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Abstract
Background: Living arrangements are critical for the survival and well-being of older people, especially in
China, �lial piety culture demands adult children should care for and serve their parents. The study aimed
to explore the association between living arrangements and cognitive decline among older people in
China.

Methods: Participants included 6,074 older adults over 60 years old (49.65% male, mean age 67.2 years
[range 60–98]) from four waves (2011-2018) of the China Health and Retirement Longitudinal Study.
Two to four assessments were conducted over a follow-up of an average of 5.3 years (range, 2–7).
Cognitive function was evaluated in three dimensions: mental status, episodic memory and visuo-
construction. Living arrangements were classi�ed as follows: living alone, living with spouse, living with
adult children, living with spouse and adult children and living with others. Multilevel models were used to
investigate the relationship between living arrangements and cognitive decline, as well as the gender
difference.

Results: As the main type of living arrangements of the study participants (44.91%), living with spouse
was taken as the reference group. Compared to the reference group, living alone (β=-0.126, P<0.001),
living with adult children (β=-0.136, P<0.001), living with spouse and adult children (β=-0.040, P<0.05)
and living with others (β=-0.155, P<0.05) were all related to a faster rate of cognitive decline. Further, the
association between living arrangements and cognitive decline varied by gender. Living alone (β=-0.192,
P<0.001) was associated with a faster cognitive decline only in older men. Living with spouse and adult
children (β=-0.053, P<0.05) and living with others (β=-0.179, P<0.05) were associated with faster cognitive
decline only in older women.

Conclusions: This study suggests that living arrangements in older people in China were associated with
cognitive decline, and these associations varied by gender. Greater attention to living arrangements might
yield practical implications for preserving the cognitive function of the older population.

Background
A large part of the global population is aging, and the rate at which this occurs is accelerating, especially
in China [1]. According to the 2020 Population Census of China, the number of people aged 60 and older
has reached 263 million, and its proportion of the overall population has risen from 13.26–18.70% in the
last decade [2]. Increasingly, attention is being devoted to the process of aging in the realm of public
health, and in particular to successful aging [3, 4]. As de�ned by Rowe and Kahn in 1997, maintaining
high cognitive function is regarded as a critical component of successful aging [5]. Cognitive function
may begin to decline after middle age and occurs most frequently during older stages [6]. Cognitive
decline is considered to be one of the early risk factors and de�ning features of dementias [7–10]. Older
people with cognitive decline are more likely to engage in limited daily living activities and require
constant care from their families and society [6], which could have a negative effect on functioning,
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quality of life, the load on family caregivers, and the cost of medical care [11]. Therefore, in order to delay
or prevent dementia and reduce the socioeconomic c burden, the recognition of possibly modi�able risk
factors of rapid cognitive decline is of vital importance.

Living arrangement is critical for the psychological well-being of older adults because they provide an
invaluable network of social support. A large number of the literature suggests that the living
arrangements of older adults in later life are associated with cognitive function [12–15]. Several
longitudinal studies have found that living with people is more advantageous than living alone in certain
European countries for maintaining cognitive function and slowing cognitive decline [16, 17]. However,
studies focused on the longitudinal associations between living arrangements and cognitive decline in
China are limited. Furthermore, in China, the family has always been the primary source of support for
older adults, which differs from developed countries e the social security covers almost all older people.
[18]. In recent decades, however, older people in China are becoming more inclined to live with their
spouse instead of living with their adult children. This has raised concerns about the reliability of the
support for older adults from families in China. It is necessary to explore the effects of living
arrangements on cognitive decline in older Chinese people. Considering the gender differences in family
roles, social-economic status and health [19–21], we also attempted to estimate the gender differences.

In this study, we wanted to determine the effects of living arrangements on cognitive decline among older
Chinese adults. More explicitly, this study aimed to address the following: (1) whether the living
arrangements are associated with cognitive decline in later life; (2) whether there is a gender difference in
the associations between living arrangements and cognitive decline in older Chinese adults. We hope our
research could provide some recommendations for protecting the cognitive function of the old population
and offer some policy references for developing a more appropriate aged care system in China.

