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Abstract 

Background Epidemiological studies have shown that social isolation, which is prevalent in older adults, is associ-
ated with a range of adverse health outcomes, but the prevalence of and trends in regard to social isolation remain 
ambiguous in China. The aim of this study was to elucidate the trends regarding the prevalence of social isolation 
among middle-aged and older adults in China from 2011 to 2018 and to further identify associated risk factors.

Methods A repeated cross-sectional study, The data were derived from panel sample data of four waves con-
ducted from May 2011 to August 2018 in the nationally representative China Health and Retirement Longitudinal 
Study (CHARLS) using multistage probability sampling. Social isolation was ascertained by the five item Steptoe 
Social Isolation Index. The potential covariates were demographic characteristics, lifestyle factors, and health status. 
Linear-by-linear association was used to assess the trends in regard to social isolation over time under the influence 
of the potential covariates. Linear-by-linear association and an age-period-cohort analysis were used to explore 
the trends, and two-level (time, individual) generalized estimating equation models (GEE) linked multivariate binary 
logistic regression were performed to identify risk factors.

Results A high prevalence of social isolation and a moderate upward trend from 2013 to 2018 were observed 
among a U-shaped trend prevalence of social isolation from 2011 to 2018 across China, with rates of 38.09% (95% 
CI = 36.73–39.45) in 2011, 33.66% (32.32–35.00) in 2013, 39.13% (37.59–40.67) in 2015, and 39.95% (38.59–41.31) 
in 2018 (p < 0.001). The prevalence of social isolation increased with age and educational attainment. Females had 
a higher prevalence than males. The prevalence of social isolation was found to be significantly lower in pension-
ers than in non-pensioners between 2011 and 2018 (p < 0.001). The prevalence of social isolation was 38.9%, 34.9%, 
38.5%, and 44.08% about three times higher among those who doid not use the Internet and 13.44%, 11.64%, 12.93%, 
and 16.73% than among those who doid in 2011, 2013, 2015 and 2018 respectively. The participants with short (0–5 
h) and long sleep (9 or more hours), and poor self-rated health had a higher prevalence of social isolation 
than the others. Older age, lower educational attainment, living in a rural region, lack of medical insurance or pension, 
lack of internet use and poor health were risk factors (p < 0.05). 
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Background
Social isolation is defined as ‘‘a state in which the indi-
vidual lacks a sense of social belonging, lacks engagement 
with others, has a minimal number of social contacts and 
lacks fulfilling and quality relationships’’ [1]. It has been 
identified and well-documented by previous research as 
a social determinant of physical and mental health. Par-
ticularly for older adults living in the community, social 
isolation leads to numerous detrimental health effects, 
including not only higher rates of morbidity and mor-
tality, but also dementia and an increased rate of falls. 
Though a number of studies have confirmed that social 
distancing can slow the rate of transmission of COVD-
19 [2, 3], it also brings about health problems such as 
depression, anxiety and stress [4]. A German study found 
that the prevalence of social isolation was 12.3% across 
ages 18–79  years, and increased with increasing age, 
from 5.4% in the 18-39 age group to 21.7% in the 70-79 
age group [5]. A survey in the United States reported that 
35% of adults aged 45 and over felt socially isolated [6]. 
A systematic review showed that the prevalence of social 
isolation among older adults was 31.2% during the coro-
navirus disease 2019 (COVID-19) pandemic [7]. Overall, 
social isolation has a high prevalence in older age groups 
and is strongly associated with poor health conditions 
and unfavorable behaviors [8]. Undoubtedly, social iso-
lation has become a major health issue for older adults 
living in the community, but the epidemiological data on 
social isolation have been inconsistent. While there has 
been an ongoing debate about the rise of social isola-
tion based on reports of low birth rates, an ageing pop-
ulation and so on, but there is little evidence of rising 
rates of social isolation. As social networks shrink with 
age, with a marked increase in the proportion of older 
adults, it has been hypothesised that social isolation may 
indeed increase over time [5]. However, there have been 
relatively few reports on the changes in the prevalence 
of social isolation among older adults at the population 
level in recent years, especially in China [9].

Previous studies have demonstrated that the causes 
of social isolation are complicated. The atrophy of older 
adults’ social networks occurs due to factors specific to 
the individual, such as a decline in physical or cogni-
tive function associated with ageing [10], and social 

distancing as recommended due to the COVID-19 pan-
demic [11]. In addition, barriers to internet access among 
middle-aged and older adults may exacerbate their social 
isolation [12]. As a result of these individual and envi-
ronmental factors, the social networks of middle-aged 
and older adults gradually decline. A higher risk of social 
isolation is observed among older adults, and more than 
50% of this population category are at risk of social iso-
lation globally [13]. However, studies on social isolation 
trends have focused largely on loneliness and refer mainly 
to the frequency of social engagement or number of con-
fidants. For example, studies have found that the mean 
network size decreased by about a third (one confidant), 
from 2.94 in 1985 to 2.08 in 2004 [14], and social isolation 
increased from 2003 to 2020. In particular, social engage-
ment with family, friends and others (roommates, neigh-
bors, acquaintances, co-workers, clients, etc.) decreased 
among Americans [15]. A repeated cross-sectional com-
parative study in Japan and England found that social 
isolation among older adults increased from 2010 to 
2016 in Japan, which was a more severe increase than in 
England, where social isolation was gradually alleviated 
among women aged 75 and older over the same period 
[13]. In summary, we find that studies on trends in social 
isolation are not only limited and mainly focused on the 
United States, but also vary from country to country. 
However, there is a consensus that social isolation has 
not received adequate attention in public health, nor has 
its extent and trends at the national and subgroup levels 
been paid much attention.

