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20i% 1% 54.9% 63.2% 61.1% 54.5% 54.8% 52.8% 55.6% 70.7% 62.3%
&5t 38.7% 37.3% 38.1% 37.0% 43.3% 33.7% 37.2% 42.9% 41.3%
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317

31

BAXYEDATESEEZTH2LWVR)DEDEE (BEEH)

| BEX | EKE Jris] = haxX | EHX | F#K X EEX B(AES
60E% 1L 54.4% 57.8% 61.5% 48.8% 53.3% 56.8% 59.5% 69.2% 69.9%
[50m% 1 63.9% 60.1% 59.1% | 62.1% 64.5% 60.6% 60.7% 67.9% 57.2%
[407% 1 65.6% 63.3% 64.7% 56.7% 60.2% 61.0% 63.5% 68.4% 66.2%
301K 60.9% 64.0% 63.8% 63.9% 64.3% 59.1% 66.4% 64.0% 60.9%
[20/% 1 41.9% 55.1% 48.6% 58.4% 55.1% 49.5% 51.0% 45.0% 48.8%
&5t 58.5% 60.8% 59.5% 59.6% 59.5% 57.8% 61.1% 62.9% 60.0%
WoKYEDATEBEEZTSHRLVR)DOEFEDEE (BHE)
| JAER | EKE [riz] E3 hRX | FHE | HEX X EERX JEE
608% 1% 58.5% 59.6% 71.9% | 41.7% 61.5% 64.3% 47.1% 73.7% 69.2%
[50/% 1 70.0% 64.1% 67.4% 69.2% | 64.0% 67.3% 66.0% 87.5% 60.7%
[407% 1 75.3% 70.4% 75.5% 63.3% | 62.2% 69.0% 65.7% 80.9% 76.0%
308% 1% 66.7% 72.7% 69.5% 58.9% 71.9% 59.0% 74.0% 69.2% 71.7%
2055 1% 39.6% 70.8% 54.9% 67.3% | 77.8% 57.9% 54.8% 51.3% 53.8%
(&5t 64.0% 68.3% 67.8% 62.0% 67.3% 63.8% 64.7% 72.1% 66.5%
PoKYENATEBRETH2.LVR)DEDEE (ZH)
| BERX | TEKE X | hExX  RHARX | HERX X EERX JEX
60E% 1L 50.0% 56.0% 49.1% 58.8% 42.1% 48.7% 68.0% 65.0% 70.6%
505% 1t 60.2% 57.4% 54.7% | 57.1% 64.7% 55.2% 57.6% 55.1% 54.6%
[407% 1 56.1% 58.7% 58.1% 51.9% | 58.7% 56.2% 62.0% 60.0% 58.9%
3018 56.6% 59.3% 59.2% 67.0% 57.9% 58.8% 62.1% 59.3% 55.3%
2055 1% 43.5% 44.3% 44.3% 53.4% | 40.5% 43.5% 49.3% 39.0% 45.8%
(&5t 54.0% 55.9% 53.8% 57.9% 53.8% 53.6% 59.1% 55.6% 55.5%
FEFICHERTEVWEDNBR(CKLEo2=(LIEFEWN) DEDEIE (B &5

BERX | FAKK X hRX | FHARX | FEX X EER Bld =
60&% 1% 25.3% 18.0% 22.0% 35.9% 32.6% 21.0% 22.0% 25.0% 23.8%
50i% 1% 12.3% 13.4% 12.6% 26.3% 19.7% 11.0% 15.7% 22.2% 17.4%
40% R 6.1% 11.3% 8.1% 5.7% 15.7% 4.8% 11.4% 10.2% 7.1%
30 5.3% 6.3% 5.5% 5.4% 5.7% 3.3% 6.5% 5.4% 5.7%
20551t 4.3% 1.7% 3.2% 4.4% 4.3% 2.2% 2.9% 3.8% 3.4%
&t 9.4% 9.5% 9.2% 11.0% 14.5% 6.8% 10.8% 11.4% 10.9%
FEFICHERTEVWEDNEBR (KL =(LEFEWN) DBEDEIE (Bi)

BEX | FKK [Eic] =3 FRX | FHAK | BEX X EERX X
607% 1 26.8% 14.0% 24.6% 43.5% 44.0% 16.7% 12.5% 35.0% 22.6%
50/% ¢ 13.1% 13.9% 14.3% 25.6% 20.0% 10.8% 8.2% 25.0% 18.2%
40/% 1% 6.3% 7.5% 7.1% 3.3% 13.5% 5.0% 13.0% 10.6% 5.2%
30/ 1t 5.4% 7.8% 2.8% 5.4% 6.3% 4.8% 3.9% 1.9% 3.2%
20/ 1% 8.5% 1.4% 0.0% 2.0% 7.4% 0.0% 3.2% 5.1% 6.0%
&it 10.8% 8.6% 8.6% 11.4% 17.1% 6.9% 8.3% 12.0% 11.1%
FEEFIHERTEWEDNBR[ZKLES=(LEWN) DEDEIS (L)

AERX | AKX Aax PR | FHK | H#X X EER X
605% 1t 23.7% 22.0% 18.9% 25.0% 16.7% 25.6% 28.0% 15.0% 25.0%
50&% 1t 11.9% 13.0% 11.7% 26.8% 19.6% 11.2% 20.0% 20.4% 16.8%
40/ 1% 6.0% 13.7% 8.8% 7.4% 17.4% 4.7% 10.3% 9.9% 8.6%
30i% 1K 5.2% 5.5% 7.7% 5.5% 5.3% 2.3% 8.0% 8.5% 7.1%
20551 1.4% 1.9% 5.4% 5.7% 2.4% 3.7% 2.8% 2.4% 1.9%
&t 8.2% 10.1% 9.6% 10.8% 12.6% 6.8% 12.2% 10.8% 10.7%
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31 BROAMETTEAIESHDU.EL) DEDEIE (BREE)

AERX | #AKR | AKX PRX | RAX | FK#K | #X EERX | X

60X 16.7% 18.8% 25.4% 20.0% 31.8% 25.0% 26.8% 15.4% 28.8%

505% 4% 23.4% 20.6% 20.6% 16.1% 15.8% 18.1% 17.2% 19.8% 25.1%

405% 1L 15.2% 13.9% 14.7% 14.9% 24.1% 10.7% 13.1% 17.1% 12.4%

301 9.7% 9.9% 10.6% 10.2% 10.0% 12.1% 10.1% 13.5% 9.1%
205% 4% 12.1% 7.9% 1.2% 8.0% 8.7% 11.4% 12.7% 6.3% 9.2%
a5t 15.6% 13.7% 14.9% 12.7% 17.1% 14.0% 14.3% 14.5% 16.0%

BEERECAYETCEL LN HS (LIEL) DEDEIS (BE)

BAERX | #KK | AKX hRX | RAX | R#RK | #X | EEX | R

60m% X 17.1% 20.0% 21.5% 17.4% 26.9% 23.8% 31.3% 10.5% 30.8%

50m% X 25.0% 20.3% 15.4% 18.9% 28.0% 10.8% 18.4% 18.8% 28.4%

405% 1 13.6% 11.3% 19.4% 15.0% 21.6% 11.0% 11.6% 19.1% 13.5%

30t 7.1% 11.7% 9.4% 12.5% 12.5% 16.9% 11.8% 13.5% 14.5%
205K 10.6% 5.6% 6.6% 2.0% 3.7% 10.5% 9.7% 10.3% 6.1%
&it 14.6% 13.3% 14.0% 12.4% 18.4% 13.4% 14.4% 14.7% 18.2%

BEREOYEFETLEL LN H S (1LIEL) DEDEIE (X8

AEX | KR | AKX PRX | REAX | FE#K | #X EERX E| A"

60% X 16.2% 17.6% 30.2% 23.5% 38.9% 26.3% 24.0% 20.0% 26.9%

50mE X 22.6% 20.9% 23.4% 14.3% 9.8% 24.0% 16.5% 20.4% 22.7%

405%1K 16.7% 15.5% 11.9% 14.8% 26.1% 10.6% 14.0% 15.7% 11.6%

30% K 11.5% 9.0% 11.5% 8.8% 71.9% 9.2% 9.2% 13.6% 6.2%
20m% 1% 13.0% 9.4% 71.7% 11.4% 11.9% 12.0% 14.1% 2.4% 11.2%
a5t 16.4% 13.9% 15.6% 12.8% 16.2% 14.4% 14.3% 14.2% 14.5%

B3I  ORBENRICLESNEL)DEDEIE (BREE)

AERX | #AKR | AKX hRX | RAX | F#K | #X EERX | X

60X 25.6% 19.0% 25.4% 22.5% 22.7% 24.7% 26.8% 22.5% 31.4%

505% £ 22.2% 22.7% 26.7% 23.4% 26.3% 22.5% 23.9% 30.9% 24.6%

405518 21.5% 23.0% 22.2% 22.7% 24.1% 18.9% 20.6% 31.6% 21.8%

30% 1L 16.5% 25.2% 20.7% 23.3% 24.6% 15.4% 21.2% 27.9% 16.2%

205% 4K 25.0% 19.8% 14.0% 17.5% 20.3% 23.4% 17.6% 16.3% 21.5%

At 21.8% 22.3% 21.7% 21.9% 23.5% 20.2% 21.4% 26.7% 22.4%

ODEENRICLES (LIFV) DEDEIES (B1E)

BERX | #XKK | AKX hRX | REAX | FE#RK | #X | EEX | R

60m% X 19.5% 16.0% 29.2% 21.7% 19.2% 16.7% 18.8% 20.0% 22.6%

50m% X 16.7% 22.8% 24.2% 21.1% 16.0% 20.6% 22.4% 28.1% 26.1%

405% 1 22.5% 19.8% 22.7% 20.0% 24.3% 17.0% 20.3% 31.9% 22.9%

30i% 12.5% 31.2% 18.7% 26.8% 19.4% 14.5% 24.0% 26.9% 26.7%

20m% 1K 29.8% 23.9% 14.3% 18.4% 14.8% 22.4% 6.5% 15.4% 24.6%

&it 19.9% 22.9% 21.3% 22.0% 19.2% 18.3% 19.5% 25.1% 24.5%

A@EEARIIES (LIFEL) OFEDEIE (i)

AEX | #wAR | AR PRX | REAX | FE#K | #X EEX | X

60m% X 32.4% 22.0% 20.8% 23.5% 27.8% 33.3% 32.0% 25.0% 40.4%

50mE X 26.5% 22.6% 28.1% 25.0% 31.4% 24.0% 24.7% 32.7% 23.5%

405%4K 20.5% 25.0% 21.9% 24.7% 23.9% 20.0% 20.8% 31.4% 20.9%

30mE 19.5% 22.1% 22.3% 21.1% 28.9% 16.2% 19.5% 28.8% 10.6%

20m% 1% 21.7% 17.0% 13.8% 17.0% 23.8% 24.1% 22.5% 17.1% 19.6%

At 23.4% 22.0% 21.9% 21.9% 26.8% 21.5% 22.5% 28.0% 21.0%
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R314

fE31

EAWADRETLoAYMFAL

Hond2.L\WR)DEDEIE

B&x &5t

HAERX | B|KR [ic] =3 FREX | RAX | FEX X EER |43
60/% 1L 42.3% 31.7% 48.3% 40.0% 52.3% 39.5% 43.9% 45.0% 37.1%
50t 30.6% 28.2% 28.8% 35.1% 42.9% 20.2% 29.9% 40.7% 30.4%
40718 19.5% 24.9% 26.0% 22.7% 23.2% 24.2% 26.7% 24.1% 27.2%
301t 17.3% 22.5% 18.7% 20.4% 30.0% 16.4% 17.5% 20.7% 13.3%
20/% 1% 17.1% 18.6% 16.7% 16.8% 11.6% 17.4% 18.4% 18.8% 17.4%
&t 24.1% 24.6% 25.8% 24.0% 30.1% 21.5% 25.1% 27.3% 24.9%
EEMADEETLOMYNMHLOHENE 2LDWZ)DEDEIE (BHE)

AERX | BKEX [ric] =3 hRX | RAX | FERX X EERX X
60 48.8% 31.4% 50.0% 47.8% 61.5% 47.6% 50.0% 45.0% 32.1%
50i% 1% 36.7% 35.0% 30.4% 34.2% 48.0% 23.3% 26.0% 37.5% 35.2%
40/ 1% 26.3% 26.7% 30.6% 21.7% 27.8% 25.3% 34.8% 31.9% 25.0%
30/ 1% 14.3% 18.2% 17.0% 23.2% 34.4% 14.6% 20.0% 13.5% 11.5%
20K 23.4% 21.1% 16.5% 18.4% 11.1% 18.4% 16.1% 20.5% 10.8%
&it 28.7% 26.2% 27.3% 26.0% 35.6% 23.8% 27.8% 26.7% 24.2%
EERADBEETLOMYNALHEND 2.L\WR) DEDENE (Lif)

AERX | FTKEX X FRX | REAX | F#X X EERX X
601t 35.1% 32.0% 46.3% 29.4% 38.9% 30.8% 40.0% 45.0% 42.3%
50/ 1% 26.5% 23.5% 27.9% 35.7% 40.4% 17.6% 32.1% 42.9% 26.9%
40 13.1% 23.8% 23.1% 23.5% 19.6% 23.5% 21.5% 18.8% 28.9%
30 19.5% 24.8% 20.2% 18.7% 26.3% 16.9% 16.1% 27.1% 14.3%
20i% 18 12.9% 17.0% 16.9% 15.9% 11.9% 16.7% 19.4% 17.1% 21.5%
&t 20.4% 23.5% 24.7% 22.7% 26.1% 19.9% 23.5% 27.7% 25.5%
EHEA. Y. IM32NHPTHNIER (1L.IEL) 22 ULDEDE S (BXEE)

HAERX | BKRX X FREX | RAX | FEX X EER |43
60/% 1L 21.8% 10.0% 17.8% 15.4% 16.3% 17.5% 17.1% 10.3% 26.9%
50 1% 11.8% 12.4% 13.4% 17.2% 14.5% 11.9% 14.9% 17.3% 17.4%
40718 6.7% 10.6% 9.3% 8.5% 19.3% 6.7% 8.6% 7.7% 6.7%
30/ 1% 6.1% 8.6% 7.6% 8.2% 7.2% 6.5% 6.6% 9.0% 6.4%
20i% 1% 7.8% 4.5% 4.1% 5.8% 5.8% 6.5% 5.9% 5.0% 5.2%
&t 9.7% 9.3% 9.8% 9.8% 12.5% 8.7% 9.8% 9.6% 11.4%
HEA. Y. IDN32NHTHZYER (1.IELV2OULDEDEES (BiE)

BAERX | BKEX [ic] =3 PRX | RAX | FEX X EERX X
60t 22.0% 12.0% 21.5% 17.4% 16.0% 11.9% 12.5% 10.5% 23.1%
50/ 1% 13.3% 11.4% 13.2% 16.2% 12.0% 8.8% 14.3% 18.8% 20.5%
40/% 1% 7.5% 9.4% 9.3% 6.7% 18.9% 7.0% 8.7% 8.5% 6.3%
30 5.4% 9.1% 6.6% 8.9% 3.2% 8.4% 8.0% 5.8% 10.0%
20K 8.5% 4.2% 2.2% 2.0% 3.7% 3.9% 6.5% 7.7% 6.2%
&it 10.5% 9.1% 9.8% 8.8% 11.0% 7.7% 9.8% 9.5% 12.8%
BHEA. 2. TO3ODOHTHZUER (1.FL) 20U LDEDE|E (i)

AERX | TKEX iz =8 FRX | REAX | F#EX X EER X
60i% 1 21.6% 8.0% 13.2% 12.5% 16.7% 23.7% 20.0% 10.0% 30.8%
50/ 1% 10.8% 13.0% 13.5% 17.9% 15.7% 14.4% 15.3% 16.3% 15.1%
40 6.0% 11.3% 9.4% 9.9% 19.6% 6.5% 8.5% 7.1% 7.0%
30/t 6.6% 8.3% 8.5% 7.8% 10.5% 5.4% 5.7% 11.9% 4.4%
20/% 1% 7.2% 4.7% 5.4% 8.0% 7.1% 8.3% 5.6% 2.4% 4.7%
&t 9.1% 9.4% 9.9% 10.5% 13.6% 9.4% 9.8% 9.6% 10.3%
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fE32 COVERICEMBRZEZHTTVVENERRS (BRSE)

AERX | #AKR | AKX hRX | RAX | H#KX | #X EERX | X

60X 33.8% 32.0% 35.8% 42.9% 22.2% 28.0% 19.0% 38.5% 27.9%

505% £ 42.5% 36.2% 34.3% 29.5% 41.6% 43.2% 38.5% 42.2% 34.3%

405518 44.2% 38.0% 35.7% 46.5% 39.3% 39.9% 35.2% 36.4% 40.7%

30% 1L 40.0% 41.9% 37.0% 35.8% 54.3% 43.3% 33.8% 43.2% 41.2%

205% 4% 43.7% 49.2% 50.2% 46.0% 57.4% 46.7% 50.5% 45.0% 48.3%

A&t 41.7% 40.0% 38.6% 40.4% 44.1% 41.5% 36.9% 41.0% 39.1%

COIEMICHBRZEZTTLEVEDES (5HE)

BERX | #KK | AKX hRX | RAX | R#RK | #X | EEX | R

60m% X 46.3% 28.8% 44.6% 45.8% 26.9% 34.9% 17.6% 45.0% 30.8%

50m% X 54.1% 37.5% 37.6% 30.8% 50.0% 42.7% 48.0% 48.5% 38.9%

40551 46.9% 40.7% 36.7% 51.7% 39.5% 43.6% 37.1% 42.6% 43.3%

30% K 43.9% 48.1% 40.7% 57.9% 65.6% 53.0% 45.1% 51.9% 49.2%

20m% 1K 45.8% 52.1% 57.6% 49.0% 57.7% 56.6% 61.3% 51.3% 55.9%

&Et 47.6% 41.9% 43.2% 48.7% 47.9% 46.8% 43.4% 47.9% 43.5%

COIEBICERBZEZ T TVENEDE S (ki)

AEX | #AR | AR PRX | REAX | FE#K | #X EEX | R

607% X 20.5% 35.3% 25.5% 38.9% 15.8% 20.5% 20.0% 31.6% 25.0%

50mE X 34.5% 35.3% 32.6% 28.6% 37.7% 43.7% 32.9% 38.0% 30.8%

405% 4K 41.7% 36.3% 35.0% 42.7% 39.1% 37.6% 33.9% 32.4% 38.8%

30:% K 37.2% 38.6% 33.8% 22.0% 44.7% 36.8% 27.3% 35.6% 36.8%

20m% 1% 42.3% 47.2% 45.0% 44.3% 57.1% 39.8% 45.8% 39.0% 43.4%

A&t 36.9% 38.7% 35.4% 34.7% 41.3% 37.9% 33.2% 35.4% 36.0%
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K2, EAMGORETL >0 0B LOLNDLEDEIGITOWVWTORERN L D7 1 Z5EG

EARADREETLoMYAALDBNS

[ LMNE p

A% % A% % (YR

[ El 1,975 733 719 26.7 0.004
z 2,942 76.5 905 235

FHhp 20/% 1% 1,045 82.7 219 17.3 <0.001
30/% 1 1171 80.9 276 19.1
40 1,293 75.5 420 245
507% 1t 1,004 70.2 426 29.8
607% 1t 384 58.8 269 41.2

fAIAZESL 1A 539 73.3 196 26.7 <0.001
2N 1,059 70.3 448 29.7
3A 1,415 76.5 435 235
YN 1,398 78.8 375 21.2
5ALE 495 75.3 162 24.7

F(@rTiE -1995M 901 68.2 421 31.8 <0.001
200-39975 M 1,859 74.9 622 25.1
4005 H- 1,735 79.6 444 20.4

BERIKR ERERRIR 1,380 72.3 529 21.7 <0.001
LERREREDSELZRERBRIBRTAID 1,258 73.8 446 26.2
HEEERERIRERREES) 1,493 78.7 404 21.3
HFME 556 80.3 136 19.7
D Al 74.7 24 25.3
WFhEIMAL T 49 51.0 47 49.0

TERR EoO(EH- EHRBE) 2,476 76.9 743 23.1 0.016
EHUS—b-TILAA - FEEHBE) 1,166 74.6 397 25.4
BEE-R¥E 252 72.2 97 27.8
R - Z D DR R E 64 711 26 28.9
HEELTLLY 946 72.7 355 27.3

EEDESE BR—FEO 2,006 75.2 660 24.8 0.114
BFRE&E&ED 1,447 76.8 438 232
NEEEEE 220 69.0 99 31.0
REMESEFE—FED 88 72.7 33 27.3
EMEEXE&GEEES) 918 74.7 311 25.3
&l 115 74.7 39 25.3
Z D1 83 72.2 32 27.8

HEERE ZHELTLVEL 4,844 75.8 1,548 24.2 <0.001
S2ah (REPEEL) 68 47.6 75 52.4

BEE PERE(ERPRESD) 131 57.7 96 423 <0.001
ERE(KREHREED) 1,143 67.6 547 324
HE-EMER-EX-EEE 1,294 75.8 412 242
REE 2,012 80.5 488 195
KREFBRE 288 83.5 57 16.5
ZDfth- T8 28 60.9 18 39.1

EETIER L 4,258 76.8 1289 23.2 <0.001
»HY 661 66.2 338 33.8

HANE—HICRET M #AHD 2,925 78.0 826 22.0 <0.001
BIZfRIEASHSD 1,053 735 379 26.5
AIZfRIENH S 561 72.0 218 28.0
FEIEEIHD 228 70.2 97 29.8
[FEAELL 132 57.9 96 42.1

HRMELENDHEE [E3ES=1= 2,984 78.2 833 21.8 <0.001
Ba~5H 1,055 73.7 377 26.3
#H2~3H 766 69.4 338 30.6
[FEA LR 106 58.2 76 41.8

BERERIKERTHEE BELL 1,102 76.0 348 24.0 0.018
BEiz1~2@ 1,469 76.6 449 234
SEIZ3~4[mE 650 76.4 201 23.6
JBIZ5~6ME 407 75.5 132 245
&0 1,280 72.2 494 27.8

TR-ER-BIRERNDEE FEALEER 2,269 774 662 22.6 <0.001
Blza~5H 1,066 76.4 330 23.6
Blz2~38 1,054 70.6 439 29.4
IFEAELL 522 73.0 193 27.0

BEEE BUELTLND 688 66.1 353 33.9 <0.001
BELL 4,204 76.9 1,263 23.1

PEEIE RAIRESCELL 3,665 76.0 1,155 24.0 0.004
ZHEDHERERESHY 669 75.1 222 249
BLEBEKEHY 493 70.2 209 29.8

RAN-HAEESHEE B1ELUE 1,259 77.2 372 22.8 <0.001
A1~3[@ 1,736 71.3 510 22.7
FE(2HE 1,432 74.9 480 25.1
EOTLELY 403 64.7 220 35.3

32 208 A £ 4,634 77.8 1,324 22.2 <0.001
198U T 87 31.5 189 68.5

WA AR EEREE &0 1,034 74.8 349 25.2 0.315
E1ELE 797 76.7 242 23.3
AlZ1~3EEE 884 76.4 273 23.6
fEALTLVEL 2,187 74.3 756 25.7

BoKYILMATRETS A 2,120 81.2 492 18.8 <0.001
[AIAV4 2,785 71.3 1,123 28.7

BB DB o1 [EXA) 212 33.1 429 66.9 <0.001
[RIAY4 4,696 79.7 1,193 20.3

BEOIMETLEIIENHD (T 646 67.8 307 322 <0.001
[AAV4 4,263 76.5 1,312 235

OMEENRIZID [EXA) 972 67.3 473 32.7 <0.001
[AIAY4 3,935 77.4 1,147 226

CO1EMOERRE »HY 2,969 76.0 940 24.0 0.071
L 1,942 74.0 683 26.0
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#3. EABMBFORETLoMD DA LD LNDEEDEIEIZONTOR VAT (v 7 [BlE5HT
(EEW1E) ORER

oy A=
Exp(B) EXP(B) M 95% 1§

8 X R P
TR  EBR
F#5 20/% 1% 1.00
30 1% 0.96 0.76 121 0.736
40FE 1% 1.32 1.06 1.65 0.014
50%% 1 1.42 1.13 1.79 0.003
60EE ¢ 1.93 1.46 2.54 0.000
HAESL 1A 1.00
2N 1.36 1.05 1.76  0.021
3A 1.18 0.91 153  0.217
‘PN 1.14 0.88 149  0.332
S5ALLE 1.48 1.08 2.02 0.014
BERR ERBERIE 1.00
2ERERRGEEERRERREGSITAID 0.89 0.74 1.07  0.205
CEEREREREBREARES) 0.73 0.61 0.87 0.001
HEHEE 0.80 0.62 1.02  0.076
ZDith 0.76 0.42 1.38  0.362
WIFNREINAL T 0.84 0.42 1.68  0.620
HERE FEREZE (ERHEESD) 1.00
BRE(KZHREED) 1.03 0.70 153 0874
BEE-EMER-EX-5EE 0.87 0.59 1.30  0.506
KEZE 0.74 0.50 1.09 0.128
KEFRZE 0.67 0.41 110  0.112
Z D ith- B 1.50 0.62 3.65 0.369
HMhE—RICBETS ERHS 1.00
s BICRIEIHD 1.23 1.03 1.46 0.022
BICAENH S 1.22 0.98 153 0.081
FEIZREMIHD 0.97 0.70 1.33  0.844
FEAELL 1.64 1.11 2.41 0013
HEHBLZBRIEE ZFXEH 1.00
B4~5H 1.24 1.03 1.49 0.022
5B2~3H 1.12 0.90 1.39 0.316
[FEAELL 1.53 0.98 240  0.060
FE-EXE-FIEEBR TEAEEH 1.00
SHEE SElza~5H 0.99 0.81 1.20  0.906
H\Iz2~3H 1.27 1.04 155 0.018
[FEAELL 1.05 0.80 1.36 0.743
LT EMEL TS 1.00
BAEEL 0.83 0.70 1.00  0.045
[E3g: 208 L E 1.00
198 LLF 3.06 2.19 4.27  0.000
oKUK ATEE (FLY 1.00
ERA) (AIAY 4 1.70 1.47 1.97  0.000
EI[AEN VY= 2N I CO - { A 1.00
tot= LZ 0.18 0.14 0.22  0.000
AmEEARIZES (L 1.00
LWZ 0.85 0.72 1.00  0.043

BHER - EAEADRETLONYMLALDHLNS ([FLV:0, LMV :1)

SMALTHELTIRALIZL O 14, Fi6. AIABELL. FlATS. REAR. SRR, £E5RE BBE.£F
HER. #NE—RICRET IR HRHEEZENIEE. ARHKERTHEE. TR -EX-BIXEEA
SHE. BETE, EEE. RA-FALRIHE, . P oKUINATEET S, BLHDHARANIZK
Bot=. BRVOAYFTCELIENHSH. ADFENRIZES, IR
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RN TCAE BE IR A T R R 52 e e B 4
(TEERERIR I WP AT% B IR 6 R BT 725 26)
U RE I

THEORERR & REKE - FRHIFER - FEE

WHgE s fee R—B8 (RASHERFERESE 2d%)

R E

LT BEE Tl MEIRE ORERRIRIENE N Z L 28T AR S H 52, RILERCTH A
FEHNTHRIZ RN TN — 2 07 < W B T im O EFRIRRBIZ BB 2 2 Topfgtid, +
GARAN T S T VIRV A A

AHFZE T, BEEIRRE « B BESIC OV T, ¥R b ghde ot kb otk &
LMD R 1T T,
FEROHFRERIILLTOEY Th 5, S, TEEOHEEERBIZONT, KGO
FHEPOLE D, FREIL, PREOFEETWE & PEFEORELIECONT, EEXHED A
SN, HEEOHEETMEIL, FREROBES I LAE, SR ER (ST
CHE) EIE LT LT, 50~64 mEOBE TR ORERF Y A 7 XBE TRV, R EOE]
AlE. BERLLZMEOITZI BHED Y LML HEV,

A. HIRBE®

KOHT T, MEORZEIRD & RIS 7 - BB OV TN T2 L2 BEMET 5, 1
X, ZMEOBRFERD L BEERIERCTH Y . 1 HEOF TERT 2HEIZED L BN D D)
BN D, B2, EEEAEL LT, AEEIERO 1 > THOHRFEITIER L, ZtEomt2Ek
L R = E N D, 5 3 1%, LEO BRI & SAEE & OB A ST D,

B. MIRAZE

T 20~64 5EOLAEIZOWNT, 3850 o T EGHTRR E LT, ZMEOBER L, IERUE
M. FFEHER. BEE - F¥E N TooBEREOWNTANTH L, LMEOREREL L
T, BER LI ES, I ER L EETRIIHE L, EETRE. ZMBEEE T 2
D, EEDONA TH D,

(fiE i ~ D BCLE)

AT, JBAETEE TANEHRE T DEFRIFRICEAT S fmiast) S48T L, HAF®R
(RAREFT7R EMANFETE D HD) ZHIRLET—2 20, MATomEFEELZES
TR SN TJAGES 7'r v = 7 MNEFEEB L OGS S OfERE L < & LICBIT 2 & 25t

) T2 OZRFIAL, B L OENHFERSE E NENL R FEERIEE 2 — (992, 1244) Ofi

- FlIFH K ZE RS TRRE ST TR ZIT o 72,
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C. IRFER

1 BT - b Aot & TS - SRR
I~ 20 F I~F20F, FETM - gL & FMmTH - ZEOBREZ 7 m 2AWNCFR LT

W5,

1 PTG X Lot 6 - BT m

[= 60
=

() op 2D
o~
S

Tt EE (20-495%)

=199 ML

FEER (20-495%)

=200-399 5 HLLF

F 1 FEATE X b 3EH - BT (N=3582)

30

; I|| II . il
10 I

: i

(N=3582)

THREE (00-64m%)  FXREH (50-647%)

w400 AL = RiE(E

TS
200-399 5 ]
199 FALT 400 FALLE | &igfE
BT
LT ESE (20-49)
& 20. 6% 39. 6% 30. 4% 9. 4%
(N=1999)
B2 18 (20-49 &%)
" 13.3% 48.5% 22. 6% 15.7%
(N=460)
ik FhEE (50-64 #%)
B 20. 3% 37.0% 36. 4% 6.3%
(N=836)
2 X142 (50-64 &%)
RIS 23.7% 31.4% 30. 7% 14. 3%
(N=287)
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2 TEIEX VLR - HETE

(N=3582)

ZHRERE (20-49%)  FEERQ0-49%)  HMEMESE 60-64m) - FXREIE(50-64i%)

o) MO o]
& (2]
o o

)
w
S

(

- DN
o O O

sthEE . ERPER CEE CHE - @AE 0 KF¥ - AFRE

2 FEEXIMEBEHR - HELm

I

e S BHE - FIR | K% - K | 20fh - o | XEfE

Bk (R | FBEEE | B

8

THEREE 20-49 %) | 2.4% 16. 6% 37.3% 42.8% |0.7% 0.3%
(N=1999)
FE 1% (20-49 i%) 3.0% 18.3% M.7% 35.9% [0.2% 0.9%
(N=460)
T EE 50-64 %) | 2.3% 33.0% 40. 2% 23.9% [ 0.1% 0.5%
(N=836)
HE 1% (50-64 %) 2.1% 35.9% 37.3% 23.3% | 0.0% 1.4%
(N=287)
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# 3 BPSORIEREIRO Rt E - TR

B SR R Y
FIEEH | H4a~50E | WH2~3F |[I1F& AL | KIEME
VAR
TiEFhERE (20-49 %) | 58.0% 23.8% 15.3% 2.4% 0.6%
(N=1999)
BEF 1% (20-49 %) 70. 2% 18.5% 10. 2% 0.7% 0.4%
(N=460)
T EE 50-64 %) | 69.5% 16. 3% 12.8% 1.0% 0.5%
(N=836)
BEF1% (50-64 &%) 80. 8% 10. 8% 6.3% 0.7% 1.4%
(N=287)
X4 BHETh - ghELor L PEIRE
(v XLb) _
() (N=3582)
HE ’
#a 2. 40 *
= .
D (FHE)
ﬁE 1.00
== 1
0.36 % * 0. 36 .
0 — —
TR ERE 20-495%) 2 EHEFIH(20-495%)  kiEmiEE G0-648%) - HEFIH (50-64m%)
(N=1999) (N=460) (N=836) (N=287)

KA (AT, 207) OB L B8 LT o & S,

% kX 1%KIET, kL 5%KIET, THLHFRIIC
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4 SERREE XTIk (N=3850, ZefED )

AR

(7T~10 )
THEHY 20~34 %) 62. 1%
PMELZL (20~34 &%) 72.8%
MESHY 35~49 %) 70. 2%
FELG L (35~49 %) 71.1%
MEHY (50~64 %) 63. 8%
% L (50~64 %) 67.2%

SEAMATASAY 400 5 LI EDEIA L, 20~49 5% D MR EE L 30. 4%, 20~49 %O HE T IFHIX
22.6%, 50~64 %D MR EH 1T 36. 4%, 50~64 O HIETIFIL 30. 7% TH 5.