Methods

Study design and participants
This study used data from four waves of the China Health and Retirement Longitudinal Study (CHARLS
2011–2018), a nationally representative longitudinal survey of the residents in China 45 years of age and
above. To achieve sample representativeness, a multistage probability sampling approach was used. In
2011, respondents were interviewed face to face, and they were followed up in 2013, 2015, and 2018.
CHARLS was authorized by Peking University's Ethical Review Committee (IRB00001052-11014). Prior to
participation, each participant signed an informed consent form. The cohort pro�le literature contains
detailed explanations of the survey design and processes used in the CHARLS [22].

In this study, our analysis was limited to participants aged 60 and over, with at least one adult child. Adult
children were de�ned as the children of the respondents age 22 or older who were not schooled at that
time. Disabled people with brain-damaged or mentally de�cient and patients with psychiatric problems or
memory-related disorders at baseline were excluded. To take full advantage of data from four follow-ups,
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Individuals with valid data on their living arrangements and at least two (range 2–4; over 76% had ≥ 3)
cognitive function assessments were eligible for inclusion. The participant's �rst follow-up record was
considered as the baseline (i.e, wave 1, 2, or 3, depending on when they joined CHARLS). The �nal sample
is comprised of 6074 older respondents without missing key variables. The recruitment �ow chart of the
current study is indicated in Fig. 1.

Measures

Cognitive function
Consistent with previous studies[23–26], cognitive function was captured using three categories: mental
status, visuo-construction and episodic memory. Questions about orientation and numeric ability were
used in CHARLS to measure mental status. Orientation was measured by asking respondents to identify
the date (month, day, year), season, and day of the week. Numeric ability was measured by serial
subtraction of 7 from 100 (up to �ve times). Based on the number of correct answers, scores on these
questions were summed into the mental status score and ranged from 0 to 10. The score of the visuo-
construction was recorded as 1 if the participants could replicate a �gure previously displayed; otherwise,
it was recorded as 0. Episodic memory was evaluated by a word recall test. Participants were asked to
recall as many of the 10 unrelated Chinese words they had just heard as they could (immediate recall).
Five minutes later, they were tasked with recalling the identical list of words. (delayed recall) [25]. Episodic
memory scores were calculated as the average score for immediate and delayed word recalls, ranging
from 0 to 10.

The cognitive function scores varied from 0 to 21 and were calculated as the total of the mental status,
visuo-construction and episodic memory scores. The higher the score, the better the cognitive function.
The Cronbach’s alpha is 0.78 [27], which shows a satisfactory level of internal consistency.

Living arrangement
Living arrangements were divided into the following �ve mutually exclusive categories: A. living alone. B.
living with spouse (no adult children, may have others). C. living with adult children (no spouse, may have
others). D. living with both spouse and adult children (may have others). E. living with others who are not
spouse or children.

Covariates
Given that cognitive function and living arrangements may differ depending on demographic
characteristics, health status, child characteristics, and socioeconomic level, the following variables were
included in this study as covariates.

Demographic characteristics included age (at baseline), gender (male or female), geographic
residence(urban or rural), education(no formal education, capable of reading and/or writing, primary
school, middle school and above) and working status(yes or no).
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Health status was measured according to physical comorbidity, feeling pain (yes or no), instrumental
activities of daily living (IADLs) (impaired or unimpaired), depressive symptoms (yes or no), and social
activity participation (yes or no). Physical comorbidity data included conditions for which respondents
self-reported receiving a diagnosis from a physician, such as dyslipidemia, diabetes or high blood sugar,
chronic lung disease, etc. The number of physical comorbidities was calculated and categorized as 0,1–2
and ≥ 3. 10-item Center for Epidemiologic Studies Depression (CESD-10) Scale was used to measure
depressive symptoms, and participants with a CESD-10 score above 10 points were sorted as
depressed[28]. Social activity participation was de�ned as indicating that the respondent had participated
in at least one social activity in the last month.

