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Abstract

This study examined the extent to which rumination and depression share genetic and
environmental influences in a community sample of adult twins (N = 663). Twins completed
multiple rumination questionnaires, a depressive symptoms questionnaire, and a diagnostic
interview. Rumination was moderately heritable (h?=.37-.41 for the latent variable) and
substantially influenced by nonshared environmental factors, and these results were consistent
across different measures. Nonshared environmental influences on rumination were larger for
women than men. Depressive symptoms and diagnosis were influenced by genetic and nonshared
environmental factors (h?=.30-.45). The genetic correlations between rumination and depression
were moderate to large (rA=.40-.82), suggesting that a substantial proportion of the genetic
influences on rumination overlap with those on depression. Results were similar when examining
self-reported depressive symptoms and interview-based diagnosis of major depressive disorder.
These results highlight the importance of rumination in the integration of cognitive and genetic
models of depression risk.
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Rumination is a pattern of repetitive, self-directed thought, focused on symptoms of distress
and potential causes and implications of those symptoms. Existing research suggests that
rumination increases distress, perpetuates symptoms, intensifies functional impairment, and
increases risk for depression relapse; it also increases risk for multiple forms of
psychopathology, interacts with other vulnerability factors in predicting depression, and is a
primary treatment target in psychotherapy for depression (for a review, see Nolen-
Hoeksema, Wisco, & Lyubomirsky, 2008). Much less is known, however, about the
heritability of rumination, and the extent to which its genetic and environmental influences
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overlap with those for depression. Using multivariate twin modeling, we examined these
issues in adults in an effort to integrate genetic and cognitive theories of depression
vulnerability. Specifically, we addressed three novel empirical questions: Is rumination
heritable in adults? If so, to what extent is heritability measure-dependent? And how much
do the genetic and environmental influences on rumination overlap with those for depression
in adults?

Research on the etiology (defined here as the extent to which genetic and environmental
influences contribute to individual differences) of rumination is limited. Existing research
has largely focused on environmental risk factors for rumination, and suggests that
perception of adverse experiences in childhood, including emotional maltreatment
(Spasojevi¢ & Alloy, 2002) and overcontrolling parenting (Hilt, Armstrong, & Essex, 2012;
Spasojevi¢ & Alloy, 2002), increase risk for rumination later in life. These results suggest
that stressful environmental contexts in childhood may serve as distal risk factors for
depression that “set the stage” for the development of a ruminative coping style (a proximal
risk factor), and subsequently increase risk for depression (Nolen-Hoeksema & Watkins,
2011).

Very few studies have examined genetic influences on rumination, though there is
considerable interest in this topic. Recent theoretical models have emphasized the interplay
of genetic influences, cognitive vulnerabilities (e.g., rumination), and environmental
contexts in risk for psychopathology (Gibb, Beevers, & McGeary, 2013). The twin design
provides a robust framework to examine of the etiology of rumination and its relation to
depression. Using data from monozygotic (MZ: identical) and dizygotic (DZ: fraternal)
twins, twin modeling can estimate the magnitude of genetic and environmental contributions
to individual differences in rumination and the extent to which they overlap with influences
on depression.

The twin design is based on the fact that MZ twins share 100% of their genes whereas DZ
twins share 50% of their genes on average, and both types of twins are reared together (i.e.,
have shared environmental influences). Larger correlations within MZ twin pairs versus DZ
pairs (rMZ>rDZ) suggest genetic influences. An rMZ approximately twice the rDZ suggests
additive genetic effects (A) whereas an rMZ greater than twice the rDZ indicates dominant
genetic effects (D, which can also include other non-additive effects such as gene-gene
interaction). Shared or common environmental influences (C) contribute to the similarity of
twins (e.g., family socioeconomic status); they are indicated when rMZ is less than twice
rDZ (DZ twins are more similar than genes can explain alone). In contrast, nonshared
environmental influences (E; those that contribute to twins’ behavior being uncorrelated
such as individual-specific life events) are indicated when rMZ<1.0 (differences between
MZ twins must be due to the environment). The E estimate also includes measurement error,
because it contributes to twins’ behavior being uncorrelated.

