BM) Open

BMJ Open is committed to open peer review. As part of this commitment we make the peer review
history of every article we publish publicly available.

When an article is published we post the peer reviewers’ comments and the authors’ responses online.
We also post the versions of the paper that were used during peer review. These are the versions that
the peer review comments apply to.

The versions of the paper that follow are the versions that were submitted during the peer review
process. They are not the versions of record or the final published versions. They should not be cited or
distributed as the published version of this manuscript.

BMJ Open is an open access journal and the full, final, typeset and author-corrected version of record of
the manuscript is available on our site with no access controls, subscription charges or pay-per-view fees
(http://bmjopen.bmj.com).

If you have any questions on BMJ Open’s open peer review process please email
info.bmjopen@bmj.com

"yBuAdoo Ag peroslold 1senb Aq 20z ‘6 1snbny uo jwod (wg-uadolwg//:dny woly papeojumod "6T0Z YdJeN 0E U0 6E7720-8T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uadO NG


http://bmjopen.bmj.com/
info.bmjopen@bmj.com
http://bmjopen.bmj.com/

BMJ Open

BM) Open

Reduced long-term care cost by social participation among
older Japanese adult: A eleven-year follow-up study in

JAGES

Journal:

BMJ Open

Manuscript ID

bmjopen-2018-024439

Article Type:

Research

Date Submitted by the Author:

25-May-2018

Complete List of Authors:

Saito, Masashige; Nihon Fukushi University, Faculty of Social Welfare;
Nihon Fukushi University, Center for Well-being and Society

Aida, Jun; Tohoku University Graduate School of Dentistry, International
and Community Oral Health

kondo, naoki; University of Tokyo School of Public Health, Department of
Health Economics and Epidemiology Research

Saito, Junko; University of Tokyo School of Public Health, Department of
Health Economics and Epidemiology Research

Kato, Hirotaka; Keio University Graduate School of Business Administration
Ota, Yasuhiro; QOL 84 Plus Inc.

Amemiya, Airi; University of Tokyo School of Public Health, Department of
Health Economics and Epidemiology Research

Kondo, Katsunori; Chiba University, Center for Preventive Medical Science;
National Center for Geriatrics and Gerontology, Center for Gerontology and
Social Science

Keywords:

Long-term care, cumulative cost, social participation, older adults, cost
containment

ONE"

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

6uAdod Ag parosiold 1senb Ag $20z ‘6 1snbny uo jwod g uadolwg//:dny woiy papeojumoq 6T0Z UdIBIN 0E UO 6EYZ0-8T0Z-uadolwag/9eTT 0T st paysiignd 1s11y :uadO NG


http://bmjopen.bmj.com/

Page 1 of 25

oNOYTULT D WN =

BMJ Open

Title: Reduced long-term care cost by social participation among older
Japanese adult: A eleven-year follow-up study in JAGES

Author names and affiliations:
Masashige Saito"?, Jun Aida’, Naoki Kondo*, Junko Saito*, Hirotaka Kato’, Yasuhiro

Ota®, Airi Amemiya®, Katsunori Kondo®’**

! Faculty of Social Welfare, Nihon Fukushi University, Aichi, Japan.

? Center for Well-being and Society, Nihon Fukushi University, Aichi, Japan.

3 Department of International and Community Oral Health, Tohoku University Graduate School of
Dentistry, Miyagi, Japan

* Department of Health and Social Behavior, Department of Health Education and Health Sociol-
ogy, School of Public Health, The University of Tokyo, Tokyo, Japan

* Graduate School of Business Administration, Keio University, Kanagawa, Japan

6 QOL 84 Plus Inc., Aichi, Japan

" Center for Preventive Medical Sciences, Chiba University, Chiba, Japan

¥ Center for Gerontology and Social Science, National Center for Geriatrics and Gerontology,

Aichi, Japan

Corresponding author: Masashige Saito

Faculty of Social Welfare, Nihon Fukushi University, Aichi, Japan
Okuda, Mihama-cho, Chita-gun, Aichi 470-3295, Japan

E-mail: masa-s@n-fukushi.ac.jp

Keywords: Long-term care, cumulative cost, social participation, older adults, cost

containment
Word counts: 2,352 words
Short Title: Long-term care costs and social participation

Number of Tables, Figures, and Supplementary Materials:

3 tables; 1 figure; 3 supplementary materials

For peer review only - http://bmjopenibmj.com/site/about/guidelines.xhtmI

"yBuAdoo Ag peroslold 1senb Aq 20z ‘6 1snbny uo jwod (wg-uadolwg//:dny woly papeojumod "6T0Z YdJeN 0E U0 6E7720-8T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uadO NG


http://bmjopen.bmj.com/

oNOYTULT D WN =

© o I3 O ot

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28

BMJ Open

Abstract

Objectives: Reducing costs related to functional disabilities and long-term care (LTC)
is necessary in aging societies. We evaluated the differences in the cumulative cost of
public long-term care insurance (LTCI) services by social participation.

Design: Prospective observational study.

Setting: Our baseline survey was conducted in March 2006 among people aged 65 or
older who were not eligible for public LTCI benefits were selected using a complete
survey in Tokoname City, Japan. We followed up with their LTC services costs over a
period of 11 years. Social participation was assessed by the frequency of participation
in clubs for hobbies, sports, or volunteering. We adopted a classical linear regression
analysis and an inverse probability weighting (IPW), with multiple imputation of
missing values

Participants: 5,377 older adults.

Primary outcome measures: The cumulative cost of public LTCI services for 11
years.

Results: Even when adjusting for the confounding variables, social participation at the
baseline was negatively associated with the cumulative cost of LTCI services. The IPW
model showed that for respondents who participated in clubs for hobbies or sports once
a week or more, the cost of LTCI services was lower: approximately 3,500 USD and
6,000 USD for 11 years per person, in comparison to non-participants.

Conclusions: Older adults’ participation in community organizations may help reduce
future LTC costs. Promoting participation opportunities in the community could ensure

the financial stability of LTCI services.
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Strengths and limitations of this study

® To our knowledge, this is the first to demonstrate that social participations among
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older adults might help lower subsequent LTCI costs.

—
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Our findings are based on eleven-years prospective observational study using public
LTCI receipt data in Japan.

® Sclection bias might have occurred because of the 53% response rate to the base-
line survey.

® The measurements of social participation rely on self-reported questionnaire.
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Main text

Introduction

Across the globe, costs related to functional disabilities and long-term care (LTC) are
rapidly increasing in societies with aging populations. Expenses are greater among
those with more severe impairments.' In Japan, one of the countries experiencing the
highest rate of aging, the proportion of older people is currently 27.3% and is predicted
to reach around 40% by 2065.> Under these circumstances, the costs for long-term care
insurance (LTCI) are expected to rise from 10 billion USD in 2016 to 21 billion USD
by 2025.

Lowering these costs requires building a sustainable, healthy aging society. The Japa-
nese government implemented a public nursing care insurance law that includes an
LTC prevention policy.” For this policy, a population approach as primary prevention
was proposed rather than a high-risk one which was grounded in risk screening based
on intervention targeting. Promoting social participation is considered an effective in-
tervention regarding the population approach, which focuses on the entire group of
older adults in a community.

Although social participation is an ambiguous concept, it can be categorized into three
types: collective, productive, and political.” We view this idea as collective social ac-
tivities in the local community. Social participation helps maintain social networks,
support, and roles, raises self-esteem and self-efficacy, and facilitates access to various
kinds of information. Several systematic reviews and meta-analyses have reported on
the physical, psychological, and social benefits of social participation among older
people.”'? Previous observational studies in Japan found that collective social partici-
pation activities such as volunteering, sports clubs, and hobbies among older adults

11-13

lowered the risk of developing depressive symptoms, the incidence of functional

14-16 h 20-23

disabilities, cognitive decline or dementia,'”'® falls," and immature deat
If social participation extends healthy life expectancy and reduces the time spent in in-
tensive nursing care, then the cumulative cost of LTCI services should be lower among
the participants; however, to our knowledge, there is no evidence that social participa-

tion lessens it. In addition to health promotion, the cost of LTCI services is one of the
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most important issues for the public sector as an insurer. The evidence for contributing
to cost-saving has been useful for recent intervention financing schemes that provide
economic incentives to service providers; for instance, social impact bonds (SIBs). In
this paper, using data from a follow-up study that took place over a period of 11 years
and tracked older Japanese adults, we assessed the cost containment effect of LTCI

services via social participation.
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Methods

Study design

The Japan Gerontological Evaluation Study (JAGES) conducted a self-administered
questionnaire in March 2006 as a baseline; 5,483 respondents who were 65 years or
older, physically and cognitively independent, and not eligible for public LTCI bene-
fits were selected using a complete survey; they live in the city of Tokoname in Aichi
Prefecture (response rate=53.4%). Afterward, we obtained receipt data on LTCI bene-
fits over a period of 11 years after the baseline survey. After eliminating respondents
who lacked information on sex and age (n=42), who had moved out of their residence
(n=38), and who had been certified for LTCI before the baseline survey (n=26), 5,377
respondents were linked to the LTCI receipt dataset (Figure 1). Out of this amount,
30.4% had used LTCI services at least once, and 28.4% passed away during the fol-
low-up period. This study was performed based on a collaborative research agreement
with the local municipality. The ethics board at Nihon Fukushi University gave ethical
permission (No. 16-29).

Measurements

Outcome variables; the costs of LTCI services

We obtained the LTC costs of insured services across forty-four points every three
months (April, July, October, January) over a period of 11 years. We summed them up
after tripling these monthly costs in order to calculate an approximate value of the
overall cost for the follow-up period. We used the currency exchange rate of 100JPY
to 1USD.

In addition, Japanese LTCI operates based on social insurance principles. Only ser-
vices are provided, not cash allowances, and recipients can choose their services and
providers.** The receipt data includes information about using insured services such as

home visits, day, short-stay, residential, or in-facility services. The data do not include

costs, which are not covered by insurance (such as food, housing, and diaper expenses).

In general, 10% of these costs are co-payments (the municipality, which acts as an in-

surer, pays 90%), although there is a upper limit to the amount of monthly insurance
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benefits, which differs depending on the needed level of care. People with certifica-
tions for LTC and who need (levels 1 to 5) or require support (levels 1 or 2) can use
LTCI services. Those higher levels of care can utilize more LTCI services through in-
surance coverage. The cumulative cost of such care in the following cases is zero:
deceased individuals who did not have functional disabilities, respondents who did not
have proper certification, and non-service users.

Explanatory variables: Social participation

We focused on the frequency of participation in three major kinds of social groups
among older Japanese adults: hobbies, sports, and volunteering. Please note that par-
ticipating in volunteer activities is not necessarily “voluntary” in Japan. We
categorized it to the four frequencies; never; a few times a year; once or twice a month;
and once a week or more.

Covariates

For potential confounding variables we chose sex, age, the presence of disease or im-
pairment, educational attainment, equivalent income (USD), marital status, living
situation, and self-rated health for the baseline survey. We used age as a continuous
variable (73.446.2). We dichotomized the presence of disease or impairment, and we
categorized years of education as <6, 6-9, 10-12, and 13+. We equalized household
income by the square root of the numbers and classified it as <20.0, 20.0-39.9, and
40.0+ thousand USD. Marital status consisted of married, widowed, divorced, and
never married. We classified living situation as living alone, with one’s spouse only,
with a child, or with others such as grandchildren, siblings, and relatives. We assessed

self-rated health using four categories: excellent, good, fair, and poor.

Statistical analysis

After calculating the descriptive statistics, we conducted four regression analyses. First,
we adopted a classical linear regression (ordinary linear squares [OLS]) model, con-
trolling the above potential confounding variables. We handled the missing value in
each control variable as a dummy variable. Second, we predicted the marginal effects,

adopting a generalized linear model (GLM)25 with Gamma distribution, as well as the
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log link and robust variance estimator, because our dependent variable is not normally
distributed. Next, we performed a multiple imputation technique by chained equations
under the missing at random assumption. We created twenty imputed datasets. Using
each dataset, we first estimated the OLS model with the robust variance estimator. Fi-
nally, to estimate the causal treatment effect from observational data, we adopted the
inverse probability weighting (IPW) model**?’ using the imputed data sets. We calcu-
lated the generalized propensity scores using multinomial regression analysis,
employing all previously listed potential confounders. For reference, we only exam-
ined the same model among the deceased, who passed away during the follow-up
period. The LTCI costs for the deceased indicates the “lifetime cost” of LTCI because
they did not use LTCI services at the baseline. We performed analyses using STATA
15.1 (STATA Corp LP, College Station, Texas, USA).
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Results

Table 1 shows the characteristics of the respondents; the mean age at the baseline was
73.4; 52.0% of the respondents were male. The average of the cumulative cost of LTCI
services during the follow-up period was 13.7 thousand USD. There were significant
differences in the average duration for the level of care required for social participation
during the follow-up period (Table 2). Non-participants in groups for hobbies, sports,
and volunteering had a longer duration of certification for LTC at all levels, level two
and above, and level four and above. For example, among participants who took part in
the group for hobbies, the average duration for non-participants was 14.1 (standard de-
viation [SD]=25.8) months, whereas that of those who participated “once a week or
more” was 10.6 (SD=21.6) months.

