Shen et al. BMIC Psychiatry ~ (2022) 22:504 H
https://doi.org/10.1186/512888-022-04159-9 B M C PSyCh Iatry

RESEARCH Open Access

I : : - ®
Association of marital status with cognitive =i

function in Chinese hypertensive patients:
a cross-sectional study

Si Shen', Jianduan Cheng? Junpei Li', Yanyou Xie', Li Wang', Xinlei Zhou', Wei Zhou?, Lingjuan Zhu?,
Tao Wang?, Jianglong Tu*’, Huihui Bao'*" and Xiaoshu Cheng'*

Abstract

Purpose: The aim of this study was to evaluate the association of marital status with cognitive function and to exam-
ine the potential effect modifiers in Chinese hypertensive populations.

Methods: A total of 9,525 adult Chinese hypertensive patients were enrolled in this cross-sectional study. Cogni-
tive function, as the dependent variable in our study, was assessed by the Chinese version of the Mini-Mental State
Examination (MMSE). We adjusted for potential confounding factors in multiple linear regression models to examine
the relationship of marital status with cognitive function. In addition, we divided the population according to sex to
explore whether there were sex-specific differences.

Results: Among the 9,525 study participants, the mean (SD) age for men was 63.5 (10.3) years, and the mean MMSE
score was 24.9 +5.0, whereas for women, the mean (SD) age was 63.8 (9.3) years, and the mean MMSE score was
19.4 £ 6.4. Unmarried persons had lower scores on the MMSE and lower subscores in each of the cognitive domains.
A stronger correlation between marital status and a lower MMSE score was statistically significant in men (unmar-
ried men: 3 =-1.55; 95% Cl:-1.89,-1.21) but not women (unmarried women: 3 =-0.22; 95% Cl:-0.56, 0.12; p interac-
tion =0.006). Compared to men who were widowed or divorced, never married men were more likely to have lower
MMSE scores (3 =-2.30, 95% Cl -3.10,—1.50; p <0.001).

Conclusions: Our study demonstrated that being unmarried is an extremely important but neglected social risk
factor for cognitive function. Sex was a strong effect modifier: being unmarried was correlated with a higher risk of
cognitive decline than being married in Chinese hypertensive men, especially among older men, but this correlation
was not observed among women. Moreover, never married men showed poorer cognitive function than those who
were divorced or widowed.
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Introduction
At present, the proportion of the world’s ageing popula-
tion is high, and this proportion will continue to increase
over time [1]. With the ageing of the population, the
revalence of dementia is increasing year by year, which
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leading cause of disability [3]. The number of Ameri-
cans suffering from Alzheimer’s disease is expected to
rise to 13.8 million by mid-century, due in large part to
the ageing of the baby boomer generation [2]. China also
has a large population of people with cognitive impair-
ment. Preliminary estimates show that 15.07 million peo-
ple over the age of 60 in China have dementia, and the
overall prevalence of dementia is 6.0% [4]. This poses a
substantial challenge for policymakers, health care pro-
fessionals and family members. Therefore, interventions
are needed to preserve people’s cognitive function.

Over the past decade, the divorce rate in China has
been rising. In 2016, there were 4.16 million divorced
couples in China [5]. Moreover, under the influence
of traditional attitudes towards a preference for sons,
there is a serious imbalance between the number of
men and women in China [6]. All these factors have led
to a large number of unmarried people of marriageable
age in China. Most studies have reported an association
between marital status and health, while divorce and
widowhood have deleterious effects on health, including
self-rated health, cardiovascular health, and the risk of
inflammation [7, 8].

Previous articles have stated that divorced and wid-
owed older adults are prone to cognitive dysfunction [9,
10]. However, the number of such studies conducted in
the Chinese population is relatively small. Recent studies
have suggested that women are more psychologically and
physically affected by marital stress than men [11]. Evi-
dence on differences by sex in the relationship between
marital status and cognitive function, however, is still
inconclusive. A study from the United States found that
sex did not change the association between marital status
and cognitive impairment [9]. Recently, Xu et al. focused
on older Chinese adults and found that, among older
Chinese men, single men have worse cognitive function
than their married peers, but this was not found among
women [12]. Unfortunately, because of the limited num-
ber of participating residents, this conclusion must still
be experimentally confirmed.