A limitation of the traditional twin design is that D and C cannot be estimated in the same
model. Therefore, the pattern of twin correlations described above can be used to decide
whether an ADE or ACE model (Neale & Cardon, 1992) is most appropriate. This general
model can be extended to include two or more variables; here we use a Cholesky
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decomposition that partitions the covariance matrix into ACE (or ADE) components shared
by rumination and depression and those unique to depression. This decomposition allows for
the calculation of genetic and environmental correlations between phenotypes (i.e., the
extent to which the phenotypes share genetic and environmental influences).

Only two twin studies, both focusing on adolescents, have examined rumination and
depression. Moore et al. (2013) examined 12-14-year-old twins and found that rumination
and depressive symptoms were both heritable (h?=.17 and .54, respectively), and that their
association was largely genetic (genetic correlation[rA]=.83). These findings were supported
by a study of Chinese twins ages 11-17 (Chen & Li, 2013), which found a low heritability
for rumination (h?=.24) and substantial genetic overlap between rumination and depressive
symptoms (rA=.99).

These studies provide preliminary evidence of etiological overlap between rumination and
depression, but are limited in several ways. First, they only examined depressive symptoms,
which may not generalize to clinical depression. Research has shown that individuals who
have experienced a major depressive episode ruminate more than individuals who have
never been depressed, even after remission (e.g., Moulds et al., 2008). Additionally, a meta-
analysis of emotion regulation strategies found a stronger association between rumination
and depression in individuals diagnosed with major depressive disorder (Aldao & Nolen-
Hoeksema, 2011). Thus, examining etiological overlap between rumination and clinical
depression is an important next step in this line of research.

Second, these two previous studies used single measures of rumination, which were unlikely
to have fully captured the construct of rumination (Moore et al., 2013; p. 5). Researchers
have suggested using multiple measures of rumination to overcome the methodological
limitations that affect individual measures (Siegle, Moore, & Thase, 2004).

Third, although there are well established gender differences in rumination (Johnson &
Whisman, 2013) and depression (Kessler, 2006) in adults, Moore et al. (2013) did not
examine gender differences, and Chen and Li (2013) found no evidence of gender
differences. This null finding is not surprising given that gender differences in depression
and rumination are thought to emerge in late adolescence (Hankin & Abramson, 2001) and
thus, may not have been present in their sample. However, examining gender differences is
of primary importance in understanding the differential etiological pathways to depression in
women and men.

Fourth, studies have shown that the heritability of vulnerabilities for depression can change
over developmental periods, often with increased genetic influences in late adolescence
(e.g., Johnson, Rhee, Whisman, Corley, & Hewitt, 2013). Thus, it cannot be assumed that
results found with adolescent samples will generalize to adults.

The current study addresses these limitations by examining the heritability of rumination in
adulthood, whether the heritability is measure and/or gender dependent, and the extent to
which rumination and depression (measured with both a symptom questionnaire and a
diagnostic interview) share etiological influences. Consistent with research on adolescents,
we hypothesized that rumination would be significantly influenced by genetic and nonshared
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environmental factors, (although heritability may be higher in adults). Based on prior
research, we hypothesized there would be substantial overlap in the genetic and
environmental influences for rumination and depression. Finally, we examined gender
differences in the magnitude of the genetic or environmental influences on rumination in this
adult sample, as gender differences in rumination emerge in late adolescence.

Participants were 663 twins from 347 families in the Colorado Longitudinal Twin Study
(LTS). The LTS is an ongoing study of same-sex twins born between 1986 and 1990,
recruited through the Colorado Department of Health. Of the parents initially contacted,
more than 50% of the families who lived within a 3-hour drive of Boulder, Colorado
enrolled in the study. The sample was 86.6% Caucasian, 8.5% Hispanic, 0.7% African-
American, 1.2% Asian, and 2.9% other, which corresponds well to the ethnic and racial
composition of Boulder County, Colorado in the 1990 United States Census (Rhea, Gross,
Haberstick, & Corley, 2013).

