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Summary
Background It is estimated that about 10% of people aged 65 and older are frail. Loneliness and social isolation are 
linked to increased mortality and poorer functional capacity. We assessed trends in frailty status associated with 
loneliness and social isolation over 14 years in a representative sample of English older adults.

Methods In this longitudinal study, we used data from the English Longitudinal Study of Ageing (ELSA), which was 
designed to recruit a representative sample of adults aged 50 years and older living in private households in England. 
We analysed Waves 2–8 (covering June, 2004, to June, 2017). Frailty was defined using the frailty index, analysed 
continuously and as pre-specified categories, to categorise individuals as being non-frail (≤0∙08), pre-frail 
(>0∙08 to <0∙25), or frail (≥0∙25 to 1·00). Loneliness was measured using the UCLA 3-item Loneliness Scale and 
social isolation was measured following a previous ELSA approach, and both sets of scores were categorised into low, 
medium, or high. Linear mixed methods and Cox proportional hazard modelling were used, adjusted for confounders.

Findings The study sample consisted of 9171 participants at the baseline of Wave 2 (4083 male and 5088 female), with 
similar numbers in subsequent waves. In the fixed effect model, adjusted for marital status, age, gender, wealth, and 
smoking status, respondents with higher levels of loneliness had a higher frailty index score (β coefficient 
0∙006, 95% CI 0∙006 to 0∙007; p<0∙0001), as did those with a higher level of social isolation (β 0∙002, <0·001 to 0∙002; 
p<0∙0001). Increasing age was associated with an increased frailty index, adjusted for loneliness and social isolation 
independently. Compared with a low level of loneliness, there was a higher risk of developing frailty with medium 
loneliness (hazard ratio [HR] 1∙57, 95% CI 1∙49 to 1∙65; p<0·0001) and high loneliness (HR 2∙62, 2∙49 to 2∙76; 
p<0·0001). Compared with a low level of social isolation, there was a higher risk of developing frailty with medium 
social isolation (HR 1∙12, 1∙05 to 1∙20; p<0·0001) and high social isolation (HR 1∙32, 1∙22 to 1∙43; p<0·0001).

Interpretation Both loneliness and social isolation increase the risk of developing frailty. Understanding these 
mechanisms might offer opportunities to attenuate this risk.

Funding None.

Copyright © 2021 The Author(s). Published by Elsevier Ltd. This is an Open Access article under the CC BY-NC-ND 
4.0 license.

Introduction
Frailty is an evolving concept that describes an indi
vidual’s vulnerability to poor resolution of homoeostasis 
following a sudden change in health status.1 There are 
two key clinical models used to assess frailty. Fried’s 
phenotype model2 defines frailty on the basis of the 
presence of at least three of five criteria: slow gait 
speed, low physical activity, selfreported exhaustion, 
un intentional weight loss, and weak grip strength. 
Alter natively, Rockwood’s cumulative deficit model3 
quantifies frailty using a frailty index, which reflects the 
accumulation of socalled deficits, whereby a score is 
computed as the proportion of deficits present divided 
by the total deficits considered.3

With an increasingly ageing population, frailty will 
place an increasingly substantial burden on health and 
wellbeing, which in turn will have a considerable effect 
on social care resources and will carry implications for 

clinical practice and public health.4 There is, therefore, a 
need to identify approaches to attenuate the development 
of frailty.

Previous research has identified associations between 
frailty and both modifiable and nonmodifiable factors, 
including age, gender, wealth, clinical factors, such 
as depression, and lifestyle factors, such as diet.5 An 
association that is not fully understood is that between 
frailty and social functioning, including loneliness and 
social isolation.5,6 Social isolation is typically defined 
as having few or infrequent social contacts. By contrast, 
loneliness is described as a subjective dissatisfaction 
with the discrepancy between the actual and preferred 
level and quality of social contact.7 These constructs can 
operate independently: an individual can be socially 
isolated but not feel lonely, or lonely while having social 
contacts. This distinction is important when assessing 
relationships with frailty because they cover different 
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aspects of social relation ships, which can be addressed 
by different interventions.

