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Abstract

Heart disease is the leading cause of death in the United States and nearly one million Americans
will have a heart attack this year. Although the risks associated with a heart attack are well
established, we know surprisingly little about how marital factors contribute to survival in adults
afflicted with heart disease. This study uses a life course perspective and longitudinal data from
the Health and Retirement Study to examine how various dimensions of marital life influence
survival in U.S. older adults who suffered a heart attack (n=2,197). We found that adults who were
never married (odds ratio [OR]=1.73), currently divorced (OR=1.70), or widowed (OR=1.34) were
at significantly greater risk of dying after a heart attack than adults who were continuously
married; and the risks were not uniform over time. We also found that the risk of dying increased
by 12% for every additional marital loss and decreased by 7% for every one-tenth increase in the
proportion of years married. After accounting for more than a dozen socioeconomic, psychosocial,
behavioral, and physiological factors, we found that current marital status remained the most
robust indicator of survival following a heart attack. The implications of the findings are discussed
in the context of life course inequalities in chronic disease and directions for future research.

For more than half a century, the life course perspective has made immeasurable
contributions to our understanding of how social inequalities in health develop across age.
Central to this theoretical orientation is an emphasis on individual biographies that reflect
long-term patterns of stability and change over time (Elder, 1985; George, 1999; Giele and
Elder, 1998). Perhaps second only to research on socioeconomic differences in health,
studies have increasingly focused on the importance of past and present marital experiences
as they relate to the health and well-being of older adults (Hughes and Waite, 2009;
Williams and Umberson, 2004; Zhang, 2006). There is now mounting evidence to indicate
that the timing, number, and duration of marital experiences have significant implications for
chronic illness (Dupre and Meadows, 2007; Eaker et al., 2007; Zhang and Hayward, 2006)
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and mortality (Brockmann and Klein, 2004; Dupre, Beck, and Meadows, 2009; Molloy et
al., 2009).

A guiding principle of recent research on marriage and health over the life course is
recognition of the dynamic longitudinal associations between marital exposures and health
decline (Grundy and Tomassini, 2010; Lund, Holstein, and Osler, 2004; Williams and
Umberson, 2004). To date, however, the vast majority of longitudinal studies on marital life
—also referred to in the literature as marital trajectories, histories, or biographies—focus on
changes in aggregated indicators of health (e.g., number of chronic conditions, limitations,
etc.) or the development of illness (i.e., disease incidence). Only a handful of studies
examine the role of marital status after the onset of illness (Burnley, 1999; Chandra et al.,
1983; Kilpi et al., 2015; Lammintausta et al. 2013; Nielsen and Mard, 2010) and no existing
studies consider which aspects of the marital life course are important to survival after a
major health event. This gap in the literature largely neglects an important (and often
lengthy) stage in the life course—especially when considering that the leading causes of
disability and death in the United States are attributable to cardiovascular disease and its
management (Go et al., 2014; National Center for Health Statistics [NCHS], 2013).

This study is the first prospective investigation of how multiple dimensions of marital life
are related to survival after a heart attack. Data from a nationally representative sample of
U.S. older adults (1992 to 2010) is used to address four research objectives. First, examine
whether individuals who are married live longer after a heart attack than individuals who are
not married. Second, examine which aspects of marital life—i.e., marriage timing, current
marital status, cumulative number of marital losses, and marriage duration—are associated
with risks of dying after disease onset. Third, assess whether and to what degree the
associations vary over time following a heart attack. Finally, examine whether
socioeconomic, psychosocial, behavioral, and/or physiological risk factors explain the
associations. The implications of the findings are discussed in the context of life course
inequalities in chronic disease and directions for future research.

BACKGROUND

The Marital Life Course

The marital life course—also referred to here as marital history—is the conceptual and
empirical aggregation of past and present marital relationships that are bounded by
transitions into/out of discrete marital statuses that accumulate over adulthood (Dupre and
Meadows, 2007; Zhang and Hayward, 2006). Several distinct dimensions of marital life are
identified in the literature. The timing of one’s first marriage is a key turning point in the
adult life course and signals whether entry into this role occurs at a normative age range for
that historical period/cohort (McLaughlin, Litchter, and Johnston, 1993; Spanier, Roos, and
Shockey, 1985). Marrying at an early age can lead to added stress, hardship, and long-term
disadvantage because important socioeconomic resources may be forfeited (e.g., educational
attainment). Although research is limited, studies suggest that early marriage is associated
with poor physical and psychological health (Dupre and Meadows, 2007; Forthofer et al.,
1996 McFarland et al., 2013) and increases the likelihood of marital disruption (Booth and
Edwards, 1985; Heaton, 1991; Morgan and Rindfuss, 1985).
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The second and perhaps most studied feature of marital life in the literature is marital status.
In the absence of other information, knowing whether an adult is currently divorced,
widowed, remarried, or continuously married provides a contemporaneous snapshot of one’s
current history of marital life; as well as providing important insights into a wide range of
socioeconomic, psychosocial, and behavioral correlates. Compared to those who are
married, research consistently shows that individuals who are not married have fewer
economic resources, less social support and social control, more risky behaviors, and
ultimately worse health outcomes (Gove and Shin, 1989; Lillard and Waite, 1995;
Umberson, 1987; Wu and Hart, 2002). Marital transitions are another dimension of marital
life that represents discrete changes in marital statuses. Marital dissolutions in particular
(i.e., divorce and widowhood) are important markers in the life course because they denote a
change in status that is frequently stressful and often involves an adjustment to a new social
role, identity, and living arrangement. Divorce and widowhood also bring a decline in the
availability of social and financial resources (Ross, Mirowsky, and Goldsteen, 1990;
Wilmoth and Koso, 2002). Indeed, studies show that divorce and widowhood transitions
increase a person’s risk of disease, disability, and death (Hemstrom, 1996; Pienta, Hayward,
and Jenkins, 2000; Zick and Smith, 1991) and that repeated marital losses can be especially
detrimental to health and well-being (Barret, 2000; Dupre, 2016; Marks and Lambert, 1998).

