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Social isolation and risk of
mortality in middle-aged and older
adults with arthritis: a prospective
cohort study of four cohorts

Chuchu Ma?%8, Siyu He®8, Jin Luo®®, Zequn Zhang?, Hui Zhang*®™, Wenze Xiao'™ &
Hejian Zou’

Social isolation is common and associated with many adverse outcomes. The evidence regarding social
isolation and mortality among middle-aged and older adults with arthritis was lacking. The study
aimed to examine the association between social isolation and mortality in this population. This study
used data from four prospective cohorts: National Health and Aging Trends Study (NHATS), English
Longitudinal Study of Ageing (ELSA), China Health and Retirement Longitudinal Study (CHARLS),

and Chinese Longitudinal Healthy Longevity Survey (CLHLS). Individuals with arthritis (including
osteoarthritis and rheumatoid arthritis) in these cohorts were included. Social isolation was assessed
using self-reported questionnaires. Cox proportional hazards regression models were conducted to
evaluate these associations. At baseline, a total of 16,035 individuals with arthritis (3872 from NHATS,
3259 from ELSA, 5645 CHARLS, and 3259 from CLHLS) were included. Social isolation was associated
with increased risk of mortality in meta-analysis (hazard ratio [HR] 1.42, 95% confidence interval [CI]:
1.26-1.59), and individual cohorts (NHATS: HR 1.53, 95% Cl 1.19-1.97; ELSA: HR 1.31, 95% Cl 1.02-
1.67; CLHLS: HR 1.50, 95% CI 1.36-1.64) after being adjusted for confounder factors. Additionally, with
increasing social isolation score, the risk of mortality also increased in meta-analysis (HR 1.19, 95% ClI
1.15-1.24), as well as in individual cohorts (NHATS: HR 1.22, 95% Cl 1.14-1.30; CLHLS: HR 1.19, 95%
Cl 1.13-1.26). Subgroups analysis results suggested that social isolation was independently associated
with a higher likelihood of mortality in middle-aged and older adults with arthritis, regardless of
gender, lifestyles, and chronic diseases.
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Abbreviations

NHATS National Health and Aging Trends Study

ELSA English Longitudinal Study of Ageing

CHARLS  China Health and Retirement Longitudinal Study
CLHLS Chinese Longitudinal Healthy Longevity Survey

BMI Body mass index
SD Standard deviation
HR Hazard ratio

CI Confidence interval.

Arthritis is a common condition characterized by inflammation, pain, stiffness, and reduced mobility of the
joints. Previous studies have shown that psychopathological symptoms, personality traits, and environmental
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factors play a crucial role in the progression of arthritis!. Among these modifiable factors, social isolation
stands out as a particularly noteworthy aspect. Social isolation, characterized by lack of sufficient social contact
and interaction with others, may exacerbate the risk or progression of certain diseases by affecting individuals’
psychological states and lifestyle*®. The global prevalence of social isolation was approximately 25% (95%
confidence interval [CI]: 21.0-30.0) among community-dwelling older adults®. More importantly, several
studies have demonstrated significant association between social isolation and increased risk of mortality in the
general and disease-specific populations’~®. However, the evidence that whether social isolation is associated
with mortality among individuals with arthritis is still lacking, no studies are conducted to investigate the
potential association at present.

In this study, we hypothesized that social isolation may be associated with increased risk of mortality among
individuals with arthritis. To test this hypothesis, we examined the potential association between social isolation
and mortality among people with arthritis using data from four prospective population-based cohorts: the
National Health and Aging Trends Study (NHATS), the English Longitudinal Study of Ageing (ELSA), the China
Health and Retirement Longitudinal Study (CHARLS), and the Chinese Longitudinal Healthy Longevity Survey
(CLHLS).

