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Abstract

Background: There is a shortage of research evidence about how social isolation, social participation, and loneli-
ness were longitudinally associated with frailty. This study was to 1) examine the associations of social isolation, social
participation, and loneliness with level of frailty among community-dwelling older adults using panel data, and 2)
explore the moderating effect of gender on the association of social isolation, social participation and loneliness with
frailty.

Methods: The study included 606 participants aged 60 years and above from the longitudinal Population Health
Index Survey conducted in Singapore. At each timepoint, level of frailty was determined using the Clinical Frailty
Scale. Social isolation was assessed by the Lubben Social Network Scale-6, and loneliness was assessed using the
three-item UCLA Loneliness Scale. Fixed-effects ordinal logistic regressions were conducted with level of frailty as the
dependent variable and social isolation and loneliness as the independent variables, adjusting for time-varying socio-
demographic, lifestyle, and health-related factors.

Results: Increase in social participation was associated with lower level of frailty (odds ratio: 0.96, 95% confidence
interval: 0.93-0.99) and feeling lonely was associated with higher level of frailty (odds ratio: 2.90, 95% confidence
interval: 1.44-5.84). Social isolation was not associated with frailty. Gender did not have moderating effect on these
associations.

Conclusions: This study observed that social isolation and loneliness had differential longitudinal association with
level of frailty among community-dwelling older adults and suggested that loneliness and frailty should be measured
and addressed concurrently among community-dwelling older adults.
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absence of or deficit in social connections and lack of
social engagement [3]. As a functional indicator of social

Background
Social isolation and loneliness are two interrelated but

empirically distinct concepts which reflect objective and
subjective characteristics of social relationships, respec-
tively [1]. As a structural indicator of social connec-
tion [2], social isolation reflects the extent of objective
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connection [2], loneliness is defined as “a distressing feel-
ing that accompanies the perception that one’s social
needs are not being met by the quantity or especially the
quality of one’s social relationships” [4] Evidence sug-
gests that people around the world are more socially iso-
lated nowadays than ever before [5] and older adults are
generally at increased risk for social isolation and loneli-
ness because they are more likely to experience many of
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the risk factors that can cause or exacerbate social isola-
tion or loneliness, such as living alone, loss of loved ones,
suffering from chronic illnesses, declined mobility, and
vision or hearing impairment [6, 7]. In Singapore, popula-
tion ageing, change in family structure, and shift towards
nuclear families increase the likelihood of social isolation
[8] and loneliness. Social isolation and loneliness have
been recognized as emerging global public health issues
that cast significant and growing influence on a wide
array of adverse health outcomes, spanning from physical
and psychological conditions [9, 10] to mortality [11].

Frailty is a common geriatric syndrome character-
ized by cumulative presentation of clinically identifiable
somatic deficits, decreased physiological reserve, and
heightened vulnerability to stressors [12, 13]. Despite no
consensus definition of frailty or operational criteria for
frailty assessment, prior research has consistently shown
that frail older adults are at increased risk of falls and
disability [14, 15], hospitalisation [16, 17], and mortal-
ity [18, 19]. With the increase in the ageing population
worldwide, the number of frail individuals has been ris-
ing steadily over the years, resulting in an increasing and
substantial burden on health care and social care systems.
Frailty has been identified as a strong driver of healthcare
utilisation and costs both locally [20] and internationally
[21]. To forge a frailty-ready community to meet the chal-
lenges of population ageing, a better understanding of the
risk factors of frailty and identifying effective approaches
to attenuate the development and progression or even
reversion of frailty is essential.

Prior research has suggested that the association of
social isolation and loneliness with frailty is bi-direc-
tional with the exact causal mechanism uncertain: while
frailty gives rise to greater social isolation and loneliness
[22, 23], social isolation and loneliness may also lead to
increased risk of frailty [22, 24, 25]. Although the asso-
ciation between loneliness and frailty was consistently
reported by both cross-sectional and prospective studies
globally [23, 25, 26], there is a lack of consensus about the
relationship between social isolation and frailty. A cross-
sectional study in a sample of elderly Chinese population
aged 70 and older suggested social isolation was associ-
ated with increasing frailty as measured by frailty index
[27]. However, data from the Mexican older adults of the
same age group showed that frailty was not associated
with social isolation [28]. A study examining the associa-
tion between frailty and social isolation both cross-sec-
tionally and prospectively showed that frailty was only
cross-sectionally associated with a smaller social network
[23]. A few recent prospective studies [22, 29, 30] pro-
vided additional evidence on the relationship between
social isolation and frailty by predicting future frailty
using the baseline social contacts or social participation.
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A limitation of these cross-sectional and prospective
studies is that an individual’s social isolation and loneli-
ness as well as other time-varying covariates were treated
as static, and their dynamic nature was ignored. As such,
it remains unclear how changes in social isolation and
loneliness over time are associated with change in level
of frailty when accounting for other time-varying covari-
ates. Hence, this study was conducted to assess the longi-
tudinal associations between social isolation, loneliness,
and level of frailty in community-dwelling older adults
using panel data, and examine whether social isolation
and loneliness had differential association with frailty. As
previous research observed gender difference in associa-
tion between social isolation and frailty [27], it is possi-
ble that gender might moderate the association between
social isolation or loneliness and frailty. As such, the sec-
ond objective of the study was to explore the moderating
effect of gender on the associations.

Methods

Study design and participants

The panel data of this study was derived from the longi-
tudinal Population Health Index (PHI) Survey, which was
a representative cohort study of community-dwelling
adults aged 21 years and above in the Central region of
Singapore. The PHI survey was initiated in November
2015 and the subsequent data collection was conducted
yearly in 2016/2017 and 2017/2018 using face-to-face
interviews and interviewer-administrated question-
naires. The sampling design, participant recruitment and
follow-up processes were detailed elsewhere [31] and the
contents of the questionnaire were described in a previ-
ous study [32]. The PHI study was approved by the eth-
ics review committee of the National Healthcare Group
Domain Specific Review Board (Reference Number:
2015/00269) and was conducted in accordance with the
Declaration of Helsinki. Written informed consent was
obtained from all individual participants after they were
being informed about the study objectives and the safe-
guards put in place so that confidentiality of the collected
data is maintained.