The indicators used to assess social isolation vary 
widely and often include living alone, being unmar-
ried, low participation in social activities and a lack 
of diversity in social networks [6], which is related to 
the uncertainty and incomparability of the social iso-
lation prevalence proxy. The adverse health effects of 
social isolation are increasingly being recognized. In 
addition to the increased risk of poor physical health 
due to cardiovascular disease [16], premature death 
[17], and functional impairment [18], social isola-
tion hinders social integration and potentially trig-
gers mental health problems, such as depression and 
anxiety disorders [19, 20]. Age [21, 22], residential area 
[23] and educational attainment [24] are known risk 

Conclusions We found a U-shaped prevalence of social isolation trends from 2011 to 2018 and revealed increas-
ing trends from 2013 to 2018 among middle-aged and older adults in China. The findings of the study highlight 
the urgent need for interventions to reduce social isolation including improving sleep quality and internet skills. 
Disadvantaged groups in terms of age, economic status, and health status should be the focus of such interventions, 
especially in the era of COVID-19.
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factors for social isolation among demographic char-
acteristics. Sleep problems [25] and internet use [26, 
27] also have an impact on social isolation. Poor self-
rated health [28], a low capacity for activities of daily 
living [29] and multiple chronic diseases [30] have also 
been documented. In addition, family characteristics 
[31], living arrangements [32] and children [33] might 
be factors. However, studies are inconclusive about the 
differences and risk factors in the prevalence of social 
isolation in relation to socio-demographic and social 
factors [5].

In 2020, China’s Seventh Census reported that there 
were 264 million Chinese adults who were more than 
60 years old, representing 18.70% of the population. 
This percentage is expected to rise to 26.9% by 2050 
[34, 35]. In parallel with the ageing population, social 
isolation, a state of low participation in social activi-
ties, and poor integration into social life [36] are preva-
lent among older adults as they experience significant 
life changes, including retirement, death of, or separa-
tion from family members and friends, and a decreased 
ability to perform activities of daily living, which has 
become a significant public health issue of global con-
cern [37]. The World Health Organization’s (WHO’s) 
Active Ageing Initiative recognized the significance 
of reducing social isolation as early as 2002 [38], and 
it has been included as one of the four key areas for 
action in the WHO Healthy Ageing Ten Year Strategy 
(2021–2030) [39]. Cultural tradition emphasizes the 
importance of family and social networks in Chinese 
populations. It has been suggested that the association 
between social isolation and health may be more pro-
nounced. However, very few studies have examined the 
prevalence of social isolation among middle-aged and 
older Chinese adults [9], and even fewer have exam-
ined the changes in its trends over time. The trends 
and social risk factors regarding social isolation remain 
ambiguous in China.

Given the dramatic changes in the use of technol-
ogy as a means of social connectivity in China, it is 
currently not well understood whether such changes 
will exacerbate the trend of social isolation. This study 
aims to elucidate the trends regarding the prevalence 
of social isolation among middle-aged and older adults 
in China from 2011 to 2018 and to further identify the 
associated risk factors. The study included adults aged 
45 years and older, as social functional decline can 
begin at this age. We hypothesised that social isola-
tion may have worsened as the technological and eco-
nomic development of society has accelerated, and 
our findings contribute to the growing body of litera-
ture focusing on social isolation and provide important 
information for the ageing population.

Methods
Data and sampling
Our study is a  repeated  cross-sectional  study. The data 
were derived from the nationally representative China 
Health and Retirement Longitudinal Study (CHARLS), 
conducted by the National Development Institute of 
Peking University [40]. The CHARLS has been con-
ducted four times since 2011 to assess the economic, 
social, and health conditions of adults aged 45 years and 
older in China. Stratified multistage sampling was con-
ducted according to a probability proportionate to size 
[41]. A total of 150 counties in 28 provinces across China 
were included in the final sample. The CHARLS survey 
was approved by the Peking University Biomedical Ethics 
Economic Review Committee (IRB00001052-11015), and 
all of the participants provided written informed consent. 
A detailed description of the CHARLS has been pub-
lished elsewhere [42].

To examine the trends in the prevalence of social iso-
lation among middle-aged and older people in differ-
ent years, panel data of four waves was chosen for this 
study from 2011 to 2018. The sample was selected from 
the CHARLS according to the following eligibility crite-
ria: 1) the participants were aged 45 years or older and 2) 
the participants had answered all of the questions on the 
assessment of social isolation and its covariates. Referring 
to previous studies [43], the study sample was limited 
to participants who provided information on all indica-
tors of social isolation. After removing participants with 
more than 20% missing items for social isolation, Little’s 
MCAR tests were performed on the remaining missing 
values for social isolation at each wave, and none were 
significant, suggesting that the complete random miss-
ing condition was met and could be removed directly. In 
addition, for the hierarchical linear analyses, we further 
restricted the participants to those who provided com-
plete information on all covariates [43]. A total of 29788 
participants were included in the final analyses. Figure 1 
shows the details of the participant selection.

Measurements
Social isolation
In line with previous studies [44, 45], social isolation 
was ascertained using five-items similar to the Steptoe 
Social Isolation Index, but with slight differences [46], 
which asks about marital/cohabitation status, monthly 
contact (face-to-face, telephone and email/written) with 
children, and other family or friends, and participation 
in groups. These are the five items: 1) whether the par-
ticipant was cohabiting; 2) whether the participant or 
his/her spouse had seen their parent or parent-in-law in 
the past month; 3) whether the participant had seen or 
contacted his/her child in the past month (including by 
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phone, text message, post or e-mail); 4) whether the par-
ticipant had interacted with his/her friends in the past 
month; and 5) whether the participant had participated 
in any activities (such as social clubs or residents’ groups, 
religious groups, or committees) in the past month. For 
the above five questions, if the answer was no, 1 point 
was allocated, otherwise 0 points were allocated, result-
ing in a total social isolation score ranging from 0 to 5. 
Based on the total score, participants were divided into 
non-isolated (score = 0–2) and isolated groups (score = 
3–5), based on previous studies [47].

