Wang and Yi BMC Geriatrics (2023) 23:214
https://doi.org/10.1186/512877-023-03880-8

BMC Geriatrics

Marital status and all-cause mortality

Check for
updates

rate in older adults: a population-based

prospective cohort study

LeiWang' and Zhong Yi*"

Abstract

Background Living with a partner and separation is becoming more common among older people. Mortality
disparities associated with marital status are significant in increasingly diverse aging populations. The link between
marital status and all-cause mortality risk in older adults remains uncertain.

Methods This prospective cohort study included data from the US National Health and Nutrition Examination Survey
(NHANES). We included NHANES participants > 60 years of age (data from 1999 to 2014). Data for mortality follow-up
beginning from the commencement date of survey participation to the last day of December 2015. Univariate- and
multivariate-adjusted Cox proportional hazard models for marital status were estimated, and the findings were
presented as regression coefficients and 95% confidence intervals (Cl). Kaplan—Meier curves were reported.

Results Compared to never married individuals, the risk of all-cause mortality was 0.77 (0.50-1.18), 0.72 (0.56-0.93),
0.56 (0.36-0.88), and 0.84 (0.67-1.07) in those people living with a partner, married, separated, and divorced,
respectively, after adjusting for demographics, socioeconomics, behavior, anthropometric variables, and medical
history. The risk of all-cause mortality was 1.24 (0.97-1.59) in widowed participants.

Conclusion This population-based cohort study included a large sample size followed by long-term follow-up. The
association between marriage, health, and reduced mortality in older individuals has been illustrated in this study.
Being married or separated was associated with a lower risk of mortality.
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Background

Marriage has been shown to have a significant and ben-
eficial impact on human survival over the course of many
decades [1, 2]. According to the majority of research,
those who are married have a decreased death rate as
opposed to single people [3, 4]. The protective impact of
marriage ought not to be ignored; nonetheless, this asso-
ciation may be partly due to a selection effect for indi-
viduals who opt into marriage. In contrast with people
who are not married, married people tend to have greater
economic resources, greater social support networks, a
higher standard of living, healthier lives and behaviors,
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and access to better medical treatment, which has led
many people to believe that marital status is a viable indi-
cator of social support [5, 6].

Mortality disparities associated with marital status are
significant in increasingly diverse aging populations [3].
Living with a partner and separation is becoming more
common among older people [7, 8]. However, these
investigations cannot uncover any differences between
unmarried people and separated people [9]. Even though
numerous earlier research has shown differences between
married and single individuals [10, 11], but sex differ-
ences are yet unclear [12, 13]. Previous studies speculated
that married men benefited from their spouses, who
helped them maintain a healthier lifestyle and curtail det-
rimental habits [14—16]. Therefore, these past researches
need to be updated. The differences in mortality rates
between marriage types and sex need further study.

This research determined whether there is an associa-
tion between older adults’ marital status and their risk
of any-cause death. To conduct a more in-depth study
and investigate the factors that impact one’s probability
of survival, we focused on various marital statuses, such
as being single, living with a partner, married, divorced,
widowed, or separated.

Methods

Ethics statement

We confirmed that all methods were carried out in accor-
dance with relevant guidelines and regulations. The data
for this study were acquired from the National Health
and Nutrition Examination Survey in the United States
(NHANES). The de-identified data are freely available
on the NHANES website (https://www.cdc.gov/nchs/
nhanes.htm). We confirmed that informed consent was
obtained from all subjects and/or their legal guardian(s).
We confirmed that all experimental protocols were
approved by The National Center for Health Statistics
(NCHS) Research Ethics Review Board.

Study design and population

The present prospective cohort study included data
from the US National Health and Nutrition Exami-
nation Survey (NHANES) from 1999 to 2014. We
recruited NHANES participants>60 years of age. The US
NHANES adopted a multistage and comprehensive prob-
ability sampling method to collect health data represent-
ing the US population. Data were collected via in-person
interviews, mobile physical examinations, and laboratory
tests. Details of the NHANES Laboratory/Medical Tech-
nologists and Anthropometry Procedures are illustrated
in a previous study [17].
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Baseline data collection

Information on covariates was obtained using base-
line questionnaires. These questionnaires contained
the following information: age, sex, marital status, fam-
ily income-poverty ratio, education level, race/ethnic-
ity, smoking status, drinking status, and a self-reported
baseline medical history. The self-reported medical his-
tory included common diseases (diabetes, myocardial
infarction, hypertension, hypercholesterolemia, car-
diovascular disease, stroke, and chronic bronchitis) and
medications (antihypertensives, hypoglycemic agents,
and lipid-lowering medications). Body mass index (BMI)
was computed premised on the participant’s weight and
height weight metrics. Laboratory measurements were
done per the laboratory procedure manual for NHANES.
The NHANES guidelines (https://wwwn.cdc.gov/nchs/
nhanes/analyticguidelines.aspx) describe the method-
ologies and processes utilized for clinical laboratory data
and study visits.

