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Abstract
Background—Religious involvement has been associated with improved health outcomes but
greater obesity in older adults. No longitudinal study of young adults has examined the
prospective association of religious involvement with incident cardiovascular risk factors (RFs)
and subclinical disease (subCVD).

Methods—We included 2433 participants of the CARDIA study, aged 20 to 32 in 1987 when
religiosity was assessed, who were followed for 18 years. Multivariable-adjusted regression
models were fitted to assess prospective associations of frequency of religious participation at
baseline with incidence of RFs and prevalence of subCVD after 18 years’ follow up.

Results—High frequency of religious participation was associated with a significantly greater
incidence of obesity in unadjusted models (RR 1.57, 95% CI 1.14 – 1.73) and demographic-
adjusted models (RR 1.34, 95% CI 1.09 – 1.65) but not after additional adjustment for baseline
RFs (RR 1.17, 95% CI 0.97 – 1.41). When religious participation was treated dichotomously, any
religious participation, compared with none, was associated with significantly lower subCVD.

Conclusions—Frequent religious participants are more likely to become obese between young
adulthood and middle age; this association is confounded by demographic and other factors.
Nonetheless, young adults with frequent participation may represent an opportunity for obesity
prevention.
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INTRODUCTION
Religious involvement is associated with improved general health practices and outcomes.
Lower rates of smoking (Strawbridge, W.J. et al, 1997; Lapane, K.L, et al, 1997; Whooley,
M.A. et al, 2002) and all-cause mortality (Strawbridge, W.J. et al, 1997; Koenig, H.G. et al,
1999; Hummer, R.A. et al, 1999) have been found among those with frequent religious
service attendance in longitudinal and cross-sectional studies. Review articles and meta-
analyses have confirmed the positive relationship between religiosity and general health
status (McCullogh, M.E. et al, 2000; Powell, L.H. et al, 2003; Chida, Y. et al, 2009).

Religious involvement has also been associated with lower cardiovascular disease (CVD)-
related morbidity and mortality (Hummer, R.A. et al, 1999; Obisesan, T. et al, 2006; Oman,
D. et al, 2002; Goldbourt, U. et al, 1999). However, the relationships between religiosity and
CVD-related risk factors (RFs) are somewhat less clear, and few studies have examined
longitudinal associations between religiosity and RFs. Religiosity has been associated with
significantly greater body weight and/or obesity in numerous cross-sectional analyses
(Lapane, K.L. et al, 1997; Ferraro, K.F., 1998; Feinstein, M. et al, 2010; Cline, K.M. &
Ferraro, K., 2006), though some analyses have found no significant association between
religiosity and overweight/obesity (Roff, L.L. et al, 2005; Ellis, L. & Biglione, D., 2000).
While some studies have suggested that religious involvement and/or spirituality are cross-
sectionally associated with lower blood pressure (Gillum, R.F. & Ingram, D.D., 2006), some
have found no significant cross-sectional (Fitchett, G. & Powell, L.H., 2009) or longitudinal
(Krause, N. et al, 2002) associations between religiosity/spirituality and blood pressure. In a
recent cross-sectional analysis of a nationally representative, multi-ethnic sample of older
adults, we found that religious involvement was associated with greater obesity (Feinstein,
M. et al, 2010). However, no longitudinal community-based study of young adults has
examined the association of religious involvement with incident CVD RFs and sub-clinical
CVD (subCVD), despite evidence that CVD RFs and significant subCVD develop in the
first decades of life.

In the present study, we sought to better understand the temporal nature of the association
between religiosity and obesity. Thus, the objective of this study was to examine
longitudinal associations of religious participation with development of CVD RFs,
particularly obesity, and subCVD from young adulthood to middle age.

METHODS
Study Participants

The Coronary Artery Risk Development in Young Adults (CARDIA) study is an NHLBI-
sponsored study designed to examine the prevalence and progression of coronary RFs and
atherosclerosis in young people. The study design of CARDIA has been described in detail
previously (Friedman, G.D. et al, 1988). A cohort of 5115 black and white adults aged 18-30
at the time of enrollment and balanced by sex, education, and age was recruited in
1985-1986 from four sites: Chicago, IL; Minneapolis, MN; Oakland, CA; and Birmingham,
AL. Exams were conducted at years 0 (1985), 2, 5, 7, 10, 15, and 20. Follow-up contact has
been maintained in 91% of CARDIA participants. This study used data from the CARDIA
year 2 (baseline) and year 20 exams. Year 2 was used as baseline because it was the only
exam in which religiosity was ascertained.