Covariates
The potential covariates were demographic character-
istics (age, gender, educational attainment, residence, 
geographic location, medical insurance and pension), 
lifestyle factors (internet use, sleep duration, smoking 
and alcohol consumption), and health status (self-rated 
health, multimorbidity, and physical and mental health). 
Physical health was measured using Katz’s Basic Activi-
ties of Daily Living scale (BADL, Cronbach’s α = 0.881–
0.889), which includes the following six items: the ability 
to bathe, eat, get in and out of bed, get dressed, go to the 
toilet, and defecate. The BADL scores were classified 
into three levels of impairment based on previous stud-
ies: 1) none: BADL score = 0, 2) mild: BADL score = 1, 
and 3) severe: BADL score = 2 [48–50]. Mental health 
was assessed using the 10-item Epidemiological Survey 

Center Depression Scale Short Form (CES-D-10 scale, 
Cronbach’s α = 0.78–0.79), which consists of 10 items, 
with scores ranging from 0 to 30. The scores are divided 
into three levels: 1) depression: score ≥ 20, 2) depressive 
symptoms: score 10–19, and 3) no depressive symptoms: 
score < 10) [51, 52]. Details of the scoring systems are 
presented in Table S1.

Statistical analysis
For descriptive statistics, frequencies and percentages 
were used for the categorical variables, and the means 
and standard deviations were used for the continuous 
variables. To eliminate the effect of differences in the 
internal composition of the cross-sectional data in dif-
ferent years on the prevalence rate, we adopted sampling 
weights to account for differences in sampling fractions 
in the panel data compared to the overall population. 
using direct standardization in regard to the population 
stratum proportions of sex. Sex-standardized rate that 
is a statistical adjustment applied to rates or ratios to 
account for differences in the distribution of a particu-
lar characteristic was calculated. A chi-squared test 
was used to examine the differences in the prevalence 
of social isolation between the subgroups according to 
each categorical variable. Linear-by-linear association 
was used to assess the trends in social isolation over time 
under the influence of confounding variables. To separate 
the layer effects over time and minimize the influence 

Fig. 1 Flowchart for selection of the final sample included in the analysis
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of reverse causality, two-level (time, individual) general-
ized estimating equation models (GEE) linked multivari-
ate binary logistic regression were performed to test the 
trend difference between the subgroups, and risk factors 
were identified. An age-period-cohort analysis (APC) 
was performed to test the effects of the participant age, 
the survey year, and birth cohort on the prevalence of 
social isolation. To minimize the expected loss relative 
to the appropriate reference posterior distribution, the 
Intrinsic Estimator was used to independently estimate 
the effect coefficients of age, survey period, and birth 
cohort [53]. Stata 15.0 (StataCorp, College Station, TX, 
USA) and SPSS 25.0 (IBM, Armonk, NY, USA) was used 
to perform the data analysis. The significance level was 
set at a two-tailed value of p < 0.05.

Results
Participants’ characteristics
The total sample consisted of 29,788 participants, includ-
ing 7,900 in 2011, 7,198 in 2013, 6,362 in 2015, and 8,382 
in 2018. The mean (standard deviation) age was 60.4 
(9.61) years, and the ratio of men to women was approxi-
mately 1:1 (49.1%: 50.9%). The majority (62.3%) of the 
participants had a primary education or less, and 17,706 
(59.4%) lived in rural areas. Almost all of the participants 
(94.8%) had health insurance, and 19,057 (64.0%) had a 
pension. Surprisingly, the majority of the participants 
(92.3%) had not used the internet in the past month, and 
more than half (54.6%) of the participants slept less than 
7 hours per night. In addition, 9,422 (31.6%) smoked, and 
10,576 (35.5%) consumed alcohol. 13,599 (45.7%) partici-
pants had multimorbidity, 7,259 (24.4%) reported poor 
health, 11,133 (37.4.%) had symptoms of depression, and 
2,187 (7.3%) had a severe physical impairment. The char-
acteristics of the samples from the four waves of data are 
shown in Table 1.

Trends in social isolation over time
A high prevalence of social isolation and a moder-
ate upward trend from 2013 to 2018 were observed in 
a U-shaped trend prevalence of social isolation from 
2011 to 2018 across China, with rates of 38.09% (95% 
CI = 36.73-39.45) in 2011, 33.66% (32.32-35.00) in 2013, 
39.13% (37.59-40.67) in 2015, and 39.95% (38.59-41.31) in 
2018 (p < 0.001).

With the exception of age and geographical location, 
the prevalence of social isolation showed U-shaped 
trends in the sub-group of the remaining socio-demo-
graphic variables, with an upward trend after a low point 
in 2013. It is worth noting that the prevalence of social 
isolation increased with age and educational attainment. 
The prevalence of social isolation was three to four times 
higher in the over-80s group than in the 45-60s group, 

and two to three times higher in the group with a primary 
school education or less than in the group with a college 
education or more. Females had a higher prevalence than 
males. In addition, the prevalence of social isolation was 
significantly higher in rural areas than in urban areas, and 
among those without health insurance or a pension than 
among those with health insurance or a pension, suggest-
ing that socio-economically disadvantaged groups were a 
priority group for social isolation.

