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Abstract

Background Symptoms of insomnia have been widely
identified as risk factors for health, including heart dis-
ease. Despite the expansive and growing literature on
health concordance among coupled individuals, few
studies have examined insomnia as a shared risk factor
for heart disease among middle-aged and older couples.

Purpose This study examined the association between
insomnia and incident heart disease among couples.
A dyadic modeling approach was employed to investi-
gate the relationships between one’s own insomnia and
partners’ insomnia for the risk of incident heart disease
for each partner.

Methods Data from the 2010, 2012, and 2014 Health and
Retirement Study were utilized in a prospective research
design (N = 3,221 couples). Actor-partner interdepend-
ence models were employed to estimate actor and partner
effects of insomnia symptoms for incident heart disease
over the 4 year observation period.

Results Insomnia symptoms measured at baseline were
related to an increased risk for heart disease for husbands,
whereas for wives the association was attenuated after
other health measures were controlled. Wives’ insomnia
was related to an increased risk of incident heart disease
for husbands but husbands’ insomnia was not related to
wives’ risk of heart disease.

Conclusions This study showed how subjective insomnia
symptoms among middle-aged and older adults in inti-
mate partnerships are associated with their heart disease
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risk. Further research is needed to verify the results with
objective measures of sleep problems and heart disease.
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Introduction

Despite the extensive literature regarding spousal influ-
ences on health among coupled individuals, few studies
examine wives’ and husbands’ insomnia as risk factors
for well-being among couples [1]. Yet, sleep researchers
encourage attention be paid to insomnia among couples,
with a focus on the potential for spousal sleep problems
to have consequences for one’s own health and over-
all well-being [2]. Results from such studies provide an
opportunity to uncover one of the mechanisms through
which cardiovascular health may be adversely affected
by poor sleep; that is, one pathway through which risk of
heart disease increases may be one’s partner’s sleep prob-
lems. To provide evidence for this possible mechanism, a
dyadic modeling approach is required, whereby incident
heart disease is estimated to be related to partner’s sleep
problems, as well as one’s own sleep problems.
Symptoms of insomnia are defined on the basis of
self-reported sleep complaints, such as difficulty initiat-
ing or maintaining sleep, early awakening, interrupted
sleep, and nonrestorative sleep [3, 4]. Recent studies
demonstrate that various dimensions of sleep—includ-
ing specific sleep disorders, objectively measured sleep
duration, sleep efficiency, and sleep architecture, as well
as subjectively reported sleep quality and insomnia—are
linked to a cluster of cardiovascular disease (CVD) risk
factors, including obesity, hypertension, and diabetes,
as well as mortality [5, 6]. Recent prospective popula-
tion-based studies find evidence supporting the associa-
tion between self-reported insomnia symptoms and CVD
risk factors, with and without considering sleep duration
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or sleep-breathing problems [7, §]. However, results from
other studies of insomnia and CVD, such as myocardial
infarction, stroke, and heart failure, are equivocal, espe-
cially regarding gender differences in these relationships
[9-11].

The purpose of this study is to examine whether
insomnia is associated with incident heart disease among
a sample of middle-aged and older adult couples who
are part of an intimate partner relationship. We adopt a
dyadic modeling approach for coupled individuals [12],
allowing for the investigation of each partner’s sleep
problems in relation to the risk of heart disease. Using
a population-based prospective study design, we exam-
ine data from the Health and Retirement Study (HRS), a
large, nationally representative data source.

Insomnia Symptoms and Cardiovascular Health

Studies of the health consequences of sleep problems find
that composite measures of insomnia symptoms, as well
as specific symptoms, are associated with CVD risk fac-
tors and heart disease outcomes [11, 13]. Statistical asso-
ciations between insomnia symptoms and hypertension
are reported in cross-sectional studies [7]. Prospective
studies also show that onset of disturbed sleep and per-
sistent insomnia symptoms are associated with a higher
risk of hypertension and dyslipidemia [14, 15]. Moreover,
subjective insomnia symptoms, along with objectively
measured short-sleep duration, are linked to increased
risk of hypertension and diabetes [6, 16].

Although individual insomnia symptoms are asso-
ciated with an increased risk of myocardial infarction
or heart failure for respondents free of heart condi-
tions at baseline [17, 18], difficulty falling asleep has
the strongest association with CVD, including heart
disease [13]. Also, having at least one insomnia symp-
tom is associated with a significantly higher risk for
the onset of a CVD event [19]. Furthermore, the
concurrence of multiple insomnia symptoms may be
associated with additive risk for CVD [8, 17]. The
underlying biological mechanisms linking insomnia
symptoms and CVD remain to be identified. However,
researchers speculate that changes in metabolism and
endocrine functions, as well as heightened levels of
sympathetic activation, blood pressure, and inflam-
matory cytokines associated with troubled sleep, may
explain the relationship [13, 20]. Poor sleep is also
known to influence perceived stress [21, 22], physio-
logical and affective stress reactivity [23], alcoholism
[24], and physical activity [25], all of which are asso-
ciated with cardiovascular health. One contribution
of the present study is to examine whether spouse’s
insomnia is associated with one’s own heart disease
risk, a mechanism rarely studied in the past.

Health Concordance Among Couples

Persons in intimate relationships may have positive and
negative effects on their partners’ psychological and
physical health outcomes [1], indicating an interdepend-
ence between the partners for their well-being. This
interdependence among spouses has been documented
for CVD and its risk factors [26]. The quality of inti-
mate relationships and coronary heart disease is linked
to interpersonal psychosocial risks within couples [27].
The phenomenon of health concordance among couples
is attributed to the quantity and quality of social sup-
port, shared economic resources, social control of health
behaviors, and health-related lifestyles [28].