The classical regression model showed that in comparison to non-participants, re-
spondents who participated in the group for hobbies once a week produced a cost
containment in 3.6 (95% confidence interval [CI]: 6.0 to 1.3) thousand USD, which
was lower per person for LTCI cumulative costs over the 11-year period (Table 3).
Likewise, participating in a sports club was also significantly associated with lower
LTCI costs: the category of those who took part “once a week or more” was 4.9 [95%
CI: 6.9 to 2.8] thousand USD less per person. However, in the volunteer group, only
less frequent participation was associated with lower costs; for individuals in the cate-
gory of “a few times a year” this figure was 4.1 [95% CI: 7.1 to 1.0] thousand USD
less per person. When we changed the estimation method to GLM, and when we
adopted OLS after multiple imputation, the major results and trends were similar to the
above, although some point estimations in GLM were higher in the categories that had
a small sample size (please see Supplementary File 1).

The average treatment effects of [PW showed similar outcomes. In comparison to
non-participants, going to a group for hobbies once a week or more resulted in a cost
that was reduced by approximately 3.5 [95% CI: 6.2 to 0.8] thousand USD; for sports
clubs, this lowered figure was approximately 6.1 [95% CI: 9.3 to 2.8] thousand USD.

The significant relationship with less frequent participation in the volunteer group dis-
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appeared, but the direction of the association and point estimations did not largely
change (the C statistics in these models are shown in Supplementary File 2).

In addition, in comparison to non-participants, for deceased individuals during the fol-
low-up period, joining a group for hobbies (once a week+) or sports (once a week+)
led to a reduced cost of approximately 3.9 to 5.7 thousand USD, and 9.4 to 11.4 thou-
sand USD, respectively (please see Supplementary File 3). These outcomes are
preliminary because there were very few analyzed subjects (especially the sports and

volunteer groups).
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Discussions

During the 11-year follow-up period, compared to non-participants, respondents who
took part in the group for hobbies or sports once a week produced lower costs for LTCI
services (approximately 3.5 and 6.1 thousand USD per person).

These findings are consistent with those of previous research. Most investigations
suggest that social participation decreases the incidence of physical disability risk. In
an intervention study examining the effect of community salons in Japan, among the
participants, the incidence of physical disability risk fell by 51% over five years;™
cognitive disability risk also declined by around 30% over seven years”. Several tra-
jectory analyses showed that attending leisurely activities is related to “functional

main‘cenance,”30

while a low frequency of going out was related to being “persistently
disabled.”' Another longitudinal study showed that a low frequency of going out was
associated with tooth loss** and revealed that older adults with 20 teeth had a longer
healthy life expectancy (men: +92 day, women: +70 day) compared to edentulous peo-
ple.”

This study adds evidence to the current literature, suggesting that social participation
may be effective not only for preventing functional deterioration, but also in terms of
reducing LTC costs. Our findings illustrate that the more the respondents took part in
each type of community activity, the less time they spent in intensive nursing care.
Therefore, differences in LTCI costs may have arisen due to the extension of healthy
life expectancy or a reduction in the period of functional disability, rather than re-
strictions on using required services. Lifetime LTCI cost, which was estimated among
deceased individuals, showed similar trends. This suggests that postponing the onset of
functional disabilities or death did not cause differences in costs.

On the other hand, for volunteer activities, less frequent (rather than very frequent)
participation resulted in lower LTCI costs. In Japan, it is often mentioned that part of
participants in volunteer activities is experiencing an excessive burden. Official Japa-
nese statistics revealed that half of older adults preferred volunteer activities that do

not constrain their time or term.** Our results suggest that taking part in volunteer ac-

tivities by force, which is not the original meaning of volunteering, might not
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necessarily protect their health, although participating in and of itself is preventive.
This study has public health implications. One systematic review mentioned that most
local and national public health interventions are substantially cost saving.”> Our re-
sults suggest that promoting participation in community activities might have a
non-ignorable cost containment effect. That is, 21.8% and 12.7% of the respondents, or
about 2,240 and 1,300 people, in this municipality may have been participating in a
group for hobbies or sports at least once a week. If the number of these people in-
creased by 10% (around 220 and 130 people), it may have been possible to reduce the
cumulative cost of LTCI services by approximately 780 to 800, and 630 to 790 thou-
sand USD, respectively, over the 11-year period. It is important that each activity in
this paper is not a special program and is already prevalent in Japan, and that the ex-
penditure to be borne by the public sector is comparatively inexpensive. Furthermore,
our findings might be an underestimation, because less frequent categories for each
type of social participation tended to result in a higher mortality rate.

Our study has several limitations and strengths. First, due to accessibility to data, we
could not analyze medical care costs. A previous study mentioned that medical care
and LTC expenditures have a weak, but negative, rela‘cionship.36 However, to our
knowledge, our study is the first to demonstrate that social participations among older
adults might help lower subsequent LTCI costs. Second, generalizability is limited by
the fact that our study was conducted in one municipality. However, our findings have
high representativeness because we used public receipt data, which have a higher
achievement rate, and the proportion of older adults and of certified LTC levels is
roughly the same between the subject area and the national average. Third, it is possi-
ble that our measurement of social participation does not reflect actual activities
correctly due to the self-reported questionnaire. To assess the frequency and role of
these groups, future research should examine interactions among participating mem-

bers using objective indicators.
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Tab.1 Characteristics of respondents %
Cumulative cost of :..

Total LTCI services in @

11 years (1000USD) ® B

% Mean + SD p s

Sex? 7
Male 52.0 7.7+24.8 3
Female 48.0 18.7+44.8 <.001 g'
Age® 7
(Mean+SD) (73.4£6.2) P
65-74 61.3 6.3+252 [
75-84 33.3 23.0+£47.2 &
85+ 5.4 39.1£56.4 <.001 g
Disease and/or impairment 3
None 27.2 10.9+35.5 =)
Presence 64.6 14.3+£37.8 B
Missing 8.3 17.7+£39.7 =.001 2
Years of education ® S
<6 2.7 30.7 % 57.6 ®
6-9 41.9 12.4+34.9 Q
10-12 24.8 13.1+37.2 N
13+ 32.2 11.1+£333 W
Missing 10.7 232+48.8 <.001 e
Equivalent income (1000USD) ¥ 5
<20.0 36.0 12.2 +£36.5 @
20.0-39.9 27.3 9.5 +30.5 =
40.0+ 6.8 12.0 £ 35.5 (=
Missing 29.9 19.6+43.6 <.001 s
Marital status ¥ N
Married 69.2 9.2+29.7 =
Widowed 21.4 24.8 +50.2 ©
Divorced 1.7 11.0+27.9 <
Never married 2.0 27.4 +60.1 s
Missing 5.7 22.7+459 <001 2
Living situation 2
Living alone 10.7 23.8£50.9 o
With spouse only 36.5 9.6 +30.1 =
With child 22.7 12.9+£35.9 g
With others 25.6 14.6 £ 39.7 >
Missing 4.6 21.3+£41.6 <.001 g
Self rated health ¥ =
Excellent 6.0 7.9£30.5 5’
good 61.7 11.5+34.5 =
Fair 22.5 18.2+£43.0 3
Poor 5.1 21.7+45.6 >
Missing 4.7 18.9+£39.9 <001 g
TOTAL 100.0 13.7+37.4 P
a) These variables are based on baseline questionnaire survey. g
S

>

c

Q

c

23

©

N

o

N

~

O

<

Q

c

@

a

o

o)

@

Q

@

o

O

<

(@]

Q

o

<

e

z

For peer review only - http://bmjopengmj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 17 of 25 BMJ Open

Tab.2 Average duration of care giving at follow-up period by social participation ?

ALL Care Lv2+ Care Lv4+
n Mean (SD) Mean (SD) Mean (SD)

Hobby activities group
Never 2833 14.1 (25.8) 7.1(17.6) 2.2 (8.5)
A few times a year 259 9.0 (19.4) 3.5 (19.9) 1.2 (5.3)
Once or twice a month 524 10.7 (21.8) 4.6 (14.4) 1.6 (7.5)
Once a week + 972 10.6 (21.8) 4.1(13.2) 1.0 (6.0)
1 » <.001 » <.001 » <.001
Sports group or club
13 Never 3716  13.7 (25.1) 6.6 (17.0) 2.1 (8.4)
14 A few times a year 91 7.5 (19.6) 4.8(16.5) 1.2 (5.5)
15 Once or twice a month 125 6.0 (17.3) 2.7 (12.5) 0.5 (2.6)
16 Once a week + 572 7.2 (18.1) 24(9.8) 05 (3.4)
17 p <.001 p <.001 p <.001
18 Volunteer group
Never 3899  12.9 (24.4) 6.1 (16.4) 1.9 (7.9)
A few times a year 194 7.1 (17.3) 29 (11.1) 1.1 (7.7)
Once or twice a month 193 9.9 (21.6) 4.3 (13.3) 1.1 (7.2)
21 Once a week + 122 64 (175  3.1(109) 08 (3.2)
22 p <.001 p <.001 p =019

oNOYTULT D WN =

24 Unit: month SD: Standard deviation
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Tab.3 Differences of cumulative cost in LTCI services in a 11-years follow-up period by
social participation

OLS a,b) IPI\\ZJI zvdl)th
. Mean Cocf Cocf Mortality
(95%CI) (95%CI)
Hobby activities group
Never 2833  14.6 ref- ref- 30.8
A few times a year 259 6.6 - 3.2F - 35 28.0
(-6.7t100.2) (-8.1t0 1.2)
Once or twice a month 524 102 - 2.8F -22 21.7
(-58t00.7) (-5.6t01.2)
Once a week + 972 9.4 - 3.6%* - 3.5% 19.5
(-6.0to -1.3)  (-6.2 t0 -0.8)
Sports group or club
Never 3716  13.9 ref. ref. 29.1
A few times a year 91 9.3 2.5 1.8 18.7
(-49109.9) (-5.8t09.4)
Once or twice a month 125 4.8 - 33 -42 16.1
(-7.6109.4) (-10.7to 2.3)
Once a week + 572 5.2 - 4.9%** - 6.1%** 18.6
(-6.9t0-2.8) (-9.3t0-2.8)
Volunteer group
Never 3899 12.7 ref. ref. 28.4
A few times a year 194 4.8 - 4. 1%* -39 20.7
(-7.1t0-1.0)  (-9.1to 1.3)
Once or twice a month 193  10.0 1.9 1.5 12.7
(-291t06.7)  (-3.8t06.7)
Once a week + 122 5.9 - 0.7 - 14 11.5

(45t03.1) (-7.9t05.1)

% p<.001 ** p<.01 * p<.05 ¥ p<.10  Unit: 1000USD

OLS: Ordinal least squares, [IPW: Inverse probability weighting, MI: Multiple imputation, CI: Confidential interval

a) Missing values in control variables were included as a dummy variable.

b) The result was controlled by sex, age, disease and/or impairment, years of education, equivalent income, marital status,
living situation, self rated health at baseline.

¢) Multiple imputation by chained equations was performed using sex, age, disease and/or impairment, years of education,
equivalent income, marital status, living situation, self rated health at baseline (m=20).

d) The generalized propensity scores were calculated using multinominal regression analysis using all previously listed po-
tential confounders: sex, age, disease and/or impairment, years of education, equivalent income, marital status, living
situation, self rated health.
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Enrollments for questionnaire survey
(n=10,274)
Complete survey for functionally independent older
adults in one municipality (March, 2006)

l

Respondents
(n=5,483 response rate=53.4%)

To merge based on encrypted insurance ID

Long-term care insurance

receipt data
From April 2006 to January 2017

Respondents who lacked information on sex and age
--——>§ (n=42), who moved out from their residence (n=38), and
i who had been certified for LTCI before the survey (n=26).

