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Abstract
Substantial research shows that cardiovascular disease is a major cause of disability in the
United States of America (USA) and worldwide. Despite the well-documented signifi-
cance of intimate partnerships for cardiovascular health and disease management, how
relationship quality contributes to the functional health of older adults diagnosed with
cardiovascular disease is much less understood than mental health and mortality risk.
Informed by the disablement process model and the lifecourse perspective, this study
examines the association between relationship quality and functional limitations among
partnered older adults aged 50 years and older diagnosed with cardiovascular disease in
the USA. Data are from the Health and Retirement Study, 2006–2012 (N = 1,355).
Multi-level linear regression analyses show that baseline negative relationship quality is
significantly associated with increased functional limitations over the two- and four-
year follow-ups. Additionally, the link between negative relationship quality and func-
tional limitations is stronger among older adults with lower household income over a
two-year span, compared to their higher-income counterparts, suggesting that these
older adults are doubly disadvantaged by higher relationship strains and limited economic
resources. Our findings demonstrate the significance of relationship quality for the func-
tional health of older adults with cardiovascular disease and shed light on the importance
of marriage/partnerships as an important social context for a critical stage in the disable-
ment process (i.e. functional limitations).
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Introduction
Substantial research has shown that marriage contributes to cardiovascular func-
tioning (Zhang and Hayward, 2006) and that such health benefits depend largely
on the quality of marital relationships (Liu and Waite, 2014). With growing preva-
lence of cardiovascular disease (CVD) in the United States of America (USA) and
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worldwide (Yusuf et al., 2001), increasing attention has been paid to how marital
context contributes to the wellbeing of people living with CVD. While the associa-
tions of relationship quality with cardiovascular risks, mental health and survival of
individuals diagnosed with CVD are well documented (Coyne et al., 2001;
Rohrbaugh et al., 2002; Liu and Waite, 2014), much less is known about how rela-
tionship quality affects their functional health.

The disablement process model posits that functional limitations are a critical
pathway through which chronic disease pathology develops into disability and
emphasises the salience of social contexts for modifying this process (Verbrugge
and Jette, 1994). Disability is a major health complication of CVD (Masoudi
et al., 2004) that undermines patients’ quality of life and independence, and causes
substantial financial burdens on individuals and the US health-care system
(Newschaffer et al., 2010). As marriage is an important social context for health,
particularly among older adults (Umberson and Williams, 2005), it is critical to
examine how relationship quality contributes to the progression of functional
health after disease onset so that interventions for disease management can be bet-
ter implemented. To this end, we used data from the 2006–2012 Health and
Retirement Study (HRS) to investigate the link between relationship quality and
functional limitations among older partnered adults diagnosed with CVD in the
USA. Our study consists of three research objectives. First, we examine the associa-
tions of baseline positive and negative relationship quality with subsequent func-
tional limitations in two-year and four-year follow-ups. Second, guided by
previous work on marital quality and health, we evaluate health behaviours and
psychological distress as possible explanations for the observed associations
(Kiecolt-Glaser and Newton, 2001). Lastly, informed by the status–resource inter-
action model of the cumulative advantage/disadvantage process (Choi and
Marks, 2013), we assess whether the association between relationship quality and
functional limitations differs by individuals’ household income.

Relationship quality, CVD and functional health
The disablement process: functional limitations as a critical stage

The disablement process model provides a useful framework for conceptualising
the development of physical limitations and disability after the onset of disease
pathology, and how contextual factors, such as relationship quality, can shape
the course of this disease process. In essence, the model postulates that disease
pathology leads to physiological impairments in specific body systems, which in
turn leads to functional limitations that ultimately progress into disability
(Verbrugge and Jette, 1994). It is also suggested that functional limitations are a
critical stage for the progression from disease to disability (Lawrence and Jette,
1996).

The disablement process model not only delineates the pathways from illness to
disability, but also accentuates the role of social contexts in modifying the course of
the postulated pathways (Verbrugge and Jette, 1994; Jette et al., 1997). Given the
significance of marriage and intimate partnerships for population health, assessing
how relationship quality influences the development of functional limitations
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among older adults with CVD can inform us of how the progression into disability
can be delayed or even prevented.

Why relationship quality matters

Relationship quality can have direct physiological impacts on the functional health
of CVD patients. Both clinical and population-based studies have shown that rela-
tionship distress can cause physiological insults on the cardiovascular, neuroendo-
crine and immune systems (Robles et al., 2014). For example, marital strains were
associated with greater cardiovascular reactivity such as heightened blood pressure
and faster heart rate (Robles and Kiecolt-Glaser, 2003; Liu and Waite, 2014), both
of which are precursors of CVD and risk factors for functional decline
(Karlamangla et al., 2002). Additionally, recent studies reported significant associa-
tions between marital quality and metabolic disorders such as central obesity, high
blood pressure and dyslipidemia (Whisman and Uebelacker, 2012), all of which are
associated with a higher risk of functional limitations (Penninx et al., 2009). Lower
marital quality has also been linked to higher levels of inflammation (Donoho et al.,
2013), another risk factor for functional disability (Kuo et al., 2012).

Additionally, relationship quality can affect the functional health of older adults
with CVD via its impacts on psychological wellbeing (Kiecolt-Glaser and Newton,
2001). Studies have shown that better relationship quality can help CVD patients
develop psychological adjustments and buffer depression resulting from coping
with the disease, thereby maintaining better functional health. In parallel, relation-
ship distress may exacerbate adverse outcomes of CVD via psychological distress
(Brecht et al., 1994; Rohrbaugh et al., 2002; Roijers et al., 2016). Recent develop-
ments in behavioural cardiology have established psychological distress as a
major risk factor for adverse cardiovascular outcomes, including decline in func-
tional capacity (Das and O’Keefe, 2006).