F7o. FREICOWTIL, EREZEDOEIEIL, 20~49 D LPERE A 1T 16. 6%, 20~49 O H T
1% 18. 3%, 50~64 DKM ZEH 1T 33. 0%, 50~64 DR TIRIL 35.9% TH 5,
BE « R (TR E Te) OEIAIX. 20~49 RO LM HEE 1L 37. 3%, 20~49 OB E T
41. 7%, 50~64 D PEBE¥EF 1T 40. 2%, 50~64 O HE THL 37. 3% TH D,

R REFEBEAEOEIG L, 20~49 O LMEREZEE 1L 42. 8%, 20~49 m O T hwd 35. 9%,
50~64 7% DL MEREEEE 1 23. 9%, 50~64 D HETIT 23.3% Th 5,
2 HEETE - BREAME & B SR B R AL

# 31, HHEFM - LM L BB IRORRE 7 0 AIZERR LT D, 1ZIEmEH OF
Al 20~49 D MR ZEL 1T 58. 0%, 20~49 #E DO HETFIFHIL 70. 2%, 50~64 ik D LMk EH
1% 69. 5%, 50~64 FEOHEETIHIL 80.8% TH D, 1T LA LRVEIAIX, 20~49 MO L ¥EHE
1% 2.4%., 20~49 OB TIHL 0. 7%, 50~64 D LMERE¥EH T 1. 0%, 50~64 kD H I T I7
0. 7% Th 5,

3 EEZE T - mRSEME & BRI R

BJ 4 1%, ZMEOBRZERDUS DWW THEZE T Im &b E L ME, Filipld 20~49 7% & 50~64 7%IZ LV |
4 SOOI N—TIZHHE LT, BERBICOWTEMIEDORERKZNED X ) 7RI H D D0nE R L
TV, b50~64 kDM ER ZEMEL T 5 L | FERIFOMERD A v XX, 20~49 5k D 2Pk
FH1F0.36 5, 20~49 FEOH I TIFIL 0. 36 %, 50~64 FOHELIFT 2. 40 5 TH 5,
4 R - LM LB

F AT, FRHOBENE LEOREDOFEILY 6 KL, BEELZFFLTND, 10 AAD
FEREIZONT, T~10 REFERENEWNE LTHEL TV,

FRENEWEIEIE, 20~34 MOBED D OLMEIT 62. 1%, 20~34 EOFER L oL
72.8%. 35~49 DO EH W DL 70. 2%, 35~49 DO ER LOLMIE 71 1%, 50~64 7%
DREEED ) DNEIT 63. 8%, 50~64 DB L DOLMEIT 67. 2% Th 5,
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F e NURN &3 552k )1 A AN kﬂréﬂtoikf X, ¥R LOBADITH NE
BENEWEIRITE -T2,

B LBREOITATIR A E 2 5 & BRENRRICKIT TR, BEEMEELZmD D L
D SEATHIFFERE SR, 3T %%ﬁ#¢imf&5kwo%ﬁﬁnﬁ%\%%i@b%@%
EEALSED L0 TSRS R STV D, Bh3EIC K D IEEE BN A THIZE TR D %
ERBLND DL, BETHRERCHEN I = —2a v BNEED 2 & TREICT 7 A

DOEBEELOME L, REITHABRICL DA N 2AE2ED D Z L TREICY A T ADOEEE
SMERH D Z & WT ORI A58 < FER T 2 003l 2 A0 izl L 0 e 5 7-
OThHbH,

FEEEARTE CHERIR) DN EEONG A, BPRRHRERN D 72 < | EEEMRNZ ENEBEZ 6D,

B SEBHEEID 22 WIE SRR 72 EOATERERICR DT WEEBEZ LNLNH TH D, £,
FATIRGEDN D, SEBENRFEVIEE . A b L ARHLSC RO ZRE O L CAEFNCER L, fad
FET D NALREREFTHD Z LRI RENEEINTETVWEINLTHS, L, #F
7 — % TlX, 50~64 i OFMpIE IOV T, HEFMITBELMEL Y &, BRBHEINIZ <,
FEREITEWIZ S 00D BT, EEERIREE (BERF) (TN Z LRI TN D,

E. #&&

BP SRR & e R LS O BER | FRIC, BRELMEOBENKZRA - o2 2 & T, #F
HOBEMEORENMEFRICED L I REBEERKIEFL TOWEONESITTLIENEELEZ LD,
PR TICHWN T, BRI L TIEROWTNOEE L oL EX b0, LMtk
OEEFH E DL E LT, $BREORE S, FHEMLIEEREROEIS, BiEA N L ADR
ERAME, A—/"—ETOREMADBKE, @AM E AR - RBIHEHEERLE LT
ETHIEREITEY, OB ELBFEORREHONCT A ENEELEZEZOLND,
MARZERFT DERICE, ITEREFABOR CISHT 2BRICEREREE-TETWNDH T v Y
HEmOAZRF Lz, Ty Ui, EAOBRE IR L7 BT, DA =2 —0if
NGREEDT - YAR—F 2T RTLZL T MADORERROH Y a2 L L~z 5 &3
HZETHD, Ty UETRUTRBESRICED ANLD Z & C, fEEEEE, 85 A DR R B EL
I EATENC X LT T AD TR~ o TN ZERAMRBIZR D Z ERBE L bid,

F. IR HER

1. RXER
L

-33-



(LA BT « H - BITHEELRAN)

G. HMMBEEDHE - ZHKR
(PEZET.)
1. HErIE
7L

2. ERFEZR
L

-34-



T RNTCAE B A T R R ST e e B 4
(TEERERIRIE -« WEIRI S E@”EW%%@AHn$¥)
EiEl it e

AARZZEZERREZZERALICEIF-IRY BAHDIRE

WHEm % IhR &R (B BN R B RS IR HEHR)
Wroets s NG R (ESLRFERMZEE v 2 —7 LA LIRSERT §ER)
WrefEE g WAl (ESLRFERIE o ¥ —BFEFEHI e fR)

W E

AWFFETIE, ERAREZ, M2, RBPRAKE, FENAURZ, ARABmZEhThO
B2 DRI & EFRIRBROFERCY — R 7 LA ADFMHL L HIZHLNICL, < OHRIH
BENC DAL X2 TED L) BB EL T DRR G5 Z L2 AL LT,

ZOfR, EREERRIMAZE OZZRMES, 612, ZMETIE, — F7F LA ZDOFER
2T EARICEEL TWD Z ENH LML o7,

ASROMARE LTE, EREEERBIMAZDENST WG TORBREHZIT O 2 L &%
FTohd, £z, ZHEPNK[EIZEEND T — T LA ZOEE B, ZMOGEH) & R2 G i -
BHBZ OEZIT> TN ZEBARTIIRVWINEER D,

A. HIRBE®

BRARE, MR, KBRS, FERARS, ABRARZENTNORZOZZ
R ARFERR OFERCBE R IL &L E BITHOMNTT D & & biZ, £ < O RAEMAITH
IR EZDTED L) BB EAED 2O DRBEG D,

B. MiRAE

20 D 64 FEOM T TR ZXGIC LTZiiET — % (N=6,666) 225, BAMRZOZZIRILAAR
Bl72 769 £ & RAN L, 5,897 L axtB e L CatiaiTo7z,

£, MEEOBIEIZ OV TEIBRHE 21T o 7o, WITHERND, B A2 OZZ2RIIZONT,
IIAL TO D EERERROFEHNCER L, x RRELIT o7, £OREDAMRZ DZZ DA
EHBIERE LIcn VAT ¢ v 7 Bleatr 21T\, BER OB 21772, £/, Y= K7L A R
DA HE & B0 AR D2 ARBUZ DD TR Z S IZH BT LTe,

(fiE i ~ D BCLE)

AWFFET, BEAETEE TANEHRE T DEFRIEICET D midast) F485 L, EAKFR
(RAREFT7R EBMANFETE D HD) ZHIRLET—2 20, MAToMEFEELZES
TR SN TJAGES 7'm v = 7 MR L 0SS OfERE L < & LICBIT 2 & 25t
) T2 OZRFIAL, B L OENFERSENENL R FEERIEE 2 — (992, 1244) Ofi
B - FlIFSH K ZE RS TRARE ST TR Z1T o 72,
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C. MIEHER
L. NEZEORE (1)
KBEOBIEEZF 1 ITRT,

WEEOBKE (n=5897)

A %
i 20848 1,075 (18.2)
307 1,310 (22.2)

A05RAR 1,579 (26.8)

508K 1,326 (22.5)

60m%M 607 (10.3)

MR B 2,525 (42.8)
g4 3,372 (57.2)

RERER ERERRR 1,689 (28.6)
2ERBRERHEEZRERRE BaTAIT) 1,604 (27.2)

HEEERRRR (RERFRMRES) 1,782 (30.2)

HEEE 671 (11.4)

Z 0t 82 (1.4)

WIENHMAL TL AW 69 (1.2)

BERR o (B - EREE) 3,043 (51.6)
i (S— b - TNA b - FEIEREE) 1,382 (23.4)

BE%E - RE 325 (5.5)

P 11 (0.2)

Z DY DFEREE 66 (1.1)

AEELTLEL 1,070 (18.1)

EEON 5 0 AR 172 (2.9)
50~100AMKHS 136 (2.3)
100~150AMKE 152 (2.6)
150~200FMAKE 188 (3.2)
200~250AMKE 247 (4.2)
250~300AMKHE 325 (5.5)
300~400KAMKE 628 (10.6)
400~500FMAkKE 667 (11.3)
500~600AMKS 657 (11.1)
600~700KAMKES 558 (9.5)
700~800FMKH 557 (9.4)
800~900AMKE 378 (6.4)

900~1, 00 0AMKE 340 (5.8)

1, 000AMA~1, 200AMKE 439 (7.4)

1, 200AMMUE 453 (7.7)
Y—RTLAZDEE H—FTLAREL 3,672 (62.7)
Y—RFTLAZNH B 2,180 (37.3)

MARLEZ SRAKRS 1,981 (33.6)
fmhARE 2,587 (43.9)

KIBHARE 2,245 (38.1)

FENARY 1,775 (52.6)

A AR 1,493 (44.3)

2. MARER, BLUHY—FTLA ROFENRZZZKE (R2, ®£3 %4

B, WA, KRIBBSA, FESEN A, RADOHRZZZIRZ, YERITHT, AR
WHEH LZb0ER 27T, WTOBRZIZEW T TERBERR] MAZEOZZEN (£
ERFEERGSEERERR BHSTAR) ) THAERBEERR RERBRMEE) | IEREHEA ©
MAZE L & L CTHERIZE» -T2,

- 36 -



RERROERNZLELK

BHAKD mhARE KD ARE FENARZ AL ARE
n % p n % p n % p n % p n % p

£t EREERR 199 27.7% 258  35.9% 234 32.5%

LERBERBBLSEEERERE (HEUAID) 289 46.1% 343 547% 297 47.4%

EEEERERR (RRERERED) 438 529% 504 609% o 450 543%

HFRE 133 47.2% 161 57.1% 124 44.0%

Z ot 13 37.1% 15 42.9% 12 34.3%

WFREMALTLAL 7 20.6% 8 23.5% 5 14.7%
it EREERR 190 19.6% 287 29.6% 242 24.9%

SEBERBRIHBEEEEERR BTAD) 265  27.1% 406 41.6% 340 34.8%

BAERRERR RERRES) o4 3% a4 4% 36 45% o

HFEE 129 332% 163 41.9% 129 332%

Zof 13 27.7% 18 38.3% 14 29.8%

WERBMALTOAL 1 2.9% 0 0.0% 2 57%

At EREHRRER 389 23.0% 545 32.3% 476 28.2% 445 45.9% 339 34.9%
SERFRRBAEERFRR BRI AD 554 34.5% 749 46.7% 637 39.7% 513 52.5% 429 43.9%
HEEEERRR (BRERRES 742 41.6% 928 2.19 846  47.5% 550 7.79 501 2.5%

= ¢ ) ° 000 521% - g % 000 ST7% 00 525% 44
HFEEE 262 39.0% 324 48.3% 253 37.7% 237 60.9% 198 50.9%
Zof 26 31.7% 33 40.2% 26 31.7% 20 42.6% 18 38.3%
WFRBMALTLAL 8 11.6% 8 11.6% 7 101% 10 28.6% 8 22.9%

WU, BINIIRRZ D

iﬁ@ﬁméﬁ%ﬁﬁ,%@@%%ﬁ%ﬁﬁ&bf,ﬁ%tﬁﬂ%%%b

IR

TPERI AR

Teua AT 4y 7 EURGTT R T T, BB, WA, Kign =
L7,
RERBOES L BDE
MR RS ;é§§§%§2i AEERERRR SRS Zof wImBmALTY
(REFRIRBRER) B
AlZ)
(n=1689) (n=1604) (n=1782) (n=671) (n=82) (n=69)
EHARD
Crude OR 1.00 1.76 2.38 2.14 1.55 0.44
(95%C.1.) (reference) (1.51-2.05) (2.06-2.76) (1.77-2.59) (0.96-2.50) (0.21-0.92)
Adjusted OR 1.00 1.44 1.72 1.78 1.46 0.50
(95%C.1.)a (reference) (1.21-1.71) (1.45-2.04) (1.42-2.23) (0.86-2.48) (0.22-1.11)
W ARD
Crude OR 1.00 1.84 2.28 1.96 1.41 0.28
(95%C.1.) (reference) (1.60-2.12) (1.99-2.62) (1.63-2.35) (0.90-2.22) (0.13-0.58)
Adjusted OR 1.00 1.55 1.74 1.68 1.35 0.32
(95%C.1.)a (reference) (1.33-1.81) (1.49-2.03) (1.36-2.06) (0.83-2.21) (0.15-0.71)
KIBHARD
Crude OR 1.00 1.68 2.30 1.54 1.18 0.29
(95%C.1.) (reference) (1.45-1.94) (2.00-2.65) (1.28-1.86) (0.73-1.91) (0.13-0.63)
Adjusted OR 1.00 1.34 1.70 1.22 1.05 0.29
(95%C.1.)a (reference) (1.13-1.58) (1.44-2.01) (0.97-1.52) (0.62-1.78) (0.13-0.67)
FEHARD
Crude OR 1.00 1.30 1.61 1.84 0.87 0.47
(95%C.1.) (reference) (1.09-1.56) (1.34-1.92) (1.45-2.34) (0.48-1.58) (0.22-0.99)
Adjusted OR 1.00 1.13 1.24 1.39 0.86 0.65
(95%C.1.)b (reference) (0.94-1.36) (1.02-1.50) (1.08-1.80) (0.46-1.59) (0.30-1.42)
An AR
Crude OR 1.00 1.46 2.06 1.93 1.16 0.55
(95%C.1.) (reference) (1.21-1.75) (1.71-2.47) (1.52-2.45) (0.63-2.11) (0.25-1.23)
Adjusted OR 1.00 1.19 1.51 1.64 1.11 0.79
(95%C.1.)b (reference) (0.98-1.46) (1.23-1.85) (1.24-2.15) (0.57-2.16) (0.33-1.87)

OR=odds ratio; Cl=confidence interval.

a Adjusted for sex, age, income
b Adjusted for age, income

ZORER, TEEREERRR] MAEZEELTD L, BN

%@Té%ﬁ@%%@(%éﬁwﬁnFﬂé%%@%%@@%%@ﬁéﬂfﬁ
IIEBEICA Y X (0R) BEhoT-. KENABZ T
Haﬁnfﬁéﬁ'@%%ME%%@ﬁﬂjmﬂﬁ@mb
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ERARZ T, THAE SRR (EERAMES) ), THEFEHE] MAFITEEIZ OR BEh-o
77

Y= RT A ZADOFEL KR ARZ OZZRIUT OV TR Z S IZEEF L b D 2R 4 TR
To THEIZBNWTITRTORBZICBNT, — R A ZZFR0 NS, FFOANDZBH
NEVMERIA R S, —7F, BETIEENR LN RhoT,
TTEITE LC, MIZREL, FlEFEREREL Ca AT 4 v 7 ERafE2iTo72, &
TOBRIRZIZBNT, = R T LA ZEFT D NEIZZORIABZ RGN E W) FERDG O,

Y—R7 LA ROBEEEZLEY

BAAKRZ AR KD AR FENAKRE AN ARE
n % p n % p n % p n % p n %
Y—R7L A2 690 42.5% 825 50.8% 716 44.1%
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Infrequent Denture Cleaning
Increased the Risk of Pneumonia
among Community-dwelling Older
Adults: A Population-based Cross-
sectional Study

Taro Kusama?, Jun Aida(®?, Tatsuo Yamamoto?, Katsunori Kondo3* & Ken Osaka(®?
Pneumonia is a leading cause of death among older adults. The effectiveness of oral care in preventing
pneumonia in nursing homes and hospitals has been reported. However, in community-dwelling
older adults, the role of denture cleaning in preventing pneumonia remains unknown. We aimed

to investigate the association between infrequent denture cleaning and the risk of pneumonia

in community-dwelling older adults. This cross-sectional study was based on the self-reported
questionnaire targeting towards community-dwelling older adults aged >65 years. Responses of
71,227 removable full/partial denture users were included. The incidence of pneumonia within the

last one-year and the frequency of denture cleaning (daily/non-daily) were treated as dependent

and independent variables, respectively. The odds ratio (OR) and 95% confidence interval (Cl) were
calculated by the inverse probability weighting (IPW) method based on the logistic regression

model. The mean age of the participants was 75.2 4 6.5 years; 48.3% were male. Overall, 4.6% of the
participants did not clean their dentures daily; 2.3% and 3.0% who did and did not clean their dentures
daily, respectively, experienced pneumonia. After IPW, infrequent denture cleaning was significantly
associated with pneumonia incidence (OR=1.30, 95% Cl =1.01-1.68)). This study suggests that
denture cleaning could prevent pneumonia among community-dwelling older adults.

Pneumonia is a leading cause of hospitalization and death" It is widely prevalent among the older population
because of the decline in immune system and respiratory function with advancing age®. Aspiration is one of the
mechanisms that explains the onset of pneumonia among older adults*®. In fact, oral bacteria have been identi-
fied in the lungs of the patients who developed pneumonia; therefore, a relationship between aspiration of oral
bacteria and pneumonia is strongly suggested®. In addition, because a substantial proportion of older adults are
affected by dysphagia”®, the risk of pneumonia through aspiration may increase?. To reduce the risk of aspiration
pneumonia, oral care has been implemented in nursing homes and has successfully decreased the incidence of
pneumonia among the nursing home residents®'".

Although the role of oral care in reducing the risk of pneumonia has been recognized, the importance of
denture cleaning has been relatively neglected. The presence of fewer or no teeth is prevalent among the older
adults'? therefore, the use of removable dentures is a common treatment option. On the surface of the denture, a
biofilm composed of microorganisms called “denture plaque” rapidly develops upon insertion after cleansing®.
There is a possibility that the denture plaque may reach the lungs by aspiration, causing aspiration pneumonia.
Although generally included as a part of oral care'!, previous studies have not focused on denture cleaning alone.
In addition, most of the previous studies on the relationship between oral hygiene and pneumonia were carried
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out in nursing homes and hospitals'*!>. However, the risk of aspiration pneumonia is considered to be high
in community-dwelling older adults. To the best of our knowledge, no study has investigated the association
between denture cleaning and pneumonia among community-dwelling older adults. From a public health view-
point, as the majority of older adults are community-dwellers and not institutionalized, the prevention of pneu-
monia among community-dwelling older adults is important. In this study, we investigate whether infrequent
denture cleaning is associated with the risk of developing pneumonia among community-dwelling older adults.

Methods

Settings and participants. This cross-sectional study is based on a self-reported questionnaire. The data
were obtained from the survey of the 2016 Japan Gerontological Evaluation Study (JAGES). JAGES targeted the
community-dwelling older adults aged >65 years, who were not certified to be eligible for long term public care.
Information on social, behavioral, and health factors were collected. JAGES in 2016 was conducted in 39 munic-
ipalities in Japan. The questionnaire was sent by post and was retrieved by mail.

Dependent variable. We used the self-reported incidence of pneumonia within the last one-year as a
dependent variable. We asked the question “Did you experience the following diseases within the last one year?”
Those who answered “pneumonia” were considered to be the individuals who suffered from pneumonia within
the last one year.

Independent variable. We used the frequency of denture cleaning as an independent variable. To those
who used removable dentures, we asked the question “Do you clean your dentures daily?”; the choices provided
were “Yes” or “No” We defined people chose “Yes” as those who cleaned their denture daily and “No” as those who
cleaned their dentures infrequently (non-daily).

Covariates. We selected possible cofounders as covariates based on previous studies and clinical knowl-
edge!1®7; this included age, sex, smoking status, educational status, equivalent income, number of teeth, activities
of daily living (ADL), comorbidity related to stroke or dementia, and experience of pneumococcal vaccination
within last five-year.

Statistical analysis. We estimated the propensity score for the independent variable. The stabilized average
treatment effect (ATE) on the risk of pneumonia was calculated using the inverse probability weighting (IPW)
method. To predict the propensity score for infrequent denture cleaning, we used the logistic regression model; all
the covariates were included as possible confounders and the stabilized ATE weight was calculated. The stabilized
ATE weight was used to avoid instability of the estimated effect size due to extreme weighting'®. We compared the
standardized difference between the categories of independent variable before and after stabilized ATE weight-
ing!®?. The standardized difference was used to check the balance of the covariates between the treated and con-
trol groups. If standardized difference of all covariates was <0.1 after weighting, it was regarded as well balanced.
We developed the logistic regression model; the odds ratios (ORs) and 95% confidence intervals (95% Cls) were
calculated using IPW with stabilized ATE weights (stabilized ATE-IPW). For missing responses, we presumed
that the missing pattern of the original data set was missing at random. Multiple imputation by chained equation
(MICE) was used to generate 20 imputed datasets. We calculated the stabilized ATE weighted OR for each data
set and combined all estimators by Rubin’s rule?!. In the sensitivity analysis, the participants were stratified into
two age groups (<75 or >75 years) for IPW. Then, the interaction effect of age and frequency of denture cleaning
was confirmed by using the relative excess risk due to interaction (RERI) as additive scales and the ratio of OR
as multiplicative scale between them?. We used Stata/MP version 15 (Stata Corp., College Station, TX, USA) for
statistical analysis.

Ethical issue. In this study, the process of obtaining informed consent was as follows: the questionnaire was
sent by mail along with the explanation of the study; the participants read the written explanation about the aim
of study and replied. Hence, we considered that informed consent was provided by those who replied and sent
back the questionnaire. The JAGES protocol in 2016 was approved by the ethics committee of National Center for
Geriatrics and Gerontology (No. 992) and the ethics committee of Chiba University (No. 2493). We followed the
STROBE Statement to report our observational study.

Results

From a target population of 279,661, 180,021 individuals participated in the survey (response rate =70.2%). Of
these, 88,994 (49.4%) participants who used removable dentures (including both removable full/partial dentures)
were included in this analysis. However, 17,767 participants with missing information regarding the dependent
variable were excluded. Finally, data of 71,227 participants were included in the analysis. Table 1 shows the char-
acteristics of the participants. The mean age was 75.2 years (SD = 6.5); 48.3% were male. Overall, 2.3% (n=1,666)
and 97.7% (n=69,561) of the participants, respectively, did and did not experience pneumonia within the last
one year.

Table 2 shows the proportion of participants who experienced pneumonia based on the frequency of denture
cleaning and stratified by age group. Pneumonia was more prevalent among the participants who did not clean
their dentures daily, especially those aged >75 years. Among these participants aged >75 years, 2.9% and 4.3% of
those who did and did not clean their dentures daily, respectively, experienced pneumonia.

To reduce the possibility of selection bias, we estimated the propensity score for denture cleaning after MICE.
After multiple imputation, the missing values of 22,020 participants were imputed. The propensity scores were
predicted using the logistic regression model separately for the entire data (all participants) and stratified data
(participants aged <75 years or >75 years) for each imputed data sets. After using stabilized ATE weight, the
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Experienced pneumonia | Not experienced pneumonia

All participants within last one-year within last one-year

(n=71,227) (n=1,666) (n=69,561)
Characteristics n % n % n %
Frequency of denture cleaning
Daily 67,208 94.4 1,547 92.9 65,661 94.4
Non-daily 3,293 4.6 100 6.0 3,193 4.6
Missing 726 1.0 19 1.1 707 1.0
Age
65-69 years 16,770 235 248 14.9 16,522 23.8
70-74 years 18,579 26.1 365 21.9 18,214 26.2
75-79 years 17,347 244 425 255 16,922 24.3
80-84 years 11,858 16.6 369 222 11,489 16.5
>85 years 6,673 9.4 259 15.6 6,414 9.2
Sex
Male 34,393 48.3 984 59.1 33,409 48.0
Female 36,825 51.7 682 40.9 36,143 52.0
Missing 9 0.0 0 0.0 9 0.0
Education
<9 years 25,133 35.3 706 42.4 24,427 35.1
10-12 years 28,513 40.0 596 35.8 27,917 40.1
>13 years 16,611 233 331 19.9 16,280 234
Missing 970 1.4 33 2.0 937 1.4
Equivalent income (100 JPY ~ 1 USD)
<1,000,000 JPY 7,568 10.6 230 13.8 7,338 10.6
1,000,0000-1,999,999 JPY 21,017 29.5 455 27.3 20,562 29.6
2,000,0000-2,999,999 JPY 13,401 18.8 274 16.5 13,127 18.9
3,000,0000-3,999,999 JPY 8,055 11.3 124 7.4 7,931 11.4
>4,000,000 JPY 5,701 8.0 117 7.0 5,584 8.0
Missing 15,485 21.8 466 28.0 15,019 21.6
Smoking status
Never 39,027 54.8 702 42.2 38,325 55.1
Quite 22,368 314 772 46.3 21,596 31.1
Current 8,726 12.3 145 8.7 8,581 12.3
Missing 1,106 1.5 47 2.8 1,059 1.5
Dementia
Yes 484 0.7 16 1.0 468 0.7
No 68,468 96.1 1,620 97.2 66,848 96.1
Missing 2,275 32 30 1.8 2,245 32
Stroke
Yes 2,197 3.1 76 4.6 2,121 3.1
No 66,755 93.7 1,560 93.6 65,195 93.7
Missing 2,275 3.2 30 1.8 2,245 32
Activities of daily living
No need for personal assistance 63,052 88.5 1,300 78.0 61,752 88.8
Require some personal assistance 4,787 6.7 255 15.3 4,532 6.5
Missing 3,388 4.8 111 6.7 3,277 4.7
Number of teeth
0 10,620 14.9 337 20.2 10,283 14.8
1-4 7,577 10.6 217 13.0 7,360 10.6
5-9 11,707 16.4 299 18.0 11,408 16.4
10-19 20,687 29.1 437 26.2 20,250 29.1
>20 19,096 26.8 320 19.2 18,776 27.0
Missing 1,540 2.2 56 34 1,484 2.1
Experience of pneumococcal vaccination within last five-year
Yes 30,174 42.4 1,016 61.0 29,158 41.9
No 39,349 55.2 565 339 38,784 55.8
Missing 1,704 2.4 85 5.1 1,619 2.3

Table 1. Characteristics of the participants (n=71,227).
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All participants (n=70,501) 65-74 years (n=35,062) >75 years (n=35,439)
Frequency of denture cleaning | Frequency of denture cleaning | Frequency of denture cleaning
n (%) | Daily Non-daily Daily Non-daily | Daily Non-daily
Incidence of pneumonia within the last one year
Yes | 1,547 (2.3) 100 (3.0) 575 (1.7) 34(1.9) 972 (2.9) 66 (4.3)
No 65,661 (97.7) 3,193 (97.0) | 32,733(98.3) 1,720 (98.1) | 32,928 (97.1) 1,473 (95.7)

Table 2. The incidence of pneumonia within the last one year based on the frequency of denture cleaning
stratified by age groups.

All participants (n="71,227) | 65-74 years (n=35,349) | >75y (n=35,878)
Frequeneor Stabilized ATE weighted Stabilized ATE weighted | Stabilized ATE weighted
denture cleaning | OR (95% CI) OR (95% CI) OR (95% CI)
Daily Ref. Ref. Ref.
Non-daily 1.30 (1.01-1.68) 0.98 (0.64-1.50) 1.58 (1.15-2.17)

Table 3. The association between the incidence of pneumonia within the last one year and the frequency of
denture cleaning. Note: ATE =average treatment effect, OR = odds ratio, 95%CI = 95% confidence interval,
Ref. =reference.

standardized differences of all covariates were <0.1 (Supplementary Table 1). Therefore, by using the estimated
propensity score, we confirmed that the all the covariates are well balanced between those who did and did
not cleaned their dentures daily. Table 3 shows the results of the logistic regression analysis using the stabilized
ATE-IPW method; infrequent denture cleaning was significantly associated with the incidence of pneumonia
among all participants (OR =1.30, 95% CI=1.01-1.68). In addition, the sensitivity analysis based on stratifica-
tion by age groups showed that infrequent denture cleaning was significantly associated with the occurrence of
pneumonia among those aged >75 years (OR=1.58, 95% CI=1.15-2.17). In contrast, a significant association
between infrequent denture cleaning and the incidence of pneumonia was not observed among those aged <75
years (OR=0.98, 95% CI = 0.64-1.50). However, the additive and multiplicative scale of interaction effect was
not significant (Supplementary Table 2).

Discussion

The present study revealed that infrequent denture cleaning was associated with the incidence of pneumonia
within the last one year among community-dwelling older adults. This result suggests the importance of denture
cleaning in reducing the risk of pneumonia among community-dwelling older adults. From the public health
viewpoint, this is an important finding because the number of community-dwelling older adults is increasing in
this aging world.

As mentioned in the introduction, previous studies suggested that oral hygiene including denture cleaning
was associated with the incidence of pneumonia among nursing homes residents''; the present study showed a
similar association among the community-dwelling older adults. A study conducted in nursing home reported a
reduction of death due to pneumonia among older residents by oral care including denture cleaning®. We added
that frequent denture care could reduce the incidence of pneumonia in community-dwelling older adults.

Denture plaque is composed from many species of bacteria and fungus; some of them are regarded as patho-
gen of pneumonia**?. Infrequent denture cleaning causes accumulation of denture plaque?, and therefore, the
possibility of the pathogens reaching the lung by aspiration might increase”. Consequently, it may be presumed
that the pathogens from denture plaque accumulated due to infrequent cleaning were aspirated and may have
increased the risk of pneumonia. In the present analysis, a strong association was observed among those aged
>75 years, although a statistical significance was not clearly observed. With advancing age, the immune system
declines® and aspiration is more likely to occur in older adults rather than those who are younger?®. The mortality
rate of pneumonia is increasing among the older adults®. Therefore, the results of the present study are reasona-
ble: those aged >75 years were more likely to develop pneumonia and the harmful effect of infrequent denture
cleaning was stronger than that observed in younger participants. These results are supported by the biological
explanations mentioned above. Further study considering the effect modification of dysphagia on the association
between poor oral hygiene and pneumonia incidence would strengthen our explanation of the results of the
present study.

The strength of this study was the inclusion of over 70,000 participants; this sample size was large enough
to detect the association between infrequent denture cleaning and pneumonia. The incidence of pneumonia
among community-dwelling older adults is lower than that in nursing homes where frail older adults live®’.
Therefore, it is difficult to have sufficient statistical power to detect the association in smaller epidemiological
studies. This study, however, has several limitations. As this was a cross-sectional study, we could not evaluate
the causal relationship between denture cleaning and pneumonia. However, it is less likely that the occurrence
of pneumonia would lead to infrequent denture cleaning. In addition, the self-reported incidence of pneumonia
causes reporting bias. However, the incidence of pneumonia in this study is similar to that previously reported™®.
Therefore, the reporting bias caused by the self-reporting of pneumonia was considered to be relatively small.
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The self-reported independent variable, denture cleaning, also created bias. A wide variety of denture cleaning
methods and techniques may be used by the participants. Our questionnaire could not obtain information on
the details regarding the denture cleaning methods. However, this reporting bias could widen the 95% confi-
dence interval of our estimates. Despite this situation, there was a significant association of denture cleaning
with pneumonia; therefore, we consider the present results to be robust. Furthermore, those who died because of
pneumonia were not included in this study. This selection bias is considered to cause an underestimation of the
association between denture cleaning and pneumonia. In the present results, the benefit of denture cleaning was
remarkable among only older adults aged >75 years. The individuals who died from pneumonia are considered
to be frail and very old*”*; therefore, the impact of denture cleaning on these individuals is larger than those who
experienced pneumonia but are alive. The previous study revealed an association between denture wearing during
sleep and pneumonia incidence among community-dwelling older adults®. The results of this previous study
were similar to those from our study. There was a possibility of multicollinearity between denture wearing during
sleep and infrequent denture cleaning. In our survey, a question about denture wearing during sleep was asked
to only one-eighth of all participants (n = 8,316), so we did not include this variable in the present analysis to
avoid decreasing the sample size. When analyzing this variable alone, we confirmed that the proportions of those
wearing dentures during sleep were similar among those participants who did/did not clean their dentures daily
(17.3% among those who cleaned their dentures daily and 18.5% among those who did not clean their dentures
daily wore dentures during sleep; chi-square test, p=0.544). Therefore, infrequent denture cleaning is associated
with pneumonia incidence and is independent of denture wearing during sleep.

Conclusion

The present study revealed that infrequent denture cleaning was associated with the incidence of pneumonia
within the last one year among community-dwelling older adults. Daily cleaning of dentures may reduce the risk
of pneumonia among community-dwelling older adults. In the chair side, dental professionals need to instruct
their patients to keep their dentures clean to prevent pneumonia. Even for community-dwelling older adults,
dental professionals should pay more attention to oral hygiene for pneumonia prevention.

Data Availability

All data needed to evaluate the conclusions in the paper are present in the paper and/or the Supplementary Mate-
rials. The JAGES data used in this study will be made available upon request. The authors require the applicant to
submit an analysis proposal to be reviewed by an internal JAGES committee to avoid duplication. Confidentiality
concerns prevent us from depositing our data in a public repository. Proposals submitted by outside investigators
will be discussed during the monthly investigators’ meeting to ensure that there is no overlap with ongoing anal-
yses. If approval to access the data is granted, the JAGES researchers will request the outside investigator to help
financially support our data manager’s time to prepare the data for outside use.
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INTRODUCTION

ABSTRACT

Aims/Introduction: To compare the dementia risk associated with pre-existing dia-
betes, hypertension, dyslipidemia, obesity (body mass index [BMI] >25 kg/mz) and under-
weight (BMI <185 kg/m?) among older adults. We also explored the dementia risk
associated with combinations of metabolic diseases and BMI.

Materials and Methods: We used data from the Japan Gerontological Evaluation
Study. Participants completed a health checkup in 2010 and were followed for 5.8 years
on average. Dementia was measured by municipal long-term care insurance registration.
Diabetes, hypertension, dyslipidemia, obesity and underweight were diagnosed by medi-
cation use or health examination results. We calculated the incidence of dementia and
adjusted hazard ratios (HRs).

Results: Among 3,696 participating older adults, 338 developed dementia. Adjusted HRs
(95% confidence intervals) in men and women (reference: those without corresponding
disease of normal weight) were as follows: 2.22 (1.26-3.90) and 2.00 (1.07-3.74) for dia-
betes; 0.56 (0.29-1.10) and 1.05 (0.64-1.71) for hypertension; 1.30 (0.87-1.94) and 0.73
(049-1.08) for dyslipidemia; 0.73 (0.42—1.28) and 0.82 (049-1.37) for BMI of 25-29.9 kg/m?
and 1.04 (051-2.10) and 1.72 (1.05-2.81) for underweight. Dementia risk was significantly
higher in underweight men with dyslipidemia (HR 4.15, 95% Cl 1.79-9.63) compared with
normal-weight men without dyslipidemia, and in underweight women with hypertension
(HR 3.79, 1.55-9.28) compared with normal-weight women without hypertension. Demen-
tia incidence was highest among underweight older adults with hypertension followed
by dyslipidemia.

Conclusions: Among Japanese older adults, underweight and prevalent diabetes are
risk factors for developing dementia. Lower BMI is also associated with a higher incidence
of dementia.

a risk factor for dementia in mid-life, but not in late life'’.

Dementia is a prevalent disease in older adults worldwide'.
Researchers have investigated the dementia risk related to meta-
bolic diseases”. Diabetes is known to impair cognitive function
through several mechanisms®®, and there is debate as to
whether hypertension in late-life increases or decreases the inci-
dence of Alzheimer’s disease™. Hypercholesterolemia might be

Received 17 December 2018; revised 31 May 2019; accepted 13 June 2019
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Although dementia risk might increase with overweight or obe-
sity in mid-life (relative risk 0.99-2.44)"2, the estimated risk for
dementia associated with obesity in late-life varies (relative risk
0.24-1.13)"2. However, separating individual dementia risk fac-
tors might be difficult, because metabolic diseases and obesity
frequently overlap in older adults.

Being underweight might also be a risk factor for a
reduced lifespan'®. The Rotterdam Study carried out in the
Netherlands suggested that a body mass index (BMI)
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<185 kg/m” (underweight) in older adults increased mortal-
ity'". A USA study reported high mortality among residents
aged >65 years who were underweight or had unintentional
weight loss'. Korean'® and Japanese'” older adults with low
to normal-to-low BMI might also be at risk for a shorter
lifespan. However, little is known about dementia risk among
underweight older adults.

Some Asian older adults are underweight because of
undernutrition'® and underexercising'’, which might result in
a shorter lifespan. Although Asians tend to be slimmer than
Caucasians®, they have a similar prevalence of diabetes and
dyslipidemia®"*>, Analyses of dementia risk associated with
metabolic diseases and BMI have been carried out separately.
However, evaluation of the risk for dementia among people
with coexisting metabolic diseases and obesity/underweight is
required. The present study aimed to compare the dementia
risk associated with diabetes, hypertension, dyslipidemia and
BMI (obesity and underweight) in a Japanese cohort. We
also aimed to clarify the combinations of metabolic
disease and BMI that had the highest risk for developing
dementia.

METHODS

Participants

In 2010, the Japan Gerontological Evaluation Study randomly
selected community-dwelling adults aged >65 years who were
not registered by municipalities at baseline as requiring care
under the long-term care insurance (LTCI) system>. In
Japan, adults with incident dementia at age >40 years are
covered by LTCI**. The benefits of LTCI range from support
need levels 1 and 2 to care need levels 1-5%°, with a higher
level indicating more care is required. As we describe below,
the primary outcome of the present study was LTCI registra-
tion, diagnosis of dementia and a ranking of independence
in daily life of >2b. Although a small number of participat-
ing older adults might have had slightly impaired cognitive
function®® at baseline, most were considered not to have
dementia.

The present study included a subset of participants from
the Japan Gerontological Evaluation Study cohort who
received municipal health checkups in 2010 and were fol-
lowed up over several years (average 5.8 years). Participants
in this study were residents of Tokoname City and Minami-
chita Town in Aichi Prefecture, Japan, which had approxi-
mately 59,000 and 18,000 residents in 2018, respectively. In
the health checkups, trained nurses measured blood pressure,
collected blood samples and interviewed participants regard-
ing prescribed medications. Serum cholesterol and glycated
hemoglobin Alc levels were measured using laboratory test-
ing devices with every-morning calibrations. BMI was calcu-
lated as the participant’s weight in kilograms divided by
their height in meters squared.

The protocol for this research project was approved by the
suitably constituted ethics committees of the study institutions,

ORIGINAL ARTICLE
Underweight older adults’ dementia risk

and conformed to the provisions of the Declaration of Helsinki
(ethics committee of the Chiba University School of Medicine,
approval no. 2493; the ethics committee of the University of
Yamanashi School of Medicine, approval no. 18150). Informed
consent was obtained from all participants and/or their legal
guardian(s). Data for participating older adults were anony-
mously analyzed and reported.

Measurements

Since 2000, all Japanese people aged >40 years have been
required to pay a premium for coverage under the LTCI sys-
tem”. This meant that they would be eligible for insurance
benefits if they required long-term care, including dementia
care”. When people need dementia care under this system,
they are required to submit documentation prepared by a med-
ical doctor and a LTCI certification investigator (accredited by
the prefecture) who visit the older adult’s home. These docu-
ments record dementia diagnosis and score for independence
in daily life, which is ranked as 1, 2a, 2b, 3a, 3b, 4 or M; a
higher rank indicates more dependence on others for assistance.
For example, rank 2a indicates that the person has difficulty in
daily life with symptoms, behaviors and communication outside
the home (e.g., they might frequently lose their way or make
mistakes with payments), but can lead an independent life with
some care and support. If the difficulties described in rank 2a
are both outside and inside the home, the person would be
ranked 2b. Rank 4 indicates the older adult requires constant
care. Therefore, we defined patients with dementia as those
who had started to receive the LTCI benefit and were ranked
from 2a to 4 as the outcome for the time-to-event analysis.
Rank M indicates that people require specialized medical care
for severe psychiatric symptoms, problematic behaviors or sev-
ere physical disorders; few people are certified with this rank,
and we could not measure and include rank M as an outcome
in the present study.

Health examinations that participants received in their
municipalities were carried out by medical staff in medical
institutions. We extracted data for diabetes, hypertension,
dyslipidemia, underweight and obesity from the results of
these examinations. Diabetes was defined as receiving the rel-
evant medication or glycated hemoglobin Alc >6.5%
(48 mmol/mol) according to a recommended guideline for
epidemiological studies®. Hypertension was defined as receiv-
ing medication, systolic blood pressure >140 mmHg or dias-
tolic blood pressure >90 mmHg”. Dyslipidemia was defined
as receiving medication, serum low-density lipoprotein choles-
terol  >140 mg/dL, high-density lipoprotein  cholesterol
<40 mg/dL or triglyceride >150 mg/dL*’. BMI was cate-
gorized as underweight (<18.5 kg/m?), normal weight
(18.5-24.9 kg/m®) or obese (>25 kg/m?), according to the
recommended cut-off values for Japan®?>. When the
sample size was sufficient for analysis, we further divided
the obesity range to 25-29.9 kg/m® (obesity grade 1)
or >30 kg/m” (obesity grades 2-4)°"*.

© 2019 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Statistical analysis

We described participants’ baseline characteristics using
means (standard deviations [SD]) or numbers (percentages
for proportions). We calculated hazard ratios (HR) with 95%
confidence intervals (CI) for developing dementia for those
with diabetes, hypertension, dyslipidemia, obesity and under-
weight stratified by sex. The HRs were adjusted for age, his-
tory of stroke, educational background, income, number of
family members, marital status and frequency of meeting
friends. As a sensitivity analysis, we carried out this analysis
excluding the explanatory variable of history of stroke. We
also calculated crude HRs for combinations of three meta-
bolic diseases and BMI. In calculating HRs, participants who
were lost to follow up were treated as censored data. Because
dementia development was relatively common among under-
weight older adults, we calculated the dementia incidence
rate (100 person-years) in those with and without diabetes,
hypertension, and dyslipidemia to explore the profile with
the highest risk. We also presented the incidence of demen-
tia for combinations of three metabolic diseases and BMI. In
this analysis, we calculated the P-value for trend for the
association between BMI and total incidence of dementia,
and that in each metabolic disease profile. Participants who
had all data for the explanatory and response variables, and
censored time were included in the analyses. All statistical
analyses were carried out with SAS version 9.4 (SAS Institute
Inc., Cary, NC, USA). Descriptive statistics were reported
as means and SDs. We used the SAS PROC PHREG
procedure to calculate HRs. All reported P-values were two-
sided; P-values < 0.05 were considered statistically significant.

