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Abstract

This dissertation addresses the causal influence of marital formation and marital
dissolution on depression and risk of early mortality, including suicide. Although many
studies have shown that marriage is correlated with fewer physical and mental health
problems, the causal role of marriage in producing these favorable outcomes is
uncertain. Spouses provide support, which may be one reason why marriage has been
found to be beneficial. However, healthier people may select into marriage more
frequently than unhealthy people, minimizing the causal role of marriage. The general
research questions addressed include: (1) Does marrying decrease the severity of
adults’ depression over the lifespan? (2) Does becoming widowed increase the severity
of adults’ depression in late adulthood? (3) Does divorce increase the risk of early
mortality, especially by committing suicide? The overall hypothesis tested in this
dissertation is the following: Marriage is a protective factor against depression and
mortality across the marital lifespan.

This dissertation extends prior work on the benefits of marriage by using several
longitudinal twin samples to parse genetic and environmental selection from the
potential causal influences of marriage. By adjusting for genetic and environmental
selection factors that make twins similar to one another, twin designs provide the
closest approximation to random assignment to within-family environmental “conditions”
in nonexperimental research.

Three longitudinal twin studies were conducted to test the protective role of

marriage over the lifespan. The first study addressed whether entering marriage



ii
predicts lower severity in subsequent measures of depression over the lifespan, using
data from the National Longitudinal Study of Adolescent Health (Add Health) twin
sample and data from the Swedish Adoption/Twin Study on Aging (SATSA) sample. The
second study addressed whether becoming widowed predicts increases in subsequent
depression during the second half of the lifespan, using five waves of data from the
SATSA sample. Additionally, twins who were discordant for becoming widowed were
used to test whether depression mediated the association between widowhood and risk
of early mortality. The third study addressed whether divorce raises the risk of early
mortality, particularly by suicide, using twins’ birth records, death records, and marital

histories from two cohorts in the Swedish Twin Registry (STR).
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General Introduction

In 2013, the U.S. Supreme Court overturned the Defense of Marriage Act, the
federal prohibition of same-sex marital unions. Within one year of this landmark
decision, 10 individual state bans on same-sex were lifted, with pending court dates in
more states. Part of the motivation to extend marital rights to all adults consists of the
belief that prohibiting relationships from evolving into marriage denies “a status of
immense import,” which confers rights, privileges, and benefits that bolster physical and
mental health to spouses and children (United States v. Windsor, 2013). Sociological
and psychological research confirms this belief. Stably married people and their
offspring are better adjusted than those in discordant marriages and divorced families
(Emery, 1999; Waite & Gallagher, 2000), in terms of better physical health (Kiecolt-
Glaser & Newton, 2001; K. Williams & Umberson, 2004), psychological health (Gove,
Hughes, & Style, 1983; Johnson & Wu, 2002; Leonard & Mudar, 2003), longevity
(Sbarra, Law, & Portley, 2011; Sbarra & Nietert, 2009), and economic benefits (Waite &
Gallagher, 2000). While marriage might be correlated with better health, delineating
whether marriage causally influences good physical and mental health outcomes is a
more challenging matter.
Theoretical support for the positive effects of marriage

Despite the correlational nature of marital research, several theories have been
proposed to explain the underlying causal mechanisms. The main effect model
proposes that the mere connection with another person, like eating dinner at the kitchen

table with one’s spouse rather than over the kitchen sink. The connection promotes



improvements in health by, for example, enhancing self-worth associated with being
with another person (Cohen, Gottlieb, & Underwood, 2000). Alternatively, the buffering
model of social support proposes that marriage provides access to social networks,
which dampen people’s depressive reactions to stress (Aneshensel & Stone, 1982).
Having a close, confiding spouse can soften the depressogenic effects of actual and
perceived stress (Booth & Amato, 1991; Kessler & Essex, 1982; Myers, Lindenthal, &
Pepper, 1975), through overt or covert support mechanisms (Bolger, Zuckerman, &
Kessler, 2000; Shrout, Herman, & Bolger, 2006). Finally, social pain models suggest
that the presence of a partner or spouse may prevent the neural activation of pain
regulatory systems associated with social exclusion and abandonment (Panksepp,
2005). Single, divorced, and widowed adults lack partner support hypothesized to inhibit
the activation of these networks.
Correlational nature of marital research

All marital studies rely on nonexperimental (or correlational) study designs. There
is an inherent uphill methodological battle in distinguishing causal processes from
selective ones to test the social causation hypothesis — the belief that marriage itself
protects people against physical, psychological and mortality risks (Mastekaasa, 2006).
In contrast, the social selection hypothesis posits that some people are more likely to
select into marriage (and remain married) at a higher rate than others. Happier,
healthier, prettier, and wealthier people probably do make more appealing mates and
select into marriage at a higher rate than the homely and infirm. Selection can occur for

a number of reasons, which are described in the next section. The goal in the present



research, however, is not to explain away the potential causal benefits of marriage with
selection. The objective is to test the plausibility of the social causation hypothesis by
appropriately controlling for selection factors that may partially account for why married
people experience better health outcomes — namely, fewer depressive symptoms
(Booth & Amato, 1991; Gove et al., 1983) and longevity (Lillard & Waite, 1995) — than
their unmarried counterparts.
Using twins to parse social and genetic selection from causation

Social selection is a broad term that may result from observed processes, like
measured educational attainment (Liu & Reczek, 2012), childhood problems (Gove et
al., 1983), personality measures (Marks, 1996), attitudes toward marriage (Horwitz &
White, 1998), and pre-marital levels of depression (Aseltine & Kessler, 1993; Lamb,
Lee, & DeMaris, 2003; Menaghan & Lieberman, 1986; Simon & Marcussen, 1999) or
unobserved processes, like unmeasured personality characteristics (Verbeek, 1990),
unshakable socioeconomic status conditions (Verbeek & Nijman, 1992), and
unmeasured familial background factors such as genes and family environments (Burt
et al., 2010; Horn, Xu, Beam, Turkheimer, & Emery, 2013; Prescott & Kendler, 2001).
Twin studies are powerful study designs for the reason that the genetic and
environmental factors that make twins raised in the same family more similar to one
another can be easily parsed from the within-family environmental factors that make
them different from one another (Turkheimer & Harden, 2013). In this way, twin designs

provide one of the most rigorous tests of the causal features of marriage.



Other methodological considerations

Besides using twin designs to parse selection processes from causal
mechanisms in the associations among marriage, depression, and mortality risk (Rutter,
Pickles, Murray, & Eaves, 2001), there are several methodological issues worth taking
into consideration to put marital research in a lifespan developmental context (Baltes,
1987). These include: 1) clearly explicating the mediating factors between predictors
and outcomes; 2) using quasi-experimental research designs to adjust for mediating
effects of selection factors; 3) reliability and measurement considerations; and 4)
embedding research in a lifespan developmental context.

Clear explication of the range of possible mediators, particularly selection, is
important for all scientific inquiry, but is especially critical in marital research where
random assignment of participants is unavailable and unethical. Selection effects often
are found in studies on marriage and depression (Blekesaune, 2008; Booth & Amato,
1991; Horn et al., 2013; Mastekaasa, 1992). Even when selection processes have not
been found to be statistically significant mediators (Horwitz & White, 1998; Mastekaasa,
1994b; Menaghan & Lieberman, 1986), taking into account nonsignificant selection
processes still helps to strengthen causal arguments that marriage promotes better
health outcomes. People’s propensity to increase or decrease in depression as they age
also may mediate the correlation between marriage and depression (Blazer, 2003).
Modern statistical modeling techniques for longitudinal data, like latent growth curve

models, are available to take into account this mediating factor.



Quasi-experimental research designs can disaggregate nonrandom processes
from causal ones (Shadish, Cook, & Campbell, 2002). Twin studies function as a type of
natural “experiment”, because twins are matched for their familial background
(Turkheimer & Harden, 2013). As an example, take two identical twins raised in the
same household, where one is married and the other is single. The twins are genetically
matched and share many of the same environments (e.g., shared the same prenatal
environment, were raised by the same parents, and reached the same developmental
milestones around the same time). If the married twin was happier than the single twin,
the difference could not be due to genetic or shared environmental differences, as these
factors are shared between identical twins. Their differences in happiness can be
considered to result from “within-family random assignment” to different marital
conditions. The advantage of using twins is that once genetic and environmental
confounds are known, stronger conclusions can be made regarding the causal effects of
marriage on depression (Beam et al., 2011; Heath, Eaves, & Martin, 1998; Horn et al.,
2013; Lichtenstein, Gatz, Pedersen, Berg, & McClearn, 1996; Nes, Rgysamb, Harris,
Czajkowski, & Tambs, 2010; Osler, McGue, Lund, & Christensen, 2008) and mortality
(Lichtenstein, Gatz, & Berg, 1998; Marenberg, Risch, Berkman, Floderus, & De Faire,
1994; Sbarra et al., 2011).

Whereas mortality can be reliably assessed with a single indicator, reliability and
measurement considerations must be made when studying depression (Frech &
Williams, 2007; Horn et al., 2013; Mastekaasa, 1995; Musick & Bumpass, 2012).

Depression is a psychological disorder (or trait) that cannot be directly measured or



quantified. Using reliable assessments, like the Center for Epidemiologic Studies
Depression Scale (CES-D;Radloff, 1977; Shafer, 2006) or latent variable models
(Blekesaune, 2008; Menaghan & Lieberman, 1986) for measuring depression across
multiple time points obviates problems associated with unreliability (Shrout, 2002).

There are many ways to embed marital research in a lifespan developmental
context. In this dissertation, gender differences, sampling characteristics, plasticity and
multidirectionality of developmental processes, and historical differences were
considered for how marital status may differentially influence depression and mortality
risk.

Gender differences in marital reactions traditionally have been considered since
Bernard (1982) observed discrepancies between husbands’ and wives’ health and
proclaimed that marriage was “good” for men’s health but “bad” for women’s health.
When observed, marriage has been found to lower men’s level of depression (Horwitz,
White, & Howell-White, 1996; Marks, 1996; D. R. Williams, Takeuchi, & Adair, 1992)
and increase their longevity (Choi & Marks, 2011; Kaplan & Kronick, 2006; Sbarra &
Nietert, 2009; Van Poppel & Joung, 2001), whereas the same typically has not been
found for women. Gender differences, however, have not always been observed
(Blekesaune, 2008; Cheung, 2000; Clayton, Halikas, & Maurice, 1972; Frech &
Williams, 2007; Gove et al., 1983; Manzoli, Villari, Pirone, & Boccia, 2007; Mastekaasa,
1992), which emphasizes a need for continued assessment in each sample.

Sampling characteristics often are overlooked in marital research. Age-

heterogeneous samples frequently are pooled in the interest of increasing the overall



sample size for the sake of greater power (Karney & Bradbury, 1995). The trade-off,
however, is that pooled samples compromise the ability to generalize findings to specific
populations of interest. As a result developmental processes that change over the
lifespan are ignored. The longitudinal effects of divorce, for example, have been found
to depend on gender and age (Blekesaune, 2008). Collapsing across age (Lorenz,
Wickrama, Conger, & Elder, 2006; Wade & Cairney, 2000) and gender (Musick &
Bumpass, 2012; Wade & Pevalin, 2004) may miss these important features of
development.

Plasticity and multidirectionality of developmental processes refers to people’s
adaptability and capability of change over the course of development (plasticity) and
diversity of developmental trajectories (multidirectionality) both between and within
groups (Baltes, 1987). The effects of marital transitions, like marrying and becoming
widowed, may be time limited, lasting for short periods (Lichtenstein et al., 1996;
Strohschein, McDonough, Monette, & Shao, 2005) or long periods of time (Horwitz et
al., 1996; Lucas, Clark, Georgellis, & Diener, 2003).

The historical context in which people live also can influence their psychological
development and associated outcomes (Baltes, 1987). Partly on the basis of historical
events, like the Great Depression and World Wars | and Il, the meaning of marriage
changed in two important ways during the 20" century: first, from marriage as an
institution to marriage as companionship, and second, from companionate marriages to
individualized marriages (Cherlin, 2004). The social influence of marital transitions on

depression and mortality risk may depend on the zeitgeist. As a result, cohort effects



were considered as potential moderators of the effects of marriage on depression and
early mortality risk.
Longitudinal Associations between Marriage, Depression, and Mortality

The correlation between marriage and depression is well studied (Coombs,
1991), as is the correlation between marital status and longevity (Manzoli et al., 2007).
Marrying tends to be associated with fewer symptoms of depression than never-
marrying, cohabiting, divorcing, remarrying, separating, and becoming widowed (Jose,
Daniel O’Leary, & Moyer, 2010; Kessler & Essex, 1982; Menaghan, 1985; Pearlin &
Johnson, 1977; Ross, 1995; Weissman, 1987). Entering marriage has the potential to
“right the ship” for people on otherwise depressive trajectories over short (Mastekaasa,
2006) and long intervals of time (Frech & Williams, 2007; Kim & McKenry, 2002; Marks
& Lambert, 1998), but these effects may be time-limited (Musick & Bumpass, 2012).
Widowhood, conversely, can increase the severity of depressive symptoms
(Lichtenstein et al., 1996; Osler et al., 2008), but the negative effects of bereavement
also appear to dissipate with the passage of time (Bonanno, 2004; Lucas et al., 2003).
Finally, divorce has been found to increase the risk of all-cause early death (Sbarra et
al., 2011), with elevations in suicide among younger divorced men (Yip et al., 2012).
Dissertation study aims

The studies in this dissertation do not address new questions about the effects of
marriage on depression and longevity, but rather use longitudinal twin designs to control
for confounds left unaddressed in prior research. The general question studied was:

Does having a close, confiding spouse protect adults from depression and the



potentially mortal consequences of social isolation? Study 1 addressed whether
entering marriage decreases the subsequent severity of depression over short and long
intervals of time across the lifespan. Study 2 extended prior work on the effects of
becoming widowed on depression in late adulthood (Lichtenstein et al., 1996) as well as
tested whether severity of depression mediated the association between widowhood
and risk of early mortality (Lichtenstein et al., 1998). Study 3 expanded work on the
association between divorce and early death by using a twin sample to test the causal
influence of divorce on mortality risk. Suicide, moreover, was explored as a possible
mechanism for the increased risk in mortality among divorced adults.

General Description of the Methodology

Longitudinal twin studies were used for two purposes in this dissertation: (1) to
test the social causation hypothesis while adjusting for genetic and environmental
selection and (2) to test the effects of marriage in real time.

Two twin methods were used to adjust for selection effects: multivariate
longitudinal twin analyses (referred to as “longitudinal quasi-causal models”) and co-
twin-control analyses. Longitudinal quasi-causal models were conducted to test whether
marrying and becoming widowed influences short-term and long-term changes in
people’s CES-D scores over time, statistically adjusting for the genetic and
environmental selection effects that may partially (or fully) mediate the relation between
marital status and depression. Significant within-family environmental effects are

regarded as “quasi-causal,” as the effects are based on correlational data, but do help
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to strengthen the argument that marital changes socially influence depression
outcomes.

Co-twin-control analyses were used to test for significant differences in
depression scores and mortality rates between twins who became widowed, for
example, and their co-twins who did not become widowed (Lichtenstein et al., 1996;
Robins, Greenland, & Breslow, 1986; Silman, Newman, & MacGregor, 1996). Paired t-
tests were then performed to formally test whether twins who experienced marital
change had lower depression (if they married), higher depression (if they become
widowed), and higher risks of mortality and suicide (if they divorced) than their co-twins
who experienced none of these changes.

In addition to twin methodologies, latent growth curve (LGC) models were used to
take into account intraindividual growth in depressive symptoms over time (Duncan,
Duncan, & Strycker, 2006; Willett & Sayer, 1994) while testing whether marital change —
specifically, marrying or becoming widowed — predicted changes in subsequent
depressive symptoms over short- and long-term intervals.

The prospective data were used to test whether marital transitions had effects on
depression and mortality in real time. Where depressive symptom severity was the
outcome (Studies 1 and 2), marital transitions were operationalized as taking place
between measurements and used to predict subsequent depression outcomes. In this
way, the time-limited effects of marrying (Study 1) and becoming widowed (Study 2) on
depression were tested. Where mortality was the outcome (Study 3), twins who were

discordant for divorce and married status were identified, and Cox proportional hazard
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regression analysis (survival analysis) was used to test whether married twins had a
higher probability of longevity than their divorced co-twins.
Isolation, depression, and mortality

The three studies presented in this dissertation fulfill two purposes. The first
purpose was to explore the hypothesis that marriage confers advantages to adults by
using a variety of longitudinal twin samples to test whether marriage protects people
from depression and early mortality risk. Part of the first aim was to place people’s
depressive and mortality reactions to marrying, widowhood, and divorce within a
lifespan context by considering sampling characteristics, mediators, gender differences,
and generational differences. The second purpose extends beyond marital benefits to
provide knowledge of the health consequences of isolation and loneliness. Social
relationships often are taken for granted until people experience the emotional and
physical sequelae associated with social isolation (Blazer, 2003). Marriage alone does
not prevent depression and early death. Rather, social relationships and integration into
communities — of which marriage is one component — more generally inhibit depression
and lower mortality risk (Schwarzbach, Luppa, Forstmeier, Kénig, & Riedel-Heller, 20183;
Schwarzbach, Luppa, Sikorski, et al., 2013). Marriage, for many, is one node in the
constellation of social relations that prevents loneliness and isolation from speeding

along depression and death.
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Entering First Marriage and Depression

Part of the United States Supreme Court decision to overturn the Defense of
Marriage Act (DOMA) was based on the belief that marriage provides benefits that
ought to be available to all adults and families (United States v. Windsor, 2013). Married
people have been found to have better physical health (House, Landis, & Umberson,
1988; Kiecolt-Glaser & Newton, 2001; K. Williams & Umberson, 2004); lower risks for
excessive alcohol use (Leonard & Mudar, 2003); higher subjective well-being (Diener &
Seligman, 2002); longer lives (Lillard & Waite, 1995); and lower depressive
symptomatology (Frech & Williams, 2007). The correlation between depressive
symptoms (hereafter referred to as depression for ease of presentation) and entering
marriage across the lifespan is the focus of this paper. Yet, while the correlation
between marriage and depression has been widely explored (Horn et al., 2013;
Mastekaasa, 1994a; Pearlin & Johnson, 1977; Waite & Gallagher, 2000), marital
research is in constant need of empirical work to support the argument that marriage
causes lower depression.

Entering marriage may increase happiness for otherwise depressed people who
lack social support (Frech & Williams, 2007; Thoits, 1984). Marriage is correlated with
decreases in depression relative to remaining single (Mastekaasa, 2006) and cohabiting
(Lamb et al., 2003; Musick & Bumpass, 2012). The correlation between marriage and
depression, however, may also be time-limited. Entering marriage correlates with
modest, short bursts of happiness and life satisfaction, but the association diminishes to

pre-marital levels with the passage of time (Lucas et al., 2003; Luhmann, Hofmann, Eid,
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& Lucas, 2012). The temporal relation between marriage and depression has been
studied but contains inconsistent findings. In a sample of young adults, entering and
remaining married predicted less severe symptomatology 15 years later when
compared to single controls (Horwitz et al., 1996).

Does marriage cobble together a lifestyle that causes decreases in depression?
Or, are healthier people more likely to select into marriage in the first place? The latter —
referred to as the social selection hypothesis — is the expectation that third variable
confounds (measured or unmeasured) account for the correlation between marriage and
depression. Some people, for example, might be more likely to select into marriage
because they are happier, healthier, prettier, and wealthier, which makes them more
appealing mates than the homely and infirm. Conversely, the social causation
hypothesis suggests that marriage itself protects people against physical, psychological
and mortality risks (Mastekaasa, 2006). The goal in marital research is to appropriately
control for selection factors that partially account for why married people experience
better health outcomes — like fewer depressive symptoms (Booth & Amato, 1991; Gove
et al., 1983) — to test the social causation hypothesis.

Genetically informed studies are one way to take into account genetic and
environmental selection effects that might confound the causal influence of entering
marriage on depression. Twin studies in particular parse genetic and common
environmental selection effects that make twins similar to one another from within
environmental effects that make twins — in particular identical twins — different from one

another (Turkheimer & Harden, 2013). Twin studies have been used in marital research
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to show that entering marriage decreases antisocial behavior (Burt et al., 2010; Horn et
al., 2013) and curbs alcohol consumption (Prescott & Kendler, 2001), adjusting for
genetic and environmental selection confounds. Horn et al. found a within-family
environmental effect of coupled status (married or cohabiting) on subsequent decreases
in self-reported depression. In a pair of identical twins, for example, this means that the
twin who coupled was also the twin who reported less depression at follow-up compared
to the noncoupled twin.

One issue that often goes overlooked in marital studies is that entering marriage
can occur at any point in the lifespan. While there are many studies that have focused
specifically on marrying in early adulthood (Burt et al., 2010; Horn et al., 2013; Horwitz &
White, 1991), there are no studies investigating the positive effects of entering first
marriage in older adulthood. Instead, age heterogeneous samples frequently are pooled
to increase overall sample size for detecting small effects (Karney & Bradbury, 1995).
Pooled samples compromise the ability to generalize findings to specific populations of
interest. For example, the effect of entering marriage on depression in a 25-year-old
may not generalize to a 55-year-old’s experience. The value of entering marriage for a
25-year-old may consist of financial stability and the potential to form a family whereas
the value of marriage for a 55-year-old may be partner support and caretaking during
the elderly years. Thus, the age people enter marriage may be crucial for whether
marriage protects against depression.