On the one hand, being married (or other intimate
relationship) is often health-promoting and has pro-
tective effects for CVD and mortality [28, 29]. The
health benefits associated with being married are often
explained with reference to socioemotional support
that enhances resilience to stress and physiological dys-
regulation. Additionally, spouses monitor each other’s
health and health behaviors and their combined eco-
nomic resources may provide access to better medical
care [28]. Although both men and women may benefit
from being married, the health benefits are particularly
consistent for men [28].

On the other hand, being in a coupled-relationship
is also related to increased risk for depression, obesity,
diabetes, CVD, and mortality, among other maladies [1,
30]. Poor health outcomes arise in part when the rela-
tionship between partners is strained and of low qual-
ity, resulting in increased stress. The association between
poor sleep and marital conflict is potentially reciprocal.
When one partner has a health problem, that problem
may influence the sleep and health of the other partner,
even when that partner is otherwise healthy [1]. In gen-
eral, examining concordance of health-partnered indi-
viduals, whether good or bad, is well-situated within the
life course perspective because the life course perspective
focuses on the importance of linked lives for health out-
comes [31].

Gender, Sleep, and Cardiovascular Health

As noted above, recent studies of individuals indicate that
the sleep environment represents a social condition with
potential negative and positive health consequences [2,
32]. Sleep patterns and health outcomes among couples
also invite gendered explanations for this phenomenon.
Women’s sleep problems are associated with different
life-stage responsibilities for family members, which vary
by life course stage [33]. The emotional and psycholog-
ical burden that women sometimes experience in their
multiple social roles (caregiving for spouses, children,
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grandchildren, extended kin and friends, along with paid
work) may give rise to an overwhelming sense of family
responsibility, resulting in disturbed sleep [34]. Women
also tend to react more strongly than men to relationship
conflict [1].

Furthermore, clinical studies of sleep problems
among couples provide evidence that specific sleep dis-
orders, such as obstructive sleep apnea and loud snoring,
are related to partner’s sleep problems, particularly for
wives [2]. Women living with husbands who are heavy
snorers more often report insomnia, daytime sleepiness,
and fatigue [35]. Yet, women often find excuses for their
partner’s snoring and place their own sleep subordinate
to their husband’s sleep [36]. This may provide a partial
explanation for gender differences in reporting insom-
nia symptoms, where sleep problems appear to be more
prevalent among women compared with men [10].

In general, how such gender differences in sleep dis-
orders may translate into heart disease is complex and
not fully understood [13]. As noted earlier, marital ben-
efits associated with health tend to favor men, in part,
because women more often possess greater health-re-
lated knowledge than men, and are more likely to mon-
itor their partner’s health as well as their own health
[37]. When impaired daytime functioning, cognitive def-
icit, or elevated stress levels associated with sleep prob-
lems undermine wives’ spousal social control function,
this may have implications for the spousal association
between insomnia symptoms and heart disease. A study
of couples suffering from psychological, spiritual, and
physical illnesses and CVD shows that husbands whose
wives report more suffering had higher CVD prevalence,
whereas such a relationship was not found for wives in
relation to their husbands’ suffering [30]. We expect that
health benefits of marriage may diminish or no longer
be present for husbands when wives experience poor
sleep patterns. Thus, the negative health consequences
of spouses sleep problems are expected to be greater for
men than women.

Few quantitative studies with nationally representative
data have investigated the association between insomnia
and health, especially heart disease, among couples from
a dyadic perspective (however, see Refs. 21 and 38). We
employ a dyadic modeling approach to address the rela-
tionship between insomnia symptoms and heart disease
in the context of couples bonded in marriage and other
forms of intimate partnerships. The current study seeks
to contribute to the scientific literature by examining the
possibility that husbands’ and wives’ insomnia symp-
toms are associated with spouses’ risk of heart disease.
We address three research questions:

(1) Is there a relationship between one’s own insomnia
symptoms and risk for incident heart disease?
(i1) Is there a relationship between spouse’s insomnia

symptoms and partner’s risk for incident heart
disease?

(i) Which specific symptoms of insomnia are related
to incident heart disease for partnered women and
men?

Methods

Data Source

This study utilized data from the biennial HRS, a lon-
gitudinal panel study of over 7,000 households in the
USA. The HRS was initiated in 1992 with a cohort of
individuals born between 1931 and 1941; subsequently,
cohorts born earlier and later were added, comprising
what is now a nationally representative sample of indi-
viduals aged 51 and older. In addition to relying on the
publicly available data files provided by the University of
Michigan, heart disease, household income, body mass
index (BMI), and health behaviors (smoking, exercise,
and alcohol consumption) were taken from a file con-
structed by the Rand Corporation.

In 2002, the HRS began collecting information on
respondents’ insomnia symptoms, using four items
including (not) feeling rested in the morning, trouble
falling asleep, trouble waking up during the night, and
trouble waking up too early; three of the four items (i.e.,
items other than “feeling rested in the morning”) were
asked every other wave. We identified 2010 as baseline
in this prospective design to examine all four items of
insomnia symptoms included in the same wave and to
take advantage of the most recent birth cohort added to
the HRS sample in 2010. We followed respondents over
two subsequent waves (i.e., 2012 and 2014) to track inci-
dent heart disease during each 2 yr observation period.

