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The objective of this study was to examine potential neural substrates that underlie the
interplay between religiosity/spirituality (R/S) and risk-for-depression. A new wave of
data from a longitudinal, 3 generation study of individuals at high risk for depression
is presented. In addition to providing new longitudinal data, we extend previous
findings by employing additional (surface-based) methods for examining cortical
volume. Magnetic resonance imaging (MRI) scans were collected on 106 second and
third generation family members at high or low risk for major depression defined by the
presence or absence of depression in the first generation. R/S measures were collected
at the same time as the MRI scans and comprised self-report ratings of personal
importance and frequency of religious attendance. Analyses were carried out with
Freesurfer. Interactive effects of R/S and risk-for-depression were examined on mea-
sures of cortical thickness and cortical surface area. A high degree of belief in the
importance of R/S was associated with both a thicker cortex and a larger pial surface
area in persons at high risk for familial depression. No significant association was found
between cortical regions and religious attendance in either risk group. The results
support previous findings of an association between R/S importance and cortical
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thickness in individuals at high risk for depression, and extend the findings to include
an association between R/S importance and greater pial surface area. Moreover, the
findings suggest these cortical changes may confer protective benefits to R/S individ-

uals at high risk for depression.

Keywords: depression, religion/spirituality, functional magnetic imaging (MRI),

cortical thickness, pial surface
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Religiosity and spirituality play a central role
in the lives of many people. Despite several
empirical studies on this topic, our understand-
ing of the neural substrates of religiosity and
spirituality remain little understood. The avail-
able evidence from the recent past seems to
converge on the involvement of nearly every
brain lobe in religiosity/spirituality (R/S) expe-
riences (Beauregard, Courtemanche, & Pa-
quette, 2009; Borg, Andree, Soderstrom, &
Farde, 2003; Devinsky & Lai, 2008; Goodman,
2002; Krause, Emmons, & Ironson, 2015; New-
berg, 2014; Pelletier-Baldelli et al., 2014).
Moreover, studies tend to be based on either
healthy populations or clinical samples of ill
people receiving treatment (Kapogiannis et al.,
2009; Urgesi, Aglioti, Skrap, & Fabbro, 2010),
but few have been conducted on populations at
risk for developing an illness.

Research from our group has examined the
neural underpinnings of R/S in families at risk
for familial depression. These studies derive
from 6 waves of data sampled over a 30-year
span from three generations of families at risk
for major depressive disorder (Weissman et al.,
2016). In brief, we have found belief in the high
importance of R/S to be associated with biolog-
ical markers of resilience in at-risk individuals,
including thicker cortices (Miller et al., 2014),
greater electroencephalogram (EEG) a (Tenke
et al., 2013), and decreased default mode net-
work connectivity (Svob et al., 2016). In the
present study, we follow up on Miller et al.’s
(2014) findings of an association between R/S
importance and cortical thickness in high-risk
individuals in a new wave of data (collected 8
years later) from the same longitudinal sample.
In addition to cortical thickness, we also exam-
ine the association between R/S importance and
pial surface area.

Pial surface area offers a complementary
measure of cortical morphology that focuses on
cortical surface area, rather than cortical thick-

ness. With advances in magnetic resonance im-
age (MRI) data processing, it is possible to
separate cortical area and cortical thickness. By
examining pial surface area, we will be able to
provide a more complete picture of cortical
morphometric differences in high- and low-risk
individuals for depression and examine these
associations in relation to R/S importance.

In previous studies, we found widespread re-
ductions in cortical thickness in high-risk indi-
viduals (Peterson et al., 2009). Miller et al.
(2014) reported greater cortical thickness in the
same brain regions that showed cortical thin-
ning in high-risk individuals that reported high
R/S importance, suggesting that among those at
clinical risk, the presence of R/S importance
may serve as a resilience factor that helps to
buffer the biological risks leading to clinical
symptoms. In the present study, we expect to
replicate Miller et al.’s findings of cortical
thickness and extend them to include greater
cortical surface areas in R/S at-risk individuals.
We hypothesize that R/S will have an impact on
the association between risk status and both
measures of cortical volume: cortical thickness
and cortical area. If these results hold up, they
will support previous findings on cortical thick-
ness and extend this work to include measures
of cortical surface area, thus creating a more
holistic picture of the brain morphology im-
plicated in the potentially protective aspects
of R/S importance in people at-risk for de-
pression.