A total of 685 participants from the longitudinal PHI
survey were identified for this study based on the follow-
ing two inclusion criteria: 1) aged 60 years and above at
baseline, and 2) cognitively sound and responded to the
survey independently. From these, we excluded partici-
pants with any missing responses for the variables of the
model or only having one observation (n=79). Finally,
606 participants were included in the data analysis.
There were no significant differences in baseline socio-
demographics, social connection indicators or frailty
status among participants included and excluded from
this study. Among these 606 participants included in the
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data analysis, 138 (22.8%) had two observations and 468
(77.2%) had three observations. In total, there were 1738
observations.

Measures

Frailty

The level of frailty (CFS1-7) for each participant was
determined using the Clinical Frailty Scale [33] and
operationalised based on the information obtained from
relevant questions included in the PHI survey question-
naire. These questions provided information on diagno-
sis of chronic conditions, dependency for any activities of
daily living (ADLs), assistance required in any high-order
instrumental activities of daily living (IADLs, includ-
ing shopping, housekeeping, transportation, handing
medication, and finances), whether often taking part in
active recreation or regular fitness program, and pres-
ence of any active bothersome symptoms. An individual
would be categorized as CFS7-Severely Frail if the indi-
vidual 1) completely dependent for any ADLs; or 2) diag-
nosed with severe dementia; or 3) chair/bed bound. An
individual would be categorized as either CFS6-Mod-
erately Frail or CFS5-Mildly Frail based on the level of
assistance required in any ADLs and 2) help required in
number of high-order IADLs. A person having any diag-
nosed chronic diseases would be categorized as either
CFS4-Vulnerable or CFS3-Managing Well depending on
whether he/she had any active bothersome symptoms. A
person having no diagnosed chronic diseases would be
categorized as CFS1-Very Fit if he or she often took part
in active recreation or regular fitness program, otherwise,
the person would be categorized as CFS2-Well. The flow-
chart describing this process step-by-step was presented
in the Figure A1 of a previous study [32].

Social isolation

Social isolation was measured by the two subscales of
the 6-item Lubben Social Network Scale-6 (LSNS-6).
The LSNS-6 is composed of a set of three questions that
evaluate social connectedness with relatives (LSNS-6
Family subscale) and a comparable set of three questions
that evaluate social connectedness with friends (LSNS-9
Friends subscale) [34]. Specifically, the questions of the
LSNS-6 Family subscale are: “How many relatives do you
see or hear from at least once a month?”, “How many rela-
tives do you feel close to such that you could call on them
for help?;, and “How many relatives do you feel at ease
with that you can talk about private matters?”. The word
“relatives” in these three questions are replaced with the
word “friends” for the questions of the LSNS-6 Friends
subscale. Each item has 6 response options: 0=none,
l1=one, 2=two, 3=three or four, 4=five through
eight, 5=nine or more. The LSNS-6 Family and LSNS-6
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Friends subscale scores were derived by adding up the
3 items evaluating social connection with relatives and
friends, respectively. Each subscale score ranges from 0
to 15, with lower score indicating greater isolation. The
two subscales in the present study demonstrated good
internal consistency reliability with Cronbach’s alpha of
0.81 for family subscale and 0.80 for friend subscale.

Social participation

Social participation was measured by self-reporting using
the social role domain of the Late-Life Function and
Disability Instrument (Late-Life FDI) [35]. It contains
nine items that reflect the frequency of performing vari-
ous social and community tasks or activities including
keeping in touch with others, visiting friends and family
in their homes, providing care or assistance to others,
working at a volunteer job, taking part in active recrea-
tion, travel out of town, inviting people into your home,
going out with others to public places, and taking part in
organized social activities. These frequency questions are
phrased “How often do you (do a particular task)?” with
five response options: 5= Very often, 4 = Often, 3=0Once
in a while, 2= Almost never, and 1 =Never. Following the
score table presented in the Late-Life FDI Manual [36],
each raw summary score of the nine items was trans-
formed to a scaled score ranging from 0 to 100 based on
a Rasch model with 100 indicating better social partici-
pation or engagement and 0 indicating worse social par-
ticipation. The social role domain of Late-Life FDI in the
study demonstrated acceptable internal consistency reli-
ability (Cronbach’s alphas=0.76).

Loneliness

Loneliness was assessed using the UCLA Loneliness
Scale [37]. Each participant was asked the following
three questions: “How often do you feel that you lack
companionship?’, “How often do you feel left out?” and
“How often do you feel isolated from others?” Each ques-
tion had three options to reflect the frequency:1 =Hardly
ever, 2=Some of the time, and 3=Often). The values
for each question were summed to get a loneliness score
ranging from 3 to 9, with higher values indicating greater
loneliness. Each participant was then categorized into
three categories: “not long” (scored 3), “somewhat lonely”
(scored 4-5), and “lonely” (scored 6-9). The scale has
good internal reliability in this study with Cronbach’s
alpha=0.87.

Covariates

Several time-varying variables were included as covari-
ates to account for any potential confounding effects.
These variables included socio-demographics includ-
ing age, marital status (married/cohabiting vs single/
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divorced/widowed), employment status (employed vs
unemployed), living arrangement (alone vs with oth-
ers), and financial status assessed by self-reported money
insufficiency for basic daily living (perceived money suf-
ficiency vs insufficiency); lifestyle and health-related fac-
tors including current smoking status, alcohol misuse
assessed by the Alcohol Use Disorders Identification Test
Consumption screening tool [38], number of diagnosed
chronic conditions (self-reported), number of long-term
medications (<3 medications vs >3 medications), func-
tional independence measured by the Modified Barthel
Index for ADL (score range: 0—100), and nutritional sta-
tus (normal vs undernutrition) assessed by Mini Nutri-
tional Assessment [39].

Statistical analysis

Baseline characteristics of the study participants were
described using mean and standard deviation (SD) for
continuous variables, and frequency and percentages for
categorical variables.

