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Objective: Church attendance is one of
the most consistent predictors of alcohol
and nicotine consumption. The authors
sought to clarify changes in the role of ge-
netic and environmental factors in influ-
encing church attendance and the inter-
relationship between church attendance
and alcohol and nicotine use from early
adolescence into adulthood.

Method: The authors used data from
two interview waves 6 years apart of
1,796 male twins from a population-
based register, in which respondents were
asked about current and past church at-
tendance and psychoactive drug use.
Structural twin models were fitted and
tested using the Mx software program.

Results: As twins developed from child-
hood through adulthood, the influence of
shared environmental factors on church
attendance declined dramatically while
genetic factors increased. In early and late
adolescence, the negative correlations
between church attendance and alcohol

and nicotine consumption resulted
largely from shared environmental fac-
tors. In adulthood, the inverse relation-
ship between church attendance and
substance use became stronger and arose
largely from genetic factors.

Conclusions: As individuals mature,
they increasingly shape their own social
environment in large part as a result of
their genetically influenced tempera-
ment. When individuals are younger and
living at home, frequent church atten-
dance reflects a range of familial and so-
cial-environmental influences that reduce
levels of substance use. In adulthood, by
contrast, high levels of church attendance
largely index genetically influenced tem-
peramental factors that are protective
against substance use. Using genetically
informative designs such as twin studies,
it is possible to show that the causes of
the relationship between social risk fac-
tors and substance use can change dra-
matically over development.

(Am J Psychiatry 2009; 166:1150–1155)

High levels of nicotine and alcohol use are common
in our society and are associated with a range of medical
and social morbidities (1, 2). Because one of the most con-
sistent predictors of nicotine and alcohol use is church at-
tendance (3–7), it is important for us to understand both
the causes of church attendance and its association with
psychoactive substance use.

Several studies have suggested an intriguing develop-
mental pattern for the sources of individual differences in
church attendance (8–10). In children, differences in
church attendance appear to result largely from the
shared environment, as might be expected if church atten-
dance in children resulted largely from parental and com-
munity expectations (11–14). However, as individuals age,
shared environmental influences on church attendance
diminish in importance while genetic influences increase
(15–17).

In this study we applied a developmental framework to
examine the relationship between church attendance and
alcohol and nicotine use in a sample of male twin pairs

from the Virginia Adult Twin Study of Psychiatric and Sub-
stance Use Disorders (VATSPSUD) (18). We are interested
in determining whether the sources of the correlation be-
tween church attendance and substance use change dur-
ing development. Twin studies are ideal for this purpose.
While they have been most commonly used to disentangle
the role of genetic and environmental influences for indi-
vidual traits or disorders, they can also determine the de-
gree to which the correlation between two traits results
from genetic versus environmental factors. If longitudinal
data are obtained on twins, it then becomes possible to re-
solve developmental trends in the interrelationship of key
variables, that is, to see if the underlying causes of their
correlation change over time. Given the centrality in this
article of this process—the decomposition, by a twin
study, of the correlation between church attendance and
substance use—we begin by explicating the conceptual
foundation of this method.

Assume we want to understand why frequent church at-
tendance in a teenage male twin is associated with low lev-
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els of alcohol consumption. One possibility would be that
parents who require their twin boys to go to church with
them regularly also teach them about the dangers of alco-
hol use, carefully monitor their behavior and friends to re-
duce the likelihood of their exposure to alcohol-abusing
peers, and bring them into frequent contact with other
families and social settings that discourage alcohol use.
Here, church attendance is a marker for a set of familial-
environmental behaviors, expectations, and attitudes that
reduce the risk for heavy alcohol use.

If we shift our focus to the individual behavior of our
subject, we can ask, “What kind of teenage male would
prefer to comply with parental requests to go to church
each Sunday as opposed to resisting parental pressure and
going to spend time with friends?” Plausibly, the geneti-
cally influenced temperament of a teenager who wanted
to conform with parental and community expectations
and/or directly found the religious experience itself re-
warding would also be disinclined—because of high levels
of conscientiousness and low levels of novelty seeking—to
seek out and consume substantial amounts of alcohol. In
this scenario, a high level of church attendance is a marker
for a set of genetically influenced traits that would reduce
the chances of heavy alcohol use.