Gender also must be considered in marital research, as the debate over “his” and

“hers” marriage is on-going (Bernard, 1982; Kiecolt-Glaser & Newton, 2001). Marriage
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has been found to lower men’s depression (Horwitz et al., 1996; Marks, 1996; D. R.
Williams et al., 1992) whereas women do not enjoy the same benefit. These differences,
however, are not always observed (Blekesaune, 2008; Frech & Williams, 2007; Gove et
al., 1983; Mastekaasa, 1992). Given the inconsistent replication of gender differences in
marital studies, differential effects of entering marriage on depression must be
considered in men and women.

Finally, cultural differences may also be a factor in who marriage benefits. For
example, in nations with social welfare systems, like Scandinavian and Northern
European countries (e.g., Sweden, Germany, and The Netherlands), marriage might not
be as highly correlated with physical and mental health because many social benefits
(e.g., financial and healthcare insurance) are provided by the state. In nonsocial welfare
states, like the United States, entering marriage may be more highly correlated with
health outcomes because it provides propitious environments associated with improved
health. The present study used samples from Sweden and the United States to explore
possible cultural differences in the effects entering marriage has on depression.
Present Study

The purpose of the present study was to use two longitudinal twin samples from
different cultures to test the hypothesis that entering marriage causally influences lower
depression in men and women over the lifespan. The following research questions were
addressed:

1. Does the trajectory of depression decrease in early adulthood and increase in

late adulthood?
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2. Above and beyond the tendency for people to increase or decrease in

depression as they age, does entering marriage predict subsequent

decreases in depression?

3. Above and beyond genetic and environmental selection factors, does entering

marriage predict subsequent decreases in depression?

4. Does entering marriage have different effects on depression for those

in late adulthood as opposed to early adulthood?

5. Does entering marriage have different effects on depression for men and

women?
Lifespan and cultural comparisons were made to the extent that the samples used could
support such comparisons. The U.S. sample consisted of adults less than 35 years of
age whereas the Swedish sample primarily consisted of adults over the age of 45.

Method

Sample

As noted above, two twin samples were used in the current study. The first
sample consisted of 707 twin pairs from the National Longitudinal Study of Adolescent
Health (Add Health; Harris, 2009), a nationally representative school-based study
designed to assess health and risk behaviors of middle- and high-school aged youth
(grades 7-12). The first wave of interviews was conducted in 1994 and 1995 (Wave 1),
with follow-up interviews in 1996 (Wave 2), 2001-2002 (Wave 3), and 2008-2009 (Wave

4). Sample sizes at each wave are given by gender and zygosity in Table 1.



Table 1

Number of complete, incomplete, and missing twin pairs in Waves 1-4 of Add Health

Note. MZM = monozygotic male; MZF = monozygotic female; DZM = dizygotic male;
DZF = dizygotic female. Sample sizes were computed based on depressive symptom

outcome scores.

Complete Pairs

Wave 1 Wave 2 Wave 3 Wave 4
MZM 107 96 81 73
MZF 106 96 86 83
DZM 124 105 94 93
DZF 129 123 101 109

Incomplete Pairs

Wave 1 Wave 2 Wave 3 Wave 4
MZM 2 5 10 20
MZF 2 4 16 18
DZM 1 7 21 21
DZF 3 5 14 12

Missing Pairs

Wave 1 Wave 2 Wave 3 Wave 4
MZM 0 8 18 16
MZF 0 8 6 7
DZM 0 13 10 1
DZF 0 4 17 11

17

The mean age of the male and female twins at each wave was as follows (based

on complete and incomplete pairs): Wave 1: Myen = 16.15 (SD = 1.62) and Mywomen =

15.99 (SD = 1.54); Wave 2: Myen = 17.09 (SD = 1.62) and Myomen = 16.94 (SD = 1.55);
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Wave 3: Myen = 22.50 (SD = 1.66) and Myomen = 22.32 (SD = 1.58); and Wave 4: Myen =
29.03 (SD = 1.69) and Mwomen = 28.80 (SD = 1.56).

The second sample consisted of 1,919 twin pairs from the Swedish
Adoption/Twin Study of Aging (SATSA; Finkel & Pedersen, 2004), a gerontological
study designed to assess physical and psychological health in a representative sample
of middle- and late-aged Swedish adults. The questionnaire-based component was
used in the current study, which began in 1984, with follow-up measures sent to all still-
living participants every three years until 1993. Two additional follow-up questionnaires
were sent to the still-living participants in 2004 and 2007. Marital status information was
collected at six waves (1984, 1987, 1990, 1993, 2004, and 2007) and depressive
symptom measures were administered at the last five waves. Sample sizes at each

wave are given by gender and zygosity in Table 2.
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Table 2

Number of complete, incomplete, and missing twin pairs from 1987-2007 in the SATSA

Complete Pairs

1987 1990 1993 2004 2007
MZM 80 71 74 32 24
MZF 93 84 75 50 35
DZM 114 100 107 52 35
DZF 187 172 165 90 77

Incomplete Pairs

1987 1990 1993 2004 2007
MZM 73 82 68 73 69
MZF 92 88 90 56 64
DZM 170 170 160 148 149
DZF 216 207 214 165 157

Missing Pairs

1987 1990 1993 2004 2007
MZM 106 106 117 154 166
MZF 145 158 165 224 231
DZM 204 218 221 288 304
DZF 303 327 327 451 472

Note. MZM = monozygotic male; MZF = monozygotic female; DZM = dizygotic male;
DZF = dizygotic female. Sample sizes were computed based on depressive symptom
and marital status information.

Given the aging focus of the SATSA, mortality is a major cause of attrition across
the 20-year-measurement window. In 1987, 3.10% (n = 119) of the total sample was

deceased, with increases at each follow-up wave: 7.22% (n = 277) in 1990, 10.34% (n =
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397) in 1993, 26.73% (n = 1026) in 2004, and 30.41% (n = 1167) in 2007. The age
range of the sample in 1984 was 26 years to 93 years. The mean age of the male and
female participants at each follow-up wave was as follows (based on complete and
incomplete pairs): in 1987, Myen = 60.66 (SD = 13.00) and Mywomen = 62.12 (SD = 13.91);
in 1990, Myen = 62.73 (SD = 12.25) and Mwomen = 64.22 (SD = 13.54); in 1993, Myen =
63.76 (SD = 12.33) and Mwomen = 65.83 (SD = 13.40); in 2004, Mye, = 69.81 (SD =
10.47) and Mwomen = 70.10 (SD = 11.75); and in 2007, Myen = 71.47 (SD = 9.79) and
Mwomen = 71.97 (SD = 10.83). The gradual increase in mean ages over time reflects the
higher retention of younger participants and attrition due to death among older
participants.
Measures
Depressive Symptoms

The Center for Epidemiological Studies—Depression (CES-D) scale is a 20-item
scale widely used as a screening measure of depressive symptomatology (Radloff,
1977). Participants rate how often they experienced each symptom over the past 7 days
on a scale of 0-3, with 0 = rarely or none of the time (less than 1 day), 1 = some or a
little of the time (1-2 days), 2 = occasionally or a moderate amount of time (3-4 days);
and 3 = most or all of the time (5-7 days). The reliability and validity of the CES-D scale
has been well-studied, with 4 facets typically found to comprise the total scale:
depressed affect, lack of well-being, somatic and retarded activity, and interpersonal
difficulties (Hertzog, Alstine, Usala, Hultsch, & Dixon, 1990; Shafer, 2006). All 20-items

are presented in Appendix A.
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In the Add Health data set, there were 9 items common across all 4 waves. An
exploratory factor analysis of the items revealed that the subset of items across all
waves was generally consistent with the four-factor solution found in prior studies
(Shafer, 2006). As a result, the total sum score was used as an overall depressive
symptom score index (CES-D-9). The log of the total sum score was used, as the
distribution of the raw total scores was positively skewed. Histograms of the log scores
are presented in Appendix B. In keeping with conventional reliability value standards
(Shrout, 2002), the test-retest reliability across all five measurements was moderate for
both men (McDonald’s w =.70) and women (McDonald’s w = .71) (McDonald, 1999).

In the SATSA, the log of the sum of all 20-items was used at each wave, as the
distribution of the raw total scores was positively skewed. Histograms of the log scores
are presented in Appendix B. The test-retest reliability across all five measurements is
substantial for both men (McDonald’s w = .87) and women (McDonald’s w = .85).
Entering Marriage

In Add Health, the entering marriage variable was a binary coded variable
operationalized as a change from nonmarried status (never married) at wave 3 to
married status (married) at wave 4. Few participants in Add Health were of marriageable
age at Wave 1 and Wave 2. Participants who transitioned into marriage between any
two waves were given a code of 1. Participants who reported being never married
between adjacent waves were considered to have remained unmarried and were coded
as 0 (no change). Participants who divorced or remarried between adjacent waves were

also coded 0. Of the 524 male twins, none of the male twins were already married by
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wave 1, 0.57% entered marriage between wave 1 and wave 2, 9.73% entered marriage
between wave 2 and wave 3, and 23.09% entered marriage between wave 3 and wave
4. Of the 528 female twins, 0.38% were already married by wave 1, 0.76% entered
marriage between wave 1 and wave 2, 15.34% entered marriage between wave 2 and
wave 3, and 25.00% entered marriage between wave 3 and wave 4.

In the SATSA, the entering marriage variable also was a binary coded variable
operationalized as a change from a nonmarried status at time £ (e.g., 1987) to married
status at time t+1 (e.g., 1990). Participants who transitioned into marriage between any
two waves were coded 1. Few people in the SATSA married at all during the study
period, so participants who entered first marriages or remarried were considered to
“enter marriage.” The decision to include participants who remarried may overestimate
the positive effects of entering marriage, as remarriage has been found to increase well-
being among widowed (Gentry & Shulman, 1988) and divorced people (Blekesaune,
2008). Participants who reported the same marital status or were missing at adjacent
waves of measurement were coded 0. Few participants entered marriage in the SATSA.
Of the 1,494 male twins, 5.22% entered marriage between 1984 and 1987, 3.88%
entered marriage between 1987 and 1990, 3.55% entered marriage between 1990 and
1993, 1.20% entered marriage between 1993 and 2004, and 0.40% entered marriage
between 2004 and 2007. Of the 2,072 female twins, 4.01% (n = 2,072) entered
marriage between 1984 and 1987, 2.51% entered marriage between 1987 and 1990,
2.85% entered marriage between 1990 and 1993, 0.53% entered marriage between

1993 and 2004, and 0.63% entered marriage between 2004 and 2007.
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Data Analysis

The analyses for this study consisted of two steps: individual-level analyses and
twin-level analyses. The individual-level analyses addressed the first and second
research questions, and the twin-level analyses addressed the third research question.
The fourth question regarding generational differences was addressed by comparing the
results from both analyses. The fifth research question regarding gender differences
were addressed in both steps of the analyses.

In the individual-level analyses, participants’ mean CES-D scores were first
plotted by age group and gender. Age effects were evaluated by examining longitudinal
trajectory plots of the participants’ CES-D scores, first by wave of measurement and
second by age of measurement. Latent growth curve (LGC) models were then fit to the
male and female samples separately with change in marital status at each wave
included as covariates. Slightly different LGC models were fit to the Add Health (Figure
1) and SATSA (Figure 2) samples, because of differences in the measurement of

marital status.
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Figure 1. Linear Growth Curve Model. Squares represent observed variables, circles
represent unobserved latent constructs, and the triangle represents the mean structure
of the latent variables. EMar = entered marriage; CES-D = log total Center for
Epidemiological Studies—Depression scale score; | = intercept; S = slope; 1-4 = wave of
measurement

Latent growth curve (LGC) models were fit using the Mplus 7.11 program
(Muthén & Muthén, 2014). The TYPE=COMPLEX function was used in the LGC
analyses to take into account the clustered family data in the estimation of the standard
errors and chi-square tests of model fit. While twins are necessarily age-matched, the
ages at which the twins were measured varied within each wave. Age heterogeneity
within each wave of measurement violates the assumption that the intervals between
measurements are the same for the entire sample (Duncan et al., 2006). To correct for
this assumption violation, the individually-varying times of observation across individuals

were taken into account in the model by applying multivariate SEM methods and
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multilevel modeling methods. The TSCORES option in Mplus achieves this by

identifying the variables in the data on which the CES-D measures individually varied.
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Figure 2. Linear Growth Curve Model. Squares represent observed variables, circles
represent unobserved latent constructs, and the triangle represents the mean structure
of the latent variables. EMar = entered marriage; CES-D = log total Center for
Epidemiological Studies—Depression scale score; | = intercept; S = slope; a = short-term
effect of entering marriage on depressive symptom scores; b = long-term effect of
entering marriage on depression symptom scores; all non-labeled regression paths and
covariances were freely estimated in the model.

The LGC models served two purposes. First, they were used to answer the first
research question regarding intraindividual trends in depression over the second half of
the lifespan. Second, they were used to test the short-term and long-term phenotypic
effects of entering marriage on CES-D scores, above and beyond the individual linear
growth in depression over time. Short-term and long-term effects were operationalized

differently in Add Health and the SATSA, because the intervals of time between waves
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of measurement were different in each study. In Add Health, short-term effects were
defined as entering marriage within a 6-year period prior to follow-up. Long-term effects
were defined as entering marriage within a 12-year period prior to follow-up. In the
SATSA, short-term effects were defined as entering marriage within a 3-year period
prior to follow-up whereas long-term effects were defined as entering marriage within an
11-year period prior to fellow-up. The time lags were operationalized this way because
participants’ dates of marriage were not recorded. If either the short-term or long-term
phenotypic effect of marrying on CES-D scores was significant in the LGC analysis, twin
models were then fit to the data to test the social causation hypothesis.

In the twin-level analyses, the first step consisted of a co-twin control study.
Twins who were discordant for marital status (entered marriage and did not enter
marriage) were identified at each wave of measurement. Intrapair differences were then
calculated by subtracting the twin-who-entered-marriage’s CES-D score from the twin-
who-did-not-enter-marriage’s CES-D score. Paired t-tests were used to test whether the
twin who entered marriage had significantly lower CES-D scores than the twin who did
not enter marriage. All co-twin-control analyses were conducted in R 3.0.2 (R Core
Team, 2013).

Next, multivariate longitudinal twin analyses (referred to as “longitudinal quasi-
causal models”) were fit to the data to test whether within-family environmental
differences in entering marriage mediated the short-term and long-term effects on CES-
D scores, holding constant the genetic and environmental selection effects underlying

their association. The model is presented in Figure 3. For simplicity of presentation, only
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two time points are shown from the Add Health analysis. These models provided a

formal test of the social causation hypothesis of marriage.

ba1 Pci

JEL

Figure 3. Longitudinal quasi-causal model. Only two waves of measurement (for
example, subscripts “3” and “4” represent waves 3 and 4 in Add Health) are shown for
simplicity. Actual models were estimated using all waves of measurement in Add Health
and the SATSA. Squares represent observed variables, and circles represent
unobserved latent constructs. M = entered marriage variable; DS = log total Center for
Epidemiological Studies—Depression scale score; A = additive genetic factor; C =
common environmental factor; E = nonshared environmental factor; by = short-term
regression coefficient; b, = long-term regression coefficient. Variable names are
appended with “1” or “2” to correspond with twin 1’s scores and twin 2’s scores.

As can be seen in Figure 3, the binary marriage variables were decomposed into
three latent variables (or effects): genetic (A) effects, common environmental (C)
effects, and nonshared environmental (E) effects. Genetic effects refer to the common
genes twins share that make them resemble one another. Monozygotic (MZ) twins
share 100% of their genes whereas dizygotic (DZ) twins share 50% of their genes, on

average. In standard twin models, the twins’ genetic effects are correlated 1.0 in the MZ
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group and 0.5 in the DZ group. Common environmental effects refer to any
environmental factor (e.g., parental SES, rearing environment) that makes twins from
the same family more similar to one another. Common environmental effects are
assumed to affect MZ and DZ twins equally and are correlated 1.0 in both zygosity
groups. Finally, nonshared environment effects (E) refer to any environmental factor that
makes twins different from one another, including measurement error, and are
uncorrelated between twins. In identical twin pairs, the nonshared environment is equal
to the unreliability between identical twin pairs — that is, one minus the MZ correlation.

Conventional twin models make three additional assumptions (Neale & Cardon,
1992). First, the ACE variance components are uncorrelated with one another. Second,
the ACE components do not interact with one another. Third, mating between the twins’
parents is random, which is implied by the assumption that DZ twins share 50% of their
genes.

The genetic and common environmental regression effects (labeled ba1 and b+
in Figure 3), if significant, represent support for the selection hypothesis. The nonshared
environmental regression effects (bgy in Figure 3), if significant, represent support for
the causal hypothesis. Only random within-family environmental differences in marrying
can explain observable differences in CES-D scores between twins in the same family.
The Add Health and SATSA studies are nonexperimental designs, so it is important to
keep in mind that strict causal inferences cannot be made. Other unmeasured, third
variable factors remain unaccounted for in the models, so significant within-family

environmental effects are considered to be “quasi-causal.”



29

Ideally, the longitudinal quasi-causal model and LGC model could have been fit in
a single model. The study design features of SATSA, however, preclude incorporating
the TSCORES function in Mplus to take into account the individually-varying times of
observation across individuals and using dependent categorical variables necessary for
decomposing binary variable into latent ACE variables in the same model. Although this
model is possible in other SEM software (e.g., OpenMx), the LGC models and
longitudinal quasi-causal models were fit separately in the present study. The
descriptive results suggest that the substantive conclusions are preserved regardless of
using a one-step or two-step modeling procedure.

Missing data were assumed to be missing at random. Full-information maximum
likelihood estimation with robust standard errors (MLR) for the LGC models and
weighted least squares mean (WLSM) estimation for the longitudinal quasi-causal
models were used to handle missingness. With both estimators, the Satorra-Bentler
scaled chi-square difference test was used to calculate a chi-square distributed test
statistic to compare nested models (Satorra & Bentler, 2001). Additionally, the Root
Mean Square Error of Approximation (RMSEA) was used to evaluate model fit (Browne
& Cudeck, 1992). Models with RMSEA values below 0.05 are considered to fit the data
well, and models with values below 0.08 are considered to fit the data adequately. The
Akaike Information Criterion (AIC) and Bayesian Information Criterion (BIC) also were
used to evaluate model fit (Burnham & Anderson, 2004). Both the AIC and BIC indexes
are computed to balance model parsimony and model complexity (Kline, 2005). Lower

values indicate better model fit to the data. The comparative fit index (CFl) was used as
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a final measure of model fit, as it evaluates the incremental improvement in model fit
between an alternative model (the model under consideration) and a baseline model
(the null model). Values range from 0-1 with higher values indicating better model fit; a
criterion cutoff of .90 is the conventional lower limit for model selection (L. Hu & Bentler,
1995).
Results
Entering Marriage: Young Adulthood
Individual-level Analysis

A description of the male and female participants’ CES-D-9 means was the initial
analysis used to answer the first research question (Does the trajectory of depression
decrease in early adulthood?). Figure 4 presents longitudinal trajectory plots of the male
participants’ CES-D-9 scores across all four waves, with the wave means overlaid in

red.
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Figure 4. Longitudinal trajectory plots of male participants’ total CES-D-9 scores across
waves 1-4 in Add Health. The bolded red line represents the mean total CES-D-9 score
at each wave.

As can be seen from the figure, the CES-D-9 means are relatively flat over the
entire study period. Rather, the participants’ scores oscillate which suggests an auto-
regressive pattern rather than a growth pattern. Plotting the longitudinal scores across
waves, however, ignores the age heterogeneity within each wave of measurement. The
male participants’ scores were plotted by age, with each twin contributing four data

points (at most) to the plot (Figure 5).
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Figure 5. Longitudinal trajectory plots of male participants’ total CES-D-9 scores strung
out by age in Add Health. Yearly age bins were created from age 12-33. The bolded
dotted red line represents the mean total CES-D-9 score for each age bin.

The red line illustrates that the CES-D-9 mean scores did not substantially
change from age 12 to age 33. Although there was a slight overall decrease in scores
over the entire age window, with an increase from age 13 to age 19 and a decrease
from age 20 to age 23, the participants’ patterns again suggest an auto-regressive

pattern of CES-D-9 scores over time rather than growth.
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Figure 6 presents the longitudinal trajectory plots of the female participants’ CES-

D-9 scores across the four waves with the wave means overlaid in red.
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Figure 6. Longitudinal trajectory plots of female participants’ total CES-D-9 scores
across waves 1-4 in Add Health. The bolded red line represents the mean total CES-D-
9 score at each wave.

As in the men, the participants’ means followed an auto-regressive pattern, as
their scores swung from high to low across the measurement occasions. As a result, the

overall mean remained relatively flat across the four waves. Nearly the same impression



34

of change emerged from early adolescence through young adulthood in the female

participants when the participant’s scores were strung out by age (Figure 7).
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Figure 7. Longitudinal trajectory plots of female participants’ total CES-D-9 scores
strung out by age in Add Health. Yearly age bins were created from age 13-32. The
bolded dotted red line represents the mean total CES-D-9 score for each age bin.

Next, the CES-D 9 means of male and female participants who entered marriage
were compared to the CES-D-9 means of their counterparts who did not enter marriage.
Assuming that marriage lowers people’s depression, the expectation was that the CES-

D-9 means of those who entered marriage would be lower than the CES-D-9 means of
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those who did not enter marriage. Table 3 presents the means, split into three cohorts to

take into account potential age effects. The young cohort consists of all twins who were

between the ages of 12 and 15 in Wave 1; the middle cohort consists of all twins who

were between the ages of 15 and 18 in Wave 1; and the old cohort consists of all twins

who were older than 18 years of age in Wave 1.