Fixed-effects ordinal logistic regression for panel data
was conducted to examine the associations of change in
social isolation, social participation, and loneliness with
change in level of frailty over time. This approach has
several strengths. Firstly, fixed-effects model considers
dynamic relationships between independent and depend-
ent variables. This is especially helpful when exploring
the associations of factors such as social isolation, social
participation, and loneliness, and outcomes such as level
of frailty which are likely to change dynamically over
time and are likely to be influenced by other time-varying
covariates. Secondly, fixed-effects models explore within-
person variation by taking individuals as their own ref-
erence point over time. As such, fixed-effects regression
accounts for all time-invariant factors (e.g. gender, eth-
nicity, and the highest education attained) and their
heterogeneity even if unobserved [40]. Thirdly, fixed-
effects models relax the distributional and independence
assumptions on individual-specific error terms, which
makes them useful for the estimation of causal effects as
it accounts for any potential endogeneity stemming from
individual’s time-invariant characteristics [40]. Random-
effects models were also conducted to assess the panel
structure of the data and Hausman tests were used to
confirm the selection of fixed-effects models over ran-
dom-effects models if p <0.05.

Three fixed-effects ordinal logistic regression mod-
els were run to examine the associations of social iso-
lation and social participation (continuous variables)
and loneliness status (not lonely vs lonely) with level of
frailty (a seven-level ordered variable): Model 1 included
social isolation, social participation, and loneliness sta-
tus adjusted for all time-invariant factors (e.g., gender,
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ethnicity, and the highest education attained). Model 2
additionally adjusted for time-varying demographic fac-
tors including age, marital status, employment status
and living arrangement. Model 3 additionally adjusted
for lifestyle and health-related factors including current
smoking status, alcohol misuse, number of chronic con-
ditions, number of long-term medications, current nutri-
tional status, and functional independence. To examine
the moderating effect of gender on the associations
between social isolation, social participation, and loneli-
ness and level of frailty, the interaction terms of gender
and each social connection indicators were added to the
Model 3. Odds ratios (ORs) and 95% confidence intervals
(CIs) were reported for each model.

We conducted sensitivity analyses (SAs) based on the
Model 3 using 1) isolation status (not isolated vs iso-
lated) instead of isolation score as the independent vari-
able (SA 1), and 2) loneliness score instead of loneliness
status as the independent variable (SA 2). We also ran a
fixed-effects logistic regression on the panel data using
dichotomous frailty (non-frail: CFS1-3 vs. frail: CFS4-7)
as the outcome variable, controlling for all the covariates
included in the Model 3 (SA 3). Furthermore, as LSNS-6
Family, LSNS-6 Friends, and social participation were
moderately associated with each other (r=0.42-0.53,
p<0.001) and mildly associated with loneliness (r=-0.22
to -0.28, p<0.001), we also conducted sensitivity analyses
to examine the individual association of social isolation,
social participation and loneliness with level of frailty
by only including one social connection indicator in the
model and adjusted for all the time-vary factors included
in the Model 3 (SA 4a-4d).

All the analyses were carried out using Stata/SE 16.1 for
Windows (StataCorp, College Station, TX) and a p value
of 0.05 was set as the level of significance for all tests.

Results

Study participants

The baseline characteristics of the participants are
described in Table 1. Of the 606 participants, 57.6% were
females, 84.3% were Chinese and 52.0% had no formal
education or primary school qualification only. At base-
line, the mean age of the participants was 70.9 years old,
58.6% were married, and 46.0% were out of labour force
(inactive).

At baseline, 19.6% were living alone, 17.7% of partici-
pants were categorized as “isolated” based on the LSNS-6
Family subscale and 47.4% were categorized as “isolated”
based on the LSNS-6 Friends subscale. There were 7.3%
individuals categorized as “lonely” (loneliness score<6).
The descriptive summary of social isolation, social partic-
ipation, loneliness, and level of frailty for participants at
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Table 1 Characteristics of participants at baseline (N=606)

Characteristics n/mean % /SD
Time-invariant characteristics
Female 349 576
Ethnicity
Chinese 511 84.3
Malay 31 5.1
Indian 56 9.2
Others 8 13
Highest education attended
No formal education 207 34.2
Primary school 108 17.8
Secondary school 217 358
Post-secondary school & above 74 12.2
Time-variant characteristics
Age (Mean, SD) 70.1 7.9
marital status
Married 355 586
Single/divorced/widowed 251 414
Employment status
Employed 185 305
Unemployed 142 234
Inactive 279 46.0
Living alone 119 19.6
Self-reported money insufficiency 103 17.0
Currently smoking 54 89
Alcohol misuse 69 114
Number of chronic conditions (Mean, SD) 2.7 2.0
Number of medications
0 171 28.2
Tor2 208 343
3 or more 227 375
Nutritional status: undernutrition 80 13.2
Functional independence- MBI score (Mean, SD) 97.8 9.3
LSNS-6 Family (range 0-15) (Mean, SD) 8.4 35
Isolated from relatives (LSNS-6 Family < 6) 107 17.7
LSNS-6 Friends (range 0-15) (Mean, SD) 6.0 4.0
Isolated from friends (LSNS-6 Friends < 6) 287 47 4
Social participation (range 0-100) (Mean, SD) 394 94
Loneliness (range3-9) (Mean, SD) 34 1.0
Not lonely 636 93.0
Lonely (loneliness score > 6) 44 73

SD standard deviation, MBI Modified Barthel Index

each time point is presented in Supplementary Tables la
and 1b (Additional File 1).

Association of social isolation, social participation,

and loneliness with level of frailty

The results of the fixed-effects models are presented in
Table 2 and the results of the random-effects models and
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Hausman test are presented in Supplementary Table 2
(Additional File 1). As suggested by Hausman test results
(all p-values<0.05), we reported the results of the fixed-
effects models.

As shown in Table 2, increased frequency of social par-
ticipation was consistently associated with lower level of
frailty with OR of 0.95 remaining unchanged in Model 1
and Model 2 and 0.96 in Model 3 (Table 2). However, no
significant association between either LSNS-6 Family or
LSNS-6 Friends and level of frailty was observed in any
model.

