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studies as a measure of incident functional disability in the eilderly (Aida
et al., 2012; Hozawa et al,, 2010; Tomata et al., 2012). As the economic
burden of taking care of older people with disability is increasing
(Ministry of Health, 2012), studies of modifiable risk factors of function-
al disability have become necessary. To our knowledge, no prospective
study has yet investigated the relationship between changes in physical
activity since middle age and the risk of incident functional disability.
Furthermore, the doubts of benefits of increasing or maintaining physi-
cal activity could result from younger age, better motor function or
higher intensity of physical activity in men which allow those subjects
to be more active than the others have not been well clarified.

In the present study, we chose to focus on walking, which is the
most common type of physical activity among middle-aged or older in-
dividuals. Our previous studies have shown that spending a longer time
walking per day is associated with lower medical costs and increased
longevity (Fujita et al., 2004; Nagai et al., 2011; Tsuji et al., 2003). The
objective of the present study was to investigate changes in time
spent walking in relation to the risks of incident functional disability
in a large community-dwelling population in Japan.

Methods
Study cohort

The present investigation used data from a population-based longitudinal
study conducted in Ohsaki, a northern non-coastal rural area of Miyagi Prefec-
ture, northeastern Japan. Between October and December 1994, all National
Health Insurance beneficiaries aged 40 to 79 years who lived in the catchment
area of Ohsaki Public Health Center (including one city and 13 towns) were
invited to take part in a health survey with self-administered questionnaire on
various lifestyle habits (1994 Survey) (Nagai et al,, 2011; Tsuji et al., 2003).
Among 54,996 eligible individuals, 52,029 (94.6%) responded.

During a period when a municipal merger occurred, one city and 6 towns in
the study area were merged into a single new municipality, Ohsaki City, on 31
March 2006. Thereafter, we conducted a health survey on the citizens of Ohsaki
City. Between 1 December and 15 December 2006, a self-administered ques-
tionnaire was distributed to subjects aged 65 years or older based on the Resi-
dential Registry for Ohsaki City (2006 Survey) (Koyama et al., 2010; Kuriyama
et al,, 2010; Nakaya et al., 2013; Tomata et al., 2012). Among 23,132 eligible in-
dividuals (aged 53 years or older in 1994 Survey), 12,676 (54.8%) responded.
We considered the return of completed questionnaires to imply consent to
participate in the 2006 Survey, and subsequent death and emigration were
followed up. We also confirmed information regarding LTCI certification status
after obtaining written consent from the subjects. The study protocol was
approved by the Ethics Committee of Tohoku University School of Medicine.

For the present analysis, we further excluded 3610 persons who did not pro-
vide written consent for review of their LTCI information, one person who had
been died, 973 persons who had already been certified as having disability by
the LTCI at the time of the baseline survey, and 915 persons for whom responses
to the questions on walking were missing. Thus, a final total of 7177 responses
were analyzed for the purposes of this study.

Classification of exposures

Time spent walking was evaluated on the basis of the response to a specific
question, ‘How long do you walk a day, on average?’ in both the 1994 and 2006
Surveys, and the subjects were asked to choose one out of three responses: ‘1 h
or more', 30 min to 1 b’ or ‘30 min or less’. The validity of self-reported time
spent walking had been reported previously, which indicated that self-
reported walking time was reasonably reproducible and sufficiently valid for
studying the health effects of walking (Fujita et al,, 2004; Nagai et al., 2011;
Tsubono et al., 2002; Tsuji et al,, 2003). According to the “Global Recommenda-
tions of Physical Activity for Health” developed by the WHO, at least a total of
150 min or 30 min of moderate-intensity activity 5 times per week is suggested
for all adults {(WHO, 2010). Therefore, participants who spent more than 30 min
per day walking were considered to be active in this study. As shown in Table 1,
four categories of changes in time spent walking were defined for each partici-
pant by his/her answers in 1994 and 2006: remained inactive (<30 min in both
1994 and 2006); became inactive (>30 min in 1994 and <30 min in 2006);

Table 1
Categories of changes in time spent walking (December 2006, Ohsaki City, Miyagi
Prefecture, Northeastern Japan).

Time spent walking per day 2006 survey
>30 min >30 min
1994 survey <30 min Remained inactive Became active
<30 min Became inactive Remained active

became active (<30 min in 1994 and >30 min in 2006); and remained active
(=30 min in both 1994 and 2006).

Follow-up and case ascertainment

The primary endpoint for the present analysis was incident functional dis-
ability defined as newly qualifying for LTCI certification and registration on
the public LTCI database between 16 December 2006 and 30 November 2011.
We collected LTCI certification data every year from the public LTCI database
maintained by Ohsaki City. LTCI is a form of mandatory social insurance aimed
at assisting the frail.and elderly with daily activities (Ikegami, 1997; Imai
et al,, 2008; Ministry of Health, 2012; Tsutsui and Muramatsu, 2005). People
aged 65 years or older who require assistance with ADL are eligible to apply
for formal caregiving services, and undergo assessment by well-trained care
managers based on a questionnaire developed by the Ministry of Health, Labour
and Welfare. On the basis of standardized scores for functional and cognitive im-
pairment calculated from the questionnaire and based on physician's judgment
report including the elderly's disease status, physical and cognitive status and
performance-based measures, the eligibility of applicants for insurance benefits
is judged by the Municipal Certification Committee. LTCI certification has been
used in previous epidemiological studies as a measure of incident functional dis-
ability in the elderly (Aida et al,, 2012; Hozawa et al,, 2010; Tomata et al,, 2012).

All participants were followed up by reviewing information on the date of
LTCI certification, death, or emigration from Ohsaki City, which had been trans-
ferred yearly each December from the Ohsaki City Government under an agree-
ment related to Epidemiological Research and Privacy Protection.

Statistical analysis

The person-years of follow-up were calculated from 16 December 2006 to
the date of incident functional disability, date of emigration from Ohsaki City,
date of death, or 30 November 2011, whichever occurred first. Cox proportional
hazards regression analysis was used to investigate the hazard ratios (HRs) and
95% confidence intervals (Cls) for incident functional disability according to
changes in time spent walking, treating participants who had remained inactive
as the reference category.

The following variables in the 2006 Survey, which were thought to be unfa-
vorable conditions for being active and may be related to incident functional
disability, were considered as potential confounders: age (in years), sex (men
or women), body mass index (in kg/m?), history of diseases (stroke, hyperten-
sion, myocardial infarction, arthritis, osteoporosis, cancer, falls or fractures),
education level (junior high school, high school, or college or higher), smoking
status (never smoked, smoked in the past, currently smoking <20 cigarettes/
day or currently smoking >20 cigarettes/day), alcohol consumption (never
drank, drank in the past or currently drinking), pain (none or mild pain, moder-
ate pain or more), and motor function score based on the Kihon Checklist.

To assess whether the risk of incident functional disability associated with
changes in time spent walking differed by gender, age or subjects’ motor func-
tion, we further stratified the participants according to gender (men versus
women), age at the time of the 2006 Survey (65-74 years versus >75 years)
and motor function (without limitation versus with limitation). Motor function
limitation was defined by a motor function score of 3 points or more based on
the Kihon Checklist completed in the 2006 Survey. The motor function score
based on the Kihon Checklist has been evaluated previously and shown to
have predictive validity for functional disability (Fukutomi et al., 2013;
Tomata et al., 2011). Statistical evidence for differences in effect between
these subgroups was assessed on the basis of log-likelihood ratio tests of
interaction.

All statistical analyses were performed using the SAS software package
(version 9.2; SAS Institute, Inc., Cary, North Carolina, USA). All statistical
tests described here were 2-sided, and differences at P < 0.05 were accepted
as significant.
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Results

From 1994 to 2006, 13.0% of the study participants remained inac-
tive, 22.5% became inactive, 11.6% became active, and 52.9% remained
active. The baseline characteristics of participants according to the
changes in time spent walking categories are summarized in Table 2.
Compared with the rest of the study participants, those who had be-
come active were younger, included a higher proportion of men, includ-
ed a higher proportion of current drinkers, were less likely to have a
history of myocardial infarction, osteoporosis or cancer, and were less
likely to have pain and motor function limitation.

