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Abstract
Background  Although the health benefits of working in old age are well known, no research has examined them 
among older people with pre-frailty. We examined the improvement effect of working through the Silver Human 
Resources Center (SHRC) on pre-frailty among older people in Japan.

Methods  We carried out a two-year longitudinal survey from 2017 to 2019. Among 5,199 older people, the analysis 
included 531 participants who were judged to be of pre-frailty status at baseline and who completed both surveys. 
We utilized the records of participants’ work through the SHRC from 2017 to 2019. The evaluation of the frequency 
of working through the SHRC was categorized as “less-working” (i.e., less than a few times a month), “moderate-
working” (i.e., one to two times a week), and “frequent-working” (i.e., more than three times a week). The transition of 
frailty status was classified as “improved” (from pre-frailty to robust) and “non-improved” (from pre-frailty to pre-frailty 
or frailty). Logistic regression was used to assess the influence of the frequency of working through the SHRC on 
the improvement of pre-frailty. The analysis model was adjusted for age, sex, working for financial reward, years of 
membership, community activities, and health status at baseline. Inverse-probability weighting was used to correct 
for survival bias in the follow-up period.

Results  The improvement rate of pre-frailty during follow-up was 28.9% among the less-working, 40.2% in the 
moderate-working, and 36.9% in the frequent-working groups. The improvement rate in the less-working group was 
significantly lower than that in the other two groups (φ = -2.4). Multivariable logistic regression analysis showed that 
individuals in the moderate-working group had significantly higher odds of pre-frailty improvement than those in 
the less-working group (OR: 1.47, 95% CI: 1.14–1.90), and no significant differences were found between the frequent-
working and less-working groups.

Conclusions  We found that the participants engaged in moderate working through the SHRC significantly increased 
their rate of pre-frailty improvement, while frequent working showed no significant association. Therefore, in the 
future it is important to provide moderate work to older people with pre-frailty according to their health status.
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Background
The health benefits of working in old age are well known. 
Some systematic reviews reported that working beyond 
the statutory retirement age exerts positive effects on 
health outcomes, including self-rated health, depression, 
and activities of daily living [1, 2].

Most previous studies, however, excluded older people 
with age-related dysfunction from the analysis sample. 
Thus, no research has investigated the health effects of 
working among older people with age-related dysfunc-
tion. This may be because older people with poor health 
have lower employment rates than healthy older people, 
making follow-up more difficult. Many older people 
decide to retire due to age-related functional decline [3]. 
Therefore, investigating the health benefits of working 
with older people with age-related functional decline will 
contribute to promoting working in old age.

Frailty is an age-related physiological syndrome that 
puts older people at higher risk for adverse health out-
comes such as falls, institutionalization, hospitalization, 
and death [4–7]. Therefore, it is essential to prevent frailty 
in older people. As frailty is a reversible condition, inter-
vention in early-stage “pre-frailty” is critical [8]. Many 
interventions for pre-frailty and frailty such as exercise 
[9, 10], nutritional support [11], cognitive training [12], 
and their combinations [12, 13] have been substantiated. 
In addition, a potential strategy for postponing frailty is 
the encouragement of social participation. However, the 
health effects of working on frailty status are unknown.

Japan has one of the most rapidly aging populations 
in the world. The prevalence of frailty, pre-frailty, and 
robust status was 8.7%, 40.8%, and 50.5% in 2012, respec-
tively [14], indicating that pre-frailty is a common condi-
tion among older people in Japan. Despite this, Japanese 
older people have higher motivation to work than those 
in other developed countries [15]. The national survey 
in Japan has shown that 58.9% of people aged ≥ 60 years 
want to remain in paid work beyond the age of 70 years 
[16].