Beyond this, there is evidence suggesting that hyper-
tension has emerged as a leading cause of cognitive
impairment [13, 14]. Hypertension is very common in
China, and its prevalence is increasing annually [15]. We
believe that it is of great social significance to explore the
relationship between marital status and cognitive func-
tion in high-risk groups with cognitive impairment. To
the best of our knowledge, there have been no studies
on the relationship between marital status and cognitive
function in people with hypertension. In summary, given
that there are a large number of people with dementia
and unmarried people of marriageable age in China, we
believe that conducting this study was necessary. Our
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study aimed to examine the relationship between marital
status and cognitive function in a Chinese hypertensive
population and further explore the possible effect modi-
fying factors, which will help to improve the screening of
people at high risk of cognitive decline.

Methods

Participants

The data of this study were obtained from the China
H-type Hypertension Registry study (registration num-
ber: ChiCTR1800017274). Briefly, this study was a real-
world, observational study designed to investigate the
prevalence and treatment of hypertension in China and
to assess the factors associated with its prognosis. Eligible
study participants were Chinese men and women who
were aged 18 years or older with hypertension, defined
as a measured systolic blood pressure (SBP)>140 mm
Hg and/or a diastolic blood pressure (DBP)>90 mm Hg
(the mean of three measurements, taken after the par-
ticipants sat quietly for 5 min) and/or a self-reported
history of hypertension and/or taking antihypertensive
medication at the time of recruitment [15]. The exclu-
sion criteria were as follows: (1) Participants who failed
to provide informed consent due to psychological or
nervous system impairment; and (2) After evaluation,
participants for whom follow-up could not be completed
according to the study requirements. Ultimately, 14,234
hypertensive participants from Wuyuan County, Jiangxi
Province, China, between March 2018 to August 2018
were recruited for our study. A total of 3947 study partic-
ipants were excluded due to a lack of marital status and
MMSE score data. Given the possible impact of stroke on
cognitive function [16—18], we excluded stroke patients
(n=762). A total of 9,525 hypertensive participants were
included in the final analysis (Fig. 1).

The study was approved by the Ethics Committee of the
Biomedical Institute of Anhui Medical University (NO.
CH1059) and the Ethics Committee of the Second Affili-
ated Hospital of Nanchang University (NO. 2018019). All
study patients were admitted for enrolment in this study
after being informed; informed consent was obtained
from the patients themselves or from the legal guardians
of illiterate patients.

Data collection

The health questionnaires were conducted by researchers
with professional training. Demographic information col-
lected through questionnaires included sex, age, lifestyle
(such as smoking status and alcohol drinking status),
medical history (such as coronary heart disease, diabe-
tes, and stroke), and medication (such as hypoglycaemic
drugs, lipid-lowering drugs, antihypertensive drugs, and
antiplatelet drugs). Our questionnaire also included some
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study

14,234 participants with hypertension enrolled in this

3,947 individuals missing marital status
questionnaire and MMSE datas

10,287 completed the investigation

762 individuals with stroke

9,525 participants included in the final data analysis

Fig. 1 Flow chart of the study participant

questions about other information, which are described
as follows: “How do you feel about your standard of liv-
ing in the local area?” Answers were selected from “I.
Better; 2. General; or 3. Poorer” “How do you feel about
your labour intensity in your daily work?” Answers
were selected from “1. Light; 2. Medium; or 3. Heavy”
“Does your major occupation and daily life make you
feel stressed?” Answers were selected from “1. Rarely; 2.
Sometimes; or 3. Always” Some anthropometric meas-
ures (e.g., height, weight, blood pressure) were also col-
lected. Fasting venous blood was collected from all study
patients the next day after one night of fasting. The blood
samples were immediately frozen and sent to the Biao-
jia Biotechnology laboratory for analysis in Shenzhen,
China. All laboratory measurements met a standardiza-
tion and certification program. The estimated glomerular
filtration rate (eGFR) was formulated using the chronic
kidney disease-epidemiology consortium equation [19]
(CKD-EPI) rather than the change of food in the renal
disease (MDRD) equation. In this study, diabetes was
defined as a fasting blood glucose level>7.0 mmol/L
and/or the use of glucose-lowering drugs and/or a self-
reported history of diabetes [20].

