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(BRI A, BEMOCHR & O rTRErE 2 i % 2. FRLEE~ DS 2 %)

(MONICA criteria)

(1) Definite focal signs
unilateral or bilateral motor impairment (including dyscoordination)
unilateral or bilateral sensory impairment
aphasis/dysphasis (non—fluent speech)
hemianopia (half-sided impairment of visual fields)
diplopia
forced gaze (conjugate deviation)
dysphagia of acute onset
apraxia of acute onset
ataxia of acute onset

perception deficit of acute onset.

(2) Not acceptable as sole evidence of focal dysfunction
Although strokes can present in the following way, these signs are not specific and cannot
therefore be accepted as definite evidence for stroke.

dizziness, vertigo

localized headache

blurred vision of both eyes

dysarthria (slurred speech)

impaired cognitive function (including confusion)

impaired consciousness

seizures

JEBEFLCZW 21TV, CT » MRI OB Z G ®R A2 Nk L CHE 217V, FIEE £ O FE 2RI
ROBERFIC W AT IR O RS 72 &0 b THEEB] ) & G R X0 MEEZ NI E S W TRTEEME: |
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kA 320 L. ICD-10 Code T® subtype |27 5,
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WHO Monica Criteria (EBPMLICAHARICOVWTHEYERBIZOZMATTLEELY
I Definite focal signs ELyELR
unilateral or bilateral motor impairment (including dyscoordination) EBIETF (IHFEENET)
unilateral or bilateral sensory impairment FEE[E=E
aphasis/dysphasis (non-fluent speech) <4kIZfE/HEFEE (FEFE)
hemianopia (half-sided impairment of visual fields) *§H
diplopia #&%#
forced gaze (conjugate deviation) 3&#E1R/ &k FiFHR
dysphagia of acute onset EET[EE
apraxia of acute onset %17
. ataxia of acute onset EBh%kER

10. perception deficit of acute onset. ££E83
I Not acceptable as sole evidence of focal dysfunction

OO0~ Ol & O —

1. dizziness, vertigo FE)EHFEL - EEEMEDHFEL
2. localized headache B FrEESR
3. blurred vision of both eyes FERDHT &
4. dysarthria (slurred speech) #EIEEE (FHHE)
5. impaired cognitive function (including confusion) =RHIET (§E3)
6. impaired consciousness EHIET
7. seizures H{E
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SUI = EIRAEE DR 228 44 D BE CEH4ED 46 %, MEUERZE 12. 8 i, A IKAEH 20 /%, femdE
W5 75 7%) T BREMEOMHTICIZZ ERr P AT 1 v 7 BFZ AV, FEETEEER D A > XA HEE
L7, LAWY 1 A Y4720 HEReRIss 7 Refl 28z 9 RERILL T o 5 @Rsfish 7 20 — (>
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uz )=l 10 (9%) 35 {32%)
i 52 (24%) 46 (21%)

LI 17 [36%) 71 (45%) 9 (19%)

o 129 [44%) 121 (41%) 43 (15%)

FRARE—Egl-=8- =5 31 {43%) 20(31%) 13 (209)

#a 11(21%)  12(23%)

Bk 32 [45%) 12 (25%) 21 (30%)

HARE 27(19%)  30{21%)

iR RS- & S0 CER T - AR - BRHD - &) 39 [43%) 24 {30%) 18 {22%)
Eeh 55(27%) 41 (20%)
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REHERBA FHEHAR: 200844 A ~201343R
RENE | mBA | T e aan ATy |\BBEM(ATS)  |AARSSEREE
FERLFE L (X 69.3 0.8 2.4 years
4EBIER | 2RERR ELE 49.1 0.4 1.9 years
2BELEER p<0.01 HEELL HEEHGL
EMELE(EMR) 36.0 1.3 1.7 years
RS 5D%% EXE 414 0.4 2.6 years
2BELEER p<0.01 p<0.01 p<0.01
SERRE & () 171 - 1.3 years
ARy | AREmEE sgepr | 300 - 3.0 years
2BELEER p<0.01 AEELL p<0.01
JEFRFE L (R 39.9 2.2 2.0 years
FIRIRIEE Eﬁﬁzﬁﬁg MEXM 33.1 16 1.1 years
2BELEER p<0.01 AERELGL p<0.01
FEMEXME (R 23.1 15 1.2 years
mARDNA [ EAA MELM 16.4 14 1.0 years
2BELEE p<0.01 BEELL BEEGL

NBBRERE(|ZDUVTIIFisher's Exact TestZH|
B HARS (P {E) (2D T IEXMann-Whitney's U testZFI| B

XEEE BB DICD-10%& B4 (E11/E78/110-115) M5%  2RIHEFRE (E11) DIERELL &KL= D

XEEHEEDICD-105KE 4 (F30-F39)D55, 5O5F (F32)DIERELLE L= D
XAREEDICD-10KE4 (N80-N94) D5 . AREE#IE (N9 DFERELELI-ED

X B RIRFEEICD- 105K B4 (E00-E07)D 55, EIRARMEREFUHESE (E05) DIERELLEILI-HD
XIFAFIAYA (C51-C58/D06/D07)D 55, EMA(C50) DIFERFLLELI-LD

A:

2 Inui, Ito (2017) et.al.

Y7

1 if having taken medical check-up
All sample, 2013

75

65
L

30 35

= Cohort mean

Used kernel = Epanechnikov, order of LFR = 4

50 30

D il B R

B: ERRERBRINAZ S L—T

1 if having taken medical check-up
National health insurance holders, 2013

45 S0

o Cohot mean —— LPRfit ————- 12se
Used kernel = Epanechnikov, order of LPR = 4
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H256 | H26 | H25 | H26

21.4%.216%.. |

156%  14.4%

H25

T178% 7 181%

291% 26.2%

343% 84T% 3119 313%

Hoe | H25 | H26 | Hes | Hoe | Hos |

H26 | H25 | H26

251% 262%

H25 | H26

ﬁmﬂﬂiiﬁﬁ'@T RBHRIERS | DMTITRIER  BMTTRER BMTRER DENTXESR BRENNSS | BRENNSSE
TE

& - PEiE SNE - DS TE SNE - PEIE | RERL)
(40~64m) | (40~64m) | (B56~T4m) | (65~T4)
EREIBZDOENE@EN sWEID ofiDBIC B (6HBAXE)  oC (6HhAML)
20
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55 PRIV G PR AT 5 2 5 2 il B

Srapt RS &

VT ADT LAF—HREImEICE TS
< Vv 2AZOTOT T —X-20DFE N E|

WHREFE TR © Y 2Ty ZERERFRESRUIER Y B
WFFEto 0 - A ERAC, /AR 1T, TREIR BIEORER, JHEAS O, #R1L fHR, APH B4R, Hhal il

ZHEARERFBEE E AR WTTERE g R
KL yy v w89 a ) F AT 2ER, LE KRR, F I
ZHEARERABEE E AT R
P R R E R G RIHE - % v U 7 SRR
it e =ERPRPBE T R FERHA LA PR
HE & ZERPHREER v 2 —

=

S SR, ALY e SOE D BZE B X OB I X o THHM O T 5 N B 1B TERE
MHEBETH 2, v~ Vv s R A2 70577 —€-2(MMP-2) i3, EHEEICENT
MRS IEE % v o3 7 o e ERFIHIT 228, BUEREXHE ToREIZ X br o
Ty, AT, BT L AF—USAE X MEICE T 5 MMP-20D 3% % #iat
L7,

M S BE2T AN L EI8BAoMEL + MMP-2iEE 2Lz, £72. & b
MMP-2% @RI 7~y X (TG) ¢HAEMy 2A(WD %, AT ALT7 IV
(OVA)CREEL 7215, WMAMRBL CT LA F MR 23HE L, B oEE % ik
L7z, ®MIAE LTTG & WT = v RICAEHRHIKZREL 72,

fHH L LT, MEERFEICE T2 MMP-2I2 3 &2 > 72, TG/OVA
. WT/OVA Bf& ik L <, ARV SGEBR M, Th2y- 4 b A4 v IgE 8
ExRL7, $72. & MMP-20F{E T Ccho~7u 77— UEliE, M7 v 7
7 =V ~Do LR EICHER L 7,

KW 5. MMP-228 Ml=2 07 7 —YoatiftzRET s ick-T, 7
L F — RS O SR ENICE S L CTW B 2 ETRB I N,

139




A THFEEW

SUE SR, ALY 7 SUE O F%E B X
OSEBUEIC X o TRID T & 1 2181 58
PEECTH 0| SRS o L -k
BxFIh&, MEgZErv&scd, <t
Vy 7 2xzua 757 —+-2(MMP-2)
IZ. )1272kDa @ 7 v 7 7 - CHI A LR
RYNRTDAT =T VA - TR L
fHl L % B D lidias CAEAR S i B A e %
HoTwa et InTwna, EENSER
WA, MMP-22s RIEHES A4 F A4 V.7
ENAVERAFMITEEIWE TN TND
2, AUSAEYHECOREII LS b o
T, RIfFEClx, BET7TLAF 1%
SEYWEICE T 5 MMP-20 % % kit
L7,

B. iFFE 7k

I B EE27TANLEEFIBAOMIEE T
MMP-2{RE % HE L 72,

2. CAG vector #fi\wTt b MMP-22%8
FIPFEA X5 transgenic v AR {ERLIL |
YRR 7 v 7 2 v (OVA) Ic TRAE 3BT 2
BEETNVEETL7Z, © b MMP-2%#
FHHAI v 2 (TG) L¥AEM <Y
AZ(WT) %, OVA TREAEL 722, W AR
LCTLAF R 28 L., JEEDME
BELEL7Z, e LT TG & WT «
v A EROKZRE L 72, 2 ORHEC
DWW CAGEEBUE. BALF- it co 44
FAh A v DEE T O NS RE SRR & S
L7z

3.IC-21l~w7uvuz77—%%t  MMP-20D
TFEETTREL, MATIL-4 - IL-131c X
5 M2EEE D 1T, il % 34 L 72,
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C. WIsefs R

