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The effect of neighborhood environment factors on physical activity

and BMI among rural older adults

—10 years longitudinal cohort study—

Kenta Okuyama*
Takafumi Abe* Toru Nabika***

Abstract

[Introduction] Numerous studies report that altering neighborhood environments for older adults, e.g.
1improving public transit access or street connectivity, could increase physical activity in the population
level. Although there are consistent evidences in western urban settings, few research have been done in
rural Japanese regions where experiencing serious aging population. Furthermore, most studies were
cross-sectional design, and the association between neighborhood factors and weight status is unknown.
From these backgrounds, this study aimed to investigate the impact of neighborhood environment
factors on physical inactivity and BMI among rural older adults in Japan by longitudinal study design.

[Methods] The study included those who over 60 years old, residing in in Shimane prefecture (Unnan,
Onan, Oki), and participated at least twice in the annual surveys of Shimane CoHRE study from 2010 to
2019. The outcomes (physical inactivity and low BMI status) were identified during the follow-up period
from the year of first participation (baseline) to the last participation. Physical inactivity was defined by
self-reported questionnaire, and low BMI status (BMI<20) was defined by measured height and weight.
The number of each analysis cohort were 2211 (for physical inactivity), and 3682 (for low BMI),
respectively, after excluding those who had an outcome status at the baseline. Mean land slope, bus stop
density, intersection density, residential density, within 1000m street network buffer, and distance to
community center were calculated for each participant as neighborhood environmental factors. The
impact of each factor was examined by cox proportional hazard model after controlling for demographic,
lifestyle, and health characteristics.

[Results] Living far from community center was associated with lower risk of becoming physical
inactivity in Onan town. Living in hilly area was associated with higher risk of becoming physical
inactivity in Oki Island. None of the environmental factors were associated with low BMI status.

[Conclusion] The impact of neighborhood environment on older adults’ physical activity might differ by
region because of different regional cultures. Further studies needed to identify neighborhood
environmental factors after controlling for regional culture differences.

Key Words : older adults, physical activity, BMI, neighborhood environment
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B— MIFFETIED U A7 LEPREINTND
BMI<20 ZALHEfEE LT, (£ BMI RREL EFR LT
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&1, PEMEERAESIER (N—X 54 L) OEKREHE

HIAAEE) (n=2211)

K BMI{KHE (n =3682)

FA L DY FER L FEDH Y
N 1217 994 3350 332
HR= T/ %% (%) 520/697 (42.7/57.3)  424/570 (42.7/57.3) 1479/1871 (44.1/55.9) 121/211 (36.4/63.6)
Fin(%)
60-69 538 (44.2) 521 (524) 1733 (51.7) 164 (49.4)
70-79 568 (46.7) 434 (43.7) 1389 (41.5) 143 (43.1)
80+ 111 9.1) 39(3.9) 228 (6.8) 25(7.5)
JEEETHT (%)
SN 482 (39.6) 481 (48.4) 1387 (41.4) 157 (47.3)
Felisg oD 5T 379(31.1) 189 (19.0) 887 (26.5) 78 (23.5)
S 356(29.3) 324(32.6) 1076 (32.1) 97 (29.2)
BUE = &9 /7L (%) 86/1131(7.1929)  88/906(8.9/91.1)  255/3066 (7.7/92.3)  30/296 (9.2/90.8)
P (%)
HY 320 (26.3) 278 (28.0) 936 (28.2) 76 (23.3)
15 238 (19.6) 213 (21.4) 649 (19.5) 67 (20.6)
7l 659 (54.1) 503 (50.6) 1736 (52.3) 183 (56.1)
BMI (mean (SD)) 224(28) 224(3.0)
BINEEREE = 9 /7% 1L (%) - - 1626/1641 (49.8/50.2) 161/164 (49.5/50.5)
sl = H0/7 L (%)  213/1004 (17.5/82.5)  164/830(16.5/83.5) 600/2750 (17.9/82.1) 42/290 (12.7/87.3)

4.1. #8

4.1.1. ABREERE SARNEEICED Y RY
N—2 T A VR CHINGEREIED & 0 et 5 & 72
ST=H D% 2255 4 Th -7, GIS (2 X B AR
FEORHAN, EEHET — & DG DN IR CREEA AT
Tholz 27 4. AVBHSRFRBDREIED K L T
17 2% bRE . BT 2211 4 Th o7, %
D 9 HIEFRAR R B AN EEN /G- 72 D13 994 44 T
bole (F1), 2y 7 AFHTOFRERIG, B{EHLED
BB E COMEENEVNE Y, BIRREENCMRD U
AT MEL 725 Z EDRENTE (3 2), TOMODEREE
K] L TGN B BRI AL O e o T, B
T HHIT RN LT-BAEET /L ClL, ARAEE CTOE
BEDOhFR L OWGE A EMED 9 E D . T L - T
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Model 1
HR (95%CI)

