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Abstract 

Background  Social isolation and loneliness have been recognized as important psychosocial factors affecting 
human health. We aimed to examine the relationships of social isolation and loneliness with the likelihood of healthy 
aging among older women and men.

Methods  The prospective study included 13,782 female and 11,838 male participants who were aged 64 years 
or older and had no major chronic diseases during recruitment of the UK Biobank (2006–2010). All participants were 
eligible to survive to age 80 before the latest follow-up (December 2021). Healthy aging was defined as survival to age 
80 without major chronic diseases. Multivariable logistic regression models were used to evaluate the associations 
of social isolation, loneliness and their combination with the likelihood of healthy aging.

Results  A total of 9130 women (58.77%) and 6406 men (41.23%) achieved healthy aging. After adjusting for age 
and race/ethnicity, social isolation was associated with a significantly 20% and 14% lower likelihood of healthy aging 
among women and men, respectively, whereas among both sexes the associations for loneliness were similar but sta-
tistically non-significant. Among women, the association between loneliness and healthy aging varied by social isola-
tion status (P interaction = 0.031), with an inverse association limiting to women who were socially isolated (OR = 0.61; 
95% CI: 0.43–0.87). Women with both social isolation and loneliness had a 48% (OR = 0.52; 95% CI: 0.37–0.73) lower 
likelihood of healthy aging as compared with women with neither, and this association remained after adjusting 
for a wide arrange of sociodemographic, behavioral, biological, and female-specific risk factors (OR = 0.63; 95% CI: 
0.44–0.90). Such a joint relationship was not observed among men.

Conclusions  A coexistence of social isolation and loneliness was associated with a substantially lower likelihood 
of healthy aging among women. Our findings highlight the importance of social support in extending women’s 
healthspan beyond the management of traditional risk factors.
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Introduction
Globally, it is projected that 59 countries will surpass 
a life expectancy of 80 years by 2040 [1]. However, this 
increase in longevity has not resulted in a longer health-
span, because of the occurrence of chronic diseases and 
impairments in physical and cognitive function among 
older adults [2]. Therefore, identifying modifiable risk 
factors is essential for effectively managing elderly health 
and developing strategies to extend both lifespan and 
healthspan.

With social and demographic changes, social isola-
tion and loneliness have become increasingly common 
among older adults [3, 4]. Social isolation refers to being 
objectively alone or having infrequent social connec-
tions, whereas loneliness generally reflects a subjective, 
unpleasant emotional experiences linked to the quality of 
social connections [5]. Social connection has been identi-
fied as a key predictor of human health [6]. Individuals 
who were socially isolated or feel lonely have been found 
to be at a higher risk for developing cardiovascular dis-
eases [7], dementia [8], depression [9], and premature 
mortality [10], suggesting a crucial role of social connec-
tion in human lifespan and healthspan. However, there 
is limited and inconclusive epidemiological evidence 
concerning the relationship of social isolation and lone-
liness with healthspan [11–13]. No study, to the best of 
our knowledge, has assessed social isolation or loneliness 
in relation to the likelihood of healthy aging. Social isola-
tion and loneliness are weakly correlated but independ-
ent aspects of social disconnection [14], while the joint 
association of social isolation and loneliness with healthy 
aging remains unclear.

To address these knowledge gaps, utilizing data from 
a large nationwide population-based prospective cohort 
study (UK Biobank), we aimed to elucidate the independ-
ent and joint relationships of social isolation and loneli-
ness with the likelihood of healthy aging among older 
adults. Considering that women and men follow different 
survival patterns [13], all analyses were stratified by sex.

Methods
Study population
The UK Biobank is a large population-based longitudinal 
study which recruited more than 500,000 participants 
aged 37 to 73 years from 22 assessment centers across 
England, Scotland, and Wales. From 2006 to 2010, par-
ticipants completed various questionnaires, underwent 
a range of physical measures, and provided biological 
samples.

For the present analysis, we excluded participants who 
were expected to be younger than 80 years old before 
the latest follow-up (December 2021, n = 453,798), par-
ticipants with major chronic diseases (MCDs) at baseline 

(n = 20,507), those without complete information on 
social isolation or loneliness (n = 2440), and those lost 
to follow-up before age 80 or before the onset of major 
chronic diseases (n = 46). Finally, 25,620 apparently 
healthy older adults (13,782 women and 11,838 men) 
aged 64 years or older were included (Fig. 1).

