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Abstract

Background—Informal caregiving can be deleterious to mental health, but research results are
inconsistent and may reflect an interaction between caregiving and vulnerability to stress.

Methods—We examined psychological distress among 1,228 female caregiving and non-
caregiving twins. By examining monozygotic and dizygotic twin pairs discordant for caregiving,
we assessed the extent to which distress is directly related to caregiving or confounded by
common genes and environmental exposures.

Results—Caregiving was associated with distress as measured by mental health functioning,
anxiety, perceived stress, and depression. The overall association between caregiving and distress
was confounded by common genes and environment for mental health functioning, anxiety, and
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depression. Common environment also confounded the association of caregiving and perceived
stress.

Conclusions—Vulnerability to distress is a factor in predicting caregivers' psychosocial
functioning. Additional research is needed to explicate the mechanisms by which common genes
and environment increase the risk of distress among informal caregivers.
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Twins; Caregiving; Psychological distress

Background

The current debate in the US on healthcare costs and service delivery often overlooks the
essential role played by informal caregivers and the potential costs that they incur. Informal
caregivers are typically family or friends of people who have difficulties with independent
living because of physical, cognitive, or emotional impairments. Caregiving duties are
extremely diverse and can include important maintenance tasks, such as bathing and
transportation, as well as higher-level activities, such as managing finances and medications
[1]. Without this help, care recipients would often need to live in institutionalized settings.
According to one estimate, the US government relies on more than 65 million informal care-
givers, who provide $375 billion worth of unpaid services each year to adult relatives and
friends living in the community [2]. Only 5 years earlier, the number of caregivers was
estimated to be 44 million, and the value of their services was approximately $306 billion
annually [3]. Given the aging of the American population, these staggering figures can only
be expected to keep rising.

Clearly, caregivers are a great economic benefit to the US, but many caregivers report
feeling burdened by relentless and inescapable duties, family problems, and secondary
consequences such as lost work and strained finances [4-6]. Indeed, many investigators
have reported that caregivers have higher levels of perceived stress, anxiety, and depressed
mood than non-caregivers. This is true for caregivers of people with dementias [7],
psychiatric illnesses [8], cancer [9, 10], coronary events [11], AIDS [5], and autism [12].
Caregivers also report higher levels of depressive symptoms and mental health problems
when they place family members in nursing homes [13].

However, not all studies find that caregiving is associated with greater distress. In addition
to studies that report no difference in distress between caregivers and non-caregivers, some
find that caregiving provides benefits to caregivers, and many report a mix of benefits and
stressors [1]. Some of the variability in outcomes may be influenced by the characteristics of
caregiving situations and the amount of care provided. For example, the mental health
consequences of caregiving are believed to increase substantially in women who spend more
than 36 h per week caring for a spouse [14].

Even though caregivers often report distress, the degree to which their distress is caused by
caregiver exposures remains unclear. Since the first formal research [15], the vast majority
of caregiver studies have been observational, but many have included comparison groups
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(e.g., non-caregivers). Despite the lack of data supporting direct causation between
caregiving and distress, a causal role for caregiving has been asserted without controversy
for more than a half a century, with prominent researchers continuing to posit that
“caregiving causes psychological distress” [16]. The distinction between caregiver status as
a correlate or a cause of distress is not just an academic question. It is relevant to policy
makers, healthcare providers, caregivers, and care recipients. We know that psychological
distress is associated with caregivers' risk for health problems and disabilities [17], and that
reductions in depressed mood or improvements in self-rated health decrease the likelihood
that caregivers will prematurely place their care recipients in nursing homes [18]. It is,
therefore, important to understand what is driving these associations.

Using the diathesis-stress model as a theoretical framework [19], some studies have
hypothesized that personal vulnerabilities increase the risk of distress in certain caregivers
and interact with the demands of the caregiving environment to exacerbate distress [20]. For
example, one study found that among persons with a history of depression, caregivers had a
much higher rate of current depression (73 %) than noncaregivers (30 %). However, among
persons with no history of depression, caregivers did not have a higher rate of current
depression (5 %) than non-caregivers (3 %) [21]. Unfortunately, despite its utility as a
guiding framework, adequate testing of the diathesis-stress model requires study designs that
go beyond observational data.

