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Abstract
This prospective cohort study aimed to identify the subgroups of older people in which the association
between volunteering and incident functional disability is most remarkable by conducting subgroup
analyses of age, sex, chronic medical condition, and socio-demographic factors. Participants were 826
Japanese community-dwelling people aged ≥ 70 years who lived in Tsurugaya, Sendai. Volunteering
status was assessed with a baseline survey conducted in 2003. Incident functional disability was de�ned
as the �rst certi�cation of Long-term Care Insurance until 2017. The Cox proportional hazard model was
used to estimate the multivariate-adjusted hazard ratios (HR) with 95% con�dence intervals (CI) for
incident functional disability. Subgroup analyses were conducted according to sex, age, medical history,
marital status, and educational level. The risk of incident functional disability was signi�cantly lower in
current volunteers (HR 0.70, 95% CI 0.51–0.96) than non-volunteers. This signi�cant association was
remarkable in several subgroups such as women, those aged 75 years or over, those living with chronic
illnesses, those living without a spouse, and participants with higher educational levels. The association
between volunteering and a decreased risk of incident functional disability was remarkable among
vulnerable groups such as women, old-old, those living with chronic illnesses, and those living without a
spouse.

Introduction
As the proportion of Japanese people aged 65 years or over (especially 75 years or over) has been
increasing, Japan's long-term care costs have been increasing1. Therefore, reducing the increase in long-
term care costs by extending healthy life expectancy is an urgent issue. Social participation, such as
work, hobby, sports, local community activities, or volunteering, and playing a social role through these
activities are recommended on the assumption that they are related to purpose in life and long-term care
prevention for older people in the Long-term Care Prevention and Assisting Daily Living Project
(Kaigoyobou Nichijyouseikatushien Sougoujigyou) implemented by the Japanese Ministry of Health,
Labor and Welfare2. In fact, previous studies consistently reported signi�cant associations between work,
hobbies, sports, or local community activities and incident functional disability among older people3–6.
Likewise, many previous studies reported signi�cant associations between volunteering and physical
health, such as independence of activities of daily living (ADL), instrumental ADL (IADL), and physical
disability7–11. However, several Japanese studies reported no associations between volunteering and
incident functional disability3,6.

These results indicate that the association between volunteering and incident functional disability
depends upon characteristics of older people. Several cohort studies investigated whether the association
between volunteering and physical health varies by sex, educational level, and income level12–14.
Regarding sex differences, several prospective cohort studies among older people were reported. Two
Japanese studies reported that a signi�cant association between volunteering and reduced risk of IADL
decline was seen only in women and not men14,15. A U.S. study reported that only high-intensity
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volunteering improved physical function among men, but low- and high-intensity volunteering suppressed
the progression of physical disability among women13.

We hypothesize that the strength of the association between volunteering and incident functional
disability varies by subgroups of older people. Clari�cation of the characteristics of older people for
whom volunteering markedly prevents long-term care and extends healthy life expectancy is essential.
However, few studies investigated whether the association between volunteering and incident disability
varies by subgroups of older people.

The present study aimed to identify the subgroups of older people in which the association between
volunteering and decreased risk of incident functional disability is most remarkable. We conducted
subgroup analyses of age, sex, chronic medical condition, and socio-demographic factors using a
prospective cohort among Japanese community-dwelling people aged 70 years or over.

Results

Characteristics of study participants.
Of the 826 participants, 79 (9.5%) were current volunteers, 22 (2.7%) were former volunteers, and 725
(87.8%) were non-volunteers (Table 1). Former volunteers were more likely than non-volunteers to be older,
be unemployed, have moderate to severe physical pain, have limited physical function, have fewer
depressive symptoms, have some hobby activities, and not be current drinkers. Current volunteers were
more likely than non-volunteers to have less physical pain, have a higher physical function, have fewer
depressive symptoms, have social support, have some hobby activities, and be current drinkers.
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Table 1
Baseline characteristics by volunteering status.

