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There is widespread literature linking church attendance to physical health. However, little is known
about the association of church attendance and the immune system, particularly during difficult life
transitions. This study investigated the association between church attendance and CMV herpes-virus
latency by assessing Cytomegalovirus (CMV) IgG antibody titers among bereaved and nonbereaved
individuals. Participants included 44 bereaved individuals and 44 controls, with a mean age of 68 (SD �
12.84). CMV herpes-virus latency was measured using CMV IgG antibody titers. Church attendance
was measured using 3 items from the Community Healthy Activities Model Program for Seniors
(CHAMPS) Questionnaire. After adjusting for participant’s age, gender, education, minority status,
weekly alcohol consumption, smoking, depression, body mass index (BMI) and comorbidities,
church attendance was associated with lower CMV IgG antibody titers among bereaved and control
participants. Furthermore, there was a significant moderating effect of church attendance in the
association between bereavement status and CMV IgG antibody titers, so that bereaved individuals
attending church were found to have less herpes-virus reactivation (lower CMV IgG antibody titers)
when compared to their bereaved counterparts that do not attend church. This study demonstrated
that church attendance is associated with less herpes-virus reactivation as indexed by lower levels
of CMV IgG antibody titers, particularly among the bereaved. Future studies should focus on further
understanding the pathways by which church attendance impacts CMV herpes-virus latency during
stressful life events, such as bereavement.

Keywords: church, Cytomegalovirus (CMV), immunity, bereavement, health

Religiosity, that is, the compliance, belongingness, and commit-
ment to an organized tradition with a specific belief system
(Thoresen, Harris, & Oman, 2001), is central to the lives of many
people, particularly in the face of adversity (Wortmann & Park,
2008). A recent U.S. survey of more than 35,000 participants
found that approximately 74% of Americans identified religiosity

as important in their life, with approximately 36% attending
weekly religious services and 41% participating in prayer services
or religious education groups several times a year (Pew Research
Center, 2014). Also, research shows religious involvement and
attendance at religious services to be particularly relevant in the
lives of people facing disadvantage (Pew Research Center, 2014),
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and to be associated with lower mortality (Chida, Steptoe, &
Powell, 2009; McCullough, Hoyt, Larson, Koenig, & Thoresen,
2000). Identifying ways in which religiosity benefits people is
essential to inform program and intervention development.

An important aspect of religiosity in the health literature is
church attendance, given its association with lower mortality
(Chida et al., 2009) and its stress-buffering potential (Das & Nairn,
2016). Indeed, church attendance has been consistently shown to
have a positive effect on health during stressful life transitions
(Das & Nairn, 2016). For instance, church attendance helps indi-
viduals better cope with life-threatening illness (Matthews et al.,
1998), and it serves as a protective factor against depression and
anxiety after the loss of a loved one (Monserud & Markides, 2017;
Woo, Chan, Chow, & Ho, 2009). Nevertheless, although church
attendance has been identified as helpful during stressful life
transitions, information on the potential effects of church atten-
dance on physiological outcomes remains scant.

Among the few studies that have explored associations between
church attendance and biological markers, evidence suggests that
church attendance may be associated with lower blood pressure
(Das & Nairn, 2016; Seeman, Dubin, & Seeman, 2003), lower
heart rate (Das & Nairn, 2016), and lower prevalence of hyper-
tension (Seeman et al., 2003). Also, in a population-based study of
1,718 participants, church attendance was associated with lower
inflammation, namely lower levels of Interleukin 6 (IL-6; Koenig
et al., 1997). Similarly, using nationally representative data of U.S.
adults ages 57–85 from the 2005–2006 National Social Life,
Health and Aging Project, results showed that church attendance
was associated with lower indicators of inflammation, as well as
with better immune functioning (Das & Nairn, 2016). Moreover, in
this same study, researchers found that among individuals experi-
encing spousal loss, due to either divorce or widowhood, those
who did not attend religious services had significantly elevated
inflammation when compared to those that attended services reg-
ularly, but less is known about its association with immune func-
tioning in this population (Das & Nairn, 2016).

The loss of a spouse is a particularly stressful life event (Bar-
trop, 2017). Consistent with this premise, recent studies examining
the effects of spousal loss indicate increased risk of long-term
health damage for a broad range of mental and physical health
problems (Das, 2013; Hughes & Waite, 2009). For instance, the
distress and negative emotions generated may dysregulate cellular
immunity (Segerstrom & Miller, 2004), which in turn may lead to
the development of various chronic illnesses (Black, 2003). Ac-
cording to biobehavioral models of adversity that emphasize the
negative effects of stressful events on physiology (G. E. Miller,
Chen, & Parker, 2011), the immune system is responsive to hor-
mones (i.e., cortisol), which can be altered in the face of adversity
or during difficult life transitions, such as bereavement (Buckley et
al., 2012; Segerstrom & Miller, 2004). Maladaptive alterations in
cellular immune function can enhance reactivation and replication
of viruses, such as herpes viruses including Cytomegalovirus
(CMV; Glaser & Kiecolt-Glaser, 1994; Steptoe et al., 2007). Most
people have been exposed to herpes viruses, including CMV
(Centers for Disease Control & Prevention, 2016). After primary
infection, herpes viruses continue to reside in B lymphocytes and
other white blood cells for life (Schmidt & Misko, 1995). Partial
reactivation and replication of herpes viruses is controlled by the
cellular response, largely by specific-memory cytotoxic T cells and

natural killer cells (Glaser et al., 1993). Although the majority of
individuals remain asymptomatic, exposure to stressful events
reduces the immune cellular immune response, which in turn may
lead to reactivation of the viruses and increased production of
specific antibodies to the expressed antigens (Glaser et al., 1993).
Indeed, elevated antibody titers indicate poorer cellular immune
control over viral latency (Glaser & Kiecolt-Glaser, 1994), which
increases vulnerability to disease (Black, 2003).

