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Abstract: Preventing frailty and its adverse health outcomes is crucial in countries with a large
elderly population, such as Japan. Since the long-term care insurance (LTCI) system was launched,
the number of certified older adults with LTCI service requirement has continued to increase. This
is a serious problem, because the LTCI service requirement certification is equivalent to disability.
The aim of this study was to evaluate the effect of a self-management group intervention on new
LTCI service requirement certifications in community-dwelling older adults in Japan. We analyzed
the cohort data from a prospective study. In this study, we recruited community-dwelling adults
aged 65 years and older who were independent in a city in Kyoto prefecture in 2012. The subjects
in the participation group (n = 1620) attended 60-min group training sessions once or twice every
two weeks from December 2012 to December 2016. The exercise sessions consisted of mild-intensity
aerobic exercise, mild strength training, flexibility and balance exercises, and cool-down activities.
These exercise classes were facilitated by well-trained volunteer staff. The outcome measure was
the number of new LTCI requirement certifications during a four-year follow-up period. During
the four-year follow-up period, 247 subjects (15.2%) in the participation group and 334 (20.6%) in
the control group were newly certified for LTCI service requirements. The hazard ratio for new
LTCI service requirements in the participation group compared with the control group was 0.73
(95% CI = 0.62–0.86) in the four-year follow-up period. These results indicate the usefulness of
self-management group exercise to reduce the incidence of disability in older adults. Thus, increasing
self-management group activities in each community should be encouraged.
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1. Introduction

Frailty is a risk factor for disability, hospitalization and mortality [1–4]. The prevalence of frailty
is approximately 10% in the community-dwelling older population [2,4,5], and this high prevalence is
a crucial social issue in countries with large elderly populations, such as Japan. Therefore, preventing
frailty and its adverse health outcomes is critical in such countries.

In 2000, the Japanese government launched the long-term care insurance (LTCI) system. This
system provides friendly services to older adults who are certified as requiring support or care
according to their level of frailty or disabilities [6]. However, since the LTCI system was launched, the
number of certified disabled older adults has continued to increase in Japan. The increasingly disabled
older population has led to increasing social security expenses, which is now a major issue in Japan.
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In 2006, the Japanese government revised the LTCI system, and new preventive benefits were
introduced. The Japanese LTCI system has focused on preventive care services for older adults at risk
for needing care in the near future, according to this revision. Japanese local governments sought to
identify frail older adults by using the Kihon checklist, which was distributed via a mail survey [7].
Each Japanese local government system provides several care preventive services to aid in healthcare
professionals’ disability prevention efforts in frail older adults. Intriguingly, the effect of disability
prevention programs on frail older adults has been relatively significant, and these programs have
prevented disability in frail older adults [8]. However, there have been major issues with these care
preventive services, which too few participants attended.

The Japanese government has recently encouraged local governments to increase the number of
self-management exercise groups without health care professional supervision for community-dwelling
older adults. However, the effect of this self-management group intervention on the incidence
of disability remains unclear. The aim of this study, therefore, was to evaluate the effects of
the self-management group intervention on disability in community-dwelling older adults. We
hypothesized that subjects who attended the self-management group would have a lower incidence of
new LTCI service requirement certification than non-participants.

2. Methods

2.1. Participants

We analyzed the cohort data from a prospective study. In this study, we recruited community-
dwelling adults aged 65 years and older who were living independently in a city in Kyoto prefecture in
2012. The exclusion criteria were older adults who had already been designated as being activities of
daily living (ADL)-dependent and who were already eligible to receive the benefits of the LTCI services.

A total of 18,562 residents were eligible for this study in December 2012. The self-administered
Kihon checklist was mailed to 18,562 subjects, and the response rate was 85.7%. We further excluded
individuals who moved out of the city during the four-year follow-up period, thus leaving a total
of 15,901 participants. One thousand six hundred and twenty (10.2%) older adults participated in
self-management group activities. This study was conducted in accordance with the guidelines
proposed by the Declaration of Helsinki, and the study protocol was reviewed and approved by the
Ethics Committee of Tsukuba University Graduate School of Comprehensive Human Sciences (28-88).

Kihon Checklist

The Kihon checklist is a frailty assessment tool, which was developed by the Japanese Ministry
of Health, Labor and Welfare [7]. The Kihon checklist consists of simple 25 questions (with yes/no
responses) that are divided into seven domains: lifestyle (questions 1 to 5), motor abilities (questions 6
to 10), nutrition (questions 11 to 12), oral functions (questions 13 to 15), seclusion (questions 16 to 17),
forgetfulness (questions 18 to 20), and emotions (questions 21 to 25). We defined scores of 8 or more as
frail, 4 to 7 as pre-frail, and 0 to 3 as robust, according to Satake’s criteria [9].

