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IMPORTANCE We previously reported a 90% decreased risk in major depression, assessed

prospectively, in adult offspring of depressed probands who reported that religion or
spirituality was highly important to them. Frequency of church attendance was not
significantly related to depression risk. Our previous brain imaging findings in adult offspring
in these high-risk families also revealed large expanses of cortical thinning across the lateral
surface of the right cerebral hemisphere.
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OBJECTIVE To determine whether high-risk adults who reported high importance of religion
or spirituality had thicker cortices than those who reported moderate or low importance of
religion or spirituality and whether this effect varied by family risk status.
DESIGN, SETTING, AND PARTICIPANTS Longitudinal, retrospective cohort, familial study of 103
adults (aged 18-54 years) who were the second- or third-generation offspring of depressed
(high familial risk) or nondepressed (low familiar risk) probands (first generation). Religious or
spiritual importance and church attendance were assessed at 2 time points during 5 years,
and cortical thickness was measured on anatomical images of the brain acquired with
magnetic resonance imaging at the second time point.
MAIN OUTCOMES AND MEASURES Cortical thickness in the parietal regions by risk status.
RESULTS Importance of religion or spirituality, but not frequency of attendance, was
associated with thicker cortices in the left and right parietal and occipital regions, the mesial
frontal lobe of the right hemisphere, and the cuneus and precuneus in the left hemisphere,
independent of familial risk. In addition, the effects of importance on cortical thickness were
significantly stronger in the high-risk than in the low-risk group, particularly along the mesial
wall of the left hemisphere, in the same region where we previously reported a significant
thinner cortex associated with a familial risk of developing depressive illness. We note that
these findings are correlational and therefore do not prove a causal association between
importance and cortical thickness.
CONCLUSIONS AND RELEVANCE A thicker cortex associated with a high importance of religion
or spirituality may confer resilience to the development of depressive illness in individuals at
high familial risk for major depression, possibly by expanding a cortical reserve that counters
to some extent the vulnerability that cortical thinning poses for developing familial
depressive illness.
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e previously reported a 90% decreased risk, assessed prospectively for 10 years, of developing major depressive disorder (MDD) in adult offspring of depressed probands (high familial risk [HR]) who said that religion
or spirituality was highly important to them.1 Attendance at religious services and religious denomination did not decrease the
risk of MDD. Among the same participants in our 25-year, longitudinal, multigenerational study of MDD who underwent magnetic resonance imaging (MRI), we identified large expanses of
cortical thinning across the lateral surface of the right cerebral
hemisphere and mesial wall of the left hemisphere in adult offspring of the HR group.2 These findings led us to explore whether
the regions where cortical thinning was located in the HR adults
would be thicker in those who report a high personal importance of religion or spirituality and whether these findings would
be significantly more prominent in persons at HR compared with
low familial risk (LR) for MDD. A relatively thicker cortex in these
regions could potentially account for the protection against depression that religion or spirituality seem to afford. (For ease of
reading, we will refer to the personal importance of religion or
spirituality simply as importance.)
Numerous studies have found an inverse association between religiosity and depression, and additional studies have
attempted to identify a neurobiological basis for religious and
spiritual experiences.3-9 In healthy individuals, for example,
transcranial magnetic stimulation of the temporoparietal regions evoked feelings of sensed presence.10 A study11 on older
adults using structural MRI prospectively associated bornagain status, life-changing religious experiences, and Catholicism with subsequent greater atrophy in the hippocampus. Several functional neuroimaging studies2,12-15 of healthy adults
using functional MRI and single-photon emission computed
tomography revealed that the intensity of self-evoked religious experiences during MRI was associated with increased
blood flow in various subregions of the prefrontal and parietal cortices. These neurobiological correlates of religious and
spiritual experiences, however, have yet to be investigated in
terms of the risk and protective benefits that they confer for
MDD.
In the present study, we followed adults for more than 30
years adults were at either HR or LR for MDD, during which
time the participants self-reported importance and frequency of attendance at services and were assessed for symptoms of depression. We assessed the associations of importance with measures of cortical thickness measured on MRIs
of the brain acquired at the 25-year follow-up. In addition to
reporting thinner cortices in HR adults that averaged nearly
30% across the lateral surface of the right hemisphere and mesial wall of the left, we also previously reported that thinner
cortices in the HR group were state independent (ie, a thinner
cortex was independent of whether participants were ever depressed and therefore was likely an endophenotype for MDD)
and that the cortical thickness mediated the associations of familial risk for MDD with inattention and difficulty recalling social stimuli, cognitive disturbances that in turn were associated with increased symptoms of anxiety and depression.2,15
We therefore hypothesized that adults with self-reported
high importance compared with those with low or moderate

