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Abstract

Background
With increasing life expectancy, it is important to understand the role of non-physical aspects of health in
frailty prevention. The study aimed to examine how multiple dimensions of mental and social health, in
addition to physical health, were associated with frailty in the population of older adults.

Methods
A cross-sectional door-to-door survey was conducted with 497 older adults in Singapore. Frailty was
assessed using the FRAIL scale. Physical health was assessed by multimorbidity and physical activity;
social health by the Lubbens’ Social Network Scale, Community Integration Measure and UCLA loneliness
scale; and mental health by the three-factor of the General Health Questionnaire (GHQ):
anxiety/depression, loss of con�dence and social dysfunction. Hierarchical ordinal regression was
conducted to identify independent predictors of frailty, adjusting for socio-demographic variables.

Results
Compared to robust (59.5%) and pre-frail (32.6%) older adults, frail adults (7.9%) reported higher
morbidity, lower physical activity, higher scores on all three subscales of GHQ, and had lower scores on all
three social health scales that were assessed. In multiple regression model, frailty was signi�cantly
associated with 81–90 years old (adj. OR = 3.04), having 2–3 (adj. OR = 1.63) or > 3 (adj. OR = 2.01)
chronic diseases, social dysfunction in GHQ (adj. OR = 4.31), and loneliness (adj. OR = 1.26). Physical
activity did not remain signi�cantly associated with frailty when mental and social health-related factors
were entered in the regression.

Conclusions
The study �ndings highlight the importance of community intervention in mental and social health
among older adults to prevent frailty in later life. Healthy aging is only possible when older adults’
psychosocial needs are addressed.

Background
Frailty is a common geriatric state which affects roughly 10% of older people aged 65 years old and
above [1]. While there are several de�nitions of frailty, it is commonly known as a clinical syndrome
involving multiple signs and symptoms [2]; one can be considered as frail with three out of these �ve
phenotypic criteria: low grip strength, low energy, slowed walking speed, low physical activity, and/or
unintentional weight loss [3]. Frailty increases the risk of adverse health outcomes, including falls,
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hospitalizations, disability, institutionalization, and mortality [4]. Due to such harmful effects, frailty is a
key indicator of the well-being of older people. With the rapid increase in population aging, it has become
an urgent public health concern to increase healthy life expectancy. It is important to note that frailty is
preventable and modi�able, especially in early stages [5]. Thus, understanding the risk factors of frailty
provides opportunities to optimize experiences of aging and reduce related healthcare burdens.

Research has found major risk factors for frailty. To date, most of the evidence concerns physical health
factors associated with developing frailty, including older age, female, chronic disease, allostatic load,
chronic systemic in�ammation, low physical activity, being either underweight or overweight, smoking
and heavy drinking [6]. Recently research pointed out that frailty develops over the lifespan in�uenced by
multidimensional factors on various pathways; therefore, culminating in increased frailty [6]. Social-
ecological intervention is important to improve primary care and community health as it elucidates the
complexity of care required as part of the health and social care burdens [7].

A better understanding of the psychosocial aspects of frailty can help to delay its onset and slow down
its progression. In the domain of mental health, depression is the most well studied. Studies have found
that 16–35% of frail individuals have experienced co-existing depression [8]. Although similar biological
mechanisms have been hypothesized to account for both frailty and depression – for example,
subclinical cardiovascular disease and in�ammation [9], it is unlikely that one mechanism is largely
responsible for either or both syndromes. A meta-analysis found that there was a reciprocal interaction
between depression and frailty in older adults, where each condition is associated with an increased
incidence of the development of the other [10]. Anxiety also frequently co-occurs with depression, which,
in combination, is associated with a higher risk of morbidity and mortality [11].

However, mental health is more than the absence of psychiatric disorders. As de�ned by the World Health
Organization, ‘mental health is a state of well-being in which an individual realizes his or her own abilities,
can cope with the normal stresses of life, can work productively and is able to make a contribution to his
or her community’ [12]. In line with this de�nition, mental health determinants of frailty need to include an
individual’s intrinsic con�dence in his own abilities (negatively formulated as loss of con�dence) as well
as self-management ability, which enables him to function in the social context (negatively formulated as
social dysfunction). A recent review reported eight longitudinal studies which examined mental health
effects on frailty and most evaluated psychiatric disorders such as depression, anxiety and neuroticism
[13]. Few studies examined factors relating to lack of self-management ability or social dysfunction,
which was measured by self-perceptions of positive and negative affect [14]. The role of intrinsic
con�dence, such as a sense of mastery and self-e�cacy, in frailty, was the least studied [15].

Social factors are the least well studied of the determinants of frailty. The literature is still inconclusive on
the nature and conceptualization of social frailty, suggesting various approaches to it [16]. The lack of
conceptual and methodological frameworks for social frailty in older adults makes it di�cult to develop a
framework for assessment and, as a consequence, establish the evidence of social effects on frailty [17].
While many studies used social health measures to examine their correlates of adverse health outcomes
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such as cognitive decline and mortality [18], few studies tested the multiple constructs of social health in
single study design to explore the interrelatedness of the factors. Thus, little is known about the relative
predictive value of each social health factor and on pathways of how social factors mediate each other’s
impact.

One approach to a systematic assessment of social domains is the through evaluating the structural and
functional aspects of social relationships [19]. The structural evaluation includes assessments of social
networks and community integration, which are mostly objective, whereas functional evaluations
comprise measurements of the individual’s perception of and response to these social resources. The
structural aspects can be assessed at the micro level – examining individual social networks, and at the
macro level – such as an individual’s integration within his community [20]. Different social networks
provide various forms of social support – the functional aspects of networks. For example, friend-based
networks tend to be high on emotional support, as friends are generally age-peers, but low on
instrumental support, while the converse can be true for family networks [21]. Meanwhile, community
integration, which includes involvement in social activities, also entails the functional aspect of a sense
of belongingness within the community [22]. Research suggests that the functional aspects were more
relevant to their health and quality of life compared to the objective measures of structural relations [17].