A final dimension of marital life is the duration of time spent within a given status. Marital
duration captures both stability in the life course and marital instability marked by several
marital durations distributed across multiple statuses (i.e., marriage duration, divorce
duration, etc.). Marital duration also differentiates between persons who may share the same
number and type of transitions (i.e., divorce[s]) but who may accumulate unequal amounts
of time in each marital status over their life course. Long durations of marriage foster
economic and behavioral stability, shared obligations, and vested interests between partners,
which in turn, promote healthy lifestyles and enhance socioeconomic and psychological
resources (Brockmann and Klein, 2004; Elder et al., 2003; Umberson, 1987). Although few
studies directly test this argument, research shows that individuals who accumulate long
durations of marriage have significantly lower levels of disease, disability, and mortality than
those with shorter marriage durations (Dupre et al., 2009; Lillard and Waite, 1995; Pienta et
al., 2000).

The Marital Life Course and Heart Attack Survival

More than 80 million Americans—approximately 1 in 3 adults—currently live with one or
more forms of cardiovascular disease (CVD) and more than 7 million hospitalizations occur
each year because of CVD-related illnesses (Go et al., 2014; NCHS, 2013). According to
recent estimates, nearly one million adults will have a heart attack this year—approximately
one every 44 seconds—and cost the United States nearly $12 billion in hospital expenses.
(Go et al., 2014; Torio and Andrews, 2013). Although classical risk factors for the incidence
of heart disease are widely established—e.g., smoking, hypertension, diet, and obesity
(NCHS, 2013)—our understanding of whether and to what extent marital relationships play
arole in CVD prognosis is limited.
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Studies show that adults who are not married are at a significantly greater risk of suffering a
serious cardiovascular event such as a heart attack than married adults (Koskenvuo et al.,
1980; Lindegard et al., 1985; Venters et al., 1986). However, little is known about whether
and to what extent marital life influences survival after a heart attack. The research that does
exist—Ilargely from clinical studies or outside of the United States—suggests that adults who
are not married are much more likely to die following a heart attack than those who are
married (Case et al., 1992; Burnley, 1999; Chandra et al., 1983; Gerward et al., 2010;
Lammintausta et al., 2013; Nielsen and Mard, 2010). For example, a recent study in Finland
shows that men and women who are married have significantly lower short-term and long-
term mortality following a heart attack than those who are not married or live alone (Kilpi et
al., 2015). Relatedly, Idler, Boulifard, and Contrada (2012) show that married adults who
underwent cardiac surgery have significantly better survival prospects than adults who are
unmarried. Despite these contributions, the literature largely ignores how past and present
exposure to marital life has consequences for the longevity of adults who suffered a heart
attack.

We argue that a life course perspective is critical to understanding how past and present
marital experiences may influence survival after a heart attack. Current research suggests
that the accumulation of past marital experiences—e.g., marital losses—are strong correlates
of the development of disease (Dupre et al., 2015; Zhang and Hayward, 2006). However, for
those recovering from a life-threatening cardiac event, ones’ marital status may be an
especially important marker for understanding the current resources available toward a
positive prognosis. It also is possible that the influence of marital factors will not be uniform
over time since the occurrence of the heart attack. The purpose of this study is to examine
how each dimension of marital life is prospectively related to differences in survival after a
heart attack. To further understand these associations, we turn to the mechanisms thought to
explain how marital timing, status, transitions, and duration may contribute to surviving after
a heart attack.

Possible Mechanisms

A body of literature too large to summarize here consistently documents marital differences
in a constellation of risk factors related to cardiovascular disease and mortality (Green et al.,
2012; McFarland, Hayward, and Brown, 2013; Molloy et al., 2009; Ross et al., 1990; Waite
1995). Despite this volume of research, it is largely unknown the degree to which these
factors play a role in how one’s marital life impacts their risk of dying after a heart attack.
We anticipate that socioeconomic and behavioral factors may be especially salient to the
quality of care and disease management following a heart attack. Several categories of
mechanisms are proposed.

Socioeconomic factors are widely recognized as a key mechanism contributing to why
married adults have better health than unmarried adults. The prevailing argument is that
marriage provides a shared context of financial and material resources and that marital
dissolution severs these socioeconomic bonds (Duncan and Hoffman, 1985; McManus and
DiPrete, 2001; Wilmoth and Koso, 2002). Accordingly, studies show that the continuously
married have greater levels of wealth, better occupations, and less unemployment than those
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with marital instability (Addo and Lichter, 2013; Smith, 1994; Waite, 1995). Relatedly,
married couples also have greater access to medical insurance, prescription drug coverage,
and higher quality health care (Fletcher, 1988; Waite 1995; Zuvekas and Taliaferro, 2003)—
which may be especially important for those recovering from a heart attack (see Kilpi et al.,
2015). Marrying at an early age and experiencing marital loss(es) also may diminish the
acquisition and availability of these resources to improve the chances of survival following a
serious cardiovascular event.

Psychosocial Factors are a second category of mechanisms that may be important for
survival after a heart attack. Research shows that married adults have higher levels of social
support, family cohesion, coping resources, and overall psychological well-being than their
unmarried counterparts (Brown and Smith, 1992; Ross and Mirowsky, 1989; Watcherman
and Sommers, 2006). Psychological disposition and coping resources are shown to be
important attributes for lowering mortality after a serious health event such as a heart attack
(Mookadam and Arthur, 2004; Welin, Lappas, and Wilhelmsen, 2000). Some research also
suggests that religion may be an important psychosocial resource in cardiac patients and
their spouses during recovery (e.g., Miller et al. 2007). Therefore, it is argued that adults
who experience marital loss will have greater emotional distress and fewer psychosocial
resources available during their recovery to improve their outcomes.