Marital status

The NHANES collected data on the marital status of each
member of the cohort. Six marital status categories were
used: never married, cohabiting with a partner, married,
separated, divorced, or widowed.

Diagnostic criteria for smoking were as follows: never
smoked (smoked<100 cigarettes in his life), former
smoker (smoked>100 cigarettes in their life and are no
longer smoking), smoker (smoked>100 cigarettes in
their life and smokes sometimes or every day).

Diagnostic criteria for alcohol use were as follows: cur-
rent heavy alcohol user (=4 drinks per day for males, = 3
drinks per day for females, or 25 days per month of binge
drinking), current moderate alcohol user (=3 drinks per
day for males, > 2 drinks per day for females, or >2 days
per month of binge drinking) or current mild alcohol
user (not meet the above) [18].

The diagnostic criteria for diabetes were [19]: the
patient self-reported diabetes, use of diabetes medica-
tion or insulin, hemoglobin Alc (HbAlc) level >6.5%,
random plasma blood glucose>11.1 mmol/l (200 mg/dl),
fasting plasma glucose>7.0 mmol/l (126 mg/dl), and/or
two-hour oral glucose tolerance test (OGTT) blood glu-
cose>11.1 mmol/1(200 mg/dl).

The diagnostic criteria for hypertension were [20, 21]:
the patient self-reported hypertension, use of antihyper-
tensive medication, and/or average blood pressure (dia-
stolic blood pressure>90mmHg and/or systolic blood
pressure>140mmHg). To calculate the average blood
pressure, the diastolic reading with zero was not appli-
cable to the calculation of the diastolic average. If all dia-
stolic readings were zero, then the average would be zero.
If only one blood pressure reading was obtained, that
reading was registered as the average. If there was more
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than one blood pressure reading, the first reading was
excluded from the average.

The prevalence of cardiovascular disease (CVD) among
participants was evaluated based on whether or not they
had self-reported a diagnostic assessment of a minimum
of one of the following five CVD subsets: congestive
heart failure (CHF), angina, myocardial infarction, coro-
nary artery disease (CAD), and/or stroke. Self-reported
affirmative response (yes or no) for a minimum of one
of these criteria was used to determine the occurrence
of CVD, and participants who had CVD could belong to
more than one subtype of CVD.

Hyperlipidemia was defined as dyslipidemia according
to the 2019 ESC/EAS guidelines [22].

Chronic kidney disease (CKD) was described as aber-
rations in renal function according to the KDIGO 2021
Clinical Practice Guideline [23].

Mortality

The NHANES-assigned sequence number was used to
link de-identified and anonymized participant data to
longitudinal Medicare and mortality data. The mortal-
ity follow-up data include the period beginning from the
first day of survey participation to the last day of Decem-
ber 2015. All-cause mortality included death from heart
diseases (100-109, I11, 113, 120-I51), diabetes mellitus
(E10-E14), malignant neoplasms (C00-C97), Alzheim-
er’s disease (G30), cerebrovascular diseases (I60-169),
chronic lower respiratory diseases (J40—J47), and other
causes [24]. The 10th version of the International Clas-
sification of Diseases was used to establish the cause of
death.

Statistical analysis

Continuous data were reported as meanzstandard
deviation (SD; Gaussian distribution) or median (range;
Skewed distribution), and categorical data were reported
as numbers (%). x2 (categorical variable), one-way
ANOVA test (normal distribution), or Kruskal-Wallis H
test (skewed distribution) were used to examine differ-
ences in marital status.

Before data analysis, variables were inspected for miss-
ing values. The proportion of missing data was 0.00-
85.3% (alcohol use). To include these data from the
analyses, dummy variables were used to indicate missing
covariate values [25].