Similarly, the prevalence of social isolation presented a 
U-shaped trend from 2011 to 2018 for most lifestyle and 
health status subgroups, with an upward trend from 2013 
to 2018. The prevalence of social isolation was almost 
three times higher among those who had not used the 
internet in the last month than among those who had and 
it increased significantly over time, as it did among those 
who slept 7-8 hours and 8-9 hours, but the prevalence 
of social isolation was significantly higher among those 
who slept less (0-5 hours) and more (9 or more hours), 
especially among those who slept the most. Interestingly, 
there was no increasing trend in the prevalence of social 
isolation among participants who smoked and consumed 
alcohol, and the prevalence of social isolation was sig-
nificantly lower in the group who consumed alcohol than 
among those who did not, possibly because smoking and 
drinking alcohol are two forms of social interaction in 
China, and they may facilitate social networking. In the 
analyses of health outcomes, the prevalence of social iso-
lation was significantly higher among the subgroup with 
a poor health status than among those with a good health 
status and was more likely to increase among participants 
with multimorbidity and fair or poor self-rated health 
than among others. Notably, although the prevalence of 
social isolation was high among participants with physi-
cal and mental health problems, as expected, it did not 
change significantly over the study period (Table 2).

Risk factors for social isolation
Table 3 presents the potential risk factors associated with 
the prevalence of social isolation. Demographic variables 
(age, gender, educational attainment, type of residence, 
geographical location, medical insurance and pension) 
were also included in model 1. The health status variables 
(multimorbidity, self-rated health, and physical and men-
tal health) based on model 1 were added for model 2; and 
the lifestyle factors variables (internet use, sleep duration, 
smoking, and alcohol consumption) based on model 2 
were added for model 3.

Participants who were older, had a lower level of edu-
cational attainment, lived in a rural region or a western 
region and had no medical insurance or pension had a 
higher risk of social isolation than participants in other 
groups. Notably, the presence of multimorbidity (OR = 
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Table 2 Standardised prevalence of social isolation in relation to sociodemographic characteristics, lifestyle factors, and health 
outcomes in middle-aged and older adults in China, 2011–2018

2011 (n = 7900) 2013 (n = 7198) 2015 (n = 6362) 2018 (n = 8328)

Overall the 
prevalence 
of social 
isolation(CI)a

Overall the 
prevalence 
of social 
isolation(CI)a

Overall the 
prevalence 
of social 
isolation(CI)a

Overall the 
prevalence 
of social 
isolation(CI)a

p  valueb

Year 7900 38.09 (36.73–
39.45)

7198 33.66(32.32–
35.00)

6362 39.13(37.59–
40.67)

8328 39.95(38.59–
41.31)

 < 0.001

Sociodemographic subgroups
  Gender

    Male 4024 1513 (37.6) 3639 1213 (33.3) 3357 1241 (37.0) 4139 1615 (39.0) 0.01

    Female 3876 1496 (38.6) 3559 1210 (34.0) 3005 1243 (41.4) 4189 1714 (40.9)  < 0.001

    χ2 
and P valuec

- - - -

  Age (years)

    45 ~ 4408 25.26 (23.77–
26.75)

3722 20.76 (19.28–
22.24)

2904 23.01 (21.35–
24.84)

3719 23.20 (21.65–
24.76)

0.12

    60 ~ 2233 49.25 (46.28–
52.22)

2291 41.92 (39.23–
44.62)

2192 45.96 (43.07–
48.86)

2827 46.71 (44.19–
49.23)

0.55

    70 ~ 1035 61.79 (56.97–
66.62)

981 61.79 (56.97–
66.62)

1030 62.60 (57.67–
67.54)

1458 62.85 (58.74–
66.96)

0.54

    80 ~ 224 77.59 (66.07–
89.11)

204 70.12 (58.57–
81.68)

236 77.67 (66.29–
89.04)

324 73.09 (63.75–
82.43)

0.56

   χ2 and  
P valuec

χ2 = 820.690, P < 0.001 χ2 = 803.653, P < 0.001 χ2 = 743.067, P < 0.001 χ2 = 954.233, P < 0.001

  Educational attainment

    Pri-
mary school 
or below

5035 45.96 (44.08–
47.85)

4482 41.66 (39.75–
43.56)

3902 47.49 (45.32–
49.66)

5138 46.74 (44.85–
48.63)

 < 0.001

    Mid-
dle and high 
school

2634 24.73 (22.81–
26.64)

2553 20.62 (18.84–
22.39)

2292 25.73 (23.59–
27.87)

2987 29.42 (27.45–
31.38)

 < 0.001

    College 
or above

231 17.78 (12.11–
23.45)

163 13.85 
(8.25–19.48)

168 19.99 (12.87–
27.11)

203 15.29 
(9.73–20.86)

 < 0.001

   χ2 and  
P valuec

χ2 = 372.670, P < 0.001 χ2 = 351.584, P < 0.001 χ2 = 279.889, P < 0.001 χ2 = 312.573, P < 0.001

  Residence

    Rural 4632 40.91 (39.06–
42.75)

4274 36.79 (34.97–
38.61)

3869 42.43 (40.36 
-44.49)

4931 43.62 (41.78–
45.47)

 < 0.001

    Urban 3268 33.88 (31.88–
35.88)

2924 28.95 (27.00–
30.91)

2493 33.77 (31.49 
-36.05)

3397 28.95 (27.00–
30.91)

0.002

   χ2 and  
P valuec

χ2 = 372.670, P < 0.001 χ2 = 351.584, P < 0.001 χ2 = 279.889, P < 0.001 χ2 = 312.573, P < 0.001

  Geographical location

    East 2976 35.24 (33.10–
37.37)

2689 33.21 (31.03–
35.38)