Study Sample

The HRS interviewed 22,034 respondents in 2010, 65 per
cent of whom were identified as coupled or partnered
(n = 14,238). In this report, we use the term “wives”
and “husbands” to refer to respondents who were either
married or part of a nonmarried couple. The analytic
technique employed in this study can only be applied to
“distinguishable” dyads [12]. Thus, we selected heterosex-
ual couples living in the same household because same-
sex couples were not uniquely identified in the HRS.
Only self-respondents were retained (n = 11,838; dyads
n = 5,919). Underweight respondents (BMI <18.5 kg/m?;
n = 110) were excluded because their health conditions
are considered to be different from individuals in other
BMI groups [39]. Because the aim of the study was to
examine the cross-spousal association between insom-
nia symptoms and heart disease incidence, we selected
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couples where both spouses were free from heart disease
at baseline (n = 7,146; dyad n = 3,573). We then selected
couples where both spouses provided information on
physician diagnosed heart disease during the two sub-
sequent waves (dyad n = 3,314); couples where either
spouse was not interviewed in both 2012 and 2014 were
excluded (dyad » = 259). Finally, we excluded about 2.8
per cent of the couples where either spouse had missing
information on the study variables (dyad n = 93). The
final sample included 3,221 couples. Compared with
those in the study sample, individuals who were excluded
were more likely to experience insomnia symptoms, as
measured by not feeling rested in the morning (p < .05)
and having trouble waking up too early (p < .01). Also,
we excluded respondents who were older (p < .001), less
educated (p < .001), and not working for pay (p < .001);
these respondents were of normal weight (p < .01), had
more depressive symptoms (p < .01) and chronic health
conditions (p < .001), and engaged in less physical activ-

ity (p <.01).
Measures

Heart disease was assessed with respondents’ self-report
of a physician’s diagnosis of these illnesses. Our analy-
ses were based on the measure of heart disease provided
in the RAND-constructed data file. Inconsistences and
errors were corrected yielding a heart disease measure
composed of multiple heart conditions. Once respond-
ents indicated that a physician told them they had a heart
condition, respondents were referred to as having heart
disease from that point on. HRS respondents were asked
at baseline (2010) and at two follow-up points (2012 and
2014), “Since we last talked to you, has a doctor told
you that you had a heart attack, coronary heart disease,
angina, congestive heart failure, or other heart prob-
lems?” Thus, incident heart disease was defined as a new
physician diagnosis during the 4 yr observation period.
The incidence rate of heart disease at the end of the 4
yr period was 6.9 per cent (6.1% for wives, 7.7% for hus-
bands; n = 444).

To assess insomnia symptoms, we employed items
based on a modified version of the four-item Jenkins
Sleep Problem Questionnaire [3, 4]. Respondents were
asked how often they (i) had trouble falling asleep, (ii) had
trouble with waking up during the night, (iii) had trouble
with waking up too early and not being able to fall asleep
again, and (iv) felt really rested when they woke up in the
morning. Respondents rated the severity of the insom-
nia symptoms on a scale, including 0 (rarely or never), 1
(sometimes), and 2 (most of the time). The item for feel-
ing rested in the morning was reverse-coded to establish
consistency with the meaning of the other insomnia indi-
cators. We created an index by summing responses for

the four insomnia symptoms, with higher scores denot-
ing more severe insomnia (range: 0-8). Studies using the
modified Jenkins Questionnaire reported that these four
items loaded into a single factor with the internal con-
sistency of the scale falling within an acceptable range
(a0 = 0.63-0.66) [4, 40, 41]. In our study sample, we esti-
mated Cronbach’s alpha to be 0.65, which falls within a
tolerable range for the insomnia index. No items meas-
uring objective sleep problems were available in the three
HRS waves employed in this study.

We also included covariates known to be associated
with heart disease, including sociodemographic, other
health characteristics, and health behaviors. All covar-
iates were measured at baseline. Sociodemographic
factors included age (in years), race, and ethnic status
(non-Hispanic White (reference group), non-Hispanic
Black, non-Hispanic other race group, and Hispanic),
marital status (1 = married; 0 = non-marital cohabit-
ation), years of education (0-17), annual household
income (transformed by the natural log), and employ-
ment status (1 = working for pay; 0 = not working for
pay). Health measures included an index of chronic con-
ditions (a count of five relevant chronic health conditions
available in the HRS, including high blood pressure or
hypertension, diabetes, cancer, lung disease, and stroke;
range = 0-5), BMI (1 = normal weight, BMI > 18.5,
and BMI < 24.9 kg/m%; 0 = obese or overweight, BMI
> 25 kg/m?% based on self-reported weight and height),
and an abbreviated seven-item version of the Center
for Epidemiological Studies-Depression (CES-D) scale,
derived from the eight-item version of the scale included
in the HRS minus an item related to sleep (i.e., sleep was
restless; range = 0-7). Health behaviors included smok-
ing (1 = current smoker; 0 = former or non-smoker),
physical activity (1 = vigorous or moderate physical
activity more than once a week; 0 = vigorous or moder-
ate physical activity less than once a week), and alcohol
consumption [42] (1 = more than 14 drinks/week for men
and more than 7 drinks/week for women; 0 = others). All
study variables were measured at the level of the individ-
ual, with the exception of marital status and household
income, which were couple-level covariates.

