
925

Schizophrenia Bulletin vol. 43 no. 4 pp. 925–934, 2017 
doi:10.1093/schbul/sbw138
Advance Access publication October 9, 2016

© The Author 2016. Published by Oxford University Press on behalf  of the Maryland Psychiatric Research Center.
All rights reserved. For permissions, please email: journals.permissions@oup.com

Sex-Dependent Association of Perigenual Anterior Cingulate Cortex Volume and 
Migration Background, an Environmental Risk Factor for Schizophrenia

Ceren Akdeniz1,5, Axel Schäfer1,5, Fabian Streit2, Leila Haller1, Stefan Wüst2,4, Peter Kirsch3,  
Heike Tost1, and Andreas Meyer-Lindenberg*,1

1Department of Psychiatry and Psychotherapy, Central Institute of Mental Health, University of Heidelberg, Medical Faculty 
Mannheim, Mannheim, Germany; 2Department of Genetic Epidemiology in Psychiatry, Central Institute of Mental Health, University 
of Heidelberg, Medical Faculty Mannheim, Mannheim, Germany; 3Department of Clinical Psychology, Central Institute of Mental 
Health, University of Heidelberg, Medical Faculty Mannheim, Mannheim, Germany
4Present address: Institute of Experimental Psychology, University of Regensburg, Regensburg, Germany 
5These authors contributed equally.

*To whom correspondence should be addressed; Central Institute of Mental Health, Medical Faculty Mannheim, University of Heidelberg, 
J5, 68159 Mannheim, Germany; tel: +49-621-1703-2001, fax: +49-621-1703-2005, e-mail: a.meyer-lindenberg@zi-mannheim.de

Migration status is one of the best-established risk factors 
for schizophrenia. An increase in risk is observed in both 
first- and second-generation immigrants, with a varying 
magnitude depending on the ethnic background of the indi-
viduals. The underlying mechanisms for the increased risk 
are only recently coming into focus. A causal role for social 
stress has been widely proposed, and recent work indicated 
altered neural stress processing in the perigenual anterior 
cingulate cortex (pACC) in migrants. Since previous work 
shows that social stress may lead to enduring changes in the 
gray matter volume of vulnerable brain regions, we investi-
gated the impact of migration background on brain struc-
ture. We studied healthy young adults (N  =  124), native 
Germans and second-generation migrants, using whole-
brain structural magnetic resonance imaging. Groups were 
matched for a broad range of sociodemographic charac-
teristics including age, gender, urban exposure, and edu-
cation. We found a significant group by sex interaction 
effect in pACC gray matter volume, which was reduced in 
males with migration background only. This mirrors previ-
ous findings in urban upbringing, another risk factor for 
schizophrenia. Our results provide convergent evidence for 
an impact of environmental risk factors linked to schizo-
phrenia on gray matter volume and extend prior data by 
highlighting the possibility that the pACC structure may be 
particularly sensitive to the convergent risk factors linked 
to schizophrenia.
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volume/schizophrenia risk

Introduction

Schizophrenia is a severe neurodevelopmental disorder 
with a complex genetic and environmental etiology.1,2 
Following the scientific evidence regarding the high heri-
tability of schizophrenia during past decades, the focus 
of research was mostly on the genetic risk factors.1–3 Even 
though schizophrenia is highly heritable,4 the genetic risk 
is not the whole story.1–3 Previous research showed that 
the relative risk of several environmental factors ranges 
in the order of 2 to 5.5 This points out the importance 
of causal environmental factors, yet there is only limited 
research on their mechanisms.5–7

Higher rates of schizophrenia are typically observed 
in males, immigrants, and individuals brought up in 
larger cities.5,8–10 To illustrate, the incidence rate ratio 
of schizophrenia for male:female is about 1.4:1,11 while 
the ratio for migrant: nonmigrant ranges between 2:1 
and 5:1.8,11,12 This shows that migration status is among 
the strongest environmental risk factors for schizophre-
nia.5 Importantly, meta-analyses show increased risk 
for schizophrenia emerges not only in first- but also in 
second-generation migrants.8,11–13 The latter group was 
not subjected to adverse experiences in the home coun-
try or during the migration process itself, which argues 
for a role of the post-migratory environment in individu-
als with a migrant status. Here, accumulating evidence 
points to a causal role for social adversity and chronic 
social stress in mediating ethnic minority risk.8,12–16 Social 
stress is an established environmental risk factor for gen-
eral and mental health17,18 and has been shown to inter-
fere with the functional organization of neural regulatory 
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circuits,19–21 particularly in vulnerable periods of brain 
development.22–25