Behavioral Factors are a related class of mechanisms that frequently include factors such as
smoking, diet, exercise, and alcohol consumption (Franks, Pienta, and Wray, 2002; Green et
al., 2012). The links between these health practices and cardiovascular health are well
known, but their role in explaining marital differences in survival after a heart attack is less
documented. Based on the wider health literature, the expectation is that marriage—
particularly a long, stable marriage—promotes social control and shared obligations that
encourage the cessation/avoidance of smoking and excess alcohol consumption, regular
medical checkups, and other behaviors that are important for managing illness (Husaini et
al., 2001; Kamon et al., 2008; Umberson, 1992). Indeed, there is evidence to suggest that
spouses with concordant health behaviors are more likely to adopt and maintain healthy
lifestyles to improve recovery and survival after a cardiovascular event (Di Castelnuovo et
al., 2009; Meyler, Stimpson, and Peek, 2007). Likewise, a sustained regime of medications
(e.g., beta-blockers, ACE inhibitors, etc.) is common following a heart attack; therefore, we
would expect that medication adherence plays an important role in survival after a heart
attack.

Physiological factors are the mechanisms most proximate to mortality after a heart attack
and include physiological status and pre-existing conditions. Obesity, comorbidity, and
subsequent cardiac events are well-known risk factors for dying after a heart attack (Go et
al., 2014; NCHS, 2013), yet they are the least studied pathways as they relate to linking
marital background and disease prognosis (Profant and Dimsdale, 1999; Sharra et al., 2009).
The general expectation is that the stresses of non-normative and unstable marital union(s)
are antecedents of chronic health conditions such high blood pressure, diabetes, excess body
weight, and recurrent heart attacks (August and Sorkin, 2010; Das, 2013; Kamon et al.,
2008). Moreover, it can be argued that lacking marital support may be most detrimental to
adults with the most comorbidities and functional limitations after a cardiac event.
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Research Questions

The primary objective of this study is to examine how marital experiences contribute to
surviving after a heart attack. A life course perspective serves as the overarching framework
to understand how past and present exposure to various dimensions of marital life exert their
effect over time. The general expectation is that non-normative marital timing, marital loss,
and limited exposure to stable marriage are sources of disadvantage that may be detrimental
to recovery after a major illness. There are significant shortcomings in the literature and our
understanding of whether and to what extent marital relationships play a role in disease
prognosis. To this end, several research questions guide the current analyses. First, do older
adults who are married live longer after a heart attack than older adults who are not married?
Second, what aspects of marital life are associated with greater risks of dying after disease
onset? Third, do the associations change over time after suffering a heart attack? And finally,
what are the factors that explain significant marital differences in survival following a heart
attack?

METHODS

The Health and Retirement Study (HRS) is an ongoing prospective cohort study of U.S.
adults over the age of 50 sponsored by the National Institute on Aging and the Institute for
Social Research at the University of Michigan (HRS, 2014). The original study cohort
included 9,824 age-eligible participants born in 1931 to 1941 who have been interviewed
biennially since 1992. With an initial response rate of 82%, sample attrition in the HRS due
to non-response and lost tracking is especially low and re-interview response rates are
generally well above 90%. Since 1998, the HRS has been supplemented with age-selective
birth cohorts to replenish the nationally representative sample of older adults (i.e., steady-
state sample design). Details of the multistage sampling design, survey implementation, and
response rates have been documented extensively elsewhere (HRS, 2014; Juster and
Suzman, 1995).

Data for this study are drawn from 10 waves of interviews (1992-2010) from 30,661
respondents in the original HRS cohort, the Asset and Health Dynamics Among the Oldest
Old cohort (AHEAD: < 1923), Children of Depression (CODA: 1924-1930), War Baby
cohort (WB: 1942-1947), and the Early Baby-Boom cohort (EBB: 1948-1953), who were
first interviewed in 1992, 1993, 1998, and 2004, respectively, and re-interviewed through
2010. Data for 2012 were not used for this analysis because information on respondent
mortality is not currently complete for this period. The analyses are restricted to respondents
who reported the incidence of a heart attack during the 10-wave observation period from
1992 to 2010 (n=2,349). At each interview, HRS participants were asked whether they had
“a heart attack or myocardial infarction” and in what year (and month after 1994) it
occurred. The time of the event was calculated from the respondents’ dates of birth and the
event. We excluded 12 cases because of inconsistent or erroneous values on the timing of
death. Fifty-six respondents were excluded because their marital history (if any) could not be
determined and an additional 91 cases were dropped because of missing data on other
baseline measures. The final analytic sample includes 2,197 adults aged 51 and older who
contributed an average of 6 person-years over the 18-year observation period.
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Measurement

A distinctive feature of the HRS is the prospective and retrospective design of data
collection that allowed us to quantify the marital life of each study member over an extended
period (more than 50 years). Marital information was ascertained from detailed responses to
questions about the beginning and ending dates (reported in years and/or months) of all
marriages, divorces, and/or widowhoods for the HRS participants. The respondents” month/
year-specific information was converted to age-specific data using date of birth, date of
interview, and date of event. Although we cannot confirm the dates that respondents
provided for the retrospective timing of marital events, research has shown “substantial
agreement” between marital dates reported retrospectively and those reported by the same
individuals in a panel design (Peters, 1988). The coding of study measures was facilitated by
using cleaned data files provided by RAND’s Center for the Study of Aging (HRS, 2014).