Given that bereavement is a stressful life event associated with
increased health risk, identifying protective factors associated with
better health outcomes among the bereaved is essential to inform
the development of interventions aimed to reduce risk associated
with this difficult life transition. One such factor may be church
attendance. In this study, we investigated whether or not church
attendance was related to CMV herpes-virus latency among be-
reaved and nonbereaved individuals. Specifically, we addressed
the question of whether church attendance was associated with
lower CMV antibody titers, and whether church attendance mod-
erated the association between bereavement status and CMV
herpes-virus latency as measured by CMV antibody titers. We
hypothesized that the association of bereavement and CMV
herpes-virus latency would vary by church attendance, so that
bereaved individuals attending church would have less herpes-
virus reactivation as indicated by lower CMV antibody titers when
compared to their bereaved counterparts that do not attend church.

Method

Study Sample

Our sample comprised participants enrolled in Project Heart,
including bereaved adults and their matched controls. The primary
aim of Project Heart was to examine the mechanisms that underlie
increased risk for cardiovascular disease among bereaved adults.
Participants were excluded because of significant visual or audi-
tory impairment, pregnant or nursing women, autoimmune and
inflammatory diseases, having experienced bereavement due to
loss of a person other than their spouse or significant other, those
divorced within the past year, and widowed controls. All partici-
pants were English speakers to ensure proper understanding of the
questionnaires.

Procedures

Individuals who recently experienced the loss of their spouse
(M � 89.6 days, SD � 15.9 days) were contacted and recruited
from obituaries, support groups, flyer distribution, online postings,
and community events. Control participants who had not experi-
enced the loss of a spouse or romantic partner in the past year were
also recruited through flyers, community events, and online ad-
vertisements. Bereaved participants were matched to controls on
age and gender. Research assistants administered assessments at
the participants’ home or in the Bioscience Research Collaborative
Community Research Center in the Texas Medical Center. During
these visits, participants completed a questionnaire packet, which
included self-report demographic questionnaires and clinical ques-
tionnaires. Furthermore, anthropometric measurements, including
weight, height, waist circumference and non-fasting blood sam-
ples, were collected during the early hours of the morning. All
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participants provided written informed consent, and procedures
were approved by the Rice University Institutional Review Board.
Out of the participants recruited, 18 were CMV seronegative and
were removed from the analyses. Also, 3 participants were re-
moved from the analyses due to missing data. Thus, our analytical
sample included a total of 88 participants (44 bereaved, 44 con-
trol).

Determination of CMV IgG Antibody Titers

CMV was selected as the biomarker in this study given that
there is considerable evidence suggesting that CMV contributes to
immunosenescence, the gradual deterioration of the immune sys-
tem brought on by natural age advancement (Pawelec, Derhovan-
essian, Larbi, Strindhall, & Wikby, 2009), which makes this bio-
marker more clinically relevant than some other herpes viruses.
CMV IgG antibody titers were assessed following standard proto-
col (Stowe et al., 2014). Ninety-six well microtiter plates, coated
with virally infected cells, were obtained from EuroImmun (Morris
Plains, NJ). Antigen sources for the CMV plates were inactivated
cell lysates of MRC-5 (diploid fibroblast) cells infected with the
CMV AD169 strain. Plasma samples with high IFA-scored anti-
body titers (i.e., 2560), obtained from past studies, were used as the
top standard for CMV. Eight twofold serial dilutions of the top
standards were made with phosphate buffered saline in separate
tubes. One hundred microliters of positive and negative controls,
standards, and diluted patient samples (all dilutions were at 1:101)
were pipetted in duplicate into individual microplate wells fol-
lowed by a 30-min incubation (all steps were carried out at room
temperature). The plates were then washed 3 times with 350 �l
wash buffer (provided) using an Embla microplate washer (Mo-
lecular Devices, Menlo Park, CA). Next, 100 �l of enzyme con-
jugate (peroxidase labeled antihuman IgG) was pipetted into the
wells followed by another 30-min incubation period. The plates
were then washed 3 times, and 100 �l of chromogen substrate
(TMB/H2O2) was pipetted into the wells. The plates were then
covered to protect from direct light and incubated for 15 min. One
hundred microliters of 0.5 M sulfuric acid was added to each well
to stop the reaction. Absorbance was then read at 450 nm (refer-
ence wavelength 590 nm) using a SpectraMax Plus 384 (Molecular
Devices). The values of the unknown samples were assigned in
relation to the standard curve.