Method
Participants

The sample included second- and third-
generation offspring from an ongoing longitudi-
nal study on people at high risk for depression.
The design of the multiwave three-generation
study is described in detail in our earlier publi-
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cations (Weissman, Leckman, Merikangas,
Gammon, & Prusoff, 1984; Weissman, Warner,
Wickramaratne, Moreau, & Olfson, 1997;
Weissman et al., 2006, 2016a, 2016b). The
original proband group (generation 1, Gl)
consisted of adult Caucasians receiving psy-
chopharmacologic treatment for depression
(high-risk) and a demographically matched
nondepressed comparison group from the
same community (low-risk). Subjects were el-
igible for the current study if they completed
clinical assessments, religious question items,
and MRI scanning at the 30-year follow-up
(Wave 6). The final study cohort in this report
constitutes 47 offspring (generation 2, G2) and
59 grandchildren (generation 3, G3) of the Gl
probands. High- and low-risk status for depres-
sion in G2 and G3 family members was deter-
mined by depression diagnoses in Gls (see Ta-
ble 1). Of the 106 eligible participants, 57 were
G2 or G3 members of affected G1 probands,

Table 1
Characteristics of 106 Participants at the 30-Year
Follow-Up

Characteristic Mean SD

Age 325 13.6
N %

Female 55 52%

Religiosity
Personal importance of
religion/spirituality

High 21 20%
Moderate 40 37%
Slight 25 24%
None 20 19%
Frequent attendance at religious/spiritual
services
Once a week or more 14 13%
About once a month 19 18%
Once or twice a year 27 25%
Less than once a year 11 10%
Never 35 33%
Religious denomination
Protestant 12 11%
Catholic 57 54%
Jewish 3 3%
Personal religious 15 14%
Agnostic/Atheist 11 10%
Other 5 5%
Clinical characteristics
High risk 57 54%
Low risk 49 46%

comprising the high-risk offspring group. The
remaining 49 participants constituted the low-
risk offspring group. At the 30-year follow-
up, all offspring underwent clinical assess-
ments using the Schedule for Affective
Disorders and Schizophrenia—Lifetime Ver-
sion (SADS-L; Mannuzza, Fyer, Klein, & En-
dicott, 1986), or the Kiddie-SADS (epidemi-
ological version K-SADS-E) for those under
the age of 17 years (Orvaschel, Puig-Antich,
Chambers, Tabrizi, & Johnson, 1982). As-
sessments were administered by experienced
clinicians blind to familial status and sub-
ject’s clinical status. The study was approved
by The New York State Psychiatric Institute/
Columbia University Institutional Review
Board. All study participants provided written
informed consent.

Religion and Spirituality Measures

R/S importance was assessed with a single
self-report item: How important to you is reli-
gion or spirituality? (1 = not important at all,
2 = slightly important, 3 = moderately impor-
tant, and 4 = highly important). This single-
item measure has been shown to be highly re-
liable when compared with the widely used
Fetzer Institute Multidimensional Measure of
Religiousness (Desrosiers & Miller, 2007; Idler
et al., 2003). In the present cohort, 21 partici-
pants rated R/S as highly important, 40 as mod-
erately important, 25 as slightly important, and
20 as not important at all. Based on our previ-
ous findings, out of three basic R/S measures,
the degree of importance was most strongly
associated with preventive effects against de-
pression (Miller et al., 2014, 2012). To be con-
sistent with this literature for comparative pur-
poses, the measure of R/S importance was
treated as a binary variable and was dichoto-
mized into high importance (ratings = 4) and
low importance (ratings <4).

We also collected self-report ratings on the
frequency of attending religious services: How
often, if at all, do you attend church, synagogue,
or other religious or spiritual services? (1 =
once a week or more, 2 = about once a month,
3 = about once or twice a year, 4 = less than
once a year, and 5 = never). The results of
religious attendance were not statistically sig-
nificant and are not reported. The self-report
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ratings were obtained at the same time as the
MRI data.

MRI Acquisition

Anatomical scans were collected on a 3-Tesla
GE Signa EXCITE scanner (General Electric,
Milwaukee, WI) at the Department of Psychia-
try, Columbia University. High-resolution T1-
weighted MRI images were acquired axially
using a three-dimensional fast spoiled gradient-
echo (3D-FSPGR) sequence with the following
scanning parameters: TR = 6.02 ms, TI = 500
ms, TE = 2.38 ms, flip angle = 11°, matrix =
256x256, slice thickness = 1 mm, and number
of slices = 162 per volume.

Image Processing

Cortical surface reconstruction was per-
formed using Freesurfer Software Suite (ver-
sion 5.3, http://freesurfer.net/). A detailed de-
scription of the technical characteristic of
Freesurfer is documented elsewhere (Fischl et
al., 2004). In brief, Freesurfer’s automated pro-
cessing stream included the removal of non-
brain tissue, intensity normalization, Talairach
registration, segmentation of white matter, gray/
white matter boundary tessellation, and defor-
mation of gray/white surface outward to locate
gray/cerebrospinal fluid borders (pial surface).
Output of cortical reconstruction for each par-
ticipant was visually inspected for quality as-
surance. Inaccuracies were manually corrected
when necessary. Each surface comprised ap-
proximately 160,000 vertices arranged in a
mesh of triangles. Cortical thickness at each
vertex was measured as the shortest distance
between the pial surface and white matter sur-
face, whereas the pial surface area was quanti-
fied as the aggregate area from each triangle.
Next, reconstructed surfaces of each participant
were aligned to the common reference brain.
Surfaces were further smoothed by a Gaussian
kernel with a full width at half maximum
(FWHM) of 10 mm to increase the signal-to-
noise ratio.