1. @& LRl <, mEREICEIT 5
MMP-2R 3 H EITK 2 5 72,

2. TG/OVA #ix., WT/OVA B & bl L
T, BREIERWSUERHEE, Th23 4 b A
A v IgEREZR L7,

3. b} MMP-20HF(ETFCTO~70 7 7
— VT, Ml a7 7 — I ~D4
b x BRI L 7=,

D. Z%

Sk, BUIL, SUBEmEE, ek
EESIEMRECTH D, AT XA THH 503,
FEAEIEITLAF—ICHET S,
AWFEClE. AT LA F —HREHE
ICE1F 2 MMP-20&E| 2 RET3 % 7290,
t F MMP-22%@58EE X 415 transgenic
~ 7 A E{EHLL OVA Ic TEIE-FHT 2
IBEETVEME L, Z N2 B4R L g
L7z, MMP-225@8EEINE~ T AT
X, AEICECSOEREE, Th2Hy 4 7
A v IgEREZ/R L, MMP-2137 L v
F— M I REN R ZEH R R LTw B
DTV rLEEINZ, —F. e D
T LoV ¥ —li R o iE MMP-232 1 (1%
fEEAL D DKL, 2D EhbDH, KW
MMP-2237 L L ¥ —Ht KICBH 5. LT 3
TERRBEINT, WL OO TIE,
MMP (Z~7 v 77— D M1/M25HRIC
WEERG 25 EREINTWS, M
phenotype (X Th2 cytokine @ FEH % #iffi 3
5, ThboZ e XY, MMP-2iZ, M1+~
ru 7y =Yookt zREST s itk
- T, Th2ic X 2 ffE)SzMEIL. 7L
N F —ha IR ERN I T w3 D TlE A
W bkEZ LN,



KWFgE D5, MMP-228 Ml=2 a7 7
— Vot ERET 2 LiIcLoT, T
LV F — PR SUVE SO B IS PRERICBI 5 L C
Wb EBTRBI N,

G. WF%esR

LR
(DOnishi M, Kobayashi T, D'Alessandro-
Gabazza CN, Fujimoto H, Chelakkot-
Govindalayathil AL, Takahashi Y, Yasuma
T, Nishihama K, Toda M, Takei Y, Taguchi
O, Gabazza EC.Biochem. Mice
overexpressing latent matrix
metalloproteinase-2 develop lung
emphysema after short-term exposure to
cigarette smoke extract. Biochem Biophys
Res Commun. Feb 8 2018.

(2»Harada E, D'Alessandro-Gabazza CN,
Toda M, Morizono T, Totoki T, Yasuma T,
Nishihama K, Kobayashi T, Sumiya T,
Kawagishi H, Gabazza EC. The Medicinal
Mushroom, Grifola gargal, Ameliorates
Allergic Bronchial Asthma. ] Med Food.
Dec 20 2017 .

2 FRFER

OREIEBRER. /IR SFILERER, &k
Foh, EEERL, KRPEER, RS, B
K, XryHvibahZ"¥FalF, FH
e, HEE, APz xT73y  REXL
g1 35 1F % matrix metalloproteinase-
2(MMP-2) 2 #). 5 16[8] Kinki Hokuriku
Airway disease Conference. 2017,4. K.
OBEARP., IR, FILEKER, EfEEL,

141

#AHCE, BREMERER, KPEEMA. R
fo. XLy dvy Fah"¥ayF HIE,
HARFLRTF Ny [ESMEETFLICE
\J % & F Matrix Metalloproteinase-2D %))
B 570 H AR ar A e =
2017,4. Bt
QREIRBRER. /IR HILfERER, &Rk
Foh, EiEEER, RPEER. R, B
AP, PETEEBER. LRIKER, #7392 ) 4,
FHEEE., #AFzxr Ny, HIE :: <=
FY w2 RA R0 0T T — X258 G TE
Al B~ 7 21 B 1) 5 ZOERZ D IR
o6 HAT L v F — oK 4.
2017,6. B

@R E, PR, 252 ), L
KEB, HiEE, READIE, AP X
TNV, BREER BV ET ) vk
iF 5 MMP-20&H O fifiH. 66 HA 7
LL ¥ — S AR 2. 2017,6. BT
ORPEE, /IRE ., RILERER, SiEEE
fo. EBALBE. BREHIRER, R, B
AR, HEOE, FHEAEE, 7592y 5,
HAF TR T o8y« MMP-2@H|FH I~ v
AT BT B 2N R HE A X 2 fifio
SUEL DRET. 5911l PHEEMEI R IR 2.
2017,7. Bt
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(5@ - BB L AREELEZ XD )
VURY Y LEE

RIEERBHHEREZBLEL LT, HERHOLY FRHOD T/ a—XT v 7ENnT
W5, IR, BFIRERMSEBORTEZIZ L0 425 s Hokd:) (CRBIICIRY A
T&ET2, fFROAARORFE L EROBBKEDR EOOIZY, H 5O THBIRHOH
D IFIZONWTHRETTOMERH D,

Aml, TR - @Y AREAEE B D) LWV T—~ T, VURYULAERML
7o FHWEEOH Y HFR, T b o BARORE & EROBBKEDHN EIcEFES5THET
AIRBERIZ LB, A% OB AIZONT, AikE Th 5 —HRKFEKFERRE LRI TER
INRAEE - FEREFR S BEROMEBRK, FMZEIZOARMPAEK, [FRKFB A LR
HFREIR ORI ER, HHBRFREBOR MR ORI A 1K, T8 KFIET
R 0 5K HHBR PR G BOR FH AR ORBIIR LY | FHMGBH OS5
R STz,

X UDICHBR KD EFEONH D F R OIS < BHERILo —-> & LT,
IH 57 By & R FCHE AT - To WP e RE R F 2 B £ 2. BPauRiL & U Ol ro v v
ADBURPFEN Shtz, AT, ZRAVPEK X 0 ETHORED S H @R O EEO UG
MERE, RIS, AR LR FHEED D B ARRE I BIGR & 55 @5 o P E B i 23
RENTZ, S BT, JHREK O EERRE T OG0 6 B M2 22 7 b NS ZIRT
B RETHEIZ SN, EAESIE O L' MER - eSS ST — % ~— 2 (NDB)
RN TAT S L ITRE R DRI ST, —FH ., ZRR IV ERONEHHIBETEICL D
55 SN DN CHIBIE A 2 B £ 2 72 2 4 72 RG0S E C b vz, Bl HERE. 8%
BE & INRAAEDBIRE . LSRRI AN T L 72 BT, ZREBIK L 0 AJLECR
H7 7 a—FIES < Gr B R B O T BEREEE & 2 ORI IRIE T OV T ORREN E 5
iz,

FH A L,

O ETE2H20TETE2HBREMNEMELHEEORIE Y 27 25| & LiF 5

@ EREHITB L 72 0 0F 0 F TR T O G BIRER] O ZEA R E O FERE, TRFE O ) 23 B2
i

@ HAREFRIGR &\ D I BT E OB AN EET D

@ HZOMBENS., FEFEFRICER T 54 HIEOEBEEL L 2 ERRDLND

® EEERESEISBICTE P, A LB ONTT A, OMIEICIG U Tl LBRBIEIG L

TWT 2 BARENRBRETH D
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ORI 2R E OEH DS LETH D
WO HIENEL T,
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D2 ENFATHSEIC K VFE SN2 TH YD . ZORERIFABIOME HFUEORE L &
SHAHLTWAD, | LIRENRRINT, 77 (AT 2AL N (BB NHEEEORE
TRV 2 BB ORI TR AT AA L FORRTORT b LELRDT
X222 | EWHEEREND T, THUCK L, [ERMEER CH @R EEL T D
PR L FMEEO XD I EFMICBEE L TR WEERRH D, AlENE, FEREHRICE
L TWDHEBOMRZ PO LTS, ) SIREN RSN, o TR O EH]
JE DI L B O BIEMEIC O W TAEIO Y VR Y 7 AOREM I NN D H DD ?
LW EREDN D ST, 11990 FANIH T BIE I IEE TIT o 7 JECIk, 7@k R & 2tk
ODFEEORIERII LR L, 2O T VU AZBEE 272 BT, @M R THLA
PEDFIREEDOFIERIZ EFT 20TV EB 2, TOMOEBIZBNTY, BIEHRAE -
WRZIT>TND, | EISENRENT, ZOM, 7aT7he TARMEH OSSN LY &%
BThHHLEEZOND, 5D ZAFEIIELOTHEIMEZL (RTY) &0 FRIEHR,
ZHUTRFEDNETCOTNL Z & DRHE TN X B EZ S SN2 0D TIZAR WD
LW TEBRNH Y | TERIREERS ST,
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ASERMTTHFMEZREL LT, FEFHOH VN nb b Tr/n—X7 vy 73
TW5, T, BUNFIIRFFFGEORIEZIZICO & T2 My FdcE] ICRMmAYIZER Y
AT E T, FRERREOFIREZ & D & 5 RZRRILICE SN TIT S O, HH720DTH
A L2 UTie e FrEIRER OF IS S BHARRILO —> & LT, IR EE
BETIT o TeWFERE R G A E 2. TR OH 0 3, b0 A AROR & EROMR
FOKHED R LICHFGT 2 L5 RERBOREZRE L2 BT, +orkikim & AILEIRAHE
D DRI LB L 725,

KVRT T LTI, T BFRRILE L Ch@RHEE PO v T v XA DBUR Z BT
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Table 3 Categorisation of working hours of 195 Japanese men with acute myocardial
infarction and 331 controls matched for age and occupation, and odds ratios for
infarction in relation to working hours

No (%) of subjects 0dds ratio (95% CI)

Mean daily working Cases Controls

hours (n=195) (n=331) Crude* Multiple logistict
In last month before infarction

<7.00 45 (23) 32 (10) 3.07 (17710 5.32) 283 (1.52 t0 5.28)
7.01-9.00 80 (41) 182 (55) 1.00 1.00
9.01-11.00 46 (24) 96 (29) 1.06 (0.68 to 1.67) 0.96 (0.58 to 1.60)
=11.01 24 (12) 21 (6) 2.44 (1.26 10 4.73) 2.94 (1.39 to 6.25)
In month with shortest mean working hours

<6.00 46 (24) 31(9) 2.71 (1.60 t0 4.60) 259 (144 10 4.69)
6.01-8.00 96 (49) 195 (59) 1.00 1.00
8.01-9.00 32 (16) 59 (18) 1.08 (0.65 to 1.81) 1.03 (0.59 to 1.83)
>9.01 21 (11) 46 (14) 0.89 (0.49 t0 1.61) 0.93 (048 t0 1.78)
Increase from month with shortest hours to month before infarction

<1.00 121 (62) 244 (74) 1.00 1.00
1.01-2.00 30 (15) 50 (15) 1.28 (0.77 to 2.13) 1.33 (0.75 to 2.37)
2.01-3.00 18 (9) 17 (5) 2.24 (1.11 t0 4.55) 2.38 (1.08 to 5.26)
=3.01 26 (13) 20 (6) 2.53 (1.34 t0 4.77) 2.49 (1.24 to 4.99)

*Adjusted for age and occupation categories classified in 1990 Japanese census.
tAdjusted for age, ion category, i diabetes, body mass index,
smoking habits, proportion of sedentary work, and burnout index.
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592 Virtanen et al.

