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Objective: There is conflicting evidence about the impact of social support on adverse outcome 

after acute myocardial infarction (MI). We examined the relation between single-living and 

long-term all-cause mortality after MI.

Design: A prospective cohort study of 242 employed patients with MI followed up to 16 years 

after MI.

Results: A total of 106 (43.8%) patients died during the follow-up. Single-living nearly 

doubled the risk of death; after adjusting for potential confounding factors, single-living was an 

independent predictor of death, with a hazard ratio of 2.55 (95% confidence interval: 1.52–4.30). 

Other predictors of death were diabetes mellitus, atrial fibrillation, age, and ejection fraction 

less than 35%.

Conclusion: Single-living is a prognostic determinant of long-term all-cause mortality 

after MI.
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Introduction
Psychosocial factors such as low social support may influence development of heart 

diseases.1,2 The size of an individual’s social network is inversely related to mortality, 

independent of risk factors for heart disease, and unmarried and particularly never-

married adults are more likely than married adults to die prematurely.3,4

Single-living is an easy-to-measure proxy for social isolation and low level of social 

support.5 The association between single-living and higher risk for coronary heart 

disease has been described in previous research.2 There is conflicting evidence about 

the role of single-living on prognosis after myocardial infarction. Some studies have 

shown an association between single-living and mortality after myocardial infarction 

(MI), while other studies have raised questions about such results.5–8 Methodological 

differences, such as variability of follow-up duration and numbers of confounders 

examined, are potentially plausible explanations for the inconsistency of results. Fur-

ther research to examine the relationship between single-living and prognosis after 

MI is, therefore, warranted.

There is no consensus on the definition of social isolation and living arrangements 

can only partially characterize it. Other factors to consider include connection to the job 

market and daily contact with colleagues at the work place. Actively employed persons 

are less likely to experience social isolation.9 We hypothesized that among MI patients, 

being professionally active creates favorable social networks, counteracting the negative 
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effects of single-living. We examined the prognostic impact 

of single-living on all-cause long-term mortality among 

employed patients with a history of acute MI. Furthermore, 

we examined whether any potential association between 

single-living and mortality could be explained by other 

patient characteristics.

Material and methods
The methods of cohort recruitment, patient characterization and 

follow-up procedures have been described in detail elsewhere.10 

Briefly, all surviving, employed MI patients admitted con-

secutively to the Department of Cardiology, Herlev University 

Hospital, from October 10, 1990 to March 31, 1993 or to the 

Department of Cardiology, Gentofte University Hospital, from 

September 1, 1991 to March 31, 1993 were invited to participate 

in a study of job prognosis after MI.

Pre-admission data on sociodemographic and medical 

characteristics were obtained through interviews and clinical 

examinations in relation to discharge and both an echocar-

diographic examination and an exercise test were performed. 

The patients did not participate in any formal rehabilitation 

program. As a part of the job prognosis study, all patients 

had a follow-up visit at 6 months and 4 years. Data on long-

term survival rates were obtained from the Danish Civil 

 Registration System December 2008. The study was regis-

tered and approved by the local hospital ethics committee 

and by the Danish Data Protection Agency.

Study population
During the study period, 1214 patients were admitted with MI, 

400 (32.9%) of them women. The median age was 69 years 

(interquartile range 61–75; range 33–96). Of the admitted 

patients, 324 (26.7%) were employed and eligible for the 

study. The diagnosis of MI was confirmed if at least two of 

the following three criteria were met: presence of symptoms; 

abnormal electrocardiographic findings; or elevated cardiac 

enzymes. Of the eligible patients, 82 (25.3%) were excluded 

for these reasons: 27 died during the first 6 weeks; 10 lived 

outside the study area; 2 refused to participate; 7 were not 

included due to administrative mistakes; 8 were about to 

retire; 5 were dismissed immediately before the MI; 2 were 

lost to follow-up after six months; 2 did not fulfill the MI 

criteria; 1 had a language barrier; 11 had missing data; and 

7 patients were excluded for other reasons. Of the 242 patients 

remaining in the study, 212 (87.6%) were men with a median 

age of 56 years (interquartile range 49–60; range 33–77), and 

30 were women, with a median age of 56 years (interquartile 

range 49–59; range 36–68).