Design and Analysis

The analyses for the relationship between insomnia
and incident heart disease were based on the multilevel
actor-partner interdependence model (APIM) frame-
work, widely used to examine dyadic data [12]. We used
generalized estimating equations (GEE) techniques,
with an extension for logistic regression models (PROC
GEMNOD [SAS Version 9.2] [12]). We employed a
two-intercept model approach to estimate actor and
partner effects for the relationships between insomnia
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and incident heart disease [12]. This approach provided
a simultaneous estimation of the unique effects of one’s
own (i.e., actor) and spousal (i.e., partner) insomnia
symptoms for incident heart disease, accounting for the
within-couple interdependence in the outcome meas-
ure. We estimated a series of APIM using a hierarchi-
cal inclusion of variables to evaluate whether actor and
partner effects of insomnia symptoms were sensitive to
the effects of specific sets of covariates. Model 1 included
actor and partner effects of insomnia symptoms without
covariates (i.e., unadjusted model); Model 2 introduced
sociodemographic factors; and Models 3 and 4 intro-
duced health characteristics and health behavior meas-
ures, respectively.

We first estimated multilevel models using the insom-
nia index to address the research questions (RQ) regard-
ing the overall effects of one’s own (RQ 1) and partner’s
(RQ 2) insomnia symptoms for incident heart disease.
We then estimated models for each insomnia symptom
indicator to evaluate whether heart disease incidence was
associated with specific symptoms (RQ 3). Odds ratios
(OR) and 95% confidence intervals (CI) are presented.
Significance of estimates was determined using Wald y’
tests [12].

Results

Study sample characteristics are presented in Table 1.
Wives had a lower incidence of heart disease during the
4 yr study period and reported higher levels of insom-
nia compared with husbands. Wives also tended to be
younger, had fewer chronic health conditions, reported
more depressive symptoms, and were of normal weight
compared with husbands. Compared with wives, a
higher percentage of husbands reported working for pay,
currently smoking, and were more frequently engaged in
moderate to vigorous physical exercise. Wives and hus-
bands did not show statistically significant differences
in terms of race and ethnic group affiliation, education
level, and alcohol consumption. Most of the couples
were in a formal marriage, with a smaller proportion
(8.3%) in a nonmarital cohabitation status.

Results from regression models examining the overall
association between the insomnia symptom index and
incident heart disease over the 4 yr follow-up (2012 and
2014) are presented in Table 2. The rows containing esti-
mates of actor and partner effects of insomnia symptoms
address the first research question: Is there a relation-
ship between one’s own insomnia symptoms and risk for
incident heart disease? In the unadjusted model (Model
1), actor effects of insomnia symptoms were associated
with an increased likelihood of heart disease incidence
for both wives and husbands. A one-unit increase in
one’s own score on the index of insomnia symptoms was

related to an increased likelihood of incident heart dis-
ease for wives (OR = 1.14, 95% CI = 1.06-1.23) and for
husbands (OR = 1.15, 95% CI = 1.08-1.22). For hus-
bands, the association between insomnia symptoms and
incident heart disease remained statistically significant in
all subsequent models (e.g., Model 4; OR = 1.12, 95%
CI = 1.04-1.20). For wives, the association was not statis-
tically significant after chronic health conditions, BMI,
and number of depressive symptoms were introduced in
Model 3 (OR = 1.06, 95% CI = 0.98-1.16). To evalu-
ate the concordance of heart disease incidence within
couples, we estimated intraclass correlation coefficients
(ICC). The ICC’s for Models 1-4 ranged from 0.03 to
0.05, indicating a modest level of health concordance as
measured by heart disease.

The second research question asked whether there is
a relationship between spouse’s insomnia symptoms and
partner’s risk for incident heart disease. We did not find a
statistically significant relationship for husbands’ insom-
nia symptoms and wives’ heart disease risk. However,
we found a statistically significant relationship between
wives’ insomnia symptoms and husbands’ incident heart
disease (Model 4; OR = 1.07, 95% CI = 1.00-1.14).
That is, husbands whose wives reported higher levels of
insomnia showed a higher likelihood of incident heart
disease across all four models.

Note that the differences of actor or partner effects
between husbands and wives found in our models do not
indicate gender differences in the association between
insomnia and CVD. We conducted a test for gender dif-
ferences in our models based on the “interaction” mod-
eling approach [12], finding no statistically significant
differences between genders in respective actor or part-
ner effects of insomnia (results available upon request).
A summary of the findings for the relationships between
the actor and partner effects of insomnia index and inci-
dent heart disease is presented in Fig. 1.

Results from models examining the association
between each of the four insomnia symptoms and inci-
dent heart disease are presented in Table 3. These results
addressed the third research question regarding which
specific symptoms of insomnia were related to incident
heart disease for partnered women and men. For par-
simony, only the estimates for the actor and partner
effects of insomnia symptoms are reported in the table
(results for the covariates were similar to those reported
in Table 2 and are available upon request). The insom-
nia symptom most consistently associated with incident
heart disease for both wives and husbands in the fully
adjusted models was trouble falling asleep (Panel 2). In
Model 4, self-reported trouble falling asleep was associ-
ated with an increase in the likelihood of heart disease
incidence for wives (OR = 1.25, 95% CI = 1.01-1.56)
and for husbands (OR = 1.39, 95% CI = 1.13-1.71).
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Table 1 Descriptive characteristics of the study sample

