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Abstract

Marriage is associated with reductions in both perceived stress and depressive symptoms, two constructs
found to be influenced by common genetic effects. A study of sibling twins was used to test whether
marriage decreases the proportion of variance in depressive symptoms accounted for by genetic and
environmental effects underlying perceived stress. The sample consisted of 1,612 male and female twin
pairs from the University of Washington Twin Registry. The stress-buffering role of marriage was tested
relative to two unmarried groups: the never married and the divorced. Multivariate twin models showed
that marriage reduced genetic effects of perceived stress on depressive symptoms but did not reduce
environmental effects. The findings suggest a potential marital trade-off for women: access to a spouse may
decrease genetic effects of perceived stress on depressive symptoms, although marital and family demands

may increase environmental effects of perceived stress on depressive symptoms.
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An abundance of research has demonstrated the rela-
tion between stress factors and depressive symptoms
(Dohrenwend et al. 1984; Kendler and Prescott
2006; Kessler et al. 1992; Segal et al. 2008), with
greater stress generating greater symptomatology
and vice versa (Hammen 1991). Over the past two
decades, researchers have worked toward under-
standing the etiology of the association between
stress and depressive symptoms (Caspi et al. 2003),
investigating causal pathways between them
(Kendler, Karkowski, and Prescott 1999; Schnittker
2010), and testing whether social support factors
attenuate stress effects (Thoits 1995, 2011). Under
Kessler’s (1997) recommendation that “research on
stress modifiers should use genetically informative
designs, such as twin or adoption studies, to investi-
gate related possibilities in more detail” (p. 209), the
purpose of the following article is to report a twin
study where differences in marital status were
hypothesized and tested as modifiers of the genetic
and environmental effects of perceived stress on
depressive symptoms.

BACKGROUND

Stress-relieving Benefits of
Marital Support

Married people often report fewer stress and depres-
sive symptoms than unmarried and marital sepa-
rated people (Carlson 2012; Gove, Hughes, and
Style 1983; Horn et al. 2013; Johnson and Wu 2002;
Pearlin and Johnson 1977). Researchers repeatedly
have found that marital support reduces the associa-
tion between stress and depressive symptoms for
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both men and women (Bierman, Fazio, and Milkie
2006; Carr and Springer 2010; Kessler and Essex
1982), despite occasional weak (Walen and
Lachman 2000) or null results (Reifman, Biernat,
and Lang 1991; Thoits 1984). This finding is often
interpreted in light of the stress-buffering hypothesis
(Cohen and Wills 1985; Hammen 2005), a theory
positing that the presence of a spouse reduces emo-
tional reactions to stress.

Marital support matters for preventing harmful
psychological consequences of stress, but the
mechanisms underlying buffering effects of marital
support still remain unclear (Thoits 2011). Thoits
(2011) suggests two stress-relieving social mecha-
nisms: emotional sustenance and active coping
assistance. Emotional sustenance includes the pro-
vision of care and concern during stressful times
with sympathy and elevating one’s sense of belong-
ingness. Active coping assistance includes advice
and instrumental aid that only close, significant oth-
ers can provide during periods of high stress.

Marriage also is important for receiving invisible
(i.e., given but unrecognized) support and for learn-
ing social skills that help manage stress. Unlike other
forms of partner support, invisible support has been
found to predict decreases in anger, anxiety, and
depressive symptoms (Shrout, Herman, and Bolger
2006). Marriage also may be an essential mechanism
through which people acquire skills to manage stress
(Cohen, Sherrod, and Clark 1986), leading to larger
social networks and better interpersonal skills (i.e.,
social competency and self-disclosure) with which to
draw support.

Finally, genetics may be an important factor for
why marriage reduces effects of stress on depres-
sive symptoms. Research on the 5S-HTTLPR gene
variant—a widely recognized genetic determinant
of stress-induced depressive symptoms (Caspi et al.
2003; Kendler et al. 2005)—has shown that short
allele variants predict increases in depression and
stress perception (Conway et al. 2011). Genetic
effects underlying stress appraisals and depressive
symptoms, thus, may depend on support mecha-
nisms (e.g., invisible support and social skills) often
provided in marriages.

In this article, we propose that marriage may
reduce environmental effects of perceived stress on
depressive symptoms as well as genetic effects that
generate their association. While perceived stress
may also moderate the genetic and environmental
effects of marital status on depressive symptoms, we
consider only whether marriage buffers effects of per-
ceived stress on depressive symptoms. Married peo-
ple, for example, have been found to have lower

heritability estimates of depressive symptoms (Heath,
Eaves, and Martin 1998), possibly for the reason that
attractive and wealthier people, for example, may not
only have lower genetic liabilities for depressive
symptoms but also are more “marriageable” than
people perceived to be unattractive and impover-
ished. When coping resources are operationalized by
marital status, however, no evidence of common
genetic effects have been observed (Horn et al. 2013).
Even when genetic effects have been observed to
generate the association between social support and
depressive symptoms (Kessler et al. 1992), perceived
stress was not found to be a significant moderator of
the association. For these reasons, we tested whether
marriage reduces effects of perceived stress on
depressive symptoms.

The moderating role of marriage may matter
more for reducing effects of perceived stress on
depressive symptoms in men than in women. While
some research has shown little to no marital advan-
tage for either gender (Bierman et al. 2006;
Blekesaune 2008), marriage has been found to ben-
efit the mental health of men and women in differ-
ent ways, with men benefiting more often than not
over women (Carr and Springer 2010; Kim and
McKenry 2002; Maciejewski, Prigerson, and
Mazure 2001; Waite and Gallagher 2000). For
example, marriage engenders more emotional sup-
port and social connection for men than for women
but more financial support for women than for men.
The effects of social isolation, like lack of a spouse,
have also been found to have stronger negative
effects on mental health outcomes in men than in
women, as found in loneliness research (Cacioppo
et al. 2015). Thus, we expect marriage to have a
stronger moderating role on the effects of perceived
stress on depressive symptoms for the reason that
men reap greater emotional support and social con-
nectedness from marriage than women do.