Methods

Study design and population

Four prospective cohort were used in this study, including the National Health and Aging Trends Study (NHATS),
English Longitudinal Study of Ageing (ELSA), China Health and Retirement Longitudinal Study (CHARLS) and
Chinese Longitudinal Healthy Longevity Survey (CLHLS).

NHATS is a longitudinal study focusing on the health and aging trends of older Americans!’. It aims to
provide comprehensive data on the health, functional status, and well-being of older adults in the United States.
Data were collected annually from 2011 (Round 1). In this study, we used data from Round 1 (2011) to Round
8 (2018). At baseline (Round 1), a total of 8245 individuals were recruited. The diagnosis of arthritis was based
on self-report at baseline (“Please tell me if a doctor ever told you that you had arthritis (including osteoarthritis
or rheumatoid arthritis)”). The follow-up period ranged from 2011 to 2018. The median follow-up time is
5.34£2.49 years. Among them, 4248 individuals were diagnosed as arthritis. Additionally, 376 individuals were
excluded due to lacking data on social isolation. Finally, 3872 individuals with arthritis were included in this
cohort.

ELSA is a longitudinal study designed to explore various aspects of aging in England. It collects data on
individuals aged 50 and over to understand the physical, mental, and social changes associated with aging!!. The
diagnosis of arthritis was based on self-report at baseline (“Have you been diagnosed with arthritis (including
osteoarthritis, or rheumatism) by a doctor?”). The follow-up period ranged from 2002 to 2012. The median
follow-up time is 7.64 + 3.15 years. At baseline, 12,099 individuals from the database were included. We excluded
participants who did not have arthritis or lacked data on arthritis (N=8,289). In addition, participants who
lacked data on social isolation (N=526) and mortality (N'=25) were also excluded. Finally, 3259 individuals were
included in the final sample.

CHARLS is a nationally representative longitudinal survey of Chinese residents aged 45 and older. It aims to
collect data on health, economic status, social networks, and family structures of the middle-aged and elderly
population in China'2. The diagnosis of arthritis was based on self-report at baseline (“Have you been diagnosed
with arthritis or rheumatism by a doctor?”). In the first stage, there were 17,596 participants from the database
included in the screening process. The follow-up period ranged from 2011 to 2020. The median follow-up time
is 8.22+1.80 years. We excluded participants who did not have arthritis or lacked data on arthritis (N=11823).
In addition, participants who lacked data on social isolation (N'=115) and mortality (N'=13) were also excluded.
The final sample had 5645 individuals with arthritis.

CLHLS is a longitudinal study of Chinese adults aged 65 and older, focused on healthy longevity, family
dynamics, and living arrangements'?. The diagnosis of arthritis was based on self-report at baseline (“Do you
currently suffer from arthritis?”). There were 16,064 individuals were included at the first stage. The follow-up
period ranged from 2002 to 2018. The median follow-up time is 5.34 +4.63 years. After exclusion of participants
who did not have arthritis or lacked data on arthritis (N=12,211). In addition, participants who lacked data on
social isolation (N'=343) and mortality (N=251) were also excluded. The final sample had 3259 individuals with
arthritis.

Assessment of social isolation

In the NHATS, social isolation was assessed by four domains: living arrangement, core discussion network size,
religious attendance, and social participation'®. If any aspect is not met, a score of 1 point is given. Individuals
who had a sum score of three or more were classified as social isolation, and those with less than three were
classified as normal'4, Based on previous research, the definition of social isolation in the ELSA, CHARLS
and CLHLS was established!>""”. Participants received 1 point for each of the following: unmarried (including
separated, divorced, widowed, or never married), had less contact with their children per week (by phone, in
person, or by email), and had not participated in any social activities in the past month (including interacting
with friends, playing chess or cards, participating in sports, social, or other clubs). The social isolation index
is scored on a scale of 0 to 3, with higher scores indicating higher levels of social isolation. Participants who
scored > 1 were assigned to the social isolation group.
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Assessment of outcomes

The primary outcome for this study was mortality among individuals with arthritis. In NHATS and CLHLS, the
time of death was determined based on the recorded date of death from the follow-up assessments. In ELSA and
CHARLS, the time of death was based on the last follow-up date on which death was confirmed.