2.2. Self-Management Group

The local government has made efforts to increase the number of self-management groups since
2012. In December 2016, 106 groups were established in the city, and 1620 older adults participated in
self-management group activities.

The activities were composed of 60 min of group training sessions once or twice every two weeks
from December 2012 to December 2016. The exercise classes were facilitated by well-trained volunteer
staff. The exercise sessions were completed according to a standardized format consisting of 10 min
of light-intensity aerobic exercise, 20 min of mild strength training, 20 min of flexibility and balance
exercises, and 10 min of cool-down activities. The aerobic exercise comprised global movement of
the legs, trunk, and arms involving all joints and major muscle groups. Strength training consisted of
progressive resistive exercises using a person’s own body weight.
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2.3. Education of the Volunteer Staff

Before the intervention, the volunteer staff members were invited to the local government office,
where a physiotherapist and public health nurse provided over 16 hours of instruction about the
evidence supporting the benefits of exercise, how to exercise, and the management of health risk.
In addition, the volunteer staff received follow-up lectures about any updated information on exercise
and risk management from a physiotherapist and public health nurse once every year.

2.4. Propensity Score Matching

We used propensity score matching to create a matched control group such that the control and
study groups were well matched on the basis of all measured baseline characteristics such as age,
gender, body mass index (BMI), and each item on the Kihon checklist. We estimated the scores of the
participation group for each subject by using a multivariable logistic regression model. We were able
to match 1620 pairs of intervention and control subjects who had similar propensity scores.

2.5. Outcome Measures

The outcome measure was the new LTCI service requirement certification over a two- or four-year
follow-up period.

2.6. Statistical Analysis

Baseline characteristics of the participation and control groups were compared to examine the
comparability of the two groups. Differences in the demographic variables between the groups were
analyzed using Student’s t-test or chi-square test.

Kaplan-Meier survival curves were calculated for the group newly determined to need LTCI
services. Cox proportional hazards models were used to estimate the hazard ratios (HR) and 95%
confidence intervals (CI) of the relationships between groups and the time to new LTCI service
requirement certifications. Survival time was defined as the time between enrollment and either a
new LTCI service requirement certification two years after study entry (31 December 2014) or four
years after study entry (31 December 2016). For stratified analysis according to the level of frailty, we
divided the cohort into three groups; robust, pre-frail, and frail, according to the Kihon checklist.

The data were analyzed using SPSS software (Statistical Package for the Social Sciences, version
21.0; SPSS, Inc., Chicago, IL, USA). A p value <0.05 was considered to be statistically significant for all
of the analyses.

3. Results

The total number of participants in the participation group was 1620, and we therefore selected
1620 matched controls for propensity matching. Subjects in the intervention and control groups were
comparable and well matched with regard to their baseline characteristics (Table 1). In each group,
420 older adults (25.9%) had a Kihon checklist of 8 points or greater (frail), 591 older adults (36.5%)
had a Kihon checklist of 4 to 7 points (pre-frail), and 609 older adults (37.6%) had a Kihon checklist of
0 to 3 points (robust). In the participation group, no severe health problems, such as cardiovascular
or musculoskeletal complications, occurred during the exercise sessions. Minor problems reported
included muscle ache and fatigue. All problems were managed easily by the adjustment of the
participation program and were improved during the intervention. In the four-year follow-up period,
13 subjects (0.8%) in the participation group and 55 (3.4%) in the control group died.

Overall, during the two-year follow-up period, 155 subjects (9.6%) in the participation group
and 155 (9.6%) in the control group were newly certified for LTCI service requirements. Similarly,
during the four-year follow-up period, 247 subjects (15.2%) in the participation group and 334 (20.6%)
in the control group were newly certified for LTCI service requirements. The hazard ratio for new
LTCI service requirements in the participation group compared with the control group in the two- and
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four-year follow-up periods was 1.01 (95% CI = 0.81–1.26) and 0.73 (95% CI = 0.62–0.86), respectively
(Table 2, Figure 1).

Table 1. Baseline characteristics of the study participants in the two groups.