Another distinct aspect of social health is loneliness, which can be de�ned as a ‘subjective state based on
a person’s emotional perception of the number and/or quality of social connections needed in
comparison to what is being experienced at the time’ [23]. It is different from the structural aspects of
social isolation as an individual can have a large number of social connections and still experience the
subjective feeling of loneliness, or alternatively, be objectively isolated but not experience loneliness [23].
Thus, the assessment of the structural and functional aspects of networks and loneliness provides
insights into older adults’ social engagement and psychological responses to social contexts, and their
association with frailty.

The current study explored how frailty was associated with multiple domains of physical, mental, and
social health among older adults in Singapore. The proportion of residents aged 65 and above has
increased from 8.8% in 2009 to 14.4% in 2019 [24], and the prevalence of frailty ranges from 5.7–11.3%
in the population [4], depending on the operationalization of frailty. Studies in Singapore established
physical health determinants of frailty such as multimorbidity [4, 25–28], physical exercise [4], and other
lifestyle factors, including smoking [29] and drinking [25, 27]. Mental health determinants included
cognitive impairment [4, 27, 28] and depressive symptoms [4, 25–27, 29, 30]. However, compared to
physical and mental domains, the social health domain is the least well studied, with social networks [27,
28] and social activity [27], both of which evaluating the structural aspects of social health, found to be
determinants of frailty. Importantly, little research in Singapore investigated physical, social, and mental
determinants of frailty concurrently. The study utilized the FRAIL phenotypic scale to assess frailty for
comparability with local studies [4, 26, 30] and due to its ease of administration [31]. The objectives were
two-fold: (1) to describe the pro�les of physical, mental, and social health across robust, pre-frail and frail
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older adults; and (2) to assess the effects of psychosocial determinants of frailty on top of physical
health in the community-dwelling older adults.

Methods
Participants

A door-to-door survey was conducted in October 2019 among 497 older adults living in a public housing
town in the central region of Singapore. Ethics approval was obtained from the university institutional
review board. Older residents with severe cognitive issues that rendered them incapable of fully
understanding and/or responding to the survey were excluded. This was assessed by the survey
interviewers at the time when they introduced the survey. The interviewers worked in a team to knock on
every unit in the 25 public housing blocks at different times of the day. Verbal informed consent was
obtained in the respondent’s preferred language where the anonymity and voluntary nature of the survey
was stressed so respondents could refuse any question deemed too personal. The survey was
administered by the interviewers; responses were entered onto an electronic data collection platform. An
umbrella, as a token of appreciation, was provided upon survey completion.

Measures

In addition to the key multidomain health measurements below, sociodemographic information such as
gender, age, ethnicity, religion, education, employment status, housing type, duration of stay, and
cohabitants, were collected.

Frailty was assessed by the 5-item FRAIL scale, which stands for fatigue, resistance, ambulation,
illnesses, and loss of weight [32]. Fatigue was measured by asking respondents how often during the
past 4 weeks they felt tired with responses of “all of the time” or “most of the time” scored as ‘1’.
Resistance was assessed by asking if they had any di�culty walking up 10 steps alone without resting
and without aids, and Ambulation by asking if they had any di�culty walking 300 meters without aids;
“yes” responses were each scored as 1 point. Illness was scored 1 for respondents who reported 5 or
more illnesses. Loss of weight was scored 1 for self-report of weight decline of 5% or greater within the
past 12 months. The FRAIL scale is recognized as a reliable screening tool with comparable predictive
validity with the multi-dimensional de�cit accumulation frailty index of Fried’s phenotypic scale and other
frailty measures [33]. Total score ranges from 0 to 5, where a score of 3 to 5 indicates frailty, 1 to 2 as
having a pre-frail, and score of 0 as robust state.

Physical health was assessed through the self-reported presence of chronic diseases such as
hypertension, diabetes mellitus, high cholesterol, cardiovascular disease, musculoskeletal disease, thyroid
disease, and malignancies. The extent of multimorbidity was then calculated by summing the number of
chronic diseases of each respondent into ordinal categories (‘0’ for no chronic disease, ‘1’ for one to two
chronic disease, ‘3’ for three or more). In addition, we assessed lifestyle factors such as (1) amount of
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physical activity done in a week (‘0’ for none, ‘1’ for 0-6 days a week, ‘2’ for every day), (2) smoking history
(‘0’ for no, ‘1’ for yes) and (3) high alcohol intake in the past week (‘0’ for no, ‘1’ for yes).

Mental health was assessed using the 12-item General Health Questionnaire (GHQ-12), which has been
shown to screen reliably and accurately for psychiatric disorders such as depression in primary care and
outpatient settings [34]. Psychometric studies provide strong evidence of a three-factor structure of GHQ-
12, namely - (1) anxiety/depression, (2) loss of con�dence, and (3) social dysfunction [35]. Items on
anxiety/depression include ‘losing sleep over worry’, ‘feeling unhappy or depressed’. Items on loss of
con�dence items include ‘thinking of self as worthless’, while items on social dysfunction include ‘feeling
capable of making decisions’, ‘able to concentrate’, ‘been able to face up to your problems’, ‘feeling that
one is playing a useful role in things’ etc. Each item was scored from 1 to 4, and negative items were
reverse scored. Total scores ranged from 1 to 48; higher scores indicated worse mental health. There was
good reliability for all subscales in the study sample (α= .74 to .88).

Social health was assessed by social networks, community integration, and loneliness. Social networks
were assessed using the 6-item Lubben’s Social Network Scale [36]. It measures the quantity of social
networks among family/relatives and friends that the older person ‘sees or hears from at least once a
month’, ‘feels at ease to talk about private matters’, and ‘can call on them for help.’ Each item was scored
from 0 to 6, total scores ranged from 0 to 30; higher scores indicated larger social networks. This provides
a quanti�cation of the participants’ social networks in the respective spheres of family/relatives and
friends. There was good reliability of the family/relatives subscale (α=.87) and friend subscale (α=.85) in
the sample. Community integration was assessed using the 8-item Community Integration Measure (CIM)
[37]. It contains measures of the perceptions of community belongingness and participation in
community activities [38]. Items from the CIM survey was initially designed and validated in a study to
assess community integration among people with acquired brain injury. It was validated for the general
population as well [37]. Each item was scored from 1 to 4, and total scores ranged from 1 to 32 where
higher scores indicated higher community integration. There was good reliability for the CIM scale in the
sample (α= 0.81). Loneliness was assessed by the 3-item UCLA Loneliness Scale [39], which asks the
frequency of feeling that one ‘lack companionship, ‘feel left out’, and ‘isolated from others’. Each item
was scored from 1 to 3; total scores ranged from 3 to 9. There was good reliability for the UCLA
Loneliness scale in the sample (α= 90).