Socioeconomic status 
and demographic data
Self-reported length of school education was registered as 

a three-level categorical variable ranging from less than 

7 years, 8–10 year, and more than 10 years. Job education 

was assessed on an eight-level categorical scale, subsequently 

dichotomized for the analysis as ‘unskilled’ and ‘skilled’ 

with all patients having no special skill or training grouped 

as being unskilled. Self-reported personal annual income was 

registered on a three-level scale: low (20,000 Euro), medium 

(20,000–33,000 Euro) and high income (33,000 Euro).

Psychosocial factors 
and spare-time activity
All patients were asked to report whether they were living 

alone and whether they were married, never married, 

divorced, separated, or widowed before the current admis-

sion. Due to low numbers of patients in each category, 

patients living alone were compared with those living with 

a partner.

Social support was evaluated in a questionnaire. Patients 

reported frequency of meeting their family members, friends, 

or other associates and colleagues during their spare-time as 

‘daily’, ‘few times per week’, ‘few times per month’, ‘seldom’, 

or ‘never’. Patients reporting the frequency as ‘seldom’ or 

‘never’ were grouped as having a ‘low’ contact level. Further, 

patients were asked to report the source of social support 

they could expect during an illness as ‘none’, ‘partners’, 

‘neighbors’, ‘colleagues’ and ‘friends’. Patients responding 

‘none’ were defined as having ‘low expected support’. All 

patients were asked to report frequency of attending activities 

in clubs or organizations during spare-time as ‘daily’, ‘few 

times per week’, ‘few times per month’; ‘seldom’, or ‘never’. 

Patients in the ‘seldom’ or ‘never’ categories were grouped in 

a ‘low activities’ category. All patients were asked to report 

sleeping disorders (yes/no), signs of nervous disorders (yes/

no), and frequency of being happy and satisfied with their 

lives (most of the time, occasionally, seldom/never). Physi-

cal activity in spare-time was registered on a four-level scale 

ranging from sedentary daily activity (low) to heavy physical 

activity several times per week (high).

Pre-admission medical risk-factor profile
Patients were asked to assess their physical health status 

prior to admission on a five-level scale (very good, good, 

acceptable, bad, very bad). We obtained data on smoking 

status (current, former, never), diabetes, hypertension, and 
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chronic pulmonary disease. Diabetes mellitus was considered 

present if the patient was on anti-diabetic therapy with 

diet or medication. Hypertension was defined as a history 

of hypertension diagnosed by a general practitioner (GP). 

Chronic pulmonary disease was considered present if 

diagnosed by the patient’s doctor and if patients received 

medication as treatment for it. Information about previous 

cardiovascular disease (ie, previous MI, angina pectoris, 

percutaneous coronary intervention (PCI), coronary artery 

bypass grafting (CABG), heart failure, and/or stroke) was 

based on information from the patients and their GPs. Patients 

were also asked in the interview to report any medical 

 treatment before admission.

Clinical course
Left ventricular systolic function was estimated by 

echocardiographic examination during hospital stay and 

assessed by estimating the wall motion index (WMI).11 The 

WMI was transformed to left ventricular ejection fraction 

(EF) by multiplying the WMI by 0.3.12 The patients were 

grouped as having severely reduced left ventricular function 

(EF  35%), moderately reduced (EF = 35%–45%), or 

 normal function (EF  45%).

Nineteen (7.7%) patients did not have an echocardio-

graphic examination. Since these patients had a shorter 

 duration of hospital stay (6 days vs 7 days), fewer of 

them (risk ratio [RR] = 0.4; 95% confidence interval [CI]: 

0.10–1.43) showed clinical signs of heart failure during the 

stay in hospital, and none had clinical signs of heart failure 

at the 6-month follow-up, it was hypothesized that patients 

without echocardiographic data probably did not belong in 

the group with reduced EF, and they were therefore included 

in the group of patients with EF  45 % in the analyses. All 

analyses were repeated after exclusion of patients without 

echocardiographic examinations.