Lastly, relationship quality can influence the functional health of CVD patients
via change in health behaviours. Studies have shown that relationship strains can
induce or exacerbate unhealthy habits such as smoking and excessive drinking
(Kiecolt-Glaser and Newton, 2001), both of which can negatively affect the func-
tional health of CVD patients (Fried and Guralnik, 1997; Lin et al., 2011).
Furthermore, it is well-documented that marriage benefits health through spousal
health monitoring and the effectiveness of such health controls depends much on
relationship quality (Waite and Gallagher, 2000). Recent evidence also showed that
greater health-related spousal support, such as listening to one’s health concerns
and assistance in health care, can encourage the adoption of healthy behaviours
such as engagement in physical activity and healthy diet among heart disease
patients (Franks et al., 2006), whereas relationship distress can hinder medication
adherence (Cornwell and Waite, 2012). Given the importance of self-care for man-
aging CVD (Gallant, 2003), we expect that relationship quality could also affect the
functional health of CVD patients via behavioural changes.

In general, the empirical work shows that better relationship quality is signifi-
cantly associated with better mental health (Brecht et al., 1994; Roijers et al.,
2016) and greater survival prospects among CVD patients (Orth-Gomer et al.,
2000; Coyne et al., 2001).
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In contrast, little is known about how relationship quality contributes to the
development of functional limitations among CVD patients despite its significant
role in the disablement process. However, a small but growing number of studies
have shown that relationship quality is significantly associated with functional
health in the general population. Overall, the studies found empirical support for
both positive and negative relationship quality as risk/protective factors for disabil-
ity. For example, Bookwala (2005) reported that greater negative marital quality was
significantly associated with more physical disabilities among older adults. Choi
and Marks (2006) showed that marital conflicts significantly increased functional
impairments at a later time. As for positive marital exchanges, Warner and
Kelley-Moore (2012) demonstrated that positive marital quality buffered against
the stressful effect of loneliness on functional limitations while Choi et al. (2016)
found that higher positive marital quality of older adults and their spouses was sig-
nificantly linked to fewer physical disabilities later. Both theoretical and empirical
work on relationship quality, CVD and functional health suggest that relationship
quality should play a significant role in the functional health progression of CVD
patients after the disease onset. Building on the existing work, we propose the fol-
lowing hypothesis:

• Hypothesis 1: Higher baseline positive relationship quality is significantly asso-
ciated with fewer functional limitations while higher baseline negative relationship
quality is significantly linked to more functional limitations among older adults
diagnosed with CVD over two-year and four-year follow-ups.

Additionally, past research showed that psychological distress and health beha-
viours were significant risk factors for adverse outcomes of CVD (Das and O’Keefe,
2006) and linked to the development of functional disability (Fried and Guralnik,
1997). These two factors are also theoretical pathways through which relationship
quality affects physical health (Kiecolt-Glaser and Newton, 2001). Thus, we also
examine them as possible explanations for the observed associations. We hypothe-
sise that:

• Hypothesis 2: Psychological distress and health behaviours partially explain the
link between relationship quality and functional limitations among older adults
diagnosed with CVD.

The moderating role of household income

The principle of linked lives in the lifecourse framework maintains that indivi-
duals’ health is influenced by their socially significant others like spouses or
co-habiting partners (Moen and Hernandez, 2009). Viewed from this perspec-
tive, relationship quality can be seen as a resource/constraint that married or
co-habiting couples develop over time and can influence the course of their
health status (Umberson and Montez, 2010; Warner and Kelley-Moore, 2012).
Furthermore, the significance of important social relationships for health may
depend on other macrostructural contexts such as income or race/ethnicity
(Choi and Marks, 2013).
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The status–resource interaction model of cumulative advantage/disadvantage
proposed by DiPrete and Eirich (2006) suggests that when examining the effects
of individual resources or constraints on lifecourse outcomes such as health, one
needs to also consider how these resources or constraints interact with structural
status to have differential impacts on the outcomes. Guided by this model, we con-
sider how the link between relationship quality and functional limitations among
older adults with CVD may depend on household income as income, an important
form of socio-economic resource, is consistently shown to impact health and dis-
ease outcomes, and is particularly crucial for shaping disease progression compared
to education (Zimmer and House, 2003; Herd et al., 2007). Following the status–
resource interaction model and cumulative advantage theory, we expect that the
association between relationship quality and functional health may be different
across income levels where those with higher income benefit more from relation-
ship support and those with lower income are more disadvantaged by relationship
strains. Examinations of relationship quality, income and health are scarce. A recent
study by Choi and Marks (2013) provides a good example. They found that
increases in marital happiness were associated with improvements in physical
health primarily for higher-educated individuals whereas increases in marital con-
flicts were linked with more physical limitations for individuals with lower income.
Thus, we propose that

• Hypothesis 3: The association between higher positive relationship quality and
fewer functional limitations among older adults with CVD is stronger for those
with higher household income while the link between higher negative relationship
quality and more functional limitations is stronger for those with lower income.

Methods
Data

We used data from the HRS 2006–2012, a multi-stage longitudinal household sur-
vey with a probability sample representative of non-institutionalised civilian adults
aged 50 years and older in the USA with over-samples of Blacks, Hispanics and
residents of the state of Florida. The HRS routinely collects rich information on
respondents’ socio-demographic and socio-economic characteristics and their
health conditions biennially. Variables used in this study are from individual
HRS waves, the 2014 tracker file and the RAND HRS Data Version N (RAND
Center for the Study of Aging, 2016).