Table 3

Descriptive CES-D-9 results for Add Health participants who did and did not enter

marriage, by gender and age group

Men

Women

No Marital Status Change

Entered Marriage

No Marital Status Change

Entered Marriage

n M SD n M SD n M SD n M SD
Wave 1
Young (12-14) 129 4.81 3.57 137 6.20 4.09
Middle (15-17) 307 5.28 3.65 288 6.56 4.50 2 5.50 3.54
Old (>18) 61 6.75 3.82 58 6.83 4.43
Wave 2
Young (12-14) 56 4.95 3.38 69 5.39 3.99
Middle (15-17) 286 5.08 3.83 295 6.50 4.68 3 7.67 5.51
Old (>18) 53 6.35 3.85 2 2.50 3.54 56 5.99 4.71 1 3.00 NA
Wave 3
Young (12-14) 99 412 3.48 3 3.33 1.53 102 5.07 4.16 13 8.46 4.41
Middle (15-17) 186 4.23 3.77 34 2.91 2.70 167 5.16 4.15 48 4.88 5.08
Old (>18) 35 4.94 3.22 14 3.43 2.62 23 4.30 3.87 19 4.32 2.73
Wave 4
Young (12-14) 59 5.46 3.90 22 3.77 3.52 72 6.31 4.97 29 5.41 4.67
Middle (15-17) 127 4.56 3.84 80 4.45 3.76 126 5.64 4.00 89 5.90 4.72
Old (>18) 28 5.46 4.03 19 4.26 3.41 29 5.14 3.83 14 4.50 4.00

Due to the youthfulness of the sample through Wave 2, few twins married between

Waves 1 and 2. At Wave 3, men who entered marriage had lower CES-D-9 scores than
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those who did not enter marriage, which held across all cohorts. At Wave 4, men from
the young and old cohorts had lower CES-D-9 scores, on average, than those who did
not enter marriage.

For the women, a different pattern of results emerged than in the male
participants (Table 3). First, women who entered marriage had higher CES-D-9 scores
after entry into marriage than women who did not enter marriage (middle cohort in Wave
2 and young cohort in Wave 3). The means of the married group, however, were based
on a small number of participants and should be interpreted with caution. Second, at
Waves 3 and 4, the mean differences after entry into marriage were not very different
from controls who did not enter marriage, particularly in the middle and old cohorts.

Overall, the individual-level results suggest that entering marriage was
associated with a slight general decrease in depression from early adolescence through
young adulthood in men and women, although the change generally followed an auto-
regressive pattern than a linear growth pattern over time. The analysis of CES-D-9
means, however, suggests that entering marriage is associated with lower subsequent
CES-D-9 scores in men after entry into marriage but few differences in favor of entering
marriage for women, a finding consistent with Bernard’s gender difference argument
(Bernard, 1982).

Next, LGC models were fit to the data to answer the second research question
(Above and beyond the tendency for people to decrease in depression over the early
adult years, does entering marriage predict subsequent decreases in depression

scores?). Model fitting results are presented for men and women in Table 4.
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Table 4

Latent growth curve model fitting results in Add Health

Scaling correction Model
Male Twins -2LL Parameters factor Comparison LR S-B LR test AIC BIC

1. Baseline model (Correlated intercept and slope
with unstructured correlations among measured

variables) -2166.66 22 1.16 4377.31 4471.02
2. Short-term correlations constrained to be equal -2166.66 21 1.16 1 0.00 1.000 4375.31 4464.76
3. Constrain short-term correlation to be zero -2171.28 20 117 2 9.86 0.002 4382.56 4467.75
4. Constrain long-term correlation to be zero -2167.00 20 1.18 2 0.93 0.336 4374.00 4459.19

Female Twins

1. Baseline model (Correlated intercept and slope
with unstructured correlations among measured

variables) -2348.52 22 1.10 4741.04 4834.84
2. Short-term correlations constrained to be equal -2348.70 21 1.1 1 0.34 0.561 4739.39 4828.92
3. Constrain short-term correlation to be zero -2348.72 20 1.10 2 0.05 0.829 4737.44 4822.71
4. Constrain long-term correlation to be zero -2350.74 19 1.1 3 4.44 0.035 4739.48 4820.49

Note. The scaling correction factor is a correction that better approximates chi-square
under conditions of multivariate nonnormality (Satorra & Bentler, 2001). -2LL = -2 log-
likelihood; LR = likelihood ratio; S-B = Satorra-Bentler likelihood ratio difference for
nested model comparison; AIC = Akaike Information Criterion; BIC = Bayesian
Information Criterion.

In the men, the short-term effect of marriage (paths labeled a in Figure 1) could
be constrained to be the same without a significant reduction in model fit (Model 2) and
was significantly different from zero (Model 3). The long-term effect of entering marriage
(path labeled b in Figure 1) was not significantly different from zero and could be
dropped from the model without significant loss of model fit (Model 4). The parameter
estimates from Model 4 are presented in Table 5. The short-term effect of entering
marriage on subsequent log CES-D-9 scores is -0.03 (SE = 0.01, p <.001), adjusting for
the variance accounted for by the intercept and slope of the CES-D-9 scores. This

means that entering marriage predicted a 0.03 unit decrease in log CES-D-9 scores



38

over the short-term, above and beyond intraindividual trends in depressive symptoms
across all waves.

Table 5

Parameter estimates from the best fitting LGC models for male (Model 3) and female

(Model 4) participants in Add Health

MLR estimates

Male Female
Parameter Est. SE Est. SE
M 1.74 0.08 1.97 0.07
Ms -0.01 0.003 -0.01 0.003
(o 1.04 0.16 0.61 0.18
o%s 0.002 0.00 0.001 0.00
Ois -0.04 0.01 -0.02 0.01
Owp - Short-term -0.03 0.01 0.00 0.01
Owp - long-term -0.01 0.01 0.03 0.01
O0%ep1 0.20 0.02 0.25 0.03
0%eD2 0.23 0.02 0.26 0.03
023 0.38 0.03 0.39 0.03
O%ep4 0.22 0.05 0.24 0.05
O%em3 0.10 0.01 0.15 0.01
O%eM4 0.20 0.01 0.21 0.01

Note. i = mean; o = variance; o = covariance; | = intercept; S = slope; M = entered
marriage; D = log CES-D score; 1-4 = wave of measurement. Short-term refers to the
effects of entering marriage up to 6 years later. Long-term refers to the effects of
entering marriage up to 11 years later.

In the women, the short-term effects of marriage (paths labeled a in Figure 1)

could be constrained to be the same without a significant reduction in model fit (Model 2
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in Table 4), but ultimately could be dropped from the model without loss of model fit
(Model 3). The long-term effect of entering marriage (path labeled b in Figure 1),
however, could not be set to zero without significant reduction in model fit (Model 4).
The parameter estimates from Model 3 are presented in Table 5. The long-term effect of
entering marriage on CES-D-9 score was 0.02 (SE = 0.01, p = .042), adjusting for the
variance accounted for by the intercept and slope of the CES-D-9 scores across all
waves. This means that entering marriage predicted a 0.02 unit increase in log CES-D-9
scores over the long-term, above and beyond intraindividual trends in depressive
symptoms across all waves.
Twin-level Analysis

Co-twin-control analyses were used as the first step toward answering the third
research question (Above and beyond genetic and environmental selection factors,
does entering marriage predict subsequent decreases in depression scores?). Table 6
presents a contingency table of the total number of twin pairs concordant for marital
status (either both twins entered marriage or both twins remained single) and discordant
for marital status, separated by zygosity and gender groups (monozygotic male,
monozygotic female, dizygotic male, and dizygotic female) at each wave. For male and
female twins, only Wave 3 (male = 27 pairs, female = 43 pairs) and Wave 4 (male = 54,
female = 57 pairs) had large enough samples of discordant twin pairs to carry out the

co-twin control analysis.
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Table 6

Contingency tables of male and female twin pairs concordant and discordant for marital

status in Add Health
Wave 1
Twin 1
MzZM MzF DzZM DZF
No AMS Married No AMS Married No AMS Married No AMS Married
No AMS 118 - 113 - 141 - 145
Twin 2
Married 0 0 2 0 0 0 0 0
Wave 2
Twin 1
MzZM MZF DZM DZF
No AMS Married No AMS Married No AMS Married No AMS Married
No AMS 92 - 89 - 100 - 116
Twin 2
Married 1 0 1 1 1 0 0 0
Wave 3
Twin 1
MzZM MzF DzZM DzF
No AMS Married No AMS Married No AMS Married No AMS Married
No AMS 84 - 60 - 92 - 84
Twin 2
Married 16 3 22 5 1 6 21 6
Wave 4
Twin 1
MzZM MZF DZM DZF
No AMS Married No AMS Married No AMS Married No AMS Married
No AMS 54 - 49 - 57 - 48
Twin 2
Married 30 5 22 12 24 15 35 14

The co-twin-control analysis tested the differences in CES-D-9 mean scores of
the twins who entered marriage to the mean scores of their co-twins who did not enter
marriage. The results are presented in Table 7. Positive scores indicate that the twin

who entered marriage was less depressed, on average, than the co-twin.



Table 7

Co-twin-control analysis of differences on CES-D-9 depression scale between twins

who entered marriage and twins who did not enter marriage in Add Health

No Marital Status Change vs. Entered Marriage

Mean
Intrapair
Pairs Difference t
Wave 1
Men - - -
Women 2 2.50 0.93
Wave 2
Men 2 3.00 1.18
Women 1 -1.00 NA
Wave 3
Men 27 1.90 2.02
Women 43 0.79 0.76
Wave 4
Men 54 0.53 0.58
Women 57 0.21 0.25

In the male twins, the direction of the effects generally suggest that twins who entered
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marriage were less depressed than their co-twins who did not enter marriage. Only the

paired t-test at Wave 3 for the male twins was statistically significant, suggesting that

the twin who married was less depressed than the co-twin who did not enter marriage (p
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= .050). There were no significant differences in the CES-D-9 means between pairs of
female twins discordant for entering marriage.

A graphical examination (bar plots) of the differences between discordant MZ and
DZ twin pairs can provide a better understanding of the within-family effects of entering
marriage on depression as well as the potential genetic and environmental selection
effects underlying the association (Figure 8 and Figure 9). When the within-family
difference in CES-D-9 scores between discordant MZ pairs is less than the difference
between discordant DZ pairs, the interpretation is that genetic effects partially confound
the effect of entering marriage on depression. To the extent that the MZ twin who
entered marriage has a lower CES-D-9 score than the MZ twin who did not enter
marriage, there is evidence of a nonshared environmental effect, consistent with the
social causation hypothesis.

Figure 8 presents the bar plots of discordant male twins’ CES-D-9 scores.
Overall, MZ and DZ twins who entered marriage generally reported lower depression
than their co-twins who did not enter marriage. At Wave 3, discordant MZ twins
generally were no more different than discordant DZ twins. The difference between
unrelated groups discordant for entering marriage, however, was smaller than the twin
pair differences, suggesting that common environmental selection effects may have
suppressed the within-family environmental benefits of marrying. This finding,
unfortunately, is unreliable and cannot be trusted. Upon further analysis, the sample
sizes used to calculate the mean differences in discordant MZ (n = 15) and DZ (n=9)

pairs and the unrelated groups (Nuaries = 332, Nnot Married = 1,652) likely affected the
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mean estimates. When, for example, the CES-D-9 mean of 15 randomly selected
individuals who entered marriage was compared to the CES-D-9 mean of 15 randomly
selected individuals who did not enter marriage — an N of 15 was chosen to match the
sample of discordant MZ pairs of twins — the difference was 2.88 units (compared to a
difference of 1.99 in MZ pairs and a difference of 1.76 in DZ pairs), with those who did
not enter marriage reporting higher depression scores than those who entered
marriage. In contrast to suppression, this pattern of results suggests a common
environmental selection effect underlying the correlation between marriage and
depression. Thus, the small number of discordant MZ and DZ pairs used to calculate
the CES-D-9 means may have inflated the within-family differences between them.

The small difference in CES-D-9 means between discordant MZ twins at Wave 4
does not support the social causation hypothesis (in fact, the twin who entered marriage
was slightly more depressed than the twin who did not enter marriage). The smaller
absolute difference between MZ twins than DZ twins, moreover, suggests an underlying
genetic selection process that mediated the correlation between marrying and CES-D-9
scores. Again, the sample sizes used to calculate the means of discordant MZ and DZ

pairs were small, so the estimates should not be considered reliable.
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Figure 8. Bar plots of differences in mean total CES-D-9 scores at each wave between
pairs of MZ and DZ male twins discordant for entering marriage. Pair differences were
compared to the mean differences in unrelated groups discordant for entering marriage.

In the female twins discordant for entering marriage (Figure 9), the differences in
Waves 1 and 2 are not interpretable, as the plots only consist of 1 pair of MZ twins in
each wave. The differences in Wave 3 suggest that genetic selection processes
mediated the correlation between entering marriage and CES-D-9 scores. The slight
difference between discordant pairs of MZ twins, however, is inconsistent with the social
causation hypothesis. Additionally, at Wave 4, the difference neither supports the

selection hypothesis or the social causation hypothesis, as there was no difference in
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CES-D-9 scores between twins discordant for entering marriage or between the means

of the unrelated groups.
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Figure 9. Bar plots of differences in mean total CES-D-9 scores at each wave between
pairs of MZ and DZ female twins discordant for entering marriage. Pair differences were
compared to the mean differences in unrelated groups discordant for entering marriage.

The final step in the twin-level analysis consisted of fitting longitudinal quasi-
causal models to test the short-term effect of entering marriage on CES-D-9 scores in
male twins and the long-term effect of entering marriage on CES-D-9 scores in female

twins. Table 8 presents the model fitting results. All phenotypic variables in the model
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were regressed on twins’ age so that the estimates were age-adjusted to compensate
for the effects of individual growth in depression associated with age.
Table 8

Longitudinal quasi-causal model fitting results in Add Health

Scaling correction Model

Male Twins X2 df factor Comparison LR S-B LR test RMSEA CFI
1. Baseline Bivariate ACE model 125.22 143 0.91 0.00 0.99
2. Short-term genetic (A) regression set to zero 132.73 146 0.91 1 6.77 0.079 0.00 1.00
3. All A parameters set to zero 139.38 152 0.90 2 7.46 0.281 0.00 1.00
4. Short-term quasi-causal (E) regression set to zero 139.35 153 0.90 3 0.08 0.776 0.00 1.00
5. Short-term common cnvironmental (C) regression
set to zero 145.11 154 0.90 4 8.90 0.003 0.00 1.00

Female Twins

1. Baseline Bivariate ACE model 136.14 140 0.92 0.00 1.00

2. Long-term genetic (A) regression and Wave 3 A
variance set to zero 136.56 142 0.92 1 0.53 0.767 0.00 1.00

3. Long-term common environmental (C) regression
set to zero 136.92 143 0.92 2 0.08 0.779 0.00 1.00

4. Long-term quasi-causal (E) regression set to zero 138.20 144 0.92 3 1.45 0.484 0.00 1.00

Note. Baseline model included all genetic, common environmental, and nonshared
environmental regression estimates for the short-term effects constrained to be the
same across all waves (men only). Only the genetic, common environmental, and
nonshared environmental long-term effects were tested in female twins. The scaling
correction factor is a correction that better approximates chi-square under conditions of
multivariate nonnormality (Satorra & Bentler, 2001). -2LL = -2 log-likelihood; LR =
likelihood ratio; S-B = Satorra-Bentler likelihood ratio difference for nested model
comparisons; RMSEA = Root Mean Square Error of Approximation; CFl = Comparative
Fit Index.

In the male twins, the genetic regression effects (Model 2) and all other genetic
parameters (Model 3) could be set to zero without a significant reduction in model fit. As
the genetic variance estimates were negative, various starting values and constraints
(e.g., lower bound constraint of zero) were tested that led to the conclusion that all

genetic parameters could be safely dropped from the model. Next, the quasi-causal
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effect (Model 4) could be set to zero without a significant reduction in model fit. The
nonsignificant quasi-causal effect does not support conclusions regarding the causal
influence of marriage. The common environmental effect, however, could not be
removed from the model without a significant loss of model fit (Model 5). Environmental
factors common to both twins appeared to mediate the entire correlation between
entering marriage and log CES-D-9 scores (see Model 4 parameter estimates in Table
9). As this analysis was based on a larger sample of male twins (nvwz = 121, npz = 141),
the findings here are regarded to be more trustworthy than the co-twin-control analysis
results presented above.

In the female twins, a different set of models was tested than in the male twins,
as it seemed likely that both the selection and quasi-causal parameters of interest would
not be correlated with CES-D-9 scores. As suspected, all genetic, common
environmental, and quasi-causal long-term effects were not significantly different from
zero (i.e., the regression coefficients could be set to zero without a significant reduction
in model fit). Thus, based on this longitudinal quasi-causal twin analysis, entering
marriage seems to be uncorrelated with CES-D-9 scores in female twins, as indicated
by the large standard errors relative to the parameter estimates in the final model

(Model 4, Table 9).
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Table 9
WLSM parameter estimates from the baseline model and best fitting longitudinal quasi-

causal model for male and female twins in Add Health

WLSM estimates

Male Female
Model 1 Model 4 Model 1 Model 4

Parameter Est. SE Est. SE Est. SE Est. SE
0243 -0.16 0.11 - - -0.06 0.10

0%a4 -0.13 0.10 - - 0.16 0.20 0.15 0.19
o%c3 0.20 0.10 0.10 0.04 0.11 0.09 0.07 0.04
0%cq 0.14 0.09 0.08 0.05 0.01 0.11 0.01 0.10
0%3 0.1 0.06 0.05 0.02 0.13 0.07 0.11 0.06
O%E4 0.12 0.08 0.10 0.07 0.14 0.14 0.13 0.12
Ageg - Short-term -0.23 0.40 - - -0.03 0.32 0.15 0.24
Chreg - Short-term -0.19 0.25 -0.29 0.13 0.15 0.28 0.20 0.27
Ereg - short-term -0.30 0.25 - - -0.28 0.25 -0.18 0.20
Are - lOng-term - - - - -0.12 1.50

Chreg - long-term - - - - 0.08 0.64

Ereg - long-term - - - - -0.34 0.42

0%ep1 0.44 0.03 0.43 0.03 0.45 0.04 0.45 0.04
0%ep2 0.31 0.02 0.30 0.02 0.33 0.03 0.33 0.05
0%ep3 0.44 0.04 0.42 0.03 0.49 0.05 0.50 0.05
0%eD4 0.39 0.05 0.35 0.03 0.44 0.06 0.44 0.05

Note. A = additive genetic; C = common environment; E = nonshared environment; D =
log total CES-D scale score; e = residual variance; Reg = regression coefficient; 1-4 =
wave of measurement. Short-term refers to the effects of entering marriage up to 6
years later. Long-term refers to the effects of entering marriage up to 11 years later.
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Entering Marriage: Late Adulthood
Individual-level Analysis
A description of the male and female participants’ CES-D means in the SATSA
was the initial analysis used to answer the first research question (Does the trajectory of
depression increase in later adulthood?). Figure 10 presents the longitudinal trajectory

plots of the male twins’ CES-D scores across all five waves, with the wave means

overlaid in red.
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Figure 10. Longitudinal trajectory plots of male participants’ total CES-D scores across
wave in SATSA. The bolded red line represents the mean total CES-D scores.

As in the young adult men in the Add Health sample shown above, the male

participants’ scores oscillated over the measurement, which suggests an auto-
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regressive pattern of association over time rather than linear growth. The male
participants’ scores were subsequently plotted by age (Figure 11) to take into account
age heterogeneity within each wave of measurement. While there was a slight tendency
of the overall mean to increase (the red line) after about age 60, the oscillatory pattern

of the participants’ scores (the blue lines) is consistent with an auto-regressive pattern

of change as in Figure 10.
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Figure 11. Longitudinal trajectory plots of male participants’ total CES-D scores strung
out by age in SATSA. Twenty-four age bins were created in 3-year intervals from age
29-101. The bolded dotted red line represents the mean total CES-D score for each age

bin.
Figure 12 presents the longitudinal trajectory plots of the female participants’

CES-D scores across the five waves (blue lines), with wave means overlaid (red line).
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As in the male twins, when viewed by wave, participants’ CES-D scores oscillated over

time following an auto-regressive pattern.
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Figure 12. Longitudinal trajectory plots of female participants’ total CES-D scores across
wave in SATSA. The bolded red line represents the mean total CES-D score.

When the female twins’ CES-D scores were plotted by age (Figure 13), mean
CES-D scores still appeared to follow an auto-regressive pattern (blue lines) even
though the overall mean slightly increased over the second half of the lifespan, starting

to rise in the mid-40s.
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Figure 13. Longitudinal trajectory plots of female participants’ total CES-D scores strung
out by age in SATSA. Twenty-four age bins were created in 3-year intervals from age
29-101. The bolded dotted red line represents the mean total CES-D score for each age

bin.

Next, the CES-D means of those who entered marriage were compared to the
CES-D means of those who did not enter marriage (Table 10). The expectation was that
the CES-D scores of those who entered marriage would be lower than the CES-D
scores of those who did not enter marriage at each wave. The scores were divided into
4 age groups to also examine potential age differences in the effects of entering

marriage on CES-D scores.