During the 5 years of follow-up from 16 December 2006, we docu-
mented 712 incident functional disability (9.9%), 619 deaths (8.6%)
and 59 losses to follow-up (0.8%) because of emigration. Table 3
shows the multivariate-adjusted HRs for incident functional disability
according to the changes in time spent walking categories. In compari-
son with individuals who remained inactive, those who became active
had a 31% lower risk of incident functional disability (HR = 0.69, 95%
Cl: 0.49-0.98), and those who remained active had a 36% lower risk of
incident functional disability (HR = 0.64, 95% Cl: 0.50-0.82). The risk
of incident functional disability among individuals who became inactive
was similar to that for individuals who remained inactive. Furthermore,
we repeated the analyses after excluding individuals whose disability
event occurred in the first year of follow-up (Model 3), When we
excluded 253 such participants, the associations became slightly
weaker but did not change substantially. The multivariate-adjusted
HRs (95% Cls) for incident functional disability were 0.89 (0.66-1.19)
for individuals who became inactive, 0.75 (0.50-1.12) for those who be-
came active, and 0.64 (0.48-0.85) for those who remained active.

Table 4 shows the associations between changes in time spent
walking and incident functional disability, after stratification by gender
(men versus women), age at the time of the 2006 Survey (65~74 years
versus >75 years) and motor function (without limitation versus with
limitation). The associations did not vary substantially between men
and women (p for interaction = 0.71). In women, became active or
remained active was associated with a lower risk of incident functional
disability, with HRs (95% Cls) of 0.61 {0.39-0.96) and 0.60 (0.44-0.80),
respectively. Similar results were observed in men, but were not

Table 2
Baseline characteristics of participants according to the changes in time spent walking
categories (December 2006, Ohsaki City, Miyagi Prefecture, Northeastern Japan).

Remained Became  Became  Remained P-value®
inactive  inactive  active active
Number at risk 937 1614 832 3794
Age, mean (SD), years 758 (5.7) 761 740 74.2 (5.5) <0.0001
(5.8) (5.5)
Men (%) 433 413 469 45.9 0.0072
Body mass index, mean 239 (35) 236 237 234(3.3) 00011
(SD), kg/m? (3.8) (33)
Current smoker (%) 124 14.0 124 135 0.7339
Current drinker (%) 336 30.2 388 373 <0.0001
Education until age 15 (%) 29.3 336 315 301 02239
History of diseases (%)
Stroke 37 39 33 22 0.0021
Hypertension 471 50.7 422 40.1 <0.0001
Myocardial infarction 6.2 63 42 47 0.0244
Arthritis 203 19.0 15.1 14.8 <0.0001
Osteoporosis 14.1 134 85 9.7 <0.0001
Cancer 12.0 102 6.9 74 <0.0001
Falls or fractures 17.8 189 180 15.2 0.0036
Moderate pain ormore (%) 36.8 374 240 247 <0.0001
Motor function limitation 38.3 40.6 180 16.7 <0.0001
(%)P°

2 P-values were calculated by analysis of variance or chi-square test.

> with three points or more to the following five motor function questions in Kihon
Checklist: ‘Are you able to go upstairs without holding rail or wall?’, ‘Are you able to
stand up from the chair without any aids?’, ‘Are you able to keep walking for about
15 min?’, ‘Have you fallen down during the past year?’, ‘Do you worry about falling
down?.

statistically significant. The risks of incident functional disability were
not altered significantly by age (p for interaction = 0.10). The
multivariate-adjusted HRs (95% Cls) for individuals who became active
were 0.58 (0.24-1.37) for those aged 65-74 years and 0.73 (0.50~1.06)
for those aged =75 years. Furthermore, irrespective of whether or not
participants had motor function limitation, those who became active
tended to have a lower risk of incident functional disability (p for
interaction = 0.97). The multivariate-adjusted HRs (95% Cls) for be-
came active were 0.75 (0.47-1.19) for individuals without motor func-
tion limitation and 0.69 (0.41-1.18) for those with motor function
limitation, although this was not statistically significant.

Discussion

In this large longitudinal population-based study of Japanese
community-dwelling elderly, we observed that an increase in time
spent walking among sedentary middle-aged adults was significantly
associated with a lower risk of incident functional disability. Even in
those who were very old or with limited motor function, becoming ac-
tive from middle age tended to be associated with a lower risk of inci-
dent functional disability.

These results were consistent with previous longitudinal studies
based on self-reported physical activity levels at different time points
and subsequent functional status (Berk et al., 2006; Brach Js, 2003;
Gretebeck et al., 2012; Wannamethee et al., 2005). Those studies
found that in comparison with people who had always been inactive
since middle age, those who increased their physical activity had better
physical performance or lower disability scores in old age. In the present
study, after 5 years of follow-up, we noticed that in a senior population
aged more than 65 years, not only those who remained active also those
who became active had lower risks of incident functional disability, than
those who remained inactive for the previous 12 years. Furthermore,
for those who became inactive, the risk of incident functional disability
was similar to those who remained inactive, which was consistent with
those of previous studies about changes in physical activity level and
mortality (Balboa-Castillo et al,, 2011; Gregg et al., 2003).

The British Regional Heart Study observed that the protective effects
of maintaining or increasing physical activity against risks of mobility
limitation were largely attenuated following adjustment for chronic dis-
eases and clinical symptoms (Wannamethee et al., 2005). In the present
study, after adjusting for possible confounders including history of dis-
eases, body pain and motor function status, we found that an increase
in time spent walking among sedentary middle-aged adults was still
significantly associated with a lower risk of incident functional disabili-
ty. Furthermore, the associations did not vary substantially by gender,
age or motor function. This is important because it suggested that the
lower risks of incident functional disability associated with increasing
or maintaining physical activity level was not only a result of younger
age, better motor function or higher intensity of physical activity in
men. In our study population, even among individuals who were more
than 75 years old or with motor function limitation, older adults who
remained active since middle age had a significantly lower risk of inci-
dent functional disability. Therefore, even for those who may find it dif-
ficult to be physically active, maintaining or adopting an active lifestyle
should be continuously promoted.

Most previous studies examining the health effect of changes in
physical activity were focused on longevity (Balboa-Castillo et al.,
2011; Gregg et al,, 2003; Petersen et al.,, 2012; Schnohr et al., 2003; Tal-
bot et al., 2007; Wannamethee et al., 1998). In the present study, we
also observed that in comparison with individuals who remained inac-
tive, those who became active tended to have lower risk of ali-cause
mortality (HR = 0.78, 95% Cl: 0.54-1.09) (data not shown). We further
observed that individuals who became active and those who remained
active were also associated with a reduced risk of incident functional
disability. The present study has expanded knowledge in this field be-
cause it showed that maintaining or adopting an active lifestyle not
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Table 3
Hazard ratios (HRs) and 95% confidence intervals (Cis) for incident disability according to the changes in time spent walking categories (December 2006, Ohsaki City, Miyagi Prefecture,
Northeastern Japan).
No. of cases Person-years Model 1 Model 2 Model 3
HR (95% C1)* HR (95% CI)P° HR (95% CI)°
Remained inactive 134 3924 1.00 1.00 1.00
Became inactive 252 6679 1.14 (0.96-136) 0.98 (0.78-1.25) 0.89 (0.66-1.19) .
Became active 62 3779 0.62 (0.46-0.84) 0.69 (0.49-0.98) 0.75 (0.50-1.12)
Remained active 264 17,266 0.56 (0.45-0.68) 0.64 (0.50-0.82) 0.64 (0.48-0.85)

2 Model 1 was adjusted for age (years), sex.

b Model 2 was adjusted for age (years), sex, BMI (kg/m?), history of stroke (yes/no), history of hypertension (yes/no), history of myocardial infarction (yes/no), history of arthritis (yes/
no), history of osteoporosis (yes/no), history of cancer {yes/no), history of falls or fractures (yes/no), education (junior high school or less, high school, or college or higher), smoking status
(never smoked, smoked in the past, currently smoking <20 cigarettes/day or currently smoking >20 cigarettes/day), alcohol consumption (never drank, drank in the past or currently
drinking), pain (none or mild pain, moderate pain or more) and motor function limitations (yes/no).

¢ Model 3 was further excluded people whose event of disability occurred in the first year of follow-up.

only improved longevity, also resulted in healthier aging. Thus, for
healthy aging, our message to those who are currently sedentary is
that it is never too late to start walking.

This study had several strengths in addition to its prospective nature
and large community-dwelling population base. First, we assessed the
effects of several important confounding factors on changes in time
spent walking and incident functional disability: history of diseases,
body pain and motor function status. Subgroup analysis of motor func-
tion status was also conducted to confirm that there was no interaction
between motor function limitation and time spent walking with inci-
dent functional disability. Second, the data on incident functional
disability were more accurate than self-reported information because
the outcome was obtained from the public LTCI database, which is
based on uniform nationwide criteria of functional disability, and thus
the data were considered reliable.