To understand better the psycho-social experience of US older adults, the HRS
launched a pilot study in 2004 and officially included a module in 2006 to collect
psycho-social information of the respondents with self-administered leave-behind
questionnaires. The HRS conducts the leave-behind questionnaires on a rotating
basis with a random half of the total 2006 sample surveyed in 2006, and the
other half in 2008, and collects longitudinal information on the relationship quality
every four years (Smith et al., 2013). Measures of relationship quality used in this
study are from the baseline psycho-social modules in 2006 and 2008 (Time 1 (T1))
and their respective four-year follow-up in 2010 and 2012 (T3).
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Our study focuses on partnered older adults in the US diagnosed with CVD.
Respondents with CVD were identified between 1992 and 2008 through their self-
reported heart problems (e.g. heart attack, coronary heart disease or heart failure)
or stroke (including transient ischaemic attack) diagnosed by a doctor. As our pri-
mary objective was to examine the health implications of relationship quality, we
did not distinguish between union types and the term ‘spouse’ was used throughout
the text to refer to either marital spouses or co-habiting partners. Among the 2006
and 2008 HRS respondents who were diagnosed with CVD, randomly selected and
returned the psycho-social questionnaires, 1,475 older adults reported being part-
nered, of whom 1,414 were married and 61 were co-habitors. Our analytic samples
came from these 1,475 individuals. Respondents’ union types at T1 were controlled
for in all analytic models. Figure 1 shows our detailed sample selection procedures.

Our analyses consisted of two parts, the two-year (2006/2008–2008/2010) and
four-year follow-ups (2006/2008–2010/2012). The two-year follow-up analysis
examined how relationship quality at T1 (2006/2008) was prospectively associated
with functional limitations at T2 (2008/2010). The sample used in this analysis
included 1,355 older adults who were at least 50 years old at T1 and alive at T2.
The four-year follow-up analysis examined how relationship quality at T1 was pro-
spectively associated with functional limitations at T3 (2010/2012), controlling for
relationship quality at T3. A total of 1,080 older adults who were alive and remained
partnered at T3 were used in the four-year analysis.

Measures

Functional limitations was created by totalling respondents’ answers across 12 ques-
tions on difficulty in performing the following tasks (no difficulty = 0 versus at least
some difficulty = 1): ‘walking several blocks’, ‘jogging one mile’, ‘walking one block’,
‘sitting for about two hours’, ‘getting up from a chair after sitting for long periods’,
‘climbing several flights of stairs without resting’, ‘climbing one flight of stairs with-
out resting’, ‘lifting or carrying weights over 10 lbs [approximately 4.5 kilograms]’,
‘stooping, kneeling or crouching’, ‘reaching arms above shoulder level’, ‘pushing or
pulling large objects’, and ‘picking up a dime [coin] from the table’. The scores ran-
ged from 0 to 12.

Relationship quality was measured by seven questions that tapped into respon-
dents’ perceived support from their spouses, an important dimension of relation-
ship quality. Three questions assessed respondents’ perceptions of spouses’
positive support: (a) ‘How much do they really understand the way you feel
about things?’, (b) ‘How much can you rely on them if you have a serious problem?’
and (c) ‘How much can you open up to them if you need to talk about your wor-
ries?’ Four questions evaluate respondents’ perceptions of spouses’ negative beha-
viours: (a) ‘How often do they make too many demands on you?’, (b) ‘How
much do they criticise you?’, (c) ‘How much do they let you down when you are
counting on them?’ and (d) ‘How much do they get on your nerves?’ The response
categories for these seven questions were (1) a lot, (2) some, (3) a little and (4) at
not all. Respondents’ raw values were reverse-coded so that higher values indicated
more positive/negative behaviours from spouses. The Cronbach’s alpha for the
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positive dimension items was 0.78 and 0.76 for negative items in our sample, indi-
cating satisfactory internal consistency across the items.

Past research suggested that marital quality consisted of both positive and nega-
tive dimensions, two distinct constructs not exclusive of each other (Fincham and
Linfield, 1997). Following the suggestion of the HRS manual (Smith et al., 2013)
and past research (e.g. Choi et al., 2016), we created two summary scores for posi-
tive and negative relationship quality by summing up the values across the items

Figure 1. Flow chart of sample selection procedure for the current study.
Note: HRS: Health and Retirement Study.
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and taking the average respectively for the positive and negative dimensions. The
two summary measures were centred at their respective mean values when entered
in the models.

Health behaviours were indexed by drinking, smoking, physical activity and
body weight. Drinking was recoded into three categories: abstainers, light to mod-
erate drinkers (one to two drinks per day; reference category) and heavy drinkers
(three drinks or more) (Zhang and Hayward, 2006). Smoking included the following
categories: non-smokers (reference category), past smokers and current smokers.
Physical activity was a binary indicator of whether respondents engaged in vigorous
physical activity at least more than once a week (no = 0). Body weight, measured by
the Body Mass Index, was included as an indicator for health behaviour because it
was not only a significant risk factor for CVD but also reflected one’s health behav-
iour and lifestyle. All health behaviours were measured at baseline.

Psychological distress was indexed by depressive symptoms and diagnosed emo-
tional problems. Depressive symptoms were measured by a short eight-item version
of the Center for Epidemiological Studies Depression Scale asking whether respon-
dents experienced the following feelings in the past week: ‘depressed’, ‘everything is
an effort’, ‘restless sleep’, ‘lonely’, ‘sad’, ‘could not get going’, ‘happy’ and ‘enjoying
life’. We used the summary score created by the RAND HRS data-set, ranging from
0 to 8, with higher values indicating more depressive symptoms. Emotional pro-
blems were measured by respondents’ self-reported diagnosis of any emotional, ner-
vous or psychiatric problems (no = 0). The two psychological indicators were
measured at baseline.

We controlled for a series of covariates, including socio-demographic and socio-
economic variables and respondents’ social integration across all the models.
Gender was a binary indicator (male = 0). Age at baseline (centred at age 50) and
age of diagnosis were controlled for their close links to functional ability and
CVD severity. Race/ethnicity included non-Hispanic white (reference category),
non-Hispanic black, non-Hispanic other races and Hispanic. Birthplace was mea-
sured by a dummy indicator of South versus non-South regions (reference cat-
egory). Immigration status was a binary indicator (immigrants = 0). Current
union status at baseline included the first-time married (reference category), remar-
ried and co-habiting. Two chronic conditions at baseline were also controlled:
respondents’ self-reported diagnosis of hypertension (no = 0) and diabetes (no =
0). The analysis of the two-year follow-up also controlled for whether respondents
remained partnered after two years (no = 0). Approximately 93.75 per cent (N =
1,331) remained partnered after two years among the 1,355 respondents at baseline.