Parsing Genetic Effects from
Environmental Effects

Genetic effects have been found to underlie the
association between stress and depressive symp-
toms (Bogdan and Pizzagalli 2009; Kendler et al.
1999; Schnittker 2010). Genetic effects, which refer
to the likelihood of inheriting a disorder, occur
when perceived stress and depressive symptoms are
not causally related but are correlated for nonran-
dom genetic reasons. In contrast, environmental (or
nonshared environmental) effects, which refer to
the causal relation between perceived stress and
depressive symptoms, occur when perceived stress
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significantly influences depressive symptoms after
appropriate controls for selection effects (e.g.,
genetic effects) are taken into account. Additionally,
shared environmental effects can occur too, that is,
the increased likelihood of nonrandom exposure to
environments that influence the development of a
disorder (e.g., parental rearing environments).
Shared environmental effects, however, rarely are
found in adult twin sibling samples (Bergen,
Gardner, and Kendler 2007). While the term envi-
ronmental effects could refer to shared or nonshared
environmental effects, we use the term strictly to
indicate a causal effect. Thus, the first aim of the
present study is to replicate prior findings and parse
genetic effects from environmental effects of per-
ceived stress on depressive symptoms.

Twin sibling studies are a powerful method for
testing hypothesized environmental effects between
two variables, like perceived stress and depressive
symptoms. Given that twins share both genetic and
shared environmental experiences (e.g., including
parents, child-rearing styles, and socioeconomic
status [SES]), observed differences between twins,
unlike differences between unrelated individuals,
control for genetic and shared environmental selec-
tion. Observed differences between twins, then, are
necessarily attributable to differences in the twins’
cumulative nonshared experiences, like differences
in social networks, educational attainment, and
other social environments (Turkheimer and Harden
2014). Researchers commonly assess and control
selection effects in correlational research (e.g.,
SES), yet inherent in the design of twin sibling
studies is the control for genetic and shared envi-
ronmental effects, whether measured or not (Beam
et al. 2011; D’Onofrio et al. 2005). By ruling out
two sweeping categories of alternative explana-
tions, twin sibling studies allow investigators to
make far stronger inferences about the causal
effects between related phenomena compared with
studies of unrelated individuals.

Twin sibling studies also are useful for testing
potential causal hypotheses when data are cross-
sectional (Heath et al. 1993). In previous studies on
the stress-buffering role of marriage that used cross-
sectional samples of individuals (Aneshensel and
Stone 1982; Kessler and Essex 1982; Thoits 1984),
genetic effects may have confounded conclusions
that stress influences depressive symptomatology. In
twin sibling models, once genetic effects have been
taken into account, significant environmental effects
mean that if identical twins with higher scores on per-
ceived stress than their co-twins also report signifi-
cantly higher depressive symptoms, the correlation
can be thought to result from “within-family random

assignment” to different perceived stress conditions.
With marital support included as a social modifier,
twin sibling studies provide more stringent tests of
the hypothesis that marriage buffers environmental
effects of perceived stress on depressive symptoms.

The possibility that marriage may attenuate the
genetic and shared environmental effects of per-
ceived stress on depressive symptoms also has not
been tested empirically. Consistent with the stress-
buffering view, genetic factors underlying per-
ceived stress may not account for as much variance
in depressive symptoms in married people as in
unmarried people. A high-strung husband might
appraise daily hassles as more stressful than others,
but spousal support may reduce his genetic liability
for developing depressive symptoms associated
with perceived stress. The second aim of the pres-
ent study, thus, is to test whether marriage lowers
genetic effects of perceived stress on depressive
symptoms, in addition to the hypothesized environ-
mental effects described above.

To test whether marriage has benefits for reducing
effects of perceived stress on depressive symptoms,
we compared the married to two unmarried groups:
the never married and the divorced. Relative to the
never married, marriage offers access to spousal sup-
port that may dampen perceptions of stress and con-
sequent depressive symptoms (Cohen, Gottlieb, and
Underwood 2000). Conversely, entering marriage
may narrow access to broader support networks (e.g.,
friends) beyond married and family life, limiting cop-
ing resources that also may lower stress, particularly
for women (Antonucci and Akiyama 1987). Relative
to the divorced, married people tend to report fewer
stress and depressive symptoms, for the reason that
the emotional, social, logistical, and financial burdens
prior to and following divorce may deplete people’s
internal and external coping resources (Lucas 2005;
Sbarra et al. 2014). Thus, the stress-buffering benefits
of marriage ought to be most noticeable when com-
paring differences between married and divorced
people.

We conducted the present study with a large
sample of male and female twins. On the basis of
our two aims, we made three hypotheses. First, we
hypothesized that genetic and environmental effects
underlying perceived stress would also account for
variation in depressive symptoms. Second, we
hypothesized that being married would reduce the
genetic and environmental effects of perceived
stress on depressive symptoms compared to being
divorced or never married. We expected that genetic
and environmental effects of perceived stress would
account for the least variation in depressive symp-
toms among married people and account for the
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most variation in divorced people, as divorce often
consists of intractable stress that married and never-
married people do not undergo (Berman and Turk
1981; Emery 2011). Separate analyses were con-
ducted in male and female twins, as marriage has
been found to correlate differentially with measures
of stress and depression (Carr and Springer 2010).
Therefore, we made the third hypothesis that mar-
riage would benefit men more than women, as the
emotional support provided to men would lead to
greater reductions in all hypothesized effects of per-
ceived stress on depressive symptoms.

DATA AND METHODS

Sample

The University of Washington Twin Registry
(UWTR) is a representative sample of citizens ages
16 years and older from the state of Washington
(Afari et al. 2006). Twins were identified based on
their registration for a driver’s license with the
Washington State Department of Licensing. All
residents must have indicated on their application
whether they had a twin. Once twins were identified
through state licensing registration, they were sent a
Health and Wellbeing (HWB) questionnaire and
consent form to be returned by mail. The question-
naire consisted of items about physical health, men-
tal health, and lifestyle habits. Although participant
recruitment in the UWTR is ongoing, the HWB
questionnaire was sent to all twins registered as of
April 2012 and had a response rate of 76.4%. The
total HWB sample included 3,587 families (6,124
individual twins). We used three criteria to select
pairs of twins from the HWB subsample for the cur-
rent study (remaining pairs based on each succes-
sive criteria are indicated in parentheses): (1) known
zygosity status (i.e., either monozygotic [MZ] or
dizygotic [DZ]; remaining pairs = 3,502), (2) DZ
twins had to be of the same sex (i.e., no opposite-sex
fraternal twin pairs) to eliminate within-family gen-
der differences as a potential confound (remaining
pairs = 2,755), and (3) both twins must have
responded to the marital status item (i.e., reported
married, never married, or divorced), with at least
one twin in each family reporting being married
(remaining pairs = 1,612). This sample selection
process was based on the logic of proband studies
and permitted the married group condition to be
common across all families.