Religious Participation
Religious participation was measured based on participant responses to a questionnaire
given at CARDIA exam 2 (which began in 1987). Frequency of participation in religious
activities was determined by responses (more than once a week, every week, regularly but
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not every week, only on special occasions, never) to the question: “How frequently do you
participate in religious activities?” Based on responses to this question, participants were
grouped as having high (more than once a week, every week), medium (regularly but not
every week), low (only on special occasions), or no (never) frequency of religious
participation.

Risk Factors
For each participant, resting blood pressure, blood chemistries, anthropometric measures, as
well as self-reported histories of smoking and medication use were obtained at the year 2
and year 20 exams according to methods described previously (Friedman, G.D. et al, 1988);
the year 2 exam was performed concurrently with the questionnaires on religiosity. Obesity
was defined as a BMI ≥30 kg/m2. Hypertension was defined as a systolic blood pressure of
≥140 mmHg, a diastolic blood pressure of ≥90 mmHg, or use of medication prescribed for
hypertension. Hypercholesterolemia was defined as a total cholesterol ≥240 mg/dL, or use
of medication for hyperlipidemia. Diabetes was defined at year 2 as self-reported diabetes,
and at year 20 as self-reported, fasting glucose ≥126 mg/dL, or use of anti-diabetic
medication.

Subclinical CVD
Coronary artery calcium (CAC) and common carotid intima-media thickness (CC-IMT)
were obtained at the year 20 exam. Each of these measures is associated with different
manifestations of vascular pathology; CAC associates most closely with coronary
atherosclerosis and coronary risk, and CC-IMT is a measure of atherosclerosis that
associates most closely with stroke risk (Folsom, A.R. et al, 2008). CAC was measured by
electron-beam or multi-detector computed tomography (CT) scans; scans were sent to a
central CARDIA Reading Center, where radiologists used image-processing software to
determine calcific foci and calculate calcium scores. Images of the left and right common
carotid arteries were obtained using high-resolution B-mode ultrasound and read centrally;
CC-IMT values were determined using previously described methods (Polak, J.F. et al,
2010).

Statistical Analyses
All analyses were performed using SAS version 9.2 (SAS Institute Inc, Cary, NC).
Participants were classified by self-reported levels of participation in religious activity
(never, low, medium, or high). Baseline characteristics were compared across these groups
using general linear models for continuous variables and chi-square tests for categorical
variables. Logistic regression models were fitted to assess prospective associations of
frequency of religious participation (at year 2) with incidence of cardiovascular risk factors
(at year 20): obesity, hypertension, hypercholesterolemia, diabetes and smoking. Three
sequential models were developed for each outcome of interest: unadjusted (Model 1);
adjusted for age, sex, race, education and income at year 2 (Model 2); and additionally
adjusted for clinical covariates at year 2: systolic and diastolic blood pressure, body mass
index, total cholesterol, triglycerides, high-density lipoprotein, diabetes and smoking status
(Model 3). All regressions were performed using the religiosity level of “never” as the
reference group. Similar analyses were performed examining the association of religiosity
levels (at year 2) with subCVD (at year 20): coronary artery calcium score>0 and CC-
IMT>90th percentile. A 2-tailed p<0.05 was considered statistically significant. Participants
were excluded from logistic regression models assessing incidence of each RF if they did
not answer the religiosity questionnaire, did not attend the year 20 exam, or already had the
RF under analysis (obesity, hypertension, hypercholesterolemia, diabetes, or smoking)
prevalent at year 2. Participants were excluded from logistic regression models assessing
prevalence of subCVD if they did not answer the religiosity questionnaire, did not attend the
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year 20 exam, or did not have subCVD assessed. There were modest differences between
those who were excluded and those who were included with regard to prevalence of never
participating in religious activities at year 2 (20.0% for those who did not attend year 20 vs.
13.8% in those without subCVD measured vs. 16.3% in those with complete covariates).

