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Abstract

Background: Religious-service attendance has been linked with a lower risk of all-cause
mortality, suicide and depression. Yet, its associations with other health and well-being
outcomes remain less clear.

Methods: Using longitudinal data from three large prospective cohorts in the USA, this
study examined the association between religious-service attendance and a wide range
of subsequent physical health, health behaviour, psychological distress and psychologi-
cal well-being outcomes in separate cohorts of young, middle-aged and older adults. All
analyses adjusted for socio-demographic characteristics, prior health status and prior
values of the outcome variables whenever data were available. Bonferroni correction
was used to correct for multiple testing.

Results: Estimates combining data across cohorts suggest that, compared with those
who never attended religious services, individuals who attended services at least once
per week had a lower risk of all-cause mortality by 26% [95% confidence interval (Cl):
0.65 to 0.84], heavy drinking by 34% (95% Cl: 0.59 to 0.73) and current smoking by 29%
(95% CI: 0.63 to 0.80). Service attendance was also inversely associated with a number of
psychological-distress outcomes (i.e. depression, anxiety, hopelessness, loneliness) and
was positively associated with psychosocial well-being outcomes (i.e. positive affect, life
satisfaction, social integration, purpose in life), but was generally not associated with
subsequent disease, such as hypertension, stroke, and heart disease.

Conclusions: Decisions on religious participation are generally not shaped principally by
health. Nevertheless, for individuals who already hold religious beliefs, religious-service
attendance may be a meaningful form of social integration that potentially relates to
greater longevity, healthier behaviours, better mental health and greater psychosocial
well-being.
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Key Messages

physical diseases.

of the complex religion-health dynamics.

* This study provides evidence throughout adulthood from three longitudinal cohorts for associations of religious-ser-
vice attendance with subsequent mortality, health behaviours and psychosocial well-being, but not with subsequent

* This study examined a wide range of health and well-being outcomes simultaneously, which provides a broad picture

* This study provides the first longitudinal evidence for a number of health and well-being outcomes in relation to reli-
gious-service attendance, with rigorous control for potential confounding and reverse causation.

Introduction

Public health and religion both emphasize a holistic view
of health and both share the mission of promoting health
and well-being broadly.'* Religious involvement is com-
mon in the USA. In 2018, 76 % of Americans reported a re-
ligious affiliation, 50% considered religion very important
in their life and 32% reported attending religious services
over the past week.’

Religious participation may promote health by enhanc-
ing social integration, regulating health behaviours, foster-
ing a sense of purpose and strengthening character;
however, religion may also degrade health by generating
anxiety, guilt and even violence.! Thus, the associations
between religion and health may not be immediately clear.
Whereas there is a large body of empirical research on reli-
gion and health, the strongest longitudinal evidence comes
from only a few more rigorous studies. These studies sug-
gest that the communal aspects of religious practices, spe-
cifically religious-service attendance, is associated with a
lower risk of all-cause mortality, suicide, depression and
substance use, and with better survival in cancer and car-
diovascular patients."*15

Past research on religion and health has contributed
substantially to the literature, yet several methodological
limitations remain. First, other than for mortality and de-
pression, many prior studies on religion and health remain
cross-sectional from which causality cannot be inferred.'>'®
For instance, the limited longitudinal evidence on service
attendance in relation to incident physical illness and anxi-
ety often found weaker associations in contrast to prior
cross-sectional work.'”~'” Moreover, almost all prior evi-
dence on religion and subjective well-being outcomes
remains cross-sectional.'®*" Second, prior prospective

studies on religion and mental health or psychosocial well-
being did not always adequately account for baseline
health to reduce the possibility of reverse causation.”!
Specifically, healthier individuals may be more likely to at-
tend services, and thus the association between service at-
tendance and better health may be spurious if such ‘reverse
causation’ is not addressed.??> Third, whereas health has
been defined broadly as ‘a state of complete physical, men-
tal and social well-being’,%* rigorous evidence on religion
and health remains restricted to a limited set of outcomes.
There has been growing interest in examining multiple cat-
egories of outcomes within the same study, which can po-
tentially reduce publication bias and provide a broader
picture of the complex religion-health dynamics.****
Finally, religious involvement is often characterized by a
cyclic structure across a lifetime, often with a return to reli-
gious community in later life. Prior work has, however, sel-
dom compared the religion—health associations across life
stages.”® To address these issues, this study examined lon-
gitudinal data from three large cohorts of young, middle-
aged and older adults, with repeated measurements of
religious-service attendance and multiple health and well-
being outcomes.

