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ABSTRACT
Objectives To assess overall and gender- specific 
associations between marital status and out- of- hospital 
coronary death (OHCD) compared with patients surviving 
to hospital admission.
Design A cross- sectional study based on linkage of 
administrative health databases.
Setting Beijing, China.
Participants From 2007 to 2019, 378 883 patients 
with acute coronary event were identified in the Beijing 
Monitoring System for Cardiovascular Diseases, a 
validated city- wide registration system based on 
individual linkage of vital registration and hospital 
discharge data.
Outcome measures OHCD was defined as coronary 
death occurring before admission. Multilevel modified 
Poisson regression models were used to calculate the 
prevalence ratios (PR) and 95% CIs.
Results Among 378 883 acute coronary events, OHCD 
accounted for 33.8%, with a higher proportion in women 
compared with men (41.5% vs 28.7%, p<0.001). Not 
being married was associated with a higher proportion 
of OHCD in both genders, with a stronger association in 
women (PR 2.18, 95% CI 2.10 to 2.26) than in men (PR 
1.97, 95% CI 1.91 to 2.02; p for interaction <0.001). The 
associations of OHCD with never being married (PR 1.98, 
95% CI 1.88 to 2.08) and being divorced (PR 2.54, 95% 
CI 2.42 to 2.67) were stronger in men than in women 
(never married: PR 0.98, 95% CI 0.82 to 1.16; divorced: 
PR 1.47, 95% CI 1.34 to 1.61) (p for interaction <0.001 
for both). Being widowed was associated with a higher 
proportion of OHCD in both genders, with a stronger 
association in women (PR 2.26, 95% CI 2.17 to 2.35) 
compared with men (PR 1.89, 95% CI 1.84 to 1.95) (p for 
interaction <0.001).
Conclusions Not being married was independently 
associated with a higher proportion of OHCD and the 
associations differed by gender. Our study may aid the 
development of gender- specific public health interventions 
in high- risk populations characterised by marital status to 
reduce OHCD burden.

INTRODUCTION
Coronary heart disease (CHD) remains 
the leading cause of death worldwide, and 
accounted for 8.9 million deaths in 2017.1 
Despite advances in emergency transport 
systems and medical treatment, most coro-
nary deaths occur before admission to 
hospital.2–4 Therefore, identifying individuals 
at higher risk for out- of- hospital coronary 
death (OHCD) and implementing targeted 
prevention strategies will help reduce the 
burden of OHCD and overall CHD deaths.

Marriage may affect the development and 
prognosis of CHD through spouses encour-
aging each other to adopt healthy lifestyles, 
seek early medical attention, or comply with 
treatment regimens, or providing emotional 
support or financial security.5–7 Previous meta- 
analyses and population studies reported that 
married people had lower CHD incidence 
and mortality and better prognosis after CHD 

Strengths and limitations of this study

 ► This was the first study, to our knowledge, to exam-
ine the association between marital status and out- 
of- hospital coronary death (OHCD) in acute coronary 
events combining both fatal and non- fatal cases, 
which allowed a comparison between OHCD cases 
and those who survived to hospital admission.

 ► The large sample size based on city- level data 
linkage enabled us to examine gender- specific as-
sociations in depth through separate nonmarried 
subgroups with sufficient statistical power.

 ► Although we controlled for some factors associat-
ed with OHCD, this study did not adjust for some 
potential confounders, including stress, depression, 
lifestyle factors, comorbidities and medication use; 
as such, residual confounding could have impacted 
our findings.
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compared with those who were not married.8–12 The asso-
ciation between marriage and the risk of out- of- hospital 
sudden cardiac arrest has also been reported in previous 
studies.13 14 In addition, a study conducted between 1979 
and 1989 using national longitudinal mortality data 
found that living alone or being unmarried was associ-
ated with OHCD compared with in- hospital coronary 
death.15 However, these studies were conducted with a 
subgroup data set,14 were not recent13 15 or did not adjust 
for other factors15 which have been reported to be associ-
ated with OHCD, such as emergency medical services and 
extreme environmental exposure.16–18 Few contemporary 
studies with large sample sizes have explored the associa-
tion between marital status and OHCD in acute coronary 
events, combining both fatal and non- fatal cases. Further-
more, gender differences have been observed in the 
association between marriage and cardiovascular risk.10 
However, gender differences in the association between 
marital status and OHCD have not been investigated.

We used data from the validated Beijing Cardiovascular 
Disease Surveillance System19 to examine whether marital 
status was associated with the proportion of OHCD 
compared with patients surviving to hospital admission 
and whether such associations differed by gender.

METHODS
Data sources
All acute coronary events were identified in the Beijing 
Cardiovascular Disease Surveillance System which links 
routinely collected records from the Beijing Hospital 
Discharge Information System (HDIS) with the Beijing 
Vital Registration Monitoring System (VRMS), as previ-
ously described.19 In detail, hospitalisation data were 
drawn from the Beijing HDIS managed by Beijing Munic-
ipal Health Big Data and Policy Research Center. The 
HDIS contains hospital discharge abstracts from elec-
tronic patient administrative systems submitted by all 
non- military hospitals in Beijing. Data on the cause of 
death for the same period were obtained from the Beijing 
VRMS managed by the Beijing Center for Disease Control 
and Prevention based on death certificates. Data from 
the HDIS and VRMS were linked through the personal 
identity number that is unique for all Chinese citizens. 
When identity numbers were missing in the system (1.7% 
of the total entries), we linked data using a combina-
tion of name, birth date, gender and address. The same 
in- hospital death identified in both the Beijing HDIS and 
the VRMS was considered a single case. After linking, 
patients’ identity numbers were replaced by unique study 
numbers. Names and addresses were deidentified in all 
data files used for analysis.