Table 10

Descriptive CES-D results for SATSA participants who entered marriage and

participants who did not enter marriage, by gender and age group

Men

Women

No Marital Status Change

Entered Marriage

No Marital Status Change

Entered Marriage

n M SD n M SD n M SD n M SD

1987

<60years 158 8.43 8.14 49 9.71 6.73 218 8.84 7.31 60 9.32 6.76
60to 69 years 143 9.19 6.89 14 8.29 4.71 155 12.30 9.70 1 11.99 6.28
70to 79 years 101 10.15 6.96 7 16.38 4.79 171 12.83 9.10 9 13.01 11.39

=80 years 24 15.45 8.89 2.00 6.00 7.07 47 15.35 8.96 1 6.00 NA

1990

<60years 146 8.50 6.66 29 8.84 8.08 192 9.57 8.1 33 10.46 8.17
60 to 69 years 117 8.53 5.72 15 9.41 7.84 153 10.94 7.16 1 14.00 6.72
70to 79 years 116 11.01 7.10 6 8.33 5.89 167 14.39 9.27 8 12.25 6.98

=80 years 25 12.94 8.02 2 22.50 7.78 51 14.07 8.16 0 - -

1993

<60years 140 9.25 8.64 28 9.01 5.77 178 9.67 8.10 28 11.42 9.48
60 to 69 years 104 7.88 6.46 9 12.56 5.75 124 11.90 8.31 14 13.63 10.63
70to 79 years 126 10.76 7.59 8 10.50 5.26 159 14.34 8.61 1 17.18 717

=80 years 30 11.73 6.77 8 16.22 12.68 72 15.05 9.78 2 10.5 9.19

2004

<60 years 34 8.97 6.18 3 8.33 1.53 66 11.35 9.14 1 26.00 NA
60 to 69 years 77 9.78 7.81 7 11.29 8.54 88 9.21 7.54 5 11.20 10.76
70 to 79 years 56 8.37 6.73 4 11.64 4.50 81 13.43 7.73 2 4.00 2.83

=80 years 40 11.21 7.18 5 12.47 9.88 50 18.35 7.94 4 16.00 12.83

2007

<60 years 24 10.38 8.23 0 - - 36 13.37 11.99 2 8.63 4.76
60 to 69 years 49 9.28 7.43 4 9.84 7.55 72 8.98 7.68 3 9.00 12.17
70 to 79 years 63 10.80 8.01 1 13 NA 77 12.47 717 5 4.81 4.2

=80 years 46 12.24 8.75 1 13.68 NA 69 16.72 8.07 3 21.67 14.98
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For the men, there was not a strong pattern of differences between means to
support the conclusion that entering marriage correlated with lower CES-D scores.
Although CES-D scores tended to rise for all age groups across the 20-year
measurement window, men who entered marriage did not consistently report lower
CES-D scores than those who did not enter marriage. The sample sizes of those who
entered marriage at each wave were small in all age groups, so the mean comparisons
may not be trustworthy.

For the women, a similar pattern emerged as the men (Table 10). Younger
women entered marriage more often than older women (particularly in 1987, 1990, and
1993) but reported higher CES-D scores than those who did not enter marriage. The
result contrasts with expectations based on prior research, possibly because they were
largely compared to women already in stable marriages. These differences also contrast
with previous findings that women who remarried reported subsequent increased
happiness (Gentry & Shulman, 1988). Given the small sample sizes and large standard
deviations of all groups, the group mean estimates are considered unreliable. Overall,
the findings from the individual-level analyses do not suggest that entering marriage
negatively correlates with total CES-D score.

Next, LGC models were fit to the data to answer the second research question
(Above and beyond the tendency for people to increase in depression as they age, does
entering marriage predict subsequent decreases in depression scores?). Model fitting

results are presented for men and women in Table 11.
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Table 11

Latent growth curve model fitting results (SATSA)

Scaling correction Model
Male Twins -2LL Parameters factor Comparison LR S-B LR test AIC BIC

1. Baseline model (Correlated intercept and slope
with unstructured correlations among measured

variables) -2461.64 55 1.82 - - - 5033.28 5278.09
2. Short-term correlations constrained to be equal -2464.16 52 1.88 1 6.57 0.087 5032.33 5272.29
3. Constrain short-term correlation to be zero -2464.44 51 1.90 2 0.66 0.417 5030.88 5266.27
4. Constrain long-term correlation to be zero -2464.42 50 1.92 2 -0.04 NA 5028.83 5259.57

Female Twins

1. Baseline model (Correlated intercept and slope
with unstructured correlations among measured

variables) -2946.99 55 2.05 - - - 6003.98 6277.06
2. Short-term correlations constrained to be equal -2948.77 52 2.11 1 3.54 0.316 6001.54 6259.72
3. Constrain short-term correlation to be zero -2948.79 51 213 2 0.04 0.846 5999.59 6252.80
4. Constrain long-term correlation to be zero -2949.44 50 214 2 0.80 0.372 5998.87 6247.13

Note. The scaling correction factor is a correction that better approximates chi-square
under conditions of multivariate nonnormality (Satorra & Bentler, 2001). -2LL = -2 log-
likelihood; LR = likelihood ratio; S-B = Satorra-Bentler likelihood ratio difference for
nested model comparison; AIC = Akaike Information Criterion; BIC = Bayesian
Information Criterion.

For the male twins, Model 1 suggested that the intercept of the log CES-D scores
(by=1.33, SE=0.13, p<.001) and slope (bs = 0.01, SE =0.002, p <.001) estimates
were significantly different from zero (Table 12), with significant, albeit minute, variation
in the slope estimates (0% = 1.59, SE = 0.43, p <.001; 0°s = 0.0001, SE = 0.000, p =
.012). As the interval of time between the previous wave and the 1987, 1990, 1993, and
2007 waves was the same (3 years), the short-term effects of entering marriage on log
CES-D scores were constrained to be equal to one another (Model 2). There was not a
significant reduction in model fit between models 1 and 2; the short-term and long-term
effects could also be set to zero without a significant reduction in model fit (Model 3 and

Model 4). Identical model fitting results were observed in the female twins. Entering



marriage, it seems, was found to be uncorrelated with CES-D scores in men and

women in the SATSA, adjusting for individual-level change in depression over time.

Table 12
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Parameter estimates from the baseline LGC models for male and female participants in

the SATSA

MLR estimates

Parameter Est. SE Est. SE
M 1.34 0.13 1.44 0.11
Ms 0.01 0.002 0.01 0.001
a? 1.56 0.43 1.72 0.42
o?%s 0.000 0.00 0.000 0.00
Ois -0.02 0.01 -0.02 0.01
Owup - short-term 0.003 0.003 -0.001 0.004
Owup - long-term 0.000 0.01 -0.01 0.01
O%ep1087 0.32 0.02 0.33 0.03
02ep1990 0.29 0.04 0.28 0.03
026p1993 0.35 0.04 0.28 0.03
0%ep2004 0.24 0.04 0.28 0.04
0%ep2007 0.30 0.05 0.26 0.04
O%eM1987 0.1 0.01 0.08 0.01
0%eM1990 0.09 0.01 0.06 0.01
0%eM1993 0.08 0.01 0.07 0.01
02M2004 0.04 0.01 0.02 0.01
02M2007 0.02 0.01 0.03 0.01

Note. u = mean; o° = variance; o = covariance; | = intercept; S = slope; M = entered

marriage; D = log CES-D score. Short-term refers to the effects of entering marriage up
to 3 years later. Long-term refers to the effects of entering marriage up to 11 years later.
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Twin-level Analysis

Co-twin-control analyses were used as the first step toward answering the third
research question (Above and beyond genetic and environmental selection factors,
does entering marriage predict subsequent decreases in depression scores?). Table 13
presents a contingency table of the total number of twin pairs concordant for marital
status (either both entered marriage or both did not enter marriage) and discordant for
entering marriage, separated by zygosity and gender groups (monozygotic male,
monozygotic female, dizygotic male, and dizygotic female) at each wave. For all male
twins (MZM and DZM), there were 31 twins discordant for marital status in 1987, 30
discordant pairs in 1990, 28 discordant pairs in 1993, 11 discordant pairs in 2004, and
only 3 discordant pairs (DZM only) in 2007. For all female twins (MZF and DZF), there
were 49 discordant pairs in 1987, 23 discordant pairs in 1990, 24 discordant pairs in
1998, 9 discordant pairs in 2004, and 9 discordant pairs in 2007. Overall, the sample
sizes of discordant twin pairs at each wave were modest. Pair differences must be

interpreted with caution.
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Contingency tables of male and female twin pairs concordant and discordant for

entering marriage status in the SATSA

1987
Twin 1
MzZM DZM DZF
No AMS Married No AMS Married No AMS Married No AMS Married
No AMS 72 - 91 - 94 - 181 -
Twin 2
Married 9 1 15 2 22 5 34 3
1990
Twin 1
MzZM DZM DZF
No AMS Married No AMS Married No AMS Married No AMS Married
No AMS 63 - 92 - 93 - 186 -
Twin 2
Married 13 0 9 2 17 1 14 5
1993
Twin 1
MzZM DZM DZF
No AMS Married No AMS Married No AMS Married No AMS Married
No AMS 68 - 85 - 99 - 172 -
Twin 2
Married 10 0 4 1 18 1 20 6
2004
Twin 1
MzZM DZM DZF
No AMS Married No AMS Married No AMS Married No AMS Married
No AMS 36 - 59 - 67 - 113 -
Twin 2
Married 3 0 2 0 8 0 7 0
2007
Twin 1
MzZM DZM DzZF
No AMS Married No AMS Married No AMS Married No AMS Married
No AMS 33 - 43 - 64 - 101 -
Twin 2
Married 0 1 3 0 3 0 6 0
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The co-twin-control analysis compared the CES-D means of the twins who
entered marriage with the means of their co-twins who did not enter marriage (Table
14). Positive scores indicate that twins who entered marriage had a lower CES-D score
than their co-twins who did not enter marriage.

Table 14
Co-twin-control analysis of CES-D score differences between male and female twins

discordant for entering marriage in the SATSA

No Marital Status Change vs. Entered Marriage
Mean
Intrapair
Pairs Difference t
1987
Male 31 1.35 0.71
Female 49 1.12 0.64
1990
Male 30 0.68 0.32
Female 23 -0.22 -0.08
1993
Male 28 2.22 1.22
Female 24 1.81 0.70
2004
Male 11 -4.29 -1.43
Female 9 1.18 0.22
2007
Male 3 -5.33 -1.47
Female 9 6.06 2.09
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The co-twin-control analysis results are consistent with the individual-level
analysis results. Although male and female twins who entered marriage typically were
found to be less depressed than their co-twins who did not enter marriage, male twins
who entered marriage had higher CES-D scores than their co-twins in 2004 and 2007 .
None of the pair differences in the male twins discordant for entering marriage were
statistically significant (p < .05). Female twins who entered marriage were found to be
less depressed than their co-twin controls who did not enter marriage (except in 1990),
but the only marginal effect was between discordant twins in 2007 (p = .060). Female
twins who entered marriage reported 6.06 fewer CES-D units than their co-twins who
did not enter marriage.

As in the Add Health data, a graphical examination of the differences between
discordant MZ and DZ twin pairs can provide a better understanding of the within-family
effects of entering marriage on depression, as well as potential genetic and
environmental selection effects underlying their association. Figure 14 presents the
CES-D means of MZ and DZ male twins discordant for marital status. The means of
unrelated groups discordant for entering marriage are provided as a reference. Overall,
the results do not reveal clear underlying selection processes or causal mechanisms, as
the direction of the pair differences illustrate that twins and individuals who entered
marriage were not consistently less depressed than their counterparts who did not enter
marriage. It is important to keep in mind that sample sizes in the MZ and DZ groups
were small. The differences between discordant MZ twins were smaller than the

differences between discordant DZ twins (in 1990, 1993, and 2004), which suggest
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genetic selection as one possible mediator between entering marriage and CES-D
scores at these time points. The lack of differences between unrelated pairs (compared
to the MZ and DZ discordant pairs) suggests that selection processes may have
suppressed the effect of entering marriage on CES-D scores. The small sample sizes
used to calculate the means, however, make these estimates unreliable. For the 2007
measurement, the results could not be interpreted, as there were no discordant pairs of

MZ male twins.
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Figure 14. Bar plots of differences in mean total CES-D scores at each wave between
pairs of MZ and DZ male twins discordant for entering marriage in the SATSA. Pair
differences were compared to the mean differences in unrelated groups discordant for
entering marriage.

Figure 15 presents the mean CES-D differences between MZ and DZ female
twins discordant for entering marriage. For the short-term effects (1987, 1990, 1993,
and 2007), the results are generally consistent with partial confounding. In waves 1987,
1993, and 2007, the differences in CES-D scores in the MZ twins discordant for entering
marriage is consistent with the causal interpretation that entering marriage predicts
lower CES-D scores.. The greater similarity in CES-D scores between discordant DZ

twins than discordant MZ pairs in 1987, 1990, and 1993 suggests that genetic selection
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effects protect co-twins who did not enter marriage from depression rather than put
them at risk. As with the discordant male twins, the inconsistency in the direction of the
effects between discordant twin pairs made it difficult to interpret whether entering
marriage predicts decreases in CES-D scores at follow-up. Given the lack of
consistency in the twin analysis and the null findings in the LGC analyses, longitudinal

quasi-causal models were not fit to the data.
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Figure 15. Bar plots of differences in mean total CES-D scores at each wave between
pairs of MZ and DZ female twins discordant for entering marriage in the SATSA. Pair
differences were compared to the mean differences in unrelated groups discordant for
entering marriage.
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Discussion

The purpose of the present study was to use two longitudinal twin samples to
advance knowledge on the benefits of entering first marriage for lowering depression
across the lifespan. Virtually all research on the marriage benefit is limited by
nonexperimental designs, leaving countless third variables (e.g., genetic and
environmental selection factors) as possible alternative hypotheses to the social
causation hypothesis. The quasi-experimental properties of longitudinal twin studies on
marriage can help elucidate causality where experimental control is not possible
(Turkheimer & Harden, 2013). The use of twins permits the statistical control of genetic
and common environmental selection effects while testing whether the effects of
entering marriage on depression remains statistically significant within identical twin
pairs. Longitudinal data also has the advantage of testing lagged effects (i.e., entering
marriage at time t negatively predicts depression at time #+1). Finally, the effect of
marriage on depression was explored in a sample of young adults and in a sample of
older adults to clarify whether the benefits of marriage differ across the lifespan.

The findings from the present study add to the existing base of marital research
using longitudinal twin samples. Whereas others have found quasi-causal effects of
marriage on antisocial behavior (Burt et al., 2010; Horn et al., 2013) and alcohol
consumption (Prescott & Kendler, 2001), the results in the present study largely do not
support the social causation hypothesis. There was a significant negative short-term
phenotypic effect of entering marriage on depression in the young male participants.

The twin analyses, unfortunately, did not help to clarify whether potential selection
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processes or underlying causal mechanisms accounted for the short-term effect. One
finding from the co-twin-control analysis suggested that the twin who married might be
less depressed than the twin who did not marry. This effect, although, was only found at
Wave 3; the difference in depression scores between discordant twins at Wave 4 was
smaller and not statistically different from zero. In contrast, the findings from the
longitudinal quasi-causal models supported the social selection hypothesis. There was a
significant common environmental selection effect, as the pathway accounted for the
entire association between marrying and depression scores over the short-term.
Regardless of the underlying mechanism, the significant short-term effect suggests that
there may be advantages to marrying earlier in adulthood compared to later in life.
Younger people have the benefit of financial and emotional support from parents and
other family members, which may be a key mediator for why young men who are
happier select into marriage at higher rates than unhappier young men.

The significant short-term reduction in depressive symptoms found in young men
stands in contrast with the nonsignificant short-term effect — and significant long-term
increase in depressive symptoms — found in young women. The nonsignificant short-
term effect in women may indicate that marriage has even shorter time-limited benefits
than was captured in the Add Health sample. In samples with shorter intervals between
measurements, the positive effects of marrying on depression were observed in women
(Frech & Williams, 2007; Mastekaasa, 1992). In the current study, the “short-term”
interval could have ranged between 0 and 6 years, so simply being married might not

have had lasting effects on depression in women. It also has been documented that
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marital status matters more for men but marital quality matters more for women (Kiecolt-
Glaser & Newton, 2001). Marital status, unfortunately, is an inadequate index of the
contents of marriage and so might not fully capture the positive benefits of marriage
during the early years (Beam, 2008). The protracted effects of marrying may not be
beneficial for women, as indicated by the positive long-term phenotypic effect of
entering marriage on CES-D scores. The transition to parenthood, as well as drops in
marital quality during the early parenting years, however, were not adjusted for in the
models and may be one reason for the unexpected long-term result.

There may be generational differences in the effects of marriage on depression
too, as only the correlation between entering marriage and depression was found in
young men. Marriage typically has been regarded as a stabilizing force for men that put
an end to behaviors like carousing, promiscuity, social isolation, and smoking, as a few
examples (Waite & Gallagher, 2000). The potential for marriage to have a positive effect
on negative behaviors may be restricted to critical periods over the lifespan, with early
adulthood being one of these periods. Men from older generations who enter marriage
may already possess indelible behaviors or have already abandoned risky behaviors
from their youth, lessening the impact of marriage on health.

Cultural differences might have contributed to marital benefits for depressive
symptoms in the Americans but not in the Swedish. Although generational differences
could not be controlled for in the models, the data were collected during relatively similar
measurement windows — the 1990s through the 2000s — which make the historical

climates reasonably comparable between the two samples. Marriage might have been
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beneficial to American men but not Swedish men for the reason that marriage confers
more rights, privileges, and benefits in the United States than in Sweden. For example,
married Americans receive tax benefits that promote economic assurance, insurance
benefits that support physical and mental health, and financial support for children. In
Sweden, the tax structure and social security benefits extend to all citizens regardless of
marital status, so marriage does not confer advantages over other statuses. It is not
clear why these benefits did not extend to young American women, however, as
marriage has been considered to provide economic benefits to both men and women
(Waite & Gallagher, 2000).

The current findings should be interpreted in view of three limitations. First, the
intervals between measurements in Add Health and the SATSA may have been too
broad to capture the effects of marriage over time. Others have found significant effects
of marrying on depression, but over shorter time intervals (Kim & McKenry, 2002;
Mastekaasa, 1992). Second, there were several confounds in the comparison between
young American and older Swedish twins, including generational differences, sample
size differences (fewer adults marry in late adulthood). Finally, marital status may be too
broad an indicator of social support, as it does not capture what goes on in marriage,
making marital quality a more important index of benefits associated with marriage
(Kiecolt-Glaser & Newton, 2001). A complete understanding of the marriage benefit
would require following a sample of twins discordant for being single and engaged-to-
be-married before the co-twin marries and after the co-twin marries. Monthly measures

of depressive symptoms and relationship functioning in the 6 months prior to marriage
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and in the 18 months following marriage would help clarify whether differences in
marrying influence depression within families while indexing whether within-person
changes in the married co-twin’s relationship functioning correlates with changes in
depression over time.

The primary strength of the present study is that it offers a lifespan perspective
on the effects of entering marriage on depression. Whereas many studies have focused
on marriage in early adulthood (Horwitz & White, 1998; Mastekaasa, 2006) or
aggregated samples across a large age range (Frech & Williams, 2007; Lamb et al.,
2003), the current study used two age-focused samples to investigate whether marital
effects on depression differ across the lifespan. The use of longitudinal twin samples
also was a strength insofar that genetic and environmental selection factors could be
statistically controlled while testing whether the effects of entering marriage on

depression were consistent with the social causation hypothesis in real time.
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Widowhood, Depression, and Mortality Risk

Although many adults are resilient and recover from spousal loss after brief
periods of bereavement (Bonanno et al., 2002), many widowed adults suffer prolonged
depressive symptoms (hereafter referred to as “depression” for simplicity). The aim in
widowhood research is to determine whether conjugal loss causally influences mental
health outcomes (the social causation hypothesis), like depression (Clayton et al., 1972)
or whether selection processes (the social selection hypothesis) underlie observed
correlations. In other words, to what extent do unmeasured or unobserved third
variables confound the causal interpretation of the emotionally harmful effects of
spousal loss? There is a tendency, as an example, for older adults to experience
chronic or recurring depressive symptoms as they age (Blazer, 2003), which makes it
difficult to determine whether spousal loss influences people’s subsequent symptom
levels or whether they were bound to become depressed despite their loss.

Social selection might also occur for genetic and environmental reasons. Some
adults may possess qualities (e.g., emotional sensitivity) that make them more
responsive to interpersonal loss in general and more prone to depression. Lichtenstein,
Gatz, Pedersen, Berg, and McClearn (1996) controlled for genetic and environmental
selection by comparing depression scores in twins who were discordant for widowhood
and marriage. In a longitudinal sample of older Swedish adults, they showed that
becoming widowed might causally influence depression. Co-twin control studies
inherently control for unmeasured genetic and environmental selection effects, for the

reason that twins share their genes (monozygotic (MZ) twins share all of their genes



70

and dizygotic (DZ) twins share one-half of their genes, on average) and their common
environments (e.g., parental SES, household and family environments). Any differences
in depression scores between discordant twin pairs, therefore, cannot be attributed to
genetic or common environmental causes. In the case of MZ twins, observed
differences between them must be environmental in nature because they are genetically
matched.

Co-twin-control studies are a powerful method for exploring the causal influences
of widowhood on depression because people cannot be randomly assigned to
widowhood. Yet there are few published twin studies to date. Besides Lichtenstein et
al.’s study (1996), Osler, McGue, Lund, and Christensen (2008) used a sample of
elderly Danish adult twins discordant for widowhood and found within-family differences
in the association between widowhood and depression, consistent with the social
causation hypothesis.

Aside from co-twin-control studies, longitudinal studies have advanced
knowledge on the causal influence widowhood on depression. The recently widowed
have been found to experience more severe depression than their still married
counterparts, with grief responses returning to baseline levels after 1-2 years (Bonanno
et al., 2002; Lund, Caserta, & Dimond, 1986). Less is known about the protracted
effects of widowhood on depression. Some studies have highlighted resiliency among
the majority of widows and widowers following the death of a spouse (Bonanno,
Wortman, & Nesse, 2004). Others, including Lichtenstein and colleagues (1996), have

shown that the effects of widowhood on depression persist beyond a 1-2 year window.
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Depression scores among the recently widowed were found to be above married
controls for up to 3 years after spousal loss in Swedish twins, with nonsignificant
differences 6 years post-spousal loss. In a nationally representative sample of
Germans, decreases in life satisfaction (a measure highly correlated with depression)
following conjugal loss could take up to 8 years to return to pre-loss levels. Finally, in a
sample of older widowed Americans, widowers (but not widows) were found to have
elevated depression after conjugal loss, but the effect also diminished with the passage
of time since spousal loss (Lee & DeMaris, 2007).