Child characteristics included the number of adult children of respondents and average years of
schooling of adult children which was de�ned to assess the overall educational attainment of adult
children. The number of adult children was classi�ed into three categories: 1, 2–3 and ≥ 4. According to
its percentile, the average years of schooling of adult children was grouped into three categories: low (≤ 
25th quartiles), medium (> 25th and ≤ 75th quartiles), and high (> 75th quartiles).

Following previous studies[29, 30], we calculated the average annual household expenditure per capita to
measure the household resources. In developing countries, expenditure is a better way to assess the
economic resources available to households than income. The measurement of expenditure also has less
error than income. To capture the non-linear relationship between income and outcome variables, the
average annual household expenditure was log-transformed in the analysis.

Statistical analysis
We used descriptive statistics to describe the characteristics of respondents at baseline. Continuous
variables were presented as the mean and standard deviation (SD). Categorical variables were presented
as frequency (n) and percentage (%). t-test and chi-square test were used to identify signi�cant
differences in characteristics between males and females.

Multilevel models were used to assess the relationships between cognitive decline and living
arrangements. Multilevel models are the optimal approach for analyzing nested data that are not
independently observed (e.g. time points within individuals) and contradict the assumption of
independent observations [31]. An important advantage of multilevel growth models is that they can
handle unbalanced data, which means that they do not require the same number of measurement
occasions per individual to obtain e�cient estimates[32]. In this study. The data structure was that up to
four waves of repeat measurement data (level 1) were nested within 6074 individuals (level 2).

Using data from up to four waves of data collection, we ran four multilevel models in total. First, the null
model (Model 1) without independent variables was established to estimate average cognitive function
scores for all respondents at the baseline and to measure the clustering effects within individuals.
Intraclass correlation coe�cient (ICC) were calculated to access the similarities within individuals.
Second, the living arrangements and time variables were involved in Model 2 (an unadjusted model). The
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time variable described the number of years elapsed since the baseline interview. Third, demographic
characteristics, health status, child characteristics, and socioeconomic status variables were controlled in
Model 3. Finally, the interacting term of living arrangement and time was added to produce Model 4. Older
people living with their spouse was regarded as the reference group. The differences in the rate of
cognitive decline between living with spouse and other types of living arrangements were indicated by the
regression coe�cients of living arrangements × time. To examine potential gender-speci�c effects, a
strati�ed analysis by gender was conducted.

All descriptive analyses were conducted using STATA version 16.0 software, and multilevel analyses were
performed using MLwiN 2.30 software. P < 0.05 was regarded as statistically signi�cant.

Results
The results of descriptive statistics are presented in Table 1. A total of 6074 participants were included in
our �nal analyses (49.65% male), with an average age of 67.24 ± 0.08 years old at baseline. Of all
respondents, the score of cognitive function at baseline was 9.93 ± 0.05. The largest proportion of older
people lived with their spouse (44.91%), followed by those who live with their spouse and adult children
(34.62%). The proportion of older people who lived alone was 7.94%. As a result of the gender
comparison, cognitive function scores were higher among male respondents. Male respondents were also
more likely to live with their spouse or live with both spouse and adult children. In addition, male
respondents were more likely to be highly educated, still work, be in better health, have fewer adult
children and have more educated adult children than females.
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Table 1
Baseline characteristics of study participants

  All

(n = 6074)

Male

(n = 3016)

Female

(n = 
3058)

P of
gender

difference

Cognitive function, mean ± SD 9.93 ± 
0.05

11.12 ± 0.07 8.75 ± 
0.08

< 0.001

The living arrangement, n (%)       < 0.001

Living alone 482
(7.94)

172 (5.70) 310
(10.14)

 

Living with spouse 2728
(44.91)

1443
(47.84)

1285
(42.02)

 

Living with adult children 639
(10.52)

186 (6.17) 453
(14.81)

 

Living with spouse and adult children 2103
(34.62)

1169
(38.76)

934
(30.54)

 