Assessment of covariates

The covariates included age, gender, marital status, smoking status, body mass index (BMI), education, vigorous
exercise, depression status, and number of chronic diseases'®2. For consistency among the NHATS, ELSA,
CHARLS, and CLHLS, gender was divided into man and woman, marital status was divided into two categories:
married or partnered and single or widowed. Smoking status was categorized as never smokers and ever smokers.
BMI was computed as kg/m? based on self-reported height and weight in NHATS, ELSA, CHARLS and CLHLS.
In CLHLS, height was estimated according to knee height (in cm) with a validated equation for participants as
follows: body height for men=2.01 x knee height + 67.78, body height for women = 1.81 x knee height + 74.08%!.
For NHATS, ELSA, and CHARLS, the educational levels were categorized as Less than High School (level 1),
High School (level 2), and More than High School (level 3). For CLHLS, the educational level was designated
as School Years, which is further classified into three levels: 0 years (level 1), 1 to 6 years (level 2), and more
than 6 years (level 3). Vigorous exercise was divided into those engaging in vigorous exercise and those not. In
ELSA and CHARLS, depressive symptoms are assessed using the Centre for Epidemiologic Studies Depression
Scale (CES-D). In NHATS and CLHLS, depressive symptoms are determined using customized questionnaires.
Chronic diseases in all cohorts included the following major diseases: heart disease, cerebrovascular disease,
cancer, and diabetes.

Statistical analysis

First, we described the data by the mean with standard deviation (SD) or frequency (%) based on continuous
and categorical variables, respectively. Second, we utilized Cox proportional hazard models to estimate the HR
of mortality associated with social isolation and score. Two models were conducted: Model 1 was unadjusted;
Model 2 was adjusted for age, gender, BMI (excluded ELSA), educational level, smoking status, vigorous exercise,
depression status and number of chronic diseases. Meta-analysis was conducted using random-effects models
to estimate the association between mortality and social isolation, as well as a specific score. Missing data for
covariates were managed using median imputation techniques. The normal group (non-social isolation) was
as reference. Third, a sensitivity analysis was conducted by excluding individuals who died within the first year
to address potential reverse causation. Finally, re-analyses were conducted to examine the association of social
isolation with mortality in stratified subgroups. The subgroups included gender (male vs. female), smoking status
(never vs. ever), vigorous exercise (yes vs. no), number of chronic disease (0-1 vs. 2-3 vs. >3). The heterogeneity
between subgroups was assessed based on meta-regression analysis. All results were considered significant at a
P-value <0.05 (2-tailed). All analyses were conducted using R statistical software (version 4.2.1; www.r-project.
org).

Results

Baseline characteristics of the study

Figure 1 showed the selection process of the study population. In this study, a total of 16035 individuals with
arthritis were included. Of them, 3872 participants were from NHATS (male: 34.35%, mean age: 77.74 years),
3259 from ELSA (male: 34.83%, mean age: 66.94 years), 5645 CHARLS (male: 42.09%, mean age: 59.96 years),
and 3259 from CLHLS (male: 40.17%, mean age: 85.29 years) were included. At baseline, 3429 individuals
from NHATS, 2127 from ELSA, 3400 from CHARLS, and 2029 from CLHLS were defined as social isolation,
respectively. The detail characteristics of participants from the four cohorts were presented in Table 1.