Twin research represents an important method for testing hypotheses about causal
connections between phenotypes (e.g., traits, exposures, and outcomes), especially in
situations where experimental designs are impractical or impossible. Twins who are
discordant for a given exposure provide a natural experimental setup for testing the
counterfactual framework of causal inference [22—24]. In this approach, the potential effect
of an exposure is measured as the difference between outcomes for individuals who are
exposed to a particular risk factor and outcomes for those who are not. While it is impossible
to observe an individual who is simultaneously exposed and not exposed, phenotype-
discordant twin pairs provide a compelling means to evaluate the direct effects of an
exposure on an outcome or, alternatively, to assess the possibility of confounding between
phenotypes based on common developmental history and shared genetics. Briefly, assuming
that two phenotypes—such as caregiving and distress—are related to each other in a
standard research sample at the individual level, the observed association is potentially
confounded by developmental history (e.g., the effects of growing up in a home with high
levels of psychological distress) and by genetic background, either of which might
predispose people to assume a caregiving role in later life and to experience psychological
distress. Twin studies can disentangle these sources of confounding.

Given the advantages of twin analyses, we examined psychological distress among 1,228
female caregiving and noncaregiving twins from the University of Washington Twin
Registry (UWTR) [25, 26]. By examining both monozygotic (MZ) and dizygotic (DZ) twin
pairs discordant for caregiver status, we assessed the extent to which psychological distress
is directly related to caregiving behavior versus common genes and environmental
exposures. Our sample differs from most previous study samples by including caregivers for
people with several kinds of illnesses with varying forms of chronicity. It also includes
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caregivers who have a broad spectrum of relationships with their care recipients (e.g., child,
parent, spouse, or friend). We hypothesized that caregivers in our sample would report more
psychological distress than non-caregivers. Given the extensive literature on the importance
of family history and genetics in current mood and distress [27-29], as well as our previous
work on vulnerable caregivers, we expected that the relationship between caregiving and
distress would be partially confounded by common environment and shared genetics.

The UWTR is a community-based sample of twins recruited from applicants for driver
licenses through the Washington State Department of Licensing. Full details of the
construction and characteristics of the UWTR are described elsewhere [25]. In brief, driver
license numbers in Washington State are created by combining characters from each
applicant's name and birth date. To avoid issuing duplicate numbers to twins, who are likely
to share both the same surname and the same birth date, the Department of Licensing asks
all new applicants if they are members of a twin pair. Because state agencies in Washington
are permitted by law to share data, the Department of Licensing regularly sends the UWTR
lists of all recent applicants who self-identify as twins. Once UWTR staff receives each list,
they invite all twin applicants who are at least 18 years old to join the registry. These index
twins may in turn invite their co-twins to enroll, even if they live out of state. All twins
complete an initial enroliment survey that includes self-reported assessments of physical and
mental health and basic demographic information. Zygosity is then assessed by UWTR staff
by using standardized questions about childhood similarity that have been shown to reliably
classify zygosity with an accuracy of 95-98 %, compared with zygosity assessment by
biological indicators [30].

Data Collection

From 2006 to 2008, a follow-up health survey was mailed to all members of the UWTR,
achieving a 59 % overall response rate (n =3,072 individuals). The survey collected self-
reported data on demographic indices, height, and weight, as well as physical and mental
health behaviors and outcomes. For the present study, all same-sex twin pairs who
completed the health survey between 2006 and 2008 and had a known zygosity were eligible
for inclusion. Because the resulting sample contained only 39 male caregivers in all, and
only 8 DZ male/male pairs discordant for caregiving, we focused exclusively on female
twins for our analyses. Our final analytic dataset included 1,228 individual female twins
(408 MZ and 206 DZ pairs), of whom 188 were caregivers.