2374 36.85 (34.41–
39.30)

2964 39.04 (36.79–
41.29)

0.33

    Central 2451 35.20 (32.86–
37.55)

2234 31.55 (29.21–
33.88)

1918 35.61 (32.93–
38.28)

2661 37.86 (35.53–
40.20)

0.55

    West 2473 44.38 (41.75–
47.00)

2275 36.33 (33.85–
38.81)

2070 45.03 (42.13–
47.93)

2703 43.04 (40.56–
45.51)

0.17

   χ2 and  
P valuec

χ2 = 6.115, P = 0.047 χ2 = 1.162, P = 0.559 χ2 = 4.892, P = 0.087 χ2 = 0.329, P = 0.849

  Medical insurance

    Yes 7382 37.22 (35.83–
38.61)

6964 33.29 (31.93–
34.64)

5773 37.87 (36.28–
39.46)

8113 39.55 (38.18–
40.92)

 < 0.001

    No 518 39.04 (36.79–
41.29)

234 44.56 (35.76–
53.36)

589 50.98 (45.22–
56.73)

215 54.46 (44.29–
64.62)

 < 0.001
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Table 2 (continued)

2011 (n = 7900) 2013 (n = 7198) 2015 (n = 6362) 2018 (n = 8328)

Overall the 
prevalence 
of social 
isolation(CI)a

Overall the 
prevalence 
of social 
isolation(CI)a

Overall the 
prevalence 
of social 
isolation(CI)a

Overall the 
prevalence 
of social 
isolation(CI)a

p  valueb

   χ2 and  
P valuec

χ2 = 0.648, P = 0.047 χ2 = 12.627, P = 0.047 χ2 = 38.338, P = 0.047 χ2 = 19.294, P = 0.047

  Pension(income)

    Yes 830 42.38 (37.95–
46.81)

5879 34.34 (32.84–
35.84)

4856 38.50 (36.75 
-40.25)

7492 39.37 (37.94 
-40.79)

 < 0.001

    No 7070 37.58 (36.15–
39.01)

1319 30.63 (27.64–
33.62)

1506 41.10 (37.87 
-44.34)

836 45.11 (40.56 
-49.65)

 < 0.001

   χ2 and  
P valuec

χ2 = 7.343, P = 0.007 χ2 = 6.652, P = 0.010 χ2 = 3.246, P = 0.072 χ2 = 10.258, P = 0.001

Lifestyle subgroups
  Internet use

    Yes 253 13.44 (8.92 
-17.95)

381 11.64 
(8.20–15.09)

417 12.93 
(9.39–16.46)

1247 16.73 (14.44–
19.01)

0.016

    No 7647 38.90 (37.51–
40.30)

6817 34.90 (33.49–
36.30)

5945 38.50 (39.50–
40.50)

7081 44.08 (42.53–
45.62)

 < 0.001

   χ2 and  
P valuec

χ2 = 67.347, P < 0.001 χ2 = 88.096, P < 0.001 χ2 = 109.367, P < 0.001 χ2 = 329.669, P < 0.001

  Sleep duration

    0 ~ 5 h 1286 49.80 (45.93 
-53.68)

1187 42.87 (39.07 
-46.67)

1064 47.71 (43.53 
-51.89)

1568 49.40 (45.83–
52.96)

0.26

    5 ~ 7 h 2730 37.24 (34.95 
-39.53)

2879 31.19 (29.15 
-33.23)

2278 36.68 (34.19 
-39.18)

3275 37.11 (35.03–
39.20)

0.11

    7 ~ 8 h 1549 30.48 (27.73 
-33.23)

1435 28.22 (25.47 
-30.97)

1132 32.84 (29.48 
-36.20)

1428 34.24 (31.21–
37.28)

0.004

    8 ~ 9 h 1710 35.76 (32.92 
-38.59)

1254 32.63 (29.47 
-35.79)

1343 37.52 (34.22 
-40.82)

1463 39.70 (36.46–
42.94)

0.004

    9 ~ h 625 42.88 (37.75 
-48.01)

443 44.58 (38.36 
-50.80)

545 48.89 (43.01 
-54.77)

594 78.04 (70.67–
85.42)

0.56

   χ2 and  
P valuec

χ2 = 54.990, P < 0.001 χ2 = 30.901, P < 0.001 χ2 = 29.833, P < 0.001 χ2 = 17.151, P < 0.001

  Smoking

    Yes 2527 41.55 (37.09–
46.01)

2606 35.98 (31.70–
40.26)

1878 40.23 (34.84–
45.61)

2411 40.00 (35.68–
44.32)

0.88

   No 5373 38.18 (36.40–
39.96)

4592 34.83 (32.88–
36.78)

4484 39.83 (37.91–
41.75)

5917 40.15 (38.43–
41.87)

 < 0.001

   χ2 and  
P valuec

χ2 = 8.229, P = 0.004 χ2 = 1.001, P = 0.317 χ2 = 0.100, P = 0.752 χ2 = 0.021, P = 0.884

  Alcohol consumption

   Yes 2691 33.47 (30.63–
36.32)

2598 28.90 (26.41–
31.40)

2393 34.15 (31.17–
37.12)

2894 34.30 (31.71–
36.90)

0.06

    No 5209 41.20 (39.34–
43.05)

4600 37.11 (35.23–
38.98)

3969 43.03 (40.89–
45.17)

5434 43.74 (41.86–
45.61)

 < 0.001

   χ2 and  
P valuec

χ2 = 44.585, P < 0.001 χ2 = 49.667, P < 0.001 χ2 = 49.316, P < 0.001 χ2 = 69.713, P < 0.001

Health status subgroups
  Multimorbidity

   Yes 2989 39.94 (37.68–
42.21)

