with potentially negative implications for the self e.g., [50], 2)udtithat are
emotionally-valenced and thus are associated with greater arousal e.qg., [Bd,3psamuli
that are novel and distinctive e.g., [53,54]. Therefore, it seems not surprising thaéthe sol
presentation of Caucasian facial expressions of emotions elicited staomggualala

activation in our Asian participants (both females and males) as comparadctsi@a
Europeans. Nevertheless, by analyzing the impact of gender of poseewaeekturrent
knowledge and future studies might want to further analyze whether this factaffalss
studies on gaze perception.

We also observed a significant inverse correlation between duration of stay ygdhkm
activation during emotion processing in the Asian group that was not mediateddsr of
participant. This result further supports our previous finding from an exclusiaéy m
sample, reflecting possible adaptation and familiarity effects on the hexeband support
the view that the amygdala plays an essential role in the neural network ungoimty
“alien-effect” and race processing in more general cf. [13,14]. As pointed ¢itayama
and Park [1], experience is powerfully organized by culture and thus we assuthe that
observed association between duration of stay and amygdala activation refigels
learning and acclimatization processes that can be measured withinttpedirand
eventually might also improve recognition accuracy. However, no signifioara&tion
emerged between behavioral performance and duration of stay, probably forsamsreg
adaptation effects manifest on the neural level before behavioral perforditiamnces can
be measured, and 2) the fact that there is no significant association of beleriorahance
and duration of stay might be due to the restricted time of residency (max. inyaar)
inclusion criteria since this was a cross-sectional study. As pointed olfebp&in and
Ambady [40], a statistically significant improvement in performance \etecthble after 2.4
years spent in the foreign culture. Longitudinal studies with several timts paould be
necessary to clarify after what time adaptation effects can be radaswrhich neural
regions and when neural changes lead to detectable improvements in performance.

Intracultural gender differences in amygdala activdion

Analysis of gender differences in amygdala activation between Asian feamalesales as
well as European females and males revealed no significant gender déferbiscfinding
was corroborated by the result from the whole-brain analysis and is consistemtenious
results from others e.g., [26] and recent findings from our own group [31,32] addressing
emotion recognition abilities in healthy subjects. Considering Asian gendenedites,
rarely have studies explicitly addressed this topic in healthy Asiaiciparits and observed
no significant difference in amygdala activation [27,28]. Moreover, several stithesd
that gender differences in personality, values, and emotions are largersteti/eultures.
They are seen as a product of self-stereotyping, which occurs when betwdensgeial
comparisons are made which are more likely, and exert a greater impactteénimasions
e.g., [55]. Thus, we believe while gender effects in amygdala activation duringgemoti
processing and more specifically during emotion recognition might occur icatlgamples
e.g., [56] in healthy females and males, especially from Asian origin, and heidgdcribed
task, no such differences will arise cf. [31,32]. Nevertheless, gender ditsrenamygdala
activation during various emotional behavior e.g., humor processing: [57]; emjaH2]
have been observed indicating that “Western” females more strongly relgionse
associated with emotion processing, i.e. amygdala, insula, posterior cingutate while
males rather recruit cognition-related areas, i.e. temporo-patietéign. Here, fMRI studies



investigating the interaction of culture and gender on the neural and behaviolalesmes
missing but are needed if our understanding is to be extended.

Emotion recognition performance and the alien-effec

The “alien-effect” was also evident in the emotion recognition performasagcognition
accuracy differed significantly between groups: Asian females and imategreater
difficulties with Caucasian expressions of anger and disgust, which wasragpaheir
behavioral performance during scanning.

Anger is considered to be a very powerful and threatening emotion particularly when
depicted by out-group targets cf. [47,60,61] and some studies even suggest that powerful
emotions are more intensely experienced and expressed by men, while wdraen rat
experience emotions associated with powerlessness, such as fear, sadriesnaedgs,

