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Association of Religious Service Attendance With Mortality
Among Women
Shanshan Li, ScD; Meir J. Stampfer, MD, DrPH; David R. Williams, PhD; Tyler J. VanderWeele, PhD

IMPORTANCE Studies on the association between attendance at religious services and
mortality often have been limited by inadequate methods for reverse causation, inability to
assess effects over time, and limited information on mediators and cause-specific mortality.

OBJECTIVE To evaluate associations between attendance at religious services and
subsequent mortality in women.

DESIGN, SETTING, AND PARTICIPANTS Attendance at religious services was assessed from the
first questionnaire in 1992 through June 2012, by a self-reported question asked of 74 534
women in the Nurses’ Health Study who were free of cardiovascular disease and cancer at
baseline. Data analysis was conducted from return of the 1996 questionnaire through June
2012.

MAIN OUTCOMES AND MEASURES Cox proportional hazards regression model and marginal
structural models with time-varying covariates were used to examine the association of
attendance at religious services with all-cause and cause-specific mortality. We adjusted for a
wide range of demographic covariates, lifestyle factors, and medical history measured
repeatedly during the follow-up, and performed sensitivity analyses to examine the influence
of potential unmeasured and residual confounding.

RESULTS Among the 74 534 women participants, there were 13 537 deaths, including 2721
owing to cardiovascular deaths and 4479 owing to cancer deaths. After multivariable
adjustment for major lifestyle factors, risk factors, and attendance at religious services in
1992, attending a religious service more than once per week was associated with 33% lower
all-cause mortality compared with women who had never attended religious services (hazard
ratio, 0.67; 95% CI, 0.62-0.71; P < .001 for trend). Comparing women who attended religious
services more than once per week with those who never attend, the hazard ratio for
cardiovascular mortality was 0.73 (95% CI, 0.62-0.85; P < .001 for trend) and for cancer
mortality was 0.79 (95% CI, 0.70-0.89; P < .001 for trend). Results were robust in sensitivity
analysis. Depressive symptoms, smoking, social support, and optimism were potentially
important mediators, although the overall proportion of the association between attendance
at religious services and mortality was moderate (eg, social support explained 23% of the
effect [P = .003], depressive symptoms explained 11% [P < .001], smoking explained 22%
[P < .001], and optimism explained 9% [P < .001]).

CONCLUSIONS AND RELEVANCE Frequent attendance at religious services was associated with
significantly lower risk of all-cause, cardiovascular, and cancer mortality among women.
Religion and spirituality may be an underappreciated resource that physicians could explore
with their patients, as appropriate.
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T he World Health Organization defines health as “a state
of complete physical, mental and social well-being.”1

Certain religious groups and others likewise view health
holistically and emphasize the unity of body, mind, and
spirit.2-4 Health is often viewed as an inseparable component
of spiritual well-being within some religious understandings.5,6

Religious participation and beliefs can affect individual be-
havior, shift cognition and emotion, promote compassion,
shape communities and public life, and may otherwise pro-
mote well-being, health, and wholeness, but religion can also
promote guilt, anxiety, violence, and intolerance. A priori, the
effects of religious practice on health are not thus immedi-
ately clear. Religious practice is common in the United States:
approximately 65% of Americans consider religion to be an im-
portant part of life, 83% report praying to God in the last week,
and 43% report having attended a religious service in the past
week.7,8

A meta-analysis of studies on the connection between at-
tendance at religious services and mortality between 1994 and
2009 concluded that religious service attendance helped re-
duce mortality by 18% in healthy populations.9 Research on
religion and health has led to some controversy.9-12 Sloan et
al13,14 questioned the validity of these studies and argued that
the evidence is often weak and unconvincing, with poor meth-
ods and study design. Denberg criticized this kind of research
as “simply reporting an association and then calling for more
future research,” arguing that it was “trivial and unworthy of
publication.”15(p430) Koenig et al16 responded that the review
by Sloan et al was highly selective and biased with a misun-
derstanding of the epidemiologic method.

Much of the debate concerned major limitations to the
methods in previous studies10,17: that it was difficult to infer
causality and that the observed association could be owing to
reverse causation if only healthy participants were able to at-
tend services. Some stronger longitudinal studies on this sub-
ject have been published.18-20 However, to our knowledge, no
previous study has used methods for repeated measures and
time-dependent confounding that handle potential reverse
causation between service attendance and health and evalu-
ate incident (ie, current, conditional on the past) rather than
prevalent (ie, already present) attendance at religious ser-
vices and its association with mortality. We address these is-
sues using the Nurses’ Health Study, a large prospective co-
hort study among US women with repeated measurements of
attendance at religious services, including detailed informa-
tion on diet and lifestyle, medical history, and long-term follow-
up. In addition, we assess interactions with race, time-
varying effects, and cause-specific mortality.

Methods
Study Design
The Nurses’ Health Study began in 1976 and included 121 700
nurses aged 30 to 55 years from across the United States.21 In-
formation on lifestyle and medical history was collected using
a self-administered questionnaire at baseline and every 2 years
thereafter. Attendance at religious services was first self-

reported in 1992, and every 4 years subsequently, in re-
sponse to the question, “How often do you go to religious meet-
ings or services?” Response categories included more than once
a week, once a week, 1 to 3 times per month, less than once
per month, never (or almost never). We defined baseline for
this analysis as attendance at religious services as assessed in
the 1996 questionnaire; we used attendance in 1992 as an ad-
ditional covariate. Follow-up for mortality continued through
June 2012. Participants who did not reply to the 1996 ques-
tionnaire or who died before the baseline of 1996 (n = 27 101),
who had missing data for attendance at religious services in
1996 (n = 7246), or who had a diagnosis of cardiovascular dis-
ease (n = 4362) or cancer (n = 8457, except nonmelanoma skin
cancer) before 1996 were excluded. Participants were fol-
lowed up from the return of the 1996 questionnaire until death,
loss to follow-up, or the end of follow-up in June 2012, which-
ever came first. Our study included 74 534 participants with
1 104 175 person-years. There were 13 537 total deaths, includ-
ing 2721 cardiovascular deaths and 4479 cancer deaths, dur-
ing follow up. The study protocol was approved by the Brigham
and Women’s Hospital and Harvard T. H. Chan School of Pub-
lic Health Institutional Review Boards.