Measures

Church attendance. This was assessed using three questions
from the Community Healthy Activities Model Program for Se-
niors (CHAMPS) Questionnaire. The CHAMPS is a multiitem
measure used to assess weekly frequency and duration of various
physical activities typically undertaken by older adults (Stewart et
al., 2001). The CHAMPS is known to have good psychometric
properties, and it has been used widely in the development of
interventions with the target population (Stewart et al., 2001).
Specifically, in this study, church attendance was assessed using
the following question: “In a typical week, during the past four
weeks, did you attend church or took part in church activities?”
Responses to this question was dichotomous (0 � No, 1 � Yes).
Furthermore, among participants attending church, two additional
questions were asked to be used in post hoc analyses to determine

if frequency of church attendance was associated with cellular
immune function: (a) “How many times a week,” which was
assessed as a continuous variable; and (b) “How many total hours
a week,” which was assessed categorically using six response
choices ranging from 0 � less than an hour a week to 5 �9 or
more hours per week.

Covariates. Demographic factors, health behaviors, body
mass index (BMI), depression, and comorbid conditions were
included in the models described below as covariates. Demograph-
ics (age, gender, education, and minority status) were collected via
self-report questionnaires. Age and education were used as con-
tinuous variables, whereas gender (0 � male, 1 � female) and
minority status (0 � White, 1 � ethnic/racial minority) were
dichotomous variables. Health behaviors included frequency of
weekly alcohol consumption and current smoking (0 � no, 1 �
yes). BMI was computed as weight in kilograms divided by height
in meters squared. Depression was assessed using the Center for
Epidemiological Studies Depression Scale (CES-D), which is a
brief and widely used measure of depressive symptomatology
(Basco, Krebaum, & Rush, 1997; Radloff, 1977). Studies have
shown acceptable test–retest reliability and excellent construct
validity (Basco et al., 1997). As the CES-D has also distinguished
depressed from nondepressed participants in community and clin-
ical samples, discriminative validity appears acceptable as well
(Basco et al., 1997). Population norms provide cutoffs for varying
levels of depression (Basco et al., 1997). Medical comorbidities
were assessed using the Charlson index, which is the most widely
used comorbidity index (Charlson, Szatrowski, Peterson, & Gold,
1994). Originally developed for predicting mortality in chronically
ill patients, it has now been widely used among ill and healthy
populations (Dobnig et al., 2008).

Analytic Method

Analyses were conducted using SPSS, Version 22.0. A log
transformation normalized the distribution of CMV antibody titers.
Zero-order correlations assessed relationships between age, gen-
der, minority status, education, alcohol consumption, smoking,
depression, BMI, comorbidities, church attendance, bereavement
status, and CMV IgG antibody titers. Chi-square tests were con-
ducted to assess for differences between bereaved individuals and
their matched controls among dichotomous variables. Analyses of
variance (ANOVAs) tested for group differences on all continuous
variables. Using ordinary least squared multiple regression, we
addressed the question of whether church attendance interacted
with bereavement status to predict CMV antibody titers. All inde-
pendent variables were grand mean centered. We examined resid-
uals to confirm that they were normally distributed. To test for
moderation, church attendance (0 � no, 1 � yes), bereavement
status (0 � control, 1 � bereaved), and the interaction of church
attendance and bereavement status were entered as predictors. For
each analysis, we ran both unadjusted and adjusted regression
models. When predicting CMV antibody titers in the adjusted
model, we controlled for age, education, smoking, alcohol con-
sumption, depression, BMI, and comorbidities as linear, and gen-
der, minority status and smoking as dichotomous. We controlled
for the aforementioned variables given their well-established im-
pact on cellular immune function (O’Connor et al., 2009). All tests
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were two-sided, and � � .05 was considered to be statistically
significant.

Results

As shown in Table 1, the majority of the sample was female
(60%) and the mean age of participants was 68 years (SD � 12.8).
Also, bereaved participants were more likely to be Caucasian and
had lower BMI when compared to control participants. As ex-
pected, bereaved participants had greater depression scores when
compared to controls. The average CES-D score for bereaved
participants was 17, which is higher than the clinical depression
cut-off score of 16 or higher (Radloff, 1977; R. E. Roberts &
Vernon, 1983). Thus, our bereaved participants were clearly dis-
tressed. No significant differences across the groups were found in
terms of gender, education, weekly alcohol consumption, comor-
bidities, church attendance, and CMV antibody titers. Also, among
participants reporting their religious affiliation, most were associ-
ated with a Christian tradition (65.5%).

Table 2 provides bivariate correlations for all study variables.
Minority status and comorbidities were significantly associated
with CMV antibody titers. Neither age, gender, education, alcohol
consumption, smoking, depression, BMI, church attendance, nor
bereavement status were significantly associated with CMV anti-
body titers in bivariate analyses.

Table 3 summarizes the adjusted and unadjusted analyses that
assessed for the effect of bereavement and church attendance on
CMV antibody titers, as well as evaluated whether church atten-
dance interacted with bereavement status to predict CMV antibody
titers after controlling for relevant covariates. In the adjusted
model, there was a significant main effect of church attendance
on CMV antibody titers (B � �.560, 95% Confidence Intervals
[CI] � �1.076 to �0.043, p � 0.05). Specifically, church
attendance was associated with lower CMV antibody titers.
Also, the interaction between church attendance and bereave-
ment status to predict CMV antibody titers was significant in
the unadjusted model (B � �.240., 95% Confidence Intervals
[CI] � �.437, �.029, p � 0.05), as well as in the adjusted
model (B � .326, 95% Confidence Intervals [CI] � �0.002 to
0.651, p � 0.05). Specifically, results from the adjusted model
showed that there was a significant moderating role of church
attendance in the association between bereavement status and

CMV antibody titers, so that bereaved individuals attending
church had lower CMV antibody titers when compared to their
bereaved counterparts that do not attend church (see Figure 1).