2993 35.00 (32.88–
37.12)

2828 41.30 (38.93–
43.67)

4789 42.44 (40.59–
44.28)

 < 0.001

    No 4911 36.95 (35.25–
38.65)

4205 32.71 (30.98–
34.44)

3534 37.36 (35.33–
39.39)

3539 36.42 (34.43–
38.41)

0.55
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0.885, 95% CI = 0.834-0.939) had a protective effect on 
the prevalence of social isolation, which may be related 
to the fact that we controlled for too many covariates, 
and those with multiple chronic conditions may be more 
likely to be cared for by family and friends when con-
trolling for health status. In addition, participants with 
poor self-rated physical or mental health were more 
likely to be socially isolated than those in good health. As 
expected, participants who did not use the internet (OR 
= 1.632, 95% CI = 1.441-1.847) were more likely to expe-
rience social isolation than those who used the internet. 
Interestingly, alcohol consumption was a protective fac-
tor against social isolation (OR =0.801, 95% CI =0.752-
0.852). The effect of smoking also became insignificant 

after adjustment. Normal sleep duration (7-8 h) was pro-
tective compared to sleep disorder, especially for long 
sleep.

Age‑period‑cohort analysis
Consistent with the results of the previous analyses, the 
age-period-cohort analysis also revealed an increasing 
trend in the prevalence of social isolation, regardless 
of age, survey period, or birth cohort effects after con-
trolling for the other two effects separately (Fig. 2). The 
prevalence of social isolation showed a slow upward 
trend over time among middle-aged and older adults 
excluding the effects of period, age and birth, especially 
with increasing age, except for a brief downward trend 

Table 2 (continued)

2011 (n = 7900) 2013 (n = 7198) 2015 (n = 6362) 2018 (n = 8328)

Overall the 
prevalence 
of social 
isolation(CI)a

Overall the 
prevalence 
of social 
isolation(CI)a

Overall the 
prevalence 
of social 
isolation(CI)a

Overall the 
prevalence 
of social 
isolation(CI)a

p  valueb

   χ2 and  
P valuec

χ2 = 7.038, P = 0.008 χ2 = 4.199, P = 0.040 χ2 = 10.292, P = 0.001 χ2 = 30.638, P < 0.001

Self-rated health

    Good 1893 30.64 (28.13–
33.15)

1789 29.91 (27.36–
32.46)

1524 34.34 (31.35–
37.33)

2142 32.43 (30.01–
34.84)

0.05

    Fair 3938 36.69 (34.80–
38.58)

3840 32.63 (30.82–
34.43)

3376 38.03 (35.95–
40.12)

4027 38.81 (36.88–
40.73)

0.001

    Poor 2069 47.72 (44.73–
50.70)

1569 40.70 (37.50–
43.89)

1462 46.83 (43.32–
50.34)

2159 49.37 (46.40–
52.35)

0.04

   χ2 and 
P valuec

χ2 = 128.867, P < 0.001 χ2 = 48.156, P < 0.001 χ2 = 53.116, P < 0.001 χ2 = 132.418, P < 0.001

  Depression

    No 
depressive 
symptoms

4048 32.89 (31.11–
34.68)

4812 31.56 (29.97–
33.16)

3927 37.94 (35.97–
39.90)

4427 37.91 (36.08–
39.74)

 < 0.001

   Depres-
sive symptoms

3479 42.28 (40.10–
44.46)

2189 37.43 (34.81–
40.05)

2131 39.29 (36.61–
41.97)

3334 40.21 (38.03–
42.39)

0.17

    Depres-
sion

373 55.21 (46.90–
63.52)

197 47.70 (36.93–
58.47)

304 54.28 (45.34–
63.22)

567 53.76 (47.11–
60.42)

1.00

   χ2 and 
P valuec

χ2 = 118.990, P < 0.001 χ2 = 40.560, P < 0.001 χ2 = 31.609, P < 0.001 χ2 = 53.125, P < 0.001

  BADL disability

    None 6683 34.94 (33.52–
36.36)

6100 31.38 (29.97–
32.78)

5191 36.52 (34.86–
38.17)

6908 36.86 (35.43–
38.29)

 < 0.001

    Mild 656 49.32 (43.94–
54.70)

649 41.01 (36.06–
45.97)

647 46.87 (41.55–
52.19)

767 47.22 (42.22–
52.23)

0.98

    Severe 561 62.11 (55.57–
68.66)

449 53.83 (47.03–
60.64)

524 54.97 (48.59–
61.34)

653 63.98 (57.70–
70.26)

0.37

   χ2 and 
P valuec

χ2 = 200.074, P < 0.001 χ2 = 112.207, P < 0.001 χ2 = 86.072, P < 0.001 χ2 = 201.980, P < 0.001

Abbreviation: BADL basic activities of daily living
a Prevalence of social isolation in middle-aged and older adults standardized by gender in the combined population
b Linear-by-linear association was used to identify trends over time in subgroups
c A chi-square test was used to test for differences in the prevalence of social isolation across subgroups by year after standardisation
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Table 3 Results of generalized estimating equation of the prevalence of social isolation according to sociodemographic 
characteristics, lifestyle factors, and health outcomes

Variables Model  1a Model  2b Model  3c

OR OR 95% CI OR OR 95% CI OR OR 95% CI

Intercept 0.268*** 0.244–0.294 0.247*** 0.223–0.273 0.170*** 0.143–0.201

Gender

  Male 1 1 1 1 1 1

  Female 1.161*** 1.094–1.232 1.116*** 1.051 -1.185 1.007*** 0.935 -1.084

Age (years)