importance would have thicker cortices in brain regions, which
was previously identified as an endophenotype for familial
MDD. Because we have previously found that the effects of religious importance in protecting against MDD are greater in HR
compared with LR adults, we further hypothesized that the HR
compared with the LR participants would have larger expanses of the brain in which cortical thickness correlated positively with religious importance.

Methods
Participants
The 103 adults (mean [SD] age at MRI, 37.4 [9.5] years; age range,
18-54 years; 40 men) in this study are part of an ongoing 3-generation study and have been followed up for more than 30
years.16,17 Sample characteristics, assessed when the MRIs were
performed, were as follows: 61.2% were women, approximately half (47.6%) were married, 36.9% were single, 13.6%
were separated or divorced, and 1.9% did not report marital
status. Most (57.3%) had greater than a high school education, 37.9% had a high school diploma or general educational
development certificate, 3.9% had not graduated high school,
and 1.0% did not report educational attainment. Annual income was below $20 000 for 25.2% of the sample, between
$20 000 and $39 999 for 25.2%, and above $40 000 for 40.8%,
with 8.7% not reporting annual income. The distribution of religious denomination was as follows: 48.5% were Catholic, 8.7%
were Protestant, 5.8% were Jewish, 23.3% espoused personal
religious or spiritual beliefs not affiliated with any institutionalized religion, and 13.6% gave another response or no response. There were no differences in demographics by risk
groups at 20 years (eTable 1 in the Supplement).
The first generation (G1, or the probands) consisted of
adults with no current or past history of depression (LR) or who
were clinically identified as having current or past (HR) MDD.
Their biological offspring composed the second generation
(G2), and their grandchildren composed the third generation
(G3). We defined the familial risk for depression of G2 and G3
members based on the clinical diagnosis of probands. The 67
adult offspring of G1 with MDD were defined as being at HR
for depression, and the 36 adult offspring of healthy G1 members were defined as being at LR for depression. The participants were assessed at baseline and then 2, 10, 20, and 25 years
later (T2, T10, T20, and T25, respectively). A 30-year follow-up is under way. Assessments of religiosity at T20 and T25
were used to be closer to the time of the MRI evaluation, which
was at T25. In the clinical study described previously,1 we reported on religiosity at T10 and T20. A detailed description of
the study, especially the participant ascertainment and diagnostic assessment, has been previously published.16,17 The diagnostic interviews across all waves were conducted using the
Schedule for Affective Disorders and Schizophrenia–Lifetime
Version for adults.18,19 To determine current clinical symptoms at the time of the scan, the Hamilton depression and anxiety rating scales were used.20 The diagnoses and religious variables were assessed by investigators masked to familial risk
status and MRI results.
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Anatomical MRIs of the brain were acquired at T25. A complete description of participant ascertainment into the MRI portion of the overall longitudinal study has been published
elsewhere.2 Of relevance to the present study is that of the 131
participants in the previously published study identifying an
endophenotype for depression, 103 met criteria for this study
by being older than 18 years, the age at which the questions
on religion were administered as self-report rather than as parental report. Of these 103 participants, 85 participants were
G2 and 18 participants were G3.