We examined 200 (83%) patients by exercise test, either 

on a bicycle (82%) or on a treadmill (18%). The proportion of 

patients not undergoing an exercise test was highest among 

the oldest who were also more likely to suffer from chronic 

pulmonary disease. Most of the patients (79%) performed the 

test after discharge, with the median post-admission time of 

22 days (interquartile range 10–30; range 4–60).

Development of heart failure during admission was deter-

mined based either on objective signs (eg, reduced left ven-

tricular function [EF less than 45%]) on echocardiographic 

examinations, or on clinical or radiological signs of 

decompensated heart disease. Occurrence of arrhythmias 

was registered if documented on electrocardiographic 

 examinations either as a self-limiting or a persistent 

 arrhythmia, in spite of treatment needs.

Information about death and date of death was obtained 

from the Danish Civil Registration System.

Statistical analysis
All patients were followed from the date of admission until 

death or end of follow-up, whichever came first. Continuous 

data were summarized as median, interquartile range (IQR), 

and range. Categorical variables were reported as frequen-

cies and percentages. Differences in baseline variables were 

estimated by use of absolute differences and 95% confidence 

intervals (categorical variables) or the Wilcoxon rank-sum 

test (continuous variables).

Survival was estimated by the Kaplan–Meier method. 

The non-parametric log-rank procedure was used to compare 

survival times in groups. The proportional-hazards assump-

tion was evaluated graphically with plots of logarithm of 

negative logarithm of survival [log(-logS(t))]. The relation 

between the hazard function and the covariates was modeled 

by Cox’s proportional-hazard regression. Selection of the 

variables in the models was based on an a priori decision as 

to which variables were important in combination with the 

results of the crude associations. The different models were 

compared by examining the change produced in the value of 

-2logL by adding or deleting terms; the smaller the value 

of -2logL, the better the model. Schoenfeld- and Cox–Snell 

residuals were used to check the assumptions and the overall 

model fit.13 Data were analyzed using Stata 11.0 statistical 

software (StataCorp, College Station, TX, USA).

Results
Baseline characteristics
Differences in the prevalence of selected variables of interest, 

according to the type of living arrangements (single-living 

vs living with a partner), are given in Tables 1 and 2. 

The 30 single-living patients were shown to be younger 

(P = 0.017) and more often unskilled (difference 21.5%; 

95% CI: 4.6–38.3) (Table 1). Single-living patients had 

significantly fewer contacts with family members, friends, 

colleagues and others (difference 19.1%; 95% CI: 4.7–33.4) 

and more frequently reported not expecting support from 

others during an illness period (difference 22.4%; 95% CI: 

7.2–37.6%) (Table 1). Single-living patients were more likely 

than nonsingle-living patients to receive painkillers (differ-

ence, 15.3%; 95% CI: 0.7–29.9) before admission and tended 

to have more frequent block episodes during hospital-stay 

(difference 10.5%; 95% CI: 1.9–22.9) (Table 2).
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Long-term mortality
The median follow-up time was 16.06 years (IQR   

9.84–16.80; range, 0.13–18.27). One hundred and six 

(43.8%) patients died during the follow-up period.

Unadjusted analyses
Patients living alone had a significantly lower survival than 

patients living with a partner (Figure 1). The survival curves 

began to separate four years after the MI. The crude mortality 

ratio was 1.82 (95% CI: 1.10–2.98) for single-living patients 

compared with patients living with a partner. Older age and 

self-reported bad health were associated with greater risk 

of death in the unadjusted analyses (Table 3). History of 

diabetes, hypertension, pulmonary diseases, treatment with 

painkillers, low ejection fraction, clinical signs of heart 

failure, treatment with angiotensin-converting enzyme 

(ACE)-inhibitors reflecting low-EF patients, and the lack of 

exercise-test were all associated with a greater mortality in 

the unadjusted analyses (Table 4).

Final model
A model that included variables for single-living, age, 

 diabetes, atrial fibrillation, and low ejection fraction (Table 5) 

was found to be the best, since other baseline variables or 

those measured at admission did not improve model fit. 