Several limitations should also be noted. First, we assessed walking
using a simple questionnaire in which we asked the participants to re-
port only the time spent walking and did not ask about walking pace,
distance walked or any distinction between walking for exercise and
other reasons, and there was no information about the reason of any
change in time spent walking. However, physical activity level was
noted to be affected by psychological distress and mental disorder in
previous studies (Bonnet et al., 2005; Muhsen et al., 2010). It may be
one reason for being or becoming inactive, where reverse causation
may not be totally avoided. Second, we did not investigate the causes
of functional disability in subjects who received LTCI certification.
Thus, the most effective component responsible for reduction of function-
al disability by becoming or remaining active will need to be clarified in
the future. Third, our endpoint could have been underestimated because
the qualification process for obtaining LTCI benefit requires voluntary
application. Furthermore, non-response bias and survival bias should be
considered because the incidence rate of functional disability in the

Table 4

present study (9.9%) was much lower than that for all Japan (17.3%)
(Ministry of Health, 2012).

Conclusion

An increase in time spent walking among sedentary middle-aged
adults was significantly associated with a lower risk of incident func-
tional disability. Even in those who were very old or with limited
motor function, becoming active from middle age tended to be associat-
ed with a lower risk of incident functional disability. Our results suggest
that, for healthy aging, active people should remain active as they age,
and for those who are currently sedentary, it is never too late to start
walking.
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FROLXTO0-)LEEENER

Feok BALAES

H8 5 435

EA7(CRAY BRIME 3K — MR

Bra702z7 b

LZ?‘S’ Yé')”r* hEgE v j} = % “/715)7\ FT)L*
EX B MGEDF RN

JYFR {7 T T T VP 150y
EE ER* &’ Bres* o —Hp*

BRY HEBEHECRTAMERI VAT O—)UE & BENERED) A7 L OBE®FjR & ak—F

WoIC L O TS &,

FE BT ERETXE » AHXO708 EOEREE (2,925A) KR L, EEERABEERHE
(B2 D FEZ ] 2 FRISFICT >/, Z2HE (958AN) D5 b, MAORESELNEN
FEREIEFLU TH - 78T N NG & L, FH21F 6 A £ T 6 EMBHL 2, MR
VAT — UL 5 G5, B0 5 5B (212-230 mg/dL) HEEEFHE L, ENERT
U A7 % Cox HPINF—FEFMICE DN —=FH (HR) L95%EEXME (95%Cl) »#HEH

L7

R 6 FHOBYRE C2UAPENERE EXZE 1~ENES) 2F 0/, MERIVATFO—
IEME & BENEREY A7 LOBICIBRIAOBE#EL DV, 805 HALEF (212-230 mg/dL)
TREFEL L CEEEFE L HR (95%CD 13177 mg/dL Kis#E (RIL5 028 T1.91
(1.23-2.98), 177-194 mg/dL #¥C1.36 (0.85-2.18), 195-211 mg/dL F£C0.99 (0.62-1.56),
231 mg/dL L EFFT1.38 (0.88-2.17) THo7z, iz, BEE CKIGEHR (CRP) HEMED
#H, DA - FERBEAERED 0 0%, HERESEBENOZ B LR Ch, nEEa
VAT — )VEE CENERT Y A7 OFRZ LR RO,

i B RTHRERZREL Ch, IBEBa VAT —IVEETERR Y A7 LR ETD,

Key words : MI{ER TV AT 00—, BNERE, BREHE, <~—1—

I #

s OEFFEREL, EAEREDOY 2T BER
ERBEELZLNTWAYY, & T CHEMRREHE
BT ANEFHEE TR, EBEREREBOBEFNS
BHEmE T RIRICGIE L, XEEREEE2TS
& TENBREBOBETHZBIEL TV 5Y,

MER TV AT —)UEE, —BE G MK
R=H—THY, KEROFEIREL KT % iFEY
ThHbH, MFERI VAT — Il & TR & OBEE
BRI E L OMFE TR, UFRERM ] 2R 4R
FTTEPRINTEYS?, MFRIL A5a—)b

i

*%gk#k?ﬁﬁ%ﬁﬂ%ﬂ&%@#ﬁ%&%ﬁi

Fo5E

*2 R REIRE R RR ARG SR

* EWALRF AL A T 0 AV - AH N VR
B - L E
L 0 T980-8575 lBETHEREBERT 2-1
WL RS AEREZ RIS SRR E AR
FOE B OBE

PEMTHEMETL, Y ARAIBERTLHEH
BN TN B0, ‘

—77, MEBRIV AT —)E L BENEREY A
7 L ORABEICEEd AR & o — SR, BEERT
13 L2 fThh Thnizy, FOEERIE, mEGo
VATFE—)UE L BOBEERSE S S DN 1 #10, B
BRI T DB 2 HF2DHY, FERIT—FHL T
Wi\, ZOMEE LT, UTOHEORERET
Db, Fhit, QBRI VAT — % &
FETHRHAL TSI &, QBEAEREDA RV b
BB CHERS B &, QR FORELR
T THAZ LR ETHD, bREOHBEEEE
BCBTAIETVABTHIHELL TS EIEE
VB,

KGR BRI, MFERD LV AT 10— UEPEAE
TREETH S LB, BNEREOREY X7
EBOLEDESPBRT A ETH S, FDID
B - X OO0 EOMIRIEFE D27 A% 6
FEREHL, MEBIVATFO—UE s BENERE
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436 Feo HALHHE HeE

Y A7 & OBEEIC W TR 2T - 7,
T WmEHEE

1. W5eE

VBRI T R PO o AP S 5 705K
Bk CPEi6sE 3 A3tHIGR) OY4H2,925 A
(BE - 1200 A, bk 1,714 0) 10, @ElbER e
BERERHAM [427: & O FE2 | OFEPIRETAL,
SERCISTE 7 S TE- & D) #EkL /o,
DL, WEOZLHEEISEA (B 4344, &
H :524A) C, BINRIE32.8% TH - 720

2T, SR, K, RN, fmRE, B
B, 5 Ofla), RAEERE, SHARBEGE, B, I
NG, AR S 2RI L 7,

2. FAHIEE

APFFECIA L2 EE, ()7 — i
R, SRIGIRDL, BEAEME (Bdasrb, FrHUREE, 2
Ao, FEIEA), (MEEUEE : MiEE o VAT 1 —)b
fE, 37 V7 3/ E, & C ISR D
(CRP), Alanine aminotransferase (ALT), Aspartate
aminotransferase (AST), Gamma-glutamyl transpep-
tidase (p-GTP), (3)Z DAl : Body Mass Index
(BMI), 5o, RAEEHE, SABGE, Skl
FEMERERO MR T 5,

MR 2 L AT m—) Ul FEZRIEIRHC I TR
D HEZERIMNL o sy, sty — o
L TIVICEREL, BERIEIC Ko THIEL 7o, IMTE
TIT I UAE, EREEE CRP, JFEEHE (ALT - AST -
y-GTP) & [AKRIC, BERFERILIC & 5 MM i % R
REMICEFEL, MB7IVTIVERTRLT Y
V=7 U =ik (BCGEE) KKk T, ERE
CRPET 7 v 7 ARIELEIEIC & - T, F#ERI
JSCC EFHEEALAIEIC & » THRE L 72,

C S OffMINE, Geriatric depression Scale (GDS) C
FEA A AT o 7o, B A0 B BE AR A 13 Mini-Mental
State Examination (MMSE) CaHli 24T - 7219,

B REERET Physical function scale of The Medical
Outcomes Study (MOS) Short-form General Health
Survey CRHii 1T - 7219, Th bt 7 BRFEDOH K
WBEILVDSY, EED [FRVCEEZ B4 515
BTESH ] FFkD [HFEEL EOHEE)EOTEE
BTED| EEIBELETINERPRIF & ERL
77
CREERREEZ N E, BEAT L EOHREEY
SHEICHEELTHE LW, 1 ADOKEKMBAAR LT
fifi L 72,

3. EHEAE

AW, HEREROFHENERE (ELE -

20134E 8 A15H

AT OFEE T/ FIRA R 8 LT, £/, FE
U L UEHIEITHE YD (censored case) & L7z,
IR DB P - A FET R P DB B 72
0, AR AT LOSCHTORMET L,
WG E AR N HEEC K AR 37, BAHERE
RUOTGHE, BT & FALKE K F PR REE
Bl 2B m e AR A A 5 B & O PRAT SNt 1 2 1
T X, frEFATICENERE O R OME Y 5
FESBOGE LU ARB L2 BT, FIs4E7 A1 Ad
G214 6 A30H & TORGEEA L &, AR
TEDRE I DWW T OB A 521 /o,