Four categories of marital life are examined using the following measures. First, the timing
of first marriage is dichotomized as early (ages 18 or younger; coded 1), on-time (reference
group), or late (ages 30 or older; coded 1) marriage to capture non-normative entry in a
marital union. Preliminary analyses assessed different cutpoints for men and women with
early and late marriages and the results showed a generally consistent pattern of increasing
risk with successively younger and older ages at first marriage. Second, several time-varying
variables are dichotomized to indicate whether the individual is never married, remarried,
divorced/separated, or widowed at a given age (each coded 1). The reference group is
respondents who are continuously married (coded 0). Approximately 2% of older adults in
the study reported cohabitation and most (~85%) had been previously married one or more
times. Therefore, cohabiting respondents were categorized to their respective non-married
status (i.e., never married, divorced, or widowed) to best reflect their marital history.

Third, marital transitions are operationalized as a time-varying measure of the cumulative
number of marital losses (range=0-5). Preliminary analyses indicated that divorce and
widowhood transitions had comparable risks for mortality; and the limited number of
respondents who reported being widowed more than once (n=14) prohibited including
separate measures for cumulative widowhoods and divorce. Finally, marriage duration is
measured as the length of the longest marriage to capture respondents’ differential exposure
to married life. Because marriage duration is dependent upon age, we operationalize
marriage duration as the ratio of years married divided by age. For the majority of
respondents (~85%), this duration reflects the entire time spent in a marriage (~15% are
remarriages). Total marriage duration was not used because data were not available and
because combining the length(s) of all marriages would confound the differentiation
between marriage duration(s) from stable and multiple marital unions.

The multivariate models adjusted for background characteristics that include age at onset (in
years), gender (male coded 1), race/ethnicity included as Hispanic (coded 1), non-Hispanic
black (coded 1), non-Hispanic other race (coded 1), or non-Hispanic white (reference
group), and geographic region (South coded 1). Several categories of previously identified
risk factors and resources are also examined as possible mechanisms. Socioeconomic factors
include the respondents’ educational attainment (in years), employment status (coded 1 if
work limited by health), total non-housing wealth in thousands of dollars (logarithmic
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scale), and health insurance coverage from any source (coded 1 if no health insurance).
Psychosocial factors include having no children (coded 1), no friends and/or relatives in the
neighborhood (coded 1), never attends religious services (coded 1), and number of
depressive symptoms measured by the 8-item abbreviated Center for Epidemiologic Studies
Depression Scale (CES-D; range=0-8) Behavioral factorsinclude current smoking status
(coded 1 if currently smoking), alcohol use (coded 1 if > 3 drinks per day), frequency of
vigorous physical exercise (coded 1 if < 3 times per week), and medication adherence
(coded 1 if does not take medication for new/existing hypertension or heart failure).
Physiological factors include body mass index (BMI; calculated as weight in kilograms
divided by height in meters squared; <18.5 [underweight; coded 1], 18.5-24.9 [normal
weight; reference group], or =25.0 [overweight or obese; coded 1]), number of activities of
daily living (ADL) limitations (range=0-5), diagnosed chronic illness (coded 1 if diagnosed
with hypertension, diabetes, chronic obstructive pulmonary disease, or cancer), and recurrent
heart attack (coded 1).

Preliminary analyses also included variables to adjust for study cohort (e.g., original HRS,
CODA, EBB), urban-rural residence, lifetime occupational status, household income, and
spouses sampled from the same HRS-selected households; however, results were not
significant and the variables were dropped from the final models. Alternative coding
strategies were also assessed for the continuous variables (e.g., logged, polynomial, and
grouped-ordinal scales) and categorical variables (e.g., different cutpoints, categories, and
reference groups) and did not alter the central findings. All measures are time varying and
time lagged (observed in the previous wave [i.e., within the prior 24 months]—with the
exception of age, gender, and race/ethnicity) in the prospective analyses to establish
temporal order when estimating the associations between the covariates and subsequent
mortality. Alternative lag times (e.g., no lag, 12-months, 48-months, etc.) also were assessed
in preliminary analyses and produced largely consistent results.

Mortality from all causes was the outcome for analysis. Deaths from all causes were
included because the majority of studies examining survival after a heart attack include all-
cause mortality as the outcome (Kilpi et al. 2015; Lammintausta et al., 2013; Nielsen and
Mard, 2010; Vaccarino et al., 1999) and because most adults who suffer a heart attack die
from other causes (Go et al., 2014). Respondents who died were identified from the HRS
tracking file and matches to the National Death Index (see HRS, 2014). Time until death was
calculated from the participants’ date of onset and date of death. Individuals who could not
be identified as deceased and persons who survived through 2010 were considered censored
observations. We also recognize that some adults experienced sudden death following a
heart attack; however, research shows that the vast majority of adults with a heart attack
survive to the hospital and more than 90% are discharged alive (Floyd et al., 2009; Go et al.,
2014). A person-year file was constructed from the respondents’ cumulative exposure to
death so that each observation was a record for every additional year beyond their age at
onset. A total of 1,217 deaths (55%) were reported during the 17,615 person-years of
observation.
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Statistical Analysis

Baseline distributions of the study variables were computed for all participants and by
survival status. Bivariate comparisons were calculated with 2-tailed #tests for continuous
and count variables and 2 tests for categorical variables. Discrete-time hazard models were
then used to estimate odds ratios (ORs) for the adjusted risks of mortality associated with
marital factors and other covariates. The hazard rate is defined as the conditional probability
that an individual who suffered a heart attack will die at time £ given that the individual was
alive at the beginning of time & Different functional forms were evaluated (e.g., piecewise
exponential, log-linear, curvilinear) to determine the parametric specification that best
captured the mortality distribution over time (4. A linear function of the log odds was the
best fitting and most parsimonious of those evaluated based on graphical plots and Bayesian
information criterion (BIC; Raftery, 1995). Time was also parameterized as a function of age
in preliminary analyses and the results were consistent.