There has been growing concern globally about the 
prevalence of loneliness and social isolation, although 
figures vary by study population, age, and the measures 
used to define them.7 Generally, the older population 
have smaller social networks and higher loneliness rates, 
particularly due to declining financial resources, illness, 
bereavement, and declining mobility. Perissinotto and 
colleagues8 found the prevalence of loneliness to be 29% 
in US participants aged older than 75 years in 2002, and 
Age UK estimated that a quarter of people aged 50 years 
or older living in England felt lonely some of the time.9 
With rates of loneliness increasing, a minister was 
appointed in 2018 as part of the first UK loneliness 
strategy.10

Both loneliness and social isolation have been shown 
to be associated with increased mortality and reduced 
functional status.10–14 Associations have been identified 
between loneliness and depression, anxiety, stress, sleep, 
and cognition,13 and a synergistic relationship between 
social isolation and loneliness on mortality has been 
shown, such that higher social isolation is associated 
with greater effects of loneliness on mortality, and higher 
loneliness is associated with greater effects of social 
isolation on mortality.15

Frailty has been shown to be associated with loneliness 
and social isolation in crosssectional studies.16,17 Longi
tudinal data enable patterns to be observed over time, 
allowing for variation at different timepoints and thus 
enabling researchers to better capture a consistent state 
of frailty. However, there is a scarcity of data investigating 
the longitudinal relationship between loneliness, social 
isolation, and frailty. Previous research has used the 
English Longitudinal Study of Ageing (ELSA), which 
collected rich, multidisciplinary data from a nation ally 
representative sample of older adults. Using ELSA, Gale 

and colleagues18 showed that although loneliness pre
dicted higher frailty on the Fried frailty phenotype, it did 
not predict a higher frailty index, and social isolation 
did not predict frailty on either measure. However, more 
recent waves of data collection within the ongoing ELSA 
programme enable the association between loneliness, 
social isolation, and frailty to be examined over a longer 
time period (14 years), and earlier relationships to be re
examined. We aim to add to previous longitudinal 
modelling research by using multiple timepoints to 
identify trends over time, reducing betweenparticipant 
variation and the number of participants needed in 
order to detect effects. In this study, we aimed to assess 
the relationship between loneliness, social isolation, and 
frailty across 14 years in a representative sample of 
communitydwelling older people in the UK. 

Methods
Study design and participants
In this longitudinal study, we used data from ELSA, 
which was designed to recruit a representative sample 
of adults aged 50 years and older living in private 
households in England. Data were collected by the 
National Centre for Social Research. The first wave 
of data collection began on March 1, 2002, with 
subsequent data collection waves every 2 years (Wave 2 
to Wave 8) using facetoface interviews and self
completed question naires, and a nurse visit every 
4 years for a subset of participants. Wave 8 data were 
collected until June 30, 2017. Subsequent waves of ELSA 
data were not included within this study because they 
were not completed at the time of analysis.19 To deal 
with the attrition that often occurs in studies on ageing, 
there were refreshment samples at Wave 3, Wave 4, 
Wave 6, and Wave 7. The Wave 1 sample was drawn from 
Health Survey for England respondents who were 
50 years and older; refreshment samples were also 

Research in context

Evidence before this study
Loneliness and social isolation are associated with increased 
mortality and reduced functional capacity. With an increasingly 
older population, frailty will increasingly affect health and social 
care, and an opportunity therefore exists to identify modifiable 
associations. We searched MEDLINE and OVID, as well as 
additional reading lists, using the search terms “frail”, “frailty”, 
“elderly” and “lonely”, “loneliness”, and “social isolation”, with 
no language restrictions, from Jan 1, 2000, to Sept 20, 2019. 
We found that there is a dearth of research investigating the 
longitudinal relationship between loneliness, social isolation, 
and frailty.