These twins also participated in a multi-wave study conducted by the Center for Antisocial
Drug Dependence (CADD) at the University of Colorado (CU). The CADD sample includes
all LTS twins as well as twins and family members from other CU registries.
Contemporaneously, participants completed measures of rumination for the LTS study, and
diagnostic interviews and a measure of depressive symptoms for the CADD study. This
analysis includes data collected during the third wave of the CADD study, when twins were
21-26 years old (mean=22.7; SD=1.12). There were 71 MZ and 68 DZ male pairs; 95 MZ
and 82 DZ female pairs; and 31 singletons.

Zygosity was determined using ratings based on the similarity of 10 physical characteristics
at several ages. These ratings were later confirmed using 11 polymorphic microsatellite
markers. All research protocols were reviewed and approved by CU’s Institutional Review
Board.

Rumination—Two measures of rumination were collected. The 10-item version of the 22-
item Ruminative Response Scale (RRS; Nolen-Hoeksema & Morrow, 1991) was developed
by Treynor, Gonzalez, and Nolen-Hoeksema (2003). Treynor et al. (2003) eliminated RRS
items overlapping substantially with items on depression inventories and factor analyzed the
remaining 10 items to obtain two factors: brooding (RRS-B) and reflection (RRS-R).
Brooding represents passive, perseverative, maladaptive self-focused thought, whereas
reflection represents less maladaptive self-reflective strategies. Both factors are associated
positively with each other and with concurrent depression; however, brooding is a stronger
predictor of depression and other negative psychosocial outcomes (Nolen-Hoeksema et al.,
2008; Treynor et al., 2003). Thus, these two subscales represent variations of the same
construct, rather than orthogonal forms of self-focused thought (e.g., Siegle et al., 2004).
Scores for RRS-B and RRS-R reflect the average of the five items for each subscale. Both
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scales have been shown to have adequate psychometric properties (RRS-B, a=.74-.77;
RRS-R, a=.66-.72; Siegle et al., 2004; Treynor et al., 2003).

The 24-item Rumination-Reflection Questionnaire (RRQ; Trapnell & Campbell, 1999)
measures two types of self-focused thought: rumination (RRQ-Ru) and reflection (RRQ-Re).
The RRQ-Ru measures “self-attentiveness motivated by perceived threat, losses or injustices
to the self” (Trapnell & Campbell, 1999; p. 297) in a reliable fashion («>.90) and is strongly
associated with neuroticism (Trapnell & Campbell, 1999), and with depressive symptoms
and the RRS subscales (Siegle et al., 2004). The RRQ-Re measures a construct distinct from
rumination (e.g., Siegle et al., 2004), so it was not included in this analysis. Scores for the
RRQ-Ru reflect the average of the 12 items in the subscale.

Depressive Symptoms—The Center for Epidemiologic Studies Depression Scale (CES-
D; Radloff, 1977) is a widely used 20-item scale for measuring depressive symptoms, with
strong psychometric properties (a=.85-.90; Radloff, 1977). Scores reflect the sum of the
items.

MDD—The Diagnostic Interview Schedule — 1V (DIS-1V; Robins et al., 2000) is a fully
structured interview designed to diagnose in a reliable and valid fashion the major
psychiatric disorders according to the fourth edition of the Diagnostic and Statistical Manual
of Mental Disorders (American Psychiatric Association, 2000). The psychometric properties
of the DIS have been studied extensively and diagnosis of MDD using the DIS has yielded
good inter-rater reliability ratings in other samples (K=.67; for a review, see Compton &
Cottler, 2004). Assessment of MDD was based on criteria endorsement in the past year and
lifetime.

Statistical Analyses

Results

Model Estimation—Mplus 6.1 (Muthén & Muthén, 1998-2010) was used to estimate
phenotypic correlations, twin correlations, and twin models using maximum likelihood
estimation. In phenotypic analyses, we corrected for the non-independence of the twin pairs
using Mplus’ TYPE = COMPLEX option to obtain a scaled x2 and standard errors robust to
non-independence. The statistical significance of the parameters was determined by
y2difference tests (scaled for non-independence when appropriate; Satorra & Bentler, 2001).
Given that the %2 is sensitive to sample size, additional fit indices, including the Tucker-
Lewis index (TLI; Bentler, 1990), and the root mean square error of approximation
(RMSEA,; Browne & Cudeck, 1989), were evaluated. A TLI>.95 and RMSEA<.06 indicate
good model fit (Hu & Bentler, 1999).

