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Abstract: Early stressors play a key role in shaping interindividual differences in vulnerability to vari-
ous psychopathologies, which according to the diathesis-stress model might relate to the elevated glu-
cocorticoid secretion and impaired responsiveness to stress. Furthermore, previous studies have shown
that individuals exposed to early adversity have deficits in emotion processing from faces. This study
aims to explore whether early adversities associate with brain response to faces and whether this asso-
ciation might associate with the regional variations in mRNA expression of the glucocorticoid receptor
gene (NR3C1). A total of 104 individuals drawn from the Northern Finland Brith Cohort 1986
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participated in a face-task functional magnetic resonance imaging (fMRI) study. A large independent
dataset (IMAGEN, N 5 1739) was utilized for reducing fMRI data-analytical space in the NFBC 1986
dataset. Early adversities were associated with deviant brain response to fearful faces (MANCOVA,
P 5 0.006) and with weaker performance in fearful facial expression recognition (P 5 0.01). Glucocorti-
coid receptor gene expression (data from the Allen Human Brain Atlas) correlated with the degree of
associations between early adversities and brain response to fearful faces (R2 5 0.25, P 5 0.01) across
different brain regions. Our results suggest that early adversities contribute to brain response to faces
and that this association is mediated in part by the glucocorticoid system. Hum Brain Mapp 38:4470–
4478, 2017. VC 2017 Wiley Periodicals, Inc.
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INTRODUCTION

The brain undergoes remodeling throughout childhood
and youth [Paus et al., 2008]. Trajectories of brain develop-
ment are influenced by a variety of factors, including the
social environment. Early traumatic experiences play a key
role in shaping interindividual differences in vulnerability
and resilience to future adversity. Adversities in childhood
and adolescence play a key role in shaping interindividual
differences in vulnerability to many psychopathologies in
later life including psychotic disorders [Matheson et al.,
2013; Varese et al., 2012] and post-traumatic stress disorder
[Widom, 1999].

Previous work has shown that individuals exposed to
early stressors have deficits in face processing [Cicchetti
and Curtis, 2005; Curtis and Cicchetti, 2011; da Silva Ferre-
ira et al., 2014; Fries and Pollak, 2004; Pollak et al., 2000].
Facial expressions are one of the key vehicles of interper-
sonal interactions, serving an important signaling role for
different emotions and an entry point for a variety of
social interactions [Becker et al., 2011]. Perception of faces
involves both the ventral and dorsal pathways that project
from the primary visual cortex [Goodale and Milner,
1992]. Brain regions contributing to the processing of faces
have been further divided into two distinct neural sys-
tems, namely the core and extended systems [Haxby et al.,
2000]. According to this hierarchical model, the core sys-
tem—comprising the inferior occipital cortex, the posterior
superior temporal sulcus (STS), and the lateral fusiform
gyrus—contributes to early visual analysis of faces. Fur-
ther processing of faces—for example, emotion, speech,
eye-gaze direction, and the person’s name—is conducted
in concert with other cortical and subcortical regions in
the extended system.

The physiological response to stress, mediated by the
hypothalamus–pituitary–adrenal (HPA) axis, involves secre-
tion of cortisol from adrenal glands. Acting on glucocorti-
coid receptors, cortisol generates cascade of events
throughout the body, including the cardiovascular, meta-
bolic, immune, and nervous systems (for review, see Chrou-
sos 2009). Previous studies have shown that early life stress
affects the functioning of the glucocorticoid receptor

(NR3C1), in part by epigenetic regulation of gene transcrip-
tion [McGowan et al., 2009; van der Knaap et al., 2014]. Fur-
thermore, previous research suggests that cortisol levels
associate with the ability to recognize facial expressions
accurately [Feeney et al., 2012; van Peer et al., 2009]. In the
brain, the effects of glucocorticoids extend to both cortical
and subcortical structures. According to the diathesis-stress
model, the HPA axis via cortisol response mediates the
relationship between exposure to stressors and the onset of
many psychopathologies including psychosis [Jones and
Fernyhough, 2007; Walker and Diforio, 1997].