RESULTS
Study Sample and Baseline Characteristics

Baseline characteristics of the 2433 CARDIA participants who had complete data are shown
in Table 1, stratified by frequency of religious participation. Participants with medium and
high frequencies of religious participation were more likely than those with little or none to
be female and black. Those with more religious participation also had higher BMI, were
more likely to have diabetes, and were less likely to smoke.

Incidence of RFs by frequency of religious participation
The incidence of new CVD RFs among CARDIA participants initially free of each
respective RF at baseline is shown in Table 2 and Figure 1. In unadjusted logistic regression,
each frequency of participation (low, medium, and high) was associated with a significantly
greater likelihood of incident obesity than no participation, and the highest frequency of
participation was associated with the greatest likelihood of incident obesity (Table 3).
Meanwhile, those with medium and high frequencies of religious participation were
significantly more likely than those with none to become hypertensive by year 20 (Table 3).

After adjustment for year 2 demographic covariates (including age, sex, race, education, and
income), a high frequency of participation was still associated with a significantly greater
likelihood of incident obesity by year 20, while the associations of all levels of religious
participation with incident hypertension were attenuated to non-significance (Table 3). After
further adjustment for all baseline RFs, a high frequency of religious participation was still
associated with a greater risk of incident obesity, although this association was no longer
statistically significant (Table 3). After additional adjustment for CARDIA field center in a
secondary analysis, associations between religious participation and obesity were not
significantly different from the model adjusted for demographics and RFs only; the
association between a high frequency of religious participation and obesity before (RR 1.17,
95% CI 0.97, 1.41) and after (RR 1.16, 95% CI 0.96, 1.41) additional adjustment for field
center were essentially the same.

A secondary analysis treating religious participation dichotomously (any frequency of
religious participation vs. none) revealed significant associations of religious participation
with obesity in unadjusted (RR 1.56, 95% CI 1.23 – 1.98) and demographic-adjusted (RR
1.34, 95% CI 1.04-1.73) models, but not in models adjusted additionally for all RFs. When
the dichotomous model was stratified by race, no statistically significant associations were
found between religious involvement and incident RFs for white or black participants (with
lower power to detect significant associations). Likewise, an interaction term for race and
participation was not statistically significant. When we combined the “never” and “low”
participation groups in another secondary analysis, the demographic-adjusted relative risk
for obesity in the high versus this combined lowest participation group was 1.14 (95% CI
0.99-1.31), indicating a similar but somewhat weaker association.

Prevalence of subCVD at year 20, by frequency of religious participation
The prevalence at year 20 of CAC>0 or CC-IMT>90th percentile is shown in Table 2 and
Figure 1. Although high religious involvement was associated with a significantly lower
year 20 prevalence of CAC in unadjusted logistic regression, this association became non-
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significant after adjustment for demographics and baseline RFs (Table 3). Low religious
participation was associated with a significantly lower risk of CC-IMT >90th percentile after
adjustment for demographics, and both low and medium religious participation were
associated with significantly lower risks of CC-IMT >90th percentile after additional
adjustment for RFs (Table 3). When religious participation was treated dichotomously, any
religious participation was associated with a significantly lower risk of CC-IMT >90th

percentile after adjustment for baseline demographics and RFs (OR 0.56, 95% CI 0.38 –
0.83). When the dichotomous model was stratified by race, any religious involvement
among white participants was associated with a significantly lower risk of CC-IMT >90th

percentile than no religious involvement among white participants, after adjustment for
baseline demographics and RFs (OR 0.38, 95% CI 0.22-0.68); this association was not
significant in blacks (OR 0.77, 95% CI, 0.42-1.44).

DISCUSSION
Principal Findings

A high frequency (at least once per week) of religious involvement was associated with an
elevated risk of incident obesity in unadjusted analyses and after adjustment for
demographics. Further adjustment for all baseline RF levels revealed an association of
borderline significance. Any level of religious participation was associated with a lower year
20 prevalence of CC-IMT >90th percentile in adjusted analyses, particularly among white
participants.

Religious Participation and Obesity
Study participants with a high frequency of religious involvement were more likely than
those with none to become obese between young adulthood and middle age, even after
accounting for demographics. After additional adjustment for RFs during young adulthood,
a high frequency of religious involvement remained associated with a greater incidence of
obesity by middle age, but this association was borderline statistically significant. In light of
previous studies demonstrating a greater prevalence of obesity among older adults, the
findings of the present study suggest that development of obesity among religious people
between young adulthood and middle age may partially explain the persistent association
between religiosity and obesity through middle age and older adulthood.