First Author, Year Study  Total  No.of
o.

Reference No. Country  Design Cases. _RR(9S%CI)
Russek, 1958 (55) us cc 200 100 : —l— 355235,536)
Theorell, 1972 (56)  Sweden cc 17 62 + 2.57(1.37, 4.84)
Thiel, 1973 (57) us cc 100 0 —— i — 1.79 (0.80, 4.01)
Falger, 1992 (58) Netherlands  CC 266 33 ——F—— 166 (1.01,2.72)
Sokejima, 1998 (59)  Japan cc 526 195 —— - 24401.26,4.73)
Liu, 2002 (60) Japan cc 705 260 —— 2.10(1.30, 3.60)
Tarumi, 2003 (13) Japan PC 824 42 —il——— 1.10(0.53, 2.26)
Uchiyama, 2005 (14)  Japan PC 1615 38 ¢ ——— 1.24(0.60, 2.55)
Fukuoka, 2005 (61) Japan cc 94 47 } =) 14.00(1.92, 102.20)
Lallukka, 2006 (62)  Finland cs 7,060 2 —l— ; 1.29(0.98, 1.70)
Holtermann, 2010 (63) Denmark ~ PC 4,943 591 ——.—5 1.28(0.91,1.78)
Virtanen, 2010 (64) UK PC 6014 369 —— 161(1.16,2.23)
Overall (I"=61.9%, P=0.002) <> 1.80 (1.42, 2.29)
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Figure 2. Minimally adjusted relative risk (RR) of coronary heart disease in employees working long hours among studies published through
spring 2011. Bars, 95% confidence interval (C). (CC, case-control; CS, cross-sectional; PC, prospective cohort; UK, United Kingdom; US,
United States).
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B =3
BEZPDHEOERER ()
(1) @) 3)
Variables All sample Male Female
Log(Age) 0.158%*% 0.102%%* 0.244%%%
[25.19] [14.25) (21.94)
Male 0.006*
179
Number of children under 15 -0.003* 0,003 -0.010%+*
11.78) [1.29] [3.28]
log(Weekly job hours) 0.009+% 0.038*+% 0.012%%
[2.11] [6.25] [2.03]
Marital status: Married 0.037%+% 0.052%+% -0.001
18.32) [10.58] [0.11]
Marital status: Widowed 0.045%+% -0.020 0035%
13.24] [1.03] [1.75]
Marital status: Divorced -0.007 -0.007 -0.03a%+*
[1.05) [0.74) (3.04)
log(Household income) 0.051%+% 0.053%*% 0.050%**
[21.23] [17.94] [13.05]

B =
BEZPHEEOERER(2)
(1) ) [&]
Variables All sample Male Female
Employment status: Part-time -0.077%** -0.053*** -0.090%**
(15.19) [5.00) [12.71)
Employment status: Temporary 0.117%** -0.100*** -0.138***
[17.34] [11.16] [13.02)
Employment status: Dispatched worker from -0.097*** -0.075*** -0.114***
temporary labour agency [10.39] [5.68] [8.18]
Employment status: Contract -0.010 -0.010 -0.002
[1.51] [113] [0.18]
Employment status: Entrusted -0.047*** -0.065*** -0.012
[3.72] [4.14] [0.55]
Employment status: Others -0.081*** -0.055* -0.095**
[3.24] [1.72] [2.36]

Full-Time BAEZEEEELTDE TOMOBMERETITA
THEICRLZDHEEINMEL

BEZILCHREOERERG)

(1) @) [E]
Variables All sample Male Female
Health insurance: National, Unions s 0.090"** 0.098"**
(7.28) (5.92) (5.11]
Health insurance: Employee, Self 0218%** 0.201%** 0.232°*%
[46.86] [35.76] [30.09]
Health insurance: Employee, Family 0.054%*% 0.071%*% 0.064***
[937) [5.25] [8.10]
Health insurance: Others 0.120%*% 0.133%*% 0.100***
[11.05) [1052] [5.30]
Observations 77,977 42,431 35,546
Adjusted R? 0.139 0.145 0.122

HRAEBRROBRIEE REXBARN) B THRZZDHEN
FEIZEL,

BEEHLICISZEEENEL

1 if having taken medical check-up 1 if having taken medical check-up.

All sample, 2010 All sample, 2012

F % @ s EY % % o s %
< Conortmean < Conertmean R
0] @ ) ®

@ 6] © [
2010 (IK: 6397) 2013 (K:7.751)

Year (Method: bandwidth)
i All sample National HI_Empl’s self Empl.’s fam. Al sample _National HI _Empl.s self Empl's fam.

Estimated discontinuity 0.036 0075 0.001 0,091 0,034 0,048 0.008 0077
Standard errors ©007)  ©O016)  (0007) (016 (0006  (O014) (0006 (0014
Bias-corrected z-statistic RO 6 (083 RSI WS (97 (135]  [451)E
Observations within bandwidths __99.196 __20.155 __56.628 0289 115760 67 22882

ation and Ef

BERIE~DHEE Non-Smoking Probability

1if do not smoke 1 if do not smoke.

All sample, 2010 All sample, 2013

« Carot mean

LRt 2se.  Cohortmean PR
) @ 5]

3 ©r [ ®
20104IK: 6.397) 2013 (1K: 7.751)

Year (Method: bandwidth)
i All sample | National HI '\ Empl.s self _Empl.'s fam. _All sample | National HI \Empl.s self Empls fam.
0257 -0.293 1533 0093 0.1 0428 0882 0.140

Estimated discontinuity
Standard errors (0.369) (0.507) (4.49) (0.138) (0.201) (0.582) (4.335) 0.112)
Bias-corrected 7-staistic [080] 0301 (076 \ (1421 /) (093] [076]
O 19.539 1 22.870

11) [20/22]

NDBTHTHTIFEIM?
5 ERIEBWCIREE (H26/H27/H23EE LY EESD)

s
AT

HassEE
*BT—

H26

FRBDRHR
Journal of
Atherosclerosis and
Thrombosis

H27

&ETRAE
SHRERR~DHR

26,420,096

HHsRT—5 |

15,005,4024%
HERIHI<LD &
FAHEE~OHE

H28
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Rural-Urban Disparity in Emergency Care for Acute
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Background: There are few reports examining regional differences between rural prefectures and metropolitan areas in the man-
agement of acute myocardial infarction (AMI) in Japan.

Methods and Results: In the Rural AMI registry, a prospective, multi-prefectural registry of AMI in 4 rural prefectures (Ishikawa,
Aomori, Ehime and Mie), a total of 1,695 consecutive AMI patients were registered in 2013. Among them, 1,313 patients who underwent
primary percutaneous coronary intervention (PPCI) within 24 h of onset were enrolled in this study (Rural group), and compared with
the cohort data from the Tokyo CCU Network registry for AMI in the same period (Metropolitan group, 2,075 patients). The prevalence
of direct ambulance transport to PCl-capable facilities in the Rural group was significantly lower than that in the Metropolitan group
(43.8% vs. 60.3%, P<0.01), which resulted in a longer onset-to-balloon time (OTB: 225 vs. 210 min, P=0.02) and lower prevalence
of PPCI in a timely fashion (OTB <2h: 11.5% vs. 20.7%, P<0.01) in the Rural group. Multivariate analysis revealed that direct ambulance
transport was the strongest predictor for PPCI in a timely fashion (odds ratio=4.13, P<0.001).

Conclusions: AMI patients in rural areas were less likely to be transported directly to PCl-capable facilities, resulting in time delay
to PPCI compared with those in metropolitan areas.

Key Words: Acute myocardial infarction; Direct ambulance transport; Emergency care; Onset-to-balloon time; Rural vs. metropolitan

cute myocardial infarction (AMI) is a major cause prehospital and hospital emergency medical service (EMS)
A of morbidity and mortality in Japan and other systems between rural and urban areas.

foreign countries. Primary percutaneous coronary Accordingly, the purpose of the present study was to
intervention (PPCI) in a timely fashion is the preferred describe the regional differences in the current state of
treatment strategy for AMI patients, and current guide- emergency care for AMI between rural prefectures and
lines suggest that the total ischemic time should not exceed Tokyo metropolitan areas regarding the following aspects:
120 min, especially in patients with ST elevation MI (1) transportation status from symptom onset to hospital
(STEMI).13 A large number of hospitals can perform arrival, (2) patient characteristics and therapeutic strate-
PPCI in Japan, but it is unclear if there are regional differ- gies, and (3) time delay to reperfusion therapy, and to
ences between rural and urban areas in the rate of PPCI clarify the contributing factors to the differences in the
performed in such a timely fashion. In addition, there are time delay to reperfusion by comparing the Rural AMI
no reports on whether these rural-urban disparities, if pres- registry data with the Tokyo CCU Network registry data-
ent, are associated with regional differences in patient char- base in Japan.

acteristics, including life style and traffic patterns, or
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Rural group
PPCI within 24 hours from onset
N=1313

PPCI within 24 hours from onset
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percutaneous coronary intervention; PPCI, primary PCI.

Figure 1. Flow chart for selection of study population. AMI, acute myocardial infarction; CABG, coronary artery bypass graft; PCI,

Methods

Study Design

The Rural AMI registry study is a prospective, multi-
center, multi-prefectural, observational study of AMI in 4
rural prefectures (Aomori, Ishikawa, Ehime and Mie) with
a population size of less than 2 million in Japan. This study
enrolled patients with AMI hospitalized within 7 days
from symptom onset between January 2013 and December
2013 in Aomori, Ehime and Mie prefectures, and between
April 2013 and March 2014 in Ishikawa prefecture because
of the delay of the final ethical approval. In these 4 rural
prefectures, there are a total of 57 hospitals that have car-
diac catheterization facilities for emergency PCI. Among
them, 41 hospitals participated in the Rural AMI registry
study, and were encouraged to enroll consecutive AMI
patients. We aimed to compare the effects of prehospital-
and hospital-EMS systems on the probability of survival
of AMI patients between urban and rural areas, with spe-
cial reference to the difference between the Rural AMI
registry study and the Tokyo CCU Network registry data-
base. Therefore, the Rural registry used the same registra-
tion form as the Tokyo CCU Network registry for AMI.
Data collection was performed via individual chart review
by trained data collection personnel at each collaborating
hospital, and all data were anonymized and transmitted to
the data collection center at the Department of Cardiology
and Nephrology, Mie University Graduate School of
Medicine, Tsu, Japan for processing and analysis.