Living with others 122
(2.01)

46 (1.53) 76 (2.49)  

Age (years at baseline), mean ± SD 67.24 ± 
0.08

67.30 ± 0.11 67.1 ± 
0.11

0.410

Geographic residence, n (%)       0.208

Rural 3627
(59.71)

1825
(60.51)

1802
(58.93)

 

Urban 2447
(40.29)

1191
(39.49)

1256
(41.07)

 

Education, n (%)       < 0.001

No formal education 1729
(28.47)

382 (12.67) 1347
(44.05)

 

Capable of reading and/or writing 1300
(21.40)

640 (21.22) 660
(21.58)

 

Primary school 1600
(26.34)

1004
(33.29)

596
(19.49)

 

Middle school and above 1445
(23.79)

990 (32.82) 455
(14.88)

 

Working status, n (%)       < 0.001

Note. SD = standard deviation, IADLs = instrumental activity of daily living.
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  All

(n = 6074)

Male

(n = 3016)

Female

(n = 
3058)

P of
gender

difference

No 2710
(44.62)

1138
(37.73)

1572
(51.41)

 

Yes 3364
(55.38)

1878
(62.27)

1486
(48.59)

 

The number of physical comorbidities, n (%)       < 0.001

0 1858
(30.59)

1000
(33.16)

858
(28.06)

 

1–2 2972
(48.93)

1470
(48.74)

1502
(49.12)

 

≥ 3 1244
(20.48)

546 (18.10) 698
(22.83)

 

Feeling pain, n (%)       < 0.001

No 4050
(66.68)

2233
(74.04)

1817
(59.42)

 

Yes 2024
(33.32)

783 (25.96) 1241
(40.58)

 

IADLs, n (%)       < 0.001

Unimpaired 4630
(76.23)

2452
(81.30)

2178
(71.22)

 

Impaired 1444
(23.77)

564 (18.70) 880
(28.78)

 

Depressive symptoms, n (%)       < 0.001

Yes 3854
(63.45)

2134
(70.76)

1720
(56.25)

 

No 2220
(36.55)

882 (29.24) 1338
(43.75)

 

Social activity participation, n (%)       0.017

No 2982
(49.09)

1434
(47.55)

1548
(50.62)

 

Yes 3092
(50.91)

1582
(52.45)

1510
(49.38)

 

Number of adult children, n (%)       < 0.001

Note. SD = standard deviation, IADLs = instrumental activity of daily living.
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  All

(n = 6074)

Male

(n = 3016)

Female

(n = 
3058)

P of
gender

difference

1 582
(9.58)

340 (11.27) 242
(7.91)

 

2–3 3041
(50.07)

1588
(52.65)

1453
(47.51)

 

≥ 4 2451
(40.35)

1088(36.07) 1363
(44.57)

 

Average schooling year of children (Centered),
mean ± SD

8.41 ± 
0.05

8.58 ± 0.07 8.23 ± 
0.06

< 0.001

Household expenditure per capita(log), mean 
± SD

8.54 ± 
0.01

8.57 ± 0.02 8.52 ± 
0.02

0.018

Note. SD = standard deviation, IADLs = instrumental activity of daily living.

The results of the multilevel growth model �t for Models 1–4 are listed in Table 2. Model 1 showed the
results of the null model �t for cognitive function for all participants. The estimate of the intercept is
9.557, which represents the mean cognitive function score of participants at baseline. Individual-level
variances were statistically signi�cant in cognitive function, which implies that there is a clustering effect
of cognitive function within individuals. Based on the value of ICC, it suggested that 68.84% of the
variability in cognitive function scores was accounted for by individuals.
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Table 2
The association between living arrangements and cognitive function

  Model 1 Model 2 Model 3 Model 4

Fixed Effects        

Intercept 9.557*** 11.306*** 5.538*** 5.445***

Living arrangement

(ref = living with spouse)

       