All data used for the current study were from the
HWB questionnaire and were cross-sectional. The
sample for this analysis consisted of 1,612 pairs

(44.94% of HWB families), with 1,606 complete
pairs, 4 pairs with complete data from one twin and
missing data for the co-twin, and 2 pairs with com-
plete data from one twin and partial data for the co-
twin. There were 403 MZ male pairs, 138 DZ male
pairs, 768 MZ female pairs, and 303 DZ female
pairs. The ethnic background of the sample was
88.83% Caucasian, 2.82% Asian, 1.49% African
American, .65% Native American, .34% Pacific
Islander, and 5.71% Other. The unit of analysis in
the multivariate twin analyses was the twin pair.

Measures

Depressive symptoms were measured with three
items from the Patient Health Questionnaire (PHQ-
9), a nine-item measure used for depression diagno-
sis and severity (Spitzer, Kroenke, and Williams
1999). The PHQ-9 corresponds to the Diagnostic
and Statistical Manual of Mental Disorders diagno-
sis of depression and assesses the severity of the
nine symptom criteria in the past two weeks.
Although a brief, three-item version is not as ideal
as the full nine-item questionnaire, it has been
shown that even a two-item version can be used as a
valid and reliable assessment of clinical depression,
in both diagnosis and severity (Léwe, Kroenke, and
Grife 2005). The three-item assessment (PHQ-3) in
the HWB measured anhedonia (“little interest or
pleasure in doing things”), depressed mood (“feel-
ing down, depressed, or hopeless”), and fatigue or
decreased energy (“feeling tired or having little
energy”). The version of the PHQ-3 in the HWB
questionnaire was modified to address symptom
presence over the past four weeks. Symptomatology
was rated on a four-point scale (“not at all” = 0,
“several days” = 1, “more than half of the days” =2,
and “nearly every day” = 3). Higher scores indi-
cated greater symptom severity. Cronbach’s alpha
was used to calculate the reliability of the three
items. For the male twins, a.=.79, and for the female
twins, o = .81. Participants’ mean PHQ-3 score was
computed and used to index depressive symptoms
in the current study.

Perceived stress was measured with the 10-item
version of the Perceived Stress Scale (PSS; Cohen,
Kamarck, and Mermelstein 1983; Cohen and
Williamson 1988). The PSS measures stress per-
ception over the past four weeks. Examples include
the following: “In the past four weeks, how often
have you been upset because of something that hap-
pened unexpectedly?”’; “In the past four weeks,
how often have you felt nervous and ‘stressed’?”;
and “In the past four weeks, how often have you
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felt that things were going your way?” (reverse
scored). The items contained five responses
“never” = 0, “almost never” = 1, “sometimes” = 2,
“fairly often” = 3, and “very often” = 4) and were
scaled so that higher scores reflected greater per-
ceived stress. The PSS has been found to consist of
two facets: perceived helplessness and perceived
self-efficacy (Reis, Hino, and Afiez 2010; Roberti,
Harrington, and Storch 2006). Perceived helpless-
ness better represents the degree to which people
view their lives as uncontrollable, whereas per-
ceived self-efficacy better represents how over-
loaded by stress people view their lives (Cohen and
Williamson 1988). A preliminary exploratory factor
analysis of the 10 items showed that the same two-
factor structure fit the male and female twin data
best. Cronbach’s alpha was used to calculate the
reliability of the perceived helplessness items. For
the male twins, o = .85, and for the female twins, o
= .86. Cronbach’s alpha of the perceived self-effi-
cacy items was .81 for the male twins and .83 for
the female twins. Participants’ mean perceived
helplessness and perceived self-efficacy scores
were computed and used to index the two facets of
perceived stress in our analyses.

Three marital status groups were considered:
married, never married, and divorced. Of all male
twins (n = 1,082), 50.55% were married, 43.44%
were never married, and 6.01% were divorced. Of
all female twins (n = 2,142), 55.14% were married,
36.18% were never married, and 8.65% were
divorced. The following numbers of male twin
pairs were concordant for marital status: 212 mar-
ried, 197 never married, and 9 divorced. The fol-
lowing numbers of male twin pairs were discordant
for marital status: 76 married/never married and 47
married/divorced. The following numbers of
female twin pairs were concordant for marital sta-
tus: 436 married, 308 never married, and 18
divorced. The following numbers of female twin
pairs were discordant for marital status: 159 married/
never married and 150 married/divorced.

The raw marital status variable was a nominal
variable with three levels, coded as: married = 0,
never married = 1, and divorced = 2. In the multi-
variate analyses, two dummy variables were cre-
ated using Cohen’s (1968) coding scheme for
nominal variables to test for differences in the
genetic and environmental effects of perceived
stress on depressive symptoms in the three marital
groups. Married twins served as the reference
group. The first dummy variable was dichotomized
to test the effects of perceived stress on depressive
symptoms in never-married twins (married = 0,

never married = 1, divorced = 0). The second
dummy variable was dichotomized to test for
effects in divorced twins (married = 0, never mar-
ried = 0, divorced = 1). Both dummy variables were
included in all multivariate analyses and were
treated as within-family difference variables so that
twin pairs concordant and discordant for marital
status could be included in the moderation analysis
(van der Sluis, Posthuma, and Dolan 2012).
Parameter estimates for each marital status group
were computed in the same analysis.

Data Analysis

Data analysis consisted of descriptive analyses and
multivariate twin analyses conducted separately for
male and female twins. First, we present the means
and standard deviations of the perceived stress fac-
ets and depressive symptoms across the different
marital status groups. Second, to address our first
hypothesis, MZ and DZ twin correlations are pre-
sented to provide initial evidence for whether
genetic, shared environmental, and nonshared envi-
ronmental factors influenced each of the three vari-
ables. To address our second and third hypotheses,
phenotypic correlations between the perceived
stress facets and depressive symptoms are given by
marital status group and gender.

