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ABSTRACT

Frailty is an age-related state characterized by a reduced physiological reserve, and is associated with adverse
health outcomes in the elderly. We analyzed the data from 895 adults aged 60 years and above, and
investigated the relationships between midlife and late-life social activities, intellectual activities, working
hours, and dietary habits and frailty status. Participation in social or intellectual activities in late life was less
prevalent among those who were frail than among those who were robust. A greater proportion of those who
were frail had worked long hours in midlife. After adjustment for confounders, participating in social activities
or intellectual activities in late life was associated with a reduced risk for prefrailty and frailty, while working
long hours in midlife was associated with a higher risk for frailty. The risk of frailty decreased with increasing
healthy diet scores in midlife and late life. When the results were stratified by gender, late-life participation in
social activities and midlife or late-life participation in intellectual activities correlated negatively with
prefrailty/frailty only in women. Our study suggests that social and intellectual activities are inversely
associated with frailty status, but the association seems to differ based on gender.

INTRODUCTION correlates with biological age, there can be significant

differences in health and functional status among
Population aging has posed great public health individuals with the same chronological age. Frailty is a
challenges worldwide [1]. Although chronological age concerning state in which the physiological reserve is

www.aging-us.com 288 AGING


mailto:pcmfl@nus.edu.sg
mailto:pcmfl@nus.edu.sg

reduced, making individuals more vulnerable to
stressors and adverse health outcomes such as falls,
comorbidities, disabilities and mortality [2, 3]. Frailty is
a dynamic process that can worsen or be reversed over
time [4-8]. The identification of modifiable risk factors
and protective factors for frailty is essential for
healthcare planning and targeted intervention
development. However, the factors associated with
frailty are not well understood.

Numerous studies have indicated that active
participation in leisure activities [9, 10], social
activities [11-16] or intellectual activities [17-20]
can improve the cognitive reserve [9-11, 15, 17, 18],
enhance mental health [13, 16], reduce functional
disabilities [14, 20] and delay mortality [11, 12, 19].
On the other hand, working long hours (i.e., more
than 40 hours per week or eight hours per day)
appears to be associated with deleterious effects such
as depression, anxiety, sleep disorders and coronary
heart disease [21]. Despite the evidence that
engagement in various lifestyle activities influences
health outcomes, few studies have examined frailty as
an outcome variable. Additionally, although the diet
is a frequently studied lifestyle factor, its impact on
frailty has not received much attention [22, 23].

Understanding the associations of health-related
lifestyle factors with frailty could help healthcare
providers formulate screening and delivery strategies
for health and social care. In this study, we evaluated
the associations of frailty status with midlife and late-
life social activities, intellectual activities, working
hours and dietary consumption patterns in a
community-based sample of older adults in Singapore.

RESULTS

The final sample included in this analysis comprised
895 participants aged 60 years and older, among whom
95.8% were ethnic Chinese. The mean age of the
participants was 67.9 years (range 60-93 years), with a
standard deviation of 5.8 years. Among the participants,
70.8% were females, and only 28.6% had completed
secondary school or higher education.

Demographics, medical comorbidities, healthy diet
scores and frailty

The demographic characteristics associated with frailty
status are shown in Table 1. Among all the participants,
the prevalence of frailty was 5.0% (n=45), while the
prevalence of prefrailty was 51.1% (n=457). The
participants with frailty were older, had a lower
education level, and were more likely to live in lower-
end housing, live alone and be single or widowed

(p<0.05 for each comparison). There was no statistically
significant difference in the prevalence of frailty
between women and men (p=0.576).

Table 1 also displays the frequency distributions of
chronic diseases, cognitive impairment and anxiety in
participants with different frailty statuses. Of the frail
participants, 77.8% had two or more chronic diseases.
Frailty was not associated with the presence of
hypertension, high cholesterol, diabetes, cardiac
disease, arthritis, osteoporosis, hip fracture,
gastrointestinal problems, thyroid problems or
cancer. On the other hand, frailty was significantly
associated with the presence of stroke (p<0.05),
cataracts/glaucoma  (p<0.001), kidney failure
(p<0.05) and asthma (p<0.05). Cognitive impairment
(a score < 23 on the Singapore Modified version of
the Mini Mental State Examination [SM-MMSE])
was significantly more prevalent among frail
participants (15.6%) than among their robust
counterparts (2.3%). As for anxiety, 18 individuals
had Geriatric Anxiety Inventory scores > 10, and all
of these subjects were in the prefrail and frail groups.
The healthy diet score (HDS) was lower in the
prefrail and frail groups than in the robust group at
midlife (p=0.001) and late life (p<0.001). These data
suggest that frailty is associated with a high total
number of medical comorbidities and with the
presence of individual medical comorbidities,
cognitive impairment and poor mental health.

Lifestyle activities and frailty

The associations of midlife and late-life activities with
frailty are shown in Table 2. Greater proportions of
prefrail and frail subjects than robust subjects were
isolated from social and intellectual activities.
Specifically, 48.8% of the frail and 38.8% of the prefrail
subjects did not participate in midlife social activities,
compared with 32% of the robust subjects (p=0.025).
Furthermore, 35.6% of the frail and 24.8% of the
prefrail subjects did not participate in late-life social
activities, compared with 13.7% of the robust subjects
(p<0.001). Regarding intellectual activities, 47.7% of
the frail and 44.4% of the prefrail subjects were midlife
nonparticipants, compared with 32.9% of the robust
subjects (p=0.002). Likewise, 54.5% of the frail and
39.2% of the prefrail subjects were late-life
nonparticipants in intellectual activities, compared with
26.3% of the robust subjects (p<0.001). A greater
percentage of frail participants than robust participants
had worked long hours in midlife (80% vs. 59.1%,
p=0.024), while this effect was not observed in those
who were working more than nine hours per day in late
life (p=0.828). Smoking and alcohol intake were not
associated with frailty.
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Table 1. Sociodemographic information, medical conditions and healthy diet score of participants with different
frailty status.