Assessment of social isolation and loneliness
As described in Supplemental Table  S1, the statuses 
of social isolation and loneliness were evaluated using 
touchscreen-based questionnaires [15]. Social isola-
tion was assessed by the following three questions: (1) 
“Including yourself, how many people are living together 
in your household?”; (2) “How often do you visit friends 
or family or have them visit you?”; and (3) “Which of the 
following (leisure/social activities) do you engage in once 
a week or more often? You can select more than one.” 
Participants were assigned 0 or 1 point for each of the 
questions, and the total score ranged from 0 to 3 with a 
higher score indicating a higher degree of social isolation. 
Participants were then classified as being not isolated 
(0–1 point) or isolated (2–3 points).

Loneliness was assessed by the following two ques-
tions: “Do you often feel lonely?” and “How often are 
you able to confide in someone close to you?”. The loneli-
ness score ranged from 0–2 points and only those with 2 
points were deemed to have loneliness.

Assessment of healthy aging
The primary outcome was healthy aging and the second-
ary outcomes including all-cause mortality and incident 
MCDs. By focusing on an essential aspect of disease-free 
survival, healthy aging was defined as survival to age 80 
without being diagnosed with any MCDs, which included 
cancer (except for nonmelanoma skin cancer), type 2 
diabetes, major cardiovascular diseases (coronary heart 
disease including myocardial infarction and other major 
coronary events, stroke, heart failure, and atrial fibrilla-
tion), neurodegenerative diseases (dementia, Parkinson’s 
disease, and multiple sclerosis), depression, sever liver 
(cirrhosis, decompensated liver disease, and liver trans-
plantation) or kidney diseases (end-stage renal disease), 
chronic lung diseases (chronic obstructive pulmonary 
disease, emphysema, and bronchitis), and hip fracture. 
A full list of codes defining these MCDs are reported in 
Supplemental Table S2.

Covariates
We considered the following characteristics as the poten-
tial covariates or factors mediating the assessed relation-
ship of social isolation and loneliness with healthy aging: 
(1) demographic characteristics, including age and race/
ethnicity; (2) socioeconomic factors, including Townsend 
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deprivation index, education level, and annual house-
hold income; (3) lifestyle factors, including tobacco con-
sumption, alcohol consumption, physical activity, sleep 
pattern, sedentary behavior, and diet quality; (4) meta-
bolic risk factors, including use of lipid-lowering drugs 
or antihypertension drugs, body mass index, waist cir-
cumference, systolic blood pressure, total cholesterol, 
and C-reactive protein; and (5) female-specific factors, 
including menopause status, number of live births, and 
ever use of hormone replacement therapy. More details 
of the covariates are provided in Supplemental Table S3.

Statistical analysis
Sex-specific descriptive statistics were calculated for all 
covariates, according to the combined status of social 
isolation and loneliness. Continuous variables were pre-
sented as mean ± standard deviation and categorical 
variables as frequencies (%). Multiple imputations were 
performed for missing covariates using the Markov chain 
Monte Carlo method.

We used Logistic regression models to calculate the 
odds ratios (ORs) and 95% confidence intervals (CIs) 
for the associations of social isolation and loneliness 

with the likelihood of healthy aging among women and 
men, adjusting for age and race/ethnicity. The interac-
tion between social isolation and loneliness on healthy 
aging was tested by using the likelihood ratio test. We 
further assessed the joint relationship of social isola-
tion and loneliness with the likelihood of healthy aging 
among women and men. In addition to the basic model 
adjusted for age and race/ethnicity, various multi-
variable models were employed to increasingly adjust 
for the above-listed socioeconomic factors, lifestyle 
behaviors, metabolic risk factors, and female-spe-
cific factors. A sensitivity analysis was conducted by 
excluding the above MCDs individually to redefine 
healthy aging.

In addition, we performed a secondary analysis to 
assess the relationships of social isolation and loneli-
ness with the risk of aforementioned MCDs and all-
cause mortality. For this analysis, Cox proportional 
hazards regression models were used to calculate the 
corresponding hazard ratios with 95% CIs. The statis-
tical analysis was conducted using SAS statistical soft-
ware (version 9.4; SAS Institute) and all P values were 
2-tailed with a significance level of 0.05.