RESULTS

Table 1 shows the baseline characteristics of participants who
were followed up. In total, there were 3,696 participants (42.8%
men); 338 developed dementia. Participants’ mean age at base-
line was 73.4 years (SD 5.8 years), and the mean follow-up
duration was 5.8 years (SD 1.3 years). Dyslipidemia was the
most common and obesity the second most common among
three metabolic diseases and BMI abnormalities (obesity and
underweight).

Table 2 shows the HRs for developing dementia with dia-
betes, hypertension, dyslipidemia, obesity and underweight by
sex. Men and women with diabetes had a statistically significant
doubled risk for dementia compared with those without dia-
betes. Underweight women had a HR for dementia of 1.72
compared with those with normal weight, and this result was
statistically significant. None of the covariates for adjustment
were significantly associated with the incidence of dementia. In
the sensitivity analysis excluding the explanatory variable of his-
tory of stroke, HRs (95% CIs) in men and women were as fol-
lows: 2.21 (1.26-3.88) and 2.00 (1.07-3.74) for diabetes; 0.65
(0.35-1.23) and 1.02 (0.62-1.66) for hypertension; 1.31 (0.88—
1.95) and 0.72 (0.49-1.07) for dyslipidemia; 0.90 (0.12-6.52)
and 0.62 (0.09-4.44) for BMI >30 kg/mz; 0.74 (0.42-1.28) and

http://wileyonlinelibrary.com/journal/jdi

0.81 (0.49-1.36) for BMI 25-29.9 kg/mz; and 1.04 (0.51-2.1)
and 1.73 (1.06-2.83) for BMI <18.5 kg/m?, respectively.

Table 3 shows the HRs for dementia in various combina-
tions of metabolic diseases and body types stratified by sex. In
brief, there was a statistically significant large HR in under-
weight men with dyslipidemia (HR 4.15, 95% CI 1.79-9.63)
compared with normal-weight men without dyslipidemia. In
addition, the large HR for underweight women with hyperten-
sion (HR 3.79, 95% CI 1.55-9.28) was statistically significant
compared with normal-weight women without hypertension.

Table 4 shows the incidence rate for combinations of meta-
bolic diseases and BMI. The highest incidence was in under-
weight participants with hypertension, followed by underweight
participants with dyslipidemia. There were statistically signifi-
cant trends of lower BMI and a higher incidence of dementia
in all participants, and in those without diabetes, with hyper-
tension, without hypertension, with dyslipidemia and without
dyslipidemia.

Table 5 shows the results of Table 4 stratified by sex. There
were statistically significant trends of lower BMI and a higher
incidence of dementia in both sexes, and in men and women
without diabetes, women with hypertension, men and women
without hypertension, men and women with dyslipidemia, and
men and women without dyslipidemia.

DISCUSSION

The present study showed that among older adults with meta-
bolic diseases and body types, those with diabetes had the high-
est HR for dementia (Table 2). Among the various metabolic
disease and body type profiles, underweight participants with
hypertension had the highest incidence of dementia, followed
by underweight participants with dyslipidemia (Table 4). In the
combinations of metabolic disease and body type by sex, the
highest HR was found in underweight men with dyslipidemia,
followed by underweight women with hypertension (Table 3).
Among all participants, lower BMI was associated with a higher
incidence of dementia (Tables 4,5).

Previous research has shown that prevalent diabetes increased
the risk for dementia, and one-third of general older adults
have cerebrovascular amyloidosis™. In a mouse model, amyloi-
dosis manifested significantly in mice with diabetes compared
with those without diabetes®. Epidemiological studies have
shown that people with diabetes are at 1.5-1.7-fold greater risk
for dementia than people without diabetes™*. Presumed mech-
anisms for the high dementia incidence in patients with dia-
betes include oxidant stress from steep glycemic excursion and
production of reactive oxygen species®, reduction of insulin
transportation to the brain®’, inflammation of cerebral tissue,
reduction of insulin signaling®, and atherosclerosis from hyper-
tension and hypercholesterolemia®. Consistent with previous
studies, participants with diabetes in the present study had a
doubled risk for dementia (Table 2). These data suggest that
controlling diabetes in older adults would contribute to reduc-
ing the risk for dementia.
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Table 1 | Baseline characteristics of participating Japanese older adults who were followed up in this study

Baseline characteristics of followed older adults Men (n = 1,582) Women (n = 2,114)
Age, years (mean = SD) 734 +£57 735+£58
BMI >30 kg/m?, n (%) 20 (13) 49 (23)
BMI 25-299 kg/mz, n (%) 336 (21.2) 417 (19.7)
BMI 185249 kg/m?, n (%) 1,134 (71.7) 1462 (69.2)
BMI <184 kg/mz, n (%) 92 (5.8) 186 (88)
Diabetes, n (%) 146 (9.2) 127 (6.0)
Hypertension, n (%) 277 (17.5) 389 (184)
Dyslipidemia, n (%) 752 (475) 961 (45.5)
Medication for diabetes, n (%) 51 32) 40 (19)
Medication for hypertension, n (%) 201 (12.7) 282 (133)
Medication for dyslipidemia, n (%) 73 (4.6) 150 (7.1)
History of stroke, n (%) 32 (20) 19 (09)
Dementia, n (%) 131 (83) 207 (9.8)
Follow-up duration, years (mean £ SD) 57+14 50+12

BMI, body mass index; SD, standard deviation.

Table 2 | Hazard ratios (95% confidence intervals) for dementia in older adults with diabetes, hypertension, dyslipidemia, obesity and underweight

Metabolic disease Univariate Adjusted in model 17 Adjusted in model 27
Men
Diabetes 42 (084-2. 39) 2 (1.01-290) 222 (1.26-3.90)
Hypertension 074 (045-1.22) 063 (037-1.07) 056 (0.29-1.10)
Dyslipidemia 9 (0.77-153) 6 (0.96-1.93) 1.30 (0.87-1.94)
BMI >30 kg/m2 058 (©. 08—412) 066 (009472 91 (0.13—6.64)
BMI 25-299 kg/m2 062 (038-1.02) 072 (044-1.18) 0.73 (042-1.28)
BMI 185249 kg/m? Ref Ref Ref
BMI <185 kg/m2 1.64 (090-2.998) 095 (0.52-1.75) 104 (051-2.10)
Women
Diabetes 1.76 (1.11-2.79) 2 16 (136-344) 200 (1.07-3.74)
Hypertension 1.00 (0.70-142) 0 (0.77-158) 1.05 (064-1.71)
Dyslipidemia 068 (0.51-0.90) 088 (066-1.18) 0.73 (049-1.08)
BMI >30 kg/m? 063 (020-1.99) 085 027- 266) 061 (0.09-443)
BMI 25-299 kg/m2 0.75 (051-1.11) 1 (055-1.19) 082 (049-137)
BMI 185249 kg/m? Ref Ref Ref
BMI <185 kg/m2 1.99 (1.35-2.92) 152 (1.03-2.24) 1.72 (1.05-2.81)

"Model 1 adjusted for age and history of stroke; model 2 adjusted for model 1 plus educational background, income, number of family members,

marital status and frequency of meeting friends. BMI, body mass index.

The present study also showed that underweight women were
at risk for dementia (Table 2). We further analyzed our data to
answer the question, “Which groups of underweight individuals
with comorbid metabolic diseases suffer from dementia?”
(Table 3). The results suggested that underweight men with
dyslipidemia and underweight women with hypertension had a
higher risk for dementia. These older adults might therefore
need to be targeted for interventions for metabolic diseases to
reduce dementia risk.

Reasons for older adults being underweight might include
combinations of shortage of food intake, underexercis-
ing, digestion and absorption disorders, loss of teeth,

endocrinological diseases, and debilitating diseases (e.g., cancer
or infection). In particular, undernutriton among older
adults has been recognized as a major reason for decline in
muscle mass and weight’”’. A previous study showed that
muscle-releasing hormones (myokines) played an important
role in recovery of injured brain tissue, and exercise
improved cognitive performance®®. The high risk for demen-
tia among those with low BMI in the present study empha-
sized the importance of maintaining muscle mass to preserve
cognitive function®. This suggests that it might be important
to encourage older adults to consume more protein than
younger to middle-aged adults®.

© 2019 The Authors. Journal of Diabetes Investigation published by AASD and John Wiley & Sons Australia, Ltd
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Table 3 | Hazard ratios for dementia in older adults with combinations of diabetes, hypertension, dyslipidemia, obesity, and underweight

DM HT DL BMI No.f vs DM HT DL BMI No.f HR (95% Cl)
Men
) Obese 5/48 vs @ NW 83/1,038 117 (048-2.89)
) Underweight 0/2 vs @ NW 83/1,038 -
() Obese 3/85 Vs =) NW 84/948 038 (0.12-1.21)
o) Underweight 0/6 vs & NW 84/948 4
) Obese 17/228 vs @ NW 57/629 080 (047-138)
+) Underweight 6/19 Vs ) NW 57/629 4.15 (1.79-963)
) ) Obese 1/16 Vs @ (& NW 77/800 094 (024-372)
) ) Underweight /1 vs © © NW 77/800 4
) (+) Obese 4/37 Vs =) =) NW 51/576 1.34 (0.53-3.38)
(+) (+) Underweight 0/0 S (=) (=) NW 51/576 =
o) ) Obese 3/67 vs © @ NW 50/549 043 (0.14-139)
(So) +) Underweight 0/0 Vs (&) [ NW 50/549 _t
) ) ) Obese 115 vs & (& @ NW 47/509 i
+) +) +) Underweight 0/0 Vs =) =) =) NW 47/509 A
Women
) Obese 5/39 vs @ NW 126/1,384 137 (0.56-3.35)
) Underweight 0/10 Vs @ NW 126/1,384 i
@) Obese 4112 vs @ NW 112/1,204 037 (0.14-101)
) Underweight 5/19 vs (& NW 112/1,204 379 (1.55-9.28)
) Obese 15/249 Vs © NW 89/803 052 (030-091)
(@) Underweight 9/53 vs @ NW 89/803 168 (0.85-3.34)
) ) Obese 011 vs @ (& NW 102/1,051 052 (0.11-240)
+) +) Underweight 0/2 Vs =) =) NW 102/1,051 074 (0.24-233)
) o) Obese 2/21 vs @ (& NW 79/768 074 (024-233)
(+) (+) Underweight 0/2 Vs (=) (=) NW 79/768 _F
o) ) Obese 3/94 vs © © NW 75/718 030 (0.11-0.83)
) o) Underweight 2/8 vs (& @ NW 75/718 269 (091-791)
) ) o) Obese 0/9 vs (& (& & NW 67/691 024 (001-467)
+) +) +) Underweight 0/0 Vs =) =) =) NW 67/691 i

fNumber of dementia onset/number of aged adults at risk. ¥Hazard ratio could not be calculated because of the small sample size. Hazard ratios
for dementia in older adults with one to several metabolic disease(s) were provided, compared with normal-weight older adults without corre-
sponding metabolic disease(s), shown as (). BMI, body mass index; Cl, confidence interval; DL, dyslipidemia; DM, diabetes mellitus; HR, hazard ratio;
HT, hypertension; NW, normal weight. Obese, body mass index >25 kg/m? normal weight, body mass index 18.5-24.9 kg/m? underweight, body
mass index <185 kg/m?.

Table 4 | Incidence of dementia (per 100 person-years) among older adults stratified by body mass index and disease

BMI (kg/m?) <185 (n = 278) 185-249 (n = 2,596) 250-299 (n = 735) >300 (n = 69) P for trend
AII 292 1.58 1.1 099 <0.0001

M (+) (n = 273) 0 271 191 192 036

M (=) (n = 3423) 305 151 1.02 085 <0.0001
HT (+) (n = 666) 408 1.70 065 0 0.0002
HT (=) (n = 3,030 282 1.56 125 136 0.0005
DL (+) (n=1713) 388 1.38 1.18 048 00015
DL (=) (n = 1,983) 259 1.75 101 154 00011

BMI, body mass index; DL, dyslipidemia; DM, diabetes mellitus; HT, hypertension.

Among the disease and body type profiles investigated, there ~ women with &4 allele of the apolipoprotein E gene (ApoE4"), a
was a significant increase in dementia in underweight women  major risk factor for Alzheimer’s disease, declined after age
with hypertension (Tables 3,5). Reportedly, the BMI of Swedish 70 years*'. This allele has also been associated with aortic
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Table 5 | Incidence rate of dementia (per 100 person-years) among older adult men and women stratified by body mass index and non-

communicable diseases

BMI (kg/mz) <185 185-249 25.0-299 >300 P for trend

Men (n) 448 1,582 356 20
All 244 152 096 088 0004
DM (+) (n = 146) 000 2.1 1.86 0.00 036
DM (=) (n = 1436) 251 147 082 104 0002
HT (+) (n = 277) 000 141 065 0.00 012
HT (-) (n = 1,305) 262 155 1.05 141 0013
DL (+) (h =752 6.30 145 135 0.00 0020
DL (=) (n = 830) 152 158 028 261 0029

Women (n) 186 1462 417 49
All 3.15 163 123 104 00002
DM () (nh = 127) 0.00 342 199 288 045
DM (=) (n = 1,987) 335 1.55 1.16 078 <0.0001
HT (+) (n = 389) 554 191 065 0.00 0.0004
HT (=) (n = 1,725) 292 157 141 135 0.008
DL (#) (n =961) 309 132 102 0.75 0013
DL (=) (n = 1,153) 318 188 148 128 0007

BMI, body mass index; DL, dyslipidemia; DM, diabetes mellitus; HT, hypertension.

stenosis*>. The Rotterdam Study showed that residents with an
abnormal increase in blood pressure from approximately age
55 years had a higher risk for future stroke®. In a USA study
of aged adults, hetero- or homozygous &4 allele(s) were detected
in 38.7% of patients with Alzheimer’s disease, 44.8% of those
with cerebrovascular dementia and 24.1% of people without
dementia. The present study did not identify Alzheimer’s dis-
ease and ApoE4". However, we presume that this allele might
have influenced the correlations among the decline in BMI,
increase in blood pressure and high dementia risk.

In the present study, underweight men with dyslipidemia
were also at a statistically significant high risk for dementia
(HR 4.15, 95% CI 1.79-9.63; Table 3). However, some partici-
pants with dyslipidemia had received medications from mid- or
late-life, whereas others had not received pharmacological inter-
ventions. A previous meta-analysis showed that statin use had
a risk reduction of 38% and 24% in dementia and Alzheimer’s
disease, respectively*!. This might suggest that early pharmaco-
logical intervention for middle-aged adults with dyslipidemia
should be encouraged. With regard to high serum cholesterol
levels, diet-induced hypercholesterolemia in white rabbits
showed increased levels of brain amyloid beta protein and
apolipoprotein E (clinical manifestations of Alzheimer’s dis-
ease)”. A Finnish epidemiological study showed that hyperc-
holesterolemia in mid-life was an independent risk factor for
Alzheimer’s disease*®. However, there is no evidence that Japa-
nese underweight older men have a high probability of
untreated dyslipidemia. Dyslipidemia might contribute to
dementia related to both Alzheimer’s disease and stroke.

The present results showed that other than diabetes, no meta-
bolic disease consistently presented a high risk for dementia
(Tables 2,3). Epidemiological evidence suggests that metabolic

syndrome might be an independent risk factor for demen-
tia*”*®, Accumulation of obesity, hypertension and hypercholes-
terolemia in mid-life increases the risk for dementia®.
However, few studies have compared the risk for dementia in
late-life in people with obesity versus non-obesity. The results
of two USA studies investigating this topic were inconsis-
tent>", and another recent USA study suggested that higher
late-life BMI was associated with a lower risk for dementia®.
The present study investigating Japanese older adults showed
that being underweight in late-life was a risk factor for demen-
tia, whereas obesity was not (Table 5).

Hypertension in late-life is a risk factor for stroke and there-
fore cerebrovascular dementia, and was previously suspected to
be a risk factor for Alzheimer’s disease®. However, a recent
systematic review did not detect late-life hypertension as a risk
factor’. There is some consensus from diverse epidemiological
results that hypercholesterolemia in mid-life might be an inde-
pendent risk factor for Alzheimer’s disease™. Literature suggests
that ApoE4" might increase the serum lipid level®. However,
evidence for the association between late-life dyslipidemia and
dementia incidence is scarce. The present study concluded that
hypertension and dyslipidemia in late-life were not consistent
risk factors for dementia in all older adults (underweight to
obese; Tables 2,5).

We found that obese women with dyslipidemia, and with
dyslipidemia and hypertension were at statistically significant
low risks for dementia (HR 0.52, 95% CI 0.30-0.91; HR 0.30,
95% CI 0.11-0.83, respectively; Table 3).The present results for
separate metabolic diseases or BMI categories (Table 2) showed
that obesity, hypertension and dyslipidemia were not risk or
protective factors for dementia in women in late-life. The rea-
son for the low HR (0.52) in women with obesity and
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dyslipidemia is unknown. However, as the metabolic disease
groups included participants who could afford medical care
expenses for those diseases, Japanese older adult women with
obesity might have a higher level of education®® and a sufficient
diet, and therefore good health status.

Adjusted HRs (Table 2) of diabetes for dementia in men (2.22,
95% CI 1.26-3.90) versus women (2.00, 95% CI 1.07-3.74)
were similar, whereas the HR and incidence of underweight
were higher in women (1.72, 95% CI 1.05-1.81) than in men
(1.04, 95% CI 0.51-2.10). The present data also suggested that
there was a higher incidence of dementia in women not with
diabetes or dyslipidemia, but with hypertension (Table 5). The
frequency of ApoE4" appeared to be similar between Japanese
men and women®’. Worldwide, the incidence of Alzheimer’s
disease is considered to be similar between the sexes™. How-
ever, the incidence of Alzheimer’s disease tends to be higher in
women in Japan, although vascular dementia is similar in both
sexes, as men die at a faster rate with aging”. The reasons for
our finding of a higher dementia risk among underweight
women are likely to be complex. For example, there are neu-
roanatomical, neurochemical, psychological, behavioral and cog-
nitive differences between the sexes™. The susceptibility to risk
factors for dementia might also differ between the sexes®. The
design of the present study did not elucidate underlying reasons
for the high incidence of dementia among underweight women
with and without cardiometric factors.

Social role might also affect the difference between men and

women in terms of the relationship between underweight and
dementia. When older adult women experience decreased cog-
nitive function, there might be a corresponding loss of a bal-
anced healthy diet. In Japan, women are traditionally expected
to cook meals for their families®’. Therefore, it is likely that
older adult men with dementia who have a spouse might have
a good diet, whereas older adult women with dementia (with
and without a spouse) might not have a healthy diet. A limita-
tion of the present cohort study was that it was difficult to
strictly exclude people with dementia from the baseline partici-
pants. The significantly larger HR (1.72) for underweight and
dementia onset in women (Table 2) might reflect this situation.
Furthermore, it might be less effective for health professionals
to recommend protein intake and exercise to prevent sarcope-
nia and dementia progression for Japanese women with mild
dementia.
Older adults tend to have decreased digestion and absorption
capacity’®®. Without sufficient protein intake and exercise,
they are prone to lose muscle mass®. Underweight is also con-
sidered to reflect inactivity, frailty and sarcopenia, which is
defined as age-related decline of skeletal muscle, muscle
strength and physical performance®*®. The present results
showed that older underweight women were at a high risk for
dementia (Table 2). It might be important to recommend exer-
cise for older adults to better control comorbid metabolic dis-
eases, and reduce the risk for dementia’, coronary heart
disease, stroke, type 2 diabetes and several forms of cancer®.

http://wileyonlinelibrary.com/journal/jdi

People are becoming increasingly concerned about modifying

obesity to prevent non-communicable diseases and cancer®.
For older adults, major health outcomes are longevity and a
healthy lifespan. Because older adults are vulnerable to illness,
and have high mortality and weak organs, guidelines for disease
prevention and management for middle-aged adults have
recently been customized for older adults®*****7>, However, we
consider that medical guidelines for older adult patients with
various metabolic and debilitating diseases require systemic
evaluation, so that mortality risk from reducing a single disease
does not increase other mortality risks. Dementia™, sarcopenia
and frailty”> present major mortality risks for older adults.
Many guidelines for the prevention or management of diseases
require health professionals to intervene with older adults based
on their disease profiles. Furthermore, health professionals need
to support their patients individually to accomplish longer
healthy lifespans, consistent with the recommendations of vari-
ous medical guidelines.
The present study had several strengths. First, metabolic dis-
eases were identified in medical examinations, and the diagnos-
tic standards applied in this study were based on guidelines
used by medical doctors. Second, the sample size was relatively
large, especially in the Japanese context where databases for
usual medical treatment, municipal health examinations and
long-term care for older adults are not usually linked. The link-
ing of these databases enabled us to compare the risk for
dementia among older adults with several metabolic diseases
and different BMI groups, and evaluate which groups were at
the highest risk (Tables 2,4,5). Further analyses with these
linked databases are required to support the present results.

The present study also had several limitations. First, the end-
point (dementia) was gathered from municipal LTCI registra-
tions, and it is possible that not all older adults with dementia
applied to receive the LTCI benefit. As described in the Meth-
ods section, older adults with slightly impaired cognitive func-
tion might have been included as participants at baseline.
However, as dementia progresses, patients tend to require sup-
port and it is therefore likely that patients or their caregivers
would have applied for long-term care. Although this measure-
ment of dementia onset might have been indirect, we consider
that most cases of dementia onset were detected in this cohort.
Second, the primary cause of dementia was not measured. For
example, the etiology of cerebrovascular dementia differs from
that of Alzheimer’s disease, and the respective risk factors
would be different. Third, the sample population was older
adults living in two municipalities, and the results might not be
generalizable. Fourth, it is possible that some older adults who
were underweight at baseline were already mildly demented,
and this might have impacted our findings. Fifth, the amount
of muscle mass was not evaluated. A meta-analysis of random-
ized controlled trials of healthy older adults showed that exer-
cise assisted in preserving reasoning ability’®. Measurement of
muscle mass is therefore likely to have improved the interpreta-
tion of the present results. Sixth, longitudinal changes in
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metabolic disease profiles were not measured and built into the
analyses. Finally, we did not adjust for risk factors for dementia
other than history of stroke and metabolic status. However, we
believe that overadjustment with many covariates would have
biased the results, as would underadjustment. In addition, all
cohort studies have such bias.

In conclusion, in a Japanese older adult population, being
underweight and prevalent diabetes might be risk factors for
dementia. Clinicians need to evaluate the reasons for their
patients being underweight, and provide interventions accord-
ing to their disease profiles.
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. The aim of this prospective study was to investigate the associations of knee and low back pain with
. dementia development. Participants were 14,627 older people with no history of stroke, cancer,
injuries, depression, Parkinson’s disease, or dementia who did not require support for daily living
completed self-administered questionnaires with 3-years follow-up. A Cox regression model was
used to calculate hazard ratios (HRs) and 95% confidence intervals (Cls) for dementia development.
Stratified analyses by age and regular walking were conducted. Dementia risk was higher in participants
aged 65-79 years with knee pain and without low back pain than in those without knee and low back
pain [HR: 1.73 (95% Cl: 1.11-2.68)]. Dementia risk was lower in participants >80 years with low back
pain but no knee pain than in those without low back or knee pain [HR: 0.50 (95% CI: 0.31-0.80)].
Participants with knee pain who did not walk regularly had the highest dementia risk [HR: 1.71 (95%
© Cl: 1.26-2.33)]. Knee pain may increase dementia risk among individuals aged 65-79 years, and may
. further increase risk in non-regular walkers. Low back pain may be a marker of maintained cognitive
. function despite age for individuals >80 years.

. Pain is a major cause of reduced activities of daily living (ADL)', which can increase dementia risk among older
. people. Thus, pain may be a dementia risk factor. However, previous study findings on pain and dementia are
inconsistent. A prospective cohort study in the United States identified persistent pain as a risk factor for cogni-
. tive impairment and dementia®, whereas pain was not associated with cognitive decline among older people in a
. prospective cohort study in the United Kingdom®.
: To explain this inconsistency, it may be useful to consider pain sites. Although both knee pain and low back
. pain can reduce ADL, they may differentially affect cognitive functions, and an investigation of the associations
. between knee/low back pain and dementia risk may be useful for dementia prevention. The only previous study
© on pain sites reported that osteoarthritis (OA) was independently associated with increased risk of dementia
. development*. However, the study did not consider physical activities or psychosocial factors, which are impor-
- tant for dementia development. Furthermore, no studies have investigated the association between low back pain
. and dementia risk.
: Therefore, the aim of this Japanese prospective cohort study was to examine the associations of knee pain and
. low back pain with dementia development, considering physical activities, psychosocial factors, and differences
. in underlying mechanisms of knee/low back pain.

1Public Health, Department of Social Medicine, Osaka University Graduate School of Medicine, Suita, Japan.

’Department of Anesthesiology and Pain Medicine, Juntendo University Faculty of Medicine, Tokyo, Japan.

3Department of Psychology, McGill University, Montreal, Canada. “Osaka Center for Cancer and Cardiovascular

Diseases Prevention, Osaka, Japan. *Cancer Control Center, Osaka International Cancer Institute, Osaka, Japan.
: $Departments of Health Education and Health Sociology, The School of Public Health, The University of Tokyo,
: Tokyo, Japan. ’Department of Social Preventive Medical Sciences, Center for Preventive Medical Sciences, Chiba
. University, Chiba, Japan. Correspondence and requests for materials should be addressed to K.Y. (email: keiko-
. yamada@umin.org)

SCIENTIFIC REPORTS | (2019) 9:10690 | https://doi.org/10.1038/s41598-019-47005-x 1
- 67 -


https://doi.org/10.1038/s41598-019-47005-x
http://orcid.org/0000-0002-4378-3290
mailto:keiko-yamada@umin.org
mailto:keiko-yamada@umin.org

www.nature.com/scientificreports/

Methods

Study population. We mailed self-administered questionnaires to older residents (aged >65 years) iden-
tified from official residential registers of 30 local governments throughout Japan at baseline in 2013. The ques-
tionnaires assessed the experience of knee pain and low back pain. Participation was voluntary. The response rate
was 71.5%, which is comparable to other surveys of community-dwelling residents. Respondents were linked to
the national long-term care insurance registry, which includes information about cognitive impairment based on
in-home assessment by trained investigators (e.g. public health nurses)®. Under the Long-Term Care Insurance
Act, all local governments in Japan retain data on cognitive impairment for all applicants of the national long-
term care program.

We identified 17,290 participants who completed the questionnaires and did not received benefits from the
national long-term care insurance at baseline. We excluded 1,745 participants with a history of stroke, cancer,
injuries, depression, or Parkinson’s disease, dementia at baseline, and we also excluded 918 participants who
reported a need for support for daily living or who had missing ADL data. Data from 14,627 participants were
analysed. None of the participants had a documented disability.

Knee pain and low back pain. We used two simple sequential yes/no questions to detect knee pain and
low back pain.

Knee pain.  “Have you had any pain around your knee during the last year? (yes)” and “Has your knee pain inter-
fered with your daily activities? (yes)” defined knee pain.

Low back pain. “Have you had any pain around your low back during the last year? (yes)” and “Has your low
back pain interfered with your daily activities? (yes)” defined low back pain.

Adjusted variables. Demographic factors. These were age (65-69, 70-74, 75-79, 80-84, or >85 years),
sex, body mass index (10 percentiles), alcohol consumption (non-drinker, ex-drinker, or drinker), smoking
(non-smoker, ex-smoker, or smoker), and history of diabetes mellitus and hypertension (yes or no).

The following single questions were used to measure drinking and smoking status: “Do you drink alcohol?

55 >

—“Yes,, ‘Ceased drinking), or ‘No” and “Do you smoke? —‘Yes, ‘Ceased smoking, or ‘No’

Socioeconomic factors. Education (<6 years, 6 to <9 years, 9 to <12 years, or >12 years), marital status (mar-
ried, divorced, single, widowed, or other), income divided into quartiles of equivalised income in 2012, including
tax: Q1 (men <1.31; women <1.23), Q2 (men 1.31-1.93; women 1.23-1.70), Q3 (men 1.94-2.46; women 1.71-
2.46), Q4 (men 2.47-3.19; women 2.47-3.20), and Q5 (men >3.19; women >3.20) million Japanese yen [JPY]),
employment status (employee, retired, or unemployed), loss events (loss of spouse, family member, close friend,
or relative; yes or no), frequency of social interaction (>4 per week, 2-3 per week, once a week, 1-3 per month,
several times per year, or never), and frequency of going out (>4 per week, 2-3 per week, once a week, 1-3 per
month, several times per year, or never). Equivalised income was calculated by dividing the median value of the
multiple-choice annual household income by the square root of the number of people living together. The annual
household income question had 15 categories (<0.5, 0.5-0.9, 1-1.4, 1.5-1.9, 2.0-2.4, 2.5-2.9, 3.0-3.9, 4.0-4.9,
5.0-5.9,6.0-6.9,7.0-7.9, 8.0-8.9,9.0-9.9, 10.0-11.9, and >11.9 million JPY). We defined low income as less than
1.22 million JPY of equivalised income above the poverty line in Japan in 2015°.

Psychological factor. Mood or anxiety disorder (yes or no). When participants had 13 points or more in the
Kessler Psychological Distress Scale (K6), they were considered to have mood or anxiety disorder”.

Others. We additionally adjusted for knee pain or low back pain when we used low back pain or knee pain as a
main exposure, respectively.

Definition of dementia development. We used data from a standardized in-home assessment carried
out under the national long-term care insurance scheme established in 2000°. The primary assessment was con-
ducted for applicants of the long-term care program by trained investigators dispatched from the certification
committee in each municipality. During home visits, each applicant was assessed on their ADL and instrumental
ADL status, cognitive function (e.g. short-term memory, orientation, and communication) and the presence of
mental and behavioural disorders using a standardized government assessment manual®.

Cognitive disability grade was categorized into eight levels: 0, I, IIa, IIb, IIIa, IIIb, IV, and M (0 = Independent,
M = Needs constant treatment in a specialized medical facility). This cognitive impairment categorization
strongly correlated with Mini-Mental State Examination scores (Spearman’s rank correlation r = —0.73,
p <0.001)%, and ‘level I’ corresponded with a 0.5 point rating on the Clinical Dementia Rating scale (specificity
and sensitivity, 0.88)™.

The certification committee also asked a panel of physicians to independently assess the applicants’ cognitive
disability levels to determine the applicants’ care requirements'!. The medical assessment was conducted inde-
pendently of the in-home assessment!!. In our analysis, we used the in-home assessment, but a previous study
using some of the JAGES data found a high correlation between in-home assessment and the committee medical
assessment (Pearson’s correlation r =0.80, p < 0.001)'2.

We defined cases more than Ila as dementia development, as validated by a previous study'’. The stand-
ardized assessment manual for the cognitive disability in older people defines Ila as “individuals who had
dementia-related symptoms, behavioural disturbance and/or difficulty in communication that limited daily living

outside the home, but who were capable of daily living under someone’s care™®.
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Sy Ll g Low back Both knee and

— + — + No pain Knee pain only | pain only low back pain
Number 10785 3842 10375 4252 8964 1411 1821 2431

72.8 (5.8) 74.9 (6.3) 73.0 (5.8) 74.1 (6.3) 72.8(5.7) 74.6 (6.2) 72.8 (6.0) 75.1(6.4)
Age, year (SD)

n (%) n (%) n (%) n (%) n (%) n (%) n (%) n (%)
Women 5339 (49.5) 2444 (63.6) 5371(51.8) 2412 (56.7) 4447 (49.6) 924 (65.5) 892, (49.0) 1520 (62.5)
Obese 2130(19.8) 1194 (31.1) 2181 (21.0) 1143 (26.9) 1742 (19.4) 439 (31.1) 388, (21.3) 755 (31.1)
Drinker 4083 (37.9) 1143 (29.8) 3800 (36.6) 1426 (33.5) 3392 (37.8) 408 (28.9) 691, (37.9) 735 (30.2)
Current smoker 1195 (11.1) 324 (8.4) 1096 (10.6) 423 (1.0) 988 (11.0) 108 (7.7) 207,(11.4) 216 (8.9)
History of diabetes mellitus 1331 (12.3) 540 (14.1) 1298 (12.5) 573 (13.5) 1112 (12.4) 186 (13.2) 219, (12.0) 354 (14.6)
History of hyper tension 4934 (45.8) 2082 (54.2) 4799 (46.3) 2217 (52.1) 4059 (45.3) 740 (52.5) 875, (48.1) 1089 (55.2)
Did not graduate from high school 4001 (37.1) | 1881 (49.0) | 3969 (38.3) |1913(45.0) |3337(37.2) | 632 (44.8) 664,(36.5) | 1249 (51.4)
Single 250 (2.3) 53(1.4) 232(2.2) 71 (1.7) 217 (2.4) 15(1.1) 33,(1.8) 38 (1.6)
Low income 2725(25.3) | 1404 (36.5) |2681(25.8) |1448(34.1) |2235(24.9) |446(31.6) 490, (26.9) | 958 (39.4)
Retired, n (%) 6428 (59.6) 2177 (56.7) 6152 (59.3) 2453 (57.7) 5320 (59.4) 832(59.0) 1108 (60.9) 1345 (55.3)
Lost partner in last year 1224 (11.4) 659 (17.2) 1109 (10.7) 774 (18.2) 927 (10.3) 182 (12.9) 297, (16.3) 477 (19.6)
Lost relative, family, or friends in last year 3397 (31.5) 1331 (34.6) 3238 (31.2) 1490 (35.0) 2765 (30.9) 473 (33.5) 632, (34.7) 858 (35.3)
Frequency of going out <1/week 247 (2.3) 162 (4.3) 235(2.3) 176 (4.1) 191 (2.1) 44 (3.1) 56, (3.1) 120 (4.9)
Never meets friends or acquaintances 695 (6.4) 335(8.7) 686 (6.6) 344 (8.1) 577 (6.4) 109 (7.7) 118, (6.5) 226(9.3)
Mood or anxiety disorder 353 (3.3) 312(8.1) 339(3.3) 326(7.7) 263 (2.9) 76 (5.4) 90, (4.9) 236 (9.7)
Knee pain — — 1411 (13.6) | 2431(57.2) |— — — —
Low back pain 1821 (16.9) 2431 (63.3) — — — — — —
Lack of regular walking 2243(20.8) |1138(29.6) |2129(20.5) |1252(29.4) |1770(19.8) |359(25.4) 473,(26.0) | 779 (32.0)

Table 1. Mean values and proportions for participant characteristics. Abbreviations: SD: standard deviation.
Note: Definition of obese: body mass index >25.

Definitionof regularwalking. Weassessed average walking time pera day (<30, 30~59, 6089, and >90 minutes),
and we defined walking time per a day >30 minutes as regular walking.

Statistical analysis. We calculated person-months of follow-up from baseline to the first endpoint: demen-
tia, death, moving away from the local government area where they were registered, loss to follow-up, or admin-
istrative censoring at February 21, 2017.

Multivariable adjusted hazard ratios (HRs) with 95% confidence intervals (ClIs) for dementia development
according to existence of knee/low back pain were calculated using a Cox regression model. We also reran the
main model after stratifying participants by age group or regular walking. As a sensitivity analysis, we reran the
models after excluding participants suspected of mood or anxiety disorder (K6 > 13 points) and those with both
knee and low back pain.

P-values < 0.05 (two-tailed tests) were considered statistically significant. All statistical analyses were per-
formed using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).

Statement of ethics.  All procedures were in accordance with the ethical standards of the Helsinki Declaration
0f 1975, as revised in 2013. All respondents were regarded as having provided their informed consent by returning
the questionnaire. The Japan Gerontological Evaluation Study was approved by the Nihon Hukushi University
Institutional Review Boards on human research (No. 13-14; date of approval: August 6, 2013). The title of the
research was “The Japan Gerontological Evaluation Study (JAGES) project: the population-based large cohort”

Results

Table 1 shows the mean values and proportions for participant characteristics according to existence of knee pain
or low back pain, and according to no pain, knee pain only, low back pain only, and both knee pain and low back
pain during the past year. Compared with participants without knee pain or low back pain, those with knee pain
or low back pain were more likely to be obese; to have high blood pressure, low income, and mood or anxiety
disorder; to have lost a partner, relative, family, or friends in the last year; to go out less than once a week; and were
less likely to be single, meet friends or acquaintances, and walk regularly.

In total, 482 (3.3%) developed dementia during follow-up. Table 2 shows the multivariable HRs for dementia
development according to existence of knee or low back pain. Compared with participants without knee pain,
those with knee pain had increased risk of dementia development [Model 6, HR 1.32 (95% CI: 1.06-1.64)].

In contrast, those with low back pain had decreased risk of dementia development compared with those
without low back pain [Model 6, HR 0.79 (95% CI: 0.63-0.99)]. In model 1 and model 2 (the crude model and the
sex-adjusted model), those with low back pain had an increased risk of dementia development. However, after
adjusting for age, those with low back pain had a decreased risk of dementia development compared with those
without low back pain. Therefore, we calculated HRs of dementia stratified by age group (Table 3). Both knee pain
and low back pain increased the dementia risk among individuals aged <79 years, and decreased the dementia
risk among individuals aged >80 years after adjusting for knee pain and low back pain.
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Total

Person months 1008047.1 | 354044.7 96819.8 | 393922.0
Number of cases 298 184 322 160

Model 1 HR (95% CI) |1 1.77 (1.47-2.12)* 1 1.22 (1.01-1.48)*
Model 2 HR (95% CI) | 1 177 (147-2.13)¢ |1 1.22 (1.01-1.47)*
Model 3 HR (95% CI) |1 1.21(1.00-1.46)* |1 0.96 (0.79-1.16)
Model 4 HR (95% CI) | 1 1.31 (1.06-1.62)* 1 0.85 (0.68-1.05)
Model 5HR (95% CI) | 1 1.39 (1.12-1.72)* 1 0.84 (0.68-1.05)
Model 6 HR (95% CI) | 1 1.32 (1.06-1.64)* 1 0.79 (0.63-0.99)*

Table 2. Hazard ratios for dementia development according to knee pain and low back pain. Model 1: Crude
model. Model 2: Adjusted for sex. Model 3: Adjusted for sex and age. Model 4: Adjusted for above-mentioned
variables plus knee pain or low back pain. Model 5: Adjusted for above-mentioned variables plus body mass
index, alcohol consumption, smoking, history of diabetes mellitus, and history of hyper tension. Model 6:
Adjusted for above-mentioned variables plus education, marital status, equivalised income, employment status,
loss events, frequency of going out, frequency of social interaction and mood or anxiety disorder. Abbreviations:
HR: hazard ratio, CI: confidence interval. *p < 0.05, **p < 0.01.