The Swedish Adoption/Twin Study of Aging (SATSA) is a unique data source for
studying the longitudinal effects of widowhood on depression. While the prospective
nature of the SATSA permits approximating when twins became widowed, the family-
level data permit statistical control of genetic and environmental selection effects.
Lichtenstein et al. (1996) used the initial 4 waves of data (1984, 1987, 1990, and 1993),
but additional follow-up measurements have been conducted since publication of their
results. The purpose of the present study is to update and extend Lichtenstein et al.’s
study in four ways. First, the two additional measurements since 1996 (one in 2004 and
a second in 2007) were added to the study. The SATSA contains two cohorts: the old-
old and the young-old. The added benefit in the present study is that depressive
responses to widowhood can be better studied among the young-old sample of twins,
as many of them have had the unfortunate experience of losing a spouse between 1996

and 2007.
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Second, Lichtenstein and colleagues (1996) compared widowed twins to their still
married co-twins. In this way, depressive responses to widowhood were interpreted
relative to the most logical marital group — those still married. While a still married
comparison group is the most ideal, it eliminates from the analysis widowed twins who
had co-twins in other marital statuses (e.g., divorced, already widowed, never married).
As a result, information about these twins’ widowhood experiences is lost and sample
size is reduced in a study paradigm that already suffers from small sample sizes.
Inferences about the widowhood experience, however, can be expanded to intergroup
differences within other married subgroups as a way to increase sample size. Spousal
loss, for example, is a stressful life event that may be broadly compared to other
nonmarital stressful events (Holmes & Rahe, 1967). While broadening the comparison
group to those “who did not become widowed” introduces potential confounds related to
marital status, the cost is offset with the increase in the sample size available for
analysis. Thus, a proband approach was used in the present study so that inferences
regarding the effects of becoming widowhood could be drawn relative to all controls who
did not experience widowhood.

Third, the present study advances Lichtenstein et al.’s (1996) study by testing
different short-term (up to 3 years following spousal death) and long-term effects (up to
11 years following spousal death) of becoming widowed. Although Lichtenstein et al. did
not find elevated symptoms among the long-term widowed relative to the still married 6
years after spousal loss, widowhood has been found to predict lower life satisfaction up

to 8 years after spousal loss (Lucas et al., 2003).
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Finally, while Lichtenstein and colleagues (1996) tested differences between co-
twins discordant for widowhood and marriage, they did not explore which selection
effects — genetic, environmental, or both — mediated the observed correlation between
widowhood and depression. Structural equation modeling methods for twins were used
in the current study to identify specific selection processes that explain their association.

The present study also extends research on the mechanisms underlying the
effects of widowhood on mortality risk (Lichtenstein et al., 1998) by testing whether
increases in severity of depression mediate the association. Elsewhere, it has been
shown that widowhood increases risk of early mortality (Manzoli et al., 2007),
particularly in the period immediately following spousal loss (Lichtenstein et al., 1998).
One hypothesis is that depressive reactions observed among bereaved older adults
mediate the risk of mortality associated with becoming widowed. The death records for
all SATSA participants were available, so it was possible to test this hypothesis.
Gender Differences

Widows and widowers may have different depressive reactions and mortality
risks associated with widowhood (Lee & DeMaris, 2007; Lee, Willetts, & Seccombe,
1998; Lichtenstein et al., 1996). When gender differences have been observed,
widowers typically have been found to experience greater subsequent depression than
widows. Gender differences have not always been observed (Cheung, 2000; Clayton et
al.,, 1972; Lund et al., 1986; Manzoli et al., 2007), with gender comparisons sometimes
not even made (Bonanno et al., 2002; Osler et al., 2008; Zisook et al., 1994), possibly

for the reason that wives undergo spousal loss more often than husbands. Although the
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SATSA consists of a greater number of widows than widowers, gender comparisons
were possible in the present study as in Lichtenstein et al.’s (1996) original study.
Present Study

As noted above, the purpose of the present study was to update Lichtenstein et
al.’s (1996) SATSA study that included depressive response to becoming widowed. The
current study extends their work in 4 ways: (1) using additional data collected since
1996; (2) using a proband approach to compare the effects of widowhood against all
nonwidowed relationship experiences; (3) updating the short-term (3-year) effect and
testing a new long-term (11-year) effect of widowhood; and (4) specifying the genetic
and environmental selection processes underlying the association between widowhood
and depression. The same co-twin-control design that was used in Lichtenstein et al.
(1996) and modern structural equation modeling approaches were used to address the
following research questions:

1. Does the trajectory of depression generally increase across late adulthood?

2. Above and beyond the general propensity for people to become more

depressed as they age, does becoming widowed predict short-term and

long-term subsequent increases in depression?

3. Above and beyond genetic and environmental selection effects, does

becoming widowed predict short-term and long-term increases in subsequent

levels of depression?

4. s widowhood status associated with reduced longevity? If so, does

depression mediate the association?
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5. Does becoming widowed have different effects on depression and
mortality risk between men and women?
Method

The Swedish Adoption/Twin Study of Aging (Finkel & Pedersen, 2004) is a
longitudinal gerontological study designed to assess physical and psychological health
in a representative sample of middle- and late-aged Swedish adults. The questionnaire-
based component of the SATSA began in 1984, with follow-up measures sent to all still
living participants every three years until 1993. Two additional follow-up questionnaires
were sent to still living participants in 2004 and 2007. Marital status information was
collected at 6 waves (1984, 1987, 1990, 1993, 2004, and 2007) and depressive
symptom measures were administered at the last 5 waves. The overall number of twin
pairs from which the current study sample was drawn is 1,919 twin pairs. For the
present study, the number of twin pairs available at each wave for each zygosity group

separated by gender is given in Table 1.
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Number of completes, incomplete, and missing twin pairs from 1987-2007 in the SATSA

Complete Pairs

1987 1990 1993 2004 2007
MZM 54 47 55 22 18
MZF 65 58 49 31 17
DZM 85 77 76 34 24
DZF 139 122 117 50 50

Incomplete Pairs

1987 1990 1993 2004 2007
MZM 99 103 80 51 39
MZF 118 105 108 55 59
DzZM 194 176 176 112 101
DZF 259 248 253 167 133

Missing Pairs

1987 1990 1993 2004 2007
MZM 106 109 124 186 202
MZF 147 167 173 244 254
DzZM 209 235 236 342 363
DZF 308 336 336 489 523

Note. MZM = monozygotic male; MZF = monozygotic female; DZM = dizygotic male;
DZF = dizygotic female. Sample sizes were computed based on depressive symptom

and marital status information.
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Given the aging focus of the SATSA, mortality was a major cause of attrition
across the 20-year measurement window. In 1987, 3.10% (n = 119) of the total sample
was deceased, with increases at each follow-up wave: 7.22% (n = 277) in 1990, 10.34%
(n=397) in 1993, 26.73% (n = 1026) in 2004, and 30.41% (n = 1167) in 2007. The age
range of the sample in 1984 was 26 years to 93 years. The mean age of the male and
female twins at each follow-up wave was as follows (based on complete and incomplete
pairs): in 1987, Myen = 60.66 (SD = 13.00) and Myomen = 62.12 (SD = 13.91); in 1990,
Musen = 62.73 (SD = 12.25) and Myomen = 64.22 (SD = 13.54); in 1993, Mye, = 63.76 (SD
= 12.33) and Mwomen = 65.83 (SD = 13.40); in 2004, Mye, = 69.81 (SD = 10.47) and
Mwomen = 70.10 (SD = 11.75); and in 2007, Muyen = 71.47 (SD = 9.79) and Mwomen =
71.97 (SD = 10.83). The gradual increase in mean ages over time reflects higher
retention of younger participants and the attrition of older twins due to death.

Measures

The Center for Epidemiological Studies—Depression (CES-D) scale is a 20-item
scale widely used as a screening measure of depressive symptomatology (Radloff,
1977). Participants rate how often they experienced each symptom over the past 7 days
on a scale of 0-3, with 0 = rarely or none of the time (less than 1 day), 1 = some or a
little of the time (1-2 days), 2 = occasionally or a moderate amount of time (3-4 days);
and 3 = most or all of the time (5-7 days). The reliability and validity of the CES-D scale
has been well-studied, with 4 facets typically found to comprise the total scale:
depressed affect, lack of well-being, somatic and retarded activity, and interpersonal

difficulties (Hertzog et al., 1990; Shafer, 2006). All 20-items are presented in Appendix
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A. The log of the sum of all 20-items was used, as the distribution of raw total scores
was positively skewed. The histograms of the log scores for the male and female twins
are presented in Appendix B. The test-retest reliability across all five measurements is
substantial for both men (McDonald’s w = .87) and women (McDonald’s w = .85)
(McDonald, 1999).

The becoming widowed variable is a binary coded variable that was
operationalized as a change from being married at time t (e.g., 1987) to widowhood
status at time t+1 (e.g., 1990). Participants who became widowed between any two
waves were coded 1. All participants who reported the same marital status or were
missing at an adjacent wave of measurement were coded 0. Participants were only
given the “becoming widowed” code once during the study period, regardless of whether
they remarried and became widowed a second time during the study. (For example, one
scenario might be a participant who became widowed between 1987 and 1990, was
remarried by 1993, and became widowed a second time between 2004 and 2007.) The
purpose of this coding scheme was to capture the negative effects of people’s first
known widowhood experience on depression.

Of the 1,494 male twins, 1.41% became widowed between 1984 and 1987,
0.60% between 1987 and 1990, 1.07% between 1990 and 1993, 1.47% between 1993
and 2004, and 0.80% between 2004 and 2007. Of the 2,072 female twins, 3.28%
became widowed between 1984 and 1987, 3.09% between 1987 and 1990, 2.90%
between 1990 and 1993, 2.75% between 1993 and 2004, and 1.54% between 2004 and

2007.
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Data Analysis

The analytic approach used for the study in this chapter was nearly identical to
the approach used in the previous chapter. For both the individual-level analyses and
the twin-level analyses, the reader is referred to the Data Analysis section in the
previous chapter (pages 23-30). As a review, individual-level analyses and twin-level
analyses were conducted. The individual-level analyses consisted of an examination of
the longitudinal trajectory plots of the participants’ mean CES-D scores, a comparison of
the CES-D means of men and women who became widowed to men and women who
did not become widowed, and latent growth curve (LGC) analyses (see Figure 1). These
analyses addressed the first research question (Does the trajectory of depression
generally increase across late adulthood?) and the second research question (Above
and beyond the general propensity for people to become more depressed as they age,
does becoming widowed predict short-term and long-term increases in subsequent

levels of depression?)
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Figure 1. Linear Growth Curve Model. Squares represent observed variables, circles
represent unobserved latent constructs, and the triangle represents the mean structure
of the latent variables. WID = became widowed; CES-D = log total Center for
Epidemiological Studies—Depression scale score; | = intercept; S = slope.

The twin-level analyses consisted of co-twin control analyses and multivariate
longitudinal twin analyses (here again referred to as “longitudinal quasi-causal models”;
see Figure 2). These analyses addressed the third research question (Above and
beyond genetic and environmental selection effects, does becoming widowed predict
short-term and long-term increases in subsequent levels of depression?) and the fourth
research question (/s widowhood status associated with reduced longevity? If so, does
depression mediate the association?). The fifth research question (Does becoming
widowed have different effects on depression and mortality risk for men and women?)

regarding gender differences was addressed in both analyses.
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Figure 2. Longitudinal quasi-causal model. Only two waves of measurement (1987 and
1990) are shown for simplicity. Actual models were estimated using all 5
measurements. Squares represent observed variables, and circles represent
unobserved latent constructs. W = became widowed variable; DS = log total Center for
Epidemiological Studies—Depression scale score; A = additive genetic factor; C =
common environmental factor; E = nonshared environmental factor; b = regression
coefficient (both short-term and long-term effects). Variable names are appended with
“1” or “2” to correspond with twin 1’s scores and twin 2’s scores.

Results
Individual-level analyses
A description of the male and female participants’ CES-D means in the SATSA
was the initial analysis used to answer the first research question (Does the trajectory of
depression generally increase across late adulthood?) and consisted of a series of
longitudinal trajectory plots (by wave and age). The findings are identical to those
presented in the previous chapter and can be found in the Results section of the first

chapter (pp. 49-52). As a brief review, the longitudinal trajectory plots of both the male



82

and female participants tended to follow oscillatory patterns regardless of whether their
scores were plotted by wave or age. The trajectories were consistent with an auto-
regressive pattern of CES-D scores over time rather than linear growth.

Next, the CES-D means of those who became widowed were compared to the
CES-D means of those who did not become widowed (Table 2). The expectation was
that the CES-D scores of the widowed would be higher than the CES-D scores of the
nonwidowed at each wave. The scores were divided into 4 age groups to examine

whether there were age effects, too.
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Table 2
Descriptive CES-D results for male and female SATSA participants who did and did not

become widowed

Men Women
No Marital Status Change Became Widowed No Marital Status Change Became Widowed
n M SD n M SD n M SD n M SD
1987
<60years 158 8.43 8.14 1 18.00 NA 218 8.84 7.31 9 15.44 10.70
60to 69 years 143 9.19 6.89 7 12.57 9.38 155 12.30 9.70 12 17.85 10.48
70 to 79 years 101 10.15 6.96 8 14.25 719 171 12.83 9.10 26 17.04 8.96
=80 years 24 15.45 8.89 2 17.00 4.24 47 15.35 8.96 14 14.45 11.24
1990
<60years 146 8.50 6.66 1 9.00 NA 192 9.57 8.11 3 15.67 17.01
60to 69 years 117 8.53 5.72 3 13.33 9.02 153 10.94 7.16 8 16.50 10.54
70 to 79 years 116 11.01 7.10 3 18.33 12.22 167 14.39 9.27 31 18.25 9.91
=80 years 25 12.94 8.02 2 15.28 0.39 51 14.07 8.16 12 14.92 10.27
1993
<60years 140 9.25 8.64 0 - - 178 9.67 8.10 1 5 NA
60to 69 years 104 7.88 6.46 4 12.00 8.08 124 11.90 8.31 11 14.64 7.78
70to 79 years 126 10.76 7.59 6 14.00 8.32 159 14.34 8.61 23 17.84 11.74
=80 years 30 11.73 6.77 3 15.47 6.80 72 15.05 9.78 18 15.39 7.41
2004
<60years 34 8.97 6.18 0 - - 66 11.35 9.14 0 - -
60 to 69 years 77 9.78 7.81 5 11.40 10.64 88 9.21 7.54 8 15.25 6.80
70 to 79 years 56 8.37 6.73 8 15.12 6.92 81 13.43 7.73 21 15.10 8.99
=80 years 40 11.21 7.18 7 17.08 5.88 50 18.35 7.94 27 17.61 7.81
2007
<60years 24 10.38 8.23 0 - - 36 13.37 11.99 1 21.00 NA
60 to 69 years 49 9.28 7.43 3 16.00 9.85 72 8.98 7.68 3 9.67 4.04
70 to 79 years 63 10.80 8.01 4 11.08 7.76 77 12.47 717 14 11.21 6.45
= 80 years 46 12.24 8.75 4 13.88 2.77 69 16.72 8.07 14 21.36 9.52
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For both the men and women, the differences in mean CES-D scores between
those who became widowed and those who did not become widowed suggests that the
widowed reported higher CES-D scores at the next measurement occasion, regardless
of the interval between waves. Although the sample of widowed men was small (n <10
for all age groups at all waves), they had higher CES-D scores across all age groups
and waves. The youngest age group (< 60 years old) cannot be interpreted, as only one
participant became widowed in 1987, one in 1990, and none in 1993, 2004, and 2007.

The sample of widowed women was larger, with clear differences emerging
between young and old women. The differences between widowed and nonwidowed
women were larger in the youngest two age groups (< 60 years old and 60-69 years
old), with widowed women reporting higher CES-D scores. As with the youngest
widowed male group, only differences in 1987 and 1990 can be interpreted, as there
were two few widows at later measurements to make meaningful comparisons. Women
who became widowed at older ages (70-79 years old and > 80 years old) did not
consistently report higher CES-D scores than their nonwidowed controls. Although older
widows typically reported higher scores than older nonwidows, the differences typically
were small. Overall, these results suggest that becoming widowed correlates with higher
CES-D scores at subsequent measurements.

Next, LGC models were fit to the data to answer the second research question
(Above and beyond the general propensity for people to become more depressed as
they age, does becoming widowed predict short-term and long-term increases in

subsequent levels of depression?). Model fitting results are presented in Table 3.
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Table 3

Latent growth curve model fitting results in the SATSA

Scaling correction Model
Men -2LL Parameters factor Comparison LR S-B LR test AIC BIC

1. Baseline model (Correlated intercept and slope

with unstructured correlations among measured

variables) -1895.00 55 1.87 - - - 3901.91 4155.33
2. Short-term correlations constrained to be equal -1896.19 53 1.91 1 2.98 0.226 3898.37 4142.67
3. Constrain short-term correlation to be zero -1900.28 51 1.94 2 7.07 0.029 3904.56 4144.25
4. Constrain long-term correlation to be zero -1897.13 51 1.97 2 3.40 0.182 3896.25 4131.38

Women

1. Baseline model (Correlated intercept and slope

with unstructured correlations among measured

variables) -3791.87 55 1.20 - - - 7693.74 7966.14
2. Short-term correlations constrained to be equal -3792.15 52 1.21 1 0.55 0.908 7688.29 7945.84
3. Constrain short-term correlation to be zero -3798.34 51 1.28 2 34.20 0.000 7698.69 7951.27
4. Constrain long-term correlation to be zero -3793.11 51 1.21 2 1.65 0.200 7688.22 7940.81

Note. The scaling correction factor is a correction that better approximates chi-square
under conditions of multivariate nonnormality (Satorra & Bentler, 2001). -2LL = -2 log-
likelihood; LR = likelihood ratio; S-B = Satorra-Bentler likelihood ratio difference for
nested model comparison; AIC = Akaike Information Criterion; BIC = Bayesian
Information Criterion.

In men, the interval of time between the previous wave and the 1987, 1990, and
1993 waves was the same (3 years), so the short-term effects of becoming widowed on
log CES-D scores at 1987, 1990, and 1993 were constrained to be equal to one another
(Model 2). There was not a significant reduction in model fit by constraining these
parameters to be equal. Although there was a 3-year interval between the 2004 and
2007 waves, it was not constrained along with the 1987, 1990, and 1993 effects, as too
few men became widowed during this period. When included in the model, the Satorra-
Bentler likelihood ratio tests produced nonsensical values. As a result, the wave 2007
parameter was freely estimated in the model but not interpreted. The short-term effect of

becoming widowed could not be set to zero without a significant reduction in model fit
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(Model 3). The long-term effect of becoming widowed, however, could be set to zero
without a significant decrement in model fit (Model 4). Overall, the results suggest a
small tendency for widowed men to experience short-term increases in CES-D
symptoms.

In women, the short-term effects of becoming widowed on log CES-D scores at
1987, 1990, 1993, and 2007 could be set equal to one another without a significant
decrement in model fit (Model 2). The effect could not be set to zero without a significant
reduction in model fit (Model 3) whereas the long-term effect of becoming widowed —
wave 2004 — could be constrained to zero without significantly reducing the fit of Model
2 (Model 4). As in the men, the results suggest a small tendency for widowed women to

experience short-term increases in CES-D symptoms.



Table 4

Parameter estimates from the best fitting LGC model in male (Model 3) and female

(Model 3) participants in the SATSA

MLR estimates

Parameter Est. SE Est. SE
s 1.37 0.13 1.51 0.10
Ms 0.01 0.002 0.01 0.001
02 1.40 0.42 1.64 0.40
o?%s 0.000 0.00 0.000 0.00
Ois -0.02 0.01 -0.02 0.01
Owp - short-term 0.01 0.003 0.02 0.01
Owp- long-term 0.03 0.02 0.02 0.02
0%ep1987 0.32 0.03 0.33 0.03
02eD1990 0.28 0.03 0.28 0.03
0%¢p1993 0.34 0.04 0.28 0.03
0%ep2004 0.29 0.07 0.30 0.04
0%ep2007 0.33 0.06 0.28 0.04
O%ew1987 0.04 0.01 0.08 0.01
0%eW1990 0.02 0.01 0.08 0.01
O0%ew1993 0.03 0.01 0.08 0.01
O%ew2004 0.08 0.02 0.14 0.02
O%ew2007 0.06 0.01 0.10 0.01

Note. u = mean; o = variance; o = covariance; | = intercept; S = slope; W = became
widowed; D = log CES-D score. Short-term refers to the effects of becoming widowed
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up to 3 years post-spousal loss. Long-term refers to the effects of becoming widowed up

to 11 years post-spousal loss.
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Twin-level analyses

A co-twin-control analysis was used as the first step toward answering the third
research question (Above and beyond genetic and environmental selection confounds,
does becoming widowed predict short-term and long-term increases in subsequent
levels of depression?). Table 5 presents a contingency table of the total number of twin
pairs concordant for widowhood status (i.e., both twins widowed or both twins not
widowed) and discordant for widowhood status, separated by zygosity and gender
groups at each wave. For all male twins (MZM and DZM), there were 7 twin pairs
discordant for widowhood status in 1987, 4 discordant pairs in 1990, 8 discordant pairs
in 1993, 11 discordant pairs in 2004, and 3 discordant pairs (DZM only) in 2007. For all
female twins (MZF and DZF), there were 34 twin pairs discordant for widowhood status
in 1987, 30 discordant pairs in 1990, 30 discordant pairs in 1993, 15 discordant pairs in
2004, and 13 discordant pairs in 2007. Overall, the sample sizes of discordant twin pairs
at each wave were modest, particularly for the male twins. Co-twin differences in CES-D

scores at each wave must be interpreted with caution.