  45 ~ 1 1 1 1 1 1

  60 ~ 2.471*** 2.322–2.629 2.434*** 2.285 -2.592 2.377*** 2.231 -2.532

  70 ~ 4.561*** 4.213–4.939 4.435*** 4.090 -4.809 4.198*** 3.869 -4.555

  80 ~ 8.702*** 7.448–10.166 8.267*** 7.069 -9.668 7.684*** 6.570 -8.987

Educational attainment

  Primary school or below 1 1 1 1 1 1

  Middle and high school 0.614*** 0.575–0.655 0.640*** 0.599 -0.683 0.676*** 0.632 -0.722

  College and above 0.359*** 0.292–0.442 0.391*** 0.317 -0.481 0.472*** 0.379 -0.586

Residence

  Urban 1 1 1 1 1 1

  Rural 1.307*** 1.230–1.390 1.250*** 1.175 -1.330 1.213*** 1.140 -1.290

Geographical location

  East 1 1 1 1 1 1

  Central 0.966 0.899–1.038 0.931 0.867 -1.001 0.925* 0.860 -0.994

  West 1.276*** 1.191–1.367 1.222*** 1.140 -1.310 1.199*** 1.119 -1.286

Medical insurance

  Yes 1 1 1 1 1 1

  No 1.455*** 1.302–1.625 1.441*** 1.289 -1.612 1.432*** 1.281 -1.601

Pension(income)

  Yes 1 1 1 1 1 1

  No 1.087*** 1.034 -1.143 1.111*** 1.057 -1.168 1.132** 1.078–1.189

  9 ~ h 1.794*** 1.621–1.985 1.278*** 1.145 -1.426

Multimorbidity

  No 1 1 1 1

  Yes 0.888*** 0.838 -0.942 0.885*** 0.834 -0.939

Self-rated health

  Good 1 1 1 1

  Fair 1.105** 1.037 -1.178 1.093** 1.025 -1.165

  Poor 1.323*** 1.220 -1.435 1.272*** 1.172 -1.381

Depression

  No depressive symptoms 1 1 1 1

  Depressive symptoms 1.096** 1.039 -1.157 1.087** 1.030 -1.148

  Depression 1.372*** 1.219 -1.546 1.348*** 1.196 -1.519

  BADL disability

  None 1 1 1 1

  Mild 1.121** 1.031 -1.218 1.111* 1.022 -1.207

  Severe 1.466*** 1.324 -1.623 1.443*** 1.304 -1.598

Internet use

  Yes 1 1

  No 1.632*** 1.441 -1.847

Smoking

  No 1 1
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from 2012 to 2014 (Fig.  2b). This means that the issue 
of social isolation needs attention, especially in the con-
text of long-term coexistence with COVID-19, whereby 
the growth trend is likely to be further exacerbated, and 
measures to reduce social isolation should be actively 
applied at the societal level, especially among the older 
age group.

Discussion
To the best of our knowledge, this is the first study to 
explore a U-shaped trend in the prevalence of social 
isolation from 2011 to 2018 and it revealed an increas-
ing trend over time from 2013 to 2018 after adjusting for 
the covariates among middle-aged and older adults in a 
nationally representative dataset from China using four 
cross-sectional surveys over approximately 10 years. In 
addition, an age-period-cohort analysis confirmed this 
increasing trend in the prevalence of social isolation 
over time. A number of issues brought about by an age-
ing population in the context of rapid urbanization and 
economic development in China might exacerbate social 
isolation, such as the ‘rise of living alone’, the ‘epidemic of 
loneliness’ and dramatic lifestyle changes [54–56].

Similar to the findings of previous studies [47, 57], we 
also observed a general and gradual increase in social 
isolation with age. Participants aged over 60 years were 
more than twice as likely to experience social isolation 
compared to those aged 45–59 years (41.92%-77.67% vs 
20.76%-25.26%). This is comparable to the prevalence of 

social isolation among older people in studies from other 
Asian countries [58], although the prevalence of social 
isolation did not show an upward trend in all age groups 
during this period. This finding may be explained by the 
fact that older adults have been exposed to risk factors 
for isolation for a longer period of time than middle-aged 
adults due to a greatly reduced social network as a result 
of old age, such as migration of children, other relatives, 
and friends, as well as the death or increasing disabil-
ity of social network members. Some studies have also 
suggested that the oldest old are more likely to perceive 
themselves as isolated than the young old, and the source 
of the greater feelings of isolation and the perceived lack 
of social support that are more common among the old-
est adults should be further investigated [6, 59].

We also confirmed that being female, having a low 
educational attainment and living in a rural area are risk 
factors for social isolation, which is consistent with most 
findings, although contrary evidence also exists [5, 60]. 
A longitudinal study in China indicated the mechanisms 
that the moderating effects of education and gender dif-
ferences on the relationship between social isolation 
and depression were examined among older adults, and 
suggested that men with higher education may be more 
vulnerable to the detrimental effects of social isolation. 
Policy-based proposals to improve social connectedness 
are needed [15], especially in rural areas of China where 
more older adults live alone compared to in urban areas 
[32]. We found that the prevalence of social isolation 

Table 3 (continued)

