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Objective: The purpose of this study was to determine if there is an association
between marital status (single, married, divorced/separated, and widowed) and in-
hospital mortality in patients with acute myocardial infarction (AMI) from Puerto
Rico in 2007, 2009, and 2011.

Methods: This study was a secondary data analysis of information retrieved from
the Puerto Rican Cardiovascular Surveillance System obtained from the University
of Puerto Rico for the residents of Puerto Rico during the study years. The sample
included individuals aged 18 or older who presented with an incidental AMI.
Univariate and multivariate logistic regression models were used to assess the
association between marital status and in-hospital mortality after an AMI. Covariates
included age, sex, social history, and comorbidities.

Results: Among the study participants, 414 were single, 1,811 were married,
153 were separated/divorced, and 472 were widowed. Widowed status was more
common in the elderly population, age groups 75-84 and 285, than any other marital
status representing 37.9% and 30.7% respectively (p-value < 0.001). The adjusted
OR were 0.6 (95% confidence interval (Cl) 0.3-1.4), 0.6 (95% CI 0.2-2.0), and 0.9 (95%
Cl1 0.5-1.7) for single, divorced/separated, and widowed patients respectively when
compared with married patients.

Conclusion: No noticeable association was found between marital status and in-
hospital mortality in patients with incidental AMI in Puerto Rico during the years of
2007, 2009, and 2011. Further research may be required to investigate mortality rates
during the time period following hospital discharge. [P R Health SciJ 2019;38:231-236]

Puerto Rico since the late 1940s (1). The prevalence
of myocardial infarction in Puerto Rico was estimated
to be 4.2% in 2015 accounting for one out of 10 deaths (1, 2).
Previous studies have revealed that the risk of death in married

H eart disease has been the leading cause of death in the

people is lower and their general health better compared with
unmarried ones (3-7).

Several studies have been conducted investigating the
association between marital status and health outcomes in
acute myocardial infarction patients (AMI) (8-21). Whereas
most previous studies assessed the impact of marital status on
long-term mortality (9-11, 13-16), only a few have examined
the effects on in-hospital mortality afteran AMI (8, 12, 17-21).
The current scientific evidence between marital status and
in-hospital mortality following an AMI has been inconclusive
(8, 12, 17-21). Some of them reported an increased risk for
living alone (8, 17, 18, 19, 21), whereas others did not find a
statistically significant association between marital status and
in-hospital mortality in AMI patients (12, 20). Furthermore,
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some studies (8, 18, 20) only assessed 24-hour mortality rates
opposed to otherslooking at the entire span of in-hospital length
(12,17,19,21).

Social support and living arrangements have revealed to be
important predictors of patients’ outcomes after an AMI (14,
15). However, none of the previous studies have included
Hispanic populations who culturally have a well-developed
social support network.
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The purpose of this study was to determine if there is an
association between marital status (single, married, divorced/
separated, and widowed) and in-hospital mortality in patients
with acute myocardial infarction (AMI) from Puerto Rico in
2007, 2009, and 2011. We hypothesize that married Puerto
Rican patients with AMI would display lower in-hospital
mortality rates compared to non-married counterparts.

Materials and Methods

The study sample consisted of residents (adults > 18 years-
old) living in Puerto Rico who, in 2007, 2009 and 2011, were
hospitalized for a possible AMI at any one of the 21 academic
or non-teaching medical centers. The multicentric nature of
the study enhances the external validity of our findings as
well as the comparability with other population-based studies
(22, 23). Information on all hospital discharges in Puerto
Rico with International Classification of Diseases, Ninth
Revision, Clinical Modification (ICD-9-CM) code 410 in
the principal and/or secondary diagnosis position and related
acute and chronic coronary disease ICD-9 rubrics (e.g., 412
[old MI], 413 [angina pectoris], 414 [other forms of chronic
CHD], and 786.5 [chest pain]) was obtained from each of
the participating hospitals (all of which had emergency room
capability and served non-institutionalized, non-military
residents of Puerto Rico).