Analyzed population
(n=5,377)
Consequence in the follow-up period

LTCI service use: n=1,637(30.4%)
Death: n=1,529 (28.4%)

Flow chart of respondent selection.
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Table S1. Differences of cumulative cost in LTCI services by OLS with MI, and GLM

GLM ™" OLS with MI"™9
Marginal effect Coef.
(95%CI) (95%CI)
Hobby activities group
Never 2833 ref.
A few times a year 259 - 19 - 3.1F
(-11.0to0 7.2) (-6.6 to 0.3)
Once or twice a month 524 - 33 - 2.9%
(-8.7t02.2) (-5.81t00.1)
Once a week + 972 - 3.5% - 3.7%

(-7.3t00.3) (-6.0 to-1.3)

Sports group or club

Never 3716 ref.

A few times a year 91 10.9 2.7
(-14.3 t0 36.1) (-4.6 to 10.0)

Once or twice a month 125 - 50 - 35
(-17.8 t0 7.9) (-7.8 t0 0.7)

Once a week + 572 - 7.0%* - 4. 9%**

112t0-2.9)  (-6.91t0-2.9)

Volunteer group

Never 3899 ref.

A few times a year 194 - 9.4%** - 4.3%*
(-14.1 to -4.6) (-7.3t0-1.2)

Once or twice a month 193 2.3 1.9
(-8.9 to 13.6) (-2.9 t0 6.8)

Once a week + 122 - 2.8 - 05

(-11.1 to 5.6) (44 103.3)

*** p<001 ** p<.01 * p<.05 ¥ p<.10 Unit: 1000 USD

GLM: Generalized linear model, OLS: Ordinal least squares, MI: Multiple imputation, CI: Confidential interval

a) Missing values in control variables were included as a dummy variable.

b) Each model was controlled by sex, age, disease and/or impairment, years of education, equivalent income, marital status,
living situation, self rated health at baseline.

¢) Multiple imputation by chained equations was performed using sex, age, disease and/or impairment, years of education,
equivalent income, marital status, living situation, self rated health at baseline (m=20).
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Table S2. C statistics by multinominal regression model

Hobby activi- Sports group Volunteer

ties group or club group
A few times a year vs Never 0.664 0.757 0.637
Once or twice a month vs Never 0.665 0.695 0.681
Once a week + vs Never 0.662 0.645 0.713

C statistics by multinominal regression model in order to calculate generalized propensity
scores were not high: hobby activities group=.662 to .665, sports group or club=.645 to .757,
volunteer group=.637 to 713. However, it is not necessarily to mean undesirable model, be-
cause the goal of a propensity score model is to efficiently control confounding, not to predict
treatment or exposure.
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Table S3. Differences of lifetime cost in LTCI services by social participation among deceased person

After Multiple Imputation ©

a,b) a,b)
0 Coef. Marginal effect Coef. Coef.
(95%CI) (95%CI) (95%CI) (95%CI)
Hobby activities group
Never 861 19.2 ref. ref. ref.
A few times a year 72 9.7 - 6.0% - 5.6 - 5.61 - 47
(-11.9t0-0.1) (-14.9 to 3.8) (-11.6t0 0.3)  (-13.7to 4.4)
Once or twice a month 113 15.8 - 20 - 09 - 2.1 - 24
(-9.1t0 5.1) (-9.3 t0 7.6) (-9.2 t0 4.9) (-9.8t0 4.9)
Once a week + 188 12.2 - 5.3* -39 - 5.4% - 5.7%
(-10.1 to -0.4) (-7.3 10 0.3) (-10.2t0-0.5) (-11.6t0 0.3)
Sports group or club
Never 1066 19.1 ref. ref. ref.
A few times a year 17 43 - 8.9%** - 17.8%** - 8.6%* -94
(-13.7t0-4.1)  (-22.8t0-12.8) (-14.1t0-3.0) (-27.3 to 8.4)
Once or twice a month 20 4.0 - 8.6%* - 18.5%** - O.1%* - 10.1
(-148t0-2.4) (-24.0t0-13.0) (-153t0-2.8) (-26.6t0 6.4)
Once a week + 105 5.4 N - 11.4%* - 9.4xxE - 11.1%**
(-13.8 t0-5.7) (-17.8t0-49) (-134t0-54) (-18.6t0-3.5)
Volunteer group
Never 1091 16.9 ref. ref. ref.
A few times a year 40 11.2 - 1.8 -59 - 1.7 - 20
(-12.4 to 8.8) (-18.8 to 7.0) (-12.6t09.2) (-13.7t09.8)
Once or twice a month 24 20.6 6.2 10.2 7.1 7.6
(-14.9 t0 27.2) (-22.5t042.9) (-13.9t028.0) (-7.4t022.7)
Once a week + 14 9.3 - 4.6 - 12.5%* - 5.1 - 34
(-16.8t0 7.7) (-204t0-47) (-18.1t07.8) (-23.0to0 16.2)

For peer review only - http://bmjopen.bmj.com/site/about/guidelines.xhtml

¥ p<.001 ** p<.01 * p<.05  p<.10  Unit: 1000USD
OLS: Ordinal least squares, GLM: Generalized linear model, IPW: Inverse probability weighting, CI: Confidential interval
a) Missing values in control variables were included as a dummy variable.

b) Each model was controlled by sex, age, disease and/or impairment, years of education, equivalent income, marital status, living situation, self rated health at baseline.

¢) Multiple imputation by chained equations was performed using sex, age, disease and/or impairment, years of education, equivalent income, marital status, living situation, self rated health at
baseline (m=20).
d) The generalized propensity scores were calculated using multinominal regression analysis using all previously listed potential confounders: sex, age, disease and/or impairment, years of educa-
tion, equivalent income, marital status, living situation, self rated health. C statistics were as follows: hobby activities group=.640 to .665, sports group or club=.645 to 757, volunteer group=.637
to 713.
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find
each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and
provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohort reporting guidelines, and cite them
as:

von EIm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for
reporting observational studies.

Page

Reporting ltem Number

Title #1a Indicate the study’s design with a commonly used term in the 1
title or the abstract

Abstract #1b  Provide in the abstract an informative and balanced summary 2
of what was done and what was found

Background / #2 Explain the scientific background and rationale for the 4

rationale investigation being reported

Objectives #3 State specific objectives, including any prespecified 5
hypotheses

Study design #4 Present key elements of study design early in the paper 6

Setting #5 Describe the setting, locations, and relevant dates, including 6
periods of recruitment, exposure, follow-up, and data collection

Eligibility criteria  #6a  Give the eligibility criteria, and the sources and methods of 6

selection of participants. Describe methods of follow-up.
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For matched studies, give matching criteria and number of
exposed and unexposed

Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if
applicable

For each variable of interest give sources of data and details of
methods of assessment (measurement). Describe
comparability of assessment methods if there is more than one
group. Give information separately for for exposed and
unexposed groups if applicable.

Describe any efforts to address potential sources of bias
Explain how the study size was arrived at

Explain how quantitative variables were handled in the
analyses. If applicable, describe which groupings were chosen,
and why

Describe all statistical methods, including those used to control
for confounding

Describe any methods used to examine subgroups and
interactions

Explain how missing data were addressed
If applicable, explain how loss to follow-up was addressed
Describe any sensitivity analyses

Report numbers of individuals at each stage of study—eg
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and
analysed. Give information separately for for exposed and
unexposed groups if applicable.

Give reasons for non-participation at each stage
Consider use of a flow diagram

Give characteristics of study participants (eg demographic,
clinical, social) and information on exposures and potential
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confounders. Give information separately for exposed and
unexposed groups if applicable.

Indicate number of participants with missing data for each
variable of interest

Summarise follow-up time (eg, average and total amount)

Report numbers of outcome events or summary measures
over time. Give information separately for exposed and
unexposed groups if applicable.

Give unadjusted estimates and, if applicable, confounder-
adjusted estimates and their precision (eg, 95% confidence
interval). Make clear which confounders were adjusted for and
why they were included

Report category boundaries when continuous variables were
categorized

If relevant, consider translating estimates of relative risk into
absolute risk for a meaningful time period

Report other analyses done—e.g., analyses of subgroups and
interactions, and sensitivity analyses

Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account sources of
potential bias or imprecision. Discuss both direction and
magnitude of any potential bias.

Give a cautious overall interpretation considering objectives,
limitations, multiplicity of analyses, results from similar studies,
and other relevant evidence.

Discuss the generalisability (external validity) of the study
results

Give the source of funding and the role of the funders for the
present study and, if applicable, for the original study on which
the present article is based
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Abstract

Objectives: Reducing costs related to functional disabilities and long-term care (LTC)
is necessary in aging societies. We evaluated the differences in the cumulative cost of
public long-term care insurance (LTCI) services by social participation.

Design: Prospective observational study.

Setting: Our baseline survey was conducted in March 2006 among people aged 65 or
older who were not eligible for public LTCI benefits were selected using a complete
enumeration in Tokoname City, Japan. We followed up with their LTC services costs
over a period of 11 years. Social participation was assessed by the frequency of partic-
ipation in clubs for hobbies, sports, or volunteering. We adopted a classical linear
regression analysis and an inverse probability weighting (IPW), with multiple imputa-
tion of missing values

Participants: Functionally independent 5,377 older adults.

Primary outcome measures: The cumulative cost of public LTCI services for 11
years.

Results: Even when adjusting for the confounding variables, social participation at the
baseline was negatively associated with the cumulative cost of LTCI services. The IPW
model showed that respondents who participated in hobby activities once a week or
more, the cumulative cost of LTCI services for 11 years was lower approximately
3,500 USD per person, in comparison to non-participants. Similary, that in respondents
who participated in sports group or clubs was lower approximately 6,000 USD than
non-participants.

Conclusions: Older adults’ participation in community organizations may help reduce
future LTC costs. Promoting participation opportunities in the community could ensure

the financial stability of LTCI services.
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Strengths and limitations of this study

® To our knowledge, this is the first to demonstrate that social participations among

oNOYTULT D WN =
—

older adults might help lower subsequent LTCI costs.

—
o
N
[ )

Our findings are based on eleven-years prospective observational study using public
LTCI receipt data in Japan.

® Sclection bias might have occurred because of the 53% response rate to the base-
line survey.

® The measurements of social participation rely on self-reported questionnaire.
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w
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Main text

Introduction

Across the globe, costs related to functional disabilities and long-term care (LTC) are
rapidly increasing in societies with aging populations. Expenses are greater among
those with more severe impairments.' In Japan, one of the countries experiencing the
highest rate of aging, the proportion of older people is currently 27.3% and is predicted
to reach around 40% by 2065.> Under these circumstances, the costs for long-term care
insurance (LTCI) are expected to rise from 100 billion USD in 2016 to 210 billion
USD by 2025.

Lowering these costs requires building a sustainable and healthy aging society which
means developing and maintaining the functional ability that enables well-being in
older age. The Japanese government implemented a public nursing care insurance law
that includes an LTC prevention policy.’ For this policy, a population approach as pri-
mary prevention was proposed rather than a high-risk one which was grounded in risk
screening based on intervention targeting. Promoting social participation is considered
an effective intervention regarding the population approach, which focuses on the en-
tire group of older adults in a community.

Although social participation is an ambiguous concept, Bukov (2002) distinguished
three types of participation: collective, productive, and political.* In this paper, we fo-
cused on involvement in collective activities in formal and informal societal groups at
local community. Social participation helps maintain social networks, support, and
roles, raises self-esteem and self-efficacy, and facilitates access to various kinds of in-
formation. Several international systematic reviews and meta-analyses have reported
on the physical, psychological, and social benefits of social participation among older
people.”® For instance, meta-analysis across 148 articles mentioned active engage-
ment in social activities could reduce risk for mortality. In particular, previous
observational studies in Japan also found that collective social participation activities

such as volunteering, sports clubs, and hobbies among older adults lowered the risk of

11-13 14-16

developing depressive symptoms, the incidence of functional disabilities, cog-

nitive decline or dementia,''® falls,"” and immature death.”*>*
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We hypothesize that if social participation extends healthy life expectancy and reduces
the time spent in intensive nursing care, then the cumulative cost of LTCI services
might be lower among the participants; however, to our knowledge, there is no evi-
dence that social participation lessens it. In addition, Japanese LTCI services are
provided mainly when people aged 65 and over come to require care or support, based
on investigation for certification and doctor’s written opinion. The cost of LTCI ser-
vices is one of the most important issues for the public sector as an insurer. The
evidence for contributing to cost-saving has been useful for recent intervention financ-
ing schemes that provide economic incentives to service providers; for instance, social
impact bonds (SIBs). In this paper, using data from a follow-up study that took place
over a period of 11 years and tracked older Japanese adults, we assessed the differ-
ences of the duration period of requiring care level and of the cumulative cost of LTCI

services by frequency of social participation in baseline survey.
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Methods

Study design

The Japan Gerontological Evaluation Study (JAGES) conducted a self-administered
questionnaire in March 2006 as a baseline; 5,483 respondents who were 65 years or
older, physically and cognitively independent, and not eligible for public LTCI bene-
fits were selected using a complete enumeration; they live in the city of Tokoname in
Aichi Prefecture (response rate=53.4%: 5,483 / 10,274). In addition, our subjects were
more healthy or active older adults at baseline, because Japanese LTCI certifies the
people included mild care needs, not only severe care level. Afterward, we obtained
receipt data on LTCI benefits over a period of 11 years after the baseline survey, from
government database of public LTCI. After eliminating respondents who lacked in-
formation on sex and age (n=42), who had moved out of their residence (n=38), and
who had been certified for LTCI before the baseline survey (n=26), 5,377 respondents
were linked to the LTCI receipt dataset (Figure 1). Out of this amount, 30.4% had

used LTCI services at least once, and 28.4% passed away during the follow-up period.