Descriptive Statistics

Means, standard deviations, and reliability coefficients for continuous measures are
presented in Table 1. Rumination measures were normally distributed, with acceptable
skewness and kurtosis values (between 1.00 and —1.00). The CES-D showed a skewed
distribution, so scores were log transformed to achieve a normal distribution for subsequent

Cogn Emot. Author manuscript; available in PMC 2015 November 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Johnson et al.

Page 6

analyses (transformed skewness=0.67, kurtosis=—0.05). As the LTS is a community sample,
rates of past year MDD were low (6.6%), and only lifetime MDD (13%; n=77) was
analyzed. The rate of lifetime MDD in our sample is consistent with the rates reported in
large, population-based young adult samples (e.g., 15.4% by Kessler et al., 2005; 14.1% by
Reichborn-Kjennerud et al., 2010).

Men scored lower in rumination (see Table 1) and had lower rates of MDD (odds ratio=0.55,
95% CI1=0.33-0.91, p=.02). Regression analyses indicated no significant interactions
between gender and rumination in predicting depressive symptoms or MDD. None of the
measures correlated significantly with age (r=.00-.06).

Phenotypic Associations between Rumination and Depression

Phenotypic correlations are presented separately by gender in Table 1, although gender
differences in these correlations were not significant. Four items on the CES-D that measure
cognitive symptoms (e.g., “I had trouble keeping my mind on what | was doing™) may tap
rumination and could inflate the correlations, so we examined whether removing these four
items affected the correlations. Because the correlations hardly changed (Ar=.007-.011), we
use the full scale in all analyses. The three rumination measures were moderately to highly
correlated, consistent with the literature suggesting they measure a common construct.

Given the considerable overlap between the three measures of rumination, we used these
measures as indicators of a rumination latent variable (RLV). This model was just identified
(zero degrees of freedom), so there was no test of overall model fit. Each indicator loaded
significantly on the latent factor and a %2 difference test indicated significant gender
differences (x%4if(3)=9.61, p=.02) between the factor loadings for men and women.
However, these gender differences (shown later for the genetic analyses) were small and the
pattern of factor loadings was similar across genders, suggesting that, phenotypically, the
RLV was qualitatively similar for men and women. Subsequent analyses include models
using this RLV as well as models using the individual measures.

Genetic and Environmental Influences on Rumination and Depression

To evaluate our hypothesis that rumination is heritable in adulthood, we examined twin
correlations and fit univariate twin models. MZ and DZ twin correlations are presented
separately by gender in Table 2 (full twin correlation matrix in Appendix Al). Results
suggested genetic influences on all constructs, with MZ correlations greater than DZ
correlations. Moreover, the pattern of twin correlations suggested that ADE models would
be more appropriate than ACE models.

We allowed unstandardized parameter estimates to differ for men and women given
theoretical interest in gender differences in rumination and depression, mean gender
differences (Table 1), and gender differences in the RLV factor loadings. In models
including MDD, the number of depressed individuals in each group was too small (e.g., n=3
for DZ men) to allow for grouping by gender, so gender was entered as a covariate.

Univariate ADE models were compared to more parsimonious univariate AE models that
constrained D to zero. The AE model did not fit significantly worse than the ADE model for
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any variable, all y24it(2)<1.99, p>.36. Therefore, we focus on the AE models (univariate
ADE results in Appendix A2).1 Most of the AE models fit the data well, and the model for
MDD provided an acceptable fit to the data (see Table 2).

Rumination was moderately heritable in men (RLV h?=.41) and women (RLV h?=.37).
Estimates of nonshared environmental influences on rumination were substantial and
consistent across measures (e2=.50—.79). Univariate results for depressive symptoms and
MDD were consistent with the literature on these constructs, indicating significant additive
genetic and nonshared environmental effects (for a review and meta-analysis, see Sullivan,
Neale, & Kendler, 2000).