Statistical Analyses

Whole-brain vertex-wise analyses were car-
ried out in the Query Design Estimate Contrast
(QDEC) toolkit from Freesurfer (Hagler, Say-
gin, & Sereno, 2006). Interactive effects of R/S

importance and risk-for-depression on brain
morphological measures (cortical thickness and
pial surface area) were examined vertex by ver-
tex using a linear least-squares regression model
with age as a nuisance variable. Analyses were
performed in each hemisphere separately. To
control for multiple comparisons at vertex-wise
threshold of 0.05, a Monte Carlo simulation
with 10,000 iterations was implemented in de-
termining a cluster-size threshold p < .05.
Because of our prime interest in the R/S Im-
portance X Risk interaction, surface-based
morphological measures were extracted from
clusters surviving clusterwise correction for
subsequent simple effects analysis. If R/S Im-
portance X Risk interaction effects were sig-
nificant, simple effects were further examined
in Stata (Version 14, StataCorp, College Sta-
tion, TX).

Results

As hypothesized, greater cortical thickness
was observed in people at high-risk for depres-
sion who also reported R/S to be of high im-
portance. Cortical thickness was observed in the
left superior frontal gyrus. Follow-up simple
effect analyses within each risk group revealed
a contrasting effect of R/S importance on famil-
ial risk (see Table 2 and Figure 1). That is,
subjects in the low-risk group who reported
high R/S importance had a thinner superior
frontal cortex (F(1,101) = 5.85, p = .0174),
whereas high ratings of R/S importance in the
high-risk group were associated with a thicker
cortex in the same region (F(1, 101) = 4.24,
p = .0421).

We also found a significant interaction be-
tween R/S importance and risk for cortical sur-
face areas in multiple regions (see Table 2 and
Figures 2 and 3). Further stratified analyses on
the significant clusters demonstrated a consis-
tent pattern of varying effects of R/S importance
on pial surface area depending on familial risk
status. High R/S importance was related to a
smaller pial surface area in the low-risk group
across the identified brain regions; this pattern
was reversed in the high-risk group where larger
pial surface areas were observed for individuals
who reported high R/S importance (specifically,
in the left isthmus cingulate, F(1, 101) = 5.75,
p = .0183 and F(1, 101) = 5.67, p = .0191 for
the low-risk and high-risk group, respectively;
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Table 2
Religiosity X Risk for Depression Interaction Effects on Brain Morphological Measures
Clusterwise Number of
Region Hemisphere Size (mm?) X Y Z p value vertices
Cortical thickness
Superior frontal L 1128.98 —14.5 42.1 423 .0244 1,987
Pial surface area
Isthmus cingulate L 2217.99 =72 —37.8 329 .0002 5,241
Middle temporal L 3278.85 —64.4 —27.8 —14.8 .0001 5,385
Precentral L 2615.14 —45.8 —8.9 26.7 .0001 6,249
Lateral occipital L 5392.88 —22.5 -93.5 14.6 .0001 7,798
Rostral middle frontal L 2355.63 —36.7 44.6 14.3 .0001 3,278
Superior frontal L 1284.24 —-6.7 22.8 57.2 0211 2,202
Inferior parietal R 3187.51 46.7 —74.2 10.9 .0001 4,535
Inferior temporal R 1701.71 57.3 —27.7 —28.4 .0034 2,825
Superior frontal R 1766.94 8.7 60.1 21.8 .0025 2,513
Superior temporal R 1248.72 53.8 6.1 —11.7 .0278 2,008

F(1, 101) = 12.54, p = .0006/F(1, 101) = 6.52,
p = .0121 in the middle temporal gyrus; F(l,
101) = 16.46, p = .0001/F(1, 101) = 6.03, p =
.0158 in the precentral gyrus; F(1, 101) = 21.
23, p < .0001/F(1, 101) = 4.74, p = .0319 in
the lateral occipital complex; F(1, 101) = 11.
44, p < .001/F(1, 101) = 3.01, p = .0858 in the
rostral middle frontal gyrus; F(1, 101) = 2.1,
p < .1502/F(1, 101) = 6.67, p = .0112 in the
superior frontal cortex; F(1, 101) = 15.97, p <
.0001/F(1, 101) = 2.82, p = .0962 in the right

3 * #
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Figure 1.

inferior parietal lobule; F(1, 101) = 11.90, p <
.0008/F(1, 101) = 3.86, p = .0522 in the infe-
rior temporal cortex; F(1, 101) = 5.63, p <
.0195/F(1, 101) = 5.51, p = .0208 in the supe-
rior frontal gyrus; F(1, 101) = 7.87, p < .006/
F(1, 101) = 3.38, p = .069 in the superior
temporal cortex).