Once the computerized discharge diagnosis printouts were
obtained from each of our 16 participating hospitals, the
appropriate ICD-9-CM codes for CHD were reviewed for
purposes of selection and case validation. Each participating
hospital was able to provide us with a patient-specific zip
code listing that allowed us initially to screen out patients
hospitalized for suspected acute coronary disease but who lived
in Puerto Rico. Once selected, a list of medical record numbers
was given to the medical record department personnel at each
of the participating hospitals. Trained nurse and physician
abstractors reviewed the medical records of all of the identified
patients meeting the pre-defined geographic inclusion criteria
(e.g., residents of Puerto Rico). Since we were interested in
documenting the incidence rates of newly diagnosed AMI,
we restricted our study sample to patients hospitalized with
an initial (incident) AMI that occurred in 2007, 2009 and
2011. Data of even years were excluded from the surveillance
system due to two main reasons. First, the impact of measurable
indicators in chronic disease conditions, particularly in heart
attack incidence does not change substantially on a yearly basis,
and second, it makes data collection more efficient.

Patients initially hospitalized in one hospital and then
transferred to another during the same event were counted
only once. Data were abstracted from the applicable emergency
medical record of the transferring hospital and from the
applicable medical record of the receiving hospital.

The records of any previous hospitalizations for Coronary
Heart Disease (CHD) were reviewed when available and
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when the review of the hospital chart indicated that the present
hospitalization was not the first for CHD, regardless of whether
the patient was hospitalized in different hospitals for separate
events. We excluded patients with electrocardiogram (ECG)
changes indicative of prior AMI (old Q-waves on ECG) or
with a documented history of AMI. We excluded patients who
developed AMI resulting from an interventional or surgical
procedure. In this study, each case was validated using the widely
accepted diagnostic definition developed by the World Health
Organization (WHO), which requires that at least 2 of 3 criteria
be present for the confirmation of AMI. This schema uses
information from the patient’s clinical history that is suggestive
of AMI, serum enzyme elevations, and serial ECG findings of
AML. These criteria have been utilized in a number of clinical
and epidemiological investigations, e.g., the Worcester Heart
Attack Study and the World Health Organization Multinational
Monitoring of Trends and Determinants in Cardiovascular
Disease (MONICA) Project (22-24). An autopsy confirmation
of recent onset MI satisfied the study inclusion criteria,
irrespective of the other diagnostic criteria. Patients who
developed AMI resulting from an interventional procedure or
surgery, other than for the treatment of an acute coronary event,
were excluded from the study.

Demographic and clinical data and complete medical
histories were abstracted from hospital medical records into a
standardized case-report form by trained nurse and physician
abstractors. These data included each patient’s marital status,
age, sex, municipality of residence, coronary risk factors (e.g.,
diabetes, hypertension, smoking), comorbidities (e.g., history
of angina, stroke, heart failure), physiologic parameters (e.g,,
heartrate, blood pressure, lipid profile, serum creatinine/glucose
findings), AMI-associated characteristics (e.g.,, ST-elevation
AMI, non- ST-elevation AMI), use of cardiac medications and
secondary prevention practices, and survival status at the time
of hospital discharge. Information on marital status, the main
exposure variable, was collected from patient records according
to the patients’ proper definition of his/her marital status. In
those patient charts marital status was categorized into four
groups (i) single; (ii) married; (iii) divorced/separated; and
(iv) widowed.

All quality control measures were continuously monitored
and any identified errors were discussed with each reviewer to
ensure a high degree of accuracy and observer reliability so that
documentation errors were minimized.

Statistical analysis

The data was analyzed using STATA 13 (College Station,
Texas). Chi-square tests were applied to compare the
distribution between the potential confounders and marital
status, and were also applied to compare the distribution
between potential confounders and in-hospital mortality.
Collinearity diagnostics were performed to test for the
correlations between the variables. Unadjusted and adjusted
logistic regression models were used to assess the association
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between the exposure and outcome variable. Odds
ratios and the respective 95% confidence interval
were calculated. Patients with missing information
on smoking and obesity exceeds the S percent
(18.5% and 18.6% respectively). We estimated two
additional models to check for the potential bias
from missing data on these variables. We assigned
persons with missing data first to the highest
category (worst scenery) of that variable then to
the lowest (best scenery). P-value of <0.05 was
considered statistically significant.