Post hoc analyses were conducted to assess whether frequency
of church attendance interacted with bereavement status to predict
CMV antibody titers. The interactions between frequency of
church attendance and bereavement status to predict CMV anti-
body titers were nonsignificant.

Discussion

Bereavement ranks as one of the most stressful life events
associated with increased health risks (Fagundes, Gillie, Derry,
Bennett, & Kiecolt-Glaser, 2012). Identifying protective factors
associated with better health outcomes among the bereaved is
essential to guide intervention development and maintain well-
being. This study investigated how church attendance is related to
CMV herpes-virus latency, specifically lower CMV antibody ti-
ters, among bereaved and nonbereaved individuals. Our results
indicated that after controlling for relevant covariates, church
attendance was associated with lower CMV antibody titers, re-
flecting less herpes-virus reactivation. In addition, we provide
novel data assessing the moderating role of church attendance in
the association between bereavement status and CMV antibody
titers. In line with our hypotheses, we found that bereaved indi-
viduals attending church had less herpes-virus reactivation, as
indicated by lower CMV antibody titers, when compared to their
bereaved counterparts that do not attend church. Important to note
is that the association between bereavement and CMV herpes-
virus latency was not significant, which is consistent with research
documenting individual variation in stress-related bereavement
(Bonanno & Kaltman, 1999). Prior research shows that many
people exposed to loss or trauma, including bereavement, are
highly resilient and show only minor and transient disruptions in
functioning and wellbeing (Bonanno, 2004).

The aforementioned findings add to our understanding of the
potential role of church attendance on health, particularly less
herpes-virus reactivation. The association of church attendance
and specific markers of cellular immune function among older
adults, namely lower levels of IL-6 (Koenig et al., 1997) and EBV
VCA antibody titers (Das & Nairn, 2016), has been previously
documented. Nevertheless, our results are innovative in that they

Table 1
Sample Characteristics

Total (N � 88) Bereaved (n � 44) Controls (n � 44)

Variable % M SD % M SD % M SD p

CMV (log10) 2.26 .38 2.23 .42 2.29 .33 .455
Age (years) 67.67 12.84 71.78 11.17 63.56 13.20 .002
Gender (female) 60.2 70.5 69.5 .647
Minority status (Minority) 33.0 13.6 52.3 �.001
Education (years) 16.02 2.65 16.30 2.88 15.75 2.40 .338
Weekly alcohol consumption 3.65 5.65 3.76 5.68 3.55 5.68 .859
Smoker 6.80 2.30 11.4 .091
Depression 14.10 11.21 17.25 11.89 10.95 9.64 .008
BMI (Kg/m2) 28.53 6.07 26.69 4.62 30.46 6.81 .003
Comorbidities .31 1.04 .27 .97 .34 1.12 .761
Church attendance (yes) 41.4 37.2 45.5 .435
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support the association between church attendance and another
marker of CMV herpes-virus latency, specifically lower CMV
antibody titers. CMV is an important modifier of the immune
system among the elderly (Wertheimer et al., 2014), and persis-
tently high CMV antibody titers have been found to be associated
with changes in T-cell subsets, phenotype, and function in older
adults. In other words, elevated antibody titers to a latent herpes
virus reflect poorer cellular immune system control over virus
latency (Henle & Henle, 1981) and thus provide one broad marker
of cellular immune system function. Although individuals are
often asymptomatic, these elevated antibody titers are not benign
and have been linked to inflammation (Murdock, Fagundes, Peek,
Vohra, & Stowe, 2016; E. T. Roberts, Haan, Dowd, & Aiello,
2010). In turn, research shows that inflammation is an important
factor in the development and progression of aging-related dis-
eases (Cohen, Granger, & Fuller-Thomson, 2015), including car-
diovascular disease (Libby, 2002).

Findings from our study suggest that the investigation of reli-
giosity, including church attendance and its association to health,
is warranted and can have important interdisciplinary and clinical
implications. Church attendance is central to the lives of many

people, particularly in the face of disadvantage, including bereave-
ment (W. R. Miller & Thoresen, 2003). Thus, further research to
identify and understand the specific ways in which church atten-
dance influences physiology is needed. Whether it may be through
psychological factors, social contingencies, or other aspects of
religiosity, this information is essential to inform the development
of interdisciplinary programs, interventions, and collaborations
aimed to protect the health of vulnerable populations, particularly
those facing adversity. Of note, the majority of bereaved individ-
uals in this study reported not attending church; thus, identifying
factors that influence church participation among bereaved indi-
viduals most at risk warrants further study.

