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Abstract

RELATIONSHIPS BETWEEN DIMENSIONS OF RELIGIOSITY AND
INTERNALIZING AND EXTERNALIZING PSYCHIATRIC DISORDERS: A TWIN
STUDY

by Gilbert Todd Vance, M.S.

A dissertation submitted in partial fulfillment of the requirements for the degree of
Doctor of Philosophy at Virginia Commonwealth University.

Virginia Commonwealth University, 2007
Co-Directors: Kenneth S. Kendler, Distinguished Professor, Department of Psychiatry,

Professor, Department of Human Genetics, and Dace S. Svikis, Ph.D., Professor,
Department of Psychology

The present study estimated the genetic and environmental effects on different
dimensions of religiosity, explored how genetic and environmental effects covary across
different dimensions of religiosity, and decomposed the covariance of genetic and
environmental effects between different dimensions of religiosity and internalizing and
externalizing psychiatric disorders. Dimensions of religiosity were found to be largely
influenced by additive genetic and unique environmental effects, with little influence
observed from common environmental effects. Multidimensional analyses found that the

seven religiosity factors observed in the present study were influenced by one common



additive genetic factor, three common unique environmental factors, and unique
environmental effects specific to each religiosity factor. Bivariate analyses of the seven
religiosity factors and four psychiatric disorders found that the negative correlation
between alcohol dependence and six of the seven religiosity factors could be accounted
for by additive genetic effects. Similar results were obtained for nicotine dependence and
one religiosity factor, “Social Religiosity” and for phobia and the religiosity factor
“Unvengefulness” with shared genetic factors accounting for the observed correlation.
For phobia and the religiosity factor “God as Judge”, the correlation due to additive
genetic factors was positive while that due to common environmental effects was
negative. Analysis of a subset of religiosity items showed that for one religiosity factor,
additive genetic effects increased over time while common environmental effects
decreased. The results of the present study point to the complexity of the religiosity
construct and suggest that various dimensions of religiosity are differentially related to

various psychiatric disorders.



Introduction

We cannot fully understand human behavior without understanding individual
differences in religiosity. In recent years, the medical and scientific community has shown
a renewed interest in religiosity, especially as this trait relates to mental and physical
health. However, this area of inquiry remains in its infancy and relatively little attention has
been pgid to the role of genetic and environmental effects on different dimensions of
religiosity. Using a sample of 2,621 male and female adult twins from the Virginia Twin
Registry, the present study estimated genetic and environmental effects on different
dimensions of religiosity, explored how genetic and environmental effects covary across
different dimensions of religiosity, and decomposed the covariance of genetic and
environmental effects between different dimensions of religiosity and internalizing and
externalizing psychiatric disorders. Additional longitudinal analyses were conducted on a

subset of 10 items used in a previous study of female twins.

Literature Review
The Scientific Study of Religiosity, Historical Background and Renewed Interest
Religion is an integral part of human culture and it has been said that a scientific
field such as Psychology cannot be cdmplete until this construct is understood
(Baumeister, 2002; Emmons, 1999; Pargament, 2002). Historically, psychologists and
other social scientists, including figures such as Francis Galton, William James, and
Gordon Allport, placed great emphasis on religion’s role in the individual’s experience

(McCormick, 2004; James, 1902/1997; Emmons, 1999). However, during the course of
1



the 20™ century, the medical and scientific communities largely ignored religion, often
seeing it as a barrier to progress and potentially incompatible with mental and physical
health (Astrow, Puchalski, & Sulmasy, 2001; Koenig, George, Blazer, Pritchett, &
Meador, 1993; Shreve-Neiger & Edelstein, 2004). That view has begun to change, as
renewed attention has been placed on research that examines religiosity as a psychological
variable that plays various important roles in people’s health and well being (Koenig,
McGué, Krueger, & Bouchard, 2005; Mills, 2002).

To bolster arguments that religion is an important construct to study, American
researchers often point to poll data collected over several decades showing that more than
90% of Americans say they believe in God (Powell, Shahabi, & Thoresen, 2003).
Behaviorally, about 40% of Americans report that they attend religious services on a
weekly basis and more than 90% of those surveyed report that they pray (Paloutzian,
1996; Powell, Shahabi, & Thoresen, 2003).