Cognitive assessment and marital status

Our study used the Chinese version of the Mini-Mental
State Examination (MMSE) test as a measure of overall
cognitive function [21]. The total MMSE score ranges
from 0 to 30, and higher values denote better cogni-
tive functioning. The test included five major cognitive
domains: orientation, immediate memory, attention and
computation, recall, and language. Most of the questions
in the MMSE scale could be translated and used directly
in this test. The repeated phrase "No ifs, ands or buts"

was replaced by “Forty-four stone lions” due to the lack
of a suitable Chinese equivalent [22].

Information about the marital status of the study par-
ticipants was obtained by direct questioning. Four cat-
egories are defined in our questionnaire: never married,
married, divorced, and widowed. Marital status was
assessed by the following question: “What is your current
marital status? You can choose to answer married, never
married, divorced, or widowed”

Covariates

The covariates included in our data analysis were sex
(sex was adjusted only in the total sample), age, educa-
tion level, systolic blood pressure (SBP), diastolic blood
pressure (DBP), body mass index (BMI), homocysteine,
total cholesterol, triglycerides, high-density lipoprotein
cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), eGEFR, diabetes, coronary heart disease (CHD),
standard of living, labour intensity, stress, sleep duration,
use of antihypertensive drugs, smoking status, and alco-
hol drinking status.

Statistical analysis

Individuals were stratified into two groups according
to whether they were male or female. Continuous vari-
ables are shown as the mean=+standard deviation, and
categorical variables are presented as frequencies and
percentages (%). The population characteristics were
described by sex classification and different categories of
marital status to explore the distribution of each interval.
Marital status had two categories: married or unmarried
(never married, divorced, or widowed). With marital sta-
tus as the independent variable and cognitive function as
the dependent variable, multiple linear regression analy-
sis was performed to obtain the regression coefficient
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(B) and 95% confidence interval (CI) of the associa-
tion between marital status and cognitive function. The
covariates in our study included traditional or suspected
risk factors for cognitive function and potential con-
founding factors that affected estimates that were indi-
vidually changed by more than 10%. In this study, three
models were constructed based on clinical experience
and previous relevant literature: Model 1, with no adjust-
ments for any covariates; Model 2, adjusted only for
sex (sex was adjusted only in the total sample), age, and
education level; and Model 3, adjusted for sex (sex was
adjusted only in the total sample), age, education level,
SBP, DBP, BMI, homocysteine, total cholesterol, triglyc-
erides, HDL-C, LDL-C, eGFR, diabetes, coronary heart
disease, standard of living, labour intensity, stress, sleep
duration, use of antihypertensive drugs, smoking status,
and alcohol drinking status. Possible modifications of the
association between marital status and cognitive function
were assessed, including the variables of age, BMI, edu-
cation level, control of blood pressure, current smoking,
current drinking, homocysteine, HDL-C, LDL-C, and
eGFR. A two-tailed p value less than 0.05 was considered
to be statistically significant.

Only a two-sided p value <0.05 was considered statisti-
cally significant. Rstudio version 1.3.1093 (https://downl
oadl.rstudio.org) and Empower version 3.4.3 (https://
www.empowerstats.com; X&Y Solutions, Inc) were used
in all data analyses.

Results

Baseline characteristics of the study participants

A total of 9,525 hypertensive participants without stroke
were included in the final analysis. The distributions of
the study participants’ baseline characteristics according
to sex and marital status (married and unmarried) are
presented in Table 1. In the total sample, a higher per-
centage of unmarried individuals was women. In addi-
tion, people who were unmarried were more likely to
have lower MMSE scores. In the men group, unmarried
participants had higher values for age, current smoking,
and homocysteine, and lower values for BMI, DBP, cur-
rent drinking, MMSE scores, triglycerides, eGFR, and
glucose-lowering drug use. In the women group, unmar-
ried participants were associated with higher values for
age, SBP, current smoking, homocysteine, HDL-C, coro-
nary heart disease, and antihypertensive drug use and
lower values for BMI, DBP, MMSE scores, triglycerides,
eGFR and lipoprotein-lowering drug use. The mean (SD)
age for men was 63.5 (10.3) years, and the mean MMSE
score was 24.9 +5.0, whereas for women, the mean (SD)
age was 63.8 (9.3) years, and the mean MMSE score was
19.4£6.4. There was a higher proportion of illiteracy
in females than males (58.0% vs. 13.2%). Furthermore,
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widowed participants had higher values for age and lower
MMSE scores (Table S1).