Early life is a vulnerable period during which stress can 
disrupt normal brain development.25–28 Numerous studies 
with primates and rodents have shown that prenatal or 
postnatal exposure to stress can interact with gene expres-
sion and disturb neuroplasticity, particularly through 
alteration of hypo-thalamic pituitary-adrenal (HPA) axis 
development, and related neurotransmitter systems.25,26,28 
The same mechanism has been proposed to mediate vul-
nerability to psychiatric disorders especially after early 
exposure to stressful life events in humans.29–31 However, 
the exact neural mechanisms are still under investigation.

Previous studies32–34 suggest functional alterations 
in response to social evaluative stress in the perigenual 
anterior cingulate cortex (pACC), a key neural region for 
the regulation of negative emotion and stress,35 as a risk 
mechanism. Using functional magnetic resonance imag-
ing (fMRI) in healthy German participants,32 we found 
that the pACC activation during stress was associated 
with urban upbringing.32 This functional alteration also 
correlated with perceived group discrimination levels of 
participants with migration background.33 Convergent 
evidence for the involvement of ACC was obtained by 
Haddad and colleagues36 who showed a significant inter-
action between urban exposure during early years of life, 
another potent environmental risk factor for schizophre-
nia, and male sex.36 Accordingly, there is extensive litera-
ture proposing altered ACC function and structure during 
the course of schizophrenia. Several studies observed 
neuroanatomical changes, such as decreased gray matter 
volume in ACC and other prefrontal structures, in popu-
lations with high-risk state for psychosis,37–39 as well as 
first-episode schizophrenia.40–42 Of those, a recent meta-
analysis showed pACC changes, together with insula, to 
be 1 of 2 regions where both structural and functional 
changes are found in early psychosis.43

In this study, we hypothesized that structural altera-
tions in pACC might be uncovered in second-generation 
migrants. Specifically, based on the literature showing 
earlier age of onset for schizophrenia and poorer illness 
outcome in males,44–48 and our earlier sex-dependent volu-
metric findings in pACC in the context of urban upbring-
ing,36 we hypothesized an interaction effect of migration 
background and sex on pACC volume. Notably, there is 
no consistent evidence showing that male migrants have 
an increased risk of schizophrenia compared with female 
migrants, with some studies reporting such an interac-
tion49–51 and others not.8,12 Based on our previous findings, 
we assumed that there might be underlying mechanistic 
differences at the brain level which do not manifest at the 
clinical behavioral level.

All participants of this study were born-and-raised in 
Germany. Despite the limited epidemiological evidence 
on increased schizophrenia risk in migrants living in 
Germany, the existing research proposes a similar picture 

for Germany as the rest of Europe.52–55 Even though 
prevalence of environmental risk factors may still vary 
according to ethnicity in second-generation migrants,12 we 
adopted this strategy to minimize possible confounding 
factors that are related to the country of origin (eg, expo-
sure to environmental toxins) or during the actual migra-
tion process (eg, adverse experiences during migration).

Materials and Methods

Participants

A total of 124 right-handed, healthy young volunteers 
(50 men, mean age = 23.17, SD = 3.98 y) participated in 
this study. Participants were recruited from communities 
in and around the city of Mannheim (in the southwest-
ern part of Germany). Sixty-six native Germans (defined 
as both parents being born and raised in Germany), and 
58 individuals with migration background took part in 
our neuroimaging study. In this study, we examined the 
effects of migrant status in “second-generation migrants” 
which was defined to mean that the individuals were 
born in Germany to non-German parents (both parents 
were born abroad and moved to Germany later in life). 
The second-generation migrants possessed a diverse eth-
nic parental background including Algerian, Egyptian, 
Italian, Kazakhstani, Polish, Romanian, Russian, Syrian, 
Turkish, Vietnamese, and former Yugoslavian. Detailed 
characteristic of the samples is provided in table 1. All par-
ticipants provided written informed consent to the study 
protocol approved by the institutional review board of the 
University of Heidelberg. Following a thorough phone 
screening, participants were included if  only they did not 
meet any of the following exclusion criteria: a lifetime his-
tory of general medical, psychiatric or neurological illness, 
prior psychopharmacological or psychotherapeutic treat-
ment, drug or alcohol abuse, a history of head trauma and 
unsuitability for magnetic resonance environment.