Wives Husbands
M (SD) M (SD) tory
Heart disease incidence (2012 or 2014)*, % 6.09 7.70 6.54*
Insomnia symptoms (2010)
Not feeling rested in the morning” 0.63 (0.74) 0.53 (0.71) 29.46%**
Trouble falling asleepb 0.69 (0.72) 0.41 (0.63) 273.31%**
Trouble waking up during night” 0.84 (0.76) 0.73 (0.77) 34.02%**
Trouble waking up too early® 0.57 (0.69) 0.49 (0.66) 23.99%**
Insomnia Index® 2.72 (2.07) 2.15 (1.89) 133.73%%*
Covariates (2010)
Socio-demographic characteristics
Age (range: 25-92) 59.25 (10.01) 62.34 (9.94) 155.26%**
Race/ethnicity, %
White (non-Hispanic) 64.67 64.64 0.70
Black (non-Hispanic) 15.43 15.86
Other Race (non-Hispanic) 3.66 3.85
Hispanic (any race) 16.24 15.65
Married, % 91.68 91.68 -
Education (years; range: 0-17) 13.11 (2.98) 13.12 (3.18) 0.02
Income (logged; range: 0-14.38) 10.88 (1.48) 10.88 (1.48) -
Working for pay, % 52.53 57.31 14.87%**
Health status
Chronic conditions? 0.77 (0.83) 0.90 (0.87) 37.58%**
Normal weight, % 29.77 19.68 88.09%**
Depressive symptoms® 0.96 (1.63) 0.78 (1.41) 21.42%**
Health behaviors
Current smoker, % 13.32 15.31 5.18%*
Problem drinking", % 7.70 8.26 0.69
Moderate/vigorous physical activity 58.65 62.59 10.49%*

weekly or more, %

Dyad N = 3,221.

Group differences are tested using # tests for continuous variables and the chi-square statistics for categorical variables. All study variables
measured at the level of the individual, with the exceptions of marital status and household income, which were measured at the couple

level.

M mean; SD standard deviation.

Self-report of a doctor’s diagnosis of heart disease, including heart attack, coronary heart disease, angina, congestive heart failure, or

other heart problems.
PRated as 0 (rarely or never), 1 (sometimes), or 2 (most of the time).

“Summation of the four insomnia symptom items (range: 0-8).

YNumber of chronic health conditions diagnosed by a doctor (range: 0-5).

“Seven-item version of the Center for Epidemiological Studies-Depression scale (range: 0-7).

"More than 14 drinks/week for men and more than 7 drinks/week for women.

*p <.05; ¥*p <.01; ¥**p < .001.

Furthermore, we found statistically significant partner
effects of this symptom for husbands, but not wives. That
is, husbands whose wives reported trouble falling asleep
showed an increased likelihood of incident heart dis-
ease, over and above the effects of their own difficulties
falling asleep and the covariates (Model 4; OR = 1.25,

95% CI = 1.04-1.50). One’s own symptoms of not feel-
ing rested in the morning, trouble waking up during
night, and trouble waking up too early also showed an
association with incident heart disease in the unadjusted
models, but these actor effects generally became statis-
tically nonsignificant in the fully adjusted models (i.e.,
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Table 2 Dyadic models of insomnia symptoms and incident heart disease at 4 yr follow-up: odds ratios and 95% confidence intervals

Model 1 Model 2 Model 3 Model 4
Unadjusted + Sociodemographic + Health status + Health behavior
Wives Husbands  Wives Husbands  Wives Husbands  Wives Husbands
Insomnia symptoms index*
Actor effects 1.14%%* 1.15%** 1.13%* 1.15%** 1.06 L11** 1.06 1.12%*
[1.06, 1.23] [1.08,1.22] [1.04, 1.22] [1.07,1.23] [0.98,1.16] [1.04,1.20] [0.98,1.16] [1.04, 1.20]
Partner effects 1.04 1.07* 1.04 1.08* 1.03 1.07* 1.03 1.07*
[0.97,1.12] [l.01,1.14] [0.97,1.12] [1.01,1.15] [0.96,1.11] [1.00,1.15] [0.95,1.11] [1.00, 1.14]
Covariates
Age 1.02%* 1.04%%* 1.02* 1.04%%* 1.03%%** 1.04%**
[1.01, 1.04] [1.03,1.06] [1.01,1.04] [1.02,1.06] [1.01,1.05] [1.03,1.06]
Race/Ethnicity (reference: White (non-Hispanic))
Black (non-Hispanic) 1.00 0.69" 0.83 0.62* 0.78 0.60*
[0.64, 1.57] [0.45,1.06] [0.52,1.30] [0.41,0.95] [0.49,1.23] [0.39,0.92]
Other race (non-Hispanic) 1.24 0.63 1.25 0.65 1.31 0.65
[0.55,2.79] [0.28, 1.44] [0.56,2.82] [0.28,1.50] [0.58,2.95] [0.28, 1.51]
Hispanic (any race) 1.26 0.63* 1.11 0.62* 1.20 0.64
[0.78,2.03] [0.39,1.02] [0.68,1.81] [0.38,1.00] [0.74,1.93] [0.40, 1.04]
Married 0.94 1.15 1.00 1.13 1.05 1.14
[0.56,1.59] [0.67,1.98] [0.59,1.69] [0.65,1.95] [0.62,1.79] [0.66, 1.96]
Education (years) 0.97 0.96 0.98 0.97 0.99 0.97
[0.92,1.02] [0.91,1.01] [0.93,1.04] [0.92,1.02] [0.94,1.05] [0.92,1.02]
Income (logged) 0.97 0.90" 1.00 0.90* 1.00 0.90%*
[0.89, 1.06] [0.83,0.98] [0.90,1.11] [0.83,0.98] [0.89,1.12] [0.83,0.98]
Working for pay 0.59%* 0.90 0.66* 1.03 0.69* 1.06
[0.41,0.84] [0.66,1.24] [0.46,0.94] [0.75,1.42] [0.49,0.98] [0.77, 1.46]
Chronic conditions® 1.44%%* 1.36%** 1.42%** 1.38%***
[1.22,1.70] [1.18,1.58] [1.20,1.67] [1.20, 1.60]
Normal weight 0.60* 0.82 0.58%* 0.77
[0.41,0.89] [0.57,1.18] [0.39,0.85] [0.54,1.12]
Depressive symptoms® 1. 16%%* 1.07 1.15%** 1.06
[1.07, 1.26] [0.98,1.18] [1.06,1.26] [0.97,1.17]
Current smoker 1.94%** 1.65%*
[1.31,2.87] [1.14,2.39]
Problem drinking® 0.97 1.12
[0.71, 1.33] [0.85,1.47]
Moderate/vigorous physical activity 0.66 0.74
weekly or more [0.32, 1.33] [0.44, 1.24]