Fig. 1  Flow chart of participant selection
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Results
Baseline characteristics of the study population
Mean age was 68.0 (1.1) years both for the 13,782 women 
and for the 11,838 men. Baseline participant characteris-
tics according to the combined status of social isolation 
and loneliness are presented in Table 1. Regardless of sex, 
individuals with both isolation and loneliness, as com-
pared with those with neither, were less likely to be ethni-
cally white, were more socioeconomically deprived, and 
tended to have a lower education level, lower household 
income, and unhealthy lifestyles.

Social isolation, loneliness, and the likelihood of healthy 
aging
There were 9130 (58.77%) women and 6406 (41.23%) men 
successfully survived to age 80 without being diagnosed 
with MCDs. After age and race/ethnicity adjustment, 
social isolation was significantly associated with a lower 
likelihood of healthy aging among both sexes (Fig.  2A). 
Compared with participants who were no isolated, the 
adjusted OR of healthy aging was 0.80 (95% CI: 0.72–
0.90) for isolated women and 0.86 (95% CI: 0.77–0.96) 
for isolated men. Loneliness was inversely but non-sig-
nificantly associated with the likelihood of healthy aging 
both among women (OR = 0.84; 95% CI: 0.70–1.01) and 
men (OR = 0.83; 95% CI: 0.68–1.03) (Fig. 2A).

Among women, there was an interaction between 
social isolation and loneliness on the likelihood of healthy 
aging (P interaction = 0.031) (Fig. 2B). Loneliness was asso-
ciated with a 39% (OR = 0.61; 95% CI: 0.43–0.87) lower 
likelihood of healthy aging among women who were iso-
lated, but not among those who were not isolated (OR 
= 0.98; 95% CI: 0.80–1.22). When stratified by loneliness 
status, the association of social isolation with healthy 
aging remained significant in both subgroups, but was 
particularly stronger among lonely women (Supplemen-
tal Figure S1). Such an interaction between social isola-
tion and loneliness was not observed among men.

We then assessed the joint association of social isola-
tion and loneliness with healthy aging (Fig.  3). Among 
women, compared with those with neither social isola-
tion nor loneliness, women with both had a 48% (95% 
CI: 27%− 63%) lower likelihood of healthy aging. Such 
a joint association was not observed among men (OR 
= 0.84; 95% CI: 0.60–1.19). We performed further analy-
ses with stepwise adjustment for a wide arrange of risk 
factors that may potentially mediate the relationship of 
social isolation and loneliness with healthy aging, includ-
ing socioeconomic, lifestyle, metabolic, and female-
specific factors (Table  2). With all risk factors being 
simultaneously added to the model, the joint association 
among women was only slightly attenuated and remained 

significant (OR = 0.63; 0.44–0.90). Social isolation alone 
(without loneliness) was associated a lower likelihood 
of healthy aging among women (OR = 0.84; 95% CI: 
0.75–0.94), whereas the association was attenuated after 
adjusting for socioeconomic factors and no longer sig-
nificant after further adjusting for specific lifestyle factors 
(e.g., smoking or alcohol consumption) (Table 2).

The joint association of social isolation and loneliness 
with healthy aging was similar after excluding any single 
MCD from the definition of healthy aging (Supplemental 
Tables S4-S5).

Social isolation, loneliness, and incident MCDs 
and all‑cause mortality
In a secondary analysis with age and race/ethnicity 
adjustment, we explored the sex-specific relationship of 
social isolation and loneliness with incident MCDs and 
all-cause mortality. Social isolation was associated with 
a higher risk of chronic lung diseases and all-cause mor-
tality among both sexes, with type 2 diabetes and severe 
liver diseases among women only, and with dementia and 
depression among men only (Supplemental Table  S6). 
Loneliness was associated with a higher risk of depres-
sion and chronic lung diseases among both sexes, with 
atrial fibrillation among women only, and with a higher 
risk of myocardial infarction, heart failure, and all-cause 
mortality among men only (Supplemental Table S7).