The following data were collected: the date and time of
symptom onset, patient characteristics, history of cardio-
vascular disease, Killip classification, prehospital manage-
ment (e.g., transport pathway, transport mode, time interval
from the onset of symptoms to coronary revasculariza-
tion), laboratory data, angiographic data and PCI proce-

dure, duration of hospitalization and in-hospital death.

The data for AMI patients in Tokyo metropolitan areas
were obtained from the cohort registered in the Tokyo CCU
Network during the same periods. Details of the Tokyo
CCU Network registry have been described previously.4 In
brief, the Tokyo CCU Network is a well-organized cardio-
vascular care network covering more than 90% of all AMI
patients in the Tokyo metropolitan area. The Tokyo CCU
Network registry is an ongoing multicenter registry that
prospectively collects information from both EMS (Tokyo
Metropolitan EMS) and investigators at participating hos-
pitals on emergency admission to acute cardiac facilities.
In 2013, among all 71 hospitals participating in the Tokyo
CCU Network, patient data were enrolled to the registry
database from 61 hospitals. Individual clinical information
is recorded into the database by network members at each
institution, and the final datasets are collected by the
Tokyo CCU Network Scientific Committee under ano-
nymity, according to the ethical guidelines on epidemiologi-
cal surveys released from the Japanese Ministry of Health,
Labour, and Welfare.

The diagnosis of and therapeutic strategies for AMI
were decided by the cardiologists in each hospital, and all
patients were treated according to the Japanese Circulation
Society, ESC and ACCF/AHA guidelines for the diagnosis
and treatment of AMI.1-356 This study was conducted in
accordance with the Declaration of Helsinki. The protocol
was approved by the institutional review board or ethics
committee of Mie University Graduate School of Medicine,
Kanazawa University Graduate School of Medicine,
Hirosaki University Graduate School of Medicine,
Ehime University Graduate School of Medicine, and
Tokyo CCU Network Scientific Committee. Obtaining
written informed consent from the patients was not required
because all collected data were anonymized and it was a
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Table 1. Baseline Clinical Characteristics
R(t:lr:: gl;c;;p Metrc:g:g,tggs?roup P value
Baseline characteristics
Age, years 67.9+13.0 67.1+13.2 0.099
>80 years, n (%) 276 (20.9) 409 (19.7) 0.355
Male, n (%) 1,017 (77.5) 1,593 (76.8) 0.644
BMI, kg/m? 23.8+3.6 23.9+3.9 0.249
Hypertension, n (%) 860 (65.5) 1,250 (60.8) 0.006
Diabetes, n (%) 451 (34.3) 646 (31.4) 0.078
Dyslipidemia, n (%) 594 (45.2) 842 (41.5) 0.032
Current smoking, n (%) 470 (35.8) 746 (36.2) 0.789
Previous stroke, n (%) 2 (5.5) 116 ( 6) 0.843
PAD, n (%) 2 (2.4) 0 (1.0) 0.001
Previous MI, n (%) 102 (7.8) 330 (16.0) <0.001
Previous PCI, n (%) 107 (8.1) 205 (10.0) 0.075
Previous CABG, n (%) 8 (0.6) 26 (1.3) 0.063
Hemodialysis, n (%) 1.0) 40 (1.9) 0.030
Presentation
Chest pain as chief complaint, n (%) 1,156 (88.0) 1,799 (86.8) 0.284
Killip class 1, n (%) 984 (74.9) 1,515 (75.2)
Killip class 2, n (%) 154 (11.7) 253 (12.6) 0.606
Killip class 3, n (%) 77 (5.9) 99 (4.9)
Killip class 4, n (%) 98 (7.5) 147 (7.3)
STEMI, n (%) 1,113 (84.8) 1,722 (84.2) 0.625

Data are expressed as n (%) for categorical variables and as mean+tstandard deviation or median (interquartile
range) for continuous variables unless otherwise specified. For each variable with missing values, data are expressed
as the number (valid percentage). BMI, body mass index; CABG, coronary artery bypass grafting; MI, myocardial
infarction; PAD, peripheral artery disease; PCI, percutaneous coronary intervention; STEMI, ST elevation MI.

noninvasive observational study.

Data Analysis and Definitions

The diagnosis of AMI was based on the 3rd universal
definition of myocardial infarction.” In brief, AMI was
diagnosed by a detection of a rise and/or fall in cardiac
biomarker values (preferably cardiac troponin: cTn), with
at least 1 value above the 99th percentile of the upper refer-
ence limit observed together with evidence of myocardial
ischemia with at least 1 of the following: symptoms of
ischemia, ECG changes indicative of new ischemia, devel-
opment of pathological Q waves on ECG, or imaging evi-
dence of new loss of viable myocardium or new regional
wall motion abnormalities.

Direct ambulance transport was defined as direct trans-
port from the field to the PCI-capable hospital by EMS.
Inter-facility transport was defined as indirect transport
via family physician offices or non-PCl-capable hospitals
to the PCI-capable hospital. Self-transport was defined as
direct visit to the PCl-capable hospital by walking or by
using public/private vehicles.

Onset-to-balloon (OTB) time was defined as the interval
from the onset of symptoms of ischemia to the first device
use or balloon inflation. Door time was defined as the
arrival time at the emergency department where emergency
catheterization was performed (not the arrival time at the
referral hospital or clinic for transferred patients). In the
multivariate analysis of associated factors for time delay to
reperfusion, we selected a cutoff point of 2h for delayed
OTB time based on recommendations by several Western
and Japanese guidelines.!3
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Statistical Analysis

Continuous variables are presented as mean and standard
deviation or median and interquartile range (IQR), and
categorical variables as numbers and percentages. We
compared categorical variables with the chi-square test or
Fisher’s exact test, and continuous variables with Student’s
t-test or the Mann-Whitney U test on the basis of the dis-
tribution. In the chi-square analyses involving variables
with more than 2 coding categories, adjusted standardized
residuals were used to identify the contribution of different
cells to the significance of the chi squares.

Comparison of the peak CPK levels or duration of hos-
pital stay between rural and metropolitan groups were
analyzed using analysis of covariance (ANCOVA) after
logarithmic transformation, with the following covariates
as potential confounders: age, sex, mode of transport,
hypertension, diabetes mellitus, dyslipidemia, current
smoker, previous PCI, previous MI, Killip classification at
presentation, STEMI, multivessel disease and left anterior
descending coronary artery (LAD) lesion as culprit.
Multivariate analysis was used to clarify the independent
predictors of final Thrombolysis in Myocardial Infarction
(TIMI) flow grade 3, OTB time <2h and for not using
direct ambulance transport. A logistic regression model
was constructed by adjusting for clinically relevant vari-
ables, and factors that were significantly different between
rural and metropolitan groups (P<0.1) were included in
the multivariate analysis with the stepwise backward elim-
ination procedure. We also conducted a sensitivity analysis
using a simple imputation method (regression imputation)
to examine the effects of missing data. A Cox proportional
hazard model was used to investigate the predictors of in-
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Figure 2. Comparison of situation at symptom onset and pathway or mode of transport. (A) Location of symptom onset. (B) Time
of symptom onset. (C) Pathway of transport to the PCl-capable hospital. (D) Mode of transport to the PCl-capable hospital. *P
value for the chi-square test. **P value <0.01 for analysis of the adjusted standardized residuals. PCl, percutaneous coronary
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hospital death. The variables with a univariate P-value
<0.1 were selected for entry into the multivariate analysis
using the Cox proportional hazard model. For all analyses,
two-tailed probability values of <0.05 were considered
significant, and all statistical analyses were supported by
specialists in biostatistics at the Department of Public
Health and Occupational Medicine, Mie University
Graduate School of Medicine, Mie, Japan, using the SPSS
version 20 software (SPSS, Inc., IL, USA).

Results

Patient Population

The following numbers of patients hospitalized within 7
days from onset of AMI were registered in each registry:
1,695 in the Rural AMI registry and 3,452 in the Tokyo
CCU Network registry. Among them, the following
patients in the Rural AMI registry and the Tokyo CCU
Network registry, respectively, were excluded from the
analysis: 196 and 651 patients with missing information
about date/time of symptom onset; 68 and 191 patients
who were admitted >24h after symptom onset; 2 and 47
patients with missing information about the mode and
pathway of emergency transport; 20 and 59 patients
treated by coronary artery bypass grafting (CABQG) sur-
gery; 0 and 66 patients with missing information about
whether the reperfusion therapy succeeded or failed; 16
and 114 patients with missing information about date/time
of PCI; and 80 patients and 249 patients who did not
undergo PCI within 24h from symptom onset (Figure 1).
Therefore, the population of this study consisted of a total
of 3,388 AMI patients who underwent PPCI within 24 h of
symptom onset: 1,313 patients from the Rural AMI regis-
try cohort (Rural group) and 2,075 patients from the
Tokyo CCU Network registry cohort (Metropolitan group).
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Baseline Clinical Characteristics

Baseline characteristics were different in several aspects
between the Rural and Metropolitan groups (Table 1). The
Rural group had a significantly higher prevalence of hyper-
tension, dyslipidemia and peripheral artery disease (PAD),
whereas the metropolitan group had a higher prevalence of
previous MI and hemodialysis. There were no significant
differences in Killip classification or the prevalence of
patients with STEMI. The mean percentage of missing
data among variables in Table 1 was 0.7% in the Rural
group and 1.4% in the Metropolitan group; the highest
proportion of missing data was for body mass index
(11.7% and 8.6%), followed by Killip class (0% and 2.9%)
and ST elevation MI (0.1% and 1.4%), respectively.