4. FEEHEKT

B BRERHT O 2958 AD S B, 948 AHSHRSE
KHBE Lz, 205, BEAWRTEICEE S A5 Hmo

MM ORI E A, T CIC S MR ST 3

76N, FRMOIEFREL 1 A LUFRLT — 2 KA%E
0 A A BRI L7282 A (BHE396 N, LotE431A) %
MR & Lz,

AN ClIMER D U AT 0 —) Ul % 5 56 (177
mg/dL K, 177-194 mg/dL, 195-211 mg/dL, 212~
930 mg/dL, 231 mg/dL LA L) WAOMEL, ENHER
B Ay L OB AL /o, iFRa Vv ATE—
JVAE & A FERPET & OIS ] 78 U 8o
BIH A R4 T M BN TWA®D, HPH 5 oAk
B e (212-230 mg/dL) &L C, EHFTY—D
BNERENT — F I (HR) &95% B XM (952
CI) %, Cox WBINF—FE57 ) THE L 7,

FHETH L, - N R wIREL T
FIARETIVLE Lz, EFV 2, - Fi (GE
A RE), BBE (KK TROEE ; 1850
by usER, MEEE), RERH (RERES,
WY, SRR, WmE), SR B
%, Bk - JEREE, |EE), > OofERA
(GDS ; 14,50 F, 143K, MEIZ), RABLEE
(MMSE ; 24500 E, 24805k, MEZ), HEH
BE (MOS ; 0-5 &, 5 MLl E, E@E%), mE 7V
7 I VAE (3.8g/dL KW, 3.8g/dLELE), BMI
(25.03k%%5, 25.0B0 k), BEY—7— (BRE
CRP ; HitAE), BEMEBEERE (B0, &
L), BEMERE (Bzerh, BHERAE ; B, 2L) &
WKL, EFN3RETFT VML, FEE
(ALT - AST - y-GTP ; HfrA®E) LMFRI LR
FO—JUVBICEE Y5 2 5 5EERE (BA, FE
W B0, L) AR CSEEREETVEH
Wiz,

L EOZER & 4B BT VI AN/ BT
TOBDTH 5, FWBE T D2 BMI BHEW
T e, BEETHAC LW, T a— VERER
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BT B, BRBEREME T T A Z 20, RKEEWR
DAY, FFEBDAH L LidMERI LV AFO—
JAEBENC & EBEERD 5, o, BEIRIMERE
R MERI L AT O —IUMEAEWESRBL Tk
D, MEBIVATFO—)UERIY Fa—LahT
WHEBEMDBD B, Trks, K, BA, FHERA, IF
BBEDIEE (ALT - AST - y-GTP) IZ2>WTid,
HENOE BN L, BEFEAOEZT TORNTE
EWL 7o BRULFITICA WS (SR, BMI,
BUEERE, SRR, HAHERE, S IMUEVEEERA)
&, BAMENTCA W (RIES— 0 —{KfEDH
D&, BABEERL OFEDL, HEHEEEERELRL
DEDH, FFEENEEFENOZEDR) DT — X
RIBTHHEILCOWTIE, THTNOEN CRENTS
BIZED -T2 (Jzb21E, BERECBILT S
BEK, REROT—ABRIBTHEHHEL, JOF
g TN, TEFAOHTIMERI LV A
T B —)l 5 GBI B RMLITIC B wic e h 2 ho

HBE @QA5aU—) ZRL7DD (cross product

term) FEBEEIFETTIVICEMTHAL, BRI
1LfEmT L T HEROBITE, SEERECT IV (B
T 8) AW,

He0de HAAMEE

=

MiER D U AT 0 — ) UEL TOMENTE, et
Y7 I SAS Version 9.2 (SAS Inc.Cary NC) % i\
7oo o, PLO.0SHMATFHIERKESL L/,

5. fRENER

FREPIRIL, HALKFRZERE Z R R HmER
ZRSOEAREH/ TS (RREFS : 2002-040 F
B144E 5 A20H), EXE - ENERTRILOBL
B0, T8-&0TFHERZ] SROWMEHED
FERANORE, HMmiC X DESN/mERARROHRE
E~DORE, EFREHOZELSEHENDOREIK
DWTHIBAL, ARERXADPOLERICLAREZE
720

437

I #& R

. R—R54 EEOHE

AT g O ER (BERZE) 13752 (4.5)
BTHY, 708> L4 E TDHEDEIEL53.6% T
Bolce N—AT5 A VHEROMBER IV AT~
IVEDFHE (BERREZE) 13204 (32.9) mg/dL T
BV, SlEMEBRERBETISAN (BTN %%
D20.0%) THoloo 6FEROBIHET, 4A
(F19.0%) 285%E, 13A (A1.6%) BAHIMCERE

®1 R=25 4 VFEEKRONEEOILLEE
MEBED VU AF 00— )UfE (mg/dL)

<177 177-194 195-211 219-230 231<
(n=165) (n=153) (n=175) (n=167) (n=167)

Bt (%) 74.6 58.8 44.6 33.5 99.5
Ei (%) (B EEEE) 75.8+4.6  74.9+492  75.5%47  T74.9%+47 747440
Body Mass Index (kg/m?) (i +EBHE(RZE) 23.3%£3.3  24.3+3.4  24.3+3.3 24.6x3.5 24.3%3.1

BAewEs 15.3 15.4 6.3 8.5 8.6

HArgEE 57.7 50.7 46.3 45.8 34.4

> OfERDOE (%)= 9.2 15.8 12.1 13.2 13.4

RABBEMET L TW5E (%)P 8.0 4.0 3.5 4.9 7.3

ADL BRIF3E (%)- 61.7 57.5 58.4 55.5 57 4

B EEEE (%) 5.5 1.3 2.9 3.6 3.0

FHREREE (%) 85 - 9.8 14.9 19.8 15.0

BATEREE (%) 15.2 12.4 5.7 6.6 5.4

FFEREEREE (%) 7.3 5.9 6.9 6.0 5.4

Bl MIEREERASE (%) 15.8 23.5 18.9 24.6 17.4
BRE C RIGHEA (ng/L) (CEEE#ERX) 0.5+0.8 0.24+0.6 0.1£0.2 0.1+0.3 0.1+0.3
Alanine aminotransferase (IU/L) (CF# + BE¥EfE2E)  18.1+11.8 17.5+8.4 17.2+11.4 17.6+98 17.9%9.6
Aspartate aminotransferase ﬁU/L&%i@éﬁ% 97.3+13.7 24.5+8.7 243+10.3 925.3+12.0 255%10.3
Gamma-glutamyl transpeptidase ((I%%)i mEage) 38.7%36.7 39.3%46.0 30.9%22.0 33.3£36.8 38.1%59.2

a. Geriatric Depression Scale (GDS) 23148 D3

b. Mini-Mental State Examination (MMSE) 7245 LF D%
c. Physical function scale of The Medical Outcome Study Short-form General Health Survey (MOS) #5 5 AL EDFE
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Uico FICBEAMRESOFART, 214 A (W
25.9%) TH- 7Tz,

MR L AT B Ul A 5 S0 L7 S5 O
FAREME A2 1R, IR L AT 11— U
5 L REClk, Bk, BIAEHEE, TRABEE MK
TLTW5AH, ADL 2 EIfes, WA - A -
TR BEE R OEIE D35 o 1o — 1T, 5 DffH
OF, NG MEE GR35 5D 15 s - T
2. IERILXTFO—UEEENHEREY XY

1) ERORKE

MRS L AT B — Al & SR ) A7 &0
BOE A2 F 210K ¥, 212-230 mg/dL % L4 X L
7o, RO REMNEOET IV 3 D HR (95%CI)
X, 177 mg/dL RHHET1.91 (1.23-2.98), 177~

60 HARHGE

H 8B 20154E 8 A 15H

194 mg/dL FC1.36 (0.85-2.18), 195-211 mg/dL
BEC0.99 (0.62-1.56), 231 mg/dL L -HC1.38
(0.88-2.17) TH Y, K5 B CHBE LY AT
ERAERD,

s, SRR 2 LR T o s & U2 AT
BN LA, SR ATE K S A D B
Teipote GRT—278 1),

2) Bl

BAINCF U /o Rl B C O AE R
DTS D HR (95%CI) {E, 177 mg/dL Kl
BEC2.66 (1.28~5.49), 177-194 mg/dL FT0.91
(0.40-2.10), 195-211 mg/dL }C0.88(0.34-2.29),
231 mg/dL LL EBEC0.60 (0.20-1.81) TdH -/

®2OMERD VAT —)AE & EAERE DAY

M L A5 10— ) Al (mg/dL)

<177 177-194 195-211 212-230 231<
NN
EBPRAGE 754 761 890 873 843
ARV R 54 40 38 38 44

EF)V LN —F I
(95 % R iR »
EF) 2N —F I
(9596 {5 BIEX 1)
EFIV SN —F I
(959 fE K ) «
I
IR ALE
AR
EFI LN F
(9596 B HE X F) =
EFIV2NF—F ]
(9598 (5 HE X [H) >
EFI 3 NP —F H
(9598 fE M) ©
i
ERALE
ARV MK
EFN A NY—F I
(9596 fEMHEX[) »
EFI 2T —FH
(952 R ) >
EFIVSNF—F I
(95 % fETEHIR ) ©