Association of marital status with cognitive function

in hypertensive patients

Table 2 shows the results of multiple linear regression
of the relationship between marital status and cogni-
tive function in patients with hypertension. In adjusted
Model 3, participants who were never married (f =-2.18,
95% CI -3.06, -1.30; P<0.001) and widowed (=-0.81,
95% CI -1.06, -0.56; P<0.001) had lower MMSE scores
than those who were married. Because of the small sam-
ple size, we combined widowed, divorced and never mar-
ried participants and collectively referred to these as
unmarried participants. We still observed that unmar-
ried people (3=-0.87, 95% CI -1.10, -0.63; P<0.001) had
lower MMSE scores than married people. Next, strati-
fied analyses by sex were performed to evaluate sex dif-
ferences. In contrast, the association between being
unmarried and MMSE scores was statistically signifi-
cant in men (p=-1.55, 95% CI -1.89, -1.21; P<0.001) but
not in women (f=-0.22, 95% CI -0.56,0.12; P=0.213).
Additionally, we were surprised to find differences in the
MMSE scores between different people even if they were
all unmarried. Compared to participants who were wid-
owed or divorced, never married men were more likely to
have lower MMSE scores ( =-2.30, 95% CI -3.10,—1.50;
p<0.001).

We reported the association between marital status
and scores on the following MMSE subscores: orienta-
tion, immediate memory, attention and computation,
recall, and language. Tables S2 to S6 show that, com-
pared with those who were married, those who were
not married were more likely to have lower MMSE sub-
scores. Then, we further grouped the population by sex.
Compared with married men, unmarried men had lower
scores for all MMSE subscores. However, in the women
group, unmarried persons seemed to score lower than
those who were married only on the immediate memory
test.

Subgroup analysis

Because the results showed that the link between marital
status and cognitive function varies by sex (shown in Fig-
ure S1), we stratified the study population into two sub-
groups. Further subgroup analyses were performed by
several important covariables, including age, BMI, edu-
cation level, control of blood pressure, current smoking,
current drinking, homocysteine, total cholesterol, HDL-
C, LDL-C, and eGFR. As shown in Fig. 2, except for the
interaction shown in the enrolment age and education
subgroup in the male multivariable-adjusted models,
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Table 2 Regression coefficients (95% Cls) of MMSE according to marital status
Model 1 2Model 2 Model 3

Marital status N Mean +SD B (95% CI) p value B (95% CI) p value B (95% Cl) p value
Total

married 7698 228+6.1 Ref Ref Ref

never married 96 21.8+63 -1.03(-2.28,0.21) 0104  -248(-3.37,-1.60) <0001  -2.18(-3.06,-1.30) <0.001

divorced 52 242451 1.37 (-0.32,3.05) 0.112 0.07 (-1.12,1.27) 0.906 0.17 (-1.01, 1.35) 0.778

widowed 1679 18446.6 -448 (-4.81,-4.15) <0.001 -0.87 (-1.12,-0.62) <0.001 -0.81 (-1.06, -0.56) <0.001
Marital status

married 7698 228+6.1 Ref Ref Ref

unmarried 1827 187+6.6 -4.13 (-4.45,-3.82) <0.001  -0.95(-1.19,-0.70) <0.001  -0.87(-1.10,-0.63) <0.001
Male

married 3960 254446 Ref Ref Ref

never married 92 219+64 -3.56 (-4.56, -2.56) <0001  -2.70(-3.50,-1.90) <0.001  -230(-3.10,-1.50) <0.001

divorced 37 246445 -0.85(-241,0.72) 0.288 -0.06 (-1.32,1.19) 0.920 0.01(-1.22,1.25) 0.982

widowed 481 215+60 -3.98 (-4.44,-3.52) <0001  -1.63(-2.01,-1.24) <0001  -153(-191,-1.15) <0.001
Marital status

married 3960 254446 Ref Ref Ref

unmarried 610 21.7+6.1 -3.73(-4.14,-3.31) <0.001 -1.70 (-2.04,-1.36) <0.001 -1.55(-1.89,-1.21) <0.001
Female

married 3738 201+£63 Ref Ref Ref

never married 4 202432 0.15(-6.01,6.32) 0.961 -0.17 (-4.85,4.52) 0.945 0.54 (-4.77,5.84) 0.843

divorced 15 233465 3.17 (-0.02, 6.36) 0.051 -0.26 (-2.69, 2.16) 0.833 -0.12 (-2.50, 2.27) 0.924

widowed 1198 171+£64 -2.97 (-3.38,-2.56) <0.001  -0.28(-0.63,0.07) 0112 -0.22(-0.56,0.12) 0.208
Marital status

married 3738 20.1+63 Ref Ref Ref

unmarried 1217 172164 -2.89 (-3.29,-2.48) <0.001 -0.28 (-0.63, 0.06) 0.110 -0.22 (-0.56,0.12) 0213