Situation at Onset of AMI, Pathway and Mode of Transport
The situation at onset of AMI, and pathway and mode of
transport to the PCI-capable hospitals are summarized in
Figure 2. The Rural group included a higher proportion of
patients who developed AMI symptoms at home than in
the Metropolitan group (74% vs. 64%, P<0.001) (Figure 2A).
Circadian distribution of AMI onset was similar in the 2
groups, occurring most frequently between 06:00 and 11:59
hours (Figure 2B). Regarding the pathway of transport to
the PCI-capable hospital, patients in the Rural group were
less likely to be transported by direct ambulance than those
in the Metropolitan group, but more likely to be trans-
ported by inter-facility transport or self-transport (44% vs.
60%, 40% vs. 28%, 15% vs. 9%, P<0.001, respectively,
Figure 2C). Regarding the mode of transport, both groups
included a high proportion of patients who were trans-
ported by ambulance to the PCI-capable hospitals (82% vs.
85%), but the Rural group had a higher proportion of
patients who were transported by private cars than the
Metropolitan group (Figure 2D).
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Table 2. Angiographic, Procedural Characteristics and In-Hospital Outcome

R(L:::: gl;%t;p Metrc:g:g,tggs?roup P value

Infarct-related artery

RCA, n (%) 509 (38.8) 812 (39.1)

Left main trunk, n (%) 37 (2.8) 35 (1.7) 0.120

LAD, n (%) 610 (46.5) 943 (45.4)

Left circumflex, n (%) 154 (11.7) 80 (13.5)

Undefined, n (%) 3(0.2) 6 (0.3)
Multivessel disease, n (%) 636 (48.5) 953 (46.2) 0.187
Initial TIMI flow grade 0, n (%) 850 (65.3) 1,203 (60.7) 0.002
Revascularization

Aspiration thrombectomy, n (%) 963 (77.3) 1,539 (74.4) 0.064

Distal protection device, n (%) 141 (11.5) 212 (10.3) 0.285

Stent implantation, n (%) 1,206 (92.0) 1,855 (90.1) 0.069

Drug-eluting stent, n (%) 815 (62.2) 1,256 (61.0) 0.509

Final TIMI flow grade 3, n (%) 1,084 (88.8) 1,901 (93.6) <0.001

PCl <12h of onset, n (%) 1,185 (90.2) 1,841 (88.7) 0.161

Door-to-balloon time, min 75 (54, 108) 68 (47, 97) <0.001
Level of peak CPK, IU/L 2,208 (1,051, 4,225) 1,893 (877, 3,661) <0.001
Duration of hospital stay, days 4 (11,19) 2 (8, 16) 0.001
In-hospital all-cause death 86 (6.6) 105 (5.1) 0.066

Data are expressed as n (%) for categorical variables and as mean+standard deviation or median (interquartile range) for continuous vari-
ables unless otherwise specified. For each variable with missing values, data are expressed as the number (valid percentage). CPK, creatine
phosphokinase; LAD, left anterior descending artery; RCA, right coronary artery; TIMI, Thrombolysis in Myocardial Infarction.

Figure 3. Median onset-to-balloon
(OTB) time in the Rural group (Top)
and Metropolitan group (Bottom).
The shaded areas indicate the per-
centage of patients with OTB time
delay of <2h, which was significantly
lower in the Rural group than in the
Metropolitan group (11.5% vs. 20.7%,
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P<0.01).*P value for the difference
between the Rural group and the
Metropolitan group by Mann-Whitney
U-test.
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Angiographic and Procedural Characteristics

The distribution of the infarct-related arteries and preva-
lence of multivessel disease were similar between the 2
groups (Table 2). Initial TIMI flow grade 0 was more prev-
alent in the Rural group than in the Metropolitan group.
Although the use of distal protection device, aspiration
thrombectomy and stent implantation were similar
between groups, the attainment rate of final TIMI flow
grade 3 was significantly lower in the Rural group than in
the Metropolitan group. The prevalence of PPCI within
12h of symptom onset was similar between the 2 groups:
90.2% in the Rural group and 88.7% in the Metropolitan
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group (P=0.161). The Rural group had significantly higher
levels of peak CPK and longer hospital stay than the
Metropolitan group, even after adjustment for potential
confounders. In-hospital all-cause death tended to be
higher in the Rural group, but not significantly (6.6% vs.
5.1%, P=0.066, respectively). The mean percentage of miss-
ing data among variables shown in Table 2 was 1.5% in the
Rural group and 3.6% in the Metropolitan group; the
respective highest proportions were for door-to-balloon
time (0.1% and 31.0%), followed by final TIMI flow grade
3 (7.0% and 2.1%), distal protection device (6.4% and
0.6%) and initial TIMI flow grade (0.8% and 4.4%).
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Table 3. Comparison of Time Delay to Reperfusion With Each Transport Pathway (Direct Ambulance

Transport or Inter-Facility/Self-Transport)

Direct ambulance transport

Onset to EMS call, min

EMS call to arrival at scene, min

On-scene time, min
Transport time, min
Onset-to-door time, min

Onset-to-balloon time, min
Inter-facility or self-transport

Onset-to-door time, min

Onset-to-balloon time, min

Rural group

41 (15, 105)
7 (5, 10)
10 (7, 15)
12 (8, 19)
78 (50, 146)
178 (134, 267)

198 (120, 388)
286 (195, 494)

Metropolitan group

204 (108, 432)
285 (180, 522)

P value

0.283
<0.001
<0.001
<0.001

0.639

0.080

0.554
0.516

Data are expressed as median (interquartile range) for continuous variables. EMS, emergency medical services.

Variable OR 95% CI P-value
Direct ambulance transport  4.13  3.27 -5.20 — <0.001
STEMI 209 151-289 —— <0.001
Previous PCI 172 117-251 — <0.01
LAD lesion as culprit 120 0.99-1.46 i 0.06
Killip class 2 099 0.73-133 —— 0.95
Killip class 3 059 0.34-1.01 —— 0.06
Killip class 4 152 1.09-2.13 —— 0.01
Time of onset  0:00-5:59 0.89 0.65-1.22 I 0.47
Time of onset  6:00-11:59 092 0.71-1.21 0.56
Time of onset 12:00-17:59 1.29 0.98-1.70 —— 0.06
Age* 092 0.86-0.99 | 0.04
Previous MI 0.70 0.49-1.01 —{0— 0.06
Rural area 063 051-0.78 - <0.001
Onset at home 058 0.50-0.66 [ <0.001
o 10 30 X

Adjusted Odds Ratio for OTB time < 2 hours

Figure 4. Factors associated with onset to balloon (OTB) time <2h. Adjusted odds ratio (OR) and 95% confidence intervals (Cl)
indicate likelihood of OTB time <2h from logistic regression analysis. OR >1 indicates increased odds of OTB time <2h. Respec-
tive reference categories=transportation other than direct ambulance transport, non-STEMI, absence of selected medical history
variables, other vessels as culprit, Killip class 1, symptom onset between 18:00-23:59 hours, metropolitan area, onset outside
home. *OR and Cl were reported for a 10-U incremental change. Covariates: age, sex, pathway for transport, hypertension, dia-
betes mellitus, dyslipidemia, current smoker, previous PCI, previous MI, previous CABG, time of onset, location of onset, rural vs.
Tokyo, Killip classification at presentation, STEMI and LAD lesion as culprit. CABG, coronary artery bypass graft; LAD, left anterior
descending artery; Ml, myocardial infarction; PCI, percutaneous coronary intervention; STEMI, ST elevation MI.

Comparison of Time Delay to Reperfusion

The distribution of OTB time in the 2 groups is shown in
Figure 3. The median OTB time in the Rural group was
significantly longer than that in the Metropolitan group
(225 [IQR, 156-380] vs. 210 [IQR, 130-390] min, P=0.02).
The rate of achievement of OTB <2h (shaded area in
Figure 3), which is recommended in Japanese and inter-
national guidelines,!3 was significantly lower in the Rural
group than in the Metropolitan group (11.5% vs. 20.7%,
P<0.01).

Table 3 shows the comparison of time delay to reperfu-
sion with each transport pathway (direct ambulance trans-
port or inter-facility/self-transport). Among patients with
direct ambulance transport, time from symptom onset to
EMS call was comparable in both groups. Time from EMS
call to arrival at scene and on-scene time were significantly

shorter in the Rural group than in the Metropolitan group,
but the transport time was significantly longer in the Rural
group than in the Metropolitan group. In total, onset-to-
door (OTD) time was comparable between the 2 groups
(78 [IQR, 50-146] min for the Rural group vs. 76 [IQR,
48-151] min for the Metropolitan group, P=0.64). OTB
time was also comparable (178 [IQR, 134-267] vs. 170
[IQR, 120-282] min, respectively, P=0.08). Similarly, among
patients with inter-facility or self-transport, the OTD and
OTB times were comparable in the 2 groups (198 [IQR,
120-388] vs. 204 [IQR, 108-432] min, P=0.55; 286 [IQR,
195-494] vs. 285 [IQR, 180-522] min, P=0.52). In addition,
no significant differences were observed between the Rural
and Metropolitan groups for in-hospital deaths (7.7% vs.
5.7%, P=0.08 among patients with direct ambulance trans-
port; 4.6% vs. 3.5%, P=0.26 among patients with inter-
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in Figure 4.

Variable OR 95% ClI P-value
Rural area 2.01 1.73-2.32 —— <0.001
Onset at home 136 1.21-1.53 —a— <0.001
HTN 1.29 1.11-1.49 —a— <0.01
DM 1.28  1.09-1.49 —— <0.01
Sex (female) 1.22 1.02 - 1.46 —— 0.03
Time of onset  0:00-5:59 117 0.94 - 1.46 T 0.16
Time of onset 6:00-11:59  1.29 1.06 - 1.57 —— 0.01
Time of onset 12:00-17:59 1.23  0.99 - 1.51 —— 0.58
Current smoker 1.18 1.00-1.39 —a— 0.04
Age* 1.09 1.03-1.16 - <0.01
Killip class 2 0.71 0.57 - 0.89 —a— <0.01
Killip class 3 0.63 0.46 -0.88 —— <0.01
Killip class 4 0.53 0.40-0.71 - <0.001
Previous PCI 0.67 0.52 -0.87 —— <0.01
0 1.0 2.0 3.0

not using direct ambulance transport

Figure 5. Factors associated with not using direct ambulance transport. Adjusted OR and 95% Cl indicate likelihood of not using
direct ambulance transport from the logistic regression analysis. OR >1 indicates increased odds of not using direct ambulance
transport. Respective reference categories=Tokyo, onset outside home, absence of selected medical history variables, sex (male),
symptom onset between 18: 00-23:59 hours, Killip class 1. *OR and Cl were reported for a 10-U incremental change. Covariates:
age, sex, hypertension, diabetes mellitus, dyslipidemia, current smoker, previous PClI, previous MI, previous CABG, time of onset,
location of onset, rural vs. Tokyo, Killip classification at presentation, STEMI and chest pain as a chief complaint. Abbreviations as

Adjusted Odds Ratio for

facility or self-transport, respectively).