Dyad N = 3,221.
“Summation of the four insomnia symptom items (range: 0-8).

"Number of chronic health conditions diagnosed by a doctor (range: 0-5).

“Seven-item version of the Center for Epidemiological Studies-Depression scale (range: 0-7).

9More than 14 drinks/week for men and more than 7 drinks/week for women.

Tp<.10; % p < .05; % p < .01; *** p < .001.

Models 4 of Panels 1, 2, and 4). An exception was for
the effect of husbands’ reporting trouble waking up too
early, which remained statistically significant in Model 4

(OR =1.26, 95% CI = 1.04-1.53). Partner effects for the

other three symptoms were not associated with actors

incident heart disease.

>
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Fig 1 Model of actor and partner effects of insomnia index (range: 0-8) on incident heart disease. E,; and E, denote residuals for hus-
band and wife outcomes, respectively. Solid arrows indicate paths of direct interest to the present study. Estimates are from the fully

adjusted multilevel model. *p < .05; **p < .01.

Table 3 Dyadic models of insomnia symptom indicators and incident heart disease at 4 yr follow-up: odds ratios and 95% confidence

intervals
Model 1 Model 2 Model 3 Model 4
Unadjusted + Sociodemographic + Health + Health behavior
Wives Husbands Wives Husbands Wives Husbands Wives Husbands
Panel 1: Not feeling rested in the morning®
Actor effects 1.30% 1.14 1.37%* 1.21%* 1.17 1.12 1.16 1.12
[1.06,1.59] [0.95,1.35] [1.11,1.69] [1.01,1.44] [0.93,1.46] [0.93,1.34] [0.92,1.46] [0.93,1.34]
Partner effects 1.07 1.03 1.09 1.13 1.05 1.11 1.05 1.11
[0.87,1.32] [0.86,1.23] [0.89,1.34] [0.94,1.36] [0.86,1.29] [0.92,1.33] [0.85,1.29] [0.92, 1.33]
Panel 2: Trouble falling asleep®
Actor effects 1.53%** 1.44%** 1.43%* 1.48%*** 1.26* 1.39%* 1.25% 1.39%*
[1.25,1.86] [1.20,1.74] [l1.16,1.77] [1.21,1.81] [1.01,1.57] [1.13,1.71] [1.01,1.56] [1.13, 1.71]
Partner effects  0.99 1.29%* 0.99 1.28* 0.97 1.25% 0.95 1.25%
[0.79,1.24]  [1.08,1.53] [0.79,1.25] [1.07,1.54] [0.76,1.22] [1.04,1.51] [0.75,1.20]  [1.04, 1.50]
Panel 3: Trouble waking up during night®
Actor effects 1.21 1.32%* 1.14 1.21% 1.03 1.13 1.05 1.14
[0.99,1.46] [1.12,1.56] [0.93,1.40] [1.02,1.44] [0.84,1.26] [0.95,1.35] [0.86,1.28]  [0.96, 1.36]
Partner effects 1.09 1.22% 1.08 1.16" 1.08 1.16 1.08 1.16
[0.92,1.31] [1.03,1.44] [0.90,1.30] [0.97,1.39] [0.90,1.30] [0.97,1.39] [0.90,1.30] [0.97,1.39]
Panel 4: Trouble waking up too early”
Actor effects 1.25% 1.34%%* 1.16 1.32%%* 1.05 1.25% 1.05 1.26*
[1.02,1.54] [1.12,1.61] [0.93,1.44] [1.09,1.60] [0.84,1.31] [1.02,1.52] [0.83,1.31] [1.04, 1.53]
Partner effects 1.17 1.12 1.16 1.11 1.12 1.10 1.11 1.09
[0.95,1.43] [0.92,1.36] [0.94,1.43] [0.91,1.36] [0.91,1.38] [0.90,1.34] [0.90,1.37]  [0.89, 1.34]

Dyad N = 3,221.

“Rated as 0 (rarely or never), 1 (sometimes), or 2 (most of the time).

Tp < .10; *p < .05; **p < .01; **¥p < .001.

Discussion

This study investigated the relationship between insom-
nia and incident heart disease among middle-aged and

older adults who were married or in another type of
intimate partnership. The central findings were that
husbands’ insomnia symptoms were associated with an
increased risk of incident heart disease for themselves
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and that wives’ insomnia symptoms were also related to
incident heart disease for husbands; husbands’ insomnia
symptoms were not related to wives’ incident heart dis-
ease (see Fig. 2 for a graphic representation of the actor
and partner effects of insomnia index for incident heart
disease found in this study). Trouble falling asleep was
the most consistent insomnia symptom related to risk
of heart disease, which is consistent with research sum-
marized in a recent meta-analysis of the extant scientific
literature [13].