In Japan, one of the social resources for providing part-
time work for older people is the Silver Human Resources 
Center (SHRC). Japanese older people aged ≥ 60 years 
can register with the SHRC without any upper age limit. 
There are 1,335 SHRC locations and 698,419 older peo-
ple were registered as at 2021 [17]. The SHRC is the 
most popular option for older people in Japan who hope 
to work for their well-being [18] and not for financial 
reward. SHRC members are mainly engaged in simple 
light work such as cleaning (Additional File 1) [17, 19]. 
A previous study reported that working through the 
SHRC was associated with preventing the deterioration 

of higher-level functional capacity in daily living [20]. In 
recent years, the number of very old members has been 
increasing [17], and some members presented with phys-
ical and cognitive dysfunction [21]. However, no study 
has reported the health effects of working through the 
SHRC among members with frailty.

The present study examined the improvement effect 
of working on pre-frailty after two years among Japanese 
SHRC members. In addition, this study used inverse-
probability weighting (IPW) to correct for survival bias in 
the follow-up period.

Methods
Study design and participants
This was a two-year longitudinal study conducted on 
older people who registered with an SHRC in an urban 
area in Saitama prefecture, Japan. This area had a popula-
tion of approximately 1,330,000 in 2021 with 23.1% of the 
population being at least 65 years old in December 2021 
[22]. At baseline in 2017, the study participants were all 
SHRC members aged ≥ 60 years. The exclusion criteria 
were as follows: (1) people who identified as robust or 
frailty, (2) people who received long-term care insurance, 
and (3) people with missing data.

Figure 1 shows a flowchart of this study’s participants. 
A total of 5,199 older people were enrolled in the base-
line survey, which was carried out by mail in 2017 and 
2019. These surveys were conducted prior to the first 
COVID-19 pandemic in Japan (March-May 2020) and 
had no impact on SHRC projects at the time of the study. 
In the baseline survey, participants were asked to com-
plete a self-reported questionnaire. A total of 3,848 indi-
viduals completed the survey (valid response rate, 74.0%). 
We carried out a follow-up survey for 883 participants 
who had been identified as being in a pre-frailty state at 
baseline. In the follow-up period, 121 participants with-
drew from the SHRC because of health reasons and hav-
ing moved away from the study area. In the follow-up 
survey, a total of 762 individuals completed the survey. 
Of those, we included 531 participants with no missing 
survey items at follow-up for analysis (valid response 
rate 69.7%). The questionnaire was mailed together with 
a document describing the study purpose, which stated 
that cooperation was voluntary.

This study was conducted in accordance with the 
1964 Declaration of Helsinki and its later amendments. 
The study was approved by the ethics committee of the 
Dia Foundation for Research on Ageing Societies (no. 
A29001). Informed consent was obtained from all indi-
vidual participants in the study.

Keywords  Frailty, Pre-frailty, Silver Human Resources Center, Working in old age
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Measurements
Frailty assessment
Frailty was evaluated using the Kihon Checklist (KCL). 
The measurement is a self-reporting questionnaire con-
sisting of 25 items, including five items for activities of 
daily living, five for physical function, two for nutritional 
status, three for oral function, two for house-bounded-
ness, three for cognitive function, and five for depres-
sion. The sum of all indices’ questions ranged from 0 to 
25, with a higher KCL score indicating a higher risk for 
requiring support or care. In this study, according to 
the frailty criteria [23], a KCL score of 0 to 3 was con-
sidered as robust, 4 to 7 as pre-frailty, and ≥ 8 as frailty. 
The transition of participants to frailty status was classi-
fied into two categories based on changes between 2017 
and 2019: improved and non-improved transitions. We 
defined changes in pre-frailty according to the status at 
follow-up. The change was classified as “improved” (from 

pre-frailty to robust) and “non-improved” (from pre-
frailty to pre-frailty or frailty).

Frequency of working through the SHRC
We utilized the record data of working through the 
SHRC from 2017 to 2019. The evaluation of the fre-
quency of working through the SHRC was categorized 
as “less-working” (i.e., less than a few times a month), 
“moderate-working” (i.e., one to two times a week), and 
“frequent-working” (i.e., more than three times a week). 
A previous study reported that working for about six 
hours a week prevented the deterioration of high-level 
functional capacity in daily living among SHRC members 
[20]. Since working through the SHRC involves working 
for about three to four hours per day [17], this study used 
twice a week as the cutoff to separate “moderate-work-
ing” from “frequent-working.”