Robust Pre-frail Frail *
(N=393) (N=457) (N=45) P

Age, years 66.6+5.0 68.6+5.9 71.7+7.7 <0.001**
Age group

60-69 288(73.3) 283(61.9) 21(46.7) <0.001

70-79 98(24.9) 149(32.6) 17(37.8)

>80 7(1.8) 25(5.5) 7(15.6)
Sex

Male 116(29.5) 135(29.5) 10(22.2) 0.576

Female 277(70.5) 322(70.5) 35(77.8)
Education levels

No education 119(30.3) 180(39.4) 24(53.3) 0.001

Primary 137(34.8) 166(36.3) 13(28.9)

Secondary/higher 137(34.8) 111(24.3) 8(17.8)
Housing

1-3 room 53(13.5) 85(18.7) 12(26.7) 0.001

4-5 room 283(72.2) 340(74.7) 30(66.7)

High-end housing 56(14.3) 30(6.6) 3(6.7)
Marital status

Married 281(71.7) 306(67.4) 22(48.9) 0.006

Single/widowed 111(28.3) 148(32.6) 23(51.1)
Living condition

Alone 23(5.9) 37(8.1) 6(13.3) 0.017

With spouse 274(70.1) 289(63.5) 21(46.7)

With children or other 94(24.0) 129(28.4) 18(40.0)
Occupation

Retired 215(55.0) 225(49.4) 26(60.5) 0.089

Current employment 68(17.4) 90(19.8) 2(4.6)

Housewife 108(27.6) 140(30.8) 15(34.9)
Number of Comorbidity

0-1 152(38.7) 168(36.8) 10(22.2) 0.004

2-3 181(46.0) 194(42.4) 18(40.0)

>3 60(15.3) 95(20.8) 17(37.8)
Hypertension 194(49.4) 232(50.8) 23(51.1) 0.913
High cholesterol 214(54.5) 238(52.1) 26(57.8) 0.656
Diabetes 60(15.3) 88(19.3) 10(22.2) 0.224
Stroke 7(1.8) 24(5.3) 3(6.7) 0.018
Cardiac disease 26(6.6) 48(10.5) 3(6.7) 0.117
Cataracts/glaucoma 115(29.3) 171(37.4) 28(62.2) <0.001
Kidney failure 0 6(1.3) 1(2.2) 0.023***
Asthma 21(5.3) 11(2.4) 4(8.9) 0.022
COPD 1(0.3) 2(0.4) 0(0) -
Arthritis 56(14.2) 66(14.4) 11(24.4) 0.181
Osteoporosis 25(6.4) 25(5.5) 4(8.9) 0.613
Hip fracture 1(0.3) 4(0.9) 1(2.2) 0.146***
GIP 37(9.4) 41(9.0) 5(11.1) 0.890
Thyroid problems 35(8.9) 29(6.3) 3(6.7) 0.373
Cancer 17(4.3) 28(6.1) 4(8.9) 0.301
GAI>10 0 17(3.7) 1(2.2) 0.001
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GAI score 0.7+1.65
SM-MMSE<23 9(2.3)

SM-MMSE score 28.2+1.94
HDS in midlife 15.0+3.0
HDS in late-life 15.3£2.5

1.5+2.90 1.842.79 <0.001**
38(8.3) 7(15.6) <0.001

27.6 +2.66 27.0¢3.77 0.040%*
14.622.7 13.742.6 0.001**
14.7+2.8 14.0¢3.1 <0.001**

Shown are numbers (%), mean+SD unless stated otherwise.
*P-value obtained using Chi-square test.

** P-value obtained using Kruskal Wallis Test.

*** P-value obtained using Fisher’s exact tests.

SD, standard deviation; GAI, Geriatric Anxiety Inventory; SM-MMSE, Singapore Modified Mini-Mental State Examination;
COPD, Chronic Obstructive Pulmonary disease; GIP, Gastrointestinal problems; HDS, healthy diet score.

We then performed multinomial logistic regression
analyses to quantify the relationships of lifestyle activities
and the HDS in midlife and late-life with the presence of
frailty (Table 3). Late-life social and intellectual activities
were found to protect against prefrailty and frailty. For
those who participated in late-life social activities
compared with those who did not, the adjusted odds ratio
(OR, controlled for relevant covariates) for prefrailty was
0.43 (95% confidence interval [CI] 0.29-0.63) and the
adjusted OR for frailty was 0.21 (95% CI 0.10-0.45). For
those who participated in late-life intellectual activities
compared with those who did not, the adjusted OR for
prefrailty was 0.57 (95% CI 0.42-0.77) and the adjusted
OR for frailty was 0.35 (95% CI 0.18-0.69). Midlife
intellectual activity only correlated negatively with
prefrailty (adjusted OR=0.60, 95% CI 0.45-0.81, p=0.001).
Working long hours in midlife was associated with an
increased risk of frailty (adjusted OR=2.96, 95% CI 1.34-
6.57, p=0.007), but not prefrailty (adjusted OR=1.02, 95%
Cl 0.76-1.37, p=0.875). Furthermore, the probability of
frailty decreased by approximately 15% (OR=0.86, 95%
Cl 0.77-0.96, p=0.012; OR=0.85, 95% CI 0.75-0.95,
p=0.008) with each one-point increase in the HDS in
midlife and late-life.

When the prefrail and frail subjects were combined into
one group and the lifestyle activities were categorized
into three levels (never, irregular or daily participation;
Supplementary Table 1), daily midlife participation in
social activities was found to be associated with a
significantly reduced risk of prefrailty/frailty (compared
with nonparticipation, adjusted OR=0.59, 95% CI 0.36-
0.94, p=0.028). Daily (adjusted OR=0.61, 95% CI 0.43-
0.85, p=0.004) and irregular (adjusted OR=0.59, 95%
Cl 0.41-0.85, p=0.005) midlife participation in
intellectual activities correlated negatively with
prefrailty/frailty (compared with nonparticipation).

Sex differences

We then performed a stratified analysis (Table 4),
which revealed that the effects of lifestyle activities

differed between men and women. For these analyses,
frail and prefrail subjects were again combined into one
group. Among the women, the risk of prefrailty/frailty
was lower for those who participated in late-life social
activities (adjusted OR=0.32, 95% CI 0.20-0.52,
p<0.001), midlife intellectual activities (adjusted
OR=0.54, 95% CI 0.38-0.77, p=0.001) and late-life
intellectual activities (adjusted OR=0.40, 95% CI 0.27-
0.58, p<0.001) than for those who did not participate.
On the contrary, among the men, participation in late-
life social activities (adjusted OR=0.61, 95% CI 0.33-
1.14, p=0.127), midlife intellectual activities (adjusted
OR=0.71, 95% CI 0.40-1.24, p=0.238) and late-life
intellectual activities (adjusted OR=1.03, 95% CI 0.59-
1.80, p=0.898) had no correlation with prefrailty/frailty.
In our earlier analysis, working long hours at midlife
was a risk factor for frailty but not for prefrailty; thus,
when we combined the prefrail and frail participants
into one group and performed a gender-stratified
analysis, working long hours did not correlate with
prefrailty/frailty in either men or women.