Participants and Caregiving

Demographic information included age, sex, marital status (married or cohabitating vs.
single), education (less than high school, high school graduate, or more than high school),
and income. We used four questions to assess issues relevant to caregiving. These included
(1) the caregiver's relationship to the care recipient, (2) the type of illness of the care
recipient, (3) the duration of caregiving, and (4) the degree of distress associated with
caregiving (0 = “not at all,” 1 = “a little,” 2 = “somewhat,” and 3 = “very much so0”).
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Psychosocial Outcomes

Psychological responses to events and experiences include appraisals of their salience, level
of threat, controllability, and amenability to coping. Such appraisals influence the degree to
which an experience is perceived as stressful or upsetting. We used the 10-item perceived
stress scale (PSS; [31]) to assess subjective reactions to demands from stressful experiences.
The PSS yields scores from 0 to 40 and has good reliability in our sample (Cronbach's
alpha=0.89) and elsewhere [32].

An individual's psychological response to stressors may also include anxiety and depression
[33-35]. We used the mental component survey score (MCS) of the Short Form-8 [36], a
widely used health status measure, to assess mental health functioning. MCS scores are
standardized with a mean of 50 for the general population; higher values reflect better
mental health functioning. The Brief Symptom Inventory-A (BSI-A; 6-item anxiety
subscale) [37] was used to assess anxiety symptoms. Scores range from 0 to 24. The BSI-A
has demonstrated validity and reliability [38]. Cronbach's alpha was 0.85 in our sample.
Finally, the Patient Health Questionnaire-2 (PHQ-2; [39]) assessed depressive symptoms.
Scores range from 0 to 6, with a score of 3 or higher as the cutoff for classification of
depression [39]. The PHQ-2 has good reliability and validity as a screener for clinical
depression [40]. Cronbach's alpha was 0.82 in our sample.

Statistical Analysis

We first calculated means and standard deviations for continuous variables and percentages
for categorical variables, and then stratified variables by caregiver status and zygosity. We
used generalized estimating equations (GEE), with robust standard errors to account for
correlations within twin pairs, to evaluate differences between caregivers and noncaregivers.
For caregivers, we also calculated correlation coefficients (Spearman's rho) for self-reported
distress attributed to caregiving with each of the psychological distress variables. To
investigate the individual-level (i.e., overall phenotypic) association between caregiver
status and psychological distress, all individual twins were included in models that assessed
the cross-sectional relationships between caregiver status and the four psychological distress
indicators (0-3). We again fit GEE regression models to account for the lack of
independence within twin pairs, and then adjusted for age, which was the only demographic
characteristic significantly associated with caregiving between pairs and with psychological
distress within pairs. Nevertheless, age was not associated with PHQ-2 depression in these
models. We then used linear and logistic regression models as indicated to evaluate
continuous and binary or categorical variables, respectively. Although these analyses
accounted for the correlations within twin pairs on the variables of interest, the results
represent the overall phenotypic effect of caregiver status on psychological distress.

We also estimated the within-twin pair association between caregiving and distress among
twins discordant for caregiving. The cross-sectional analysis of individual twins, above,
does not directly assess the extent to which differences in psychological distress are
predicted by differences in caregiver status within twin pairs. Within-twin pair effects were
estimated by calculating the difference between twins within a pair on caregiving status and
on each psychological distress variable. Only twin pairs discordant for caregiver status were
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included in these analyses because concordant pairs would not be informative for our
research question. Values for within-twin pair differences were then used in subsequent
linear and logistic regression models.

Within-twin pair analyses account for potential confounding factors based on shared
genetics and family environment in the overall phenotypic association. Before conducting
the regression analyses, we stratified by zygosity to examine the within-twin pair effects in
separate regression models for MZ and DZ pairs. If within-twin pair associations for MZ
and DZ pairs are equally attenuated in comparison with the overall effect, we can conclude
that common environmental exposures contribute to these associations. If within-pair
associations for MZ pairs are more attenuated in comparison with the overall effect as well
as with the DZ effect, we can conclude that genetic factors also contribute to these
associations. Alternately, a within-pair association that remains robust compared to the
overall effect provides evidence that familial factors do not play a primary role in the
association between caregiver status and mental health. Figure 1, adapted from McGue et al.
and Bergen et al. [23, 41], presents this model graphically. Data were analyzed by using
IBM SPSS Statistics v.18 (Somers, NY).