Religion and Spirituality Measures
The questions on religiosity were determined at T20 and T25
by asking the following 3 questions, which traditionally have
been the most frequently used in research on religion and
health6,7: (1) “How important to you is religion or spirituality?” with a response ranging from 1 (not important at all) to 4
(highly important); (2) “How often, if at all, do you attend
church, synagogue, or other religious or spiritual services?”
with a response ranging 4 categories from never to once a week
or more; and (3) “How would you describe your current religious beliefs? Is there a particular denomination or religious
organization that you are part of ?” with 10 denominations
specified, including an opportunity to specify others. Level of
personal importance and frequency of attendance across studies tend to correlate moderately,6,7 with a Spearman rank correlation coefficient of 0.59 (N = 87) at T20 in the current sample.
The direction of response on the frequently used single-item
question for importance correlates well with direction of response on the Brief Multidimensional Measure of Religiousness/Spirituality (originally developed by the Fetzer Institute) on the 12 items that represent relational spirituality, the
dimensions of daily spiritual experience, forgiveness, and positive religious coping (Pearson r = 0.70).21,22 The responses to
the importance and the frequency of attendance were independently dichotomized as either high (≥3) or low importance and either high or low attendance, respectively. At T20,
a total of 22 participants reported high importance and 66 reported low importance. At T25, a total of 25 participants reported high importance, and 78 reported low importance. Level
of personal importance of religion or spirituality at both T20
and T25 did not differ by risk group. Frequent attendance of
religious service did not differ by risk group at T20, but at T25
a higher percentage of participants attended at least once a
month in the LR group (eTable 2 in the Supplement).
Participants designated as stable high were those who reported high importance at both T20 and T25 (12 participants);
stable low, those who reported low importance at both times
(53 adults); or unstable, those who reported high importance
at one time and low importance at the other time point (17 participants). These 3 groups defined by stability of high importance did not differ significantly in demographic characteristics (eTable 3 in the Supplement). With respect to attendance
of religious services, at T20, frequent attendance was reported by 10 of 12 adults (83.3%) in the high stable group, 16
of 56 adults (28.6%) in the low stable group, and 12 of 19 adults
(63.2%) in the unstable group (χ 22 = 15.8, P < .001). Means of raw
data scores on personal importance and frequency of atten130

dance by the 3 groups are displayed longitudinally at T10 (initial time that all religion questions were included in the study),
T20, and T25 ( eFigure 1 and eFigure 2 in the Supplement).

MRI Pulse Sequence
The anatomical MRI data were acquired using a Sonata 1.5-T
scanner (Siemens AG). A 3-dimensional magnetizationprepared rapid acquisition with gradient-echo sequence (repetition time, 24 milliseconds; echo time, 2.96 milliseconds; 45°
flip; 256 × 192 matrix; field of vision, 30 cm; phase field of
view, 100%; 2 excitations; slice thickness, 1.2 mm; and 124 contiguous slices) provided nearly isotropic voxels (1.17 × 1.17 ×
1.2 mm) for all participants.

Image Preprocessing
Nonuniformities in image intensities were corrected using an
automated program,23 and the brain was isolated from nonbrain tissue using semiautomated procedures. Brain tissue was
segmented as either gray matter or white matter using protocols detailed elsewhere.2 We used a 2-step procedure to select as a template a single brain that was morphologically representative of the brains of the LR adults (eMethods in the
Supplement).