DISCUSSION

Using a community-based sample of older adults in
Singapore, we assessed the relationships of various midlife
and late-life activities (social activities, intellectual
activities and long work hours) and a healthy dietary
pattern with frailty status. We found that social activities
and intellectual activities were associated with
significantly reduced risks of prefrailty and frailty, and we
identified gender differences in these associations.

Significant sociodemographic correlates of frailty in this
study included the participant’s age, education level,
housing type (as an indicator of socioeconomic status),
marital status and living conditions; these factors have
also been associated with frailty in previous studies
[24-26]. Interestingly, there was no difference in the
prevalence of frailty between men and women,
consistent with previous findings from Singapore [24,
25, 27, 28], but contrary to the results of most studies
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Table 2. The comparisons of participants with various lifestyle activity by frailty status.

Robust (%) Prefrail (%0) Frail (%) p*

Social activities in midlife
nonparticipation 125 (32.0) 177 (38.8) 21 (48.8) 0.025
participation 266 (68.0) 279 (61.2) 22 (51.2)

Social activities in late-life
nonparticipation 54 (13.7) 113 (24.8) 16 (35.6) <0.001
participation 339 (86.3) 343 (75.2) 29 (64.4)

Intellectual activities in midlife
nonparticipation 127 (32.9) 202 (44.4) 21 (47.7) 0.002
participation 259 (67.1) 253 (55.6) 23 (52.3)

Intellectual activities in late-life
nonparticipation 103 (26.3) 178 (39.2) 24 (54.5) <0.001
participation 289 (73.7) 276 (60.8) 20 (45.5)

Work more than 9 hours in midlife
nonparticipation 159 (40.9) 182 (39.9) 9 (20.0) 0.024
participation 230 (59.1) 274 (60.1) 36 (80.0)

Work more than 9 hours in late-life
nonparticipation 364 (92.9) 418 (91.9) 41 (91.1) 0.828
participation 28 (7.1) 37 (8.1) 4(8.9)

Smoker in midlife
smoker 44 (11.3) 63 (13.8) 8 (17.8) 0.336
non-smoker 345 (88.7) 392 (86.2) 37 (82.2)

Smoker in late-life
smoker 18 (4.6) 30 (6.6) 4(8.9) 0.312
non-smoker 374 (95.4) 426 (93.4) 41 (91.1)

Drink alcohol in midlife
alcohol consumer 58 (14.9) 71 (15.6) 6 (13.3) 0.901
non-alcohol consumer 330 (85.1) 383 (84.4) 39 (86.7)

Drink alcohol in late-life
alcohol consumer 38 (9.7) 44 (9.7) 3(6.7) 0.800
non-alcohol consumer 355 (90.3) 411 (90.3) 42 (93.3)

Both ‘smoking’ and ‘drink alcohol’ were defined as more than once a month.

The frequencies of participation were recorded on a 5-point scale: 1. never or rarely, 2. more than once a month but less than
once a week, 3. one to three times a week, 4. four to six times a week, 5. daily. Nonparticipation was defined as level 1.
Participation was defined from level 2 to level 5.

*P-value was obtained using Chi-square test.

Table 3. Association of lifestyle activities and healthy diet score with prefrailty and frailty.

i . Prefrailty Frailty
Lifestyle activities, _ -
OR Adjusted OR* OR Adjusted OR*
yes vs no p p p
(95%Cl) (95%Cl) (95%Cl) (95%Cl)
——

;(:Z'I?fea”"”t'es'” 279 074(0.56-0.98) 0038 076(0.56-1.02) 0072 22  049(0.26-093) 0029  0.55(0.28-109)  0.090
z‘t’if‘i'f:m'v“'es'” 343 048(0.34-0.69) <0.00 043(0.20-0.63) <0001 29 029 (0.15-057) <0001 0.1 (0.10-0.45)  <0.001
.I;t;:.lZT.thal actVIties 553 061(046-081) 0001 060 (045-081) 0001 23  054(0.29-10) 0053  056(0.29-110)  0.098
Intellectual activiti

.:t;t:it:: activities 76 055(041-074)  <0.001 057 (042-077) <0001 20  0.30 (0.16-0.56) <0.001 035 (0.18-0.69)  0.002
Work more than 9 274 104(0.79-1.37) 0776 102(0.76-1.37) 0875 36  2.77(1.30-590) 0009  2.96 (L34-657)  0.007
hours in midlife
Work more than 9 37 115(0.69-1.92) 0590 131(0.76-2.26) 0319 4  127(0.42-3.80) 0671  2.94(091-953)  0.071
hours in late-life

HDS in midlife per 1 095(0.90-0.99) 0035 0.95(0.90-1.00)  0.074 0.85(0.76:0.95) 0003  0.86(0.77-0.96)  0.012
point increase

HDS in late-life per 1 092 (0.88-097) 0002 0.93(0.88-0.98)  0.008 083(0.75-093) 0001  0.85(0.75-0.95)  0.008

point increase

N, number of participations; OR, odds ratio; Cl, confidence interval; HDS, healthy diet score.
* Adjusted for age, gender, education level, housing type, marital status, living condition, number of comorbidities, and SM-
MMSE score
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Table 4. Gender-stratified association of lifestyle activities with the presence of non-robust status.