In addition, univariate- and multivariate-adjusted Cox
proportional hazard models were estimated for mari-
tal status, and the findings were presented as regression
coefficients and 95% confidence intervals (CI). Model
1 unadjusted. Model 2 adjusted for sex. Model 3 addi-
tionally adjusted for age, ethnicity, education level, fam-
ily income-poverty ratio and BMI level. In model 4, we
additionally adjusted for smoking status, alcohol drinks,
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diabetes, hypertension, hyperlipidemia, cardiovascu-
lar disease and chronic kidney disease. Estimation of
survival over time progression was performed with
Kaplan—Meier curves, and the log-rank test was applied
to evaluate the differences in outcomes demonstrated by
the various survival curves.

Sensitivity analysis

Univariate- and multivariate-adjusted Cox proportional
hazard models were estimated for marital status in the
different sex and different age categories. The findings
were presented as regression coefficients and 95% confi-
dence intervals (CI).

The study utilized the statistical package R (The R
Foundation; http://www.r-project.org; version 4.1.2)
to perform all statistical analyses that were modified
for complex survey design and population weighting
per survey protocols. The findings may be applied and
extrapolated to the entire United States adult population
by incorporating population weights, stratum variables,
and main sampling units into the analysis, accounting for
differential probability of inclusion into the sample and
non-response bias.

Results

The 82,091 NHANES participants represented 442.2 mil-
lion non-institutionalized residents of the United States.
A total of 15,036 older adults (represented 75.2 million;
aged 70.6+7.4 years; 56.0% women, 80.0% non-Hispanic
White people, 8.6% non-Hispanic Black people, and 3.6%
Mexican Americans) were included in the study. Lack of
marital status differs between males and females (Table
S1).

Table 1 provides weighted baseline features of research
subjects stratified by marital status. A significant age dif-
ference was observed between marital status (P<0.001),
as widowed people were older (75.6+7.0 years). Addi-
tionally, a higher proportion of widows were women
(81.7%, P<0.001). The majority of the non-Hispanic
White people were married (83.4%, P<0.001). The par-
ticipants with higher family income-poverty ratio levels
were the married participants (P<0.001). Most partici-
pants with a “college or above” level of education were
found to be divorced (49.6%, P<0.001). The differences
observed for CVD was probably related to sex (P <0.001)
(Table S2).

In the 84-month follow-up, 5031 deaths were reported,
including 1002 deaths from cancer, 959 from heart dis-
ease, and 229 from cerebrovascular disease.

Table 2 provides the unadjusted and adjusted models
for all-cause mortality. Within the unadjusted weighted
model, compared to never married individuals, the risk of
all-cause mortality was 0.78 (0.51-1.20), 0.65 (0.51-0.83),
0.58 (0.38-0.88), and 0.82 (0.64—1.05) in the participants
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Table 2 Weighted associations between marital status and all-cause mortality (weighted N=73,772,340)

Never married Living with partner Married Separated Divorced Widowed
Model1 1 0.78(0.51-1.20) 0.65(0.51-0.83) 0.58(0.38-0.88) 0.82(0.64-1.05)  1.32(1.05-1.66)
Model2 1 0.75(0.50-1.14) 0.60(0.46-0.77) 0.60(0.40-0.91) 0.84(0.65-1.10)  1.50(1.18-1.90)
Model3 1 0.84(0.56-1.26) 0.75(0.58-0.96) 0.60(0.38-0.95) 0.90(0.70-1.15)  1.42(1.12-1.81)
Model4 1 0.77(0.50-1.18) 0.72(0.56-0.93) 0.56(0.36-0.88) 0.84(0.67-1.07)  1.24(0.97-1.59)

Data are hazard ratio (95% Cl)
Model 1 unadjusted
Model 2 adjusted for sex

Model 3 adjusted for sex, age, ethnicity, education level, family income-poverty ratio and BMI level

Model 4 adjusted for model 3 covariates as well as smoking status, alcohol drinks, diabetes, hypertension, hyperlipidemia, cardiovascular disease and chronic kidney

disease
Abbreviations:

Cl stands for confidence interval

BMI, the body-mass index is determined as follows: the weight in kilograms (Kgs) / (height in square meters (m?)
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Fig. 1 Kaplan-Meier curve of marital status

living with a partner, married, separated, and divorced,
respectively. The risk of all-cause mortality was 1.32
(1.05-1.66) in widowed participants (Table S3, Fig. 1). In
model 4, compared to never married individuals, the risk
of all-cause mortality was 0.77 (0.50-1.18), 0.72 (0.56—
0.93), 0.56 (0.36—0.88), and 0.84 (0.67—1.07) in those par-
ticipants living with a partner, married, separated, and
divorced, respectively, after adjusting for demographic,
socioeconomics, behavior, anthropometric variables, and
medical history. The risk of all-cause mortality was 1.24
(0.97-1.59) in widowed participants.