To understand the mechanisms underlying stress-related
modulation of face processing, we examined whether early
adversity associates with brain response to faces and
whether regional differences in the strength of this associa-
tion vary as a function of inter-regional variations in the
expression of NR3C1 (a gene coding for glucocorticoid
receptor). For this purpose, we administered a question-
naire about early life adversities and used functional mag-
netic resonance imaging (fMRI) to measure brain response
to faces in a sample of young adults drawn from the
Northern Finland Birth Cohort 1986 (NFBC 1986). We
used a large independent sample (IMAGEN, N 5 1739) for
reducing data-analytical space in the NFBC 1986. For glu-
cocorticoid receptor NR3C1 mRNA expression, we used
the publicly available Allen Brain Atlas dataset [Hawry-
lycz et al., 2012].

MATERIALS AND METHODS

Analytical Strategy and Samples

The workflow describing the analytical approach of this
study is described in Figure 1. Study samples are
described in detail in the Supporting Information. Local
ethical committees approved the study protocol. First, we
utilized a large sample of typically developing adolescents
(IMAGEN, subsample of 1,110 adolescents, mean age 5 14
years) [Schumann et al., 2010; Tahmasebi et al., 2012] that
were recruited through local high schools in eight Euro-
pean cities. We used this sample to define regions of inter-
est (ROIs) that engage in face processing. A total of 21
ROIs relevant for face processing (population probability
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0.5) were identified using a probabilistic map as described
in detail elsewhere [Tahmasebi et al., 2012]. For complete-
ness, we added four contra-lateral homologs, thus result-
ing in 25 ROIs. The advantage of the ROI approach is that
it limits the analyses to brain regions most relevant to face
processing, thereby reducing the risk of false-positive and
false-negative results.

Next, we used an extension of the IMAGEN sample
(N 5 1739) to define principal components (PCs) of shared
variance across the ROIs. This enabled us to reduce the
number of statistical tests even further and to explore the
clustering of different ROIs into independent functional
entities. Factors acquired from the principal component
analysis (PCA) were used for reducing fMRI data in the
NFBC 1986 sample.

Third, we used an independent sample of participants
in their early adulthood (NFBC 1986) [Veijola et al., 2013]
(N 5 104) to characterize the associations between early life
adversities and brain response to faces. Participants of the
NFBC 1986 subsample participated in fMRI while viewing
four blocks of video clips of happy and four blocks of
video clips of fearful facial expressions; these blocks were
presented in pseudorandom order separated by blocks of
a dynamic mosaic baseline (control stimulus) [Pulkkinen
et al., 2015; Rahko et al., 2010]. The stimuli are described
in detail in the Supporting Information. During the scan,
participants were instructed to lay still and relaxed, and

watch the stimuli on screen through a mirror positioned
on the head coil. After the scanning, all participants com-
pleted a test of emotion recognition that involved viewing
of 16 facial expressions on a computer screen. Childhood
adversities were evaluated with the Trauma and Distress
Scale (TADS) questionnaire [Patterson et al., 2002], which
is a valid and reliable instrument for assessing retrospec-
tively reported childhood traumas [Salokangas et al.,
2016]. Total TADS scores were used as a measure of the
level of adversity.

Last, we used NR3C1 expressions as a proxy of the glu-
cocorticoid receptor density to evaluate whether the extent
of the relationship between early adversities and brain
response to faces (NFBC 1986 sample, N 5 104) varies as a
function of regional variations in this receptor’s density
across the different brain regions, thus testing for the spe-
cificity in this relationship. In a recent study, we have
used the Allen Human Brain Atlas to explore inter-
regional variations in NR3C1 expression and age-related
cortical thinning during adolescence [Wong et al., 2017].
We acquired mRNA expression data for NR3C1 from
Allen Human Brain Atlas, which contains postmortem
measurements of gene expression obtained in six adult
brains [Hawrylycz et al., 2012]. We merged 25 “face” ROIs
with the original Allen Human Brain Atlas sample sites,
excluding sample sites in white matter and cerebrospinal
fluid. This resulted altogether 284 sample sites within 25

Figure 1.