Recent studies have linked religious involvement to lower rates of coronary
disease, emphysema, cirrhosis, and suicide; lower blood pressure; lower rates of
myocardial infarction; reduced levels of pain; and improved physical functioning (Thoresen
& Harris, 2002). All-cause mortality and cardiovascular diseasé have been found to be
inversely related to religiosity (Powell, Shahabi, & Thoresen, 2002). Religiosity has also
been found to be negatively related to antisocial behavior and positively related to
prosocial behavior (Koenig et al., 2005). The positive role of religiosity in health behavior

and outcomes has not been universally observed, however. For example, there is very
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limited evidence to date for a protective role for religiosity and cancer pfogression, cancer
mortality, or coping with cancer (Stefanek, McDonald, & Hess, 2005). |

It must be noted that the majority of the findings on the relationships between
religiosity (and related constructs) and various health-related outcomes are correlative and
the underlying reasons for the correlations have not been well studied (Clay, 2003).
Correlational findings do not imply causality. It remains largely unclear whether being
religious influences health outcomes, if certain health-related situations (e.g., a diagnosis
of terminal illness) lead persons to become more religious, or if a third set of factors (such
as genetic effects) is related to Both religiosity and health (Smith, McCullough, & Poll,
2003).

While more and better research designs are needed, scholars have warned that
researchers should take care not to become too reductionist in their thinking about
religiosity and that research .ﬁndings may explain religiosity without “explaining it away”
(Paloutzian, 1996; Pargament, 2002). Pargament (2002) has argued that beyond studying
religiosity as a resource for mental and physical health, researchers should be interested in
religiosity as a variable of interest in and of itself. Despite provocative findings and a
renewed interest in the scientific study of religiosity, the field remains in its infancy and
even basic issues such as measurement and definition of the religion construct are not fully

agreed upon.



Measurement and Definition of the Religiosity Construct

One of the limitations of research to date has been a lack of agreed upon measures
and definitions of religiosity and related constructs (Cacioppo & Brandon, 2002; Kendler,
Liu, Gardner, McCullough, Larson, & Prescott, 2003; Stefanek, McDonald, & Hess,
2004). Simplistic, single-variable measures of religiosity and spirituality have been a
limitation of many previous studies (Fetzer Institute, 1999; Kendler et al., 2003). For
example, past research has often attempted to measure religiosity by assessing a single
item of religious affiliation, such as denominational preference, or by using face valid or
easy-to-measure aspects of Euro-American religion, such as church attendance (Cacioppo
& Brandon, 2002; Weaver, Kline, Samford, Lucas, Larson, & Gorsuch, 1998). Hill and
Pargament (2003) argue that the use of such measures underestimates the complexity of
the construct and leaves open the question of what is it about religiosity that accounts for
its apparent relationships to mental and physical health.

A more basic issue is the challenge of defining the construct of religiosity. In
describing the types of definitions of religiosity, Pargament (1997) distinguished between
the substantive tradition (i.e., what is religion?) and the functional tradition (i.e., what is
gained by being religious?). Greil and Bromley (2003) distinguished between exclusive
(limiting definitions to practices and beliefs traditionally associated with being religious)
and inclusive (expanding definitions to include behaviors that have common features
associated with religion but may not necessarily be identified as such) definitions of
religion. Critics of th¢ inclusive approach have argued that by being too inclusive, the core

meaning of the construct of religiosity is lost and subsequent scales may lead to results
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that are confounded with measures of constructs other than religiosity (Moreira-Almeida

& Koenig, 2006).

Gordon Allport was the first to conceptualize the difference between an intrinsic
(religiosity for its own sake) and extrinsic (religiosity as a means to other ends) religiosity
(Hackney & Sanders, 2003). The Intrinsic/Extrinsic (IE) religious typology, often called
“religious orientation,” is one of the most widely studied and theoretically integrated
measures of religiosity. Despite its contributions to the study of religiosity, I/E measures
are problematic, mostly because religious content (e.g., conservative religiosity vs. liberal
religiosity) must be considered in order to fully understand what I/E measures are
capturing in any given study. It has also been suggested that I/E measures are biased
toward conservative religious beliefs (Paloutzian, 1996; D’Onofrio, Murrelle, Eaves,
McCullough, Landis, & Maes, 1999).