Baseline socio-economic conditions were controlled with the following four
indicators. Education was measured by years of formal schooling. Annual house-
hold income was measured in nominal dollars by the sum of all income from the
respondent and the spouse, not including other household members. Net household
assets were measured by the sum of all wealth components (excluding the second
residency) minus all debts. Missing cases on household income and net assets were
imputed by the RAND HRS. The imputation procedures were implemented in a
wave-specific and progressive fashion, depending on the type of missing cases.
Readers interested in detailed imputation methodology can refer to the latest report
contributed by the RAND Corporation (Pantoja et al., 2018).
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Both income and net assets were adjusted for household size and naturally
logged. The adjusted household income was further centred at its median value.
Insurance status was coded as ‘0’ if respondent reported not having any kind of
public or private health insurance and ‘1’ if at least one type of health insurance.
To control for respondents’ other social integration, all the models were adjusted
for whether respondents had living children (no = 0), siblings (no = 0) and religious
preference (no = 0). Lastly, baseline survey wave (year 2006 = 0 versus 2008 = 1) and
baseline functional limitations were controlled in all the models.

The proportion of missing values in our analytic sample is less than 4 per cent.
We handled missing values with multiple imputation. Ten multiply imputed data-
sets were produced using the PROC MI procedure in SAS 9.2, and the model results
were consolidated with PROC MIANALYZE.

Analytic approach

We used a lagged dependent variable approach to examine the links between baseline
relationship quality (i.e. T1) and subsequent functional limitations in two (i.e. T2)
and four years (i.e. T3). Baseline functional limitations, socio-demographic, socio-
economic and social integration covariates, and survey years were controlled in all
the models. Model 1 examined the association between baseline positive/negative
relationship quality and functional limitations at T2 and T3, respectively. Models 2
and 3, respectively, adjusted for health behaviours and psychological distress to assess
these two factors as possible explanations. Model 4 controlled for all the covariates.
The final model added interaction terms to test whether the link between relationship
quality and functional limitations varied by household income. Additionally, in our
analysis of the four-year follow-up, we also controlled for change in positive and
negative relationship quality over the four-year span in all the models.

To control for potential bias introduced by sample attrition due to premature
mortality (as couples with poor relationship quality may have higher risk of
death than their counterparts with good relationship quality), we adopted a two-
stage Heckman approach to control for mortality selection (Liu, 2012; Umberson
et al., 2009). First, we used the entire HRS sample at T1 to predict T2/T3 probabil-
ity of death by estimating discrete hazard models with baseline covariates including
age, gender, race/ethnicity, education, household income, insurance status, smoking
and depression. Then, we included the predicted probability of death at T2/T3 as a
control variable in all the models.

Multi-level linear regression models were employed to assess the association
between relationship quality and functional limitations to control for clustering
effects at the household level because more than 15 per cent of our respondents
were partnered couples in the same household. Results from the unconditional
model (not shown here) indicated that approximately 24 per cent of the total variance
in T2 functional limitations occurred at the household level and 15 per cent in T3
functional limitations, lending empirical support for our using multi-level models.

Results
Table 1 shows that the average age at baseline for our sample was about 70 years
old, 63 per cent of the respondents were men and, on average, they had at least
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Table 1. Weighted sample characteristics

Percentage or mean Standard deviation

Positive relationship quality at T1 3.46 0.018

Negative relationship quality at T1 2.01 0.022

Change in positive relationship quality, T1–T31 −0.19 0.085

Change in negative relationship quality, T1–T31 −0.06 0.119

Number of functional limitations at T2 3.82 0.102

Number of functional limitations at T31 4.77 0.311

Drinking (%):

Abstainer 65.43

Light/moderate drinker 32.09

Heavy drinker 2.48

Smoking (%):

Non-smoker 38.13

Past smoker 51.05

Current smoker 10.82

Physically active (%) (no = 0) 22.17

Body Mass Index score 28.57 0.212

Depression score 1.46 0.073

Diagnosed emotional problems (%) (no = 0) 17.16

Age at T1 69.24 0.304

Age of diagnosis 64.86 0.270

Female (%) (male = 0) 36.97

Race/ethnicity (%):

Non-Hispanic white 87.24

Non-Hispanic black 5.47

Non-Hispanic other races 2.23

Hispanics 5.06

Born in the South (%) (other regions = 0) 29.18

Born in the USA (%) (immigrant = 0) 93.67

Marital status at T1 (%):

First-time married 68.44

Remarried 28.69

Co-habiting 2.87

Diagnosed with hypertension (%) (no = 0) 67.54

Diagnosed with diabetes (%) (no = 0) 26.14

(Continued )
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a high school degree. Most respondents were former smokers and light/moderate
drinkers at baseline, and physically inactive. The average number of depressive
symptoms was approximately 1.5 out of a total of 8, and over 17 per cent of the
respondents reported having emotional problems at baseline. More than two-thirds
of the respondents were diagnosed with hypertension and over a quarter with dia-
betes, both of which are highly correlated with CVD. Most remained partnered two
years later at T2.