Data analysis

The presentation of each FRAIL item (fatigue, resistance, ambulance, illness and loss of weight) and
resulting frailty categories were described. Categorical variables such as demographic characteristics,
multimorbidity status, and lifestyle factors were reported where chi-square tests were conducted to test
the differences across frailty levels. One-way analysis of variance (ANOVA) was conducted for
continuous variables. Spearman correlations between the variables were conducted. Hierarchical ordinal
regression analyses were performed to identify the independent predictors of frailty. Variables that were
signi�cant at the bivariate level with p < .10 were entered into the multiple regression models.
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Multimorbidity was entered in the �rst step, followed by physical activity (step 2), mental health (step 3)
and social health (step 4). The regression model was adjusted for demographic variables that were
signi�cantly associated with frailty.

Results
Prevalence of frailty

Table 1 shows the results of frailty assessment. Of the symptoms reported, “di�culty walking 10 steps
without aid” was the most common (25%), followed by “di�culty walking 300 meters without aid” (22%),
fatigue (20%), signi�cant weight loss in the past year (4%) and diagnosis of �ve or more illnesses (2%).
Adding these up, the prevalence of frailty and prefrailty in the study sample was 8% and 33%,
respectively.

[Table 1 Here]

Characteristics of participants

Table 2 shows the demographic characteristics of participants by the level of frailty. The majority of
participants were in their age of 60 to 80 years old (86%), of Chinese ethnicity (91%), unemployed (84%),
did not live alone (86%), and about half (57%) were male. Sociodemographic characteristics such as age,
education, and employment differed by frailty level (χ2=33.0, 20.2 and 5.9 respectively, all p<.05). In the
age group of 81 to 90 years old, the proportion of robust and prefrail notably decreased; only 9% robust
and 18% prefrail were reported. In regard to education, 14% of the robust group reported no education
compared to 30% of prefrail and 20% of frail. For employment, 81% of the robust group reported being
unemployed compared to 86% of prefrail and 95% of frail. Other sociodemographic characteristics did
not differ by frailty level.

[Table 2 Here]

Physical, mental and social health

Table 3 shows the physical, social and mental health status by the level of frailty. Frailty was signi�cantly
associated with multimorbidity (χ2=20.1, p<.001). The proportion of older adults reporting two to three
diseases increased from 44% to 46% to 69% with an increasing level of frailty. While hypertension (43%),
high blood cholesterol (30%), and diabetes mellitus (21%) were prevalent among the older adults, the
prevalence rates were not different across the three-level of frailty. Instead, less prevalent conditions, like
cardiovascular (6%) and musculoskeletal (5%) diseases differed by the level of frailty (χ2=23.1 and 48.9,
respectively, all p<.001). The level of frailty also differed by frequency of physical activity (χ2=13.6,
p<.001), where sedentary lifestyles with no physical activity in a week increased from 20% to 24% and
41% with increasing level of frailty.

[Table 3 Here]
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In regard to mental health, while all three domains were signi�cantly associated with frailty, the
associations were higher with anxiety/depression and social dysfunction compared to loss of con�dence
(F=10.6 and 22.1, ps<.001 and F=4.1, p<.05 respectively). In social health, frailty was signi�cantly
associated with a lower level of community integration, smaller size of social networks with friends
(F=3.4, 3.8 and 19.7 respectively, all p< .05). The association between loneliness and frailty was higher
than other variables (F=19.7, p< .001). Social networks with family members was not associated with
frailty.

Correlation

Table 4 shows the correlations between the variables that were entered in regression models:
multimorbidity, lifestyle factors, mental health, social health, and frailty. Besides the signi�cant
associations with frailty, the following correlations were found. For physical health factors,
multimorbidity was positively correlated with loneliness (r=.09), loss of con�dence (r=.11), and social
dysfunction (r=.09). Physical activity was positively correlated with community integration (r=.12), social
networks with friends (r=.20), but negatively correlated with loneliness (r=-.10), anxiety/depression
(r=-.09) and social dysfunction (r=-.19). For social health factors, social networks with friends was
positively correlated with community integration (r=.42), while negatively correlated with loneliness
(r=-.25). Loneliness was also negatively correlated with community integration (r=-.20). Amongst the
social health factors, loneliness was most strongly correlated with mental health factors, with positive
correlations with anxiety/depression (r=.31), loss of con�dence (r=.22), and social dysfunction (r=.25).
Three subscales of mental health were signi�cantly correlated with each other with a range of r = .28 to
.69.

[Table 4 Here]

Hierarchical ordinal regression

Table 5 presents the results of regression models of frailty, adjusted for age and education, which were
found to be signi�cant at the univariate level. In model 1, age, low (2-3 diseases) and high (> 3 diseases)
multimorbidity was associated with increased odds of frailty (adj. OR=1.21, 95% CI: 0.82-1.80, adj.
OR=1.77, 95% CI: 1.18-2.65 and adj. OR=2.15, 95% CI: 1.26-3.67 respectively). In model 2, physical activity
was entered. Age and multimorbidity remained a signi�cant predictor of frailty. Three or more days of
physical activity per week was associated with decreased odds of frailty (adj. OR=0.59, 95% CI: 0.37-
0.93). In model 3, the effects of mental health were tested. After entering the three mental health
variables, multimorbidity remained signi�cant in the model, but physical activity was no longer
signi�cant. Anxiety/depression and social dysfunction were associated with increased odds of frailty
(adj. OR = 1.73, 95% CI:1.02-2.91 and adj. OR = 5.32, 95% CI: 2.32-12.19 respectively), but not loss of
con�dence. In the last model adding on social health factors, age, multimorbidity, and social dysfunction
remained as signi�cant predictors, while anxiety/depression was no longer signi�cant. Amongst the
social health factors, only loneliness but not social networks with friends and community integration was
associated with increased odds of frailty (adj. OR = 1.26, 95% CI: 1.06-1.49).
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[Table 5 Here]