Psychological Measures

Psychometric self-reports were obtained according to 
previously described32 standard procedures. Chronic 
Stress Screening Scale (CSSS)56 was used to measure 
chronic stress by asking the frequency of negative and 
stressful experiences within the past 3 months. Perceived 
social support was assessed using subscales of the Berlin 
Social Support Scales (BSSS)57 which comprise items of 
emotional and instrumental support. For the assessment 
of perceived social status in German society, ie, the indi-
vidual’s perception of his or her social standing relative 
to other people in German society, we used a previously 
published58,59 single-item measure presented as a pictorial 
10 rung “social ladder,” on which participants marked 
the rung corresponding to their current perceived stand-
ing relative to other individuals residing in Germany. 
In migrants only, perceived discrimination of the own 
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person and the perceived discrimination of the own eth-
nic group in German society were evaluated using an 
adapted version of the discrimination measures detailed 
in Ruggiero and Taylor.60 As detailed in our previous 
work,33 this measure is a self-rate instrument quantifying 
the extent of discrimination that ethnic minority individ-
uals experience in German society, and attribute to their 
variant ethnic background. In addition to the psycho-
logical measures explained above, we have also acquired 
details about each participant’s places of residence from 
birth to age 15. Current and early urbanicity scores were 
quantified using categories as described previously.32,36

MRI Data Acquisition

MRI was acquired on a 3-Tesla whole-body Siemens 
Magnetom Tim Trio (Siemens) scanner located at the 
Central Institute of Mental Health, Mannheim. We used 
a T1-weighted 3D magnetization-prepared rapid acqui-
sition gradient-echo (MPRAGE) sequence with whole-
brain coverage, spatial resolution of 1  mm3 and the 
following specifications: repetition time = 2300 millisec-
onds (ms), echo time = 3.00 ms, inversion time = 900 ms, 
flip angle = 9°, 192 contiguous sagittal slices, 1-mm slice 
thickness, field of view = 256 mm.

Image Processing

Images were processed using the Voxel-Based 
Morphometry (VBM) toolbox (VBM8, http://dbm.neuro.
uni-jena.de/vbm) implemented in the Statistical Parametric 
Mapping (SPM) software, (SPM8; Wellcome Trust Centre 
for Neuroimaging, University College London; http://
www.fil.ion.ucl.ac.uk/spm) executed in Matlab R2011a 
(MathWorks). VBM is an automated whole-brain pro-
cessing method, which allows the composition of brain 
tissue to be compared among (between and within) 
groups,61 being an indirect measure of volume. Image 

processing followed previously published procedures.36 
As it is formerly explained,36 automated image process-
ing included tissue classification into gray matter (GM), 
white matter, cerebrospinal fluid, and non-cerebral tissue 
classes. Normalization to Montreal Neurological Institute 
(MNI) space was done with a diffeomorphic image reg-
istration algorithm (DARTEL). Additionally correction 
for image intensity nonuniformity, cleaning up of GM 
partitions, the application of a hidden Markov random 
field model and spatial adaptive nonlocal means denoising 
was applied. The resulting tissue segments were multiplied 
by the Jacobian determinants of the deformation field to 
transform the GM density values into volume equivalents. 
Images of each subject were corrected for total intracranial 
volume. The segmented, normalized, noise-corrected, and 
modulated GM images were then smoothed with a 10-mm 
full width at half maximum isotropic Gaussian kernel.

Analysis of Psychological Measures

Data analysis of psychological and demographic mea-
sures was performed using the SPSS Predictive Analytics 
Software (SPSS 22, IBM Inc). Group differences for cat-
egorical variables were examined using Chi-square tests, 
those for continuous variables were examined using t tests 
for independent samples. The level of statistical significance 
for psychological variables was defined as P < .05 (2-tailed).