Flowchart depicting the analyses of our study. Abbreviations: ROI, region of interest; PCA, prin-

ciple component analysis; BOLD, blood-oxygen-level dependent. [Color figure can be viewed at

wileyonlinelibrary.com]
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ROIs. Additional details of the study methods are pro-
vided in the Supporting Information.

Imaging Data Preprocessing in NFBC 1986

Detailed imaging and preprocessing description is pro-
vided in the Supporting Information. Neuroimaging data
were analyzed with FSL [Jenkinson and Smith, 2001; Jen-
kinson et al., 2002; Smith, 2002; Woolrich et al., 2001, 2004;
Worsley et al., 2001] and AFNI [Cox, 1996]. A standard
preprocessing pipeline (before contrast modeling) was
applied, including brain extraction, motion correction, spa-
tial smoothing with FWHM 5.0 mm, linear co-registration
and nonlinear normalization to the 2 mm MNI-152 tem-
plate, high-pass filtering (cutoff 5 120 s) and prewhitening.
The six motion correction parameters were included as
additional regressors in the model. Regressors of interest
were happy faces, fearful faces, and the baseline mosaic
face was also modeled. Percent BOLD Signal Change
(%BSC) for happy and fearful faces (relative to the
dynamic mosaic, which was used as control stimulus)
were extracted from 25 ROIs for each participant.

Statistical Analyses

For statistical analyses, we used R (http://cran.r-project.
org) version 3.1.1 [R Core Team, 2014]. All statistical analy-
ses were adjusted for sex. In the IMAGEN sample, we per-
formed PCA. In the NFBC 1986 sample, we first performed
MANCOVA analysis to assess multivariate relationships
between adversities and brain response to fearful/happy
faces using factors acquired from the PCA in the IMAGEN
sample. Linear regression, Pearson correlation and Spear-
man correlation were also used as specified in the Results
section below. TADS scores were normalized using a square
root transformation. Screening for possible multivariate out-
liers was conducted using the Mahalanobis distance statistic
at P< 0.001. Normality of residuals and homoscedasticity
were visually confirmed using histograms and residuals vs.
fitted plots in histograms. Correlation coefficients (e.g.,

correlation between adversity and BOLD response in
Amygdala) were converted to z using Fisher’s r to z.

RESULTS

Demographics

Demographic data for the NFBC 1986 are presented in
Table I. The IMAGEN dataset was younger than the NFBC
1986; its age ranged from 13 to 17 years, with mean age of
14.6 (standard deviation [sd] 0.44) and 52% of this sample
being female adolescents.

PCA (IMAGEN)

We used parallel analysis for the determination of num-
ber of components in the IMAGEN dataset. Parallel analy-
sis suggested four-component solution (68% of the
variance), which was further varimax rotated. Factor load-
ings are presented in Figure 2, which depicts their regional
distribution across the 25 ROIs. Loadings >0.5 on specific
ROIs were considered as main contributors to a specific
factor. Using this criterion, we evaluated the spatial repre-
sentation of each component, which is presented in Figure
2. The four factors were labeled as follows: (1) “Main”
(Frontal lobe/FFA/Posterior STS/Putamen/Cerebellum,
29% of variance), (2) “Visual” (V2V3/LOC, 15% of vari-
ance), (3) “Gaze/Affect” (Amygdala/Anterior STS, 14% of
variance), and (4) “Rhinal sulcus (9% of variance)”.