Study population
Acute coronary events included non- fatal acute myocar-
dial infarction (AMI) cases and fatal CHD events. AMI 
cases were identified according to the principal discharge 
diagnosis using the International Classification of 

Diseases, 10th Revision (ICD- 10) codes I21 or I22. Fatal 
CHD events, including those that died in or out of the 
hospital, were identified according to the underlying 
cause of death, using ICD- 10 codes I20–I25. Patients who 
were discharged and then rehospitalised on the same 
day were considered a single continuous episode of care. 
In total, the system identified 430 609 acute coronary 
events among permanent residents in Beijing from 1 
January 2007 to 3 December 2019. We excluded patients 
who were discharged alive with a total length of stay ≤1 
day but without subsequent readmission on the same 
day (n=1418), where a diagnosis of AMI appeared to be 
unlikely. The first acute coronary event during the study 
period was used for each patient in the main analysis, with 
the last event used instead in a sensitivity analysis. After 
excluding individuals with incomplete demographic data 
or addresses (n=2654), 378 883 acute coronary events 
were included in the final analysis.

Definition of OHCD
OHCD was defined as a death due to CHD (ICD- 10 codes 
I20–I25) occurring before reaching hospital and without 
recorded admission on the day of death.3 This included 
all coronary deaths that occurred at home, at work and 
other public places, and during transportation, based on 
the location of death in vital registration.

Marital status and covariates
Marital status was recorded in four fixed categories: 
married, never married, divorced and widowed. The latter 
three categories were then combined into a non- married 
group. The covariates in the main analyses included year 
of event, average years of education (township level) and 
extreme ambient temperature on the day of the event. 
Covariates in the sensitivity analyses further included 
driving distance to the nearest percutaneous coronary 
intervention (PCI)- capable hospital, neighbourhood- 
level household income and PM2.5 exposure level. The 
data sources and measurement methods are shown in 
online supplemental methods.

Data quality and validation
Quality control and data validation are performed annu-
ally to compare the information obtained from the Beijing 
HDIS with that obtained from hospital charts by the 
Beijing Municipal Health Big Data and Policy Research 
Center. More than 95% of the data elements were correct, 
and the overall accordance for major discharge diagnosis 
was 98.2%.20 In addition, ICD code- based diagnoses in 
the HDIS were validated using chart reviews. The posi-
tive and negative predictive values of ICD codes for AMI 
in the Beijing HDIS for the clinical diagnosis of AMI as 
defined by the Third Universal Definition of Myocardial 
Infarction were 87.9% and 97.0%, respectively.21

The Beijing VRMS coverage rate of the monitoring 
population was 100% during the study period. Informa-
tion on the underlying cause of death in Beijing was avail-
able for more than 99% of all deaths.20 22
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Statistical analysis
Demographic and clinical characteristics were 
summarised as means and SDs or medians and IQR for 
continuous data, and counts and percentages for categor-
ical data. Differences between subgroups were compared 
using χ2 or Fisher’s exact tests for categorical variables 
and two- sample t- tests or Mann- Whitney tests for contin-
uous variables (as appropriate).

According to the assigned latitudes and longitudes 
(online supplemental methods), all events were aggre-
gated geographically and nested in the 310 townships 
in Beijing. A township is the smallest administrative unit 
in Beijing. The median permanent population of the 
310 townships was 24 043 (range: 2351–131 975). The 
data had a two- level structure and the outcomes were 
common; therefore, we examined the overall and gender- 
specific associations between marital status and OHCD 
using multilevel modified Poisson regression models with 
robust variances to calculate crude and adjusted preva-
lence ratios (PR) and corresponding 95% CIs. First, we fit 
the null model (model 0) with no predictors, including 
only township- specific random effects. Then, we fit multi-
level Poisson regression models that included marital 
status and other covariates in the null model in a step-
wise manner. The initial model was unadjusted (model 
1) and patients’ age and gender were added in model 2. 
The final model (model 3) was further adjusted for year 
of event, average years of education (township level), and 
extreme ambient temperature on the day of the event 
(online supplemental methods). We used the median rate 
ratio (MRR) to measure the general contextual effect of 
townships in the multilevel Poisson regression analyses.23 
To assess the discriminatory accuracy of the multivariable 
model, we used receiver operating characteristic (ROC) 
curves and calculated the area under the curve (AUC). In 
addition, we performed a subgroup analysis to examine 
whether these associations differed by gender and tested 
the difference in the estimates with the Z- test.24

Five sensitivity analyses were conducted to determine 
the robustness of the results. First, we restricted the anal-
yses to patients with AMI (ICD- 10 codes I20 or I21); an 
OHCD case was defined as death from AMI occurring 
pre- admission. Second, we restricted the analyses to inci-
dent acute coronary events that had not been admitted 
for AMI within a minimum of 7 years before the event. 
To identify incident events, records from 2007 to 2013 
were used as a wash- out period to exclude patients with a 
prior admission for AMI. Third, association analyses were 
performed when the last event instead of the first event 
was analysed for each patient with acute coronary event 
during the study period. Fourth, associations were exam-
ined after excluding patients aged over 80 years. Finally, 
for patients recruited between 2007 and 2012, we also 
adjusted for covariates, including driving distance to the 
nearest PCI- capable hospital, PM2.5 exposure level and 
income, which have been associated with CHD prognosis 
in previous reports and data were available during that 
period.16 17 19 25

All statistical analyses were performed with Stata, V.14.2 
(StataCorp). All tests were two sided and p values less 
than 0.05 were considered statistically significant.