Methods
Study population

We used longitudinal data from three cohorts of young,
middle-aged and older adults including (i) the Growing Up
Today Study (GUTS, mean baseline age = 23.0 years),*” (ii)
the Nurses’ Health Study II (NHSII, mean age=46.8 -
years)*® and (iii) the Health and Retirement Study (HRS,
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mean age = 69.3 years).”” Of note, GUTS participants are
the children of a subset of NHSII participants and some
GUTS participants are siblings. See detailed description for
each cohort in Supplementary Appendix Text 1, available
as Supplementary data at IJE online.

Data on the exposure variable of religious-service atten-
dance were taken from the GUTS 2007 questionnaire, the
NHSII 2001 Trauma Exposure and Post-traumatic Stress
Supplementary Survey and the HRS 2008/2010 question-
naires (a randomly selected 50% of HRS participants were
visited for an enhanced face-to-face interview, whereas the
remaining 50% were assessed 2years later); these years
were considered as the baseline years for this study. Data
on the outcome variables were taken from the most recent
questionnaire waves wherein the relevant outcomes were
assessed (i.e. the GUTS 2010 or 2013 wave, NHSII 2008,
2009 or 2013 wave and HRS 2014/2016 wave). The total
sample sizes for this study were 9862 participants in
GUTS, 68376 in NHSII and 13770 in HRS. Further
details regarding the selection of baseline years and the
outcome years, and the derivation of sample sizes in each
cohort are provided in Supplementary Appendix Text 2,
available as Supplementary data at IJE online. This study
was approved by the institutional review board at Brigham
and Women’s Hospital and the Harvard T.H. Chan School
of Public Health.

Assessment of religious-service attendance

The frequency of religious-service attendance was reported
in response to the questions ‘How often do you go to reli-
gious meetings or services?’” in GUTS and NHSII and
‘About how often have you attended religious services dur-
ing the past year?” in HRS. In all three cohorts, responses
were grouped into the following categories: never, <once
per week and >once per week.?"

Assessment of health and well-being outcomes

We examined a wide range of health and well-being out-
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that were available in at least two of the three
cohorts. Theses outcomes included physical health (all-
cause mortality, number of the following physical-health
problems: diabetes, hypertension, stroke, heart diseases,
cancer and overweight/obesity), health behaviours (heavy
drinking, current smoking status, short sleep duration, fre-
quent physical activity and preventive-healthcare use), psy-
chological distress (depression diagnosis, depressive
symptoms, anxiety symptoms, hopelessness and loneliness)
and psychosocial well-being (positive affect, life satisfac-
tion, social integration and purpose in life). Details regard-

ing the measurement of each outcome are provided in

Text 3, available as

Supplementary data at IJE online.

Supplementary ~ Appendix

Assessment of covariates

A wide range of socio-demographic covariates were ad-
justed for whenever data were available including age, gen-
der, race/ethnicity, marital status, geographic region,
employment status, night-shift work schedule, socio-
economic status, health-insurance status, childhood mater-

childhood-abuse

Covariate data were taken from the questionnaire wave

nal attachment and victimization.
prior to the exposure assessment; if no such data were
available, we used covariate data that were assessed in the
same wave as the exposure.

We also adjusted for previous religious-service atten-
dance, assessed in the questionnaire wave prior to the ex-
posure assessment, to evaluate current (i.e. conditional on
past) rather than prevalent (i.e. already present) service at-
tendance. Specifically, conditioning on past attendance
helps to reduce the ‘cumulative effects’ that past atten-
dance may have exerted on health, thus allowing the health
associations of current service attendance to be evaluated
and moreover helps further control for reverse causation
and unmeasured confounding.*' Data on prior attendance
were available in GUTS and the HRS, but not in NHSII
(Supplementary  Appendix Text 2, available as
Supplementary data at IJE online).