Baseline Characteristics
Participation Group Control Group

p-Value
Mean SD Mean SD

Overall n = 1620 n = 1620

Age year 77.1 6.4 77.2 6.9 0.77
Height cm 153.8 8.8 153.8 9.1 0.89
Weight kg 53.0 9.8 52.8 10.2 0.68

BMI 22.4 3.5 22.3 3.9 0.67
Gender women, n (%) 1330 82.1% 1336 82.5% 0.78

KCL scores 5.3 3.8 5.3 3.7 0.68

Robust n = 609 n = 609

Age year 75.3 5.9 75.2 6.0 0.81
Height cm 154.4 8.6 155.1 8.6 0.13
Weight kg 53.7 9.4 54.3 9.6 0.29

BMI 22.5 3.3 22.5 3.6 0.80
Gender women, n (%) 482 78.8% 480 79.1% 0.89

KCL scores 1.8 1.0 1.7 1.1 0.40

Pre-frail n = 591 n = 591

Age year 77.5 6.4 77.4 6.8 0.72
Height cm 154.0 9.0 154.0 9.3 0.93
Weight kg 53.0 10.2 52.8 10.5 0.67

BMI 22.3 3.6 22.3 4.1 0.83
Gender women, n (%) 491 83.1% 498 84.3% 0.58

KCL scores 5.3 1.1 5.3 1.1 0.77

Frail n = 420 n = 420

Age year 79.2 6.5 80.0 7.4 0.10
Height cm 152.6 8.8 151.7 9.2 0.17
Weight kg 51.8 9.6 50.8 10.1 0.13

BMI 22.2 3.7 22.0 3.9 0.39
Gender women, n (%) 357 85.0% 358 85.2% 0.92

KCL scores 10.5 2.5 11.0 2.8 0.53

BMI: body mass index, KCL: Kihon checklist, SD: standard deviation.
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participation group and 20.6% in the control group were newly certified for long-term care insurance 
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LTCI service needs (hazard ratios (HR) = 0.73, 95% CI = 0.62–0.86). 

Figure 1. Kaplan-Meier survival curves for new LTCI service requirements are presented to compare
the disability incidence in the total cohort. During the two-year follow-up period, 9.6% of participants
in the participation group and 9.6% of the participants in the control group were newly certified for
LTCI service requirements. Similarly, during the four-year follow-up period, 15.2% in the participation
group and 20.6% in the control group were newly certified for long-term care insurance (LTCI)
service requirements. During the four-year follow-up period but not the two-year follow-up period,
the participation group, compared with the control group, had a significantly reduced risk for LTCI
service needs (hazard ratios (HR) = 0.73, 95% CI = 0.62–0.86).
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We next performed sub-group analysis in the robust, pre-frail and frail older adults. In the robust
older adults, the hazard ratios for new LTCI service requirement in the participation group compared
with the control group in two-year and four-year follow-up periods were 1.13 (95% CI = 0.58–2.21) and
0.80 (95% CI = 0.50–1.27), respectively (Table 2, Figure 2). In the pre-frail older adults, these numbers
were 1.20 (95% CI = 0.80–1.79) and 0.81 (95% CI = 0.62–1.06), respectively (Table 2, Figure 2), and in
the frail older adults, they were 0.90 (95% CI = 0.67–1.20) and 0.65 (95% CI = 0.51–0.82), respectively
(Table 2, Figure 2).

Table 2. Cox proportional hazards models of each group for new LTCI service requirement certifications
during the two- or four-year follow-up period.

Two-Year Follow-Up

Frailty Status/Group New LTCI/Total Number (%) HR
95% CI

p-Value
Min - Max

Overall
P-group 155/1620 9.6% 1.00 ref
C-group 155/1620 9.6% 1.01 0.81 - 1.26 0.947

Robust
P-group 16/609 2.6% 1.00 ref
C-group 18/609 3.0% 1.13 0.58 - 2.21 0.725

Pre-frail
P-group 44/591 7.4% 1.00 ref
C-group 52/591 8.8% 1.20 0.80 - 1.79 0.370

Frail
P-group 95/420 22.6% 1.00 ref
C-group 85/420 20.2% 0.90 0.67 - 1.20 0.465

Four-Year Follow-Up

Frailty Status/Group New LTCI/Total Number (%) HR
95% CI

p-Value
Min - Max

Overall
P-group 334/1620 20.6% 1.00 ref
C-group 247/1620 15.2% 0.73 0.62 - 0.86 <0.001