For the analyses involving overall phenotypic associations, the total number of caregivers
was 188, of whom 68 belonged to 68 caregiving-discordant MZ pairs, 54 belonged to 54
caregiving-discordant DZ pairs, 54 belonged to 27 caregiving-concordant MZ pairs, and 12
belonged to 6 caregiving-concordant DZ pairs. For within-pair analyses, we used only the
caregiving-discordant pairs.

Participants and Caregiving

Table 1 presents the sociodemographic profiles of caregivers and non-caregivers, both for all
twin pairs and for caregiving-discordant pairs stratified by zygosity. Similarly, Table 2
presents the caregiving characteristics of the caregivers in all pairs and in the discordant
pairs stratified by zygosity. In all pairs, caregivers were older and more likely to be married
or cohabitating than non-caregivers. Because of the large overall sample, group differences
in education were statistically significant but still quite modest. We found no significant
associations in the analyses of discordant pairs.

Most caregivers reported caring for a friend or relative other than a child, spouse, or parent,
with the duration of caregiving less than 1 year. Ilinesses among care recipients were almost
equally split between acute illnesses or accidents, chronic illnesses, and other types of
illness. Approximately 36 % of caregivers reported no distress from caregiving, and distress
ratings were significantly correlated with scores for MCS (r =—0.20, p =0.004), PSS (r
=0.20, p =0.005), and BSI-A (r =0.15, p =0.018), but not PHQ-2 (r =0.00, p =0.96).

Psychosocial Outcomes

Table 3 shows the estimated marginal means and standard deviations for all twin pairs and
for caregiving-discordant pairs stratified by zygosity on the four major outcomes, adjusted
for age. As expected, caregivers were significantly more distressed than non-caregivers
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across all four psychological distress outcomes in the overall sample, but not in the
caregiving-discordant pairs. In within-pair models, only BSIA in caregiving-discordant DZ
pairs remained significant.

The left half of Table 4 presents the linear and logistic regressions used to test caregiver
status as a predictor of differences in the four outcome variables among twin pairs. The right
half contains the within-pair results for the DZ and MZ pairs. To interpret these results, we
used Fig. 1 as our theoretical framework and Fig. 2a—d as the framework's empirical
realization (see [23, 41]). The likelihood of direct causal effects is reduced to the extent that
the within-pair associations are smaller than the overall associations.

In the GEE cross-sectional analyses (Table 4), caregivers reported poorer mental health
functioning than did noncaregivers. However, the smaller regression coefficients within DZ
pairs and the additional attenuation within MZ pairs (Fig. 2a) suggests that this overall effect
was confounded by both common environmental and genetic factors, and that the effect was
not completely direct or causal.

Caregivers also reported higher anxiety than noncaregivers, but familial confounding,
especially genetics, appears to play a role in this association (Fig. 2b). The within-pair
difference regression coefficient for the DZ twins was only slightly smaller than the
individual-level coefficient, but the MZ coefficient was further attenuated. Even with some
familial confounding, a direct causal effect is more plausible for anxiety than for our other
measures of psychological distress.

In addition, caregivers reported higher perceived stress than non-caregivers, but the within-
twin pair associations suggest that almost all of this effect was confounded by common
environmental factors (Fig. 2¢). Given the near equivalence between within-twin pair results
for both DZ and MZ pairs, we see little evidence for genetic confounding. Perceived stress
in the context of caregiving appears to be strongly determined by common family
environment rather than by a direct causal mechanism.

Table 4 shows an increase in the odds of depression for caregivers versus non-caregivers.
However, the within-twin pair odds ratios for MZ and DZ pairs are small, suggesting that
this overall effect is significantly confounded by the combination of common environmental
and genetic factors (Fig. 2d) and is not primarily causal.