Important strengths of our study include the inclusion of be-
reaved participants and their matched controls, as well as the
assessment of a well-validated marker of herpes-virus latency. A
limitation of our study is its relatively small sample size, which
reduces the power to detect associations. For instance, it is possible
that the lack of significance for the interaction between frequency
of church attendance and bereavement status to predict herpes-
virus latency may have been due to limited power given the small
sample size. Future studies with larger samples should explore

Table 2
Correlations Among Study Variables

Variable 1 2 3 4 5 6 7 8 9 10 11

1. CMV
2. Age .09
3. Gender .08 �.13
4. Minority status .10��� �.59��� �.06
5. Education �.11 .14 �.08 �.01
6. Alcohol Consumption .01 .24� �.04 �.30�� �.30���

7. Smoking �.09 .21� .02 .15�� �.29�� .12
8. Depression .01 �.16 .16 .13 �.04 �.04 �.14
9. BMI .08 �.28�� �.22� �.23��� .41�� �.28��� �.13 .07

10. Comorbidities .23� �.02 .03 .04 .04 �.11 �.22� .01 .21�

11. Church attendance �.11 �.13 .07 �.07 .07 .12 �.15 .07 �.12 �.11
12. Bereavement status �.12 .34�� .06 .05 .12 .00 .19� .28�� �.31�� �.04 �.06

� p � .05. �� p � .01. ��� p � .001.

Table 3
Summary of Adjusted and Unadjusted Regression Analyses Predicting CMV Antibody Titers

Unadjusted Adjusted

Variable B SE 95% CI B SE 95% CI

Age .073 .003 [�.004, .008] .008 .004 [�.001, .016]
Gender .056 .087 [�.127, .217] .113 .091 [�.069, .295]
Minority status .111 .085 [�.082, .258] .125 .118 [�.110, .360]
Education �.126 .015 [�.048, .012] �.008 .018 [�.043, .027]
Weekly alcohol consumption �.005 .007 [�.015, .014] .004 .008 [�.013, .020]
Smoking status �.096 .160 [�.460, .175] �.013 .176 [�.364, .339]
Depression .037 .004 [�.006, .008] .004 .004 [�.004, .012]
BMI .077 .007 [�.008, .018] .002 .008 [�.013, .017]
Comorbidities .224� .038 [.005, .156] .064 .040 [�.014, .143]
Church attendance �.136 .082 [�.268, .059] �.560� .259 [�1.076, �.043]
Bereavement status �.081 .081 [�.221, .100] .011 .114 [�.215, .238]
Church attendance � bereavement status �.240� .102 [�.437, �.029] .326� .163 [.002, .651]
R2 .181
F(12, 84) 1.324

� p � .05.
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how frequency of church attendance may interact with bereave-
ment status to predict herpes-virus latency. Nonetheless, despite
our sample size, the primary results of this study identified a
significant association between church attendance and a marker of
herpes-virus latency. Another limitation of our study is that our
sample is predominantly White and highly educated. Additional
studies with more diverse samples are needed to determine the
generalizability of our findings. Furthermore, assessment of
church attendance was based on self-report and retrospective re-
porting, which may lead to biases and imprecise estimates of
events (Brewin, Andrews, & Gotlib, 1993). Also, our study iden-
tified a positive association between church attendance and herpes-
virus latency; however, we did not assess the specific aspects of
church attendance that may be associated with less herpes-virus
reactivation. Future studies should focus on identifying specific
aspects of church attendance (e.g., social contingencies, religious
experiences or beliefs) that may be associated with less herpes-
virus reactivation. Our study is also limited by its cross-sectional
design. As a result, causality cannot be inferred. However, pending
prospective data, our study provides important insights on the role
of church attendance as a potential protective factor in the physi-
ological health of individuals, including those facing distressing
life events such as bereavement.

Conclusion

In sum, our study demonstrated that church attendance is asso-
ciated with less herpes-virus reactivation. While church attendance
was associated with less herpes-virus reactivation among bereaved
and nonbereaved individuals, the association between church at-
tendance and CMV antibody titers differed by church attendance.
In other words, although no differences in herpes-virus latency
were observed among nonbereaved participants, bereaved individ-
uals attending church were found to have less herpes-virus reac-
tivation when compared to their bereaved counterparts that do not
attend church. Future studies should focus on further understand-
ing the pathways by which church attendance impacts CMV
herpes-virus latency, and evaluate whether interdisciplinary inter-
ventions that incorporate religiosity may be useful to reduce risk
for chronic illnesses after the death of a spouse.

References

Bartrop, R. W. (2017). Cardiovascular risk following widowhood: Increas-
ing clarity from new research models. Coronary Artery Disease, 28,
93–94. http://dx.doi.org/10.1097/MCA.0000000000000446

Basco, M. R., Krebaum, S. R., & Rush, A. J. (1997). Outcome measures of
depression. In H. H. Strupp, L. M. Horowitz, & M. J. Lambert (Eds.),
Measuring patient changes in mood, anxiety, and personality disorders
(pp. 207–245). Washington, DC: American Psychological Association.