65-69 aged years

Person months — 345697.9 80076.4 — 315241.7 110532.7
Number of cases — 30 4 — 29 5

Model 2 HR (95% CI) — 1 N/A — 1 N/A

Model 7 HR (95% CI) | — 1 N/A — 1 N/A

70-74 aged years

Person months — 329330.5 105478.5 — 318097.8 116711.2
Number of cases — 38 25 — 41 22

Model 2 HR (95% CI) p=0.01 1 2.09 (1.26-3.49)" p=0.02 1 1.47 (0.88-2.47)
Model 7 HR (95% CI) | p=0.02 1 2.04 (1.14-3.64)* p=0.02 1 1.41 (0.93-2.15)
75-79 aged years

Person months — 199995.7 86935.5 — 199571.9 87359.30
Number of cases — 53 39 — 57 35

Model 2 HR (95% CI) — 1 1.72 (1.13-2.62)* — 1 1.41 (0.92-2.15)
Model 7 HR (95% CI) — 1 1.63 (1.01-2.64)* — 1 1.11 (0.68-1.80)
80-84 aged years

Person months — 94293.8 55026.1 — 95807.3 53512.60
Number of cases — 91 51 — 95 47

Model 2 HR (95% CI) | — 1 0.93 (0.66-1.32) — 1 0.87 (0.62-1.24)
Model 7 HR (95% CI) — 1 0.99 (0.67-1.47) — 1 0.88 (0.59-1.30)
85-89 aged years

Person months — 31497.3 20941.6 — 32105.7 20333.30
Number of cases — 59 44 — 72 31

Model 2 HR (95% CI) — 1 1.11 (0.75-1.65) — 1 0.67 (0.44-1.03)
Model 7 HR (95% CI) — 1 1.45 (0.94-2.25) — 1 0.56 (0.35-0.90)*
>90 aged years

Person months — 7231.8 5586.7 — 7345.5 5473.00
Number of cases — 27 21 — 28 20

Model 2 HR (95% CI) — 1 1.15 (0.64-2.09) — 1 1.03 (0.58-1.84)
Model 7 HR (95% CI) | — 1 1.18 (0.60-2.33) — 1 0.95 (0.49-1.85)

Table 3. Hazard ratios of dementia stratified by age group. Model 2: Adjusted for sex. Model 7: Adjusted for sex
and knee pain or low back pain. Abbreviations: HR: hazard ratio, CI: confidence interval. *p < 0.05, **p < 0.01.

Table 4 shows the multivariable HRs for dementia development according to no pain, knee pain only, low back
pain only, and both knee pain and low back pain during the past year stratified by age group; 65-79 and >80 years
old. Participants with knee pain only aged 65-79 years had an increased risk of dementia development [Model 9,
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‘ No pain | Knee pain only Low back pain only | Both knee and low back pain
Total
Person months 837564.4 130605.4 170482.7 223439.3
Number of case 258 64 40 120
Model 1 HR (95% CI) | 1 1.60 (1.21-2.10)* | 0.76 (0.55-1.06) 1.75 (1.41-2.17)*
Model 2HR (95% CI) |1 1.60 (1.21-2.11)* 0.76 (0.55-1.06) 1.75 (1.41-2.17)*
Model 3HR (95% CI) |1 1.16 (0.88-1.53) 0.71 (0.51-0.99)* 1.14 (0.91-1.42)
Model 8 HR (95% CI) | 1 1.25(0.95-1.65) 0.72 (0.52-1.02) 1.20 (0.96-1.50)
Model 9 HR (95% CI) |1 1.20 (0.91-1.59) 0.69 (0.50-0.97)* 1.07 (0.84-1.34)
65-79 aged years
Person months 729847.4 103063.9 14516.7 169426.4
Number of case 100 27 21 41
Model 9 HR (95% CI) |1 1.73 (1.11-2.68)* 1.04 (0.65-1.67) 1.39 (0.94-2.05)
>80 aged years
Person months 107717 27541.5 25306 54012.8
Number of case 200 52 30 103
Model 9 HR (95% CI) | 1 0.94 (0.65-1.35) 0.50 (0.31-0.80)" 0.91 (0.68-1.22)

Table 4. Hazard ratios of dementia development according to no pain, knee pain only, low back pain only,

and both knee pain and low back pain during the past year stratified by age group. Model 1: Crude. Model 2:
Adjusted for sex. Model 3: Adjusted for sex and age. Model 8: Adjusted for above-mentioned variables plus body
mass index, alcohol consumption, smoking, history of diabetes mellitus, and history of hyper tension. Model

9: Adjusted for above-mentioned variables plus education, marital status, equivalised income, employment
status, loss events, frequency of going out, frequency of social interaction, and mood or anxiety disorder.
Abbreviations: HR, hazard ratio; CI, confidence interval. *p < 0.05, *p < 0.001.

HR 1.73 (95% CI: 1.11-2.68)]. Those with low back pain aged >80 years had a decreased risk of dementia devel-
opment [Model 9, HR 0.50 (95% CI: 0.31-0.80)].

Table 5 shows the multivariable HRs for dementia development stratified by regular walking. The associations
of knee pain and low back pain with dementia risk were similar to the main results, regardless of regular walk-
ing. Individuals aged 65-79 years and >80 years who did not walk regularly and had knee pain had the highest
dementia risk of the four groups (with/without knee pain; regular walking/no regular walking) [Model 6, HR:
1.91 (95% CI: 1.16-3.16), and HR: 1.63 (95% CI: 1.10-2.43), respectively]. Participants who experienced low back
pain and did not walk regularly did not have an increased risk of dementia development compared with those
with no low back pain who walked regularly.

The sensitivity analysis showed similar results to the main results (data not shown).

Discussion

In this sample of the Japanese general population, knee pain was prospectively associated with increased risk
of dementia development particularly in individuals aged 65-79 years. The increased dementia risk in these
individuals may be enhanced if they do not walk regularly. Low back pain was associated with reduced risk of
dementia development among individuals >80 aged years, independent of physical activity, socioeconomic and
psychosocial factors.

Knee pain among older people, which is usually caused by OA, is associated with inflammation'*'>. Persistent
inflammation damages cerebral blood vessels and induces neuroinflammation'*'*. Research shows that both vas-
cular dementia and Alzheimer’s dementia are caused by inflammation'*'>. Individuals with knee pain are likely
to have a high sedative load, which can increase dementia risk. However, we suggest that knee pain (possibly
accompanied by inflammation) itself, as well as physical inactivity, might increase dementia risk. Inflammation
also contributes to some subtypes of low back pain, but the prevalence of inflammatory low back pain in one
population-based study was only 5-6%'°.

A previous cohort study in Taiwan reported an association between OA and dementia development*.
However, this previous observational study had several limitations. First, it used data from a health insurance
database based on physicians’ diagnoses in medical settings, and included only patients visiting hospitals or clin-
ics; thus, the study did not consider individuals who had knee pain but did not consult a doctor. Second, this
previous study did not account for socioeconomic and psychosocial factors in addition to physical activity; all of
these are important risk factors for dementia. The present study did not have these limitations.

Approximately 85% of low back pain is a non-specific type of pain related to central nerve system'’. A system-
atic literature review reported that OA pain including knee pain was also associated with central nerve system'.
For a person to perceive a centralized pain, it is necessary for the prefrontal brain area to pay “sustained attention”
to the pain', and sustained attention requires maintaining a certain level of brain function. For example, patients
with cognitive disorder owing to dementia or Parkinson’s disease often have decreased sustained attention?*?'.
Participants with low back pain aged >80 years had a decreased risk of dementia compared with those without
low back pain. These findings may suggest that experiencing low back pain may be a marker of relatively main-
tained brain function among old-old people. We found that participants aged 65-79 years with knee pain only
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Person months of total 800788.7 250171.0 771816.7 279142.9

Regular walking Number of case 192 106 211 87

Model 6 HR (95% CI) 0.52 1 1.38 (1.06-1.80)* | 0.51 1 0.81 (0.62-1.07)
Person months of total 207258.4 103873.7 196353.1 114779.1

Lack of regular walking | Number of case 106 78 111 73

Model 6 HR (95% CI) — 1.40 (1.10-1.80)" 1.71(1.26-2.33) | — 1.40 (1.10-1.78)" | 1.00 (0.74-1.34)

65-79 aged years

Person months of total 704269.7 196443.2 672304.2 228408.8
Regular walking Number of case 85 41 89 37

Model 6 HR (95% CI) | 0.78 1 1.60 (1.06-2.43)* | 0.60 1 0.96 (0.63-1.47)
Person months of total 170754.3 76047.3 160607.2 86194.4

Lack of regular walking | Number of case 36 27 38 25

Model 6 HR (95% CI) — 1.31(0.87-1.96) 1.91(1.16-3.16)* | — 1.34 (0.91-1.99) 1.09 (0.66-1.79)

>80 aged years

Person months of total 96518.9 53727.8 99512.6 50734.2
Regular walking Number of case 107 65 122 50

Model 6 HR (95% CI) | 0.71 1 1.25(0.88-1.75) | 0.80 1 0.72 (0.50-1.04)
Person months of total 36504.1 27826.5 35745.9 28584.7

Lack of regular walking | Number of case 70 51 73 48

Model 6 HR (95% CI) — 1.44 (1.05-1.98)* 1.63 (1.10-2.43)* | — 1.42 (1.04-1.94)* | 0.96 (0.66-1.40)

Table 5. Hazard ratios of dementia stratified by regular walking. Model 6: Adjusted for age, sex, body mass
index, knee pain or low back pain, alcohol consumption, smoking, history of diabetes mellitus, history of hyper
tension, education, marital status, equivalised income, employment status, loss events, frequency of going out,
frequency of social interaction, and mood or anxiety disorder. Abbreviations: HR, hazard ratio; CI, confidence
interval. *p < 0.05, 'p < 0.01, p < 0.001.

had an increased risk of dementia, but those aged >80 years did not. Although inflammation related to knee
pain may increase dementia risk, experiencing knee pain may be associated with maintained brain function
particularly for old-old people; thus, old-old people (unlike other generations) may not have an increased risk of
dementia.

One of the strengths of the present study is that we used a community-based prospective large cohort study
design. However, the study has several limitations. First, data on the development of dementia were obtained
from the results of an examination and assessment for a national Long-Term Care scheme. Residents aged >40
years with specific diseases and all residents aged >65 years can apply for the long-term care program if they wish;
participants with dementia development who did not apply for the national long-term care program were not
identified. Therefore, the number of individuals with dementia development might have been underestimated.
Second, we were unable to differentiate dementia type (e.g., vascular or Alzheimer’s dementia). Analysis of patho-
logical information may have elucidated the mechanisms underlying the associations found here. Third, we did
not measure pain intensity and therefore could not examine dose-response relationships between low back and
knee pain and dementia risk. Fourth, we did not collect information about medical treatments. Treatment for
pain, dementia, and other comorbidities may affect dementia development; however, we could not examine this
potential confounding effect.

In conclusion, knee pain may increase dementia risk among Japanese older people aged 65-79 years, and this
increased dementia risk may be enhanced if they do not walk regularly, independent of socioeconimic and psy-
chosocial factors. Experience of low back pain may be a marker of maintained cognitive function despite age in
old-old people aged >80 years, independent of physical activity, socioeconomic and psychosocial factors.

Data Availability

All enquiries should be addressed to the data management committee via e-mail: dataadmin.ml@jages.net. All
JAGES datasets have ethical or legal restrictions for public deposition owing to inclusion of sensitive information
from the human participants. Following the regulation of the local governments that cooperated with our survey,
the JAGES data management committee has imposed restrictions upon the data.
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Abstract: Few studies have focused on a relationship between the built environment and
musculoskeletal pain. This study aimed to investigate an association between neighborhood
walkability and knee and low back pain in older people. Data were derived from the Japan
Gerontological Evaluation Study (JAGES) 2013, a population-based study of independently living
people >65 years old. A cross-sectional multilevel analysis was performed, of 22,892 participants in
792 neighborhoods. Neighborhood walkability was assessed by residents’ perceptions and population
density. Dependent variables were knee and low back pain restricting daily activities within the
past year. The prevalence of knee pain was 26.2% and of low back pain 29.3%. After adjusting for
sociodemographic covariates, the prevalence ratio (PR) of knee and low back pain was significantly
lower in neighborhoods with better access to parks and sidewalks, good access to fresh food stores,
and higher population densities. After additionally adjusting for population density, easier walking
in neighborhoods without slopes or stairs was significantly inversely correlated with knee pain (PR
0.91, 95% confidence interval 0.85-0.99). Neighborhoods with walkability enhanced by good access to
parks and sidewalks and fresh food stores, easy walking without slopes or stairs, and high population
densities, had lower prevalences of knee and low back pain among older people. Further studies
should examine environmental determinants of pain.

Keywords: neighborhood walkability; built environment; musculoskeletal pain; knee pain; low back
pain; older people; multilevel analysis

1. Introduction

Musculoskeletal diseases, including osteoarthritis (OA), are major public health problems. Between
one in three and one in five people live with painful musculoskeletal conditions, making these diseases
the second highest contributor to global disability. Low back pain alone is the leading cause of disability
worldwide [1]. A strong relationship exists between musculoskeletal pain and a reduced capacity
to engage in physical activity. This often results in functional decline, frailty, reduced quality of life,
and loss of independence [2]. The prevalence and impact of musculoskeletal diseases are particularly
high in older people. While OA may be treated surgically when severe, it is now considered amenable
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to prevention and treatment in the early stages [3]. For example, weight loss for obesity, prevention of
injury, and exercise have all been shown to be effective in reducing knee and lower back pains [4,5]
Although strong evidence supports the benefits of regular exercise, physical inactivity remains highly
prevalent worldwide [6]. In fact, the number of daily steps people take in Japan is decreasing year by
year, despite the fact that walking, the most frequent type of exercise, is recommended by national
health policy [7,8]. For many, however, it is difficult to get regular exercise, and there are limitations to
the effects of policy pronouncements at the individual level where a number of other factors are in play.

One of these factors, the built environment, has been found to exert a noticeable influence on
health [9-11]. The World Health Organization recommends improving the built environment as
a way to promote healthy aging [12]. The built environment is related to physical activity [13,14],
most notably in terms of neighborhood walkability [15,16]. Neighborhood walkability is a measure of
how friendly the residential built environment is to walk in. It is generally expressed as a composite
index of population density, land-use diversity, and pedestrian-friendly design [17]. Neighborhood
walkability has been shown to be related to time spent walking [18], physical activity [15], obesity [19],
and depression [20]. These are all factors which are also well known to be associated, in one way or
another, with musculoskeletal pain.

However, few studies have investigated an association between the built environment and
musculoskeletal pain. If neighborhood walkability is associated in some way with musculoskeletal
pain, it would become clear that not only individual factors but environmental factors can be addressed
in policies designed to prevent musculoskeletal pain. Therefore, we aimed to examine whether
neighborhood walkability is related to knee and low back pain, focusing on older people in Japan.

2. Methods

2.1. Study Design and Participants

The present study is based on the Japan Gerontological Evaluation Study (JAGES), an ongoing
population-based cohort study in Japan [21]. In 2013, self-reported questionnaires were mailed to
193,694 community-dwelling, independently-living individuals aged 65 years or older, of whom
137,736 responded to the survey (response rate, 71.1%). Participants with missing values for ID, age,
or sex (n = 7996); who needed assistance in activities of daily living (n = 4247); or people living in
communities with less than 30 respondents (n = 2108) were excluded from the analysis. A total of
123,385 participants’ responses from 792 communities were used to evaluate neighborhood walkability.
About one-fifth of the total participants (n = 24,806) was randomly selected, including some from
each of the 792 communities, to complete a survey module enquiring about pain. The module was a
planned part of the JAGES. Because long-term exposure to neighborhood walkability was considered
to be beneficial, we excluded residents who had lived in their neighborhood for 3 years or less
(n = 732). Responses were also excluded if data on knee and low back pain was missing (n = 1182).
This left responses from 22,892 participants that were included in the subsequent analysis (Figure 1).
Our research protocol and informed consent method were approved by the Ethics Committee of Nihon
Fukushi University (number 13-14).

2.2. Outcome Variables

Data on the presence of knee and low back pain within the last year were collected in the survey
by asking the following two questions. “In the past year, have you had knee pain that restricts your
daily activities? In the past year, have you had low back pain that restricts your daily activities?”
A response of “yes” was defined as the presence of pain.

2.3. Neighborhood Walkability

Many studies have established the predictive value of residents’ perceptions as a measure of
neighborhood walkability [22,23]. Previously studied relationships include those between access to
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parks and body mass index (BMI) [24], food environment and mortality rate [25], and walking up
slopes and diabetes control [26]. While some studies demonstrate that objective measures affect various
health outcomes [19], two studies reported that subjective walkability rather than objective geographic
information system-based data was associated with health outcomes [25,27]. Subjective walkability
has the advantage of easily grasping the actual situation; for example, it can change depending on
factors such as the size, number, and design during the evaluation of parks and sidewalks. Moreover,
there are few studies on walkability in Japan, and the validity of objective indicators has not been
sufficiently verified. Therefore, we used subjectively assessed walkability as an explanatory variable.

Enroliments for the survey:

n = 193,694 (selected from 30 municipalities)
Non-response:
n = 55,958

Respondents:
n = 137,736 (response rate: 71.1%)

Invalid ID, sex, & age:
n=7,996

Having ADL impairments:
n = 4,247

Communities which have less than 30
residents: n = 2,108

Samples for neighborhood walkability:

n=123,385 Non-selected respondents for dependent
variable questions: n = 98,579

Residents living for 3 years or less:
n=732

Missing data on knee and low back pain:
n=1,182

Samples for multilevel analysis:
n = 22,892 (representing 792 communities)

Figure 1. Flow of participant selection for the study of neighborhood walkability and musculoskeletal
pain (n = 22,892). 1D, identification; ADL, activities of daily living.

We evaluated neighborhood walkability by asking about access to parks and sidewalks, access to
fresh food stores, and easy walking without slopes or stairs. Three questions were posed about the
neighborhood within 1 km of the participant’s house. “How do you feel about access to parks and
sidewalks when walking? How many stores or facilities selling fresh fruit and vegetables are located
near you? How do you feel about easy walking without slopes or stairs?” Responses were given on a
four-point Likert scale, with 1 = none, 2 = a few, 3 = some, and 4 = many. The average of the points in
each neighborhood was used to compare each walkability variable, resulting in a minimum of 1 and a
maximum of 4 continuous points. To assess neighborhood walkability, we used the data derived from
all 123,385 participants rather than only the smaller subset (n = 22,892) of individuals who responded
to the questions about knee and low back pain.

We also used population density as a variable because it is one of the main factors associated
with neighborhood walkability, as it includes factors such as land-use mix, access to public transport,
and number of walkable destinations [17,28]. The population density of each of the 792 communities
included for analysis was calculated using the 2010 census and Land Utilization Tertiary Mesh Data
(as of 2010) of the National Land Numerical Information from the Ministry of Land, Infrastructure,
Transport, and Tourism in Japan based on the 1:25,000 Topographic Map of Japan [29]. These calculations
excluded undeveloped areas (e.g., rivers, lakes, forest, and wasteland). Quartiles of population density
(persons/kmz) were used for analysis.
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2.4. Covariates

For individual covariates, sociodemographic data, behavior, and health status were used.
Sociodemographic covariates included sex, age (65-69, 70-74, 75-79, 80-84, and >85 years old),
educational background (<10, 10-12, and >13 years), equivalent annual income (<2, 2-3.9, and >4
million yen per year), and past occupation (white-collar workers, blue-collar workers, primary industry
workers, or never worked before) [30,31]. Primary industry workers in agriculture, forestry, and
fisheries were considered separately from other blue-collar workers because those three occupations are
known to be strongly associated with musculoskeletal pain [32]. Behaviors and health status covariates
assessed included time spent walking (<30, 30-59, and >60 min a day), frequency of physical activity
(<2, 2-3, and >4 times a week), driving status (driving a car by themselves or not) [33], BMI (<18.5,
18.5-24.9, and >25 kg/m?), and depression (none, mild, severe) [34]. Physical activity referred to
medium intensity exercise, such as walking quickly, dancing, and golf [35]. Participants were classified
in three groups based on scores from the Japanese version of the Geriatric Depression Scale-15 [36,37]:
not depressed (<5), mildly depressed (5-9), or severely depressed (>10) [38,39]. Missing data was
counted and listed as missing.

2.5. Statistical Analysis

We first calculated the association between each neighborhood walkability factor and knee or
low back pain using Pearson’s correlation coefficient. Multilevel Poisson regression models were
then analyzed to investigate the association between neighborhood walkability and pain. An initial
model was specified to assess the crude association between neighborhood walkability and knee
or low back pain. This was then adjusted in Model 1 using sex, age, equivalent annual income,
educational background, and past occupation as individual confounders to evaluate the influence
of sociodemographic factors. Model 2 was additionally adjusted for walking time, physical activity,
driving status, BMI, and depressive symptoms as potential confounders. As population density
strongly affects various aspects and is easy to correlate with other walkability [28,40]. For example,
in order to clarify that it is not just the influence of population density, we additionally adjusted the
population density in Model 3. Using Appendix A, we identified whether covariates affected the
outcomes. Stata 14.0 (StataCorp LP, College Station, TX, USA) was used, and prevalence ratios (PR)
and 95% confidence intervals (CI) were calculated from the regression models. The significance level
was set at 0.05. Participants with missing covariate data were still included in the analysis.

3. Results

The prevalence of knee pain and low back pain was 26.2% (n = 6257) and 29.3% (n = 6989),
respectively (Table 1). The largest proportion by age was 70 to 74 years old (30.3%), followed by those
65 to 69 years old (28.0%). Approximately two-thirds of the participants had normal BMIs and no
depression. More than a third (38.7%) walked >60 min; another third (35.2%) walked 30 to 59 min;
and 23.9% walked <30 min. About half drove a car.

The means for the three subjective neighborhood walkability factors ranged from 2.56 to 2.97
(Table 2). The mean population density was 6543 persons/km? (22-31,565 persons/km?). Reports
by neighborhood of knee pain ranged from 15.6% to 51.4%, and of low back pain, from 13.6% to
51.4%. The Pearson correlations between neighborhood walkability factors were all significant.
The correlations were relatively high between access to parks and sidewalks and access to fresh food
stores; access to parks and sidewalks and population density; and access to fresh food stores and
population density (0.44 to 0.59). There were significant negative correlations between knee pain and
access to parks and sidewalks (—0.21); knee pain and population density (—0.33); and low back pain
and population density (-0.17).

-77 -



Int. |. Environ. Res. Public Health 2019, 16, 4598

50f13

Table 1. Characteristics of older Japanese adults surveyed in JAGES 2013 with regard to neighborhood

walkability (n = 22,892).

GDS = Geriatric Depression Scale; JAGES = Japan Gerontological Evaluation Study.

Characteristics n %
Sex
Male 11,114 46.5
Female 12,775 535
Age, years
65-69 6690 28
70-74 7231 30.3
75-79 5330 223
80-84 3147 13.2
85+ 1491 6.2
Educational
background, years
13+ 4713 19.7
10-12 8819 36.9
<10 9974 41.8
Missing 383 1.6
Equivalent annual
income, yen
4.0+ million 2025 8.5
2.0-3.9 million 7140 29.9
<2.0 million 9875 413
Missing 4849 20.3
Past occupation
White-collar worker 8481 371
Blue-collar worker 9494 415
Primary industry 1291 56
worker
Never worked 1170 5.1
Missing 2456 10.7
Walking time, min
60+ 9241 38.7
30-59 8401 35.2
<30 5704 239
Missing 543 2.3
Physical activity
Daily 6858 28.7
Weekly 6517 27.3
Annually 3379 14.1
None 4999 209
Missing 2136 8.9
Driving status
No 10,854  45.6
Yes 12967  54.4
Body mass index,
kg/m?
18.5-24.9 16,006 67
<185 1665 7
25+ 6153 25.8
Missing 65 0.3
Depression
None (GDS < 5) 14,223  62.1
Mild (GDS of 5-9) 3603 15.7
Severe (GDS > 10) 1143 5
Missing 3923 17.1
Knee pain
Yes 6314 26.2
Missing 646 2.8
Low back pain
Yes 7050 29.3
Missing 657 2.9
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Table 2. Pearson correlations between neighborhood walkability factors and pain.

Mean SD Median Minimum Maximum R
1 11 I v A\ VI
() Access toparksand 5, 5 2.96 1.94 3.81 1
sidewalks (score)
(i©) Access to fresh 297 039 3.05 1.65 3.85 052* 1
food stores (score)
(iii) Easy walking
without slopes or 2.56 0.38 2.61 1.44 3.29 -0.17* 0.08 * 1
stairs (score)
(iv) Population density " " .
2 6543 4727 6719 22 31,565 0.44 0.59 0.24 1
(persons/km*)
(v) Knee pain (%) 29 6.8 27.7 15.6 51.4 -0.21* -0.14 0.02 -0.33* 1
(vi) Low back pain (%)  32.9 6.9 32 136 514 014 -014 —003 -017* 063* 1

For neighborhood factors (i to iv), n = 792, while for pain (v to vi), n = 148, calculated only for areas with more than
30 responses about pain. For factors i-iii, the average points on a scale from 1 to 4 (1 = none, 2 = few, 3 = some,
4 = many) were calculated for each community and then combined for analysis of each factor. * p < 0.05. SD =
standard deviation.

In the Crude regression model, knee pain was significantly less prevalent with access to parks
and sidewalks, access to fresh food stores, and a high population density (Table 3). After adjustment
for sociodemographic confounders (Model 1) and behavior and activity covariates (Model 2), all three
walkability factors remained statistically significant. After adjusting for population density in Model
3, the only statistically significant factor associated with less knee pain was ease of walking without
slopes or stairs (PR = 0.91, 95% CI = 0.85-0.99).

Table 3. Association between neighborhood walkability and knee pain by multilevel Poisson regression
analysis (n = 22,892).

Crude Model Model 12 Model 2 ® Model 3 €

PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)
Access to parks and sidewalks 0.69 (0.63-0.76) *  0.84 (0.76-0.93) *  0.85(0.77-0.94) * 0.92 (0.81-1.03)
Access to fresh food stores 0.81 (0.76-0.87) *  0.90 (0.84-0.96) *  0.90 (0.84-0.96) * 0.95 (0.87-1.03)
Easy walking without slopes or stairs 1.02 (0.94-1.10) 0.96 (0.89-1.04) 0.95 (0.88-1.02) 0.91 (0.85-0.99) *
Population density 0.91 (0.89-0.93) *  0.96 (0.94-0.98) *  0.95(0.93-0.98) * -

PR = prevalence ratio; 95% CI = 95% confidence interval. * Model 1 was adjusted for sex, age, equivalent annual
income, educational background, and past occupation. ® Model 2 was adjusted for the covariates in Model 1 plus
walking time, physical activity, driving status, BMIL, and depressive symptoms. ¢ Model 3 was adjusted for the
covariates in Model 2 plus population density. * p < 0.05.

For low back pain, the initial results were similar to those with knee pain (Table 4). However,
with Models 1 and 2, only access to fresh food stores and population density remained significantly
associated with less low back pain. After adjusting for population density, ease walking without slopes
or stairs fell just short being statistically significant.

Table 4. Association between neighborhood walkability and low back pain by multilevel Poisson
regression analysis (n = 22,892).

Crude Model Model 12 Model 2P Model 3 ©

PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CI)
Access to parks and sidewalks 0.81 (0.74-0.89) * 0.94 (0.85-1.03) 0.96 (0.88-1.06) 1.08 (0.97-1.20)
Access to fresh food stores 0.85 (0.80-0.90) *  0.92 (0.86-0.98) *  0.92 (0.86-0.98) * 0.98 (0.91-1.06)
Easy walking without slopes or stairs 1.02 (0.95-1.09) 0.98 (0.91-1.05) 0.96 (0.89-1.03) 0.93 (0.87-1.00)
Population density 0.92 (0.91-0.94) *  0.96 (0.94-0.98) *  0.96 (0.94-0.98) * -

PR = prevalence ratio; 95% CI = 95% confidence interval. * Model 1 was adjusted for sex, age, equivalent annual
income, educational background, and past occupation. b Model 2 was adjusted for the covariates in Model 1 plus
walking time, physical activity, driving status, BMI, and depressive symptoms. ¢ Model 3 was adjusted for the
covariates in Model 2 plus population density. * p < 0.05.
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4. Discussion

In a large and diverse, population-based sample, we found that subjectively perceived
neighborhood walkability was associated with a lower prevalence of knee and low back pain.
This relationship remained after adjusting for sociodemographic variables (Model 1). Although we
adjusted for walking time, physical activity, driving status, BMI, and depressive symptoms as potential
mediators, the association remained similar (Model 2). Even after adjusting for population density to
eliminate that as a factor, one factor contributing to better walkability—ease of walking without slopes
or stairs—was significantly negatively associated with knee pain (Model 3). To our knowledge, this is
the first study indicating that features of the built environment may be correlated with the prevalence
of musculoskeletal pain in a large-scale survey of older adults.

Earlier studies of neighborhood walkability indicated a negative association with obesity [19],
which is a risk factor for knee and low back pain [3,41]. A population-based study of 9046 adults
in Japan reported that living in a rural area was associated with a high prevalence of knee pain and
low back pain [42]. However, that study did not adjust for occupation. The jobs of primary industry
workers tend to place a heavy burden on the knee and low back, and many of these individuals live in
rural areas. In our study, after adjusting for past occupation, we found that higher population density,
access to parks and sidewalks and fresh food stores, and easy walking without slopes or stairs were
related to lower prevalences of knee pain and low back pain.

The sociodemographic factors we assessed are considered key not only in regard to physical
activity [43] and obesity [44] but to knee and low back pain, as we found relatively large changes
in the PRs from the Crude Model to Model 1 after adjusting for sociodemographic factors. In fact,
an association between low back pain and socioeconomic status, such as educational background,
past occupations, and income, has been reported [31]. A longer time spent walking, greater physical
activity, a lower BMI, and the absence of depression are factors known to be negatively related to
knee and low back pain. Therefore, we initially hypothesized that these factors would be potential
mediators, and as shown in the Appendix A, these factors were actually related to knee pain and
low back pain. However, after adjusting for these covariates in Model 2, little change was seen in
our results. Therefore, walking time, physical activity, BMI, and depression were thought to largely
depend on sociodemographic status, and other factors should still be considered. Social environment
variables such as social capital and safety may also be involved, as the social environment has been
shown to be associated with cognitive function and social participation [45,46].

As a mechanism that might mediate the relationship between neighborhood walkability and pain,
social interaction and the greenness provided by parks and sidewalks have been considered. Social
interaction increases for people who frequently use parks [47] and can have a positive psychosocial
influence. Good access to parks and sidewalks is likely to increase exposure to greenness which has
also been shown to be associated with less obesity [48]. A fresh food store may be a place people
would go every day, which would therefore encourage daily walking [25] as well as meeting friends.
Such access to fresh food would also support a healthy diet that can be beneficial in preventing obesity.
The relationship between walking up slopes or stairs and health is controversial [35,49]. However,
to the extent that such features might hinder walking and physical activity among older adults, a flatter
environment might be better in terms of walkability. Higher population density can lead to more
walkable destinations, a better land-use mix, and better access to public transport and healthcare
services [28]. We found that, compared with knee pain, low back pain was not significantly associated
with access to parks and sidewalks or easy walking without slopes or stairs in Models 1-3. A previous
review indicated that low back pain was strongly influenced by awkward posture among agricultural
workers [50]. It may be, therefore, that knee pain is more closely linked with walking than is low
back pain.

Strengths of this study include the focus on the association between the built environment and
musculoskeletal pain in a large-scale population-based study. Past research has mainly focused on
individual factors vis-a-vis musculoskeletal pain. However, it is difficult to get regular exercise and
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maintain a desirable weight for people with and without pain. A population-based approach should
also be used for investigating musculoskeletal pain, particularly when considering public policies to
prevent disability or to improve the health system [21,51]. Our results will be useful in further research
on environmental determinants of pain and specific population approaches such as the primordial
prevention [52], which aims for a society where people live in a health-friendly place and remain
healthy without additional effort because risk factors have been minimized.

Several limitations of this study should be mentioned. First, with the exception of population
density, our explanatory variables were subjectively assessed. A comprehensive scale that takes into
account various factors, such as walk score or MAPS Global tool, may also be useful [53,54]. In this
study, we focused on subjective indicators because it was easy to comprehend the actual situation of
each element; however, evaluation of both subjective and objective indicators in the future will lead to
a more detailed verification of the relationship between the built environment and pain. Second, we
selected certain items that seemed to be particularly influential among various factors contributing to
walkability, and that have been reported to be useful in previous studies [24-26]. Other variables such
as street connectivity and safety may warrant inclusion in similar studies [23,55]. This study did not
include them because we thought the other factors were unlikely to be related to pain alone. Further
research must explore which built environment elements and scales are associated with musculoskeletal
pain. Third, our outcomes included both acute and chronic pain. However, knee pain in older people
is mostly due to OA [56], and the relationship weakens when other causes of knee pain are included.
Therefore, it can be said that the connection to neighborhood walkability is strong. Fourth, as this
is a cross-sectional study, it cannot prove a causal relationship. Exercise has been shown to have a
preventive and therapeutic effect on low back pain [4,57], so better neighborhood walkability could
theoretically be beneficial by improving access to exercise. People without knee pain or low back pain
might choose to live in areas with good walkability, but we could not evaluate that in our study because
we excluded those who have lived in the same neighborhood for 3 years or less. Longitudinal studies
will be needed to better examine the nature of the relationship between neighborhood walkability and
the incidence of musculoskeletal pain. Finally, although there is a high generalizability in Japan, it is
difficult to generalize these results to other countries with greatly differing environments and cultures,
such as those in Europe and America. In the future, aiming at the realization of a society where pain is
naturally prevented, research should be conducted on whether improvement of the built environment
helps reduce the prevalence of musculoskeletal pain in various regions.

5. Conclusions

Good neighborhood walkability with access to parks and sidewalks and fresh food stores,
easy walking without slopes or stairs, and high population density were associated with a lower
prevalence of knee and low back pain among older people, as demonstrated in this large-scale,
population-based, multilevel analysis. Further studies should examine not only individual factors but
also environmental determinants of pain.
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Appendix A

Table Al. Association between covariates and knee pain by multilevel Poisson regression analysis (n = 22,892).