Relationship quality and functional limitations of older adults with CVD

Two-year follow-up
Model 1 in Table 2 shows that positive relationship quality at T1 was not signifi-
cantly associated with T2 functional limitations among older adults diagnosed
with CVD (β = 0.121, p = 0.271). In contrast, negative relationship quality was sig-
nificantly linked to more functional limitations two years later (β = 0.273, p =
0.006). Model 2 tests health behaviours as a possible explanation for the association
observed in Model 1. The results show that the estimated coefficient for negative
relationship quality only changed slightly with additional adjustments for health
behaviour indicators. Model 3 assesses psychological distress as another explan-
ation. Adjusting for psychological distress reduced the estimated coefficient of
negative relationship quality by more than 15 per cent ([(0.273–0.230)/0.273] ×
100), suggesting that psychological distress was likely an explanation for the link
between negative relationship quality and functional limitations among older adults
with CVD. Negative relationship quality remained significantly associated with
functional limitations after the model adjusted for psychological distress (β =
0.230, p = 0.02). Model 4 controlled for all the covariates, and the association
between negative relationship quality and functional limitations remained statistic-
ally significant (β = 0.224, p = 0.023).

Table 1. (Continued.)

Percentage or mean Standard deviation

With living children (%) 96.16

With living siblings (%) 84.38

With religious preference (%) 93.44

Partnered at T2 (%) (no = 0) 94.28

Number of functional limitations at T1 3.57 0.097

Probability of death at T2 0.07 0.003

Survey wave (%) (2006 = 0) 48.37

Years of formal education 12.78 0.122

Annual household income 85,539.65 13,764.76

Net asset 564,671.70 35,868.51

Having health insurance (%) (no = 0) 96.41

Notes: N = 1,355. T1: Time 1. T2: Time 2. T3: Time 3. USA: United States of America. 1. The sample size for these measures
is 1,080, i.e. the four-year follow-up sample.
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Table 2. Multi-level models of relationship quality and functional limitations among US older adults with cardiovascular disease, two-year follow-up

Model 1 Model 2 Model 3 Model 4 Model 5

β (standard deviation)

Baseline PRQ (mean-centred) 0.121 (0.110) 0.117 (0.109) 0.181 (0.111) 0.177 (0.111) 0.145 (0.112)

Baseline NRQ (mean-centred) 0.273 (0.098)** 0.266 (0.098)** 0.230 (0.099)* 0.224 (0.099)* 0.204 (0.099)*

Baseline PRQ × Household income −0.180 (0.139)

Baseline NRQ × Household income −0.265 (0.108)*

Drinking (light/moderate = 0):

Abstainer 0.051 (0.135) 0.044 (0.134) 0.057 (0.134)

Heavy drinker 0.753 (0.372)* 0.727 (0.370)* 0.698 (0.370)

Smoking (non-smoker = 0):

Past smoker −0.027 (0.126) −0.035 (0.126) −0.033 (0.126)

Current smoker 0.227 (0.220) 0.203 (0.219) 0.163 (0.219)

Physically active (no = 0) −0.186 (0.146) −0.196 (0.145) −0.178 (0.145)

Body Mass Index score 0.013 (0.011) 0.013 (0.011) 0.011 (0.011)

Depression score 0.062 (0.036) 0.061 (0.036) 0.063 (0.036)

Emotional problems (no = 0) 0.482 (0.169)** 0.476 (0.169)** 0.499 (0.169)**

Age at T1 (centred at 50 years old) 0.030 (0.016) 0.036 (0.016)* 0.034 (0.016)* 0.039 (0.016)* 0.040 (0.016)*

Age of diagnosis −0.016 (0.014) −0.014 (0.014) −0.014 (0.014) −0.012 (0.014) −0.012 (0.014)

Female (male = 0) 0.364 (0.122)** 0.370 (0.126)** 0.327 (0.122)** 0.332 (0.126)** 0.323 (0.126)*

Race/ethnicity (non-Hispanic White = 0):

Non-Hispanic Black −0.187 (0.226) −0.197 (0.227) −0.135 (0.226) −0.146 (0.228) −0.139 (0.227)
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Table 2. (Continued.)

Model 1 Model 2 Model 3 Model 4 Model 5

Non-Hispanic other races 0.130 (0.435) 0.099 (0.435) 0.161 (0.433) 0.133 (0.433) 0.145 (0.432)

Hispanics −0.274 (0.312) −0.261 (0.312) −0.263 (0.310) −0.251 (0.310) −0.280 (0.309)

Born in the South (other regions = 0) −0.025 (0.130) −0.0002 (0.130) −0.020 (0.129) 0.003 (0.129) −0.0001 (0.129)

Born in the USA (immigrant = 0) 0.466 (0.282) 0.415 (0.283) 0.502 (0.281) 0.453 (0.282) 0.453 (0.282)

Marital status at T1 (first-time married = 0):

Remarried −0.013 (0.131) −0.028 (0.131) −0.031 (0.130) −0.043 (0.130) −0.052 (0.130)

Co-habiting 0.198 (0.299) 0.193 (0.300) 0.114 (0.299) 0.110 (0.299) 0.115 (0.298)

Diagnosed with hypertension (no = 0) 0.086 (0.126) 0.069 (0.126) 0.083 (0.124) 0.067 (0.125) 0.081 (0.125)

Diagnosed with diabetes (no = 0) 0.067 (0.134) 0.051 (0.139) 0.066 (0.134) 0.050 (0.139) 0.047 (0.138)

Whether partnered at T2 (no = 0) −0.131 (0.239) −0.059 (0.241) −0.098 (0.238) −0.029 (0.239) −0.025 (0.239)

Functional limitations at T1 0.645 (0.023)*** 0.638 (0.023)*** 0.622 (0.024)*** 0.615 (0.024)*** 0.618 (0.024)***

Probability of death at T2 3.636 (0.897)*** 2.843 (0.987)** 3.037 (0.908)** 2.532 (0.998)* 2.605 (0.998)**

Survey wave (2006 = 0) 0.213 (0.116) 0.183 (0.116) 0.219 (0.115) 0.190 (0.116) 0.196 (0.115)

Years of formal education −0.052 (0.022)* −0.047 (0.022)* −0.047 (0.022)* −0.042 (0.022) −0.045 (0.022)*

Annual household income
(median-centred)