Significant gender differences were found for RRS-B, x%itf(2)=7.35, p=.03; RRS-R,
Y24iff(2)=6.54, p=.04; and RLV, y2itf(8)=24.54, p<.01. For RRS-B and RRS-R, nonshared
environmental influences were significantly greater in women than in men. For the RLV
model (Figure 1), gender differences manifested in the measure-specific genetic and
environmental effects for the RRS-R scale; there were no gender differences for the AE
influences on the latent variable itself. The magnitude of genetic and environmental
influences were nearly identical in a model where the RLV factor loadings were constrained
to be equal across gender, suggesting that results were not affected by gender-specific factor
loadings. These results suggest that, in addition to mean differences (i.e., women ruminate
more), nonshared environmental influences on rumination may be larger for women than for
men. Because reliability of the measures was not higher in men than in women, it is unlikely
that these additional nonshared environmental influences in women reflect differences in
measurement error.

Genetic and Environmental Influences on the Association Between Rumination and
Depression

The univariate analyses establish that both rumination and depression have significant
genetic and nonshared environmental influences, and the phenotypic correlations reported in
Table 1 suggest that rumination and depression are moderately associated. To what extent is
the phenotypic overlap between rumination and depression due to genetic and environmental
influences? We estimated a bivariate AE Cholesky decomposition model to test our
hypothesis that there would be substantial genetic and environmental overlap between
rumination and depression.

Figure 2 presents bivariate AE Cholesky models of RLV and depression measures and Table
3 presents additional bivariate results for each rumination measure separately. Models
showed good fit (all TLI>.95, RMSEA<.07, ¥2(142)<179.33, p>.02). There was significant
overlap in the genetic influences for rumination and depression, and this pattern of results
did not depend on the measurement used or gender. There were also unique genetic
influences on depressive symptoms and MDD above those shared with rumination,
suggesting distinct etiologies for these constructs. However, this parameter did not reach

1The lack of significant dominant (D) genetic influences does not necessarily mean that there are no non-additive genetic influences
on these constructs, but rather, may reflect the low power of the twin design to distinguish them from additive (A) genetic influences
(Martin, Eaves, Kearsey, & Davies, 1978). Thus, we consider A to reflect broad-sense heritability.
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statistical significance in all models, possibly due to low power. Nonshared environmental
influences on rumination also significantly influenced depression, and those unique to
depression were substantial in magnitude and significant in all models. The genetic and
environmental influences unique to depression indicate separability of the rumination and
depression constructs. Furthermore, approximately 25% of the genetic variance in
depression was unshared with rumination, so measurement error (captured in E) cannot
account for their separability.

Another way to represent these results is through genetic (rA) and environmental (rE)
correlations, which can be derived from the Cholesky model. Figure 3 presents results for
RLV and depression measures, and additional results for the individual measures are
presented in Appendix A3: rA ranged from .40-.82, and rE ranged from .22-.49. Genetic
and environmental correlations can be used to compute the phenotypic correlations predicted
by the model, and to calculate the percentages of those phenotypic correlations that are due
to overlapping genetic and environmental influences. Results of these calculations
(Appendix A3) suggest that genetic and nonshared environmental influences account for
approximately equal proportions (~50%) of the phenotypic correlation between rumination
and depression.

Discussion

We examined genetic and environmental influences on rumination, depression, and their
association in a community sample of adult twins. Three novel findings have important
implications for our understanding of the etiology of rumination. First, we found that
rumination is moderately heritable, with the remaining variance due to nonshared
environmental influences. Furthermore, results were similar across multiple rumination
measures, suggesting that the genetic structure of rumination is not measure-dependent.
Second, nonshared environmental influences on rumination (as measured by the RRS) were
significantly larger for women. Third, there was a large overlap in the genetic influences on
rumination and depression, suggesting a shared genetic etiology. Importantly, this finding
was consistent across gender and across measures of depressive symptoms and diagnosis of
MDD, suggesting this etiological overlap is not dependent on a continuous or categorical
definition of depression.