Access to Parks
and Sidewalks

Access to Fresh
Food Stores

Easy Walking without

Slopes or Stairs

Population
Density

PR (95% CI)

PR (95% CI)

PR (95% CI)

PR (95% CI)

S Male ref ref ref ref
ex Female 1.51 (1.42-1.60) 151 (143-1.60) 151 (1.43-1.61) 1.50 (1.42-1.59)
65-69 ref ref ref ref
70-74 1.21 (1.12-1.30) 1.20 (1.12-1.30)  1.20 (1.12-1.30) 1.21 (1.12-1.30)
Age, years 75-79 1.45 (1.34-1.56) 1.45 (1.34-1.56)  1.45 (1.34-1.56) 1.45 (1.35-1.57)
80-84 1.68 (1.54-1.83) 1.68 (1.54-1.83)  1.68 (1.54-1.83) 1.68 (1.54-1.83)
85+ 1.74 (1.57-1.94) 1.75 (1.57-1.94)  1.75(1.57-1.95) 1.74 (1.56-1.94)
Educational 13+ ref ref ref ref
backeround 10-12 1.06 (0.98-1.15) 1.07 (0.98-1.15)  1.07 (0.99-1.16) 1.06 (0.98-1.15)
ear Sg ’ <10 1.16 (1.07-1.25) 1.17 (1.08-1.26)  1.18 (1.09-1.28) 1.15 (1.06-1.25)
Y Missing 1.17 (0.95-1.42) 1.17 (0.96-1.42)  1.19 (0.97-1.45) 1.15 (0.95-1.41)
. 4.0+ million ref ref ref ref
Equivalent

annual income,
yen

2.0-3.9 million
<2.0 million
Missing

1.22 (1.10-1.35)
1.02 (0.92-1.14)
1.09 (0.97-1.22)

1.22 (1.10-1.35)
1.03 (0.92-1.14)
1.10 (0.98-1.23)

1.22 (1.10-1.36)
1.03 (0.92-1.14)
1.10 (0.98-1.23)

1.21 (1.09-1.35)
1.02 (0.92-1.14)
1.09 (0.97-1.22)

Past occupation

White-collar worker
Blue-collar worker
Primary industry worker
Never worked

ref

1.08 (1.01-1.15)
1.56 (1.41-1.73)
1.13 (1.01-1.26)

ref

1.08 (1.01-1.15)
1.56 (1.45-1.72)
1.13 (1.01-1.26)

ref

1.08 (1.01-1.15)
1.60 (1.45-1.77)
1.13 (1.01-1.26)

ref

1.07 (1.01-1.14)
1.53 (1.37-1.69)
1.12 (1.01-1.25)

Missing 1.16 (1.06-1.27) 1.16 (1.07-1.27)  1.16 (1.07-1.27) 1.15 (1.05-1.26)
60+ ref ref ref ref
Walking time, 30-59 1.20 (1.13-1.29) 1.21 (1.13-1.29)  1.21(1.13-1.29) 1.20 (1.13-1.29)
min <30 1.11 (1.05-1.18) 111 (1.05-1.18) 1.1 (1.04-1.18) 1.11 (1.05-1.19)
Missing 1.10 (0.93-1.30) 1.10 (0.93-1.30)  1.11 (0.94-1.32) 1.09 (0.92-1.29)
Daily ref ref ref ref
Phvsical Weekly 1.06 (0.98-1.14) 1.06 (0.98-1.14)  1.05 (0.98-1.13) 1.06 (0.99-1.14)
act}i/vity Annually 1.10 (1.00-1.20) 1.10 (1.00-1.20)  1.09 (1.00-1.19) 1.10 (1.01-1.20)
None 1.22 (1.13-1.32) 1.22 (1.13-1.32)  1.21(1.13-1.31) 1.23 (1.14-1.32)
Missing 1.15 (1.04-1.27) 1.15 (1.04-1.27) 1.15 (1.04-1.26) 1.15 (1.04-1.27)
Driving status No ref ref ref ref
Yes 1.02 (0.94-1.08) 1.04 (0.96-1.08)  1.04 (0.98-1.10) 1.01 (0.95-1.07)
18.5-24.9 ref ref ref ref
Body mass <18.5 0.77 (0.69-0.87) 0.78 (0.70-0.87)  0.78 (0.69-0.87) 0.77 (0.69-0.87)
index, kg/m? 25+ 1.38 (1.31-1.46) 138 (1.31-1.46) 139 (1.32-1.47) 1.38 (1.31-1.46)
Missing 1.00 (0.60-1.67) 1.01 (0.61-1.67)  1.01 (0.61-1.68) 1.02 (0.62-1.70)
None (GDS < 5) ref ref ref ref

Depression

Mild (GDS of 5-9)
Severe (GDS > 10)
Missing

1.52 (1.42-1.62)
1.79 (1.62-1.96)
1.20 (1.12-1.29)

1.52 (1.43-1.63)
1.79 (1.62-1.96)
1.20 (1.12-1.29)

1.52 (1.43-1.63)
1.79 (1.63-1.97)
1.20 (1.12-1.29)

1.52 (1.43-1.63)
1.78 (1.62-1.96)
1.20 (1.12-1.29)

PR = prevalence ratio; 95% CI = 95% confidence interval.
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Table A2. Association between covariates and low back pain by multilevel Poisson regression analysis

(n = 22,892).
Access to Parks Access to Fresh  Easy Walking without Population
and Sidewalks Food Stores Slopes or Stairs Density
PR (95% CI) PR (95% CI) PR (95% CI) PR (95% CD
S Male ref ref ref ref
X Female 1.17 (1.11-1.23) 117 (1.11-1.23)  1.17 (1.11-1.23) 1.17 (1.11-1.23)
65-69 ref ref ref ref
70-74 1.03 (0.96-1.10) 1.03 (0.97-1.11) ~ 1.03 (0.96-1.10) 1.03 (0.97-1.10)
Age, years 75-79 1.18 (1.10-1.27) 1.18 (1.10-1.27)  1.18 (1.10-1.27) 1.18 (1.10-1.27)
80-84 1.28 (1.18-1.39) 128 (1.18-1.39)  1.28 (1.18-1.39) 1.28 (1.18-1.39)
85+ 1.41 (1.28-1.56) 1.41(1.27-1.56)  1.41 (1.28-1.56) 1.41 (1.27-1.55)
Educational 13+ ref ref ref ref
backeround 10-12 1.02 (0.95-1.09) 1.02 (0.95-1.09)  1.02 (0.95-1.11) 1.02 (0.95-1.09)
earsg § <10 1.07 0.99-1.15) 1.06 0.99-1.14)  1.07 1.00-1.15) 1.05 0.98-1.13)
y Missing 1.01 (0.82-1.24) 1.01 (0.82-1.23)  1.01 (0.83-1.25) 1.00 (0.81-1.22)
Equivalent 4.0+ million ref ref ref ref

annual income,
yen

2.0-3.9 million
<2.0 million
Missing

1.25 (1.13-1.37)
1.11 (1.01-1.23)
1.14 (1.02-1.27)

1.24 (1.13-1.37)
1.11 (1.01-1.23)
1.14 (1.02-1.27)

1.25 (1.13-1.38)
1.11 (1.01-1.23)
1.14 (1.03-1.28)

1.24 (1.13-1.37)
1.11 (1.00-1.23)
1.14 (1.02-1.27)

Past occupation

White-collar worker
Blue-collar worker
Primary industry worker
Never worked

ref

1.01 (0.96-1.08)
1.46 (1.33-1.61)
1.09 (0.98-1.22)

ref

1.01 (0.96-1.07
1.44 (1.31-1.59
1.09 (0.98-1.21

==

ref

1.01 (0.96-1.08
1.46 (1.34-1.63
1.09 (0.98-1.22

—_——

ref

1.01 (0.95-1.07)
1.41 (1.28-1.56)
1.09 (0.98-1.21)

Missing 1.09 (1.00-1.19) 1.09 (0.99-1.18 1.09 (1.00-1.19 1.08 (0.99-1.18)

60+ ref ref ref ref
Walking time, 30-59 1.28 (1.20-1.36) 1.28 (1.20-1.36)  1.28 (1.20-1.36) 1.28 (1.20-1.36)
min <30 1.11 (1.05-1.18) 1.11(1.05-1.18)  1.11 (1.05-1.18) 1.11 (1.05-1.18)
Missing 1.13 (0.95-1.33) 1.13 (0.95-1.32) 1.13 (0.96-1.34) 1.13 (0.95-1.32)

Daily ref ref ref ref
Phvsical Weekly 1.09 (1.02-1.17) 1.09 (1.02-1.17)  1.09 (1.02-1.17) 1.09 (1.02-1.17)
act}ilvity Annually 1.06 (0.98-1.15) 1.06 (0.98-1.15)  1.06 (0.97-1.15) 1.06 (0.98-1.15)
None 1.19 (1.11-1.28) 119 (1.11-128)  1.19 (1.11-1.27) 1.19 (1.11-1.28)
Missing 1.20 (1.09-1.32) 120(1.10-1.32)  1.20 (1.09-1.32) 1.21 (1.10-1.33)

Driving status No ref ref ref ref
Yes 1.08 (1.02-1.14) 1.08 (1.02-1.14)  1.09 (1.03-1.15) 1.08 (1.01-1.13)

18.5-24.9 ref ref ref ref
Body mass <185 0.96 (0.87-1.05) 0.96 (0.87-1.05)  0.96 (0.87-1.05) 0.96 (0.87-1.05)
index, kg/m2 25+ 1.18 (1.12-1.25) 1.18 (1.12-1.25)  1.18 (1.12-1.25) 1.18 (1.12-1.25)
Missing 1.12 (0.72-1.73) 112 (0.72-1.73)  1.12(0.72-1.73) 1.14 (0.73-1.76)

None (GDS < 5) ref ref ref ref
Depression Mild (GDS of 5-9) 1.53 (1.44-1.63) 1.53 (1.44-1.63) 1.53 (1.44-1.63) 1.53 (1.44-1.63)
P Severe (GDS > 10) 1.81 (1.65-1.98) 1.81 (1.65-1.98)  1.81 (1.65-1.98) 1.80 (1.64-1.97)
Missing 131 (1.23-1.44) 1.31(1.23-1.40)  1.31 (1.23-1.40) 1.31 (1.22-1.40)

PR = prevalence ratio; 95% CI = 95% confidence interval.
References

1.  James, S.L.; Abate, D.; Abate, K.H.; Abay, S.M.; Abbafati, C.; Abbasi, N.; Abbastabar, H.; Abd-Allah, E;
Abdela, J.; Abdelalim, A.; et al. Global, regional, and national incidence, prevalence, and years lived with
disability for 354 diseases and injuries for 195 countries and territories, 1990-2017: A systematic analysis for
the Global Burden of Disease Study 2017. Lancet 2018, 392, 1789-1858. [CrossRef]

2. Briggs, AM,; Cross, M.].; Hoy, D.G.; Sanchez-Riera, L.; Blyth, EM.; Woolf, A.D.; March, L. Musculoskeletal
Health Conditions Represent a Global Threat to Healthy Aging: A Report for the 2015 World Health
Organization World Report on Ageing and Health. Gerontologist 2016, 56, S243-5255. [CrossRef] [PubMed]

3. Roos, EM.; Arden, N.K. Strategies for the prevention of knee osteoarthritis. Nat. Rev. Rheumatol. 2016, 12,
92-101. [CrossRef] [PubMed]

4.  Steffens, D.; Maher, C.G.; Pereira, L.S.; Stevens, M.L.; Oliveira, V.C.; Chapple, M.; Teixeira-Salmela, L.F;
Hancock, M.J. Prevention of Low Back Pain: A Systematic Review and Meta-analysis. JAMA Intern. Med.
2016, 176, 199-208. [CrossRef] [PubMed]

-83-


http://dx.doi.org/10.1016/S0140-6736(18)32279-7
http://dx.doi.org/10.1093/geront/gnw002
http://www.ncbi.nlm.nih.gov/pubmed/26994264
http://dx.doi.org/10.1038/nrrheum.2015.135
http://www.ncbi.nlm.nih.gov/pubmed/26439406
http://dx.doi.org/10.1001/jamainternmed.2015.7431
http://www.ncbi.nlm.nih.gov/pubmed/26752509

Int. |. Environ. Res. Public Health 2019, 16, 4598 11 of 13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Silverwood, V.; Blagojevic-Bucknall, M.; Jinks, C.; Jordan, J.L.; Protheroe, J.; Jordan, K.P. Current evidence on
risk factors for knee osteoarthritis in older adults: A systematic review and meta-analysis. Osteoarthr. Cartil.
2015, 23, 507-515. [CrossRef] [PubMed]

Fiuza-Luces, C.; Santos-Lozano, A.; Joyner, M.; Carrera-Bastos, P.; Picazo, O.; Zugaza, ].L.; Izquierdo, M.;
Ruilope, L.M,; Lucia, A. Exercise benefits in cardiovascular disease: Beyond attenuation of traditional risk
factors. Nat. Rev. Cardiol. 2018, 15, 731-743. [CrossRef] [PubMed]

Japan Sports Agency. Opinion Survey about the Implementation Situation of Sports; Ministry of Health, Labour,
and Welfare: Tokyo, Japan, 2019.

Ministry of Health, Labour, and Welfare. Basic Survey on National Life; Ministry of Health; Ministry of Health,
Labour, and Welfare: Tokyo, Japan, 2016.

Bhatnagar, A. Environmental Determinants of Cardiovascular Disease. Circ. Res. 2017, 121, 162-180.
[CrossRef]

den Braver, N.R.; Lakerveld, J.; Rutters, F.; Schoonmade, L.J.; Brug, J.; Beulens, ] W.]J. Built environmental
characteristics and diabetes: A systematic review and meta-analysis. BMC Med. 2018, 16, 26. [CrossRef]
McCormack, G.R.; Cabaj, J.; Orpana, H.; Lukic, R.; Blackstaffe, A.; Goopy, S.; Hagel, B.; Keough, N.;
Martinson, R.; Chapman, J.; et al. A scoping review on the relations between urban form and health: A focus
on Canadian quantitative evidence. Health Promot. Chronic Dis. Prev. Can. 2019, 39, 187-200. [CrossRef]
WHO. Measuring the Age-Friendliness of Cities: A Guide to Using Core Indicators; WHO Centre for Health
Development: Kobe, Japan, 2015.

Cerin, E.; Nathan, A.; van Cauwenberg, ].; Barnett, D.W.; Barnett, A. The neighbourhood physical environment
and active travel in older adults: A systematic review and meta-analysis. Int. |. Behav. Nutr. Phys. Act. 2017,
14, 15. [CrossRef]

Wang, Y.; Chau, C.K,; Ng, W.Y; Leung, T.M. A review on the effects of physical built environment attributes
on enhancing walking and cycling activity levels within residential neighborhoods. Cities 2016, 50, 1-15.
[CrossRef]

Barnett, D.W.; Barnett, A.; Nathan, A.; Van Cauwenberg, J.; Cerin, E. Built environmental correlates of older
adults’ total physical activity and walking: A systematic review and meta-analysis. Intf. |. Behav. Nutr.
Phys. Act. 2017, 14, 103. [CrossRef] [PubMed]

Bauman, A.E; Reis, R.S.; Sallis, ].F.; Wells, ].C.; Loos, R.].; Martin, B.W. Correlates of physical activity: Why
are some people physically active and others not? Lancet 2012, 380, 258-271. [CrossRef]

Cervero, R AKK. Travel Demand and the 3Ds: Density, Diversity, and Design. Transp. Res. Part D
Transp. Environ. 1997, 2, 199-219. [CrossRef]

Hajna, S.; Ross, N.A; Brazeau, A.S.; Belisle, P.; Joseph, L.; Dasgupta, K. Associations between neighbourhood
walkability and daily steps in adults: A systematic review and meta-analysis. BMC Public Health 2015, 15,
768. [CrossRef]

Creatore, M.I,; Glazier, RH.; Moineddin, R.; Fazli, G.S.; Johns, A.; Gozdyra, P, Matheson, FI;
Kaufman-Shriqui, V.; Rosella, L.C.; Manuel, D.G.; et al. Association of Neighborhood Walkability with
Change in Overweight, Obesity, and Diabetes. JAMA 2016, 315, 2211-2220. [CrossRef]

Koohsari, M.J.; McCormack, G.R.; Nakaya, T.; Shibata, A.; Ishii, K.; Yasunaga, A.; Hanibuchi, T.; Oka, K.
Urban design and Japanese older adults” depressive symptoms. Cities 2019, 87, 166-173. [CrossRef]
Kondo, K. Progress in Aging Epidemiology in Japan: The JAGES Project. J. Epidemiol. 2016, 26, 331-336.
[CrossRef]

Adams, M.A; Ryan, S.; Kerr, J.; Sallis, J.F,; Patrick, K.; Frank, L.D.; Norman, G.J. Validation of the
Neighborhood Environment Walkability Scale (NEWS) items using geographic information systems. J. Phys.
Act. Health 2009, 6, S113-5123. [CrossRef]

Frank, L.D.; Sallis, ].E; Saelens, B.E.; Leary, L.; Cain, K.; Conway, T.L.; Hess, PM. The development of a
walkability index: Application to the Neighborhood Quality of Life Study. Br. ]. Sports Med. 2010, 44,
924-933. [CrossRef]

Stark, J].H.; Neckerman, K.; Lovasi, G.S.; Quinn, J.; Weiss, C.C.; Bader, M.D.; Konty, K.; Harris, T.G.; Rundle, A.
The impact of neighborhood park access and quality on body mass index among adults in New York City.
Prev. Med. 2014, 64, 63—-68. [CrossRef] [PubMed]

-84 -


http://dx.doi.org/10.1016/j.joca.2014.11.019
http://www.ncbi.nlm.nih.gov/pubmed/25447976
http://dx.doi.org/10.1038/s41569-018-0065-1
http://www.ncbi.nlm.nih.gov/pubmed/30115967
http://dx.doi.org/10.1161/CIRCRESAHA.117.306458
http://dx.doi.org/10.1186/s12916-017-0997-z
http://dx.doi.org/10.24095/hpcdp.39.5.03
http://dx.doi.org/10.1186/s12966-017-0471-5
http://dx.doi.org/10.1016/j.cities.2015.08.004
http://dx.doi.org/10.1186/s12966-017-0558-z
http://www.ncbi.nlm.nih.gov/pubmed/28784183
http://dx.doi.org/10.1016/S0140-6736(12)60735-1
http://dx.doi.org/10.1016/S1361-9209(97)00009-6
http://dx.doi.org/10.1186/s12889-015-2082-x
http://dx.doi.org/10.1001/jama.2016.5898
http://dx.doi.org/10.1016/j.cities.2018.09.020
http://dx.doi.org/10.2188/jea.JE20160093
http://dx.doi.org/10.1123/jpah.6.s1.s113
http://dx.doi.org/10.1136/bjsm.2009.058701
http://dx.doi.org/10.1016/j.ypmed.2014.03.026
http://www.ncbi.nlm.nih.gov/pubmed/24704504

Int. |. Environ. Res. Public Health 2019, 16, 4598 12 of 13

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Tani, Y.; Suzuki, N.; Fujiwara, T.; Hanazato, M.; Kondo, N.; Miyaguni, Y.; Kondo, K. Neighborhood food
environment and mortality among older Japanese adults: Results from the JAGES cohort study. Int. ]. Behav.
Nutr. Phys. Act. 2018, 15, 101. [CrossRef] [PubMed]

Fujiwara, T.; Takamoto, I.; Amemiya, A.; Hanazato, M.; Suzuki, N.; Nagamine, Y.; Sasaki, Y.; Tani, Y.;
Yazawa, A.; Inoue, Y,; et al. Is a hilly neighborhood environment associated with diabetes mellitus among
older people? Results from the JAGES 2010 study. Soc. Sci. Med. 2017, 182, 45-51. [CrossRef]

Hanibuchi, T.; Nakaya, T.; Yonejima, M.; Honjo, K. Perceived and Objective Measures of Neighborhood
Walkability and Physical Activity among Adults in Japan: A Multilevel Analysis of a Nationally Representative
Sample. Int. ]. Environ. Res. Public Health 2015, 12, 13350-13364. [CrossRef] [PubMed]

Glazier, RH.; Creatore, M., Weyman, ]J.T.; Fazli, G.; Matheson, FI; Gozdyra, P.; Moineddin, R;
Kaufman-Shriqui, V.; Booth, G.L. Density, destinations or both? A comparison of measures of walkability in
relation to transportation behaviors, obesity and diabetes in Toronto, Canada. PLoS ONE 2014, 9, e85295.
[CrossRef]

Ministry of Land, Infrastructure, Transport and Tourism. National Land Numerical Information Land Utilization
Tertiary Mesh Data; Ministry of Land, Infrastructure, Transport and Tourism: Tokyo, Japan, 2016.

Lakke, S.E.; Soer, R.; Takken, T.; Reneman, M.F. Risk and prognostic factors for non-specific musculoskeletal
pain: A synthesis of evidence from systematic reviews classified into ICF dimensions. Pain 2009, 147, 153-164.
[CrossRef]

Ikeda, T.; Sugiyama, K.; Aida, J.; Tsuboya, T.; Watabiki, N.; Kondo, K.; Osaka, K. Socioeconomic inequalities
in low back pain among older people: The JAGES cross-sectional study. Int. |. Equity Health 2019, 18, 15.
[CrossRef]

Muraki, S.; Akune, T.; Oka, H.; Mabuchi, A.; En-Yo, Y.; Yoshida, M.; Saika, A.; Nakamura, K.; Kawaguchi, H.;
Yoshimura, N. Association of occupational activity with radiographic knee osteoarthritis and lumbar
spondylosis in elderly patients of population-based cohorts: A large-scale population-based study. Arthritis
Rheum. 2009, 61, 779-786. [CrossRef]

Rautio, N.; Filatova, S.; Lehtiniemi, H.; Miettunen, J. Living environment and its relationship to depressive
mood: A systematic review. Int. J. Soc. Psychiatry 2018, 64, 92-103. [CrossRef]

Eriksson, U.; Arvidsson, D.; Gebel, K.; Ohlsson, H.; Sundquist, K. Walkability parameters, active
transportation and objective physical activity: Moderating and mediating effects of motor vehicle ownership
in a cross-sectional study. Int. . Behav. Nutr. Phys. Act. 2012, 9, 123. [CrossRef]

Hanibuchi, T.; Kawachi, I.; Nakaya, T.; Hirai, H.; Kondo, K. Neighborhood built environment and physical
activity of Japanese older adults: Results from the Aichi Gerontological Evaluation Study (AGES). BMC
Public Health 2011, 11, 657. [CrossRef] [PubMed]

Tsuji, T.; Miyaguni, Y.; Kanamori, S.; Hanazato, M.; Kondo, K. Community-level Sports Group Participation
and Older Individuals’ Depressive Symptoms. Med. Sci. Sports Exerc. 2018, 50, 1199-1205. [CrossRef]
[PubMed]

Schreiner, A.S.; Hayakawa, H.; Morimoto, T.; Kakuma, T. Screening for late life depression: Cut-off scores for
the Geriatric Depression Scale and the Cornell Scale for Depression in Dementia among Japanese subjects.
Int. ]. Geriatr. Psychiatry 2003, 18, 498-505. [CrossRef] [PubMed]

Sasaki, I.; Kondo, K.; Kondo, N.; Aida, J.; Ichikawa, H.; Kusumi, T.; Sueishi, N.; Imanaka, Y. Are pension
types associated with happiness in Japanese older people?: JAGES cross-sectional study. PLoS ONE 2018, 13,
€0197423. [CrossRef] [PubMed]

Wada, T.; Ishine, M.; Sakagami, T.; Okumiya, K.; Fujisawa, M.; Murakami, S.; Otsuka, K.; Yano, S.; Kita, T.;
Matsubayashi, K. Depression in Japanese community-dwelling elderly—prevalence and association with
ADL and QOL. Arch. Gerontol. Geriatr. 2004, 39, 15-23. [CrossRef]

Yoshimura, N.; Akune, T.; Fujiwara, S.; Shimizu, Y.; Yoshida, H.; Nishiwaki, Y.; Sudo, A.; Omori, G.;
Yoshida, M.; Shimokata, H.; et al. Incidence of disability and its associated factors in Japanese men and
women: The Longitudinal Cohorts of Motor System Organ (LOCOMO) study. J. Bone Miner. Metab. 2015, 33,
186-191. [CrossRef]

Zhang, T.T,; Liu, Z,; Liu, Y.L.; Zhao, J.J.; Liu, D.W,; Tian, Q.B. Obesity as a Risk Factor for Low Back Pain: A
Meta-Analysis. Clin. Spine Surg. 2018, 31, 22-27. [CrossRef]

Yoshimura, N.; Akune, T.; Fujiwara, S.; Shimizu, Y.; Yoshida, H.; Omori, G.; Sudo, A.; Nishiwaki, Y,;
Yoshida, M.; Shimokata, H.; et al. Prevalence of knee pain, lumbar pain and its coexistence in Japanese men

-85 -


http://dx.doi.org/10.1186/s12966-018-0732-y
http://www.ncbi.nlm.nih.gov/pubmed/30340494
http://dx.doi.org/10.1016/j.socscimed.2017.04.008
http://dx.doi.org/10.3390/ijerph121013350
http://www.ncbi.nlm.nih.gov/pubmed/26512682
http://dx.doi.org/10.1371/journal.pone.0085295
http://dx.doi.org/10.1016/j.pain.2009.08.032
http://dx.doi.org/10.1186/s12939-019-0918-1
http://dx.doi.org/10.1002/art.24514
http://dx.doi.org/10.1177/0020764017744582
http://dx.doi.org/10.1186/1479-5868-9-123
http://dx.doi.org/10.1186/1471-2458-11-657
http://www.ncbi.nlm.nih.gov/pubmed/21854598
http://dx.doi.org/10.1249/MSS.0000000000001541
http://www.ncbi.nlm.nih.gov/pubmed/29298218
http://dx.doi.org/10.1002/gps.880
http://www.ncbi.nlm.nih.gov/pubmed/12789670
http://dx.doi.org/10.1371/journal.pone.0197423
http://www.ncbi.nlm.nih.gov/pubmed/29782505
http://dx.doi.org/10.1016/j.archger.2003.12.003
http://dx.doi.org/10.1007/s00774-014-0573-y
http://dx.doi.org/10.1097/BSD.0000000000000468

Int. |. Environ. Res. Public Health 2019, 16, 4598 13 of 13

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

and women: The Longitudinal Cohorts of Motor System Organ (LOCOMO) study. J. Bone Miner. Metab.
2014, 32, 524-532. [CrossRef]

Althoff, T.; Sosic, R.; Hicks, J.L.; King, A.C.; Delp, S.L.; Leskovec, J. Large-scale physical activity data reveal
worldwide activity inequality. Nature 2017, 547, 336-339. [CrossRef]

Newton, S.; Braithwaite, D.; Akinyemiju, T.F. Socio-economic status over the life course and obesity:
Systematic review and meta-analysis. PLoS ONE 2017, 12, 15. [CrossRef]

Wu, Y.T.; Prina, A.M.; Brayne, C. The association between community environment and cognitive function:
A systematic review. Soc. Psychiatry Psychiatr. Epidemiol. 2015, 50, 351-362. [CrossRef] [PubMed]
Levasseur, M.; Cohen, A.A.; Dubois, M.E,; Genereux, M.; Richard, L.; Therrien, FH.; Payette, H. Environmental
Factors Associated With Social Participation of Older Adults Living in Metropolitan, Urban, and Rural Areas:
The NuAge Study. Am. J. Public Health 2015, 105, 1718-1725. [CrossRef] [PubMed]

Yoshitaka, O.; Mamoru, N.; Yutaka, I. Relationship between diversity of activities in urban parks and
interaction in the local community. J. Jpn. Soc. Reveg. Technol. 2018, 44, 111. [CrossRef]

Pereira, G.; Christian, H.; Foster, S.; Boruff, B.].; Bull, E.,; Knuiman, M.; Giles-Corti, B. The association between
neighborhood greenness and weight status: An observational study in Perth Western Australia. Environ.
Health 2013, 12, 49. [CrossRef] [PubMed]

Sarkar, C.; Gallacher, J.; Webster, C. Built environment configuration and change in body mass index: The
Caerphilly Prospective Study (CaPS). Health Place 2013, 19, 33—44. [CrossRef] [PubMed]

Khan, M.L; Bath, B.; Boden, C.; Adebayo, O.; Trask, C. The association between awkward working posture
and low back disorders in farmers: A systematic review. J. Agromed. 2019, 24, 74-89. [CrossRef]

Cohen, D.; Huynh, T.; Sebold, A.; Harvey, J.; Neudorf, C.; Brown, A. The population health approach: A
qualitative study of conceptual and operational definitions for leaders in Canadian healthcare. SAGE Open
Med. 2014, 2,2050312114522618. [CrossRef]

Bonita, R.; Beaglehole, R.; Kjellstrém, T. Basic Epidemiology; World Health Organization: Geneva, Switzerland,
2006.

Cerin, E,; Saelens, B.E,; Sallis, ].E.; Frank, L.D. Neighborhood Environment Walkability Scale: Validity and
development of a short form. Med. Sci. Sports Exerc. 2006, 38, 1682-1691. [CrossRef]

Cain, K.L.; Geremia, C.M.; Conway, T.L.; Frank, L.D.; Chapman, J.E.; Fox, E.H.; Timperio, A.; Veitch, J.;
Van Dyck, D.; Verhoeven, H.; et al. Development and reliability of a streetscape observation instrument for
international use: MAPS-global. Int. |. Behav. Nutr. Phys. Act. 2018, 15, 19. [CrossRef]

Zadro, ].R.; Shirley, D.; Pinheiro, M.B.; Bauman, A.; Duncan, G.E.; Ferreira, PH. Neighborhood walkability
moderates the association between low back pain and physical activity: A co-twin control study. Prev. Med.
2017, 99, 257-263. [CrossRef]

Duncan, R; Peat, G.; Thomas, E.; Hay, E.; McCall, I.; Croft, P. Symptoms and radiographic osteoarthritis: Not
as discordant as they are made out to be? Ann. Rheum. Dis. 2007, 66, 86-91. [CrossRef] [PubMed]

Geneen, L.J.; Moore, R.A.; Clarke, C.; Martin, D.; Colvin, L.A.; Smith, B.H. Physical activity and exercise for
chronic pain in adults: An overview of Cochrane Reviews. Cochrane Database Syst. Rev. 2017, 77. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

- 86 -


http://dx.doi.org/10.1007/s00774-013-0522-1
http://dx.doi.org/10.1038/nature23018
http://dx.doi.org/10.1371/journal.pone.0177151
http://dx.doi.org/10.1007/s00127-014-0945-6
http://www.ncbi.nlm.nih.gov/pubmed/25087013
http://dx.doi.org/10.2105/AJPH.2014.302415
http://www.ncbi.nlm.nih.gov/pubmed/25689194
http://dx.doi.org/10.7211/jjsrt.44.111
http://dx.doi.org/10.1186/1476-069X-12-49
http://www.ncbi.nlm.nih.gov/pubmed/23783002
http://dx.doi.org/10.1016/j.healthplace.2012.10.001
http://www.ncbi.nlm.nih.gov/pubmed/23178327
http://dx.doi.org/10.1080/1059924X.2018.1538918
http://dx.doi.org/10.1177/2050312114522618
http://dx.doi.org/10.1249/01.mss.0000227639.83607.4d
http://dx.doi.org/10.1186/s12966-018-0650-z
http://dx.doi.org/10.1016/j.ypmed.2017.03.003
http://dx.doi.org/10.1136/ard.2006.052548
http://www.ncbi.nlm.nih.gov/pubmed/16877532
http://dx.doi.org/10.1002/14651858.CD011279.pub3
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

¥

)
¥

¥
¥

Ba nutrients MBPY

Article

Association between Food Store Availability and the
Incidence of Functional Disability among
Community-Dwelling Older Adults: Results from the
Japanese Gerontological Evaluation Cohort Study

Ryo Momosaki L*(, Hidetaka Wakabayashi 2(, Keisuke Maeda 3©, Hiroshi Shamoto 2,
Shinta Nishioka >, Kaori Kojima ¢, Yukako Tani 77, Norimichi Suzuki 8,
Masamichi Hanazato 8 and Katsunori Kondo 8-°

1 Department of Rehabilitation Medicine, Teikyo University School of Medicine University Hospital,

Mizonokuchi, Kanagawa 213-8507, Japan
Department of Rehabilitation Medicine, Yokohama City University Medical Center, Kanagawa 240-8555,
Japan; noventurenoglory@gmail.com
Department of Palliative and Supportive Medicine, Graduate School of Medicine, Aichi Medical University,
Aichi 441-8108, Japan; kskmaeda@aichi-med-u.ac.jp
Department of Neurosurgery, Minamisoma Municipal General Hospital, Fukushima 975-0033, Japan;
shahonvs17@gmail.com
Department of Clinical Nutrition and Food Service, Nagasaki Rehabilitation Hospital, Nagasaki 850-0854,
Japan; shintacks@yahoo.co.jp
Department of Community Health and Preventive Medicine, Hamamatsu University School of Medicine,
Shizuoka 431-3125, Japan; kaworikojima@gmail.com
Department of Global Health Promotion, Tokyo Medical and Dental University, Tokyo 113-8510, Japan;
tani.hlth@tmd.ac.jp
8 Center for Preventive Medical Sciences, Chiba University, Chiba 260-0856, Japan;
suzu-nori@chiba-u.jp (N.S.); hanazato@chiba-u.jp (M.H.); kkondo@chiba-u.jp (K.K.)
Department of Gerontological Evaluation, Center for Gerontology and Social Science, National Center for
Geriatrics and Gerontology, Aichi 474-8511, Japan
*  Correspondence: momosakiryo@gmail.com; Tel.: +81-44-844-3333; Fax: +81-44-844-3201

check for
Received: 9 July 2019; Accepted: 26 September 2019; Published: 4 October 2019 updates
Abstract: This study sought to clarify the association between food store availability and the
incidence of disability in older adults. This study utilized a population-based cohort study of
independent Japanese adults aged >65 years, which was a 6 year follow-up of participants in
the Japan Gerontological Evaluation Study. A total of 31,273 respondents were extracted. Food
store availability was evaluated based on the existence of food stores within 500/1000 m of the
home. We utilized participant-reported subjective measurement as well as geographic information
system-based objective measurement for the evaluation. The incidence of disability was determined
using municipal data on eligibility for long-term care insurance benefits. There were 7643 (24.4%)
community-dwelling participants with low subjective food store availability and 5673 (18.1%) with
low objective food store availability. During the follow-up period of 6 years, the cumulative incidence
of disability was 20.9%, with a significant association between low subjective food store availability
and increased disability. Participants who reported low subjective food store availability had a
significantly higher likelihood of developing disability (hazard ratio = 1.18, 95% confidence interval:
1.11-1.25) than those who reported high subjective food store availability after adjusting for age, sex,
sociodemographic status, environmental status, walking and going out, dietary food intake, body
mass index, and comorbidities. Low subjective food store availability was associated with early onset
of disability. Accessibility of food stores might contribute to maintaining a disability-free life.

Keywords: food environment; food stores; functional disability
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1. Introduction

Life expectancy is increasing worldwide, with a resultant increase in the elderly population who
are at high risk of physical frailty, sarcopenia, progressive functional disability, dependency, and
institutionalization, and will have serious social, medical, and economic impacts [1]. Malnutrition is
considered a major risk factor of frailty, sarcopenia, impairment, and disability [2]. The Asia-Pacific
Clinical Practice Guidelines for the Management of Frailty provisionally recommend that screening
should be performed for frail older adults who have unintended weight loss to identify possible
reversible causes and that protein and caloric supplementation/food fortification should be considered
in such individuals [3]. The clinical guidelines for sarcopenia state that appropriate nutritional intake
could prevent the onset of sarcopenia and is therefore recommended [4].

Personal dietary habits, as well as accessibility to food in terms of whether a variety of foods can
be obtained, are considered to affect nutritional status. Many older adults face obstacles to accessing
food due to a decline in walking and movement ability. As humans, we eat every day, so the food
environment can affect us all and has a great influence. People who reside far from a grocery store are
reported to have a 25%-46% lower likelihood of healthy dietary habits than those with the most stores
nearby among community-dwelling residents in the United States [5]; low subjective accessibility of
food increases the risk of low dietary variability among community-dwelling older adults in Japan [6].
According to Sharkey et al., objective and subjective indices of accessibility to a food store, such
as further distance to the nearest grocery store, food stores that stock a diverse array of fresh and
processed fruit, or those with a wide assortment of fresh and processed vegetables, were associated
with reduced regular intake of fruit and vegetables based on data from community residents in the
United States [7]. Also, cohort data targeting community-dwelling older adults in Japan showed that
living in a food environment located in a poor neighborhood can possibly lead to malnutrition [8],
while improved access to food stores was associated with higher body mass index (BMI) [9].

Previous studies have shown that the food environment might impact incidence of mortality and
dementia in older people [10,11]. If one’s main reason for going out is to shop at a neighborhood
grocery store, food store availability might influence the incidence of functional disability in many
older adults. However, the relationship between food store availability and functional disability has
not been sulfficiently verified so far. This study sought to verify the association between food store
availability and the incidence of functional disability among older community-dwellers.

2. Materials and Methods

2.1. Study Population

We used prospective cohort data of a large-scale population-based study that involved older
Japanese people aged >65 years from the Japan Gerontological Evaluation Study (JAGES) [12].

Data from JAGES were collected from eight municipalities in four prefectures (Hokkaido,
Yamanashi, Aichi, and Nagasaki). Baseline data were collected from August 2010 to January 2012.
Self-administered questionnaires were sent by mail to independently living individuals in the relevant
community. From 52,180 participants who had no certified need for long-term care insurance, we used
data on 31,273 participants, after excluding participants with missing information on subjective and/or
objective food store availability (20,907 participants). All the participants were duly notified that
participation in the JAGES project was voluntary and that returning the completed questionnaire
would be considered as consent to participate. Ethics approval (No. 13-14) was obtained from the
Ethics Committee at our university.

2.2. Measurements and Variable Definitions

Subjective food store availability was evaluated based on a self-reported questionnaire.
The questionnaire consisted of a single question on subjective food store availability: “How many food
stores or facilities that sell fresh fruits and vegetables are within 1 kilometer of your house?”, rated on
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a 4-point scale (“none”, “few”, “some”, “many”) [6]. We defined “many” and “some” as high, and
“few” and “none” as low subjective food store availability.

Objective food store availability was evaluated using geographic information system (GIS)-based
methods [13]. Our study utilized 500 m mesh data from the Commercial Establishment Survey of
the Ministry of Economy, Trade and Industry [14]. Food stores comprised department stores, general
merchandise retailers, convenience stores, and specialty grocery stores. On the premise that all kinds
of stores were uniformly distributed in the 500 m mesh, the number of stores along a straight line
in a 500 m radius of the residence of each participant was then calculated according to the area of
proportional distribution of the map area. All spatial calculations were performed with ArcGIS 10.1
software. Participants who had stores along a straight line within a radius of 500 m from the center of
their residential community blocks were categorized as having high objective food store availability
and those without stores within a radius of 500 m were categorized as having low objective food store
availability. We defined 500 m or less as a reasonable “walkable” distance to a food store, which has
been used in similar studies [15,16].

The primary outcome was functional disability, which we defined as certified need for care or
support under the long-term care insurance system of Japan [17]. Follow-up of participants was
carried out for 6 years based on their incident functional disability. Incident functional disability data
was obtained from databases of public municipal long-term care insurance. Participants who had
been recently certified as needing care or support through Japan’s long-term care insurance system
were deemed as having functional disability [18]. Eligibility for insurance certification is determined
based on a national standardized procedure that includes a medical examination by a physician and
assessment of physical status and cognitive function.

Demographic variables included age and sex in the baseline survey. Sociodemographic status,
walking and going out, driving status, neighborly relationships, nutritional status, and comorbidities
were evaluated with a self-reported questionnaire. Variables of social and demographic status were
educational attainment, yearly income, living arrangements, employment status, and marital status.
Yearly income was adjusted for household size, where income was divided by the square root of the
number of individuals per household. Variables of walking as well as going out comprised daily
walking time and frequency of going out. For nutritional status, variables were BMI and fruit/vegetable
intake and meat/fish intake rate over the previous month. Standard BMI categories were then used
to classify participants as obese, overweight, normal, or underweight [19]. Neighborly relationships
were evaluated as described by Nakamura et al. [6] by asking about the kind of relationship they have
with others in their neighborhood. The responses included the frequency of exchanging greetings
or conversing with neighbors and borrowing/lending items, and based on the results, participants
were classified as having either a high- or low-level relationship with their neighbors. Variables
about comorbidities included therapy for medical conditions/symptoms and symptoms of depression.
Multiple answers were permitted, and so participants were required to state whether or not they were
at the time receiving medical treatment for malignancy, cardiac disease, stroke, high blood pressure,
diabetes mellitus, arthropathy/neuralgia, traumatic fracture, pulmonary disease, and gastrointestinal
disorder and dysphagia. Using the Geriatric Depression Scale-15 (Japanese version) [20], symptoms of
depression in older adults were assessed and participants were classified into either a non-depressed
or depressed group. Cognitive function was categorized as “decline” versus “no decline” and was
evaluated with a self-reported questionnaire [21]. Also, we calculated the population density of
habitable land in the residential school districts of each participant using the 2010 census results
and data for land utilization tertiary mesh (2010) from the National Land Numerical Information of
the Ministry of Land, Infrastructure, Transport and Tourism, based on a topographic map of Japan
(1:25,000). All non-developed areas, such as rivers, lakes, forests, and wasteland, were excluded from
the calculations. All covariates with missing data were classified as “missing.” Categories for each
variable are shown in Table 2.
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2.3. Statistical Analysis

Baseline characteristics of the study participants were defined, and then multivariate cox regression
analysis was applied to evaluate the association between food store availability and incident functional
disability during the 6 years of follow-up. Four models were generated: Model 1: adjusted for age and
sex; Model 2: further adjusted for sociodemographic status (educational attainment, marital status, and
employment status, yearly income, and living conditions) as confounding factors to examine whether
the relationship between food store availability and disability was independent of other aspects
of environmental status; Model 3: additionally adjusted for environmental status (driving status,
neighborly relationships, and population density) to investigate whether the relationship between food
store availability and functional disability was independent of other environmental factors; and Model
4: further adjusted for walking and going out (daily walking time and rate of going out), dietary food
intake (frequency of fruit/vegetable and meat/fish intake), BMI, and comorbidities (malignancy, heart
disease, stroke, hypertension, diabetes mellitus, joint disease/neuralgia, traumatic fracture, respiratory
disease, digestive disease, dysphagia, depression, and cognitive decline) as potential mediating factors
linking food store availability to functional disability. Analyses were performed using SPSS Statistics
19 (IBM Corp., Armonk, NY, USA).