Finally, imagine that our teenage male has a serious girl-
friend. She herself is quite religious and wants her
boyfriend to accompany her to church. While she enjoys
movies on a Saturday night, she actively discourages her
boyfriend from going to places where alcohol is easily
available. That is, her expectations increase the rate of
church attendance in our teenager at the same time that
they reduce his risk of heavy alcohol consumption. In this
scenario, church attendance is a marker for a set of envi-
ronmental experiences that our twin does not share with
his co-twin and that would also influence his chances of
consuming alcohol.

In this study, then, we had two goals: to determine
whether the impact of genetic and environmental factors
on church attendance changes from childhood to adult-
hood and to investigate whether the shared-environmen-
tal, genetic, and unique-environmental pathways from
church attendance to alcohol and nicotine use change in
importance over this same developmental period. That is,
referring to the three scenarios above, could their relative
importance in explaining the association between church
attendance and substance use alter as individuals grow
from early adolescence to adulthood?

Method

Sample

We used data collected in the first and third waves of interviews
of members of Caucasian adult male-male twin pairs born be-
tween 1940 and 1974 from VATSPSUD (18). All VATSPSUD partic-
ipants were ascertained from the Virginia Twin Registry, a popula-
tion-based register formed from a systematic review of birth
certificates in the Commonwealth of Virginia. Response rates for

the first (1993–1996) and second (1994–1998) waves of interviews
were 72.4% and 82.6%, respectively. The third interview wave, re-
stricted to male-male twins, was completed between 1998 and
2004 by 1,796 male twins (75%) who had participated in the sec-
ond interview, including both members of 469 monozygotic and
287 dizygotic pairs. Participants, most of whom were interviewed
by telephone, then were a mean age of 40.3 years (SD=9.0). After
receiving a description of the research protocol, participants
signed informed-consent forms for face-to-face interviews and
provided verbal consent for telephone interviews. The project
was approved by the Office of Research Subjects Protection at Vir-
ginia Commonwealth University. Members of a twin pair were al-
ways interviewed by different interviewers. Zygosity was assigned
by a combination of self-report measures, photographs, and DNA
polymorphisms (18).

Assessment

At the first interview, when our sample’s mean age was 34.6
years (SD=8.9), we assessed frequency of church attendance by
inquiring, “How often do you attend church or other religious ser-
vices?” Possible responses varied from “at least once a day” to
“once a month or less.” We also inquired how often, during the
past year, they consumed alcohol and on average how many
drinks they usually had when they drank; a drink was defined as
“one bottle of beer, one glass of wine, or one shot of liquor.” We
combined these two measures to calculate an average number of
drinks per month, which we divided into seven groups: 0, 1–5, 6–
15, 16–30, 31–60, 61–200, and over 200.

As detailed in a previous report (19), in the third interview a life
history calendar was used to improve recall accuracy (20). The
calendar contained columns for each year of the respondent’s life
(21). The initial rows, completed at the start of the interview, re-
corded key changes in living situation and major educational,
employment, and interpersonal milestones. Toward the end of
the interview, we returned to the calendar and obtained a year-
by-year history of average cigarette and alcohol use. If necessary,
the interviewers used memory prompts from the information
previously recorded on the calendar to cue the respondent into
the relevant “memory files.” For cigarette use, we inquired about
the average number of cigarettes smoked per day. For alcohol, we
inquired separately about the average number of days per month
on which the respondent consumed alcoholic beverages and the
average number of drinks consumed per day when drinking and,
as in the first wave of interviews, combined them to calculate an
average monthly intake. From this calendar data, we averaged the
number of drinks per month of alcohol for the age periods 12–14
and 15–17 and, for analysis, divided them into the same seven
groups described above. For cigarette use, we calculated the aver-
age daily use for ages 12–14 and 15–17 and for the year in adult-
hood when they completed their first interview, and we also di-
vided them into seven groups: 0, 1–5, 6–10, 11–20, 21–30, 31–40,
and over 40. We did not examine substance use before the age of
12 because prior analyses indicated that it was too rare to gener-
ate stable twin models (22).

The third interview wave also contained sections inquiring
about a range of traits over five age periods. For three of these
(ages 8–11, 12–14, and 15–17), we asked, “When you were be-
tween the ages of x and y, how often would you attend religious
services?” Possible responses ranged from “more than once a
week” to “never.”

We assessed the test-retest reliability of our results from the
third interview wave from 142 randomly chosen participants in-
terviewed an average of 29 days apart. As we showed previously
(19), test-retest reliability for our measures of average alcohol and
nicotine use for each year, as assessed by a polychoric correlation,
ranged from 0.80 to 0.95. The test-retest polychoric correlation for
church attendance was 0.88 for ages 8–11, 0.84 for ages 12–14, and
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0.90 for ages 15–18. We did not assess test-retest reliability for our
first interview with this cohort.

