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ARTICLE INFO ABSTRACT

Keywords: Objectives: : We examined the association between social frailty and depressive symptoms among community-
Social frailty dwelling older adults during the coronavirus disease 2019 pandemic. Additionally, we investigated whether
Jalgan dul home exercise habits moderated the impact of social frailty on depressive symptoms.

80\%;1; ts Methods: : This cross-sectional study included 1,103 community-dwelling older adults (54.0% female, mean age

Depressive symptoms
Home exercise

[standard deviation] = 81.1 [5.0] years) from a semi-urban area of Japan who completed a mailed questionnaire
survey in October 2020. Social frailty status was categorized as non-social frailty, pre-social frailty, and social
frailty, which was assessed by financial difficulties, living alone, lack of social activity, and contact with
neighbors. Depressive symptoms were defined as a Kessler 6 score >5. We performed a multivariable logistic
regression analysis to examine the association between social frailty and depressive symptoms, and also con-
ducted stratified analysis of home exercise habits during the pandemic.

Results: : A total of 309 (28.0%) participants had depressive symptoms. Compared with non-social frailty, social
frailty was associated with depressive symptoms (odds ratio [OR] = 1.80, 95% confidence interval [95%CI] =
1.16-2.79, p = 0.009). A similar relationship was observed in those who did not exercise at home (OR = 2.10,
95%CI = 1.14-3.84, p =0.017). However, no such relationship was observed in those who did exercise at home
(OR = 1.50, 95%CI = 0.79-2.85, p =0.213).

Conclusions: : Social frailty was associated with a risk of depressive symptoms during the pandemic. In addition,
our findings suggested that home exercise may buffer the association between social frailty and depressive
symptoms.

1. Introduction

between citizens and refraining from social interactions (lifted on May
31, 2020) (Karako, Song, Chen, Tang, & Kokudo, 2021; Looi, 2020).

Many people have been affected by the coronavirus disease 2019
(COVID-19) pandemic, both directly and indirectly. The World Health
Organization declared a COVID-19 pandemic in March 2020 (World
Health Organization, 2020). Owing to the insufficient establishment of
effective pharmacological interventions, COVID-19 management de-
pends on public health measures to mitigate its spread and flatten the
pandemic curve. These measures include bans on public gatherings,
stay-at-home policies, and physical distancing strategies(Hartley &
Perencevich, 2020). In Japan, a state of emergency was issued by the
government on April 7, 2020, calling for restrictions on interactions

Some prefectures declared a local prefectural-level state of emergency in
late July 2020, corresponding to the second wave. This involved
self-restraint when dining at restaurants at night (lifted in early
September 2020) (Gifu Prefectural Office, 2020; Karako et al., 2021).
Although these strategies have helped to stop the spread of infectious
diseases (Islam et al., 2020), there are concerns that they may have
negative effects. For example, restricting social activities, such as going
out and interacting with others, leads to a decrease in physical activity
(PA) (Caputo & Reichert, 2020). Previous studies have shown that
similar preventive measures applied during the COVID-19 pandemic led
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to an estimated 25% reduction of PA in the general population (Ammar
et al., 2020; Malanchini et al., 2020; Yamada et al., 2020).

PA has a positive impact on mental health (Ku, Fox, & Chen, 2009).
Previous studies have shown that confinement has a negative impact on
general psychological health (Mihashi et al., 2009), which could lead to
depression (Hull, 2005). Another study reported that a reduced level of
PA during COVID-19 pandemic is associated with depression, which
suggests that social behavioral limitations during the COVID-19
pandemic have worsened mental health (Puccinelli et al., 2021; Viola-
nt-Holz et al., 2020).