Overlap Between the 25 ROIs and BOLD

Response to Faces (NFBC 1986)

We evaluated how the overall BOLD response to faces in
the NFBC 1986 dataset overlaps with the original 25 ROIs
(defined in the IMAGEN sample). For this purpose, we first
conducted univariate GLM to assess BOLD response to
happy and fearful faces (thresholded at z> 2.3, P 5 0.05 cor-
rected, dynamic mosaic as a baseline stimulus). We then
evaluated the overall response to faces in NFBC 1986,
excluding voxels responding specifically to happy or fearful
facial expression. The overall response to faces in NFBC
1986 sample involved 85% voxels of the 25 ROIs. This over-
lap was even higher for happy and fearful facial expres-
sions: 86% and 89%, respectively. Supporting Information,
Figure 1 depicts the regional representation of the overlap.

Association Between Adversities and Brain

Response to Faces (NFBC 1986)

Next, using PCs defined in the IMAGEN dataset
(N 5 1739), we characterized multivariate associations
between early adversity and brain response to faces. We
observed that early adversities (Wilks’ � 5 0.86, F(4,98) 5 3.9,
P 5 0.006) had multivariate associations with brain response
to fearful faces. Furthermore, as family socioeconomic status

TABLE I. Demographic characteristics of the NFBC

1986

Variable NFBC 1986 (N 5 104)

Sex (females) 57%
Age [M (SD)] 22.8 (0.82)
Handedness, right 90%
IQ [M (SD)] 113 (21.6)
GAF [M (SD)] 82 (8.5)
Education
Comprehensive (9 school years) 31%
Matriculation (12 school years) 69%

GAF, global assessment of functioning; M, mean; SD, standard
deviation.
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correlates often with the level of adversity [Biederman et al.,
1995], we used family income at the age of 16 as a proxy of
family socioeconomic status in MANCOVA model. The mul-
tivariate relationship between early adversity and BOLD
response to fearful faces remained significant after this
adjustment (P 5 0.02), which indicates that this relationship
cannot be explained by family socioeconomic status. No
associations were discovered between adversities and brain
response to happy faces (P 5 0.18).

Post hoc linear regressions revealed a number of
brain–behavior relationships, which are described in Figure
3. First, we discovered that early adversities had a negative
relationship with the BOLD response of the “Main” factor
and “Rhinal sulcus.” Second, early adversities predicted a
stronger BOLD response of the “Visual” factor.

Facial Recognition Test and Behavioral Results

(NFBC 1986)

Recognition of happy facial expressions (median 100%;
range 67–100%) was significantly better than that of fearful
facial expressions (median 80%, range 0–100%) P< 0.001
(paired Wilcoxon Rank Sum test). We observed a negative
correlation between TADS scores and the recognition of

fearful facial expression (Spearman’s q 5 20.25, P 5 0.01).
TADS scores predicted negatively Global Assessment of
Functioning (GAF) (Spearman’s q 5 20.27, P 5 0.006). The
detailed frequency distributions of TADS scores (varied 0
to 33) are provided in Supporting Information, Figure 2.

BOLD Response to Faces and Early Adversities

as a Function of NR3C1 Gene Expression (NFBC

1986 and Allen Brain Atlas)

Last, we examined whether the magnitude of the rela-
tionship between adversity and brain response to fearful
faces (Fisher’s Z transformed correlation coefficients) var-
ied as a function of regional differences in NR3C1 expres-
sion across the 25 ROIs. In this analysis (presented in Fig.
4), NR3C1 expression correlated across the 25 ROIs with
the magnitude of associations between adversity and
BOLD response to fearful faces (r 5 0.50, P 5 0.01).

DISCUSSION

This study explored whether early life adversities associ-
ate with brain response to faces. We also explored whether

Figure 2.

(a) Factor loadings for %BSC in 25 ROIs in the IMAGEN dataset.