Fig. 1  Flow of participants in the cohort study
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Covariates
As covariates, the following items were used: age, sex 
(male/female), working for financial reward (yes/no), 
years of membership, community activities, and health 
status at baseline. Age and years of membership were 
used as continuous variables. A work motive for finan-
cial reward is associated with reducing health benefits 
through working in old age [24]. Community activities 
were surveyed with the following question: “Do you par-
ticipate in community activities other than the SHRC, 
such as senior clubs, income-generating jobs, volunteer 
activities, or neighborhood associations at least once 
a month?” Health status at baseline was assessed by six 
dimensions in the KCL: physical dysfunction, malnutri-
tion, oral dysfunction, house-boundedness, cognitive 
dysfunction, and depression. These variables were exam-
ined in the baseline survey.

Statistical analysis
The analysis was based on the data of 531 participants. 
The characteristics (age, sex, working for financial 
reward, years of membership, community activity, and 
health status at baseline) of the participants were com-
pared with the frequency of working through the SHRC 
using the χ2 -test for categorical variables and Kruskal-
Wallis test of variance for continuous variables. The 
improvement rate of pre-frailty was compared with the 
frequency of working through the SHRC using the χ2 
-test and residual analysis.

Logistic regression was used to assess the influence 
of the frequency of working through the SHRC on the 
improvement of pre-frailty. The analysis model was 
adjusted for all of the covariates described above.

In this study, the follow-up rates were 60.1% (valid 
response n = 883 at baseline survey). To examine the pos-
sibility of dropout bias in follow-up, differences in attri-
butes (age, sex, community activity, years of membership, 
and health status) between the follow-up and non-fol-
low-up groups (n = 352) were analyzed by the χ2 test or 
Kruskal-Wallis test. When a variable with a difference of 
less than 10% probability of significance between these 
two groups was found, IPW was used to analyze the lon-
gitudinal data. Propensity scores for the IPW method 
were calculated by logistic regression and the trend score 
was calculated by logistic regression analysis [25]. All sta-
tistical analyses were performed with SPSS version 27.0 
(IBM Japan, Ltd., Tokyo, Japan).

Results
Table  1 shows the participants’ characteristics by fre-
quency of working through the SHRC. There were 
significant differences in sex (p = 0.015) and commu-
nity activities (p = 0.004) while there was no significant 
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difference in the top five types of work content among 
the three groups (Additional File 2).

Table 2 shows the improvement rate of pre-frailty dur-
ing follow-up. Among participants with pre-frailty at 
baseline, 28.9% were in the less-working, 40.2% were in 
the moderate-working, and 36.9% were in the frequent-
working groups. The results of χ2 revealed significant dif-
ferences in frequency of work (χ2(2) = 6.384, p = 0.041). 
Residual analysis revealed that the improvement rate in 
the less-working group was significantly lower than in 
the other two groups (φ = -2.4). There were no significant 
differences between the moderate-working and frequent-
working groups.

Table  3 shows the results of logistic regression analy-
sis, which examined the influence of the frequency of 
working through the SHRC on pre-frailty. Individuals in 
the moderate-working group were more likely to show 
improvement than those in the less-working group (Odds 
ratio: 1.47, 95% Confidence interval: 1.14–1.90, p = 0.003). 
However, individuals in the frequent-working group were 
not significantly different from those in the less-working 
group (Odds ratio: 1.12, 95% Confidence interval: 0.87–
1.45). These analyses used IPW.

Discussion
The present study examined the association between 
working through the SHRC and pre-frailty over two years 
among Japanese older people. Our findings suggest that 
moderate working through the SHRC was associated 
with an increased probability of improving pre-frailty 
among older people.

Among this study’s participants at baseline, the preva-
lence of pre-frailty was 22.9%, which is lower than in a 
previous study using a nationally representative sample 
in Japan (40.8%) [14]. This may be because the older 
people who register with SHRCs are likely to be in good 
health and to have high motivation to participate in soci-
ety. Another possible reason is that the target area was in 
eastern Japan, and the prevalence of frailty there tends to 
be lower than in western Japan [14].