Association between social isolation and the risk of mortality

Figure 2 showed the association between social isolation and the risk of mortality. Compared with normal
individuals, those with social isolation had higher risk of mortality in meta-analysis (HR 1.42, 95% CI 1.26-1.59)
and the individual cohorts, including NHATS (HR 1.53, 95% CI 1.19-1.97), ELSA (HR 1.31, 95% CI 1.02-1.67),
and CLHLS (HR 1.50, 95% CI 1.36-1.64) after adjusted age, gender, BMI (excluded ELSA), educational level,
smoking status, vigorous exercise, depression status, and number of chronic diseases. With increasing social
isolation sFig. (Fig. 3), the risk of mortality also increased in meta-analysis (HR 1.19, 95% CI 1.15-1.24), as
well as in individual cohorts, including NHATS (HR 1.22, 95% CI 1.14-1.30) and CLHLS (HR 1.19, 95% CI
1.13-1.26). Additionally, those with highest social isolation score (=3) had higher risk of mortality (Table 2)
in NHATS (HR 1.87, 95% CI 1.43-2.44), CHARLS (HR 1.99, 95% CI 1.05-3.78), CLHLS (HR 1.44, 95% CI
1.18-1.75), but not in ELSA (HR 1.32, 95% CI 0.79-2.20).

Sensitivity analysis by excluding individuals who died within the first year

A sensitivity analysis by excluding individuals who died within the first year after the baseline measurement.
Supplementary Fig. S1 showed that compared with individuals without social isolation, those with social isolation
had higher risk of mortality in meta-analysis (HR 1.30, 95% CI 1.16-1.45) after being adjusted for age, gender,
BMI (excluded ELSA), educational level, smoking status, vigorous exercise, depression status, and number of
chronic diseases. Additionally, as the social isolation score increased, the risk of mortality also increased in meta-
analysis (HR 1.16, 95% CI 1.09-1.23) (Supplementary Fig. S2).
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54004 participants who attended the baseline surveys
» 8245 participants aged > 65 years fom NHATS

* 12,099 participants aged > 50 years fom ELSA

* 17,596 participants aged > 45 years fom CHARLS
* 16,064 participants aged > 65 years from CLHLS

Exclude 36320 participants
who did not have arthritis
or lacked data on arthritis

17684 participants who had arthritis

* 4248 participants aged > 65 years fom NHATS

» 3810 participants aged > 50 years fom ELSA

» 5773 participants aged > 45 years fom CHARLS
» 3853 participants aged > 65 years from CLHLS

Exclude 1360 participants
who lacked data on social isolation

16324 participants who had data on social isolation
» 3872 participants aged > 65 years fom NHATS

* 3284 participants aged > 50 years fom ELSA

* 5658 participants aged > 45 years fom CHARLS
* 3510 participants aged > 65 years from CLHLS

Exclude 289 participants
who lacked data on mortality

16035 participants for baseline analysis

» 3872 participants aged > 65 years fom NHATS

* 3259 participants aged > 50 years fom ELSA

+ 5645 participants aged > 45 years fom CHARLS
+ 3259 participants aged > 65 years from CLHLS

Fig. 1. Selection process of the study population. NHATS, National Health and Aging Trends Study; ELSA,
English Longitudinal Study of Ageing; CHARLS, China Health and Retirement Longitudinal Study; CLHLS,
Study Chinese Longitudinal Healthy Longevity Survey.

Subgroups analyses for the association of social isolation with the risk of mortality

We also conducted stratified analyses across various strata defined by gender, smoking vigorous exercise, and
number of chronic diseases (Fig. 4). We found significant associations of social isolation with risk of mortality
in each stratum in the four cohorts, and the interaction tests comparing the HRs across the strata were not
significant (P-value>0.05), suggesting that arthritis individuals with social isolation had significantly higher
risks of mortality than those normal individuals, regardless of gender, lifestyles, and chronic diseases.