Recent research has viewed religiosity as a multidimensional construct, with the
assumption that all individuals can be located on continuous dimensions of religiosity and
that the construct of religiosity cannot be defined strictly in terms of a specific set of
beliefs or behaviors (Chatters, 2000; Fetzer Institute, 1999; Kendler, Gardner, & Prescott,
1997; Kendler, Liu, Gardner, McCullough, Larson, & Prescott, 2003; Miller & Thoresen,
2004; Seybold & Hill, 2001; Zinnbauer & Pargament, 2005). The multidimensional nature
of this construct may include religious practices, behaviors, and beliefs (Flannelly, Koenig,
Ellison, Galek, & Krause, 2006). While the idea of religiosity as a multidimensional

construct is now firmly the majority opinion in the field, not all researchers agree that the



issue of whether religiosity and related constructs are indeed multidimensional has been
settled (e.g., see Cook, 2004; Hackney &.Sanders 2003).

In addition to religiosity, some researchers have asserted that “spirituality” is an
important construct that is related to, but not necessarily part of, religion (D’Onofrio et
al., 1999). A degree of overlap exists in the constructs and even some widely used scales,
such as the Spiritual Well-Being Scale, reflect this overlap by including aspects of both
religion and spirituality as part of what the scale attempts to measure (Moreira-Almeida &
Koenig, 2006; Paloutzian, 1996; Tsuang, Williams, Simpson & Lyons, 2002). Although
“religion” and “spirituality” have considerable overlap in behaviors and even attitudes
associated with the constructs (e.g., the act of prayer or the attitude of forgiveness could
be associated with either construct), religion can be seen to encompass both behaviors
associated with formal, organizational relationships (e.g., going to church) and private,
individual phenomena (e.g., spiritual experiences), while spirituality can be seen as
encompassing experiences that may be had outside of any organizational structure (Hill &
Pargament, 2003; Koenig, McCullough, & Larson, 2001). It is important to recognize that
most study participants report being both spiritual and religious (Paloutzian & Park,
2005). Researchers have also noted that religiosity and spirituality may serve the same
psychological purpose and that in this point in the field’s development, breadth should be
preferred to narrowness in defining these constructs (Paloutzian & Park, 2005; Zinnbauer
& Pargament, 2005).

When a construct is not well-defined, one measurement approach is to saturate the

ill-defined space thought to represent that construct, using multiple measures in an attempt



to maximize heterogeneity among items (Kendler et al., 2003; Little, Lindenberger, &
Nesselroade, 2002). This was the approach taken by Kendler and colleagues (2003) in a
previous study and this approach is used in the present study.

In the present study, the term “religiosity” is used broadly to encompass individual
differences in religtous behaviors, attitudes, beliefs, and related conétructs, attitudes, and
beliefs (e.g., spirituality, forgiveness, unvengefulness). Multivariate analysis of different
dimensions of broadly defined religiosity is a major focus of the present study, along with
examining how these dimensions relate to internalizing and externalizing psychiatric
disorders. Key findings from past research about religiosity and the relationships between
religiosity and internalizing aﬁd externalizing psychiatric disorders are summarized below.
Sex Differences in Religiosity

Mean scores on various measures of religiosity consistently show that women
report being more religious and spiritual compared to men (e.g., Idler et al., 2003; Kendler
et al., 2003). Shahabi, Powell and colleagues (2002) found that self-perceptions of being
more spiritual (as opposed to being religious) were correlated with being younger, female,
and better educated. In a Gallup poll, those who self identified as non-believers were
nearly always men and more women than men fell into the group with the highest level of
religious belief (Diener & Clifton, 2002). In addition, Ferraro and Kelley-Moore (2003)
found that women are more likely than men to turn to religion for consolation when their
health is threatened. |

The phenomenon that women are more religious than men appears to hold across

cultures and thrdughout history, in both the Christian and non-Christian world (Stark,



2002). The assumption has been that these differences are due to differences in
socialization by gender. However, there has been.little empirical support for this
assumption (Miller & Stark, 2002). Sources such as Gallup polls, census data, and church
records consistently reflect sex differences in regard to religiosity (Stark, 2002). In the
United States, sex differences in church attendance, belief in life after death, frequency of
prayer, and denominational loyalty have held steady over time, despite changes in attitudes
toward gender roles over the past 30 years (Miller & Stark, 2002).
Religiosity and Depression