Outcome
All-cause and cause-specific mortality was assessed between
the return of the 1996 questionnaire and the end of follow-up
(June 2012). Deaths were identified through reports from next
of kin and the National Death Index. We identified causes of
death based on family reports, death certificates, and medi-
cal records. We searched the National Death Index for names
of nonresponders; this has been shown to have good sensitiv-
ity and specificity.22 We used International Classification of Dis-
eases, 8th revision (ICD-8) codes to define cancer-related deaths
(codes 140-207) and cardiovascular disease–related deaths
(codes 390-459 and 795). We used the following ICD-8 codes
to identify detailed subcategories of cardiovascular disease and
cancer: ischemic heart disease (codes 410-414), cerebrovas-
cular disease (codes 430-438), and any other cardiovascular
disease (codes 390-459 and 795, excluding 410-414 and 430-
438), and cancers of the lung (code 162), breast (code 174), ova-
ries (code 183), pancreas (code 157), colon or rectum (codes 153

Key Points
Question Is frequent attendance at religious services associated
with lower mortality among women?

Findings In a large prospective long-term cohort study of US
women, the Nurses’ Health Study, there was a consistent inverse
association between frequent attendance at religious services and
all-cause mortality, cardiovascular mortality, and cancer mortality.
Compared with women who never attended religious services,
women who attended more than once per week had 33% lower
mortality during 16 years of follow-up, with depressive symptoms,
smoking, social support, and optimism as potential mediators.

Meaning For those who already hold religious beliefs, religion and
spirituality may be an underappreciated resource that physicians
could explore with their patients, as appropriate.
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and 154), and non-Hodgkin lymphoma (codes 200, 202, 204)
and cancer of other sites.

Covariates
We adjusted the analyses for the following known predictors
of mortality in this cohort: age (as a continuous variable in
years), alcohol consumption (none, 0.1-4.9, 5.0-14.9, or ≥15.0
g/d), physical exercise (metabolic equivalent hours per week;
quintiles), multivitamin use (yes or no), hypertension (yes or
no), hypercholesterolemia (yes or no), type 2 diabetes melli-
tus (yes or no), menopausal status (premenopausal or post-
menopausal), postmenopausal hormone use (never, past, and
current), physical examination in the past 2 years (no, yes for
symptoms, and yes for screenings), Alternate Healthy Eating
Index–2010 score (quintiles),23 smoking status (never, for-
mer, or current), pack-years (<10, 10-19, 20-39, or ≥40 pack-
years for former smokers; <25, 25-44, 45-64,or ≥65 pack-
years for current smokers), body mass index (calculated as
weight in kilograms divided by height in meters squared; <21.0,
21.0-22.9, 23.0-24.9, 25.0-27.4, 27.5-29.9, 30.0-34.9, or ≥35.0),
husband’s educational level (less than high school, some high
school, high school graduate, college, or graduate school), good
physical function (defined as absence of limitations in mod-
erate activities or moderate limitations in demanding activi-
ties; yes or no24,25), social integration score (derived from the
following 6 components: marital status, other group partici-
pation, number of close friends, number of close relatives,
number of close friends seen at least once per month, num-
ber of close relatives seen at least once per month26; quar-
tiles), living alone (yes or no), median family income (dollars
per year; quintiles), geographic region (North, South, Mid-
west, or other), depression in 1992 (yes or no), and atten-
dance at religious services in 1992 (never, <1 time per week,
or ≥1 time per week). Indicator variables were used for any miss-
ing covariate information for categorical variables and me-
dian imputation was used for missing continuous covariates.

For mediation analysis, covariate measurements before the
religious attendance exposure were taken as potential con-
founders and those subsequent to religious attendance expo-
sures were taken as potential mediators. For mediators, we con-
sidered the first measure available subsequent to 1996, which
included, in 2000, depressive symptoms measured using the
Center for Epidemiologic Studies Depression 10 scale27; in 1998,
smoking, alcohol consumption, and diet quality; in 2000, num-
ber of close friends and having someone close to talk to; and
in 2004, optimism and phobic anxiety measured using the
Crown-Crisp Experiential Index.28

Statistical Analysis
Data analysis was conducted from return of the 1996 ques-
tionnaire through June 2012. We examined the association of
attendance at religious services with all-cause and cause-
specific mortality using various analytic strategies including
Cox proportional hazards regression models and marginal
structural models with weights accounting for missing data and
censoring. The marginal structural models account for re-
verse causation and time-varying confounding by weighting
and are described at length elsewhere,29,30 and in eAppendix

1 in the Supplement. Person-time was accrued from baseline
(return of the 1996 questionnaire) until the date of death, loss
to follow-up, or June 2012, whichever came first. We calcu-
lated hazard ratios (HRs) and their 95% CIs, comparing fre-
quency of attendance at religious services (more than once per
week, once per week, or less than once per week) vs never at-
tend, for all-cause mortality and cause-specific mortality. For
cause-specific mortality, we also further adjusted for cause-
specific risk factors. Linear trends across categories of atten-
dance at religious services were tested by modeling atten-
dance frequency as a continuous variable. Confounders were
adjusted for in 1992 in the Cox proportional hazards regres-
sion models; confounders were updated over time in the mar-
ginal structural model. We examined the joint effect of atten-
dance at religious services in 1996 and 2000 with all-cause
mortality from 2000 to 2012. We further stratified the analy-
sis by race/ethnicity (among white and African American par-
ticipants only), and religious group (among Catholic and Prot-
estant participants only). Likelihood ratio tests were used to
assess the significance of the interaction. The relative excess
risk due to interaction and its 95% CI were calculated.31,32

We applied mediation analysis methods33,34 to examine
proportions of the association between attendance at reli-
gious services in 1996 and mortality in 2012 that was medi-
ated by the following factors: current smoking, alcohol in-
take, and diet quality in 1998; social support and depressive
symptoms in 2000; components of social integration in 2000
(including currently married, number of close friends, num-
ber of close relatives, seen close friends at least once per month,
seen close relatives at least once per month, and hours of so-
cial group participation); and phobic anxiety and optimism in
2004. For the mediation analysis, we further excluded par-
ticipants who had mediator information missing or who died
between baseline and the mediator measurement. These me-
diators were selected a priori based on subject knowledge and
assessed using multivariable logistic regression and linear re-
gression models of the outcome and of the potential media-
tor, the results of which were then combined to estimate di-
rect and indirect effects.33,34 Methods for mediation assume
baseline covariates suffice to control for exposure-outcome,
mediator-outcome, and exposure-mediator confounding. Pro-
portion mediated on a risk difference scale was calculated as
the indirect effect divided by the total effect and tests were con-
ducted for evidence of mediation. We further examined the
change in attendance at religious services over time and cal-
culated years of life saved.35