This decline in mental health may be more common among frail
older adults. A meta-analysis of 23 studies reported an interaction be-
tween depression and frailty in older adults, with each condition being
associated with an increased prevalence and incidence of the other
disease, such as cognitive impairment (Soysal et al., 2017). Another
4-year follow-up study reported that, among the components of frailty,
social frailty is more strongly associated with the occurrence of
depressive symptoms among community-dwelling older adults than are
physical frailty and cognitive frailty (Tsutsumimoto et al., 2018).
Therefore, restricting social activities to counter infection may increase
social frailty and consequently increase the incidence of depressive
symptoms. A recent systematic review also suggested that as a sequela of
the COVID-19 pandemic, the incidence of neuropsychiatric disorders
such as depression could be expected to increase in direct proportion to
social frailty (Lozupone et al., 2020). However, there have been an
insufficient number of reports on the association between depressive
symptoms and social frailty during the COVID-19 pandemic.

Before the COVID-19 outbreak, some studies reported that regular
PA could reduce symptoms of depression (Schuch et al., 2018). Thus,
physical exercise was used during COVID-19 as a strategy to combat the
psychological and physical consequences of confinement, and its prac-
tice has been widely recommended during this period (Polero et al.,
2020). Therefore, it is important to clarify whether depression symp-
toms are reduced by approaches that increase PA, such as exercise at
home, when social activity is limited.

In the present cross-sectional study, we examined the association
between social frailty and depressive symptoms in community-dwelling
older adults during the COVID-19 pandemic. Moreover, we investigated
whether home exercise habits moderated the impact of social frailty on
depressive symptoms.

2. Methods
2.1. Study population

In this cross-sectional study, we mailed a questionnaire survey to
community-dwelling older adults living in Minokamo City, a semi-urban
area in Japan. Surveys were conducted before and after two state of
emergency declarations corresponding to the COVID-19 pandemic wave
in the target municipalities (Japan’s declaration of the emergency state
mainly requested that individuals refrain from performing nonessential
activities and maintain physical distancing, and avoidance of restau-
rants at night). The first survey was carried out between March 3 and
March 16, 2020, just before the nationwide state of emergency decla-
ration. The second survey was carried out between October 16 and
October 30, 2020, after the state of emergency declaration had been
made at the local prefecture-level in the target survey area (Gifu Pre-
fectural Office, 2020). In the first survey, we randomly sampled
non-institutionalized older adults aged > 65 years and who were not
eligible to receive public long-term care insurance (LTCI) benefits or
with “support need levels” of 1 or 2 in the public LTCI system (the
Japanese public LTCI system classifies frail older adults into 7 levels:
“support need levels” 1 and 2, and “care need levels” 1 to 5, whereby
higher numbers indicate an increased need) (Tsutsui & Muramatsu,
2005). The first survey invited 2000 older adults to participate, and
1350 individuals responded to the survey (response rate: 67.5%). Of
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these, 1106 individuals completed the second survey (follow-up rate:
81.9%). In this study, we cross-sectionally analyzed data from partici-
pation of the second survey. We excluded participants with missing age
or sex information (n = 3). Data from a final total of 1103 participants
were included in the analysis.

This study was reviewed and approved by the ethics committees of
Seijoh University (No. 2020C0013) and the National Center for Geriat-
rics and Gerontology (No. 20TB4). The mailed questionnaire was
accompanied by an explanation of the study purpose, and participants
were informed that they could withdraw from the study at any point
without facing any consequences. Informed consent was given when
participants agreed to complete the questionnaire and returned the
completed survey. All procedures conformed to the principles outlined
in the Declaration of Helsinki.

2.2. Depressive symptoms

Depressive symptoms were measured using the Kessler 6 scale (K6)
(Kessler et al., 2003), Japanese version (Furukawa et al., 2008), which
consists of six items that assess how frequently respondents have expe-
rienced symptoms of psychological distress in the past 30 days. The
response options range from 0 = none of the time to 4 = all of the time
(possible total score range: 0-24). Thus, we defined depressive symp-
toms using the K6 scale score. One Canadian study showed that the K6
scale is a valid tool for assessing depressive symptoms (area under the
curve and 95% confidence interval [95%CI] were 0.93 and 0.91-0.95,
respectively) (Cairney, Veldhuizen, Wade, Kurdyak, & Streiner, 2007).
Following this previous study (Cairney et al., 2007), we classified re-
spondents with K6 scores >5 as having depressive symptoms. This
cut-off point has been shown to have a sensitivity of 0.92 (95% CI,
0.88-0.95) and a specificity of 0.78 (95% CI, 0.77-0.79) for depressive
symptoms.