Discussion

In this study, we examined the association between social isolation and the risk of mortality among individuals
with arthritis using data from four prospective cohort studies. We found that social isolation was associated with
increased risks of mortality among individuals with arthritis, independent of socioeconomic status, lifestyles,
and chronic diseases. It is the first large-scale, multi-cohort study to specifically investigate this relationship in
arthritis patients. By systematically analyzing data from these population-based cohorts, we have provided new
insights into the impact of social isolation on the prognosis of arthritis.
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NHATS ELSA CHARLS CLHLS
Sample 3872 3259 5645 3259
Age, Mean+SD 77.74 (7.69) | 66.94 (10.62) | 59.96 (9.72) | 85.29 (11.64)
Gender, No. (%)
Male 1330 (34.35) | 1135 (34.83) | 2374 (42.09) | 1309 (40.17)
Female 2542 (65.65) | 2124 (65.17) | 3266 (57.91) | 1950 (59.83)
Marital status, No. (%)
Married/partnered 1808 (46.73) | 1981 (60.79) | 4852 (85.95) | 992 (30.44)
Single/widowed 2061 (53.27) | 1278 (39.21) | 793 (14.05) | 2267 (69.56)
Smoking status, No. (%)
Never 1904 (49.2) | 1121 (34.78) | 3552 (62.98) | 2190 (67.30)
Ever 1966 (50.8) | 2102 (65.22) | 2088 (37.02) | 1064 (32.70)
Body mass index, No. (%)
Normal or less (<25 kg/m?) | 1203 (31.07) | NA 3101 (54.93) | 2952 (90.58)
Overweight (25-30 kg/mz) 1449 (68.49) | NA 1253 (22.2) | 204 (6.26)
Obese (>30 kg/m?) 1220 (31.51) | NA 245 (4.34) 74 (2.27)
Education, No. (%)
Level 1 1119 (29.19) | 2034 (62.49) | 5182 (91.8) | 1973 (60.54)
Level 2 1047 (27.31) | 646 (19.85) 309 (5.47) 928 (29.47)
Level 3 1668 (43.51) | 575 (17.67) | 154 (2.73) | 358 (10.98)
Depression status, No. (%)
Yes 693 (17.9) 877 (26.91) 1203 (21.31) | 735 (22.55)
No 3156 (81.51) | 2311 (70.91) | 4076 (72.21) | 2335 (71.65)
Vigorous exercise, No. (%)
Yes 2672 (69.03) | 915 (28.39) 862 (36.96) | 1104 (33.98)
No 1199 (30.97) | 2308 (71.61) | 1470 (63.04) | 2145 (66.02)
No. of chronic diseases, No. (%)
0-1 326 (8.42) 2092 (64.19) | 1716 (30.40) | 1049 (32.19)
2-3 1941 (50.13) | 1117 (34.27) | 2903 (51.43) | 866 (26.57)
>3 1605 (41.45) | 50 (1.53) 1026 (18.18) | 1344 (41.24)
Social isolation status, No. (%)
Normal 443 (11.44) | 1132 (34.73) | 2245 (39.77) | 1230 (37.74)
Social isolation 3429 (88.56) | 2127 (65.27) | 3400 (60.23) | 2029 (62.26)
Social isolation score, No. (%)
Score=0, n (%) 443 (11.44) | 1132(34.73) | 2245(39.77) | 290 (8.90)
Score=1,n (%) 1129 (29.16) | 1455 (44.65) | 2645 (46.86) | 940 (28.84)
Score=2,n (%) 1236 (31.92) | 553 (16.97) 644 (11.41) | 1509 (46.30)
Score>3, n (%) 1064 (27.48) | 119 (3.65) 111 (1.97) 520 (15.96)

Table 1. Characteristics of study population. Percentage of missing data for each cohort: NHATS [marital
status 3 (0.08%), smoking status 2 (0.05%), education 38 (0.98%), depression status 23 (0.59%), vigorous
exercise 1 (0.03%).] ELSA [smoking status 36 (1.10%), education 4 (0.12%), depression status 71 (2.18%),
vigorous exercise 36 (1.10%).] CHARLS [gender 5 (0.09%), smoking status 5 (0.09%), depression status 366
(6.48%).] CLHLS [smoking status 5 (0.15%), BMI 29 (0.89%), depression status 189 (5.80%), vigorous exercise
10 (0.31%).]