Ethical considerations

The Committee for the Protection of Human
Subjects at each participating hospital approved
this study.

Results

Among the study participants, 414 were single,
1,811 were married, 153 were separated or
divorced, and 472 were widowed. Table 1 presents
the baseline characteristics of patients diagnosed
with AMI in Puerto Rico during years 2007, 2009,
and 2011 with respect to marital status. Widowed
patients were more likely to have hypertension
compared to other marital status groups. 86.9%
of widowed patients had hypertension compared
to the other marital statuses which ranged from
76.6%-80.0% (p-value: 0.001). Widowed patients
were also more likely to have a history of congestive
heart failure; and to suffer stroke (p-value =0.017),
asthma or Chronic Obstructive Pulmonary Disease
(COPD) (p-value < 0.001), history of cancer
(p-value: 0.020), or atrial fibrillation (p-value:
0.019). There was no statistically significant
difference in obesity among marital statuses
(p-value: 0.058). The distribution of diabetes
(p-value: 0.127), history of depression (p-value:
0.257) and history of renal failure (p-value: 0.080)
was not statistically significantly different according
to marital status.

Table 2 presents unadjusted and adjusted odds
ratios for the association between marital status and
in-hospital mortality of Puerto Rican patients after
anincidental AMI. The odds of mortality for single
and divorced/separated before and after adjustment
were very similar (Table 3). The unadjusted odds
ratio (OR) for widowed patients was 1.7 (95%
confidence interval (CI) 1.1-2.4). After adjustment
for the covariates, the OR of mortality decreased to
0.9 and became not significant (95% CI 0.5-1.7).
Age <55 was associated with a decrease in mortality
compared to patients between S5 and 65 years of

Table 1. Characteristics of study participants with incidental myocardial infarction

according to marital status in 2007, 2009 and 2011.

Age (years)
<55
55-64
65-74
75-84
>84
Sex
Female
Male
Health insurance
Yes
No
Smoking status
Never smoked
Current or ex- smoker
Obesity
Yes
No
Hypertension
Yes
No
Hyperlipidemia
Yes
No
Diabetes
Yes
No
History of stroke
Yes
No
History of cancer
Yes
No
History of asthma
or COPD?
Yes
No
History of congestive
heart failure
Yes
No
History of depression
Yes
No
History of renal failure
Yes
No

History of atrial fibrillation

Yes
No
Invasive procedureb
Yes
No

2Chronic obstructive pulmonary disease; "Invasive procedure was defined as patients who underwent
coronary artery bypass graft, percutaneous coronary intervention, and percutaneous transluminal

coronary angioplasty.

Single

(n=414)
%

28.3
24.4
22.5
15.0
9.9

46.4
53.6

76.0
24.0

61.8
38.2

34.5
65.5

76.6
23.4

30.3
69.7

43.7
56.3

53
94.7

4.2
95.8

15.1
84.9

9.1
91.0

3.5
96.5

9.6
90.4

4.4
95.7

15.2
84.8
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Married
Separated
(n=1811) (n=153)
% %
20.7 235
26.2 333
28.4 24.8
18.8 15.0
5.9 3.3
34.2 48.4
65.8 51.6
76.0 76.5
24.1 23.5
64.6 59.5
35.4 40.5
33.6 34.1
66.4 65.9
80.0 78.4
20.0 21.6
315 22.4
68.5 77.6
48.9 44.1
51.1 55.9
4.8 4.6
95.2 95.4
5.4 3.3
94.6 96.7
13.9 11.3
86.1 88.7
9.1 9.2
90.9 90.8
2.8 5.2
97.2 94.8
115 9.3
88.6 90.7
5.6 33
94.4 96.7
22.5 16.4
77.5 83.6
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(n=472)
%