2.3. Social Frailty Screening Index

The Social Frailty Screening Index includes items that assess general
resources (financial difficulties), social resources (living alone), social
behavior (lack of social activity), and the fulfillment of basic social needs
(influential contact with neighbors). The measure was developed by
Yamada et al.(Yamada & Arai, 2018) based on Bunt’s social frailty
concept (Bunt, Steverink, Olthof, van der Schans, & Hobbelen, 2017).
The measure includes the four following questions: 1) “Are you satisfied
with your economic condition?”. The response options are “very satis-
fied”, “satisfied”, “unsatisfied”, and “very unsatisfied”. “Poor general
resources (1 point)” was operationally defined as an answer of “unsat-
isfied” or “very unsatisfied”; 2) “Do you live alone?”. “Poor social re-
sources (1 point)” was defined as living alone; 3) “How often do you
participate in the following groups: volunteer, sports, hobby, learning or
cultural, nursing care prevention, senior citizens, or residents’ associa-
tions?”. The response options included “Four or more times a week”,
“Two or three times a week”, “Once a week”, “One to three times a
month”, “A few times in a year”, and “Never”. “Poor social behavior (1
point)” was defined as an answer of “Never” for all groups; 4) “How do
you get along with your neighbors?”. The response options included “I
have a neighbor who comes and goes to each house”, “I have a neighbor
to chat with on the street”, “I have a neighbor to say hello to”, and “I do
not communicate with neighbors”. “Poor fulfillment of basic social
needs (1 point)” was defined as an answer of “I have a neighbor to say
hello to” or “I do not communicate with neighbors”. We defined scores
of 2 or more as social frailty, 1 as pre-social frailty, and 0 as non-social
frailty based on previous research (Yamada & Arai, 2018).

2.4. Exercise at home

Frequency of exercise at home was assessed by a single question,
“How often have you exercised at home during (April to August 2020)
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the outbreak of the coronavirus infection?” The response options
included “Four or more times a week”, “Two or three times a week”,
“Once a week”, “One to three times a month”, “A few times in a year”,
and “Never”. Participants were dichotomized into “exercise” (once or
more times a week) and “non-exercise” (less than once a week) groups.

2.5. Covariates

The covariates included age, sex, basic activities of daily living
(BADL), instrumental ADL (IADL), educational attainment, present
illness, and PA. BADL was assessed using a single question, “Do you need
someone’s care or assistance in your daily life?”, and responses were
dichotomized into “no difficulty” (response: “no need for care or assis-
tance”) or “difficulty” (response: “need some care or assistance, but do
not currently receive any” or “currently receive some care”). IADL was
measured using a 5-item subscale, as in a previous study (Koyano, Shi-
bata, Nakazato, Haga, & Suyama, 1991), and categorized participants
who had difficulty with at least 1 item as “difficulty” and the others as
“no difficulty”. Comorbidity referred to whether the following diseases
were currently being treated or were sequelae: hypertension, stroke,
heart disease, diabetes, hyperlipidemia, cancer, skeletal muscle disease,
depression, and dementia. Those who confirmed the presence of at least
one of these conditions were classified as “Yes,” and the rest were
classified as “No.” Self-rated health was dichotomized into “poor” or
“good”. Educational attainment was dichotomized as “low” (<10 years)
or “middle/high” (>10 years). PA was measured using 3-item subscale
(Inoue et al., 2008) and the total METs/day score was calculated, as in a
previous study, and classified into tertiles according to the total
METs/days (“high”, “middle”, and “low™).

2.6. Statistical analysis

First, descriptive statistics and differences in each variable according
to the level of social frailty were assessed using an ANOVA for contin-
uous variables and chi-square test for categorical variables. Post-hoc
analysis of ANOVA results was carried out using the Bonferroni’s mul-
tiple comparison test. Second, multivariable logistic regression analysis
was used to examine the association between social frailty and depres-
sive symptoms, and the odds ratios (ORs) and 95% ClIs for depressive
symptoms were estimated. Two analytical models were created with the
crude and adjusted models, including all covariates. Finally, we esti-
mated the association between depressive symptoms and the level of
social frailty stratified by exercise at home after adjusting for all
covariates.