Robust
P-group 40/609 6.6% 1.00 ref
C-group 32/609 5.3% 0.80 0.50 - 1.27 0.343

Pre-frail
P-group 117/591 19.8% 1.00 ref
C-group 95/591 16.1% 0.81 0.62 - 1.06 0.121

Frail
P-group 177/420 42.1% 1.00 ref
C-group 120/420 28.6% 0.65 0.51 - 0.82 <0.001

P-group: participation group, C-group: control group, LTCI: long-term care insurance, HR: hazard ratio, CI:
confidence interval, Min: minimum, Max: maximum.
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Figure 2. Kaplan-Meier survival curves for new LTCI service requirements are presented to compare
the disability incidence in robust (A), pre-frail (B), and frail older adults (C). In the frail older adults
but not in the robust or pre-frail older adults, the participation group had a significantly lower risk of
needing LTCI services than the control group. In the frail older adults, the hazard ratios for new LTCI
service requirements in the participation group compared with the control group in two- and four-year
follow-up periods were 0.90 (95% CI = 0.67–1.20) and 0.65 (95% CI = 0.51–0.82), respectively.
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4. Discussion

In this study, we found that community-based self-management activities effectively reduced new
LTCI service requirement certifications during a four-year follow-up period in community-dwelling
older adults. Intriguingly, frail older adults, but not robust or pre-frail older adults, showed a significant
reduction in their new LTCI service requirement certifications. In addition, we found that the effect was
apparent after four years but was not apparent after only two years. Thus, this type of participation
program was found to be useful in preventing new LTCI service requirement certifications during a
relatively long-term follow-up period in frail older adults.

Physical exercise has a very important role in maintaining and improving health conditions
in older adults. In particular, it promotes muscle function, which is helpful to prevent declines
in the ability to complete activities of daily living [10]. A recent meta-analysis has shown that a
sufficient amount of resistance training, even light load intensity training, leads to improvements
in muscle function in older adults [11]. In addition, to maintain or improve muscle function, older
adults must continue their physical exercise. Several reports have indicated that even if the muscle
function is improved by resistance training, it will gradually decline during the detraining period
in older adults [12–15]. Thus, there is a possibility that the physical function was maintained or
improved by consecutive mild physical exercise in older adults who attended the community-based
self-management group.

In our study, only frail older adults, but not robust or pre-frail older adults, showed a significantly
lower incidence of new LTCI service requirement certifications. This result may have been because
the load intensity of training was too light to affect the robust or pre-frail older adults. In addition,
many frail older adults carry out less physical activity than robust older adults [16], such that joining
the community-based self-management group led to the most dramatic improvement in the physical
activity levels of the frail older adults. Furthermore, we believe that a lifestyle change occurred in
subjects who attend the self-management exercise group for at least two years.

Attending physical exercise classes, joining a community salon, and participating in various
social activities are very effective in preventing new LTCI service requirement certifications [17,18].
In particular, social participation is a robust promoter of healthy life expectancy. Thus, joining the
community-based self-management group may not only lead to physical improvements but may
also promote social activity in older adults. The community-based self-management group includes
elements of physical exercise and social participation, both of which are believed to be effective in
preventing disability.

There were several limitations of this study that warrant mention. First, we used a longitudinal
observation study design. Ideally, a randomized controlled trial should be used to confirm the present
results. Second, we did not measure physical performance, such as walking speed, strength or balance
ability. Therefore, we were not able to evaluate the specific physical effects of this self-management
group intervention on the community-dwelling older adults. Third, we did not analyze visit records.
Therefore, we were not able to consider the effects on a lower incidence of disability in terms of
adherence to the self-management group program. Finally, we used the Kihon checklist to define
robust, pre-frail, and frail older adults. The frailty screening index based on the Cardiovascular Health
Study criteria is widely used for frailty assessment worldwide [2]. Satake et al. reported that the frail
category by the Kihon checklist is validated by the Cardiovascular Health Study criteria [9]. Therefore,
these results should be interpreted with caution.

This is the first study to demonstrate that a community-based self-management group is effective
in preventing new LTCI service requirement certifications during a four-year follow-up period in
community-dwelling older adults. These results suggest the usefulness of self-management group
activities to reduce disability incidence in older adults. We therefore recommend that self-management
groups be widely established in each community.
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5. Conclusions

The current study found that community-based self-management group exercise reduced the
incidence of disability during a four-year follow-up period in community-dwelling older adults. Thus,
increasing self-management group activities in each community should be encouraged.