Statistical Analyses

The goal of our first analysis was to decompose the variance in
church attendance into its genetic and environmental compo-
nents. We assume that twin resemblance arises from two latent
factors. The first of these is additive genes, symbolized by the let-
ter A, which contribute twice as much to the monozygotic as to
the dizygotic twin correlation because monozygotic twins share
all of their genes while dizygotic twins share, on average, half of
their genes identical by descent. The second source of twin re-
semblance included in our models is shared or common environ-
ment (symbolized by the letter C), which contributes equally to
the correlation in monozygotic and dizygotic twins and reflects
environmental experiences in the home, community, or school
that make twins more similar with respect to their church atten-
dance. In addition to this shared environment, the model also
contains individual-specific environmental effects (symbolized
by the letter E) that reflect those true environmental experiences
that make members of a twin pair differ in their church atten-
dance as well as errors of measurement.

For model fitting, we used the software package Mx (23; http://
www.vcu.edu/mx). All twin models were fitted directly to the raw
data organized by twin pairs. Each record contained the substance
use, church attendance, and zygosity data for one pair of twins.
The models were fitted using the normal-theory maximum-likeli-
hood approach for ordinal data. This method involves numerical
integration to calculate the probability that twins’ observed scores
stem from a particular region (bounded by thresholds) of the mul-
tivariate normal distribution. Bivariate or quadrivariate integra-
tion of the normal distribution was used for univariate or bivariate
twin modeling, respectively. For the univariate analyses of church
attendance, we presented results of the full or ACE model only, as-
suming equality of thresholds across twins within a pair and
within zygosity groups.

The second goal was to conduct bivariate analyses that sought to
decompose the sources of correlation between church attendance
and substance use. The ability of twin studies to resolve the sources
of resemblance of two traits like church attendance and substance
use comes from the comparison of three correlations: within indi-

viduals, across monozygotic twin pairs, and across dizygotic twin
pairs. For example, if genetic factors are an important cause of their
association, the two traits will be correlated much more highly
across monozygotic than across dizygotic twin pairs. By contrast, if
shared environmental factors are critical, then the trait correlations
will be very similar in the two twin types. Finally, if the traits are
largely correlated because of environmental experiences unique to
the individual, then they should be more strongly correlated within
individuals than across monozygotic twins.

For these analyses, we began by fitting the full ACE model and
then tested the two key AE and CE submodels. We used Akaike’s
information criterion (AIC) (24, 25) for model selection. The lower
its value, the better is the balance between explanatory power and
parsimony. To provide a firm statistical baseline for our modeling,
we compared these full ACE models with entirely saturated mod-
els (which contain a separate parameter for each variable in our
model including all of the thresholds—e.g., in monozygotic and
dizygotic twins and in twin 1 and twin 2 for each twin pair). In
each case, the AIC value of the full ACE model was superior to that
of this fully saturated model.

Results

Developmental Effects on Church Attendance

We began by fitting full (or ACE) models to our twin data
on church attendance at ages 8–11, 12–14, and 15–17 and
in adulthood. The results are summarized in Figure 1. In
childhood, shared environment is by far the most impor-
tant source of individual differences in church attendance
(50%). This did not change in early adolescence (50%), and
it dropped only modestly to 41% by late adolescence. How-
ever, in adulthood, the impact of shared environment on
church attendance declined dramatically to a statistically
nonsignificant 3%. By contrast, the heritability of church
attendance was low in childhood (21%), grew modestly to
25% in early adolescence, jumped considerably to 38% by
late adolescence, and climbed further to 58% in adulthood.
Individual-specific environmental effects were relatively
stable throughout childhood and adolescence (ranging be-
tween 21% and 28% of the variance) but then rose substan-
tially to 41% in adulthood.

Developmental Changes in the Sources of the 
Correlation Between Church Attendance and 
Substance Use

We began by fitting bivariate twin models of church at-
tendance and substance use across the three ages (Table
1). In each case, we compared the fit of the full (or ACE)
model with a model that restricted the sources of twin re-
semblance for both traits to additive genetic effects (AE) or
to shared environmental factors (CE). The results were
similar with both alcohol and nicotine. By a considerable
margin, the ACE model fit best for ages 12–14 and 15–17,
while the AE model fit best for adulthood.