Abbreviations: MVLFC, mid-ventrolateral frontal cortex;

MDLFC, mid-dorsolateral frontal cortex; PMC, premotor cor-

tex; PreSMA, pre-supplementary motor area; STS, superior

temporal sulcus; FFA, fusiform face area; LOC, lateral occipital

cortex; L, left; R, right; Ant, anterior; Post, posterior. (b) Spatial

representation of each factor (loadings> 0.5). [Color figure can

be viewed at wileyonlinelibrary.com]
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this association varies as a function of regional differences
in mRNA expression of glucocorticoid receptor gene
NR3C1.

We utilized previously defined ROIs that were acquired
from a large population-based sample [Tahmasebi et al.,
2012]. These ROIs had high population probability and
were originally constructed from probabilistic maps of the
face-processing neural network engaged consistently and
robustly while viewing the ambiguous faces. Assessment
of the overlapping voxels between the ROIs and the
response to faces in the NFBC 1986 suggested highly simi-
lar engagements between the two datasets despite the use
of different video clips of faces, and slight differences in

the age of the IMAGEN and the NFBC 1986 participants,
thereby supporting our approach.

Our PCA-based clustering in the IMAGEN sample
revealed interesting face-processing entities in the 25 ROIs.
The “Main” factor encompassed most of the ROIs, which
may indicate representation of the core and extended sys-
tems after early visual attention [Haxby et al., 2000]. The
“Visual” factor represented posterior occipital regions,
which might be modulated by visual attention in the early
stage of face perception [Kastner et al., 1999]. The “Gaze/
Affect” factor represented the amygdala and anterior STS,
which might support perception of eye gaze and emotion
from faces [Adolphs, 2008; De Souza et al., 2005]. Finally,

Figure 4.

(a) Spatial representation of the mRNA expression of NR3C1 across the 25 ROIs. (b) Correla-

tion of the NR3C1 mRNA expression—across the 25 ROIs—with the magnitude of associations

between adversity and brain response to fearful faces. Regression line is plotted with shaded

95% CI. [Color figure can be viewed at wileyonlinelibrary.com]

Figure 3.

(a) Regression analyses between early adversities (TADS scores)

and brain response to fearful faces (“Main” factor). (b) Regres-

sion analyses between early adversities (TADS scores) and brain

response to fearful faces (“Visual” factor). (c) Regression

analyses between early adversities (TADS scores) and brain

response to fearful faces (“Rhinal Sulcus” factor). Plots are

shown in standardized residuals (covariating for sex). Regression

lines are plotted with shaded 95% CIs.
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located in the inferior temporal lobe, the “Rhinal sulcus”
might represent part of the ventral visual stream and pro-
vide discriminating and filtering functions during face per-
ception [Murray and Mishkin, 1986].

Focusing visual attention on potential cues in the envi-
ronment is a fundamental mechanism that serves an
important survival function. Our discovery of dose-
dependent heightened %BSC in the “Visual” factor with
relation to adversities could therefore represent a bot-
tom–up driven, heightened sensitivity to visual cues of
social significance. According to previous research, threat-
ening faces (vs friendly faces) elicits a stronger event-
related potential (ERP) response in occipital cortex [Wey-
mar et al., 2011], and individuals with conditioning to cer-
tain types of threat (e.g., spiders) have higher ERPs in the
occipital cortex compared with nonanxious individuals
irrespective of fearful and nonfearful target contents [Wey-
mar et al., 2014]. In this light, our results might indicate
that early adversities associate with bottom–up-driven
visual alertness in the early stages of face perception.

We discovered negative relationships between early
adversities and factors representing brain regions linked to
further processing of faces after initial representation in
the visual cortex (i.e., “Main” and “Rhinal Sulcus”). In line
with the previous studies reporting deficits in facial
expression processing in individuals with history of adver-
sities [Curtis and Cicchetti, 2011; da Silva Ferreira et al.,
2014], we speculate that face-processing systems may be
especially vulnerable to early life adversities. This is con-
sistent with the observed, albeit weak, negative correlation
between adversities and fearful facial expression recogni-
tion performance.