Although our study was first to examine the relationship between social isolation and mortality in individuals
with arthritis, recent studies have investigated the association among in the general and other disease-specific
populations’~. For example, Wang et al. conducted a systematic review and meta-analysis of 90 cohort studies
involving 2,205,199 individuals’. They found that social isolation and loneliness were significantly associated
with an increased risk of all-cause mortality (HR 1.32, 95% CI 1.26-1.39), and cancer mortality (HR 1.24, 95%
CI 1.19-1.28). Social isolation also increased the risk of cardiovascular mortality (HR 1.34, 95% CI 1.25-1.44).
There was an increased risk of all-cause mortality in socially isolated individuals with cardiovascular (HR 1.28,
95% CI 1.10-1.48) or breast cancer (HR 1.51, 95% CI 1.34-1.70)’. In our study, we further provided evidence
that social isolation was associated with mortality in individuals with arthritis using data from four prospective
population-based cohorts.

The potential explanations by which social isolation increases the risk of mortality in arthritis patients may
be multifaceted. Arthritis is characterized by chronic inflammation, and previous studies have shown that
social isolation is associated with elevated levels of systemic inflammation??-%4, exacerbating the inflammatory
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Model1
STUDY Event/N (%) HR (95% Cl) P-value
NHATS 1011/3872 (26.11) —®—— 2.10(1.64,2.68) <0.0001
ELSA 382/3259 (10.86) — 1.59 (1.27,2.00) <0.0001
CHARLS 852/5645 (15.09) —— 1.59 (1.38, 1.85) <0.0001
CLHLS 2400/3259 (73.64) —— 1.97 (1.81,2.15) <0.0001
Random effects model ——— 1.80 (1.57, 2.06)

Model2
STUDY Event/N (%) HR (95% Cl)  P-value
NHATS 1011/3872 (26.11) —®—  1.53(1.19,1.97) 0.0008
ELSA 382/3259 (10.86) — 1.31(1.02, 1.67)  0.0309
CHARLS 852/5645 (15.09) — 1.15(0.88,1.51) 0.2944
CLHLS 2400/3259 (73.64) —a— 1.50 (1.36, 1.64) <0.0001
Random effects model — 1.42 (1.26, 1.59)

08 1 15 2

Fig. 2. Meta-analyses for the association between social isolation and the risk of mortality in individuals with
arthritis. Model 1, unadjusted; Model 2, all databases were adjusted for age, gender, BMI (excluded ELSA),
educational level, smoking status, vigorous exercise, depression status, and number of chronic diseases.

response and deteriorating arthritis patients’ health, and then lead to mortality in arthritis®>~?’. Social isolation is
linked to unhealthy behaviors, such as irregular eating habits and lack of physical activity, which further increase
mortality risk?®-*. Additionally, social isolation was associated with increased risk of severe major diseases, such
as stroke, coronary heart disease, and dementia®!=33. As we known, these diseases were all the leading causes
of mortality®*. In summary, social isolation would increase mortality risk in individuals with arthritis through
additive inflammation levels, unhealthy behaviors and major diseases.

This study has several strengths. It is the first to use data from four large population-based cohorts from
different countries, enhancing the credibility of the findings. The diversity of data sources and the wide coverage
increase the generalizability and applicability of our conclusions. However, our study also has some limitations.
First, while the population in the CLHLS cohort may overlap with that of the CHARLS cohort, we did not have
explicit individual-level data to identify and eliminate any overlap, which could lead to duplication and falsely
increase the precision of the analysis. Besides, as an observational study, we cannot establish causal relationships
but can only observe associations between social isolation and mortality risk. Several large-scale studies,
including those based on the NHANES dataset, have demonstrated the feasibility and reliability of self-reported
RA diagnoses in epidemiological research®>3¢. However, recall bias may exist since data collection relied on self-
reports from participants. Furthermore, our analysis was based only on baseline data and did not account for
changes over time, which may affect the accuracy of the results. Future research should consider longitudinal
data to better understand the dynamic process of how social isolation impacts the health of arthritis patients.