The results for the best-fitting models for church atten-
dance and alcohol use and for church attendance and nic-
otine use were similar, as shown in Figures 2 and 3. These
figures present the proportion of the observed correlation
between church attendance and substance use that re-

FIGURE 1. Proportion of Variance in Church Attendance
Among 1,796 Male Twins Due to Additive Genetic Effects
(A), Shared or Common Environmental Effects (C), and Indi-
vidual-Specific Environmental Effects (E)a

a In each case, these estimates were taken from the full or ACE twin
model.

b Mean age in adulthood, 40.3 years (SD=9.0).
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sulted from genetic, shared environmental, and individ-
ual-specific environmental factors. Starting with alcohol
(Figure 2), we see that the total correlation with church
attendance increased substantially in absolute value from
–0.22 at ages 12–14 to –0.30 at ages 15–17 to –0.47 in adult-
hood. At ages 12–14, nearly all of the correlation (88%) re-
sulted from shared environmental effects, while the paral-
lel figures at ages 15–17 and in adulthood were 51% and
zero. By contrast, the impact of genetic factors on the cor-
relation of church attendance and alcohol intake increases
steadily over development both in absolute magnitude
(producing correlations of –0.02, –0.15, and –0.29 over the
three ages) and proportionally (accounting for 7%, 49%,
and 62%, respectively, of the total correlation). The propor-
tion of the correlation between church attendance and al-
cohol use that resulted from individual-specific environ-
mental effects was very small at ages 12–14 (–0.01) and
undetectable at ages 15–17, and it accounted for 38% of the
church attendance-alcohol relationship in adulthood.

As with alcohol, the overall correlation between church
attendance and nicotine use also increased substantially
over time (Figure 3). In both early and later adolescence,
the correlation was largely a result of shared environmen-
tal factors (64% and 76%, respectively), with a modest ge-
netic contribution. In adulthood, the picture was quite dif-
ferent. Most of the correlation (85%) between church
attendance and nicotine use arose from shared genetic
factors. As with alcohol use, individual-specific environ-
mental factors played a small role in the relationship be-
tween church attendance and nicotine use in adolescence
but increased moderately in importance in adulthood.

Discussion

This study had two interrelated goals: to examine
whether the sources of individual differences for church
attendance change from childhood to adulthood and to
explore (for the first time, to our knowledge) whether the
pathways responsible for the strong association between
church attendance and psychoactive drug use undergo
developmental change.

Consistent with previous studies (for example, refer-
ences 9, 10), we found dramatic alterations in the etiologic
role of genetic and environmental factors in church atten-
dance with development. In childhood and early adoles-

cence, individual differences in church attendance derive
largely from shared environmental effects. Over time,
however, shared environmental factors become less and
less important while genetic factors become increasingly
influential in frequency of church attendance. By adult-
hood, church attendance is largely influenced by genetic
and individual-specific environmental factors, with virtu-
ally no role for the shared environment.

These results, in accord with our previous findings with
peer group deviance in this sample (22), suggest that as in-
dividuals age, they increasingly shape their own social and
religious behavior in large part through their genetically
influenced temperament. In childhood, church atten-
dance is probably strongly influenced by parental and
community expectations. However, as children develop
into early and then late adolescence, they can begin to as-
sert their own preferences about whether they wish to at-
tend church. Once they are adults, they are able to decide
entirely for themselves whether or not to attend church. As
Windle et al. (26) noted, “Socially and emotionally early
adolescents increasingly desire autonomy and the oppor-
tunity to participate in decision-making that affects their
daily lives,” and during this stage of development they are
typically “provided with increased behavioral autonomy
by their families” (pp. S275–S276).

Our results are consistent with prior evidence that level
of religiosity is protective against problematic alcohol
consumption in adolescence (27, 28). Interestingly, in re-
viewing this subject, Windle (29) concludes, consistent
with one key aspect of our own findings, that the impact of
religiosity on alcohol intake in adolescence is “optimally
conceptualized as an indirect effect … [via] family rela-
tionships and community ties” (p. 46).