Added value of this study
To our knowledge, this is the first study to use a 14-year period 
and large sample size to analyse trajectories of the frailty index 

and the onset of frailty and their association with social 
isolation and loneliness. We add to previous longitudinal 
research, which has shown that only loneliness is associated 
with frailty.

Implications of all the available evidence
This research suggests that both loneliness and social isolation 
are associated with increased risk of developing frailty, and 
therefore provide an opportunity to attenuate that risk. 
Because loneliness and social isolation are separate constructs 
and are independently associated with frailty, our findings 
support interventions that target both and support the need 
for further research into the effectiveness of such interventions 
when these constructs are analysed separately.
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drawn from Health Survey for England respondents 
but with differing age criteria to correct for the age 
profile (Wave 3: aged 50–52 years; Wave 4: aged 
50–74 years; Wave 6: aged 50–55 years; and Wave 7: aged 
50–51 years).19 The current study used 9171 individuals, 
aged 50 years and older, from Wave 2 to Wave 8, 
including refreshment waves, because loneliness and 
social isolation data were not collected in Wave 1. Ethical 
approval was obtained from the National Research and 
Ethics Committee.

Procedures
Data on loneliness and social isolation were collected 
using selfcompleted questionnaires in Waves 2–8. The 
UCLA 3item Loneliness Scale20 was used to quantify 
loneliness. The questions were “How often do you feel 
you lack companionship?”, “How often do you feel left 
out”, and “How often do you feel isolated from others?”, 
for which the response options were (1) “hardly ever or 
never”, (2) “some of the time”, or (3) “often”. All items 
were summed arithmetically to provide a loneliness score 
ranging from 3 to 9, whereby a higher score indicates 
greater loneliness. Because the data were positively 
skewed, we categorised scores into low (3), medium (4–5), 
and high (≥6). For social isolation, we used an approach 
to ELSA that Gale and colleagues18 previously used, in 
which 1 point was allocated for each of the following: not 
being married or cohabiting; having less than monthly 
contact with each child, other members of the family, and 
friends (one point for each); and not being a member of 
organisations, such as religious groups or social groups. 

For this scale, scores were summed to provide a social 
isolation index ranging from 0 to 5, with higher scores 
indicating higher social isolation. Scores were again 
positively skewed and were therefore categorised into 
low (0), medium (1), and high (≥2).

We assessed frailty using the frailty index, whereby we 
selected information on 59 functional, psychological, 
and social deficits within the range of data variables in 
ELSA (appendix p 3).21,22 We did not include loneliness 
as a deficit in the frailty score from the list of possible 
deficits, although it was included in a previously pub
lished version.23 Binary variables were coded as 0 or 1, 
and for ordinal and continuous variables, coding was 
based on distribution. Where variables were irreversible 
(eg, Alzheimer’s disease), a score of 1 in one wave was 
allocated in all subsequent waves. The total number of 
deficits were summed and divided by total possible 
deficits, to create a frailty index between 0 and 1, where 
higher scores indicated greater frailty. Frailty was then 
categorised using defined cutoff points to indicate an 
individual being robust (ie, nonfrail: ≤0∙08), prefrail 
(>0∙08 to <0∙25), or frail (≥0∙25 to 1·00).24

Statistical analysis
We compared baseline characteristics across the cat
egories of loneliness and social isolation (low, medium, 
and high) using ordinal χ² tests for categorical variables 
and KruskalWallis oneway analysis of variance for 
numerical variables.

We used linear mixed models to describe the trajectories 
of frailty and to assess the association of social isolation 

See Online for appendix

Total (n=9171) Loneliness score Social isolation score

Low (n=4204) Medium (n=2202) High (n=1502) Low (n=2327) Medium (n=2112) High (n=926)

Frailty index 0∙2 (0∙1) 0∙1 (0∙1) 0∙2 (0∙1) 0∙2 (0∙1) 0∙1 (0∙1) 0∙1 (0∙1) 0∙2 (0∙1)

Age, years 66∙3 (10∙2) 65∙1 (9∙3) 65∙8 (9∙9) 67∙2 (10∙9) 63∙7 (8∙3) 66∙0 (9∙6) 67∙6 (10∙7)