MRI Data Analysis

Raw images were visually inspected to confirm that they 
had not been affected by scanner artifacts. Pre-processed 
GM volume segments were analyzed in SPM8 using a gen-
eral linear model (GLM) with whole-brain random-effects 
group statistics. Effects of migration background,33 male sex 
relating to schizophrenia risk36,62,63 and interaction of early 
urbanicity with sex36 were tested in an ANOVA model with 
migrant status and sex as factors, and early urbanicity along 

Table 1. Characteristics of Subjects

Germans Migrants

Group Comparison (P value)N Group Mean (SD) N Group Mean (SD)

Demographics
 Sex (female/male) 39/27 35/23 1.00
 Age (y) 66 23.47 (3.88) 58 22.83 (4.10) .372
 School education (y) 66 12.55 (1.08) 58 12.31 (1.13) .239
 Early urbanicity 66 34.55 (10.17) 58 36.76 (10.09) .229
 Current urbanicity 66 2.61 (0.68) 58 2.72 (0.62) .314
 Monthly income (€) 44 1847.50 (1666.89) 55 2171.00 (1591.54) .328
Psychological measures
 Chronic stress scale (sum score) 66 14.02 (6.74) 58 19.41 (9.05) <.001
 Perceived social support (mean score) 34 3.68 (0.40) 56 3.70 (0.43) .833
  Perceived social status (10 rung social 

ladder)
56 6.39 (1.59) 58 6.57 (1.35) .525

 Perceived self-discrimination — — 57 2.32 (0.95) —
 Perceived group-discrimination — — 57 3.56 (1.02) —

http://dbm.neuro.uni-jena.de/vbm
http://dbm.neuro.uni-jena.de/vbm
http://www.fil.ion.ucl.ac.uk/spm
http://www.fil.ion.ucl.ac.uk/spm
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with CSSS score as predictors allowing factor by covariate 
interaction. Additionally, age, education, and current urba-
nicity were introduced as covariates of no interest in the 
model. In brief, statistical testing of all hypotheses was done 
within the same statistical model to account for confound-
ing effects of other predictors on the contrast of interest.

Consistent with prior work from our laboratory32,33,64 
and other groups,65 we expected social risk-associated 
structural effects to map to the pACC, a crucial brain 
region for the top-down regulation of neural responses 
in emotion and stress processing circuitries.66,67 As in 
previous work,32,33,64 all imaging analyses were family-
wise error (FWE) corrected at a threshold of P < .05 for 
multiple comparisons over an a priori defined region of 
interest (ROI), namely pACC, derived from the Harvard 
Oxford Atlas (HO, http://www.cma.mgh.harvard.edu), 
which was modified to cover the rostral-ventral divisions 
of the ACC (see previous publications32,33 for details). 
Outside this pre-hypothesized ROI, effects were consid-
ered significant only if  they survived FWE multiple com-
parisons correction across the whole brain.

Results

Psychological Measures

Groups did not show any significant difference in sociode-
mographic variables (all P > .200). Individuals with migra-
tion background reported significantly higher perceived 
chronic stress levels (CSSS: T = 3.721; P < .001; table 1). 
There were no significant differences in any of the demo-
graphic variables between females and males with migra-
tion background (all P > .100). However, within the migrant 
group, males indicated lower perceived support (BSSS: 
T = 2.232; P = .034), compared with females (table 2).

Gray Matter Volume

For all the results we report here, we introduced age, sex, 
education, chronic stress, and urban exposure as covariates 
in our models. Therefore, we propose that these demographic 

variables cannot be the explanation for the findings we 
report here.

Main Effect of Group and Main Effect of Sex. We 
detected no significant differences in GM volume 
between second-generation immigrants and German par-
ticipants in pACC (Tmaximum = 2.30; Pminimum = .418, FWE 
corrected in ROI) or elsewhere in the brain including the 
dorsolateral prefrontal cortex (DLPFC). This was also 
true for the comparison of female vs male GM volume 
(Tmaximum = 2.56; Pminimum = .277, FWE corrected in ROI).