The clinical implication of this study underscores the role of social isolation as a significant risk factor
for increased mortality in arthritis patients, suggesting that healthcare providers incorporate social support
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Model1

STUDY Event/N (%) HR (95% Cl)  P-value
NHATS 1011/3872 (26.11) —a— 1.42 (1.33, 1.52) <0.0001
ELSA 382/3259 (10.86) —— 1.25(1.11, 1.41)  0.0002

CHARLS 852/5645 (15.09) —— 1.52 (1.40, 1.66) <0.0001
CLHLS 2400/3259 (73.64) —— 1.36 (1.30, 1.42) <0.0001
Random effects model —_— 1.39 (1.30, 1.49)

o8 1 w‘s 17
Model2

STUDY Event/N (%) HR (95% Cl)  P-value
NHATS 1011/3872 (26.11) —a— 1.22 (1.14,1.30) <0.0001
ELSA 382/3259 (10.86) - 1.10(0.97,1.25)  0.1237

CHARLS 852/5645 (15.09) —— — 1.17 (1.00, 1.37)  0.0556

CLHLS 2400/3259 (73.64) —a— 1.19(1.13,1.26)  <0.0001
Random effects model - 1.19 (1.15, 1.24)

o8 1 15

Fig. 3. Meta-analyses for association between social isolation score and the risk of mortality in individuals
with arthritis. Model 1, unadjusted; Model 2, all databases were adjusted for age, gender, BMI (excluded ELSA),
educational level, smoking status, vigorous exercise, depression status and number of chronic diseases.

assessments and interventions into treatment to improve patient outcomes and quality of life. From a research
perspective, the study highlights the need for further exploration into how social isolation influences arthritis
progression through mechanisms like immune system dysfunction and chronic inflammation. Longitudinal
studies will help clarify causal relationships. From the perspective of community health, addressing arthritis and
social isolation is crucial for reducing chronic disease burdens and improving community well-being. Arthritis
affects mobility and quality of life, while social isolation worsens its impact, leading to poorer health outcomes.
By enhancing arthritis management and reducing isolation, communities can lower healthcare costs, improve
mental and physical health, and foster social cohesion. These efforts support targeted health interventions and
policies, ensuring better resource allocation and promoting long-term population health.

Conclusions

Opverall, this study systematically reveals, for the first time, the association between social isolation and increased
risk of mortality in individuals with arthritis. This finding underscores the importance of social isolation in
chronic disease management, particularly for arthritis patients. Further study should explore the causal
relationship between social isolation and arthritis prognosis and consider temporal changes to better understand
and intervene in this risk factor.
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Model 1 Model 2
Event/N (%) HR (95% CI) P-value | HR (95% CI) P-value

NHATS

Per unit increased | 1011/3872 (26.11) | 1.42 (1.33,1.52) | <0.0001 | 1.22 (1.14, 1.30) | <0.0001
Score=0 68/443 (15.35) | 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Score=1 237/1129 (20.99) | 1.50 (1.14, 1.96) | 0.0033 1.28 (0.98,1.69) | 0.0725
Score=2 330/1236 (26.70) | 2.01 (1.55,2.61) | <0.0001 | 1.54 (1.18,2.01) | 0.0015
Score>3 376/1064 (35.34) | 2.96 (2.28,3.83) | <0.0001 | 1.87 (1.43,2.44) | <0.0001
ELSA