−0.112 (0.084) −0.111 (0.084) −0.110 (0.084) −0.110 (0.084) 1.104 (0.652)

Net asset −0.133 (0.109) −0.116 (0.110) −0.146 (0.109) −0.129 (0.109) −0.141 (0.109)

Having health insurance (no = 0) −0.357 (0.383) −0.321 (0.383) −0.309 (0.382) −0.273 (0.381) −0.234 (0.382)

Whether have child at T1 (no = 0) −0.380 (0.367) −0.371 (0.366) −0.292 (0.366) −0.285 (0.365) −0.318 (0.364)

Whether have living siblings at T1 (no = 0) −0.124 (0.155) −0.098 (0.155) −0.129 (0.154) −0.104 (0.154) −0.108 (0.154)
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Whether have religious preference (no = 0) 0.106 (0.257) 0.088 (0.257) 0.153 (0.256) 0.133 (0.256) 0.142 (0.256)

Intercept 3.404 (1.841) 2.519 (1.915) 2.911 (1.837) 2.077 (1.910) 2.434 (1.916)

Variance components:

Level 1 residual 3.312 (0.394)*** 3.259 (0.392)*** 3.301 (0.382)*** 3.252 (0.380)*** 3.280 (0.383)***

Level 2 variance, intercept 0.796 (0.387)* 0.824 (0.387)* 0.762 (0.373)* 0.786 (0.373)* 0.738 (0.375)*

−2 Log-likelihood 5,755.90 5,747.14 5,741.04 5,732.50 5,726.28

AIC 5,811.90 5,815.14 5,801.04 5,804.50 5,802.28

BIC 5,955.52 5,989.54 5,954.92 5,989.15 5,997.20

Notes: N = 1,355. T1: Time 1. T2: Time 2. PRQ: positive relationship quality. NRQ: negative relationship quality. USA: United States of America. AIC: Akaike information criterion. BIC: Bayesian
information criterion. Annual household income and net asset have been naturally logged and adjusted for household size.
Significance levels: * p < 0.05, ** p < 0.01, *** p < 0.001. A
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Four-year follow-up
Model 1 in Table 3 demonstrates the link between baseline relationship quality and
functional limitations over a four-year span. The results are consistent with our
analysis of the two-year follow-up. While baseline negative relationship quality
was significantly associated with increased functional limitations among older
adults with CVD (β = 0.363, p = 0.02), there was no significant link between positive
relationship quality and functional limitations (β = 0.204, p = 0.212). Model 2 shows
that adjusting for health behaviours barely changed the estimated coefficient of
negative relationship quality whereas Model 3 suggests that controlling for psycho-
logical distress further reduced the estimated coefficient of negative relationship
quality by approximately 7 per cent ([(0.363–0.337)/0.363] × 100). Model 4
shows that negative relationship quality was still significantly associated with
increased functional limitations in four years (β = 0.332, p = 0.03) after adjustments
for all the covariates.

Comparing the results in Models 2 and 3 in both Tables 2 and 3 suggests that
psychological distress played a more important role than health behaviours in
explaining the link between negative relationship quality and functional limitations
among older adults with CVD.

Does the association between relationship quality and functional limitations vary
by levels of household income?

Model 5 in both Tables 2 and 3 tests whether the association between relation-
ship quality and functional limitations among older adults with CVD varied by
levels of annual household income. The results in Table 2 show that while there
was no significant interaction effect between positive relationship quality and
annual household income on functional limitations in a two-year follow-up,
the link between negative relationship quality and functional limitations signifi-
cantly varied by household income. While the main effect of negative relation-
ship quality was significant and positive (β = 0.204, p = 0.039), the interaction
effect was significant and negative (β = −0.265, p = 0.014), suggesting that base-
line negative relationship quality was associated with worse functional limita-
tions more strongly for older adults with lower household income over the
two-year follow-up. In other words, higher household income buffered the
effects of negative relationship on functional limitations. In contrast to the ana-
lysis of the two-year follow-up, Model 5 in Table 3 shows that there was no sig-
nificant interaction between either positive or negative relationship quality at
baseline and household income in relation to subsequent functional limitations
over the four-year span.

To illustrate this interactive relationship, we plotted estimated numbers of
functional limitations at different levels of negative relationship quality (i.e.
mean, mean ± 1 standard deviation (SD) and mean ± 2SD) by low- versus high-
income groups (25th versus 75th percentile) in Figure 2 based on the results of
Model 5 in Table 2. The figure clearly shows that the lower-income group (i.e.
25th percentile) had a steeper increase in functional limitations with increasing
negative relationship quality compared to the higher-income group (75th
percentile).
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Table 3. Multi-level models of relationship quality and functional limitations among US older adults with cardiovascular disease, four-year follow-up

Model 1 Model 2 Model 3 Model 4 Model 5

β (standard deviation)

Baseline PRQ (mean-centred) 0.204 (0.164) 0.198 (0.164) 0.243 (0.165) 0.236 (0.165) 0.238 (0.165)

Baseline NRQ (mean-centred) 0.363 (0.151)* 0.357 (0.151)* 0.337 (0.152)* 0.332 (0.152)* 0.334 (0.153)*

Baseline PRQ × Household income 0.074 (0.162)

Baseline NRQ × Household income 0.018 (0.129)

Drinking (light/moderate = 0):

Abstainer 0.011 (0.156) 0.004 (0.156) 0.005 (0.156)

Heavy drinker 0.321 (0.462) 0.302 (0.461) 0.312 (0.461)

Smoking (non-smoker = 0):

Past smoker −0.152 (0.149) −0.163 (0.150) −0.159 (0.150)

Current smoker 0.302 (0.264) 0.285 (0.264) 0.291 (0.265)

Physically active (no = 0) −0.110 (0.168) −0.123 (0.168) −0.124 (0.168)

Body Mass Index score 0.015 (0.013) 0.015 (0.013) 0.015 (0.013)

Depression score 0.026 (0.045) 0.022 (0.045) 0.022 (0.045)

Emotional problems (no = 0) 0.316 (0.209) 0.332 (0.209) 0.332 (0.210)

Age at T1 0.005 (0.019) 0.012 (0.020) 0.007 (0.019) 0.014 (0.020) 0.014 (0.020)

Age of diagnosis 0.022 (0.017) 0.024 (0.017) 0.023 (0.017) 0.025 (0.017) 0.025 (0.017)

Female (male = 0) 0.537 (0.152)*** 0.515 (0.155)*** 0.517 (0.152)*** 0.493 (0.155)** 0.493 (0.156)**

Race/ethnicity (non-Hispanic White = 0):

Non-Hispanic Black −0.008 (0.264) −0.056 (0.268) 0.030 (0.265) −0.017 (0.269) −0.023 (0.269)
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Table 3. (Continued.)