The discrete-time models are conducted in two steps. First, two sets of multivariate models
are estimated to examine the risks of dying associated with marriage timing, marital status,
marital transitions, and marriage duration. Model 1 includes age at onset, race, ethnicity, and
geographic region and Model 2 further includes interactions between time and the marital
variables to assess whether and how the associations change over time since the occurrence
of the heart attack. The adjusted odds estimated from Model 2 are then plotted to illustrate
the differences over time. The second series of multivariate analyses examine the
socioeconomic, psychosocial, behavioral, and physiological factors thought to explain the
marital differences in survival following a heart attack. Model fit and reductions in estimated
ORs across models (i.e., mediating effects) were assessed using BIC statistics and KHB
methods (Karlson, Holm, and Breen 2010), respectively. The associations are also assessed
for differences by gender and race/ethnicity.

Four sets of sensitivity analyses were also conducted. First, complementary log-log models
and Cox proportional hazard models were estimated (based on age and time since onset) and
the results were nearly identical to those presented here, with only negligible changes in the
point estimates and confidence intervals (CIs). Preliminary estimates also showed that the
reported ORs approximate closely to relative risks (+ .05-.001). Second, we assessed
whether selective survival may have contributed to the findings. Excluding adults over the
age of 90 at baseline (n=189; 9%) produced results that were largely unchanged. Third,
although missing data was minimal across study variables for follow-up measurements (~ 2—
3%), preliminary analyses showed that the results were unchanged using multivariate
imputation, mean replacement, and forward imputation from baseline/prior interview data
(used here). Finally, separate analyses were run for the four categories of marital measures to
avoid over-identified models. Preliminary analyses indicated significant bivariate
correlations and moderate degree of multicollinearity in the fitted models—condition values
were > 60, with the largest variance decomposition proportions and variance inflation factors
among the marital status and transition variables.

The data are not weighted because the study focuses on a selective subsample of HRS
respondents (heart attack survivors) and the multivariate models include variables related to
initial sample selection (age, sex, race, region) to produce unbiased estimates (Winship and
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Radbill, 1994). Preliminary analyses confirmed that the overall patterns and conclusions
were similar between the weighted and unweighted data. Analyses were conducted using
Stata 13.0.

Table 1 presents the baseline characteristics of the study participants for the entire sample
and by survival status. Following a heart attack, respondents who died are significantly more
likely to be older, non-Hispanic black, have less education, lower levels of wealth, and less
employment due to their health compared with respondents who survived through the study
period. Those who survived are also more likely to exercise, have fewer depressive
symptoms, take their medications, have higher BMI, fewer ADL limitations, and are less
likely to have other diagnosed chronic illness. In terms of marital experiences, adults who
married on-time (ages 19-29) and those who are currently married—either in a stable 15t
marriage or remarriage—are significantly more likely to survive after a heart attack than
their non-married counterparts. There are no significant differences in survival for the
cumulative number of marital losses and duration of marriage at baseline.

Table 2 presents the discrete-time estimates for the associations between each measure of
marital life and the risk of dying while adjusting for sociodemographic background. Model 1
shows that surviving after a heart attack is significantly related to marital status, marital
transitions, and marital duration; but not marital timing. Respondents who never married
(OR=1.73 [=exp(0.55)]; p < .008), currently divorced (OR=1.70 [=exp(0.53)]; p< .001), or
widowed (OR=1.34 [=exp(0.29)]; p < .001) are at greater risk of dying than respondents
who are continuously married. Likewise, the risk of dying after a heart attack increases by
12% (= 100*[exp(0.11) — 1]; p=.012) for every additional marital loss. Alternatively, for
every 10% increase in the proportion of years married, the risk of dying decreases by
approximately 7% (p< .001).

Model 2 includes interaction terms for time (since heart attack) and each of the marital
factors and shows significant changes in the associations for marital status, but not for
marital timing, marital transitions, or marriage duration. To better illustrate these findings,
the predicted odds of mortality in Model 2 are plotted in Figure 1. Overall, the risks
associated with current marital status are more pronounced than the risks associated with
other dimensions of marital history. The predicted odds of dying associated with the number
of marital losses and the duration of marriage are similar in magnitude and patterning over
time—uwith slightly larger disparities in predicted odds in later years as a cumulative
function of the log-linear risks that increase with time. The elevated risks in adults who are
currently divorced or widowed are larger and follow the same pattern of increase over time.
In the time immediately after a heart attack, the odds of dying are greatest in adults who
never married. The results for remarriage follow a similar pattern. Older adults who are
remarried have the largest increase in mortality in the first years after suffering a heart attack
compared with older adults who remained continuously married. After approximately 8
years, however, the predicted rates for remarried and continuously married adults are largely
the same.
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Table 3 presents the results from a series of models examining the potential factors
contributing to marital differences in mortality following a heart attack. As previously
shown, marital timing has no significant association with survival. For marital status, the
adjusted models suggest that socioeconomic factors (predominantly wealth) contribute to the
largest reductions in mortality risks associated with being never married, divorced, and
widowed (18%, 30%, and 40% reductions, respectively, according to KHB estimates). The
increased mortality associated with remarriage is attenuated most by behavioral factors in
Model 4 (40% reduction)—and primarily attributable to smoking and exercise. With the
exception of widowhood in the final model, the overall patterning of mortality risks related
to marital status remained robust and statistically significant despite accounting for nearly
two dozen explanatory variables (Model 6).

The cumulative number of marital losses has the overall weakest relationship with the risks
of dying after a heart attack (OR=1.12; p < .05) and the association is mediated by a similar
degree for three categories of covariates (Models 3-5) and mediated most by the
socioeconomic factors in Model 2 (61% overall reduction; with 42% due to wealth). The
protective effect of marriage duration remains significant and largely unchanged across each
of the explanatory models. However, the inclusion of the socioeconomic covariates in Model
2 exhibits the largest attenuation of the association between marriage duration and survival
after a heart attack (with the largest reduction attributable to wealth [24%]).