Most prior research on the relationship between insom-
nia and health focused on children and younger adults,
with limited attention given to middle-aged and older
adults. Even less effort has been given to investigating

this question for couples at any stage of the adult life
course. Our results were generally consistent with mul-
tiple population-based prospective studies of individu-
als that showed insomnia symptoms are associated with
indicators of CVD [17, 19], and specifically, a moderate,
yet statistically significant association between insomnia
symptoms and heart disease was also found. Our results
suggested a consistent actor effect for the relationship
between insomnia and heart disease risk for husbands
across our models, whereas the relationship for wives’
insomnia and their own heart disease risk was attenu-
ated to statistical nonsignificance after baseline measures
for chronic conditions, BMI, and depressive symptoms
were controlled. The chronic health conditions index

0.15

0.10

0.05

Probability of incident heart disease

0.00
T T T T T
0 2 4 6 8
A. Insomnia symptoms: Actor effects
[ Gender Husbands — — —- Wives |
0.15
0.10

Probability of incident heart disease

0.00

4 6 8

B. Insomnia symptoms: Partner effects

[ Gender

Husbands — — —- Wives |

Fig. 2 Probability of incident heart disease (and 95% confidence intervals marked in grey) for husbands (solid line) and wives (dotted
line) by varying levels of (A) actor effects and (B) partner effects of insomnia symptoms (index range: 0-8). The plots are based on esti-

mated parameters from the fully adjusted multilevel model.
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was associated with a strong and persistent risk of inci-
dent heart disease for both husbands and wives. Not
only was the chronic health conditions index associated
with an elevated heart disease risk, additional analyses
showed that in models where hypertension at baseline
was included as a covariate—one of the most important
CVD risk factors—hypertension was also associated
with heart disease for wives and husbands (results not
shown).

On the other hand, our findings were somewhat dif-
ferent from previous research, where wives were found
to be more vulnerable than husbands to the potential
negative consequences of insomnia with respect to inci-
dent CVD events [17]. We are not aware of any studies
that employed dyadic modeling by considering spouses’
sleep to examine the association between insomnia and
cardiovascular health among middle-aged and older
couples. Thus, it is not feasible to make a direct compari-
son of findings across studies with substantially different
research designs.

Elevated cardiovascular risk in relation to insomnia
among men was reported in some studies comparing
men and women, and in other studies examining only
men [43, 44]. Given that women consistently reported
more insomnia symptoms compared with men, it could
be that men tended to have sounder sleep patterns than
women. However, for those men whose sleep was dis-
turbed, the health consequences of insomnia symptoms
may have been more severe. Conversely, a higher prev-
alence of insomnia symptoms for women may mean
that troubled sleep was more accepted by women, or
more under-reported by women. Hence, our measures
of insomnia symptoms may not have captured fully the
effects for incident heart disease. In addition, women
have been shown to more actively cope with poor sleep
than men, often through self-help behavioral strategies
and medical therapies [45], potentially counterbalancing
the negative health outcomes, such as heart disease risk,
associated with higher rates of insomnia.

As noted above, our findings suggested that wives
with insomnia did not have higher risk of heart disease
after controlling for their chronic health conditions,
depressive symptoms, and BMI—a result not found for
husbands. Psychological distress and poor sleep have
been closely tied in previous research [1]. Some evidence
showed that insomnia and depression were reciprocally
related and may have both independent and similar rela-
tionships with heart disease [46]. Also, obesity has been
associated with both elevated cardiometabolic risk and
sleep problems [47, 48]. As wives’ insomnia was found to
have no actor effects in our full model, it is possible that
the effects of wives’ poor sleep on heart disease operated
indirectly through psychological distress, biological sys-
tems, and physiological problems [49].

Our findings also indicated that insomnia symptoms
may have had adverse consequences for heart disease at
the couple level. Over and above the effects of one’s own
insomnia symptoms, partner’s insomnia symptoms were
also associated with an elevated likelihood of incident
heart disease for husbands only. This finding was consist-
ent with recent research on the dyadic nature of couple’s
sleep, psychological distress, and heart disease risk [21,
27]. We speculate that when wives suffered from insomnia
symptoms, their ability to monitor and exert social control
regarding their husband’s health may have been compro-
mised. Another explanation may be located in a body of
research on spousal suffering and cardiovascular outcomes
[30, 50]. It may be that husbands were more likely to keep
their poor health symptoms to themselves [45], whereas
wives were more likely to share their concerns with their
partners; this, in turn, may have served as a source of stress
that had health consequences for husbands [30].

Inspection of the coefficients and confidence intervals
suggest a small partner effect for the insomnia index,
whereas the partner effect for trouble falling asleep was
the only insomnia symptom indicator that reached sta-
tistical significance. This was not surprising given the
complex mechanism through which one’s sleep problems
were potentially linked to partner’s heart health. As we
are not aware of methodological strategies that allow for
appropriately estimating effect sizes in the dyadic analy-
ses based on GEE models, we were not able to provide
specific estimates of effect sizes.