Gender

Male 4083 (44∙5%) 2017 (48∙0%) 972 (44∙1%) 537 (35∙8%) 1085 (46∙6%) 831 (39∙3%) 422 (45∙6%)

Female 5088 (55∙5%) 2187 (52∙0%) 1230 (55∙9%) 965 (64∙2%) 1242 (53∙4%) 1281 (60∙7%) 504 (54∙4%)

Ethnicity

White, n (%) 8952 (97∙6%) 4163 (99∙0%) 2158 (98∙0%) 1465 (97∙5%) 2296 (98∙7%) 2082 (98∙6%) 913 (98∙6%)

Other, n (%) 219 (2∙4%) 41 (1∙0%) 44 (2∙0%) 37 (2∙5%) 31 (1∙3%) 30 (1∙4%) 13 (1∙4%)

Marital status

Single 470 (5∙1%) 154 (3∙7%) 113 (5∙1%) 104 (6∙9%) 2 (0∙1%) 9 (0∙4%) 5 (0∙5%)

Married 6060 (66∙1%) 3355 (79∙8%) 1434 (65∙1%) 673 (44∙8%) 2238 (96∙2%) 1330 (63∙0%) 382 (41∙3%)

Divorced 975 (10∙6%) 289 (6∙9%) 247 (11∙2%) 253 (16∙8%) 64 (2∙8%) 283 (13∙4%) 211 (22∙8%)

Widowed 1665 (18∙2%) 406 (9∙7%) 408 (18∙5%) 471 (31∙4%) 23 (1∙0%) 490 (23∙2%) 328 (35∙4%)

Smoker status

Non-smoker 3054 (33∙3%) 1415 (33∙7%) 721 (32∙7%) 496 (33∙0%) 836 (35∙9%) 724 (34∙3%) 247 (26∙7%)

Ex-smoker 4699 (51∙2%) 2236 (53∙2%) 1131 (51∙4%) 723 (48∙1%) 1246 (53∙5%) 1079 (51∙1%) 474 (51∙2%)

Current smoker 1418 (15∙5%) 553 (13∙2%) 350 (15∙9%) 283 (18∙8%) 245 (10∙5%) 309 (14∙6%) 205 (22∙1%)

Wealth 3∙0 (0∙01) 3∙3 (1∙4) 3∙0 (1∙4) 2∙7 (1∙4) 3∙5 (1∙4) 3∙0 (1∙4) 2∙7 (1∙4)

Data are mean (SD) or n (%). Loneliness and social isolation data were not available for all participants. A score for individual wealth was derived from net financial wealth. 
This was gross financial wealth with financial debts subtracted.

Table 1: Baseline characteristics
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and loneliness with the frailty index, considered as a 
continuous measure. The model used social isolation and 
loneliness at Wave 2 as the baseline, and then observed 
the frailty index in each subsequent wave up to Wave 8, as 
the respondents became about 14 years older. We first 
analysed the linear mixed model estimates for the frailty 
index with social isolation and loneliness separately. 
For each analysis we adjusted for covariates identified 
within the literature: marital status, age, smoking status, 
education status, ethnicity, wealth, and gender. A score 
for individual wealth was derived from net financial 
wealth. This was gross financial wealth with financial 
debts subtracted. For ethnicity, we included White and 
Black, Asian, and Minority Ethnic groups. We used a 
quadratic model on the basis of a prediction that the 
trajectories might take a curvilinear form. In a further 
analysis, both social isolation and loneliness were entered 
into the same adjusted model to examine differential 
effects on the frailty index. We analysed both the fixed and 
random effects models to assess the panel structure of 
the data, and we used the Hausman test to distinguish 
between the models. In addition, we tested the association 
of loneliness and social isolation as categorical measures 
with the observed frailty trajectories.