  Volunteering status P
value

Non-
volunteers

n = 725

Former
volunteers

n = 22

Current

volunteers

n = 79

Age (years) (median, IQR) 74 (72 – 78) 78 (75 – 82) 73 (71 –
76)

<
0.001

Male, % 46.3 54.5 59.5 0.07

Body mass index, %       0.38

  ≤ 18.4 kg/m2 5.2 9.1 2.5  

  ≥ 25 kg/m2 39.6 22.7 38.0  

Married, % 66.8 77.3 72.2 0.39

Lower educational level (≤ 17 years), % 34.2 36.4 24.1 0.57

Employed, % 13.5 0 2.5 <
0.001

Presence of medical history, % 65.7 68.2 58.2 0.40

  Stroke 3.4 4.5 2.5 0.87

  Myocardial infarction 10.5 13.6 7.6 0.63

  Cancer 8.8 4.5 10.1 0.72

  Diabetes 15.3 13.6 13.9 0.93

  Bronchial asthma 6.1 4.5 3.8 0.69

  Cataract 38.3 36.4 26.6 0.12

  Glaucoma 8.4 13.6 2.5 0.11

  Arthritis 17.4 18.2 11.4 0.40

Serum albumin (g/dL) (median, IQR) 4.2 (4.0 -
4.3)

4.2 (4.0 – 4.3) 4.2 (4.1 –
4.3)

0.64

Moderate to severe physical pain, % 16.7 31.8 6.3 < 0.05

Lower TUG performance (≥ 9.67s), % 33.9 50.0 17.7 < 0.05

Depressive symptoms (GDS score ≥ 11),
%

26.5 9.1 13.9 < 0.01

Lower cognitive function (MMSE score ≤ 25.5 27.3 15.2 0.15
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27), %

Absence of social support, % 34.6 36.4 19.0 < 0.05

No hobby activities, % 50.5 22.7 15.2 <
0.0001

Current smoker, % 10.3 13.6 10.1 0.39

Current drinker, % 41.2 22.7 62.0 <
0.001

Lower physical activity (≤ 34.3
METs/day), %

28.1 18.2 13.9 0.11

†The χ2-test or Fisher’s exact test was applied for categorical variables and Kruskal-Wallis test for
continuous variables including age and serum albumin. IQR, Interquartile Range; TUG, Timed Up and
Go test; GDS, Geriatric Depression Scale; MMSE, Mini-Mental State Examination; MET, Metabolic
equivalent.

 

Association between volunteering and incident disability.
We observed a total of 7076 person-years, and 532 participants (64.4%) had an incident functional
disability (Fig. 1). Table 2 shows the characteristics of participants according to the presence or absence
of incident functional disability. Participants with incident functional disability were more likely to be
older, be female, be unmarried, tend to have a medical history, and have a lower educational level
(Table 2). Table 3 shows the relationship between volunteering and incident functional disability. After
full adjustment for confounders (model 2), current volunteers were signi�cantly associated with a 30%
lower risk of incident functional disability compared to non-volunteers (HR = 0.70; 95% CI, 0.51–0.96; P = 
0.027) (Table 3). By contrast, former volunteers showed no association with a risk of incident functional
disability (HR = 1.41; 95% CI, 0.85–2.34; P = 0.18).



Page 6/16

Table 2
Baseline characteristics by outcome status.

  Incident functional disability P value

Without

(n = 294)

With

(n = 532)

Higher age (≥ 75 years), % 26.5 57.3 < 0.0001

Male, % 57.1 42.7 < 0.0001

Body mass index, %     0.09

  ≤ 18.4 kg/m2 5.8 4.7  

  ≥ 25 kg/m2 34.0 41.7  

Married, % 75.9 63.1 0.0002

Lower educational level (≤ 17 years), % 29.4 36.6 0.003

Employed, % 17.4 12.8 0.10

Presence of medical history, % 58.2 68.8 0.002

Moderate to severe bodily pain, % 10.4 19.8 <0.0001

Lower TUG performance (≥ 9.67s), % 19.8 41.0 <0.0001

Depressive symptoms (GDS score ≥ 11), % 18.9 28.4 0.003

Lower cognitive function (MMSE score ≤ 27), % 18.6 28.4 0.002

Absence of social support, % 30.4 38.2 0.03

No hobby activities, % 46.6 48.8 0.55

Current smoker, % 9.4 11.2 0.03

Current drinker, % 48.9 45.7 0.35

Lower physical activity (≤ 34.3 METs/day), % 29.4 35.3 0.31

†The χ2-test or Fisher’s exact test was applied. TUG, Timed Up and Go test; GDS, Geriatric Depression
Scale; MMSE, Mini-Mental State Examination; MET, Metabolic equivalent.
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Table 3
Association between volunteering and the risk of incident functional disability.