Measurements

Outcome variables; the costs of LTCI services

Primary outcome variable is the cumulative cost of LTCI services at follow-up period.
We obtained the LTC costs of insured services across forty-four points every three
months (April, July, October, January) over a period of 11 years. We summed them up
after tripling these monthly costs in order to calculate an approximate value of the
overall cost for the follow-up period. We used the currency exchange rate of 100JPY
to 1USD. As closely related variable, we calculated the number of months which was
eligible for LTCI benefit across the whole population, from care level 5 which signifies
the highest level of requirement for LTC to any care or support level.

In addition, Japanese LTCI operates based on social insurance principles. Only ser-
vices are provided, not cash allowances, and recipients can choose their services and
providers.”* The receipt data includes information about using insured services such as

home visits, day, short-stay, residential, or in-facility services. The data do not include

For peer review only - http://bmjopergamj.com/site/about/guidelines.xhtml

Page 6 of 27

"yBuAdoo Ag peroslold 1senb Aq 20z ‘6 1snbny uo jwod (wg-uadolwg//:dny woly papeojumod "6T0Z YdJeN 0E U0 6E7720-8T0Z-uadolwa/9eTT 0T Se paysiignd 1s1y :uadO NG


http://bmjopen.bmj.com/

Page 7 of 27

oNOYTULT D WN =

[SURE V]

N

© o I3 O ot

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

BMJ Open

costs, which are not covered by insurance (such as food, housing, and diaper expenses).

In general, 10% of these costs are co-payments (the municipality, which acts as an in-
surer, pays 90%), although there is a upper limit to the amount of monthly insurance
benefits, which differs depending on the needed level of care. People with certifica-
tions for LTC and who need (levels 1 to 5) or require support (levels 1 or 2) can use
LTCI services. Those higher levels of care can utilize more LTCI services through in-
surance coverage. The cumulative cost of such care in the following cases is zero:
deceased individuals who did not have functional disabilities, respondents who did not
have proper certification, and non-service users.

Explanatory variables: Social participation

The indicator of social participation was taken from the Japanese General Social Sur-
vey,” and categorized organizations into following eight types: hobby activities group,
sports group or club, volunteer group, neighborhood association, senior citizen
club/fire-fighting team, religious group, political organization or group, industrial or
trade association, and citizen or consumer group. We focused on the three
groups/organizations previously identified as being associated with lower risks for

1726 sports group or club,'>*® and volun-

functional disabilities; hobby activities group,
teer group.””** According to principal components analysis, these community activities
were categorized to horizontal organizations.”>° Respondents were asked how often
they took part in these activities. We categorized them to the four frequencies, respec-
tively; never, a few times a year, once or twice a month, and once a week or more.
Covariates

Demographic variables included sex, age, educational attainment, equivalent income
(USD), marital status, and living situation at the baseline survey. Age was a continuous
variable (73.4+6.2). Years of education was categorized as <6, 6-9, 10-12, and 13+.
We equalized household income by the square root of the numbers and classified it as
<20.0, 20.0-39.9, and 40.0+ thousand USD. Marital status consisted of married, wid-
owed, divorced, and never married. Living situation was categorized as /living alone,

with one’s spouse only, with a child, or with others such as grandchildren, siblings, and

relatives.
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In order to account for the health status at the baseline, the presence of disease or im-
pairment and self-rated health were considered. The presence of disease or impairment
was based on self-reported medical condition (no illness, having illness but need no
treatment, having illness but discontinued treatment, and receiving some treatment).
We dichotomized it; that is, no illness or not. We assessed self-rated health using four

categories: excellent, good, fair, and poor.

Statistical analysis

After calculating the descriptive statistics, we conducted four regression analyses. First,
we adopted a classical linear regression (ordinary linear squares [OLS]) model, con-
trolling covariates at baseline survey. We handled the missing value in each control
variable as a dummy variable. Second, as one of robustness check, we predicted the
marginal effects, adopting a generalized linear model (GLM)*' with Gamma distribu-
tion, as well as the log link and robust variance estimator, because our dependent
variable (the cumulative cost of LTCI services) is not normally distributed. Next, we
performed a multiple imputation technique by chained equations under the missing at
random assumption, which means there might be systematic differences between the
missing and observed values. We created twenty imputed datasets. Using each dataset,
we first estimated the OLS model with the robust variance estimator. Finally, in order
to estimate the potential outcomes after conditioning on the covariates, we adopted the
inverse probability weighting (IPW) model’> * using the imputed data sets. We calcu-
lated the generalized propensity scores using multinomial regression analysis,
employing all previously listed covariates. For reference, we only examined the same
model among the deceased, who passed away during the follow-up period. The LTCI
costs for the deceased indicates the “lifetime cost” of LTCI because they did not use
LTCI services at the baseline. We performed analyses using STATA 15.1 (STATA
Corp LP, College Station, Texas, USA).

Patient and public involvement

No patient or the public was involved in the development of research question and de-
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sign of this study. The results of this research will be disseminated to stakeholders such

as local and central health government after being published in a scientific journal.
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Results

Table 1 shows the characteristics of the respondents; the mean age at the baseline was
73.4; 52.0% of the respondents were male. The average of the cumulative cost of LTCI
services during the follow-up period was 13.7 thousand USD. The distribution of that
was skewed right. There were significant differences in the average duration for the
level of care required for social participation across the whole population during the
follow-up period (Table 2). Non-participants in groups for hobbies, sports, and volun-
teering had a longer duration of certification for LTC at all care levels. For example,
among participants who took part in the group for hobbies, the average duration for
non-participants was 14.1 (standard deviation [SD]=25.8) months, whereas that of
those who participated “once a week or more” was 10.6 (SD=21.6) months.

The classical regression model showed that in comparison to non-participants, re-
spondents who participated in the group for hobbies once a week produced a cost
containment in 3.6 (95% confidence interval [CI]: 6.0 to 1.3) thousand USD, which
was lower per person for LTCI cumulative costs over the 11-year period (Table 3).
Likewise, participating in a sports club was also significantly associated with lower
LTCI costs: the category of those who took part “once a week or more” was 4.9 [95%
CI: 6.9 to 2.8] thousand USD less per person. However, in the volunteer group, only
less frequent participation was associated with lower costs; for individuals in the cate-
gory of “a few times a year” this figure was 4.1 [95% CI: 7.1 to 1.0] thousand USD
less per person. When we changed the estimation method to GLM, and when we
adopted OLS after multiple imputation, the major results and trends were similar to the
above, although some point estimations in GLM were higher in the categories that had
a small sample size (please see Supplementary File 1).

The estimations of IPW showed similar outcomes. In comparison to non-participants,
going to a group for hobbies once a week or more resulted in a cost that was reduced
by approximately 3.5 [95% CI: 6.2 to 0.8] thousand USD; for sports clubs, this low-
ered figure was approximately 6.1 [95% CI: 9.3 to 2.8] thousand USD. The significant

relationship with less frequent participation in the volunteer group disappeared, but the
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direction of the association and point estimations did not largely change (the C statis-
tics in these models are shown in Supplementary File 2).

In addition, in comparison to non-participants, for deceased individuals during the fol-
low-up period, joining a group for hobbies (once a week+) or sports (once a week+)
led to a reduced cost of approximately 3.9 to 5.7 thousand USD, and 9.4 to 11.4 thou-
sand USD, respectively (please see Supplementary File 3). These outcomes are
preliminary because there were very few analyzed subjects (especially the sports and

volunteer groups).
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Discussions

According to the 11-year prospective cohort study for Japanese healthy older adults,
compared to non-participants, respondents who took part in the group for hobbies or
sports once a week produced lower costs for LTCI services (approximately 3.5 and 6.1
thousand USD per person), even after demographic variables and health status at base-
line were controlled.

These findings are consistent with those of previous research. Several longitudinal
studies showed that older adults who participate in social activities have lower risks of

35,36 s . 37,38 .
~? and mobility decline.””® Moreover, it has been

disability,34 functional decline,
suggested that participation to hobby groups, sports club, and volunteer group might
contribute to reduce the incidence of physical disability risk.'>'”*** In an intervention
study examining the effect of community salons in Japan, among the participants, the
incidence of physical disability risk fell by 51% over five years;” cognitive disability
risk also declined by around 30% over seven years.*” Several trajectory analyses

showed that attending leisurely activities is related to “functional maintenance,”*!

while a low frequency of going out was related to being “persistently disabled.”*

This study adds evidence to the current literature, suggesting that social participation
may be effective not only for preventing functional deterioration, but also in terms of
reducing LTC costs. Our findings illustrate that the more the respondents took part in
each type of community activity, the less time they spent in intensive nursing care.
Therefore, differences in LTCI costs may have arisen due to the extension of healthy
life expectancy or a reduction in the period of functional disability, rather than re-
strictions on using required services. Lifetime LTCI cost, which was estimated among
deceased individuals, showed similar trends. This suggests that postponing the onset of
functional disabilities or death did not cause differences in costs.

On the other hand, for volunteer activities, less frequent (rather than very frequent)
participation resulted in lower LTCI costs. In Japan, it is often mentioned that part of
participants in volunteer activities is experiencing an excessive burden. Official Japa-
nese statistics revealed that half of older adults preferred volunteer activities that do

not constrain their time or term.* Our results suggest that taking part in volunteer ac-
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tivities by force, which is not the original meaning of volunteering, might not neces-
sarily protect their health, although participating in and of itself is preventive.

This study has public health implications. One systematic review mentioned that most
local and national public health interventions are substantially cost saving.44 Our re-
sults suggest that promoting participation in community activities might have a
non-ignorable cost containment effect. That is, 21.8% and 12.7% of the respondents, or
about 2,240 and 1,300 people, in this municipality may have been participating in a
group for hobbies or sports at least once a week. If the number of these people in-
creased by 10% (around 220 and 130 people), it may have been possible to reduce the
cumulative cost of LTCI services by approximately 780 to 800, and 630 to 790 thou-
sand USD, respectively, over the 11-year period. It is important that each activity in
this paper is not a special program and is already prevalent in Japan, and that the ex-
penditure to be borne by the public sector is comparatively inexpensive. Furthermore,
our findings might be an underestimation, because less frequent categories for each
type of social participation tended to result in a higher mortality rate.

Our study has several limitations and strengths. First, due to accessibility to data, we
could not analyze medical care costs. A previous study mentioned that medical care
and LTC expenditures have a weak, but negative, relationship.45 However, to our
knowledge, our study is the first to demonstrate that social participations among older
adults might help lower subsequent LTCI costs. Second, we assessed social participa-
tion variables and covariates only at the baseline. Our study analyzed healthy older
adults; we excluded those with physically and cognitively disabilities at baseline; we
controlled for multiple health dimensions and other covariates, adopting several statis-
tical techniques. However, we cannot deny the possibility of reverse causation. Third,
generalizability might be limited by the fact that our study was conducted in one mu-
nicipality, although the proportion of older adults and of certified LTC levels is roughly
the same between the subject area and the national average. Selection bias might have
occurred because the response rate in baseline survey was not high (53.4%). However,
there was important meanings to analyze the merged individual data from a question-

naire concerning social life and a public receipt data concerning LTC services. Fourth,
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there might be measurement bias about social participation because it derived from the
self-reported questionnaire. Although our indicators have been often used in previous
survey, it is possible that it does not reflect actual activities correctly since the
self-reported one. To assess the frequency and role of these groups, future research

should examine interactions among participating members using objective indicators.
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Tab.1 Characteristics of respondents %
Cumulative cost of :..