To reduce the possibility of reverse causation, we also
controlled simultaneously for prior values of all outcome
(and other health-related) variables in all models, when-
ever data were available.*! Specifically, adjustments were
made for prior physical-health conditions (i.e. prior num-
ber of physical-health problems), prior health and behav-
iours (i.e. prior binge eating, smoking, heavy drinking, use
of marijuana and other illicit drugs, sexually transmitted
infections, preventive-healthcare use, dietary quality, phys-
ical activity and sleep duration), prior social factors (i.e.
prior volunteering and voting-registration status), prior
psychological distress (prior depressive symptoms, hope-
lessness, loneliness and negative affect) and prior psychoso-
cial well-being (prior positive affect, purpose in life, life
satisfaction, optimism, perceived mastery and social inte-
gration). Further details regarding the measurement of all
covariates are provided in Supplementary Appendix Text
4, available as Supplementary data at IJE online.

Statistical analysis

Statistical analyses of the data from NHSII and GUTS
were performed using SAS, version 9.4 (SAS Institute, Inc.,
Cary, NC). Statistical analyses of the HRS data were
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conducted in Stata, version 14.1 (StataCorp). All P-values
were calculated based on two-sided tests. Chi-square tests
and analysis of variance tests were used to examine partici-
pant characteristics across levels of religious-service atten-
dance at baseline in all three cohorts.

In NHSII and the HRS, separate regression models were
used to regress each outcome on service attendance, adjust-
ing for covariates. In GUTS, generalized estimating equa-
tions models were used to account for clustering by sibling
status. In all cohorts, beta coefficients were estimated for
continuous outcomes, risk ratios (RRs) were estimated for
non-rare binary outcomes (defined as prevalence >10%)
and odds ratios (ORs) were estimated for rare binary out-
comes [defined as prevalence <10%; for rare outcomes,
ORs would approximate risk ratios (RRs)].>**® All contin-
uous outcomes were standardized (mean=0, standard
deviation = 1), so that the effect estimates were reported in
terms of standard deviations of the outcome variables. In
the Online Supplement, available as Supplementary data at
IJE online, we also present analyses using the unstandar-
dized scores. To combine the effect estimates across
cohorts, we calculated sample-size-weighted meta-analytic
estimates.>* To account for multiple testing, Bonferroni
correction was applied.

We performed multiple imputation by chained equa-
tions to impute missing data on all variables with five im-
puted data sets.” 7 As a sensitivity analysis, we also
reanalysed the models using complete-case analyses.
Furthermore, to evaluate the robustness of our results to
unmeasured confounding,*® we calculated E-values,®’
which assess the minimum strength of association on an
RR scale that an unmeasured confounder would need to
have with both the exposure and the outcome, above and
beyond the measured covariates, to fully explain away the

observed exposure—outcome association.

Results

Characteristics of the study participants

Across all cohorts, healthier participants were more likely
to attend religious services. Participant characteristics that
were assessed in all three cohorts are shown across levels
of service attendance in Table 1. A full list of participant
characteristics by service attendance is available in
Supplementary Table 1A-C in the Appendix, available as
Supplementary data at IJE online. Further, descriptive sta-
tistics of the full analytic samples are provided in
Supplementary Tables 2A-C in the Appendix, available as
Supplementary data at IJE online.

Religious-service attendance and physical health

Compared with those never attending religious services,
participants who attended services >1/week had a lower
risk of all-cause mortality by 26% (RR =0.74, 95% confi-
dence interval [CI]: 0.63 to 0.86) in NHSII, by 28% (RR:
0.72, 95% CI: 0.63 to 0.83) in HRS and by 26% (RR:
0.74, 95% CI: 0.65 to 0.84) for the combined estimate.
Further, >1/week attenders (vs never-attenders) possibly
had slightly fewer physical-health problems (e.g. combined
p=-0.03, 95% CI: -0.05 to —0.01), an association which
was somewhat stronger in middle adulthood. There was,
however, little association with specific physical-disease
outcomes except for cancer in young adults (Table 2).