Model 1 was adjusted for none. Model 2 was adjusted for sex (sex was adjusted only in the total sample), age, and education. Model 3 was adjusted for sex (sex was
adjusted only in the total sample), age, education, SBP, DBP, BMI, homocysteine, total cholesterol, triglyceride, HDL-C, LDL-C, eGFR, diabetes, coronary heart disease,
standard of living, labour intensity, stress, sleep duration, antihypertensive drugs, smoking status, alcohol drinking status

there were no significant interactions in any other sub-
groups (P for interaction > 0.05).

Discussion

In this study of Chinese patients with hypertension, we
demonstrated that an unmarried status was significantly
associated with a lower MMSE score and lower MMSE
subscores in five major cognitive domains. Moreover, sex
was a significant effect modifier: among unmarried peo-
ple, older men had lower MMSE scores, but this was not
observed in women.

Previous studies have shown that married people are in
better health than unmarried people, which means they
also tend to live longer [8, 11]. Being single or in a bad
marriage long term has many negative consequences,
including leading to mental and physical harm, such as
depression [23], suicide [24], high blood pressure [25],
and the risk of cardiovascular disease [11] and all-cause
mortality [25]. There have been some previous studies
on the relationship between marital status and cogni-
tive impairment. Similar to our research, some of these

studies have shown that being widowed may be a social
risk factor for cognitive impairment [9, 10, 26], but not
all studies have reported this [27, 28]. Research evidence
from the United States suggests that widowhood may
be a risk factor for cognitive decline, and the cognitive
decline of widowed elderly people will accelerate over
time [9, 10]. A longitudinal study from South Korea did
not come to a completely consistent conclusion. They
believed that widowhood increased the risk of cogni-
tive decline regardless of the length of widowhood [26].
The following mechanism could possibly account for the
association. Having a spouse usually means that a person
can obtain more care in their daily life. Spouses are often
an important reason why people can obtain more under-
standing and support and participate in more social
activities in daily life, increasing their cognitive reserve
and reducing the risk of dementia, which enhances the
ability to deal with neuropathic damage [29, 30]. Living
alone and widowhood have been demonstrated to affect
health and increase stress, both of which may increase
the risk of disease and be associated with cognitive
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Male A . Female . )
subgroup variables N ma:ned unma:rled p for interaction ma;rled unma:ned p for interaction
Agey B (95% CI) B (95% CI) 0.001 B (95% CI) B (95% CI) 0732
<60 1381 Ref. 97 -0.87 (-1.47,-0.26) —_— 1464 Ref. 97 -0.99 (-1.90,-0.09) ——=—
>=60 2579 Ref. 513 -1.89(-2.30,-1.47) «— 2274 Ref. 1120 -0.75(-1.11,-0.38) ——
BMI kg/m2 0.379 0.102
<24 2169 Ref. 435 -1.51(-1.95,-1.06) —=— 1929 Ref. 761 -0.32(-0.76, 0.13) —
>24 1791 Ref. 175 -1.55(-2.09,-1.01) «—=— 1809 Ref. 452 -0.07 (-0.60, 0.46) ——
Education <0.001 0.185