Table 1 Baseline social characteristics of actively employed patients 
with myocardial infarction, according to living arrangements

Variable Living alone 
(n = 30)

Living with 
 partner (n = 212)

Age (years) 53 (47–57; 33–70) 56 (51–60; 33–78)

Male (%) 80.0 88.7

School-education
  7 years (%)
 8–10 years (%)
  10 years (%)

33.3
43.3
23.4

37.7
49.1
13.2

Job-education
 Unskilled (%) 30.0 8.5

Personal incomea

 Low (%)
 Medium (%)
 High (%)

3.3
66.7
26.7

8.5
40.6
49.1

Self-evaluated health
 Very bad/bad (%) 10.0 8.5

Happy and satisfied with life
 Seldom/never (%) 13.3 13.7

Contact frequency with  
family/friends/colleagues/ 
other
 Low (%) 20.0 0.9

Attending activities in 
clubs or organizations 
during spare-time
 Low activities (%) 70.0 79.7

Expected support during 
an illness period
 Low expected 
 support (%)

23.3 0.9

Physical activity in 
spare-time
 Low (%) 76.7 87.3

Alcohol beverages
 4/day (%)
 1–3/day (%)
 Less/never (%)

16.7
16.7
66.6

10.4
35.9
53.7

Smoking (%) 63.3 62.7

Note: aFive patients did not give information about income.

Table 2 Baseline clinical characteristics of actively employed 
patients with myocardial infarction, according to living  
arrangements

Variable Living alone 
(n = 30)

Living with 
partner (n = 212)

Prior MI (%) 13.3 16.5

Diabetes (%) 3.3 6.6

Hypertension (%) 26.7 25.0

COPD (%) 6.7 4.3

Medication
 Painkillers (%)
 Nervous disease (%)

20.0
0

4.7
3.8

Sleeping disorders (%) 20.0 15.1

Length of hospital- 
stay (days)

9 (8–10; 6–22) 8 (7–10; 3–30)

EF (%)
  35 (%)
 35–45 (%)
  45 (%)

50.5 (41–60; 24–60)
16.7
26.7
56.6

50 (40–55; 24–60)
11.8
23.1
65.1

Heart failure (%) 30.0 25.5

Atrial fibrillation (%) 10.0 9.9

VT/VF (%) 10.0 10.4

Block (%) 13.3 2.8

Reinfarction (%) 0 4.7

Thrombolysis (%) 50.0 59.9

Beta-blocker (%) 30.0 34.4

ACE-inhibitor (%) 20.0 22.6

No exercise-test 
performed (%)

10.0 18.4

CABG (%)* 30.0 23.1

PCI (%)* 13.3 9.0

Weight (kg) 81 (70–87; 52–99) 80 (72–88; 47–113)

Note: aProcedures performed during the first four years after discharge.
Abbreviations:  ACE, angiotensin-converting enzyme; MI, myocardial infarction; 
COPD, chronic obstructive pulmonary disease; EF, ejection fraction; VT/VF, 
ventricular tachycardia/ventricular fibrillation; CABG, coronary artery bypass grafting; 
PCI, percutaneous coronary intervention.
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Likewise, the interaction terms of the single-living variable 

with heart failure, atrial fibrillation, or reduced left ventricular 

function did not improve model fit. Exclusion of patients who 

did not return to work after discharge or patients without 

echocardiographic examination did not materially affect 

the findings.

Discussion
We found that single-living, used as a proxy for social isola-

tion and reduced social support, is associated with long-term 

all-cause mortality among actively employed patients with 

MI. The association between single-living and mortality 

was independent of the patient’s other social and biological 

characteristics. The findings do not support our initial hypoth-

esis that an employed patient’s network from the workplace 

counteracts the potential negative effects of single-living. 

Our small sample size precluded a detailed examination of 

impact on prognosis of single-living according to marital 

status (never married, divorced, separated, and widowed).