Etiology of Rumination

Our results that rumination is moderately heritable in adulthood extend those from prior
research (Chen & Li, 2013; Moore et al., 2013) in two ways. First, we examined multiple
measures of rumination, including a latent variable, so we are confident that our results
extend beyond a specific measure of rumination. Second, results suggest that the heritability
of rumination may be higher in adulthood than early adolescence. Our heritability estimate
for the RLV in men (h2=.41) was outside the confidence intervals reported for the two prior
studies of rumination (h?=.21%, C1=.07-34 for Moore et al., and h?=.24, CI=.07-39 for
Chen & Li). Our RLV estimate for women (h?=.37) was also outside the CI obtained by
Moore et al., but was in the upper range of Chen and Li’s CI. This finding was evident only
for measures of rumination, and was not found when examining measures of reflection
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strategies (our RLV h? estimates were within the CI obtained by Moore et al. for the RRS-R:
h2=.37, Cl=.24-.49).

Our finding that rumination is heritable suggests it may be worthwhile to search for genes
that contribute to variance in rumination. However, based on evidence from many large
genome wide association studies of psychiatric disorders and phenotypes (for a review, see
Sullivan, Daly, & O’Donovan, 2012), we should expect there to be many genetic variants,
each with a very small effect on individual differences in rumination, rather than variants
with large effects.

The remaining variability in rumination appears to be due to nonshared environmental
influences. These results are consistent with prior research that has found that rumination is
associated with retrospective reports of perceptions of adverse experiences in childhood,
including emotional maltreatment (Spasojevi¢ & Alloy, 2002) and overcontrolling parenting
(Hilt et al., 2012; Spasojevi¢ & Alloy, 2002), the effects of which likely vary between twins.
The finding that variation in rumination was substantially due to nonshared environmental
influences supports continued investigation into these and other experiences that may
contribute to the development of rumination.

Etiology of the Association Between Rumination and Depression

Measures of depressive symptoms and MDD diagnosis were moderately heritable and
influenced by nonshared environmental factors, consistent with existing literature (Sullivan
et al., 2000). Our findings suggesting a common genetic etiology between rumination and
depression (rA=.68-.77 for RLV) are consistent with results from two studies of adolescent
twins that indicated substantial genetic overlap between rumination and depressive
symptoms (Chen & Li, 2013; Moore et al., 2013). Importantly, our study builds on prior
research to suggest that this etiological overlap is consistent across multiple measures of
rumination and extends to adults with MDD. In particular, we found similar levels of
etiological overlap with a dimensional versus a categorical (diagnostic) measure of
depression, suggesting that the nature of this overlap is not dependent on a specific
conceptualization of depression.

Although some genetic overlap between related constructs is to be expected (Plomin &
Kovacs, 2005), the large genetic correlations between rumination and depression in our
sample (rA up to .82) suggest that rumination may serve as a cognitive mediator between
genetic risk for depression and the onset and course of depression. This interpretation is
consistent with recent theoretical models of risk for psychopathology, in which individuals’
genetic predispositions for depression interact with cognitive risk factors (e.g. rumination)
and environmental exposure to trigger the onset of depression (Gibb et al., 2013; Nolen-
Hoeksema & Watkins, 2011). Our results support these models, suggesting that certain
individuals are genetically predisposed to depression and also at risk for rumination, thus
further increasing their risk for depression.

There are plausible mechanisms linking genetic predispositions to the development of
rumination and depression. First, high stress reactivity (e.g., hypothalamic-pituitary-adrenal
axis dysfunction) has been linked to depression and low resilience to stress in adults, and
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depressive behaviors in mice and rats (for a review, see Southwick, Vythilingam, &
Charney, 2005). Individuals with a genetic propensity for high stress reactivity who are
exposed to adverse events may be more likely to engage in rumination in an attempt cope
with this intense reactivity, increasing their risk for depression (Disner, Beevers, Haigh, &
Beck, 2011). Second, deficits in executive function (EF) may also increase risk for
rumination and depression. Highly heritable (Friedman et al., 2008) EF deficits have been
linked to rumination, in that ruminators have more difficulty disengaging from stimuli that is
no longer relevant or rewarding (for a review, see Whitmer & Gotlib, 2013). Deficits in EF
have also been linked to depression (Snyder, 2013), and recent theoretical models (Whitmer
& Gotlib, 2013) provide a strong framework to examine EF deficits in the context of shared
etiology between rumination and depression. These genetic mechanisms represent some of
the exciting areas for future research efforts.