Living alone   -1.678*** -0.182 0.143

Living with adult children   -2.255*** -0.412*** -0.062

Living with spouse and adult children   -0.193 -0.110 -0.002

Living with others   -2.229*** -0.235 0.169

Time (years since baseline)   -0.086*** -0.086*** -0.048***

Age (ref = 60–64, at baseline)        

65–69     -0.470*** -0.469***

70–74     -1.067*** -1.068***

≥ 75     -1.840*** -1.845***

Gender (ref = Male)        

Female     -0.689*** -0.687***

Geographic residence (ref = Rural)        

Urban     0.440*** 0.440***

Education

(ref = No formal education)

       

Capable of reading and/or writing     2.430*** 2.429***

Primary school     4.032*** 4.032***

Middle school and above     5.144*** 5.145***

Note. ref = the reference category, IADLs = instrumental activity of daily living.

*p < 0.05, **p < 0.01, ***p < 0.001
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  Model 1 Model 2 Model 3 Model 4

working status (ref = No)        

Yes     0.013 0.015

The number of physical comorbidities (ref = 0)        

1–2     0.030 0.030

≥ 3     0.174 0.175

Feeling pain (ref = No)        

Yes     -0.183* -0.184*

IADLs (ref = Unimpaired)        

Impaired     -0.797*** -0.798***

Depressive symptoms (ref = No)        

Yes     -0.485*** -0.487***

Social activity participation (ref = No)        

Yes     0.623*** 0.622***

Number of adult children (ref = 1)        

2–3     0.194 0.192

≥ 4     0.111 0.109

Average years of schooling of adult children
(centered)

    0.202*** 0.202***

Household expenditure per capita (log)     0.258*** 0.258***

Time * Living alone       -0.126***

Time * Living with adult children       -0.136***

Time * Living with spouse and adult children       -0.040*

Time * Living with others       -0.155*

Random Effects        

Level 2: Individual        

Note. ref = the reference category, IADLs = instrumental activity of daily living.

*p < 0.05, **p < 0.01, ***p < 0.001
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  Model 1 Model 2 Model 3 Model 4

Intercept-variance 14.531*** 14.028*** 4.683*** 4.691***

Level 1: Point in time        

Point in time-variance 6.578*** 6.504*** 6.504*** 6.485***

-2*loglikelihood 103643.77 103298.30 98068.19 98031.52

Note. ref = the reference category, IADLs = instrumental activity of daily living.

*p < 0.05, **p < 0.01, ***p < 0.001

Model 2–3 showed the relationship between living arrangements and cognitive function status. In Model
2, both time and the living arrangements were associated with cognitive function signi�cantly. On
average, scores for cognitive function have decreased by 0.086 units per year. In contrast to older people
living with their spouse, the scores of cognitive function were lower among older people living alone,
living with adult children, and living with others, by 1.678, 2.255 and 2.229 respectively. After controlling
for all covariates in Model 3, the time term was still negative (β=-0.086, P < 0.001). The association
between a part of living arrangements and cognitive function remained signi�cant but was slightly
attenuated. In comparison to older adults living with their spouse, individuals living with their adult
children have a higher risk of having poorer cognitive function (β=-0.412, P < 0.001). Estimate of the
regression coe�cient of gender (β=-0.689, P < 0.001) was negative indicating a poorer cognitive state for
female older adults.

Model 4 examined the differences in the rates of cognitive decline between older people with different
living arrangements by adding the interacting terms of living arrangement and time to Model 3. The
coe�cient on the interaction terms was statistically signi�cant. In comparison to older people living with
their spouse, those who live alone, live with adult children, live with spouse and adult children and who
live with others were signi�cantly associated with a faster rate of cognitive decline after controlling for
covariates. Models 2–4 have lower − 2 log-likelihood values than Model 1, indicating a better �t.