In addition, 72.0% of individuals with pre-frailty worked 
at least once a week for two years. A total of 30.9% of Jap-
anese older people aged 65–69 years who wanted to work 
but could not find work cited their health conditions as 
the reason [3]. In the future, it is hoped that by elucidat-
ing the mechanisms that enable SHRC members to work 
even if they are of pre-frailty status, the social participa-
tion of older people of pre-frailty status can be promoted 
with their willingness.

The results of this study showed that the improve-
ment rate from pre-frailty to robust status was 35.8%. A 
meta-analysis including a Japanese cohort study of older 
people reported that the rate was 23.1% [8]. These esti-
mates vary depending on the population studied and the 

definition of frailty. While these studies were based on 
physical markers [4], we used a broader multidimensional 
approach, namely the KCL. A systematic review revealed 
that studies using certain scales based on physical func-
tion reported a lower frailty prevalence than those using 
a broad definition (i.e., a multidimensional concept such 
as comprehensive geriatric assessment) of frailty among 
community-dwelling older people [26]. In addition, most 
of the items in the KCL are questions about performance, 
not capacity [23]. Therefore, moderate working through 
the SHRC may have served as a lifestyle intervention and 
may have increased the implementation of performance 
related to activities of daily living.

In the present study, we carried out logistic regres-
sion analyses to examine the association between work-
ing through the SHRC and pre-frailty over two years 
among Japanese older people. Our findings suggested 
that moderate working (i.e., one to two times a week) was 
associated with an increased probability of improving 
pre-frailty compared with less working, and that frequent 
working (i.e., ≥ three times a week) was not significantly 
different from less working. One previous study sug-
gested a U-shaped relationship between total hours of 
unpaid and paid work per day and health outcomes such 
as cognitive impairment, activities of daily living, and 
death, with about eight hours of activity per day lowering 
health risks the most after three years among Japanese 
older people aged ≥ 70 years [27]. Another previous study 
suggested that moderate participation (i.e., less than a few 
times a month) in volunteer groups rather than frequent-
working participation (i.e., at least once a week) may pro-
duce beneficial effects in the prevention of instrumental 
activities of daily living decline after two years among 
older Japanese women [28]. Although the results of the 
present study and these findings are not very comparable, 
they indicate that moderate participation in a produc-
tive activity may also be effective in improving the health 
status of older people with pre-frailty. In addition, since 
frequent working is not significantly related to pre-frailty 
improvement, it will be important for the SHRC office to 
provide moderate-working opportunities for members 
based on their health status.

The working hours per day at the SHRC are about three 
to four hours [17]. A previous study reported that work-
ing through the SHRC involves approximately 30  min 
of moderate to high-intensity physical activity of three 
metabolic equivalents (METs) or more [21]. The standard 
for physical activity in Japanese is “people aged ≥ 65 years 
should engage in 40 minutes of physical activity daily 
other than lying down or sitting” [29]. Therefore, working 
through the SHRC even a few times a week will contrib-
ute significantly to achieving the desired physical activity 
standard.
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In addition, the SHRC’s work is team-based, so there 
is a lot of interaction with colleagues. Since there are no 
hierarchical relationships and the relationships are equal, 
there are fewer relationship stressors that can nega-
tively impact mental health [30]. The systematic reviews 
showed that multi-domain intervention (e.g., physical 
exercise plus cognitive training) in older people with pre-
frailty or frailty was more effective in group sessions than 
in one-on-one sessions [31]. Thus, the physical activity 
and interpersonal interaction associated with working 
through the SHRC may have been effective in improving 
pre-frailty. However, the mechanism cannot be clarified 
in this study, and future qualitative studies are warranted.