Feeling lonely was consistently associated with higher
level of frailty (Modell: OR=2.43, Model 2: OR=2.62,
Model 3: OR=2.90, all p<0.05), and the association
increased slightly after adjusting for time-varying socio-
demographic and health-related factors.

The moderating effect of gender.

After adding the interaction terms of gender and each
social connection indicator to Model 3, while feeling
lonely remained significantly associated with level of
frailty, the association between social participation and
level of frailty attenuated to be non-significant. None of
the interaction terms showed association with level of
frailty (Table 3, all p-values>0.05).

Sensitivity analyses

The SA 1 results in Supplementary Table 3a (Additional
File 1) showed that when the two LSNS-6 subscale scores
were replaced with the dichotomous social isolation sta-
tus (not isolated vs isolated) in Model 3, the significant
association of social participation (OR: 0.96, p=0.015)
and feeling lonely (OR: 3.13, p=0.001) with level of
frailty remained. When loneliness score was replaced
with the dichotomous loneliness status (not lonely vs
lonely) in the Model 3 (SA 2 in Supplementary Table 3b),
social participation (OR: 0.96, p=0.021) and feeling
lonely (OR: 1.25, p=0.029) were still significantly associ-
ated with level of frailty.

When using dichotomous frailty (not frailty vs frailty)
as the outcome (SA 3 in Supplementary Table 4), the
association between social participation and feeling
lonely and frailty remained: older adults with more fre-
quent social participation was associated with lower odds
of frailty (OR: 0.92, p<0.001) and those reported lonely
had higher odds of frailty (OR: 3.61, p=0.002). Further-
more, LSNS-6 Family was also associated with higher
odds of frailty (OR: 1.11, p=0.005).

Examining the individual social connection indica-
tors” association with level of frailty by including only
one indicator in the full adjusted model (SA4a-d) did not
show any material changes to the findings (Supplemen-
tary Table 5).
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Table 2 Associations of social isolation, social participation, and loneliness with level of frailty (Fixed-effects models)
Model 1 Model 2 Model 3
OR (95%Cl) p-value OR (95%(Cl) p-value OR (95%Cl) p-value

LSNS-6 Family 1.04 (0.97—1.11) 0.255  1.04(0.97—1.11) 0.250 05 (0.97—1.14) 0.231
LSNS-6 Friends 0.99 (0.93—1.06) 0.848 1.00(0.94—1.07) 0991  0.99(0.92—1.07) 0.782
Social participation 0.95 (0.93—0.98) <0.001  0.95(0.93—0. 98) <0.001  0.96(0.93—0.99) 0.019
Lonely (Ref: Not lonely) 243 (1.17—5.04) 0017  262(1.24—5.52) 0.011 290 (1.44—5.84) 0.003
Age 1.15(0.97—1.35) 0.105  0.89 (0.74—1.08) 0.233
Marital status (Ref: Married)

Single/divorced/widowed 1.34(043—4.13) 0616 1.29(0.13—1240) 0.827
Employment status (Ref: Employed)

Unemployed 042 (0.21—0.84) 0.013  037(0.18—0. 74) 0.005

Inactive 0.75 (0.38—1.45) 0386  0.48(0.23—1.00) 0.050
Living alone (Ref: Living with others) 0.58 (0.27—1.28) 0177 042017 07) 0.070
Self-reported money insufficiency (Ref: Sufficient) 1.35(0.83—2.21) 0224 1.54(0.87—2. 75) 0.142
Currently smoking (Ref: Not smoking) 0.79 (0.14 - 4. 33) 0.782
Alcohol misuse (Ref: No misuse) 0.94 (041 - 2.16) 0.885
Number of chronic conditions 348 (192 -6. 31) <0.001
Number of medications (Ref: 0-2)
3 ormore 1.99 (1.01 - 3.89) 0.045
Nutritional status (Ref: Normal)

Undernutrition 1.80 (0.93—3.48) 0.083
Functional independence 0.76 (0.67 — 0.86) <0.001

Number of observations: 782; number of individuals: 282. Model 1 accounted for all time-invariant factors. Model2 additionally adjusted for time-variant demographic factors
including age, marital status, employment status and living arrangement. Model 3 additionally adjusted for lifestyle and health-related factors including current smoking
status, alcohol misuse, number of chronic conditions, number of long-term medications, current nutritional status, and functional independence. OR: odds ratio; 95%Cl: 95%

confidence interval

Table 3 Associations of social isolation, social participation, and
loneliness with level of frailty with interaction terms

Social connection indicator OR (95%Cl) p-value
LSNS-6 Family 03 (0.91—1.17) 0614
LSNS-6 Family#female 03 (0.87—1.23) 0.697
LSNS-6 Friends 099 (0.89—1.11) 0.904
LSNS-6 Friends#female 0.99 (O 85—1.15) 0.863
Social participation 0.96 (0.91 - 1.00) 0.065
Social participationffemale (O 95—1.08) 0.642
Lonely (Ref: Not lonely) 9 (1.02—1.89) 0.036
Lonely (Ref: Not lonely)#female 0.80 (O 53—1.21) 0.294

Number of observations: 782; number of individuals: 282. Adjusted for all time-
invariant factors; time-variant demographic factors including age, marital status,
employment status and living arrangement lifestyle and health-related factors
including current smoking status, alcohol misuse, number of chronic conditions,
number of long-term medications, current nutritional status, and functional
independence. OR: odds ratio; 95%Cl: 95% confidence interval

Discussion

This was the first study to examine the association of
both objective and subjective social connection with
level of frailty among community-dwelling older
adults using panel data from a longitudinal survey in

Singapore. Frequency of social participation and lone-
liness were found to be independently associated with
level of frailty and their associations were independent
of time-invariant factors such as gender, ethnicity, and
highest education attained, and independent of changes
in socio-demographic factors, lifestyle and health-
related factors which were identified in previous studies
[41, 42].

