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Hill et al. (2016) report a positive association between religiosity
(a summary measure of service attendance, frequency of prayer,
and religious identity) and telomere length. Their results, if repli-
cated in other studies with more rigorous designs, might account
for one mechanism through which religious participation affects
longevity. As the authors note, research on religiosity and telomere
length is still in its infancy, with prior research employing only one
small convenience sample study using a religiosity measures
similar to that of Hill et al. (Koenig et al., 2016). There have been,
however, other previous studies linking forms of religious (e.g.,
Buddhist) meditation and other spiritual practices with cellular
aging. Randomized controlled trials have shown various forms of
meditation (Jacobs et al., 2011; Lavretsky et al., 2013) and Qi Gong
(Ho et al., 2012) to be associated with increased telomerase activity.
Loving-kindness meditation (Hoge et al., 2013) has also been
associated with increased relative leukocyte telomere length.
Despite the Hill et al. (2016) study’s cross-sectional design, it does
provide additional evidence for an association between their
particular measures of religiosity and telomere length, and thus
moves us one step forward.

Although the Hill et al.’s (2016) study constitutes a step forward
concerning evidence for an association, it also represents a step
back for the field of religion/spirituality (R/S) and health research in
terms of the study design used and subsequent quality of evidence
for causality or for identifying underlyingmechanisms. Much of the
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early R/S and health literature came under attack for its prepon-
derance of cross-sectional study designs and inadequate control for
confounding (Sloan et al., 1999). Cross-sectional designs can
contribute little evidence for causality; lack of confounding control
for baseline health and other variables compromises evidence even
within longitudinal studies. The field has advanced considerably
over the last two decades, with a number of high quality longitu-
dinal studies on various outcomes (e.g., mortality, depression, sui-
cide) now available (Hummer et al., 1999; Strawbridge et al., 2001;
Gillum et al., 2008; Schnall et al., 2010; Balbuena et al., 2013;
Kleinman and Liu, 2014; Li et al., 2016a, b; VanderWeele et al.,
2016a, b; See VanderWeele (2016) for a recent review). While
such studies have begun to set a new standard for the field, it is still
the case that the vast majority of studies within R/S and health
research are cross-sectional (Koenig et al., 2012). For health out-
comes for which several good longitudinal studies are now avail-
able, cross-sectional analyses effectively contribute no additional
evidence for causality. Since there have yet to be any longitudinal
studies of religiosity and telomere length, the present study by Hill
et al. does make a contribution to the field by documenting an
association in a population-based sample. However, analyses of the
relationship between R/S variables and telomere length conducted
within a rigorous prospective study design are needed if R/S
research is to keep pace with other fields of inquiry.

A second important point in interpreting the results of Hill et al.
(2016) concerns power and sample size. At 1252 participants, their
study is not small, but nor is it particularly large. In discussing
potential mechanisms for the association between religiosity and
telomere length, the investigators claim that none of the potential
mediators (i.e., depression, smoking, heavy drinking, or allostatic
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load) was significant. This claim is somewhat problematic from two
perspectives: first, study design requirements to assess mediation
and mechanisms are in general even more stringent than for
assessing total causal effects (VanderWeele, 2015). As noted above,
cross-sectional analysis is very limited in its ability to establish
causation, and thus also very limited in its ability to assess mech-
anisms of any purported causal effect. Second, significant medi-
ating relationships may not have been identified due to inadequate
power to detect these associations, and, in fact, at least depression
seems to be borderline statistically significant (the coefficient es-
timate is 0.027 and approximately twice its standard error of 0.013).
Although the confidence interval would include 0, the estimate for
the proportionmediated by depression is (0.38e0.31)/0.38¼ 18.4%,
nearly one-fifth. Their summary, “we can conclude… that no
mediation processes are present in our data,” is thus premature. A
much larger study, with longitudinal design, would be needed to
come to this conclusion (and may very well come to a different
conclusion). Indeed, it would be surprising if the association be-
tween religious participation and telomere length (or other health
outcomes) were entirely unmediated. Smoking, depression, stress,
and possibly a sense of meaning and purpose, all seem likely,
plausible, mechanisms through which religiosity might affect
telomere length.

Issues of statistical power are also relevant in Hill et al.’s inter-
action analyses. A crude calculation, assuming equally sized groups
(cf. VanderWeele, 2015), suggests that, even if the magnitude of the
interactionwere as large as themain effect of religiosity, the sample
size required to detect the interaction with 80% power would be
6147 (i.e. much larger than that in the Hill et al. study). If the
interaction were only half as large of the main effect, the sample
size required for 80% power would be nearly 25,000 participants.
Once again, their conclusion, “the results suggest that the positive
association between religiosity and telomere length is comparable
across levels of age, for women and men, and for non-Hispanic
blacks and whites,” is premature. Absence of evidence does not
imply evidence of absence. A much larger study would be needed
for such a conclusion.

Despite these limitations, Hill et al. make an important contri-
bution in helping to bring R/S research more towards the current
stream of cutting edge science. The challenge now is to push the
field beyond merely documenting associations between R/S and
various outcomes towards understanding the underlying biological
pathways and mechanisms underpinning these relationships.
Significantly advancing R/S research will require employing more
rigorous, prospective study designs, with larger sample sizes, that
can support more sophisticated analyses.

We believe the field of R/S and health research would benefit
greatly by making more use of the resources provided by large
prospective cohort studies. These cohort studies typically have the
advantage of a very large sample size (often 50,000 or 100,000 or
more), repeatedmeasures of all variables, long-term follow-up, and
extensive information on potential confounding and mediating
variables. Most cohorts also collect biological specimens and
biomarker data needed to pursue hypotheses regarding biological
pathways or mechanisms. Many of these cohort studies already
have some measures of religiosity and spirituality. Indeed, we have
recently carried out analyses examining longitudinal associations
between religious service attendance and other R/S measures and
various health outcomes using both the Nurses’ Health Study and
the Black Women’s Health Study (Li et al., 2016a, b; VanderWeele
et al., 2016a, b). In the case of the Nurses’ Health Study, repeated
measurements of service attendance were available every four
years, thereby also allowing for control of past exposure. Such
longitudinal studies, allowing for control of past exposures and past
outcomes, constitute one of the most powerful designs, short of a
randomized trial, for contributing evidence for causality
(VanderWeele et al., 2016c). Moreover, if efforts were made to
incorporate additional measures of religion and spirituality into
future waves of data collection for existing cohort studies, these
cohorts would be yet more valuable for advancing R/S and health
research.

Efforts are underway to expand capacity to conduct such R/S
research through a consortium effort that builds on several national
cohorts (http://cgvh.harvard.edu). This consortium effort will be
conducting original research to evaluate which R/S measures seem
to be the most useful to collect in the effort to understand the
underlying biological pathways or mechanisms through which R/S
likely affects human health, and thus to help cohort leaders prior-
itize future R/S data collection efforts in cohort studies. Collabora-
tive efforts can build on the wealth of data, collected over decades
by the dedicated cohort leaders and their study teams. These co-
horts include rich biological, clinical, demographic, environmental,
behavioral and psychosocial data, and also include some R/S mea-
sures, all of which can be leveraged now to advance knowledge
regarding the various biological mechanisms and pathways
through which R/S operates to affect human health and vulnera-
bility to disease. As new biological markers strongly associatedwith
R/S measures are collected by cohorts in the future, these data re-
sources will become even more valuable in understanding the
relationship between religion and spirituality, risk of disease (or
protective effects), and human health.
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