Patient and public involvement
Patients or the public were not involved in the design, 
or conduct, or reporting, or dissemination plans of our 
research.

RESULTS
Demographic characteristics of the study population
Between 2007 and 2019, 378 883 acute coronary events 
were identified in Beijing. The mean (SD) age was 71.8 
(14.0) years and 39.8% were women. Overall, 74.4% 
(n=281 879) of the patients were married, 22.0% (n=83 
230) were widowed, 2.0% (n=7707) were never married 
and 1.6% (n=6147) were divorced. Compared with 
married patients, widowed patients were older, whereas 
never married and divorced patients were younger. 
The divorced and widowed patients contained a higher 
proportion of women than the married patient group, 
and the never married patient group contained the 
lowest proportion of women. Never married and widowed 
patients had lower township- level average years of educa-
tion than married patients, and divorced patients had the 
highest education level. Additionally, for 2.5% (154/6147) 
of divorced or widowed patients and 2.3% (179/7707) of 
never married patients, OHCD occurred on a day with 
extreme temperature, which was higher than the propor-
tion in married patients (2.2% (6197/281 879)). During 
the study period, the proportions of married and never 
married patients declined from 77.1% to 72.5% and 2.5% 
to 1.8%, respectively, whereas the proportions of divorced 
and widowed patients increased from 1.1% to 2.0% and 
19.3% to 23.7%, respectively (table 1). In addition, 
among patients who initially survived to reach hospital 
with an AMI, 43.4% (91 285/210 402) underwent PCI. 
The married patient group contained a higher propor-
tion of PCI than unmarried patients (46.1% (87 040/188 
967) vs 19.8% (4245/21 435), p<0.001). All of the differ-
ences in patient characteristics between these subgroups 
were significant (all p<0.001), with the exception of the 
proportion of extreme temperature.

Association between marital status and OHCD
Among all acute coronary events, 55.5% (n=210 315) 
were fatal and 33.8% (n=128 114) were OHCD. The 
proportion of OHCD was 23.5% (15 546/66 153) in 
married patients and 63.8% (39 531/61 961) in those who 
were not married. The MRR values from the null model 
(model 0) and the final model (model 3) were 1.47 and 
1.41, respectively. Overall, compared with being married, 
not being married was associated with a higher propor-
tion of OHCD and this association remained robust after 
adjustment for covariates (PR 2.04, 95% CI 1.98 to 2.10). 
For the non- married subgroups, never married (PR 1.77, 
95% CI 1.66 to 1.87), divorced (PR 2.08, 95% CI 1.97 to 
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2.20) and widowed (PR 2.07, 95% CI 2.00 to 2.14) were 
associated with a higher proportion of OHCD (table 2). 
The discriminatory accuracy of the final multivariable 
model was evaluated by ROC curves and the AUC was 
0.77 (95% CI 0.75 to 0.80).

Gender-specific associations between marital status and 
OHCD
The proportion of OHCD among acute coronary events 
was higher in women than in men (41.5% (62 596/150 
943) vs 28.7% (65 518/227 940), p<0.001) (figure 1). 

Overall, compared with being married, not being married 
was associated with a higher proportion of OHCD for 
both genders after adjustment for covariates, with a more 
pronounced association in women (men: PR 1.97, 95% 
CI 1.91 to 2.02; women: PR 2.18, 95% CI 2.10 to 2.26; p 
for interaction <0.001). Never married and divorced men 
both had higher proportions of OHCD compared with 
married men (never married: PR 1.98, 95% CI 1.88 to 
2.08; divorced: PR 2.54, 95% CI 2.42 to 2.67), with these 
associations stronger than those for never married (PR 

Table 2 Associations between marital status and out- of- hospital coronary death in acute coronary events between 2007 and 
2019 in Beijing

Characteristics
OHCD events,
N (%*)

Prevalence ratio (95% CI)

Model 1 Model 2 Model 3

Marital status

  Married 66 153 (23.5) 1.00 1.00 1.00

  Not married 61 961 (63.8) 2.56 (2.49 to 2.63) 2.03 (1.97 to 2.09) 2.04 (1.98 to 2.10)

Marital status

  Married 66 153 (23.5) 1.00 1.00 1.00

  Never married 3036 (39.4) 1.59 (1.50 to 1.69) 1.78 (1.67 to 1.89) 1.77 (1.66 to 1.87)

  Divorced 2744 (44.6) 1.98 (1.88 to 2.08) 2.03 (1.92 to 2.15) 2.08 (1.97 to 2.20)

  Widowed 56 181 (67.5) 2.69 (2.61 to 2.77) 2.06 (1.99 to 2.13) 2.07 (2.00 to 2.14)

Model 1 was not adjusted, model 2 was adjusted for age and gender, model 3 was adjusted for age, gender, year of event, average years of 
education at the township level, and extreme temperature on the day of event (yes or no).
*Proportion of OHCD among acute coronary events by marital status group.
OHCD, out- of- hospital coronary death.