1.99(1.31-3.03)
1.94(1.25-3.01)
1.91(1.28-2.98)

578
38

92.41(1.26-4.63)
2.55(1.26-5.14)
2.66(1.28-5.49)

177
16

1.32(0.71-2.46)
1.43(0.74-2.77)

1.37(0.70-2.68)

1.55(0.99-2.43)
1.39(0.87-2.22)
1.36(0.85-2.18)

488
13

0.98(0.45-2.16)
0.93(0.41-2.11)
0.91(0.40-2.10)

274
27

2.09(1.29-3.59)
1.95(1.09-3.50)

1.90(1.05-3.44)

1.10(0.70-1.73)
0.98(0.62-1.56)
0.99(0.62-1.56)

388
12

1.06(0.43-2.61)
0.85(0.83-2.18)
0.88(0.34-2.29)

502
26

1.13(0.67-1.92)
1.11(0.65-1.92)

1.14(0.66-1.97)

1.00 (reference)
1.00 (reference)
1.00 (reference)

306
8

1.00 (reference)
1.00 (reference)
1.00 (reference)

567
30

1.00 (reference)
1.00 (reference)

1.00 (reference)

1.39(0.90-2.16)
1.36(0.87-2.15)
1.38(0.88-2.17)

273
5

0.68(0.24-1.93)
0.57(0.19-1.70)
0.60(0.20~1.81)

570
39

1.64(0.99-2.70)
1.87(1.10-3.18)

1.92(1.18-3.27)

S i GESIEE) wRE

b. EFNV LA, BEFRE (8L L, 185:RN, TEZ), BRERN BUERES, HRQEE, RS, &
EZ), SKERE GRAESKES, BE - JEESE, £E%), 5 DfHA (Geratric Depression Scale ; 145 E, 14
SR, WEVE), FAMWEHE (Mini-Mental State Examination ; 24550 F, 2483RM, |EZ), SABE (Physi-
cal function scale of The Medical Outcome Study Short-form General Health Survey ; 0~5 B, 5 ALk, EEE),
Body Mass Index (25.05#5, 25.0LAF), ME7 LT I VE (3.8 g/dL #H, 3.8g/dLLE), EHRRE CRP (GEE
ZE), SEmEEFERAEE, MErBEeR, FHRRERERELHRE

c. EFI 2%, FFHEERE (Alanine aminotransferase + Aspartate aminotransferase ; Bt &), FFESREEAERE, A
BEARRE % B
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%3 HEMNOMmMBEGEaLV AT O— U EEBNERTEY A7
BBV AF I —)UfE (ng/dL)
<177 177-194 195-211 212-230 231< %%,%ﬁ
FEh
758K (n=443)
ARV 6 13 6 14 12 : 0.10
SBENT— R e 1.93(0.56-6.72)¢ 3.13(1.12-8.71) 2.20(0.81-5.97)  1.00(reference) 2.18(0.78-6.11)
7580k (n=384)
ARV 48 27 32 24 392
SEWEN\T—FIL 1.56(0.96-2.53) 0.91(0.52-1.58) 0.57(0.33-1.00) 1.00 (reference) 0.98(0.58—1.64)
Body Mass Index
25.0 kg/m? LIF (n=511) _
ARy 39 22 25 23 24 0.19
ESFENT—FH 1.71(0.98-2.98)  0.96(0.52-1.77) 0.85(0.47-1.52)  1.00 (reference) 0.86(0.48-1.53)
25.0 kg/m? Ll F (n=316) .
ARV 15 18 13 15 20
EHENT—FH 1.69(0.74-3.85) 2.54(1.16-5.53) 1.16(0.52-2.55) 1.00 (xeference) 1.96(0.89-4.29)
BT P
B - BFEREE (n=351)
ARV 34 16 12 11 10 0.17
SEENY—FRH 2.69(1.30-5.58)  0.93(0.42-2.07) 0.69(0.28-1.73)  1.00(reference) 0.93(0.38-2.30)
IR (n=463)
ARV 19 23 26 27 33
SEBENY—FH 1.26(0.66-2.39) 1.59(0.87-2.91) 1.04(0.60-1.81)  1.00(reference) 1.46(0.85-2.51)
BRERE
BAEKIEE (n=355)
ARV M 31 14 11 15 7 0.10
SEBNY—FH 2.92(1.38-6.21) 1.01(0.43-2.32) 1.19(0.52-2.74)  1.00(reference) 0.76(0.28-2.03)
B - FEKEE (n=401)
ARV 17 21 23 17 31
STEBNY—F i 0.79(0.40-1.54)  0.95(0.51-1.80) 0.71(0.37-1.37)  1.00(reference) 1.11(0.64—1.93)
Srikbae
EEE (n=341)
ARV 26 30 22 23 24 0.50
SEBNT—FH 1.24(0.67-2.30) 1.35(0.75-2.43) 0.70(0.38-1.30)  1.00(reference) 1.16(0.63-2.14)
- BEE (n=474) i
ARV 15 5 8 8 9
EEBENY—Fik 3.32(1.67-6.60) 1.02(0.43-2.42) 1.44(0.69-3.04) 1.00(reference) 1.11(0.54-2.26)
B i I AE Ha PSR
»Y (n=165)
ARV 9 10 9 6 13 0.02
SEBNT—F 2.20(0.74-6.52)  1.29(0.45-3.73) 0.37(0.11-1.25)  1.00(reference) 1.89(0.66-5.38)
2L (n=662)
ARV 45 30 29 32 31

EEENT—FI 1.75(1.05-2.92)
REEY — N — BB DEDH (n=737)

ARV B 40

EEBENY—TFik 1.63(1.00-2.64)
BABRGEERLOEDK (a=753)

VEAWVAR 3

EXEENT—F ik

43
1.71(1.06-2.77)

- FRORBEEEE S L OF DS (n=776)

ARV

SEENTF— I

53
1.91(1.20-3.02)

FFEE S EEEPIDED R (n=645)

FEa VAR ¢

39

1.16(0.67-1.99)

33
1.33(0.80-2.19)

35
1.33(0.81-2.18)

38
1.29(0.80-2.08)

34

1.01(0.60-1.70)

34
0.77(0.47-1.26)

33
0.94(0.58-1.54)

35
0.90(0.56-1.45)

34

1.00 (reference)

33
1.00 (reference)

36
1.00 (reference)

37

1.00 (reference)’

32

0.95(0.56-1.60)

41
1.14(0.71-1.82)

41
1.15(0.71-1.85)

43
1.19(0.75-1.88)

40

S ENT—FIE 1.39(0.90-2.16)  0.95(0.60~1.51) 0.72(0.46-1.14)  1.00 (reference) 1.09(0.71-1.69)

a. EEBNY—FH %, G (ERLE), SREE (8RR, 18R E, EEZE), EERE RERESE, BREEL, ¥F
BEE, EEE), SERR GAsEE, Gk - EREE, LEE), 5 OMEMA (Geratric Depression Scale ; 14204, 14858k
W, JEEE), BAMEEE (Mini-Mental State Examination ; 2480 &, 248K, MEE), HEHEEE (Physical function scale of
The Medical Outcome Study Short-form General Health Survey ; 0-5 2, 5 mblE, EEZE), Body Mass Index (25.05KH, 25.0LL
B), mE7ATIVE (3.8g/dLKHE, 3.8 g/dL LIE), SRKE CRP GEREER), SiEFEBEERAEE, MEblERE, &
HRERARE, 8 (Alanine aminotransferase + Aspartate aminotransferase ; AR, FRBEEE, BPARGE2RHE

. BR&EE GRP : 0.3 mg/dL LT

FHEME : ALT (6431U/L), AST (11-33 IU/L), y-GTP (10-50 TU/L)

SN =R (95 % B .

MERD LV 27— VAT Y — b Fh IR T RIMEENIC A WAFh ENOBE Q47T —) T CEHLAEE

o a0 o
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440 W60dE  HARLHE

(95%CDE, 177 mg/dL KifHET1.37(0.70-2.68),
177-194 mg/dL BEC1.90 (1.05-3.44), 195211 mg/

dL BC1.14 (0.66-1.97), 231 mg/dL EL ERFC1.92

(1.13-3.27) TdH -7z, Tichb, MiFiao L AT
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Serum total cholesterol levels and eligibility for long-term care insurance
| A prospective cohort study of the Tsurugaya Project

Rena HOSHI*, Yasutake TOMATA*, Masako KAKIZAKT*, Toru TSUBOYA*,
Masato NaGar®, Ikue WATANABE™, Atsushi HozAWA?*3* and Ichiro Tsujr*

Key words : serum total cholesterol, certification for long-term care insurance, community-dwelling elderly

individuals, marker

Objectives The purpose of this study was to examine the relationship between serum total cholesterol levels
and certification eligibility for long-term care insurance in elderly Japanese individuals.