Total LTCI services in @

11 years (1000USD) ® B

% Mean + SD p s

Sex? 7
Male 52.0 7.7+24.8 3
Female 48.0 18.7+44.8 <.001 g'
Age® 7
(Mean+SD) (73.4£6.2) P
65-74 61.3 6.3+252 [
75-84 33.3 23.0+£47.2 &
85+ 5.4 39.1£56.4 <.001 g
Disease and/or impairment 3
None 27.2 10.9+35.5 =)
Presence 64.6 14.3+£37.8 B
Missing 8.3 17.7+£39.7 =.001 2
Years of education ® S
<6 2.7 30.7 % 57.6 ®
6-9 41.9 12.4+34.9 Q
10-12 24.8 13.1+37.2 N
13+ 32.2 11.1+£333 W
Missing 10.7 232+48.8 <.001 e
Equivalent income (1000USD) ¥ 5
<20.0 36.0 12.2 +£36.5 @
20.0-39.9 27.3 9.5 +30.5 =
40.0+ 6.8 12.0 £ 35.5 (=
Missing 29.9 19.6+43.6 <.001 s
Marital status ¥ N
Married 69.2 9.2+29.7 =
Widowed 21.4 24.8 +50.2 ©
Divorced 1.7 11.0+27.9 <
Never married 2.0 27.4 +60.1 s
Missing 5.7 22.7+459 <001 2
Living situation 2
Living alone 10.7 23.8£50.9 o
With spouse only 36.5 9.6 +30.1 =
With child 22.7 12.9+£35.9 g
With others 25.6 14.6 £ 39.7 >
Missing 4.6 21.3+£41.6 <.001 g
Self rated health ¥ =
Excellent 6.0 7.9£30.5 5’
good 61.7 11.5+34.5 =
Fair 22.5 18.2+£43.0 3
Poor 5.1 21.7+45.6 >
Missing 4.7 18.9+£39.9 <001 g
TOTAL 100.0 13.7+37.4 P
a) These variables are based on baseline questionnaire survey. g
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Tab.2 Average duration of care giving at follow-up period by social participation ?

ALLY Care Lvl+ Care Lv2+ Care Lv3+ Care Lv4+ Care Lv5
n Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Hobby activities group
Never 2833 14.1(25.8) 9.8(21.4) 7.1(17.6) 4.0 (12.5) 2.2 (8.5) 0.8 (4.6)
A few times a year 259 9.0 (194) 5.6(15.7) 35(99 18 (64) 12 (53) 0641
Once or twice a month 524 10.7 (21.8) 6.1 (16.6) 4.6(14.4) 2.7 (10.2) 1.6 (7.5) 0.6 (3.7)
Once a week + 972 10.6 (21.8) 6.2(16.6) 4.1(13.2) 22 (93) 1.0 (6.0) 0.4(3.0
p <.001 p <.001 p <001 p <001 p =019 p =.026
Sports group or club
Never 3716 13.7 (25.1) 9.3(20.7) 6.6(17.0) 3.8 (12.1) 2.1 (84) 0.8 (4.6)
A few times a year 91 7.5 (19.6) 5.6(18.4) 4.8(l6.5 2.8 (12.0)0 1.2 (5.5) 0.8 (5.0
Once or twice a month 125 6.0 (17.3) 33(134) 2.7(12.5) 14 (69) 05 (2.6) 0.2 (1.4
Once a week + 572 7.2 (18.1) 3.8(12.8) 24(98) 1.0 (54 05 @34 0.1 (1.0)
p <.001 p <.001 p <001 p <001 p <001 p =.005
Volunteer group
Never 3899 129 (244) 8.6(20.0) 6.1(16.4) 3.5 (11.6) 1.9 (7.9 0.7 (4.3)
A few times a year 194 7.1 (17.3) 3.9(12.8) 29(11.1) 1.6 ( 83) L1 (7.7) 0.7 (5.6)
Once or twice a month 193 99 (21.6) 6.1(17.0)0 4.3(13.3) 20 (89 1.1 (7.2) 04 (2.7
Once a week + 122 64 (17.5) 3.9(124) 3.1(109) 16 (69 08 (3.2) 02 (1.5
p <.001 p <001 p <001 p <001 p =019 p =.165

Unit: month SD: Standard deviation

a) This is including certification for long-term care level from support level 1 to care level 5.
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Tab.3 Differences of cumulative cost in LTCI services in a 11-years follow-up period by
social participation

OLS a,b) IPI\\ZJI zvdl)th
. Mean Cocf Cocf Mortality
(95%CI) (95%CI)
Hobby activities group
Never 2833  14.6 ref- ref- 30.8
A few times a year 259 6.6 - 3.2F - 35 28.0
(-6.7t100.2) (-8.1t0 1.2)
Once or twice a month 524 102 - 2.8F -22 21.7
(-58t00.7) (-5.6t01.2)
Once a week + 972 9.4 - 3.6%* - 3.5% 19.5
(-6.0to -1.3)  (-6.2 t0 -0.8)
Sports group or club
Never 3716  13.9 ref. ref. 29.1
A few times a year 91 9.3 2.5 1.8 18.7
(-49109.9) (-5.8t09.4)
Once or twice a month 125 4.8 - 33 -42 16.1
(-7.6109.4) (-10.7to 2.3)
Once a week + 572 5.2 - 4.9%** - 6.1%** 18.6
(-6.9t0-2.8) (-9.3t0-2.8)
Volunteer group
Never 3899 12.7 ref. ref. 28.4
A few times a year 194 4.8 - 4. 1%* -39 20.7
(-7.1t0-1.0)  (-9.1to 1.3)
Once or twice a month 193  10.0 1.9 1.5 12.7
(-291t06.7)  (-3.8t06.7)
Once a week + 122 5.9 - 0.7 - 14 11.5

(45t03.1) (-7.9t05.1)

% p<.001 ** p<.01 * p<.05 ¥ p<.10  Unit: 1000USD

OLS: Ordinal least squares, [IPW: Inverse probability weighting, MI: Multiple imputation, CI: Confidential interval

a) Missing values in control variables were included as a dummy variable.

b) The result was controlled by sex, age, disease and/or impairment, years of education, equivalent income, marital status,
living situation, self rated health at baseline.

¢) Multiple imputation by chained equations was performed using sex, age, disease and/or impairment, years of education,
equivalent income, marital status, living situation, self rated health at baseline (m=20).

d) The generalized propensity scores were calculated using multinominal regression analysis using all previously listed po-
tential confounders: sex, age, disease and/or impairment, years of education, equivalent income, marital status, living
situation, self rated health.
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Baseline survey

11-year follow-up

BMJ Open

Enrollments for questionnaire survey
(n=10,274)
Complete enumeration for functionally independent older adults
from government database of public LTCI (March, 2006)

--> No response (n=4,791)

Respondents
(n=5,483 response rate=53.4%)

To merge based on encrypted insurance 1D

Long-term care insurance

receipt data
From April 2006 to January 2017

The duration of care giving and the costs of used
LTC services were derived.

Respondents who lacked information on sex and age
(n=42), who moved out from their residence (n=38), and
who had been certified for LTCI before the survey (n=20).

-->

Analyzed population
(n=5,377)
Consequence in the follow-up period

LTCI service use: n=1,637(30.4%)
Death: n=1,529 (28.4%)

Figure 1: Flow chart of respondent selection.
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Table S1. Differences of cumulative cost in LTCI services by OLS with MI, and GLM

BMJ Open

GLM * OLS with MI %9
I Marginal effect Coef.
(95%CI) (95%CI)
Hobby activities group
Never 2833 ref.
A few times a year 259 - 19 - 3.1¢
(-11.0to 7.2) (-6.6 t0 0.3)
Once or twice a month 524 -33 - 2.9%
(-8.7t02.2) (-5.8t00.1)
Once a week + 972 - 3.5% - 3.7%
(-7.3 10 0.3) (-6.0 to -1.3)
Sports group or club
Never 3716 ref.
A few times a year 91 10.9 2.7
(-14.3t0 36.1) (-4.6 to 10.0)
Once or twice a month 125 - 50 -35
(-17.8 t0 7.9) (-7.8t0 0.7)
Once a week + 572 - 7.0%* - 4.9%%*
(-11.2t0 -2.9) (-6.9 t0 -2.9)
Volunteer group
Never 3899 ref.
A few times a year 194 - 9.4%%* - 4.3%%*
(-14.1 to -4.6) (-7.3t0-1.2)
Once or twice a month 193 2.3 1.9
(-8.9 to 13.6) (-2.9 t0 6.8)
Once a week + 122 - 2.8 - 0.5
(-11.1t0 5.6) (-44t03.3)

##% p< 001 #* p<.01 * p<.05 T p<.10  Unit: 1000 USD

GLM: Generalized linear model, OLS: Ordinal least squares, MI: Multiple imputation, CI: Confidential interval

a) Missing values in control variables were included as a dummy variable.

b) Each model was controlled by sex, age, disease and/or impairment, years of education, equivalent income, marital status,

living situation, self rated health at baseline.

¢) Multiple imputation by chained equations was performed using sex, age, disease and/or impairment, years of education,
equivalent income, marital status, living situation, self rated health at baseline (m=20).
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Table S2. C statistics by multinominal regression model

Hobby activi- Sports group Volunteer
ties group or club group

A few times a year vs Never 0.664 0.757 0.637
9 Once or twice a month vs Never 0.665 0.695 0.681
10 Once a week + vs Never 0.662 0.645 0.713

oNOYTULT D WN =

C statistics by multinominal regression model in order to calculate generalized propensity
13 scores were not high: hobby activities group=.662 to .665, sports group or club=.645 to .757,
14 volunteer group=.637 to 713. However, it is not necessarily to mean undesirable model, be-
15 cause the goal of a propensity score model is to efficiently control confounding, not to predict
16 treatment or exposure.?®
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Table S3. Differences of lifetime cost in LTCI services by social participation among deceased person

OLS ™

GLM Y

After Multiple Imputation ©

OLS? IPW 9
I Mean Coef. Marginal effect Coef. Coef.
(95%CI) (95%CI) (95%CI) (95%CI)
Hobby activities group
Never 861 19.2 ref. ref. ref.
A few times a year 72 9.7 - 6.0* - 5.6 - 5.6 - 4.7
(-11.9to - 0.1) (-14.9 to 3.8) (-11.6t00.3) (-13.7to 4.4)
Once or twice a month 113 15.8 - 2.0 - 09 - 2.1 -24
(-9.1to0 5.1) (-9.3 to 7.6) (-9.2 t0 4.9) (-9.8 t0 4.9)
Once a week + 188 12.2 - 5.3% -39 - 5.4% - 5.7%
(-10.1 to -0.4) (-7.31t00.3) (-10.2t0-0.5) (-11.6t00.3)
Sports group or club
Never 1066 19.1 ref. ref. ref.
A few times a year 17 43 - 8.9%** - 17.8%%* - 8.6%** - 94
(-13.7t0o-4.1)  (-22.8t0-12.8) (-14.1t0-3.0) (-27.3t0 8.4)
Once or twice a month 20 4.0 - 8.6%* - 18.5%** - 9. 1%* - 10.1
(-14.8t0-2.4) (-24.0t0-13.0) (-153t0-2.8) (-26.6106.4)
Once a week + 105 5.4 - 9.7F** - 11.4%* - 9.4%** - 11.1%*
(-13.8t0 -5.7) (-17.8t0-49) (-134t0-54) (-18.6t0-3.5)
Volunteer group
Never 1091 16.9 ref. ref. ref.
A few times a year 40 11.2 - 1.8 -59 - 1.7 - 20
(-12.4 to 8.8) (-18.8 to 7.0) (-12.6t09.2)  (-13.7 t0 9.8)
Once or twice a month 24 20.6 6.2 10.2 7.1 7.6
(-14.9t027.2) (-22.5t042.9) (-13.9t028.0) (-7.4t022.7)
Once a week + 14 9.3 - 4.6 - 12.5%* - 5.1 - 34
(-16.8 t0 7.7) (204t0-4.7) (-18.1t07.8) (-23.0t0 16.2)

Page 24 of 27

*¥** p<.001 *¥* p<.01 * p<.05 { p<.10 Unit: 1000USD

OLS: Ordinal least squares, GLM: Generalized linear model, IPW: Inverse probability weighting, CI: Confidential interval

a) Missing values in control variables were included as a dummy variable.

b) Each model was controlled by sex, age, disease and/or impairment, years of education, equivalent income, marital status, living situation, self rated health at baseline.

¢) Multiple imputation by chained equations was performed using sex, age, disease and/or impairment, years of education, equivalent income, marital status, living situation, self rated health at
baseline (m=20).

d) The generalized propensity scores were calculated using multinominal regression analysis using all previously listed potential confounders: sex, age, disease and/or impairment, years of educa-
tion, equivalent income, marital status, living situation, self rated health. C statistics were as follows: hobby activities group=.640 to .665, sports group or club=.645 to 757, volunteer group=.637
to 713.
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find
each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and
provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohort reporting guidelines, and cite them
as:

von EIm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for
reporting observational studies.