Table 1 Demographic characteristics for 378 883 acute coronary events between 2007 and 2019 in Beijing, stratified by 
marital status

Characteristics*
Total
(n=378 883)

Married
(n=281 879)

Not married (n=97 004)

Never married 
(n=7707) Divorced (n=6147)

Widowed 
(n=83 230)

Age, years 71.8 (14.0) 68.8 (13.4) 61.4 (16.9) 67.6 (15.2) 83.5 (7.9)

Age group, n (%)

  <60 years 80 444 (21.2) 73 977 (26.3) 3425 (44.4) 2141 (34.8) 901 (1.1)

  ≥60 years 298 439 (78.8) 207 822 (73.8) 4282 (55.6) 4006 (65.2) 82 329 (98.9)

Women, n (%) 150 943 (39.8) 91 225 (32.4) 1461 (19.0) 2123 (34.5) 56 134 (67.4)

Extreme temperature on the day 
of event†, n (%)

8594 (2.3) 6197 (2.2) 179 (2.3) 154 (2.5) 2064 (2.5)

Average years of education at 
township level, years

11.2 (1.6) 11.3 (1.6) 10.9 (1.7) 11.6 (1.4) 11.0 (1.6)

Year of event, n (%)

  2007–2009 70 910 54 658 (77.1) 1765 (2.5) 808 (1.1) 13 679 (19.3)

  2010–2012 82 028 62 350 (76.0) 1741 (2.1) 1131 (1.4) 16 806 (20.5)

  2013–2015 90 069 66 243 (73.6) 1809 (2.0) 1482 (1.7) 20 535 (22.8)

  2016–2019 135 876 98 548 (72.5) 2392 (1.8) 2726 (2.0) 32 210 (23.7)

*Values are mean (SD) for age and township- level average years of education and counts (percentages) for other characteristics.
†Extreme ambient temperature on the day of event included extreme cold and extreme hot temperature, which were defined as the first and 
99th centiles of temperature distribution in Beijing during the study period, respectively.
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0.98, 95% CI 0.82 to 1.16) and divorced (PR 1.47, 95% 
CI 1.34 to 1.61) women (both p for interaction <0.001). 
Being widowed was significantly associated with a higher 
proportion of OHCD for both genders, and the associa-
tion was significantly stronger in women (PR 2.26, 95% CI 
2.17 to 2.35) than men (PR 1.89, 95% CI 1.84 to 1.95; p 
for interaction <0.001) (table 3).

Sensitivity analyses
We performed five sensitivity analyses to check our main 
findings. Similar results for overall and gender- specific 
associations were found in all analyses (figure 2 for sensi-
tivity analysis 1–4, online supplemental table S1 for sensi-
tivity analysis 5).

DISCUSSION
To our knowledge, this is the first study to evaluate overall 
and gender- specific associations between marital status 
and OHCD in acute coronary events. Compared with 
being married, not being married was associated with a 
higher proportion of OHCD in both genders, with this 

association stronger among women. For non- married 
subgroups, never married and divorced men exhibited 
stronger associations with OHCD than never married and 
divorced women, while widowed women had a stronger 
association with OHCD than widowed men.

Comparison with previous studies and interpretation
Traditional risk factors for CHD are well established, 
and the evolving role of non- traditional risk factors 
(eg, socioeconomic and psychosocial factors) is increas-
ingly recognised.26 The merits of marriage have been 
observed in numerous studies investigating CHD inci-
dence, mortality and prognosis.8 9 However, previous 
studies on marital status related to OHCD are scarce. 
The Chinese Longitudinal Healthy Longevity Survey 
reported that marital status was not associated with place 
of death among older people in China, but that analysis 
was not stratified by cause of death.27 Additionally, the 
US National Longitudinal Mortality Study (1979–1989) 
found that persons living alone/unmarried were 1.60 
times more likely to suffer OHCD than married people, 
independent of demographic and socioeconomic char-
acteristics.15 Our contemporary city- wide analysis of fatal 
and non- fatal coronary events extended previous findings 
regarding poor cardiovascular outcomes in nonmarried 
individuals8 9 15 and demonstrated an association between 
not being married and a higher proportion of OHCD.

The effect of marriage on OHCD observed in this 
study primarily occurred via two pathways: psychosocial 
factors, such as social support, and neo- materialist inter-
pretation, such as financial security. Previous studies 
suggested that married people were more likely to have 
healthier lifestyles and better adherence to treatment 
that promoted cardiovascular health compared with 
those who were not married.6 7 28 Furthermore, a lack of 
social support from spouses along with emotional and 
financial stress may worsen cardiovascular risk factors 

Figure 1 Proportion of out- of- hospital coronary deaths in 
acute coronary events between 2007 and 2019 in Beijing.