Factors Associated With Time Delay to Reperfusion

Figure 4 shows the factors associated with OTB time <2h
assessed with a multiple logistic regression model. Direct
ambulance transport, STEMI, previous PCI and Killip
class IV at hospital presentation were independent positive
predictive factors for OTB time <2h. On the other hand,
onset at home, rural area and older patients were indepen-
dent negative predictive factors for OTB time <2 h. In par-
ticular, direct ambulance transport was the strongest positive
predictive factor for OTB time <2h (odds ratio (OR): 4.13,
95% confidence interval (CI): 3.27-5.20, P<0.001). We also
evaluated factors associated with not using direct ambu-
lance transport (Figure 5). Rural area, onset at home, coex-
istence of hypertension and diabetes, female sex, onset at
06:00-11:59 hours, current smoker and older age were
significantly associated with not using direct ambulance
transport. On the other hand, Killip classes II-IV and pre-
vious PCI were associated with the use of direct ambulance
transport. In particular, the Rural group had the least use
of direct ambulance transport. In each multiple logistic
regression model, sensitivity analyses for imputation pro-
cedure were performed, but the results did not differ from
the main results (data not shown).

Factors Associated With Final TIMI Flow Grade and
In-Hospital Death

We analyzed the factors associated with final TIMI flow
grade 3 by multivariate logistic regression analysis
(Figure S1). Stent implantation, previous MI and direct
ambulance transport were independently associated with a
higher probability of achieving final TIMI flow grade 3
(OR: 4.58,95% CI: 3.29-6.38, P<0.001; OR: 1.58, 95% CI:

1.02-2.44, P=0.04; OR: 1.38, 95% CI: 1.04-1.84, P=0.03,
respectively). Multivariate analysis by the Cox propor-
tional hazard model revealed that age, previous CABG,
high Killip class at presentation, multivessel disease and
attainment of final TIMI flow grade 3, but not direct
ambulance transport, were the independent predictors of
in-hospital death (Table S1).

Discussion

The major findings of this study were: (1) AMI patients in
the rural prefectures were less likely to be transported
directly by EMS to PPCI-capable facilities than those in
the metropolitan areas, and (2) this low frequency of direct
transportation for patients in the rural prefectures was
directly correlated with the low frequency of PPCI within
2h from onset. To the best of our knowledge, this is the
first prospective, multicenter, multi-prefectural observa-
tional study to demonstrate the regional differences in the
current status of emergency care for AMI between rural
prefectures and Tokyo metropolitan areas in contempo-
rary Japanese clinical practice.

Most of the previous registry studies of AMI included
only patients who were transported by EMS, whereas the
present study also included self-transported patients to
reflect real-world clinical practice in Japan. The frequency
of inter-facility transport was 27.6% in the Metropolitan
area in the present study, which was comparable with pre-
vious studies in urban areas (23-30%),%° but was as high as
39.9% in the Rural group.

Previous studies of STEMI have reported that inter-
facility transfer for PPCI was found to be associated with
longer OTB times, and poorer short- and long-term clini-
cal outcomes than direct transfer.8101! The Rural group
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had a significantly longer OTB time and lower prevalence
of OTB <2h than the Metropolitan group in the present
study, and direct ambulance transport was the strongest
predictive factor for OTB time <2h. However, when
patients were assessed independently on the basis of the
transport pathway, there were no significant differences in
either OTD time or OTB time between the Rural and
Metropolitan groups for both patients with direct ambu-
lance transport or inter-facility/self- transport. Thus, the
low frequency of direct ambulance transport in the rural
prefectures was considered to be one of the major factors
that caused prolonged OTB time.

The Rural group had a similar prevalence of PPCI
within 12h from onset, distal protection, aspiration throm-
bectomy and stent implantation compared with the
Metropolitan group. However, the Rural group had a
significantly lower attainment rate of final TIMI flow
grade 3 and significantly higher peak CPK levels even after
adjusting for confounding factors. Several previous studies
reported that indirect transfer patients had a significantly
increased risk of less satisfactory reperfusion flow after
PPCI, determined as TIMI flow grade <3 or blush score <3
than direct transfer patients.312 Consistent with those
previous studies, direct ambulance transport was indepen-
dently associated with a higher probability of achieving
final TIMI flow grade 3 in the present study. In general,
prolonged ischemic time leads to disruption of the micro-
vascular bed and edema in distal capillary beds, which
leads to the no-reflow phenomenon, and low TIMI flow
grade and myocardial blush score.!3-15 Early studies also
found that myocardial salvage and recovery of left ven-
tricular function are greatest when reperfusion is achieved
at <2h.1617 Therefore, the lower attainment rate of final
TIMI flow grade 3 and higher peak CPK levels in the
Rural group of the present study may be attributed to the
lower likelihood of undergoing PPCI in a timely manner.

As described, the importance of rapid transport and
minimizing the time delay to treatment has been confirmed
for STEMI patients, but it is also beneficial for non-STEMI
(NSTEMI) patients. The latest ESC guidelines for the man-
agement of NSTEMI recommended that very-high-risk
patients should undergo angioplasty within 2h, high-risk
patients within 24 h and intermediate-risk patients within
72h.18

In the present study, the Rural group had signifi-
cantly lower use of direct ambulance transport than the
Metropolitan group. In general, PPCI-capable facilities in
rural areas cover a wider area, including regions with dif-
ficult geographical accessibility than those in metropolitan
areas because of the wider dispersion of the population
and medical facilities. Therefore, such geographic differ-
ences can influence the prevalence of direct ambulance
transport to PCl-capable facilities. On the other hand,
continuous long-term efforts in the metropolitan area may
have contributed to this result. In the Tokyo metropolitan
district, the Tokyo CCU Network was established in 1978
and has continuously attempted to (1) operate the emer-
gency medical network with the help of the Tokyo Fire
Department and local medical associations in order to
directly transport patients with suspected acute coronary
syndrome (ACS) to the nearby PCI-capable hospitals with
CCU and (2) hold public health educational campaigns for
both the general population and health care workers.!® The
differences between areas with and without such long-term
efforts may have been reflected in the present results.
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The present study was unable to show the beneficial
association between direct ambulance transport and in-
hospital death. The Cox proportional hazard model analy-
sis demonstrated that direct ambulance transport was not
a significant predictor of in-hospital death. Patients with
direct ambulance transport had a higher in-hospital mor-
tality rate than those with inter-facility or self-transport in
both the Rural group (7.7% vs. 4.6%) and the Metropolitan
group (5.7% vs. 3.5%), presumably because patients who
were transported by direct ambulance had much more seri-
ous conditions at presentation than those who were not.
Indeed, patients transported directly by ambulance com-
prised a higher proportion of Killip class IIl or IV than
those with inter-facility or self-transport (data not shown).
These results suggest that severe cardiac conditions on
hospital presentation can mask and even surpass the ben-
eficial effects of direct ambulance transport on in-hospital
death. On the other hand, as several previous studies have
reported the beneficial effect of direct ambulance transport
on mid- and long-term death,®1011 a longer follow-up dura-
tion may have been required in the present study to evalu-
ate the association between the regional differences in the
prevalence of direct ambulance transport and death.

Clinical Implications

Our data suggested that in order to improve EMS to
ensure timely transport of AMI patients directly to PCI-
capable hospitals in the rural prefectures the following
specific steps should be taken: (1) hold frequent public
health education campaigns for the general population to
better understand AMI symptoms and the importance of
direct ambulance transport to PCI-capable facilities for
early reperfusion, and (2) coordinate the regional emer-
gency medical network systems in order to transport
directly to nearby PCI-capable facilities for patients with
suggestive symptoms of ACS. Use of prehospital 12-lead
ECG may contribute to an increased rate of direct transfer
and to a shorter delay in reperfusion.2

Study Limitations

There are several limitations. First, it was not a random-
ized trial, and it is possible that unappreciated or unmea-
surable confounding variables altered the results. Second,
the present study included only patients who underwent
PPCI at participating hospitals within 24 h of onset from
among 4 rural prefectures in the Rural group; therefore,
there may have been some selection bias for enrollment,
which may make it difficult to apply the present results to
all AMI patients in Japan. Third, we did not have detailed
data on inter-facility transfer patients, including the initial
mode of transport to the referral facilities and door-in to
door-out (DIDO) time. Thus, we did not distinguish
whether those patients were transferred to the PCl-incapable
referral hospital regardless of EMS call at onset or whether
they directly went to the PCI-incapable referral hospital or
clinic. Fourth, there was no information regarding medica-
tions before onset, which may affect patient prognosis.
Fifth, there were no data on prognosis after hospital dis-
charge. Sixth, we were unable to adjust for differences in
social structural factors between rural and metropolitan
areas, such as composition or density of regional popula-
tion, economic status, traffic networks, scale or density of
PPCl-capable facilities, and numbers of physicians, which
may have affected our results. Additional detailed nation-
wide observational studies with long-term follow-up are
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needed for further evaluation.

Conclusions

Direct ambulance transport was the strongest independent
predictor for PPCI in a timely fashion within 2h of onset.
In rural prefectures, however, AMI patients were less likely
to be transported directly by EMS to PPCI-capable facili-
ties, resulting in significant longer OTB times, and lower
prevalence of PPCI in a timely manner. In the rural prefec-
tures, further effort is needed to promote widespread
awareness of the importance of direct ambulance transport
to PCl-capable facilities in order to minimize time delay to
reperfusion in patients with AMI.
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Abstract

Background: Studies on social capital and health outcomes have become common, but the relationship between
neighborhood social capital and sleep duration by gender is still unclear. We examined the relationship between
neighborhood social capital and sleep duration by gender in adults living in a rural community in Japan.