Black, P. H. (2003). The inflammatory response is an integral part of the
stress response: Implications for atherosclerosis, insulin resistance, type
II diabetes and metabolic syndrome X. Brain, Behavior, and Immunity,
17, 350–364. http://dx.doi.org/10.1016/S0889-1591(03)00048-5

Bonanno, G. A. (2004). Loss, trauma, and human resilience: Have we
underestimated the human capacity to thrive after extremely aversive
events? American Psychologist, 59, 20–28. http://dx.doi.org/10.1037/
0003-066X.59.1.20

Bonanno, G. A., & Kaltman, S. (1999). Toward an integrative perspective
on bereavement. Psychological Bulletin, 125, 760–776. http://dx.doi
.org/10.1037/0033-2909.125.6.760

Brewin, C. R., Andrews, B., & Gotlib, I. H. (1993). Psychopathology and
early experience: A reappraisal of retrospective reports. Psychological
Bulletin, 113, 82–98. http://dx.doi.org/10.1037/0033-2909.113.1.82

Buckley, T., Morel-Kopp, M. C., Ward, C., Bartrop, R., McKinley, S.,
Mihailidou, A. S., . . . Tofler, G. (2012). Inflammatory and thrombotic
changes in early bereavement: A prospective evaluation. European
Journal of Preventive Cardiology, 19, 1145–1152. http://dx.doi.org/10
.1177/1741826711421686

Centers for Disease Control and Prevention. (2016). About CMV. Retrieved
from https://www.cdc.gov/cmv/overview.html

Charlson, M., Szatrowski, T. P., Peterson, J., & Gold, J. (1994). Validation
of a combined comorbidity index. Journal of Clinical Epidemiology, 47,
1245–1251. http://dx.doi.org/10.1016/0895-4356(94)90129-5

Chida, Y., Steptoe, A., & Powell, L. H. (2009). Religiosity/spirituality and
mortality: A systematic quantitative review. Psychotherapy and Psycho-
somatics, 78, 81–90. http://dx.doi.org/10.1159/000190791

Cohen, M., Granger, S., & Fuller-Thomson, E. (2015). The association
between bereavement and biomarkers of inflammation. Behavioral Med-
icine, 41, 49–59. http://dx.doi.org/10.1080/08964289.2013.866539

Das, A. (2013). Spousal loss and health in late life: Moving beyond
emotional trauma. Journal of Aging and Health, 25, 221–242. http://dx
.doi.org/10.1177/0898264312464498

Das, A., & Nairn, S. (2016). Religious attendance and physiological
problems in late life. The Journal of Gerontology: Series B, 71, 291–
308. http://dx.doi.org/10.1093/geronb/gbu089

Figure 1. CMV antibody titer means and standard errors among bereaved and nonbereaved participants
differing in church attendance. See the online article for the color version of this figure.

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

6 GARCINI ET AL.

http://dx.doi.org/10.1097/MCA.0000000000000446
http://dx.doi.org/10.1016/S0889-1591%2803%2900048-5
http://dx.doi.org/10.1037/0003-066X.59.1.20
http://dx.doi.org/10.1037/0003-066X.59.1.20
http://dx.doi.org/10.1037/0033-2909.125.6.760
http://dx.doi.org/10.1037/0033-2909.125.6.760
http://dx.doi.org/10.1037/0033-2909.113.1.82
http://dx.doi.org/10.1177/1741826711421686
http://dx.doi.org/10.1177/1741826711421686
https://www.cdc.gov/cmv/overview.html
http://dx.doi.org/10.1016/0895-4356%2894%2990129-5
http://dx.doi.org/10.1159/000190791
http://dx.doi.org/10.1080/08964289.2013.866539
http://dx.doi.org/10.1177/0898264312464498
http://dx.doi.org/10.1177/0898264312464498
http://dx.doi.org/10.1093/geronb/gbu089


Dobnig, H., Pilz, S., Scharnagl, H., Renner, W., Seelhorst, U., Wellnitz, B.,
. . . Maerz, W. (2008). Independent association of low serum 25-
hydroxyvitamin d and 1,25-dihydroxyvitamin d levels with all-cause and
cardiovascular mortality. Archives of Internal Medicine, 168, 1340–
1349. http://dx.doi.org/10.1001/archinte.168.12.1340

Fagundes, C. P., Gillie, B. L., Derry, H. M., Bennett, J. M., & Kiecolt-
Glaser, J. K. (2012). Resilience and immune function in older adults.
Annual Review of Gerontology & Geriatrics, 32, 29–47. http://dx.doi
.org/10.1891/0198-8794.32.29

Glaser, R., & Kiecolt-Glaser, J. K. (1994). Stress-associated immune
modulation and its implications for reactivation of latent herpesviruses.
In R. Glaser & J. Jones (Eds.), Human herpesvirus infections (pp.
245–270). New York, NY: Dekker.

Glaser, R., Pearson, G. R., Bonneau, R. H., Esterling, B. A., Atkinson, C.,
& Kiecolt-Glaser, J. K. (1993). Stress and the memory T-cell response
to the Epstein-Barr virus in healthy medical students. Health Psychol-
ogy, 12, 435–442. http://dx.doi.org/10.1037/0278-6133.12.6.435

Henle, W., & Henle, G. (1981). Epstein-Barr virus-specific serology in
immunologically compromised individuals. Cancer Research, 41, 4222–
4225.