Discussion

This is the first study to investigate the relationship between caregiving and psychological
distress while controlling for important familial factors, including common environment and
shared genetics. At the individual level, we replicated the typical finding that caregiving is
modestly but significantly associated with psychological distress as measured by overall
mental health functioning, anxiety, perceived stress, and depression. However, the overall
phenotypic association between caregiving and distress is confounded by both common
environment and shared genetics in the case of mental health functioning, anxiety, and
depression. Common environment also confounds the association of caregiving and
perceived stress.
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These results are consistent with prior findings that vulnerability is a major factor in the
prediction of psychosocial and physiological functioning in caregivers of people with
dementia [20, 42]. Based on the diathesis-stress model, such research suggested that distress
is a function both of exposure to stressors and of vulnerable phenotypes that increase the risk
of distress. Within the field of diathesis-stress research, these vulnerable phenotypes may be
a function of genetics, developmental history (i.e., common environment), age, gender,
disposition, and race [19, 33, 43, 44]. In the present study, it appears that both genetics and
common environment are relevant to understanding the connection between caregiving and
distress.

Within the broader literature on environmental contributions to health and disease, several
potential candidates might explain how common environmental exposures contribute to
psychological distress as well as the likelihood of becoming a caregiver. First and foremost,
socioeconomic status is a predictor of both physical and mental health, since lower income
is associated with greater morbidity and mortality [45, 46] as well as higher risk for
psychiatric diagnoses [47, 48]. Moreover, lower-income individuals may lack access to
health insurance [49] or other necessities, such as child care and transportation [50], leaving
informal caregiving as the only healthcare option in many situations. As Conger and
colleagues have shown, children reared under conditions of economic hardship, marital
distress, or disrupted parenting are at higher risk for mental health problems such as
depression [51, 52]. Mental health problems, in turn, may hinder educational and
employment opportunities [53], such that informal caregiving becomes the only viable
option for some people who are vulnerable to psychological distress. Exposure to any
combination of these physical and mental health risk factors could explain how caregiving
and psychological distress are linked by a mechanism of common environmental exposures.

Formulating a genetic link between caregiving and psychological distress is a little more
difficult than identifying a common environmental link, but a likely candidate emerges from
literature showing that exposure to certain life events is partially heritable and linked with
psychological distress (see, e.g., [29] for a summary). For example, Kendler et al. [28, 54]
have shown that, among women, stressful life events predict the genetic risk for onset of
major depressive disorder, and that people at risk for depression are more likely to
experience stressful life events, including interpersonal and economic strain. Of particular
relevance to the present study, Saudino et al. [55] found that the genetic variance of
controllable, desirable, and undesirable life events was significant and entirely explained by
personality dimensions, including neuroticism, extraversion, and openness to experience.
Their finding is particularly important because those personality dimensions are partially
determined by genetics and have shared genetic variance with a number of measures of
psychological functioning, including depression and anxiety [28, 55, 56]. Thus, certain
heritable personality traits may explain the shared genetic association between caregiving
and psychological distress.

More research is clearly needed to explicate the mechanisms by which common
environmental exposures and shared genetics increase the risk of psychological distress
among informal caregivers. However, such research should complement, not replace,
research and policy decisions that support informal caregivers and reduce the burdens that
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they experience. Although our results show that the association between caregiving and
distress is partially confounded by common environment and shared genetics, a portion of
the relationship still appears to be direct, especially for anxiety. Reducing health disparities
and increasing access to healthcare and preventive services would likely pay dividends, not
only for adults who are caregivers now but also for young people growing up in households
of low socioeconomic status and other stressful environments. Providing access to care and
reducing morbidity over the lifespan could provide benefits for individual health as well as
for the quality of life of millions of people who might otherwise need to care for sick family
members and friends.

The primary limitation of the present study is that our care-giver sample was more
heterogeneous than those in most caregiver studies in terms of the care recipients' illnesses,
the relationship of caregivers with care recipients (55.4 % were caring for a friend or relative
other than a child, spouse, or parent), and the duration of caregiving (50 % provided care for
less than 1 year). Nevertheless, this heterogeneity may also be advantageous, since most
previous caregiver research has focused on homogenous samples of caregivers and care
recipients. Our sample may, thus, be more externally valid across all types of caregivers than
those in other studies.

An exception to this statement, as well as a secondary limitation of our study, is the fact that
our sample was entirely female and, therefore, may not generalize to male caregivers.