  Volunteering status

Non-volunteers

n = 725

Former volunteers

n = 22

Current volunteers

n = 79

Person-years 6087 134 809

Incident functional disability, n (%) 470 (64.8) 17 (77.2) 45 (57.0)

Death, n (%) 73 (10.1) 1 (4.5) 4 (5.1)

HR (95% CI): Crude 1.00 (reference) 1.72 (1.06-2.79) 0.68 (0.50-0.93)

HR (95% CI): Model 1† 1.00 (reference) 1.33 (0.82-2.17) 0.72 (0.53-0.98)

HR (95% CI): Model 2‡ 1.00 (reference) 1.41 (0.85-2.34) 0.70 (0.51-0.96)

HR, Hazard ratio; CI, con�dence interval.

† Adjusted for age and sex.

‡ Adjusted for Model 1 + marital status (living with a spouse, living without a spouse, missing),
education level (age upon graduation from last school ≤17, 18-21, ≥22 years, missing), occupational
status (employed, not employed, missing), medical history (stroke, myocardial infarction, cancer,
diabetes, bronchial asthma, cataract, glaucoma, arthritis), physical pain (moderate to severe, very mild
to mild, none, missing), Timed up and go test (in s (men): ≤8.01, 8.02-9.29, ≥9.30, missing; in s
(women): ≤8.41, 8.42-10.1, ≥10.2, missing), depressive symptoms (≤10, 11≥ Geriatric Depression
Scale (GDS) score, missing), social support (presence, absence, missing), hobby activity status (none,
any, missing).

 

Subgroup analyses for the characteristics of older people.
We conducted subgroup analyses according to sex, age, medical history, marital status, and educational
level. The proportion of current volunteers who were women, aged 75 years or over, with a medical history,
unmarried, and with a lower educational level was lower than the proportion of men, those younger than
75 years, those without a medical history, those who were married, and those with a higher educational
level (7–9% vs. 10–12%, respectively) (Fig. 2). A signi�cant association between volunteering and
disability risk was observed among women (HR = 0.50; 95% CI, 0.29–0.86; P = 0.012) but not men, among
those aged 75 years or over (HR = 0.56; 95% CI, 0.35–0.88; P = 0.012) but not those younger than 75
years, among those with a medical history (HR = 0.57; 95% CI, 0.37–0.87; P = 0.009) but not those
without, among unmarried subjects (HR = 0.40; 95% CI, 0.20–0.78; P = 0.007) but not married subjects,
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and among those with a higher educational level (HR = 0.63; 95% CI, 0.42–0.94; P = 0.022) but not a lower
educational level (Fig. 2).

Discussion
This prospective cohort study investigated the subgroups of older people in which the association
between volunteering and decreased risk of incident functional disability was most remarkable by
conducting subgroup analyses. The signi�cant association between volunteering and a decreased risk of
incident disability was remarkable in such subgroups as women, those aged 75 years or over, those with
a medical history, unmarried subjects, and those with a higher educational level. Several cohort studies
investigated whether the association between volunteering and physical health varies by sex13–15 or
educational level12. Regarding sex, our �nding of a signi�cant association between volunteering and
disability risk among women but not men was consistent with previous studies14,15. We found a
signi�cant association between volunteering and incident functional disability in only those with a higher
educational level, whereas a previous Japanese study reported no associations regardless of educational
level12. No previous studies reported differences in the association between volunteering and physical
health according to age, medical history, and marital status. Our results offer new evidence that a
signi�cant association between volunteering and incident functional disability was observed only in
people aged 75 years or over, those with a medical history, and those who are unmarried.

The proportions of participants aged 75 years or over, women, unmarried participants, those with a
medical history, and those with a lower educational level among participants with an incident functional
disability were higher than those without these features in this study (Table 2). Thus, subgroups such as
women, those aged 75 years or over, those with a medical history, and unmarried subjects were
vulnerable to incident functional disability. Prior studies reported that older people's characteristics, such
as female sex, old age, having a chronic illness, and living without a spouse, were associated with a risk
of disability23–26. Our �ndings suggest that volunteering may reduce the risk of incident functional
disability in vulnerable older people. However, the current proportion of volunteers in these vulnerable
groups was lower than that in non-vulnerable groups (7–9% vs. 10–12%, respectively) (Fig. 2). Therefore,
volunteering could be encouraged more for vulnerable older people as a way to prevent long-term care
and prolong a healthy life expectancy.