Numerous theories have been proposed to explain the finding that greater religiosity is
associated with a greater risk of obesity. One longitudinal analysis suggested that religious
individuals are more likely to become obese because religious organizations rarely address
dietary over-consumption and religious gatherings often center around food and drink
(Krause, N. et al, 2002). It is also possible that religiosity leads to obesity to a lesser extent
than obesity leads to religiosity, as religious organizations may offer a welcoming
environment for those who are obese and seek protection from social stigma (Cline, K.M. &
Ferraro, K., 2006). However, the latter explanation does not appear to be primarily
responsible for the association between religiosity and obesity in light of our longitudinal
finding that religious participation associates prospectively with incident obesity.

The presence of a significant longitudinal association between religiosity and obesity even
after adjustment for demographics highlights a need for anti-obesity interventions targeted
specifically at religious groups. Numerous faith-based preventive health programs have
arisen over the last two decades in an attempt to capitalize on the relative accessibility and
pre-existing infrastructure of religious populations, with promising results (Dehaven, M.J. et
al, 2004). Nevertheless, these initiatives have been somewhat limited in scope and duration,
and obesity has remained a prevalent yet unaddressed problem in many religious
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communities. That nearly 30% of younger adults with any religious participation may
become obese over the ensuing two decades may represent an important opportunity to
target obesity prevention.

Religious Participation and Hypertension
Religious involvement was associated with a significantly greater incidence of hypertension
in unadjusted analysis, but was attenuated to non-significance after adjustment for
demographics. Regression analysis demonstrated a particularly strong, statistically
significant association of race and sex with hypertension. Given the especially high number
of black females in the medium and high religious involvement groups and the known high
prevalence of hypertension among black females (Cutler, J.A. et al, 2008), it is likely that
the association between medium religious involvement and hypertension was strongly
confounded by sex and race.

Religious Participation and Subclinical Carotid Atherosclerosis
We found that religious participation was associated with a significantly lower risk of
subclinical carotid atherosclerosis (as measured by CC-IMT >90th percentile) after
adjustment for baseline demographics and RFs. This association was particularly strong
among white participants. Although these findings were statistically significant, they may
not be particularly clinically meaningful; mean CC-IMT varied minimally between religious
participation groups and without any clear trend (.79, .79, .81, and .80 mm for those with no,
low, medium, and high religious participation, respectively). We did not measure
associations between religiosity and CVD events in this analysis because of our young
population in whom very few CVD events have occurred to date.

Limitations
Some limitations of our study should be acknowledged. First, our measure of frequency of
religious participation may not adequately capture all aspects of religiosity. Religion was
measured only once, and self-reported religious involvement at year 2 may not always
correspond to religious involvement for the following 18 years. Another limitation of this
study is our likely inability to fully account for residual confounding related to geographic
and cultural considerations. It is possible that demographic adjustment does not entirely
account for regional differences and that distinct regional characteristics are partially
responsible for differences in prospective RF development between religiosity groups.
Another limitation of our study is that CARDIA participants represent a young volunteer
cohort of relatively healthy individuals at inception; accordingly, the external validity of our
findings may be limited somewhat.

CONCLUSION
Our study in a well-described, community-based sample confirms a longitudinal link
between religious involvement and obesity, independent of demographics. Our finding that
religiosity is associated with a slightly lower risk of subclinical carotid atherosclerosis is
statistically significant but of uncertain clinical meaning and merits further validation in
other cohorts.
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Highlights

• We examined associations of religiosity in young adulthood with incident
cardiac risk factors.

• Frequent religious involvement in young adults is associated with greater
obesity by middle age.

• This study confirms a longitudinal link between religious involvement and
obesity.