We conducted several sensitivity analyses to test the ro-
bustness of our results. To minimize the influence of reverse
causation, we additionally performed subgroup analyses
among participants who were not living in a nursing home,
never smokers, with no physical or functional limitations, and
no major medical comorbidities (such as depression), and ex-
cluded death events in the first 4 years of follow-up. We com-
pared effects sizes of attendance at religious services with other
components of social integration and with other covariates. We
also updated covariates, modeled attendance at religious ser-
vices as time-varying exposure, compared HRs over different
specific time frames of follow-up, and with different analytic
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strategies as sensitivity analyses. We further assessed how sub-
stantial residual unmeasured confounding would need to be
to explain away the observed associations.17,36

Results
Among 74 534 women at 1996 baseline with reported reli-
gious service attendance, 14 158 attended more than once per
week, 30 401 attended once per week, 12 103 attended less than
once per week, and 17 872 never attended (Table 1). Most of our
study participants were Catholic or Protestant. Women who
attended religious services more frequently tended to have
fewer depressive symptoms, were less likely to be current
smokers, and were more likely to be married (Table 1). During
follow up, most participants maintained their levels of atten-
dance at religious services, but there was also considerable
movement across all categories (eTable 1 in the Supplement).

Using a Cox proportional hazards regression model, com-
pared with women who never attended religious services,
women who attended regularly had lower mortality on fol-
low-up (Figure), with a multivariable-adjusted HR of 0.67 (95%
CI, 0.62-0.71) for those attending more than once per week in
1996, HR of 0.74 (95% CI, 0.70-0.78) for those attending weekly,
and HR of 0.87 (95% CI, 0.81-0.92) for those attending less than
weekly (P < .001 for trend). Those who attended religious ser-
vices regularly in both 2000 and 1996 had even lower mor-
tality rates, with a multivariable-adjusted HR of 0.55 (95% CI,
0.52-0.59 [Table 2]). When using marginal structural models
to better address potential feedback and reverse causation, the
effect sizes were similar (Table 2). Results were also similar in
analyses among participants who were not living in a nursing
home, never smokers, with no physical or functional limita-
tions, and no major medical comorbidities (such as depres-
sion), and with exclusion of death events in the first 4 years
of follow up (eTable 2 and eTable 3 in the Supplement). Effect
size of attendance at religious services was comparable with
those of various health behaviors (eTable 4 in the Supple-
ment). The inverse association between attendance at reli-
gious services and mortality were consistent over time (eTable
5 in the Supplement). Attendance at religious services once per
week or more was associated with 0.43 (95% CI, –0.09 to –1.54)
years’ longer survival for the 16 years of the study (eAppen-
dix 2 in the Supplement).

In the Cox model, for an unmeasured confounder to ex-
plain the HR estimate of 0.67, the unmeasured confounder
would have to both increase the likelihood of attendance at re-
ligious services and decrease the likelihood of mortality by 2.35-
fold above and beyond the measured confounders. For an un-
measured confounder to bring the upper confidence limit of
0.71 for this estimate above 1.0, the unmeasured confounder
would still have to both increase the likelihood of attendance
at religious services and decrease the likelihood of mortality
by 2.16-fold. Similar substantial confounding would be needed
to explain the other estimates.

For cause-specific mortality, frequent attendance at reli-
gious services was also inversely associated with cardiovas-
cular mortality and cancer mortality, with an HR of 0.73 (95%

CI, 0.62-0.85; P < .001 for trend) and an HR of 0.79 (95% CI,
0.70-0.89; P < .001 for trend), respectively (Table 3). Atten-
dance at religious services was associated with lower mortal-
ity from cerebrovascular disease and other cardiovascular dis-
eases, but not from ischemic heart disease (eTable 6 in the
Supplement). For site-specific cancer mortality, frequent at-
tendance at religious services is associated with significantly
lower risk of breast cancer mortality and colorectal cancer mor-
tality, but not for other sites of cancer (eTable 7 in the Supple-
ment). Although attendance at religious services was associ-
ated with lower cardiovascular mortality and cancer mortality,
attendance was not significantly associated with incidence of
breast cancer (eTable 8 in the Supplement) or cardiovascular
disease (eTable 9 in the Supplement).

The HR comparing those attending religious services more
than once per week with those not attending was 0.88 (95%
CI, 0.85-0.92) for white participants and 0.64 (95% CI, 0.46-
0.90) for African American participants (eTable 10 in the
Supplement; P = .08 for heterogeneity). The HRs for service
attendance were comparable for Protestants and Catholics; for
each level of service attendance, Catholics had slightly lower
mortality than did Protestants (eTable 11 in the Supplement).
We further compared the magnitude of the association of at-
tendance at religious services with other aspects of social in-
tegration and found that the inverse association with mortal-
ity was strongest for attendance at religious services (eTable
12 in the Supplement).

We used mediation analysis to estimate the proportion of
the association that was mediated through each mediator. De-
pressive symptoms, smoking, social support, and optimism
were potentially important mediators, although the overall pro-
portion of the association that was mediated through each me-
diator was moderate (eg, smoking explained 22% of the ef-
fect, social support explained 23%) (Table 4).26

Discussion
In this large prospective cohort of US nurses, we found a con-
sistent inverse association between frequent attendance at re-
ligious services and all-cause mortality, cardiovascular mor-
tality, and cancer mortality. Compared with women who never
attended religious services, women who attended services
more than once per week had a 33% lower mortality risk; re-
sults were robust across different race/ethnicity groups, dif-
ferent analytic strategies, and in sensitivity analyses.