Co-twin control analyses were conducted to fur-
ther examine our second hypothesis by comparing
correlations between twins discordant for marital
status. This analysis consisted of computing corre-
lations between each of the perceived stress facets
and depressive symptoms separately for married
twins and their unmarried co-twins and then com-
paring differences between each set of correlations.
Co-twin control analyses help to strengthen claims
about causality, as differences in the correlations
between twins discordant for marital status cannot
be attributed to genetic and environmental factors
shared between twins. Significance tests are pro-
vided for transparency but are not interpreted
because the available sample sizes of discordant
twin pairs were small and lacked power to discrimi-
nate differences between discordant twins.

Finally, the multivariate twin analyses included
all twin pairs (concordant and discordant) to
address all three hypotheses. First, twin (ACE)
models were used to quantify the underlying
genetic (A), shared environmental (C), and non-
shared environmental (E) effects common and
unique to the perceived stress facets and depressive
symptoms. Genetic effects comprise the common
genes twins share (MZ twins share 100% of their
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segregating genes, while DZ twins share 50%, on
average) that make them resemble one another, so
in twin models, genetic factors are correlated 1.0
between MZ twins and .5 between DZ twins.
Shared environmental effects include environmen-
tal factors that make twins from the same family
resemble one another. Shared environments affect
MZ and DZ twins identically, so these factors are
correlated 1.0 for both zygosity types. Nonshared
environmental effects include environmental fac-
tors that make twins different from one another,
including measurement error, and are uncorrelated
between pairs of twins. When MZ twin correlations
are less than 1, this indicates that environmental
influences must contribute to a trait. Standard ACE
models make three additional assumptions: (1) the
ACE components are uncorrelated with one
another; (2) the components do not interact with
one another, although they may interact with
covariates, like marital status; and (3) mating
between twins’ parents is random.

We estimated bivariate Cholesky ACE models
to quantify the proportion of variation in depressive
symptoms attributed to genetic, shared environ-
mental, and nonshared environmental effects com-
mon to the perceived helplessness and perceived
self-efficacy facets. The baseline model is pre-
sented in Figure 1. The parameters of interest were
the genetic (bOA), shared environmental (b0 c)’ and
nonshared environmental (bOE) regression effects,
as they represent the overlap between each biomet-
ric component underlying perceived stress and
depressive symptoms (labeled PS and PHQ-3 in
Figure 1, respectively). The nonshared environ-
mental regression effect represents the strongest
evidence of a causal relation in studies where ran-
dom assignment is not possible for ethical and
logistical reasons. The HWB data were correla-
tional, so strict causal conclusions about the effects
of perceived stress on depressive symptoms could
not be drawn; other uncontrolled third variable con-
founds could account for the effects. Thus, b op Was
interpreted as the predicted effect of perceived
stress on depressive symptoms while simultane-
ously adjusting for any genetic and shared environ-
mental effects of perceived stress on depressive
symptoms.

In the baseline model (Figure 1), all genetic and
environmental effects were estimated to be the same
across all marital status groups. All coefficients were
constrained to be equal across the MZ and DZ twin
groups. The main effects of the twins’ marital status
(bMS  and bMS_ ) and their co-twins’ marital

status (b}MSNM and b MS ) on twins’ depressive

symptom scores were estimated to account for known
biases in the estimates of gene-by-environment inter-
action models when all main effects pathways were
not included in the models (van der Sluis et al. 2012).
The correlations between twin 1’s dummy-coded
marital status variables and twin 2’s dummy-coded
marital status variables were estimated separately in
the MZ and DZ twin groups to allow for differences
based on their degree of consanguinity. All multivari-
ate models adjusted for the effects of age on per-
ceived stress and depressive symptoms.

Finally, gene—environment interaction parame-
ters were added to the model to test whether the
genetic (b 0 ), shared environmental (b A c)’ and non-
shared environmental (b OE) effects of perceived
stress on depressive symptoms varied as a function
of marital status. The interaction model simultane-
ously tested whether marital status moderates the
genetic, shared environmental, and nonshared envi-
ronmental effects of the perceived stress facets on
depressive symptoms. All main effects of marital
status were retained in the interaction models, as in
the baseline main effects model.

Using the parameter estimates from the interac-
tion models, we computed separate heritability (4?),
shared environmental (c*), and nonshared environ-
mental (¢*) estimates for the married, never-married,
and divorced groups. Based on the dummy-coding
scheme for marital status, the following equations
were used to calculate the heritability estimates of
depressive symptoms dependent on the perceived
stress facets (the same set of equations applied for
computing ¢ and ¢ in each marital group):

tharried = |:(b0A +b,MSy, +b,MS,, )2 *GZAS:|/

2 _ 24 2 2
O png-3 = |:(b0A) c As:|/6 PHQ-3

2
hZNever Married |:(b0A T b, M8yt b, MS,,,, ) *GZAS }/

2
62PHQ—; = |:(b0A +5,MSyy ) *GZAS :| /GZPHQJ

2
P piverecd = |:(b0A +b,MSyyt b,,MSy,, ) *62A5j|/
2
O_ZPHQ-3 = [(bOA +0,,MS;,y ) *GzAs } /GZPHQJ

The /* estimates are interpreted as the proportion of
variance in depressive symptoms scores attributed
to genetic factors underlying the perceived stress
facet. They represent the chances of inheriting
depressive symptoms related to stress perception
for each marital status. While the /%, ¢, and ¢” esti-
mates unique to depressive symptoms are also pre-
sented in the results, they are not discussed as they
do not pertain to our study hypotheses.
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Table 1. Descriptive Results for Each Marital Group across All Male and Female Twins, University of
Washington Twin Registry, 2012 (N = 3,224 Individuals).

Male Twins Female Twins
Married Never Married Divorced Married Never Married Divorced
(n = 547) (n = 470) (n=65) (n=1,181) (n=775) (n = 186)
Variable M SD M SD M SD M SD M SD M SD
Perceived .14 66 1.23 .80 .19 74 137 75 153 78 1.59% 8l
helplessness
Perceived 1.04 69  1.31* 78 1.04 62 1.21 72 1.40%* 70 1.39* 8l

self-efficacy

Depressive 39 49 52% 60 .62
symptoms
(PHQ-3)
Age 48.11 15.56 25.71* 8.12
Education level 6.49 143 567% 1.37  6.03*
Number of 1.80 145 .04 36  [.38*
children

.66 .53 .58 .6l* .62 84 79

52.70* 13.62 42.96 13.86 25.89* 8.36 50.84* 12.98

1.38 626 142 588* [.32 589% 147
1.32 165 129 .11*¥ 54 176 140

Note: Asterisk (*) indicates values significantly different (p < .05) from corresponding mean estimates in the married
group based on an independent-samples t test. PHQ-3 = three-item Patient Health Questionnaire; M = mean; SD =

standard deviation.