[62]. Despite this gender issue, some cross-cultural studies also indic&aulcasian
expressions of anger are less accurately recognized by Asiangaantiscinan by Caucasian
subjects, in particular Caucasian Americans e.g., [33,41]. Interestinglggténal. also
observed an inter-Asian difference in anger recognition, with Chinese subjpdotsnp®y
significantly better than Japanese subjects when confronted with Japanesecaxiaba
expressions of anger. Huang and colleagues thus suggest that 1) Asian raters de not judg
negative emotions — irrespective of poser ethnicity — the same way that Casicasiand 2)
Japanese raters obviously have a stronger tendency not to label negative emotional
expressions as negative but tend to rather pick the neutral category. We aedstig
participants from China (\17) and Japan @7) but the small sample size prevented
computing of any inter-Asian analysis of performance. Therefore, our resedtsanbe
replicated in a larger sample to allow comparison between Asian subjedie@idi
ethnicities. At the moment, our data support the assumption of Huang et al. [33] suggesting
that particularly expressions of negative emotions, here anger, might be sinfingiyced

by so-called nonverbal dialects in expression style. Additionally, behavioratparice and
choice of response might also be influenced by cultural stereotypes, in paticthe

cultural evaluation of negative emotions.

Limitations

While this study provides new insight into cultural and gender effects on amygtiaddi@c
during emotion recognition, several methodological constraints have to be considered. S
this was a cross-sectional study we cannot make any inferences ontteedatrse of the
adaptation process, in particular regarding emotion recognition performance nfesipmit
above, we can only speculate that the initial difficulties apparent in the logogmigon
accuracy may diminish after a certain time spent in the foreign culture anidogitudinal
studies with several time points allow demonstration of neural and behavionaidea
processes and the underlying transfer processes.

We were particularly interested in cultural effects on amygdala #otivand thus relied on a
specifically optimized protocol with restricted brain coverage. However, hhdigthe
significant behavioral differences for anger and previous results on the ciecuidis of race
processing cf. [14], whole brain coverage might be more favorable to detectritferin
higher cortical areas (e.g., insula, anterior cingulate cortex, prdfoomtex) and enable
analysis of effective connectivity of the amygdala within the emotionalankt In the future



this should be possible using phased-array head coils with improved sensitivityeat hig
magnetic fields cf. [63].

Moreover, presenting more stimuli per emotion would have allowed emotion specific
analysis and thus might have enabled further understanding of recognitiomtgegic

apparent in significantly reduced performance for angry expressions imsABiaspite the

lack of standardized and validated stimuli from Asian subjects in our stimulusahate
presentation of these stimuli would have enabled a thorough analysis of in-group and out-
group effects. However, we were specifically interested in how faceés ofidjor ethnic

group immigrants with a different ethnic background are confronted with arespeacen

the neural and behavioral level. Cross-cultural studies showing in-group and oufagesip

to in-group and out-group raters are scarce, particularly in neuroimagingnesipis e.g.,
[11,15-17,38] and most studies have shown stimuli of different ethnic targets to participants
from only one ethnic group or mixed groups, not differentiating between several et

groups e.g., [64]. Future studies might want to investigate the impact of duratiag ohst

the neural substrates of the in-group and out-group effects in facial emotion recogniti

More generally, the selection of participants per sé is biased. We refdatws Asit only
measured a small group of Chinese and Japanese females and males. Moreovee, leasden
accumulated that genetic differences are inextricably intertiwingn cultural differences
[2,65]. However, in this study we concentrated on the effect of culture on amygdts;act

it was not our aim to highlight the causes of these cultural differences.

Conclusions

This is the first study to investigate the impact of gender, gender af poseethnic group
on emotion recognition and its behavioral and neural correlates in Asian and European
females and males. We observed bilateral amygdala activation to emotionabexyén all
groups. In the Asian sample, a stronger response of the amygdala was obsepratl\bilat
and paralleled by reduced performance, especially for angry and dddases. ROI
analysis revealed no significant gender difference in amygdala activaticn slgprificant
interaction of gender of poser and ethnic group, indicating stronger activation igidme A
sample, particularly for male expressions. Moreover, we observed acaghifiverse
correlation between duration of stay and amygdala activation, indicating thatiexpma
foreign ethnic group is a relevant factor for neuroimaging studies aohdy@ssotion
processing in female and male immigrants. Particularly in time®bélzation and
increasing international exchange and interaction, understanding nonverbalmoatian
styles e.g. by accurately recognizing emotional expressions,igsiciar successful societal
integration and interaction between members of different ethnic groups andntimistency
underlies adaptation effects. These adaptation effects however might nottee toni
emotional competencies, thus the impact of duration of stay might also occur fdaiveogni
functions which needs to be elucidated in studies to come. Notably, in our study, culture and
gender of poser significantly modulated emotion recognition accuracy argtialay
activation, indicating that not only between-group differences but also within-group
differences, particularly regarding the impact of stimulus matenaleural activation,
should be considered.