Variables Model  1a Model  2b Model  3c

OR OR 95% CI OR OR 95% CI OR OR 95% CI

  Yes 0.981 0.913 -1.053

Alcohol consumption

  No 1 1

  Yes 0.801*** 0.752 -0.852

Sleep duration

  7 ~ 8 h 1 1

  0 ~ 5 h 1.230*** 1.129 -1.340

  5 ~ 7 h 1.077* 1.004 -1.156

  8 ~ 9 h 1.120** 1.035 -1.211

  9 ~ h 1.251*** 1.126 -1.391

Abbreviations: OR odds ratio, CI confidence interval
* p < 0.05
** p < 0.01
*** p < 0.001
a Model 1: Only demographic variables (age, gender, educational attainment, type of residence, geographical location, medical insurance, and pension) were included 
in the model
b Model 2: Adding the health status variables (multimorbidity, self-rated health, and physical and mental health) based on model 1
c Model 3: Adding the lifestyle factors variables (internet use, sleep duration, smoking, and alcohol consumption) based on model 2
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varied strongly with the socio-economic factors of inter-
est. The more disadvantaged economically people are 
in terms of education, medical insurance and pension 
(income), the higher the prevalence of social isolation. 
In addition, the increasing trends in social isolation are 
more pronounced with lower socioeconomic status over 
time. Social isolation is known to result from a complex 
interplay of socioeconomic power and inequalities. Our 
findings support the notion that those who are marginal-
ized are more likely to experience social isolation [61]. It 
is well known that socio-economic status plays a domi-
nant role in shaping the living conditions and physical 
environments that provide access and opportunities to 
develop and maintain social connections. Inequalities in 
social connectedness begin with education in the early 
years of life, with lower levels of education being con-
sistently associated with a higher prevalence of social 

isolation. Therefore, more equal opportunities for a good 
education may improve social inclusion, as some studies 
have suggested, to mitigate the subsequent health ine-
qualities of social isolation [5].

Although no increasing trend in the prevalence of 
social isolation was found among the middle-aged and 
older adults with the worst mental and physical health, 
we found that the worse people’s health status, the higher 
the risk of social isolation. For example, in the depressed 
group, the prevalence of social isolation over 10 years 
ranged from 47.70% to 55.21% ; and in the group with 
severe limitations in activities of daily living, the preva-
lence was as high as 53.83%-63.98%, with one in two 
people being socially isolated in this group. When con-
trolling for various confounding factors, the prevalence 
of social isolation among people in poor health is 1.348-
1.466 times higher than among people in good health. 

Fig. 2 Age-period-cohort analysis of social isolation among middle-aged and older adults in China, 2011—2018
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Previous studies have confirmed the significant relation-
ship between social isolation and well-being [28–30, 62], 
which is mutually reinforcing. The main explanatory 
power of the relationship lies with health being a con-
sistent predictor in the literature. This may be because 
deteriorating health, particularly in the form of chronic 
conditions and functional disability, is a major deter-
minant of quality of life in later life [63]. However, the 
mechanisms by which health and social isolation oper-
ate are not clear, e.g. which types of social relationships 
are more relevant to health and the pathways of causality 
require further investigation.

In addition, the prevalence of social isolation was found 
to be three times higher among those who did not use 
the internet than among those who did, and after con-
trolling for confounders, the risk of social isolation was 
1.443 times higher among those who used the internet, 
which is consistent with previous studies showing that 
internet use alleviates social isolation [26, 27]. In other 
words, internet-based contact with the outside world 
provides social support, participation in activities of 
interest, and increased self-confidence [59]. However, 
more than 90% of participants had not used the inter-
net in the previous month, indicating that internet usage 
was not a common habit among middle-aged and older 
adults before the COVID-19 pandemic. This may be 
because it was difficult for some middle-aged and older 
adults to acquire the basic skills needed to use the inter-
net, and they may not have been able to afford frequent 
operating system changes [12]. Therefore, skills training 
in the use of smart devices may be appropriate for this 
age group. Our findings are similar to  a recent cohort 
study of older adults in Taiwan [25] that found that social 
isolation was associated with poorer self-reported sleep 
quality after controlling for demographic, health, cogni-
tive, and depressive factors. In addition, we found that 
long sleep (9 or more hours) was strongly associated with 
social isolation, which has only been reported in one pre-
vious study [64].  We support the study’s point of view 
that people who are more socially isolated report spend-
ing more time in bed in the morning. Interestingly, unlike 
previous studies [17, 62], we found that smoking was no 
longer a significant factor influencing social isolation, 
whereas alcohol consumption was a protective factor 
against participants’ social isolation after controlling for 
other variables. A possible reason for this finding is the 
drinking culture in China, where drinking alcohol is the 
most common social activity and may strengthen social 
and business ties [65].

Inevitably, there are some limitations of the cur-
rent study that need to be highlighted. Firstly, we cen-
sored a larger sample of missing variables, which may 
have made the results of the study more conservative. 

Furthermore, the trends in social isolation are cross-
sectional and only show differences between individuals 
[66], The within-individual changes in social isolation 
over time may differ from the cross-sectional trends, 
and this is a direction for future study [67]. Second, 
due to the limitations of the secondary database, we 
only considered individual factors of the study popula-
tion and ignored the influence of macro-environmen-
tal factors, such as policies at the societal level, which 
will be the focus of the next study. Third, the results of 
the APC analysis may be biased due to the problem of 
over-control, and we will continue to focus on the most 
important influencing factors. In addition, this study 
examined trends in social isolation among middle-aged 
and older adults before the COVID-19 pandemic, with 
the aim of providing insights into the development of 
policies to address social isolation among older adults 
during the pandemic.

Conclusions
In conclusion, we found a U-shaped trend in the prev-
alence of social isolation from 2011 to 2018 with an 
increasing trend from 2013 to 2018 among middle-
aged and older adults in China, and we provided an 
in-depth examination of the relationships between 
social isolation and demographic, lifestyle, and health 
status. The findings of the study highlight the urgent 
need for interventions to reduce social isolation includ-
ing improving sleep quality and internet skills. Disad-
vantaged groups in terms of age, economic status, and 
health status should be the focus of such interventions, 
especially in the era of COVID-19.
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