Hughes, M. E., & Waite, L. J. (2009). Marital biography and health at
mid-life. Journal of Health and Social Behavior, 50, 344–358. http://
dx.doi.org/10.1177/002214650905000307

Koenig, H. G., Cohen, H. J., George, L. K., Hays, J. C., Larson, D. B., &
Blazer, D. G. (1997). Attendance at religious services, interleukin-6, and
other biological parameters of immune function in older adults. Inter-
national Journal of Psychiatry in Medicine, 27, 233–250. http://dx.doi
.org/10.2190/40NF-Q9Y2-0GG7-4WH6

Libby, P. (2002). Inflammation in atherosclerosis. Nature, 420, 868–874.
http://dx.doi.org/10.1038/nature01323

Matthews, D. A., McCullough, M. E., Larson, D. B., Koenig, H. G.,
Swyers, J. P., & Milano, M. G. (1998). Religious commitment and
health status: A review of the research and implications for family
medicine. Archives of Family Medicine, 7, 118–124. http://dx.doi.org/
10.1001/archfami.7.2.118

McCullough, M. E., Hoyt, W. T., Larson, D. B., Koenig, H. G., &
Thoresen, C. (2000). Religious involvement and mortality: A meta-
analytic review. Health Psychology, 19, 211–222. http://dx.doi.org/10
.1037/0278-6133.19.3.211

Miller, G. E., Chen, E., & Parker, K. J. (2011). Psychological stress in
childhood and susceptibility to the chronic diseases of aging: Moving
toward a model of behavioral and biological mechanisms. Psychological
Bulletin, 137, 959–997. http://dx.doi.org/10.1037/a0024768

Miller, W. R., & Thoresen, C. E. (2003). Spirituality, religion, and health.
An emerging research field. American Psychologist, 58, 24–35. http://
dx.doi.org/10.1037/0003-066X.58.1.24

Monserud, M. A., & Markides, K. S. (2017). Changes in depressive
symptoms during widowhood among older Mexican Americans: The
role of financial strain, social support, and church attendance. Aging &
Mental Health, 21, 586–594.

Murdock, K. W., Fagundes, C. P., Peek, M. K., Vohra, V., & Stowe, R. P.
(2016). The effect of self-reported health on latent herpesvirus reactiva-
tion and inflammation in an ethnically diverse sample. Psychoneuroen-
docrinology, 72, 113–118. http://dx.doi.org/10.1016/j.psyneuen.2016.06
.014

O’Connor, M. F., Bower, J. E., Cho, H. J., Creswell, J. D., Dimitrov, S.,
Hamby, M. E., . . . Irwin, M. R. (2009). To assess, to control, to exclude:
Effects of biobehavioral factors on circulating inflammatory markers.
Brain, Behavior, and Immunity, 23, 887–897. http://dx.doi.org/10.1016/
j.bbi.2009.04.005

Pawelec, G., Derhovanessian, E., Larbi, A., Strindhall, J., & Wikby, A.
(2009). Cytomegalovirus and human immunosenescence. Reviews in
Medical Virology, 19, 47–56. http://dx.doi.org/10.1002/rmv.598

Pew Research Center. (2014). U.S. Religious Landscape Study. Retrieved
from http://www.pewforum.org/data/

Radloff, L. S. (1977). The CES-D Scale: A self-report depression scale for
research in the general population. Applied Psychological Measurement,
1, 385–401. http://dx.doi.org/10.1177/014662167700100306

Roberts, E. T., Haan, M. N., Dowd, J. B., & Aiello, A. E. (2010).
Cytomegalovirus antibody levels, inflammation, and mortality among
elderly Latinos over 9 years of follow-up. American Journal of Epide-
miology, 172, 363–371. http://dx.doi.org/10.1093/aje/kwq177

Roberts, R. E., & Vernon, S. W. (1983). The Center for Epidemiologic
Studies Depression Scale: Its use in a community sample. The American
Journal of Psychiatry, 140, 41–46. http://dx.doi.org/10.1176/ajp.140
.1.41

Schmidt, C. W., & Misko, I. S. (1995). The ecology and pathology of
Epstein-Barr virus. Immunology and Cell Biology, 73, 489–504. http://
dx.doi.org/10.1038/icb.1995.79

Seeman, T. E., Dubin, L. F., & Seeman, M. (2003). Religiosity/spirituality
and health. A critical review of the evidence for biological pathways.
American Psychologist, 58, 53– 63. http://dx.doi.org/10.1037/0003-
066X.58.1.53

Segerstrom, S. C., & Miller, G. E. (2004). Psychological stress and the
human immune system: A meta-analytic study of 30 years of inquiry.
Psychological Bulletin, 130, 601–630. http://dx.doi.org/10.1037/0033-
2909.130.4.601

Steptoe, A., Shamaei-Tousi, A., Gylfe, A., Henderson, B., Bergström, S.,
& Marmot, M. (2007). Socioeconomic status, pathogen burden and
cardiovascular disease risk. Heart, 93, 1567–1570. http://dx.doi.org/10
.1136/hrt.2006.113993

Stewart, A. L., Mills, K. M., King, A. C., Haskell, W. L., Gillis, D., &
Ritter, P. L. (2001). CHAMPS physical activity questionnaire for older
adults: Outcomes for interventions. Medicine and Science in Sports and
Exercise, 33, 1126 –1141. http://dx.doi.org/10.1097/00005768-
200107000-00010

Stowe, R. P., Ruiz, R. J., Fagundes, C. P., Stowe, R. H., Chen, M., &
Glaser, R. (2014). An ELISA method to compute endpoint titers to
Epstein-Barr virus and cytomegalovirus: Application to population-
based studies. Journal of Immunological Methods, 408, 64–69. http://
dx.doi.org/10.1016/j.jim.2014.05.006

Thoresen, C. E., Harris, A. H., & Oman, D. (2001). Spirituality, religion
and health: Evidence, issues and concerns. In T. G. Plante & A. C.
Sherman (Eds.), Faith and health: Psychological perspectives (pp. 15–
52). New York, NY: Guilford Press.