Taken together, this study demonstrates the first attempt to analyze tloe afing@nder and
culture on amygdala activation during emotion recognition. While we observed no gender



difference, culture and gender of poser asserted significant effects on thio iz lzend
neural correlates of this emotional capacity, thereby extending our kn@enedpe bases of
emotion recognition differences between participants with divergent dudastkagrounds.

Methods

Sample

Fourty-eight participants were recruited via advertisements postieel dhiversity of
Vienna and the Medical University of Vienna, Austria. The Asian group ceetptivelve
right-handed healthy females aged 19-32 years (mean age 23.5 yeaB95&nd 12 right-
handed males aged 22—-35 years (mean age 25.6 year8,@DAsian subjects were
exchange students from China=h7, 8 females) and Japar=i, 4 females). An important
inclusion criterion for the Asian subjects was duration of stay: all Asian ssityaed been in
Europe for less than one year (mean: 5.8 months; O, min: 1 month, max: 12 months)
and spoke English fluently. We specifically chose exchange students as blis sanot
affected by age effects (being homogeneous and young), has a similaroedlicat
background and because these are subjects that visit another country a) fedatitimeit
only, and b) on a voluntary basis.

The Caucasian European group was made up of twelve right-handed healthy tayedle
19-29 years (mean age 23.75 years=2I[8) and 12 right-handed males aged 22—-34 years
(mean age 25.58, SEB.3). All subjects were financially reimbursed for their participation
and written informed consent was obtained. The study was approved by the local ethics
committee and subjects were treated according to the Declaration wikdHEL964)

regarding treatment of human research participants.

Exclusion of psychiatric disorders (according to DSM-1V) was ascedaby the Structured
Clinical Interview (German Version of the SCID, [66]) and the usual exxtiugiteria for
MRI were applied.

Asians and Europeans were of similar age (F (3496)05, p=.942) and had completed
comparable number of years of education (F (154696, p=.444). Alexithymia scores did
not differ significantly between the groups (TAS-20, F (148398, p=.532). In addition,
Asian and European subjects did not differ significantly in their estimated mahver
intelligence (Standard Progressive Matrices [67], F (546314, p=.258). Moreover,
neither a significant gender (all p-valeed4.85) nor a significant gender-by-ethnic group
interaction (all p-values.334) occurred.

Functional task

The explicit emotion recognition task used in this study consisted of 30 color photographs of
evoked facial expressions portraying the five basic emotions (anger, disgushappiness

and sadness) and an equal number of neutral expressions. All images were talken from
stimulus set which has been standardized and used repeatedly in neuroimagioly (Esear
their development, see [68]). The stimuli were balanced for emotion and gender. tach ac
appeared only once and all actors were Caucasians. Since we were interegted in m

cultural influences reflected in initial difficulties with regard to emotiecognition in a

foreign ethnic group, we did not assess recognition accuracy for in-grogarigbe Asian



group on the assumption that emotion recognition of in-group facial expressions isa gene
basic ability which is given in all ethnicities without any significantedénces (for review
see [40,69)).

Stimulus presentation was randomized with regard to emotion and the order of pa@sentati
was kept constant between subjects. Subjects were instructed to choose themartrent
from two possibilities presented on the left and right of the face by pressing the
corresponding button of a response box using the right middle and index finger as quickly as
possible. One of the options was correct and the other was selected at randdme fothmert
categories (see above). Facial expressions were presented fonaumadi5 s with a
randomized, variable interstimulus interval (ISI) ranging from 12 s to 18 s (durireg whi
subjects viewed a scrambled face with a central crosshair). Manual respguszsd
immediate progression to the next ISI. Stimuli were projected onto a scr@erewed by

the participants via a mirror mounted on the head coil. The presentation of imagedinge

of responses, and acquisition of scanner triggers (one per TR) was controlled with the
Presentation software package (Neurobehavioral Systems, Inc., Albany S84, U

Behavioral data analysis

Statistical analyses were performed using SPSS 15.0 and unless otheesieds the level
of significance was p.05 (two tailed). The behavioral data (i.e., emotion recognition
performance and reaction times) acquired during scanning were anaijzedrepeated
measures ANOVA, with emotion (anger, disgust, fear, happiness, sadness anjlarelutra
gender of poser (female vs. male) as within-subject factors and ethngc(é®an vs.
European) and gender (female vs. male) as between-subjects factors.