In examining the potential pathways from religious ser-
vice to all-cause mortality, we found that depressive symp-
toms, smoking, social support, and optimism were poten-
tially important mediators. No single mediator explained more
than about 25% of the effect. There may be many pathways
from attendance at religious services to health. However, the
proportion of effects mediated may be underestimated, as me-
diators were considered only at a single time point and are mea-
sured imperfectly. Moreover, some individuals died before the
mediators occurred and were excluded further, which may
affect our results. Future studies implementing causal media-
tion analysis with time-varying attendance at religious ser-
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Table 1. Age-Adjusted Baseline Characteristics and Subsequent Mediators of Study Participants by Frequency of Attendance at Religious Services in
1996

Characteristica

Attendance at Religious Service in 1996b

Never
(n = 17 872)

Less Than Once per Week
(n = 12 103)

Once per Week
(n = 30 401)

More Than Once per Week
(n = 14 158)

Age at 1996, mean (SD), yc 61.1 (7.1) 60.8 (7.2) 62.1 (7.1) 63.2 (6.9)

Attendance at religious services in 1992

Never 14 047 (78.6) 2312 (19.1) 912 (3.0) 156 (1.1)

Less than once per week 3288 (18.4) 8157 (67.4) 4803 (15.8) 637 (4.5)

Once or more than once per week 536 (3.0) 1634 (13.5) 24 686 (81.2) 13 365 (94.4)

White participants 17515 (98.0) 11 740 (97.0) 29 793 (98.0) 13 733 (97.0)

Religious group

Catholic 5183 (29.0) 3389 (28.0) 16 417 (54.0) 5805 (41.0)

Protestant 11 081 (62.0) 7504 (62.0) 13 072 (43.0) 7362 (52.0)

Other Christian 357 (2.0) 242 (2.0) 608 (2.0) 849 (6.0)

Ashkenazi Jewish 715 (4.0) 726 (6.0) 304 (1.0) 0

Sephardic Jewish 0 0 0 0

Eastern (eg, Buddhist, Hindu) 0 0 0 0

Muslim 0 0 0 0

Other religious heritage 357 (2.0) 121 (1.0) 304 (1.0) 142 (1.0)

Did not answer the question 179 (1.0) 121 (1.0) 0 0

College and graduate school 10 008 (56.0) 6899 (57.0) 16 417 (54.0) 7645 (54.0)

Diabetes 1072 (6.0) 847 (7.0) 1824 (6.0) 849 (6.0)

Hypertension 7149 (40.0) 4962 (41.0) 11 856 (39.0) 5380 (38.0)

Hypercholesterolemia 9293 (52.0) 6415 (53.0) 16 113 (53.0) 7504 (53.0)

Physical examination in past 2 y 15 549 (87.0) 10 893 (90.0) 27 665 (91.0) 12 884 (91.0)

Current hormone use 8757 (49.0) 6173 (51.0) 14 592 (48.0) 7079 (50.0)

Geographic region

North 6613 (37.0) 4478 (37.0) 10 944 (36.0) 4672 (33.0)

West 2323 (13.0) 1331 (11.0) 2736 (9.0) 1841 (13.0)

Midwest 7149 (40.0) 5083 (42.0) 13 680 (45.0) 6230 (44.0)

Other 1787 (10.0) 1210 (10.0) 3040 (10.0) 1416 (10.0)

BMI, mean (SD) 26.5 (5.5) 26.6 (5.3) 26.5 (5.1) 26.5 (5.1)

Physical activity, mean (SD), MET-h/wk 17.7 (22.9) 18.2 (21.6) 17.7 (22.0) 17.8 (20.5)

Current smokers 3574 (20.0) 1694 (14.0) 3040 (10.0) 708 (5.0)

Age at first birth, mean (SD), y 24.7 (3.9) 24.8 (3.8) 24.8 (3.7) 24.8 (3.9)

Parity, mean (SD), No. 2.9 (1.6) 2.9 (1.6) 2.9 (1.6) 2.9 (1.6)

No physical function limitation 8579 (48.0) 5930 (49.0) 15 809 (52.0) 7221 (51.0)

Depression in 1996 1430 (8.0) 847 (7.0) 1824 (6.0) 708 (5.0)

Multivitamin use 9115 (51.0) 6657 (55.0) 15 809 (52.0) 7928 (56.0)

Alcohol consumption, mean (SD), g/d 6.8 (11.2) 5.4 (9.0) 4.6 (8.3) 3.4 (7.2)

Live alone 3038 (17.0) 1936 (16.0) 4256 (14.0) 2124 (15.0)

Not employed in last 2 y 7149 (40.0) 4478 (37.0) 11 856 (39.0) 6088 (43.0)

Alternate Healthy Eating Index–2010 quintile 5,
best diet quality

3396 (19.0) 2421 (20.0) 6080 (20.0) 2973 (21.0)

Current smoking in 1998 3038 (17.0) 1452 (12.0) 2432 (8.0) 566 (4.0)

Alcohol consumption in 1998, mean (SD), g/d 6.6 (10.9) 5.4 (9.2) 4.6 (8.4) 3.4 (7.3)

Depressive symptoms in 2000, mean (SD)d 79.3 (14.4) 80.1 (13.4) 80.9 (12.9) 82.3 (12.2)

Social integration score in 2000, mean (SD) 4.2 (2.6) 4.9 (2.8) 5.4 (2.7) 5.9 (2.8)

Currently married in 2000 12 510 (70.0) 8714 (72.0) 23 105 (76.0) 10 902 (77.0)

Close relatives seen monthly in 2000, mean (SD),
No.

1.9 (1.1) 2.2 (1.2) 2.3 (1.2) 2.4 (1.3)

Close friends seen monthly in 2000, mean (SD),
No.

2.7 (1.1) 2.9 (1.1) 2.9 (1.1) 3.2 (1.1)

Relatives you feel close to in 2000, mean (SD),
No.

3.0 (1.5) 3.2 (1.5) 3.4 (1.5) 3.5 (1.5)

(continued)
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vices, time-varying mediators, and confounders are war-
ranted. Other mechanisms that have been proposed that were
not assessed here include increasing psychosocial resilience,
religious coping mechanisms, purpose in life, and
self-discipline.37

Our findings were consistent with the results of previous
studies and the effect sizes were similar or somewhat larger,
especially when examining associations with a consistent pat-
tern of attendance at religious services. The literature sup-
ports the notion that attendance at religious services is asso-
ciated with better health and reduced mortality.14,38-43 In our
study, we were able to account for time-dependent confound-
ing and examined the association between repeated mea-
sures of attendance at religious services with long-term all-
cause and cause-specific mortality. Although our study was not
targeted to a particular religious group, the study consists
mainly of white Christians. Our results might not be general-
izable to the general population, other countries, or areas with
limited religious freedom. Moreover, our study population con-
sists of US nurses with similar socioeconomic status who tend
to be more health conscious. Our analysis is also restricted to
the specific period under consideration, and the effects of at-
tendance at religious services may vary over time as the na-
ture of attendance itself changes. Although frequency of at-
tendance at religious services did not substantially change in
our study, it is possible that the content of the services them-
selves changed. Further research could examine other reli-

gious practices, mindfulness practices, other aspects of spiri-
tuality and religiosity, other race/ethnicity and demographic
groups, and could further investigate the potential underly-
ing mechanisms of causal pathways.44,45 Our results do not im-
ply that health care professionals should prescribe atten-
dance at religious services, but for those who already hold
religious beliefs, attendance at services could be encouraged
as a form of meaningful social participation.