To take full advantage of our sample, we would need to compare larger subgroups in terms
of their relationships with distress and the influence of genotype and family background.
Thus, a third limitation of our study is that, despite the large size of our full sample (n = 188
caregivers) and our sample of caregiving-discordant twin pairs (n = 122 caregivers), we
would still need a larger sample to test additional mechanisms of genetic and environmental
mediation, above and beyond the modest associations that we detected between caregiving
and distress.

Finally, we note that we derived our data from a large survey on general health issues and
did not use a standard questionnaire on caregiving burden. Future research would benefit
from using a standard caregiving questionnaire to provide more direct comparisons with
other published studies.

Recommendations, Advances, and Conclusions

The US faces two major challenges involving health care and the resources required to pay
for it. First, we are experiencing an increasing prevalence of people living with chronic
diseases. Second, in a period of recession and slow economic recovery, funds are
insufficient to provide long-term care for everyone who is chronically ill. These conditions
have catapulted informal caregivers into important positions. Although the careful allocation
of healthcare funds has already included triage to the most vulnerable care recipients, little
research has focused on identifying the most vulnerable care-givers. Informal caregivers are
a first line of defense against the need for institutionalization in the face of scarce public
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funds. Policy makers are well advised to help caregivers remain independent and maintain
the highest possible quality of life, both for themselves and for their care recipients.

Despite 50 years of formal caregiver research, we still need to find optimal ways to identify
caregivers at the highest risk for psychological distress. Caregiver distress is associated with
and predictive of risky health behaviors, physiological dysregulation, and cognitive
problems, as well as long-term illness, disability, and mortality [20, 57-62]. The present
findings suggest that exposure to caregiving may influence distress (especially anxiety), but
personal vulnerabilities such as family history and genetics play major roles in caregiver
distress. Although we [42] hypothesized the importance of these factors in caregiver distress
more than 20 years ago, the type of data needed to test this hypothesis was simply not
available then. The present study design enabled us to examine the relative importance of
caregiver status, genotype, and family history.

Our findings extend a large and important caregiver literature by demonstrating, for the first
time, the linkages between caregiver status, family history, and genetic predisposition to
psychological distress. These results have substantial implications for interventions that
focus on all caregivers, and not simply on vulnerable caregivers. Nevertheless, interventions
targeting caregivers who are at genetic or familial risk for psychological distress, as well as
for more serious mental health problems, may be more efficacious and yield greater social
and economic benefits than interventions targeting all caregivers.
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Fig. 1.
Interpreting patterns of overall and within-pair associations for causation and confounding in

monozygotic (MZ) and dizygotic (DZ) twins. a In causal association, the magnitude of the
phenotypic association within pairs is the same overall and for both MZ and DZ pairs. b
With common environment confounding, the magnitude of the phenotypic association
within pairs is attenuated but not eliminated in MZ and DZ twins compared to the overall
association. ¢ With both genetic and common environment confounding, the magnitude of
the phenotypic association is attenuated in MZ pairs compared to DZ pairs
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Fig. 2.

Patterns of overall and within-pair associations for caregiving and psychological distress. a
For caregiving and the mental component survey score of the Short Form-8 (S--8 MCS), the
magnitude of the phenotypic association decreases with increasingly rigorous control of
familial factors. This suggests that common environmental factors and genetics both
contribute to the association. b For caregiving and anxiety scores on the Brief Symptom
Inventory-A (BS-A), the magnitude of the phenotypic association decreases with
increasingly rigorous control of familial factors. This suggests that common environmental
factors and genetics both contribute to the association. ¢ For caregiving and perceived stress,
the magnitude of the phenotypic association decreases equally for both dizygotic (DZ) and
monozygotic (MZ) pairs. This suggests that common environmental factors contribute to the
association. d For caregiving and depression scores on the Patient Health Questionnaire-2
(PHQ-2), the magnitude of the phenotypic association decreases with increasingly rigorous
control of familial factors. This suggests that common environmental factors and genetics
both contribute to the association
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Table 1

Characteristics of caregivers and non-caregivers in the sample

Page 16

Sociodemographic characteristics  All twin pairs (n =614 pairs)

Caregiving-discordant MZ

pairs (n =68 pairs)