Illiteracy 442 Ref. 163 -1.68 (-2.70,-0.67) «a—— 2024 Ref. 848 -0.32(-0.76, 0.13) —
Primary school 1982 Ref. 353 -1.77 (-2.24,-1.29) «=— 1381 Ref. 307 0.01(-0.62, 0.63) —_—
Middle school and above 1536 Ref. 94 -0.12(-0.62, 0.38) —_—— 333 Ref. 62 0.19(-0.63, 1.01) —_—
control of blood pressure 0.886 0.164
control 971 Ref. 189 -1.56 (-2.17,-0.96) «—=— 858 Ref. 282 -0.10(-0.77,0.57) —_——
uncontrol 2989 Ref. 421 -1.54(-1.95,-1.13) —=— 2880 Ref. 935 -0.25(-0.65, 0.14) ——
Current smoking 0.064 0.031
No 2076 Ref. 286 -1.25(-1.72,-0.77) —=— 3568 Ref. 1097 -0.12 (-0.47, 0.23) —
Yes 1884 Ref. 324 -1.83(-2.31,-1.35) «— 170 Ref. 120 -0.88 (-2.21, 0.46) «—s—
Current drinking 0.063 0.724
No 2308 Ref. 386 -1.68(-2.12,-1.24) «=— 3543 Ref. 1156 -0.24 (-0.59,0.11) —-—
Yes 1652 Ref. 224 -1.28(-1.82,-0.75) —=— 195 Ref. 61 0.33(-1.27, 1.94) _—
Homocysteine,umol/L 0.873 0.778
<13.1 984 Ref. 80 -1.80 (-2.57,-1.03) «—— 1700 Ref. 406 -0.36 (-0.90, 0.19) —
13.1-17.1 1319 Ref. 180 -1.48(-2.10,-0.87) «—=— 1262 Ref. 416 -0.10 (-0.67, 0.47) —_—
>17.1 1657 Ref. 350 -1.36(-1.85,-0.86) —=— 776 Ref. 395  -0.06 (-0.75, 0.63) —_——
Total cholesterol,mmol/L 0.773 0.950
<52 2474 Ref. 400 -1.52(-1.95,-1.10) —=— 1797 Ref. 585 -0.14 (-0.64, 0.36) —
>5.2 1486 Ref. 210 -1.61(-2.18,-1.03) «=—0 1941 Ref. 632 -0.27(-0.74,0.19) —
HDL-C,mmol/L 0.727 0.733
<1.0 321 Ref. 57 -1.62(-2.71,-0.52) «*— 197 Ref. 62 -0.06 (-1.61, 1.49) —_—
>1.0 3639 Ref. 553 -1.54(-1.90,-1.18) —=— 3541 Ref. 1155 -0.22(-0.57,0.13) —
LDL-C,mmol/L 0.283 0.368
<32 2829 Ref. 459 -1.64 (-2.04,-1.25) «=— 2264 Ref. 747 -0.31(-0.75,0.14) —
>3.2 1131 Ref. 151 -1.28(-1.94,-0.62) ——a—— 1474 Ref. 470  -0.05 (-0.58, 0.48) ——
eGFR, ml/min/1.73m2 0.782 0.390
<90 1984 Ref. 392 -1.38(-1.84,-0.92) —=— 1368 Ref. 766 -0.19 (-0.66, 0.28) —
>90 1976 Ref. 218 -1.69 (-2.20,-1.19) «=— 2370 Ref. 451 -0.20 (-0.70, 0.30) ——
-2 -1 0 1 2 -1 0 1
Fig. 2 The association between different marital status and cognitive function score in various subgroups. Adjusted, if not stratified, for age,
education, SBP, DBP, BMI, homocysteine, total cholesterol, triglyceride, HDL-C, LDL-C, eGFR, diabetes, coronary heart disease, standard of living,
labour intensity, stress, sleep duration, antihypertensive drugs, smoking status, alcohol drinking status

function decline [31, 32]. It has been reported that psy-
chological stress activates hypothalamic—pituitary—adre-
nal axis activity and increases the levels of glucocorticoid
hormones, causes damage to hippocampal structure and
function [33], affects learning and memory processes
[34], increases the deposition of B-amyloid peptid and
t-protein [35] in the brain and increases the incidence of
cardiovascular disease [36] and hypertension [37]. All of
these factors are associated with dementia [38]. In a soci-
ety where marriage and childbirth are expected, people
who have never married are a very vulnerable group psy-
chologically [39], which may be one of the reasons why
they have the lowest MMSE scores. Nevertheless, some
longitudinal studies have come to different conclusions
that widowhood does not lead to the decline of cognitive
ability [27, 28]. The reasons for these different conclu-
sions are still unclear.