“Trouble falling asleep” was the only insomnia indi-
cator that showed significant actor and partner effects
(“trouble waking up early” also had a statistically sig-
nificant actor effect, albeit only for husbands). The sig-
nificant relationship between the trouble falling asleep
and one’s own CVD was consistent with other studies in
the scientific literature [13]. The significant partner effect
of trouble falling asleep found in this study adds to our
understanding of the negative health effects associated
with this specific insomnia indicator. Trouble falling
sleep is an important marker of psychological stress that
may be related to heightened activity of the sympathetic
nervous system and it is particularly pertinent in the
context of CVD and CVD-related mortality [44]. The
link between trouble falling asleep and CVD may have
cross-spousal ramifications via mechanisms of stress
contagion and health concordance [26, 51]. Identifying
this specific symptom as a risk factor for heart disease
may help target interventions for individuals and their
partners suffering from this particular complaint.

Further research is needed to expand on the analy-
ses reported here, especially with respect to alternative
mechanisms not related to spouse’s insomnia, through
which insomnia may be related to heart disease among
middle-aged and older adults. For example, research



ann. behav. med. (2019) 53:345-357

355

has shown that relationship quality among couples was
related to heart disease [52], and that insomnia and other
sleep problems were related to relationship quality [32,
53]. We engaged in an elaboration analysis to determine
whether relationship quality mediated the relationship
between insomnia and incident heart disease among
middle-aged and older adult couples but found no evi-
dence that relationship quality was a pathway for this
association for either wives or husbands.

Limitations

This study had limitations, including the lack of clinical
evaluations of sleep problems. Some researchers question
the clinical value of self-reported insomnia symptoms
[54]. Questions have been raised about findings linking
insomnia to CVD from studies that did not control for
sleep apnea or other objective sleep duration measures
[55]. Other researchers have argued that specific symp-
toms were a useful proxy for the core dysregulation of
insomnia [48], and that insomnia symptoms, as a whole,
may serve as general indicators of sleep problems that
have consequences for health [56]. We are not aware
of any published study that makes direct comparisons
between the modified Jenkins Sleep Questionnaire [3]—
the measure employed in our research and many other
studies—and other well-established sleep measures, such
as the Insomnia Severity Index or the Pittsburgh Sleep
Quality Index. Because of a lack of data on clinical sleep
measures in the HRS, we were also unable to make com-
parisons between subjective and objective indicators of
sleep problems.

Self-report of height and weight for the BMI measure
and of ever being diagnosed with heart disease (CVD)
by a physician are potential limitations of this research.
Past research has shown that specific self-reported heart
conditions may be misclassified or under-reported by
respondents, but also that these self-reported condi-
tions have acceptable validity when heart disease is more
broadly defined, as is the case in the present study [57,
58]. Additionally, the prevalence estimates of heart dis-
ease and other chronic conditions obtained in the HRS
were similar to those estimated from the National Health
Interview Survey (NHIS), which is a principle source
of health information of the noninstitutionalized civil-
ian U.S. population [59]. The high correspondence of
chronic health conditions measured in the two surveys
(HRS and NHIS) lends confidence regarding the meas-
urement properties of the heart conditions reported by
respondents in the HRS. A related limitation is that we
were not able to examine how insomnia may be related
to specific heart conditions due to our reliance on the
RAND heart disease variable. Future research should
address this issue.

Causal statements about the relationships found for
insomnia and incident heart disease were not possible
due to likely omitted variable bias and selection bias
based on mortality [60]. Implicated unobserved vari-
ables include underlying biological and physiological
conditions that may be associated with both self-re-
ported sleep problems and heart disease. Furthermore,
mortality risk is not distributed evenly in the population,
as the risk was higher for men than women. Because we
restricted the study sample to married couples alive at
each observation point, the results reported here may
reflect healthy-survivor selection effects. Finally, it is
reasonable to assume a reciprocal relationship between
incident heart disease and insomnia symptoms. The data
and statistical techniques available to us do not permit
examination of the potential reciprocity between our key
variables; future research should address this possibility.

The HRS data did not allow us to determine whether
couples actually slept together. The National Sleep
Foundation reported that three out of ten couples sleep
in separate beds. Separate sleeping arrangements may
increase with age [61]. If a significant portion of mid-
dle-aged and older adults in the HRS, in fact, did not
share a bed, this could result in weaker findings regard-
ing the association between insomnia and incident heart
disease. Chen has argued convincingly that dyadic sleep
measures reflect not only sleep behaviors, but more
generally interdependence among spouses in daily life,
including sharing similar wake and sleep hours and other
lifestyle behaviors [21]. The fact that we found dyadic
effects given that some fraction of the sample likely did
not sleep together suggests that our results may under-
estimate the association between insomnia and incident
heart disease.

We also acknowledge that the sampling criteria
employed in this study yield a younger and healthier
study sample, particularly for women, as individuals were
excluded from the sample when their spouse had CVD
at baseline. It is worth noting that such sample selection
likely makes our estimates more conservative, given that
women’s CVD events are likely under-reported in this
study sample.

Conclusions and Contributions

This study contributed to the scientific literature by exam-
ining the relationship between insomnia symptoms and
heart disease among middle-aged and older adult couples
using a prospective design with a large, national popula-
tion-based sample. The study laid a foundation for future
work that should investigate other mechanisms through
which insomnia is related to health among persons who
are in intimate partnerships across the adult life course.
These mechanisms may include biological, physical, and
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mental health conditions, along with environmental con-
ditions and variation in overall social integration. The
results of this study underscored the need to find effective
therapies for sleep problems to improve overall well-being
among middle-aged and older adults and their partners.
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