Relationships between religious affiliation and religious involvement and
depression have been observed for many years, with associations between religious
affiliation and depression reported as far back as the 1880s (Koenig, McCullough, &
Larson, 2001). Smith, McCullough, and Poll (2003) conducted a meta-analysis of 147
studies with more than 98,000 subjects. The authors included studies that measured
symptoms specific to depressive disorder as well as studies that diagnosed participants as
having or not having clinical depvression. The authors found a small but robust negative
association between religiousness and symptoms of depression, with moderating effects
observed for stressful life events (there were stronger religiousness-depression
associations in people who were undergoing stress) and type of religiosity measures used
(Smith, McCullough & Poll, 2003).

Kendler and colleagues (2003) found that lifetime risk for major depression in male
and female twins was significantly and negatively associated with religiosity factors

identified as “Social Religiosity” (12 items reflecting interaction with other religious



persons, frequency of church attendance, and attitudes about substance abuse),
“Unvengefulness” (eight items reflecting personal retaliation rather than forgiveness), and
“Thankfulness” (four items reﬂecting thankfulness versus anger toward God and life). In
an earlier study of female twins, Kendler, Gardner, and Prescott (1997) found that the
factor “Personal Devotion” was significantly and inversely related to lifetime risk for major
depression and to current depressive symptoms.

Religiosity and Phobia

Although phobias are among the most common psychiatric disorders, relatively
little has been written about religiosity and phobias. Several studies have examined
religiosity’s relationship with broadly defined “anxiety,” but few have studied clinically
defined anxiety disorders, and fewer still have examined phobias specifically (Koenig,
George, Blazer, Pritchett, & Meador, 1993; Shreve-Neiger & Edelstien, 2004). Results
from these studies have been mixed, with most finding negative relationships between
religiosity and anxiety, while some have found positive relationships or no relationship |
between religiosity and anxiety.

A few studies have examined religiosity’s relationship to phobias in particular. In a
study of adults 60 years and older, Koenig and colleagues (1993) found that the
significance of relationships between religiosity and phobias was lost when socio-
demographic and health variables were controlled for statistically. More recently, Flannelly
and colleagues (2006) reported that belief in an afterlife was inversely related to symptom
severity in phobic anxiety, while frequency of prayer was positively related with increased

symptom severity. Kendler and colleagues (2003) found that lifetime risk for phobia in
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male and female twins was significantly and negatively associated with “Social |

Religiosity,” “Unvengefulness,” and “Thankfulness.” In a study of female twins, Kendler,
Gardner, and Prescott (1997) found that the associations between “Personal Devotion,”
“Personal Conservatism,” and “Institutional Conservatism” were not statistically
significant for lifetime risk of phdbia or for current symptoms of panic or phobia.
Religiosity and Alcohol Use

The relationship between religiosity and alcohol abuse has one of the longest
histories of any health-related research on religiosity. In 1902, William James wrote in his
famous book 7he Varieties of Religious Experience, “The sway of alcohol...is

| unquestionably due to its power to stimulate the mystical faculties of human nature,

usually crushed to earth by the cold facts and dry criticisms of the sober hour. Sobriety
diminishes, discriminates, and says no; drunkenness expands, unites, and says yes...It
makes him for the moment one with truth, Not through mere perversity do men run after
it” (James, 1902/1997, pp. 304-305). The relationship between alcohol use and religiosity
has also had a long history of use in interventions to treat alcohol use problems.
Alcoholics Anonymous, which was founded in the 1930s, has helped millions of people in
their struggle with alcoholism, and is at its core, a spiritual program (Horstmann &
Tonigan, 2001).

Recent studies have found negative associations between religiosity and alcohol
use and abuse, with findings specific to the aspect of alcohol use measured and the
dimensions of religiosity measured. In a large, representative cross-sectional study of

almost 3,000 adults age 18-97 in the Piedmont region of North Carolina, Koenig and
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colleagues (1999) found that recent (defined as “in the last six months™) alcohol abuse and

dependence was significantly lower among those who frequently engaged in prayer and
scriptural study; recent and lifetime alcohol problems were lower among those who
attended worship services; and those who attended religious services at least once a week
had less than one-third the rate of alcohol abuse compared to those who attended less
frequently.