According to estimated BIC statistics (not presented), current marital status has more overall
explanatory power than other dimensions of marital history. With regard to the explanatory
variables, the models with physiological factors (Model 5) exhibit the greatest overall model
fit for estimating the risk of dying after a heart attack—although these factors appear to be
operating largely independent of the marital variables. Among the key mediating factors, the
lowest estimated BIC values are consistent with the reductions in coefficients and
significance levels described above. Supplementary analyses were also conducted to
examine whether the associations for the marital factors varied for men and women or by
race/ethnicity. Of the more than two dozen interactions that were tested, there was no
evidence that the key findings significantly differed by gender or race/ethnicity.

DISCUSSION

Nearly one million Americans will have a heart attack this year and upwards of 9 million
adults are currently alive after suffering a heart attack (Go et al., 2014). This study provides
new evidence of how various dimensions of marital life contribute to survival in those who
are afflicted with this prevalent cardiovascular event. The results from this study are a
departure from recent research demonstrating the cumulative and lasting effects of marital
loss on the onset of disease. Instead, we find that current marital status is the most robust
indicator of survival in adults who suffered a heart attack. Furthermore, we find that some
associations vary over time since the occurrence of a heart attack and many of the marital
factors are not fully accounted for by socioeconomic, psychosocial, behavioral, or
physiological factors.
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Contrary to existing research on the incidence of a heart attack (Dupre et al., 2015;
Lindegard et al., 1985; Zhang and Hayward, 2006), we find limited or no evidence of an
association between past marital transitions and the timing of first marriage with the risk of
dying after a heart attack. Rather, we demonstrate that indicators of marital life that are more
contemporaneous with the cardiac event are more salient for understanding how long older
adults survive after a heart attack. Compared with adults who are continuously married, we
find that those who are not currently married are at the greatest risk of dying after suffering a
heart attack. The odds of dying after a heart attack are large and especially pronounced
immediately following the health event for adults who never married. This finding is
consistent with previous research in other countries showing sizeable risks of mortality in
never married adults following a coronary event (Gerward et al., 2010; Lammintausta et al.,
2013). Although the increased mortality among the never married in the current study was
explained most by socioeconomic resources such as wealth, our study does not fully explain
the sizeable risks of death relative to their continuously married counterparts—particularly
in the first two years after a heart attack (OR=3.32-2.64 in years 1-3).

In terms of divorce and widowhood, we also find that the elevated risks of dying after a heart
attack are large over time (ORs=1.69 and 1.34, respectively) compared with continuous
marriage. Much of these risks are explained by the socioeconomic resources available for
recovery; a finding that is supported by recent research in Finland (Kilpi et al., 2015);
however, divorce status remains a significant risk factor for dying after a heart attack. We
suspect that more detailed measures of instrumental and emotional support may further
account for how being unmarried is detrimental to survival after a heart attack. Therefore,
we encourage additional research to explore these and other potential mechanism(s)—
particularly as they relate to unmeasured dimensions of psychosocial stress (e.g., anxiety,
low self-efficacy) that may accompany the lower socioeconomic standing of those who are
not married.

In terms of marriage duration, we find that those who spent the largest proportion of their
adult life in a marital union have a significant survival advantage over those who spent less
time married. It is argued that long, continuous marriages provide stability in
socioeconomic, behavioral, and psychosocial resources that accumulate and solidify over
time. However, much like marital status, accounting for more than a dozen covariates did not
fully explain the association. Faced with a heart attack, we suspect that those with long
durations of marriage draw from multiple protracted resources to better manage disease and
prolong survival after experiencing a life-threatening event. Therefore, future studies are
needed to test these arguments and to explore alternative measures that better capture long-
term exposure to such risks and resources.

Two notable findings also warrant comment. First, we find that remarried adults have
slightly greater odds of dying compared with continuously married adults in the first years
after a heart attack but not thereafter. We also find that this association is attributed most to
differences in behavioral factors such as exercise and smoking. This suggests that having a
spouse from a subsequent marriage (relative to one stable partner) may not confer the same
level of social control, shared obligations, and concordant behaviors that promote the
avoidance/cessation of smoking, medication adherence, and other behaviors that are
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important for managing illness (Husaini et al., 2001; Kamon et al., 2008; Umberson, 1992).
Indeed, recent research suggests that smoking behavior plays a significant role in marital
differences in long-term survival following cardiac surgery (ldler et la., 2012). A second
notable finding is that marital timing has no association with survival after a heart attack.
Other studies have demonstrated significant risks associated with early marriage and disease
incidence (Dupre 2016; Zhang and Hayward, 2006); however, this study suggests that
marriage timing does not influence the likelihood of dying following the onset of a major
cardiovascular event. Although more research is needed to further substantiate these results,
this finding is consistent with demonstrating the importance of marital factors that are most
proximate to the health event.

Our analysis of potential mediators suggests that socioeconomic resources—namely
available wealth and assets—play an important role for those recovering from a heart attack.
This finding supports recent research from Finland that suggests the lack of material
resources contributes to the survival disadvantage of persons living alone after a heart attack
compared with those who were married (Kilpi et al., 2015). These findings are also largely
consistent with previous research showing that married couples generally have greater
access to medical insurance, prescription drugs, and overall higher quality of health care
(Fletcher, 1988; Zuvekas and Taliaferro, 2003). Conversely, lacking shared financial
resources that often accompany marital unions may have consequences for purchasing
equipment for physical fitness, maintaining a heart-healthy diet, and affording other
resources for cardiac rehabilitation to improve chances of survival (Go et al., 2014; Lillard
and Waite, 1995; Zuvekas and Taliaferro, 2003).