There were also statistically significant ef-
fects observed for risk-for-depression on corti-
cal thickness (p < .05, corrected): the high-risk
group had a thinner cortex in the right superior

B highly religious

O less religious

Regions where interaction effects were significant between religiosity and risk for

depression on cortical thickness (mm). Error bar represents SEs. LR: low-risk; HR: high-risk.
* Indicates p < .05. See the online article for the color version of this figure.
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Figure 2. Lateral (A) and medial (B) view of regions where interaction effects were
significant between religiosity and risk for depression on scaled surface area in the left
hemisphere. Error bar represents SEs. LR: low-risk; HR: high-risk. * Indicates p < .05. See
the online article for the color version of this figure. Figure continues on the next page.

frontal gyrus as compared with the low-risk
group. Further, main effects of risk status were
observed in pial surface areas (p < .05, cor-
rected), with the high-risk group revealing
larger surface areas in the left isthmus cingulate,
right posterior cingulate cortex, and bilateral
lateral occipital complex and superior frontal
gyrus. Significant main effects of R/S impor-
tance were observed in the region of the left
cuneus, rostral middle frontal gyrus, right ento-
rhinal cortex, lateral orbito frontal cortex, and
bilateral lateral occipital complex (see supple-
mental material Table 1).

To test the potentially confounding effect of
depression, we repeated the analyses with sex

and lifetime depression as covariates in the
model. This did not change the pattern of results
in a meaningful way, suggesting that the neu-
ropathology of depression is unlikely a con-
founding variable in our findings.

Discussion

Cortical thickness and surface area were mea-
sured in 106 subjects in which 57 subjects had
a family history of depression. R/S importance,
but not religious attendance, was associated
with greater cortical volume, including cortical
thickness and cortical surface area, respectively,
in offspring at high familial risk. R/S Impor-
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tance X Risk effects were present in regions
spanning multiple lobes, as evidenced by an
increase of cortical thickness and surface area
uniquely in high-risk subjects who reported a
high degree of R/S importance. These region-
specific effects remained stable even after con-
trolling for past and present symptoms of de-
pression. Hence, our study supports previous
findings of cortical thickness (Miller et al.,
2014) and extends them to include the addi-
tional dimension of cortical surface area.
Despite the similarities between the present
study and Miller et al.’s (2014), there were also
notable differences. As already mentioned, both
studies found that R/S importance was associ-
ated with cortical thickness and that this asso-
ciation varied significantly by familial risk sta-
tus, with the association being stronger in the
high-risk group as compared with the low-risk
group. The specific areas of the brain that dif-
fered in cortical thickness, however, did not
always coincide. That is, Miller et al. found

(continued)

cortical thickness particularly along the mesial
wall of the left hemisphere. We also found these
effects in the left hemisphere, but in the superior
frontal gyrus. The discrepancy could be due to
methodological differences between the two
studies, including (a) nonoverlapping samples
(Wave 5 vs. Wave 6), (b) different assessment
waves (Miller et al. used R/S measures cumu-
lated over multiple waves as opposed to a single
R/S measure concurrent in time with the mea-
sures of cortical thickness that were used in the
present study), (c) different MRI machines (1.5
vs. 3 Tesla), and (d) different analytical soft-
ware. Although the specific regions with corti-
cal thickness did not overlap between the two
studies, the overall effect remained—R/S im-
portance was associated with greater cortical
thickness in people at high risk for depression.

It should also be emphasized that our study
focused less on the sole effect of R/S impor-
tance and more on it interacting with familial
predispositions for major depressive disorder.
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Figure 3. Lateral view of regions where interaction effects were significant between reli-
giosity and risk for depression on scaled surface area in the right hemisphere. Error bar
represents SEs. LR: low-risk; HR: high-risk. * Indicates p < .05. See the online article for the

color version of this figure.

The current findings lend support to the hypoth-
esized role of R/S importance interacting with
risk at a neurological level. That is, the magni-
tude of associations between R/S importance
and neuroanatomical features (cortical thick-
ness, surface area) varied substantially with risk
status for depression. Remarkably, all of the
significant brain clusters exhibited the same pat-
tern of interaction: R/S importance was charac-
teristically associated with cortical thickening
and enlargement in solely the high-risk group.