Evidence regarding single-living in relation to outcome 

after MI is contradictory. Living alone has been identified 

as an independent predictor of recurrent infarction or death 

up to four years (mean 2.1 years) after MI, and single-living 

has been associated with increased long-term mortality 

for men following MI.5,14 Data from the GUSTI-III study 

failed to show an independent association of any measure 

of social support, including single-living, with 30-day and 

one-year mortality after MI.8 Similarly, a Canadian study of 

3407 patients found no association between single-living and 

two-year mortality.7 In our study, the survival of single-living 

patients and patients living with a partner began to differ after 

fours years; variation in the duration of the follow-up period 

may partially explain these different findings.

Studies with more detailed self-reported measures of 

social support have likewise reached heterogeneous conclu-

sions. In one study of the influence of social support during 

the first year after MI, different measures of perceived social 

support and single-living were unrelated to mortality.15 In 

another study, lower social support was an independent 

predictor of recurrent events up to nine months after MI.16 

A high level of social support has been associated with 

improved outcome among depressed patients,15 however, data 

from another study indicate that higher levels of perceived 

support are associated with better health outcomes for MI 

patients without depression.17

To confound matters, there is no agreement of a precise 

definition of social support, while level of social support 

may vary during a lifetime.3,17 Several measures have been 

suggested and three categories are commonly described: 

1) ‘social networks’ which refers to everyday contacts, 

Single living

Living with a partner
0.

00
0.

25
0.

50
0.

75
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Years after MI

P = 0.0169

Figure 1 Kaplan–Meier plot of survival after myocardial infarction in relation to living arrangements.
Abbreviation: MI, myocardial infarction.
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including size, density, reciprocity, durability, intensity, 

and frequency; 2) ‘social relationships’ which refers to the 

existence, quantity, and type of relationships; 3) and ‘social 

support’ which refers to the resources provided by others 

(emotional, functional, and informational) and the quality 

of those resources.3

In our study, we have used single-living as a proxy for low 

social support and showed that single-living patients were 

less likely than nonsingle-living patients to have daily contact 

with a social network and were less likely to expect support 

from others during an illness. However, single-living was the 

only social variable associated with death. Low frequency of 

contacts to the network of people surrounding the patients 

and the patients’ perceptions about lack of support during an 

illness was not associated with mortality in our study. This 

Table 3 Unadjusted predictors of long-term all-cause mortality 
among employed patients after acute myocardial infarction

Variable Hazard ratio (95% CI)

Age 1.06 (1.03–1.09)

Male sex 0.80 (0.44–1.47)

School education
  7years
 8–10 years
  10 years

0.95 (0.53–1.70)
0.95 (0.54–1.67)
Ref

Job-education
 Unskilled 1.14 (0.64–2.03)

Personal income
 Low
 Medium
 High

1.42 (0.72–2.79)
1.03 (0.69–1.53)
Ref

Self-evaluated health before admission
 Very bad/bad 1.69 (0.95–3.02)

Happy and satisfied with life
 Seldom/never 1.12 (0.66–1.91)

Contact frequency with family/friends/
colleagues/other
 Low 1.08 (0.40–2.94)

Attending activities in clubs or 
organizations during spare-time
 Low activities 0.97 (0.61–1.53)

Expected support during 
an illness period
 Low expected support 1.41 (0.58–3.47)

Physical activity in spare-time
 Low activities 1.44 (0.79–2.62)

Alcohol beverages
 4/day
 1–3/day
 Seldom/never

Ref
0.81 (0.43–1.53)
0.85 (0.46–1.54)

Smoking 1.00 (0.67–1.49)

Weight 0.99 (0.98–1.01)

Table 4 Clinical predictors of long-term all-cause mortality among 
employed patients after acute myocardial infarction

Variable Hazard ratio (95% CI)

Prior MI 1.80 (1.13–2.85)

Diabetes 2.90 (1.55–5.43)

Hypertension 1.69 (1.12–2.55)

COPD 2.00 (0.93–4.32)

Medication
 Painkillers
 Nervous disease

2.47 (1.35–4.51) 
0.94 (0.23–3.80)

Ejection fraction
  35%
 35%–45%
  45%

0.97 (0.95–0.99)
2.27 (1.36–3.80)
1.28 (0.80–2.03)
Ref

Heart failure 2.14 (1.44–3.19)