Cortical Thickness Analyses and Surface Morphometry
Each brain was first coregistered to the template brain using a
similarity transformation,24 and then a high-dimensional, nonlinear warping algorithm25 was applied to establish point-bypoint correspondence across the surface of the template and
each brain. The nonlinear warping then was reversed to bring
each structure into the previous similarity registration with the
template structure, thereby establishing point-by-point correspondence across the surface of the 2 brains. For each participant, cortical thickness was measured in template space
using a 3-dimensional morphologic operator and mapped onto
the surface of the template brain (eMethods in the Supplement), thereby permitting statistical analyses of cortical thickness measures at each point across the participants in our study.
Use of a single brain as the template rather than a unique template brain for each group permitted us to compare cortical
thicknesses between groups and to correlate thickness with
measures of religious importance and ratings of anxiety or depression. We correlated cortical thickness with the importance and the frequency of church attendance while controlling for age, sex, and familial risk for MDD (eMethods in the
Supplement).

Statistical Analysis
First, we studied the effects of importance at T25 on brain measures and assessed whether these effects differed across the
HR and LR groups. Second, we studied the effects on our brain
measures of stable high vs stable low importance for 5 years
(ie, from T20 to T25). We assessed independently the effects
of importance and the frequency of attendance at religious services on brain measures using product-moment correlations
because their ordinal measures were significantly intercorrelated at both time points (at T20: r = 0.58; at T25: r = 0.50; both
P < .001). Finally, we correlated brain measures with normal-

JAMA Psychiatry February 2014 Volume 71, Number 2

Copyright 2014 American Medical Association. All rights reserved.

Downloaded From: http://archpsyc.jamanetwork.com/ by a Columbia University User on 02/06/2014

jamapsychiatry.com

Religiosity and Spirituality Correlates

Original Investigation Research

Figure 1. Associations of Religious and Spiritual Importance With Cortical Thickness
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Methods for false discovery rate (FDR) (A) and gaussian random field (GRF) (B)
were applied to correct for the multiple comparisons. The GRF method is more
conservative but has lower statistical power than the FDR method; therefore,
the GRF-corrected maps have fewer significant findings. The corrected P values
were color encoded and displayed on the surface. The color bar shows the color
encoding for the P values. Red and yellow indicate positive correlations, and
violet and blue indicate negative correlations between the measures of cortical

thickness and importance of religion. C, The plot of the mean thicknesses and
SEs (error bars) for a region in the mesial right hemisphere showed that the
mean cortex was 1-mm thicker in the individuals with high compared with low
importance for religion. These maps show that the higher importance for
religion was associated with thicker cortical mantle bilaterally across the
occipital cortex and superior parietal lobe, in the mesial right hemisphere, and in
the precuneus and cuneus of the left hemisphere.

ized measures (z scores) for anxiety and/or depression. The z
score for current depressive symptoms for each participant was
summed and was subsequently correlated with brain measures. We controlled for familial risk for MDD in all our statistical analyses to identify the neuroanatomical correlates of importance and the interactions of importance with familial risk
that are independent of familial risk. In addition, all statistics
controlled for age and sex of the participants. We, however,
did not explicitly include whole-brain volume or intracranial
volume as covariates in our statistical models because cortical thickness was scaled by brain size when the participant
brains were transformed into the coordinate space of the template brain.
In testing our a priori hypotheses in which we associated
cortical thickness with the importance at T25, stable importance during a 5-year period, and frequency of church attendance, we corrected for multiple testing of statistical hypotheses at each point across the surface of the brain using gaussian
random fields (GRFs).26 The GRF-based correction is conservative and minimizes type I errors when testing multiple hypotheses, but it also increases the likelihood of type II error
(ie, increases the number of false-negative findings). There-

fore, in our exploratory analyses in which we assessed the interaction of risk by importance, whereby stratifying individuals by familial risk decreased our statistical power, we applied
the less conservative False Discovery Rate corrected for multiple comparisons to minimize type II errors while permitting
a prespecified rate (rate of 0.05) of false-positive findings.