Methods The Tsurugaya Project was a comprehensive geriatric assessment conducted for community-
dwelling elderly individuals aged =70 years in the Tsurugaya area, Sendai, Japan. Of the 2,925 in-
habitants, 958 subjects participated in the Tsurugaya Project. For this analysis, we used 827 subjects
who gave informed consent and were not qualified for long-term care insurance at the time of the
baseline survey. Subjects were followed up for 6 years. We classified the subjects into 4 quintiles and
used the fourth quintile (212-230 mg/dL.) as a reference for statistical analysis. We used Cox
proportional hazards model to estimate the hazard ratios (HRs) and 95% confidence intervals
(Cls) of certification eligibility for long-term care insurance according to total cholesterol levels in
serum.

Results During 6 years of follow-up, a total of 214 subjects were qualified for long-term care insurance cer-
tification. The lowest serum total cholesterol level (<177 mg/ dL) was significantly associated with
increased eligibility for long-term care insurance certification. Compared with the fourth quintile,
multivariate HRs (95% CIs) of long-term care insurance certification were 1.91 (1.23-2.98), 1.36
(0.85-2.18), 0.99 (0.62-1.56), 1.38 (0.88-2.17), for <177 mg/dL, 177-194 mg/dL, 195-211
mg/dL, and <231 mg/dL, respectively. Moreover, the association was statistically significant even
after excluding subjects with a history of liver disease or cancer, an abnormality in the liver function
test, or high levels of high-sensitivity C-reactive protein.

Conclusion Low serum total cholesterol levels were significantly associated with increased eligibility for

long-term care insurance certification even after adjusting for a variety of confounding factors.

* Division of Epidemiology, Department of Public Health and Forensic Medicine, Tohoku
University Graduate School of Medicine, Sendai, Japan.

? Department of Public Health, Yamagata University Graduate School of Medical Science,
Yamagata, Japan. k

3 Department of Preventive Medicine and Epidemiology, Tohoku Medical Megabank Organiza-
tion, Tohoku University, Tohoku, Japan.
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Association between the disability prevention program
“Secondary Preventive Services” and disability incidence
among the elderly population: A nationwide longitudinal
comparison of Japanese municipalities

Yasutake Tomata,' Toshimasa Sone,'” Wan-Ting Chou,! Toru Tsuboya,®* Takashi Watanabe,'
Masako Kakizaki' and Ichiro Tsuji’

"Division of Epidemiology, Department of Public Health and Forensic Medicine, Tohoku University Graduate School of Medicine,
2Department of Rehabilitation, Faculty of Health Science, Tohoku Fukushi University, *Department of International and Community Oral
Health, Tohoku University Graduate School of Dentistry, Sendai, Japan; and *Department of Social and Behavioral Sciences, Farvard
School of Public Health, Boston, Massachusetts, USA

Aim: The aim of the present ecological study was to evaluate the relationship between the rate of participation in
Secondary Preventive Services (SPS) and the incidence of disability in Japanese municipalities.

Methods: We used the national statistics data for Long-term Care Insurance (L'TCI), because all Japanese people
aged 265 years are eligible for LTCI services depending on their functional status assessed by a national uniform
standard in all municipalities. The disability incidence rate for the 2-year period in 2009-2010 was compared among
five different levels of SPS participation in 2006-2008. The primary outcome was the sum total disability incidence
rate in LTCI from 2009 to 2010. The outcome was divided according to disability level into three patterns: “all levels
(Support Level 1 — Care Level 5)”, “mild disability (Care Level <1)” and “moderate to severe disability (Care Level 22)”.

Results: There was a significant inverse association between the SPS participation rate and disability incidence rate.
Among 1541 municipalities, those in the highest SPS participation rate quintile (29.79 per 1000 elderly population)
had a lower disability incidence rate for all levels than those in the lowest quintile {<1.86 per 1000 elderly population;
absolute rate difference 0.6%; age-adjusted incident rate ratio 0.94; 95% CI 0.89-0.99). This inverse association was
observed for mild disability and not for moderate to severe disability.

Conclusions: Municipalities with a higher SPS participation rate have a lower incidence rate of mild disability. SPS
could be an effective health policy for containing mild disability incidence among the elderly. Geriatr Gerontol Int
2015; ee: eo—co,

Keywords: disability, disability prevention program, Japan, municipality.

Insurance (LTCI) program in 2000.% In this system,
everyone aged 240 years is required to pay premiums,
and everyone aged >65 years is eligible to utilize ben-
efits, such as hiring home help or living at a nursing
home, if he/she is certified as “disabled”.

The number of disabled people certified for insurance
benefit in Japan increased from 2.2 million persons in
2000 to 4.1 million persons in 2005.® The annual total
expense for L'TCI in 2005 was £33.8 billion (¥6.8 tril-
lion), and increased by 89% from 2000, which was
roughly 20% higher than originally forecast.>® This

Introduction

With the aging of the population, a rapid increase in
elderly individuals with disability is becoming a large
burden on social security systems worldwide.! In order
to take care of those who require personal care, the
Japanese government established the Long-term Care
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rapid increase could threaten the sustainability of the
LTCI system.

In order to blunt the increase in the LTClI-certified
disabled elderly and the consequent expenditure, the
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Japanese government in 2006 added the Disability Pre-
vention Program (DPP) to the LTCI system, with the
aim of preventing or postponing LTCI disability
certification.*® DPP consists of two steps: (i) screening
of frail elderly in the community; and (ii) providing the
frail elderly with Secondary Preventive Services (SPS)
including physical exercise, oral care and nutritional
guidance.

Long-term Care Insurance Act mandates all munici~
palities to implement DPP.¢ However, the participation
rate, which is defined as the rate at which the elderly
participate in SPS, varies among municipalities for
reasons such as differences in available budget or per-
sonnel or differences in popularity for such services
among the elderly.”

If SPS are effective in preventing or postponing the
onset of disability, there would be an inverse relation-
ship between the SPS participation rate and disability
incidence rate (LTCI certification rate) among the
municipalities in Japan. In other words, our hypothesis
is that the disability incidence rate would be lower in
municipalities with a higher SPS participation rate.

One cross-sectional study has reported that the rate
of SPS participation was inversely associated with the
prevalence of mild disability (LTCI certification grade of
“care level 17 or less) in 26 municipalities in the Tokyo
metropolitan area.?

The purpose of the present study was to evaluate the
relationship between SPS participation rate and disabil~
ity incidence rate in all municipalities throughout Japan.
Accordingly, we analyzed the relationship between the
average SPS participation rate and the disability inci-
dence rate.

Methods

Study design

The authors carried out an ecological study, using the
national statistics data for LTCI of Japan.

LTCI in Japan

Each municipality manages LTCI systems as an insurer.
When a person applies to the municipal governments
for benefits, a care manager visits their home and
assesses the degree of functional disability using a stan-
dardized questionnaire developed by the Ministry of
Health, Labor and Welfare.” Then, the municipal gov-
ernments decide whether or not the applicant is eligible
for LTCI benefits (certification). If the person is judged
to be eligible, the Municipal Certification Committee
classifies that the person as requiring one of seven levels
of support; that is Support Level 1 or 2, and Care
Level 1-5. As a typical case, LTCI certification levels are
defined as follows: Support Level 1 represents moderate

2 |

limitation in instrumental activities of daily living
(ADL), Care Level 2 means assistance is required in at
least one basic ADL task, whereas Care Level S means
care is required in all ADL tasks.'® A community-based
study has shown that levels of LTCI certification are
well correlated with the ability to carry out ADL, and
with Mini-Mental State Examination scores.™ A pro-
spective study has also showed that levels of LTCI cer-
tification are significantly associated with mortality
risk.”? Several epidemiological studies in Japan have
used LTCI certification as a measure of incident func-
tional disability in the elderly.!>*

Participants

All the insurers of the L'TCI system as of 31 March 2010
(n=1602) were defined as the study participants.
Although, in general, each municipality functions as a
LTCI insurer in most cases, some small towns have
established a union covering a wide area (n=39).
Because most municipalities become insurers in the
LTCI system, the term “municipalities” was used in the
present study as an alternative term for “insurer” in
the LTCI system.