In a study of adult female twins, Kendler, Gardner, and Prescott (1997) found that
both current alcohol use, lifetime risk for problem drinking, and lifetime risk for
alcoholism were significantly and negatively associated with the religiosity factors
“Personal Devotion,” “Personal Conservatism,” and “Institutional Conservatism” (relative
conservatism of organizational religious affiliation). In a study of male and female adult
- twins, Kendler and colleagues (2003) found that the religiosity factors “General
Religiosity” (30 items reflecting concern and involvemént with spiritual issues and active
involvement with God), “Social Religiosity,” “Involved God” (a deity who is actively
involved in human affairs), “God as Judge” (six items reflecting a view of a judgmental
and punitive deity), and “Thankfulness” were all significantly and negatively associated
with lifetime risk for alcohol dependence, while the factors “Forgiveness” (seven items
reflecting a caring, loving, and forgiving approach to the world) and “Unvengeﬁ;lness”

were not associated with lifetime risk for alcohol dependence.

Religiosity and Smoking
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Studies have consistently found religiosity to be inversely associated with cigarette

smoking. However, results depend on the population being studied and the specific
aspects of smoking and religiosity being examined. For example, a study of older adults in
North Carolina found that those who frequently studied the Bible, attended religious
services, or prayed privately were much less likely to smoke, and if they did smoke, they
smoked fewer cigarettes than their less religious peers (Koenig, 1999). Hestick and
colleagues (2001) found that among African-American college students, those who
regarded spirituality as important were less likely to have ever been lifetime regular
smokers, but the importance of spirituality was not significantly related to having ever
tried smoking.

Iﬁ a study involving female twins, Kendler and colleagues (1997) found that
“Personal Devotion” (including‘frequency of church attendance) and “Institutional
Conservatism” (conservatism of self-reported denomination, rated highest to lowest, from
fundamentalist Protestant to “other” or “unaﬁiliated”) were inversely related to current

~smoking and to lifetime risk for nicotine dependence. In a study of male and female twins,
Kendler and colleagues (2003) found an inverse relationship between some but not all
religiosity factors and lifetime risk for nicotine dependence. The factors “General
Religiosity,” “Social Religiosity,” “Involved God,” “Forgiveness,” and “Thankfulness”
were inversely associated with lifetime risk for nicotine dependence while, the factors
“God as Judge” and “Unvengefulness” were not significantly associated (Kendler,

- Gardner, & Prescott, 1997).
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The present study seeks to add to what is known about these relationships between

religiosity and psychiatric disorders, using a twin study design. Behavior genetics
methodology and existing findings related to religiosity are summarized below.
Overview of Behavior Genetics and Twin Study Methodology

One of the major methods of the field of behavior genetics to examine the genetic
and environmental contributions to individual differences in human characteristics and
behaviors is twin studies (Bulik, Sullivan, Wade, & Kendler, 2000; D’Onoftio, et al.,
1999; Loehlin, 1989; Neale & Cardon, 1992). Twin studies take advantage of the fact that
monozygotic (MZ) twins share 100% of their genes, while dizygotic (DZ) twins share on
average 50% of their segregating genes and are no more alike genetically than non-twin
siblings. Therefore, differences in MZ twins provide evidence of environmental effects
whereas differences in DZ twins can result from the eifects of genes or the environment
(Bulik, et al., 2000). A greater similarity in MZs than DZs for a particular trait is generally
seen as evidence for a genetic contribution to the trait (D’Onofrio, et al., 1999).

Twin studies allow the variance of a trait to be partitioned into latent variables.
Variance, first defined by Fisher (1918), refers to how much a trait varies from its mean
value. Sources of variance identified in twin studies include additive genetic effects, non-
additive genetic effects, common environmental effects, and unique environmental effects.
Additive genetic effects (abbreviated “A”) reflect the cumulative effect of many individual
genes, each with small effects. Common environmental effects (abbreviated “C”) are the
environmental effects shared by twins ‘and which make twins alike. Unique environmental

effects (abbreviated “E”) are those environmental effects that affect twins differently and
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make twins different from one another (Bulik, et al., 2000; Loehlin, 1999; Scarr, 1997).