The multivariate association between social isolation 
and loneliness was analysed for frailty categories of 
robust, prefrail, and frail, using the Cox proportional 
hazard model, with study wave as the timescale that was 
adjusted for covariates. This approach enabled us to 
estimate the relative risk of frailty with differing levels 
of loneliness and social isolation. Respondents classified 
as frail at baseline were excluded from the analysis. Our 
first analysis modelled the risk of developing frailty 
depending on the level of loneliness while censoring for 
study drop out or Wave 8, whichever occurred first. We 
then repeated the analysis for the risk of developing 
frailty depending on the level of social isolation. There 
were some missing data within the social function 
variables, which we tried to correct for using multiple 
imputation. Data were analysed using Stata (version 15).

Role of the funding source
This work was not funded. All authors had full access to 
all the data, and the corresponding author had the final 
responsibility to submit for publication.

Results
The study sample consisted of 9171 participants at the 
Wave 2 baseline (4083 male and 5088 female). There were 
similar numbers of participants in subsequent waves 
(Wave 3: 9344; Wave 4: 10 749; Wave 5: 10 094; Wave 6: 
10 372; Wave 7: 9491; and Wave 8: 8355). At baseline, the 
mean age of participants was 66∙3 years (SD 10·2) and 
there were 8952 (97·6%) White participants (table 1). 
6060 (66·1%) of 9171 participants were married, 
1418 (15·5%) were current smokers, and the mean frailty 
index was 0∙2 (SD 0∙1; table 1). Among the baseline 

Figure 2: Kaplan-Meier analysis of unadjusted frailty trajectories according to social isolation level using the 
proportional hazards model
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Figure 1: Kaplan-Meier analysis of unadjusted frailty trajectories according to loneliness level using the 
proportional hazards model

Number at risk
Low loneliness

Medium loneliness
High loneliness

1

27 551
13 948

8585

3

26 103
12 886

7405

5

21 904
10 351

5612
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6435
3340
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Low loneliness
Medium loneliness
High loneliness

Hazard ratio* (95% CI) p value

Loneliness score

Low 1∙00 Reference

Medium 1∙57 (1∙49–1∙65) <0∙0001

High 2∙62 (2∙49–2∙76) <0∙0001

Social isolation score

Low 1∙00 Reference

Medium 1∙12 (1∙05–1∙20) <0∙0001

High 1∙32 (1∙22–1∙43) <0∙0001

*Adjusted for gender, age, marital status, smoking status, and wealth. 

Table 2: Association between frailty incidence and social isolation and 
loneliness group adjusted for confounders using the proportional 
hazards model
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participants, 2843 (31∙0%) were classed as robust, 
4641 (50∙6%) as prefrail, and 1697 (18∙5%) as frail. 
4204 (53∙2%) of 7908 participants with available data 
on loneliness were categorised as having a low level of 
loneliness, compared with 2202 (27∙8%) with a medium 
level and 1502 (19∙0%) with a high level. 2327 (43·4%) of 
5365 partici pants with available data on social isolation 
reported a low level of social isolation, compared with 
2112 (39∙4%) with a medium level and 926 (17∙3%) with a 
high level. The bivariate analyses showed that both high 
and medium loneliness and high and medium social 
isolation were independently asso ciated with a higher 
frailty index (table 1). Respondents with high and medium 
loneliness and social isolation were more likely to be 
single, divorced, or widowed, as well as current smokers 
and less wealthy (table 1). In addition, high levels of 
loneliness were reported by respondents who were female 
and from minority ethnic groups (table 1).

Table 2 shows the estimated hazard ratios (HRs) for 
developing frailty across the study waves according to 
level of loneliness and social isolation. In the final models 
for both loneliness and social isolation, gender, age, 
marital status, ethnicity, education status, smoking 
status, and wealth were adjusted for, with no terms 
considered as random. Study wave was used as the 
timescale for the risk of frailty development. Different 
start times for the refreshment sample waves were 
accounted for within the analysis. Compared with a low 
level of loneli ness, there was a significantly higher 
relative risk of developing frailty with medium loneliness 
(HR 1∙570; 95% CI 1∙49 to 2, 1∙65; p<0∙00012) and a 
higher relative risk with high loneliness (HR 2∙62, 
2∙49 to 2∙76; p<0∙0001). Similarly, compared with a low 
level of social isolation, there was a significantly higher 
relative risk of developing frailty with medium social 
isolation (HR 1·12, 1∙05 to 1∙20; p<0∙0001) and high 
social isolation (HR 1·32, 1∙22 to 1∙43; p<0∙0001).