89

Table 5
Contingency tables of male and female twin pairs in the SATSA who were concordant

and discordant for widowhood status

1987

Twin 1

MZM MZF DzZM DzZF

Not Widowed Widowed Not Widowed Widowed Not Widowed Widowed Not Widowed Widowed

Not Widowed 50 - 61 - 87 - 145 -
Twin 2
Widowed 3 2 14 0 4 0 20 1
1990
Twin 1
MZM MZF DzZM DzF
Not Widowed Widowed Not Widowed Widowed Not Widowed Widowed Not Widowed Widowed
Not Widowed 47 - 55 - 76 - 122 -
Twin 2
Widowed 1 0 13 0 3 0 17 2
1993
Twin 1
MZM MZF DZM DZF
Not Widowed Widowed Not Widowed Widowed Not Widowed Widowed Not Widowed Widowed
Not Widowed 50 - 46 - 75 - 113 -
Twin 2
Widowed 5 0 8 1 3 0 22 3
2004
Twin 1
MZM MZF DzZM DzF
Not Widowed Widowed Not Widowed Widowed Not Widowed Widowed Not Widowed Widowed
Not Widowed 19 - 24 - 26 - 43 -
Twin 2
Widowed 3 0 4 3 8 0 1 1
2007
Twin 1
MZM MZF DZM DZF
Not Widowed Widowed Not Widowed Widowed Not Widowed Widowed Not Widowed Widowed
Not Widowed 17 - 17 - 23 - 42 -
Twin 2

Widowed 1 0 4 0 2 0 9 1
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The co-twin-control analysis compared the CES-D total means of the twins who
became widowed with their nonwidowed co-twins (Table 6). Negative scores indicate
that widowed twins reported higher CES-D scores than their nonwidowed co-twins.
Table 6
Co-twin-control analysis of CES-D differences between widowed and nonwidowed twins

in the SATSA

Widowed vs. Nonwidowed

Mean
Intrapair
Pairs Difference t

1987

Male 7 -7.83 -1.96
Female 34 -3.16 -1.45

1990

Male 4 -2.25 -0.40
Female 30 -6.45 -2.74

1993

Male 8 -6.34 -1.66
Female 30 0.35 0.13

2004

Male 11 -5.24 -1.88
Female 15 -1.16 -0.35

2007

Male 3 -6.78 -0.87
Female 13 -2.28 -0.79

The co-twin-control analysis results are consistent with the descriptive results

and the LGC model results. Widowed male twins reported higher CES-D scores than
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their nonwidowed co-twins across all waves, but only the difference in 1987 approached
statistical significance (p = 0.082). Similarly, widowed female twins had higher CES-D
scores than their nonwidowed co-twins in all waves except for wave 1993. Only
widowed female twins at wave 1990 had significantly higher CES-D scores than their
nonwidowed co-twins (p < 0.009). Overall, while it appears that the direction of the
within-family differences between CES-D scores of widowed and nonwidowed
discordant pairs is consistent with a causal interpretation, the lack of sample size at
each wave was insufficient to detect the small differences between male and female
twins discordant for widowhood status at each wave.

A graphical examination of the differences between discordant MZ and DZ twin
pairs can provide a deeper understanding of how within-family differences in becoming
widowed influence depression scores (Figure 3 and Figure 4). When the within-family
difference in CES-D scores between discordant MZ pairs is less than the difference
between discordant DZ pairs, there is evidence of partial confounding by genetic
selection effects. To the extent that the widowed MZ twin has a higher CES-D score
than the nonwidowed MZ twin, there is evidence of a nonshared (or quasi-causal) effect,

consistent with the social causation hypothesis.
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Figure 3. Bar plots of differences in mean total CES-D scores at each wave between
pairs of MZ and DZ male twins discordant for becoming widowed in the SATSA. Pair
differences were compared to the mean differences in unrelated groups discordant for
becoming widowed.

For the male twins, Figure 3 illustrates that widowers reported higher CES-D
symptom scores than their nonwidowed co-twins in all waves except 2007. The pattern
of results, however, did not provide a clear impression of the underlying selection
processes, as the differences in CES-D means of discordant DZ twins often were less
than in the discordant MZ twins. This was the case in 1987, 1990, and 2004. This
pattern suggests that genetic selection effects may have protected widowed twins from

developing depression rather than raising their risk. Again, the co-twin-control analysis
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was conducted with only a few discordant pairs of MZ and DZ twins. The estimates
should be regarded as unreliable and interpreted cautiously.

For the female twins, the pattern of differences is similar as in the discordant
male twins (Figure 4). Widowed twins generally reported more severe CES-D symptoms
than their nonwidowed co-twins. The differences in means between discordant DZ twins
were less than the differences in discordant MZ twins at waves 1987, 1993, 2004, and

2007, suggesting possible genetic protection against depression.
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Figure 4. Bar plots of differences in mean total CES-D scores at each wave between
pairs of MZ and DZ female twins discordant for becoming widowed in the SATSA. Pair
differences were compared to the mean differences in unrelated groups discordant for
becoming widowed.
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The final step in the twin-level analysis consisted of fitting longitudinal quasi-
causal models to test the short-term effect of widowhood on CES-D symptoms in male
and female twins. Table 7 presents the model fitting results. All phenotypic variables in
the model were regressed on twins’ age at 1984 so that the estimates were age-
adjusted.

Table 7

Longitudinal quasi-causal model fitting results in the SATSA

Scaling correction Model
Male Twins X2 df factor Comparison LR S-B LR test RMSEA CFI
1. Baseline (short-term only) 205.97 152 0.89 - - - 0.04 0.93
2. Genetic regression and variances set to zero 193.22 156 0.91 1 -5.94 - 0.03 0.95
3. Common environmental (C) regression set to zero 205.68 157 0.91 2 2.39 0.793 0.04 0.93
Female Twins
1. Baseline ACE model 554.60 361 0.94 - - - 0.04 0.92
2. Genetic (A) regression set to zero 549.64 362 0.94 1 -1.71 - 0.04 0.93

Note. Baseline model included all genetic, common environmental, and nonshared
environmental regression estimates for the short-term effects constrained to be the
same across all waves. The scaling correction factor is a correction that better
approximates chi-square under conditions of multivariate nonnormality (Satorra &
Bentler, 2001). -2LL = -2 log-likelihood; LR = likelihood ratio; S-B = Satorra-Bentler
likelihood ratio difference for nested model comparison; RMSEA = Root Mean Square
Error of Approximation; CFl = Comparative Fit Index.

In the male twins, the baseline model (Male Twins Model 1, Table 7) consisted of
only three waves, 1987, 1990, and 1993, as the short-term effect of becoming widowed
on log CES-D scores was only considered in these waves. The baseline model (Model
1) fit the data well. The genetic variances, however, were negative in the baseline
model. Several models were estimated with various starting values, lower bound

constraints (e.g., variances estimates could not be estimated at values less than .01),
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and fixed values constraints (e.g., setting the variances to extremely small values like
0.001) to determine whether local minima had been reached in the maximum likelihood
estimation or whether the genetic variances were statistically no different from zero.
Overall, these models (not presented) led to the conclusion that the genetic variances
(and consequently, the genetic regression effects) could be set to zero (Model 2). The
likelihood ratio test, moreover, was negative, indicating that the chi-square estimate of
Model 2 was smaller than Model 1 and therefore more preferable. Model 3 included
genetic variances, genetic regression, and common environmental regression
coefficients constrained to zero, which fit as well as Model 1 (Ax? = 2.39, df=5, p=
.793). Model 3 was regarded as the best fitting model. The short-term quasi-causal
effect of widowhood, however, was not significantly different from zero (see Egeg-short-
term estimate in Table 8), suggesting no statistically significant within-family
environmental effect of becoming widowed on depression.

In the female twins, the baseline model (Female Twins Model 1, Table 7)
consisted of all waves. Only the short-term effect of becoming widowed on log CES-D
was tested, as it was the significant effect in the phenotypic LGC models. The baseline
model (Model 1) fit the data well. The genetic regression could be set to zero without a
significant reduction in model fit (Model 2). Moreover, the genetic variances were
negative. Again, after estimating several models with different starting values, lower
bound constraints, and fixed values to discern whether the negative genetic variance
estimates could be attributed to local minima found in the maximum likelihood

estimation, it was concluded that the genetic effects underlying becoming widowed were
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not statistically different from zero. The common environmental component could not be
set to zero without a significant reduction in model fit; Model 2 was regarded as the best
fitting (final) model. The C component significantly mediated the phenotypic correlation
between becoming widowed and the log CES-D scores (Table 8, Creg = 0.49, SE =
0.17, p < .01). The short-term quasi-causal effect, however, was not significant (p =
.200). The model may have been underpowered to detect a significant short-term quasi-

causal effect because there were only a small number of widowed female twins.
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WLSM parameter estimates from the baseline and best fitting longitudinal quasi-causal

models for male and female twins in the SATSA

WLSM estimates

Male Female
Model 1 Model 3 Model 1 Model 2

Parameter Est. SE Est. SE Est. SE Est. SE
0%A1987 0.05 10.70 - - 0.02 0.20 0.00 0.09
0%A1990 0.00 13.88 - - 0.01 0.22 0.01 0.09
0%A1993 0.02 2.71 - - 0.02 0.15 0.01 0.08
0%A2004 - - - - 0.1 0.14 0.11 0.09
0%a2007 - - - - 0.03 0.50 0.13 0.19
0%C1987 0.24 7.84 0.29 2.69 0.01 0.13 0.00 0.06
0%C1990 0.00 16.76 -0.17 0.66 0.01 0.14 0.00 0.06
0%C1993 0.02 0.61 0.00 0.52 0.02 0.10 0.02 0.05
0%c2004 - - - - 0.02 0.12 0.03 0.08
0%c2007 - - - - 0.04 0.35 0.04 0.13
O%1987 0.02 1.1 0.03 117 0.15 0.09 0.17 0.08
O%1990 0.45 9.66 0.41 4.18 0.15 0.10 0.15 0.07
O%1993 0.19 3.58 0.26 2.67 0.12 0.07 0.13 0.05
O%E2004 - - - - 0.07 0.04 0.06 0.04
O%E2007 - - - - 0.40 0.26 0.32 0.22
Aqeq - short-term 0.50 58.02 - - 0.31 1.68

Creq - short-term 0.501 8.34 0.45 11.16 0.421 0.15 0.49 0.17
Ereg - short-term 0.55 0.39 0.37 0.91 0.20 0.19 0.23 0.18
A - long-term - - - - 0.82 1.80 1.366 2.028
Chreg - long-term - - - - -0.44 1.07 -1.44 3.91
Ere - long-term - - - - -0.77 1.07 -0.87 1.48
O%ep1987 0.58 3.49 0.59 2.03 0.66 0.04 0.66 0.04
0%¢p1990 0.26 1.64 0.37 1.04 0.45 0.04 0.46 0.06
0%¢p1993 0.33 0.21 0.36 0.28 0.36 0.04 0.42 0.11
0%eD2004 - - - - 0.28 0.32 0.27 0.75
0%ep2007 - - - - 0.40 0.13 0.54 0.26

Note. A = additive genetic; C = common environment; E = nonshared environment; D =
log total CES-D scale score; e = residual variance; Reg = regression coefficient. Short-
term refers to the effects of becoming widowed up to 3 years post-spousal loss. Long-

term refers to the effects of becoming widowed up to 11 years post-spousal loss.
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The final analysis in this chapter addressed the fourth research question (/s
widowhood status associated with reduced longevity? And if so, does depression
mediate the association?). First, the mean age of death of ever-widowed participants
were compared to the mean age of death of never-widowed patrticipants (Table 9). Ever-
widowed participants were found to outlive the never-widowed participants, regardless
of the age cohort.

Table 9
Descriptive results of age of death in male and female SATSA participants who never

and ever experienced becoming widowed, by age group

Men Women
Never-widowed Ever-widowed Never-widowed Ever-widowed
n M SD n M SD n M SD n M SD
<60years 654 74.71 11.84 48 82.96 7.40 91 67.41 11.47 9 72.89 7.80
60to 69 years 275 74.79 10.52 21 81.57 7.28 215 78.08 10.50 68 84.69 5.60
70to 79 years 198 78.67 9.83 16 88.19 5.64 308 81.44 9.74 67 88.94 4.87
=80 years 45 84.71 8.89 1 88.00 NA 17 85.50 8.35 13 93.15 5.40

A co-twin-control study was used to test whether ever-widowed participants
outlived never-widowed participants. Pairs of twins who were discordant for ever-
becoming widowed status were identified. Only ever-widowed twins with a never-
widowed twin were used in this analysis. For pairs where at least one member had a
known age of death, the twin who died first was identified (e.g., the ever-widowed twin
died before the never-widowed twin). The discordant pairs were then divided into three
groups based on the length of time the ever-widowed twin was widowed before death: <

2 years, 2-4 years, and > 4 years. Length of time in widowed status is a very rough
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estimate based on an estimate of twins' age of becoming widowed and age of death.
Age of becoming widowed was calculated by subtracting twins' year of birth from the
first measurement year twins' reported being widowed. It is not a precise indicator of
age of becoming widowed, as spousal loss could have occurred within a 3-year period
between most measurements and within an 11-year period between the farthest two
measurements (1993 and 2004). Length of time in widowed status was then calculated
by subtracting twins’ estimated age of becoming widowed from their age of death.

The associations between widowhood and mortality are presented in Table 10.
For male and female discordant pairs across the three groups, a greater proportion of
ever-widowed twins outlived their never-widowed co-twins. Odds ratios less than 1
suggest that never-widowed twins had a greater risk of early mortality compared to their
ever-widowed co-twins. The small sample sizes of discordant twin pairs and wide 95%
confidence intervals, however, suggest that the estimates are imprecise and should be
interpreted cautiously. Based on results in the opposite direction of what was expected,
no tests were performed to determine whether increases in depression mediated the

correlation between widowhood and mortality risk.



Table 10

Associations between ever-widowed and early death in SATSA
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Number of ever-widowed—never-widowed pairs

Number of EWID died first-NWID EWID died second-
Twin pair types twin pairs died second NWID died first Odds Ratio 95% CI
All 277 60 117 0.51 0.38-0.70
Mz 91 21 39 0.54 0.32-0.92
Dz 186 39 78 0.50 0.34-0.73
Male - widowed < 2 years 11 4 7 0.57 0.17-1.95
Mz 6 2 4 0.50 0.09-2.73
Dz 5 2 3 0.67 0.11-3.99
Female - widowed < 2 years 22 8 10 0.80 0.32-2.03
Mz 6 3 3 1.00 0.20-4.95
Dz 16 5 7 0.71 0.23-2.25
Male - widowed 2-4 years 13 2 7 0.29 0.06-1.38
Mz 3 1 0 - -
Dz 10 1 7 0.14 0.02-1.16
Female - widowed 2-4 years 34 5 11 0.45 0.16-1.31
Mz 1 2 5 0.40 0.08-2.06
Dz 23 3 6 0.50 0.13-2.00
Male - widowed > 4 years 50 10 23 0.43 0.21-0.91
Mz 20 3 10 0.30 0.08-1.09
Dz 30 7 13 0.54 0.21-1.35
Female - widowed > 4 years 147 31 59 0.53 0.34-0.81
Mz 45 10 17 0.59 0.27-1.28
DZ 102 21 42 0.50 0.30-0.84

Note. EWID = ever-widowed twin; NWID = never-widowed twin.
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Discussion

The strength of the SATSA is that it possesses two crucial components for
testing whether widowhood causally influences depression: twins and repeated
measurements of marital status and depressive symptoms. In view of recent
prospective studies on bereavement and resiliency (Bonanno, 2004), the present study
was designed to provide an update to Lichtenstein et al.’s (1996) study with a broader
comparison group, additional data, newly tested time-lagged effects of becoming
widowed on depression, and exploration of specific selection processes (genetic,
environmental, or both). Additionally, depression was considered as a possible mediator
in the association between widowhood status and mortality risk (Lichtenstein et al.,
1998).

The main distinguishing feature between the present study and Lichtenstein et
al.’s (1996) study is the use of a different comparison group. Rather than comparing
widowed to still-married controls, widowed twins were compared to all nonwidowed
controls so that the experience of widowhood as a stressful life event (Holmes & Rahe,
1967) could be interpreted against all nonwidowed people’s relationship experiences
(not just against a married control group). Whereas Lichtenstein and colleagues found
that short-term widowed male and female twins experienced significantly higher
depression compared to their still married co-twins, the same was not found when
comparing them to all nonwidowed co-twins. Widowers were only found to be modestly
more depressed than their nonbereaved co-twins in 1987; widows were only found to be

significantly more depressed than their nonwidowed co-twins in 1990. One reason for
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the difference is that the data from each wave were not pooled, as was done in
Lichtenstein et al.’s study, but examined at each wave of measurement. When the
short-term (3-year) effect of widowhood was tested in the multivariate SEMs, the effect
of becoming widowed on depression was replicated in both men and women. The twin
models, unfortunately, were underpowered to detect small within-family environmental
effects of becoming widowed on depression.

The addition of two more waves of data did not obviously appear to extend
knowledge of the short-term effects of becoming widowed on depression. The null long-
term finding, however, may advance an understanding of resiliency after conjugal loss.
The long-term effect was not significantly different from zero, suggesting that widowed
twins were not subsequently more depressed than nonwidowed twins. Widows and
widowers may be resilient to spousal loss over the long-term (Bonanno et al., 2002;
Lucas et al., 2003), possibly because they create meaning from their loss (Bonanno et
al., 2004) or successfully construct adaptive post-widowhood identities (Martin-
Matthews, 2011). Thus, depressive risks associated with becoming widowed likely
occur in the few months and years after spousal loss. Future research should
investigate how the genetic and environmental risks for depression change in the
months and years following spousal loss.

Finally, the present study identified potential selection processes that mediated
the association between becoming widowhood and depression, a component
Lichtenstein et al. (1996) did not address. In both male and female twins, there was a

significant common environmental selection process that mediated the short-term
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association between becoming widowed and depression. This result is unexpected, as
common environmental influences on human behavior often diminish after adolescence
(Plomin & Spinath, 2004). One possibility is that twins from lower socioeconomic
backgrounds may be exposed to environments that increase the likelihood of becoming
widowed and depression (e.g., poverty and iliness). Alternatively, twins from families
who encourage marriage necessarily satisfy the precondition for widowhood (i.e., being
married), increasing the likelihood of experiencing widowhood. Despite selection
processes, becoming widowed likely predicted subsequent increases in depression in
women.

Two additional findings are worthy of note. First, the results from the LGC models
illustrate that depressive responses associated with widowhood occur over the short-
term, above and beyond the tendency for adults to gradually increase in depression
over the lifespan (Alexopoulos, 2005; Beekman et al., 2002; Blazer, 2003). Age trends
in depression may confound cross-sectional and longitudinal findings, so these results
help to disentangle the effects of within-person growth in depression from the effects of
becoming widowed. Future research should test the short-term effects of widowhood on
depression, adjusting for genetic and environmental selection effects as well as age
trends in depression.

Second, the mediating role of depression in the association between widowhood
and risk of early mortality should be explored in other samples, as even the association
between widowhood and early death could not be replicated in the current study using a

similar sample (Lichtenstein et al., 1998). Instead, the present results suggest that ever-



104

widowed twins lived longer than their never-widowed co-twins. Three reasons might
explain these counterintuitive findings. First, pairs of twins in which widowed twins had
co-twins in other marital statuses other than the still married category (e.g., divorced
and never married) were included in the current study. While the benefit of including
these discordant twin pairs was an increase in sample size, one cost is the introduction
of confounds related to marital status. One of the benefits of marriage, for example, is
longevity (Manzoli et al., 2007), so ever-widowed twins might have lived longer than
their never-widowed co-twins because the never-widowed control group contained
never married and divorced co-twins, two groups found to have increased risk for early
death (Y. Hu & Goldman, 1990). Ideally, only widowed twins and their still married co-
twins would have been included in the analysis to eliminate this possible confound.

Second, the average age at which widowed twins’ spouses died may have been
a potential confound that explains why widowed twins were found to live longer than
their never-widowed co-twins. The older the average age of the widowed twins’
spouses’ death, the older these twins must have been when they died. By adjusting for
the average age of spouses’ death, confounds associated with the fact that these twins
necessarily have longer lives are taken into account. Future twin studies on early
mortality risk associated with widowhood, then, should take into account the average
age of spouses’ death.

Finally, recent widowhood — not lifetime widowhood — has been found to correlate
with mortality. After a brief critical period of increased mortality risk, widows were

actually found to outlive their still married co-twins (Lichtenstein et al., 1998). Thus,
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there may be a resilient majority who ably weather spousal loss and continue to live
productive lives.