Estimates of unique environmental effects also include measurement error (Bulik, et al.,
2000). The total variance of a trait is scaled to one and tﬁe contributions of each source of
variance are represented as a’, ¢, and € (Neale, 2003; Bulik et al., 2000). There are other
sources of variation that explain individual differences, but these are not a focus of the
present study. These sources of variation include non-additive genetic effects such as
dominance (abbreviated “D”), epistasis, genotype-environment correlations, and
genotype-environment interactions (Scarr, 1997).

Many traits, such as height and weight, have a normal, continuous distribution,
with individual observations varying from the mean, or average value, of such traits.
Genetic and environmental factors lead to individual variation in these traits (Sham, 1998).
Partitioning the variance allows researchers to examine how much of the observed
variance is attributable to genetic and environmental effects. Covariance refers to how
much deviation from the mean is shared by two or more variables. Correlation is similar to
covariance (correlation is covariance divided by variance) and is scaled to be bound from -
1.0 to +1.0 (Neale & Cardon, 1992).

Until the 1970s, é popular method for partitioning the variance of traits in twin
studies was to obtain the correlation coefficients for MZs and DZs and to use algebraic
equations to solve for a%, ¢, and e* (Neale, 2003). This method is still a good first step for
checking one’s data to make sure parameter estimates obtained by this method typically
appear reasonable. However, there are serious limitations to using this method of

estimating parameters. These problems include obtaining non-sense estimates of
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heritability, lack of precision, the inability to easily generalize to the multivariate case, and

the inability to compare goodness—of-ﬁf of different models (Neale, 2003).

Today, the technique of maximum likelihood is most often used to estimate
parameters in behavior genetics studies. Maximum likelihood uses information on the
slope and curvature of the likelihood for specific trial values of parameters to estimate the
most likely values of parameters (Neale, 2003; Thomas, 2004). Maximum likelihood yields
the most likely parameter estimates given the actual data and the specified parameters of a
model. Computer programs such as Mx (Neale et al., 2005), which use maximum
likelihood offer a great deal of flexibility and the ability to easily compare different models
(Loehlin, 1999).

Structural equation modeling (SEM) is often used to analyze twin data. Structural
equation modeling specifies two types of variables: observed variables, those variables
being directly observed and measured, and latent variables, those factors not observed
direcﬁy but which exist hypothetically (Neale, 2003). For example, in a study of
depression, the Beck Depression Inventory would be an observed variable, while
“depression” itself would be a latent variable, or in IQ testing, the latent variable general
intelligence (“g”) is indexed via observed scores on a range of different measures of
“intelligence” (Bulik, et al., 2000). In twin studies, SEM can provide information
regarding parameter estimates, confidence intervals, effect sizes, and model fitting to data.
In addition to the full ACE model, sub-models such as AE, CE, and E can be fitted to the
data and comparisons can be made to identify the best fitting model among these

alternatives (Bulik et al., 2000). Structural equation modeling is also flexible, allowing for
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multivariate extensions of modeling and examination of qualitative and quantitative sex

differences. Quantitative sex differenpes refer to the magnitude of genetic and
environmental effects on the same phenotype in males and females, while qualitative sex
differences refers to whether the same or different sets of genes and environmental effects
influence male and female phenotypes (Neale & Cardon, 1992; Neale & Maes, in
preparation).

Different models are compared using goodness-of-fit statistics such as chi square
difference tests and Akaike’s Information Criterion (AIC). Saturated models estimate free
variances and covariances, while univariate models can partition the variance into the
latent variable components A, C, E, and D. The chi square difference test indicates how
discrepant a given model (e.g., an AE model) is from the observed data of from other
models (Loehlin, 1999). The degrees of freedom for the chi square are the difference
between the number of observed values and the number of parameters solved for in each
model. A st:atistically significant chi square indicates a significant mismatch between the
model and the observed data, i.e., the model does not provide a good fit for the data
(Loehlin, 1999). Akaike’s Information Criterion is defined as X? — 2(df) where X is the
goodness-of-fit likelihood ratio chi-square based on degrees of freedom (Truett, et al.,
1992). The AIC is helpful when multiple models are fit, since it provides information
relative to the number of parameters solved for in each model (Loehlin, 1999). When
using AIC, the model with the lowest or most negative AIC value has the best balance
between goodness-of-fit and parsimony (Kendler, Neale, Kessler, Heath, and Eaves,

1992). Simulation studies have shown the AIC generally does a good job at selecting the
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true model (Williams & Holahan, 1994). However, caution should be used in determining

best-fitting models based solely on the AIC, since the AIC may bias parameter estimates
and associated confidence intervals, especially in the case of binary data with small
samples sizes (Sullivan & Eaves, 2002).