Page

Reporting ltem Number

Title #1a Indicate the study’s design with a commonly used term in the 1
title or the abstract

Abstract #1b  Provide in the abstract an informative and balanced summary 2
of what was done and what was found

Background / #2 Explain the scientific background and rationale for the 4

rationale investigation being reported

Objectives #3 State specific objectives, including any prespecified 5
hypotheses

Study design #4 Present key elements of study design early in the paper 6

Setting #5 Describe the setting, locations, and relevant dates, including 6
periods of recruitment, exposure, follow-up, and data collection

Eligibility criteria  #6a  Give the eligibility criteria, and the sources and methods of 6

selection of participants. Describe methods of follow-up.
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56

Variables

Data sources /
measurement

Bias
Study size

Quantitative
variables

Statistical
methods

Participants

Descriptive data

#6b

#7

#8

#9

#10

#11

#12a

#12b

#12c

#12d

#12e

#13a

#13b

#13c

#14a

BMJ Open

For matched studies, give matching criteria and number of
exposed and unexposed

Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if
applicable

For each variable of interest give sources of data and details of
methods of assessment (measurement). Describe
comparability of assessment methods if there is more than one
group. Give information separately for for exposed and
unexposed groups if applicable.

Describe any efforts to address potential sources of bias
Explain how the study size was arrived at

Explain how quantitative variables were handled in the
analyses. If applicable, describe which groupings were chosen,
and why

Describe all statistical methods, including those used to control
for confounding

Describe any methods used to examine subgroups and
interactions

Explain how missing data were addressed
If applicable, explain how loss to follow-up was addressed
Describe any sensitivity analyses

Report numbers of individuals at each stage of study—eg
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and
analysed. Give information separately for for exposed and
unexposed groups if applicable.

Give reasons for non-participation at each stage
Consider use of a flow diagram

Give characteristics of study participants (eg demographic,
clinical, social) and information on exposures and potential
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#14b

#14c

Outcome data #15

Main results #16a

#16b

#16¢

Other analyses #17

Key results #18
Limitations #19
Interpretation #20

Generalisability #21

Funding #22

BMJ Open

confounders. Give information separately for exposed and
unexposed groups if applicable.

Indicate number of participants with missing data for each
variable of interest

Summarise follow-up time (eg, average and total amount)

Report numbers of outcome events or summary measures
over time. Give information separately for exposed and
unexposed groups if applicable.

Give unadjusted estimates and, if applicable, confounder-
adjusted estimates and their precision (eg, 95% confidence
interval). Make clear which confounders were adjusted for and
why they were included

Report category boundaries when continuous variables were
categorized

If relevant, consider translating estimates of relative risk into
absolute risk for a meaningful time period

Report other analyses done—e.g., analyses of subgroups and
interactions, and sensitivity analyses

Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account sources of
potential bias or imprecision. Discuss both direction and
magnitude of any potential bias.

Give a cautious overall interpretation considering objectives,
limitations, multiplicity of analyses, results from similar studies,
and other relevant evidence.

Discuss the generalisability (external validity) of the study
results

Give the source of funding and the role of the funders for the
present study and, if applicable, for the original study on which
the present article is based

N/A

10

N/A

N/A

10

12

13

12-13

13

14

The STROBE checklist is distributed under the terms of the Creative Commons Attribution License
CC-BY. This checklist was completed on 25. May 2018 using http://www.goodreports.org/, a tool

made by the EQUATOR Network in collaboration with Penelo;%e.ai
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Abstract

Objectives: Reducing costs related to functional disabilities and long-term care (LTC)
is necessary in aging societies. We evaluated the differences in the cumulative cost of
public long-term care insurance (LTCI) services by social participation.

Design: Prospective observational study.

Setting: Our baseline survey was conducted in March 2006 among people aged 65 or
older who were not eligible for public LTCI benefits were selected using a complete
enumeration in Tokoname City, Japan. We followed up with their LTC services costs
over a period of 11 years. Social participation was assessed by the frequency of
participation in clubs for hobbies, sports, or volunteering. We adopted a classical linear
regression analysis and an inverse probability weighting (IPW), with multiple
imputation of missing values

Participants: Functionally independent 5,377 older adults.

Primary outcome measures: The cumulative cost of public LTCI services for 11 years.
Results: Even when adjusting for the confounding variables, social participation at the
baseline was negatively associated with the cumulative cost of LTCI services. The IPW
model showed that respondents who participated in hobby activities once a week or more,
the cumulative cost of LTCI services for 11 years was lower approximately 3,500 USD
per person, in comparison to non-participants. Similary, that in respondents who
participated in sports group or clubs was lower approximately 6,000 USD than non-
participants.

Conclusions: Older adults’ participation in community organizations may help reduce
future LTC costs. Promoting participation opportunities in the community could ensure

the financial stability of LTCI services.
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Strengths and limitations of this study

To our knowledge, this is the first to demonstrate that social participations among
older adults might help lower subsequent LTCI costs.

Our findings are based on eleven-years prospective observational study using public
LTCI receipt data in Japan.

Selection bias might have occurred because of the 53% response rate to the baseline
survey.

The measurements of social participation rely on self-reported questionnaire.
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Main text

Introduction

Across the globe, costs related to functional disabilities and long-term care (LTC) are
rapidly increasing in societies with aging populations. Expenses are greater among those
with more severe impairments.! In Japan, one of the countries experiencing the highest
rate of aging, the proportion of older people is currently 27.3% and is predicted to reach
around 40% by 2065.2 Under these circumstances, the costs for long-term care insurance
(LTCI) are expected to rise from 100 billion USD in 2016 to 210 billion USD by 2025.
Lowering these costs requires building a sustainable and healthy aging society which
means developing and maintaining the functional ability that enables well-being in older
age. The Japanese government implemented a public nursing care insurance law that
includes an LTC prevention policy.? For this policy, a population approach as primary
prevention was proposed rather than a high-risk one which was grounded in risk
screening based on intervention targeting. Promoting social participation is considered
an effective intervention regarding the population approach, which focuses on the entire
group of older adults in a community.

Although social participation is an ambiguous concept, Bukov (2002) distinguished
three types of participation: collective, productive, and political.* In this paper, we
focused on involvement in collective activities in formal and informal societal groups at

local community. Social participation helps maintain social networks, support, and roles,

raises self-esteem and self-efficacy, and facilitates access to various kinds of information.

Several international systematic reviews and meta-analyses have reported on the
physical, psychological, and social benefits of social participation among older people.>-
19 For instance, meta-analysis across 148 articles mentioned active engagement in social
activities could reduce risk for mortality. In particular, previous observational studies in
Japan also found that collective social participation activities such as volunteering,
sports clubs, and hobbies among older adults lowered the risk of developing depressive
symptoms,'!-13 the incidence of functional disabilities,'*!¢ cognitive decline or
dementia,!”-!8 falls,!® and immature death.20-23

We hypothesize that if social participation extends healthy life expectancy and reduces
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the time spent in intensive nursing care, then the cumulative cost of LTCI services might
be lower among the participants; however, to our knowledge, there is no evidence that
social participation lessens it. In addition, Japanese LTCI services are provided mainly
when people aged 65 and over come to require care or support, based on investigation
for certification and doctor’s written opinion. The cost of LTCI services is one of the
most important issues for the public sector as an insurer. The evidence for contributing
to cost-saving has been useful for recent intervention financing schemes that provide
economic incentives to service providers; for instance, social impact bonds (SIBs). In
this paper, using data from a follow-up study that took place over a period of 11 years
and tracked older Japanese adults, we assessed the differences of the duration period of
requiring care level and of the cumulative cost of LTCI services by frequency of social

participation in baseline survey.
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Methods

Study design

The Japan Gerontological Evaluation Study (JAGES) conducted a self-administered
questionnaire in March 2006 as a baseline; 5,483 respondents who were 65 years or
older, physically and cognitively independent, and not eligible for public LTCI benefits
were selected using a complete enumeration; they live in the city of Tokoname in Aichi
Prefecture (response rate=53.4%: 5,483 / 10,274). In addition, our subjects were more
healthy or active older adults at baseline, because Japanese LTCI certifies the people
included mild care needs, not only severe care level. Afterward, we obtained receipt data
on LTCI benefits over a period of 11 years after the baseline survey, from government
database of public LTCI. After eliminating respondents who lacked information on sex
and age (n=42), who had moved out of their residence (n=38), and who had been
certified for LTCI before the baseline survey (n=26), 5,377 respondents were linked to
the LTCI receipt dataset (Figure 1).

Measurements

Outcome variables; the costs of LTCI services

Primary outcome variable is the cumulative cost of LTCI services at follow-up period.
We obtained the LTC costs of insured services across forty-four points every three
months (April, July, October, January) over a period of 11 years. We summed them up
after tripling these monthly costs in order to calculate an approximate value of the overall
cost for the follow-up period. We used the currency exchange rate of 100JPY to 1USD.
As closely related variable, we calculated the number of months which was eligible for
LTCI benefit across the whole population, from care level 5 which signifies the highest
level of requirement for LTC to any care or support level.

In addition, Japanese LTCI operates based on social insurance principles. Only services
are provided, not cash allowances, and recipients can choose their services and
providers.>* The receipt data includes information about using insured services such as
home visits, day, short-stay, residential, or in-facility services. The data do not include

costs, which are not covered by insurance (such as food, housing, and diaper expenses).
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In general, 10% of these costs are co-payments (the municipality, which acts as an
insurer, pays 90%), although there is a upper limit to the amount of monthly insurance
benefits, which differs depending on the needed level of care. People with certifications
for LTC and who need (levels 1 to 5) or require support (levels 1 or 2) can use LTCI
services. Those higher levels of care can utilize more LTCI services through insurance
coverage. The cumulative cost of such care in the following cases is zero: deceased
individuals who did not have functional disabilities, respondents who did not have
proper certification, and non-service users.

Explanatory variables: Social participation

As mentioned above, social participation is an ambiguous concept. The indicator of
social participation was taken from the Japanese General Social Survey,? and
categorized organizations into following eight types as collective social participation
activities: hobby activities group, sports group or club, volunteer group, neighborhood
association, senior citizen club/fire-fighting team, religious group, political organization
or group, industrial or trade association, and citizen or consumer group. We focused on
the three groups/organizations previously identified as being associated with lower risks
for functional disabilities; hobby activities group,'”-?® sports group or club,!>2¢ and
volunteer group.?’-?® According to principal components analysis, these community
activities were categorized to horizontal organizations.?-3° Respondents were asked how
often they took part in these activities. We categorized them to the four frequencies,
respectively; never; a few times a year, once or twice a month, and once a week or more.
Covariates

Demographic variables included sex, age, educational attainment, equivalent income
(USD), marital status, and living situation at the baseline survey. It is well known that
these are basic variables as social determinants of health. Age was a continuous variable
(73.4£6.2). Years of education was categorized as <6, 6-9, 10-12, and [13+. We
equalized household income by the square root of the numbers and classified it as <20.0,
20.0-39.9, and 40.0+ thousand USD. Marital status consisted of married, widowed,
divorced, and never married. Living situation was categorized as /iving alone, with one’s

spouse only, with a child, or with others such as grandchildren, siblings, and relatives.
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In order to account for the health status at the baseline, the presence of disease or
impairment and self-rated health were considered. The presence of disease or
impairment was based on self-reported medical condition (no illness, having illness but
need no treatment, having illness but discontinued treatment, and receiving some
treatment). We dichotomized it; that is, no illness or not. We assessed self-rated health

using four categories: excellent, good, fair, and poor.

Statistical analysis

After calculating the descriptive statistics, we conducted four regression analyses. First,
we adopted a classical linear regression (ordinary linear squares [OLS]) model,
controlling covariates at baseline survey. We handled the missing value in each control
variable as a dummy variable. Second, as one of robustness check, we predicted the
marginal effects, adopting a generalized linear model (GLM)3! with Gamma distribution,
as well as the log link and robust variance estimator, because our dependent variable
(the cumulative cost of LTCI services) is not normally distributed. Next, we performed
a multiple imputation technique by chained equations under the missing at random
assumption, which means there might be systematic differences between the missing
and observed values. We created twenty imputed datasets. Using each dataset, we first
estimated the OLS model with the robust variance estimator. Finally, in order to estimate
the potential outcomes after conditioning on the covariates, we adopted the inverse
probability weighting (IPW) model3? 33 using the imputed data sets. We calculated the
generalized propensity scores using multinomial regression analysis, employing all
previously listed covariates. For reference, we only examined the same model among
the deceased, who passed away during the follow-up period. The LTCI costs for the
deceased indicates the “lifetime cost” of LTCI because they did not use LTCI services
at the baseline. We performed analyses using STATA 15.1 (STATA Corp LP, College
Station, Texas, USA).