FMRI acquisition parameters and data processing

All subjects were examined with a 3 Tesla Medspec whole-body scannerrBragpin,
Ettlingen, Germany) at the MR Centre of Excellence, Medical UniyeséiVienna, Austria.
Functional imaging was performed in the axial plane using gradientegealho planar
imaging (EPI). Ten oblique axial slices centered on the amygdala wpneeatusing
asymmetric k-space sampling (F&\25 x 21cm, matrix size 128 x 91, slice thickness 2 mm,
slice gap 0.5 mm, TR1000 ms, TE31 ms, 570 volumes per run) as has been shown to be
sensitive enough to measure reliable amygdala activation [70-73]. Cardiacaand

breathing were digitally recorded to allow physiological artifactemiron in post-processing
which has been shown to increase the sensitivity of fMRI analyses, espieciby

amygdala region [74,75].

Functional data were preprocessed using SPM2 (http://www.fil.ion.ucl.ac.ukfsp@html)
to allow direct comparison with the Asian male data [18]. Images were slicg tworrected,
realigned to the mean image and normalized into the standardized stereotacsicadé|
Functional data sets were spatially smoothed using an isotropic Gaussian kéraeiult
width-at-half-maximum of 9 mm. For this event-related design, each stimutushadeled
with a separate regressor, based on the individual response period convolved with the
canonical hemodynamic response function and its temporal derivative. An addibgrear
regressor without hemodynamic delay was used to account for signal cdaegeshead
motion during stimulus presentation. To exclude low-frequency confounds, the data were
high-pass filtered using a discrete cosine basis transform set witbfaperiod of 128 s.
Regressors of each emotional stimulus were pooled to assess brain respanséismnale



expressions, and the same procedure was applied for neutral faces to redirexesponse
to neutral stimuli. Moreover, a contrast including all emotional stimuli minuseb#al
expressions was used to separate amygdala activation towards emotionad.faeesral
expressions. Statistical analysis was performed at the individual andigveig To detect
group differences, contrast images from all subjects were included in a secdrdridom
effects analysis. To analyze the impact of gender and culture on whole brainagtivai-
sample t-tests were performed comparing Females vs. Males and ¥si&wopeans. All
results are reported akp05, FDR corrected.

Region of interest (ROI) analysis

Since our main hypothesis focused on the amygdala we performed a ROlsandlyshe
aim of maximizing the sensitivity to amygdala results. Values for amy@tiala were
extracted using a template based on the MNI single subject brain [76], as defingttio M
(http://www.sph.sc.edu/comd/rorden/template.html). Mean parameter estivere
extracted from SPM results for left and right amygdala ROI in each condittbsudject
using IDL (Interactive Data Language, RSI Inc., Boulder, CO, USA). Aotienm> neutral
contrast was calculated, pooling all emotional stimuli minus all neutralligtifiis
subtraction contrast removed the effect of any baseline changes in signal, scehnes
drift. Levene-tests for homogeneity of variances indicated homosacatjafsir the parameter
estimates across all subjects (contrast: emotiggutral for female and male posers
separately) of left and right amygdala (left: both.p40; right: both p.453). A four-way
ANOVA was applied with ethnic group (Asian vs. European) and gender (female e$.asal
between-subjects factor and laterality (left vs. right amygdala) and geingleser (female
vs. male) as within-subject factors. In cases of violation of sphericiyrgd®on
Greenhouse-Geisser corrected p-values are presented.

Corollary analyses

Correlation analyses were performed between recognition accuracy and rigéft and |
amygdala response. To analyze the influence of duration of stay a correlat@msana
between months of stay in Austria and behavioral performance as well as Enygda
activation was computed for the Asian sample. Moreover, to assess whethemgedidées
the correlation between duration of stay and amygdala activation we performgdemult
hierarchical linear analyses with amygdala activation as dependent vanddender and
duration of stay as independent variables as suggested by [77].
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