Group by Sex Interaction. We observed a significant group 
(migrant status) by sex interaction in pACC (MNI: x = −6, 
y = 52, z = 7; T = 4.17, PFWE = .004, corrected within ROI). 
Post hoc analyses revealed a significant reduction of pACC 
GM volume only in males with migration background 
(P =  .001, uncorrected, Cohen’s d = 0.98) compared with 
female migrants (figure 1). This effect was specific to pACC, 
and not observed in the German group (Tmaximum  =  2.77; 
Pminimum = 0.214, FWE corrected in ROI). Additional analy-
sis did not reveal any significant association between brain 
and BSSS or CSSS scores. Moreover, in order to investi-
gate whether the heterogeneous ethnic background of the 
migrant sample might have influenced our findings, we con-
ducted a post hoc analysis using the same statistical model 
on the group of Germans compared with the group of sec-
ond-generation migrants with Turkish parental background 
only. Our results were consistent, suggesting a significant 
decrease in GM volume in pACC in migrant males (MNI: 
−14, 50, 10; T = 3.39, PFWE = .045, FWE corrected in ROI).

Replication of Sex by Early Urbanicity Interaction. In our 
whole sample we replicated the results by Haddad and col-
leagues36 suggesting a decrease in pACC GM volume in 
males with high early urbanicity (MNI: x = −12, y = 40, 
z = 7; T = 3.78, PFWE = .014; and MNI: x = −9, y = 50, 
z = 9; T = 3.49, PFWE = .033 corrected within ROI; figure 2). 
Post hoc analyses revealed a significantly negative correla-
tion between early-life urbanicity and pACC GM volume 

Table 2. Comparison of Female and Male Migrants

Female Migrants Male Migrants

Group Comparison (P value)N Group Mean (SD) N Group Mean (SD)

Demographics
 Age (y) 35 22.57 (3.54) 23 23.33 (4.88) .561
 School education (y) 35 12.40 (1.06) 23 12.17 (1.23) .460
 Early urbanicity 35 37.86 (10.21) 23 35.09 (9.89) .310
 Current urbanicity 35 2.77 (0.55) 23 2.65 (0.71) .475
Psychological measures
 Chronic stress scale (sum score) 35 19.91 (8.65) 23 18.65 (9.78) .608
 Perceived social support (mean score) 33 3.82 (0.26) 23 3.54 (0.56) .034
 Perceived social status (10 rung social ladder) 35 6.80 (1.35) 23 6.22 (1.31) .109
 Perceived self-discrimination 34 2.21 (0.98) 23 2.48 (0.90) .291
 Perceived group-discrimination 34 3.56 (1.13) 23 3.57 (0.84) .982

http://www.cma.mgh.harvard.edu
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specifically in males (r = −.318, P = .026) after corrected 
for age, which was absent in females (r = .220, P = .061). 
This effect was specific to pACC. Since 5.6% of our sample 
was overlapping with the sample of Haddad and colleg-
ues36 we additionally retested our replication of the urban 
upbringing by sex interaction effect on pACC gray matter 
volume in a nonoverlapping subsample of N = 117 adults. 
None of the participants from this subsample was also 
part of the sample reported by Haddad and colleagues.36 
The results were consistent (MNI: x = −14, y = 50, z = 10; 
T = 3.76, PFWE = .016 corrected within ROI).

Discussion

The goal of our study was to examine the hypothesis that 
migration background, an established environmental risk 

for schizophrenia, impacts brain structure, specifically in 
pACC. Our main result is a significant reduction in pACC 
GM volume in migrant males. As previous literature sug-
gests, we also observed significantly higher chronic stress 
in the second-generation migrant group compared with 
nonmigrants. Additionally, we were able to replicate the 
finding of Haddad and colleagues36 indicating a signifi-
cant association between early urbanicity and ACC GM 
volume in males. In line with our hypothesis, we provide 
evidence for an adverse effect on a neurobiological sys-
tem where social environmental risk seems to converge. 
To our knowledge, this is the first study that demonstrates 
a link between brain morphology and migration back-
ground, which is a well-established risk factor for schizo-
phrenia that has been associated with exposure to stress 
in social environment.18,33 Following epidemiological 

Fig. 1. Migrant status and sex interaction on ACC GM volume. (A) T-map of interaction effects between migrant status and sex on 
GM volume. A significant interaction effect is seen in the pACC (T = 4.17, P = .004, FWE-corrected within ROI). A significant decrease 
in pACC GM volume in migrant males compared with females and nonmigrants is observed. (B) Mean GM volumes of the most 
significant voxel (MNI: x = −6, y = 52, z = 7). Error bars indicate standard error of the mean. Coordinates refer to the MNI standard 
space. T-maps are displayed at P < .005 uncorrected for presentation purposes. The color bar represents T-values. GM, gray matter; 
pACC, perigenual anterior cingulate cortex; MNI, Montreal Neurological Institute; FWE, family-wise error correction for multiple 
comparisons; ROI, region of interest.