Discussion
In this prospective cohort study of apparently healthy 
older adults, we found that social isolation was signifi-
cantly associated with a lower likelihood of healthy aging 
(i.e., survival to age 80 without developing MCDs) among 
both sexes. Loneliness showed inverse but statistically 
non-significant associations with healthy aging among 
both sexes. Among women, the association between 
loneliness and the likelihood of healthy aging appeared 
to vary by social isolation status, with an inverse associa-
tion limiting to women who were socially isolated. As a 
result, women with both social isolation and loneliness 
had a 48% lower likelihood of healthy aging as compared 
with women with neither. Notably, such a joint associa-
tion remained after adjusting for a wide arrange of soci-
odemographic, behavioral, biological, and female-specific 
risk factors.

Existing studies have suggested social isolation and 
loneliness as important psychosocial factors associated 
with adverse health outcomes [7, 8, 16]. For example, lon-
gitudinal observational studies reported that social iso-
lation and loneliness both were associated with a higher 
risk of cardiovascular diseases [7, 17]. In the English Lon-
gitudinal Study of Ageing (ELSA) of adults aged 50 years 
or older, loneliness was associated with a higher risk of 
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Table 1  Baseline participant characteristics according to the combined status of social isolation and loneliness among women and 
men

Women Men

Not isolated and no 
loneliness

Isolated and loneliness Not isolated and no 
loneliness

Isolated and loneliness

Characteristics (n = 11,862) (n = 133) (n = 10,168) (n = 130)

Sociodemographic factors
Age, y 68.00 ± 1.06 67.95 ± 1.12 68.02 ± 1.07 68.14 ± 0.97

Race/ethnicity

  White 11,655 (98.25) 127 (95.49) 9977 (98.12) 124 (95.38)

  Asian or Asian British 65 (0.55) 1 (0.75) 48 (0.47) 3 (2.31)

  Black or Black British 84 (0.71) 2 (1.50) 96 (0.94) 3 (2.31)

  Other or mixed 58 (0.49) 3 (2.26) 47 (0.46) 0 (0)

Education

  College or university degree 2528 (21.31) 18 (13.53) 2800 (27.54) 26 (20.00)

  A levels/AS levels or equivalent 1040 (8.77) 7 (5.26) 776 (7.63) 7 (5.38)

  O levels/GCSEs or equivalent 2737 (23.07) 32 (24.06) 1673 (16.45) 17 (13.08)

  Other qualifications 5557 (46.85) 76 (57.14) 4919 (48.38) 80 (61.54)

  Townsend deprivation indexa − 1.87 ± 2.74 − 0.17 ± 3.38 − 2.00 ± 2.72 0.36 ± 3.86

Annual household Income, £

  < 18,000 5525 (46.58) 101 (75.94) 3499 (34.41) 83 (63.85)

  18,000–30,999 4106 (34.61) 24 (18.05) 3688 (36.27) 30 (23.08)

  31,000–51,999 1619 (13.65) 6 (4.51) 2042 (20.08) 11 (8.46)

  ≥ 52,000 612 (5.16) 2 (1.50) 939 (9.23) 6 (4.62)

Lifestyle factors
Tobacco consumption

  Never 7433 (62.66) 68 (51.13) 4541 (44.66) 54 (41.54)

  Former 3922 (33.06) 53 (39.85) 4879 (47.98) 55 (42.31)

  Current: < 10 pack-years 63 (0.53) 0 (0) 167 (1.64) 2 (1.54)

  Current: 10–50 pack-years 391 (3.30) 10 (7.52) 470 (4.62) 9 (6.92)

  Current: > 50 pack-years 53 (0.45) 2 (1.50) 111 (1.09) 10 (7.69)

Alcohol consumption

  Never 842 (7.10) 11 (8.27) 276 (2.71) 7 (5.38)

  Former 387 (3.26) 7 (5.26) 213 (2.09) 7 (5.38)

  Current: < 1 drink/week 3247 (27.37) 55 (41.35) 1301 (12.08) 32 (24.62)

  Current: 1–2 drinks/week 2942 (24.80) 19 (14.29) 2501 (24.60) 22 (16.92)

  Current: ≥ 3 drinks/week 4444 (37.46) 41 (30.83) 5877 (57.80) 62 (47.69)

Total physical activity, MET-h/week 51.31 ± 41.92 46.13 ± 45.39 53.21 ± 45.69 42.15 ± 44.11

Healthy sleep score < 4 4218 (35.56) 59 (44.36) 4119 (40.51) 61 (46.92)