Results
Adults who reported high importance at T25 had thicker cortices in the left and right parietal and occipital regions, the mesial frontal lobe of the right hemisphere, and the cuneus and
precuneus in the left hemisphere (Figure 1). Adults who reported stable high importance had thicker cortices in the same
regions, independent of familial risk (Figure 2), showing the
association of sustained high importance over 5 years on cortical thickness. In addition, adults who had high importance
only at 1 of the 2 time points also had thicker cortices across
large expanses of both hemispheres than those who had moderate to low importance at both time points (eFigure 4 in the
Supplement), although participants with high importance at
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Figure 2. The Effects of Stable Importance During a 5-Year Period
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A and B, Although the participants with either stable high or unstable
importance for religion had thicker cortical mantle in the left posterior parietal
and occipital cortex and mesial right hemisphere, the expanse of regions with a
thicker cortex was smaller in the participants with unstable than those with

stable high importance. C and D, The plots of the mean thickness showed that
the cortex was approximately 0.69-mm thicker in the occipital lobe for the
stable high participants and in the posterior parietal lobe for the unstable
participants compared with participants with stable low importance for religion.

T25 (time of scan) had significant associations across much
larger expanses of the cortical surface. Controlling for education increased the expanse of regions with significant associations. The current level of depressive symptoms, measured using Hamilton Depression Rating Scale scores at the
time of MRI, did not alter the association between cortical thickness and importance. Although persons who reported frequent attendance at religious services had thicker cortices in
the same regions as the adults with stable high importance,
the associations were not statistically significant after controlling for multiple comparisons (eFigure 5 in the Supplement), which is consistent with our previous finding that, when
controlling for importance, attendance at religious services was
not significantly associated with increased risk for depression.1
Exploratory analyses indicated that the effects of importance were significantly stronger in the HR than in the LR group,
particularly in the mesial wall of the left hemisphere (Figure 3),
in the same region where we previously reported a thinner cortex to be significantly associated with a familial risk for developing MDD.2 Symptom severity at the time of MRI correlated
inversely with cortical thickness in the parietal lobes bilaterally in the HR group more prominently than in the LR group,
suggesting that thicker cortices in these regions proportion-

ately protected against depressive symptoms (eFigure 6 in the
Supplement).

Discussion
Our findings indicate that high importance of religion or spirituality was associated with thicker cortices throughout the superior parietal and occipital lobes of the brain, especially in the
brain regions where a thinner cortex was found to be a morphologic endophenotype of familial risk for MDD. 2,15 Although a high frequency of attendance of religious services was
associated with a high personal importance of religion or spirituality, the association between attendance and cortical thickness was not statistically significant, a contrasting set of findings that warrants comment. Although some individuals may
attend services to cultivate personal spirituality, others may
attend for other important reasons, whether or not they place
a high importance on personal spirituality. In our cohort, 49
participants reported high attendance, yet only 21 of those also
reported high importance. The remaining 28 participants may
be attending services for a host of reasons, which may include seeking community and social support. In a previous
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Figure 3. Differing Effects of Religious and Spiritual Importance in the High- Compared With Low-Risk Group
A
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The interaction map of familial risk by religious importance at 25 years (T25)
shows differing effects of religious importance on cortical thickness in the highcompared with low-risk group across the orbital frontal cortex and the mesial
left and right hemispheres. In the 67 high-risk adults, bilateral increases in
cortical thickness across the entire brain were associated with higher
importance for religion at T25. In the 36 low-risk adults, thinning in the orbital

frontal cortex and mesial left hemisphere and thickening in the right mesial
hemisphere were associated with high importance for religion. We applied the
false discovery rate to correct for multiple comparisons. P values were color
encoded and plotted on the surface of the brain. ACC indicates anterior
cingulate cortex; CUN, cuneus; mPFC, mesial prefrontal cortex; PCUN,
precuneus; SPL, superior parietal lobe.