To mitigate the potential bias caused by missing information, we
used the multiple imputation approach under the missing at random
assumption (i.e., the missing data mechanism depends only on observed
variables). We generated 20 imputed datasets using the multiple
imputation by chained equations procedure and pooled the results using
Rubin’s rules (White, Royston, & Wood, 2011). Furthermore, for the
sensitivity analysis, we performed a complete case analysis.

We used SPSS version 24 (IBM, Armonk, NY, USA) for all analyses,
with a two-tailed significance level set at 5%.

3. Results

Data from a total of 1103 participants were analyzed. Table 1 shows
the participants’ characteristics according to the level of social frailty.
The mean age of participants was 81.1 years (standard deviation = 5.0),
and 596 (54.0%) participants were female. The prevalence of each
component determining social frailty (general resources, social re-
sources, social behavior, the fulfillment of basic social needs) was
19.6%, 14.5%, 20.2%, and 18.0%, respectively. Regarding the partici-
pants’ level of social frailty, 460 (41.7%), 359 (32.5%), and 169 (15.3%)
had non-social frailty, social pre-frailty, and social frailty, respectively.
Those with social frailty were likely to be older, to have difficulty in
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Table 1
Participant characteristics.
The level of social frailty p-value
Non- Social Social
social pre- frailty
frailty frailty
n = 460 n = 359 n=169
Age (years), mean 80.52 80.93 82.01 0.003
(SD) (4.52) (5.02) (5.63) '
Sex, n (%) Men 233 165 70 0.097
(50.7) (46.0) (41.4)
Women 227 194 929
(49.3) (54.0) (58.6)
BADL, n (%) No 418 302 121 <0.001
difficulty (90.9) (84.1) (71.6)
Difficulty 38(8.3) 55(15.3) 47
(27.8)
Missing 4 (0.9 2 (0.6) 1 (0.6)
IADL, n (%) No 426 304 162 <0.001
difficulty (92.6) (84.7) (71.6)
Difficulty 24 (5.2) 49 (13.6) 44
(26.0)
Missing 10 (2.2) 6(1.7) 4(2.4)
Comorbidity, n No 330 283 139 0.018
(%) (71.7) (78.8) (82.2)
Yes 97 (21.1) 63(17.5) 20
(11.8)
Missing 33(7.2) 13 (3.6) 10 (5.9)
Educational Middle/ 318 239 103 0.231
attainment, n high (69.1) (66.6) (60.9)
(%)
Low 141 119 63
(30.7) (33.1) (37.3)
Missing 1(0.2) 1(0.3) 3(1.8)
Physical activity,n ~ High 139 82(22.8) 23 <0.001
(%) (30.2) (13.6)
Middle 184 117 43
(40.0) (32.6) (25.4)
Low 95 (20.7) 122 90
(34.0) (53.3)
Missing 42 (9.1) 38 (10.6) 13 (7.7)
Exercise at home Exercise 254 171 64 <0.001
(55.2) (47.6) (37.9)
Non- 152 142 88
exercise (33.0) (39.6) (52.1)
Missing 54 (11.7) 46 (12.8) 17
(10.1)
Depressive No 301 208 76 <0.001
symptoms, n (65.4) (57.9) (45.0)
(%)
Yes 102 115 78
(22.2) (32.0) (46.2)
Missing 57 (12.4) 36(10.0) 15(8.9)

f Significant differences compared with the social robust groups, post-hoc
analysis using Bonferroni’s multiple comparison test (p < 0.05). Group differ-
ences were examined using an ANOVA or y>-test. BADL, basic activities of daily
living; IADL, instrumental activities of daily living; SD, standard deviation

" Missing data, n = 115 for the level of social frailty

BADL and IADL, to be less educated, to have low PA, and to exercise less
at home. In total, 309 (28.0%) participants had depressive symptoms.
Depressive symptoms were more common in those with social frailty
(non-social frailty 22.2%, social pre-frailty 32.0%, and social frailty
46.2%).