Sedentary time ≥ 6 h/day 2494 (21.03) 39 (29.32) 3445 (33.88) 59 (45.38)

Healthy diet score ≥ 4 4527 (38.16) 53 (39.85) 2348 (23.09) 31 (23.85)

Metabolic factors
Lipid-lowering drugs 2208 (18.61) 25 (18.80) 2621 (25.78) 35 (26.92)

Antihypertensive drugs 3378 (28.48) 45 (33.83) 3170 (31.18) 40 (30.77)

Body mass index, kg/m2 26.94 ± 4.33 28.01 ± 5.37 27.26 ± 3.52 27.26 ± 4.22

Waist circumference, cm 85.09 ± 10.93 88.51 ± 12.74 96.55 ± 9.97 97.75 ± 11.16

Systolic blood pressure, mmHg 148.18 ± 20.62 150.43 ± 20.15 149.81 ± 19.73 150.38 ± 20.43

Total cholesterol, mmol/L 6.14 ± 1.11 6.14 ± 1.12 5.48 ± 1.05 5.33 ± 1.09

C-reactive protein, mg/L 3.04 ± 4.63 3.42 ± 4.80 2.82 ± 4.60 3.56 ± 6.08

Female-specific factors
Postmenopausal 11,736 (98.94) 132 (99.25) NA NA
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depression during 12 years of follow-up [18]. Systematic 
reviews concluded that the associations of social isola-
tion and loneliness with risk of premature mortality were 
similar to the associations for other well-established risk 

factors [10, 16]. In the present study of apparently healthy 
older adults, social isolation and/or loneliness were also 
associated with a higher risk of certain health conditions 
(e.g., cardiometabolic diseases, dementia, depression, and 

Data are mean ± SD or % unless otherwise indicated

Abbreviations: HRT Hormone replacement therapy
a A higher Townsend deprivation index indicates a greater degree of deprivation (or lower socioeconomic status)

Table 1  (continued)

Women Men

Not isolated and no 
loneliness

Isolated and loneliness Not isolated and no 
loneliness

Isolated and loneliness

Characteristics (n = 11,862) (n = 133) (n = 10,168) (n = 130)

Number of live births

  0 1225 (10.33) 30 (22.56) NA NA

  1 1130 (9.53) 28 (21.05) NA NA

  2 5329 (44.92) 50 (37.59) NA NA

  3 or more 4178 (35.22) 25 (18.80) NA NA

HRT use 6625 (55.85) 71 (53.38) NA NA

Fig. 2  Association of social isolation and loneliness with the likelihood of healthy aging. A: Association of social isolation and loneliness 
with the likelihood of healthy aging among women and men. B: Associations of loneliness with the likelihood of healthy aging stratified by social 
isolation status among women and men. Results were from Logistic regression model adjusted for age and race/ethnicity
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chronic lung diseases) and premature mortality, although 
some of the associations appeared to be sex-dependent.

The associations of social isolation and loneliness 
with poor health outcomes and shorter health span 

might involve the following aspects: physiological, 
behavioral, and psychological. Firstly, social isolation 
and loneliness have been shown to increase activity 
of the hypothalamic–pituitary–adrenal axis and the 

Fig. 3  Joint association of social isolation and loneliness with the likelihood of healthy aging. Results were from Logistic regression model adjusted 
for age and race/ethnicity

Table 2  Odds ratios (95% confidence intervals) of healthy aging associated with a combination of social isolation and loneliness

Results were from Logistic regression model with an increasing adjustment for different covariates

Abbreviations: HRT Hormone replacement therapy, TDI Townsend deprivation index

Not isolated Isolated

No loneliness Loneliness No loneliness Loneliness

Age-race/ethnicity adjusted 1.00 (Ref ) 0.98 (0.79–1.21) 0.84 (0.75–0.94) 0.52 (0.37–0.73)

 + TDI 1.00 (Ref ) 0.98 (0.79–1.21) 0.87 (0.77–0.98) 0.55 (0.39–0.78)

 + Education 1.00 (Ref ) 1.00 (0.81–1.24) 0.84 (0.75–0.94) 0.53 (0.38–0.75)

 + Annual household income 1.00 (Ref ) 1.01 (0.81–1.25) 0.87 (0.77–0.97) 0.55 (0.39–0.77)