The results of this study are not without limitations. First, we recognize that the analyses are
based on self-reported heart attacks and not medical evaluations. However, studies show
considerable consistency between diagnostic reports of heart attacks from survey
respondents and those from medical evaluations—with self-reported data having a high
degree of overall agreement—i.e., sensitivity and specificity—with medical data (Harlow
and Linet, 1989; Okura et al., 2004). Furthermore, recent studies from Sweden and Finland
report similar associations to those shown here when using data from patient registries
(Gerward et al., 2010; Kilpi et al., 2015; Lammintausta et al., 2013). Nevertheless, future
studies may be warranted to validate the current findings with medical assessments. Second,
and relatedly, the study is limited to adults who survive to hospital discharge. Although
studies show that the majority of adults with a heart attack survive to the hospital and most
(~90%) are discharged alive (Floyd et al., 2009; Go et al., 2014), we cannot rule out
potential selection bias related to those who died shortly after suffering a heart attack.
Therefore, it is possible that the associations may be underestimated due to selective
mortality occurring prior to hospitalization in those with marital instability. Relatedly, we
recognize that some of the association(s) may be due to the selection of individuals into/out
of marriage.

Third, although the data were rich in the number and scope of measured covariates, it is
possible that additional unmeasured factors may have contributed to the findings. For
example, data were not available for the treatment and control of hypertension and diabetes;
or other clinical factors (e.g., cardiac rehabilitation) that improve the likelihood of survival
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after an acute cardiovascular event. We also could not identify the characteristics or quality
of past marriages or the circumstances of marital loss. Likewise, we lacked direct measures
of stress and anxiety that follow a heart attack (and divorce/widowhood), which may
contribute to the association between marital experiences and subsequent mortality. Finally,
we lacked data on the timing—start/end dates—for cohabitation and separation and
encourage other studies to explore how these (non)marital relationships may also impact
survival after a heart attack.

In sum, the results from this study provide new evidence that has the potential to inform
health policy and practice. Although marital events are not amenable to medical intervention
or treatment, knowledge about the risks associated with marital life may be useful for
personalizing care and improving prognoses for those who suffered a heart attack. For
example, older adults who are divorced—as well as those who were married for a short
period of time—may benefit from additional screening and/or monitoring during their
recovery period. Likewise, older adults who never married or remarried may benefit most
from immediate follow-up after their event to prevent a recurrent heart attack or premature
mortality. Greater recognition and understanding of these processes will enable health care
providers to better identify and treat older adults with illness who are at potentially high risk
of dying, as well as provide older adults a new (or heightened) awareness of their social risks
that go beyond the cautionary litany of poor diet, inactivity, and smoking. Future studies are
needed to further examine the mechanisms contributing to these associations and to assess
how such information can be used to aggressively treat these vulnerable segments of the
population.
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Highlights
. Deepens our understanding of how social relationships impact disease
prognosis.
. Marital status is a robust indicator of survival after a heart attack.
. Risks from past marital loss are not ameliorated with remarriage.
. Implications for health policy and practice are discussed.
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Table 1

Characteristics of Study Participants from the Health and Retirement Study at Baseline

Total Survived Died
(n=2,197) (n = 980) (n=1,217)

Sociodemographic Background

Age at onset 69.46 (11.30)  65.45 (9.61) 72.69 (11.52) ***

Male 55.08 56.02 54.31

Non-Hispanic black 13.93 11.84 1561 *

Non-Hispanic other race 2.00 2.24 1.81

Hispanic 7.46 8.27 6.82

Lives in the South 44.24 43.57 44.78
Marriage Timing

Early 15t marriage 14.83 15.69 14.13

On-time 15t marriage 68.16 72.59 64.60

Late 15t marriage 17.02 1172 21.28 ***
Marital Status

Never married 2.37 2.45 2.30

Continuously married 41.65 46.43 37.80 ¥

Remarried 20.07 23.88 17.10 ***

Divorced 12.34 12.55 12.16

Widowed 23.58 14.69 3073 ***
Marital Transitions

Number of marital losses (0-5) 0.64 (0.76) 0.64 (0.80) 0.64 (0.72)

Marriage Duration f
Length of longest marriage (%)
Socioeconomic Factors

Years of education
Wealth in thousands of dollars
Employment limited by health

No health insurance
Psychosocial Factors

No children

No nearby friends and/or relatives

Never attends religious services

CES-D depressive symptoms (0-8)

Behavioral Factors
Current smoker

Drinks alcohol in excess
No vigorous exercise

Does not take medication

Soc Sci Med. Author manuscript; available in PMC 2017 December 01.

49.49 (21.11)

11.44 (3.37)
168.01 (478.52)
53.39

5.96

6.33
20.35
26.22
2.24(2.27)

19.03
12.29

77.15

16.25

49,53 (20.45)

12.06 (3.18)
194.39 (508.09)
4255

6.53

5.61
21.73
26.33

1.96 (2.25)

18.37
15.82

70.71

12.76

49.46 (21.63)

10.94 (3.43) 7
*

146.78 (452.40)

62.12 ***
6.90

6.90
19.23
26.13

2.46 (2.26)

19.56
9.45 kA
82.33

19.06
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Total Survived Died
(n=2,197) (n =980) (n=1,217)
Physiological Factors
Underweight, BMI < 18.5 2.46 112 353 ¥
Overweight or obese, BMI = 25.0 65.73 73.27 59.65 ***
ADL limitations (0-5) 0.65 (1.27) 0.35 (.885) 0.90 (1.46)**
Diagnosed chronic illness 78.33 73.78 82.00 ¥**
Recurrent heart attack 18.02 18.27 17.83

*
p<.05;

Hok

p<.01;

Aok

*
p <.001 (two-tailed test).

fMeasured as a ratio of (years married/age) x 100.
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TABLE 2

Discrete-Time Estimates for Mortality after a Heart Attack Associated with Marital History in U.S. Older
Adults

Coefficient (SE)

Model 1 Model 2

1. Marriage Timing

Early marriage .16 -.06
(.10) (.18)
Late marriage 14 -.03
(.08) (.15)
Early marriage x Time .03
(.02)
Late marriage x Time .03
(.02)
I1. Marital Status
Never married 55 123
(:21) (.34)
Remarried .05 52 **
(.09) (17
Divorced 537%™
(.10) (-19)
Widowed 297 .23
(.08) (.15)
Never married x Time —_11*
(.05)
Remarried x Time _o7**
(.02)
Divorced x Time -.02
(.02)
Widowed x Time .01
(.02)
111. Marital Transitions
Number of marital losses 1n* 15
(.04) (.08)
Number of marital losses x Time -.01
(.01)

V. Marriage Duration t

Length of longest marriage _077 —07”
(.02) (.03)
Length of longest marriage x Time -.00
(.00)

Note: The reference group for marital timing is on-time marriage; the reference group for marital status is continuously married. Analyses were
conducted separately for each category of marital variables.