Model 1 Model 2 Model 3 Model 4 Model 5

Non-Hispanic other races −0.912 (0.501) −0.968 (0.502) −0.877 (0.500) −0.927 (0.501) −0.928 (0.501)

Hispanics −0.270 (0.367) −0.273 (0.367) −0.243 (0.367) −0.246 (0.367) −0.236 (0.368)

Born in the South (other regions = 0) 0.023 (0.154) 0.053 (0.154) 0.026 (0.153) 0.056 (0.154) 0.053 (0.154)

Born in the USA (immigrant = 0) 0.004 (0.319) −0.055 (0.321) 0.028 (0.319) −0.029 (0.321) −0.023 (0.321)

Marital status at T1 (first-time married = 0):

Remarried −0.095 (0.154) −0.106 (0.154) −0.107 (0.153) −0.116 (0.153) −0.111 (0.153)

Co-habiting 0.676 (0.367) 0.635 (0.368) 0.631 (0.368) 0.591 (0.368) 0.591 (0.368)

Diagnosed with hypertension (no = 0) −0.078 (0.144) −0.094 (0.146) −0.086 (0.144) −0.102 (0.146) −0.098 (0.146)

Diagnosed with diabetes (no = 0) 0.043 (0.159) 0.039 (0.165) 0.033 (0.160) 0.028 (0.166) 0.028 (0.166)

Functional limitations at T1 0.636 (0.028)*** 0.631 (0.028)*** 0.624 (0.029)*** 0.619 (0.029)*** 0.620 (0.029)***

Probability of death at T2 2.520 (0.787)** 2.222 (0.909)* 2.380 (0.801)** 2.106 (0.924)* 2.076 (0.926)*

Survey wave (2006 = 0) −0.126 (0.134) −0.160 (0.135) −0.132 (0.134) −0.166 (0.135) −0.167 (0.135)

Years of formal education −0.051 (0.026) −0.050 (0.026) −0.048 (0.026) −0.047 (0.026) −0.046 (0.026)

Annual household income (median-centred) −0.020 (0.098) −0.015 (0.098) −0.023 (0.098) −0.018 (0.098) −0.316 (0.764)

Net asset −0.157 (0.116) −0.144 (0.117) −0.169 (0.116) −0.155 (0.117) −0.157 (0.117)

Having health insurance (no = 0) −0.503 (0.437) −0.518 (0.436) −0.479 (0.437) −0.490 (0.436) −0.477 (0.438)

Whether have child at T1 (no = 0) 0.173 (0.430) 0.162 (0.431) 0.242 (0.432) 0.230 (0.432) 0.227 (0.432)

Whether have living siblings at T1 (no = 0) −0.024 (0.187) −0.011 (0.187) −0.018 (0.186) −0.007 (0.187) −0.008 (0.187)

Whether have religious preference (no = 0) 0.133 (0.299) 0.091 (0.298) 0.155 (0.299) 0.113 (0.298) 0.123 (0.299)

Change in PRQ, T1–T3 −0.194 (0.171) −0.192 (0.173) −0.194 (0.172) −0.192 (0.174) −0.195 (0.174)

Change in NRQ, T1–T3 −0.048 (0.169) −0.044 (0.170) −0.051 (0.169) −0.046 (0.169) −0.046 (0.169)
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Intercept 1.583 (2.067) 1.027 (2.153) 1.357 (2.070) 0.823 (2.155) 0.777 (2.155)

Variance components:

Level 1 residual 4.386 (0.193)*** 4.361 (0.192)*** 4.370 (0.192)*** 4.345 (0.191)*** 4.344 (0.191)***

Level 2 variance, intercept – – – – –

−2 Log-likelihood 4,658.87 4,652.75 4,655.13 4,648.89 4,648.52

AIC 4,714.87 4,720.75 4,715.13 4,720.89 4,724.52

BIC 4,852.26 4,887.57 4,862.33 4,897.53 4,910.97

Notes: N = 1,080. T1: Time 1. T2: Time 2. T3: Time 3. PRQ: positive relationship quality. NRQ: negative relationship quality. USA: United States of America. AIC: Akaike information criterion. BIC:
Bayesian information criterion. Annual household income and net asset have been naturally logged and adjusted for household size.
Significance levels: * p < 0.05, ** p < 0.01, *** p < 0.001.
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Discussion and conclusion
Guided by the disablement process model and the lifecourse paradigm, the current
study examined how relationship quality, both positive and negative, was associated
with the development of functional limitations in two and four years among US
partnered older adults diagnosed with CVD, and assessed health behaviours and
psychological distress as possible explanations. Additionally, we considered whether
and how the link between relationship quality and change in functional limitations
varied by levels of annual household income. Findings from our study make several
important contributions to the literature.