study27 using this sample, we found that the participants who
frequently attended religious services were in fact at increased risk for depression after controlling for personal importance, suggesting that a subset of participants may attend
religious services for comfort or management of depressive
symptoms. Thus, although frequent attendance may express, sustain, and cultivate personal importance, our findings suggest that religious beliefs and experiences, and not
overt behavior, are associated with cortical thickness.
The associations between importance and cortical thickness were generally similar in direction and spatial location
across the 2 risk groups (Figure 3), suggesting that the morphologic effects of high importance may hold in the general
population. However, the association of cortical thickness with
importance was strongest and spatially most extensive in HR
adults than in LR adults (Figure 3), in whom our previous study1
demonstrated that high importance conferred a 90% reduction in relative risk for depression during a 10-year period. The
large magnitude and spatially extensive degree of thinning previously documented in the HR group may have afforded a larger
potential effect of religiosity on cortical thickness than in the
LR group, where ceiling effects presumably constrained to
some extent the morphologic effects of religiosity. Stable reports of high importance during 5 years rather than reporting
a high level of spirituality at only one point in time were associated with thicker cortices across a greater spatial extent of
the cerebral surface (Figure 2), suggesting that structural differences are associated with a more sustained use of the cortical region over time. A report of high importance contemporaneous with the MRI correlated with cortical thickening
more robustly than did a report of high importance 5 years earlier, suggesting the relevance of current importance to corti-

cal thickening and, presumably, the resilience that it confers
against depressive illness. Consistent with this interpretation, the severity of depressive symptoms at the time of MRI
correlated inversely with cortical thickness in the parietal lobes
bilaterally in the HR group more prominently than in the LR
group. Because individuals with thicker cortices had less severe depressive symptoms, increasing cortical thickness in
these regions likely conferred a proportionate degree of protection against depressive symptoms.
Our findings are consistent with and add to the findings
of imaging studies of spiritual and religious experience, as well
as findings on the effects of the sustained practice of meditation. Functional neuroimaging studies using functional MRI
and single-photon emission computed tomography associated
increased blood flow in various subregions of prefrontal and
parietal cortices with an increased intensity of religious
experience.12-14 Adults who regularly meditated had a thicker
prefrontal cortex and right anterior insula28,29 as well as increased functional activity in the prefrontal cortex.30,31 Davidson and McEwen32 identified a neural pathway from attention to social empathy that was associated with sustained
meditation and mediated by the activity of the prefrontal cortex. Although these prior studies cannot establish a causal relationship between meditation and morphologic changes in the
brain, an additional imaging study33 combined with an experimental intervention using mindfulness meditation suggested that meditation may cause these morphologic changes
in the brain. That study found that gray matter density increased in the left hippocampus, posterior cingulate cortex,
and temporoparietal junction in 16 healthy, meditation-naive
participants who underwent meditation training for 8 weeks.
Consistent with the major findings of these prior studies, the
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locations of the strongest effects of cortical thickening that we
observed predominantly support sensory and spatial processing, with the parietal lobe mediating the sense of self, navigation in space, and spatial orientation34,35 and the precuneus
supporting reflective self-awareness.36
Taken together with these previous reports, our finding
that the cortex was thicker in those with high importance in
both risk groups suggests that high importance may be related to structures in the brain that confer a relative resilience
against developing depression. The thicker cortices were located in the same general regions as the morphologic endophenotype, conferring familial risk for depression but much
more strongly in the mirror-image locations of the risk endophenotype (Figures 1-3) in regions that we previously interpreted as providing cortical reserve that compensated for the
presence of cortical thinning within the risk endophenotype.
The importance of religion or spirituality therefore likely reinforces persons who are at greater familial and neuroanatomical risk for developing depression against actually becoming ill by providing reserve in the regions within the
endophenotype and in the mirror-image locations. The importance of religion or spirituality appears to confer a neuroanatomical resilience in those who are otherwise predisposed to developing depressive illness. The findings should not
be interpreted as identifying a single location in the brain that
is the site of religious experience or spirituality.
The present study is limited by the collection of MRI data
at only one time point, thereby preventing us from assessing
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