3. Results

Table 2 shows the baseline characteristics of the participants and the incidence of functional
disability after the 6 year follow-up period. Among all participants (n = 31,273, mean age: 74.1 years),
20.5% worked, 84.2% lived with others, 70.1% were married, 7.6% were underweight, 32.5% had
cognitive decline, 24.4% had low subjective food store availability, 18.1% had low objective food store
availability, and cumulative incidence of functional disability after 6 years was 20.9%. Male, super-old
(>80 years) and non-car users tended to have low subjective and objective food store availability.
Participants with both low subjective and objective food store availability tended to have low rates
of going out. The prevalence of comorbidities was similar between participants with low food store
availability and those with high food store availability. Participants with low subjective and objective
food store availability tended to have high functional disability.

Results of Cox regression analysis are shown in Table 3. Participants who reported low subjective
food store availability had significantly higher likelihood of developing disability (hazard ratio = 1.20,
95% confidence interval: 1.13-1.27; p < 0.001) than those who reported high food store availability
after age and sex adjustment (Model 1). These hazard ratios were unchanged and remained
statistically significant following additional adjustments for sociodemographic and environmental
status (Model 2,3). The hazard ratio was slightly reduced but remained statistically significant
(hazard ratio = 1.18, 95% confidence interval: 1.11-1.25; p < 0.001) after further adjustment for
potential mediating factors (walking and going out, nutritional status, and comorbidities) (Model 4).
However, objective food store availability showed no significant association with disability after age
and sex adjustment in Model 1 (hazard ratio = 0.98, 95% confidence interval: 0.92-1.05; p = 0.61).
In addition, no significant difference in objective food store availability was evident between Model 2
(hazard ratio = 0.98, 95% confidence interval: 0.92-1.04; p = 0.60), Model 3 (hazard ratio = 1.00, 95%
confidence interval: 0.93-1.06; p = 0.82) and Model 4 (hazard ratio = 1.00, 95% confidence interval:
0.94-1.08; p = 0.84).
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4. Discussion

Low subjective food store availability was associated with early onset of disability among
community-dwelling older adults, but this was not the case for objective food store availability.
The association remained after adjustments for age, sex, sociodemographic and environmental status,
walking and going out, nutritional status, and comorbidities.

As reported by Tani et al., subjectively lower accessibility of healthy food stores measured was
associated with mortality [10] and dementia [11], however, they did not examine the association of
food store availability and disability. To our knowledge, this is the first report that utilized large-scale
data to assess the relationship between food store availability and the incidence of functional disability
among older community dwellers.

Earlier studies on food store availability were mainly cross-sectional studies that were carried out
in areas of low population density, and by inference in environments with a low food store density
(e.g., United States, but the United Kingdom is an exception) [22]. Our study was conducted in Japan
within a setting with a substantially high population density and high density of food stores, compared
with settings of similar studies in the West.

Objective and subjective food store availability appear to have different meanings. Food
access has five dimensions, comprising availability, accessibility, affordability, accommodation, and
acceptability [23,24]. In our study, objective food store availability evaluated only availability of food
stores. We found an association between subjective (but not objective) food store availability and
onset of disability. This pattern was consistent with findings from previous study, which showed that
healthy outcomes were more strongly associated with subjective evaluations of availability but not
with objective evaluations [25,26]. Another previous study revealed a high level of mismatch between
perceived and objective indices (14%) [25]. Even in areas with low objective food store availability,
it is possible for evaluations of subjective food store availability to be high among individuals who
have high walking ability, access to public transportation and/or mobile catering options, a person or
persons who shops for food on their behalf, or who can grow their own food.

We hypothesized that a food environment that is subjectively evaluated is a better representation
of individual differences in self-cultivated food, shopping behaviors, or accepting food from people
living close by; not all of these could be addressed by objective evaluation. Several conditions could
influence subjective food store availability, for example, traffic around the store, the form of the
sidewalk (inclination, stairs), store opening hours/days, security around the store, attributes of other
shoppers and store staff, price and assortment of goods, and the store environment (spaciousness of
the shop, easy entry, existing amenities such as washrooms and material resources) [27].

The association between subjective food store availability and incidence of functional disability
persisted after adjusting for potential mediating factors in Model 4 and could be attributed to other
unobserved factors. We speculate that improved food store availability promotes activities of daily
living, such as selection of food items, shopping, carrying items, and cooking, which could contribute to
maintenance of activities of daily living. Moreover, there is a possibility that we could not subjectively
recognize the food stores that sell only low-variety, distasteful, and low-quality foods. Lack of dietary
variety has been significantly associated with the progression of frailty in community-dwelling older
persons [28]. If food store availability is poor, there is a tendency to stock up on canned foods and
ready-to-eat foods and this causes dietary imbalance. Increased opportunities to eat a variety of foods
and maintain a well-balanced diet might be responsible for the maintenance of physical status and
cognitive function in our study.

Our results suffered from the risk of reverse causation. Participants with many comorbidities and
declined physical function might answer low availability of subjective food store and move to a place
near the food store. Model 4 included the comorbidities taking the problem into account.

A strength of our study was that we evaluated the impact of subjective, as well as objective,
food store availability on disability, investigating these relationships in a high-density setting; using
a relatively large sample size added to the statistical power in detecting associations. Nevertheless,
there were several limitations in our study. Firstly, the type and size of food stores or the variety,
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quality, and price of food items were not considered, all of which are possibly significant factors for
making healthy food choices. Secondly, the study area may not necessarily be a reflection of Japan
as a whole. It is thus necessary for our findings to be reproduced in other regions, particularly in a
larger metropolis. Thirdly, home-delivery meals or food services were not taken into account. Fourthly,
there is a possibility that food store availability is a product of unmeasured proxy variables related
to regional characteristics, such as regional economic affluence and the number of facilities where
people gather, which were not adjusted for in the analysis. Fifthly, our database does not contain any
time-dependent variables such as the change of food access over 6 years. Sixthly, the self-reported
questionnaire that evaluated subjective food store availability did not ask about any other fresh foods
than fresh fruits and vegetables. However, we speculated that food stores that sell fresh fruits and
vegetables are highly likely to sell other fresh foods.

Low subjective food store availability was associated with early onset of disability, but low
objective food store availability was not. Accessibility of food stores might contribute to maintaining a
disability-free life. Studies that evaluate the mechanisms involved in the variations in these indices of
food store accessibility are required in the future.
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Abstract: This study compared the relationship between social participation, including work, and
incidence of functional decline in rural and urban older people in Japan, by focusing on the number and
types of organizations older people participated in. The longitudinal data of the Japan Gerontological
Evaluation Study (JAGES) that followed 55,243 individuals aged 65 years or older for six years were
used. The Cox proportional hazards model was employed to calculate the hazard ratio (HR) of the
incidence of functional decline over six years and the stratification of rural and urban settings. In this
model, we adjusted 13 variables as behavioral, psychosocial, and functional confounders. The more
rural and urban older people participated in various organizations, the more they were protected from
functional decline. Participation in sports (HR: rural = 0.79; urban = 0.83), hobby groups (HR: rural
= 0.76; urban = 0.90), and work (HR: rural = 0.83; urban = 0.80) significantly protected against the
incidence of decline in both rural and urban areas. For both rural and urban older people, promoting
social participation, such as sports and hobby groups and employment support, seemed to be an
important aspect of public health policies that would prevent functional decline.

Keywords: social participation; work; functional decline; rural; urban

1. Introduction

A strategy of active ageing [1], by linking the key policy domains of employment, pension,
retirement, health, and citizenship, provides a sound basis to respond to the challenges presented by
population ageing [2]. In recent times, the practical challenge has been to open up the innovative policy
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spaces that might make active ageing not only thinkable but also achievable [3]. In European countries,
the Active Aging Index (AAI) tool measures the untapped potential of older people for active and
healthy aging across countries [4]. The AAI consists of four domains: employment, participation in
society; independent, healthy, and secure living; and capacity and enabling environment for active
ageing [4,5].

The social participation of older people, one of the domains of AAI [4,5], is a key factor of
“successful aging” [6] and an important element of “active aging” [7]. Social participation is one of the
core indicators of “age-friendly cities” proposed by the World Health Organization in recent years [8].
When considering public health services in a rapidly aging society, social participation is highlighted
as a modifiable target of health interventions.

In many longitudinal studies, social participation has been reported as effective for health outcomes
such as functional disability [9-13], cognitive disability [14-16], instrumental activities of daily living
decline [17-19], and basic activities of daily living decline [20]. Among them, some studies focused on
the number and types of organizations in which older people participated [10,13,16-18]. These studies
suggested that older people who participate in more organizations are healthier than those who do not
participate, and that the relationships between social participation and health varied according to the
types of organization they participate in.

However, these studies [10,13,16-18] do not consider two issues. First, these studies do not
consider “work” as a kind of social participation. According to the Organization for Economic
Co-Operation and Development (OECD) scoreboard for older workers, older workers aged 65-69
years increased from 20.3% to 25.5% between 2006 and 2016 and from 12.0% to 14.6% at age 70-74
years during the same period, in OECD member countries [21]. However, recommendations made by
the Council on Aging and Employment Policies [22] encourage supporting the employment of older
people. In AAI, work and social participation are separate domains, but these are also defined as the
actual experience of active aging [4,5]. Considering these circumstances, it is necessary to include
work in social participation in the analysis of the number and types of organizations in which older
people participated. Second, these studies do not consider residential environments, such as rural
and urban areas. Generally, older people living in rural areas suffer with more depression [23], lower
levels of basic activities of daily living [20], and a higher risk of developing disability [24] compared to
those living in urban areas. In addition, the life expectancy is shorter in rural areas, and the difference
between urban and rural areas is widening [25]. Previous studies [13,26] showed that rural older
people were less socially active than urban older people. However, previous studies state that bonding
social capital comprising a connection between community members is often stronger among rural
older adults, resulting in community strength [27,28]. In addition, environmental factors such as
neighborhood socioeconomic status and access to services and transportation differ in rural and urban
areas [29]. Furthermore, the relationship between social participation and health outcomes, such as
depression [23] and self-rated health [26,30], also differs. These may be the reasons why rural older
people are unhealthier than urban older people. The relationship between social participation and
functional decline may differ between rural and urban areas; however, such a relationship has not
been clarified.

Thus, we aimed at clarifying whether there were differences between rural and urban areas in the
relationship between social participation, including work, and incidence of functional decline. This
study was conducted to inform public health policies that could prevent the need for long-term care of
older individuals residing in rural and urban areas, which have different environmental factors.

2. Materials and Methods

2.1. Data

We used longitudinal data from the Japan Gerontological Evaluation Study (JAGES). JAGES
is one of the few population-based gerontological repeated surveys in Japan focused on the social
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determinants of health and the social environment [31,32]. From August 2010 to January 2012,
self-reported questionnaires were mailed to 95,827 community-dwelling independent individuals aged
65 years and older who were not eligible to receive benefits from public long-term care insurance
services. They were randomly selected from 13 municipalities, including rural and urban areas. Overall,
62,418 people participated (response rate, 65.1%) in the survey called JAGES2010. They were followed
up for about six years (minimum 5.2 years; maximum 6.4 years). Of the total respondents (response
rate 65.1%), 54,539 (87.4%) were successfully linked to the incident records of long-term care insurance
certification. We excluded 7223 responses for the following reasons: (i) missing information on address
(n =101) and activities of daily living (ADL) (n = 1482); and (ii) having physical or cognitive disabilities
reported in their questionnaires (n = 988). Moreover, 4662 respondents in long-term care within two
years were removed to avoid the possibility of reverse causality (i.e., the possibility that people who
were at high risk of functional decline did not participate socially). The final number of participants in
this analysis was 47,306.

Ethical approval for the study was obtained from the Nihon Fukushi University Ethics Committee
(application number: 10-05), the National Center for Geriatrics and Gerontology (application number:
No. 992-2), and Chiba University Ethics Committee (application number: No. 2493).

2.2. Dependent Variable

The dependent variable was the incidence of functional decline during the follow-up period.
The incidence of functional decline was defined by medical certification for Long-Term Care Insurance.
Certification of decline is based on the formal evaluation of the need for Long-Term Care according
to uniform criteria applied throughout Japan, and comprises both a home-visit interview, as well as
the written opinion of a primary physician [33]. This formal evaluation is based on a standardized
multistep assessment of functional and cognitive impairments [33]. We obtained information on the
certification of long-term needs, death, and moving out of the study area, from the long-term care
insurance database maintained by the municipalities. These criteria for determining the onset of
functional decline have been used in previous epidemiological studies [4—6].

2.3. Independent Variable

The independent variable was social participation. With reference to previous research [5], social
participation was classified into the following six types: neighborhood groups (local community),
hobby groups (hobby), sports groups or clubs (sports), industrial groups (industry), volunteer groups
(volunteer), and senior citizen clubs (citizen). Furthermore, we considered work (work) as a form of
social participation and therefore analyzed seven types of organizations in this study.

Participation in organizations other than work was assessed by using the following question:
“How often do you participate in the following clubs or groups?”. Participants were given the following
choices: “almost every day”, “twice or thrice a week”, “once a week”, “once or twice a month”, “a
few times a year” and “never”. The response was categorized as “yes” if individuals selected any of
the five options from “a few times a year” to “almost every day”, and “no” if they selected “never”.
Participation in work was assessed by using the following question: “What is your current working
status?”. Participants were given the following choices: “working”, “retired and not working now”
and “never had a job”. The response was categorized as “yes” if the participants answered “working”,
and “no” if they answered “retired and not working now” or “never got a job”.

The total number of types of organizations each participant participated in was tallied, and
participation was categorized as 0 (no participation), 1, 2, or >3 organizations, or “missing”. If the
response to participation in all organizations was missing, we deemed it as “missing” category in this
analysis. The organizations particularly unique to Japan among the types named above are senior
citizen clubs. Japan’s senior citizens clubs conduct a wide range of activities, including group activities
such as sports, hobbies, cultural activities, and performing arts.
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2.4. Covariates

Based on a previous study [10], sex, age, annual equivalized income, educational attainment,
marital status, and self-reported medical conditions were considered potential confounding factors that
may correlate with social participation and incidence of functional disability. In addition, behavioral,
psychosocial, and physiological factors were also used as covariates and potential mechanisms
influencing health and social participation. Smoking, alcohol consumption, daily walking time, and
frequency of going outdoors were assessed as behavioral factors. Depression (Geriatric Depression
Scale), emotional support, instrumental support, and frequency of meeting friends were assessed as
psychosocial factors. Instrumental activity of daily living (IADL) was assessed as a functional factor.
All variables were categorized as shown in Table 1 and set as dummy variables. A “missing” category
was used in the analysis to account for missing responses to questions.

2.5. Classification of Rural and Urban Settings

The definition of functional urban areas from the OECD metropolitan database [34] was used to
classify rural and urban settings. The definition of urban areas in OECD countries uses population
density to identify urban cores, and travel-to-work flows to identify the hinterlands whose labor market
is highly integrated with the cores. The methodology consisted of the three following main steps:
(1) identification of core municipalities through gridded population data; (2) connecting noncontiguous
cores belonging to the same functional urban area; and (3) identification of urban hinterlands. This
methodology makes it possible to compare functional urban areas of similar size across different
countries and classifies functional urban areas according to population size into the following four
types: (1) small urban areas (with a population below 200,000 people); (2) medium-sized urban areas
(with a population between 200,000 and 500,000); (3) metropolitan areas (with a population between
500,000 and 1.5 million); and (4) large metropolitan areas (with a population of 1.5 million or more).
From the OECD'’s four functional urban areas, all cities, including metropolitan and large metropolitan
areas, were designated urban areas in this study, and all others were designated rural areas. In this
study, eight municipalities were designated as rural, and five municipalities were designated as cities.

2.6. Statistical Analysis

First, we conducted a chi-square test to compare variables between rural and urban males and
females. As the sample size in this study is very large, we calculated Cramer’s V as the effect size in
addition to the p-value. The criteria for Cramer’s V are 0.1 for small, 0.3 for medium, and 0.5 for large.
Second, the Cox proportional hazards model was employed to calculate the hazard ratios (HRs) and
95% confidence intervals (CI) of the incidence of functional decline over six years, stratified by rural,
and urban settings. In each model, nonparticipation in an organization was set as the referent category.
In the analysis of the number or types of organization older people participate in, we conducted a trend
test. Further, six types of social participation were introduced in each model separately. The following
two models of analysis were used: a regression analysis was performed with simultaneous forced
entry of sex, age, equivalent income, educational attainment, marital status, and self-reported medical
conditions as covariates (Model 1). Model 2 added the following confounding factors to Model 1:
smoking, alcohol consumption, walking time, frequency of going outdoors, Geriatric Depression Scale,
emotional support, instrumental support, frequency of meeting friends, and IADL. Finally, to confirm
the robustness of our finding, we performed a complete case analysis, excluding patients missing any
of the variables used in the analysis. STATA V.15 (Stata Corp, College Station, TX, USA) was used to
conduct a statistical analysis, with a significance level of 5%.
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Table 1. Baseline characteristics of respondents (2010-2012).

50f13

Rural Urban Val
Variables (n =15,083) (n = 32,223) p-varue
(Cramer’s V)
n % n %
S Male 6758 44.8 15,163 47.0 <0.001
ex Female 8325 55.2 17,063 53.0 (0.02)
65-69 4287 28.4 9676 30.0
70-74 4536 30.1 10,343 32.1
A . .
(yeifs) 75-79 3470 23.0 7257 225 <(8 82;
80-84 1973 13.1 3611 11.2 ’
85+ 817 5.4 1336 4.2
Low (<2.0) 7127 47.3 11,815 36.7
Equivalent income Middle (2.0-3.9) 3988 26.4 11,321 35.1 <0.001
(million yen) High (>4.0) 939 6.2 3616 11.2 (0.13)
Missing 3029 20.1 5471 17.0
Educational <10 8404 55.7 14,103 43.8
attainment 10-12 4432 294 11,182 34.7 <0.001
(years) >13 1853 12.3 6255 19.4 (0.12)
y Missing 394 2.6 683 2.1
Married 10,611 70.3 23,315 72.4 0.001
Marital status Single 4111 27.3 8480 26.3 < 0 ’ 04
Missing 361 2.4 428 1.3 ’
Self-reported Illness 10,267 68.1 21,859 67.8 0.243
medical No illness 3508 232 7677 23.8 (d 01)
conditions Missing 1308 8.7 2687 8.4 ’
Never smoked 8440 56.0 17,174 53.3
Smokin Past smoker 3566 23.6 8649 26.9 <0.001
& Current smoker 1437 9.5 3330 10.3 (0.04)
Missing 1640 10.9 3070 9.5
Never drank 9122 60.5 18,420 57.2
Alcohol Past drinker 440 2.9 1021 3.2 <0.001
consumption Current drinker 4684 31.1 10,836 33.6 (0.03)
Missing 837 5.5 1946 6.0
>90 min 2515 16.7 5004 15.5
. . 60-90 min 2130 14.1 5029 15.6
Walking t .
é(‘pelrnga H)ne 30-60 min 4558 302 10960 340 <(8 82)1
y <30 min 4905 325 9341 29.0 ’
Missing 975 6.5 1889 5.9
Almost everyday 6607 43.8 18,496 57.4
Frequency of 2-3 times/week 4601 30.5 8288 25.7 <0.001
red y About once/week 1755 11.6 2253 7.0 '
going outdoors (0.15)
Rarely 1351 9.0 1384 43
Missing 769 5.1 1802 5.6
No depression 9313 61.8 19,977 62.0
Depression Depressive tendency 2613 17.3 5343 16.6 0.002
P Depression 822 5.4 1595 49 (0.02)
Missing 2335 15.5 5308 16.5
. Available 13,052 86.5 28,584 88.7
E;E‘m‘:r‘fl Not available 1209 8.0 2310 7.2 iggg)l
PP Missing 822 55 1329 41 ‘
Available 12,369 82.0 26,971 83.7
Ins:iumsrrttal Not available 1906 126 3906 12.1 iggg)l
PP Missing 808 54 1346 42 ‘

-101 -



Int. |. Environ. Res. Public Health 2020, 17, 617 60f 13

Table 1. Cont.

Rural Urban Val
Variables (n =15,083) (n = 32,223) p-vawue
(Cramer’s V)
n % n %
Almost everyday 2247 14.90 4347 13.5
2-3 times/week 3513 23.30 7206 22.4
Frequency of About once/week 2461 16.30 5293 16.4 <0.001
meeting friends 1-2 times/month 2914 19.30 6049 18.8 (0.04)
A few times a year or less 2841 18.80 7251 22.5
Missing 1107 7.40 2077 6.4
Instrumental Not decline 6073 40.3 12,578 39.0 0.025
activity of daily Decline 7230 47.9 15,856 49.2 ((') 01)
living (IADL) Missing 1780 11.8 3789 11.8 ’
0 3187 21.1 7700 23.9
1 3420 22.7 7964 24.7
Number of types <0.001
o fu organizagfns 2 2691 17.8 6173 19.1 (0.06)
>3 5227 34.7 9588 29.8
Missing 558 3.7 798 25
Type of social participation
Nonparticipation 5909 39.2 14,781 459 <0.001
Local community Participation 5886 39.0 10,802 33.5 (O. 07)
Missing 3288 21.8 6640 20.6 ’
Nonparticipation 6656 44.1 13,411 41.6 <0.001
Hobby Participation 5430 36.0 13,212 41.0 (O. 05)
Missing 2997 19.9 5600 174 ’
Nonparticipation 8540 56.6 18,242 56.6 0.001
Sports Participation 3272 21.7 7375 22.9 (O 02)
Missing 3271 21.7 6606 20.5 ’
Nonparticipation 8791 58.3 19,293 59.9 <0.001
Industry Participation 2020 13.4 4829 15.0 (O. 04)
Missing 4272 28.3 8101 25.1 ’
Nonparticipation 8787 58.3 19,803 61.5 <0.001
Volunteer Participation 2292 15.2 4526 14.0 (O. 03)
Missing 4004 26.5 7894 24.5 ’
Nonparticipation 7842 52.0 19,244 59.7 <0.001
Citizen Participation 4247 28.2 6165 19.1 (O.l 0)
Missing 2994 19.8 6814 21.2 ’
Nonparticipation 9002 59.7 21,572 67.0 <0.001
Work Participation 3397 225 7166 22.2 (0'1 0)
Missing 2684 17.8 3485 10.8 ’

3. Results

Table 1 presents the descriptive statistics of rural and urban variables. Of the 47,306 respondents
included in the analyses, 21,921 were male and 25,385 were female. Of the 21,921 males, 6758 lived
in rural and 15,163 lived in urban settings. Of the 25,385 females, 8375 lived in rural and 17,060
lived in urban settings. The average age of the rural and urban older people was 73.8 (standard
deviation (SD), 5.9) and 73.3 (SD, 5.6) years, respectively. Of the respondents in rural and urban areas,
2399 (15.9%) and 4018 (15.3%) reported functional decline, respectively. The average tracking period
was 2028.1 days (SD = 364.1) for rural and 1951.8 days (SD = 361.7) for urban older peoples. The
comparison of variables across rural and urban areas revealed that there were many urban—rural
differences. However, the sample size for this study was so large that even minor differences could
result in statistical differences. In fact, Cramer’s V in the chi-square test between almost all variables
was judged to be very small, and the realistic effect size was small. However, describing the difference
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between rural areas and cities when the effect size is 0.1 or more indicated that older people in rural
areas had a lower equivalent income (p < 0.001), lower educational attainment (p < 0.001), and went
outdoors less frequently (p < 0.001) than those in urban areas. Although the effect size was small, the
distribution of the number of organizations in which older people participated differed between rural
and urban areas (p < 0.001). When types of social participation were analyzed, rural older people
participated a lot more in senior citizen clubs (p < 0.001) than urban older people. The distribution
of participation in work differed between rural and urban areas (p < 0.001; Cramer’s V = 0.1); it was
thought to be due to the missing category.

Table 2 presents the results of a Cox proportional hazards model analysis of the different types of
organizations and incidence of functional decline. In the crude model and Model 1, a “dose-response”
relationship was seen both among rural and urban areas, with progressively lower HRs as the number
of different types of organizations increased. In Model 2 for rural older people, the HRs were 0.94
(95% CI: 0.84-1.05) for participation in one, 0.85 (0.75-0.97) for participation in two, and 0.76 (0.67-0.86)
for participation in three or more different types of organizations, with the significant difference
disappearing only for participation in one type of organization. For urban older people, the HRs
were 0.92 (95% CI: 0.85-0.99) for participation in one, 0.87 (0.80-0.96) for participation in two, and
0.82 (0.75-0.89) for participation in three or more different types of organizations, with the statistical
significance for one or more different types of organizations. In other words, older people in urban
areas were protected from functional decline through one type of participation. On the other hand,
older people in rural areas required more than one type of participation, but older people in rural
areas had lower HRs when participating in more than two types of organizations than older people in
urban areas.

Table 2. HRs for participation in one, two, and three or more different types of organizations.

Rural Crude Model Model 1 Model 2
HR (95% CI) HR (95% CI) HR (95% CI)
0 1.00 Ref 1.00 Ref 1.00 Ref
1 0.71 * (0.64-0.79) 0.87 * (0.78-0.97) 0.94 (0.84-1.05)
2 0.57 * (0.50-0.64) 0.75 * (0.66—0.85) 0.85 * (0.75-0.97)
>3 0.43 * (0.39-0.49) 0.62 * (0.56-0.70) 0.76 * (0.67-0.86)
Trend p p <0.05 p <0.05 p <0.05
Crude model Model 1 Model 2
Urban
HR (95% CI) HR (95% CI) HR (95% CI)
0 1.00 Ref 1.00 Ref 1.00 Ref
1 0.69 * (0.64-0.75) 0.85 * (0.79-0.91) 0.92 * (0.85-0.99)
2 0.59 * (0.55-0.65) 0.77 * (0.71-0.84) 0.87 * (0.80-0.96)
>3 0.48 * (0.44-0.52) 0.67 * (0.62-0.72) 0.82 * (0.75-0.89)
Trend p p <0.05 p <0.05 p <0.05

HR: Hazard ratio; CI: confidence interval; Ref: reference. * p < 0.05. Model 1: Crude model + sex, age, equivalent
income, educational attainment, marital status, and self-reported medical conditions. Model 2: Model 1 + smoking,
alcohol consumption, walking time (per day), frequency of going outdoors, depression, emotional support,
instrumental support, frequency of meeting friends, and IADL.

The results of the complete case analysis are shown in Table S1. The results of the complete case
analysis, excluding patients missing any of the variables used in the analysis were similar to those
when the “missing” category was used in the analysis to account for missing responses to questions.
The full modeling results in Model 2 were presented in Table S2. In this study, Model 2 added social
networks such as emotional support, instrumental support, and frequency of meeting friends. Rural
and urban older people who could not avail emotional support were not protective against functional
decline compared with those who could avail it. Furthermore, urban older people who could not avail
instrumental support were not protective against functional decline compared with those who could
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avail it, but this was not the case in rural areas. The frequency of meeting friends was not statistically
significant in rural and urban areas.

Table 3 presents the results of the Cox proportional hazards model analysis of the type of social
participation and incidence of functional decline. Almost all types of organizational participation were
strongly protective against functional decline, but senior citizen clubs had the opposite relationship
in the crude model. Similarly, many types of organizational participation were protective against
functional decline in Model 1. In Model 2 for rural older people, participation in hobbies (HR = 0.76;
95% CI: 0.68-0.85), sports (HR = 0.79; 95% CI: 0.69-0.89), work (HR = 0.83; 95% CI: 0.76-0.91), and
local community (HR = 0.86; 95% CI: 0.77-0.95) was found to be protective against the incidence of
decline. For urban older people, participation in work (HR = 0.80; 95% CI: 0.70-0.91), sports (HR =
0.83; 95% CI: 0.77-0.91), and hobbies (HR = 0.90; 95% CI: 0.84-0.97) was found to be protective against
the incidence of decline.

Table 3. HRs for type of social participation (reference: nonparticipation in each organization).

Rural

Crude Model

Model 1

Model 2

HR (95% CI)

HR (95% CI)

HR (95% CI)

Local Community

0.59 * (0.54-0.65)

0.77 * (0.70-0.86)

0.86 * (0.77-0.95)

Hobby 0.57 * (0.52-0.64) 0.61 * (0.60-0.75) 0.76 * (0.68-0.85)
Sports 0.62 * (0.55-0.70) 0.70 * (0.62-0.78) 0.79 * (0.69-0.89)
Industry 0.67 * (0.58-0.78) 0.92 (0.84-1.01) 1.01 (0.87-1.18)
Volunteer 0.62 * (0.54-0.72) 0.77 * (0.67-0.89) 0.89 (0.77-1.03)
Citizen 1.40* (1.27-1.54) 0.94 (0.85-1.03) 1.02 (0.93-1.13)
Work 0.48 * (0.42-0.54) 0.74 * (0.65-0.84) 0.83 * (0.76-0.91)
Crude Model Model 1 Model 2
Urban
HR (95% CI) HR (95% CI) HR (95% CI)

Local Community

0.70 * (0.65-0.75)

0.84 * (0.79-0.90)

0.95 (0.88-1.01)

Hobby 0.70 * (0.66-0.75) 0.78 * (0.73-0.84) 0.90 * (0.84-0.97)
Sports 0.60 * (0.55-0.65) 0.73 * (0.67-0.79) 0.83 *(0.77-0.91)
Industry 0.81 * (0.74-0.89) 0.90 (0.78-1.05) 1.04 (0.95-1.15)
Volunteer 0.66 * (0.60-0.73) 0.80 * (0.73-0.89) 0.94 (0.85-1.04)
Citizen 1.37 * (1.28-1.47) 0.89 * (0.83-0.96) 0.99 (0.92-1.07)
Work 0.50 * (0.46-0.55) 0.80 *(0.73-0.87) 0.80 * (0.70-0.91)

HR: Hazard ratio; CI: confidence interval; Ref: reference. * p < 0.05. Model 1: Crude model + sex, age, equivalent
income, educational attainment, marital status, and self-reported medical conditions. Model 2: Model 1 + smoking,
alcohol consumption, walking time (per day), frequency of going outdoors, depression, emotional support,
instrumental support, frequency of meeting friends, and IADL.

The results of the complete case analysis are shown in Table S3. In the complete case analysis
for rural older people, the HR for participation in work and local community was below 1.00, but the
statistical significance disappeared. Further, the results of the complete case analysis for urban older
people, excluding patients missing any of the variables used in the analysis, were similar to those
when the “missing” category was used in the analysis, to account for missing responses to questions.
The full modeling results in Model 2 were presented in Table S4. The result of the social networks,
such as emotional support, instrumental support, and frequency of meeting friends, added in Model 2,
was similar to the analysis of the number of organizations.

4. Discussion

To the best of our knowledge, this is the first longitudinal study to compare the relationship
between the number and type of organizations, including work, and incidence of functional decline in
rural and urban areas separately.

In all, two findings were obtained from this study: (1) a “dose-response” relationship was seen
both among rural and urban areas, with progressively lower HRs as the number of different types of
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organizations increased; and (2) participation in sports, hobbies, and work were protective against
incidences of decline in both rural and urban areas. In this study the classification of rural and
urban areas is as proposed by the OECD. Previous studies have used population density and national
classification; however this study adopted an international classification system. Even when classifying
areas by population density, the results of this study were almost the same.

The analysis of the number of organizations revealed the HRs of the number of types of
organizations progressively decreased as the number of participating organizations. This supports
previous studies, including those measuring other health outcomes [10,13,16-18]. In this study, HRs
were lower when participated in two or more types of organizations in rural areas than in urban areas.
The social relationships specific to rural areas may be the reason why older people living in these areas
need to join more than one organization. Previous studies have indicated that bonding social capital
comprising a connection between community members is often stronger among rural older adults,
resulting in community strength [27,28]. In this study, participation in local community organizations
was higher in rural areas than in urban areas. However, excessive bonding social capital tends to
have negative effects [35]. According to the systematic review of the negative health effects of social
capital [35], there are downsides to social capital that emerge in the context of strong bonding social
capital, but not in weak bridging social capital. (1) Strong bonding ties impose heavy obligations
on community members by following a dominant social hierarchy and social norms, and it exclude
outsiders. (2) The lack of bridging SC is crucial in socioeconomically disadvantaged communities. (3)
In such settings, the connection of members to outside sources of support is even more important. In
closed communities, such as those in rural areas, participation in more organizations may improve
bridging social capital. For the above reasons, older people in rural areas may benefit from participation
in a greater number of organizations.

Many types of organizational participation were protective against functional decline in Model 1,
which included factors such as age, equivalent income, educational attainment, marital status, and
self-reported medical conditions. However, in Model 2, factors such as behavioral, psychosocial, and
functional confounders, as well as participation in sports, hobbies, and work, were protective against
incidences of decline.

This is the first longitudinal study to compare work with other community organizations by
defining work as a type of social participation. Previous longitudinal studies focusing on the relationship
between work and health outcomes among older people have examined work alone [20,36,37], and
comparisons with other community organizations have been cross-sectional studies [38]. Given the
current challenges posed by a rapidly declining birthrate and aging population, it is necessary to
develop a social structure where many older people work [39]. Working support for older people
is expected to contribute not only to a substantial increase in the labor force but also to a decrease
in the number of older people requiring care [39]. This study showed that working support and
improvement of working environment could be public health policies that would prevent the need for
the provision of long-term care in rural and urban areas. In longitudinal studies of work and health
outcomes [20,36,37], work is generally considered good for health. However, poor-quality work [36] is
not good for health; therefore, additional analysis is necessary, since this research did not consider the
type of work.

The results indicating that participation in sports and hobby groups were protective against
disability were similar to previous studies [10]. According to this result, a good public health policy
would include local government provision of regular opportunities for social participation in sports
and hobbies in both rural and urban areas. Participation in sports and hobby groups has also been
reported to prevent other poor health outcomes [16,18,19]. Previous studies have shown that older
people in rural areas were unhealthier than older people in urban areas [20,24,29,30], but in this study,
there was no difference in the incidence of functional disability between older people in rural and
urban areas. The reason may be that there was no difference in the urban-rural participation rates
in sports and hobby groups among the participants of this study. Even in rural areas, promoting
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participation in groups such as sports and hobbies groups could prevent the incidence of functional
decline. In Japan, the salon-type community intervention [40] has been implemented as one of the
ways to promote social participation. These salons, managed by local volunteers, are held once or
twice a month in communal spaces within walking distance of community members” homes, and older
people can meet and interact with others through enjoyable, relaxing, and sometimes educational
programs [40]. Moreover, participation in local community organizations was only protective against
decline in rural older people in this study. In the scoping review by Carver et al. [41], older people
who lived in rural areas had many opportunities to engage in community-association activities, and
through such social participation, a sense of belonging was created. They suggested that such social
participation is important for achieving successful aging in rural areas.

The preventive effects against functional decline of the number and types of social participation
were almost the same among both rural and urban areas in this study. Quite a few studies on
age-friendly cities showed that urban areas are suitable for active aging [42]. One of the reasons for
that may be a larger quantity of amenities and possibilities for social interactions/organizations and
easier access to those in urban areas compared to rural areas. It could be an effective intervention that
older people move to urban areas when their health/physical ability starts to decline. Nowadays, the
compact city, i.e., located in the rural city center, but short-distance from urban functions, trials have
begun in Japan [43,44], and their effectiveness is expected to be verified.

This study has two strengths. First, this is the first study to target older people in many
municipalities, including rural and urban areas, in contrast to previous studies that only focused on
the number and type of organization in which older people participated [10,13,16-18]. Second, the
data used in this study was collected over a long period (about six years) and excluded respondents
receiving long-term care within two years, thereby removing the possibility of reverse causality (i.e.,
the possibility that people who had a high risk of functional decline did not participate socially).

This study had three limitations. First, we did not consider the frequency of social participation.
It has been reported that the relationship between social participation and health outcomes differs
depending on the frequency of social participation [16,18,38]. However, this research emphasized a
comparison between rural and urban areas in line with a previous study [10]. Second, we did not
consider the older people’s role of the organization they participated in, such as being a member or a
leader. A leading role in an organization has an additional effect on social participation and health
outcomes [15,45]. Finally, this study only focuses on the differences between rural and urban areas;
however, there may be other environmental characteristics to consider. The NuAge Study showed
environmental factors associated with social participation of older people vary by living areas, such as
metropolitan, urban, and rural areas [29]. In Japan, it was reported that environmental factors such as
access to facilities, shops, and parks and sidewalks were related to participation in sports groups [46].
Future longitudinal or interventional studies focusing on rural and urban environmental improvement
will be needed.