Method: We conducted a cross-sectional survey of 12,321 residents aged 220 years in a town in Mie Prefecture in
January—March 2013. Self-completed questionnaires were collected from the residents (n = 7782; valid participation
rate, 63.2%). We used five items to assess the neighborhood social capital (Cronbach’s a = 0.86). We summed up the
scores of each item, and then divided the participants into four groups by quartile of total scores of neighborhood
social capital (lowest, low, high, and highest). Sleep duration of < 7 h/day was defined as insufficient sleep duration
according to previous studies. To adjust for potential confounders, we performed a multiple log-binominal regression
analysis and estimated the prevalence ratios (PRs) and 95% confidence intervals (Cls) for insufficient sleep.

Results: Overall 42% of the men and 45% of the women had insufficient sleep. In the men, the lowest group of
neighborhood social capital presented a 22% higher prevalence of insufficient sleep (PR 1.22; 95% Cls 1.08-1.38) compared
to the highest group of neighborhood social capital. Similarly the low group of neighborhood social capital and the high
group of neighborhood social capital had 20 and 19% higher prevalence of insufficient sleep (PR 1.20; 95% Cls 1.06-1.36;
PR 1.19; 95% Cls 1.06—1.34, respectively) compared to the highest group of neighborhood social capital. For women there
was no significant association between neighborhood social capital and insufficient sleep after controlling for all potential

confounders.

Conclusion: Having lower neighborhood social capital was associated with insufficient sleep among Japanese adults,
particularly in the men. This suggests that the context of neighborhood social capital by gender should be considered to
promote healthier behaviors with regard to getting enough sleep.

Keywords: Neighborhood social capital, Gender, Health behavior, Sleep duration

Background

Studies on social capital and health outcomes have become
much more common, and social capital is considered an
important determinant of health [1]. ‘Social capital’ is
defined as “resources composed of or derived from trust,
and/or norms (especially reciprocity), and/or networks,
which facilitate collective actions” [2]. The resources
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generated by a community or neighborhood are referred to
as “neighborhood social capital” (NSC) [3]. A highly cohe-
sive community is crucial in attempts to promote healthier
behaviors. For example, a well-connected neighborhood
enables its residents to easily distribute information on
health-promoting behaviors [4]. A supportive neighbor-
hood also advocates healthier behaviors through psycho-
social or stress coping mechanisms [5]. Moreover, a
community with informal social control enhances the
maintenance of healthy behavioral norms or the deterrence
of risky behaviors among neighbors [6].

© The Author(s). 2018 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to

the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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Several studies have shown that health-related behav-
iors such as smoking, alcohol drinking, physical activity,
and sleep are important mediators between NSC and
health outcomes [3, 7, 8]. However few studies described
the direct relationship between NSC and sleep disorders
[9, 10]. In addition, NSC differs between the genders in
terms of social networks and opportunities to invest in
social capital [11]. For instance, Elisabetta Addis and
Majlinda Joxhe presented that men and women differ in
network structure and accumulation of social capital
which is not only reflecting the basic biological sex but
also the diverse constructs of behavior, attitude and
norms of the society [12]. The gender gap is largely
reflected in the way that the day-to-day activities of men
and women differ, and studies of social capital should
therefore consider the gender differences [13]. Previous
studies also showed inconsistent gender differences in
the relationship between social capital and health out-
comes. For example, a study in Japan showed that the
women having stronger bridging social capital were
more likely to have the depressive mood but the associ-
ation was not found in the men [14]. With the greater
magnitude for women health than for men, M. Stafford
et al. described the presence of gender role in the neigh-
borhood characteristics such as trust, integration into
wider society etc. [15]. Conversely, in Russia, men with
increased formal and informal social participation
reported poorer health than who did not whereas no
such significant relationship were found in women [16].
Therefore it is important enough to detect the role of
gender in studies of social capital and health outcomes.
However, there has been relatively little research into
gender differences in NSC and sleep disorders.

Sleep disorders have been a key public health issue.
Sleep problems are a major challenge in developed
countries, and sleeping disturbances were found in one
out of five people in Japan [17, 18]. For instance, the
recommended sleep duration for a normal adult person
is 7-9 h (hrs) according to the U.S. National Sleep Foun-
dation [19]. According to a report by the Organization
for Economic Co-operation and Development (OECD),
average sleep duration of the OECD countries was 8 h
and 22 min (min), but Japan had the second-least aver-
age sleep duration (7 h 43 min) among the OECD coun-
tries [20]. Japanese Statistics Bureau also reported that
sleeping time in Japan for both sexes was declining over
past two decades [21]. Although both short and long
sleeping times can cause health problems, several studies
reported that short sleep duration was rather related to
adverse health outcomes [22-25]. Particularly in Japan,
short duration of sleep is the most frequent problem
because of long working hours and less sleeping time
[26]. The prevalence of short sleeping time in Japanese
was ranging from 47.6 to 51.5% although the definitions
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of short duration of sleep differed among studies [26—28].
Sleep duration < 7 h was especially associated with mortal-
ity and metabolic risk factors in Japan [25, 28, 29].

Moreover, insufficient sleep induces poor health
through several triggering factors [30-32]. For example,
sleep disturbances induced by multiple stressors can cause
mental illnesses [33, 34]. Socio-environmental factors also
have enormous effects on insufficient sleep [35-37]. Gen-
der differences in sleep are also very important because of
their different attribution to biological, psychosocial and
cultural influences [38]. For example the brain activity of
men and women differs before and after sleep [39] and
this underlying biological difference is worth to recognize
in sleep studies. Moreover Sarah A. Burgard pointed out
that women had disproportionate burden of interrupted
sleep for caregiving because of differences in social roles
and work-family responsibilities than men do [40]. Previ-
ous studies suggested that a sleep study in relation to
health outcomes should be conducted by genders because
there were not any consistent differences in genders
across the studies [41, 42]. In addition, gender differences
can exist in the relation between sleep and socio-
environmental factors such as neighborhood disadvan-
tages or neighborhood social capital [10, 43]. However, the
evidence is limited for the association of NSC in relation-
ship to insufficient sleep in accord with gender. In the
present study we thus examined the association between
NSC and insufficient sleep by gender in a general popula-
tion of Japanese adults.

Methods

Data collection

We conducted a population-based cross-sectional survey
in a rural town located in eastern Mie Prefecture, where
a total of 15,280 residents lived at the time of our survey.
The survey was conducted in 2013 from January to
March using self-completed questionnaire, targeting
12,321 residents aged =20 vyears. The questionnaire
asked the respondent about his or her socioeconomic
status, lifestyle, sleep hours, work hours, social capital,
self-rated health, and non-communicable diseases
(NCDs). Of the target population, 7782 residents gave
consent to use their information in this study, and the
valid participation rate was 63.2%. Of the residents, the
respondents who did not answer the age and gender
questions (0.78%, #n=61) were regarded as unreliable
and were excluded from the analysis. A final total of
7721 respondents were analyzed. The study protocol
was approved by the Ethical Committee of the Medical
Department of Mie University, Japan (Approved num-
ber: 1268). Written informed consent was obtained from
all participants. The study was conducted in accordance
with the Helsinki Declaration.
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Measurement of neighborhood social capital (NSC)

In our study, the definition of NSC involved cognitive and
structural dimensions. Neighborhood social capital was
assessed by the individual respondent’s perception of social
capital in his or her neighborhood reflecting the feeling of
fellowship, emotional social support, norms of reciprocity,
perceived neighborhood trust, and social activity or co-
operation. The NSC questionnaire was derived from the
questionnaire of Cabinet Office, Government of Japan
(CQJ), 2003 [44]. The respondents were required to answer
the following five items: (1) I feel myself as a member of
neighbors (feeling of fellowship). (2) I have someone in my
neighborhood to consult when I need to talk to someone
(emotional social support). (3) I like someone in my neigh-
borhood who has the same idea as me (reciprocity norm).
(4) I think people in my neighborhood trust each other (per-
ceived neighborhood trust). (5) I and my neighbors perform
social activities together for the betterment of the neighbor-
hood (social activity or co-operation) [45-48].

These five items were measured on a five-point Likert
scale: strongly disagree, disagree, neither, agree, and
strongly agree. We summed up the scores of each item
on the questionnaire, and then divided the participants
into four groups by quartiles of total NSC score, where
the 1st quartile was defined as the ‘lowest’ NSC, the 2nd
quartile was defined as the ‘low’ NSC, the 3rd quartile
defined as the ‘high’ NSC, and the 4th quartile defined
as the ‘highest’ NSC.

Sleeping time

The participants were asked, ‘In the past 1 month, on aver-
age, how many hours of actual sleep do you generally get in
a day? According to Kripke et al. [49], sleeping times <2 h
and > 16 h (0.35%) were considered unreliable and invalid.
In the present study we thus coded these sleep durations as
missing values. Based on our review of relevant studies [8,
19, 25, 50, 51], we defined the sleep duration of 7 h per day
as the optimum number of hours of sleep for adults. In
accordance with a previous study in Japan [8], we dichoto-
mized the respondents’ sleep durations into >7 h per day
and <7 h per day. Insufficient sleep was considered a sleep
duration of <7 h per day.

Covariates

We selected the following as potential confounders in our
study: age, gender, educational attainment, occupation, an-
nual household income, smoking, alcohol drinking, physical
activity, body mass index (BMI), and presence of non-
communicable disease (NCD). Age was grouped into the
following four categories: 20-39, 40-59, 60-79, and
>80 years. Educational attainment was defined as low (elem-
entary school, junior and senior high school), medium (col-
lege and vocational schools), and high (university, Master’s
degree and above). The respondents’ occupations were
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categorized into the following three groups: blue collar,
white collar, and others (i.e., housewives and students) [52].

Annual household income was collapsed into five categor-
ies: <2 million yen, 2-million to less than 4 million yen, 4-
million to less than 6 million yen, 6-million to less than 8
million yen, and =8 million yen [47]. For smoking, the
following three groups were created: smoker, ex-smoker and
non-smoker. Alcohol drinking was also classified into daily
drinker, occasional drinker and non-drinker. With regard to
physical activity, 2150 min per week of physical activity was
regarded as physically active, and < 150 min per week was
physically inactive according to the WHO recommendation
for adults [53].

BMI (kg/m?) was also classified by the following WHO
recommendation [54]: underweight (< 18.50 BMI), normal
(18.50-24.99), overweight (25.00-29.99) and obese (=30). If
a respondent reported having any one of the following non-
communicable diseases (NCD) (stroke, hypertension,
diabetes mellitus, myocardial infarction, allergy, asthma, and
cancer), he or she was considered to have an NCD in this
study.