For church attendance alone, as well as for the correla-
tion between church attendance and alcohol and nicotine
use, individual-specific environmental influences grow in
importance over time. This is not unexpected, as contact
between twins typically declines with age and twins’ re-
spective social networks become increasingly indepen-
dent (22). We suspect that much of this unique environ-
mental effect results from the twins in adulthood
associating with distinct sets of friends and different ro-
mantic partners. We know from other research that indi-
viduals are substantially correlated for both measures of

TABLE 1. Model Fit of Bivariate Twin Models for Alcohol and Nicotine Use and Church Attendance at Ages 12–14 and 15–
17 and in Adulthooda

Age Range and Model

Ages 12–14 Ages 15–17 Adulthoodb

Substance ACE AE CE ACE AE CE ACE AE CE
Alcohol 0c +26.7 +3.5 0c +14.7 +23.6 0 –3.6c +14.1
Nicotine 0c +25.2 +3.9 0c +23.0 +19.8 0 –4.2c +17.8
a As reflected by Akaike’s information criterion (24). The value of the ACE (or full) model is standardized to zero. A=additive genes; C=shared

or common environment; E=individual environment.
b Mean age in adulthood, 40.3 years (SD=9.0).
c Best-fitting model.
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religiosity and of alcohol and nicotine use with their part-
ners and friends (30).

These analyses do not directly address how, via shared
or unique environmental processes, church attendance
would affect substance use. In Western countries, includ-
ing the United States, church attendance is an important
cultural variable that indexes a range of social attitudes
and values that often include negative views about the use
of psychoactive substances (31–33). This is well illustrated
by findings from a study of religious attitudes in a different
subset of the VATSPSUD sample (7). In that investigation,
the questionnaire items “I believe drinking alcohol is a
sin” and “I believe that smoking cigarettes is a sin” loaded
substantially on a “social religiosity” factor that also in-
cluded items assessing the frequency of church atten-
dance (7). While we hope to address this important ques-
tion in further analyses, our working hypothesis is that
from an environmental perspective, frequent church at-
tendance is an indicator of a set of negative attitudes to-
ward the use and consequences of alcohol, nicotine, and
other psychoactive substances. We also suspect, but need
to confirm empirically, that the genetic pathways between
church attendance and substance use are more likely me-
diated by personality and temperamental variables.

This study well illustrates the potential complexity of
human developmental processes. A standard longitudinal
study might show increasing inverse correlations between
church attendance and psychoactive substance use over
time but provide no hint that underneath these correla-
tions the specific causal processes involved were changing
dramatically. Genetically informative samples can often
provide important insights into developmental processes
that would be very difficult to obtain in other ways. Given
the strength of the association between church atten-

dance and substance use and the substantial morbidities
associated with excess consumption of alcohol and nico-
tine, the pattern of findings uncovered in these analyses
can help inform our efforts to prevent and reduce harmful
consumption of psychoactive substances.

Limitations

These results should be interpreted in the context of
three potentially important methodological limitations.
First, our participants were all white male twins born in
Virginia. Prior work in the VATSPSUD has shown that this
population is over 85% Protestant, of whom approxi-
mately 60% are fundamentalist or Baptist (17). Our results
may not extrapolate to other populations with different
patterns of religious affiliations.

Second, we obtained detailed nicotine consumption
data only on cigarettes, so non-cigarette sources of nico-
tine (such as pipes, cigars, and chewing tobacco) are not
captured in these analyses. Third, our information on both
church attendance and substance use in childhood and
adolescence was obtained retrospectively and may be sub-
ject to recall bias. We tested the reliability of our assess-
ments, and they were all excellent. Where there were suffi-
cient data (for alcohol use during ages 15–17 and tobacco
use during ages 12–14 and 15–17), we found no evidence
that the reliability of recall of substance use differed as a
function of the frequency of church attendance in adult-
hood. An unusual pattern of recall bias would be needed to
produce our findings artifactually. Furthermore, we used a
life history calendar to collect these data. This method re-
flects the structure of autobiographical memory and pro-
motes sequential retrieval within memory networks,
thereby improving substantially the completeness and ac-
curacy of retrospective reporting (20, 34–36).

FIGURE 2. Magnitude and Sources of the Correlation Be-
tween Church Attendance and Level of Alcohol Consump-
tion Among 1,796 Male Twins, by Agea

a The sources of the correlation are additive genetic effects (A),
shared or common environmental effects (C), and individual-spe-
cific environmental effects (E). These estimates were taken from the
best-fitting model, as depicted in Table 1.

b Mean age in adulthood, 40.3 years (SD=9.0).
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FIGURE 3. Magnitude and Sources of the Correlation Be-
tween Church Attendance and Level of Nicotine Consump-
tion Among 1,796 Male Twins, by Agea

a The sources of the correlation are additive genetic effects (A),
shared or common environmental effects (C), and individual-spe-
cific environmental effects (E). These estimates were taken from the
best-fitting model, as depicted in Table 1.

b Mean age in adulthood, 40.3 years (SD=9.0).
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