One limitation of our study is that we have only 1 domain
measure of religiosity or spirituality, namely, attendance at re-
ligious services. This domain captures only 1 aspect of religi-
osity and may be subject to measurement error and
overreporting,46-48 although with overreporting the relative or-
dering of frequency might still be preserved. There is no rea-
son to think that individual overreporting would be related to
mortality, and such nondifferential misclassification in fact
tends to yield conservative effect estimates.49 Our finding of
substantially lower breast cancer mortality in frequent attend-
ers, despite no association with breast cancer incidence, lends
support to an effect of social participation and enhances the
plausibility of our results. Attendance at religious services may
be highly correlated with other measures of social engage-
ment, such as number of close friends and having someone
close to talk to, which are significant predictors for lower mor-
tality and thus may serve as important mechanisms. How-
ever, some studies of the health effects of religious
attendance4,50 have examined the role of other measures of

Table 1. Age-Adjusted Baseline Characteristics and Subsequent Mediators of Study Participants by Frequency of Attendance at Religious Services in
1996 (continued)

Characteristica

Attendance at Religious Service in 1996b

Never
(n = 17 872)

Less Than Once per Week
(n = 12 103)

Once per Week
(n = 30 401)

More Than Once per Week
(n = 14 158)

Close friends in 2000, mean (SD), No. 3.2 (1.2) 3.4 (1.1) 3.5 (1.2) 3.6 (1.2)

Hours per week in social groups in 2000, mean
(SD)

1.9 (1.4) 2.0 (1.4) 2.3 (1.3) 2.9 (1.3)

Optimism score in 2004, mean (SD) 24.1 (4.9) 24.4 (4.8) 24.5 (4.8) 25.2 (4.4)

Phobic anxiety score in 2004, mean (SD) 2.9 (2.4) 2.9 (2.4) 3.0 (2.5) 2.8 (2.4)

Abbreviations: BMI, body mass index (calculated as weight in kilograms divided
by height in meters squared); MET, metabolic equivalent.
a Covariates were taken from the 1996 questionnaire.
b Data are presented as number (percentage) of patients unless otherwise

indicated. Values are standardized to the age distribution of the study
population.

c Value is not age adjusted.
d Score from 0 to 100.

Table 2. Joint Effects of Attendance at Religious Services in 1996 and 2000 With All-Cause Mortality in the Nurses’ Health Study, 2000-2012

Attendance at Religious Services

Deaths, No./Person-years

Multivariable HR (95% CI)a

1996 2000 All-Cause Mortality, Cox Model All-Cause Mortality, MSM
Less than once per week Never 5897/322 052 1 [Reference] 1 [Reference]

Less than once per week Less than once per week 1140/132 130 0.71 (0.66-0.76) 0.45 (0.40-0.50)

Less than once per week Once per week 425/40 790 0.76 (0.68-0.84) 0.48 (0.41-0.58)

Less than once per week More than once per week 73/6535 0.85 (0.67-1.07) 0.54 (0.35-0.83)

At least once per week Never 157/7828 0.90 (0.77-1.07) 1.13 (0.93-1.36)

At least once per week Less than once per week 526/53 736 0.71 (0.65-0.78) 0.46 (0.40-0.54)

At least once per week Once per week 3517/348 329 0.61 (0.58-0.64) 0.52 (0.48-0.56)

At least once per week More than once per week 1802/192 776 0.55 (0.52-0.59) 0.50 (0.46-0.54)

Abbreviations: HR, hazard ratio; MSM, marginal structural model.
a For the predictors the multivariable model adjusted for, see the Covariates subsection of the Methods section.
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social engagement and find that religious attendance has ro-
bust effects even after the inclusion of these measures. In our
study, this was also the case, and we moreover found that the
inverse association between social support and mortality was
driven substantially by attendance at religious services. Fu-
ture research could assess associations with other forms of so-
cial participation.

A randomized trial of attendance at religious services is nei-
ther ethical nor feasible. Our study is an observational study.
Although we adjusted for major confounders for the associa-
tion between attendance at religious services and mortality,
the results may still be subject to unmeasured confounders and

residual confounding. Personal, social, psychological, and so-
cioeconomic characteristics may confound attendance at re-
ligious services and explain the association; for example, data
on optimism were not available at baseline. However, we per-
formed sensitivity analysis techniques to assess how strong un-
measured confounding would need to be to explain the ob-
served association. For an unmeasured confounder to explain
the association of attendance at religious services and lower
mortality, it would have to both increase the likelihood of at-
tendance at services and decrease the likelihood of mortality
by 2.35-fold above and beyond the measured covariates. Such
substantial confounding by unmeasured factors seems un-
likely, given adjustment for an extensive set of covariates. We
also performed subgroup analyses among participants who
were not living in a nursing home, never smokers, had no physi-
cal or functional limitations, and had no major medical co-
morbidities (such as depression), and we excluded death events
in the first 4 years of follow-up, and estimates were similar.

Table 3. Multivariable Adjusted Hazard Ratios Between Attendance at Religious Services and Cardiovascular Disease and Cancer Mortality in the
Nurses’ Health Study, 1996-2012a

Mortality

Attendance at Religious Services
P Value for
TrendNever Less Than Once per Week Once per Week

More Than Once per
Week

All cardiovascular disease (n = 2721)

Cases, No. 670 378 1116 557

Age-adjusted HR (95% CI) 1 [Reference] 0.86 (0.74-0.99) 0.74 (0.66-0.82) 0.62 (0.54-0.71) <.001

Multivariable HR (95% CI) 1 [Reference] 0.92 (0.79-1.06) 0.80 (0.70-0.91) 0.73 (0.62-0.85) <.001

All cancer (n = 4479)

Cases, No. 1255 692 1752 780

Age-adjusted HR (95% CI) 1 [Reference] 0.78 (0.70-0.87) 0.71 (0.66-0.77) 0.59 (0.54-0.66) <.001

Multivariable HR (95% CI) 1 [Reference] 0.91 (0.81-1.01) 0.86 (0.78-0.95) 0.79 (0.70-0.89) <.001

Abbreviation: HR, hazard ratio.
a For the predictors the multivariable model adjusted for, see the Covariates subsection of the Methods section.