We chose to examine two quantitative neu-
roanatomical traits (i.e., cortical thickness and
surface area) in our search for the neural corre-
lates of R/S importance and risk. Our results
were particularly pronounced with regard to
surface area, relative to cortical thickness. This
observation was unexpected. As previously
mentioned, brain volume is a composite mea-

sure that depends on both thickness and surface
area. We “decomposed” the cortical volume
into two dimensions to thoroughly capture po-
tential R/S importance and risk effects (cortical
thickness along the vertical dimension and sur-
face area along the horizontal dimension). Spe-
cifically, our vertex-wise analyses criss-crossed
the entire cortical architecture three-dimension-
ally, examining cortical laminar and columnar
organization in the form of thickness and area.
It is important to note that a body of work has
demonstrated that cortical thickness and area
are two closely related, but distinct, properties
of cortical organization (Bois et al., 2015;
Chenn & Walsh, 2003; Ohta et al., 2016; Pan-
izzon et al., 2009; Wallace et al., 2015). These
two topographical properties have been shown
to be regulated by largely nonoverlapping on-
togenetic and genetic determinants. That is,
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thickness formation is largely a consequence of
the migration of precursor cells, whereas the
expansion of cortical surface areas results from
the proliferation of precursor cells once they
reach their final destination (Chenn & Walsh,
2003). Human twin studies have shown that
thickness and surface area are both highly her-
itable, but the genetic correlation between them
is markedly low, suggesting a differential ge-
netic influence over them (Panizzon et al.,
2009). Moreover, studies involving children
with autism spectrum disorder have revealed
abnormalities in surface area, but precluded no-
ticeable differences in cortical thickness (Ohta
et al., 2016). It has been recommended that
cortical thickness and surface area, given their
independent utility and complementary advan-
tages, are equally crucial for identifying neuro-
anatomical phenotypes (Winkler et al., 2010).
Admittedly, the exact mechanisms by which
R/S importance and risk interact with surface
area more than cortical thickness remain ob-
scure. The patterns herein, however, hint that
associations between R/S importance, risk, and
cortical structures may vary differentially with
respect to the anatomical features under exam-
ination.

Our findings should be interpreted with cau-
tion in light of a number of limitations. First,
our sample size was relatively small. Second,
the impact of the R/S Importance X Risk inter-
action, as we have observed, manifests in mac-
rostructural brain alterations. A question re-
mains as to how R/S importance and risk
interact at the molecular level that eventually
cascades into changes in cortical thickness and
surface area. This is beyond the scope of the
current study. Third, we cannot rule out the
possibility that other unidentified factors may
directly or indirectly contribute to our observed
R/S importance and risk effects. For example,
R/S importance may act as a surrogate for mul-
tiple environmental forces, such as parenting,
family orientation, and peer support (Duriez,
Soenens, Neyrinck, & Vansteenkiste, 2009; Sa-
batier, Mayer, Friedlmeier, Lubiewska, &
Trommsdorff, 2011). It is not yet clear whether
a moderating influence can be attributed to R/S
importance alone or whether a combination of
other factors is implicated in the personal en-
dorsement of R/S importance. Finally, given the
fact that both of our main measures (MRI and
self-report ratings of R/S importance) were ob-

tained at the same time point (Wave 6), we are
unable to make any causal claims regarding the
association between R/S importance and corti-
cal volume and are limited to reporting correla-
tional findings.

To conclude, this study provides an account
of the neural correlates of R/S importance and
familial risk for depression. Cortical thickness
and enlarged cortical surface areas were ob-
served for subjects who reported high R/S im-
portance in the high-risk group as opposed to
the low-risk group. The significant interactions
we observed between R/S importance and risk
status constituted a replication of previous find-
ings on cortical thickness (Miller et al., 2014)
and extended them through the inclusion of pial
surface areas. This data on cortical surface area
provides a new potential biomarker of R/S im-
portance and familial risk for depression. More-
over, religious attendance was not associated
with any statistically significant effects (similar
to Miller et al., 2014), suggesting that R/S im-
portance, and not religious attendance, may be
implicated in protection against risk for depression
at the neurological level. Our findings suggest the
need to take R/S importance into account in future
studies of imaging endophenotypes for depres-
sion.

References

Beauregard, M., Courtemanche, J., & Paquette, V.
(2009). Brain activity in near-death experiencers
during a meditative state. Resuscitation, 80, 1006—
1010. http://dx.doi.org/10.1016/j.resuscitation
.2009.05.006

Bois, C., Ronan, L., Levita, L., Whalley, H. C., Giles,
S., Mclntosh, A. M., . . . Lawrie, S. M. (2015).
Cortical surface area differentiates familial high
risk individuals who go on to develop schizophre-
nia. Biological Psychiatry, 78, 413—420. http://dx
.doi.org/10.1016/j.biopsych.2014.12.030

Borg, J., Andrée, B., Soderstrom, H., & Farde, L.
(2003). The serotonin system and spiritual experi-
ences. The American Journal of Psychiatry, 160,
1965-1969. http://dx.doi.org/10.1176/appi.ajp.160
.11.1965

Chenn, A., & Walsh, C. A. (2003). Increased neuro-
nal production, enlarged forebrains and cytoarchi-
tectural distortions in beta-catenin overexpressing
transgenic mice. Cerebral Cortex, 13, 599-606.
http://dx.doi.org/10.1093/cercor/13.6.599