In comparison to genetic effects, environmental influences seem to be more construct-
specific, as indicated by smaller environmental correlations between depression and
rumination (rE=.22-.49). This result is consistent with findings from prior twin studies
(Chen & Li, 2013; Moore et al., 2013) and with several studies suggesting some overlap in
the environmental risk factors for cognitive vulnerabilities and depression, but also
independent effects of the environment on these constructs (for a review, see Alloy,
Abramson, Smith, Gibb, & Neeren, 2006). Additionally, the inclusion of measurement error
in the estimate of nonshared environmental influences may deflate environmental
correlations. It should be noted that genes and the environment can exert their influences on
behavior in both an interdependent (e.g. gene-environment interaction, epigenetics; Kofink
Boks, Timmers & Kas, 2013) and independent fashion. Our results should be considered in
light of the dynamic nature of these influences.

Gender Differences

Limitations

Finally, we found evidence for gender differences in the environmental influences on
rumination, namely that nonshared environmental influences were greater in magnitude for
women than for men for the two RRS measures.2 Because gender differences have not been
found in previous studies of rumination in adolescents (e.g., Chen & Li, 2013) these results
are particularly noteworthy. Gender differences in environmental influences are also
important in light of the fact that the response styles theory was developed, in part, to
account for gender differences in depression (Nolen-Hoeksema et al., 2008). Insofar as
many stressful events linked to rumination are more commonly encountered by women (e.g.,
Harkness et al., 2010), gender differences in exposure or reaction to environmental
adversities could contribute to gender differences in nonshared environmental influences on
rumination.

The results of our study should be considered with some limitations in mind. First, our
sample was relatively small for twin analyses and replication in a larger sample would be

2There was a significant gender difference in the magnitude of measure-specific genetic influences on the RRS-R in the RLV model
and a marginal gender difference in genetic influences in the RRS-R univariate model. This gender difference may be unique to the
construct of reflection, as it was not detected in the other measures of rumination (RRS-B, RRQ-Ru, RLV).
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useful in terms of generalizability. Although we did find significant gender differences in
mean levels and the magnitude of nonshared environmental influences on rumination, our
sample size may also have led to relatively low power for examination of gender differences
(particularly with respect to MDD). Thus, further examination of gender differences is an
important priority for future research.

Second, though our results were largely consistent across two measures of depression, the
majority of our community sample was not clinically depressed at the time of assessment,
reflecting the low base rates of current MDD in young adults (e.g., Kessler et al., 2005). The
relatively small number of MDD cases may have limited our statistical power to detect
significant, independent genetic influences on MDD in some bivariate models. Thus, the
finding that MDD (but not CES-D) did not have significant genetic influences over and
above those shared with rumination should be interpreted with caution.

Third, data were cross-sectional, so we cannot make inferences about the temporal
association between rumination and depression in our sample. Additionally, our finding that
the heritability of rumination may be larger in adulthood should be replicated in a
longitudinal design. Rather than comparing estimates across studies, a longitudinal design
would allow for consistency in study design, the sample, the measures of rumination, and
the examination of gender differences, variation in which could affect heritability estimates.

Finally, although the twin design provides a powerful method to assess the etiology of
depression and rumination, there are limitations to this method (for a review, see Tenesa &
Haley, 2013). The twin design relies on several assumptions, which, if not met, may lead to
biased heritability estimates. The most serious of these is the equal environments
assumption, which states that the environments of MZ twins are no more similar than those
of DZ twins. However, studies of this assumption have generally found little evidence for its
violation influencing twin similarities (e.g., Kendler, Kessler, Neale, Heath, & Eaves, 1993).
Moreover, our results are largely consistent with prior studies examining MDD (for a meta-
analysis, see Sullivan et al., 2000). There is also speculation that the unique prenatal (and
possibly postnatal) environments experienced by twins limit the generalizability of results to
the general population of nontwins. However, studies examining twins and their nontwin
relatives have shown only very small differences on psychiatric measures (e.g., Kendler,
Martin, Heath, & Eaves, 1995), suggesting the current results will likely generalize to the
general population.