Religious-service attendance and health
behaviours

At least weekly (vs never) service attendance was associ-
ated with a substantially lower risk of heavy drinking
(combined RR: 0.66, 95% CI: 0.59 to 0.73) and current
smoking (combined RR: 0.71, 95% CI: 0.63 to 0.80).
There was, however, little association of service attendance
with other health-behaviour outcomes (Table 2).

Religious-service attendance and psychological
distress

Service attendance was inversely associated with

psychological-distress outcomes (Table 2). Specifically,
>1/week attenders (vs never-attenders) had fewer depres-
sive symptoms (combined f=-0.11, 95% CI: -0.13 to —
0.09) and this association was evident across all stages of
adulthood, although particularly strong in young adults.
Service attendance was also inversely associated with
physician-diagnosed depression (combined RR: 0.84, 95%
CI: 0.80 to 0.89). Furthermore, >1/week attenders (vs
never-attenders) also had lower levels of anxiety, hopeless-
ness and loneliness, though the effect sizes were smaller
(e.g. for anxiety symptoms, the combined =-0.05, -0.07
to -0.03).

Religious-service attendance and psychosocial
well-being

Religious-service attendance was positively associated with
psychosocial well-being outcomes (Table 2). Specifically,
>1/week attenders vs never-attenders had greater positive
affect (combined $=0.10; 95% CI: 0.08 to 0.12), life sat-
isfaction (combined $=0.12, 95% CI: 0.06 to 0.18), social
integration (combined = 0.26, 95% CI: 0.24 to 0.28) and
purpose in life (combined = 0.25, 95% CI: 0.23 to 0.26).
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Additional analyses

Across all outcomes, results comparing <1/week vs never-
attendance are available in Supplementary Table 3A-C in
the Appendix, available as Supplementary data at IJE on-
line. The unstandardized effect estimates for all continuous
outcomes are provided in Supplementary Table S4, avail-
able as Supplementary data at IJE online. The sensitivity
analysis using complete cases yielded similar results to the
primary analyses (Supplementary Appendix Table 5, avail-
able as Supplementary data at IJE online).

Sensitivity analysis for unmeasured confounding

We calculated E-values® to assess the robustness of the ob-
served associations to unmeasured confounding (e.g. by
personality factors such as conscientiousness or agreeable-
ness). Results suggest that the associations with all-cause
mortality, heavy alcohol consumption, smoking, depres-
sion diagnosis, social integration and purpose in life were
moderately robust to unmeasured confounding (Table 3).
For example, an unmeasured confounder would need to be
associated with both service attendance and cigarette
smoking by RRs of 2.17 each, above and beyond the mea-
sured covariates, to fully explain away the association be-
tween service attendance and smoking, and by 1.81-fold
each to shift the CI to include the null value. Similar
unmeasured confounding associations sufficient to explain
away each observed association are reported in Table 3.

Discussion

Based on data from three prospective cohorts, this study
suggests that religious-service attendance is positively asso-
ciated with multiple aspects of subsequent health and well-
being throughout adulthood. Estimates combining data
across cohorts suggest that, compared with those who
never attend religious services, individuals who attend
services >1/week have a lower risk of all-cause mortality
by 26 %, heavy drinking by 34%, smoking by 29% and de-
pression by 16%, and greater psychosocial well-being (e.g.
greater purpose in life by 0.25 standard deviations).
Results of this study are largely consistent with prior
longitudinal evidence, especially with regard to mortality,
depression, alcohol drinking and smoking,"*? but extends
the literature with more rigorous confounding control, and
allowing the effect sizes across outcomes and across adult-
hood life stages to be compared. It is also one of the first
studies to provide longitudinal evidence regarding some
subjective well-being outcomes. In contrast to some prior
cross-sectional evidence,! however, we found little associa-
tion of service attendance with physical-disease outcomes.

Whereas service attendance was related to a substantially
lower risk of some strong risk factors (e.g. smoking, heavy
drinking) for these physical-disease outcomes, it remains
unclear why service attendance was not associated with
the risk of physical diseases in the same sample. It is possi-
ble that service attendance may be related to an elevated
level of other risk factors (e.g. stress, guilt) simultaneously,
which may have offset its benefits. Further work to under-
stand the associations with specific physical-disease
outcomes is warranted. Similarly, although some prior
cross-sectional studies have suggested associations between

14041 this study suggests

religious involvement and anxiety,
that the effect size may be small: only one-twentieth of a
standard deviation. We hypothesize that religion may pro-
vide peace and relief for some, but generate fear and anxi-
ety for others,'® resulting in a weak overall association.