Atrial fibrillation 3.05 (1.83–5.08)

Ventricular arrhythmias 1.21 (0.66–2.20)

Block 0.83 (0.31–2.26)

Reinfarction 1.50 (0.66–3.43)

Thrombolysis 0.86 (0.59–1.26)

Beta blocker 0.80 (0.53–1.21)

ACE-inhibitor 2.09 (1.38–3.17)

No exercise-test 1.53 (0.95–2.44)

Abbreviations: ACE, angiotensin-converting enzyme; CI, confidence interval; 
MI, myocardial infarction; COPD, chronic obstructive pulmonary disease.

may indicate that the effect of single-living on outcome after 

MI is not mediated through these factors.

Social support is thought to affect illness through its 

 influence on behavioural patterns that could increase or 

decrease risk for disease or through effects on biological 

responses.1,3 However, the precise mechanisms or mediating 

role of low social support has not been defined. Whether the 

association is mediated through classical risk factors or inde-

pendent of these is not clearly established. Hypothetically, 

single-living patients may have a worse risk-factor profile 

than patients living with a partner. Our study, however, does 

not support this conjecture.

Table 5 Final cox proportional hazard model

Variable HR (95% CI)

Single-living 2.55 (1.52–4.30)

Age 1.06 (1.03–1.09)

Diabetes 2.56 (1.35–4.85)

Atrial fibrillation 2.63 (1.52–4.55)

Ejection fraction 
 45% 
 35–45% 
 35%

 
Ref 
1.23 (0.72–2.10) 
1.75 (1.04–2.95)

Abbreviations: HR, hazard ratio; CI, confidence interval.
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Living alone has been associated with a greater risk of 

depression after MI.15 Since depression is associated with 

death after MI, it would be relevant to consider depression 

as a potential confounding factor in the association between 

single-living and death.15 We did not formally evaluate the 

patients for depression; however, treatment with medication 

against neurological disorders did not differ in relation to 

living arrangements in our study. Furthermore, there were no 

differences according to living arrangement in the proportion 

of patients reporting being seldom or never happy and satisfied 

with their lives. Based on these observations, the prevalence 

of depression did not differ in the two groups at baseline, but 

one cannot rule out the appearance of a difference during the 

follow-up, a possibility we could not examine.

Biologically, living alone may give rise to changes in 

 neurohormonal systems as well as pro-inflammatory and 

hypercoagulable states.5 Neurohormonal and inflammatory 

factors have been associated with cardiovascular risk factors 

and, independently, with development of cardiovascular dis-

ease.5 However, the mechanisms whereby living arrangements 

may affect biologic response have not been identified.

Our findings have potentially important clinical impli-

cations. Although there are no interventions against living 

arrangements with documented effect on adverse outcome 

after MI, we emphasize the importance of assessing living 

arrangements as a part of risk stratification after MI. More 

research is needed to identify interventions that might 

oppose the negative effects of single-living on mortality 

after MI.

It is beyond the scope of the present work to discuss 

the influence of other factors on long-term mortality after 

MI. However, in agreement with others we found that age, 

diabetes mellitus, atrial fibrillation, and reduced left ven-

tricular function were also independent predictors of death 

after MI.18–21

Our study has several limitations. We examined the 

effect of single-living in a sample of employed patients with 

MI. Results from this selected group may, therefore, only 

be applicable to a population of relatively young, actively 

employed patients. The total duration of living alone before 

and after the MI was not known in our study. The living 

arrangements of patient groups could have changed in both 

directions during the long follow-up period, causing misclas-

sification of the living-arrangement status. We were unable to 

examine differences in health behaviors and health lifestyles 

during the follow-up period. Changes in health behavior after 

MI could also bias the observed association between single-

living and mortality. Finally, the small sample size limited 

the precision in our estimates, while low numbers of women 

preclude definite conclusions regarding the role of gender in 

the association under study.

Conclusion
The present study is the first to investigate the association 

between single-living and long-term all-cause mortality 

among employed patients with MI. We show that single-

 living is an independent predictor of mortality up to16 years 

after myocardial infarction.
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