Acknowledgments: The authors acknowledge Tomoko Kodama and Yoshiko Nishimura for their contributions
to the data collection. This work was supported by Grants-in-Aid for Comprehensive Research on Aging and
Health, from the Ministry of Health, Labor, and Welfare, Japan and The Research Fund for Longevity Sciences
from the National Center for Geriatrics and Gerontology.

Author Contributions: Minoru Yamada and Hidenori Arai conceived and designed the experiments;
Minoru Yamada and Hidenori Arai performed the experiments; Minoru Yamada and Hidenori Arai analyzed the
data; Minoru Yamada and Hidenori Arai wrote the paper.

Conflicts of Interest: The authors have no potential conflicts of interest to disclose.

References

1. Rockwood, K.; Stadnyk, K.; MacKnight, C.; Dowell, I.; Hébert, R.; Hogan, D.B. A brief clinical instrument to
classify frailty in elderly people. Lancet 1999, 353, 205–206. [CrossRef]

2. Fried, L.P.; Tangen, C.M.; Walston, J.; Newman, A.B.; Hirsch, C.; Gottdiener, J.; Seeman, T.; Tracy, R.; Kop, W.J.;
McBurnie, M.A.; et al. Frailty in older adults: Evidence for a phenotype. J. Gerontol. A Biol. Sci. Med. Sci.
2001, 56, M146–M156. [CrossRef] [PubMed]

3. Makizako, H.; Shimada, H.; Doi, T.; Tsutsumimoto, K.; Suzuki, T. Impact of physical frailty on disability
in community-dwelling older adults: A prospective cohort study. BMJ Open 2015, 5, e008462. [CrossRef]
[PubMed]

4. Yamada, M.; Arai, H. Predictive value of frailty scores for healthy life expectancy in community-dwelling
older Japanese adults. J. Am. Med. Dir. Assoc. 2015, 16, 1002.e7–1002.e11. [CrossRef] [PubMed]

5. Shimada, H.; Makizako, H.; Doi, T.; Yoshida, D.; Tsutsumimoto, K.; Anan, Y.; Uemura, K.; Ito, T.; Lee, S.;
Park, H.; et al. Combined prevalence of frailty and mild cognitive impairment in a population of elderly
Japanese people. J. Am. Med. Dir. Assoc. 2013, 14, 518–524. [CrossRef] [PubMed]

6. Tsutsui, T.; Muramatsu, N. Care-needs certification in the long-term care insurance system of Japan. J. Am.
Geriatr. Soc. 2005, 53, 522–527. [CrossRef] [PubMed]

7. Arai, H.; Satake, S. English translation of the Kihon Checklist. Geriatr. Gerontol. Int. 2015, 15, 518–519.
[CrossRef] [PubMed]

8. Yamada, M.; Arai, H.; Sonoda, T.; Aoyama, T. Community-based exercise program is cost-effective by
preventing care and disability in Japanese frail older adults. J. Am. Med. Dir. Assoc. 2012, 13, 507–511.
[CrossRef] [PubMed]

9. Satake, S.; Senda, K.; Hong, Y.J.; Miura, H.; Endo, H.; Sakurai, T.; Kondo, I.; Toba, K. Validity of the Kihon
Checklist for assessing frailty status. Geriatr. Gerontol. Int. 2016, 16, 709–715. [CrossRef] [PubMed]

10. Daniels, R.; van Rossum, E.; de Witte, L.; Kempen, G.I.; van den Heuvel, W. Interventions to prevent
disability in frail community-dwelling elderly: A systematic review. BMC Health Serv. Res. 2008, 30, 278.
[CrossRef] [PubMed]

11. Csapo, R.; Alegre, L.M. Effects of resistance training with moderate vs. heavy loads on muscle mass and
strength in the elderly: A meta-analysis. Scand. J. Med. Sci. Sports 2016, 26, 995–1006. [CrossRef] [PubMed]

12. Kalapotharakos, V.I.; Diamantopoulos, K.; Tokmakidis, S.P. Effects of resistance training and detraining on
muscle strength and functional performance of older adults aged 80 to 88 years. Aging Clin. Exp. Res. 2010,
22, 134–140. [CrossRef] [PubMed]

13. Zech, A.; Drey, M.; Freiberger, E.; Hentschke, C.; Bauer, J.M.; Sieber, C.C.; Pfeifer, K. Residual effects of
muscle strength and muscle power training and detraining on physical function in community-dwelling
prefrail older adults: A randomized controlled trial. BMC Geriatr. 2012, 12, 68. [CrossRef] [PubMed]