Assumptions of Twin Studies

Twin study statistical methodology, like all statistical methods, depends on a

number of assumptions. The first assumption is of having an accurate method of correct
zygosity assignment. Misclassification of zygosity can bias twin study results. Reliable
methods have been developed to determine zygosity. A second assumption is that twins

-must be similar to non-twins in regards to the trait being studied in order for results from a
twin study to generalize to non-twins. A third assumption is that MZ and DZ twins are
equally correlated for their exposure to the environmental effects relevant to the trait being
studied. Violations of the equal environments assumption could upwardly bias the
magnitude of estimated genetics effects and therefore threaten the validity of twin study
findings (Bulik et al., 2000; Kendler & Gardner, 1998). However, for psychiatric and
substance abuse disorders, empirical investigation of differential experiences by twins in
childhood and adolescence has found little evidence to support substantial bias in twin
studies of psychiatric and substance abuse disorders, with the possible exception of studies
of initiation of substance use (Kendler‘& Gardner, 1998). Other important assumptions
include the presence of additive genetic effects rather than non-additive genetic effects and
random mating rather than assortative mating, i.e., the tendency for like to marry like and

to therefore increase genetic and environmental similarity among siblings.
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Other Considerations Regarding Twin Studies

There are several other important issues to consider when using twin study
methodology. One is the issue of ascertainment of research participants. Clinically
ascertained twin samples may produce inflated heritability estimates. In volunteer twin
registries, MZ twins tend to be over-represented, and females are more likely to
participate, as are those who are more invested in identifying as a twin. The optimal
strategy for many purposes to minimize these concerns is to use population-based twin
registries in which all twins are contacted for study participation (Bulik, et al., 2000).

There are also key points to consider with regard to parameter estimates (a’, ¢,
and ¢”) in twin studies. Parameter estimates describe variation at the group level and have
no immediate implication for the individual. Parameter estimates only apply to the group in
which they were measured and méy not generaliz¢ to groups with different genes or
environments. Finally, parameter estimates must be considered in relation to their
confidence intervals in order to have an idea of the precision of the parameter estimates
(Bulik et al., 2000).

As with any methodology, findings from twin studies must be considered in light of
what is known from past research and care must be taken to note the limitations of any
particular study. However, advanced statistical modeling techniques for twin studies gives
researchers flexibility to address many of the concerns that have been used to critique twin
research in the past (Neale & Maes, in preparation). It is also important to consider that

twin studies are observational and non-experimental in nature, and therefore require
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constant vigilance about possible bias that may influence estimates of heritability (Kendler,

2005).
The Genetics of Religiosity

At first, it may seem that an attribute like religiosity would not be influenced by
genes, and some behavior geneticists persist in neglecting the evidence for a genetic role in
~ religiosity (e.g., see Plomin, 2004).‘However, behavior genetic studies have shown that
nearly all individual psychological traits are moderately to substantially heritable
(Bouchard & McGue, 2003). Genetic effects contribute to individual differences in social
attitudes and personality (Eaves, Heath, Martin, Neale, Kendler, Kirk, & Corey, 1999;
Olson, Vernon, Aitken Harris, & Jang, 2001) as well as vocational interests and 1Q
(Bouchard & McGue, 2003; D’Onofrio, Eaves, Murrelle, Maes, & Spilka, 1999).

D’Onofrio and colleagues (1999) suggested a number of questions that could be

answered about religious attitudes and behaviors from a behavior genetics perspective.
Among these questions are several that the present study attempts to address, including:
Are genetié effects significant for religiosity? How large is the impact of genetic effects on
religiosity? Do the same genetic factors that inﬂuénce religiousness also contribute to
variation in other traits or disorders? How important are environrﬁental influences on
religiosity? Are environmental influences on religiosity shared or unique?

Although behavior genetic studies of religiosity remain limited, extant studies have
shown that certain aspects of religiosity do appear to be at least moderately heritable.