Model fitting was performed using the Mplus 7.3
program (Muthén and Muthén 1998-2010). In order
to handle missing data and the non-normal distribu-
tion of the items, we used full-information maximum
likelihood estimation with robust standard errors
(MLR). As the depressive symptom and perceived
stress variables were positively skewed, MLR esti-
mation is robust to modest violations of missing-at-
random and multivariate non-normality in behavioral
research (Muthén and Kaplan 1985; Raykov 2005).
With an MLR estimator, the Satorra-Bentler scaled
chi-square difference test must be used to calculate a
chi-square distributed test statistic to compare nested
models (Satorra and Bentler 2001). Absolute model
fit was evaluated using the root mean square error of
approximation (RMSEA; Browne and Cudeck 1992).
RMSEA estimates lower than .05 indicate “good”
model fit to the data; estimates lower than .08 (but
greater than .05) indicate “adequate’” model fit to the
data. The Akaike information criterion and Bayesian
information criterion were used to evaluate relative
model fit (Burnham and Anderson 2004). Both
indexes were computed to balance model parsimony
and model complexity (Kline 2005), with lower val-
ues indicating better model fit. Although for space
considerations we do not provide the full covariance
matrices for the male and female twin analyses, they
are available upon request from the corresponding
author.

RESULTS
Descriptive Analysis

Table 1 presents the means and standard deviations of
perceived helplessness, perceived self-efficacy, and
depressive symptoms for the married, never-married,
and divorced male and female twins. Married male
twins reported significantly lower mean perceived
self-efficacy and depressive symptom scores than
never-married male twins. There were no significant
differences on any of the variables between married
and divorced male twins. On average, married male
twins were significantly older than never-married
male twins but significantly younger than divorced
male twins. Married male twins reported significantly
higher educational attainment and more children than
never-married and divorced male twins.

Married female twins reported significantly
lower mean perceived helplessness, perceived self-
efficacy, and depressive symptom scores than
never-married and divorced female twins. Married
female twins were significantly older, on average,
than their never-married counterparts but signifi-
cantly younger than divorced female twins. Married
female twins reported significantly higher educa-
tional attainment and significantly more children
than never-married female twins, whereas they
reported only significantly higher educational
attainment compared with divorced female twins.
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Table 2. Monozygotic (MZ) and Dizygotic (DZ) Twin Correlations, University of Washington Twin

Registry, 2012.

Male Twins Female Twins
Variable MZ Dz z p MZ Dz z p
Perceived helplessness .32 .18 1.47 .140 .35 .13 3.44 .001
Perceived self-efficacy .32 .09 2.48 .010 .38 13 4.03 .001
Depressive symptoms .30 21 .95 .340 .30 .23 1.07 .280
(PHQ-3)

Note: Sample size of male twins: n =413 pairsand n_,

= 138 pairs; sample size of female twins: n,_ = 768 pairs and

n,, = 303 pairs. PHQ-3 = three-item Patient Health Questionnaire; z = z score.

Next, we estimated MZ and DZ twin correla-
tions to investigate the first hypothesis that both
genetic and environmental effects account for vari-
ation in the perceived stress facets and depressive
symptom scores. In the male twins, MZ twin corre-
lation was significantly greater than the DZ twin
correlation for perceived self-efficacy but not per-
ceived helplessness or depressive symptoms (Table
2). Genetic effects, but not shared environmental
effects, partially accounted for a significant portion
of the variation in perceived self-efficacy, as indi-
cated by an MZ correlation more than twice as great
as the DZ correlation. The small to moderate-sized
MZ twin correlations suggest underlying nonshared
environmental effects for all three variables.

In the female twins, the MZ twin correlations
were significantly greater than the DZ twin correla-
tions for perceived helplessness and perceived self-
efficacy but not depressive symptoms (Table 2).
Again, only genetic effects partially accounted for
variation in both perceived stress facets, as indi-
cated by MZ twin correlations more than twice as
great as DZ twin correlations. Nonshared environ-
mental effects accounted for the greatest proportion
of variance in all three variables.

In sum, genetic and nonshared environmental
effects appeared to influence perceived helplessness
(for women only) and perceived self-efficacy (for
both men and women) scores, whereas only non-
shared environmental effects influenced depressive
symptom scores. Significant genetic and nonshared
environmental influences underlying both perceived
stress facets are the basis for testing whether they also
account for variation in depressive symptoms.

Next, the phenotypic correlations between the
perceived stress facets and depressive symptoms are
presented for each gender and then subdivided by
marital status to begin addressing our second hypoth-
eses—that is, the magnitudes of the correlations
between the perceived stress facets and depressive

symptoms would be lower for married twins com-
pared to unmarried twins. Across all MZ and DZ
male twins, the correlation between perceived help-
lessness and depressive symptoms was .56, and the
correlation between perceived self-efficacy and
depressive symptoms was .40. Across all female
twins, the correlation between perceived helplessness
and depressive symptoms was .61, whereas the cor-
relation between perceived self-efficacy and depres-
sive symptoms was .49.

There were no appreciable differences in the
observed correlations across marital status groups.
For all male twins, the correlations between perceived
helplessness and depressive symptoms for the mar-
ried, never-married, and divorced groups were .59,
.58, and .59, respectively. The correlations between
perceived self-efficacy and depressive symptoms for
the married, never-married, and divorced groups
were .46, .42, and .45, respectively. For all female
twins, the correlations between perceived helpless-
ness and depressive symptoms for the married, never-
married, and divorced groups were .61, .60, and .60,
respectively. The correlations between perceived self-
efficacy and depressive symptoms for the married,
never-married, and divorced groups were .48, .48,
and .49, respectively.