Figure. Cumulative Incidence of All-Cause Mortality and Attendance at
Religious Services in the Nurses’ Health Study, 1996-2012
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For the predictors the multivariable model adjusted for, see the Covariates
subsection of the Methods section. Hazard ratio, 0.67 (95% CI, 0.62-0.71;
P < .001 for trend for Cox model).

Table 4. Mediation Analysis Between Attendance at Religious Services in
1996 and All-Cause Mortality in 2012

Mediator
Proportion
Mediated, %

P Value for
Indirect Effect

Depressive symptomsa 11 <.001

Current smokingb 22 <.001

Alcoholc 0.2 .76

Diet qualityd −0.03 .94

Phobic anxietye −1 .65

Optimismf 9 <.001

Social integration score derived
without religious service attendance

23 .003

a Depressive symptoms: continuous score in 2000; measured using the Center
for Epidemiologic Studies Depression-10 scale.

b Smoking: current smoking vs past or never smoking in 1998.
c Alcohol: defined as a binary variable, heavy drinker (>50 g/d) vs moderate

(�50 g/d) or never drinker in 1998.
d Diet quality: continuous score, defined as Alternate Healthy Eating Index–2010

score, measured in 1998.
e Phobic anxiety: continuous score measured in 2004 using the Crown-Crisp

Index.
f Optimism: continuous score, measured in 2004.
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Strengths of our study include a large sample size, long du-
ration of follow-up, prospective cohort study design, and re-
peated measures of attendance at religious services, analytic
methods for feedback and reverse causation, and extensive
control of confounding. We have clear temporality of the ex-
posure, covariates, and outcome, and have been able to ad-
just for baseline attendance at religious services and baseline
confounders, and account for time-dependent confounding.
Our results were robust across statistical methods of analy-
sis, exclusions to address reverse causation, and in sensitiv-
ity analysis for unmeasured confounding.

Conclusions

In this large prospective long-term cohort study of US women,
frequent attendance at religious services, particularly recent
attendance, was associated with lower risk of all-cause mor-
tality, cardiovascular mortality, and cancer mortality.

ARTICLE INFORMATION

Accepted for Publication: March 17, 2016.

Published Online: May 16, 2016.
doi:10.1001/jamainternmed.2016.1615.

Author Affiliations: Department of Nutrition,
Harvard T. H. Chan School of Public Health, Boston,
Massachusetts (Li, Stampfer); Department of
Epidemiology, Harvard T. H. Chan School of Public
Health, Boston, Massachusetts (Li, Stampfer,
VanderWeele); Channing Division of Network
Medicine, Department of Medicine, Brigham and
Women’s Hospital and Harvard Medical School,
Boston, Massachusetts (Stampfer); Department of
Social and Behavioral Sciences, Harvard T. H. Chan
School of Public Health, Boston, Massachusetts
(Williams); Department of Biostatistics, Harvard T.
H. Chan School of Public Health, Boston,
Massachusetts (VanderWeele).

Author Contributions: Drs Li and VanderWeele
had full access to all the data in the study and take
responsibility for the integrity of the data and the
accuracy of the data analysis.
Study concept and design: Li, VanderWeele.
Acquisition, analysis, or interpretation of data: All
authors.
Drafting of the manuscript: Li, VanderWeele.
Critical revision of the manuscript for important
intellectual content: All authors.
Statistical analysis: Li, VanderWeele.
Obtained funding: VanderWeele.
Administrative, technical, or material support:
Stampfer, Williams, VanderWeele.
Study supervision: Stampfer, VanderWeele.

Conflict of Interest Disclosures: None reported.

Funding/Support: The Nurses’ Health Study was
funded by grant UM1 CA186107 from the National
Institutes of Health. The analysis and article was
supported by a research grant from the Templeton
Foundation.

Role of the Funder/Sponsor: The funding sources
played no role in the design and conduct of the
study; collection, management, analysis, and
interpretation of the data; preparation, review, or
approval of the manuscript; and decision to submit
the manuscript for publication.

REFERENCES

1. World Health Organization. WHO definition of
health. http://www.who.int/about/definition/en
/print.html. Accessed April 7, 2016.

2. Balboni MJ, Puchalski CM, Peteet JR. The
relationship between medicine, spirituality and
religion: three models for integration. J Relig Health.
2014;53(5):1586-1598.

3. Koenig HG. Faith & Mental Health. Philadelphia, PA:
Templeton Foundation Press; 2005.

4. Koenig H, King DE, Benner V. Handbook of
Religion and Health. 2nd ed. New York, NY: Oxford
University Press; 2012.

5. Puchalski CM, Blatt B, Kogan M, Butler A.
Spirituality and health: the development of a field.
Acad Med. 2014;89(1):10-16.

6. Puchalski CM, Vitillo R, Hull SK, Reller N.
Improving the spiritual dimension of whole person
care: reaching national and international
consensus. J Palliat Med. 2014;17(6):642-656.

7. Crabtree S, Pelham B. What Alabamians and
Iranians have in common; a global perspective on
Americans’ religiosity offers a few surprises. Gallup
Poll News Service. https://www.highbeam.com/doc
/1G1-193998914.html. Published February 9, 2009.
Accessed April 8, 2016. Gallup Poll News Service;
2009.

8. Franck R, Iannaccone L. Religious decline in the
20th century West: testing alternative
explanations. Public Choice. 2014;159(3-4):385-414.
doi:10.1007/s11127-013-0103-9.

9. Lucchetti G, Lucchetti AL, Koenig HG. Impact of
spirituality/religiosity on mortality: comparison with
other health interventions. Explore (NY). 2011;7(4):
234-238.

10. McCullough ME, Hoyt WT, Larson DB, Koenig
HG, Thoresen C. Religious involvement and
mortality: a meta-analytic review. Health Psychol.
2000;19(3):211-222.

11. Hall DE. Religious attendance: more
cost-effective than Lipitor? J Am Board Fam Med.
2006;19(2):103-109.

12. Larson DB, Larson SS, Koenig HG. Mortality and
religion/spirituality: a brief review of the research.
Ann Pharmacother. 2002;36(6):1090-1098.