Caregiving-discordant DZ
pairs (n =54 pairs)

Caregivers Non- Caregivers Non-caregivers  Caregivers Non-car egivers
(n=188) caregivers(n
=1040)
Age, mean years (SD) 43.4 (16.0) 346 (14_3)* 39.1 (16.0) 45.1 (16.2)
Monozygotic, % 64.9 66.7 100 0
Married or living with a partner, % 59.6 49.6** 55.9 49.3 55.6 57.4
Education, %
Less than high school graduate 3.7 1.6 29 15 0.0 19
High school graduate 12.8 8.6 13.2 10.3 16.7 14.8
More than high school 83.5 89.8** 83.8 88.2 83.3 83.3
Annual household income, %
<$20,000 17.5 224 19.7 21.9 154 14.0
$20,000-$39,999 23.0 18.7 25.8 15.6 23.1 26.0
$40,000-$59,999 20.2 17.5 15.2 20.3 23.1 28.0
$60,000-$79,999 12.6 13.5 13.6 18.8 9.6 14.0
>$80,000 27.9 26.8 25.8 23.4 28.8 18.0

*
p <0.01 between caregivers and non-caregivers

* %
p <0.05 between caregivers and non-caregivers
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Estimated marginal mean differences for mental health outcomes for female twins by caregiver status”

Table 3

Psychological distress/perceived stress  All twin pairs (n =614 pairs)

pairs)

Caregiving-discordant MZ pairs (n =64 Caregiving-discordant D

Caregivers(n =188) Non-caregivers(n =1040) Caregivers(n =64)

MCS, M (SE)
BSI-A, M (SE)

PSS, M (SE)

PHQ-2 Depression, %C

46.7 (0.8) 49.0 (0.3)b

4.1(0.4) 2.7 (0.1)b

15.4 (0.6) 13.9 (0.2)b
14.0 8.0

BS-A Brief Symptom Inventory-A, DZ dizygotic, MCS SF-8 mental component summary, MZ monozygotic, PHQ-2 Patient Health

Questionnaire-2, and PSSperceived stress scale

aAnaIyses are adjusted for age, which was a significant covariate in all models except PHQ-2

bIndica\tes that caregivers and non-caregivers significantly differed on psychological distress at p <0.05

CPercentages are provided for participants who scored 3 or higher on the PHQ-2
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Non-caregivers(n =64) Caregivers(n =58)

476 (1.1)
3.9(0.5)

145 (0.9)



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Vitaliano et al.

Table 4

Page 19

Overall and within-twin pair associations of caregiver status with psychological distress and perceived stress’

Outcome Overall GEE females
n =614 twin pajrsb

Within-twin pair females
n =68 caregiving-discordant MZ pairs
n = 54 car egiving-discordant DZ pairs

Bor OR 95% CI p Zygosity Bor OR 95% CI p
MCS -2.35 (-4.0,-0.7) 0.006 MZ -1.05 (-3.8,1.7) 047
DZ -156  (-5.1,2.0) 0.39
BSI-A 1.43 (0.7, 2.1) 0.001 Mz 0.92 (-0.1,1.9) 0.08
DZ 1.25 (0.0,25)  0.05
PSS 1.47 (0.3,2.6) 001 Mz 0.35 (-1.6,2.3) 0.73
DZ 0.36 (-2.0,2.8) 0.77
PHQ-2 1eeC (10,28 005 Mz 1158  (0.4,35) 0.80
Dz 1433  (0.2,11.8) 0.74

BS-A Brief Symptom Inventory-A, DZ dizygotic, GEE generalized estimating equations, MCS SF-8 mental component summary, MZ
monozygotic, OR odds ratio, PHQ-2 Patient Health Questionnaire-2, PSSperceived stress scale

aAII analyses are adjusted for age

bOf these 614 twin pairs, 68 are caregiving-discordant MZ pairs, 54 are caregiving-discordant DZ pairs, 27 are caregiving-concordant MZ pairs,

and 6 are caregiving-concordant DZ pairs

c . .
Analyses are binary and odds ratios are reported

Ann Behav Med. Author manuscript; available in PMC 2015 July 06.