We found that rumination is heritable in adulthood and that the genetic influences on
rumination largely overlap with those on depression. These results support continued
investigation into both the genetic and environmental influences on the development of
rumination and suggest that a comprehensive understanding of the etiology of rumination
and its association with depression will need to take into account both types of influences.
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Figure 1.
AE model for the rumination latent variable (RLV) with standardized parameter estimates

(standard errors in parentheses). Parameters for women in italics. RRS-B=Ruminative
Responses Scale-Brooding; RRS-R=Ruminative Responses Scale-Reflection; RRQ-
Ru=Rumination-Reflection Questionnaire-Rumination; A=genetic influences; E=nonshared
environmental influences. * p<.05. @Statistically significant gender difference (p<.05) in the
unstandardized parameter estimates.
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Figure 2.
Standardized estimates for the AE Cholesky model of RLV and CESD (A) and MDD (B)

(standard errors in parentheses). Parameters for women in italics. For simplicity, the
indicators for the RLV are not shown. RLV=Rumination Latent Variable; CES-D=Center
for Epidemiological Studies-Depression; MDD=Major Depressive Disorder diagnosis
(lifetime); Agrum=additive genetic influences predicting rumination and depression;
Acesp/mpp=additive genetic influences unique to depression; Egym=nonshared
environmental predicting rumination and depression; Ecgsp/mpp=nonshared environmental
influences unique to depression. *p<.05. 8Statistically significant gender difference (p<.05)
in the unstandardized parameter estimates; for the RLV, gender differences were found only
in the measure specific loadings. PGender included as a covariate. Using the WLSMV
estimator, Mplus does not provide standard errors when a covariate is included.
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Figure 3.
AE correlational model for RLV and CESD (A) and MDD (B) (standard errors in

parentheses). Parameters for women in italics. For simplicity, the indicators for the RLV are
not shown. RLVV=Rumination Latent Variable; CESD=Center for Epidemiological Studies-
Depression; MDD=Major Depressive Disorder diagnosis (lifetime). *p<.05. 2Gender
included as a covariate. Using the WLSMYV estimator, Mplus does not provide standard
errors when a covariate is included.
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Table A3

Genetic/ Environmental Correlations and Proportion of Phenotypic Correlation Due to Genetic and
Environmental Influences (Men/Women)

GJ/E Correlation % of Phenotypic Correlation
Measures rA re rA re
RRS-B & CES-D@  64(.15)"/.80(.15)"  .37(.09)"/.41(.08)" 53%/42" 47% /58"
RRS-R & CES-D?®  .50(.14)"/.29(.24)  .30(.10)*/.32(.08)" 56% /24 447 76"
RRQ-RU&CES-D  5g(15)"/.82(.13)" .44(.09)/.34(.08)" 44 54 56" /46"
RLV & CES-D®  .71(.13)"/.77(.12)"  .48(.09)"/.49(.08)" 50*/45" 50% /55"
RRS-B & MDDP 62" 22 64" 36
RRS-R & MDDP 40" 44" 38" 62"
RRQ-Ru & MDDP 76" 29" 64" 36"
RLV & MDDP 68" 43" 59" 41"
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Note. Standard errors in parentheses. RRS-B=Ruminative Responses Scale-Brooding; RRS-R=Ruminative Responses Scale-Reflection; RRQ-

Ru=Rumination-Reflection Questionnaire-Rumination; RLV=Rumination Latent Variable; CES-D=Center for Epidemiological Studies-
Depression; MDD=Major Depressive Disorder diagnosis (lifetime); rA=genetic correlation; rE=nonshared environmental correlation.

*
p<.05.

aStr;\'(istically significant gender difference in original model (p<.05).

b . . . . . .
Analyses include gender as a covariate. When using the WLSMV estimator, Mplus does not provide standard errors for standardized parameters
when a covariate is included in the model.
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