5. Conclusions

We compared the relationship between social participation, including work and incidence of
functional decline in rural and urban older people, to inform public health policies that would prevent
functional decline in older individuals residing in Japan. Participating in various organizations
protected older people from functional decline, and, thus, it might be essential to facilitate the benefits
of such participation to both rural and urban older people. Furthermore, participation in sports,
hobbies, and work was protective against incidences of decline in both rural and urban regions. For
both rural and urban older people, promoting social participation, such as sports and hobbies groups
and employment support, seems to be an important aspect of public health policies that would prevent
functional decline.
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Abstract: Prevalence of depressive symptoms is lower in communities with greater social capital (SC).
However, it is unclear whether a prevalence of depressive symptoms will decrease in communities
where SC has increased. We investigated the relationship between the changes in municipality-level SC
and depressive symptoms by using 5-year repeated cross-sectional data from the Japan Gerontological
Evaluation Study. In 2010 and 2016, self-reported questionnaires were mailed to functionally
independent residents aged 65 years or older living in 44 municipalities; valid responses were
received from 72,718 and 84,211 people in 2010 and 2016, respectively. All scores were aggregated
at the municipality level. The dependent variable was the change in the prevalence of depressive
symptoms that were diagnosed with a 15-item Geriatric Depression Scale. Independent variables
were the score of change in health-related SC indicators, e.g., social participation, social cohesion,
and reciprocity. A multiple regression analysis was employed. The average prevalence of depressive
symptoms decreased from 28.6% in 2010 to 21.3% in 2016. The increases in the percentages of sports
group participation (B, —0.356), and reciprocity scores (B, —0.597) were significantly associated with
the decrease in the prevalence of depressive symptoms after adjusting for potential confounding
variables. Our findings suggest that community SC might be an intervention for protecting depressive
symptoms in municipalities.

Keywords: depression; older adults; population approach; municipality level; social capital; Japan
Gerontological Evaluation Study
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1. Introduction

Depression is the most common mental disorder (CMD) worldwide. According to the World
Health Organization [1], the estimated prevalence of depression is 4.4%. According to the literature,
depression in older adults has been associated with poor quality of life [2], functional decline [3],
dementia [4], and mortality [5]. Thus, preventing depression is a critical target.

Risk factors of depression in older adults include low education, acceptance of risky lifestyle
practices (e.g., smoking, risk drinking, physical inactivity, and obesity), and chronic disease [6,7].
Recent findings have indicated that mental health including depression in late life might be protective
in relation to social capital (5C) [8-11].

One should realize that SC is an umbrella term meaning that resources are accessed by individuals
as a consequence of their membership status in a network or group [12]. The conception of SC is
often measured using civic engagement, individual and community social networks, and trust in
the community [13], which can all be divided into structured, cognitive, bonding, and bridging [12].
Furthermore, SC has two levels: individual and group. Individual-level SC refers to resources that
individuals can access through individual egocentric networks. Group-level SC is an asset of the entire
network and benefits individuals included therein [12].

Within SC, health-related SC has been commonly used to examine associations with health-related
outcomes, including depressive symptoms [14]. Earlier works from De Silva [8] and Ehsan and
De Silva [9] have reported a strong inverse correlation between individual-level cognitive SC and
CMD. At the community level, researchers have reported that CMD was low where community-level
cognitive SC was high for seven cross-sectional studies [8,9].

Much of the literature on the community level has been cross-sectional, and the scarcity of
community SC and CMD research has been noted [8,9]. Ecological research is appropriate to assess the
impact on an entire population that profits from the direct effect of SC on individuals [15]. Although
SC has been demonstrated to be a modifiable factor [16,17], research has not determined whether
decreases in community-level depression are related to increases in community SC.

The purpose of this study was to examine whether the prevalence of community-level depressive
symptoms decreased in a community where health-related SC increased using an ecological design.

2. Methods

2.1. Data

We used repeated cross-sectional data derived from the Japan Gerontological Evaluation Study
(JAGES). The JAGES is an ongoing cohort study investigating social and behavioral factors related to
health decline, including mortality and onset of functional or cognitive impairment among individuals
aged 65 years or older [18,19]. Our data were collected from two waves of the JAGES, namely, 2010-12
(2010) and 2016. The mean follow-up period was 5.3 years.

Self-reported questionnaires were mailed to independent residents not eligible to receive public
long-term care insurance benefits. The questionnaires were mailed to 31 municipalities in the 2010
wave and 39 municipalities in the 2016 wave, and the questionnaires were collected from 112,123 and
196,436 participants, corresponding to response rates of 66.3% and 70.2%, respectively. Data from
21 municipalities were obtained at both time points, in 2010 (n = 80,318) and 2016 (n = 100,868), and we
excluded (i) missing information on sex, age, depressive symptoms, and basic activity of daily living
(BADL; 2010: n = 6056, 2016: n = 11,321) and (ii) individuals whose BADL was not independent (2010:
n = 1544, 2016: n = 5336). In addition, ordinance-designated cities in Japan have wards with functions
similar to municipalities. Therefore, we split the two ordinance-designated cities into 25 wards.

Consequently, we used data from 44 municipal units (n: 2010 = 72,718 (minimum: 352, maximum:
5915), 2016 = 84,211 (minimum: 418, maximum: 8721)). Random sampling methods were used
in 34 municipal units, and complete enumeration survey methods were used in 10 municipalities.
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From the 34 municipalities where the sampling methods were conducted, we tracked the participants
of 2010 in 2016 to create panel data sets, and the data were oversampled.

Ethical approval for the study was obtained from the Nihon Fukushi University Ethics Committee
(application number: 10-05), National Center for Geriatrics and Gerontology (application number:
No. 992-2), and Chiba University Ethics Committee (application number: No. 2493).

2.2. Dependent Variables

For the dependent variables of this community-level ecological study, we calculated the difference
between the prevalence of depressive symptoms by subtracting the depressive symptoms for 2010
from the depressive symptoms for 2016 for each municipal unit. We assessed depressive symptoms by
using the Japanese short version of the Geriatric Depression Scale (GDS) (score range: 0-15; Cronbach’s
alpha = 0.80) developed for self-administrative surveys [20,21]. We followed the literature [22-24];
thus, mild or severe depressive symptoms (GDS > 5) were the cutoff scores previously validated as
a screening instrument for major depressive disorder with 96% sensitivity and 95% specificity [22].

2.3. Independent Variables

For the independent variables, we measured health-related SC in the 2010 survey and the
2016 survey, and the difference score was calculated by subtracting the scores for 2010 from the
scores for 2016 for each municipal unit. We defined SC as “features of social organization, such as
trust, norms, and networks, that can improve the efficacy of society by facilitating coordinated
actions” [25], and health-related SC has been a commonly used concept in epidemiological studies [14].
We selected health-related SC based on the indicators in Saito et al. [14], which examined the validity
of community-level SC for Japanese people 65 years or older.

Regarding social participation, we assessed the frequency of participation in volunteer groups,
sports groups, and hobby groups [14]. We created two intervals. The first interval was as follows:
<1 day/month and >1 days/month [10,14]. The second interval was as follows: <1 day/week and
>1 days/week [26]. Regarding the frequency of contact with friends and acquaintances, this was divided
into two categories: <1 day/month and >1 days/month [27]. Regarding social support, we surveyed
emotional and instrumental support (i.e., providing and receiving). Social support was assessed by
asking the following question “Do you have someone who listens to your concerns and complaints?”
Providing instrumental support to others was evaluated using the question “Do you have someone
you take care of when she or he is sick in bed?” These social support responses were dichotomized into
yes and no [14].

In addition, we used SC scores developed by Saito et al. [14]. According to Saito’s index, civic
participation (five questions), social cohesion (three questions), and reciprocity (three questions) were
calculated for each municipal unit. Civic participation refers to the level of residents’ participation in
community organizations and activities. Civic participation was originally comprised of five questions.
However, because information on attachment to the community was not available in the 2010 wave,
we calculated the score of civic participation based on three questions. Social cohesion pertains to the
cognitive aspects of interpersonal trust. Reciprocity represents community social support.

2.4. Covariates

We age-standardized the all variables by applying direct methods to the Japanese demographical
statistics of 1985, which the Ministry of Health, Labor and Welfare have been using as a standard of
statistics [28]. For the adjusted variables, we measured socioeconomic status in the 2010 survey and
the 2016 survey, and the score for 2010 was subtracted from the score for 2010 across each municipal
unit. Socioeconomic status included change in proportion of living alone, change in proportion of
people with an equivalized household income greater than 2 million yen [29], change in proportion of
having an education level greater than 10 years [29], and change in the proportion of the employed.
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2.5. Statistical Analysis

First, we compared the differences in the study variables between the two time points by
using a paired-samples t-test. Second, we used multiple linear regression models to examine the
association between change in health-related SC variables and change in depressive symptoms
(GDS 2 5). The following two models were constructed. In the crude model, change in health-related
SC and change in depressive symptoms were separately modeled, and Model 1 added the covariates
of change for living alone, change in proportion with an education level (greater than 10 years),
change in proportion of having income (greater than 2 million yen for equivalized household income),
and change in employment compared with the crude model. Notably, we took advantage of the change
in the two time points, which can control for time-invariant unobserved and observed confounding
community characteristics [30]. Finally, in 34 municipal units out of 44 municipal units, we tracked
the participants of 2010 in 2016 to create panel data sets. The data were oversampled and in 2016 for
participants obtained in 2010, they show a survival bias that was one of the selection biases. For that
reason, we conducted the comparison using an independent-samples t-test to assess whether there
was any difference in the change over the 5 years in the group of the complete enumeration survey
and the group comprised by some individuals in the oversampling survey. We added sex to the
analysis of Model 1 in the multiple linear regression and further investigated the interaction with sex
and each health-related SC. As a result, of the 14 items for health-related SC, only social cohesion
showed a significant association with changes in municipal-unit-level depressive symptoms. For that
reason, sex was analyzed collectively. All analyses were conducted using SPSS V. 25.0] (IBM Japan,
Tokyo, Japan).

3. Results

Overall, the prevalence of depressive symptoms decreased in 2016 compared with 2010.
Age-adjusted average prevalence of depressive symptoms decreased from 28.6% (standard deviation
(SD): 3.4%) in 2010 to 21.3% (SD: 2.7%) in 2016.

Table 1 presents the age-adjusted comparison in 2010 and 2016 for each variable. Compared with
2010, in 2016, the percentages of respondents who were married, lived alone, had an educational history
of more than 10 years, and were employed increased. Of the 14 health-related SC items, we observed
an increase in nine items and a decrease in three items, and the association was significant.

Table 1. Age-adjusted descriptive statistics of community factors (municipal units = 44).

Variables 2010 2016
Minimum Maximum  Mean SD Minimum Maximum Mean SD (Iz)olif:::;;) p Values

% Depressive symptoms * 232 39.5 28.6 3.4 16.3 279 21.3 2.7 -73 <0.001
% Married 60.1 78.3 71.5 49 60.2 80.2 72.5 4.8 0.9 0.003
% Living alone 8.0 27.1 149 49 9.2 31.3 17.0 52 2.1 <0.001
% Education >10 years 324 81.0 59.3 142 41.8 84.4 69.5 114 10.2 <0.001
% Equivalent income >2,000,000 JPY 34.2 66.3 522 89 371 63.8 51.6 74 -0.5 0.185
% Employed 159 35.9 237 4.1 227 46.1 31.0 4.6 74 <0.001
% Volunteer group b(>1 per month) 77 154 11.4 1.7 10.9 20.2 15.7 1.8 43 <0.001
% Sports group b(>1 per month) 114 31.6 242 43 19.9 39.4 30.7 4.6 6.4 <0.001
% Hobby group ® (>1 per month) 26.6 48.6 39.0 53 275 455 389 48 -0.1 0.869
% Volunteer group b(>1 per week) 3.0 8.8 55 14 47 10.5 7.6 1.5 2.1 <0.001
% Sports group ° (=1 per week) 8.6 26.3 193 35 12.7 31.5 23.9 3.8 4.6 <0.001
% Hobby group ® (=1 per week) 154 322 24.5 3.8 16.3 29.5 24.2 33 -0.3 0.394
% Frequency of contact with friends ® 67.3 825 734 36 665 816 722 38 -12 0.002
(>1 per month)

% Receiving emotional social support 89.3 96.4 93.7 14 92.1 97.0 94.7 12 1.1 <0.001
% Providing emotional social support 88.6 94.9 92.6 14 90.4 96.6 93.9 13 13 <0.001
% Recelving instrumental 86.6 97.0 940 24 874 97.4 947 21 07 <0.001
social support

% Providing instrumental 81.0 90.7 87.2 22 81.0 90.4 855 21 -17 <0.001
social support

Civic participation 411 75.0 61.3 83 472 84.5 69.0 84 7.7 <0.001
Social cohesion 143.3 182.7 161.0 10.1 138.2 172.9 158.7 9.0 -2.3 <0.001
Reciprocity 185.6 201.1 196.1 32 189.7 203.7 198.3 29 22 <0.001

SD: Standard deviation. * All factors were adjusted for age using the direct methods.  Depressive symptoms were
defined as prevalence of Geriatrics Depression Scale >5 points. P Percentage of respondents that participated in
the group.
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From 2010 to 2016, the prevalence of depressive symptoms decreased and much of the health-related
SC increased.

Table 2 shows the crude and adjusted model for the multiple regression of changes in health-related
SC with changes in depressive symptoms. Among the 14 indicators of health-related SC, a significant
association was observed for 10 indicators. For example, change in sports group (<1 days/week:
B, —0.356), change in frequency of contact with friends (<1 days/month: B, —0.440), and change
in reciprocity (B, —0.597) after adjusting to the change in socioeconomic status all predicted
health-related SC.

Table 2. Multiple linear regression of changes in a health-related social capital (SC) with changes in
depressive symptoms ° (1 = 44).

Variables Crude Model 14
B SE p Values B SE p Values

% Change in ? volunteer group (>1 per month) -0.273  0.184 0.145 -0.203  0.168 0.236
% Change in @ sports group (=1 per month) -0270  0.123 0.033 -0234 0124 0.066
% Change in # hobby group (>1 per month) -0.341  0.103 0.002 -0.309  0.111 0.008
% Change in @ volunteer group (>1 per week) -0.089  0.230 0.700 0.051 0.224 0.822
% Change in @ sports group (>1 per week) -0.397  0.152 0.013 -0.356  0.157 0.030
% Change in # hobby group (>1 per week) -0.215  0.134 0.115 -0.124  0.134 0.361
% Change in ? frequency of contact with friends _0507 0108 <0.001 0440 0124 0.001
(=1 per month)
% Change in ? receiving emotional social support -0.797 0276 0.006 -0.688  0.271 0.015
% Change in @ providing emotional social support -0.992  0.168 <0.001 -0.938  0.163 <0.001
% Change in ? receiving instrumental social support  —0.229  0.321 0.479 -0.765  0.331 0.026
% Change in ? providing instrumental social support —0.451  0.227 0.054 -0.676  0.196 0.001
Change in € civic participation -0.218  0.065 0.002 -0.189  0.068 0.008
Change in © social cohesion —-0.081  0.083 0.333 -0.171  0.074 0.027
Change in € reciprocity -0.562  0.135 <0.001 -0.597  0.127 <0.001
% Change in ? living alone 0.041 0.231 0.859
% Change in # educational attainment -0.252  0.071 0.001
% Change in ? equivalent income >2,000,000 JPY -0.154 0.120 0.207
% Change in @ employed -0.116  0.140 0.414

All factors were adjusted for age using the direct methods. @ Percentage of 2016 subtracted by 2010. ® Depressive
symptoms were defined as prevalence of Geriatrics Depression Scale >5 points. € The value of 2016 subtracted
by 2010. ¢ Model 1 was adjusted for change in living alone, change in educational attainment (>10), change in
equivalent income (>2,000,000 JPY) and change in employed.

An association was shown between increased health-related SC and decreases in the prevalence
of depressive symptoms after adjustment for potential confounding variables.

Supplementary Table S1 shows health-related SC for a 5-year change based on the sampling
methods used. In the municipal units where the complete enumeration survey was carried out and
a group with some oversampling was observed, we confirmed whether the change in the value from
2010 to 2016 was different in the two groups. Of the variables used as the dependent variable and
independent variables, only change in social cohesion showed a difference between the two groups.
In the case of a change in social cohesion, we performed multiple regression analysis and added the
sampling methods’ difference as dummy variables to adjust for the variables. However, the results did
not change.

4. Discussion

According to our review of the literature, this is the first study to use a repeated cross-sectional
design to verify that increases in the municipal unit level of health-related SC, such as civic participation,
social cohesion, and reciprocity, are related to decreases in the prevalence of depressive symptoms in
the municipal unit level.

Our results demonstrate that the prevalence of depressive symptoms after 5 years decreased
by an average of 7.3% points. Another study reported a secular trend in the average score of GDS
using the complete enumeration survey in the same district of older adults. According to the results,
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the average score gradually decreased for men and women from 2003 to 2012 (GDS score annual average
decrease value: men—0.001, women—0.09) and decreased significantly in women, and the reason for
improvement was the influence of disability prevention project [31]. Furthermore, depression is a risk
factor for suicide [7], and the suicide rate declined from 2010 to 2016 in Japanese older adults [32].
Therefore, there is a strong possibility that the prevalence of depressive symptoms is decreasing
nationwide in Japan. The results of this study support these reports.

The health-related SC increased with many indicators from 2010 to 2016. According to previous
studies, a secular trend is found for the index of Social Interaction using the complete enumeration
survey in the same district of older adults [33]. According to that study, even though the interest in
health-related SC increased over the last 20 years, SC in the form of social participation and social
support did not change over those 20 years. One reason for the increase from 2010 to 2016 in this study
could be the influence of Japanese disability prevention projects.

Since 2015, the disability prevention project in Japan has undergone a major policy change
from a high-risk approach to a population strategy [34]. Disability prevention activities focusing on
participation in activities are being promoted as one of the action policies. According to the records of
the Ministry of Health, Labor and Welfare [35], places where older people can easily be active and
participate increased from 43,154 in 2013 to 76,492 in 2016, which is, 1.77 times in 3 years. Notably,
the number of people participating has also increased, from 840,718 in 2013 to 1,439,910 in 2016,
which is, 1.71 times in 3 years. However, these numbers likely underestimate the actual numbers
because they are merely the numbers captured by the municipality, not the total numbers. In addition,
older people participate in activities such as sports and hobby groups in private clubs, but municipal
units are unaware of the participants” presence. Thus, the number of participants is increasing even in
places where the municipality does not comprehend; hence, the number of participants that actually
exist is expected to be higher.

The JAGES provided evidence for this policy change [19], and the collaborating municipal units
are eager to consider this effort. The increase in the number of places where older people can easily be
active and participate will lead to an increase in older people who engage in activities and participation,
and this increase in people’s connections may have led to the increase in health-related SC from 2010
to 2016.

By considering the association between SC type and change in depressive symptoms, we showed
an association between the decrease in depressive symptoms for increases in structural SC and
cognitive SC. Regarding the structural SC, social participation and frequency of contact with friends
were extracted from this factor. In the systematic review, the structural SC of the area was not related
to CMD [9], whereas a structural SC, such as a sports group, a hobby group, and civic participation,
showed a decrease in depressive symptoms in the current study.

In another study of JAGES, structural SC was divided into vertical and horizontal categories
based on the result of factor analysis [36]. In vertical organizations, authority and resources are related
hierarchically, whereas these two concepts are related equally in horizontal organizations. In relation
to depression, a study demonstrated that the prevalence of depressive symptoms was low in areas
where a high percentage of horizontal organizations, such as sports groups, adjusted individuals’
participation in a cross-sectional manner [10]. In longitudinal studies, older people living in districts
rich in horizontal organization have reported few depressive onsets 3 years later [11].

In this study, structural SC may be related to the decrease in depressive symptoms because it
deals with the horizontal structure through the structural SC. Social networks, such as the frequency
of contact with friends, are known to affect health through psychosocial mechanisms. Regarding
connection and mental health, happiness as a network phenomenon that extends up to three degrees
of separation was reported (e.g., to the friends of one’s friends’ friends) [37].

For cognitive SC, an association was observed between an increase in social cohesion and
reciprocity and a decrease in the prevalence of depressive symptoms. Another study reported that
community-level cognitive SC and CMD are inversely associated [9]. By contrast, longitudinal research
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suggested that social cohesion and reciprocity at the community level were not associated with the onset
of depression after 3 years [11]. As this study verified the association between change in health-related
SC and change in depressive symptoms, the differences in the study designs might explain the different
results. Further research is necessary.

These known mechanisms for community-level SC, namely (1) social contagion, (2) informal social
control, and (3) collective efficacy, are the mechanisms that affect individual health [12]. In addition to
those mechanisms, people’s connections may have formed a network of social support and reduced
the prevalence of depressive symptoms. Regarding the relationship between people’s connections
and depressive symptoms, a low prevalence of depressive symptoms in a community with high social
support was reported [38]. A meta-analysis suggested that nonprofessional support is effective for
reducing depressive symptoms [39], and it supported the association of community social support
with depression. Due to the increase in municipal units' level of health-related SC, the prevalence of
municipal units’ level of depressive symptoms may decrease through the aforementioned route.

5. Strengths and Limitations

This research has two strengths. The first strength is that the prevalence of depressive symptoms
decreased, whereas health-related SC increased. This result was based on a longitudinal study using
a large population with a wide range of urbanites and 150,000 people in 44 municipal units with
various characteristics. The second strength was that we verified the validity of a core indicator of
an age-friendly city.

The results of this research may contribute to core indicators of socioenvironmental factors of
an age-friendly city, which engages itself in volunteer and sociocultural activities recommended by the
World Health Organization [40]. In Japan, after 2015, disability prevention focused on community
development. This critical study suggests that increases in health-related SC, due to community
development, may lead to decreases community-level depressive symptoms.

This research has three limitations. First, the target area of this study was 44 municipal units, which
means that we could not verify the independence of each health-related SC, and there is a possibility
that many factors could not be fully adjusted. However, we took advantage of the change between
two time points, which may have controlled for time-invariant unobserved and observed confounding
community characteristics [30].

Second, the use of repeated cross-sectional studies meant that we could not deny the possibility of
reverse causality, such that increases in SC could have occurred as a result of decreases in depression.
Other studies have demonstrated that the intervention promoting social participation in a community
center increase health-related SC [16,17]. In Japan, the shift in the disability prevention measures
allows the possibility that social participation in older adults is promoted by the increase in the number
of places where older people can easily be active and participate, which can increase health-related SC.

6. Conclusions

We indicated that increases in municipality-level health-related SC factors, such as civic
participation, social cohesion, and reciprocity, were related to decreases in municipality-level depressive
symptoms using a 5-year repeated cross-sectional design, adjusting covariates. Our findings suggest
that community SC interventions may reduce depressive symptoms in municipal units.

Supplementary Materials: The following are available online at http://www.mdpi.com/1660-4601/16/11/2038/s1,
Table S1: Health-related social capital (SC) 5-year change by using sampling methods.
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Sports group participation may have greater effects on health outcomes than exercising alone. Unhealthy life-
styles were reported to be specifically associated with lower socioeconomic positions (SEPs), and child poverty
and the bipolarization of sports participation are currently major policy concerns in children. However, it re-
mains unclear whether childhood SEP has any long-latency effect on sports group participation among older
Japanese. Data were obtained from the Japan Gerontological Evaluation Study 2010 project, which used self-
report questionnaires to survey individuals aged =65 years without disability from 27 municipalities
(n = 23,320). According to their answers, respondents were assigned to one of three SEP groups: high, middle,
or low. Poisson regression with robust variance and multiple imputations was used to examine the association
between childhood SEP and sports group participation. After adjusting for health-related factors, low childhood
SEP was negatively associated with sports group participation in men (prevalence ratio [PR] = 0.82, 95%
confidence interval [CI] = 0.74-0.91) and women (PR = 0.88, 95% CI = 0.80-0.97). The PR was greatly
attenuated after adjusting for educational attainment in both men (PR = 0.92, 95% CI = 0.83-1.02) and women
(PR = 0.98, 95% CI = 0.89-1.08), and the significant association disappeared. Low childhood SEP is thus
associated with lower sports group participation among older Japanese, though this may be attenuated by
education. These findings suggest that it may be necessary to consider childhood SEP and the importance of
education to increase sports group participation at an older age.

1. Introduction an important determinant of later physical activity (PA) in adulthood

(Elhakeem et al., 2015; Juneau et al., 2015). However, as there are

Childhood socioeconomic position (SEP) are powerful predictors of
health outcomes such as cardiovascular mortality, all-cause mortality
(Cohen et al., 2010), and others (Galobardes et al., 2008; Rocha et al.,
2019; Tamayo et al., 2010). Thus, since socioeconomic inequalities in
childhood health have multiple adverse health consequences in later
life, tackling these inequalities is an important public policy goal. Un-
healthy lifestyles are reported to be correlated to a lower SEP (Foster
et al., 2018). Several systematic reviews suggest that childhood SEP is

fewer studies on older adults, it is not still completely understood
whether childhood SEP contributes to later PA in old age.

The health benefits of PA for people of all ages are widely estab-
lished (Lee et al., 2012; World Health Organization, 2018). In parti-
cular, sports group participation includes not only physiological bene-
fits through increased PA but also psychological and social benefits
through social participation beyond improvements attributed to in-
dividual types of PA (Eime et al., 2013; Farrance et al., 2016). A large
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cohort study of Japanese older adults showed that people who parti-
cipated in sports groups showed a greater likelihood of avoiding func-
tional disability than those who exercised alone (Kanamori et al.,
2012), and that increasing the frequency of sports group participation
alleviates worsening depressive symptoms compared with increasing
daily walking time (Tsuji et al., 2017). In addition, another longitudinal
study revealed that exercising with others has a more positive impact
on mental well-being than exercising alone (Harada et al., 2019).
Moreover, randomized controlled trials showed that social relations in
exercise programs improved loneliness in older adults (Ehlers et al.,
2017). This growing evidence suggests the possibility that sports group
participation has a greater effect on health than PA alone, such as
walking.

Understanding the association of childhood SEP with sports group
participation among older adults may provide important insights into
the pathways through which socioeconomic inequalities lead to life-
long adverse health consequences. It is particularly meaningful to ex-
amine this association among the Japanese people with a high relative
child poverty rate (one in seven) (Ministry of Health, Labour and
Welfare, 2018; OECD, 2019), along with the ongoing bipolarization of
sports participation (Sasakawa Sports Foundation, 2015). However,
most previous studies were based on American or European populations
and have shown the association with PA, and no studies have examined
whether childhood SEP later contributes to sports group participation
among older Japanese adults. Therefore, this study aimed to examine
the association between childhood SEP and sports group participation
among Japanese older adults.

2. Methods
2.1. Study participants

This study utilized data from the Japan Gerontological Evaluation
Study (JAGES) (Kondo and Rosenberg, 2018). The JAGES was estab-
lished in 2010 to evaluate the social determinants of healthy aging
among non-disabled people aged 65 or above, sampled from 31 mu-
nicipalities in 12 of the 47 prefectures throughout Japan. From August
2010 to January 2012, a self-administered questionnaire was mailed to
169,215 community-dwelling individuals aged 65 or above who were
physically and cognitively independent and living independently.
Random sampling was used in the 16 large municipalities, while the
questionnaire was sent to all eligible residents in the 15 small munici-
palities. Of the eligible participants, 112,123 returned the questionnaire
(66.3% response rate) (Fig. 1). The JAGES questionnaire consisted of
basic questions to be answered by all respondents, as well as five se-
parate modules that were randomly allocated to participants (20%
probability for each module). Of these, one data module, which in-
cluded items related to childhood SEP (23,320 respondents; 10,657
men and 12,663 women), was used in this study. In this cross-sectional
study, the analysis included 22,311 participants (10,276 men and
12,035 women) after excluding participants who reported limitations in
activities of daily living (n = 1,009), defined as being unable to walk,
take a bath, or use the toilet without assistance, and who were mis-
takenly included in the study (Fig. 1). The JAGES protocol was re-
viewed and approved by the Ethics Committee on Research of Human
Subjects at Nihon Fukushi University (Approval No. 10-05). Written
informed consent was assumed from the voluntary return of the ques-
tionnaire.

2.2. Participation in sports groups

This was assessed using the following question: “How often do you
participate in a sports group or club?” Those who answered, “almost
every day,” “2 or 3 times a week,” “once a week,” “once or twice a
month,” “a few times a year,” and “never.” To examine the differences
between people who have never been interested in sports group
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Enrollment in the JAGES 2010 survey
(N =169,215)

Non-respondents to the survey
(n=57,092)

A 4

Respondents (n = 112,123)
(Response rate: 66.3 %)

| Respondents of other module questionnaire
(n = 88,803)

A 4
Respondents of module questionnaire
including childhood SEP*! item
(n=23,320)

_o| Excluded from analyses
* ADL limitation*? (n = 1,009)

A 4

Participants for multiple imputation analyses with all variables
(n=22,311)

Excluded from analyses (n = 5,402)

* Missing data
-Sports group participation (n = 4,502)
-Childhood SEP (n = 900)

i Participants for multiple imputation analyses without outcome
i and explanatory variables
L (n=16,909)

Fig. 1. Flow chart of participant selection in the Japan Gerontological
Evaluation Study (JAGES) 2010 survey. *1 SEP: socioeconomic position. *2
ADL: activities of daily living.

participation and those who have participated in sports groups, the
participants were classified into two groups: “Non-participants (never)”
and “Participants (other than never),” in accordance with a previous
study (Ashida et al., 2016). Sports group participation included parti-
cipation in not only team sports, but also sports organizations.

2.3. Childhood SEP

This was retrospectively assessed by recalled subjective SEP using
the following question: “How would you rate your socioeconomic status
at the age of 15 years according to standards at that time?” Responses
were arranged on a five-point Likert scale: “high,” “middle-high,”
“middle,” “middle-low,” and “low.” These responses were allocated to
three categories: high (including “high” and “middle-high”), middle,
and low (including “middle-low” and “low”) to maximize the sample
size for each category. This method has previously been validated using
siblings’ data (Ward, 2011). Moreover, recalled subjective SEP in
childhood has shown a good correlation with adult height (as a proxy
for childhood nutrition) and/or homeownership (Fujiwara et al., 2014;
Tani et al., 2016; Yanagi et al., 2017).

2.4. Covariates

Based on previous studies (Kanamori et al., 2012; Tani et al., 2016;
Yamakita et al., 2015; Yanagi et al., 2017), the following variables were
used as covariates. As health-related factors, age (continuous variables),
current medical treatment (yes/no), instrumental activities of daily
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living (IADL), self-rated health, depression, body mass index (BMI),
smoking status (non-smoker, ex-smoker, current smoker), alcohol in-
take (non-drinker, ex-drinker, or current drinker), marital status
(married, widowed, divorced, single), providing emotional social sup-
port (yes/no), and receiving emotional social support (yes/no) were
included. IADL was assessed using the Tokyo Metropolitan Institute of
Gerontology Index of Competence (“good” [5 points] or “poor” [0-4
points]) (Koyano et al., 1991). Self-rated health is a subjective indicator
that reflects the overall health status. In this study, we evaluated this
indicator by asking the following question: “How is your current health
status?” The possible responses were “excellent,” “good,” “fair,” and
“poor.” Depression was measured using the short version of the Ger-
iatric Depression Scale-15 (Japanese version) and was categorized into
three groups (“no” [0-4 points], “mild” [5-9 points], “moderate to
severe” [10-15 points]) (Nyunt et al., 2009; Schreiner et al., 2003).
Body mass index (BMI) was calculated from self-reported height and
weight (kg/m?).

2.5. Mediators

According to a previous study, height (Fujiwara et al., 2014), edu-
cational attainment (Frenz et al., 2017; Galobardes et al., 2008; Lawlor
et al., 2006), and adulthood SEP (Cheval et al., 2018; Umeda et al.,
2015) were used as potential mediators. These variables were assessed
from the self-reported questionnaire. Height was used as a proxy for the
childhood nutritional environment and disease history (Silventoinen,
2003), and was categorized into five groups at 5 cm intervals for each
sex, as shown in Tables 1-3. Previous studies confirmed a high corre-
lation between self-reported and measured height among older people
in Australia (Ng et al., 2011). Educational attainment was assessed
categorized into three groups by years of schooling (<10, 10-12,
=13 years). As indicators of adulthood SEP, current annual household
income, which reflects SEP in old-age, and longest-held occupation,
which reflects SEP in middle-age, were included. Annual household
income was calculated by dividing household income by the square root
of the number of household members and categorized into three groups
(<2.00, 2.00-3.99, =4.00 million yen). Since previous studies have
confirmed that the Japanese managerial/professional class appears to
potentially experience a higher CHD risk compared to other occupa-
tions (Zaitsu et al., 2019), longest-held occupations were categorized
into three groups: non-manual occupations (professional, technical,
managerial work), manual occupations (clerical, sales/service, skilled/
labor or agriculture/forestry/fishery worker, other), and no occupation
(Tani et al., 2016).

2.6. Statistical analysis

Because sex has been shown to influence the relationship between
childhood SEP and physical inactivity (Cheval et al., 2018)—and be-
cause, as noted by Hawkes et al. (2013), disaggregation by sex is es-
sential in health research—sex was controlled by conducting stratified
analysis.

To account for potential biases due to missing values, we conducted
multiple imputation analyses with 22,311 study participants, who ex-
perienced no limitations in activities of daily living. Following Sterne
et al. (2009), all variables included in the analysis, such as the outcome
variables, explanatory variables, and covariates, were imputed. Table 1
and Supplementary Table 1 presents the number of participants for
whom data was imputed (because of missing values). Under a missing-
at-random assumption, we created 20 imputed data using a chained
equation procedure (White et al., 2011). The estimated parameters
were combined using Rubin’s combination method (Rubin, 1987).
Poisson regression with robust variance was used to examine the as-
sociation between childhood SEP and sports group participation due to
the relatively high prevalence of the latter (>10%): in such cases, odds
ratios obtained from logistic regression models can significantly
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Table 1
Characteristics of participants of the Japan Gerontological Evaluation Study
(JAGES) 2010 survey (n = 22,311).

Men (n = 10,276) Women (n = 12,035)

n (%) n (%)

Participation in sport group
Participants 2,450 (23.8) 2,513 (20.9)

Almost every day 228 (2.2) 182 (1.5)

2 or 3 times a week 647 (6.3) 923 (7.7)

Once a week 497 4.8) 811 6.7)

Once or twice a month 474 (4.6) 347 (2.9)

A few times a year 604 (5.9) 250 (2.1)
Non-participants (Never) 6,084 (59.2) 6,762 (56.2)
Missing 1,742 (17.0) 2,760 (22.9)
Childhood SEP
High (high or middle-high) 937 9.1) 1,942 (16.1)
Middle 3,740 (36.4) 5,155 (42.8)
Low (middle-low or low) 5,057 (49.2) 4,173 (34.7)
Missing 542 (5.3) 765 (6.4)
Height*
Tall 1,460 (14.2) 553 (4.6)
Middle-tall 2,687 (26.2) 2,051 (17.0)
Middle 3,292 (32.0) 3,986 (33.1)
Middle-short 1,745 (17.0) 3,394 (28.2)
Short 846 8.2) 1,517 (12.6)
Missing 246 249 534 (4.49)
Educational level (years)
=13 2,250 (21.9) 1,472 (12.2)
10-12 3,365 (32.8) 4,324 (35.9)
<10 4,481 (43.6) 5,883 (48.9)
Missing 180 (1.8) 356 (3.0)
Annual equivalized income

(yen)

>4.00 million 1,064 (10.49) 1,005 (8.4)
2.00-3.99 million 3,630 (35.3) 3,401 (28.3)
<2.00 million 4,272 (41.6) 4,820 (40.0)
Missing 1,310 (12.8) 2,809 (23.3)
Longest-held occupation
Non-manual 3,367 (32.8) 1,099 9.1)
Manual 5,905 (57.5) 7,473 (62.1)
None 54 (0.5) 1,061 (8.8)
Missing 950 9.2) 2,402 (20.0)

SEP: socioeconomic position.

*Height in cm (men, women): tall (=170, =160), middle-tall (165-169.9,
155-159.9), middle (160-164.9, 150-154.9), middle-short (155-159.9,
145-149.9), short (<155, <145).

overestimate prevalence ratios (Barros and Hirakata, 2003; McNutt
et al., 2003).

Model 1 was first adjusted for health-related factors (age, current
medical treatment, IADL, self-rated health, depression, BMI, smoking
status, alcohol intake, marital status, providing or receiving emotional
social support). Next, Model 2 added height as a childhood circum-
stance to investigate how much it changes the association. In addition,
since several studies indicated that educational attainment resulted in
attenuation of the associations between low childhood SEP and adverse
health outcomes later in life (Frenz et al., 2017; Galobardes et al., 2008;
Lawlor et al., 2006), educational attainment was further adjusted in
Model 3 to examine whether it influences these associations. Ad-
ditionally, adulthood SEP (annual equivalized income and longest-held
occupations) was added to Model 3 to investigate the effect on parti-
cipants of all SEP (Model 4).

For sensitivity analyses (as a complete case analysis), different
multiple imputation analyses were performed for participants, which
excluded the missing values for sports group participation (outcome)
and childhood SEP (explanatory) variables (Supplementary Tables 2
and 3). In addition, sensitivity analyses with the cut-off setting of “once
or twice a month” for sports group participation were performed
(Supplementary Tables 4 and 5). All statistical analyses and multiple
imputations were performed using Stata/SE version 15.1 (StataCorp
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Table 2
Adjusted prevalence ratio with 95% CI for association of childhood SEP with participation in sports groups in older Japanese men in the Japan Gerontological
Evaluation Study (JAGES) 2010 survey with all variable multiple imputations (n = 10,276).