1.7
6.6
23.1
37.9
30.7

80.1
19.9

82.4
17.6

76.0
24.0

26.5
73.5

86.9
13.1

259
74.1

50.5
49.5

8.6
91.4

8.4
91.6

22.3
77.7

18.1
81.9

4.1
95.9

14.7
85.3

8.5
91.5

10.7
89.3

Divorced/ Widowed p-value

<0.001

<0.001

0.027

<0.001

0.058

0.001

0.019

0.127

0.017

0.020

<0.001

<0.001

0.257

0.080

0.019

<0.001
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Table 2. Unadjusted and adjusted association between in-hospital
mortality and marital status in acute myocardial infarction patients
in Puerto Rico in 2007, 2009 and 2011.

Characteristics Unadjusted Adjusted
OR?(95% CI’)  OR(95% Cl)

Marital status

Married Ref. Ref.

Single 0.8 (0.5-1.3) 0.6 (0.3-1.4)

Divorced/Separated 0.8 (0.4-1.7) 0.6 (0.2-2.0)

Widowed 1.7 (1.1-2.4) 0.9 (0.5-1.7)
Age

55-64 Ref. Ref.

<55 0.2 (0.1-0.6) 0.3(0.1-0.8)

65-74 1.6 (0.9-2.6) 1.3(0.7-2.6)

75-84 2.8 (1.7-4.5) 1.9 (1.0-3.7)

>=85 4.2 (2.5-7.0) 1.6 (0.7-3.9)
Sex

Male Ref. Ref.

Female 1.4 (1.0-1.9) 1.8 (1.1-3.0)
Insurance

Yes Ref. Ref.

No 1.1(0.7-1.5) 1.0(0.6-1.7)
Smoking status

Never smoked Ref. Ref.

Current or Prior smoker 1.2(0.8-1.7) 1.7 (1.1-2.8)
Obesity

No Ref. Ref.

Yes 0.5(0.3-0.8) 0.6 (0.3-1.1)
Hypertension

No Ref. Ref.

Yes 0.7 (0.5-0.9) 0.5(0.3-0.9)
Hyperlipidemia

No Ref. Ref.

Yes 1.0(0.7-1.4) 1.0 (0.6-1.6)
Diabetes

No Ref. Ref.

Yes 1.0(0.8-1.4) 1.2 (0.7-1.9)
History of Stroke

No Ref. Ref.

Yes 1.5(0.8-2.6) 0.4 (0.1-1.5)
History of Cancer

No Ref. Ref.

Yes 1.0 (0.5-2.0) 1.2 (0.5-2.7)
History of Asthma or COPD*

No Ref. Ref.

Yes 1.4(1.0-2.1) 0.9 (0.5-1.8)
History of Congestive Heart Failure

No Ref. Ref.

Yes 2.3(1.5-3.3) 1.6 (0.9-3.1)
History of Depression

No Ref. Ref.

Yes 0.9 (0.4-2.2) 0.5(0.1-3.5)
History of Renal failure

No Ref. Ref.

Yes 2.2(1.5-3.2) 2.6 (1.4-4.7)
History of Atrial fibrillation

No Ref. Ref.

Yes 4.1(2.7-6.3) 2.0(1.0-4.1)
Invasive procedure®

No Ref. Ref.

Yes 0.8 (0.5-1.2) 1.4(0.8-2.4)

20dds ratio; "Confidence interval; “Reference group; ‘Chronic obstructive pulmonary
disease; °Invasive procedure was defined as patients who underwent coronary artery
bypass graft, percutaneous coronary intervention, and percutaneous transluminal
coronary angioplasty.
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age (OR 0.3; 95% CI 0.1-0.8). A patient’s insurance status or a
history of obesity, hyperlipidemia, diabetes, stroke, congestive
heart failure, asthma or COPD, cancer, atrial fibrillation or
depression did not have a statistically significant association with
mortality in our population. Patients with a history of smoking
had 70% higher risk of mortality compared to non-smoking
patients (OR 1.7; 95%CI 1.1-2.8). Patients with renal failure also
had an increased risk of mortality (OR 2.6; 95%CI 1.4-4.7). The
odds of dying in patients who underwent invasive procedure
was not statistically significant compared to those who did not.