Fig. 2. Early life urbanicity and sex interaction on ACC GM volume. (A) T-map of interaction effects between early-life urbanicity and 
sex on GM volume. A significant interaction effect is seen in the pACC (T = 3.49, P = .033, FWE-corrected within ROI). (B) Scatterplots 
of early-life urbanicity and adjusted GM volumes of the most significantly correlated voxel for the interaction effect (MNI: x = −12, 
y = 40, z = 7) illustrate a negative correlation in males and no correlation in females. The scatter plot is adjusted for demographic 
covariates. Coordinates refer to the MNI standard space. T-maps are displayed at P < .005 uncorrected for presentation purposes. The 
color bar represents T-values. GM, gray matter; pACC, perigenual anterior cingulate cortex; MNI, Montreal Neurological Institute; 
FWE, family-wise error correction for multiple comparisons; ROI, region of interest.
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studies showing the increased risk of schizophrenia 
in both first- and second-generation migrants, many 
researchers proposed a causal role of social stress and 
chronic social defeat in migrants.5,8,14 Exposure to chronic 
social defeat and discrimination starting early in life 
might result in a condition where social stress is persis-
tent and inevitable, and consequently psychological well-
being is disturbed.14,68–70 Considering that early childhood 
and adolescence are critical developmental periods where 
neuroplasticity is at its peak level, the brain is particularly 
sensitive to environmental input during these first decades 
of life.27,71,72 Therefore, it can be suggested that exposure 
to chronic social stress in early life can alter particular 
brain structures, such as ACC and thereby increasing the 
risk for schizophrenia in certain groups. How these neu-
ral mechanisms exactly work and lead to increased risk 
for schizophrenia in immigrant populations, however, is 
not yet completely clear.

There is no conclusive evidence showing that male 
migrants have an increased risk of schizophrenia com-
pared with female migrants. Yet, previous animal research 
indicates that there are clear sex differences in the neurobi-
ological outcome of exposure to chronic stress. The effects 
of early life stress seem to operate differently for male and 
female sexes on the brain level.73,74 While the exact rodent 
homologues of prefrontal structures such as DLPFC and 
pACC are debatable,75,76 the evidence indicates sex spe-
cific differences in stress processing in ACC in humans.77,78 
Besides, it seems that defeat is a major stressor that partic-
ularly affects males,79 and chronic stress induces long-term 
neural plasticity (such as dendritic atrophy) specifically in 
male rats and not in female rats.80 Likewise, Brydges and 
colleagues81 demonstrated differential long-term effects of 
prepubertal stress in male and female rats.81 Once more, 
similar findings were observed in humans as well.82 The 
reasons for the difference between sexes in neurobiologi-
cal responses to stress can be explained by the distinctive 
level of gonadal hormones, estrogen and testosterone in 
the developing brain particularly during prenatal devel-
opment.74,83 This is in clear accordance with the previous 
finding of a sex-specific effect of urban upbringing on 
brain structure.36 Therefore, we conclude that this might 
also be the case for males with migration background. 
Furthermore, our results suggesting a sex specific pACC 
GM volume reduction in migrant males were still consis-
tent in the subsample of second-generation migrants with 
a homogenous ethnic background. This deems the pos-
sibility of our results being driven by the heterogeneity of 
the ethnic background unlikely. Our post hoc analysis of 
the sociodemographic differences between females and 
males revealed no demographic differences between sexes 
in migrant group. However, males with migration back-
ground declared lower perceived social support. Lack of 
social support is suggested to be one of the most impor-
tant social risk factors for the development of several 
mental health problems.9,84–87 Even though the feeling of 

loneliness is not a cause of mental illness per se, isolation 
increases the neurobiological stress reaction88 and affects 
striatal dopamine transporter binding following defeat in 
animal models.89 Moreover, lack of social support is sug-
gested to be one of the possible psychological components 
of increased schizophrenia risk related to high urbanic-
ity and minority status.14,70,90–92 We did not find any direct 
correlation of our social support measure with the brain; 
however, this does not eliminate the possibility of its 
involvement in the psychological mechanisms of increased 
risk associated with having a migration background.