Visser, A., Garssen, B., & Vingerhoets, A. (2010). Spirituality and well-
being in cancer patients: A review. Psycho-Oncology, 19, 565–572.

Wertheimer, A. M., Bennett, M. S., Park, B., Uhrlaub, J. L., Martinez, C.,
Pulko, V., . . . Nikolich-Zugich, J. (2014). Aging and cytomegalovirus
(CMV) infection differentially and jointly affect distinct circulating T
cell subsets in humans. Journal of Immunology, 192, 2143–2155. http://
dx.doi.org/10.4049/jimmunol.1301721

Woo, I. M., Chan, C. L. W., Chow, A. Y. M., & Ho, R. T. (2009).
Management of challenges of conjugal loss among Chinese widowers:
An exploratory study. Omega, 58, 275–297. http://dx.doi.org/10.2190/
OM.58.4.b

Wortmann, J. H., & Park, C. L. (2008). Religion and spirituality in
adjustment following bereavement: An integrative review. Death Stud-
ies, 32, 703–736. http://dx.doi.org/10.1080/07481180802289507

Received January 10, 2018
Revision received July 7, 2018

Accepted July 10, 2018 �

T
hi

s
do

cu
m

en
t

is
co

py
ri

gh
te

d
by

th
e

A
m

er
ic

an
Ps

yc
ho

lo
gi

ca
l

A
ss

oc
ia

tio
n

or
on

e
of

its
al

lie
d

pu
bl

is
he

rs
.

T
hi

s
ar

tic
le

is
in

te
nd

ed
so

le
ly

fo
r

th
e

pe
rs

on
al

us
e

of
th

e
in

di
vi

du
al

us
er

an
d

is
no

t
to

be
di

ss
em

in
at

ed
br

oa
dl

y.

7CHURCH ATTENDANCE AND HERPES-VIRUS LATENCY

http://dx.doi.org/10.1001/archinte.168.12.1340
http://dx.doi.org/10.1891/0198-8794.32.29
http://dx.doi.org/10.1891/0198-8794.32.29
http://dx.doi.org/10.1037/0278-6133.12.6.435
http://dx.doi.org/10.1177/002214650905000307
http://dx.doi.org/10.1177/002214650905000307
http://dx.doi.org/10.2190/40NF-Q9Y2-0GG7-4WH6
http://dx.doi.org/10.2190/40NF-Q9Y2-0GG7-4WH6
http://dx.doi.org/10.1038/nature01323
http://dx.doi.org/10.1001/archfami.7.2.118
http://dx.doi.org/10.1001/archfami.7.2.118
http://dx.doi.org/10.1037/0278-6133.19.3.211
http://dx.doi.org/10.1037/0278-6133.19.3.211
http://dx.doi.org/10.1037/a0024768
http://dx.doi.org/10.1037/0003-066X.58.1.24
http://dx.doi.org/10.1037/0003-066X.58.1.24
http://dx.doi.org/10.1016/j.psyneuen.2016.06.014
http://dx.doi.org/10.1016/j.psyneuen.2016.06.014
http://dx.doi.org/10.1016/j.bbi.2009.04.005
http://dx.doi.org/10.1016/j.bbi.2009.04.005
http://dx.doi.org/10.1002/rmv.598
http://www.pewforum.org/data/
http://dx.doi.org/10.1177/014662167700100306
http://dx.doi.org/10.1093/aje/kwq177
http://dx.doi.org/10.1176/ajp.140.1.41
http://dx.doi.org/10.1176/ajp.140.1.41
http://dx.doi.org/10.1038/icb.1995.79
http://dx.doi.org/10.1038/icb.1995.79
http://dx.doi.org/10.1037/0003-066X.58.1.53
http://dx.doi.org/10.1037/0003-066X.58.1.53
http://dx.doi.org/10.1037/0033-2909.130.4.601
http://dx.doi.org/10.1037/0033-2909.130.4.601
http://dx.doi.org/10.1136/hrt.2006.113993
http://dx.doi.org/10.1136/hrt.2006.113993
http://dx.doi.org/10.1097/00005768-200107000-00010
http://dx.doi.org/10.1097/00005768-200107000-00010
http://dx.doi.org/10.1016/j.jim.2014.05.006
http://dx.doi.org/10.1016/j.jim.2014.05.006
http://dx.doi.org/10.4049/jimmunol.1301721
http://dx.doi.org/10.4049/jimmunol.1301721
http://dx.doi.org/10.2190/OM.58.4.b
http://dx.doi.org/10.2190/OM.58.4.b
http://dx.doi.org/10.1080/07481180802289507

	Church Attendance and CMV Herpes Virus Latency Among Bereaved and Non-Bereaved Adults
	Method
	Study Sample
	Procedures
	Determination of CMV IgG Antibody Titers
	Measures
	Church attendance
	Covariates

	Analytic Method

	Results
	Discussion
	Conclusion
	References