All above 1.00 (Ref ) 1.01 (0.81–1.25) 0.88 (0.79–0.99) 0.58 (0.41–0.81)

 + Tobacco consumption 1.00 (Ref ) 1.00 (0.81–1.25) 0.91 (0.81–1.03) 0.60 (0.42–0.85)

 + Alcohol consumption 1.00 (Ref ) 1.01 (0.82–1.26) 0.90 (0.80–1.01) 0.59 (0.41–0.83)

 + Physical activity 1.00 (Ref ) 1.00 (0.81–1.25) 0.89 (0.79–1.00) 0.58 (0.41–0.82)

 + Sleep pattern 1.00 (Ref ) 1.03 (0.83–1.28) 0.89 (0.79–1.00) 0.59 (0.42–0.83)

 + Sedentary behavior 1.00 (Ref ) 1.01 (0.82–1.26) 0.89 (0.79–1.00) 0.58 (0.41–0.82)

 + Diet quality 1.00 (Ref ) 1.01 (0.82–1.25) 0.88 (0.78–0.99) 0.57 (0.41–0.81)

All above 1.00 (Ref ) 1.04 (0.84–1.29) 0.93 (0.83–1.05) 0.62 (0.44–0.88)

 + Lipid-lowering drugs 1.00 (Ref ) 1.03 (0.83–1.28) 0.94 (0.83–1.06) 0.62 (0.44–0.88)

 + Antihypertensive drugs 1.00 (Ref ) 1.03 (0.83–1.29) 0.93 (0.83–1.05) 0.63 (0.44–0.89)

 + Body mass index 1.00 (Ref ) 1.03 (0.83–1.29) 0.93 (0.83–1.05) 0.63 (0.44–0.90)

 + Waist circumference 1.00 (Ref ) 1.04 (0.84–1.29) 0.94 (0.83–1.06) 0.64 (0.45–0.91)

 + Systolic blood pressure 1.00 (Ref ) 1.03 (0.83–1.28) 0.94 (0.83–1.05) 0.63 (0.44–0.89)

 + Total cholesterol 1.00 (Ref ) 1.04 (0.84–1.29) 0.93 (0.83–1.05) 0.62 (0.44–0.88)

 + C-reactive protein 1.00 (Ref ) 1.04 (0.84–1.30) 0.93 (0.83–1.05) 0.62 (0.44–0.89)

All above 1.00 (Ref ) 1.04 (0.83–1.29) 0.94 (0.83–1.06) 0.64 (0.45–0.91)

 + Menopausal status 1.00 (Ref ) 1.04 (0.83–1.29) 0.94 (0.83–1.06) 0.64 (0.45–0.91)

 + Number of live births 1.00 (Ref ) 1.04 (0.83–1.29) 0.94 (0.84–1.06) 0.64 (0.45–0.91)

 + Ever use of HRT 1.00 (Ref ) 1.04 (0.84–1.30) 0.94 (0.83–1.06) 0.64 (0.45–0.91)

Fully adjusted 1.00 (Ref ) 1.05 (0.84–1.30) 0.93 (0.83–1.05) 0.63 (0.44–0.90)
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sympathetic nervous system [19], leading to elevated lev-
els of catecholamines and cortisol [20, 21]. Elevated cor-
tisol levels can disrupt homeostasis, and further enhance 
the proinflammatory responses [22, 23], immune dys-
regulation [24], resulting in the development of chronic 
diseases and premature death [25]. Animal studies have 
suggested that changes in oxidoreductase activity and 
reactive oxygen species accumulation are the causal basis 
of the shortened lifespan associated with social isolation 
[26]. Secondly, individuals experiencing social isolation 
and loneliness are more likely to engage in unhealthy 
behaviors, such as smoking, alcohol consumption or 
physical inactivity [27]. Finally, social disconnection may 
restrict older adults from getting social support or seek-
ing health care and resources [28].

To the best of knowledge, our study is the first to assess 
the association of social isolation and loneliness with 
healthy aging among apparently heathy older women 
and men. In the U.S. Health and Retirement Study, social 
isolation and loneliness both were associated with severe 
deficits in healthy aging, including premature mortality, 
disability, and chronic diseases [11]. Several population-
based longitudinal studies reported that loneliness was 
associated with a shorter lifespan and decreased odds 
of aging well [12, 29]. In the Longitudinal Aging Study 
Amsterdam, while social isolation was associated with 
a lower likelihood of longevity (survival to age 90 years) 
among women, loneliness was not associated with lon-
gevity among either sex [13].