Table 3 Gender- specific associations between marital status and out- of- hospital coronary death in acute coronary events 
between 2007 and 2019 in Beijing

Characteristics

Men Women

P for interactionEvents, n (%*)
Prevalence ratio 
(95% CI)† Events, n (%*)

Prevalence ratio 
(95% CI)†

Marital status

  Married 42 618 (22.4) 1.00 23 535 (25.8) 1.00

  Not married 22 900 (61.3) 1.97 (1.91 to 2.02) 39 061 (65.4) 2.18 (2.10 to 2.26) <0.001

Marital status

  Married 42 618 (22.4) 1.00 23 535 (25.8) 1.00

  Never married 2705 (43.3) 1.98 (1.88 to 2.08) 331 (22.7) 0.98 (0.82 to 1.16) <0.001

  Divorced 1991 (49.5) 2.54 (2.42 to 2.67) 753 (35.5) 1.47 (1.34 to 1.61) <0.001

  Widowed 18 204 (67.2) 1.89 (1.84 to 1.95) 37 977 (67.7) 2.26 (2.17 to 2.35) <0.001

*Proportion of OHCD among all acute coronary events by marital status group.
†Model was adjusted for age, year, average years of education at the township level and extreme temperature on the day of event (yes or no).
OHCD, out- of- hospital coronary death.
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such as hypertension, hyperlipidaemia and diabetes,29 
thereby potentially contributing to disease severity.30 In 
addition, early recognition of symptoms may play a role 
in the improved outcomes seen in married individuals, as 
studies have found longer delays in seeking medical care 
in non- married individuals.31

Our study found significant gender differences in the 
associations between specific marital status and OHCD. 
The association between OHCD and marital status 
appeared to be stronger in never married and divorced 
men than women, whereas this association was stronger 
in widowed women than widowed men. Previous studies 
reported that never married or divorced women tended 
to have high education levels and have highly qualified 
occupations, with these characteristics associated with a 
lower risk for OHCD.2 In contrast, men may experience 
a more dramatic decline in supportive social ties than 
women after divorce,32 which provides a plausible expla-
nation for our finding of a stronger association of OHCD 

with divorce in men. The determinants of gender- specific 
associations among widowed patients were unclear. 
However, a possible explanation is that widowed women 
in our study tended to be older than widowed men and 
may, therefore, have had an increased burden of risk 
factors and comorbidities. These observations merit 
further investigation and replication.

Strengths and limitations of this study
This study had several strengths. First, this was the first 
study to examine the association between marital status 
and OHCD among acute coronary events combining 
both fatal and non- fatal cases, which allowed a compar-
ison between OHCD cases and those who survived 
to hospital admission. Second, the use of data from 
a city- level registry system minimised selection bias. 
The system combined the validated Beijing HDIS, as 
mentioned above, and VRMS which has been widely 
used in many large- scale studies and other similar 

Figure 2 Sensitivity analyses for gender- specific associations between marital status and out- of- hospital coronary death. The 
model was adjusted for age, year of event, average years of education at township level, and extreme temperature on the day 
of event (yes or no). Forest plot with triangle in dark blue colour=men. Forest plot with square in red colour=women. Sensitivity 
analysis 1, gender- specific associations between marital status and out- of- hospital coronary death in patients with acute 
myocardial infarction between 2007 and 2019 in Beijing. Aensitivity analysis 2, gender- specific associations between marital 
status and out- of- hospital coronary death in incident acute coronary events between 2014 and 2019 in Beijing. Sensitivity 
analysis 3, gender- specific associations between marital status and out- of- hospital coronary death when the last event 
instead of the first event was used for each patient between 2007 and 2019 in Beijing. Sensitivity analysis 4, gender- specific 
associations between marital status and out- of- hospital coronary death excluding patients aged over 80 years between 2007 
and 2019 in Beijing.
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research exploring factors associated with OHCD.18 33 34 
The VRMS in Beijing was established to cover the whole 
city population in 1975, and is the highest quality in 
China. Third, the large sample size in our study enabled 
us to examine gender- specific associations in depth 
through separate nonmarried subgroups with sufficient 
statistical power.

Our study also had several limitations that should 
be considered. First, we were not able to adjust for 
confounders, including stress, depression, lifestyle factors 
(eg, smoking and drinking alcohol), comorbidities and 
medication use because the registry system lacked this 
information. Although we controlled for some factors 
associated with OHCD in previous reports (eg, education 
level, extreme ambient temperature, driving distance to 
the nearest PCI- capable hospital, PM2.5 exposure level 
and income),2 15–18 we acknowledge that there remains 
potential residual confounding. Second, our study did 
not consider cohabitation/living with someone. This 
could potentially lead to misclassification and dilution 
bias, because some individuals classed as unmarried 
could be protected due to cohabiting with someone. 
Third, the measure of education was based on township- 
level data, which risks some imprecision. Fourth, there 
are 15 military hospitals that are not covered by our moni-
toring system. Although the number of acute coronary 
events in Beijing was underestimated, the absence of such 
data should have little effect on the association between 
marital status and OHCD.