Discussion
Frailty is a common geriatric state associated with multiple adverse health outcomes from morbidity,
disability, falls, and hospitalization to lower quality of life for older people [4]. Although physical risk
factors of frailty are well known, psychosocial determinants of frailty are less investigated. Our study
documented the different pro�les of social, physical, mental health across robust, pre-frail, and frail older
adults. It examined the effects of mental and social health on frailty, in addition to commonly known
physical factors. The prevalence of 7.9% frail and 32.6% pre-frail in the study is comparable to other
studies in Singapore: 5.7% and 6.2% frailty and 37.0% and 40.1% pre-frailty in similar age groups [4, 28].
Consistent with other studies, frail older adults were more likely to be advanced in age (e.g., 81 years and
older), have lower education levels, and be unemployed. Contrary to other international studies [40],
gender was not associated with frailty in our study, and previous local studies also found no association
between gender and frailty [28]. Different �ndings between local and international research require further
investigation as gender roles and norms are highly contextual. Unlike previous local studies reporting the
ethnic difference in frailty [28] and the evidence of health disparities in ethnicity [41], the study �nding of
no ethnic difference may be due to the over-representation of Chinese residents in the study community.
Singapore reports 74% Chinese, 13% Malay, and 9% Indian in the total population [42].

Physical determinants of frailty

The �nding of the strong association between multimorbidity and frailty is consistent with previous
studies [4]. The proportion of those with one or more chronic diseases increased from robust to frail older
adults. There remained a small proportion of frail older adults without chronic disease, suggesting frailty
from physiologic changes of aging that are not disease-based (e.g., aging-related sarcopenia or anorexia)
[3]. Musculoskeletal disease and cardiovascular disease are key clinical conditions that are most strongly
associated with frailty. Many of the common musculoskeletal problems of old age including
osteoporosis, osteoarthritis and fragility fractures are associated with mobility problems and can spiral
into functional decline and disability [43]. Cardiovascular disease, which includes heart diseases and
stroke, is a common end manifestation of the metabolic syndrome pathway [44]. Not only is there a link
between metabolic syndrome and frailty, but a bilateral association is suggested [45]. Both chronic
diseases are preventable at earlier stages through appropriate interventions. Regular physical activity
contributes to the reversal of detrimental effects of chronic diseases, as well as the maintenance of
functional autonomy in older adults, slowing down the onset of frailty [46]. However, beyond its direct
physical bene�ts, the indirect effects of non-physical factors should be noted. In the regression model,
adding on mental and social health factors respectively reduced the effects of daily exercise on frailty to
non-signi�cant level (from adj. OR=0.59, 95% CI:0.37-0.93 to adj. OR=0.82, 95% CI:0.51-1.32; see Table 5),
suggesting a strong mediation effect of psychosocial factors in the relationship. This has implications
for frailty interventions. Frail older adults who are unable to participate in physical exercise interventions,
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which are meant for the pre-frail, could possibly still reap the social and mental health bene�ts for frailty
through a well-designed group intervention that is less physically taxing.

Psychosocial determinants of frailty

Social dysfunction was found to increase the highest odds of frailty above age, multimorbidity, physical
activity, and loneliness. The �nding can be explained by the decreased intrinsic ability of older adults to
actively self-manage their aging process and to cope with and be in control of their health needs, as its
measure included items on decision-making, facing up to problems, concentration ability, and feeling that
one is playing a useful role in things. The concept of self-management is applied to not only chronic
diseases but also psychosocial problems such as depression and loneliness [47]. Older adults experience
multiple and interacting challenges across the physical, mental, and social domains that need to be
managed simultaneously to delay the progression of frailty. They bene�t more from broad self-
management interventions, which equip them with the intrinsic skills to address maintain his overall well-
being rather than short term extrinsic interventions, which focus on just one problematic aspect of
physical or psychosocial health [47].

The association between depression and frailty is well evidenced, with common biological mechanisms
such as subclinical cardiovascular disease and in�ammation hypothesized to account for the
comorbidity of both syndromes [48]. Beyond the shared biological mechanisms, a longitudinal study
found a relationship between depressive symptoms and incident frailty [49]. In our study,
anxiety/depression was only signi�cant until the addition of social health factors, suggesting a possible
pathway from depression to frailty mediated by loneliness. Depressive symptoms may cause people to
reduce their social activities or impair the quality of these activities, thereby elevating the person’s feelings
of loneliness [50]. Loneliness increases frailty through its effects on physical health [51], cognitive decline
[52], and psychological issues [53].

The multidimensional assessments of social domains for frailty yields several important insights.
De�cits in each component of social relations – social networks, community integration, and loneliness -
were found to be individually associated with frailty at the bivariate level, while only moderately
correlated with each other, suggesting that these are distinct but interrelated factors, each of which can
be administered as a holistic assessment. At the multivariate level, only loneliness was found as an
independent predictor of frailty. Loneliness can be regarded as a psychological manifestation outcome of
a lack of social networks or a feeling of dissatisfaction regarding the frequency and closeness of one’s
social contacts [51]. Thus, loneliness may mediate the relationship between the structural components of
social networks and community integration and frailty, especially through pathways that involve mental
health factors. For example, the Irish Longitudinal Study on Ageing found that loneliness was a
signi�cant mediator on the association between social networks and depression [54]. Hence community
interventions to promote mental and social health will be needed to reduce loneliness among the older
adults who are at risk of frailty. Given the complex, potentially multiplicative, effects of depression, social
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isolation, and loneliness on frailty, there is an urgent need to enhance our understanding of the
intersectionality of these domains and their impact on frailty.

Limitations
There are several limitations to our study. Its cross-sectional nature limits inference on the directionality
of associations. We went door-to-door in the public housing estates to recruit participants. There may be
non-response bias where more depressed older adults may be unwilling or unable to participate in the
survey. As the majority of the surveys were administered during working hours, we captured a larger pool
of unemployed or retired participants as compared to working older adults who may have a more robust
pro�le. Due to the self-reporting nature of our interviews, older residents with severe cognitive issues that
rendered them incapable of fully understanding and/or responding to the survey were excluded. While
respondents with mild to moderate cognitive impairments were still able to participate in the survey, the
true impact of cognitive decline on frailty could not be evaluated as the most severe cases were excluded.