Patient and public involvement

No patient or the public was involved in the development of research question and design
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of this study. The results of this research will be disseminated to stakeholders such

local and central health government after being published in a scientific journal.
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Results

Table 1 shows the characteristics of the respondents; the mean age at the baseline was
73.4; 52.0% of the respondents were male. Out of this amount, 30.4% had used LTCI
services at least once, and 28.4% passed away during the follow-up period. The average
of the cumulative cost of LTCI services during the follow-up period was 13.7 thousand
USD. The distribution of that was skewed right. There were significant differences in
the average duration for the level of care required for social participation across the
whole population during the follow-up period (Table 2). Non-participants in groups for
hobbies, sports, and volunteering had a longer duration of certification for LTC at all
care levels. For example, among participants who took part in the group for hobbies, the
average duration for non-participants was 14.1 (standard deviation [SD]=25.8) months,
whereas that of those who participated “once a week or more” was 10.6 (SD=21.6)
months.

The classical regression model showed that in comparison to non-participants,
respondents who participated in the group for hobbies once a week produced a cost
containment in 3.6 (95% confidence interval [CI]: 6.0 to 1.3) thousand USD, which was
lower per person for LTCI cumulative costs over the 11-year period (Table 3). Likewise,
participating in a sports club was also significantly associated with lower LTCI costs:
the category of those who took part “once a week or more” was 4.9 [95% CI: 6.9 to 2.8]
thousand USD less per person. However, in the volunteer group, only less frequent
participation was associated with lower costs; for individuals in the category of “a few
times a year” this figure was 4.1 [95% CI: 7.1 to 1.0] thousand USD less per person.
When we changed the estimation method to GLM, and when we adopted OLS after
multiple imputation, the major results and trends were similar to the above, although
some point estimations in GLM were higher in the categories that had a small sample
size (please see Supplementary Table S1).

The estimations of IPW showed similar outcomes. In comparison to non-participants,
going to a group for hobbies once a week or more resulted in a cost that was reduced by
approximately 3.5 [95% CI: 6.2 to 0.8] thousand USD; for sports clubs, this lowered
figure was approximately 6.1 [95% CI: 9.3 to 2.8] thousand USD. The significant
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relationship with less frequent participation in the volunteer group disappeared, but the
direction of the association and point estimations did not largely change (the C statistics
in these models are shown in Supplementary Table S2).

In addition, in comparison to non-participants, for deceased individuals during the
follow-up period, joining a group for hobbies (once a week+) or sports (once a week+)
led to a reduced cost of approximately 3.9 to 5.7 thousand USD, and 9.4 to 11.4 thousand
USD, respectively (please see Supplementary Table S3). These outcomes are
preliminary because there were very few analyzed subjects (especially the sports and

volunteer groups).
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Discussions

According to the 11-year prospective cohort study of healthy Japanese older adults,
compared to non-participants, respondents who took part in hobby groups or sports
activities once a week incurred lower costs for long-term care insurance (LTCI) services
(approximately 3.5 and 6.1 thousand USD, respectively, per person), even after
demographic variables and health status at baseline were controlled.

These findings are consistent with those of previous research in which several
longitudinal studies have shown that older adults who participate in social activities have
lower risks of disability,** functional declines,?>3¢ and mobility declines.3”*® Moreover,
it has been suggested that participation in hobby groups, sports clubs, and volunteer
groups might contribute to reducing the incidence of physical disability risks.!>17-26-28 I
an intervention study examining the effect of community salons in Japan, it was reported
that the incidence of physical disability risks among participants fell by 51% over five
years®® and that cognitive disability risks declined by around 30% over seven years.*
Several trajectory analyses have shown that attending leisure activities is related to
“functional maintenance,”*! while a low frequency of going outside the home was
related to being “persistently disabled.”*?

This study adds evidence to the current literature suggesting that social participation
may be effective not only for preventing functional deterioration but also in terms of
reducing LTC costs. Our findings also illustrate that the more the respondents took part
in each type of community activity, the less time they spent in intensive nursing care.
Although the mechanisms behind the relationship between collective social participation
and LTCI costs are not fully understood, participating in community activities might
contribute to the promotion of physical activities, the maintenance of social role and
social networks, and the acquisition of important health-related information. Therefore,
differences in LTCI costs may have arisen due to extensions to healthy life expectancy
or reductions in the periods of functional disability, rather than restrictions on the use of
the required services. Lifetime LTCI costs, which were estimated among deceased
individuals, showed similar trends. This suggests that postponing the onset of functional

disabilities or death did not cause the differences in costs.
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On the other hand, for volunteer activities, less frequent (rather than very frequent)
participation resulted in lower LTCI costs. In Japan, it has often been mentioned that a
portion of those participating in volunteer activities shoulder excessive burdens in terms
of supporting those activities, and official Japanese statistics have revealed that half of
older adults preferred volunteer activities that do not constrain their time.** Our results
also suggest that being forced to take part in volunteer activities, which is counter to the
intended meaning of volunteering, might not necessarily protect the participant’s health,
even though participating in and of itself has preventive effects.

It is clear that this study has public health implications. For example, one systematic
review mentioned that most local and national public health interventions are aimed at
cost saving,** and our results suggest that promoting participation in community
activities might have a non-ignorable cost-containment effect. More specifically, 21.8%
and 12.7% of the respondents, or about 2,240 and 1,300 people, in this municipality may
have been participating in hobby or sports groups at least once a week. If those numbers
were 10% higher (approximately 220 and 130 people), it may have been possible to
reduce the cumulative cost of LTCI services by approximately 780 to 800, and 630 to
790 thousand USD, respectively, over an 11-year period. It is important to note that each
activities discussed in this paper are not special programs, and that all of them are already
common in Japan. Hence, the additional expenditures to be borne by the public sector
would be comparatively minor. It is also suggested that an accumulation of cost impact
analyses might be meaningful in terms of public health and community work research.
Furthermore, our findings might even be an underestimation because less frequent
categories for each type of social participation tend to result in higher mortality rates.
Our study has several limitations and strengths. First, due to restricted data accessibility,
we could not analyze medical care costs, which is significant because a previous study
mentioned that medical care and LTC expenditures have a weak, but negative,
relationship.*® However, to the best of our knowledge, our study is the first to
demonstrate that social participations among older adults might help lower subsequent
LTCI costs. Second, we assessed social participation variables and covariates only at the

baseline. More specifically, our study only analyzed healthy older adults, excluding
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those with physically and cognitively disabilities. We also controlled for multiple health
dimensions and other covariates by adopting several statistical techniques. However,
since the baseline survey was based on a self-reported questionnaire, we cannot deny
the possibility of reverse causation. Third, generalizability might be limited by the fact
that our study was conducted in one municipality, even though the proportions of older
adults and certified LTC levels between the subject area and the national average are
roughly the same. Furthermore, selection bias might have occurred because the response
rate in our baseline survey was not high (53.4%). However, there are important

conclusions that can be drawn from an analysis of merged individual data from this

questionnaire regarding social life and public receipt data as they pertain to LTC services.

Fourth, there might be measurement bias regarding the actual social participation levels
because the data were derived solely from responses to the self-reported questionnaire.
Although our indicators have often been used in previous surveys, it is possible that the
self-reported activities do not reflect actual participation levels. To assess the frequency
and role of these groups, future research should examine interactions among

participating members using more objective indicators.
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Tab.1 Characteristics of respondents

Cumulative cost of

oNOYTULT D WN =

Total LTCI services in
11 years (1000USD) P
% Mean £+ SD p

Sex®

Male 52.0 7.7+248

Female 48.0 18.7+44.8 <.001
Age?

(Mean+SD) (73.4£6.2)

65-74 61.3 6.3+252

75-84 333 23.0+47.2

85+ 54 39.1+£564 <.001
Disease and/or impairment

None 27.2 10.9+35.5

Presence ® 64.6 14.3+37.8

Missing 8.3 17.7+39.7 =.001
Years of education ®

<6 2.7 30.7+57.6

6-9 41.9 12.4+34.9

10-12 24.8 13.1+37.2

13+ 32.2 11.1+£333

Missing 10.7 23.2+48.8 <.001
Equivalent income (1000USD) @

<20.0 36.0 12.2+36.5

20.0-39.9 27.3 9.5+30.5

40.0+ 6.8 12.0+35.5

Missing 29.9 19.6£43.6 <.001
Marital status ®

Married 69.2 9.2+£29.7

Widowed 21.4 24.8 £ 50.2

Divorced 1.7 11.0+27.9

Never married 2.0 27.4 £ 60.1

Missing 5.7 22.7+£459 <001
Living situation®

Living alone 10.7 23.8+£50.9

With spouse only 36.5 9.6 £30.1

With child 22.7 12.9+£359

With others 25.6 14.6 +£39.7

Missing 4.6 213+41.6 <001
Self rated health ®

Excellent 6.0 7.9 £30.5

good 61.7 11.5+34.5

Fair 22.5 18.2+£43.0

Poor 5.1 21.7+45.6

Missing 4.7 18.9+399 <.001
TOTAL 100.0 13.7+374

a) These variables are based on baseline questionnaire survey.
b) A breakdown of proportion was as follows: one=32.1%,
and over=1.9%,
unknown=11.2%These variables are based on baseline

two=15.2%, three=4.2%, four

questionnaire survey.

For peer review only - http://bmjoped®mj.com/site/about/guidelines.xhtml


http://bmjopen.bmj.com/

Page 19 of 27

oNOYTULT D WN =

BMJ Open

Tab.2 Average duration of care giving at follow-up period by social participation »

ALLY Care Lvl+ Care Lv2+ Care Lv3+ Care Lv4+ Care LvS5
n Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD) Mean (SD)
Hobby activities group
Never 2833 14.1(25.8) 9.8(21.4) 7.1(17.6) 4.0 (12.5) 2.2 (8.5) 0.8 (4.6)
A few times a year 259 9.0 (194) 5.6(15.7) 35(99) 18 (64) 12 (53) 0.6 (4.1)
Once or twice a month 524 10.7 (21.8) 6.1(16.6) 4.6(14.4) 2.7 (10.2) 1.6 (7.5 0.6 (3.7)
Once a week + 972 10.6 (21.8) 6.2(16.6) 4.1(13.2) 22 (9.3) 1.0 (6.0 0.4 (3.0)
p <.001 p <.001 p <001 p <001 p =.019 p =.026
Sports group or club
Never 3716 13.7 (25.1) 93(20.7) 6.6(17.0) 3.8 (12.1) 2.1 (84) 0.8 (4.6)
A few times a year 91 7.5 (19.6) 5.6(18.4) 4.8(16.5 2.8 (12.0) 1.2 (5.5) 0.8 (5.0)
Once or twice a month 125 6.0 (17.3) 3.3(13.4) 2.7(12.5) 14 (69) 05 (26) 0.2 (1.4
Once a week + 572 7.2 (18.1) 3.8(12.8) 24(9.8) 10 (54 0534 0.1 (1.0
p <.001 p <.001 p <.001 p <001 p <001 p =.005
Volunteer group
Never 3899 129 (24.4) 8.6(20.0) 6.1(16.4) 3.5 (11.6) 19 (7.9) 0.7 (4.3)
A few times a year 194 7.1 (17.3) 3.9(12.8) 29(11.1) 1.6 ( 83) 1.1 (7.7) 0.7 (5.6)
Once or twice a month 193 99 (21.6) 6.1(17.0) 43(13.3) 20 ( 89) 1.1 (7.2) 04 (2.7)
Once a week + 122 64 (17.5) 39(124) 3.1(109) 16 (69 08 (3.2) 0.2 (1.5
p <.001 p <001 p <001 p <001 p =.019 p =.165

Unit: month SD: Standard deviation

a) This is including certification for long-term care level from support level 1 to care level 5.
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Tab.3 Differences of cumulative cost in LTCI services in a 11-years follow-up period by
social participation

OLS *b IPI\\IIVI \ngth |
. Mean Cool Cool Mortality
(95%CI) (95%CI)
Hobby activities group
Never 2833  14.6 ref. ref. 30.8
A few times a year 259 6.6 -32 - 35 28.0
(-6.7t00.2) (-8.1to1.2)
Once or twice a month 524 10.2 - 2.8% -22 21.7
(-5.8t00.7) (-5.6t01.2)
Once a week + 972 9.4 - 3.6%* - 3.5% 19.5
(-6.0t0-1.3) (-6.2 t0 -0.8)
Sports group or club
Never 3716 139 ref. ref. 29.1
A few times a year 91 9.3 2.5 1.8 18.7
(-49t09.9) (-5.8t09.4)
Once or twice a month 125 4.8 - 33 - 42 16.1
(-7.6t09.4) (-10.7 to 2.3)
Once a week + 572 52 - 4.9%** - 6.1%%* 18.6
(-6.9t0-2.8) (-9.31t0-2.8)
Volunteer group
Never 3809 12.7 ref. ref. 28.4
A few times a year 194 4.8 - 4. 1% -39 20.7
(-7.1t0-1.0) (9.1to 1.3)
Once or twice a month 193  10.0 1.9 1.5 12.7
(-29t06.7) (-3.8t06.7)
Once a week + 122 5.9 - 0.7 - 14 11.5
(-45t03.1) (-79t05.1)

**% p< 001 ** p<.01 * p<.05 1 p<.10  Unit: 1000USD

OLS: Ordinal least squares, IPW: Inverse probability weighting, MI: Multiple imputation, CI: Confidential interval

a) Missing values in control variables were included as a dummy variable.

b) The result was controlled by sex, age, disease and/or impairment, years of education, equivalent income, marital status,
living situation, self rated health at baseline.