This work also adds to the evidence that the religion
and health dynamics may be bidirectional.* For instance,
as observed in some prior studies as well,>* whereas service
attendance was associated with fewer depressive symptoms
subsequently, depression itself was also related to a lower
likelihood of service attendance across all cohorts in this
study. A similar pattern was also observed with cigarette
smoking and heavy drinking in these cohorts. It is thus im-
portant to continue considering the reciprocal religion—
health dynamics in future work.'®*!

As compared with other forms of community involve-
ment, religious-service attendance often has stronger asso-
ciations with health.*>** Whereas service attendance
enhances social integration, religious groups also share a
set of beliefs, purposes and values, often including respect
for the body and leading a healthy lifestyle.** It is perhaps
the coming-together of shared values and enhanced social
integration that provides the health benefits.">!®* This
may also help to explain why the associations of service at-
tendance with many outcomes in this study remained ro-
bust, even after adjusting for other major aspects of social
integration.

This study is subject to several limitations. First,
whereas we adjusted for a wide range of baseline covari-
ates, we cannot fully rule out the possibility of reverse cau-
sation. For instance, in GUTS, we were not able to adjust
for baseline physical health or certain aspects of psycholog-
ical well-being, due to lack of data. However, we
accounted for a wide range of other baseline health-related
characteristics and depression. Further, potential reverse
causation by baseline health may be less of a concern in
GUTS because it is composed of relatively healthy young
adults. Second, data on past service attendance were not
available in NHSIL, so the analyses may thus evaluate the
health associations of prevalent service attendance rather
than current attendance; however, in many cases, results


https://academic.oup.com/ije/article-lookup/doi/10.1093/ije/dyaa120#supplementary-data
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Table 3 Robustness to unmeasured confounding (E-values®) for the associations between religious-service attendance (at least
once/week vs never) and subsequent health and well-being [the Growing Up Today Study (GUTS) from 2007 to 2010 or 2013
questionnaire wave, N=9862; the Nurses’ Health Study Il (NHSII) from 2001 to 2008, 2009 or 2013 questionnaire wave,
N=68376; the Health and Retirement Study (HRS) from 2008 to 2014 or from 2010 to 2016 questionnaire wave, N=13770].

GUTS NHSII HRS Combined estimate
Effect estimate® CIlimit® Effect estimate® CIlimit® Effect estimate® CIlimit® Effect estimate® CI limit®

All-cause mortality — — 2.04 1.60 2.12 1.70 2.04 1.67
No. of physical problems 1.16 1.00 1.23 1.17 1.16 1.00 1.20 1.12

Diabetes 2.35 1.00 1.39 1.00 1.40 1.00 1.43 1.00

Hypertension 1.63 1.00 — — 1.24 1.00 1.29 1.00

Stroke — — 1.11 1.00 1.29 1.00 1.00 1.00

Heart disease — — 1.36 1.00 1.36 1.00 1.36 1.00

Cancer 4.85 1.32 1.25 1.00 1.21 — 1.56 1.21
Overweight/obesity 1.16 1.00 1.21 1.00 1.28 1.00 1.11 1.00
Heavy drinking 2.40 1.77 2.90 2.50 1.95 1.00 2.40 2.08
Current cigarette smoking 1.70 1.16 2.21 1.85 2.35 1.00 2.17 1.81
Short sleep duration 1.25 1.00 1.16 1.00 — — 1.21 1.00
Frequent physical activity — — 1.11 1.00 1.43 1.00 1.16 1.00
Preventive-healthcare use 1.16 1.00 1.16 1.00 — — 1.15 1.00
Depression diagnosis 2.26 1.67 1.60 1.43 1.63 1.00 1.67 1.50
Depressive symptoms 1.64 1.36 1.42 1.36 1.50 1.30 1.43 1.37
Anxiety symptoms 1.23 1.00 1.30 1.23 — — 1.27 1.19
Hopelessness 1.39 1.00 1.36 1.29 1.27 1.00 1.33 1.26
Loneliness 1.66 1.41 1.20 1.11 1.46 1.21 1.31 1.24
Positive affect 1.53 1.30 1.39 1.33 1.42 1.13 1.41 1.34
Life satisfaction 1.50 1.25 — — 1.45 1.19 1.47 1.30
Social integration — — 1.88 1.83 1.69 1.51 1.86 1.81
Purpose in life — — 1.93 1.89 1.27 1.00 1.81 1.77

3See VanderWeele and Ding (ref no.*’)

for the formula for calculating E-values.