Conclusions
Community interventions need to address the psychosocial determinants of frailty [55]. Globally,
multidomain interventions have shown promise. Singapore also implemented a healthy aging promotion
program for you (HAPPY) program, which adapted dual-tasking exercises from the Cognicise (a
combination of cognition and physical exercise) Program at the National Centre for Geriatrics and
Gerontology in Japan [7]. In these efforts, loneliness needs to be addressed in social interventions, which
include providing direct social support, creating opportunities for social interactions and social skills
training [56] – all of which facilitate the social engagement and creation of support networks, hence
addressing social isolation but not necessarily loneliness. An intervention which more directly addresses
the psychological component of loneliness is cognitive-behavioral training – a technique to effectively
deal with negative thoughts [56]. Some of these social and mental health interventions can be easily
embedded within the existing physical activity and nutritional interventions, and special care should be
taken to identify elderly who are lonely, as this may not always coincide with those who are socially
isolated.

Social dysfunction and older adults’ inability to self-manage their needs adversely affects multiple health
domains and frailty. Practical aid and referral to social services through a social worker may be needed to
increase older adults’ ability to cope, on top of counseling to increase the sense of mastery and address
worries about existing stressors. While many physical activity and nutritional interventions have targeted
bonding and community integration, the use of social strategies such as peer learning and
encouragement to boost’s one mood, motivate behavior change and increase self-management ability in
these interventions could be considered.

There remains a gap in evidence regarding the effective translation of proposed multidomain intervention
programs in the real-world setting. Program evaluation and implementation research will need to
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incorporate appropriate frameworks and outcome measures for complex interventions to understand the
mechanisms and interrelated components of these frailty prevention programs [7]. Thus, our study plays
an important role in highlighting key factors, especially from the social and mental health domains, that
can potentially exert an impact on an individual’s progression to frailty and should also be considered in
the evaluation of these complex interventions.

Abbreviations
CIM
Community Integration Measure
FRAIL
Fatigue, Resistance, Ambulation, Illness, Loss of weight
GHQ
General Health Questionnaire
HAPPY
Healthy Ageing Promotion Program

Declarations
Ethics approval and consent to participate

The research ethics approval was obtained from the Social, Behavioural and Educational Research Ethics
Committee of the National University of Singapore (NUS-IRB Reference Code: S-19-231). Verbal informed
consent was approved by the committee and was obtained from all the study participants.

Consent for publication

Not applicable

Availability of data and materials

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

Competing interests

The authors declare that they have no competing interests

Funding

This work was supported by the Singapore Ministry of Education Social Science Research Track Grant
and Singapore Ministry of Education Academic Research Fund Tier 1. The study funders had no role in
the study design, collection, analysis, and interpretation of the data; or in the writing of the article.



Page 13/23

Authors’ contribution

HY, EC, AL, LY, and FM conceived the design for the current research study. All authors agreed on the
analytic plan and data collection. EC, AL, LY, and FM managed data collection. HY, STN and SA
conducted the data analysis. EC and AL wrote the �rst draft of the manuscript under the supervision HY,
who later revised and made the �nal draft. The �nal draft was meaningfully commented on by all
authors. All authors approved the version of the manuscript to be published.

Acknowledgments

We would also like to express our appreciation to our fellow community health project students from
Batch C’s Group 5 for administering the surveys. We thank the participants in this research for their time
and TOUCH Community Services, a local community organization that works for enhancing the well-
being of older adults and their families and helped us to conduct the study. We especially thank Kelvin
Lee and Jacinda Soh at TOUCH for their guidance for the community orientation. This study was
conducted as part of Community Health Project, a core curriculum of Bachelor of Medicine and Bachelor
of Surgery (MBBS) Program at Yong Loo Lin School of Medicine and led by Saw Swee Hock School of
Public Health at National University of Singapore.

References
1. Collard RM, Boter H, Schoevers RA, Oude Voshaar RC. Prevalence of frailty in community-dwelling

older persons: a systematic review. J Am Geriatr Soc. 2012;60(8):1487–92.

2. Xue QL. The frailty syndrome: de�nition and natural history. Clin Geriatr Med. 2011;27(1):1–15.

3. Fried LP, Tangen CM, Walston J, Newman AB, Hirsch C, Gottdiener J, Seeman T, Tracy R, Kop WJ,
Burke G, et al. Frailty in older adults: evidence for a phenotype. J Gerontol A Biol Sci Med Sci.
2001;56(3):M146–56.

4. Merchant RA, Chen MZ, Tan LWL, Lim MY, Ho HK, van Dam RM. Singapore Healthy Older People
Everyday (HOPE) Study: Prevalence of Frailty and Associated Factors in Older Adults. J Am Med Dir
Assoc. 2017;18(8):734. e739-734 e714.

5. Morley JE, Vellas B, van Kan GA, Anker SD, Bauer JM, Bernabei R, Cesari M, Chumlea WC, Doehner W,
Evans J, et al. Frailty consensus: a call to action. J Am Med Dir Assoc. 2013;14(6):392–7.

�. Ding YY, Kuha J, Murphy M. Multidimensional predictors of physical frailty in older people:
identifying how and for whom they exert their effects. Biogerontology. 2017;18(2):237–52.

7. Lim WS, Wong CH, Ding YY, Rockwood K, Lien C. Translating the Science of Frailty in Singapore:
Results from the National Frailty Consensus Discussion. Ann Acad Med Singapore. 2019;48(1):25–
31.

�. Buigues C, Padilla-Sanchez C, Garrido JF, Navarro-Martinez R, Ruiz-Ros V, Cauli O. The relationship
between depression and frailty syndrome: a systematic review. Aging Ment Health. 2015;19(9):762–
72.



Page 14/23

9. Vaughan L, Corbin AL, Goveas JS: Depression and frailty in later life: a systematic review. Clinical
interventions in aging 2015, 10:1947.

10. Soysal P, Veronese N, Thompson T, Kahl KG, Fernandes BS, Prina AM, Solmi M, Scho�eld P, Koyanagi
A, Tseng P-T. Relationship between depression and frailty in older adults: A systematic review and
meta-analysis. Ageing Res Rev. 2017;36:78–87.