Implications of the results
The present findings may have important implications 
for public health. Despite advances in emergency trans-
port systems and medical treatment, most coronary 
deaths occur before admission to hospital. To develop 
targeted prevention strategies, knowledge about the risk 
factors for OHCD is needed; however, this information 
is scarce, particularly in China.35 Although daily prac-
tice tends to focus on established biological risk factors 
(ie, dyslipidaemia, diabetes mellitus and hypertension), 
psychosocial parameters have been reported to impact 
both the occurrence and prognosis of CHD. Although 
marital status is not amenable to medical intervention or 
treatment, understanding the impact of this factor can 
help healthcare providers and policy- makers identify indi-
viduals at high risk for OHCD. Subsequently, targeted 
public health efforts and social support can be designed 
for high- risk populations, including mental health coun-
selling, and assistance with medication adherence and 
seeking timely medical care. Furthermore, the findings of 
gender- specific associations in our study indicate differ-
ences in the underlying determinants of the effect of 
marriage on OHCD, and further investigation may help 
develop effective gender- specific prevention measures. 
Implementing these interventions could help reduce 
the burden of OHCD and have substantial public health 
benefits.

CONCLUSIONS
Our study suggests that marital status is independently 
associated with OHCD for both men and women in 
acute coronary events, with gender- based differences in 
this association. Further investigation is needed to iden-
tify the underlying determinants of gender differences 
in the association between marital status and OHCD. 
Consideration of gender- based differences in the devel-
opment and implementation of public health interven-
tions targeting high- risk populations characterised by 
marital status may be helpful to reduce the burden of 
OHCD.

Author affiliations
1Department of Epidemiology, Beijing An Zhen Hospital, Capital Medical University, 
Beijing Institute of Heart, Lung and Blood Vessel Diseases, The Key Laboratory 
of Remodeling- Related Cardiovascular Diseases, Ministry of Education, Beijing 
Municipal Key Laboratory of Clinical Epidemiology, Beijing, China
2School of Architecture, Tsinghua University, Beijing, China
3Beijing Municipal Health Big Data and Policy Research Center, Beijing Institute of 
Hospital Management, Beijing, China

Contributors JL and QD contributed to the overall conception and design of the 
study. JL obtained funding and provided administrative support. MG, MW, JS, FL and 
PH collected data. JC participated in the literature search. YS and YL contributed to 
address geocoding. QD and JC processed data. QD analysed the data and wrote the 
first draft of this manuscript. JL and DZ provided advice on the analysis and helped 
with the development of the manuscript. All authors contributed to interpretation of 
results and editing and reviewing of this manuscript. All authors read and approved 
the final manuscript. JL is the guarantor of this study.

Funding This work was supported by grants from the National Natural 
Science Foundation of China (grant number 82073635 and 82103962), the 
Beijing Nova Programme Interdisciplinary Cooperation Project (grant number 
Z191100001119017), and the Capital’s Funds for Health Improvement and 
Research (grant number 2020- 1- 1051).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in 
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not applicable.

Ethics approval This study was performed in accordance with the principles of 
the Declaration of Helsinki and approved by the Ethics Committee of Beijing An 
Zhen Hospital (ks2020010), with a waiver of individual informed consent.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data may be obtained from a third party and are 
not publicly available. The data used in this manuscript were obtained from the 
Beijing Municipal Health Big Data and Policy Research Center and cannot be shared 
publicly given their institutional regulations and the data confidentiality agreement. 
Similar data may be requested from the above data holder authorities for research 
purposes. The statistical analysis plan and analytic code are available on request.

Supplemental material This content has been supplied by the author(s). It has 
not been vetted by BMJ Publishing Group Limited (BMJ) and may not have been 
peer- reviewed. Any opinions or recommendations discussed are solely those 
of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability and 
responsibility arising from any reliance placed on the content. Where the content 
includes any translated material, BMJ does not warrant the accuracy and reliability 
of the translations (including but not limited to local regulations, clinical guidelines, 
terminology, drug names and drug dosages), and is not responsible for any error 
and/or omissions arising from translation and adaptation or otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

 on A
pril 26, 2022 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-059893 on 21 A

pril 2022. D
ow

nloaded from
 

http://creativecommons.org/licenses/by-nc/4.0/
http://bmjopen.bmj.com/


8 Deng Q, et al. BMJ Open 2022;12:e059893. doi:10.1136/bmjopen-2021-059893

Open access 

ORCID iDs
Dong Zhao http://orcid.org/0000-0002-3239-3449
Jing Liu http://orcid.org/0000-0002-3311-0818

REFERENCES
 1 Roth GA, Abate D, Abate KH, et al. Global, regional, and national 

age- sex- specific mortality for 282 causes of death in 195 countries 
and territories, 1980- 2017: a systematic analysis for the global 
burden of disease study 2017. Lancet 2018;392:1736–88.

 2 Sulo E, Nygård O, Vollset SE, et al. Time trends and educational 
inequalities in out- of- hospital coronary deaths in Norway 1995- 2009: 
a cardiovascular disease in Norway (CVDNOR) project. J Am Heart 
Assoc 2017;6:e005236.

 3 Dudas K, Lappas G, Stewart S, et al. Trends in out- of- hospital deaths 
due to coronary heart disease in Sweden (1991 to 2006). Circulation 
2011;123:46–52.

 4 Capewell S, MacIntyre K, Stewart S, et al. Age, sex, and social 
trends in out- of- hospital cardiac deaths in Scotland 1986–95: a 
retrospective cohort study. The Lancet 2001;358:1213–7.