Male Female
Life style activities, yes vs no Adjusted OR* Adjusted OR*
(95%Cl) (95%Cl) P

Social activities in midlife 0.54 (0.30-0.99) 0.047 0.80 (0.57-1.13) 0.210
Social activities in late-life 0.61 (0.33-1.14) 0.127 0.32 (0.20-0.52) <0.001
Intellectual activities in midlife 0.71 (0.40-1.24) 0.238 0.54 (0.38-0.77) 0.001
Intellectual activities in late-life 1.03 (0.59-1.80) 0.898 0.40 (0.27-0.58) <0.001
Work more than 9 hours in midlife 1.39 (0.73-2.64) 0.307 1.06 (0.76-1.48) 0.715
Work more than 9 hours in late-life 1.93 (0.72-5.13) 0.187 1.23 (0.64-2.36) 0.520

OR was obtained using logistic analysis, depended variable was defined as robust and non-robust (i.e. prefrailty/frailty).
*Adjusted for age, education level, housing type, marry status, living condition, number of comorbidities, SM-MMSE score.

from other countries [29]. It has been suggested that
women are more likely to become frail because they tend
to have lower lean masses, lower strength, greater
propensities for sarcopenia and poorer nutrition than men
[29]. In our study, a higher proportion of women than men
participated in late-life social activities, and a lower
percentage of women than men worked more than nine
hours per day in midlife (Supplementary Table 2).
Differences in participation in these activities may have
reduced the susceptibility of women to frailty in our study.

As for medical comorbidities, one-third of the frail
participants in this study had more than three chronic
diseases, while 22.2% of them had no comorbidities.
These results indicate that frailty is distinct from but
overlapping with comorbidities. A number of chronic
diseases (stroke, cataracts/glaucoma, kidney failure and
asthma) were associated with frailty. The associations
of frailty with specific chronic diseases have been
inconsistent among previous studies (Supplementary
Table 3), possibly because the number of affected
subjects was simply calculated without consideration
for the severity or duration of the disease. Moreover,
differences in the definition of frailty, the adjustment
for  confounders and the  sociodemographic
characteristics of the study populations may have
contributed to inconsistencies among studies. In our
study, diabetes, arthritis, hip fracture and cancer
exhibited trends of association with frailty, but the
results were not statistically significant, possibly due to
the relatively small number of cases. Cognitive
impairment was more prevalent among those with
prefrailty and frailty, in agreement with previous studies
[24, 27]. The relationship between frailty and anxiety
has rarely been examined in previous studies. Although
a relatively small number of subjects reported anxiety
symptoms in the present study, the proportion of
participants with anxiety was significantly higher in the
prefrail and frail groups than in the robust group. Thus,
our results revealed additional physical and emotional
stressors associated with a prefrail or frail status.

Sociodemographic variables and the number of
comorbidities were included as potential confounders
when we investigated the associations of three types of
lifestyle activities with prefrailty and frailty. It was
reasonable to find inverse relationships between frailty
and participation in social and intellectual activities, as
these activities have been reported to correlate
negatively with multiple health-related conditions that
are linked to frailty. Participation in social activities was
inversely associated with disability in Japan [30, 31]
and Western countries [32]. Social activity participation
has also been associated with improved cognition and
reduced depression [16, 33]. Intellectual activities have
been positively associated with cognitive function and
negatively associated with disability [9, 20]. Despite
growing evidence on the beneficial effects of social and
intellectual activities on psychological, physical and
cognitive outcomes, the present study is one of the few
to explore the effects of such activities on frailty. The
mechanisms underlying these associations have not
been  fully elucidated, but involvement in
social/intellectual activities may provide a sense of
value, belonging, attachment, self-esteem and self-
worth [34], thus enhancing psychological health and
potentially improving late-life outcomes [11]. Social
and intellectual activities may also exert physiological
benefits such as enhancing the humoral immune
response [35], reducing systemic chronic inflammation
(a major biological factor underlying aging) [36] and
altering the brain structure [37-39].

Working is not only a way to make a living, but also an
essential part of life with potential effects on health. We
found that working long hours in midlife was associated
with an increased risk of frailty in the elderly. This finding
could be attributed to multiple factors. Firstly, working
long hours may be associated with a sedentary lifestyle
and a shorter duration of leisure time. In our study,
participants who worked long hours in midlife performed
less physical activity and participated in fewer social and
intellectual activities than those who did not work long
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hours, both in midlife and in old age (Supplementary
Table 4). Secondly, the proportion of individuals who
worked long hours in midlife and continued working long
hours when they became older (10%) was greater than the
proportion of participants who had normal working hours
in midlife and worked long hours when they became older
(4.3%, p=0.002). This suggested that the participants who
endured long working hours from midlife to late life may
have had a relatively low socioeconomic status or high
economic pressure, and thus needed to work long hours
even after a normal retirement age. A low socioeconomic
status may increase the tendency of adults working long
hours to engage in unhealthy behaviors [40]. Thirdly, the
incidence of chronic diseases such as cardiovascular
disease, stroke and mental disorders has been reported to
be greater among those who work long hours [21, 41], so
these diseases may have contributed to frailty. These
results provide practical information on public health
concerns and highlight the importance to increasing one’s
physical activity despite being productive in midlife.

In previous studies, gender was found to impact both
lifestyle activity participation and the associations
between lifestyles and health-related outcomes [42, 43].
Few studies have examined the effects of gender on the
relationships between lifestyle activities and frailty. In
our study, midlife social activities correlated inversely
with frailty in men (p=0.047), but not in women
(p=0.210). On the other hand, midlife intellectual
activities correlated inversely with frailty in women
(p<0.001), but not in men (p=0.127). Inaccuracies in self-
reported data may have contributed to these differences.
There was an interval of 15+ years between the midlife
events and the time of data collection, so error and recall
bias to a certain extent were unavoidable. The small
number of male participants also may have limited our
statistical power in detecting the latter association, if it
truly existed in the population.

Regarding late-life activities, we observed significant
beneficial effects of participation in social and
intellectual activities in women after adjustment for
sociodemographic  factors and health conditions.
However, these associations of late-life activities were
not found in men. The impact of gender on the
association between social activity and health has been
inconsistent in previous studies. Some studies revealed
no gender-specific effects on the association between
social participation and health in the elderly [16, 30],
but other studies revealed that social participation was
more beneficial for women than for men [44]. These
discrepancies may be due to heterogeneity in the
classification and operationalized measurement of
social engagement. Lack of detailed surveys on social
activities also may have limited the ability to capture
gender-based differences.