The E-values for effect estimates are the minimum strength of the association on the risk ratio (RR) scale that an unmeasured confounder would need to have
with both the exposure and the outcome to fully explain away the observed association between the exposure and outcome, conditional on the measured covari-
ates. For example, in the NHSII cohort, an unmeasured confounder would need to be associated with both religious-service attendance and mortality by RRs of
2.04 each, above and beyond the measured covariates, to fully explain away the observed association between service attendance (at least once/week vs never)
and mortality.

“The E-values for the limit of the 95% confidence interval (CI) closest to the null denote the minimum strength of association on the RR scale that an unmeas-
ured confounder would need to have with both the exposure and the outcome to shift the confidence interval to include the null value, conditional on the mea-
sured covariates. For example, in the NHSII cohort, an unmeasured confounder would need to be associated with both religious-service attendance and mortality
by 1.60-fold each, above and beyond the measured covariates, to shift the upper limit of the CI to include the null value for the association between service atten-

dance (at least once/week vs never) and mortality.

with and without adjustment for past attendance have

4516 though this is not guaranteed. Third,

been similar,
this study assessed only one aspect of religious participa-
tion, namely service attendance. Among various domains
of religious involvement, service attendance often shows
the strongest health associations in community samples.'®
However, other aspects of religious participation certainly
merit further investigation, especially for religious tradi-
tions that do not convene congregational meetings regu-
larly. Next, both service attendance and the majority of
outcomes other than mortality were self-reported, so
common methods bias may be a concern. However,
physical-health outcomes were obtained from medical
records in NHSII and the results were similar to those of

the other two cohorts in which physical health was self-
reported; the prospective-study design also helps to re-
duce concerns about self-report bias as does control for
baseline outcomes. Next, whereas the meta-analytic esti-
mates provide additional evidence for the averaged asso-
ciations across cohorts, these did not take into account
differential lengths of follow-up across cohorts; how-
ever, many of our outcomes were continuous or binary
rather than time-to-event. Finally, NHSII participants
were predominantly White female nurses and all GUTS
participants had a mother working in the nursing field.
Although data on religious affiliation were not available,
because of the US sample and demographics, many of the
participants were likely Christian.>*® The results may
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thus not be generalizable to other populations or reli-
gious groups. However, results in these two cohorts were
in many cases similar to those in HRS, which had a more
diverse national sample. These limitations are, however,
balanced by important strengths of this study including
confounding control, study design, sample size, three dis-
tinct age cohorts, and numerous outcomes. We believe
this is the most comprehensive empirical study to date on
the role of religious-community participation in shaping
health and well-being throughout adulthood.

Decisions on religious participation are often not princi-
pally shaped by health. Rather, such decisions are made
based on values, experiences, systems of meaning, truth
claims and relationships. However, for those who already
positively self-identify with a religious tradition, service at-
tendance may be a meaningful form of social integration
that may in turn positively relate to longevity, health
behaviours, mental health and psychosocial well-being.
For individuals without religious beliefs, other forms of
community participation may likewise be pursued.
Although effect sizes on health may sometimes not be as
substantial, other forms of community life certainly also
contribute to health.>'®*} In a clinical context, although
ethical and logistical challenges remain, some attention to
spiritual issues is often desired by patients and such needs
are often unmet.*” Further reflection on whether and how
to address such issues would be worthwhile.

Religious-service attendance is potentially a powerful
social determinant of health.?® While regression analyses
with observational data generally cannot definitively estab-
lish causality, they can provide evidence and, for many of
the outcomes examined here, the evidence is now quite
strong.*®

Supplementary data

Supplementary data are available at IJE online.
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