 5 Dupre ME, Beck AN, Meadows SO. Marital trajectories and mortality 
among US adults. Am J Epidemiol 2009;170:546–55.

 6 Wu J- R, Lennie TA, Chung ML, et al. Medication adherence mediates 
the relationship between marital status and cardiac event- free 
survival in patients with heart failure. Heart Lung 2012;41:107–14.

 7 DiMatteo MR. Social support and patient adherence to medical 
treatment: a meta- analysis. Health Psychol 2004;23:207–18.

 8 Wong CW, Kwok CS, Narain A, et al. Marital status and risk of 
cardiovascular diseases: a systematic review and meta- analysis. 
Heart 2018;104:1937–48.

 9 Dhindsa DS, Khambhati J, Schultz WM, et al. Marital status and 
outcomes in patients with cardiovascular disease. Trends Cardiovasc 
Med 2020;30:215–20.

 10 Wang Y, Jiao Y, Nie J, et al. Sex differences in the association 
between marital status and the risk of cardiovascular, cancer, and all- 
cause mortality: a systematic review and meta- analysis of 7,881,040 
individuals. Glob Health Res Policy 2020;5:4.

 11 Marcus G, Litovchik I, Pereg D, et al. Impact of marital status 
on the outcome of acute coronary syndrome: results from the 
acute coronary syndrome Israeli survey. J Am Heart Assoc 
2019;8:e011664.

 12 Wang C- H, Huang C- H, Chang W- T, et al. Associations among 
gender, marital status, and outcomes of adult in- hospital cardiac 
arrest: a retrospective cohort study. Resuscitation 2016;107:1–6.

 13 Empana J- P, Jouven X, Lemaitre R, et al. Marital status and risk 
of out- of- hospital sudden cardiac arrest in the population. Eur J 
Cardiovasc Prev Rehabil 2008;15:577–82.

 14 Isiozor NM, Kunutsor SK, Laukkanen T, et al. Marriage Dissatisfaction 
and the risk of sudden cardiac death among men. Am J Cardiol 
2019;123:7–11.

 15 Sorlie PD, Coady S, Lin C, et al. Factors associated with out- of- 
hospital coronary heart disease death: the National longitudinal 
mortality study. Ann Epidemiol 2004;14:447–52.

 16 Jollis JG, Al- Khalidi HR, Roettig ML, et al. Impact of regionalization of 
ST- segment- elevation myocardial infarction care on treatment times 
and outcomes for emergency medical Services- Transported patients 
presenting to hospitals with percutaneous coronary intervention: 
mission: lifeline Accelerator- 2. Circulation 2018;137:376–87.

 17 Xia R, Zhou G, Zhu T, et al. Ambient air pollution and out- of- hospital 
cardiac arrest in Beijing, China. Int J Environ Res Public Health 
2017;14:423.

 18 Chen R, Li T, Cai J, et al. Extreme temperatures and out- of- hospital 
coronary deaths in six large Chinese cities. J Epidemiol Community 
Health 2014;68:1119–24.

 19 Xie W, Li G, Zhao D, et al. Relationship between fine particulate air 
pollution and ischaemic heart disease morbidity and mortality. Heart 
2015;101:257–63.

 20 Wan H, Li Y, Liu J, et al. The epidemiology of out- of- hospital deaths 
due to acute coronary events in young Beijing adults. Zhonghua Nei 
Ke Za Zhi 2012;51:274–8.

 21 Zhang Q, Zhao D, Xie W, et al. Recent trends in hospitalization for 
acute myocardial infarction in Beijing: increasing overall burden 
and a transition from ST- segment elevation to non- ST- segment 
elevation myocardial infarction in a population- based study. Medicine 
2016;95:e2677.

 22 Gao Y- lin, Su J- ting, Wei Z- hua, et al. Characteristics of out- of- 
hospital acute coronary heart disease deaths of Beijing permanent 
residents at the age of 25 or more from 2007 to 2009. Zhonghua Xin 
Xue Guan Bing Za Zhi 2012;40:199–203.

 23 Austin PC, Stryhn H, Leckie G, et al. Measures of clustering and 
heterogeneity in multilevel poisson regression analyses of rates/
count data. Stat Med 2018;37:572–89.

 24 Altman DG, Bland JM. Interaction revisited: the difference between 
two estimates. BMJ 2003;326:219.

 25 Lindenauer PK, Lagu T, Rothberg MB, et al. Income inequality and 
30 day outcomes after acute myocardial infarction, heart failure, and 
pneumonia: retrospective cohort study. BMJ 2013;346:f521.

 26 Schultz WM, Kelli HM, Lisko JC, et al. Socioeconomic status and 
cardiovascular outcomes: challenges and interventions. Circulation 
2018;137:2166–78.

 27 Cai J, Zhao H, Coyte PC. Socioeconomic differences and trends in 
the place of death among elderly people in China. Int J Environ Res 
Public Health 2017;14:1210.

 28 Consuegra- Sánchez L, Melgarejo- Moreno A, Jaulent- Huertas L, 
et al. Unraveling the relation between marital status and prognosis 
among myocardial infarction survivors: impact of being widowed on 
mortality. Int J Cardiol 2015;185:141–3.

 29 Ramezankhani A, Azizi F, Hadaegh F. Associations of marital status 
with diabetes, hypertension, cardiovascular disease and all- cause 
mortality: a long term follow- up study. PLoS One 2019;14:e0215593.