We found that midlife and late-life intellectual activities
were inversely associated with prefrailty/frailty only in
women. One reason for this gender difference may be
social characteristics related to gender roles. In Chinese
society, Confucianism is a major social value
demanding that women be responsible for the
household while men serve as breadwinners [45].
Although large numbers of women began to enter the
job market after the Second World War, women have
had to spend more of their leisure time on less-
intelligence-stimulating domestic work, while men have
had more freedom in how to spend their time after
work. We can speculate that women who could free
themselves from housework to participate in intellectual
activities had better economic backgrounds or social
networks than those who could not, while this trend
would not apply to men. Another reason might be that
the longitudinal trajectories of change in lifestyle
activities differ between the genders [46]. Nimrod and
Kleiber pointed out that older men were inclined to
remain involved in their former activities, while older
women were more likely to start new activities.
Participating in new activities later in life can be
particularly satisfying and meaningful, potentially
leading to favorable late-life outcomes [47]. A 12-year
follow-up study in Taiwan also indicated that, among
elderly adults, engagement in a variety of activities was
more beneficial than participation in any single type of
activity [48]. Thus, the inverse association between
intellectual activities and prefrailty/frailty only in
women may have been due to new activities they
performed. Unfortunately, due to the cross-sectional
nature of the data and the lack of detailed surveys on
specific activities, we could not determine whether
longitudinal trajectory changes contributed to the
gender-specific effects of intellectual activities. Further
work is needed to assess the gender differences in
lifestyle activity participation and the effects of
dynamic variables on frailty.

Importantly, our results revealed an inverse association
between the HDS and frailty. Nutritional factors are key
determinants of the onset and progression of frailty
[49]. Diets with high protein levels and high antioxidant
capacities were associated with a low prevalence of
frailty in Japanese women [50, 51]. Conversely, low
intakes of certain micronutrients have been associated
with an increased risk of frailty [52]. In addition to
specific nutrients, dietary patterns may modify the state
of frailty. For example, greater adherence to the
Mediterranean Diet pattern was associated with a lower
risk of frailty in Spain [53] and Germany [54], although
this association was not found in Hong Kong [22]. This
could be explained by differences between the Chinese
diet and the Mediterranean diet, as the consumption of
olive oil and wine are lower in Hong Kong than in the
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Mediterranean [22]. In consideration of this, we
included certain components of the Mediterranean diet
in our HDS, but did not incorporate data on olive oil,
grape wine or whole grain consumption.

Among the dietary components used to define our HDS,
fruits, green vegetables and nuts are good sources of
micronutrients such as vitamin C, vitamin E, -carotene,
folate, unsaturated fatty acids and polyphenols, which
can reduce oxidative stress and inflammation. Marine
fish and legumes ensure adequate protein intake, which
can improve muscle strength and function [55]. In
addition to providing high-quality protein, marine fish
also provide beneficial unsaturated fatty acids such as
docosahexaenoic acid and eicosapentaenoic acid. Low
consumption of meat or meat products can reduce the
metabolism of L-carnitine by the intestinal microbiota,
thus reducing atherosclerosis [56], the common basis of
cardiovascular and cerebrovascular diseases. Meat is also
the main source of saturated fat, which has been
associated with increased levels of inflammatory markers
[57] and thus is not recommended as a major component
of a healthy diet. In summary, the inverse association of
the midlife and late-life HDS with prefrailty and frailty
supports the contribution of the diet to frailty and
underscores the importance of assessing dietary intake
according to local food consumption characteristics.

The present study has expanded the current literature by
revealing the associations of the dietary pattern and
various lifestyle activities with frailty. However, there
are several limitations to this study. Firstly, the cross-
sectional nature of the study did not allow us to
determine the causal association of the factors with
frailty. On one hand, social/intellectual activities may
reduce the risk of frailty, but on the other hand, the
robust population may be more willing to participate in
social/intellectual activities. A second limitation was the
measurement of different types of lifestyle activities.
The direction and strength of an association depends on
the type of activity [9, 18, 58], and without a detailed
checklist, we could not determine which activities
exerted greater effects than others. Thirdly, our data
were based on self-reported recall of chronic diseases,
lifestyle activities and food consumption, raising the
issue of recall bias. However, the participants were
unaware of the group to which they belonged (robust,
prefrail or frail), so there was no differential
misclassification, and recall bias may have led to
underestimation of the true effect. Further analyses with
detailed quantitative and qualitative measurements are
required to validate our findings.

The present study demonstrated that active participation
in social and intellectual activities and adherence to a
healthy dietary pattern focused on green vegetables,

fruits, nuts, marine fish and legumes were inversely
associated with frailty in elderly Singaporean adults.
Working long hours in midlife was associated with an
increased risk of frailty in the elderly. The associations
seemed to differ according to gender.

MATERIALS AND METHODS
Participants

The Diet and Healthy Aging (DaHA) Study was an
epidemiologic population-based study carried out from
2011 to 2017 to investigate the relationship of Asian diets
with health and health-related phenotypes in aging, such as
mild cognitive impairment, frailty, late-life depression,
late-life anxiety, etc. The study was approved by the
Institutional Review Board of the National University of
Singapore. Study participants (aged > 60 years) were
recruited from geographically defined residential districts
in Jurong, western Singapore via door-to-door visits by
research nurses. At a community research center,
participants were asked to sign informed consent forms
and to complete various questionnaires and functional tests
administered by trained research staff. We used data from
the first 920 DaHA participants for this study. After
subjects with incomplete frailty score data were eliminated
(n=25), the remaining 895 participants were included in
the final analysis.

Frailty assessment

There are two principal conceptual models to detect
frailty in a population: the more widely used phenotype
model [2] and the cumulative deficit model [59]. We
assessed frailty based on the phenotype model
developed by Fried and colleagues, which includes five
criteria: shrinking, weakness, exhaustion, slowness and
low activity. Participants fulfilling three or more of
these criteria were classified as frail, while those
fulfilling one or two of the criteria were classified as
prefrail, and those fulfilling none of the criteria were
classified as robust.

Our operational definitions for the five criteria were as
follows:

1. Shrinking was defined as an unintentional
weight loss > 4.5 kilograms (kg) in the previous
six months, or a body mass index < 18.5 kg/m?.

2. Weakness was assessed by grip strength, which
was measured in kg with a hand-held
dynamometer. Two trials were performed for
each hand, and the maximum grip strength
from all attempts was used for analyses.
Weakness was established for those in the
lowest quintile of handgrip performance after
adjustment for sex and body mass index [60].
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3. Exhaustion was established based on a
response of “no” to the following question from
the 15-item Geriatric Depression Scale: “Do
you feel full of energy?”.