Existing literature on association between social con-
nections and frailty used different tools to assess social
isolation, social participation, and frailty. This variabil-
ity may contribute to the variations in observed asso-
ciations, leading to the incomplete understanding of
the association between social connections (including
social isolation, social participation, and loneliness) and
frailty [43]. Prior literature suggested the potential bi-
directionality of their association [25, 44], however, as
social isolation and loneliness are recognized as modi-
fiable social determinants of health [7], they were more
commonly used as independent variables and frailty was
used as the dependent variable. This study chose frailty
as the dependent variable based on current local efforts
in building a frailty-friendly community in Singapore. We
used CFS instead of Fried phenotype or Frailty Index [22,
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30] to assess frailty as it is widely used in our local com-
munity for frailty screening.

Unlike recent longitudinal studies [22, 45] which found
social isolation was associated with frailty measured
using Frailty Index, our study did not observe any asso-
ciation between changes in social isolation (either social
isolation from relatives or from friends) and changes in
level of frailty over time. It is unclear whether the incon-
sistent finding was attributed to the use of different frailty
and / or social isolation tool. Although different social
participation tools were used, our findings were con-
sistent with the findings of previous studies [22, 24, 28,
30] and found that increase in social participation was
associated with decrease in level of frailty, and this asso-
ciation was independent of living arrangement and social
isolation.

Similar to the findings from existing evidence [24-26,
45], our study showed that feeling lonely was consist-
ently associated with higher odds of worsened frailty and
their association was independent of social isolation and
social participation. The prevalence of loneliness among
the study population (7.3% for those with loneliness
score > 6, and 16.8% for those with loneliness score > 3)
was relatively lower than the prevalence (23%—24%)
reported by three local studies [8, 46, 47] which used dif-
ferent approaches for sampling or scale scoring. Besides,
the differences in the profile of older adults and changes
in the community over the past years may also lead to the
decline in the prevalence of loneliness in Singapore: at
individual level, older adults nowadays stay in the labour
force for a longer period, and they are more educated and
more likely to seek ways to curb feeling of loneliness such
as using of social media platforms; while at community
level, various befriending programmes/services or com-
munity programmes and support make seniors feel less
excluded [48].

The mechanisms underlying the differential associa-
tion between social isolation, social participation, loneli-
ness, and frailty among older adults are likely complex.
Although social isolation was found to be a risk fac-
tor for loneliness in older adults [49], social isolation
and loneliness are distinct concepts. While being iso-
lated for a short period could be by choice and has less
impact on health; loneliness, as a negative emotional
feeling, may contribute to a series of physical and mental
health issues including cardiovascular disease and stroke,
increased stress and depression, and cognitive decline
[50, 51]; thereby increasing the risk of development and
progression of frailty. Social participation among older
adults directly increases social interactions which has
the potential to reduce cognitive decline, lowers the risk
of depression, and creates a sense of belonging which
alleviate feeling of loneliness [52]. Furthermore, social
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participation also increases physical activities, which
reduces the risk of frailty.

While many studies reported gender differences in
social isolation [53], loneliness [54, 55] and frailty [56,
57], our study did not observe significant association
between the interaction term of gender and any social
indicators and frailty, suggesting that gender did not
moderate the association between either changes in
social isolation, social participation, or loneliness and
level of frailty. Although a few cross-sectional and pro-
spective studies found that many socio-demographic
characteristics such as marital status and living arrange-
ment were associated with cross-sectional and/or future
frailty [42, 58], our study did not observe any association
between change in these characteristics and frailty dur-
ing the study period.

The association of social participation and loneliness
with frailty implies that promoting social participation or
engagement (both frequency and types) and addressing
loneliness may contribute to prevention of the develop-
ment of frailty or attenuation of the frailty progression.
Considering the association between social participation
and frailty might be bidirectional, more attention should
be paid to the potential risk of loneliness among frail
individuals, and it is worth exploring strategies or inter-
ventions to engage frail individuals in social activities in
the community.

The major strength of the study was the use of panel
data fixed-effects regressions that account for time-var-
ying covariates. Although it is still possible that some
factors that may influence social indicators and frailty
were not accounted for, by using each participant as their
own control, the influence of time-invariant factors was
eliminated [59] and the associations identified reflect
how change in social connection indicators dynamically
influenced level of frailty. Secondly, we examined multi-
ple indicators of social connection (social isolation from
family and friends, social participation, and loneliness)
and conducted sensitivity analyses with each indicator
in one model. This gives a relatively detailed description
of one’s social connection and enables us to examine the
link between each specific component of social connec-
tion and frailty. However, due to the nature of observa-
tional studies, we could not infer any causality, especially
that some potential time-varying covariates that might
cause frailty (e.g., fracture, some acute conditions) were
not observed. And it is still possible that deterioration in
physical or mental functioning caused the reduction in
social participation and loneliness. In additional, the data
analysed was collected at yearly basis with an attrition
rate of 11.8% and 17.8% for the first and second follow-up
respectively. This may result in attrition bias and under-
estimation of the associations.



Ge et al. BMC Geriatrics (2022) 22:26

Conclusions

This study observed that social isolation, social partici-
pation, and loneliness had differential longitudinal asso-
ciation with level of frailty among community-dwelling
older adults in Singapore. Social participation and feeling
of loneliness were independently associated with higher
level of frailty in older adults and gender did not moder-
ate the associations. Our findings suggest that loneliness
and frailty should be measured and addressed concur-
rently among community-dwelling older adults.

Abbreviations

ADLs: Activities of daily living; MBI: Modified Barthel Index; CFS: Clinical Frailty
Scale; Cl: Confidence interval; IADLs: Instrumental activities of daily living;
LSNS-6: 6-Item Lubben Social Network Scale-6; Late-Life FDI: Late-Life Func-
tion and Disability Instrument; OR: Odds ratio; PHI: Population Health Index;
SD: Standard deviation.

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512877-021-02745-2.