Recently, a cross-sectional study involving 1,376 par-
ticipants in China showed that single men had more
severe cognitive impairment than married people, while
similar results were not observed in single women [12].
Our results further confirm that sex may be a potential
regulatory factor between marital status and cognitive

function. Generally, women are more sociable and take
better care of themselves when they are alone. Moreo-
ver, women tend to take more responsibility in the fam-
ily for taking care of their spouses, which also means that
men may receive more health benefits in marriage than
women [40]. A study from the United States provided
a different view. They did not find sex differences in the
relationship between marital status and cognitive impair-
ment [9]. Cultural differences may be the reason for this
difference. In China, due to the influence of traditional
ideas, divorce is considered disgraceful, especially for
women. Therefore, women usually choose to hide their
anger even in the face of marital dissatisfaction. This
also means that they may benefit less from a marriage. In
the West, men and women are more equal in marriage,
which leads to similar benefits in marriage.

Ageing is a well-established risk factor for cognitive
decline [41, 42]. However, the reason why older unmar-
ried men had a higher risk of cognitive decline is not
clear. Possible reasons include the following. With the
development of the social economy and the integra-
tion of Chinese and Western cultures, young people
are more accepting of divorce than elderly people [43].
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Young Chinese couples are more likely to choose divorce
because of dissatisfaction with their marriage, which also
means that changes in marital status may have less of
an impact on them. In addition, young people are more
social, which is considered to have a protective effect on
cognitive function [29, 30]. Finally, we know that older
people tend to be in poorer health and require more
care. Being in unmarried usually indicates that a person
receives less care, which will accelerate cognitive decline
[9, 10].

One study related to cognitive function suggests that
education is an important protective factor for cognitive
decline in later life [44]. Higher levels of education may
increase the ability to recover from neurological effects,
meaning that people with higher levels of education may
need to endure greater impairments to exhibit corre-
sponding cognitive deficits [45]. This may be one reason
why male patients who were illiterate and had a primary
school education had lower MMSE scores than those
with a middle school education or above in our study.

Two new insights were provided in our research. First,
this is the only study with hypertensive patients to inves-
tigate the correlation between different marital statuses
and cognitive function. There are a large number of
patients with hypertension in China. A recent study has
shown that approximately 23.2% of Chinese adults suffer
from hypertension [15]. Hypertension has emerged as a
leading cause of cognitive impairment [13, 14], and it is
necessary for us to increase our attention towards this
special population. Second, our study focused on adults
throughout a broad age range and demonstrated that
there was a stronger link between cognitive decline and
marital status in older men, rather than solely focusing
on the elderly population, as previous studies have done.
These findings will help health policymakers and practi-
tioners identify subgroups that need more attention and
design more effective intervention strategies to reduce
the risk of dementia.

We made some efforts to make our research con-
clusions more convincing. In the subgroup analy-
sis, we observed that males had worse MMSE scores
than females. To better understand the differences by
sex, we redivided the study population by sex and came
to the following conclusion: Compared with being mar-
ried, being unmarried was associated with greater cogni-
tive impairment in Chinese hypertensive men, especially
among older men, but this correlation was not observed
among women. In addition, we used some blood bio-
chemical indicators as confounding factors, which have
rarely been considered in previous studies.

Several potential limitations of our study should be
noted. First, with a cross-sectional design, our analysis
focused on recording and identifying general associations
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rather than determining causality. We could not draw any
causal conclusions between marital status and cognitive
function from these data. Second, residual confound-
ing factors may still have affected our results, although
we adjusted for multiple potential confounding factors.
For example, our study did not assess some psychoso-
cial variables, such as depression, living alone or with a
partner, the relationships between family members or
the level of social support, which may affect marriage
quality and cognitive function. Third, when we collected
information on the marital status of the surveyed popu-
lation, we only focused on their current marital status,
without recording their previous marital status. That is,
we do not know whether the currently married popula-
tion previously experienced divorce. In addition, we do
not know whether the people who had never been mar-
ried had cohabiting partners. These may interfere with
our research conclusions to a certain extent. Fourth,
the Chinese version of the MMSE test used in our study
could only provide a rough assessment of cognitive func-
tion [46]. Thus, this tool may not be able to detect subtle
changes in cognitive function.

Conclusion

In summary, this cross-sectional study showed that being
unmarried was an extremely important but neglected
social risk factor for cognitive function. Sex was a strong
effect modifier: being unmarried was correlated with
a higher risk of cognitive decline than being married in
Chinese hypertensive men, especially among older men,
but this correlation was not observed among women.
Moreover, never married men showed poorer cogni-
tive function than those who were divorced or widowed.
However, because the sample size of the never-married
population in this study was relatively small, this conclu-
sion still needs to be confirmed by some larger sample
size studies with other populations in the future.
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