Figure 1 shows the process used for selection of the
subjects analyzed. From 2006 through 2010, the
number of municipalities that separate from the wide
area union was four areas. We organized to make a state
of the wide area union before the separation, making the
total number of municipalities 1599. Among these 1599
municipalities, we excluded 16 for which data were not
available (because of the Great East Japan Earthquake
on 11 March 2011, or other reasons), 12 for which SPS
data were missing and 30 that represented outliers of the
primary outcome measure (<1 percentile and 299 per-
centile). Therefore, the participants for analysis were
1541 municipalities.

Data sources

We used the Survey of Disability Prevention Program,
issued by the Ministry of Health, Labor and Welfare of
Japan and published in connection with the LTCI
system. This provided the data for the numbers of the
older population by age category (65-69 years, 70-74
years, 75-79 years, 80-84 years, 285 years), the number
of SPS participants in fiscal year (FY) 20062008 (2006
April to 2009 March), and the number of persons who
were newly certified as having disability for LTCI in FY
2009-2010. With these data, we calculated the SPS
participation rate and disability incidence rate.

Parameters

SPS participation rate (exposure measure)

The SPS participation rate (%) in each year (FY 2006—
2008) was defined as “annual number of SPS

© 2015 Japan Geriatrics Society
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1602
Organizing to make a state of
the wide area union before the
separation
1599
Statistics data was not
>|available (because of the Great
v East Japan Earthquake, etc.)
1583
Data of Secondary Preventive
WV Services was missing
1571
Outlier of main outcome
measure (<1 percentile and >
\p 7199 percentile)

Figure 1 Flow chart of study

Analysis subjects

participants. *Insurers of Long-Term
Care Insurance system in Japan.

1541

users/number of older population aged 265 years on 31
March,” this date being the last day of the fiscal year in

Japan.

Disability incidence rate (outcome measure)

Functional disability was based on disability certification
in the LTCI system in Japan, which uses a nationally
uniform standard of functional disability.

The annual number of incident cases of disability was
used as the outcome parameter.

Statistical analysis

Because numbers 1 through 3 in the original dataset of
FY 2009 and FY 2010 were input with “*” as an expres-
sion of “a few”, “*” was imputed as 2 in the present
study.

To evaluate the relationship between the rate of par-
ticipation in SPS and the disability incidence rate, we
used Poisson regression analysis. The mean SPS par-~
ticipation rate for 20062008 was used as an exposure
measure. Outcome was divided according to disability
level into three patterns: “all levels (Support Level 1 —

© 2015 Japan Geriatrics Society

Care Level 5),” “mild disability (Care Level <1)” and
“moderate to severe disability (Care Level >2).” The
primary outcome was the sum total of all levels of dis-
ability incidence from 2009 to 2010. The main analysis
was defined as a comparison of the disability incidence
rate between the five SPS participation rate groups
in 20062008 (“<1.86,” “1.86-3.48,” “3.49-5.61,"
“5.62-9.78” and “29.79” by quintile) with Poisson
regression analysis offset by the log of the population
aged 265 years in 2009.

Because the age structure of the population varies
according to municipalities, we adjusted the propor-
tions of the age groups (65-69, 70-74, 75-79, 80-84,
285 years per population aged 265 years) in 2009.

Stratified analysis of population size by tertile groups
(older population aged 265 years in 2006) was also
carried out as sensitivity analysis. Interactions between
the SPS participation rate and the older population were
tested through addition of cross-product terms to the
multivariate model.

All data were analyzed by using IBM SPSS statistics
software version 20 (IBM Software Group, Chicago, IL,
USA). All statistical tests described here were two-sided,
and differences at P < 0.05 were accepted as significant.
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Ethical issues

The ethics committee of Tohoku University Graduate
School of Medicine (Sendai, Japan) reviewed and
approved the study protocol. Because the present study
used the public statistics data for municipalities, per-
sonal consent was not necessary.

older populations, and a higher proportion of individu-
als aged 80-84 years and 285 years. Disability preva-
lence (proportion of disabled persons per elderly
population aged 265 years at the end of FY 2009) was
significantly different in an intergroup comparison, but
it was not a dose-response relationship.

Among the various SPS activities, ambulatory-type

Results “Exercise” accounted for the highest proportion (more
than 40% of SPS activities). Municipalities with higher
Basic characteristics SPS participation rates had lower proportions of

Table 1 shows the basic characteristics of the five SPS
participation rate groups. Municipalities with higher
SPS participation rates had lower total populations and

Table 1 Baseline characteristics (n = 1541 mtinicipalities)

ambulatory-type “Exercise” and higher proportions of
“Others,” and “Homeboundness prevention,” “Demen-
tia prevention” and “Depression prevention” for home-
visit-type activities.

Quintiles of Secondary Preventive Services participation ratef P
Q1 Q2 Q3 Q4 Qs
(<1.86) (1.86-3.48) (3.49-5.61) (5.62-9.78) (9.79%)
n 308 308 308 309 308
Mean demographics data in 20095
Total population 134,117 101,582 84,716 48,687 21,469 <0.001
No. older population’ 29,447 22,173 18,941 11,811 5,609 <0.001
Proportion per older population (%)
65—69 years 27.1 26.9 26.8 24.8 23.0 <0.001
70-74 years ' 23.3 23.2 22.9 22.2 21.7 <0.001
75-79 years ) 20.6 20.6 20.6 21.1 214 <0.001
80-84 years 15.4 15.7 15.7 16.8 17.6  <0.001
285 years 13.5 13.6 14.0 15.1 16.2  <0.001
Disability prevalence in 2009 (%)% 16.9 16.3 16.2 16.7 16.9  0.008
Mean Secondary Preventive Services participation (%o)
2006 0.4 1.1 2.0 3.9 10.8  <0.001
2007 1.0 2.7 4.9 8.3 21.3  <0.001
2008 1.1 3.2 5.3 8.5 22.9 <0.001
Mean of 2006-2008 0.9 2.7 4.5 7.4 19.9
Percentage breakdown of SPS in 2008 (%)t
Ambulatory type 92.0 92.7 92.2 92.6 82.1
Exercise 54.5 53.0 47.5 48.0 41.0 <0.001
Nutrition 1.4 1.8 1.9 2.1 1.9 0473
Oral 11.3 12.9 13.2 12.3 89  0.017
Exercise + Nutrition 1.7 0.8 1.4 1.0 14  0.730
Exercise + Oral 4.4 4.9 4.2 6.8 6.0 0.344
Nutrition + Oral 2.4 3.2 2.6 1.9 2.2 0.505
All complex 10.8 11.7 13.8 10.6 9.9 0472
Others 5.6 4.4 7.5 9.8 10.8 <0.001
Home-visit type 8.0 7.3 7.8 7.4 17.9
Exercise 1.1 1.0 1.7 1.6 3.9 <0.001
Nutrition (except meal delivery) 0.8 0.7 1.0 0.9 1.6  0.034
Nutrition (meal delivery) 0.9 1.6 0.7 0.6 1.2 0.335
Oral 1.0 1.5 1.4 1.1 2.0  0.149
Homeboundness prevention 1.4 0.9 0.8 1.0 3.1 <0.001
Dementia prevention 0.8 0.6 0.8 0.7 24  <0.001
Depression prevention 1.1 0.5 1.1 1.3 2.8 <0.001
Others 0.8 0.4 0.3 0.3 09 0330

tQuintile of mean participation rate (%) of Secondary Preventive Services in 2006-2008. *One-way ANOVA. SOlder population
was population aged 265 years. 1Proportion of disabled persons per elderly population aged 265 years at the end of FY 2009.
T Analysis except 82 municipalities where number of SPS participation was 0.
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Table 2 Relationship between participation rate of Secondary Preventive Services and disability incidence rate