Desrosiers, A., & Miller, L. (2007). Relational spir-
ituality and depression in adolescent girls. Journal


http://dx.doi.org/10.1016/j.resuscitation.2009.05.006
http://dx.doi.org/10.1016/j.resuscitation.2009.05.006
http://dx.doi.org/10.1016/j.biopsych.2014.12.030
http://dx.doi.org/10.1016/j.biopsych.2014.12.030
http://dx.doi.org/10.1176/appi.ajp.160.11.1965
http://dx.doi.org/10.1176/appi.ajp.160.11.1965
http://dx.doi.org/10.1093/cercor/13.6.599

publishers.

ghted by the American Psychological Association or one of its allied

This document is copyri

This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

NEUROANATOMICAL CORRELATES OF RISK-FOR-DEPRESSION 41

of Clinical Psychology, 63, 1021-1037. http://dx
.doi.org/10.1002/jclp.20409

Devinsky, O., & Lai, G. (2008). Spirituality and
religion in epilepsy. Epilepsy & Behavior, 12,
636—643. http://dx.doi.org/10.1016/j.yebeh.2007
.11.011

Duriez, B., Soenens, B., Neyrinck, B., & Vansteen-
kiste, M. (2009). Is religiosity related to better
parenting? Disentangling religiosity from religious
cognitive style. Journal of Family Issues, 30,
1287-1307. http://dx.doi.org/10.1177/019251
3X09334168

Fischl, B., van der Kouwe, A., Destrieux, C., Hal-
gren, E., Ségonne, F., Salat, D. H,, . . . Dale, A. M.
(2004). Automatically parcellating the human ce-
rebral cortex. Cerebral Cortex, 14, 11-22. http://
dx.doi.org/10.1093/cercor/bhg087

Goodman, N. (2002). The serotonergic system and
mysticism: Could LSD and the nondrug-induced
mystical experience share common neural mecha-
nisms? Journal of Psychoactive Drugs, 34, 263—
272. http://dx.doi.org/10.1080/02791072.2002
10399962

Hagler, D. J., Jr., Saygin, A. P., & Sereno, M. 1.
(2006). Smoothing and cluster thresholding for
cortical surface-based group analysis of fMRI data.
Neurolmage, 33, 1093-1103. http://dx.doi.org/10
.1016/j.neuroimage.2006.07.036

Idler, E. L., Musick, M. A., Ellison, C. G., George,
L. K., Krause, N., Ory, M. G, . . . Williams, D. R.
(2003). Measuring multiple dimensions of religion
and spirituality for health research: Conceptual
background and findings from the 1998 General
Social Survey. Research on Aging, 25, 327-365.
http://dx.doi.org/10.1177/0164027503025004001

Kapogiannis, D., Barbey, A. K., Su, M., Zamboni,
G., Krueger, F., & Grafman, J. (2009). Cognitive
and neural foundations of religious belief. Pro-
ceedings of the National Academy of Sciences of
the United States of America, 106, 4876—4881.
http://dx.doi.org/10.1073/pnas.0811717106

Krause, N., Emmons, R. A., & Ironson, G. (2015).
Benevolent images of God, gratitude, and physical
health status. Journal of Religion and Health, 54,
1503-1519. http://dx.doi.org/10.1007/s10943-015-
0063-0

Mannuzza, S., Fyer, A. J., Klein, D. F., & Endicott, J.
(1986). Schedule for Affective Disorders and
Schizophrenia—Lifetime Version modified for the
study of anxiety disorders (SADS-LA): Rationale
and conceptual development. Journal of Psychiat-
ric Research, 20, 317-325. http://dx.doi.org/10
.1016/0022-3956(86)90034-8

Miller, L., Bansal, R., Wickramaratne, P., Hao, X.,
Tenke, C. E., Weissman, M. M., & Peterson, B. S.
(2014). Neuroanatomical correlates of religiosity
and spirituality: A study in adults at high and low
familial risk for depression. Journal of the Amer-

ican Medical Association Psychiatry, 71, 128—
135. http://dx.doi.org/10.1001/jamapsychiatry
.2013.3067

Miller, L., Wickramaratne, P., Gameroff, M. J., Sage,
M., Tenke, C. E., & Weissman, M. M. (2012).
Religiosity and major depression in adults at high
risk: A ten-year prospective study. The American
Journal of Psychiatry, 169, 89-94. http://dx.doi
.org/10.1176/appi.ajp.2011.10121823

Newberg, A. B. (2014). The neuroscientific study of
spiritual practices. Frontiers in Psychology, 5, 215.
http://dx.doi.org/10.3389/fpsyg.2014.00215

Ohta, H., Nordahl, C. W., losif, A. M., Lee, A.,
Rogers, S., & Amaral, D. G. (2016). Increased
surface area, but not cortical thickness, in a subset
of young boys with autism spectrum disorder. Au-
tism Research, 9, 232-248. http://dx.doi.org/10
.1002/aur.1520