13. Sloan RP, Bagiella E, VandeCreek L, et al. Should
physicians prescribe religious activities? N Engl J Med.
2000;342(25):1913-1916.

14. Sloan RP, Bagiella E, Powell T. Religion,
spirituality, and medicine. Lancet. 1999;353(9153):
664-667.

15. Denberg T. Religious attendance: more
cost-effective than Lipitor? J Am Board Fam Med.
2006;19(4):430.

16. Koenig HG, Idler E, Kasl S, et al. Religion,
spirituality, and medicine: a rebuttal to skeptics. Int
J Psychiatry Med. 1999;29(2):123-131.

17. VanderWeele TJ. Unmeasured confounding and
hazard scales: sensitivity analysis for total, direct,
and indirect effects. Eur J Epidemiol. 2013;28(2):
113-117.

18. Dupre ME, Franzese AT, Parrado EA. Religious
attendance and mortality: implications for the
black–white mortality crossover. Demography.
2006;43(1):141-164.

19. Strawbridge WJ, Cohen RD, Shema SJ, Kaplan
GA. Frequent attendance at religious services and
mortality over 28 years. Am J Public Health. 1997;87
(6):957-961.

20. Ellison CG, Hummer RA, Cormier S, Rogers RG.
Religious involvement and mortality risk among
African American adults. Res Aging. 2000;22(6):
630-677. doi:10.1177/0164027500226003.

21. Colditz GA, Hankinson SE. The Nurses’ Health
Study: lifestyle and health among women. Nat Rev
Cancer. 2005;5(5):388-396.

22. Rich-Edwards JW, Corsano KA, Stampfer MJ.
Test of the national death index and Equifax
nationwide death search. Am J Epidemiol. 1994;140
(11):1016-1019.

23. Chiuve SE, Sampson L, Willett WC. The
association between a nutritional quality index and
risk of chronic disease. Am J Prev Med. 2011;40(5):
505-513.

24. Sun Q, Townsend MK, Okereke OI, et al.
Alcohol consumption at midlife and successful
ageing in women: a prospective cohort analysis in
the Nurses’ Health Study. PLoS Med. 2011;8(9):
e1001090.

25. Ware JE Jr, Sherbourne CD. The MOS 36-item
short-form health survey (SF-36): I: conceptual
framework and item selection. Med Care. 1992;30
(6):473-483.

26. Berkman LF, Syme SL. Social networks, host
resistance, and mortality: a nine-year follow-up
study of Alameda County residents. Am J Epidemiol.
1979;109(2):186-204.

27. Andresen EM, Malmgren JA, Carter WB, Patrick
DL. Screening for depression in well older adults:
evaluation of a short form of the CES-D (Center for
Epidemiologic Studies Depression Scale). Am J Prev
Med. 1994;10(2):77-84.

28. Burgess PM, Mazzocco L, Campbell IM.
Discriminant validity of the Crown-Crisp
Experiential Index. Br J Med Psychol. 1987;60(pt 1):
61-69.

29. Hernán MA, Brumback B, Robins JM. Marginal
structural models to estimate the causal effect of
zidovudine on the survival of HIV-positive men.
Epidemiology. 2000;11(5):561-570.

30. Robins JM, Hernán MÁ, Brumback B. Marginal
structural models and causal inference in
epidemiology. Epidemiology. 2000;11(5):550-560.

Research Original Investigation Religious Service Attendance and Mortality Among Women

E8 JAMA Internal Medicine Published online May 16, 2016 (Reprinted) jamainternalmedicine.com

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ by a Harvard University User  on 05/16/2016

http://jama.jamanetwork.com/article.aspx?doi=10.1001/jamainternmed.2016.1615&utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.1615
http://www.who.int/about/definition/en/print.html
http://www.who.int/about/definition/en/print.html
http://www.ncbi.nlm.nih.gov/pubmed/24917445
http://www.ncbi.nlm.nih.gov/pubmed/24917445
http://www.ncbi.nlm.nih.gov/pubmed/24280839
http://www.ncbi.nlm.nih.gov/pubmed/24842136
https://www.highbeam.com/doc/1G1-193998914.html
https://www.highbeam.com/doc/1G1-193998914.html
http://dx.doi.org/10.1007/s11127-013-0103-9
http://www.ncbi.nlm.nih.gov/pubmed/21724156
http://www.ncbi.nlm.nih.gov/pubmed/21724156
http://www.ncbi.nlm.nih.gov/pubmed/10868765
http://www.ncbi.nlm.nih.gov/pubmed/10868765
http://www.ncbi.nlm.nih.gov/pubmed/16513898
http://www.ncbi.nlm.nih.gov/pubmed/16513898
http://www.ncbi.nlm.nih.gov/pubmed/12058703
http://www.ncbi.nlm.nih.gov/pubmed/10861331
http://www.ncbi.nlm.nih.gov/pubmed/10861331
http://www.ncbi.nlm.nih.gov/pubmed/10030348
http://www.ncbi.nlm.nih.gov/pubmed/10030348
http://www.ncbi.nlm.nih.gov/pubmed/16809663
http://www.ncbi.nlm.nih.gov/pubmed/16809663
http://www.ncbi.nlm.nih.gov/pubmed/10587810
http://www.ncbi.nlm.nih.gov/pubmed/10587810
http://www.ncbi.nlm.nih.gov/pubmed/23371044
http://www.ncbi.nlm.nih.gov/pubmed/23371044
http://www.ncbi.nlm.nih.gov/pubmed/16579212
http://www.ncbi.nlm.nih.gov/pubmed/16579212
http://www.ncbi.nlm.nih.gov/pubmed/9224176
http://www.ncbi.nlm.nih.gov/pubmed/9224176
http://dx.doi.org/10.1177/0164027500226003
http://www.ncbi.nlm.nih.gov/pubmed/15864280
http://www.ncbi.nlm.nih.gov/pubmed/15864280
http://www.ncbi.nlm.nih.gov/pubmed/7985649
http://www.ncbi.nlm.nih.gov/pubmed/7985649
http://www.ncbi.nlm.nih.gov/pubmed/21496749
http://www.ncbi.nlm.nih.gov/pubmed/21496749
http://www.ncbi.nlm.nih.gov/pubmed/21909248
http://www.ncbi.nlm.nih.gov/pubmed/21909248
http://www.ncbi.nlm.nih.gov/pubmed/1593914
http://www.ncbi.nlm.nih.gov/pubmed/1593914
http://www.ncbi.nlm.nih.gov/pubmed/425958
http://www.ncbi.nlm.nih.gov/pubmed/425958
http://www.ncbi.nlm.nih.gov/pubmed/8037935
http://www.ncbi.nlm.nih.gov/pubmed/8037935
http://www.ncbi.nlm.nih.gov/pubmed/3567112
http://www.ncbi.nlm.nih.gov/pubmed/3567112
http://www.ncbi.nlm.nih.gov/pubmed/10955409
http://www.ncbi.nlm.nih.gov/pubmed/10955408
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.1615


Copyright 2016 American Medical Association. All rights reserved.