 30 Laukkanen JA, Mäkikallio TH, Ronkainen K, et al. Impaired fasting 
plasma glucose and type 2 diabetes are related to the risk of out- of- 
hospital sudden cardiac death and all- cause mortality. Diabetes Care 
2013;36:1166–71.

 31 Atzema CL, Austin PC, Huynh T, et al. Effect of marriage on duration 
of chest pain associated with acute myocardial infarction before 
seeking care. CMAJ 2011;183:1482–91.

 32 Shor E, Roelfs DJ, Bugyi P, et al. Meta- Analysis of marital dissolution 
and mortality: Reevaluating the intersection of gender and age. Soc 
Sci Med 2012;75:46–59.

 33 Zhou M, Wang H, Zeng X, et al. Mortality, morbidity, and risk factors 
in China and its provinces, 1990- 2017: a systematic analysis for the 
global burden of disease study 2017. Lancet 2019;394:1145–58.

 34 Zhang Y, Ma R, Ban J, et al. Risk of cardiovascular hospital 
admission after exposure to fine particulate pollution. J Am Coll 
Cardiol 2021;78:1015–24.

 35 Feng X- F, Hai J- J, Ma Y, et al. Sudden cardiac death in mainland 
China: a systematic analysis. Circ Arrhythm Electrophysiol 
2018;11:e006684.

 on A
pril 26, 2022 by guest. P

rotected by copyright.
http://bm

jopen.bm
j.com

/
B

M
J O

pen: first published as 10.1136/bm
jopen-2021-059893 on 21 A

pril 2022. D
ow

nloaded from
 

http://orcid.org/0000-0002-3239-3449
http://orcid.org/0000-0002-3311-0818
http://dx.doi.org/10.1016/S0140-6736(18)32203-7
http://dx.doi.org/10.1161/JAHA.116.005236
http://dx.doi.org/10.1161/JAHA.116.005236
http://dx.doi.org/10.1161/CIRCULATIONAHA.110.964999
http://dx.doi.org/10.1016/S0140-6736(01)06343-7
http://dx.doi.org/10.1093/aje/kwp194
http://dx.doi.org/10.1016/j.hrtlng.2011.09.009
http://dx.doi.org/10.1037/0278-6133.23.2.207
http://dx.doi.org/10.1136/heartjnl-2018-313005
http://dx.doi.org/10.1016/j.tcm.2019.05.012
http://dx.doi.org/10.1016/j.tcm.2019.05.012
http://dx.doi.org/10.1186/s41256-020-00133-8
http://dx.doi.org/10.1161/JAHA.118.011664
http://dx.doi.org/10.1016/j.resuscitation.2016.07.005
http://dx.doi.org/10.1097/HJR.0b013e3283083e04
http://dx.doi.org/10.1097/HJR.0b013e3283083e04
http://dx.doi.org/10.1016/j.amjcard.2018.09.033
http://dx.doi.org/10.1016/j.annepidem.2003.10.002
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.032446
http://dx.doi.org/10.3390/ijerph14040423
http://dx.doi.org/10.1136/jech-2014-204012
http://dx.doi.org/10.1136/jech-2014-204012
http://dx.doi.org/10.1136/heartjnl-2014-306165
http://www.ncbi.nlm.nih.gov/pubmed/22781946
http://www.ncbi.nlm.nih.gov/pubmed/22781946
http://dx.doi.org/10.1097/MD.0000000000002677
http://www.ncbi.nlm.nih.gov/pubmed/22801263
http://www.ncbi.nlm.nih.gov/pubmed/22801263
http://dx.doi.org/10.1002/sim.7532
http://dx.doi.org/10.1136/bmj.326.7382.219
http://dx.doi.org/10.1136/bmj.f521
http://dx.doi.org/10.1161/CIRCULATIONAHA.117.029652
http://dx.doi.org/10.3390/ijerph14101210
http://dx.doi.org/10.3390/ijerph14101210
http://dx.doi.org/10.1016/j.ijcard.2015.03.113
http://dx.doi.org/10.1371/journal.pone.0215593
http://dx.doi.org/10.2337/dc12-0110
http://dx.doi.org/10.1503/cmaj.110170
http://dx.doi.org/10.1016/j.socscimed.2012.03.010
http://dx.doi.org/10.1016/j.socscimed.2012.03.010
http://dx.doi.org/10.1016/S0140-6736(19)30427-1
http://dx.doi.org/10.1016/j.jacc.2021.06.043
http://dx.doi.org/10.1016/j.jacc.2021.06.043
http://dx.doi.org/10.1161/CIRCEP.118.006684
http://bmjopen.bmj.com/

	Overall and gender-specific associations between marital status and out-of-hospital coronary death during acute coronary events: a cross-sectional study based on data linkage in Beijing, China
	Abstract
	Introduction
	Methods
	Data sources
	Study population
	Definition of OHCD
	Marital status and covariates
	Data quality and validation
	Statistical analysis
	Patient and public involvement

	Results
	Demographic characteristics of the study population
	Association between marital status and OHCD
	Gender-specific associations between marital status and OHCD
	Sensitivity analyses

	Discussion
	Comparison with previous studies and interpretation
	Strengths and limitations of this study
	Implications of the results

	Conclusions
	References