4. Slowness was assessed with a fast gait speed
test, and was measured in seconds over a Six-
meter course. Participants were asked to wait
with both feet one meter behind the starting
line, and to start walking as fast as possible
without running after a verbal command was
given. The total time elapsed between the
participant crossing the starting line and the
finish line was recorded. Two trials were
administered, and the faster trial was used in
the analyses. Slowness was established for
those in the lowest quintile of performance
after adjustment for gender and standing height.

5. Low physical activity was determined by a self-
reported response of “never or rarely” or “more
than once a month but less than once a week”
to the question “How often do you participate
in physical activities?”.

Measurements

Medical comorbidities were determined from each
participant’s self-reported history of specific diseases
(hypertension, high cholesterol, diabetes mellitus,
stroke, cardiac disease, cataracts/glaucoma, Kkidney
failure, asthma, chronic obstructive pulmonary disease,
arthritis, osteoporosis, hip fracture, gastrointestinal
problems, thyroid problems or cancer) or other chronic
diseases. Heart attacks, ischemic heart disease, irregular
heartbeats, atrial fibrillation and heart failure were
considered cardiac diseases.

Cognitive function was assessed with the SM-MMSE
[61], which has been validated for local use in older
Singaporean adults [62], with a score < 23 indicating
cognitive impairment. Anxiety was measured with the
20-item Geriatric Anxiety Inventory based on a cut-off
of 10/11 [63], which has been validated to discriminate
between those with and without any anxiety disorder.

Lifestyle activities were measured through an
interviewer-administered questionnaire with three key
questions: “How often do you participate in social
activity?”, “How often do you participate in cognitively
demanding/intellectual activity?” and “How often do you
work more than nine hours a day?”. “Social activity”
referred to face-to-face interpersonal communication and
activities with non-family members, while “intellectual
activity” referred to activities predominantly requiring
cognitive effort, such as reading and writing, word or
Sudoku games, puzzles and other brain-stimulating
activities [64]. “Long working hours” referred to working

hours exceeding standard working hours, which differ
from country to country. Much of the literature has
recognized standard working hours as around 40 hours
per week or eight hours per day. However, it was
reported that 52 hours of work per week had the best
predictive ability for health outcomes [65]. Therefore, to
increase our predictive power, we used nine hours per
day — one hour more than the widely accepted standard of
eight hours per day — as our definition of long working
hours. The frequencies of the three activities in late life
(i.e., the time when the survey was administered) and at
midlife (i.e., at 45 years old) were recorded based on self-
report. Responses were provided on a five-point Likert
scale: 1. never or rarely, 2. more than once a month but
less than once a week, 3. one to three times a week, 4.
four to six times a week, 5. daily. The responses were
dichotomized as nonparticipation (never or rarely) and
participation (from more than once a month to daily) for
analysis. The response of participation was recategorized
as irregular (from more than once a month to four to six
times a week) or daily participation.

Dietary data were collected with a brief food frequency
questionnaire that was designed according to habitual
consumption of six major food categories: meat, green
vegetables, fruits, nuts, marine fish and legumes. The key
question was “How often do you consume each of the
following foods?”. The consumption of each food
category was coded into one of six frequency levels:
never or rarely, more than once a month but less than
once a week, one to three times a week, four to six times
a week, one to two times a day, and three or more times a
day. Based on the traditional Mediterranean diet, we
defined an operational HDS [66] in which beneficial
dietary components (green vegetables, fruits, nuts,
marine fish and legumes) were assigned scores of 0-5
when the participant reported consuming them from zero
to three or more times per day, respectively. For the
consumption of foods presumed to be less healthy (meat
and meat products), reverse scoring was implemented, so
higher consumption frequencies obtained lower scores
(see Supplementary Table 5). All component scores were
summed to obtain a total HDS ranging from 0O to 30, with
higher values indicating a healthier dietary pattern.

Other variables

Other measured variables included age, gender, education
level (no education, primary education or secondary/higher
education), housing type (one- to three-room housing,
four- to five-room housing or high-end housing), marital
status (married, widowed/divorced/separated), living
condition (alone, with spouse, with children or other),
smoking (current or past smoking of more than once per
month) and alcohol consumption (current or past drinking
of more than once per month).
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Statistical analysis

Continuous variables were reported as the mean +
standard deviation. Categorical variables were presented
as the frequency and percentage. As the data
distribution was skewed, a nonparametric Kruskal-
Wallis test was used to determine the differences among
the frail, prefrail and robust groups for continuous
variables. Chi-square tests were used to test the
differences in categorical variables among the three
groups. Multinomial logistic regression models were
used to determine the OR and 95% CI for the risk of
frailty or prefrailty based on each risk factor, with
adjustment for age, gender, education level, housing
type, marital status, number of comorbidities and SM-
MMSE score as potential confounders. We also
adjusted for comorbidities as binary variables
(Supplementary Table 6), the results are essentially the
same. Correlations between frailty and covariates
(Supplementary Table 7) ranged from 0 to 0.513 and
were considered as week to moderate correlations. For
gender-stratified analyses and comorbidity-stratified
analyses (Supplementary Table 8), due to the small
number of participants with frailty, we used binary
logistic regression after dichotomizing subjects into the
robust and non-robust (i.e., prefrail/frail) groups. A two-
sided p value < 0.05 was considered statistically
significant. All analyses were performed with IBM
SPSS 22.0 (IBM Corp., Armonk, NY, USA).
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SUPPLEMENTARY MATERIALS