Existing literature on the neurobiological basis of 
schizophrenia risk and social stress conform to the local-
ization of our results. Numerous studies highlight the 
involvement of ACC in schizophrenia, including detectable 
structural and functional changes revealing itself  already 
at disease onset.93–96 Additionally, volumetric alterations 
in this region have been associated with both genetic and 
environmental risk factors for the illness.1,3,9,20,37 Smaller 
ACC volume has been previously shown to relate cumu-
lative adversity over the lifetime97 and early life stress.98 
Our ROI, pACC, is a fundamental brain region in stress 
processing and emotion regulation.19,34,99,100 PACC activa-
tion correlates with cardiovascular markers of the stress 
response101–103 and has been repeatedly shown to relate to 
several social environmental risk factors for schizophre-
nia, such as urban upbringing,32,36 low socioeconomic sta-
tus,58 unstable social hierarchies,104 migration,33 perceived 
discrimination,33 and urban violence.105 Therefore, in line 
with our data, the previous literature supports the idea 
that social environmental risk factors converge on pACC 
in humans.1,20,106,107 Consequently, it is plausible that long-
lasting structural and functional changes in this neural 
system might eventually increase the risk for psychiatric 
disorders in humans.19,108,109

Here, we present the first neuroimaging study of  gray 
matter volume in migrants. Our study has several limita-
tions. Firstly, our cross-sectional study design does not 
allow for a causal interpretation of  the observed neural 
effects. Yet, experimental investigation of  epidemiologi-
cal findings is essential for the examination of  the under-
lying mechanisms of  environmental risk factors for 
mental health. Secondly, we examined only volunteers 
who have contacted us following our advertisements. 
Therefore, further research is needed to replicate these 
findings in diverse ethnic minority groups with different 
sociodemographic characteristics. Third, participants 
were screened via a thorough telephone interview for 
exclusion criteria, including history of  mental and neu-
rological illness. Even though this approach is an estab-
lished screening method in neuroimaging research,110 a 
face-to-face interview should be considered for future 
studies. Next, we cannot rule out the possibility that the 
observed results in gray matter volume are influenced to 
some extend by possible group differences in other risk-
related factors such as diet, childhood socioeconomic 
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status, or childhood adversity. It is important to note that 
evidence showing that male migrants have an increased 
risk of  schizophrenia compared with their female coun-
terparts is inconclusive. Even though numerous stud-
ies showed that migrant patients were more likely to be 
male,49 and psychosis risk was more pronounced in males 
in Moroccan,111 Northwest African,51 and refugee50 
migrant samples, studies exist that found no difference 
between female and male migrants.8,12 However, neural-
level effects may be more sensitive to underlying risk 
factors than clinical diagnoses.112 Ideally, future stud-
ies should involve comparison of  several homogenous 
samples with different ethnic backgrounds and control 
samples of  subjects of  the same ethnicity who did not 
migrate. Further, we have not measured early life stress 
directly. Our proposition that having a migrant status 
leads to high social stress is well-accepted but not directly 
verified in this specific sample. Lastly, unlike our findings 
for urban upbringing,36 we did not observe a structural 
main effect of  migrant status on DLPFC volume in our 
sample. We speculate that although urban upbringing 
and migrant status may share some neural effects (eg, in 
pACC), there are also risk factor-specific effects on local 
gray matter volume that are nonoverlapping at the brain 
system level.

In conclusion, our study points out a potentially 
useful target for the prevention of  the severe neurode-
velopmental disorder, namely schizophrenia. By iden-
tifying a convergent risk circuit involving pACC, we 
propose the indisputable role of  chronic social stress 
as a mediator which may present itself  as an objective 
for future prevention and intervention programs. In the 
long term, the better understanding of  these neural cir-
cuits will enable the comprehension of  the causes of 
observed differences in risk ratios between sexes and in 
minority groups for the development of  schizophrenia. 
For this reason, it should be noted that experimental 
studies based on epidemiological findings, such as this 
one, are useful to better understand the components 
and mechanisms of  risk, and to translate social and 
biological determinants of  risk for schizophrenia into 
daily life.
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