Quintiles of Secondary

Disability incidence by years

Preventive Services 2009% 2010% Sum of 2009-2010%
participation rate (%o)* Rate  IRR (95% CI) Rate  IRR (95% CJ) Rate  IRR (95% CI)
All level disability
Q1 (<1.86) 4.2%  1.00 (Reference) 4.6%  1.00 (Reference) 8.8%  1.00 (Reference)
Q2 (1.86-3.48) 41%  0.98 (0.92-1.04) 4.6% 0.99 (0.93-1.05) 8.7%  0.99 (0.94-1.04)
Q3 (3.49-5.61) 41%  1.00 (0.92-1.08) 4.5% 0.96 (0.88-1.05) 8.6%  0.98 (0.91-1.06)
Q4 (5.62-9.78) 4.0% 095 (0.90-1.00) 4.4% 0.96 (0.91-1.01) 8.4%  0.95 (0.91-0.996)
QS (29.79) 3.9% 0.94(0.88-1.01) 4.3% 0.93 (0.87-0.98) 8.2% 0.94 (0.89-0.99)
Mild disability?
Q1 (<1.86) 2.6%  1.00 (Reference) 2.9%  1.00 (Reference) S5.5%  1.00 (Reference)
Q2 (1.86-3.48) 2.5% 0.95(0.88-1.02) 2.8% 0.97(0.91-1.04) S5.3% 0.96 (0.91-1.02)
Q3 (3.49-5.61) 2.6% 1.01 (0.90-1.12) 2.8% 0.97 (0.86-1.08) S5.4% 0.98 (0.89-1.09)
Q4 (5.62-9.78) 24% 093 (0.86-1.00) 2.8% 0.95(0.89-1.01) S5.2%  0.94 (0.88-1.00)
QS5 (29.79) 2.3%  0.88 (0.82-0.95) 2.5% 0.87 (0.81-0.94) 4.9% 0.88 (0.82-0.94)
Moderate to severe disability™
Q1 (<1.86) 1.5%  1.00 (Reference) 1.7%  1.00 (Reference) 3.3%  1.00 (Reference)
Q2 (1.86-3.48) 1.6% 1.03 (0.94-1.12) 1.8% 1.03 (0.94-1.12) 3.3% 1.03 (0.95-1.11)
Q3 (3.49-5.61) 1.5% 0.99 (0.93-1.05) 1.7% 0.96 (0.88-1.04) 3.2% 0.97 (0.91-1.03)
Q4 (5.62-9.78) 1.5%  0.99 (0.93-1.05) 1.7% 0.98 (0.91-1.05) 3.2% 0.98 (0.92-1.04)
QS (29.79) 1.6% 1.05(0.96-1.15) 1.7% 1.01 (0.94-1.10) 3.4% 1.03 (0.96-1.11)

TQuintile of mean participation rate of Secondary Preventive Services in 2006-2008. *Disability incidence rate and incident rate
ratio (95% confidence interval) were adjusted for proportion of age-group (65-69, 70-74, 75-79, 80-84, 285 years per
population aged 265 years in 2009) and offset by log of the population aged 265 years in 2009. "The adjustment items and the

offset variable as above described® in 2010 were used. 5Care Level <1 on disability certification criteria of Long-term Care
Insurance system. fCare Level 22 on disability certification criteria of Long-term Care Insurance system.

SPS and disability incidence rate

Table 2 shows the relationship between the SPS par-
ticipation rate in 2006-2008, and disability incidence
rate in 2009, 2010 and 2009-2010. After adjustment
for age structure, the disability incidence rate at all
levels in the highest quintile of the SPS participation
rate (29.79) was lower than those in the lowest quintile
(<1.86) in each year. For the period 2009-2010, the
absolute rate difference was 0.6% and the age-adjusted
incident rate ratio (95% CI) was 0.94 (0.89-0.99).
When outcome variables were stratified by disability
level, “mild disability” was significantly related to the
SPS participation rate, and the age-adjusted incident
rate ratio (95% CI) in the highest quintile was 0.88
(0.82-0.94). However, “moderate to severe disability”
was not significantly related to the SPS participation
rate.

Table 3 shows the relationship between the SPS par-
ticipation rate and rate of mild-level disability incidence
according to population size (tertile category). The dis-
ability incidence rate was significantly lower in groups
with a higher SPS participation rate, except for the
stratum representing the biggest population. This rela-
tionship did not differ significantly among populations
of different sizes (P = 0.744 for interaction).

© 2015 Japan Geriatrics Society

Discussion

The present results showed that the SPS participation
rate for 2006-2008 was inversely associated with the
disability incidence rate in the period from 2009 to
2010. The incidence of mild disability was particularly
low among municipalities with a higher SPS participa-
tion rate. This supports our hypothesis that SPS would
be effective for preventing or postponing the onset of
disability.

The SPS participation rate was significantly lower in
older populations (Table 1). Population size might be
associated with the availability of LTCI services, medical
services and the other types of support, because munici-
pal performance might differ according to population
size. Thus, population size might affect the disability
incidence rate. However, the present results were not
altered after stratifying for the size of the older popula-
tion, although the relationship in the largest population
group was not significant (Table 3).

An association between the SPS participation rate and
disability incidence rate was observed only for mild dis-
ability (Care Level <1). This association would seem to
be reasonable when considering the time-course of the
occurrence and progression of disability in terms of
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Table 3 Sensitivity analyses: the relationship of mild disability incidence rate according to the older population

n Ratet IRR (95% CDht P-interaction

Older population <3953 (n = 514)

Q1 (<1.86)* 79 5.0% 1.00 (Reference) 0.744

Q2 (1.86-3.48) 48 4.6% 0.91 (0.83-1.00)

Q3 (3.49-5.61) 76 4.8% 0.94 (0.88-1.02)

Q4 (5.62-9.78) 111 4.6% 0.91 (0.84-0.98)

QS (29.79) 200 4.6% 0.91 (0.85-0.97)
Older population =3954-12 540 (n = 514)

Q1 (<1.86)* 87 5.0% 1.00 (Reference)

Q2 (1.86-3.48) 111 4.7% 0.93 (0.87-1.00)

Q3 (3.49-5.61) 120 4.7% 0.94 (0.88-1.01)

Q4 (5.62-9.78) 121 4.8% 0.96 (0.90-1.02)

QS (29.79) 75 4.6% 0.91 (0.83-0.99)
Older population 212 541 (n = 513)

Q1 (<1.86)* 142 5.5% 1.00 (Reference)

Q2 (1.86-3.48) 149 5.3% 0.97 (0.91-1.04)

Q3 (3.49-5.61) 112 5.5% 1.00 (0.89-1.13)

Q4 (5.62-9.78) 77 5.2% 0.95 (0.88-1.03)

QS (29.79) 33 5.0% 0.92 (0.84-1.01)

*Disability incidence rate (mild disability) and incident rate ratio (95% confidence interval) were the same model in Table 2
(sum of 2009-2010). #*Quintile of mean participation rate (%) of Secondary Preventive Services in 2006-2008.

LTCI certification. According to the “SPS Report for
2006,” 7.7% of all SPS users who were originally inde-
pendent at the beginning of FY2006 eventually became
certified for LTCI disability in the same FY.'” Of those,
78.8% were certified for mild disability (Care Level <1).
Another longitudinal observation showed that just
6.8% of the elderly with mild disability (Support Level)
changed classification to moderate to severe disability
(Care Level 22) for 1 year."® These observations suggest
that the effect of SPS would be limited to decreasing the
incidence of mild disability among SPS users in the
short term, and that it would take as long as 5 years until
the effect of SPS on the incidence of moderate to severe
disability could be examined (Care Level >2). These
results are consistent with our finding that an associa-
tion between the SPS participation rate and disability
incidence rate was evident only for mild disability.

Additionally, a different distribution of cause of dis-
ability according to the disability levels might also con-
tribute this association. The most common cause of
mild disability is musculoskeletal disorders (articular
disease, fracture and frailty), but the most common
cause of moderate to severe disability is stroke.’
Because SPS is comprised of the intervention, such as
physical exercise, which would be especially effective in
the musculoskeletal disorder, the result for mild disabil-
ity might be reasonable evidence. In fact, two quasi-
experimental studies have reported that participants
in physical exercise intervention have lower rates
of incident disability (LTCI disability) than non-
participants.?*!

First, we were unable to fully rule out the possibility of
confounding by personal and local characteristics,
because this was an ecological study. In fact, the rela-
tionship in the largest population group was not signifi-
cant (Table 3). Therefore, the present study might also
have not been completely free from confounding by
municipal characteristics. However, because the study
was not cross-sectional, temporality was secured and
reverse causation would have been less likely to occur.
Although a randomized trial of the SPS system would be
ideal, this would be difficult in Japan, as the SPS system
has already been introduced all over Japan at the same
time.

Second, the present study was unable to adequately
examine the shift to moderate to severe disability from
non-disability, as the period of outcome observation
was just 2 years. Therefore, a long-term study to
examine disability including moderate to severe levels as
an outcome will be required.

Third, SPS have not yet become sufficiently wide-
spread. In the present study, the highest group of SPS
participation rate was just 20.979% (this group repre-
senting 20.0% of all municipalities). Despite the fact
that the Japanese government has aimed for a SPS par-
ticipation rate of 5% among the aged population, just 10
municipalities (0.6%) have achieved a mean participa-
tion rate of 5% for 2006-2008.2 If the SPS participa-
tion rate were to become higher in many municipalities,
a contained relationship might emerge.

After the introduction of SPS (2006), although
Japan’s LTCI expenditure per person aged 75 years or
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older plateaued, the absolute number of total enrol-
ments and expenditure increased.’ Because of the
increase in the elderly population in Japan, preventive
measures would be more important.

In conclusion, municipalities with a higher SPS par-
ticipation rate have a lower rate of incidence of mild
disability. SPS might be an effective health policy for
containing the incidence of mild disability among the
elderly.
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