Supplementary Table 1. Association of lifestyle activities and healthy diet score with the presence of non-robust

status.
N Crude OR 0 Adjusted OR*
(95%ClI) (95%Cl)
Social activities in midlife
Never 323 1 1
Irregular 464 0.73 (0.54-0.97) 0.034 0.78 (0.57-1.05) 0.112
Daily 103 0.64 (0.41-1.00) 0.053 0.59 (0.36-0.94) 0.028
Social activities in late-life
Never 183 1 1
Irregular 597 0.48 (0.34-0.69) <0.001 0.44 (0.30-0.64) <0.001
daily 114 0.33 (0.20-0.55) <0.001 0.26 (0.15-0.43) <0.001
Intellectual activities in midlife
Never 350 1 1
Irregular 225 0.65 (0.46-0.91) 0.013 0.59 (0.41-0.85) 0.005
daily 310 0.57 (0.42-0.78) 0.001 0.61 (0.43-0.85) 0.004
Intellectual activities in late-life
Never 305 1 1
irregular 259 0.57 (0.40-0.80) 0.001 0.56 (0.39-0.80) 0.001
daily 326 0.48 (0.35-0.67) <0.001 0.53 (0.38-0.75) <0.001
Work more than 9 hours in midlife
Never 350 1 1
Irregular 257 1.06 (0.76-1.46) 0.721 1.03 (0.73-1.46) 0.835
daily 283 1.18 (0.86-1.62) 0.303 1.16 (0.83-1.63) 0.372
Work more than 9 hours in late-life
Never 823 1 1
irregular 45 0.90 (0.49-1.65) 0.749 1.06 (0.55-2.02) 0.857
daily 24 1.92 (0.79-4.69) 0.149 2.37 (0.95-5.90) 0.063
HDS in midlife per 1 point increase - 0.93 (0.89-0.98) 0.011 0.94 (0.90-0.99) 0.033
HDS in late-life per 1 point increase - 0.91 (0.86-0.95) <0.001 0.92 (0.87-0.97) 0.003

OR was obtained using logistic analysis, depended variable was defined as robust and non-robust (i.e. prefrailty and frailty).

N, number of participants; OR, odds ratio; Cl, confidence interval; HDS, healthy diet score.

* Adjusted for age, gender, education level, housing type, marital status, living condition, number of comorbidities (15), and

SM-MMSE score.
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Supplementary Table 2. Gender differences in participation in lifestyle activities and the HDS.

Male Female p*
Social activities in midlife 177(68.3) 390(61.8) 0.066
Social activities in late-life 193(74.2) 518(81.7) 0.012
Intellectual activities in midlife 160(62) 375(59.8) 0.542
Intellectual activities in late-life 170(65.6) 415(65.8) 0.97
Work more than 9 hours in midlife 198(76.2) 342(54.3) <0.001
Work more than 9 hours in late-life 22(8.5) 47(7.4) 0.603
HDS in midlife 14.6+£3.2 14.8+2.7 0.351**
HDS in late-life 14.9+3.0 15.0+2.6 0.375**

Participation was defined more than once a month.
HDS, healthy diet score.

*P-value obtained using Chi-square test.

** P-value obtained using Kruskal Wallis Test.
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Supplementary Table 3. Summary of studies on the prevalence and risk factors of frailty in Singapore.

Participation

Investigator (cohort)

Criteria of

(p:gjéllgqce Factors associated
of frailty, with frailty
prefrailty)

Factors not
associated with
frailty

Specific chronic diseases
associated with frailty

1827 Chinese
aged 55 and
above (SLAS)

Liang Feng

1685
participants
aged 55 and

above (SLAS)

Tze Pin Ng

1575 Chinese
aged 55 and
above (SLAS)

Liang Feng

2375 Chinese
aged 55 and
above (SLAS)

Liang Feng

2406
participants
aged 55 and

above (SLAS)

Nigel Teo

5685
participants
aged 55 and

above (SLAS)

Kai Wei

age, education level,
alcohol, smoking,
comorbidity, cognitive
impairment, depression,
ADL, IADL.
age, education, housing
type, ethnicity, living
alone, smoking,
comorbidity,
polypharmacy,
cognitive impairment,
depression, self-rated
health, obesity, high
nutritional risk, low
albumin, anemia, total
cholesterol, white cell
count, ALD, IADL,
hospital admission.
age, education,
smoking, alcohol,
comorbidity, cognitive
impairment, depression,
ADL-IADL,
hospitalization in the
past 1 yea, physical
component scale.
age, education,
smoking, alcohol,
comorbidity, cognitive
impairment, depression,
ADL-IADL disability,
physical component
score.
self-defined social
frailty (including 7
components: Living
alone, no education,
absence of a confidant,
infrequent contact,
infrequent social
activities, financial
difficulty,
socioeconomic
deprivation).
age, ethnicity, sex,
education, housing
status, comorbidity,
polypharmacy,
cognitive impairment,

Fried criteria
(2.5%, 32.4%)

Fried criteria
(5.3%, 42.3%)

Fried criteria
(2%, 32%)

Fried criteria
(2.6%, 33.3%)

Fried criteria
(3.4%, 45.1%)

Fried criteria
(4.5%, 45.7%)

sex, living alone.

diabetes, hypertension,

cardiovascular disease,

coronary heart disease,
heart failure, atrial
fibrillation, stroke,
cataracts/glaucoma,
visual impairment,
hearing impairment,

sex, drinking,
thyroid disease,
arthritis, cancer,
orthostatic
hypotension,

asthma/COPD, lymphocyte
. counts.
0steoporosis,
gastrointestinal problems,
chronic kidney disease.
sex,

diabetes, atrial
fibrillation, heart failure,
cataract and eye
disorders, kidney failure,
COPD, hip fracture.

hypertension,
high cholesterol,

heart attack,
asthma, arthritis,
APOE epsilon4.

sex, APOE
epsilon4 carrier,
hospitalization in

the past year.

diabetes, hypertension,
cardiac disease, stroke,
anemia, chronic kidney
disease, kidney failure,
hearing loss, visual
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Janhavi Ajit
Vaingankar

Reshma
Merchant

Lixia Ge

2101
participants
aged 60 years
and above
(Well-being of
the Singapore
Elderly study)

1051
participants age
65 years and
above
(Singapore
Population
Health Studies
cohort)
721 participants
aged 60 and
above
(longitudinal
Population
Health Index
survey)

depression, ADL/IADL,
hospitalization, quality
of life, malnutrition.

age, ethnicity,
education, employment
status, socioeconomic
status, care need, social
networks, cognitive
impairment, chronic
physical condition,
hospitalization.

Fried criteria
(5.7%, 45.1%)

age, sex, ethnicity,

comorbidity,
5-item FRAIL polypharmacy,
scale (6.2%, cognm\_/e |mp_a|rment,
37%) depression, Tlmed-Up
and-Go (TUG) test, grip
strength, ADL, IADL,
subjective health.
Clinical age, marital status,
Frailty Scale  education, employment,
(prevalence of money insufficiency,
frailty was living alone, smoking,
24.5%) depression.

impairment.

diabetes, hypertension,
heart trouble, stroke,
transient ischemic
attacks, arthritis, visual
problems, persistent
cough, respiratory
problems, stomach or
intestinal problems,

faints, paralysis, cancer.

diabetes, hypertension,
hyperlipidemia, heart
attack, stroke.

sex, marital
status,
psychological
morbidity in
caregivers,
body mass index,
depression,
hearing
problems, skin
conditions.

number of falls,
cancer.

sex, ethnicity.