11. Diefenbach GJ, Tolin DF, Gilliam CM. Impairments in life quality among clients in geriatric home care:
associations with depressive and anxiety symptoms. Int J Geriatr Psychiatry. 2012;27(8):828–35.

12. WHO. The World Health Report 2001: Mental health: new understanding. : World Health Organisation;
2001.

13. Feng Z, Lugtenberg M, Franse C, Fang X, Hu S, Jin C, Raat H. Risk factors and protective factors
associated with incident or increase of frailty among community-dwelling older adults: A systematic
review of longitudinal studies. PLoS One. 2017;12(6):e0178383.14.

14. Ostir GV, Ottenbacher KJ, Markides KS. Onset of frailty in older adults and the protective role of
positive affect. Psychol Aging. 2004;19(3):402.

15. Hoogendijk EO, van Hout HP, Heymans MW, van der Horst HE, Frijters DH, van Groenou MIB, Deeg DJ,
Huisman M. Explaining the association between educational level and frailty in older adults: results
from a 13-year longitudinal study in the Netherlands. Ann Epidemiol. 2014;24(7):538–44. e532.

1�. Bunt S, Steverink N, Olthof J, van der Schans CP, Hobbelen JSM. Social frailty in older adults: a
scoping review. Eur J Ageing. 2017;14(3):323–34.

17. Andrew MK, Mitnitski AB, Rockwood K. Social vulnerability, frailty and mortality in elderly people.
PLoS one. 2008;3(5):e2232.

1�. Armstrong JJ, Andrew MK, Mitnitski A, Launer LJ, White LR, Rockwood K. Social vulnerability and
survival across levels of frailty in the Honolulu-Asia Aging Study. Age Ageing. 2015;44(4):709–12.

19. 10.1186/s12889-017-4871-x
Hansen LR, Pedersen SB, Overgaard C, Torp-Pedersen C, Ullits LR. Associations between the
structural and functional aspects of social relations and poor mental health: a cross-sectional
register study. BMC Public Health. 2017;17(1):860. Published 2017 Nov 3. doi:10.1186/s12889-017-
4871-x.

20. Wilcox BL. Social support in adjusting to marital disruption: A network analysis. Social networks
social support. 1981;4:97–115.

21. Fiori KL, Smith J, Antonucci TC. Social network types among older adults: A multidimensional
approach. The Journals of Gerontology Series B: Psychological Sciences Social Sciences.
2007;62(6):P322–30.

22. Lin N, Dean A, Ensel WM: Social support, life events, and depression: Academic Press; 2013.

23. Fakoya OA, McCorry NK, Donnelly M. Loneliness and social isolation interventions for older adults: a
scoping review of reviews. BMC Public Health. 2020;20(1):129.

24. Elderly population as share of resident population



Page 15/23

Singapore 1970–2019
Elderly population as share of resident population. Singapore 1970–2019
[https://www.statista.com/statistics/1112943/singapore-elderly-share-of-resident-population/ -
statisticContainer].

25. Feng L, Nyunt MS, Feng L, Yap KB, Ng TP: Frailty predicts new and persistent depressive symptoms
among community-dwelling older adults: �ndings from Singapore longitudinal aging study. J Am
Med Dir Assoc 2014, 15(1):76 e77-76 e12.

2�. Ng TP, Feng L, Nyunt MS, Larbi A, Yap KB. Frailty in older persons: multisystem risk factors and the
Frailty Risk Index (FRI). J Am Med Dir Assoc. 2014;15(9):635–42.

27. Teo N, Yeo PS, Gao Q, Nyunt MSZ, Foo JJ, Wee SL, Ng TP. A bio-psycho-social approach for frailty
amongst Singaporean Chinese community-dwelling older adults - evidence from the Singapore
Longitudinal Aging Study. BMC Geriatr. 2019;19(1):350.

2�. Vaingankar JA, Chong SA, Abdin E, Picco L, Chua BY, Sha�e S, Ong HL, Chang S, Seow E, Heng D, et
al. Prevalence of frailty and its association with sociodemographic and clinical characteristics, and
resource utilization in a population of Singaporean older adults. Geriatr Gerontol Int.
2017;17(10):1444–54.

29. Ge L, Yap CW, Heng BH. Prevalence of frailty and its association with depressive symptoms among
older adults in Singapore. Aging Ment Health. 2019;23(3):319–24.

30. Tay LB, Chua MP, Tay EL, Chan HN, Mah SM, Latib A, Wong CQ, Ng YS. Multidomain Geriatric Screen
and Physical Fitness Assessment Identify Prefrailty/Frailty and Potentially Modi�able Risk Factors in
Community-Dwelling Older Adults. Ann Acad Med Singapore. 2019;48(6):171–80.

31. Abellan van Kan G, Rolland Y, Bergman H, Morley JE, Kritchevsky SB, Vellas B. The I.A.N.A Task Force
on frailty assessment of older people in clinical practice. J Nutr Health Aging. 2008;12(1):29–37.

32. Abellan van Kan G, Rolland YM, Morley JE, Vellas B. Frailty: toward a clinical de�nition. J Am Med Dir
Assoc. 2008;9(2):71–2.

33. Malmstrom TK, Miller DK, Morley JE. A comparison of four frailty models. J Am Geriatr Soc.
2014;62(4):721–6.

34. Goldberg D. Identifying psychiatric illness among general medical patients. Br Med J (Clin Res Ed).
1985;291(6489):161–2.

35. Gao F, Luo N, Thumboo J, Fones C, Li SC, Cheung YB. Does the 12-item General Health Questionnaire
contain multiple factors and do we need them? Health Qual Life Outcomes. 2004;2:63.

3�. Lubben J, Blozik E, Gillmann G, Iliffe S, von Renteln Kruse W, Beck JC, Stuck AE. Performance of an
abbreviated version of the Lubben Social Network Scale among three European community-dwelling
older adult populations. Gerontologist. 2006;46(4):503–13.

37. McColl MA, Davies D, Carlson P, Johnston J, Minnes P. The community integration measure:
development and preliminary validation. Arch Phys Med Rehabil. 2001;82(4):429–34.

3�. Tiernan C, Lysack C, Neufeld S, Lichtenberg PA. Community engagement: an essential component of
well-being in older African-American adults. Int J Aging Hum Dev. 2013;77(3):233–57.