As shown in the KaplanMeier analyses for unadjusted 
rates of frailty for each level of loneliness (figure 1) and 
level of social isolation (figure 2), there was an increased 
risk of developing frailty with increasing loneliness and 
social isolation.

In the random effects model, we included marital status, 
age, smoking status, education status, ethnicity, gender, 
frailty and loneliness, social isolation, or both (table 3). 
Respondents who reported a higher level of loneliness had  
a significantly higher frailty index (β coefficient 0∙010, 
95% CI 0∙009 to 0∙010; p<0∙0001; table 3). The association 
remained significant when social isolation was included 
within the analysis (β 0∙010, 0∙009 to 0∙010; p<0∙0001). 
A higher level of social isolation was associated with a 
higher frailty index score in the independent model 
(β 0∙001, 0∙003 to 0∙005; p<0∙0001), and it remained 
significant in the joint model (β 0∙003, 0∙002 to 0∙004; 
p<0∙0001).

The predicted trajectory of the frailty index scores by 
age for the three levels of loneliness and for the three levels 
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of social isolation are presented in the appendix (pp 1–2). 
After controlling for marital status, age, smoking status, 
education status, ethnicity and gender, the trajectories of 
frailty index took linear shapes and remained significant 
following the addition of a quadratic term for age (which 
was used to confirm the model had not forced a linear 
distribution). The trajectories show that increasing age is 
associated with an increasing frailty index predicted by 
a higher level of loneliness (appendix p 1). Similarly, 
increasing age increased the frailty index predicted by the 
loneliness group, and also increased the frailty index 
predicted by the social isolation group (appendix p 2). 
According to the Hausman statistical test, the random 
effects model was rejected in favour of the fixed effects 
model (p<0∙0001), shown in table 3. The final model 
included marital status, age, smoking status, wealth, and 
frailty, as well as loneliness, social isolation, or both. 
Education status, ethnicity, and gender were omitted 
from the model, which already adjusts for these constant 
variables.

In the fixed effects model, respondents who reported 
higher levels of loneliness had a significantly higher 
frailty index score (β 0∙006, 95% CI 0∙006 to 0∙007; 
p<0∙0001; table 3). The association remained significant 
when social isolation was included (β 0∙006, 0∙005 to 
0∙007; p=0∙0010). A higher level of social isolation was 
associated with a significantly higher frailty index score 
in the independent model (β 0·002, <0∙001 to 0∙002; 
p<0∙0001), which remained significant in the joint 
model (β 0∙001, <–0∙001 to 0∙002; p<0∙0001).

Table 4 shows the linear mixed methods models for 
categories of loneliness and social isolation. There was 
a significant association (p<0∙0001) between increasing 
loneliness and social isolation and increased frailty index. 

As marital status formed part of the social isolation 
variable, adjusting for it might have affected the results. 
Therefore, a repeat analysis was done in which marital 
status was removed from the model. Results showed that 
in the joint model, respondents had higher frailty scores 
when they had a higher level of loneliness (β 0∙006, 
95% CI 0∙006 to 0∙007; p<0∙0001) and social isolation 
(β 0∙001, 0∙001 to 0∙002; p<0∙0001).

Discussion
To our knowledge, this is the first study to use a broad 
period of 14 years and a large sample size to analyse the 
association between social isolation, loneliness, and 
trajectories of the frailty index and the onset of frailty. 
Loneliness and social isolation were independently 
associated with increased frailty across the study waves. 
The associations remained significant when both 
loneli ness and social isolation were included in a joint 
model. Compared with a low level of loneliness, there 
was a higher risk of developing frailty with medium 
loneliness (HR 1∙57) and high loneliness (HR 2∙62). In 
addition, compared with low social isolation, there was 
a higher risk of frailty with medium social isolation 
(HR 1∙12) and high social isolation (HR 1·32).