The same limitations cited in Lichtenstein et al. (1996) apply to the present study,
including insufficient sample sizes to divide the sample by rearing status (there are
subsamples of twins reared together and reared apart in the SATSA) and problems with
generalizing the results to the general population. There are three additional limitations
in the present study. First, sample attrition due to death may have influenced the results.
Although missing data were assumed to be missing at random (MAR) in the present
study, mortality is not a randomly distributed variable, so death may have occurred
systematically (e.g., the most depressed may have died the earliest). Ideally, future
studies should only include twins with completed data over all measurements as a
means of ruling out systematic bias associated with attrition due to mortality. Second,
widowhood was calculated in a way that only considered each twin as “widowed” once
in the entire study. A twin considered widowed at one measurement was considered
non-widowed at the next measurement. A nonresilient long-term widowed twin’s CES-D
score potentially biases the nonwidowed CES-D mean score so that the absolute
difference between the widowed and nonwidowed group means was reduced. As a
result, the short-term effect of widowhood on depression may be a conservative
estimate. Third, the full range of time-lagged effects of widowhood on depressive
symptoms was not tested. Although long-term effects of widowhood were not found in
the present study or in Lichtenstein et al.’s study, no formal tests of other time lags were

conducted.
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The strengths of the current study, however, outweigh the limitations. In an era of
research that has begun to emphasize the resiliency of widows and widowers, it is
important to recognize that for some widowhood comprises a social loss that has severe
depressive consequences. There is still much to be learned about how spousal loss
affects at-risk subpopulations so that interventions can be developed to help widows
and widowers navigate bereavement healthfully and productively. Larger longitudinal
twin studies with more intensive measurements are needed to identify the periods of
greatest risk after spousal death as well as the mechanisms (e.g., social isolation,
stress associated with caregiving, or poor health) that mediate the causal relation

between becoming widowed and depression.
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Divorce and Early Death

Divorce is a stressful life event that purportedly withdraws the physical, mental,
and social benefits associated with staying married. Although many who negotiate
divorce are resilient and navigate the structural and emotional transitions without trouble
(Sbarra, 2012), research suggests gloomy physical and mental health outcomes for
others (Waite & Gallagher, 2000; Waite, Luo, & Lewin, 2009). Increased risk of early
mortality is one such outcome (Choi & Marks, 2011; Manzoli et al., 2007; Tucker,
Friedman, Wingard, & Schwartz, 1996), with divorced people found to have an average
increased risk of all-cause death by one-quarter relative to married people (Sbarra et al.,
2011). In a recent meta-analysis on the relation between divorce and early death,
Sbarra et al. outlined a research agenda for determining the mechanisms underlying
divorce and risk of early mortality. The purpose of this paper is to address the first step
of their proposed agenda by clarifying the causal relation between divorce and risk of
early mortality.

Divorce may be correlated with increased risk of all-cause death for two reasons:
social selection and social causation. The social selection hypothesis posits that divorce
is not randomly distributed, meaning that some people are more likely to divorce than
others, even for genetic reasons (Mcgue & Lykken, 1992). The same set of selection
effects that put people at risk for divorce (e.g., aggressive temperament, impulsive
personality traits) may also put them at risk for early death (Herskind et al, 1996;
McGue, Vaupel, Holm, & Harvald, 1993). The social causation hypothesis suggests that

divorce increases mortality risk, most likely by triggering a chain reaction of structural
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(e.g. financial), health (e.g., smoking), and emotional (e.g., chronic stress) changes that
are causally related to mortality (Sbarra et al., 2011). Social selection and social
causation are not competing hypotheses, but separable mechanisms that operate in
tandem to explain increased mortality risk among divorced people.

Co-twin control studies are one method for disentangling selection processes
from causal ones (Lichtenstein et al., 1998, 1996). Twins share common genetic
ancestry and exposure to similar, sometimes the same, environments (if raised in the
same family), so any differences in death rates between twins discordant for divorce
status must be attributed to within-family causes. Consider a scenario in which identical
twins differ only in marital status — one is married and the other is divorced. The twins
not only are genetically matched (100% of all genes are shared between MZ twins and
50% of all genes are shared between DZ twins), but they also are matched for ethnicity,
age and other shared environmental factors (e.g., parents’ SES and parents’ rearing
practices). The married twin has the advantage of emotional and practical support from
a spouse that confer health advantages (Lillard & Waite, 1995) whereas the divorced
twin lacks this support mechanism. The expectation is that the married twin, by virtue of
spousal support, has a higher likelihood of outliving the divorced twin, as all the factors
on which they are matched are held constant between them.

Identical (or monozygotic (MZ)) twins offer the clearest explanation for how twin
studies take into account genetic and environmental selection confounds, as they share
all of their genes and the same rearing environments. Any differences that arise

between them must be environmental in nature. Fraternal (or dizygotic (DZ)) twins, on
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the other hand, may differ for genetic reasons, as they only share half of their genes, on
average. By comparing the death rates of MZ and DZ twins who are discordant for
divorce and marriage, it is possible to disentangle within-family environmental effects of
divorce on early death from genetically mediated selection effects. Whereas co-twin-
control studies have been used to study the causal influence of bereavement on
longevity (Lichtenstein et al., 1998), the present study is the first to use twins to test
whether divorce causally influences risk of early mortality.

Other covariates may also confound a full understanding of the effects of divorce
on early death. First, marriage and divorce have been found to affect men and women
differently (Choi & Marks, 2011; Y. Hu & Goldman, 1990; Sbarra et al., 2011; K.
Williams & Umberson, 2004). Notably, some researchers have not found gender
differences in the association between divorce and early death (Manzoli et al., 2007;
Tucker et al., 1996). Where gender differences have been observed, men typically have
been found to have greater mortality risks than women (Sbarra et al.). Gender
differences in the association between divorce and early death, therefore, were tested in
the current study, with currently divorced men predicted to have the greatest risk
(Sbarra & Nietert, 2009).

Second, sampling characteristics, like age and cohort effects, also may confound
knowledge regarding the causal influence of divorce on early death. For example,
divorce that occurs in late adulthood has been found to be less correlated with early
death than in midlife and early adulthood (Manzoli et al., 2007; Sbarra et al., 2011).

Additionally, the relation between divorce and health outcomes is embedded in the
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social and cultural context. In Sweden, for example, no-fault divorce was legalized in
1915 (the Act on Celebration and Dissolution of Marriage; Simonsson & Sandstrom,
2011) that made divorces easier to obtain as long as both spouses agreed that the
marriage was “a permanent failure.” After 1973, divorces became easier to secure, with
only one spouse required to view the marriage as a permanent failure. The changes in
the social surface of marriage and divorce in Sweden likely normalized the divorce
experience, possibly lessening health consequences. Thus, there may be cohort
differences in the association between divorce and early death.

Finally, divorced people may have a greater risk of early mortality because of a
higher risk of completed suicide (Kposowa, 2000). Suicide is difficult to study because of
its low base rates (Miller, Azrael, & Barber, 2012), but the sample used in the present
study is large enough for studying the association between divorce and suicide. The
Swedish Twin Registry (STR) is a national database of all Swedish citizens from 1886 to
the present that includes the birth and death (including cause of death) records of all
citizens (Lichtenstein et al., 2002). The magnitude of the sample size in the STR made it
possible to explore whether divorced adults have an increased risk of suicide compared
to married and unmarried people, particularly in divorced men (Schrijvers, Bollen, &
Sabbe, 2012).

Present Study

Sbarra et al. (2011) argued that “selection effects [probably] do operate to predict

the likelihood of future divorce and health outcomes...” (p. 464). A key first step toward

understanding whether divorce influences risk in all-cause mortality is to conduct a co-
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twin control study. Several co-twin control studies have been used to elucidate the
causal effects of bereavement on physical and psychological health (Lichtenstein et al.,
1996; Osler et al., 2008) and mortality (Lichtenstein et al., 1998). No study to date,
however, has been published in the area of divorce. The purpose of the present study
was to fill this gap in the literature. The following research questions were addressed:

1. Is the association between divorce and early death replicated in a sample of

Swedish twins?

2. In twin pairs discordant for marriage and divorce, does the divorced twin have a

higher risk of early mortality than the married co-twin?

3. In twin pairs discordant for remarriage and current divorce status, do currently

divorced twins have a higher risk of early mortality than their remarried co-twins?

4. Is there an association between divorced status and suicide risk relative to

married and never married statuses?

Method
Sample
The sample used for the current study comes from the Swedish Twin Registry

(Lichtenstein et al., 2006). Participants in the present study belong to one of two
cohorts. The first cohort (old cohort) was born between 1886-1925 and the second
cohort (young cohort) was born between 1926-1958. The old cohort consists of 24,601
participants (female = 55.46%) who primarily were interviewed in 1961, 1963, 1967, and
1970. Surviving participants were again interviewed in the Screening Across the

Lifespan Telephone (SALT) study conducted between 1998-2002 (Lichtenstein et al.,
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2002). The mean age at the first measurement (1961) was 48.58 (SD = 9.76) for men
and 49.29 (SD = 10.05) for women. The young cohort consists of 56,707 participants
(female = 51.10%) who were interviewed in 1973 and in the SALT study. The mean age
at the first measurement (1973) was 28.43 (SD = 9.79) for men and 28.99 (SD = 9.88)
for women.

In the total sample, there were 69,167 (85.07%) participants who reported their
marital status in at least one of the measurements. From this number, 41,737
participants were married (60.34%), 3,571 were cohabiting (5.16%), and 6,739 reported
being divorced at some point in their lives (9.74%). Among the divorced participants,
4,923 were currently divorced (73.05%), 696 were remarried (10.33%), and 1,120 were
in nonmarital partnerships (16.62%).

For the co-twin control analysis, only pairs where both twins had reported marital
status information (marriage, cohabitation, or one of the divorce status categories) were
used. Opposite-sexed pairs were excluded from the analysis in order to control for
gender effects. Table 1 presents the number of male and female twin pairs in each
cohort by their pairwise death status (both deceased, one twin deceased, neither

deceased).
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Table 1

Number of STR twin pairs concordant and discordant for death status

Both deceased One twin deceased Neither deceased

Old Cohort Young Cohort Old Cohort Young Cohort Old Cohort Young Cohort

MZM 869 192 72 412 17 1309
MZF 602 114 90 402 35 1715
DZM 1450 245 140 777 13 1855
DZF 1007 147 211 703 44 2298

Note. MZM = monozygotic male; MZF = monozygotic female; DZM = dizygotic male;
DZF = dizygotic female.

As can be seen in Table 1, the majority of twin pairs in the old cohort were
deceased by the date the data were compiled with the most recent death records (2013-
04-09) whereas the majority of twins in the young cohort were still alive. The number of
pairs in each zygosity category includes pairs who were concordant (e.g., both married
or both divorced) and discordant (e.g., one married, one divorced) for marital status.
The co-twin control analysis (described below) included only twins who were discordant
for marriage and divorce status.

Measures

Marital status and dates of death were obtained through annually collected data
from the Swedish population registry, similar to Lichtenstein et al.’s (1998) bereavement
study. Cause of death was obtained through the cause of death registry using each

participant’s unique Swedish personal number.
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Marital status information was collected in 1961, 1967, 1970, 1973, and in the
SALT study. For the old cohort, marital status information was collected in 1961, 1967,
1970, and in the SALT survey. For the young cohort, marital status information was
collected in 1973 and in the SALT survey. At each measurement, participants reported
whether they were unmarried, married, separated, divorced, widowed, remarried, or
cohabiting. Where participants only reported marital status at one measurement, this
marital status was taken as their final status. Where participants reported marital status
at multiple measurements, algorithms were created to properly code participants as
married (never divorced) and ever divorced (i.e., self-reported divorce in 1961 and self-
reported married in 1970). Among the ever divorced, participants were coded as
currently divorced if they reported divorce in their most recent measurement, remarried
if they last reported being married and had ever reported divorce, or being in a
nonmarital repartnership if they last reported cohabitation and had ever reported
divorce.

Age of death was calculated by subtracting participants’ date of death from their
date of birth. Participants who were alive at the time the data were compiled were
assigned a missing value (“NA”) for age of death. Completed suicide is a binary variable
(1 = suicide, 0 = other cause of death) and was coded according to criteria in the ICD-10
(World Health Organization, 1992). The suicide rate in the sample is 0.19% (N =
81,308), which is higher than the estimated suicide rate in Sweden (Bjoérkenstam,

Edberg, Ayoubi, & Rosén, 2005) and the United States (Miller et al., 2012).
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Data Analysis

The descriptive results consisted of the number of deaths and relative risk (RR)
estimates of early death associated with being ever divorced and currently divorced
groups relative to married and partnered groups. Like the odds ratio, the relative risk
statistic is the proportion of deceased divorced people from each divorced group (total
number of deceased divorced divided by the total number of divorced people) divided by
the proportion of deceased married people. The RRs associated with divorce were
calculated relative to a married group and an all partnered (married and cohabiting)
group. The analyses were performed separately for men and women in the old and
young cohorts to test for gender and cohort effects. The same analytic approach was
used for suicide risk, except cohort was not considered to increase the power of
rejecting the null hypothesis in the male and female subgroups.

The co-twin control analysis used all pairs of MZ and DZ twins who were
discordant for being married and divorced status. Divorced twins (probands) and their
corresponding twin (regardless of marital status) were first identified. Only pairs
discordant for divorce and being partnered were used to test whether divorce status
corresponds with a higher risk of a death than partnered status. Discordant twins were
tabulated as follows: (1) both twins were still alive, (2) the divorced twin died before the
married co-twin, or (3) the divorced twin died after the married co-twin (or was still alive).
Mantel-Haenszel odds ratios for matched pairs were calculated (Robins et al., 1986), as

has been done in other co-twin control designs (Silman et al., 1996).
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Finally, Cox proportional hazard regression models were used to analyze within-
family differences in age of death between twins discordant for being divorced and
partnered (Cox, 1972). Whereas the above analysis compared twins who were ever and
currently divorced, this analysis only included discordant pairs where the divorced twin
was currently divorced. The unit of analysis was the twin pair. Within-family differences
in age of death were calculated by subtracting the age of death for the twin who died
second (twin 2) from the age of death for the twin who died first (twin 1). Twins were
sorted so that higher scores indicated the length of time twin 2 lived beyond twin 1.
Differences in age of death were right censored in pairs where twin 2 was still alive and
twin 1 was deceased. A set of covariates was also considered, including smoking
status, excessive alcohol use, education status, body mass index, cardiovascular
disease status, respiratory disease status, and other chronic disease status, similar to
the approach used by Lichtenstein et al. (1998). Within-family differences in the
covariates were calculated in the same way as the twins’ difference in age of death. The
following model was fit to the twins’ within-family difference in age of death scores,
where the difference in death, w, was modeled as a continuous-time hazard process
(failure time of twin 2’s death after twin 1’s death):

IN(Y(w)) = bo + biMS(w); + baX(w); + €
The regression estimates (bo, by, and b,) are the log odds of twin 2’s death after twin 1’s
death. The log odds residual, ej, is assumed to be homoscedastic. The twin death order
covariate, MS, is a binary coded variable where -1 indicates that the partnered twin

outlived the divorced twin and +1 indicates that the divorced twin outlived the partnered
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twin. Positive values of by indicate a higher probability of death of divorced twins after
their partnered twin’s death. The covariates are represented by the generic variable, X.
If the main effect of twin death order (Model 1) was significant, then a second model
was tested to determine whether the probability of death after twin 1 was statistically
significant adjusting for the effects of the covariates, b, (Model 2). The corresponding
odds ratios (e.g., €°;) are interpreted as the predicted probability of twin 2’s death given
the time elapsed since twin 1’s death. All analyses were performed in R 3.0.2 (R Core
Team, 2013) using the survival() package (Therneau, 2013). Maximum likelihood
estimation was used for all cox proportional hazard regression models.
Results

Table 2 presents the relative risk (RR) statistics and corresponding 95%
confidence intervals for death among divorced people relative to married and partnered
(i.e., married or cohabiting) people. For each marital status category, the total number of
deaths, total number of participants, and the death rate are given. As can be seen for
the old cohort (cohort 1), neither divorced men nor women had an increased risk of
early death relative to their married or partnered counterparts. Conversely, in the young
cohort, men who had ever divorced were 21% more likely to die earlier than both
married and partnered men. The mortality risk associated with divorce was driven by
young men who reported current divorce (RR = 1.30). Repartnered men did not have a
greater risk of early death than either their married or partnered counterparts.

A similar pattern of mortality risk associated with divorce was observed for

women in the young cohort. Currently divorced women were 27% more likely to die
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earlier than married and partnered women whereas increased risk was not found for
repartnered women. The RRs among the young cohort are consistent with Sbarra and
Nietert’s (2009) finding that separated/divorced people who later remarried did not have
a greater risk of death than people who were stably married.

Table 2

Number of deaths, death rate, and relative risks of death with 95% confidence intervals

by gender and cohort in the STR

Born before 1926 At least born in 1926
Deaths Total Death Rate Relative Risk 95% ClI Deaths Total Death Rate Relative Risk 95% ClI
Men

Married 6208 6590 0.94 1.00 2576 14107 0.18 1.00
Total Partnered 6247 6645 0.94 1.00 2714 15997 0.17 1.00
Ever Divorced 702 753 0.93 0.99 0.97-1.01 419 2039 0.21 1.21 1.10-1.33

0.99 0.97-1.01 1.21 1.10-1.33
Divorced 435 460 0.95 1.00 0.98-1.03 322 1458 0.22 1.30 1.17-1.44
(Currently)

1.01 0.98-1.03 1.30 1.18-1.44
Divorced 267 293 0.91 0.97 0.93-1.01 97 581 0.17 0.98 0.82-1.18
(Repartnered)

0.97 0.93-1.01 0.98 0.82-1.18

Women

Married 5359 6042 0.89 1.00 1978 14998 0.13 1.00
Total Partnered 5373 6061 0.89 1.00 2075 16605 0.12 1.00
Ever Divorced 785 916 0.86 0.97 0.94-0.99 442 3031 0.15 117 1.06-1.28

0.97 0.94-0.99 1.17 1.06-1.28
Divorced 597 690 0.87 0.98 0.95-1.01 366 2315 0.16 1.27 1.14-1.40
(Currently)

0.98 0.95-1.01 1.27 1.14-1.40
Divorced 188 226 0.83 0.94 0.88-1.00 76 716 0.11 0.85 0.68-1.05
(Repartnered)

0.94 0.88-1.00 0.85 0.68-1.05

Whereas the population-based RR estimates provide a first impression of the
observed correlation between divorce and early death, the next analysis advanced

knowledge of the causal influence of divorce on mortality risk by using a co-twin-control
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design. Table 3 presents the odds ratios and 95% confidence intervals for male and
female pairs of twins who were discordant for ever-divorced status and marriage. The
odds ratios represent the risk of death associated with being the divorced twin. Odds
ratios greater than one indicate that divorced twins had a higher risk of dying before
their married co-twins compared to the risk of married twins dying before their divorced
co-twins. The confidence intervals provide the upper and lower bounds in which there is
95% certainty that the true value ranges. Intervals that include 1 suggest that the

married co-twins are no more likely to outlive divorced twins.
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Table 3

Association between ever-divorced and early death in the STR

Number of ever divorced-partnered pairs

Number of DIV died first-PAR DIV died second-PAR

Twin pair types twin pairs died second died first Odds Ratio  95% Cl
All 3222 766 739 1.04 0.94-1.15
Mz 1264 286 282 1.01 0.86-1.20
Dz 1958 480 457 1.05 0.92-1.19
Male - Born < 1926 468 228 233 0.98 0.82-1.17
Mz 177 88 85 1.04 0.77-1.39
Dz 291 143 145 0.99 0.78-1.24
Female - Born < 1926 406 206 175 1.18 0.96-1.44
Mz 156 79 68 1.16 0.84-1.61
Dz 250 127 107 1.19 0.92-1.54
Male - Born = 1926 1000 171 176 0.97 0.79-1.20
Mz 394 60 78 0.77 0.55-1.08
Dz 606 111 98 1.13 0.86-1.49
Female - Born = 1926 1348 161 155 1.04 0.83-1.30
MZ 537 62 48 1.29 0.89-1.88
Dz 811 99 107 0.93 0.70-1.22

Note. DIV = ever-divorced twin; PAR = partnered twin.
There was not a significant risk associated with early death and ever-divorced status.
Although many of the odds ratios were greater than 1, the 95% confidence intervals
contain 1 as a plausible true value, meaning that the risk of death was found to be equal
within families of twins discordant for marriage and ever-divorced status.

Table 4 presents the findings for pairs of twins who were discordant for being

currently divorced and married. In both male and female twins, when all discordant twin
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pairs were analyzed together, there was a significant association between current
divorce and death (OR: 1.19). When analyzed by zygosity, however, the effect only
appears in the DZ group (OR: 1.25). The difference between the nonsignificant effect in
the MZ group and the significant effect in the DZ group suggests that genetic selection
effects accounted for the association between current divorce status and early death.
Selection processes, it seems, had a role in the correlation; the finding is inconsistent
with a causal interpretation. The pattern of effects was only observed in the young

cohort.
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Table 4

Association between current divorced status and early death in the STR

Number of currently divorced-partnered pairs

Number of DIV died first-PAR DIV died second-PAR

Twin pair types twin pairs died second died first Odds Ratio 95% Cl
All pairs 2088 538 454 1.19 1.05-1.34
MZ 834 196 180 1.09 0.89-1.33
Dz 1254 342 274 1.25 1.06-1.46
Male - Born < 1926 267 136 128 1.06 0.83-1.35
Mz 99 47 50 0.94 0.63-1.40
Dz 168 89 78 1.14 0.84-1.55
Female - Born < 1926 285 148 120 1.23 0.97-1.57
Mz 109 58 45 1.29 0.87-1.90
Dz 176 90 75 1.20 0.88-1.63
Male - Born = 1926 608 128 99 1.29 0.99-1.68
Mz 238 42 45 0.93 0.61-1.42
Dz 370 86 54 1.59 1.13-2.24
Female - Born = 1926 928 126 107 1.18 0.91-1.52
Mz 388 49 40 1.23 0.81-1.86
Dz 540 77 67 1.15 0.83-1.59

Note. DIV = current divorced twin; PAR = partnered twin.