Page 16/23

39. Russell DW. UCLA Loneliness Scale (Version 3): reliability, validity, and factor structure. J Pers
Assess. 1996;66(1):20–40.

40. Ottenbacher KJ, Ostir GV, Peek MK, Snih SA, Raji MA, Markides KS. Frailty in older Mexican
Americans. J Am Geriatr Soc. 2005;53(9):1524–31.

41. Bandeen-Roche K, Seplaki CL, Huang J, Buta B, Kalyani RR, Varadhan R, Xue Q-L, Walston JD, Kasper
JD. Frailty in older adults: a nationally representative pro�le in the United States. The Journals of
Gerontology: Series A. 2015;70(11):1427–34.

42. Department of Statistics. 2019.
https://www.singstat.gov.sg/-/media/�les/publications/reference/sif2019.pdf.

43. Guralnik JM, Ferrucci L, Balfour JL, Volpato S, Di Iorio A. Progressive versus catastrophic loss of the
ability to walk: implications for the prevention of mobility loss. J Am Geriatr Soc. 2001;49(11):1463–
70.

44. Isomaa B, Almgren P, Tuomi T, Forsén B, Lahti K, Nissen M, Taskinen M-R, Groop L. Cardiovascular
morbidity and mortality associated with the metabolic syndrome. Diabetes Care. 2001;24(4):683–9.

45. Joyce E. Frailty and cardiovascular disease: a two-way street? Cleve Clin J Med. 2018;85:65–8.

4�. Virtuoso Júnior JS, Tribess S, Paulo TRSD, Martins CA, Romo-Perez V. Physical activity as an
indicator of predictive functional disability in elderly. Rev Latinoam Enferm. 2012;20(2):259–65.

47. Goedendorp M, Steverink N. Interventions based on self-management of well-being theory: pooling
data to demonstrate mediation and ceiling effects, and to compare formats. Aging Mental Health.
2017;21(9):947–53.

4�. Vaughan L, Corbin AL, Goveas JS. Depression and frailty in later life: a systematic review. Clin Interv
Aging. 2015;10:1947–58.

49. Fugate Woods N, LaCroix AZ, Gray SL, Aragaki A, Cochrane BB, Brunner RL, Masaki K, Murray A,
Newman AB. Frailty: emergence and consequences in women aged 65 and older in the Women's
Health Initiative Observational Study. J Am Geriatr Soc. 2005;53(8):1321–30.

50. Allen NB, Badcock PB. The social risk hypothesis of depressed mood: evolutionary, psychosocial,
and neurobiological perspectives. Psychological bulletin. 2003;129(6):887.

51. Yanguas J, Pinazo-Henandis S, Tarazona-Santabalbina FJ. The complexity of loneliness. Acta Bio
Medica: Atenei Parmensis. 2018;89(2):302.

52. Landeiro F, Barrows P, Musson EN, Gray AM, Leal J. Reducing social isolation and loneliness in older
people: a systematic review protocol. BMJ open 2017, 7(5).

53. Arslantaş H, Adana F, Ergin FA, Kayar D, Acar G. Loneliness in elderly people, associated factors and
its correlation with quality of life: A �eld study from Western Turkey. Iranian journal of public health.
2015;44(1):43.

54. Santini ZI, Fiori KL, Feeney J, Tyrovolas S, Haro JM, Koyanagi A. Social relationships, loneliness, and
mental health among older men and women in Ireland: A prospective community-based study. J
Affect Disord. 2016;204:59–69.



Page 17/23

55. Vliek S, Melis RJ, Faes M, Goluke-Willemse GA, de Leest BJ, Meeuwsen E, van Raak FH, Scholzel-
Dorenbos CJ. Olde Rikkert MG: Single versus multicomponent intervention in frail elderly: simplicity
or complexity as precondition for success? J Nutr Health Aging. 2008;12(5):319–22.

5�. Masi CM, Chen H-Y, Hawkley LC, Cacioppo JT. A meta-analysis of interventions to reduce loneliness.
Personality Social Psychology Review. 2011;15(3):219–66.

Tables
Table 1. Prevalence of Frailty and Categorisation

  N (%)

FRAIL Scale Items  

Feeling tired 98 (19.7)

Di�culty walking up 10 steps without aids and rest 125 (25.2)

Di�culty walking 300m without aids 107 (21.5)

Diagnosed with 5 or more illnesses/diseases 10 (2.0)

Signi�cant weight loss in the past year (>5% change) 22 (4.4)

Frailty Categories  

Robust (0 conditions) 296 (59.5)

Prefrail (1-2 conditions) 162 (32.6)

Frail (3-5 conditions) 39 (7.9)

Table 2. Demographic Characteristics by Level of Frailty 
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  Total Robust Prefrail Frail χ2

N (%) N (%) N (%) N (%)

Age         33.0 ***

60 – 70 229 (46.1) 150 (50.7) 69 (42.6) 10 (25.7)  

71 – 80 197 (39.6) 120 (40.5) 64 (39.5) 13 (33.3)  

81 – 90 71 (14.3) 26 (8.8) 29 (17.9) 16 (41.0)  

Gender         3.3

Male 214 (43.1) 137 (46.3) 61 (36.7) 16 (41.0)  

Female 283 (56.9) 169 (53.7) 101 (62.3) 23 (59.0)  

Ethnicity         1.9

Chinese 451 (90.7) 272 (91.9) 144 (88.9) 35 (89.7)  

Malay 17 (3.4) 9 (3.1) 7 (4.3) 1 (2.6)  

Indian 27 (5.5) 14 (4.7) 10 (6.2) 3 (7.7)  

Others 2 (0.4) 1 (0.3) 1 (0.6) 0 (0.0)  

Education         20.2**

None 99 (19.9) 42 (14.2) 49 (30.2) 8 (20.5)  

Primary 171 (34.4) 109 (36.8) 45 (27.8) 17 (43.6)  

Secondary 177 (33.4) 103 (34.8) 53 (32.7) 10 (25.6)  

Pre-Tertiary/Tertiary 61 (12.3) 42 (14.2) 15 (9.3) 4 (10.3)  