In this study, we evaluated whether associations
between early adversity and brain responses to dynamic
facial expressions in early adulthood varied as a function
of regional differences in the expression of NR3C1, a gene
related to the HPA axis. As hypothesized, inter-regional
variations in early adversity-related BOLD responses were
positively associated with inter-regional variations in
mRNA expression levels of NR3C1. Specifically, the stron-
gest associations between adversities and BOLD response
to fearful faces were in brain regions with higher NR3C1
mRNA expression levels. The highest expression of NR3C1
is found in occipital regions and the lowest in temporal
regions.

Excessive secretion of glucocorticoids is a potential
mediator between early adversities and many psychopa-
thologies [Walker and Diforio, 1997; Widom, 1999]. Previ-
ous studies have reported that patients with psychotic
disorders manifest HPA dysregulation, such as high levels
of baseline cortisol and adenocorticotropic hormone [Ryan
et al., 2004; Walsh et al., 2005]. Excessive glucocorticoid
secretion is also associated with impaired cognitive proc-
essing [McEwen et al., 2015]. The fact that the NR3C1
expression correlated—across the 25 ROIs—with both the
magnitude of associations between adversity and brain

response to fearful faces suggests that the above influences
may be, in part, mediated by cortisol acting via glucocorti-
coid receptors. Nonetheless, only experimental studies can
confirm this possibility.

There were several strengths in our study. First, we uti-
lized a large population-based sample to provide robust
ROIs and principle components for data reduction. Sec-
ond, we utilized a unique data setting in NFBC 1986: par-
ticipants were born in the same geographical region, had a
similar ethnic and cultural background, and were of the
same age at the time of the study. Longitudinal data of the
NFBC 1986 were utilized for participants’ health record
data and earlier status and family background. Partici-
pants of the NFBC 1986 were in their early 20s, which is
the peak age for developing many mental disorders
including psychotic disorders [Hafner et al., 1998; Paus
et al., 2008].

This study also has limitations that should be addressed
in future studies. First, our study was cross-sectional,
which prevented us from exploring the developmental
aspects of brain response to faces. In addition, question-
naires that measure subjectively childhood and youth
experiences may be affected by recall bias. We did not use
video-based real-time eye tracking or reaction time mea-
sures during fMRI. Another limitation is the relatively
moderate reporting of childhood adversities in our study
sample, which prevented us from exploring the possible
detailed effect of specific adversity type on brain response
to faces. The Allen Human Brain Atlas is based on only
six donors. Nonetheless, we observed high consistency of
NR3C1 expression profiles across the six donors (donor-to-
median correlation of 0.84), and high similarity of median
profiles obtained from the Allen Brain Atlas and another
database, namely the BrainSpan atlas (r 5 0.82; Wong
et al., 2017).

In this research, we employed a data-reduction proce-
dure (PCA of values from the 25 ROIs) using a dataset of
adolescents, and applied the resulting PCA-based factors
in early adulthood. There is, however, no other dataset
with the same size that we are aware of that could be
used in a similar manner to provide robust principal com-
ponents. Note, nonetheless, that brain regions engaged by
the adolescents are not qualitatively different from those
observed here in the adult sample or from those identified
by a meta-analysis based on multiple imaging studies car-
ried out mostly in adults [Fusar-Poli et al., 2009]

CONCLUSIONS

Our work has examined whether regional variations in
the association between adversity and BOLD response to
faces vary as function of the expression of glucocorticoid
receptor gene. Based on our results, the link between early
adversities and brain response to fearful faces might be
mediated by the glucocorticoid system. Further research is,
however, needed to replicate these findings. Altogether,
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our results support the conceptualizations of higher HPA
axis activation leading to the dysfunction of the brain
function, which may, in part, lead to individual differences
in mental health disorders in later life [Jones and Ferny-
hough, 2007; Walker and Diforio, 1997].
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