14. Yasuda, T.; Fukumura, K.; Sato, Y.; Yamasoba, T.; Nakajima, T. Effects of detraining after blood flow-restricted
low-intensity training on muscle size and strength in older adults. Aging Clin. Exp. Res. 2014, 26, 561–564.
[CrossRef] [PubMed]

http://dx.doi.org/10.1016/S0140-6736(98)04402-X
http://dx.doi.org/10.1093/gerona/56.3.M146
http://www.ncbi.nlm.nih.gov/pubmed/11253156
http://dx.doi.org/10.1136/bmjopen-2015-008462
http://www.ncbi.nlm.nih.gov/pubmed/26338685
http://dx.doi.org/10.1016/j.jamda.2015.08.001
http://www.ncbi.nlm.nih.gov/pubmed/26385303
http://dx.doi.org/10.1016/j.jamda.2013.03.010
http://www.ncbi.nlm.nih.gov/pubmed/23669054
http://dx.doi.org/10.1111/j.1532-5415.2005.53175.x
http://www.ncbi.nlm.nih.gov/pubmed/15743300
http://dx.doi.org/10.1111/ggi.12397
http://www.ncbi.nlm.nih.gov/pubmed/25828791
http://dx.doi.org/10.1016/j.jamda.2012.04.001
http://www.ncbi.nlm.nih.gov/pubmed/22572554
http://dx.doi.org/10.1111/ggi.12543
http://www.ncbi.nlm.nih.gov/pubmed/26171645
http://dx.doi.org/10.1186/1472-6963-8-278
http://www.ncbi.nlm.nih.gov/pubmed/19115992
http://dx.doi.org/10.1111/sms.12536
http://www.ncbi.nlm.nih.gov/pubmed/26302881
http://dx.doi.org/10.1007/BF03324786
http://www.ncbi.nlm.nih.gov/pubmed/20440099
http://dx.doi.org/10.1186/1471-2318-12-68
http://www.ncbi.nlm.nih.gov/pubmed/23134737
http://dx.doi.org/10.1007/s40520-014-0208-0
http://www.ncbi.nlm.nih.gov/pubmed/24639094


Int. J. Environ. Res. Public Health 2017, 14, 531 8 of 8

15. Geirsdottir, O.G.; Arnarson, A.; Ramel, A.; Briem, K.; Jonsson, P.V.; Thorsdottir, I. Muscular strength and
physical function in elderly adults 6–18 months after a 12-week resistance exercise program. Scand. J.
Public Health 2015, 43, 76–82. [CrossRef] [PubMed]

16. Sewo Sampaio, P.Y.; Sampaio, R.A.; Coelho Júnior, H.J.; Teixeira, L.F.; Tessutti, V.D.; Uchida, M.C.;
Arai, H. Differences in lifestyle, physical performance and quality of life between frail and robust Brazilian
community-dwelling elderly women. Geriatr. Gerontol. Int. 2016, 16, 829–835. [CrossRef] [PubMed]

17. Kanamori, S.; Kai, Y.; Aida, J.; Kondo, K.; Kawachi, I.; Hirai, H.; Shirai, K.; Ishikawa, Y.; Suzuki, K.; JAGES
Group. Social participation and the prevention of functional disability in older Japanese: The JAGES cohort
study. PLoS ONE 2014, 9, e99638. [CrossRef] [PubMed]

18. Hikichi, H.; Kondo, N.; Kondo, K.; Aida, J.; Takeda, T.; Kawachi, I. Effect of a community intervention
programme promoting social interactions on functional disability prevention for older adults: Propensity
score matching and instrumental variable analyses, JAGES Taketoyo study. J. Epidemiol. Community Health
2015, 69, 905–910. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

http://dx.doi.org/10.1177/1403494814560842
http://www.ncbi.nlm.nih.gov/pubmed/25431460
http://dx.doi.org/10.1111/ggi.12562
http://www.ncbi.nlm.nih.gov/pubmed/26245307
http://dx.doi.org/10.1371/journal.pone.0099638
http://www.ncbi.nlm.nih.gov/pubmed/24923270
http://dx.doi.org/10.1136/jech-2014-205345
http://www.ncbi.nlm.nih.gov/pubmed/25888596
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Methods 
	Participants 
	Self-Management Group 
	Education of the Volunteer Staff 
	Propensity Score Matching 
	Outcome Measures 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 