• Long-term obesity prevention initiatives targeted at religious groups may be
warranted.
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Figure 1.
Incidence of RFs and Year 20 (2005) Prevalence of Subclinical Atherosclerosis by
Frequency of Participation in Religious Activities at Baseline (1987)
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Table 2

Incidence of Risk Factors and Prevalence of Subclinical Cardiovascular Disease by year 20 (2005)*

Condition Number of participants without condition at
baseline†

Participants without condition at baseline with incident RF or
prevalent SubCVD by year 20 (%)

Obesity 2826 28.7

Smoking 2465 5.2

Hypercholesterolemia 3027 12.8

Diabetes 3294 9.0

Hypertension 3200 21.5

CAC > 0 2721 18.3

IMT > 90th Percentile 2721 10.0

*
RF incidence analysis includes CARDIA participants who attended exam years 2 and 20 and had complete religiosity data. SubCVD prevalence

analysis includes CARDIA participants who attended exam years 2 and 20, had complete religiosity data, and had subCVD measured.

†
SubCVD was not assessed at baseline.
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Table 3

Rate Ratios for Incidence of Risk Factors and Odds Ratios for Prevalence of Subclinical Cardiovascular
Disease by year 20 (2005) by Frequency of Religious Participation at Baseline (1987)*

Frequency of participation

Model 1: Unadjusted

None Low Medium High

Obesity Referent 1.29 (1.06, 1.57)† 1.40 (1.14, 1.73)† 1.57 (1.28, 1.93)†

Smoking Referent 1.78 (1.01, 3.15)† 1.60 (.87, 2.94) 0.84 (.43, 1.64)

Hypercholesterolemia Referent 1.10 (.83, 1.46) 0.95 (.69, 1.30) 0.94 (.69, 1.29)

Diabetes Referent 1.05 (.75, 1.48) 1.24 (.87, 1.78) 1.18 (.82, 1.71)

Hypertension Referent 1.23 (.98, 1.54) 1.61 (1.28, 2.02)† 1.32 (1.03, 1.68)†

CAC > 0 Referent 0.89 (.68, 1.18) 0.79 (.58, 1.07) 0.63 (.46, .87)†

IMT > 90th Percentile Referent 0.80 (.55, 1.15) 0.94 (.64, 1.40) 0.96 (.65, 1.44)

Model 2: Adjusted for year 2 demographics (age, sex, race, education, and income)

Obesity Referent 1.24 (1.02, 1.51)† 1.12 (.90, 1.39) 1.34 (1.09, 1.65)†

Smoking Referent 1.81 (.99, 3.27) 1.62 (.86, 3.07) 0.87 (.43, 1.75)

Hypercholesterolemia Referent 1.13 (.85, 1.50) 1.09 (.79, 1.50) 1.10 (.80, 1.52)

Diabetes Referent 1.02 (.71, 1.45) 1.05 (.72, 1.54) 1.04 (.71, 1.52)

Hypertension Referent 1.13 (.90, 1.42) 1.22 (.96, 1.54) 1.03 (.81, 1.32)

CAC > 0 Referent 0.89 (.66, 1.21) 0.89 (.63, 1.27) 0.72 (.50, 1.04)

IMT > 90th Percentile Referent 0.67 (.45, 0.99)† 0.68 (.44, 1.05) 0.81 (.52, 1.25)

Model 3: Adjusted for year 2 demographics and RFs (SBP, DBP, BMI, triglycerides, total cholesterol, HDL cholesterol, diabetes and
smoking)

Obesity Referent 1.11 (.93, 1.32) 1.02 (.84, 1.23) 1.17 (0.97, 1.41)

Smoking Referent 1.86 (.99, 3.45) 1.58 (.82, 3.04) 0.89 (.43, 1.84)

Hypercholesterolemia Referent 1.10 (.84, 1.43) 1.09 (.80, 1.49) 1.11 (.82, 1.51)

Diabetes Referent 0.86 (.61, 1.21) 0.98 (.67, 1.41) 0.85 (.58, 1.25)

Hypertension Referent 1.11 (.88, 1.39) 1.19 (.94, 1.50) 0.98 (.77, 1.26)

CAC > 0 Referent 0.83 (.60, 1.14) 0.81 (.56, 1.17) 0.72 (.49, 1.06)

IMT > 90th Percentile Referent 0.56 (.37, .85)† 0.58 (.37, 0.93)† 0.70 (.44, 1.11)

*
RF incidence analysis includes CARDIA participants who attended exam years 2 and 20 and had complete religiosity data. SubCVD prevalence

analysis includes CARDIA participants who attended exam years 2 and 20, had complete religiosity data, and had subCVD measured.

†
P<0.05. Unless otherwise indicated, results are nonsignificant
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