Co-twin control analyses are presented next to
further address the second hypothesis. The results in
Table 3 suggest larger contrast between married and
unmarried groups in the correlations between the per-
ceived stress facets and depressive symptoms than
found in the phenotypic correlations reported in the
previous paragraph. In the male twins, although the
correlation between perceived helplessness and
depressive symptoms was stronger for married twins
than for their never-married co-twins, the same corre-
lation was cut in half for married twins when com-
pared to their divorced co-twins. This latter result is
consistent with the second hypothesis. In the female
twins, the results were inconsistent with our
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Table 3. Co-twin Control Analysis of the Correlations between the Two Perceived Stress Facets and
PHQ-3 Scores, University of Washington Twin Registry, 2012 (N = 432 Pairs).

Correlation between
Perceived Helplessness and

Correlation between Perceived
Self-efficacy and Depressive

Depressive Symptoms Symptoms
Group M "Married Twin "Unmarried Twin P "Marvied Twin "Unmarried Twin p
Male Twins
Married—never married 76 .63 .48 1.33 .180 49 Sl .16 .870
Married—divorced 47 24 48 1.32 .190 .14 44 1.51  .130
Female Twins
Married—never married 159 .60 .50 1.32 .190 43 .48 .59 550
Married—divorced 150 .60 .64 .58 .560 .54 .62 93 .350

Note: PHQ-3 = three-item Patient Health Questionnaire; z = z score.

hypothesized predictions about the stress-reducing
benefits of marriage. The correlation between per-
ceived helplessness and depressive symptoms was
stronger for married twins compared to their never-
married co-twins and nearly equal in comparison
between married twins and their divorced co-twins.

Differences in the correlations between perceived
self-efficacy and depressive symptoms for twins dis-
cordant for marital status, however, more clearly sup-
port the second hypothesis. Differences in correlations
were small between married twins and their never-
married co-twins for both male and female twins
(Table 3). The correlation was reduced by more than
two thirds for married male twins compared to their
divorced male co-twins and slightly reduced for mar-
ried female twins compared to their divorced
co-twins.

Multivariate Analysis

Finally, multivariate twin analyses were first per-
formed to formally test our first hypothesis and esti-
mate the proportions of variation in depressive
symptoms attributed to genetic and environmental
factors underlying the perceived stress facets. They
were then used to formally test our second hypoth-
esis, that marriage reduces both the genetic and
environmental effects of perceived stress on depres-
sive symptoms, as well as our third hypothesis, that
men would benefit more from marriage than
women. The baseline bivariate Cholesky ACE
(“main effects”) models suggest that both genetic
and nonshared environmental factors significantly
accounted for the observed association between the
perceived stress facets and depressive symptoms.
All main effects models fit the data adequately, with
RMSEA estimates ranging from .045 to .056.

Table 4 presents the heritability and environ-
mental estimates of stress-induced depressive
symptoms. The estimates in Table 4 are adjusted for
the main effects of marital status on depressive
symptoms. Genetic factors common to both facets
significantly accounted for variation in depressive
symptoms (range: 15% to 26% of the total variance
in PHQ-3; see column labeled hz). In other words,
genetic factors generated, in part, the correlation
between perceived stress and depressive symptoms.
The ¢* estimates suggest that environmental effects
of underlying both perceived stress facets accounted
for significant proportions of variation in depres-
sive symptoms (range: 5% to 18% of the total vari-
ance in PHQ-3; see column labeled €?).

To sum, these results support our first hypothe-
sis that genetic and nonshared environmental fac-
tors partially account for the observed correlation
between perceived stress and depressive symptoms.
There was no evidence that shared environmental
effects mediated the correlations between the per-
ceived stress facets and depressive symptoms; these
effects were deleted from further analyses.

Next, we fit moderated bivariate Cholesky ACE
(“interaction effects”) models to the male and female
twin data sets and compared the fit of these models to
the main effects models (Table 5). In the male twins,
marital status was not observed to be a significant
moderator, although the interaction effects model was
nearly significant for perceived self-efficacy com-
pared to the main effects model (p < .06). In the
female twins, marital status significantly moderated
the genetic and environmental effects of both per-
ceived stress facets on depressive symptoms.

We computed heritability and environmental
estimates for both male and female twins based on
the parameter estimates obtained in Model 2 of each
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Table 4. Proportion of Total Variance in PHQ-3 Attributed to Common and Unique Genetic and

Environmental Effects across All Male Twins and All Female Twins, University of Washington Twin

Registry, 2012 (N = 1,612 pairs).

Variable W SE & SE W SE & SE & SE
dep dep dep

Perceived Helplessness

Male twins .26 06 1 .03 ] A7 .05 .15 .58 .04

Female twins .20 04 .18 .03 - - 11 .02 51 .03

Perceived Self-efficacy

Male twins .16 06 .05 .02 .06 22 .08 .20 .65 .05

Female twins .15 03 .10 .02 - - 15 .03 .59 .03

Note: n,,,,e = 541 pairs and ng,e = 1,071 pairs. PHQ=3 = three-item Patient Health Questionnaire; h* = heritability

of stress-induced depressive symptoms; SE = standard error; e? = environmental liability of stress-induced depressive
symptoms; hzdep = heritability unique to PHQ-3; czdep = variance accounted for by shared environmental effects unique to
PHQ-3; ezdep = variance accounted for by nonshared environmental effects unique to PHQ-3. hzdep not given due to negative

variance estimates.

Table 5. Model Fit Results for the Bivariate Cholesky ACE Models, University of Washington Twin

Registry, 2012 (N = 1,612 pairs).

Model Description -2LL df AS-By> Adf p RMSEA AIC BIC
Male Twins: Perceived Helplessness

| Main effects model —4466.29 73 — — — .045 9002.58 9152.85

2 Interaction effects model —4461.92 69 5.20 4 268 — 9001.85 9169.29
Male Twins: Perceived Self-efficacy

| Main effects model —4579.14 73 — — — .052 922828 9378.55

2 Interaction effects model ~ —4571.13 69 9.30 4 054 — 9220.26 9387.70
Female Twins: Perceived Helplessness

| Main effects model -9461.32 73 — — — .054 18992.64 19166.8I

2 Interaction effects model -9441.05 69 29.16 4 000 — 18960.10 19154.18
Female Twins: Perceived Self-efficacy

| Main effects model -9508.77 73 — — — .056 19087.54 19261.71

2 Interaction effects model ~ —9487.94 69 2787 4 000 — 19053.88 19247.95

Note:n =54l pairsandn_ = 1,071 pairs. =2LL = =2 log-likelihood; AS-By? = Satorra-Bentler likelihood

ratio difference for nested model comparison; RMSEA = root mean square error of approximation; AIC = Akaike

information criterion; BIC = Bayesian information criterion.

analysis. These estimates and their standard errors
are given in Table 6, with the significant effects
found in the female twins presented here. Genetic
factors underlying perceived helplessness and per-
ceived self-efficacy did not account for as much
variance in depressive symptoms in married women
compared to never-married and divorced women.
Thus, heritability of stress-induced depressive
symptoms was less among those with access to mar-
ital support. Consistent with predictions in our sec-
ond hypothesis, 4> was lowest in the married group
and greatest in the divorced group. Inconsistent with
our third hypothesis, however, marriage did not
appear to benefit men more than women.