Model 2
HR (95%CI)

Model 3
HR (95%C)

R
2nd vs st
3rd vs Ist
4th vs 1st
AP
2nd vs 1st
3rd vs Ist
4th vs 1st

o
itk
)
&
><¢

2nd vs 1st
3rd vs 1st
4th vs 1st

2nd vs 1st

3rd s st

4th vs 1st
NV EENQNET

2nd vs Ist

3rd s st

4th vs 1st

1.12 (095, 1.30)
1.10 (0.93, 1.28)
1.00 (0.82, 1.17)

1.157(0.99, 1.32)
1187 (1.01, 1.36)
1.11(0.93, 1.29)

094 (0.76, 1.12)
1.06 (0.89, 1.23)
1.08 (091, 1.26)

1.06 (0.90, 1.23)
1.07 (0.90, 1.24)
096 (0.78, 1.13)

094 (0.77, 1.11)
0.90 (0.73, 1.08)
075" (0.57,0.93)

1.12(0.94, 1.29)
1.10(0.92, 1.28)
099 (0.81, 1.17)

116" (1.00, 1.33)
1187 (1.01, 1.36)
1.12 (0.95, 1.30)

0.93 (0.75, 1.11)
1.06 (0.89, 1.23)
1.09 (0.92, 1.26)

1.06 (0.90, 1.23)
1.06 (0.89, 1.23)
0.96 (0.78, 1.13)

093 (0.76, 1.10)
090 (0.73, 1.07)
075" (0.57,0.93)

1.14 (097, 1.32)
1.13 (0.95, 1.30)
0.98 (0.80, 1.16)

1.09 (0.92, 1.26)
1.14 (096, 1.31)
1.04 (0.86, 1.22)

0.94 (0.76, 1.13)
1.03 (0.86, 1.20)
1.07 (0.90, 1.25)

1.07 (0.90, 1.24)
1.07 (0.90, 1.24)
0.95 (0.78, 1.13)

0.96 (0.79, 1.13)
0.90 (0.73, 1.08)
0.82™ (0.64, 1.01)

Note: #tkp<0. 001, ##p<0.05, *#p<0.1. HR = /\F— K1) X4, 95%CI = 95%EERR, T XTD Model IZHULT 1 IRE
ERT DA, Model 1 (FIRBERHEERER, Mode! 2 (FIRBEERHEER+4ERIHELEAGEHBMI, Mode! 3 (FIREERH
FEEHE R BIGEBM I+ R B R B R THET,

1. AREEEA S SAEEOMGR (2FHET

Hazard ratio
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i A
e AREEEE Hiﬁ reference . jﬁs
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o VAN v N g/\_f\* ' " 0.;)5' i ! 7
G 3 4hr) DIFH MK BMI (N=168) (0.70-1.27) + 0.71 5{
PRIETHED U 22 DI &3 s 047700y = | pore: [
. o Fi ?ﬁj‘%g) reference [ | YE
RSV, T OMODBRETEIA & 0 e B oo %
{& BMI %ﬁ.ﬁ(l;’yl§+ﬂ/‘ﬂl %’chﬁ 3 E%;\sz) reference [ ] i
~ S =lis 0.90 MR T S—
BRI B o Tt AR iy sk h B
" . . B24E N=81) reference [ | e
ﬁ%’i T@%ﬁ‘i@b \ﬂﬁfﬂﬂi L 'f& %Vb=599) (0_52-_7?_11) ] 0.177 =
BMI RAEICHES U 2 2 23%< oo gy refreme -
. 5L 0.90 s .
RAFEMEIRENE (#3), Mo odl % @ pore
(N=170) (0.63-1.20) p.3ez
BMI (N=680) (0_925-99_04) i 0.928
4_ 2 %g BEERER %J:gg) reference [ ]
4.2.1. ERESHBATED S "
401l RS / # Events: 324; Global p-value (Log-Rank): 0.031009 {
I:&[i ?2% AIC: 3856.12; Concordance Index: 0.57 0.6 08 1 12 14 16 18

AHFFEDRERDS . ARAFE
TORBEDIENZ EPNF RTINS Y 27 9ME<
IRBAREMEE | RN O & B ARTEED I
%V A7 D3 < 72 % AIReMEA S s | T B & Tp o 72,