The present study has several strengths. First, we performed face-to-face interviews and measured
objective indices in all participants in the baseline survey. Second, the present study had a longer follow-
up period (median 8.7 years) than previous studies (3–6 years) 12,15; thus, the follow-up time in the
present study was su�cient to observe the onset of incident functional disability. Third, we con�rmed
incident functional disability through the national LTCI system in Japan; hence, the follow-up rate and the
precision of outcome measuring were high.

Despite these strengths, this study has some limitations. First, this study's participation rate was low;
thus, self-selection bias that may result in a reduction in generalizability is a concern. However,
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volunteering was associated with a lower risk of incident functional disability, especially among the
vulnerable groups in this study. Therefore, our �ndings suggest that volunteering is particularly applicable
to vulnerable people. Second, the frequency and intensity of volunteering were not measured in this study.
Previous studies reported that the association between volunteering and risk of incident functional
disability varies by frequency of volunteering5,13; thus, further studies are needed that include assessment
of the frequency and intensity of volunteering. Third, whether the volunteering status changed during the
observational period is unknown in this study; thus, future studies require a research design that uni�es
changes in volunteering status, such as that described by Carr et al13. Fourth, confounders reported in
previous studies, such as willingness to volunteer27 or income level12, were not measured, which could
weaken the association observed in this study. Future studies need to consider these confounders.

Conclusion
We performed subgroup analyses using a prospective cohort to identify the subgroups of older people in
which the association between volunteering and decreased risk of incident functional disability was most
remarkable. Current volunteering was associated with a lower risk of incident functional disability,
especially among vulnerable groups such as those living without a spouse, women, those aged 75 years
or over, and those living with chronic illnesses.

Methods

Study participants.
This prospective cohort study was conducted as a part of the Tsurugaya project, which is a
comprehensive geriatric assessment (CGA), and concepts, designs, and details of the project are
described elsewhere16,17. We invited 2,925 community-dwelling people aged 70 years or over living in the
Tsurugaya area of Sendai in northern Japan to participate in the project. Of those, 947 residents
participated in the CGA held in July 2003. All participants provided written informed consent for us to
obtain and use the CGA data, follow-up regarding death or moving out of the area, and national Long-
Term Care Insurance (LTCI) certi�cation status. We excluded 121 participants for the following reasons:
disagreed with the present study (n = 41), already certi�ed for LTCI at baseline (n = 75), and invalid
volunteering status (n = 5). Finally, 826 participants were included in the �nal analysis (mean age, 75.2 ± 
4.5 years; male, 48%) (Fig. 1). At the time of the CGA, we had explained to the participants that we would
obtain and use the information of the CGA data, follow-up of death or moving out, and LTCI certi�cation
status, then we had written consent from them. The institutional review boards of the Tohoku University
Graduate School of Medicine (Sendai, Japan) approved this study. This study was conducted following
the Ethical Guidelines for Medical and Health Research Involving Human Subjects formulated by the
Japanese Ministry of Health, Labor and Welfare.

Outcome variable (incident functional disability).
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We de�ned incident functional disability as certi�cation for the national LTCI system in Japan18. The LTCI
certi�cation consists of seven caregiving levels, from support level 1 and 2, to care level 1 to 5. In this
study, we de�ned a new certi�cation more than support level 1 as incident functional disability. LTCI
certi�cation was correlated with the Barthel Index scores19. We received permission to conduct the study
in the Tsurugaya area and obtained each participant’s information regarding the date of the LTCI
certi�cation, the level of caregiving, death, and moving out of Sendai from the Sendai City government.
The follow-up period was from July 2003 until June 2017. Participants who moved out from Sendai or
who died were de�ned as censored.

Exposure variable (volunteering status).
The volunteering status was obtained from the questionnaire used in the CGA. The questions about
volunteering status were as follows: “After retirement, A) I have been volunteering, or B) I had been
volunteering.” We classi�ed the volunteering status into three groups. If participants chose A, we de�ned
them as “current volunteers”, and if they chose B, we de�ned them as “former volunteers”. If participants
chose neither, we de�ned them as “non-volunteers”.

Covariates.
Information about covariates was also collected at the CGA. The participants were surveyed regarding
sex, age, medical history, educational level, marital status, occupational status, physical pain, physical
function, depressive symptoms, social support, and hobby activities.