31. Knol MJ, VanderWeele TJ, Groenwold RH,
Klungel OH, Rovers MM, Grobbee DE. Estimating
measures of interaction on an additive scale for
preventive exposures. Eur J Epidemiol. 2011;26(6):
433-438.

32. VanderWeele TJ, Vansteelandt S. Invited
commentary: some advantages of the relative
excess risk due to interaction (RERI)—towards
better estimators of additive interaction. Am J
Epidemiol. 2014;179(6):670-671.

33. VanderWeele T. Explanation in Causal
Inference: Methods for Mediation and Interaction.
New York, NY: Oxford University Press; 2015.

34. Valeri L, VanderWeele TJ. SAS macro for causal
mediation analysis with survival data. Epidemiology.
2015;26(2):e23-e24.

35. Zucker DM. Restricted mean life with
covariates: modification and extension of a useful
survival analysis method. J Am Stat Assoc. 1998;93
(442):702-709. doi:10.1080/01621459.1998
.10473722.

36. Ding P, VanderWeele T. Sensitivity analysis
without assumptions [published online February 1,
2016]. Epidemiology.

37. Hill PL, Turiano NA. Purpose in life as a
predictor of mortality across adulthood. Psychol Sci.
2014;25(7):1482-1486.

38. Levin JS, Larson DB, Puchalski CM. Religion and
spirituality in medicine: research and education.
JAMA. 1997;278(9):792-793.

39. Matthews DA, McCullough ME, Larson DB,
Koenig HG, Swyers JP, Milano MG. Religious
commitment and health status: a review of the
research and implications for family medicine. Arch
Fam Med. 1998;7(2):118-124.

40. Koenig HG. Medicine, Religion, and Health:
Where Science & Spirituality Meet. West
Conshohocken, PA: Templeton Foundation Press;
2008.

41. Levin JS. Religion and health: is there an
association, is it valid, and is it causal? Soc Sci Med.
1994;38(11):1475-1482.

42. Hummer RA, Rogers RG, Nam CB, Ellison CG.
Religious involvement and US adult mortality.
Demography. 1999;36(2):273-285.

43. Oman D, Reed D. Religion and mortality among
the community-dwelling elderly. Am J Public Health.
1998;88(10):1469-1475.

44. Idler EL, Musick MA, Ellison CG, et al.
Measuring multiple dimensions of religion and
spirituality for health research: conceptual
background and findings from the 1998 General
Social Survey. Res Aging. 2003;25(4):327-365. doi:
10.1177/0164027503025004001.

45. Hill PC, Pargament KI. Advances in the
conceptualization and measurement of religion and
spirituality: implications for physical and mental
health research. Am Psychol. 2003;58(1):64-74.

46. Hadaway CK, Marler PL, Chaves M. What the
polls don’t show—a closer look at United States
church attendance. Am Sociol Rev. 1993;58(6):741-
752. doi:10.2307/2095948.

47. Presser S, Stinson L. Data collection mode and
social desirability bias in self-reported religious
attendance. Am Sociol Rev. 1998;63(1):137-145.

48. Chaves M. American Religion: Contemporary
Trends. Princeton, NJ: Princeton University Press;
2011.

49. Rothman KJ. Modern Epidemiology. 3rd ed.
Philadelphia, PA: Wolters Kluwer Health/Lippincott
Williams & Wilkins; 2008.

50. Musick MA, House JS, Williams DR. Attendance
at religious services and mortality in a national
sample. J Health Soc Behav. 2004;45(2):198-213.

Religious Service Attendance and Mortality Among Women Original Investigation Research

jamainternalmedicine.com (Reprinted) JAMA Internal Medicine Published online May 16, 2016 E9

Copyright 2016 American Medical Association. All rights reserved.

Downloaded From: http://archinte.jamanetwork.com/ by a Harvard University User  on 05/16/2016

http://www.ncbi.nlm.nih.gov/pubmed/21344323
http://www.ncbi.nlm.nih.gov/pubmed/21344323
http://www.ncbi.nlm.nih.gov/pubmed/24488514
http://www.ncbi.nlm.nih.gov/pubmed/24488514
http://www.ncbi.nlm.nih.gov/pubmed/25643116
http://www.ncbi.nlm.nih.gov/pubmed/25643116
http://dx.doi.org/10.1080/01621459.1998.10473722
http://dx.doi.org/10.1080/01621459.1998.10473722
http://www.ncbi.nlm.nih.gov/pubmed/26841057
http://www.ncbi.nlm.nih.gov/pubmed/26841057
http://www.ncbi.nlm.nih.gov/pubmed/24815612
http://www.ncbi.nlm.nih.gov/pubmed/24815612
http://www.ncbi.nlm.nih.gov/pubmed/9286846
http://www.ncbi.nlm.nih.gov/pubmed/9519914
http://www.ncbi.nlm.nih.gov/pubmed/9519914
http://www.ncbi.nlm.nih.gov/pubmed/8036527
http://www.ncbi.nlm.nih.gov/pubmed/8036527
http://www.ncbi.nlm.nih.gov/pubmed/10332617
http://www.ncbi.nlm.nih.gov/pubmed/9772846
http://www.ncbi.nlm.nih.gov/pubmed/9772846
http://dx.doi.org/10.1177/0164027503025004001
http://www.ncbi.nlm.nih.gov/pubmed/12674819
http://dx.doi.org/10.2307/2095948
http://www.ncbi.nlm.nih.gov/pubmed/15305760
http://www.jamainternalmedicine.com/?utm_campaign=articlePDF%26utm_medium=articlePDFlink%26utm_source=articlePDF%26utm_content=jamainternmed.2016.1615