Table 2 presents the association between social frailty and depressive
symptoms. Multivariable logistic regression analysis revealed that,
compared with non-social frailty, social frailty was significantly asso-
ciated with depressive symptoms after adjusting for all covariates using
the multiple imputation approach; the ORs (95% ClIs) for depressive
symptoms were 1.80 (1.16-2.79) for social frailty (p =0.009) and 1.29
(0.93-1.78) for social pre-frailty (p =0.128).

Fig. 1 shows the ORs and 95% CIs for depressive symptoms for each
level of social frailty stratified by exercise at home, adjusted for all
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Table 2

Association between social frailty and depressive symptoms during the COVID-
19 pandemic, multivariable logistic regression analysis with multiple imputa-
tion approach.

Crude model Adjusted model

OR (95% CI) p-value OR (95% CI) p-value
The level of social frailty
Non-social frailty 1.00 1.00
(reference) (reference)
Social pre-frailty 1.60 0.003 1.29 0.128
(1.18-2.17) (0.93-1.78)
Social frailty 2.94 <0.001 1.80 0.009
(2.00-4.31) (1.16-2.79)
Age (per 1 year) 1.02 0.152
(0.99-1.05)
Women (ref: men) 1.32 0.062
(0.99-1.76)
BADL difficulty (ref: no 3.14 <0.001
difficulty) (2.00-4.92)
IADL difficulty (ref: no 2.25 <0.001
difficulty) (1.44-3.54)
Comorbidity (ref: no) 1.21 0.325
(0.83-1.75)
Low educational (ref: 1.15 0.343
middle/high) (0.86-1.55)
Physical activity
Middle (ref: high) 1.23 0.291
(0.84-1.77)
Low (ref: high) 1.33 0.144
(0.91-1.97)
Exercise at home (ref: 0.93 0.654
Non-exercise) (0.69-1.27)

BADL, basic activities of daily living; CI, confidence interval; IADL, instrumental
activities of daily living; OR, odds ratio

covariates. In participants who had not exercised at home, the ORs of
social frailty with depressive symptoms were slightly increased (OR:
2.10, 95% CIs: 1.14-3.84, p =0.017). On the other hand, in participants
who had exercised at home, social frailty was moderately associated
with depressive symptoms (OR: 1.50, 95% CI: 0.79-2.85, p =0.213).
However, the ‘social frailty’ x exercise at home (exercise at home was
coded as 0 for non-exercise or 1 for exercise) interaction was not
significantly associated (p =0.299), although the OR was in the expected
direction (OR: 0.65, 95% CI: 0.29-1.46).

We also confirmed that the ORs of social frailty for depressive
symptoms were approximately similar to those obtained in the complete
analysis (Supplementary Table 1, Supplementary Figure 1).

4. Discussion

The present cross-sectional study demonstrated the association be-
tween social frailty and depressive symptoms in older adults during the
COVID-19 pandemic. We found that social frailty was associated with
depressive symptoms during the pandemic, and exercise at home may
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buffer this relationship. Our findings suggested that those with social
frailty had poorer mental health during the COVID-19 pandemic and
that forming exercise habits at home maintained a healthy mental health
status.

Previous studies have reported a prevalence of social frailty of
approximately 8% to 18% in community-dwelling older adults accord-
ing to each social frailty index (Garre-Olmo, Calvo-Perxas, Lopez-Pousa,
de Gracia Blanco, & Vilalta-Franch, 2013; Lee, Chon, Kim, Ki, & Yun,
2020; Teo, Gao, Nyunt, Wee, & Ng, 2017). Using the same index,
Yamada et al. found that 18.0% had social frailty (Yamada & Arai,
2018). The current study found a prevalence of social frailty of 15.3%,
which is consistent with previous findings. However, the present study
could not clarify the change in the rate of social frailty before and after
the COVID-19 outbreak.