Additional file 1: Table 1a. The descriptive summary of social connec-
tion indicators across three time points. Table 1b. The distribution of level
of frailty across three time points. Table 2. Associations of social isolation,
social participation, and loneliness with level of frailty (Random-effects
models) and Hausman tests. Table 3a. Association of social isolation
status (dichotomous), social participation, and loneliness status (dichoto-
mous) with level of frailty (Sensitivity analysis 1). Table 3b. Association

of social isolation (continuous), social participation, and loneliness score
(continuous) with level of frailty (Sensitivity analysis 2). Table 4. Associa-
tion of social isolation, social participation, and loneliness status with
frailty (dichotomous) based on Random-effects model (Sensitivity analysis
3). Table 5. Association of social connectedness and loneliness score with
level of frailty, each social indicator entered separately into each model
(Sensitivity analysis 4).

Acknowledgements
Not applicable.

Authors’ contributions

LG conceived and designed the study, analysed and interpreted the data,
drafted the first version of the article and revised it. CWY conceptualised
the scoring based on CFS, interpreted the data, and revised the article. BHH
obtained funding, interpreted the data, and revised the article. All authors
have read and approved the manuscript.

Funding

This work was supported by National Healthcare Group Pte Ltd in the form
of salaries for all authors. The funder had no role in / influence on study
design, data collection and analysis, decision to publish, or preparation of the
manuscript.

Availability of data and materials
The datasets used and/or analysed during the current study are available from
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate

The PHI study was approved by the ethics review committee of the National
Healthcare Group Domain Specific Review Board (Reference Number:
2015/00269). The study was conducted in accordance with the Declaration

Page 8 of 10

of Helsinki. Written informed consent was obtained from all individual partici-
pants after they were being informed about the study objectives and the safe-
guards put in place so that confidentiality of the collected data is maintained.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 17 August 2021 Accepted: 23 December 2021
Published online: 06 January 2022

References

1. Cacioppo JT, Cacioppo S. Social relationships and health: the toxic
effects of perceived social isolation. Soc Personal Psychol Compass.
2014;8(2):58-72.

2. Holt-Lunstad J. Why social relationships are Important for physical health:
a systems approach to understanding and modifying risk and protection.
Annu Rev Psychol. 2018;69(1):437-58.

3. Nicholson NR. Social isolation in older adults: an evolutionary concept
analysis. J Adv Nurs. 2009;65(6):1342-52.

4. Hawkley LC, Cacioppo JT. Loneliness matters: a theoretical and
empirical review of consequences and mechanisms. Ann Behav Med.
2010;40(2):218-27.

5. Lubben J, Gironda M, Sabbath E, Kong J, Johnson C. Social isolation
presents a grand challenge for social work (Grand Challenges for Social
Work Initiative Working Paper No. 7) [Internet]. Cleveland, OH: American
Academy of Social Work and Social Welfare; 2015 Feb [cited 2019 Oct 7].
Available from: http://grandchallengesforsocialwork.org/wp-content/
uploads/2015/12/WP7-with-cover.pdf

6. Centers for Disease Control and Prevention. Loneliness and social isola-
tion linked to serious health conditions [Internet]. Alzheimer’s Disease
and Healthy Aging. 2021 [cited 2021 Sep 26]. Available from: https.//
www.cdc.gov/aging/publications/features/lonely-older-adults.html

7. National Academies of Sciences, Engineering, and Medicine. Social
Isolation and loneliness in older adults: Opportunities for the health
care system | The National Academies Press [Internet]. Washington, DC:
The National Academies Press; 2020 [cited 2021 Sep 25]. Available from:
https://www.nap.edu/download/25663

8. Wee LE, Tsang TYY, Yi H, Toh SA, Lee GL, Yee J, et al. Loneliness amongst
low-socioeconomic status elderly Singaporeans and its association
with perceptions of the neighbourhood environment. Int J Environ Res
Public Health [Internet]. 2019 Mar [cited 2019 Oct 4];16(6). Available from:
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6466029/

9. ChouK-L, Liang K, Sareen J. The association between social isolation
and DSM-IV mood, anxiety, and substance use disorders: wave 2 of the
National Epidemiologic Survey on Alcohol and Related Conditions. J Clin
Psychiatry. 2011;72(11):1468-76.

10. Heinrich LM, Gullone E. The clinical significance of loneliness: a literature
review. Clin Psychol Rev. 2006;26(6):695-718.

11. Laugesen K, Baggesen LM, Schmidt SAJ, Glymour MM, Lasgaard M, Mil-
stein A, et al. Social isolation and all-cause mortality: a population-based
cohort study in Denmark. Sci Rep. 2018;8(1):4731.

12. Clegg A, Young J, lliffe S, Rikkert MO, Rockwood K. Frailty in elderly peo-
ple. Lancet. 2013;381:752-62.

13. Howlett SE, Rockwood K. New horizons in frailty: ageing and the deficit-
scaling problem. Age Ageing. 2013;42(4):416-23.

14. Cheng M-H, Chang S-F. Frailty as a Risk Factor for Falls Among Commu-
nity Dwelling People: Evidence From a Meta-Analysis. J Nurs Scholarsh.
2017;49(5):529-36.

15. Zhang Q, Zhao X, Liu H, Ding H. Frailty as a predictor of future falls and
disability: a four-year follow-up study of Chinese older adults. BMC Geri-
atr. 2020;20(1):388.

16. GeL,Yap CW, Heng BH, Tan WS. Frailty and healthcare utilisation across
care settings among community-dwelling older adults in Singapore. BMC
Geriatr. 2020;20(1):389.


https://doi.org/10.1186/s12877-021-02745-2
https://doi.org/10.1186/s12877-021-02745-2
http://grandchallengesforsocialwork.org/wp-content/uploads/2015/12/WP7-with-cover.pdf
http://grandchallengesforsocialwork.org/wp-content/uploads/2015/12/WP7-with-cover.pdf
https://www.cdc.gov/aging/publications/features/lonely-older-adults.html
https://www.cdc.gov/aging/publications/features/lonely-older-adults.html
https://www.nap.edu/download/25663
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6466029/

Ge et al. BMC Geriatrics

20.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

(2022) 22:26

. Kojima G. Frailty as a predictor of hospitalisation among community-

dwelling older people: a systematic review and meta-analysis. J
Epidemiol Community Health. 2016;70(7):722-9.