Models adjust for age at onset, gender, race, ethnicity, and geographic region.
fMeasured as a ratio of years married/age.

p<.05;

Soc Sci Med. Author manuscript; available in PMC 2017 December 01.



1duosnuepy Joyiny 1duosnue Joyiny 1duosnuepy Joyiny

1duosnue Joyiny

Dupre and Nelson

Ak
p<.01;

Aok

p<.001 (two-tailed test).

Soc Sci Med. Author manuscript; available in PMC 2017 December 01.

Page 23



Page 24

Dupre and Nelson

‘swodwAs anissaidap @-S30 pue ‘sauepusie snoibifal ‘saAle|al/spually Agieau ‘usipjiyo Aue sppe pue sejeLIeAod T [9powW Sapn|oul € [SpoiA
"30URINSUI Y3[eay pue ‘yieam ‘JuswAoldwa paiwl] ‘|SAS] UOIIEINPS SPPE pue S31eLIBAOD T [9POW S3pN[oul Z [9PON
‘uoiBial o1ydelBfoab pue ‘Andiuyls ‘aoel ‘Japush ‘1asuo Je abe 1oy sisnlpe T [9poN

‘abe/paliiew sieak Jo o1jel e se painses||

4

‘sa|qeLien [eiltew Jo AloBares yoea Joy Ajereredas pa1onpuod atam sasAjeuy “patitew Ajsnonuiuod si sniels [eyldew 1oy dnolb aouaiayal ay ‘aberiiew swi-uo si Buiwn jeirew oy dnoif aduslagel syl 910N

(z0) (20) (z0) (z07) (20) (z0)
#x 80 rrr L0 rrx 30 rrr 90 #r 80 o L0 aBetrew 1sabuo Jo yibua
,uoneing abeleN Al
0) ¥0) ¥0) ©0) 0) (¥0)
20"~ 9 90’ 9’ 0’ » 1T $9550] [E)1IEW JO JagINN
suonisuel] [exrenN ‘11l
(z0) (207 (z0) (z07) (z0) (z0)
e 90 w90 v 90 v L0 e 90 w90 WL x paLieway
(s07) (507 (s0) (s07) (s07) (s0)
*N._”.I *O._”.I *HH.I ‘x._”._”.l .x._”._”.l *HH.I aWl] x palLew JIaAsN
(60) (607) (80) (80) (60) (80)
€T »0C #x EC 7T #8T s 88 POMOPIAA
(tT) (o1?) (o1) (t1) (rT) (ot)
v I€ e srx LV e €7 e L€ e €3 paslonid
(o1) (o17) (sT) (917) (sT) (sT)
w7V 87 LV 67 L s V9 paleway
(se) (¥e) ¥e) (se) ve) (€e)
wxx €T wrx VT wn LT wux CCT wrx €TT wx €CT palLeW JansN
Sn1elS [eein ‘|1
(807) (807) (807) (807) (807) (807)
90°- €0'- oT s 90" VT abetlrew sye
(01) (o1) (01) (o1) (01) (01)
€0- S0’ T s S0° or aberrew Ae3
Burwiy abele |
|SPOIN S1010e4H S1019e4H $1010e4H S10]9eH S1010e4H
= [eaifojoisAyd  |edoineyag  |B190S0YdIASH s3s a1ydeafowsasq
9 [3POIN 'S 13poN ‘7 I3PON '€ [3pON *Z I3PON ‘T I3pON
(3s) wsrd14800

SHNPY J3PIO 'S’ N Ul KIOISIH [ENIBIAl YHM P3IRId0SSY HOeNY LeaH e Jale A)[elo 104 Sajewnss awi L -93210s1a paisnipy

Author Manuscript

€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Soc Sci Med. Author manuscript; available in PMC 2017 December 01.



Page 25

Dupre and Nelson

‘(1531 pa|rel-omy) 100" S
*

¥

10 sd
*

*
‘50 sd
;

"SOYeLIBAOD [ SBpN|aUl 9 [9POIN
"YOB1IE Leay JUSLINJaI pue ‘SSaul|l 21U0Iyd pasouBelp ‘BuIAll Aj1ep JO S3IIAIDR Ul SUCITENWI| ‘Xapul ssew Apoq Sppe pue SsejelieAod T [9poLu S9pnjoul G [3pOIA
‘85N UOIBOIPaW pue ‘8s1019xa [ealsAyd ‘asn [0yoofe ‘Buiyows Sppe pue Sa1eLIeAd T [8poW S8pnjoul 7 [8POA

Author Manuscript Author Manuscript Author Manuscript

Author Manuscript

Soc Sci Med. Author manuscript; available in PMC 2017 December 01.



	Abstract
	BACKGROUND
	The Marital Life Course
	The Marital Life Course and Heart Attack Survival
	Possible Mechanisms
	Research Questions

	METHODS
	Measurement
	Statistical Analysis

	RESULTS
	DISCUSSION
	References
	Figure 1
	Table 1
	TABLE 2
	Table 3