Prospective longitudinal research assessing the effects 
of loneliness and social isolation on frailty has been scarce. 
Hoogendijk and colleagues17 used the Longitudinal Aging 
Study Amsterdam across 3 years to show that reduced 
social functioning (including loneliness) was associated 
with greater levels of frailty phenotype in the Netherlands. 
Gale and colleagues18 used both the frailty index and 
phenotype models of frailty across Waves 2–5 of ELSA and 
found only an association between the frailty phenotype 
and loneliness, defined using the UCLA 3item score, 
but not the frailty index. In contrast, our results, using 
Waves 2–8 of ELSA, show an association between 
increased loneli ness and increased risk of frailty using the 
frailty index. Despite using the same dataset and loneli
ness scoring system, Gale and colleagues18 had a much 
smaller sample size due to the use of fewer waves and the 
inclusion of only those participants with complete data to 
form both the frailty scoring systems, which could explain 
the difference in findings.

Strawbridge and colleagues25 found that, although their 
unadjusted results suggested a relationship between 
frailty (based on 16 variables) and social isolation (defined 
by meeting two of three criteria in having fewer than 
three friends or relatives and seeing fewer than three 
of either in the past month), this relationship was not 
statistically significant. Gale and colleagues18 also found 
no longitudinal association between social isolation 
(defined using the same score as in the current study) 
and both the frailty phenotype and frailty index. These 
studies focused on older adults. Our results, using more 
waves within ELSA, show that a higher level of social 
isolation is related to increased frailty index and increased 
risk of developing frailty.

Our study results suggest that both the quantity and 
perceived quality of social interactions and relationships 
can adversely affect functioning. A person’s subjective 
negative feeling about their level of contact increases 
their risk of frailty. Loneliness has been shown to affect 
neuroendocrine function, with studies showing worse 
cardiovascular health and biological function in frail 
individuals.7,16 Lonely indi viduals are also thought to have 
worse health behaviours (ie, poorer lifestyles and nutrition, 

β coefficient (95% CI) p value

Loneliness (n=54 124 observations)

Low Reference ∙∙

Medium 0∙012 (0∙011 to 0∙013) <0∙0001

High 0∙035 (0∙032 to 0∙036) <0∙0001

Social isolation (n=37 254 observations)

Low Reference ∙∙

Medium 0∙004 (0∙002 to 0∙005) <0∙0001

High 0∙012 (0∙009 to 0∙013) <0∙0001

Coefficients adjusted for gender, age, marital status, smoking status, and wealth. 

Table 4: Longitudinal association between loneliness and social isolation 
group and frailty using the growth model
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more smoking and alcohol use, and less exercise) than 
individuals who are not lonely.7 Loneliness has also been 
associated with worse sleep patterns and reduced quantity 
of sleep. Another hypothesised mechanism for the associ
ation between loneli ness and frailty is poorer gait speed 
and mobility,12 both of which are associated with loneliness 
and predispose individuals to sarcopenia, an agerelated 
reduction in muscle mass, which is a risk factor for frailty.11 
However, since gait speed and mobility are also markers of 
frailty, the usefulness of this insight is limited. In addition, 
loneliness can increase negative thoughts and reduce 
resilience, and rates of stress and depression are higher in 
lonely individuals than in individuals who are not lonely, 
thereby increasing the development and progression of 
physical illness and disease.7

We also showed that a reduced quantity of social contact 
increases frailty regardless of whether the individual 
perceives this to be negative. Similar to loneliness, worse 
health behaviours and increased cardiovascular disease 
and mental health difficulties have been shown in socially 
isolated individuals.14,26 Choi and colleagues show that 
social isolation increases sleep disturbance, depression, 
and fatigue in older adults, but that subjective social 
isolation contributes more significantly than objective 
measures.27 It could also be hypothesised that individuals 
who experience greater social isolation might have 
reduced access to immediate support for health needs 
due to infrequent contact with others, which could lead 
to increased frailty. Social isolation is a risk factor for 
loneliness, and this association could increase the risk of 
frailty.15 There is currently no evidence showing whether 
loneliness is also a risk factor for social isolation. Further 
research is needed to understand these links.