Per unit increased | 382/3259 (10.86) | 1.25 (1.11, 1.41) | 0.0002 | 1.10 (0.97, 1.25) | 0.1237
Score=0 100/1132 (8.83) | 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Score=1 193/1455 (13.26) | 1.57 (1.23,2.00) | 0.0002 1.32(1.02,1.71) | 0.0328
Score=2 70/553 (12.66) | 1.58 (1.16, 2.14) | 0.0035 1.26 (0.91, 1.73) | 0.1609
Score>3 19/119 (15.97) | 2.00 (1.22, 3.27) | 0.0056 1.32 (0.79, 2.20) | 0.2895
CHARLS

Per unit increased | 852/5645 (15.09) | 1.52 (1.40, 1.66) | <0.0001 | 1.17 (1.00, 1.37) | 0.0556
Score=0 255/2245 (11.36) | 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Score=1 398/2645 (15.05) | 1.34 (1.15, 1.57) | 0.0002 1.08 (0.82, 1.44) | 0.5762
Score=2 164/644 (25.47) | 2.47 (2.03,3.01) | <0.0001 | 1.26 (0.87, 1.83) | 0.2225
Score>3 35/111 (31.53) | 3.10 (2.18,4.41) | <0.0001 | 1.9 (1.05,3.78) | 0.0346
CLHLS

Per unit increased | 2400/3259 (73.64) | 1.36 (1.30, 1.42) | <0.0001 | 1.19 (1.13, 1.26) | <0.0001
Score=0 158/290 (54.48) | 1 (ref) 1 (ref) 1 (ref) 1 (ref)
Score=1 604/940 (64.26) | 1.28 (1.08, 1.53) | 0.0054 1.04 (0.87, 1.24) | 0.6928
Score=2 1236/1509 (81.91) | 2.50 (2.12,2.95) | <0.0001 | 1.59 (1.33,1.89) | <0.0001
Score>3 402/520 (77.31) | 2.10 (1.74, 2.52) | <0.0001 | 1.44 (1.18,1.75) | 0.0003

Table 2. Association between social isolation score and mortality in individuals with arthritis. Model 1,
unadjusted; model 2, all databases were adjusted for age, gender, BMI (excluded ELSA), educational level,
smoking status, vigorous exercise, depression status and number of chronic diseases.

Stdy  Genger Events(’) HR (95% CL)  P-value P-int Study  Smoking status Events(%) HR(96%CL) P-value P-int
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Male 1330 (3435) ——a————— 1021209 0005 Ever 1966 (508) = 15701122 0on
Fomale 2542 (8565) - 135(0%9,189 0085 Never 1904 (492) —a 146(101.210) 0045
ELsA o118 ELsa 0432
Mol 1135 (3485 —a 162(1.15,228) 0008 Ever 21026522 . 123,083,164 0145
Fomale 21248517 —f— 04073148 0842 Never 1121 3478) = 14208723 o018
CHALRS 0399 CHALRS 086
Male 2074 (6208) - 133093189 0119 Ever 2088 37.02) - 118081171 0384
Fomale 3268 (5791) —H 087057,139 0523 Newr 3552 (6298) = 110074169 0638
cLiLs 0817 cLHLs. 0599
Mole 1209 (40.17) e 155(135,178) <0001 Ever 1084 (3270) —— 160(137.187 <0001
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Fig. 4. Association of social isolation with the risk of mortality in subgroups. All databases were adjusted for
age, gender, BMI (excluded ELSA), educational level, smoking status, vigorous exercise, depression status,
and number of chronic diseases. P-int represents the heterogeneity between subgroups based on the meta-
regression analysis.

Data availability

The datasets analyzed in NHATS are publicly available after registration at https://www.nhats.org/researcher.
ELSA datasets analyzed are publicly available after registration at https://www.elsa-project.ac.uk/. CHARLS dat
asets analyzed are publicly available after registration at http://charls.pku.edu.cn/. CLHLS datasets analyzed are
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VN/WBO7LK&version=2.0.
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