Orvaschel, H., Puig-Antich, J., Chambers, W.,
Tabrizi, M. A., & Johnson, R. (1982). Retrospec-
tive assessment of prepubertal major depression
with the Kiddie-SADS-e. Journal of the American
Academy of Child Psychiatry, 21, 392-397. http://
dx.doi.org/10.1016/S0002-7138(09)60944-4

Panizzon, M. S., Fennema-Notestine, C., Eyler, L. T.,
Jernigan, T. L., Prom-Wormley, E., Neale, M., . . .
Kremen, W. S. (2009). Distinct genetic influences
on cortical surface area and cortical thickness.
Cerebral Cortex, 19, 2728-2735. http://dx.doi
.org/10.1093/cercor/bhp026

Pelletier-Baldelli, A., Dean, D. J., Lunsford-Avery,
J.R., Smith Watts, A. K., Orr, J. M., Gupta, T., . ..
Mittal, V. A. (2014). Orbitofrontal cortex volume
and intrinsic religiosity in non-clinical psychosis.
Psychiatry Research, 222, 124-130. http://dx.doi
.org/10.1016/j.pscychresns.2014.03.010

Peterson, B. S., Warner, V., Bansal, R., Zhu, H., Hao,
X., Liu, J., . . . Weissman, M. M. (2009). Cortical
thinning in persons at increased familial risk for
major depression. Proceedings of the National
Academy of Sciences of the United States of Amer-
ica, 106, 6273-6278. http://dx.doi.org/10.1073/
pnas.0805311106

Sabatier, C., Mayer, B., Friedlmeier, M., Lubiewska,
K., & Trommsdorff, G. (2011). Religiosity, family
orientation, and life satisfaction of adolescents in
four countries. Journal of Cross-Cultural Psychol-
ogy, 42, 1375-1393. http://dx.doi.org/10.1177/
0022022111412343

Svob, C., Wang, Z., Weissman, M. M., Wickramar-
atne, P., & Posner, J. (2016). Religious and spiri-
tual importance moderate relation between default
mode network connectivity and familial risk for
depression. Neuroscience Letters, 634, 94-97.
http://dx.doi.org/10.1016/j.neulet.2016.10.009

Tenke, C. E., Kayser, J., Miller, L., Warner, V.,
Wickramaratne, P., Weissman, M. M., & Bruder,
G. E. (2013). Neuronal generators of posterior


http://dx.doi.org/10.1002/jclp.20409
http://dx.doi.org/10.1002/jclp.20409
http://dx.doi.org/10.1016/j.yebeh.2007.11.011
http://dx.doi.org/10.1016/j.yebeh.2007.11.011
http://dx.doi.org/10.1177/0192513X09334168
http://dx.doi.org/10.1177/0192513X09334168
http://dx.doi.org/10.1093/cercor/bhg087
http://dx.doi.org/10.1093/cercor/bhg087
http://dx.doi.org/10.1080/02791072.2002.10399962
http://dx.doi.org/10.1080/02791072.2002.10399962
http://dx.doi.org/10.1016/j.neuroimage.2006.07.036
http://dx.doi.org/10.1016/j.neuroimage.2006.07.036
http://dx.doi.org/10.1177/0164027503025004001
http://dx.doi.org/10.1073/pnas.0811717106
http://dx.doi.org/10.1007/s10943-015-0063-0
http://dx.doi.org/10.1007/s10943-015-0063-0
http://dx.doi.org/10.1016/0022-3956%2886%2990034-8
http://dx.doi.org/10.1016/0022-3956%2886%2990034-8
http://dx.doi.org/10.1001/jamapsychiatry.2013.3067
http://dx.doi.org/10.1001/jamapsychiatry.2013.3067
http://dx.doi.org/10.1176/appi.ajp.2011.10121823
http://dx.doi.org/10.1176/appi.ajp.2011.10121823
http://dx.doi.org/10.3389/fpsyg.2014.00215
http://dx.doi.org/10.1002/aur.1520
http://dx.doi.org/10.1002/aur.1520
http://dx.doi.org/10.1016/S0002-7138%2809%2960944-4
http://dx.doi.org/10.1016/S0002-7138%2809%2960944-4
http://dx.doi.org/10.1093/cercor/bhp026
http://dx.doi.org/10.1093/cercor/bhp026
http://dx.doi.org/10.1016/j.pscychresns.2014.03.010
http://dx.doi.org/10.1016/j.pscychresns.2014.03.010
http://dx.doi.org/10.1073/pnas.0805311106
http://dx.doi.org/10.1073/pnas.0805311106
http://dx.doi.org/10.1177/0022022111412343
http://dx.doi.org/10.1177/0022022111412343
http://dx.doi.org/10.1016/j.neulet.2016.10.009

publishers.