Model 1 Model 2 Model 3 Model 4

PR (95% CI) p PR (95% CI) p PR (95% CI) p PR (95% CI) p
Childhood SEP
High Reference Reference Reference Reference
Middle 0.93 (0.84-1.02) 0.136 0.93 (0.84-1.03) 0.175 0.98 (0.89-1.09) 0.714 0.99 (0.89-1.09) 0.826
Low 0.82 (0.74-0.91) <0.001 0.83 (0.75-0.92) <0.001 0.92 (0.83-1.02) 0.120 0.93 (0.84-1.04) 0.191
Height
Tall Reference Reference Reference
Middle-tall 1.00 (0.92-1.11) 0.849 1.03 (0.93-1.13) 0.596 1.04 (0.94-1.14) 0.469
Middle 0.93 (0.84-1.02) 0.127 0.96 (0.87-1.06) 0.390 0.98 (0.89-1.07) 0.620
Middle-short 0.90 (0.80-1.01) 0.076 0.95 (0.85-1.07) 0.428 0.98 (0.87-1.10) 0.689
Short 0.81 (0.69-0.95) 0.010 0.87 (0.75-1.02) 0.094 0.91 (0.77-1.06) 0.223
Education (years)
=13 Reference Reference
10-12 0.90 (0.83-0.97) 0.005 0.93 (0.86-1.01) 0.083
<10 0.70 (0.64-0.76) <0.001 0.75 (0.69-0.82) <0.001
Annual equivalized income
=>4.00 million yen Reference
2.00-3.99 million yen 0.94 (0.86-1.04) 0.225
<2.00 million yen 0.86 (0.78-0.95) 0.003
Longest-held occupation
Non-manual Reference
Manual 0.86 (0.80-0.92) <0.001
None 0.69 (0.36-1.33) 0.267

SEP: socioeconomic position; PR: prevalence ratio; CI: confidence interval.
Model 1: Adjusted for health-related factors (age, medication, instrumental activities of daily living, self-rated health, depression, body mass index, smoking status,

alcohol intake, marital status, and social support).
Model 2: Model 1 + height.
Model 3: Model 2 + education.

Model 4: Model 3 + adulthood SEP (annual equivalized income, longest-held occupation).

Table 3
Adjusted prevalence ratio with 95% CI for association of childhood SEP with participation in sports groups in older Japanese women in the Japan Gerontological
Evaluation Study (JAGES) 2010 survey with all variable multiple imputations (n = 12,035).

Model 1 Model 2 Model 3 Model 4

PR (95% CI) P PR (95% CI) P PR (95% CI) P PR (95% CI) P
Childhood SEP
High Reference Reference Reference Reference
Middle 0.98 (0.90-1.07) 0.668 0.99 (0.91-1.08) 0.785 1.04 (0.95-1.13) 0.433 1.03 (0.95-1.12) 0.485
Low 0.88 (0.80-0.97) 0.011 0.90 (0.82-0.99) 0.025 0.98 (0.89-1.08) 0.724 0.98 (0.89-1.08) 0.674
Height
Tall Reference Reference Reference
Middle-tall 1.11 (0.95-1.29) 0.205 1.12 (0.96-1.31) 0.150 1.12 (0.96-1.31) 0.154
Middle 1.01 (0.87-1.18) 0.837 1.04 (0.89-1.21) 0.608 1.04 (0.89-1.21) 0.624
Middle-short 0.99 (0.85-1.16) 0.906 1.03 (0.88-1.20) 0.717 1.03 (0.88-1.21) 0.693
Short 0.85 (0.71-1.03) 0.091 0.90 (0.75-1.08) 0.242 0.90 (0.75-1.09) 0.280
Education (years)
=13 Reference Reference
10-12 0.91 (0.84-0.99) 0.032 0.92 (0.84-1.00) 0.057
<10 0.74 (0.68-0.82) <0.001 0.77 (0.69-0.85) <0.001
Annual equivalized income
=4.00 million yen Reference
2.00-3.99 million yen 1.09 (0.97-1.22) 0.144
<2.00 million yen 0.96 (0.86-1.07) 0.495
Longest-held occupation
Non-manual Reference
Manual 0.95 (0.86-1.05) 0.307
None 0.91 (0.79-1.04) 0.169

SEP: socioeconomic position; PR: prevalence ratio; CI: confidence interval.
Model 1: Adjusted for health-related factors (age, medication, instrumental activities of daily living, self-rated health, depression, body mass index, smoking status,

alcohol intake, marital status, and social support).
Model 2: Model 1 + height.
Model 3: Model 2 + education.

Model 4: Model 3 + adulthood SEP (annual equivalized income, longest-held occupation).
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LLC, College Station, TX, USA) with statistical significance inferred at a
two-tailed p-value of <0.05.

3. Results

Among all participants including missing values, 22.2% were sports
group participants (Table 1), and 49.2% of men and 34.7% of women
reported low or middle-low SEP in childhood, while 9.1% of men and
16.1% of women reported high or middle-high childhood SEP. Among
men, the percentages for 13 or more years’ educational attainment and
non-manual occupation were higher than among women.

The sociodemographic and health characteristics of the participants
are shown in Supplemental Table 1. The mean age (standard deviation)
was 73.9 (6.1) years (ranging from 65 to 101 years); 46.1% were men.
Among men, being married was higher than among women. By con-
trast, compared to men, more women were non-smokers, non-drinkers,
and had good IADL.

Table 2 shows the association between childhood SEP and the
prevalence ratio (PR) of sports group participation in older men.
Compared with the high childhood SEP group, the PR of sports group
participation was 7% lower in the middle childhood SEP group and
18% lower in the low childhood SEP group in the health-related factors-
adjusted model (Model 1). When analyses were controlled for height,
the point estimates of PR for participation in sports groups were very
slightly attenuated (Model 2). However, when analyses were controlled
for educational attainment, the PR in the childhood SEP group was
greatly attenuated (PR = 0.92, Model 3), and statistical significance
disappeared. This association was very slightly attenuated in the low
childhood SEP group after adjusting for adulthood SEP (Model 4).

When analyses were controlled for height, the point estimates of PR
for participation in sports groups were slightly attenuated, although
statistical significance remained the same (Model 2).

Among women, compared with the high childhood SEP group, the
PR of sports group participation was 12% lower in the low childhood
SEP group in the health-related factors-adjusted model (Model 1 in
Table 3). When analyses were controlled for height, the point estimates
of PR for participation in sports groups were slightly attenuated, al-
though statistical significance remained the same (Model 2). However,
when analyses were controlled for educational attainment, this asso-
ciation was no longer statistically significant (PR = 0.98, Model 3 in
Table 3). The association was almost unchanged after adjusting for
adulthood SEP (Model 4 in Table 3).

The sensitivity analysis that excluded the missing values for sports
group participation and childhood SEP variables exhibited similar re-
sults with slightly smaller PRs (Supplemental Tables 2 and 3). The
sensitivity analyses with the cut-off setting of “once or twice a month”
revealed that the point estimates of PR exhibited similar results with a
cut-off setting of “participants or non-participants” among men and
women (Supplemental Tables 4 and 5).

4. Discussion

This study investigated the association between childhood SEP and
sports group participation in older adults. Its results demonstrate that
low childhood SEP is associated with lower sports group participation
in older men, even after adjusting for health-related factors. After ad-
justment for educational attainment, the PR in the low childhood SEP
group was both greatly attenuated and more attenuated than when
adjusted for any other health-related or social characteristic in adult-
hood. This suggests that education may possibly shrink differences in
the association between childhood SEP and sports group participation
among older adults.

Despite inconsistencies in the results, prior evidence suggests that
low childhood SEP groups participate less frequently in leisure-time PA
in adulthood and early old age compared with high childhood SEP
groups (Elhakeem et al., 2015, 2017). Consistent with these studies, our
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study of older adults found that lower childhood SEP groups were less
likely to participate in sports groups. While both men and women
showed similar results, PR was consistently lower for men than women.
One possible explanation is a sex difference in the tracking of PA from
childhood to adulthood. Several previous studies have reported that
men show greater stability in tracking PA compared to women in all
phases of the life course (Telama et al., 2014). This difference is sup-
ported by findings that many life events, such as pregnancy, getting
married, or having small children, have a greater influence on the PA of
women than on that of men (Allender et al., 2008; Engberg et al., 2012;
Telama et al., 2014). In addition, it has been suggested that men are
more likely to participate in PA than women in childhood (World
Health Organization, 2018), and also that men from lower SEP groups
are more likely than women to engage in risky health behaviors, such as
smoking, an unhealthy diet, and physical inactivity (Lawlor et al.,
2006), which may be further explanations for the sex difference.

Our findings demonstrate that educational attainment has a
stronger effect than other factors in attenuating the association of low
childhood SEP with lower sports group participation in older adults.
Our findings showed that the PR for participation in sports groups re-
mained almost unchanged after adjusting for height, a variable often
utilized as a proxy for childhood nutrition. In contrast, after adjusting
for educational attainment, the PR in the low childhood SEP group was
greatly attenuated. This is consistent with many previous studies
(Elhakeem et al., 2015; Gidlow et al., 2006). Education is completed
early in the life course and associated with subsequent income, em-
ployment, social networks, and behaviors (Byhoff et al., 2017). More-
over, educational attainment is associated with numerous mental and
physical health outcomes (Byhoff et al., 2017; Kubota et al., 2017;
Ladin, 2008; Xu et al., 2016). Furthermore, those who achieve higher
educational attainment might have pursued a healthy lifestyle regard-
less of their personal income changes (Montez and Friedman, 2015).
Our findings support the importance of education in explaining the link
between childhood SEP and PA in adulthood (Elhakeem et al., 2015),
and show that education also explains the link between childhood SEP
and sports group participation in older adults. In the model, after ad-
justing for adulthood SEP, the PR remained almost unchanged. This
suggest that education more strongly mediates the association between
childhood SEP and sports group participation in adulthood than
adulthood SEP. Thus, although education mediates the association be-
tween childhood SEP later-life sports participation, further study is
called for to examine the indirect effects mediating educational at-
tainment.

The mechanisms that explain the association between childhood
SEP and later-life sports participation are not fully understood.
However, given the similarity of the association between childhood SEP
and PA (Flhakeem et al., 2015), educational attainment that increases
health literacy may be one possible pathway (Montez and Friedman,
2015). Lower childhood SEP tends to restrict future SEP (Byhoff et al.,
2017), as mentioned above. Another pathway may be the tracking of
PA. Numerous studies consistently show that children from families
with low SEP participate less in sports groups compared to high- SEP
children (Stalsberg & Pedersen, 2010), and participation in PA and
sports in childhood tends to be maintained throughout adulthood
(Cleland et al., 2012; Telama et al., 2014) and thus old age. For these
reasons, intervention to enhance educational attainment and promote
sports in childhood may be an effective investment to increase sports
group participation in future older adults. These childhood investments
may lead to extending healthy life expectancy in the future. Additional
studies conducting a mediation analysis are needed in order to de-
monstrate these associations and clarify the mechanism driving child-
hood SEP and sports group participation later in life.

4.1. Strengths and lsimitations

This study’s strengths include the large sample, comprising older
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adults from across Japan, and the inclusion of a wide range of variables.
To our knowledge, no prior study has investigated the association be-
tween childhood SEP and sports group participation in older adults. Our
findings establish childhood SEP as a new factor associated with sports
group participation among Japanese older adults.

However, several limitations of this study should be considered.
First, childhood SEP was evaluated retrospectively due to the cross-
sectional design and self-reported method and is therefore susceptible
to recall bias and could not establish causality. However, previous
studies have confirmed the validity of retrospectively evaluating sub-
jective childhood SEP (Ward, 2011) and childhood neighborhood
context (Osypuk et al., 2015). In addition, the childhood subjective SEP
was found to correlate with other objective indicators, of deprivation,
such as height and SEP achieved in adulthood (Sakurai et al., 2010).
Further studies are needed to examine whether there is a similar as-
sociation between objective childhood SEP and participation in sports
groups in old age. Second, since all measures were self-reported and the
health status of some items such as smoking status and alcohol intake
did not have detailed information, it is possible that measurement error
occurred. Third, for the sampling method, while randomization was
used in urban areas, the questionnaire was given to all eligible residents
in the rural areas due to the small number of residents. Fourth, the
generalizability of the results requires attention since this study did not
include older adults with long-term-care insurance. Finally, information
on participation in PA and in sports groups, including intensity, fre-
quency, and types, was lacking. It would be useful to understand the
mechanisms whereby childhood SEP affects sports group participation
in old age. Therefore, further robust studies, including participation in
PA and sports group participation at the early life stage, are needed to
clarify this association.

5. Conclusion

This study demonstrated that low childhood SEP is associated with
lower participation in sports groups among older adults, although this
association may be attenuated by education. Our study highlighted the
importance of education and implementing policies to tackle child
poverty in order to increase sports group participation across the life
course.
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Abstract

OBJECTIVES:
Lower socio-economic status (SES) may be associated with dementia later in life, but there
is inconsistent evidence supporting this claim. We aim to examine the association between

three SESs (education, job, and income indicators) and dementia onset in older adults.

METHODS:

Study design was a 6-year prospective cohort study. Participants included a total of 52 063
community-dwelling adults aged 65 years or older without long-term care needs from the
Japan Gerontological Evaluation Study. Outcome variable was dementia onset.
Explanatory variables were educational years, the longest job held, and equivalised
household income. We performed Cox proportional hazard analysis by gender with multiple

imputation.

RESULTS:

During the follow-up period, 10.5% of participants acquired dementia. The adjusted risks of
dementia incidence of the participants with less than 6 years of education were 1.34 times
(95% confidence interval [CI], 1.04-1.73) in men and 1.21 (1.00-1.45) times in women
higher than those with more than 13 years of education. Females with less than 1.99 million
yen (hazard ratio = 0.83, 0.72-0.96) of equivalised income were less likely to acquire

dementia than those with four million yen or higher.

CONCLUSIONS:
Educational attainment had a robust impact on dementia onset compared with the other
SES factors in both genders of older Japanese people. Securing an education for children
could be crucial to prevent dementia later in life. The longest job held was less likely to be

risks of dementia incidence, compared with the other two factors.
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Bl 2R, ARIZRAR A E EAL STV 2 s - F5EE & L Cid, B KB MO EBIAMEIE (&
1), HXBHEDOAR—=Y D« Z7V—T7H (F1-5), B XLEOBKOE - 7 /v—T5H0
(#£16), AKE BROBLOHIED N2 ~DIEHH (£ 1-9). B XEMEOHURD A% DB)T &
W (£ 1-10), BROBLOES LAY RELY (F1-12), HXEMEOREDL LAY 3E LW
(& 1-12) MR,

i TRV RN TIZE ORI AT H LT D - 18R & LTk, HX B &oE
Bl F 1), BREMKOZZZ (£12), BREMHOBEEE (F1-3), AKEB
KDOBLDAR=Y D5« ZA—TBh (£ 1-5) . B KLMEOHIRD A% DBT AV (3 1-
10), BRBLDOEDL LAY BELLY (£ 1-12) 7 EHGE Sz,

7. EEE TIE RV AJE TIEEL 225> TV D il - $51E & LTl D IK&to 8l
B (R 1-1) OMUEEIE (£ 1-3), RO - Z70—73M (R 1-6), CRBMEDORT T 4
T O TN—THN (& 1-4) OBKOE - Z—T50 (F16), CRLMEDAR—YD
& TN—TBI (F1-5) RENRLLILZ,

®1-1. THROBRR (20-64m: &\, EH &\ [HFE] L 66mUE ETH LWL, Eh LW [44E] )

2 - 20-39%% 8 - 40-645% B - 65-745% 2 - 75m%—
n ZLEE B n ZLEE IEAL n ZEEE IEAL n ZLEE B

AKX 106 59.4% 2 124 44.4% 3 185  88.6% 6 142 831% 5
B 91  53.8% 7 104 37.5% 7 180 82.8% 8 174 79.3% 8
CK 131 58.8% 3 241 42.3% 4 427 90.6% 4 314 85.7% 2
DX 151 61.6% | 241 35.3% 8 374 90.9% 3 sz 87.1% |
EX 160 58.8% 4 250 46.4% 2 346 86.4% 7 270 85.2% 4
FE 52 s2.4% | N 138 50.0% [ 198 91.9% 2 164  81.7% 7
G 201 55.2% 6 259 38.6% 6 415 92.0% 219 82.2% 6
HIX 59 57.6% 5 o 202 [ R 186 80.1%- 153 77.8% | SN
Ix 107 53.3% 8 185 38.9% 5 311 88.7% 5 228 85.5% 3
Total 1,088 57.1% 1,633 40.4% 2622 88.8% 2,036 83.8%

% - 20-397% % - 40-647% % - 65-747% % - 758

n ZEEE B n ZEEE B n ZLEE B n Bl -l

A 179 58.7% 4 155 50.3% 2 218 89.9% SN 199 86.4% 5
B 100 54.0% SN 144 31.9% 8 201 91.5% 2 246 85.8% 7
CX 202 58.6% 5 302 39.7% 5 443 91.4% 3 200 ov3% | N
DX 254 55.5% 8 336 44.3% 4 79 9r.9% [N 357 88.5% 3
EX 244 64.8% [N 337 51.3% || 397 90.9% 5 349 84.8% 8
FIX 160 60.0% 2 221 45.7% 3 230 91.3% 4 250 86.0% 6
GX 263 55.9% 7 380 39.3% 6 435 90.6% 7 230 90.9% 2
HX 80  57.5% 6 18 32.2% 7 203 90.1% 8 210 80.5% [N
IX 149 59.7% 3 210 31.4% SN 377 90.7% 6 259 88.4% 4
Total 1651  58.5% 2212 41.8% 2,983 91.0% 2399 87.1%
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F1-2. BEIFEUADRE

2EZ (BY)

% - 20 39% B - 40 647% B - 65 74 B - 755
n ZLEE NEfL n ZLEE IEAL n ZEEE B n ZLEE B
AKX 106 83.0% 3 124 815% 8 185 62.7% 6 42 47.2% 5
BIX 91 79.1% 5 104 77.9% [N 180 48.9% [N 174 42.0% | N
CK 131 77.1% 7 241 90.0% 3 427 60.7% 8 314 48.4% 3
DX 151 ss.4% [ R 241 88.4% 4 374 63.9% 4 372 50.0% [ NN
EX 160 79.4% 4 250  87.6% 5 346 67.9% 2 270 49.3% 2
FIX 82 78.0% 6 138 90.6% 2 198 67.7% 3 164 44.5% 7
GX 201 83.1% 2 259 91.1% | a5 es.0% [ R 219 42.9% 8
HE 59 71.2% [N 91 86.8% 6 186 60.8% 7 153 46.4% 6
Ix 107 76.6% 8 185 83.8% 7 311 63.3% 5 228 47.4% 4
Total 1,088 80.1% 1,633 87.3% 2622 63.4% 2,036  47.0%
% - 20-39% % - 40-64% Z - 65745 % - 5%
n ZHEE NEAL n ZEEE B n ZLEE B n ZLEE IERL
Al 179 72.6% 2 155  76.8% 6 218 56.4% 8 199 51.8% 2
B 100 75.0% [N 144 715% 8 201 57.2% 7 246 50.8% 3
CK 222 72.5% 3 302 81.1% [N 443 62.1% 4 299 50.5% 4
DX 254 70.5% 4 336 75.3% 7 479 64.5% 2 387 47.9% 6
EX 204 67.2% 8 337 78.0% 5 397 61.2% 6 349 53.0%
FR 160 67.5% 7 221 78.3% 4 230 63.0% 3 250 39.2%-
G 263 69.6% 5 389 79.4% 3 435 64.8% 230 43.9% 8
HEX so  625% [ SN 118 71.2% [N 203 54.7%- 210 50.5% 5
IX 149 68.5% 6 210 81.0% 2 377 61.5% 5 259 47.1% 7
Total 1,651 69.8% 2212 11.7% 2,983 61.5% 2399 48.4%
£K1-3. REORELE (HY)
B - 20-39% B - 40 647% - 65 74 B - 755
n ZLEE B n ZLEE IEAL n EEE = -1 n ZLEE B
AR 106 29.2% 8 124 26.6% 4 185 21.6% 4 12 17%
BX 91  25.3% 3 104 36.5% SN 180 35.0% SN 174 10.9% 7
CK 131 22.9% 2 201 27.4% 5 427 22.0% 6 314 8.9% 2
DX 151 25.8% 5 201 24.9% 2 374 21.9% 5 372 9.4% 4
EX 160 27.5% 7 250 24.0% [N 346 19.7% 3 270 10.4% 5
FIR 52 20.7% | 138 29.7% 7 198 23.7% 7 164 9.1% 3
GX 201 25.4% 4 259 25.9% 3 a5 16.1% [N 219 10.5% 6
HEX 5o 0.7 | SR 91 275% 6 186 26.9% 8 153 16.3% | SR
Ix 107 26.2% 6 185  30.8% 8 311 19.6% 2 228 13.2% 8
Total 1,088  26.4% 1633 27.4% 2622 21.8% 2,036  105%
% - 20-39% % - 40-64% % - 65745 Z - 5%
n ZHEE A n ZEEE B n ZLEE B n ZLEE IEAL
AKX 179 7.3% 5 155 14.2% 8 218 12.4% SN 199 1.5% 2
B 100 10.0% 144 13.9% 7 201 10.4% 8 26 5.7% NN
CK 222 4.5%- 302 7.6% 4 M3 3.8% 4 209 3.0% 6
DX 254 9.1% 7 33 11.0% 6 479 3.5% 2 57 v
EX 204 53% 2 337 6.8% 2 397 45% 5 349 17% 4
FIX 160  5.6% 3 21 1.2% 3 230 6.5% 6 250 1.6% 3
GX 263 5.7% 4 389 6.2% 135 23% | 230 17% 5
HIX 80  7.5% 6 118 19.5%- 203 7.9% 7 210 3.8% 8
Ix 149 9.4% 8 210 8.1% 5 377 3.7% 3 259 3.5% 7
Total 1,651  6.8% 2212 9.3% 2983 5.2% 2399  2.5%
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R1-4. K7 TF4T70OR - F—78mM (ALELE)

% - 20-395% B - 40-647% % - 65747 B - 758
n ZLEE NEfL n ZLEE IEAL n ZEEE B n ZLEE B
AKX 106 1.9% 4 124 65% 2 185 11.9% 4 142 17.6%
B 91 0.0% [ SN 104 4.8% 4 180 6.7% SN 174 8.6%
CK 131 0.8% 8 241 3.7% 7 427 13.3% 2 314 16.2% 2
DK 151 1.3% 6 241 41% 5 374 12.3% 3 372 13.2% 5
EX 160  3.1% 3 250 5.2% 3 346 10.7% 6 270 12.2% 8
FIX 82 1.2% 7 138 2.2% S 198 9.1% 8 164 12.8% 6
GIX 201 4.0% 2 259 2.3% 8 415 9.9% 7 219 15.1% 3
HE 59 5.1% o 7.7 | 186  11.8% 5 153 12.4% 7
IX 107 1.9% 5 185 3.8% 6 311 13.8% 208 14.9% 4
Total 1,088 2.2% 1,633 4.2% 2622  11.4% 2,036 13.8%
% - 20-397% % - 40-647% % - 65-T47% % - 758
n ZLEE B n ZLEE IEAL n ZEEE B n ZEEE B
AR 179 0.0% 8 155  58% 4 218 13.3% 8 199 12.6% N
B 00 2.0% 4 144 56% 6 201 15.9% 7 246 19.1% 5
CK 222 1.8% 6 302 5.0% 8 443 19.9% 2 299 19.7% 4
DK 254 2.8% 2 336 6.8% 2 479 19.6% 3 387 20.7% 2
EX 284 1.6% 7 337 5.6% 5 397 16.4% 6 349 17.8% 6
FIX 160 19% 5 21 oo% | 230 17.4% 5 250 20.4% 3
GIX 263 46% 389 5.9% 3 135 12.9% | SN 230 16.5% 8
HX 80 0.0%- ns 4% | SN 203 18.7% 4 210 21.4% |
IX 149 2.0% 3 210 5.2% 7 377 20.4%- 259 17.0% 7
Total 1651 2.1% 2212 6.0% 2,983 17.4% 2399 185%
®R1-5. RFE—V DR - -7 (ALEME)
% - 20-395% B - 40-647% % - 65747 B - 758
n ZLEE B n ZLEE IEAL n ZEEE IE6L n ZLEE B
AKX 106 208%| N 124 97% 8 185 21.1% 7 142 16.9% 8
B 91  17.6% 5 104 8.7% 180  17.8% 8 174 13.2% NN
CK 131 12.2% 7 241 14.9% 3 427 26.2% 4 314 24.2% 6
DK 151 18.5% 3 241 13.3% 5 374 23.8% 6 372 26.6% 4
EX 160 11.9% 8 250 13.6% 4 346 31.5% 2 270 25.2% 5
FI 82  18.3% 4 138 13.0% 6 198 25.3% 5 164 26.8% 3
GX 201 17.4% 6 250 16.2% [ R 415 32.0% 219 29.2 [ R
HE 5o 10.2% | ISH 91 99% 7 186 14.0%- 153 19.0% 7
Ix 107 187% 2 185 15.7% 2 311 27.3% 3 228 27.6% 2
Total 1,088 16.3% 1,633 13.5% 2622 25.7% 2,036 24.1%
% - 20-397% % - 40-647% % - 65-747% % - 758
n ZEEE B n ZEEE B n ZLEE B n B -{iv4
A 179 o5% | 155 12.9% [N 218 32.1% 7 199 23.6% 8
B 100 7.0% 4 144 15.3% 8 201 28.9% 8 246 19.5% [NNON
CR 202 5.4% || N 302 16.6% 6 443 34.1% 3 299 29.8% 2
DX 254 7.1% 3 336 17.6% 5 4719 36.3% [N 357 21.7% 5
EX 204 6.6% 6 337 20.8% 2 397 34.0% 4 349 32.7% [
FX 160 6.3% 7 21 24.0% 230 34.3% 2 250 24.0% 7
GIX 263 8.4% 2 38 19.3% 4 435 32.9% 5 230 28.3% 4
HE 80 6.3% 8 18 16.1% 7 203 27.1%- 210 24.8% 6
IX 149 67% 5 210 20.0% 3 377 32.6% 6 259 29.3% 3
Total 1651  7.1% 2212 185% 2983 33.1% 2399 27.1%
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£1-6. BY®OLK - FL—78m (ALELE)

% - 20-395% B - 40-647% % - 65747 B - 758
n ZLEE NEfL n ZLEE IEAL n ZEEE B n ZLEE B
AX 106 19.8% 3 124 145% | 185  23.2% 8 142 345% 3
B 91 231% 2 104 9.6% 8 180  25.0% 6 174 23.0% 8
CK 131 16.0% 6 241 12.9% 4 427 33.5% 4 314 32.5% 5
DX 151 15.9% 8 241 12.9% 5 374 27.8% 5 372 34.4% 4
EX 160 16.3% 5 250 14.4% 2 346 33.5% 3 270 31.9% 6
FX g2 24.4%| 138 8.0% oY 198 24.2% 7 164 31.1% 7
GX 201 15.9% 7 259 11.2% 7 415 36.4% 219 37.9% 2
HE 59 13.6% | SN 91 132% 3 186 19.4%- 153 203%
X 107 18.7% 4 185 11.9% 6 311 34.7% 2 228 38.2%
Total 1,088 17.7% 1,633 12.2% 2622 30.3% 2,036 32.3%
% - 20-397% % - 40-647% % - 65-T47% % - 758
n ZEEE B n ZEEE B n ZLEE B n ZLEE IEAL
A 179 14.0% 2 155 19.4% 5 218 46.3% 5 199 382% 8
B 100 9.0% 8 144 18.8% 7 200 36.3% [N 246 32.1% [NON
CK 222 9.9% 6 302 20.5% 4 A3 44.7% 7 299 46.5% 3
DX 254 9.1% 7 336 17.0% 8 479 46.3% 4 357 48.5% [ M
EX 244 13.5% 3 337 23.7% [ 397 47.1% 2 349 47.9% 2
FX 160 13.1% 5 221 21.3% 3 230 49.1% [ 250 41.2% 6
GX 263 13.3% 4 389 21.9% 2 435 46.0% 6 230 40.4% 7
HE 80 8.8% 118 12.7%- 203 41.9% 8 210 41.4% 5
IX 149 141% 210 19.0% 6 377 46.9% 3 259 45.6% 4
Total 1651  11.9% 2212 20.0% 2,983 455% 2399 43.1%
x®1-7. BIR%E - BiA&~0&M (B1EM L)
% - 20-395% B - 40-647% % - 65747 B - 758
n ZLEE B n ZLEE IEAL n ZEEE IE6L n ZLEE B
AKX 106 0.0% 7 124 1.6% 8 185 4.3% 42 9.2% 6
B 91 0.0% 7 104 1.9% 6 180 6.1% 7 174 115% |
CX 131 2.3%- 241 3.3% 4 427 11.0%- 314 10.2% 4
DX 151 1.3% 4 241 1.7% 7 374 8.6% 6 372 6.2% [ SN
EX 160 1.3% 5 250 2.4% 5 346 10.4% 2 270 10.4% 3
FIX 82 0.0% 7 138 L4 [ 198 5.6% 8 164 7.3% 7
G 201 15% 3 259 4.2% 3 415 8.7% 4 219 10.5% 2
HEX 59  17% 2 o 7% 186 8:6% 5 153 9.8% 5
IX 107 0.9% 6 185 5.4% 2 311 87% 3 228 6.6% 8
Total 1,088 1.1% 1,633 3.2% 2622 85% 2,036 8.9%
% - 20-397% % - 40-647% % - 65-747% % - 758
n ZLEE IEAL n ZEEE B n ZEEE  NEEL n ZLEE B
AKX 179 0.0% N 155 2.6% 7 218 8.7% 2 199 10.1% 7
B 100 2.0% 2 144 4.9% 2 201 7.5% 5 26 15.9% |
CR 222 32| 302 3.6% 5 443 8.6% 3 299 11.4% 5
DR 254 1.6% 5 336 5.1% 479 7.5% 4 387 12.3% 3
EX 244 1.6% 4 337 1.5%- 397 5.5% (SN 349 9.5% 8
FE 160 0.6% 8 221 2.3% 8 230 7.0% 6 250 8.4%
GX 263 1.9% 3 389 46% 3 435 6.0% 8 230 11.7% 4
HEX 80 1.3% 6 118 3.4% 6 203 9.4% | 210 14.8% 2
IX 49 0.7% 7 210 43% 4 377 6.6% 7 259 11.2% 6
Total 1,651  15% 2212 3.6% 2983 71.2% 2399 11.6%
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F1-8. KA - MIAL&S5%E (AIEME)

% - 20-397%

% - 40-647%

8 - 65-T45%

2 - 75m%-

EEE R

n

EEE R

n

EEE L

EEE

AKX 106 64.2% 3 124 46.0% | 185 55.7% N 142 59.9% 2
B 91 68.1% 2 104 337% 8 180 59.4% 5 174 51.7% 8
CK 131 58.8% 6 241 41.1% 6 427 56.7% 8 314 57.6% 4
DX 151 62.9% 5 241 41.5% 5 374 583% 6 372 54.8% 6
EX 160 56.9% 250 43.6% 4 346 62.1% 2 270 53.7% 7
FI 82 68.3%- 138 44.9% 2 198 61.1% 3 164 54.9% 5
G 201 63.7% 4 259 44.8% 3 415 56.9% 7 219 62.1%
HE 59 57.6% 7 o1 30.8% | NEH 186 59.7% 4 153 51.6%-
X 107 57.0% 8 185 38.9% 7 311 62.4% 228 58.8% 3
Total 1,088 61.8% 1,633 41.5% 2622 59.0% 2,036 56.2%

% - 20-397% % - 40-647% % - 65-T47% % - 158

B -Tiv4 n ZEEE B n ZLEE B n ZLEE IERL

AR 179 75.4% 2 155  65.8% 2 218 743% 8 199 78.4% |
B 100 71.0% 7 144 65.3% 3 201 72.6% [N 246 76.4% 3
CK 202 71.6% 5 302 51.3% 8 443 76.3% 4 299 74.6% 5
DX 254 74.0% 3 336 63.1% 4 ar9  s2.9% [ N 357 74.2% 6
EX 204 8.7 | 337 6.2 || 397 74.8% 7 349 71.1% 8
FIX 160 73.8% 4 221 57.0% 7 230 76.1% 5 250 76.0% 4
GIX 263 7L1% 6 389 6L7% 5 435 75.4% 6 230 72.2% 7
HX 80  70.0% 8 118 49.2% [ SN 203 78.8% 2 210 76.7% 2
IX 149 69.1%- 210 57.1% 6 377 71.2% 3 259 71.0%-
Total 1,651 73.2% 2212 60.1% 2,983 76.9% 2399 74.2%
FK1-9. DAL IZEFETES (5B, EBHLHEVIEZIRS) [20-64] . L THERATES, FHEHTES [65MULE]

% - 20-395% B - 40-647% % - 65747 B - 755

EEE R

n

EEE R

n

ZYEE A

EEE

AR 106 28.3% SN 124 27.4% [N 185  56.8% 7 142 58.5% SN
B 91 29.7% 8 104 32.7% 8 180 53.9% |G 174 60.9% 8
CK 131 47.3% 3 241 46.1% 6 427 68.6% 4 314 68.5% 5
DX 151 43.7% 4 241 49.0% 3 374 64.2% 5 372 65.9% 7
EX 160  48.8% 2 250 s6.5% | a6 70.8% | 270 68.5% 4
FX 82 43.8% | 138 46.4% 5 198 70.7% 2 164 68.3% 6
G 201 37.8% 7 259 49.0% 2 415 70.4% 3 219 70.8% 2
HE 59 39.0% 6 91 38.5% 7 186 55.4% 8 153 69.3% 3
X 107 40.2% 5 185 48.6% 4 311 64.0% 6 228 72.4%
Total 1,088 40.9% 1,633 46.2% 2622 65.4% 2,036 67.4%

% - 20-397% % - 40-647% % - 65-747% % - 158

B -Tiv4 n ZEEE B n ZLEE IEL n ZLEE IERL

AR 179 268% 8 155  381% 7 218 61.0% 8 199 59.8% [N
B 100 40.0% 7 144 37.5% 8 201 55.2% [NON 246 61.4% 8
CK 202 49.1% 3 302 52.6% 4 443 66.8% 5 299 69.9% 5
DX 254 47.2% 6 336 55.1% [ 479 65.1% 6 357 73.7% [
EX 244 55.3% [ N 337 54.9% 2 397 67.5% 4 349 71.6% 3
FIX 160 50.6% 2 221 54.8% 3 230 70.0% | N 250  72.4% 2
GIX 263 48.3% 5 380 49.4% 5 435 69.9% 2 230 70.9% 4
HX so  26.3% | SN 118 33.1% SN 203 61.1% 7 210 67.1% 6
IX 149 483% 4 210 44.3% 6 377 67.6% 3 259 66.0% 7
Total 1,651 45.6% 2212 49.1% 2,983 65.8% 2399 68.7%
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F1-10. $FOAL 3BIFE->TWS (583, £bdheVI3EZ585) [20-64i] . EOADRISIEF TS (L THZH5R

CEHZESRS)  [65mLE]

% - 20 39% B - 40 647% B - 65 74 ERNT
n ZLEE B n ZLEE IEAL n ZEEE B n ZEEE B
AR 106 14.2% N 124 19.4% [N 185 411% 6 142 38.0% SR
BX 91  19.8% 8 104 22.1% 8 180 36.7% 8 174 42.5% 8
CK 131 saqo | 241 32.0% 3 427 45.0% 5 314 535% 3
DX 151 29.8% 4 241 29.0% 6 374 45.5% 3 372 44.4% 7
EX 160 31.9% 2 250 36.4% | 346 45.1% 4 270 51.1% 5
FIX 82 26.8% 5 138 30.4% 5 18 48.5% I 164 45.1% 6
GX 201 29.9% 3 259 30.9% 4 415 47.2% 2 219 55.3% [ I
HEX 59 237% 7 91 231% 7 186 36.0% NON 163 53.6% 2
I 107 25.2% 6 185 34.1% 2 311 38.6% 7 228 53.1% 4
Total 1,088 27.3% 1,633 30.1% 2622 434% 2,036 49.0%
% - 20-39% % - 40-64% Z - 65745 Z - 158
n ZHEE IEAL n ZEEE B n ZLEE B n ZLEE IEAL
AR 179 15.6% [N 155 20.0% NN 218 48.6% 6 199 46.2% 8
B 100 35.0% 2 144 29.9% 5 201 45.8% 8 206 44.7% |00
CK 222 383% | 302 4v4% [N 443 51.0% 3 299 52.5% 6
DX 254 33.9% 3 336 39.9% 2 479 46.8% 7 357  56.3% 3
EX 244 33.2% 4 337 34.7% 4 397 49.9% 5 349 55.0% 5
FIX 160 31.9% 5 221 36.7% 3 230 51.3% 2 250  55.2% 4
G 263 28.1% 7 389 28.0% 8 435 50.1% 4 230 58.7% 2
HEX 80 25.0% 8 118 28.8% 7 203 42.4% 210 59.0% [N
IX 149 28.2% 6 210 29.0% 6 377 52.3%- 259 51.0% 7
Total 1,651 30.4% 2212 33.2% 2,983 49.1% 2399 53.4%
£1-11. @R O, 100
B - 20-39% B - 40 647% - 65 74 % - 755
n ZLEE B n ZLEE IEAL n ZEEE IE6L n ZLEE B
AKX 106 23.6% 2 124 16.1% 8 185 15.1% 6 142 18.3% 7
BX 91 20.9% 5 104 20.2% 3 180 14.4% 8 174 17.8% 8
CK 131 19.1% 7 241 19.9% 5 427 18.0% 3 314 17.5%
DX 151 21.9% 3 241 18.7% 6 374 17.1% 5 372 18.5% 6
EX 160 24.4% | 250 22.4% 2 a6 21.1% [ 270 20.7% 2
FX 82 20.7% 6 138 23.2% [ 198 18.2% 2 164 23.2% |
G 201 17.4% 8 259 18.1% 7 415 17.3% 4 219 20.1% 4
HEX 59 13.6% [N o oo SN 186 12.4% SN 163 203%
Ix 107 21.5% 4 185 20.0% 4 311 15.1% 7 228 19.7% 5
Total 1,088 20.6% 1,633 19.3% 2622 17.0% 2,036 19.4%
% - 20-39% % - 40-64% % - 65745 Z - 158
n ZEEE e n ZEEE B n ZLEE IEL n ZLEE IERL
A 179 21.2% | 155 28.4% | 218 183% N 199 24.1%
BX 100 29.0% 2 144 16.0% 8 201 21.4% 5 246 31.3% 4
CK 222 221% 8 302 202% 7 443 24.8% 2 299 29.1% 6
DX 254 27.6% 3 336 26.2% 4 479 24.2% 4 357 34.5% |
EX 204 3115 | 337 27.9% 2 397 21.2% 6 349 30.7% 5
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