Individuals with a risk of physical dysfunction, oral 
dysfunction, cognitive dysfunction, and depression were 
associated with decreased probability of improving pre-
frailty compared with those with no risk. A previous 
study reported that individuals with cognitive and physi-
cal dysfunction might experience fatigue at work [21]. 
In addition, other previous studies reported that these 
dysfunctions were significantly associated with new cer-
tifications in long-term care [32]. In the future, programs 
to improve these dysfunctions should be implemented 
along with the provision of jobs, and the effectiveness of 
such programs should be verified.

A major strength of the present study was the enroll-
ment of older workers with pre-frailty. Previously, most 
research investigating health outcomes only involved 
healthy older workers, since older workers with poor 
health are more likely to drop out. Even among the very 
old, when the prevalence of frailty is high [14], many 
older people wish to continue working [16]; thus, the 
present findings help us to understand the relationship 
between working in older age and health.

The present study had several limitations that must 
be mentioned. First, in all cases, health status was self-
reported. We used a measure that has reportedly accept-
able measurement properties, but participants could 
have overestimated their health status. Further studies 
should use objective health outcomes to evaluate the 
impact of working on health benefits. Second, this study 
was limited to a single urban area with higher income in 
Japan [33]. Further research should be conducted in rural 
municipalities with the opposite characteristics. Third, 
workload was not measured. Although the survey con-
firmed that there was no difference in work content by 
the frequency of working, individuals may have different 
workloads for the same work content. Fourth, we cannot 
deny the possibility of residual confounding. For exam-
ple, we lacked measures of socioeconomic status (i.e., 
education and income) and lifestyle habits (i.e., smoking 
and physical activity). This indicates that there may be 
subgroups with varying effects of working on pre-frailty 
improvement, which we were unable to account for in Ta
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our analysis. Thus, future studies exploring the interac-
tion between working status and individual character-
istics, including those aforementioned, are needed to 
further elucidate these potential heterogeneous effects. 
Finally, the impact of working on health among older 
people with pre-frailty may have not only positive effects, 
but also negative effects such as accidents that were not 
considered in this study. Future research on risk man-
agement among older workers with pre-frailty may be 
necessary.

Conclusions
Moderate working (i.e., one to two times a week) through 
the SHRC significantly increased the rate of pre-frailty 
improvement, while frequent working (i.e., more than 
three times a week) showed no significant association. 
Finally, the COVID-19 pandemic limited social participa-
tion, including working, among older people worldwide. 
Currently, the provision of work in SHRC is recovering in 
Japan and is expected to become an important recipient 
of social participation among older people after the pan-
demic. In the future, as the results of this study indicate, 
it is desirable to provide moderate work opportunities for 
older people according to their health status.
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Table 3  Impact of working through the SHRC on the improvement of pre-frailty after two years
OR 95%CI p-value

Frequency of working (ref. Less-working)

Moderate-working 1.47 ( 1.14 - 1.90 ) 0.003
Frequent-working 1.12 ( 0.87 - 1.45 ) n.s.

Age (year) 0.98 ( 0.95 - 1.01 ) n.s.

Sex Male (ref. Female) 0.83 ( 0.66 - 1.05 ) n.s.

Working for financial reward Yes (ref. No) 0.79 ( 0.55 - 1.14 ) n.s.

Years of membership (year) 1.00 ( 0.97 - 1.03 ) n.s.

Community activities Yes (ref. No) 1.11 ( 0.91 - 1.36 ) n.s.

Health status at baseline

Physical dysfunction 0.68 ( 0.47 - 0.98 ) 0.036
Malnutrition 1.20 ( 0.43 - 3.33 ) n.s.

Oral dysfunction 0.72 ( 0.56 - 0.92 ) 0.009
Cognitive dysfunction 0.29 ( 0.24 - 0.36 ) < 0.001
House-boundness 3.97 ( 0.84 - 18.65 ) n.s.

Depression 0.54 ( 0.42 - 0.68 ) < 0.001
Total n = 531. Logistic regression analysis; Bold: p < 0.05

Odds ratio (OR)

>1 indicates a likely increase in improving pre-frailty; 95% CI, 95% confidence interval

This model adjusted for missing data using Inverse-probability weighting (IPW)
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