In the present study, we found that social isolation was 
significantly associated with a lower likelihood of healthy 
aging among both sexes. For loneliness, its relationship 
with healthy aging appeared to be dependent on the sta-
tus of social isolation among women. Consistently, the 
objective lack of social connection was reported to be 
more important in relation to a variety of health out-
comes for the elderly, compared with the subjective dis-
connection [28, 30–33]. Social isolation is more likely to 
lead to subjective feelings of loneliness, and the associa-
tion between loneliness and mortality was found to be 
stronger at higher levels of social isolation [34]. These 
observations suggest that social isolation appears as a 
stronger risk marker for lifespan and healthspan than 
loneliness. In the present study, the interaction between 
social isolation and loneliness on healthy aging was not 
observed among men. Results from the ELSA and the 
Brazilian Longitudinal Study of Ageing also indicated 
that the burden of loneliness affected healthy aging more 
significantly among older women than men [35]. Such a 
sex-specific pattern may be attributable to the apparent 
physiological and sociocultural differences between older 
women and men [36]. Certain chronic diseases are more 
commonly present in older women compared to men, 

such as dementia, hip fracture, and depression [37, 38]. 
Moreover, besides inequitable access to education and 
economic resources, women generally have a longer life 
expectancy than men, making them more likely to live 
alone during later years, and thus may be more vulner-
able to the adverse health effects of social isolation and 
loneliness [39].

We observed a joint association of social isolation and 
loneliness with the likelihood of healthy aging among 
women. Notably, this association largely persisted after 
the multistage adjustment for a wide arrange of sociode-
mographic, behavioral, biological, and female-specific 
risk factors. Our findings may provide new psychosocial 
insights on understanding the processes of healthy aging 
and the management for geriatric healthcare. As social 
disconnection increases with the aging process, routine 
screening for social isolation and loneliness in clini-
cal care could facilitate early identification of potential 
health risk. Future strategies across individual and soci-
etal levels should be implemented to strengthen objective 
and subjective social connections.

Strengths and limitations
Our study is featured by the inclusion of a relatively large 
number of older adults without MCDs at baseline. The 
comprehensive information on the various participants’ 
phenotypic characteristics allowed us to assess the poten-
tial mediating role of other common disease risk factors 
on the examined relationship of social isolation and lone-
liness with the likelihood of healthy aging.

Several potential limitations of our study need to be 
acknowledged. Firstly, the World Health Organization 
defines healthy aging as “the process of developing and 
maintaining functional ability that enables well-being 
in old age”, which emphasizes the importance of physi-
cal, cognitive, and social functioning in achieving a high 
quality of life in later years [40, 41]. Because of the lack 
of data on functional ability, we used disease-free survival 
(survival to age 80 without being diagnosed with any 
major chronic diseases) as a proxy for healthy aging. This 
definition captures an essential aspect of healthy aging by 
focusing on the absence of significant health conditions 
that could impair both quality of life and functional abil-
ity. Secondly, information on social isolation and loneli-
ness was self-reported at baseline. As such, potential 
measurement errors and misclassification of exposure 
are possible, and the influence of longitudinal changes in 
social isolation and loneliness on healthy aging remains 
unaddressed. Thirdly, demographic factors such as mari-
tal and migration status, which may affect the risk of 
social isolation and loneliness, were not collected in the 
UK Biobank, limiting further investigation of their role 
in the examined associations. Finally, participants in UK 
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Biobank are predominantly of white ethnic background, 
which may lead to potential healthy volunteer selection 
bias [42].

Conclusions
In summary, our findings suggest that social isolation is 
associated with a lower likelihood of healthy aging among 
both sexes. A coexistence of social isolation and loneli-
ness was associated with a particularly lower likelihood 
of healthy aging among women, independently of other 
known risk factors for major chronic diseases. Social 
connection needs to be strengthened, especially for 
women with concomitant social isolation and loneliness. 
Our findings may have great public health significance 
by highlighting the importance of social connection and 
social support in extending women’s healthspan beyond 
the management of traditional risk factors.
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