Findings from these studies have been influenced by factors such as age, sex, and what
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specific aspects of religiosity were measured. These findings are discussed below and a

summary is given in Appendix A.
Age and Development

Development is an important issue in genetics reseafch. Twin studies and other
behavior genetics methodologies can help determine if the relative importance of genetic
and environmental factors change ovér the lifespan (Kendler, 1995). Past studies of
religiosity and associated attitudes have shown that additive genetic effeds are generally
greater in adulthood compared to childhood and adolescence. Boomsma and colleagues
(1999) studied male and female Dutch adolescents and young adult twins, with an average
age of 17.8 years. The authors found that additive genetic factors were non-significant for
religious upbringing, religious affiliation, and participation in church activities. Common
environmental factors had the greatest influence on phenotypic variance in these religion
variables. However, the authors noted that these results may be specific to Dutch society,
where people from different major religions go to separate schools and are somewhat
segregated in larger society as well. The authors also noted that these findings may have
been influenced by the measures of religiosity used and by the relatively young age of thg
study participants (Boomsma et al., 1999).

D’Onofrio and colleagues (1999) studied adolescent male and female twins with an
average age of 14.6 years. Three factors emerged from the 21-item Religious Attitudes
and Practices Inventory: “Theism” (beliefs about God), “Religious/Spiritual Practices,”
and “Peer Religiousness.” Factor scores were estimated from these three factors and a

fourth scale was added (“Drug Use as Sinful”). In females, common environmental effects
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accounted for the largest share of the variance on all four measures of religiousness.

Common enﬁrommtﬂ effects were also substantial for males for “Theism” and
“Religious/Spiritual Practices.” However, additive genetic effects accounted for 50% of
the variance in “Peer Religiousness” in males.

Using a sample of Minnesota adult male twins who had been reared apart, Koenig,
McGue, Krueger and Bouchard (2005) examined retrospective adolescent religiosity
compared to current, adult religiosity. The authors found that additive genetic effects were

| weaker and common environmental effects stronger in adolescence, while the opposite
was true in adulthood. The magnitude of unique environmental effects was similar in
adolescence and adulthood.

Kirk, Eaves, and Martin (1999) examined spirituality in male and female Australian
tvﬁns aged 50 and older. In univariate analysis of the variable “self-transcendence,” which
was used as an indicator of spirituality, additive genetic effects accounted for 48% of the
variance in men and women. Unique environmental effects accounted for 52% of the
variance in women and 48% of the variance in men, with a small age effect (4%) for men.
The same study examined church attendance and found that in females, additive genetic

- effects accounted for 22% of the variance in church attendance, but no additive genetic
effects were found for males in the best fitting univariate model. For both males and
females, common environmental effects accounted for 43% of the variance in church
attendance (Kirk, Eaves, & Martin, 1999).

Kirk and colleagues (1999) conducted the largest si:udy on individual differences in

church attendance, using samples of adult twins and their families from the United States



22

and Australia. In both the American and Australian twin cohorts there was evidence for
additive genetic (15-35%), common environmental (7-14%), and unique environmental
(35-48%) effects. Small effects were also detected for assortative mating, special twin
environment, non-additive genetic effects, and cultural transmission (Kirk, Maes, Neale,
Martin, & Eaves, 1999).
Measurement of Religiosity in Behavior Genetics Studies

As discussed above, findings in studies of religiosity depend on what aspect of
religiosity is measured and lack of agreed upon measures and definitions of the construct
have limited the ability to interpret findings from past research. The same has been the
case in behavior genetics studies of religiosity. Religious affiliation (Protestant, Catholic,
Jewish, etc.) and church attendance are two single-item measures of religiosity that have
been examined. As has been noted in previous reviews (Bouchard and McGue, 2002;
D’Onofio et al., 1999) research shows almost no additive genetic effects for religious
affiliation (e.g., whether one is Christian, Muslim, Jewish), although a small genetic
contribution may be present in females (D’Onoftio et al., 1999; Eaves, Martin, & Heath,
1990). Church attendance and Sabbath observance, on the other hand, have been shown to
be moderately influenced by additive genetic effects (Maes, et al., 1999; Martin, et al,,
1986). As noted by Bouchard and McGue (2003), single-item measures are less reliable
than scales with related, multiple items. A small nu<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>