Table 3 presents the results of the gender-strati�ed analysis. The relationship between living
arrangements and cognitive decline was signi�cant in both males and females, whereas there was a
gender difference. In comparison to living with spouse, living with adult children was related to faster
cognitive decline for both male and female older people. Living alone was related to faster cognitive
decline only in older men. Living with spouse and adult children, as well as living with others, was
associated with a faster rate of cognitive decline in older women, but not with the rate of cognitive decline
in older males.
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Table 3
Strati�cation analysis of the association between living arrangements and

cognitive decline

  Males Females

Fixed Effects    

Intercept 4.617*** 5.936***

Living arrangement

(ref = Living with spouse)

   

Living alone 0.001 0.159

Living with adult children -0.035 -0.137

Living with spouse and adult children 0.059 -0.079

Living with others -0.011 0.193

Time (years since baseline) -0.021 -0.077***

Age (ref = 60–64, at baseline)    

65–69 -0.305** -0.672***

70–74 -1.031*** -1.167***

≥ 75 -1.818*** -1.943***

Geographic residence (ref = Rural)    

Urban 0.227* 0.525**

Education

(ref = No formal education)

   

Capable of reading and/or writing 2.337*** 2.268***

Primary school 3.667*** 4.175***

Middle school and above 4.795*** 5.384***

working status (ref = No)    

Yes 0.053 -0.084

The number of physical comorbidities (ref = 0)    

Note. ref = the reference category, IADLs = instrumental activity of daily living,

*p < 0.05, **p < 0.01, ***p < 0.001
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  Males Females

1–2 0.148 -0.061

≥ 3 0.184 0.149

Feeling pain (ref = No)    

Yes -0.283* -0.106

IADLs (ref = Unimpaired)    

Impaired -0.835*** -0.773***

Depressive symptoms (ref = No)    

Yes -0.470*** -0.471***

Social activity participation (ref = No)    

Yes 0.666*** 0.590**

Number of adult children (ref = 1)    

2–3 0.259 0.030

≥ 4 0.237 -0.080

Average schooling year of children (centered) 0.172*** 0.235***

Household expenditure per capita (log) 0.358*** 0.155**

Time * Living alone -0.192*** -0.071

Time * Living with adult children -0.168** -0.107**

Time * Living with spouse and adult children -0.032 -0.053*

Time * Living with others -0.060 -0.179*

Random Effects    

Level 2: Individual    

Intercept-variance 4.007*** 5.253***

Level 1: Point in time    

Point in time-variance 6.795*** 6.135***

Note. ref = the reference category, IADLs = instrumental activity of daily living,

*p < 0.05, **p < 0.01, ***p < 0.001
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  Males Females

-2*loglikelihood 49281.14 48636.37

Note. ref = the reference category, IADLs = instrumental activity of daily living,

*p < 0.05, **p < 0.01, ***p < 0.001

Discussion
Using four waves of China Health and Retirement Longitudinal Study(CHARLS)data, we investigated the
associations between living arrangements and cognitive decline in older people in China. The gender-
related difference in these associations was further examined. We found that participants living alone,
living with adult children, living with spouse and adult children and living with others all had a faster rate
of cognitive decline than those living with spouse. In addition, strati�cation to gender showed that living
alone was related to faster cognitive decline only for male older people. Only in females was living with
spouse and adult children or with others related to a faster rate of cognitive decline.

In China, the proportion of older people who lived with spouse had increased sharply, while the proportion
of older people living with adult children had decreased substantially, due to increased preference for
independent living, mobility of their offspring, lower mortality rates of their spouses, and higher
remarriage rates among older persons [33]. Our study found that all four other types of living
arrangements were associated with faster cognitive decline in comparison to living with spouse,
suggesting that living with spouse may be a better choice for maintaining cognitive function. Additionally,
the �nding supports the assertion that having a spouse provides the "best guarantee of support in old
age" [34]. Spouse may provide emotional support and intimate interaction to reduce the psychological
stress and loneliness of older people, thereby slowing cognitive decline. Spouse also extends the older
person's personal network by connecting with people such as the spouse's friends and family. Social
engagement and a larger social network size could increase cognitive reserve and prevent cognitive
decline [35, 36].