NEERIIERDESORT T 47, HldTHR R L
NPEE VAR A E 23R 255 & L THREL
TRV, TORENIFHIHGTHITIIRE WV, (25
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IR & DA I ARTR B AT - (RiEd 2 DI E2E
ThDEIATHIECHHE I T D (McNeill et al.,
2006), L2>L7223 6, ABFFEOREFIIHERANT AR
BTGB DN D SERANEENCRE D U 2 7 3@ <
DT ENRENT, TORHE LT, 1. HiJjiisg
BT DA A R R E 71385 Th o 7
Grot@Re TN R T ¢ 7 725 B % - 2 % PTREMEDS
%5 (Tomioka et al., 2017), 2. AEFEXIKL D &5
NSRBI S AT CElhEs, e )
DIEER DV | AREEDAET HHULMH « AN
DOV T DI EEIFHA TOYAR— b, {EEIDE

5 3. IABIRIEER &K BMI AREDR R

NTHDAREMMNRH D, 3. AEAE) D\ koo
FUTE R I3 T& QU WS AREENCES L
TWAATREMN D, D 3 EREZ BNLD, 1120
T FATIIGE D S SINFEHE O o T g TH551 X,
TR OB IR & U CHR < B Recf TENC
BONRAE BT LT ERMEINTWD, 7275 L,
W72 R ITN 2 SIS T LB D W TATHRIC
ZIMLTND EFIEITTE W, FEERKIZSIL T
WDITHE ZOMEAREE 2. 5B OMZE CHEET
VR D, 2 1ZOWTIL, ERFIEE TO R
FHROTEEN D B L2 9 2 TR 20BN H 5,

Model 2
HR (95%CI)

Model 3
HR (95%CI)

Model 1
HR (95%CI)

SRR

2nd vs st 0.76" (0.46, 1.06)

3rd vs 1st 0.69" (0.39, 0.99)

4th s st 0.82 (052, 1.11)
PN

2nd s Ist 0.86 (0.57, 1.14)

3rd vs Ist 0.76" (0.4, 1.08)

4thvs 1st 1.17 (0.89, 1.46)
RN

2nd vs st 1.06 (0.75, 1.37)

3rd vs 1st 1.00(0.69, 1.32)

4th vs 1st 1.297(0.99, 1.59)
JLix; -2l

2nd vs st 1.06 (0.80, 1.32)

3rdvs Ist 0.94(0.68,1.21)
VNEVEENQUNLE:

2nd vs Ist 0.73"(0.43,1.03)

3rd vs Ist 0.89(0.61,1.18)

4thvs 1st 0.70 (0.40, 1.01)

0.76" (046, 1.06)
0.69" (0.39, 1.00)
0.79 (0.49, 1.09)

0.83(0.54, 1.13)
0.77 (045, 1.09)
1.19(0.90, 1.47)

1.01(0.70, 1.32)
0.97 (0.66, 1.29)
1.28 (0.98, 1.58)

1.02(0.76, 1.28)
0.93 (0.66, 1.20)

0.73" (042, 1.04)
0.94 (0.65, 1.24)
0.73* (042, 1.04)

0.78 (0.48, 1.08)
0.71" (040, 1.02)
0.80 (0.50, 1.09)

0.81 (051, 1.11)
0.76" (043, 1.08)
1.14 (0.84, 1.43)

1.01 (0.70, 1.32)
0.96 (0.65, 1.28)
1.24(0.94, 1.55)

1.02(0.76, 1.28)
0.93 (0.66, 1.20)

0.75° (043, 1.06)
0.94 (0.65, 1.23)
0.75° (043, 1.07)

Note: ##p<0.001, #xp<0.05, *#p<0.1. HR = /N\F—F1JRY, 95%CI = 9O%ERERFE, 9™~ TD Model [ZHLNT
1 IREERT D% A, Mode| 1 (FIRFER+F#S+ERI, Mode| 2 (FIRFER+Flb+ERIELE AL+ BN T TS,

Mode! 3 [IIRIZZERR-EFtin+IEAIHEYEEUE RAER BB B RIAR B B{ETHHT,

3 1ZOWTIE, ARG DI MO EI TR
DO « NOEEHN DB TWNA Z EZER L,
ZD LD pHUE CIIR R L A RO ERMIHA Tl
HIRELZ B C & TR W B ARTEENCAES LT 5 ATRE
PERNEZ BIND, MREDDEEZBIFIZEDTNE D
IR TH L, IENTPEETH DRI DOBRTT
. PR EEOE M, FI A RS DA
AV OERIT, FIRRNEENCKGD Y A7 3@ 2
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