Next, the risk of death of current-divorced twins was compared to the risk of
death of their remarried co-twins (Table 5). The odds ratios are inconsistent, with some
estimates below 1 (current-divorced twins were predicted to outlive their repartnered co-
twins) and some estimates above 1 (repartnered twins were predicted to outlive their
current-divorced co-twins). None of the estimates, however, were statistically significant,

as the 95% confidence intervals are broad and contain 1 as a possible true value. This
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may be attributed to the small sample of discordant twin pairs (n = 69). These results
should be interpreted cautiously, due to unreliability of the estimates.
Table 5

Association between current divorce (relative to repartnered co-twins) and early death

in the STR
Number of currently divorced-repartnered pairs
Number of DIV died first-REPART DIV died second-
Twin pair types twin pairs died second REPART died first ~ Odds Ratio 95% ClI
All 163 32 37 0.86 0.57-1.47
Mz 83 14 16 0.88 0.43-1.79
Dz 80 18 21 0.86 0.46-1.61
Male - Born < 1926 23 11 12 0.92 0.40-2.08
Mz 11 5 6 0.83 0.25-2.73
Dz 12 6 6 1.00 0.32-3.10
Female - Born < 1926 20 7 13 0.54 0.21-1.35
MZ 10 3 7 0.43 0.11-1.66
Dz 10 4 6 0.67 0.19-2.36
Male - Born = 1926 38 5 6 0.83 0.25-2.73
Mz 17 2 2 1.00 0.14-7.10
Dz 21 3 4 0.75 0.17-3.35
Female - Born = 1926 82 9 6 1.50 0.53-4.21
Mz 17 4 1 4.00 0.45-35.79
Dz 37 5 5 1.00 0.29-3.45

Note. DIV = current divorced twin; REPART = divorced but repartnered twin.

Within-family Cox proportional hazard regression analysis
Finally, | evaluated whether marriage has benefits for longevity by using the

twins’ age of death information to estimate the probability of how much longer partnered
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twins outlive their divorced co-twins. Kaplan-Meier curves were used first to model the
probability of twin 2’s death as a function of time after twin 1’s death. Cox proportional
hazard regression models were then used to test whether living divorced co-twins (twin
2) had a higher probability of death after their partnered co-twins (twin 1) died than living
partnered co-twins (twin 2) probability of death after their divorced co-twins (twin 1)
died.. In other words, | answered the following research question: Was there an
increased factor by which divorced twins were expected to die after their partnered co-
twins assuming null differences in longevity between partnered and divorced twin pairs?

The Kaplan-Meier curves were estimated for men and women in the old and
young cohorts. Based on pairs where both twins were deceased in the old cohort,
partnered male twins lived 10.18 years (SD = 8.05) after their divorced co-twins’ death
whereas divorced co-twins lived 8.31 years (SD = 7.12) after their partnered co-twins’
death. Partnered female twins lived 10.07 years (SD = 7.67) after their divorced co-
twins’ death and divorced female twins lived 8.99 years (SD = 7.43) after their partnered
co-twins’ death. The plots (Figure 1a and 1b) illustrate the probability of death for
partnered and divorced twins (twin 2) each year past their co-twins’ (twin 1) death,
taking into account censored pair differences. Although partnered male and female
twins (in this case, twin 2) had higher probabilities of outliving their divorced co-twins
(twin 1) over time, the confidence intervals (the shaded colored lines) around each
curve are broad and overlapping, suggesting no significant differences between them.
These nonsignificant differences were confirmed in the Cox proportional hazard

regression models, as only the male twin differences were close to being different (log
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odds =0.25, SE =0.13, p = 0.056) — with an odds ratio of 1.28 (95% CI: 0.99-1.65) —

suggesting that divorced twins had a higher risk of death when they were twin 2 than

when partnered twins were twin 2.

Probability of outliving co—-twin

Probability of outliving co—-twin

00 04 038

00 04 038

(a)

—— Married Twin Lived Longer
- - - Divorced Twin Lived Longer

10 20 30 40

Years of life beyond co-twin

(b)

—— Married Twin Lived Longer
- - - Divorced Twin Lived Longer

Years of life beyond co-twin

Figure 1. Kaplan-Meier curves for death after co-twin with 95% confidence intervals for
discordant male (a) and female (b) twins in the old cohort.

In the young cohort, partnered male twins lived 9.35 years (SD = 8.18) after their

divorced co-twins’ death divorced whereas divorced male twins lived 7.76 years (SD =

8.56) after their partnered co-twins’ death. Partnered female twins lived 9.13 years (SD
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= 7.09) after their divorced co-twins’ death whereas divorced female twins lived 11.00
years (SD = 7.88) after their partnered co-twins’ death. These differences, however, are
based on small samples of pairs (at most, 32 pairs of discordant twins). The 95%
confidence intervals around the mortality curves (Figure 2a and Figure 2b) illustrate that
the difference in length of life of the partnered twins beyond divorced twins (and vice
versa) were not significantly different. The Cox proportional hazard regression models
confirmed that the differences in length of life were nonsignificant, suggesting that
partnered twins were no more likely to outlive their deceased divorced co-twins by more

years than divorced twins were predicted to outlive their deceased partnered co-twins.
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Figure 2. Kaplan-Meier curves for death after co-twin with 95% confidence intervals for
discordant male (a) and female (b) twins in the young cohort.
Divorce and Suicide Risk

The final analysis explored the association between divorce status and suicide.
Only the RR estimates for the population are presented (Table 6). There were no
significant associations between ever-divorced status and suicide relative to being
married or partnered. For the current divorced group, however, the RR estimates are
greater than one in both men and women, suggesting a possible increase in suicide risk
when divorced people do not remarry or repartner. The relative risk of suicide

associated with being unmarried (i.e., never married) is also presented to illustrate
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whether having ever been married (regardless of divorce) confers protection against
suicide. The results suggest that unmarried men had a greater risk of suicide than
married, partnered, and those who ever divorced. Unmarried women only had a greater
risk of suicide relative to married and partnered people. The 95% confidence intervals
are broad, so the estimates are considered imprecise and should be interpreted with
caution.

Table 6

Number of suicides, suicide rate, and relative risks of suicide with 95% confidence

intervals by gender in the STR

Men Women
Reference Suicides Total Death Rate Relative Risk ~ 95% Cl Deaths Total Death Rate Relative Risk ~ 95% CI
Married 44 20697 0.0021 1.00 9 21040 0.0004 1.00
Total Partnered 50 22642 0.0022 1.00 10 22666 0.0004 1.00
Ever Divorced Married 5 2792 0.0018 0.84 0.33-2.12 4 3947 0.0010 2.30 0.71-7.46
Partnered 0.81 0.32-2.03 2.30 0.72-7.32
%‘ﬂgﬁﬁy) Married 5 1918 0.0026 1.23 0.49-3.09 4 3005 0.0013 3.02 0.93-9.79
Partnered 1.18 0.47-2.96 3.02 0.95-9.61
Divorced Married 0 874 0.0000 0.00 0 942 0.0000 0.00
(Repartnered)
Partnered 0.00 0.00
Unmarried Married 33 5436 0.0061 2.86 1.82-4.48 10 5053 0.0020 4.63 1.88-11.38
Partnered 2.75 1.77-4.26 4.49 1.87-10.77
Ever Divorced 3.39 1.32-8.67 1.95 0.61-6.22
Currently 2.33 0.91-5.96 1.49 0.47-4.74
Divorced
Discussion

The present study was conducted to clarify whether divorce causally increases
the risk of early death by conducting a co-twin-control analysis (Sbarra et al., 2011).
Twin studies can help rule out genetic and environmental selection effects as

explanations for their association — effects that cannot be adjusted for in population-
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based samples (Turkheimer & Harden, 2013). Thus, if divorced twins more often die
before their married co-twins, it can be concluded with greater confidence that divorce
causally influences mortality risk. Gender differences and cohort differences were also
tested to embed the association between divorce and early death in a lifespan
developmental context (Baltes, 1987).

Overall, the results are inconsistent with a causal interpretation of divorce and
early death, at least in a sample of Swedish male and female twin pairs. Although the
population-based risk of early mortality (i.e., estimates unadjusted for genetic and
environmental selection) was higher for current-divorced men and women in the young
cohort relative to their married and partnered counterparts, the co-twin-control analysis
results revealed that the increased risk was nonsignificant in all but the DZ male twins.
The nonsignificant difference between the odds of early death among divorced twins
compared to their married co-twins in the MZ twins, but a significant difference between
discordant DZ twins is consistent with a genetic selection interpretation. Additive genetic
effects that put younger divorced men at risk for early mortality may also put them at risk
for divorce.

The current study does help to distinguish which divorced populations are at
increased risk for early death. Sbarra and Nietert (2009) found that only
divorced/separated adults who remained divorced had a greater risk of early death
whereas mortality risk vanished in divorced adults who later remarried. The current
study supports their finding. Only currently divorced Swedish men and women in the

young cohort had a greater risk of early death whereas those who remarried did not.
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The current results, however, provide a broad view of the difference between divorced
populations and do not provide a clear picture of the causal mechanisms underlying the
difference. Divorce might render some people “unmarriageable” for the reason that
some remain under chronic emotional and financial strain in their post-divorce lives and
do not attract new mates (Amato, 2010; Waite & Gallagher, 2000).

Divorced men typically have been found to have a greater risk of early death than
divorced women (Choi & Marks, 2011; Hu & Goldman, 1990; Sbarra et al., 2011). At the
population level, current divorced men were 30% more likely to die before their married
and partnered counterparts, with current divorced women 27% more likely to die before
their counterparts. The risk appeared to be approximately equal for current divorced
men and women, as has been found in one metaanalysis (Manzoli et al., 2007). In the
young cohort, however, there was evidence of genetic selection only in the male twins.
One hypothesis is that men are more prone to taking risks (possibly because of higher
aggressiveness or impulsivity) than women (Charness & Gneezy, 2012; Stanton,
Liening, & Schultheiss, 2011), which might raise their risk of both divorce and early
mortality.

There may be generational differences underlying the association between
divorce and early death. Only divorced men and women in the younger cohort had a
relative increase in mortality risk; divorced people in the older cohort had a relative risk
of death no greater than married and partnered adults. There may be historical reasons
for the difference (Simonsson & Sandstrom, 2011). From 1973 to the present day, no-

fault divorce in Sweden has been easier to receive. It is imaginable that in the older
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cohort born between 1886 and 1925 the degree of marital conflict may have needed to
be so high that divorce offered release from marital stress and the promise of a more
peaceful future for both spouses. In the young cohort, many of whom likely married
around or after 1973, people could divorce one partner and remarry as their individual
needs changed over time (Cherlin, 2004). As a result, some spouses may be forced into
divorce, experiencing marital dissolution as a chronic emotional stressor, especially if
one member in the marriage is still in love with the ex-spouse. This interpretation,
however, is speculative. Prospective twin studies that include the marital histories of
remarried and persistently divorced people across adulthood along with measures of
physical, psychological, and structural variables are better suited to answer questions
related to such cohort differences.

Suicide was considered as one possible mechanism for early mortality risk.
Regarded as exploratory in the present study, there are several implications related to
the possible effects of divorce status on risk of suicide completion. First, only currently
divorced individuals committed suicide; there were no remarried people whose cause of
death was suicide. Although the sample sizes were small, the pattern is consistent with
findings here and elsewhere (Sbarra & Nietert, 2009) showing that divorced people who
remarry may have lower mortality risks. Second, currently divorced women were three
times more likely to commit suicide relative to married and partnered women whereas
currently divorced men were only about 25% more likely to commit suicide relative to
their married and partnered counterparts. Finally, there may be a protective benefit to

having ever been married, particularly for men. Unmarried men had a large relative
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increase in risk of suicide compared to married and divorced men. Unmarried women,
on the other hand, had an increased risk of suicide only relative to married and
partnered women. Based on these results, marriageable men may be less inclined to
commit suicide, even if they experience increased risk of all-cause mortality.

There are several limitations to the current study. First, aging effects were not
taken into account in the STR. Although cohort effects were explored, there was much
age heterogeneity within each cohort — a range of 32 years in the young cohort and 39
years in the old cohort. Thus, timing of divorce might be an important factor for
individual differences in how divorce influences mortality risk. Second, the longitudinal
nature of the STR data was not used in the present study. Mortality risks associated
with divorce might decrease with the passage of time, like bereavement (Lichtenstein et
al., 1998; Parkes, Benjamin, & Fitzgerald, 1969), suggesting that mortality risk may be
time limited. For example, in the current study there may not have been an effect in the
within-family mortality curves in the young cohort because divorced twins lived beyond
the period where mortality risk was highest. Finally, the findings are based on older
Swedish cohorts and may not generalize to younger cohorts (born after the 1960s) or
divorced adults in other cultures. Sweden was one of the first European nations to
legalize no-fault divorce and transition to a social welfare state in the 1930s. The social
acceptance of divorce may have lowered the negative effects of marital dissolution
relative to other nations where divorce is more difficult to obtain. Additionally, the
relative wealth of Swedish citizens also may mean that marital status in general has less

impact on people’s health.
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The present study makes an important contribution toward fulfilling the research
agenda mapped out by Sbarra et al. (2011). First, | conducted the first co-twin-control
study of divorce and early death. Replication in other twin samples is, of course, needed
to advance knowledge of the putative selection and causal mechanisms underlying
divorce and health. Even if replication were to show that divorce and death correlated
only because of selection processes, health research could orient toward relevant
factors that might lower genetic and social environmental risks that mediate their

association.
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General Discussion

The findings from the three studies in this dissertation were inconsistent with a
causal interpretation of marriage. There was, in fact, some evidence in support of
selection processes in each study. Common environmental effects were found to
underlie the relation between entering marriage and depressive symptoms in young
U.S. American men, as were they found in the relation between becoming widowed and
depressive symptoms in older Swedish women. Genetic effects were observed to
mediate the association between divorce status and mortality risk in young Swedish
men.

As noted in the General Introduction (and again highlighted in Study 1), nearly
every study on the marriage benefit is limited by observational (i.e., nonexperimental)
study designs. Countless selection factors (i.e., third variables) lurk in the background
as possible alternative hypotheses to the social causation hypothesis. The quasi-
experimental properties of twin studies help to pinpoint possible causal relations
between marital transitions and physical and psychological health where experimental
control is not possible (Turkheimer & Harden, 2013). The use of twin samples and twin
designs in this dissertation permitted the statistical control of genetic and common
environmental selection effects, so that causal hypotheses regarding the effects of
marital transitions on depression and mortality could be more precisely tested.

The lack of support for a causal interpretation in this dissertation may not mean
marriage has a negligible effect on people’s mood and longevity. Marital transitions

probably do causally influence change in depression and mortality risk, above and
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beyond intraindividual selection factors and family-level selection factors. Even in these
results, there was some support for a causal interpretation — marrying negatively
predicted later depressive symptoms in young adult men, the transition to widowhood
positively predicted depressive symptoms in older adult women, and the divorced male
twin had a higher risk of early death than his married co-twin — but the sample sizes
were too small to detect the small effects with an alpha set at .05. Even more, the good
marriage offers for physical and mental health may be dispersed across many life
domains in ways not easily captured by a single status indicator.

Marital transitions, however, are not reliable predictors of mental health
disparities, as sometimes transitions correlate with health disparities (Burt et al., 2010;
Lichtenstein et al., 1996; Osler et al., 2008; Strohschein et al., 2005) and sometimes
transitions do not (Hope, Rodgers, & Power, 1999; Horwitz & White, 1998; Wu & Hart,
2002). There are at least a few reasons for why marriage may be an unreliable
predictor. Alone, marital status seems to be a poor indicator of social support. The
concepts of plasticity and multidirectionality of development (Baltes, 1987) might be one
reason for why marital status is a poor index of social support. The circumstances under
which marital transitions take place matters quite a bit. Divorce in the context of a happy
or unhappy marriage, for example, has been found to affect the course of depression
(Hawkins & Booth, 2005; Waite et al., 2009). Whereas divorce may be particularly
distressing to those happily married, ridding oneself of a high conflict marriage may

alleviate depression (Menaghan, 1985). Similarly, losing a spouse because of cancer or



136

Alzheimer’s disease may have a different impact from losing a spouse suddenly due to
a car accident or heart attack.

Additionally, timing of marital change has important implications for whether
marriage is found to reliably influence health outcomes. The benefits of marriage, for
example, appear to dissipate after the first few years of marriage (Lucas et al., 2003).
Likewise, the negative effects divorce and widowhood transitions purportedly has on
well-being (Bonanno et al., 2002; Booth & Amato, 1991) and mortality risk (Lichtenstein
et al., 1998) have been found to abate with the passage of time. One hypothesis is that
people have an emotional set point (Diener, Suh, Lucas, & Smith, 1999; Headey &
Wearing, 1989) in the same way that people have a metabolic set point (Speakman et
al., 2011). The shocks and jars — whether positive or negative — can moderate risk for
depression and mortality, but people generally return to equilibrium over time. An area
for future research, then, is to calculate the amount of time between marital transitions
(entering marriage in Study 1, becoming widowed in Study 2, and divorce in Study 3)
and measurement of depression and mortality to determine the time-limited protection
marriage provides people.

Finally, historical and cultural factors may supply important reasons for why
marriage is an unreliable predictor of health disparities. As pointed out in the general
introduction and Study 1, the institution of marriage underwent considerable change in
the 20™ century (Cherlin, 2004), with cohabitation becoming more normative (Jose et
al., 2010) and possessing fewer differences in health outcomes compared to marriage

(Manning & Cohen, 2012). Also, changes in marriage and divorce laws, like the
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legalization of no-fault divorce in Sweden and the United States noted in Study 3, may
have diminished the health disparities between married and nonmarried groups as
nontraditional marital status became more common. Cultural differences, too, may
explain why marriage is sometimes correlated with better health but not always. As
noted in Study 1, married American citizens receive more rights, privileges, and benefits
than married Swedish citizens. The social welfare system in Sweden automatically
provides benefits to all citizens, regardless of marital status, whereas the United States
reserves benefits to the married majority. Future research would benefit from comparing
married male and female twins from old and young cohorts across multiple cultures.
While such a study would be a major undertaking, it would be possible with the various
twin registries around the world.

Small correlations between marital transition status indicators and health
variables, like depression, mortality, and suicide, ought to be regarded as the norm in
marital research. In studies where married people were not found to have social well-
being advantages over the nonmarried (Shapiro & Keyes, 2008) and cohabiting
(Schimmele & Wu, 2011), the paradox between increased social opportunities and
social isolation among married people, particularly husbands, may explain the lack of
advantage associated with marriage. Marrying could be perceived as broadening social
support for some while narrowing social support for others. Similarly, widowhood may
be a bittersweet experience for caretaking spouses; some may return to “normal’ life,
spending more time with extended family and friends whereas others may have severe

depressive responses to losing one’s spouse. The resiliency literature tends to support
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these subgroup differences among bereaved spouses (Bonanno, 2004). From a
statistical perspective, the dispersion of experience between marital transitions and
health outcomes, like depression and mortality, varies so much in the general
population that expected correlations between marriage and health outcomes should be
small.

Group heterogeneity may play a large role for why small correlations between
marital status, depression, and mortality are often observed. Some people and cohorts
may be more affected by marital transitions than others. Mixing subgroups may threaten
the validity of health disparities between different marital status subgroups (Nesselroade
& Thompson, 1995). Marriage, for example, has been found to have a larger positive
effect on depression for those who were most depressed prior to marrying (Frech &
Williams, 2007). Similarly, Bonanno et al. (2002) identified several bereavement
patterns, with a little more than half the sample regarded as resilient. Finally, only
divorced people who perceived little wrong with their marriages prior to divorce were
found to be the most distressed while those who viewed their marriages as problematic
found divorce to be a relief (Wheaton, 1990). Future research on the relation between
marital transitions and depression (and mortality) should identify cohorts and subgroups
for which marriage is most protective, even at the cost in power to detect small effects.
Nonsignificant effects, for example, may provide good leads for how marital transitions
truly affect health.

Marriage benefits cannot be well understood with measures that merely capture

marital status. Marriage, widowhood, and divorce are situated within broader social
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support contexts, like extended family, friendships, and community networks. The
qualities of different relationships inevitably influence how people experience marital
transitions and their subsequent health. A potentially more useful research agenda for
the inquiry into marital advantages might steer clear of status indicators and use
measures of relationship quality, including marital quality, across major life transitions
(i.e., marriage, parental transitions, retirement, and bereavement). That one is married
probably counts little toward reaping the rewards of marriage. That one has formed
supportive, long-lasting relationships in which marriage can be embedded probably

counts a lot toward reaping the rewards of marriage.
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Appendix A

Center for Epidemiological Studies Depression (CES-D) Scale
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Below is a list of some of the ways you may have felt or behaved. Please indicate how
often you have felt this way during the past week: (circle one number on each line)

During the past week... Rarely or Some ora | Occasionally | All of
none of the | little of the | or a moderate | the time
time (less | time (1-2 amount of (5-7
than 1 day) | days) time (3-4 days)

days)

1. | was bothered by things 0 1 2 3

that usually don’t bother me

2. | did not feel like eating;my | O 1 2 3

appetite was poor

3. | felt that | could not shake |0 1 2 3

off the blues even with help

from my family

4. | felt that | was just as 0 1 2 3

good as other people

5. | had trouble keeping my 0 1 2 3

mind on what | was doing

6. | felt depressed 0 1 2 3

7. | felt that everything | did 0 1 2 3

was an effort

8. | felt hopeful about the future | 0 1 2 3

9. | thought my life had beena |0 1 2 3

failure

10. | felt fearful 0 1 2 3

11. My sleep was restless 0 1 2 3

12. | was happy 0 1 2 3

13. | talked less than usual 0 1 2 3

14. | felt lonely 0 1 2 3

15. People were unfriendly 0 1 2 3

16. | enjoyed life 0 1 2 3

17. | had crying spells 0 1 2 3

18. | felt sad 0 1 2 3

19. | felt that people disliked |0 1 2 3

me

20. | could not "get going" 0 1 2 3

Notes: All items used at each wave in SATSA. Bolded items used at each wave in Add

Health.
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Figure 1. Histogram of Add Health male log total CES-D-9 scores
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Figure 2. Histogram of Add Health female log total CES-D-9 scores.
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Figure 3. Histogram of SATSA male log total CES-D scores.
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Figure 4. Histogram of SATSA female log total CES-D scores.
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