In comparison to older adults living with a spouse, those living alone experienced a faster rate of
cognitive decline. Previous studies suggest those who live alone were more likely to experience greater
social isolation and smaller social networks, which are predictive of negative impact on cognitive
function[15, 37]. Living alone also means that this group of older adults had experienced the loss of a
spouse. Losing a spouse through widowhood, divorce, or separation is an important stressful life event in
old age, and it has a detrimental in�uence on cognitive performance in older persons [38, 39].

It is worth noting that in our study, we observed that older people living with adult children or with both
spouse and adult children experienced a faster rate of cognitive decline than those who lived alone.
Traditional Confucian values emphasise family and �lial piety, and the practice of adult children living
with their parents can be considered a part of �lial piety. However, our �nding indicates that living with
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adult children, as a traditional Chinese family concept, may not be conducive to the cognitive health of
older people. The possible negative effects of living with children include the following. Although adult
children got satisfaction in performing the duty of caring for their parents, they still got bad feelings and
were physically and/or mentally stressed, which resulted in a high level of intergenerational con�ict. In
turn, this leads to cognitive decline in older people who received care from their children. Moreover, living
with adult children may lead to an over-reliance on them for emotional or �nancial support, which can
increase feelings of worthlessness and lead to impaired cognitive abilities [40]. In�uenced by traditional
Chinese culture, people value interdependence within the family and most older people will stay with their
adult children and provide the necessary support when asked to do so by their adult children [41]. The
burdens of helping their adult children during cohabitation might create long-term chronic stress. A study
found that increasing levels of perceived stress were associated with worse initial cognitive status and a
faster rate of cognitive decline among adults age 65 and over [42].

The strati�ed analysis revealed that the association between cognitive decline and living arrangements
varied by gender. In the present study, for men, living alone and living with adult children were associated
with cognitive decline. For women, cognitive decline was associated with living with adult children, living
with spouse and adult children and living with others, but not related to living alone. Women are usually
in charge of household affairs and family activities and are more likely to provide physical care and
emotional support to their spouses, which could protect the cognitive function of their male partners [43–
45]. Correspondingly, women may be able to live alone in old age as a result of their life experience
managing a household. Also, women tend to enjoy more extensive social networks than men through
their participation in social activities and intimate friendships [46, 47], which likely compensates for the
loneliness and the lack of intimacy of older women living alone. In addition, previous studies reported
that females are more emotional and express more negative exchanges than males [48]. Therefore, they
are more likely to be highly upset when living with others [49]. Several studies found that experiencing
psychological distress and negative emotions are associated with rapid cognitive in old age [50, 51]. This
could partly explain why only in females was living with spouse and adult children or with others related
to a faster rate of cognitive decline.

There are several limitations of this study. First, we used baseline living arrangements and covariates to
determine the relationship between living arrangements and cognitive decline. Considering that the living
arrangements of older people may change over time, further research needs to take into account the
in�uence of time-varying living arrangements on cognitive function. Second, the detailed information on
the living arrangements of the older people, such as the duration of current living arrangements, is not
available, which also played an important role in exploring the relationship between living arrangements
and cognitive decline in older people. Third, participants with missing key variates and less than four
times follow-ups were excluded, which may lead to certain selection bias and limit the extrapolation of
conclusions. Last, although this analysis covered an average of 5.3 years (range 2–7), it may not be long
enough to evaluate the measurable change in cognitive function and the long-term in�uence of living
arrangements as the cognitive decline is a chronic process. Thus, we will continue to follow up on the
latest data from CHARLS and explore these associations over a longer time.
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In conclusion, this study found that older people living alone, living with adult children, living with both
spouse and adult children and living with others all had a faster rate of cognitive decline than those living
with spouse. Also, the relationship between living arrangements and cognitive decline varies by gender.
To slow cognitive decline with age, improve quality of life and promote successful ageing, the
government should improve social security and community services and establish a variety of support
systems for older people. In addition, more strategies to prevent cognitive decline should be proposed
that take into account gender differences. More in-depth research is needed to better understand the
mechanisms underlying the role of living arrangements in cognitive decline with age in the future.
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