SLAS, Singapore Longitudinal Ageing Studies; COPD, chronic obstructive pulmonary disease; ADL, activities of daily living;
IADL, instrumental activities of daily living.
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Supplementary Table 4. Association between engagement of midlife long working hours and other lifestyle
activities.

Midlife long working hour

Non-engagement Engagement p
N (%) N (%)

Midlife physical activity

Non-engagement 120(34.3) 228(42.3) 0.017
Engagement 230(65.7) 311(57.7)

Late-life physical activity

Non-engagement 49(14.0) 110(20.4) 0.015
Engagement 301(86.0) 430(79.6)

Midlife social activity

Non-engagement 100(28.6) 222(41.4) <0.001
Engagement 250(71.4) 314(58.6)

Late-life social activity

Non-engagement 55(15.7) 128(23.7) 0.004
Engagement 295(84.3) 411(76.3)

Midlife Intellectual activity

Non-engagement 109(31.7) 241(44.9) <0.001
Engagement 235(68.3) 296(55.1)

Late-life intellectual activity

Non-engagement 96(27.7) 208(38.6) 0.001
Engagement 250(72.3) 331(61.4)

Late-life long working hour

Non-engagement 334(95.7) 485(90.0) 0.002
Engagement 15(4.3) 54(10.0)
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Supplementary Table 5. Operational definition of healthy diet score; the scoring rules for each of the six

components.

Frequency of consumption

More than once per

Dietary item 3ti -6 ti 2t i
y Never or month but less than 1-3 times per 4-6 times per  1-2 times per  >2 times per
rarely week week day day
once per week

Green 0 1 2 3 4 5
vegetables

Fruits 0 1 2 3 4 5
Legumes 0 1 2 3 4 5
Nuts 0 1 2 3 4 5
Marine fish 0 1 2 3 4 5
Meat and 5 4 3 9 1 0

meat products

Supplementary Table 6. Association of lifestyle activities and healthy diet score with prefrailty and frailty.

prefrailty frailty
Life stvle activiti v Adjusted Adjusted Adjusted Adjusted
L e style ac €s, yes vs OR* 0 OR** 0 OR* o OR** 0
(95%Cl) (95%Cl) (95%Cl) (95%Cl)

. S 0.76 0.76 0.55 0.55
Social activities in midlife (0.56-1.02) 0.072 (0.56-1.03) 0.086 (0.28-1.09) 0.090 (0.27-1.11) 0.096

. S . 0.43 0.44 0.21 0.22
Social activities in late-life (0.29-0.63) <0.001 (0.30-0.65) <0.001 (0.10-0.46) <0.001 (0.10-0.47) <0.001
Intellectual activities in 0.60 0.62 0.56 0.53
midlife ©045081) 291 (046084 099 201100 909  (g26-108) O08!
Intellectual activities in 0.57 0.59 0.35 0.38
late-life 042077) <9001 (043081) 9091 01goe9) 000% (gig.g77) 0008
Work more than 9 hours in 1.02 0.98 2.96 3.27
midlife ©076-1.37) 28 (073130 99 (zaes7) 0097 (144745 000
Work more than 9 hours in 1.31 1.32 2.94 2.81
late-life 0762260 %3 (0762300 %% (0o1-053) 001 (0gs027) 0089
HDS in midlife per 1 point 0.95 0.95 0.86 0.86
increase ©0.90-1.00) 9% 090101y %M 077-006) %%?  (076-096) O013
HDS in late-life per 1 point 0.93 0.93 0.85 0.83
increase (0.88-0.98) 0.008 (0.88-0.98) 0.010 (0.75-0.95) 0.008 (0.74-0.94) 0.004

OR, odds ratio; Cl, confidence interval; HDS, healthy diet score.
*Adjusted for age, gender, education level, housing type, marital status, living condition, SM-MMSE score, and number of

comorbidities,

**Adjusted for age, gender, education level, housing type, marital status, living condition, SM-MMSE score, and
comorbidities (including 15 diseases, using binary indicators of each disease).
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Supplementary Table 7. Correlation matrix of variables.

Frailty = Education Housing Marital Living Comorbidities SM-MMSE
level type status condition
Frailty 1
Education level -0.142 1
Housing type -0.134 0.135 1
Marital status -0.082 0.150 0.219 1
Living condition ~ 0.037 -0.120 0.098 -0.513 1
Comorbidities 0.083 -0.057 -0.042 -0.043 0.000 1
SM-MMSE -0.083 0.482 0.078 0.099 -0.129 -0.169* 1

score

Comorbidities means the number of 15 specific comorbidities.
SM-MMSE means score of SM-MMSE.

Shown are spearman correlation coefficients unless stated otherwise.
* Pearson correlation coefficient.

Supplementary Table 8. Comorbidity-stratified association of lifestyle activities and healthy-diet pattern score with
the presence of non-robust status.

No comorbidity Comorbidity
Life style activities, yes vs no Adjusted OR* Adjusted OR*
(95%Cl) P (95%Cl) P

Social activities in midlife 1.16 (0.71-1.89) 0.545 0.55 (0.38-0.81) 0.002
Social activities in late-life 0.38(0.21-0.68) 0.001 0.40 (0.24-0.66) <0.001
Intellectual activities in midlife 0.83 (0.51-1.34) 0.449 0.49 (0.34-0.72) <0.001
Intellectual activities in late-life 0.50 (0.30-0.82) 0.007 0.58 (0.40-0.85) 0.006
Work more than 9 hours in midlife 0.97 (0.59-1.59) 0.918 1.12 (0.77-1.62) 0.532
Work more than 9 hours in late-life 1.03 (0.50-2.08) 0.933 2.13 (0.88-5.13) 0.092

OR was obtained using logistic analysis, depended variable was defined as robust and non-robust (i.e. prefrailty/frailty).
No comorbidity means the sum of comorbidity is less than 2.

Comorbidity means the sum of comorbidity is equal or more than 2.

* Adjusted for age, sex, education level, housing type, marry status, living condition, SM-MMSE score.
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