Marriage did not attenuate the environmental
effects of either perceived facet on depressive
symptoms in women. In contrast to predictions
made in the second hypothesis, the environmental
effect of perceived helplessness on depressive
symptoms is .17 units lower (95% CI: [-.28, —.06])
in never-married female twins compared to married
female twins and .26 units lower (95% CI: [-.39,
—.13]) for the effect of perceived self-efficacy. The
environmental effects found here also mean that the
environmental estimates for stress-induced depres-
sive symptoms increased for married women (Table
6). No significant environmental effects were found
between married and divorced female twins.
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Table 6. Proportion of Total Variance in PHQ-3 Attributed to Common and Unique Genetic and
Environmental Effects in Married, Never-married, and Divorced Groups, University of Washington Twin

Registry, 2012 (N = 1,612 pairs).

h* SE e SE W SE & SE € SE
dep dep dep

Male Twins: Perceived Helplessness
Married 22 06 U3 04 — — 09 .14 56 NN
Never married 36 L1 .06 .03 — — .08 I3 .50 .10
Divorced S0 03 05 — — 06 .1l 40 .09
Female Twins: Perceived Helplessness
Married d4 03 23 04 — — 14 07 49 .04
Never married 3l .07 .09 .03 — — .14 06 47 .06
Divorced 52 07 09 04 — — 09 .05 31 .04
Male Twins: Perceived Self-efficacy
Married 08 05 07 04 — — 14 20 .71 A7
Never married 32 12 .02 I —  — .1l .6 .55 12
Divorced 45 15 03 05 — — .09 .3 43 .10
Female Twins: Perceived Self-efficacy
Married 08 03 6 03 — — 20 .08 57 .05
Never married 29 .06 .02 .0l — — .18 .07 51 .06
Divorced 42 08 05 04 — — 14 .06 39 .05

Note: n,. = 541 pairs and ny,. = 1,071 pairs. PHQ-3 = three-item Patient Health Questionnaire; W= heritability of
stress-induced depressive symptoms; SE = standard error; e* = environmental liability of stress-induced depressive
symptoms; hzdep = heritability unique to PHQ-3; czdep = variance accounted for by shared environmental effects unique
to PHQ-3; e2dep = variance accounted for by nonshared environmental effects unique to PHQ-3. h2dep not given due to

negative variance estimates.

Overall, while married male twins neither profited
nor lost in terms of fewer stress-induced depressive
symptoms, we observed costs of marriage for
female twins that never-married female twins did
not incur.

DISCUSSION

The purpose of this study was to use a genetically
informative design to evaluate the relation between
perceived stress and depressive symptoms and to
test whether marital status modified the association,
as recommended by Kessler (1997). We made three
hypotheses. First, both genetic and nonshared envi-
ronmental factors underlying perceived stress
would account for variation in depressive symp-
toms. Second, the genetic and environmental effects
underlying perceived stress would account for less
variance in depressive symptoms in married men
and women, compared to their unmarried counter-
parts. Third, marriage would be a stronger buffering
mechanism of the genetic and environmental effects
of perceived stress on depressive symptoms in men
than in women. We found support for our first
hypothesis and replicated prior twin sibling studies

on stress and depressive symptomatology in the
UWTR twin sample (Bogdan and Pizzagalli 2009;
Schnittker 2010). We found partial support for our
second and third hypotheses.

The main contribution of the present study is
that marriage significantly reduced the genetic
effects of both perceived stress facets on depressive
symptoms in female twins in support of our second
hypothesis. The findings suggest that the heritabil-
ity of stress-induced depressive symptoms was
lowest among married women and highest among
divorced women. Marriage, thus, may lower the
heritability of depressive symptoms related to per-
ceived stress. Divorced women, on the other hand,
may be at increased risk for depressive symptoms
that are attributable to genes shared between
depressive symptoms and perceived stress. The sig-
nificant difference between the married and
divorced may be associated with the social, health,
and financial upheaval woman may experience fol-
lowing marital dissolution (Emery 2011).

Contrary to our second hypothesis, marriage did
not reduce environmental effects of perceived stress
on depressive symptoms in female twins. Indeed,
the depressogenic effects of perceived stress were
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strongest for married women, consistent with
Bernard’s (1982) argument that marrying leads to
worse mental health outcomes for women than not
marrying at all. One possibility is that even if mar-
riage were to lower women’s natural, biologic vul-
nerabilities to stress perception, they must negotiate
stressful marital and family situations, which may,
in turn, raise depressive symptoms that never mar-
ried women do not have to negotiate.

At least for women, there may be a trade-off
between partner access and quality of partner support.
Simply having an intimate relationship (marital or
nonmarital) may lower heritability of stress-induced
depressive symptoms but may introduce daily stress-
ors in the form of partner expectations and familial
obligations. Lapses in good-quality partner support
may trigger increases in stress perception, which may
lead to upticks in depressive symptoms. Conversely,
never-married women may have higher genetic vul-
nerabilities for stress-induced depressive symptoms,
but available support from extended social networks
may be protective. Never-married women do not
have to cope with fluctuations in the quality of partner
support, which do predict mood symptoms (Bolger,
Zuckerman, and Kessler 2000). The descriptive
results presented in Table 1 support this interpreta-
tion, as married women reported having significantly
more children than never-married women, a life con-
dition that may engender increased daily stress. For
married women, consistent high-quality partner sup-
port (e.g., emotional sustenance, coping assistance,
and invisible support) may be critical for maintaining
good mental health.