Table 3 presents a best and worst case scenario for the
sensitivity analysis to examine the effect of missing data on
obesity or smoking status. Results from these sensitivity
analyses were similar to the adjusted analysis and our conclusion
remained unchanged.

Discussion

The results of our study showed that there was no association
between marital status and in-hospital mortality in patients
with incidental AMI in Puerto Ricans in 2007, 2009, and
2011. Furthermore, to our understanding this is the first study
conducted in a Hispanic population assessing the association
between marital status and in-hospital mortality in patients
who had an AML

Only a few studies have investigated the association between
marital status and in-hospital mortality in AMI patients (8, 12,
17-21). Our findings are in line with those published by O’Shea
et al. and Khafaji et al. revealing no association between being
single and in-hospital mortality (12, 20). Even though the results
of a multi-center trial involving over 13,000 patients with an
AMI showed that living alone was associated with significantly
higher 24-hour and 30-day mortality, these findings did not
remain statistically significant in the adjusted regression models
revealing that living alone was not an independent risk factor
(20). In the 5,334 patients presenting with Acute Coronary
Syndrome (ACS) in the Middle East region, being widowed,
but notliving alone, was associated with an increase in-hospital
mortality (12). Other studies conducted in the European
populations reported that unmarried status, in both gender, was
also related with an increased case fatality rate after the first 24
hours, taking potential confounders into account. The risk of
death was between two and three times higher in people living
alone compared with married people (17-19).

One possible reason for the lack of association between
married patients compared with patients who live alone and in-
hospital mortality may be due to marital status having more of an
influence with regards to risk of suffering an incidental MI as well
as an effect on the long term survival after having an incidental
MLI. For instance, it was argued that most of the excess mortality
appeared to occur already before the hospital admission and
was not related to differences in treatment of AMI (17). When
CHD manifests as an acute heart attack, survival often critically
depends on reaching hospital quickly, which is likely to be an
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important contributor to the greater risks
of out-of-hospital CHD deaths observed
in the unmarried (17, 25, 26). Living
alone can dispose to a particularly strong
risk for mortality, because it may translate
to severe and potentially fatal delays to
obtaining acute care (17,27).

In addition, marital status seemed to Marital status

have a protective effect on along-term, as ’Svilngl‘_a y

. arrie
those patients may have a greater support Divorced /Separated
system once discharged from the hospital Widowed

reducing the risk of recurrent AMI due to
improved adherence of medications and
treatment (9-11, 13-16). Moreover, it
has been argued whether social isolation
is associated with health outcomes in CHD patients (28-31).
However, the current scientific evidence is inconclusive and the
methods used in these studies failed to adjust for age and other
co-morbidities (20, 28-31). Moreover, there seem to be certain
difficulties in defining or measuring social support (20, 30).

Finally, it may be hypothesized that by dividing marital status
into four separate groups, the power to detect an association, if it
really exists, would be too low. However, in contrast to some of
the previous studies (8, 14), when marital status was stratified
into two groups consisting of married or unmarried there was
still no statistically significant association between marital status
and in-hospital mortality in our data.

Naturally, our study had some limitations. Missing data
on obesity and smoking status may have biased the results.
However, when we performed a best and worst case scenario
analysis, there was no change in the OR before and after
adjustments compared with the initial analysis. Furthermore,
the data only included patients hospitalized with AMI and not
those with other manifestations of underlying CHD. In addition,
only Puerto Rican patients were studied and therefore findings
may not be generalizable to other racial or ethnic groups who
are not Hispanic. In addition, only survivors of an AMI were
considered, excluding those individuals who died before arriving
to the hospital (32). Widowed patients have been shown to
present to the hospital later than other marital statuses causing
some misclassification bias.