Sensitivity analysis
In the adjusted models, the risk of all-cause mortality
was 0.77(0.55-1.56) and 0.83(0.47-1.46) in male married

100 150 200

Months

participants and separated participants, respectively.
The risk of all-cause mortality was lower in female mar-
ried and separated participants, in the adjusted models
(hazard ratio, 0.68; 95% CI, 0.50-0.94 and 0.35; 95% CI,
0.20-0.59) (Table S4-5, Figure S1). The risk of all-cause
mortality was 0.54(0.36—0.80) and 0.48(0.27-0.85) in the
age group 60-69 years married participants and sepa-
rated participants, respectively(Table S6).

Discussion

This population-based cohort study included a large
sample size followed by long-term follow-up. This study
demonstrated the link between marriage, health, and
lower mortality. Being married or separated was associ-
ated with a lower risk of mortality. Stratified analysis by
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sex showed that the risk of all-cause mortality was lower
in the female married and separated participants.

Studies have shown that married people tend to have
better health outcomes [26]. Marital quality [27] and
family support [28] can have a significant impact on a
person’s well-being and health [29]. Meanwhile the expe-
rience of separation confers risk for poor health out-
comes [30, 31]. Our observations about separation stand
in contrast to previous studies. Previously, the experi-
ence of separation can also lead to poor health outcomes,
especially for those who become overly immersed in their
experience or have a history of mental health issues [32].
However, at present, living a healthy lifestyle has become
a common ambition, and people are now attempting to
pay more attention to their health [33], especially sepa-
rated participants [34]. Specifically, one may speculate
that in the absence of a close and personal marital rela-
tionship, separation may increase the chances for family
support [35] and a better treatment outcome [36]. Sex-
specific differences may be due to sample size differences
[37] and sex differences in health domains [38]. Future
studies with more participants will be required to con-
firm these observations. Previous studies have shown
widowhood was linked to an elevated mortality rate in
older age for both men and women [39, 40]. This is con-
sistent with the results of our study.

Adjustments in a marriage could be beneficial to a
person’s health because of the effect it has on social-
cognitive and emotional functions (such as a feeling of
security), psychopathology, health-associated behaviors,
and physiological processes (e.g., immune, cardiac, and
neuroendocrine functioning) [27, 41]. The increased risk
of death from any cause that is linked to married status
is likely due to the interaction of a number of underlying
physiological variables as well as stressors [5, 40].

In spite of the large number of research reports that
have been conducted on this topic, very few efforts have
been made to quantify the extent to which married sta-
tus is linked to overall mortality in people of older age. In
addition, it is not quite clear if this relationship remains
stable or changes depending on a number of character-
istics, such as gender [2, 3, 42]. The increasing diversity
of partnership experiences, especially during the sec-
ond half of life, highlights the importance of examining
how unions can shape health and well-being [43]. Our
study focused on a range of marital conditions, including
unmarried, living with a partner, married, divorced, wid-
owed, or separated, for a more comprehensive analysis.

Limitations of the study

The present study has several limitations. First, we could
not obtain information on clinical diagnoses of depres-
sive disorder. Second, during the follow up period partic-
ipants could change their marital status, and information
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about the length of the marriage was missing, as well as
whether it was the first or a consecutive marriage. Third,
we did not have available data on behavioral changes
(nutrition, physical activity, sleep), United States region,
urbanization, and number of children. Future studies
should focus on the mechanisms that underlie the link
between marital status and mortality. Notwithstand-
ing the few methodological and conceptual constraints,
the results of this study could be essential in supporting
health care practitioners in accurately classifying people
who are considered to be “at-risk,’ and they could be
incorporated into the programs that are currently used to
estimate the death risk for older adults.

Conclusion

This is population-based cohort research. The study
included a large sample size for long-term general-
population follow-up. Our study demonstrated the link
between marriage and health and lowered mortality in
older individuals. Being married or separated was associ-
ated with a lower risk of mortality.
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