¢) Multiple imputation by chained equations was performed using sex, age, disease and/or impairment, years of education,
equivalent income, marital status, living situation, self rated health at baseline (m=20).

d) The generalized propensity scores were calculated using multinominal regression analysis using all previously listed
potential confounders: sex, age, disease and/or impairment, years of education, equivalent income, marital status, living
situation, self rated health.
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Baseline survey

11-year follow-up

BMJ Open

Enrollments for questionnaire survey
(n=10,274)
Complete enumeration for functionally independent older adults
from government database of public LTCI (March, 2006)

--> No response (n=4,791)

Respondents
(n=5,483 response rate=53.4%)

To merge based on encrypted insurance 1D

Long-term care insurance

receipt data
From April 2006 to January 2017

The duration of care giving and the costs of used
LTC services were derived.

Respondents who lacked information on sex and age
(n=42), who moved out from their residence (n=38), and
who had been certified for LTCI before the survey (n=20).

-->

Analyzed population
(n=5,377)
Consequence in the follow-up period

LTCI service use: n=1,637(30.4%)
Death: n=1,529 (28.4%)

Figure 1: Flow chart of respondent selection.

242x261mm (300 x 300 DPI)
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Table S1. Differences of cumulative cost in LTCI services by OLS with MI, and GLM

BMJ Open

GLM * OLS with MI %9
I Marginal effect Coef.
(95%CI) (95%CI)
Hobby activities group
Never 2833 ref.
A few times a year 259 - 19 - 3.1¢
(-11.0to 7.2) (-6.6 t0 0.3)
Once or twice a month 524 -33 - 2.9%
(-8.7t02.2) (-5.8t00.1)
Once a week + 972 - 3.5% - 3.7%
(-7.3 10 0.3) (-6.0 to -1.3)
Sports group or club
Never 3716 ref.
A few times a year 91 10.9 2.7
(-14.3t0 36.1) (-4.6 to 10.0)
Once or twice a month 125 - 50 -35
(-17.8 t0 7.9) (-7.8t0 0.7)
Once a week + 572 - 7.0%* - 4.9%%*
(-11.2t0 -2.9) (-6.9 t0 -2.9)
Volunteer group
Never 3899 ref.
A few times a year 194 - 9.4%%* - 4.3%%*
(-14.1 to -4.6) (-7.3t0-1.2)
Once or twice a month 193 2.3 1.9
(-8.9 to 13.6) (-2.9 t0 6.8)
Once a week + 122 - 2.8 - 0.5
(-11.1t0 5.6) (-44t03.3)

##% p< 001 #* p<.01 * p<.05 T p<.10  Unit: 1000 USD

GLM: Generalized linear model, OLS: Ordinal least squares, MI: Multiple imputation, CI: Confidential interval

a) Missing values in control variables were included as a dummy variable.

b) Each model was controlled by sex, age, disease and/or impairment, years of education, equivalent income, marital status,

living situation, self rated health at baseline.

¢) Multiple imputation by chained equations was performed using sex, age, disease and/or impairment, years of education,
equivalent income, marital status, living situation, self rated health at baseline (m=20).
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Table S2. C statistics by multinominal regression model

Hobby activi- Sports group Volunteer
ties group or club group

A few times a year vs Never 0.664 0.757 0.637
9 Once or twice a month vs Never 0.665 0.695 0.681
10 Once a week + vs Never 0.662 0.645 0.713

oNOYTULT D WN =

C statistics by multinominal regression model in order to calculate generalized propensity
13 scores were not high: hobby activities group=.662 to .665, sports group or club=.645 to .757,
14 volunteer group=.637 to 713. However, it is not necessarily to mean undesirable model, be-
15 cause the goal of a propensity score model is to efficiently control confounding, not to predict
16 treatment or exposure.?®
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Table S3. Differences of lifetime cost in LTCI services by social participation among deceased person

OLS ™

GLM Y

After Multiple Imputation ©

OLS? IPW 9
I Mean Coef. Marginal effect Coef. Coef.
(95%CI) (95%CI) (95%CI) (95%CI)
Hobby activities group
Never 861 19.2 ref. ref. ref.
A few times a year 72 9.7 - 6.0* - 5.6 - 5.6 - 4.7
(-11.9to - 0.1) (-14.9 to 3.8) (-11.6t00.3) (-13.7to 4.4)
Once or twice a month 113 15.8 - 2.0 - 09 - 2.1 -24
(-9.1to0 5.1) (-9.3 to 7.6) (-9.2 t0 4.9) (-9.8 t0 4.9)
Once a week + 188 12.2 - 5.3% -39 - 5.4% - 5.7%
(-10.1 to -0.4) (-7.31t00.3) (-10.2t0-0.5) (-11.6t00.3)
Sports group or club
Never 1066 19.1 ref. ref. ref.
A few times a year 17 43 - 8.9%** - 17.8%%* - 8.6%** - 94
(-13.7t0o-4.1)  (-22.8t0-12.8) (-14.1t0-3.0) (-27.3t0 8.4)
Once or twice a month 20 4.0 - 8.6%* - 18.5%** - 9. 1%* - 10.1
(-14.8t0-2.4) (-24.0t0-13.0) (-153t0-2.8) (-26.6106.4)
Once a week + 105 5.4 - 9.7F** - 11.4%* - 9.4%** - 11.1%*
(-13.8t0 -5.7) (-17.8t0-49) (-134t0-54) (-18.6t0-3.5)
Volunteer group
Never 1091 16.9 ref. ref. ref.
A few times a year 40 11.2 - 1.8 -59 - 1.7 - 20
(-12.4 to 8.8) (-18.8 to 7.0) (-12.6t09.2)  (-13.7 t0 9.8)
Once or twice a month 24 20.6 6.2 10.2 7.1 7.6
(-14.9t027.2) (-22.5t042.9) (-13.9t028.0) (-7.4t022.7)
Once a week + 14 9.3 - 4.6 - 12.5%* - 5.1 - 34
(-16.8 t0 7.7) (204t0-4.7) (-18.1t07.8) (-23.0t0 16.2)

Page 24 of 27

*¥** p<.001 *¥* p<.01 * p<.05 { p<.10 Unit: 1000USD

OLS: Ordinal least squares, GLM: Generalized linear model, IPW: Inverse probability weighting, CI: Confidential interval

a) Missing values in control variables were included as a dummy variable.

b) Each model was controlled by sex, age, disease and/or impairment, years of education, equivalent income, marital status, living situation, self rated health at baseline.

¢) Multiple imputation by chained equations was performed using sex, age, disease and/or impairment, years of education, equivalent income, marital status, living situation, self rated health at
baseline (m=20).

d) The generalized propensity scores were calculated using multinominal regression analysis using all previously listed potential confounders: sex, age, disease and/or impairment, years of educa-
tion, equivalent income, marital status, living situation, self rated health. C statistics were as follows: hobby activities group=.640 to .665, sports group or club=.645 to 757, volunteer group=.637
to 713.
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Reporting checklist for cohort study.
Based on the STROBE cohort guidelines.

Instructions to authors

Complete this checklist by entering the page numbers from your manuscript where readers will find
each of the items listed below.

Your article may not currently address all the items on the checklist. Please modify your text to
include the missing information. If you are certain that an item does not apply, please write "n/a" and
provide a short explanation.

Upload your completed checklist as an extra file when you submit to a journal.

In your methods section, say that you used the STROBE cohort reporting guidelines, and cite them
as:

von EIm E, Altman DG, Egger M, Pocock SJ, Gotzsche PC, Vandenbroucke JP. The Strengthening
the Reporting of Observational Studies in Epidemiology (STROBE) Statement: guidelines for
reporting observational studies.

Page

Reporting ltem Number

Title #1a Indicate the study’s design with a commonly used term in the 1
title or the abstract

Abstract #1b  Provide in the abstract an informative and balanced summary 2
of what was done and what was found

Background / #2 Explain the scientific background and rationale for the 4

rationale investigation being reported

Objectives #3 State specific objectives, including any prespecified 5
hypotheses

Study design #4 Present key elements of study design early in the paper 6

Setting #5 Describe the setting, locations, and relevant dates, including 6
periods of recruitment, exposure, follow-up, and data collection

Eligibility criteria  #6a  Give the eligibility criteria, and the sources and methods of 6

selection of participants. Describe methods of follow-up.
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56

Variables

Data sources /
measurement

Bias
Study size

Quantitative
variables

Statistical
methods

Participants

Descriptive data

#6b

#7

#8

#9

#10

#11

#12a

#12b

#12c

#12d

#12e

#13a

#13b

#13c

#14a

BMJ Open

For matched studies, give matching criteria and number of
exposed and unexposed

Clearly define all outcomes, exposures, predictors, potential
confounders, and effect modifiers. Give diagnostic criteria, if
applicable

For each variable of interest give sources of data and details of
methods of assessment (measurement). Describe
comparability of assessment methods if there is more than one
group. Give information separately for for exposed and
unexposed groups if applicable.

Describe any efforts to address potential sources of bias
Explain how the study size was arrived at

Explain how quantitative variables were handled in the
analyses. If applicable, describe which groupings were chosen,
and why

Describe all statistical methods, including those used to control
for confounding

Describe any methods used to examine subgroups and
interactions

Explain how missing data were addressed
If applicable, explain how loss to follow-up was addressed
Describe any sensitivity analyses

Report numbers of individuals at each stage of study—eg
numbers potentially eligible, examined for eligibility, confirmed
eligible, included in the study, completing follow-up, and
analysed. Give information separately for for exposed and
unexposed groups if applicable.

Give reasons for non-participation at each stage
Consider use of a flow diagram

Give characteristics of study participants (eg demographic,
clinical, social) and information on exposures and potential
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#14b

#14c

Outcome data #15

Main results #16a

#16b

#16¢

Other analyses #17

Key results #18
Limitations #19
Interpretation #20

Generalisability #21

Funding #22

BMJ Open

confounders. Give information separately for exposed and
unexposed groups if applicable.

Indicate number of participants with missing data for each
variable of interest

Summarise follow-up time (eg, average and total amount)

Report numbers of outcome events or summary measures
over time. Give information separately for exposed and
unexposed groups if applicable.

Give unadjusted estimates and, if applicable, confounder-
adjusted estimates and their precision (eg, 95% confidence
interval). Make clear which confounders were adjusted for and
why they were included

Report category boundaries when continuous variables were
categorized

If relevant, consider translating estimates of relative risk into
absolute risk for a meaningful time period

Report other analyses done—e.g., analyses of subgroups and
interactions, and sensitivity analyses

Summarise key results with reference to study objectives

Discuss limitations of the study, taking into account sources of
potential bias or imprecision. Discuss both direction and
magnitude of any potential bias.

Give a cautious overall interpretation considering objectives,
limitations, multiplicity of analyses, results from similar studies,
and other relevant evidence.

Discuss the generalisability (external validity) of the study
results

Give the source of funding and the role of the funders for the
present study and, if applicable, for the original study on which
the present article is based

N/A

10

N/A

N/A

10

12

13

12-13

13

14

The STROBE checklist is distributed under the terms of the Creative Commons Attribution License
CC-BY. This checklist was completed on 25. May 2018 using http://www.goodreports.org/, a tool

made by the EQUATOR Network in collaboration with Penelo;%e.ai
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