. Hao Q, Zhou L, Dong B, Yang M, Dong B, Weil Y. The role of frailty in pre-

dicting mortality and readmission in older adults in acute care wards: a
prospective study. Sci Rep [Internet]. 2019 Feb 4 [cited 2021 Jun 20];9.
Available from: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC63
62215/

. Salminen M, Viljanen A, Eloranta S, Viikari P, Wuorela M, Vahlberg T, et al.

Frailty and mortality: an 18-year follow-up study among Finnish com-
munity-dwelling older people. Aging Clin Exp Res. 2020;32(10):2013-9.
National Healthcare Group N. The three waves. In: River of life: NHG's
perspectives on population health [Internet]. Singapore; 2019. p. 7.
Available from: https://corp.nhg.com.sg/ROL/Documents/ROL_Chapt
er%201.pdf

. Frailty associated with higher costs and resource use in the USA. Phar-

macoEcon Outcomes News. 2021 Jun 1,881(1):16-16.

Maltby J, Hunt SA, Ohinata A, Palmer E, Conroy S. Frailty and Social
Isolation: Comparing the Relationship between Frailty and Unidimen-
sional and Multifactorial Models of Social Isolation. J Aging Health.
2020;32(10):1297-308.

Hoogendijk EO, Suanet B, Dent E, Deeg DJH, Aartsen MJ. Adverse
effects of frailty on social functioning in older adults: results from the
Longitudinal Aging Study Amsterdam. Maturitas. 2016;83:45-50.

Gale CR, Westbury L, Cooper C. Social isolation and loneliness as risk
factors for the progression of frailty: the English Longitudinal Study of
Ageing. Age Ageing. 2018;47(3):392-7.

Sha S, Xu'Y, Chen L. Loneliness as a risk factor for frailty transition
among older Chinese people. BMC Geriatr. 2020;20(1):300.
Herrera-Badilla A, Navarrete-Reyes AP, Amieva H, Avila-Funes JA. Loneli-
ness is associated with frailty in community-dwelling elderly adults. J
Am Geriatr Soc. 2015;63(3):607-9.

Woo J, Goggins W, Sham A, Ho SC. Social determinants of frailty. GER.
2005;51(6):402-8.

Kawano-Soto CA, Garcia-Lara JMA, Avila-Funes JA. A poor social
network is not associated with frailty in Mexican community-dwelling
elderly adults. J Am Geriatr Soc. 2012;60(12):2360-2.

Abe T, Okuyama K, Kamada M, Yano S, Toyama Y, Isomura M, et al.
Social participation and physical prefrailty in older Japanese adults: the
Shimane CoHRE study. PLOS ONE. 2020;15(12):e0243548.

Wang Y, Chen Z, Zhou C. Social engagement and physical frailty in later
life: does marital status matter? BMC Geriatr. 2021;21(1):248.

Ge L, Yap CW, Ong R, Heng BH. Social isolation, loneliness and their
relationships with depressive symptoms: a population-based study.
PLOS ONE. 2017;12(8):e0182145.

Ge L, Yap CW, Heng BH. Prevalence of frailty and its association with
depressive symptoms among older adults in Singapore. Aging Ment
Health. 2018;16:1-6.

Rockwood K, Song X, MacKnight C, Bergman H, Hogan DB, McDowell
I, et al. A global clinical measure of fitness and frailty in elderly people.
Can Med Assoc J [Internet]. 2005;173. Available from: http://dx.doi.
org/https://doi.org/10.1503/cmaj.050051

Lubben JE, Blozik E, Gillmann G, lliffe S, von Renteln KW, Beck JC, et al.
Performance of an abbreviated version of the Lubben Social Network
Scale among three European community-dwelling older adult popula-
tions. Gerontologist. 2006;46(4):503-13.

Jette AM, Haley SM, Coster WJ, Kooyoomyjian JT, Levenson S, Heeren T,
et al. Late Life Function and Disability Instrument I. Development and
evaluation of the Disability component. J Gerontol A Biol Sci Med Sci.
2002 Apr 1;57(4):M209-16.

Jette AM, Haley SM, Kooyoomjian JT. Late-Life FDI Manual [Internet].
MA: Boston University; 2006. Available from: https://www.bu.edu/sph/
files/2011/06/LLFDI_Manual_2006_rev.pdf

Hughes ME, Waite LJ, Hawkley LC, Cacioppo JT. A short scale for meas-
uring loneliness in large surveys. Res Aging. 2004;26(6):655-72.

Bush K, Kivlahan DR, McDonell MB, Fihn SD, Bradley KA. The AUDIT
alcohol consumption questions (AUDIT-C): an effective brief screening
test for problem drinking. Ambulatory Care Quality Improvement
Project (ACQUIP). Alcohol Use Disorders Identification Test. Arch Intern
Med. 1998 Sep 14;158(16):1789-95.

39.

40.

41

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

Page 9 of 10

Vellas B, Guigoz Y, Garry PJ, Nourhashemi F, Bennahum D, Lauque S,

et al. The Mini Nutritional Assessment (MNA) and its use in grading the
nutritional state of elderly patients. Nutrition. 1999;15(2):116-22.
Baetschmann G, Ballantyne A, Staub KE, Winkelmann R. feologit: a new
command for fitting fixed-effects ordered logit models: The Stata Jour-
nal [Internet]. 2020 Jun 19 [cited 2021 Jul 27]; Available from: http://
journals.sagepub.com/doi/full/https://doi.org/10.1177/1536867X20
930984

Barbosa da Silva A, Queiroz de Souza |, da Silva IK, Borges Lopes Tavares
da Silva M, Oliveira Dos Santos AC. Factors associated with frailty
syndrome in older ddults. J Nutr Health Aging. 2020;24(2):218-22.
Fhon JRS, Rodrigues RAP, Santos JLF, Diniz MA, dos Santos EB, Aimeida
VC, et al. Factors associated with frailty in older adults: a longitudinal
study. Rev Saude Publica. 2018;13(52):74.