Divorced women appeared to have the greatest
heritability estimates of stress-induced depressive
symptoms, up to 5.5 times that of married women.
This finding is consistent with previous longitudi-
nal findings that marital dissolution has greater
negative effects on psychological well-being than
never marrying (Hope, Rodgers, and Power 1999).
Divorced people’s increased genetic vulnerability
to stress-induced depressive symptoms also is con-
sistent with research demonstrating that divorce
often engenders stressful transitions around finan-
cial loss, changes in family structure and social net-
works, and practical problems around establishing
new living arrangements (Berman and Turk 1981).

Implications for Gender Differences in

Stress Protection

We also observed three notable gender differences in
the current study. First, marriage significantly lowered
genetic effects of perceived stress on depressive
symptoms in women but not men. Contrary to past

research (Waite and Gallagher 2000), these findings
suggest that marriage may benefit women more than
men. Whereas marriage may independently lower
mean depressive symptom scores for both men and
women (Aneshensel and Stone 1982; Thoits 1984),
only married women had significantly lower heritabil-
ity estimates of stress-induced depressive symptoms.
Weaker, but statistically null, effects were observed in
male twins. The significant difference between per-
ceived self-efficacy and depressive symptoms scores
between married and never-married male twins in the
descriptive results suggests that the multivariate anal-
yses were underpowered to reject the null hypothesis.

The significant moderating role of marriage
observed in the female twins could mean that the ben-
efits married women receive in terms of decreased
heritability of stress-induced depressive symptoms
may be offset by increased environmental effects of
perceived stress on mean depressive symptom scores.
Quality of extended social networks may be one rea-
son for the trade-off. Women, in contrast to men, have
been found to surrender extended social networks as
the demands of married and family life unfold over
time (Antonucci and Akiyama 1987). Married
women have smaller social networks outside of the
family because of marital- and family-related obliga-
tions, which may mean they have fewer social outlets
to process stressful life experiences. These stressful
life experiences, in turn, may cause increases in their
stress perception of daily situations that subsequently
cause increases in their depressive symptomatology.
Thus, diminished access to social networks beyond
marriage and family that previously were venues for
processing daily stress may actually cause increases
in depressive symptoms.

Finally, gender differences were also observed
with respect to both facets of perceived stress. The
division of the PSS into two distinct facets is useful
for clarifying the ways in which people might
appraise life as stressful (Cohen and Williamson
1988). Consistent with prior research on the psy-
chometric properties of the PSS, the correlations
between depressive symptomatology and the facets
of perceived helplessness (an index of lack of con-
trol) and perceived self-efficacy (an index of feel-
ing overloaded by stress) were moderate across
both the male and female twin samples. The results
clearly indicate significantly lower heritability esti-
mates of depressive symptoms related to both per-
ceived helplessness and perceived self-efficacy for
women but not men. Unlike the men in the HWB,
women with high genetic propensities for experi-
encing depressive symptom spillover from both
forms of perceived stress may benefit the most
from marital support.
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Limitations

While the main strength of the current twin study is
a more nuanced representation of the genetic and
environmental pathways through which marital—
and more generally, relationship—support might
protect against stress-induced depressive symptom-
atology, one limitation of the current study is that
the HWB twin data are cross-sectional. While we
tested whether perceived stress influences depres-
sive symptoms, the reverse may also be true (e.g.,
see Hammen’s [1991] stress generation model of
depression). More endogenous forms of depression,
like dysthymia, may influence stress perception.
Similarly, depressive people may have lower thresh-
olds for stress reactivity, which implies that
increases in depressive symptoms ought to predict
increases in stress perception, particularly around
daily life hassles (Harkness 2008).

In addition to the reasons provided in the intro-
duction, we did not conduct tests of reverse causality
for three reasons. First, prior research typically has
focused on the effects of stress factors on depression
to understand stress reactivity (Aneshensel and Stone
1982; Hammen 2005), which was also the aim in this
report. Second, perceived stress measures are good
predictors of affective and clinical outcomes (Hewitt,
Flett, and Mosher 1992; Pbert, Doerfler, and
DeCosimo 1992). In keeping with past research, the
current findings make a stronger contribution to the
existing literature by elucidating the genetic and envi-
ronmental pathways through which perceived stress
influences depressive symptoms. Third, the buffering
role of marriage fits within the social support theory
framework (Lakey and Cronin 2008), which posits
that people’s depressive reactions to stress depend on
people’s support resources.

Several other limitations in the current study are
worthy of note and should be kept in mind when
interpreting these findings. First, we considered
only two unmarried groups—the never married and
the divorced—whereas other groups, like the mari-
tal separated and the widowed, also might be
expected to differ from married populations. We
possessed too few twins in these other unmarried
groups to include them as separate groups in the
current study. When separated and widowed twins
were combined with divorced twins in post hoc
analyses, the results were unchanged. Any advan-
tages of marriage, thus, are limited to the compari-
son with divorced and never-married people.

Second, the self-report nature of the perceived
stress and depressive symptom items may have
introduced interpretation bias into the variables, as
the meaning of the items may have differed across

marital groups (Hammen 2005; Kessler 1997).
Married people, for example, may have a different
threshold for appraising stress and depressive
symptoms than unmarried people.

Third, although the generalizability of twin pop-
ulations to nontwin populations always remains a
concern, as twin samples increase in size, they tend
to be more generalizable to the general population
(Robinson et al. 1992). The generalizability of the
HWB sample is also bolstered by the similarity of
the correlations among the perceived facets and
depressive symptoms measure to other nontwin
samples (Bogdan and Pizzagalli 2009; Hewitt et al.
1992; Pbert et al. 1992).

Finally, educational status was not included in
our multivariate analyses and may be confounded
with the effects of marital status, as many never-
married people may be too young to have finished
their formal education. Post hoc analyses suggest
that inclusion of the main effects of educational sta-
tus on perceived stress and depressive symptoms
does not alter the results.

Future Research

The current study raises an important issue for further
research on how social relationships should be opera-
tionalized to better understand how social support
reduces negative consequences of perceived stress.
There is increasing evidence that simply having sup-
port does not reliably reduce effects of stress on
depressive symptomatology (Thoits 2011). Social
relationships, however, matter for protecting against
mental health threats of acute and chronic stress.
Measures of the quality of support transactions ought
to be integrated into future twin studies on social sup-
port, as differences in the quality of transactions—like
emotional, practical, and invisible support—contrib-
ute to people’s stress reactions.
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