Different measures of loneliness, social isolation, and 
frailty could create differences in observed associations. 
Multipleitem scoring systems for loneliness include 
the 3item and 20item UCLA Loneliness Scale and the 
DeJong Gierveld Loneliness Scale, and measures for 
social isolation include the BerkmanSyme Social Network 
Index and the Lubben Social Network Scale. Multipleitem 
scores enable a greater window for obser vation but their 
use in retrospective analyses is limited because specific 
data must be collected to form a score and there are time 
constraints when designing prospective studies with larger 
scales (eg, 20item scales). We used the 3item UCLA 
Loneliness Scale and a 5item social isolation scoring 
system that was applicable to ELSA data, and therefore 
differences between our findings and those of other 
studies might be explained by the use of different scoring 
systems.

Similarly, frailty scoring systems capture different 
constructs, with the frailty phenotype using physical 
dimensions of frailty and the frailty index using psycho
logical and social dimensions in addition to physical 
ones.28 This broader approach of the frailty index can 
affect the prevalence and incidence of frailty estimates, 
as it typically quantifies more partici pants as frail and 

therefore allows a greater assessment of frailty in 
different waves. Research findings should be interpreted 
with consideration of the measures used.

Different types of interventions have been trialled to 
improve social functioning using varying group sizes 
and intervention goals.29–31 Interventions aiming to in
crease social interaction might not improve loneliness 
and vice versa.31 Interventions targeting loneliness 
gener ally work to help individuals make interpersonal 
ties (eg, befriending activities) and improve social 
bonding and coping strat egies, while those targeting 
social isolation aim to increase social contact (eg, 
technologybased services, community activities, and 
home visits).31 Because social isolation is a risk factor 
for loneliness, some activities can be targeted at 
both. The wide range in interventions and individual 
responses makes assessment of effectiveness difficult, 
so an individualised approach could be needed.31

At the time of publication, older adults are being advised 
to shield to minimise their risk of contracting COVID19. 
There is concern that those previously not reported to 
be lonely or socially isolated are at a disproportionately 
increased risk of becoming so during the pandemic. This 
risk could be due to reduced attendance at community 
events, difficulties for older adults in using digital tech
nology for communication, and reduced daily contact. 
Although our results may not be generalisable, we did 
identify mechanisms to attenuate frailty by reducing 
loneli ness and social isolation, which is particularly 
important at a time of reduced social contact.

The main strength of the current study is the use of a 
large dataset, assessments across multiple waves, and a 
dataset that is nationally representative of people aged 
50 years and older, using Health Survey for England data. 
The study limitations include the low level of represen
tativeness of ethnicity in ELSA. There were also missing 
data for the social isolation scale, which could have 
affected the results. A limitation of using a fixed effects 
model is that results are less generalisable. Previous 
research shows a bidirectional relationship between 
frailty and social functioning, with social func tioning 
associated with the development of frailty and frailty 
adversely affecting social functioning, possibly due to 
declining mobility, and, as such, our research cannot 
prove causality.17,18 Future research using randomised 
controlled trials or complex statistical methods is 
required to establish a causal relationship and to assess 
the interaction between loneliness and social isolation.

In conclusion, both loneliness and social isolation are 
associated with frailty longitudinally and are predictors of 
frailty risk. Loneliness and social isolation are highly 
prevalent in older people and are linked to higher mortality 
and poorer functional status. Our study of loneliness and 
social isolation across a large timespan has provided 
a greater understanding of their association with frailty, 
which could inform the design and implementation of 
interventions.
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