Our results indicate that those with social frailty had a high risk of
depressive symptoms during the COVID-19 pandemic. Several longitu-
dinal studies have suggested that social frailty may be a predictor of
depressive symptoms (Chen et al., 2021; Tsutsumimoto et al., 2018).
Moreover, social frailty has been reported to be more strongly associated
with depressive symptoms than the physical and cognitive components
of frailty (Tsutsumimoto et al., 2018). Both social frailty and depressive
symptoms were expected to increase during the pandemic, as they result
from limiting social behaviors to counter the spread of coronavirus
(Lozupone et al., 2020). However, there has been a lack of empirical
evidence of these associations during the COVID-19 pandemic. Although
the present study is a cross-sectional study, and it is not clear whether
social frailty is more likely to result in depressive symptoms during the
COVID-19 pandemic, those with social frailty had a higher proportion of
depressive symptoms than those with non-social frailty, which indicates
the need for preventive measures.

Previous studies have shown that exercise is an effective measure
that is often recommended to prevent depression in older adults
(Knapen, Vancampfort, Morién, & Marchal, 2015; Seo & Chao, 2018).
Therefore, we examined whether exercise at home, which can be done
during the COVID-19 pandemic, reduced depressive symptoms. Our
results showed that there was no significant interaction effect between
level of social frailty x exercise at home; however, the stratified analysis
showed that home exercise habits alleviated depressive symptoms in
individuals with social frailty. One possible reason for this is the
biochemical or physiological mechanisms associated with increased PA
(Daley, 2008; Deslandes et al., 2009). However, our results showed a
moderating effect of home-based exercise, even when considering
physical activities. Another study showed that regular exercise had a
positive impact on personal and psychological parameters, and exercise
was a preferred method by which to enhance self-efficacy, self-esteem,
and physical awareness (Tikac, Unal, & Altug, 2021), which suggests
that those who exercised at home had fewer depressive symptoms.

The COVID-19 pandemic has not only affected physical health, but
also mental health (Fiorillo & Gorwood, 2020). Despite differences in
the epidemic situation between countries, previous study indicated that
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Fig. 1. ORs and ClIs for depressive symptoms for the level of social frailty with or without exercise at home. (A) With exercise at home; (B) without exercise at home.
The error bars indicate 95% confidence intervals. The values were imputed using the multiple imputation approach and adjusted for all covariates.
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continuing even exercise at home during the COVID-19 pandemic may
reduce the side effects of COVID-19 on mental health after the pandemic
(Hu, Tucker, Wu, & Yang, 2020). Our study suggested that forming
exercise habits to maintain a healthy mental health status during the
pandemic may be helpful, especially in older adults with social frailty.

This study has several limitations. First, this study was cross-
sectional study, and so we were unable to determine causal relation-
ships. However, this is the first study to clarify the relationship between
social frailty and depressive symptoms during the COVID-19 pandemic.
In the future, longitudinal research should be conducted to investigate
causal relationships. Second, this study used a questionnaire, and so
misclassification might have occurred in the assessment of depressive
symptoms. Moreover, we were unable to determine which type of ex-
ercise was more strongly associated with reduced depression. None-
theless, it is meaningful to suggest an approach that can reduce
depressive symptoms in those with social frailty. Third, it was necessary
to evaluate not only social frailty but also physical and cognitive frailty
and examine their relationships. However, because it was a question-
naire survey, we could not evaluate grip strength, walking speed, or
MMSE because this may have caused residual confounding. Therefore,
these factors could have caused residual confounding. Finally, our study
participants were slightly older than typical community-dwelling older
adults, and our survey was conducted in a semi-urban area in Japan.
This may reduce the generalizability of our results; thus, further
nationwide research is needed.

5. Conclusions

In conclusion, the present results indicate that social frailty was
associated with depressive symptoms during the COVID-19 pandemic.
However, even in participants with social frailty, this relationship was
mitigated in those who exercised at home. Our findings indicated that
depressive symptoms in socially frail older adults need to be addressed
and that exercise at home may help these individuals to maintain their
mental health.
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