Relationship quality matters

First, given that little is known of how relationship quality impacts the functional
health of individuals with CVD, we contribute to the literature by demonstrating
that baseline negative relationship quality, but not positive, is significantly asso-
ciated with increased functional limitations subsequently over a two- and four-year
span among older adults with CVD, providing robust empirical evidence from a
national sample. Additional analyses on gender differences (not shown here)
show that these significant associations are comparable for older men versus
women. Our findings here suggest that frequent unsupportive behaviours such as
criticising or making excessive demands (i.e. measures of negative relationship
quality) are detrimental to the functional health of older adults living with a
major chronic illness like CVD over time.

Our results are consistent with findings from previous research that also showed
greater importance of negative relationship quality for physical health than positive
relationship quality (Kiecolt-Glaser and Newton, 2001; Bookwala, 2005).
Additionally, it aligns with the larger literature that demonstrates a stronger link
between negative exchanges and wellbeing than positive ones in interpersonal

Figure 2. Estimated number of functional limitations and negative relationship quality: 25th versus 75th
percentile household (HH) income, two-year follow-up.
Notes: 1SD: one standard deviation. 2SD: two standard deviations.
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relationships (Newsom et al., 2005). This greater salience of negative relationship
quality also fits with research that shows individuals are more attuned to negative
experiences in daily life (Taylor, 1991; Umberson et al., 2006). In a similar vein,
experimental studies also show immediate physiological changes in response to
relationship conflicts or discords such as heightened blood pressure or faster
heart rates (Robles and Kiecolt-Glaser, 2003).

Household income moderates the association

Additionally, informed by the status–resource interaction model in the lifecourse
paradigm (DiPrete and Eirich, 2006), we examined whether the link between rela-
tionship quality and functional limitations was moderated by annual household
income. The results provide partial support for our hypothesis. Given that higher
negative relationship quality was significantly associated with increased functional
limitations, we found that this association was stronger among older adults with
lower household income than those with higher over the two-year follow-up, sug-
gesting that older adults with higher income were partially protected by their
greater economic resources against the physical burden of being in a bad relation-
ship, whereas those with lower income were doubly disadvantaged by negative rela-
tionship quality and limited economic resources while managing their disease. Our
findings also suggest that the buffering effect of household income is only tempor-
ary. In this respect, we contribute further empirical evidence to the literature on
how the relationship between social contexts and the disablement process can be
further modified by important structural statuses like income, although only tem-
porarily. Since our sample consists of older adults living with CVD, our finding
here has implications for public health interventions in CVD management.

Psychological distress partially explains the link

We also examined health behaviours and psychological distress as possible explana-
tions. Our results showed that psychological distress played a greater role in
explaining the association between relationship strains and deteriorating functional
health among US older adults with CVD, contributing additional evidence on men-
tal health as an important risk factor for managing CVD (Das and O’Keefe, 2006).
However, even after adjusting for all the covariates, negative relationship quality was
still significantly associated with functional limitations. Future research should assess
other aspects of psycho-social attributes as explanations such as anxiety, pessimism or
anger (Rozanski, 2014). A dyadic approach to the psycho-social distress of both
patients and spouses as potential care-givers would also inform the current scholar-
ship on the link between relationship strains and chronic disease progression.

Although we did not find evidence for health behaviours as a possible explan-
ation, we encourage researchers to investigate other behavioural explanations
given the significance of self-care in managing a chronic condition like CVD
(Sayers et al., 2008). In contrast to our general behavioural measures, future
research should examine behaviours specific to disease management such as medi-
cation adherence or dietary adjustments to understand better how relationship
strains impact chronic disease management via behavioural pathways.
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Limitations

Despite our robust findings that are consistent with the literature, a few limitations
need to be addressed. First, this study only examined a specific dimension of rela-
tionship quality ‒ i.e. supportive and unsupportive behaviours ‒ due to data limi-
tation. In light of the significance of relationship quality for chronic disease
management, future research should employ other validated measures such as
the Dyadic Adjustment Scale and the Marital Adjustment Test to investigate how
other dimensions of relationship quality contribute to the functional health of indi-
viduals with CVD and other chronic illnesses. Additionally, our analyses may have
underestimated the impact of relationship quality due to the selectivity of our sam-
ple. Given that relationship quality and the mortality risk of CVD are closely linked
(Coyne et al., 2001), our sample, by definition, is a select group of older adults who
survived CVD during our observation window. Our adjustment for mortality selec-
tion reduces this bias but does not eradicate it. Furthermore, as relationship quality
is indicative of partnership stability (Amato and Rogers, 1997) and relationships of
very low quality may have already dissolved before we began our observation, our
sample may be in relatively more robust partnerships that would have otherwise
broken up had they been worse and more fragile. In light of this sample selectivity,
our findings could be considered conservative estimates. It is of theoretical interest
to also compare the association of relationship quality and functional limitations
between the divorced/separated versus the partnered sample, given that divorced/
separated couples tend to have lower relationship quality than the married. The
fairly small sample size of divorced/separated older adults who were diagnosed
with CVD and reported relationship quality (less than 1%) prevents us from pur-
suing this analysis.

Here, we only considered how relationship quality affected subsequent func-
tional health among older adults with CVD. However, the health burden of disease
management and care-giving for both patients and their partners can exert a toll on
relationship quality (Choi and Marks, 2006). Future research should consider the
reciprocal relationships between relationship quality and chronic disease progres-
sion to gain more insight into the causal dynamics. Lastly, our study did not dis-
tinguish between co-habitation and marriage due to the small sample size of
co-habitors. In light of co-habitation as a growing alternative partnership among
older adults in addition to marriage (Brown et al., 2006), future research should
examine whether the link between relationship quality and chronic disease progres-
sion differs by union types.

The limitations notwithstanding, our study sheds light on the importance of
relationship quality for a critical phase of the disablement process – functional lim-
itations – after the onset of CVD and showcases how income inequality may
exacerbate the impact of negative relationship quality for the less fortunate.
Therefore, our findings call for greater attention to older people who manage
CVD in a partnership characterised by negative experiences, and more importantly,
interventional efforts need to be directed particularly to those with limited eco-
nomic resources.
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