ghted by the American Psychological Association or one of its allied

This document is copyri

This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

42 LIU ET AL.

EEG alpha reflect individual differences in prioritiz-
ing personal spirituality. Biological Psychology, 94,
426-432. http://dx.doi.org/10.1016/j.biopsycho
.2013.08.001

Urgesi, C., Aglioti, S. M., Skrap, M., & Fabbro, F.
(2010). The spiritual brain: Selective cortical le-
sions modulate human self-transcendence. Neuron,
65, 309-319. http://dx.doi.org/10.1016/j.neuron
.2010.01.026

Wallace, G. L., Eisenberg, I. W., Robustelli, B.,
Dankner, N., Kenworthy, L., Giedd, J. N., & Mar-
tin, A. (2015). Longitudinal cortical development
during adolescence and young adulthood in autism
spectrum disorder: Increased cortical thinning but
comparable surface area changes. Journal of the
American Academy of Child & Adolescent Psychi-
atry, 54, 464—-469. http://dx.doi.org/10.1016/j.jaac
.2015.03.007

Weissman, M. M., Berry, O. O., Warner, V., Gam-
eroff, M. J., Skipper, J., Talati, A., . . . Wickrama-
ratne, P. (2016a). A 30-year study of 3 generations
at high risk and low risk for depression. Journal of
the American Medical Association Psychiatry, 73,
970-977. http://dx.doi.org/10.1001/jamapsychiatry
.2016.1586

Weissman, M. M., Leckman, J. F., Merikangas,
K. R., Gammon, G. D., & Prusoff, B. A. (1984).
Depression and anxiety disorders in parents and
children. Results from the Yale family study. Ar-
chives of General Psychiatry, 41, 845—852. http://

dx.doi.org/10.1001/archpsyc.1984.01790200
027004

Weissman, M. M., Warner, V., Wickramaratne, P.,
Moreau, D., & Olfson, M. (1997). Offspring of
depressed parents. 10 Years later. Archives of Gen-
eral Psychiatry, 54, 932-940. http://dx.doi.org/10
.1001/archpsyc.1997.01830220054009

Weissman, M. M., Wickramaratne, P., Gameroff,
M. J., Warner, V., Pilowsky, D., Kohad, R. G, . ..
Talati, A. (2016b). Offspring of depressed parents:
30 years later. The American Journal of Psychia-
try, 173, 1024-1032. http://dx.doi.org/10.1176/
appi.ajp.2016.15101327

Weissman, M. M., Wickramaratne, P., Nomura, Y.,
Warner, V., Pilowsky, D., & Verdeli, H. (2006).
Offspring of depressed parents: 20 years later. The
American Journal of Psychiatry, 163, 1001-1008.
http://dx.doi.org/10.1176/ajp.2006.163.6.1001

Winkler, A. M., Kochunov, P., Blangero, J., Almasy,
L., Zilles, K., Fox, P. T., . . . Glahn, D. C. (2010).
Cortical thickness or grey matter volume? The
importance of selecting the phenotype for imaging
genetics studies. Neurolmage, 53, 1135-1146.
http://dx.doi.org/10.1016/j.neuroimage.2009.12
.028

Received October 12, 2016
Revision received December 5, 2016
Accepted December 12, 2016 =

available!

E-Mail Notification of Your Latest Issue Online!

Would you like to know when the next issue of your favorite APA journal will be
available online? This service is now available to you. Sign up at https://my.apa.org/
portal/alerts/ and you will be notified by e-mail when issues of interest to you become



http://dx.doi.org/10.1016/j.biopsycho.2013.08.001
http://dx.doi.org/10.1016/j.biopsycho.2013.08.001
http://dx.doi.org/10.1016/j.neuron.2010.01.026
http://dx.doi.org/10.1016/j.neuron.2010.01.026
http://dx.doi.org/10.1016/j.jaac.2015.03.007
http://dx.doi.org/10.1016/j.jaac.2015.03.007
http://dx.doi.org/10.1001/jamapsychiatry.2016.1586
http://dx.doi.org/10.1001/jamapsychiatry.2016.1586
http://dx.doi.org/10.1001/archpsyc.1984.01790200027004
http://dx.doi.org/10.1001/archpsyc.1984.01790200027004
http://dx.doi.org/10.1001/archpsyc.1984.01790200027004
http://dx.doi.org/10.1001/archpsyc.1997.01830220054009
http://dx.doi.org/10.1001/archpsyc.1997.01830220054009
http://dx.doi.org/10.1176/appi.ajp.2016.15101327
http://dx.doi.org/10.1176/appi.ajp.2016.15101327
http://dx.doi.org/10.1176/ajp.2006.163.6.1001
http://dx.doi.org/10.1016/j.neuroimage.2009.12.028
http://dx.doi.org/10.1016/j.neuroimage.2009.12.028

	Method
	Participants
	Religion and Spirituality Measures
	MRI Acquisition
	Image Processing
	Statistical Analyses

	Results
	Discussion
	References