National Academies of Sciences E, Education D of B and SS and, Divi-
sion Hand M, Board on Behavioral C, Policy B on HS, Adults C on the H
and MD of Sland L in O. Risk and protective factors for social isolation
and loneliness. In: Social isolation and loneliness in older adults: oppor-
tunities for the health care system [Internet]. National Academies Press
(US); 2020 [cited 2021 Oct 8]. Available from: http://www.ncbi.nlm.nih.
gov/books/NBK557971/

Mehrabi F, Béland F. Effects of social isolation, loneliness and frailty

on health outcomes and their possible mediators and moderators

in community-dwelling older adults: A scoping review. Archives of
Gerontology and Geriatrics. 2020 Sep 1;90:104119.

Davies K, Maharani A, Chandola T, Todd C, Pendleton N. The longitudi-
nal relationship between loneliness, social isolation, and frailty in older
adults in England: a prospective analysis. The Lancet Healthy Longev-
ity. 2021,2(2):e70-7.

Lim KK, Chan A. Association of loneliness and healthcare utili-

zation among older adults in Singapore. Geriatr Gerontol Int.
2017;17(11):1789-98.

Chan A, Raman P, Ma S, Malhotra R. Loneliness and all-cause mortal-
ity in community-dwelling elderly Singaporeans. Demogr Res.
2015;515(49):1361-82.

Teo J. What some Singaporeans are doing to banish loneliness [Inter-
net]. SingHealth. 2019 [cited 2021 Oct 8]. Available from: https://www.
singhealth.com.sg:443/news/tomorrows-medicine/what-some-singa
poreans-are-doing-to-banish-loneliness

Klinenberg E. Social isolation, loneliness, and living alone: identifying
the risks for public health. Am J Public Health. 2016;106(5):786-7.

Lara E, Martin-Marfa N, De la Torre-Luque A, Koyanagi A, Vancampfort
D, Izquierdo A, et al. Does loneliness contribute to mild cognitive
impairment and dementia? A systematic review and meta-analysis of
longitudinal studies. Ageing Res Rev. 2019;1(52):7-16.

Arpin SN, Mohr CD. Transient loneliness and the perceived provision
and receipt of capitalization support within event-disclosure interac-
tions. Pers Soc Psychol Bull. 2019;45(2):240-53.

Rezaeipandari H, Ravaei J, Bahrevar V, Mirrezaei S, Morowatisharifabad
MA. Social participation and loneliness among older adults in Yazd. Iran
Health Soc Care Community. 2020;28(6):2076-85.

Chatters LM, Taylor HO, Nicklett EJ, Taylor RJ. Correlates of objective
social isolation from family and friends among older adults. Healthcare
(Basel). 2018;6(1):24.

Barreto M, Victor C, Hammond C, Eccles A, Richins MT, Qualter P. Loneli-
ness around the world: age, gender, and cultural differences in loneli-
ness. Personality and Individual Differences. 2021 Feb 1;169:110066.
Henning-Smith C, Ecklund A, Moscovice |, Kozhimannil K. Gender dif-
ferences in social isolation and social support among rural residents.
2018;5.

Kendhapedi KK, Devasenapathy N. Prevalence and factors associated
with frailty among community-dwelling older people in rural Thanja-
vur district of South India: a cross-sectional study. BMJ Open. 2019 Oct
1,9(10):e032904.

Serra-Prat M, Papiol M, Vico J, Palomera E, Sist X, Cabré M. Factors
associated with frailty in community-dwelling elderly population: a
cross-sectional study. European Geriatric Medicine. 2016;7(6):531-7.
Biritwum RB, Minicuci N, Yawson AE, Theou O, Mensah GP, Naidoo N,
et al. Prevalence of and factors associated with frailty and disability in
older adults from China, Ghana, India, Mexico. Russia and South Africa
Maturitas. 2016;91:8-18.


https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6362215/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6362215/
https://corp.nhg.com.sg/ROL/Documents/ROL_Chapter%201.pdf
https://corp.nhg.com.sg/ROL/Documents/ROL_Chapter%201.pdf
https://doi.org/10.1503/cmaj.050051
https://www.bu.edu/sph/files/2011/06/LLFDI_Manual_2006_rev.pdf
https://www.bu.edu/sph/files/2011/06/LLFDI_Manual_2006_rev.pdf
https://doi.org/10.1177/1536867X20930984
https://doi.org/10.1177/1536867X20930984
http://www.ncbi.nlm.nih.gov/books/NBK557971/
http://www.ncbi.nlm.nih.gov/books/NBK557971/
https://www.singhealth.com.sg:443/news/tomorrows-medicine/what-some-singaporeans-are-doing-to-banish-loneliness
https://www.singhealth.com.sg:443/news/tomorrows-medicine/what-some-singaporeans-are-doing-to-banish-loneliness
https://www.singhealth.com.sg:443/news/tomorrows-medicine/what-some-singaporeans-are-doing-to-banish-loneliness

Ge et al. BMC Geriatrics (2022) 22:26

59. Walker E, Ploubidis G, Fancourt D. Social engagement and loneliness
are differentially associated with neuro-immune markers in older age:
Time-varying associations from the English Longitudinal Study of Age-
ing. Brain Behav Immun. 2019;1(82):224-9.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 10 of 10

Ready to submit your research? Choose BMC and benefit from:

e fast, convenient online submission

o thorough peer review by experienced researchers in your field

e rapid publication on acceptance

e support for research data, including large and complex data types

e gold Open Access which fosters wider collaboration and increased citations

e maximum visibility for your research: over 100M website views per year

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions . BMC




	Associations of social isolation, social participation, and loneliness with frailty in older adults in Singapore: a panel data analysis
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 

	Background
	Methods
	Study design and participants
	Measures
	Frailty
	Social isolation
	Social participation
	Loneliness
	Covariates
	Statistical analysis


	Results
	Study participants
	Association of social isolation, social participation, and loneliness with level of frailty
	The moderating effect of gender.
	Sensitivity analyses

	Discussion
	Conclusions
	Acknowledgements
	References