Employment         5.9*

Employed 80 (16.1) 56 (18.9) 22 (13.6) 2 (5.1)  

Unemployed 417 (83.9) 240 (81.1) 140 (86.4) 37 (94.9)  

Lived Alone         2.2

No 429 (86.3) 250 (84.5) 144 (88.9) 35 (89.7)  

Yes 68 (13.7) 46 (15.5) 18 (11.1) 4 (10.3)  

 

* p < .05 ** p < .01 *** p < .001
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Table 3. Physical and Psychosocial Health Status by Level of Frailty
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  Total Robust Prefrail Frail χ2 or F^

N (%) N (%) N (%) N (%)

Multimorbidity         20.1***

   None (0-1 diseases) 190 (38.2) 131 (44.3) 54 (33.3) 5 (12.8)  

   Low (2-3 diseases) 231 (46.5) 129 (43.6) 75 (46.3) 27 (69.3)  

   High (≥ 4 diseases) 76 (15.3) 36 (12.1) 33 (20.4) 7 (17.9)  

Chronic Diseases          

   Hypertension 211 (42.5) 116 (39.2) 78 (48.1) 17 (43.6) 3.5

   Diabetes mellitus 102 (20.5) 57 (19.3) 40 (24.7) 5 (12.8) 3.4

   High blood cholesterol 148 (29.8) 88 (29.7) 51 (31.5) 9 (23.1) 1.1

   Cardiovascular disease 33 (6.6) 10 (3.4) 14 (8.6) 9 (23.1) 23.1***

   Musculoskeletal disease 26 (5.2) 2 (0.7) 14 (8.6) 10 (25.6) 48.9***

   Thyroid 9 (1.8) 6 (2.0) 2 (1.2) 1 (2.6) 0.5

   Other diseases 37 (7.4) 15 (5.1) 15 (9.3) 7 (17.9) 9.4**

Physical Activity         13.6**

   0 day/week 113 (22.7) 58 (19.6) 39 (24.1) 16 (41.0)  

   1-2 days/week 99 (19.9) 63 (21.3) 26 (16.0) 10 (25.6)  

   ≥ 3 days/week 285 (57.3) 175 (59.1) 97 (59.9) 13 (33.3)  

Smoke 50 (10.1) 37 (12.5) 12 (7.4) 1 (2.6) 5.6

Drink 42 (8.5) 28 (2.5) 12 (7.4) 2 (5.1) 1.2

Mental Health          

   Anxiety & depression^ 1.72 (0.54) 1.65 (0.49) 1.76 (0.52) 2.06 (0.73) 10.6***

   Loss of con�dence^ 1.59 (0.57) 1.54 (0.53) 1.62 (0.58) 1.81 (0.77) 4.1*

   Social dysfunction^ 2.00 (0.32) 1.95 (0.29) 2.05 (0.26) 2.27 (0.52) 22.1***

Social Health          

   Network with family^ 7.29 (3.44) 7.28 (3.51) 7.21 (3.28) 7.72 (3.63) 0.3

   Network with friends^ 6.22 (4.38) 6.63 (4.32) 5.77 (4.24) 4.97 (5.06) 3.8*

   Community integration^ 26.34 (3.78) 26.68 (3.89) 25.96 (3.21) 25.33 (4.74) 3.4*

   Loneliness^ 3.46 (1.17) 3.28 (0.89) 3.54 (1.27) 4.47 (1.89) 19.7***
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Note. For mental health, scores reported were divided by number of items in each subscale for
comparison. * p < .05 ** p < .01 *** p < .001.

 

Table 4. Correlations between Variables 

  1 2 3 4 5 6 7 8

1. Multimorbidity -              

2. Physical activity -.01 -            

3. Social network with
friends

.02 .20*** -          

4. Community
integration

-.02 .12** .42*** -        

5. Loneliness .09* -.10* -.25*** -.20*** -      

6. Anxiety & depression .05 -.09* -.08 -.14*** .31*** -    

7. Loss of con�dence .11** 0 -.03 -.14*** .22*** .69*** -  

8. Social dysfunction .09* -.19*** -.21* -.26*** .25*** .34*** .28*** -

9. Frailty level .17*** -.09* -.12** -.12** .21*** .14** .09* .24***

 * p < .05 ** p < .01 *** p < .001

 

Table 5. Hierarchical Ordinal Regression for Frailty 
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  Model 1 Model 2 Model 3 Model 4

Adj. OR (95% CI) Adj. OR (95% CI) Adj. OR (95% CI) Adj. OR (95% CI)

1. Age         

60 – 70 - - - -

71 – 80 1.21 (0.82-1.80) 1.30 (0.87-1.94) 1.28 (0.85-1.93) 1.27 (0.84-1.93)

81 – 90 3.02 (1.72-
5.28)***

3.13 (1.79-
5.49)***

3.19 (1.79-
5.67)***

3.04 (1.71-
5.43)***

2. Multimorbidity         

None (0-1 disease) - - - -

Low (2-3 diseases) 1.77 (1.18-
2.65)**

1.78 (1.19-
2.68)**

1.67 (1.09-2.53)* 1.63 (1.07-
2.49)*

High (≥ 4 diseases) 2.15 (1.26-
3.67)**

2.20 (1.29-
3.76)**

2.08 (1.19-
3.60)**

2.01 (1.15-
3.49)*

3. Lifestyle        

Physical Activity        

W0 days/week   - - -

1-2 days/week   0.60 (0.34-1.06) 0.68 (0.38-1.21) 0.69 (0.38-1.26)

≥ 3 days/week   0.59 (0.37-
0.93)*

0.78 (0.49-1.24) 0.82 (0.51-1.32)

4. Mental Health        

Anxiety & Depression     1.73 (1.02-2.91)* 1.50 (0.88-2.57)

Loss of Con�dence     0.69 (0.43-1.10) 0.69 (0.43-1.11)

Social Dysfunction     5.32 (2.32-
12.19)***

4.31(1.86-
9.99)**

5. Social Health        

   Community
Integration

      1.00 (0.94-1.07)

Network with Friends       0.99 (0.94-1.04)

Loneliness       1.26 (1.06-
1.49)**

Note. Multiple regressions adjusted for education which was not a signi�cant predictor in all models. * p
< .05 ** p < .01 *** p < .001
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