Another limitation is that the analysis between marital status
and prognosis of patients was focused only at one point in time,
thus changes in marital status or length of marital status could
not be evaluated. Also, we did not have information on other
important factors such as psychological stress that may be
associated with the exposure or outcome of our study. Lastly,
our results might be subject to some extent of misclassification
bias, since some patients who reported being single might be
living with a consensual partner and having the protective effect
ofalegally married couple. By the same token, patients who are
classified as legally married might live apart from their partners
and don’t actually have the protective effect expected for alegally
married couple.

Frederick et al

Table 3. Sensitivity analysis (best and worst case scenario) to examine the potential effect
of bias by missing information on smoking and obesity in the adjusted?® logistic regression
models between marital status and mortality.

Smoking® Obesity®
Overall Best case Worst case Best case Worst case
OR(95%Cl) OR(95%Cl) OR(95%Cl) OR(95%Cl) OR(95% CI)
0.6(0.3-1.4) 0.6(0.3-1.2) 0.6(0.3-1.2) 0.9(0.5-1.6) 0.8(0.5-1.6)
Ref Ref Ref Ref Ref
0.6(0.2-2.0) 0.5(0.1-1.6) 0.5(0.1-1.6) 0.7(0.2-1.9) 0.6(0.2-1.8)
0.9(0.5-1.7) 1.0(0.6-1.7) 1.0(0.6-1.7) 0.6(0.4-1.1) 0.6(0.4-1.1)

2Adjusted for age, sex, health insurance, smoking status, obesity, hypertension, hyperlipidemia, diabetes, invasive
procedure and history of stroke, cancer, asthma or COPD, congestive heart failure, depression, renal failure, and atrial
fibrillation; ®Missing information on smoking and obesity variables were 18.5% and 18.6%, respectively.

In conclusion, in-hospital mortality observed in our study
seemed to be the same among different marital status subgroups.
Studies investigating the association between marital status and
the time period immediately following hospital discharge may
be necessary in order evaluate whether there is an increased
long-term mortality according to marital status in Puerto Rican
AMI patients. Finally, as people living alone have shown to
have lower general health and higher mortality compared with
married people, it may be worthwhile in clinical practice to assess
marital status for patients with AML

Resumen

Objetivo: El objetivo de este estudio fue determinar si existe
una asociacién entre estado civil (soltero, casado, divorciado /
separado y viudo) y mortalidad hospitalaria en pacientes con
infarto agudo de miocardio (IAM) de Puerto Rico en 2007,
2009 y 2011. Métodos: Este estudio fue un anélisis de datos
secundarios de lainformacién obtenida del Sistema de Vigilancia
Cardiovascular de Puerto Rico obtenida de la Universidad de
Puerto Rico para los residentes puertorriqueiios durante los
anos de estudio. La muestra incluy6 individuos de 18 afios o mas
que presentaron un IAM incidental. Se utilizaron modelos de
regresion logistica para evaluar la asociacion entre el estado civil
ylamortalidad hospitalaria después de un IAM. Los covariados
incluidos eran edad, sexo, historia social y comorbilidades.
Resultados: Entre los participantes del estudio, 414 eran solteros,
1.811 casados, 153 separados/divorciados y 472 viudos. El
estado de viudez fue mas frecuente en la poblacién de edad
avanzada, con edades comprendidas entre 75-84 y >85 anos,
que en cualquier otro estado civil, representando el 37,9% y el
30,7% respectivamente (p <0,001). El oddsratio (OR) ajustado
fue 0,6 (intervalo de confianza del 95% (IC) 0,3-1,4), 0,6 (IC
del 95%: 0,2-2,0) y 0,9 (IC del 95%: 0,5-1,7) para los pacientes
solteros, divorciados / separados y viudos, comparando conlos
pacientes casados. Conclusién: No se encontré una asociacion
notable entre el estado civil y la mortalidad intrahospitalaria en
pacientes con IAM incidental en Puerto Rico durante los anos
de 2007,2009 y 2011.
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