Medical history was divided into two categories (presence or absence). If participants had a history of
one or more diseases, such as stroke, myocardial infarction, cancer, diabetes, bronchial asthma,
cataracts, glaucoma, or arthritis, we de�ned them as having the presence of a medical history. The
educational level was classi�ed into three categories (age at last graduation from school ≤ 17, 18–21, ≥ 
22 years). Marital status was divided into two categories (married or unmarried). We de�ned participants
who lived with a spouse as “married” and participants who lived without a spouse due to being single,
divorced, widowed, and other reasons as “unmarried”. Occupational status was divided into two
categories (employed or not employed). Participants de�ned as "employed" included those who were self-
employed. Regarding physical pain, participants were asked, “How much pain did you experience within
the last 4 weeks?,” and based on the answers, we divided the participants into three categories (none, very
mild to mild, moderate to severe). Physical function was measured using the Timed Up and Go test20. We
classi�ed the participants into tertile groups based on their time (≤ 8.23, 8.24–9.66, ≥ 9.67 sec).
Depressive symptoms were measured using the Japanese version of the 30-item Geriatric Depression
Scale21,22. Scores ≥ 11 indicate depressive symptoms; thus, we classi�ed the participants into two
groups based on the score (≤ 10, ≥ 11). To assess social support, we asked participants the following
�ve questions: "Do you have someone 1) with whom you can consult when you are in trouble? 2) with
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whom you can consult when your physical condition is poor? 3) who can help with your daily
housework? 4) who can take you to a hospital when your physical condition is not good? 5) who can take
care of you when you are ill in bed? For each question, participants chose yes or no. We de�ned
participants who did not answer "yes" to all �ve questions as having an absence of social support. We
classi�ed hobby activities into two categories (any or none). If participants answered that they had any
hobby activities such as cultural activities, exercises, or sports, we de�ned them as “any.” For all
covariates, missing information was modeled as dummy variables.

Statistical analysis.
We calculated person-years of follow-up from July 1st, 2003 to the �rst endpoint, which is the date of
incident functional disability, the date of death, the date of moving out of Sendai, or administrative
censoring on June 30th, 2017. We used Kruskal-Wallis tests to compare the median of continuous
variables (such as age) and χ2 tests or Fisher’s exact tests to compare the categorical variables (such as
sex) among the three volunteering statuses.

The Cox proportional hazard model was used to calculate hazard ratios (HRs) with 95% con�dence
intervals (CIs) for incident functional disability according to the volunteering status (“current volunteers,”
“former volunteers,” or “non-volunteers”). We used the following two models to analyze the association
between volunteering and incident functional disability. Model 1 was adjusted by sex and age, and Model
2 was further adjusted for marital status, educational level, occupational status, medical history, physical
pain, physical function, depressive symptoms, social support, and hobby activities.

To identify the subgroups of older people in which the association between volunteering and a decreased
risk of incident functional disability is most remarkable, we conducted subgroup analyses according to
sex (male or female), age (≤ 74 or ≥ 75 years), medical history (presence or absence), marital status
(married or unmarried), educational level (age upon graduation from the last school ≤ 17 years [lower] or
≥ 18 years [higher]). We used the multivariate adjusted model (Model 2) for the subgroup analyses.

P-values < 0.05 were considered statistically signi�cant, and all tests were two-sided. All statistical
analyses were performed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
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Figure 1

Flow diagram of participant enrollment.
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Figure 2

Association between volunteering and incident functional disability by gender, age, history of disease,
marital status, and educational level. HR, Hazard Ratio; CI, Con�dence Interval. † Adjusted for age, sex,
marital status (living with spouse, living without spouse, missing), education level (age upon graduation
from last school ≤17, 18-21, ≥22 years, missing), occupational status (employed, not employed,
missing), medical history (stroke, myocardial infarction, cancer, diabetes, bronchial asthma, cataract,
glaucoma, arthritis), physical pain (moderate to severe, very mild to mild, none, missing), Timed up and
go test (in s (men): ≤8.01, 8.02-9.29, ≥9.30, missing; in s (women): ≤8.41, 8.42-10.1, ≥10.2, missing),
depressive symptoms (≤10, 11≥ Geriatric Depression Scale (GDS) score, missing), social support
(presence, absence, missing), hobby activity status (none, any, missing).