Statistical analysis
We conducted an internal reliability of NSC questions by
using Cronbach’s a. For the evaluation of a high degree of
correlation among independent variables, we used related
statistics such as variance inflation factor (VIF) and toler-
ance value (TOL) [55]. By considering the importance and
inconsistent results of gender differences in NSC and sleep
disorders from the previous studies [56—58], we carried out
a gender-stratified analysis. We calculated frequency
distribution to describe the basic characteristics of the par-
ticipants. Bivariate analysis of the chi-square test for inde-
pendency and analysis of variances was done to assess the
differences in characteristics among NSC groups. We also
conducted the interaction tests for socioeconomic factors in
the relationship between NSC and insufficient sleep to find
the effect modification by adding the interaction term in the
log-binomial model. For missing data, the fully conditional
specification (FCS) method of the multiple imputation (MI)
procedure was used to replace the missing values, and it
was performed separately for the men and the women [59].
A total of 10 imputed datasets by gender were created for
the analysis. The variables in the imputation model were
sleep duration, NSC, age, education, occupation, annual
household income, smoking, alcohol drinking, physical ac-
tivity, BMI and NCD. We performed a multiple regression
using log-binomial model with the command, “proc gen-
mod” and “log link” to calculate the prevalence ratios by
analyzing the effects of covariates concerning the association
between NSC and insufficient sleep [60]. The analysis was
conducted on each imputed data set, and we then pooled
the results of 10 data sets for each gender, adjusting the
standard errors appropriately. In addition we performed the
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subgroup analysis for the working age group (20-69) by
considering the actual retirement age [61]. Statistical signifi-
cance was set at a two-sided P-value < 0.05. We used SAS
ver. 94 software (SAS Institute, Cary, NC, USA) for all of
the statistical analyses.

Results

The internal consistency reliability (Cronbach’s a) for
the NSC questions was acceptably high at 0.86. There
was no significant correlation among the independent
variables. Overall, 43.6% (3370/7721) of the respondents
experienced the insufficient sleep, with the mean dur-
ation of sleeping hours 6.8 (SD = 1.34 h). The mean sleep
duration was not significantly different between the men
(6.8 h) and the women (6.7 h). Although social activity
or cooperation in relation to insufficient sleep had sig-
nificant interaction test for gender (P =0.009), none of
NSC groups and other dimensions were significant for
gender interaction test. However we performed all the
analyses stratified by gender because of the considerable
biological and psychosocial roles of gender in both NSC
and sleep.

Table 1 summarizes the demographic characteristics of
respondents by genders. More than half of the respon-
dents were female (1#=4096; 53.1%), 45.3% of the
women experienced the insufficient sleep, whereas
41.7% of the men did. More than 65.0% of both the men
and the women were classified as having low education,
and 43.6% of the men and 31.0% of the women were
blue-collar workers. Approximately 50% of the men
earned >4 million yen/year, and the annual household
income was higher in the men than the women. A total
of 33.6% of the men were smokers and 21.4% were daily
drinkers, whereas among the women, only 7.6% were
smokers and 3.5% were daily drinkers. More than 40% of
the respondents of both genders were physically inactive,
and overweight or obesity was found in 24.5% of the
men and 13.3% of the women. More than half of the re-
spondents of both genders had one of the NCDs. The
gender-stratified univariate analysis showed that all of
the variables were significantly associated with insuffi-
cient sleep.

The characteristics of the participants across the NSC
groups are shown in Table 2. The NSC scores among
the NSC groups were not much different between the
men and the women. The proportion of insufficient
sleep of the highest NSC group in the women (42.4%)
was higher than that of the men (33.7%). In both gen-
ders, older participants had higher NSC than younger
participants. On the other hand other characteristics of
the participants such as educational attainment, occupa-
tion, annual household income, smoking status, alcohol
drinking, physical activity, BMI, and NCD were not
much different among the NSC groups in both genders.
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There were no interactions between NSC groups and so-
cioeconomic factors in both genders, namely age (P =0.96
in men and P=0.40 in women), educational attainment
(P=0.34 in men and P = 0.67 in women), occupation (P =
0.07 in men and P=0.45 in women), annual household
income (P =0.21 in men and P = 0.88 in women).

Table 3 describes the results of the multiple regression
with log-binomial models using the multiple imputation
method. Across all models, a significant association was
found between NSC and insufficient sleep after control-
ling for all potential confounders in the men. Among
the men, the lowest NSC group had 22% higher preva-
lence of insufficient sleep (PR 1.22; 95% ClIs 1.08-1.38)
compared to the highest NSC group. Similarly, the low
NSC group and the high NSC group had 20 and 19%
higher prevalence of insufficient sleep (PR 1.20; 95% Cls
1.06-1.36 and PR 1.19; 95% ClIs 1.06—1.34, respectively)
compared to the highest NSC group. In contrast, for the
women, there was no significant association between
NSC and insufficient sleep after controlling for all po-
tential confounders. Moreover similar pattern of associa-
tions were found in the men in the relationship between
each dimension of NSC except the feeling of fellowship
and insufficient sleep (Table 4). The subgroup analysis of
the working age group also showed the significant asso-
ciation between NSC and insufficient sleep in both gen-
ders (see Additional file 1).

Discussion

Our findings demonstrated a significant relationship be-
tween NSC and sleep duration in men but not in
women. In particular, NSC was negatively associated
with insufficient sleep in the men even after controlling
for all potential confounders. Each dimension of NSC
except the feeling of fellowship, was also negatively re-
lated to insufficient sleep only in men. Furthermore,
even in the working age group, the low NSC groups ex-
perienced the insufficient sleep more than the highest
NSC group for both genders.

A few studies investigated the association between
NSC and sleep duration by genders. The research by
Toyosato and Takakura showed that through the sleep
duration of women, the perceived trust of NSC was as-
sociated with self-rated health, and the authors proposed
that NSC should be promoted for the improvement of
sleep duration in Japanese women [8]. In contrary, our
study found that low NSC was related to insufficient
sleep in men but not in women. Although the reason for
a discrepancy was unclear, results from both studies sug-
gested there were gender differences in the relationship
between NSC and sleep duration. Thus further prospect-
ive study is needed on the association between NSC and
health behavior considering the gender pattern.
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Table 1 Demographic characteristic of the respondents

Men Women
(n=3625, 46.9%) (n=4096, 53.1%)
Characteristics No. (%) No. (%)
Neighborhood social capital
Lowest 812 (22.4) 865 (21.1)
Low 852 (23.5) 901 (22.0)
High 1021 (28.2) 1189 (29.0)
Highest 736 (20.3) 868 (21.2)
Missing 204 (5.6) 273 6.7)
Age (years)
20-39 935 (25.8) 1036 (25.3)
40-59 1208 (33.3) 1346 (329
60-79 1198 (33.1) 1286 (314)
>80 284 (7.8) 428 (10.5)
Educational attainment
Low 2496 (68.9) 2774 (67.7)
Medium 329 9.1 904 (22.1)
High 755 (20.8) 335 (82
Missing 45 (1.2) 83 (2.0
Occupation
Blue collar 1581 (43.6) 1270 (31.0)
White collar 1111 (30.7) 1026 (25.1)
Others 852 (23.5) 1711 (41.8)
Missing 81 (2.2) 89 (2.2)
Annual household income (Million Yen)
<2 105 (2.9 174 (4.3)
2-399 502 (13.9) 526 (12.8)
4-5.99 602 (16.6) 572 (14.0)
6-7.99 485 (134) 483 (11.8)
28 708 (19.5) 657 (16.0)
Missing 1223 (33.7) 1684 (41.1)
Smoking status
Non-smoker 1909 (52.7) 3629 (88.6)
Ex-smoker 464 (12.8) 117 2.9
Smoker 1217 (33.6) 313 (7.6)
Missing 35 (1.0) 37 0.9)
Alcohol Drinking
Non-drinker 1453 (40.1) 2971 (72.5)
Occasional drinker 1366 (37.7) 946 (23.1)
Daily drinker 775 (214) 142 3.5)
Missing 31 0.9) 37 (0.9)
Physical activity
Active 1517 (41.9) 1490 (36:4)
Inactive 1593 (43.9) 1993 (48.7)
Missing 515 (14.2) 613 (15.0)
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Table 1 Demographic characteristic of the respondents

(Continued)
Men Women
(n=3625, 46.9%) (n=4096, 53.1%)
Characteristics No. (%) No. (%)
BMI (kg/m?)
Underweight 198 (5.5) 525 (12.8)
Normal 2432 (67.1) 2818 (68.8)
Overweight 781 (21.5) 469 (11.5)
Obese 110 (3.0) 72 (1.8)
Missing 104 (29) 212 (5.2)
Non-communicable disease
Present 1859 (51.3) 2175 (53.1)
Absent 1717 (47.4) 1858 (45.4)
Missing 49 (14) 63 (1.5)
Insufficient sleep
Yes 1513 (41.7) 1857 (45.3)
No 1941 (535) 2014 (49.2)
Missing 171 4.7) 225 (5.5)

Another study in Finland demonstrated a positive
association between NSC and adequate sleep of 7-8 h
per night [7]. Our present findings are supported by that
study, which specifically indicated that people with high
levels of social participation and networks were likely to
have healthier behaviors than those with low levels
although the authors did not take account for the gender
differences in the analysis. In contrast, Mohnen et al. [3]
reported that they observed no association between NSC
and sleeping habits. As the authors did not access a gen-
der disparity in the analysis, it may lead to the different
results from ours. Another explanation for the inconsist-
ent results between the studies may be due to varying
approaches of social capital [62]; while the authors
assessed NSC using a collective approach, we used an
individual approach. Furthermore, all of the studies
mentioned above treated sleep duration as a mediator
between NSC and health outcomes. However, we inves-
tigated the direct association considering other potential
confounders, which were not fully examined in the pre-
vious studies. Moreover, we analyzed the association by
different dimensions of NSC. These characteristics of
our studies guarantee the robustness of our results.

A handful studies have described a direct relationship
between NSC and sleep disturbances, which supports
our findings. Takahashi et al. [9] reported that Japanese
workers who had higher neighborhood or workplace
social capital had a better quality and quantity of sleep.
Their finding was similar to our results from subgroup
analysis although the authors did not consider gender
effects in the study. One of the reasons for the
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Table 2 Characteristic distribution of respondents among neighborhood social capital groups

Neighborhood social capital (n = 7244)

Men (n=3421) Women (n =3823)
Lowest Low High Highest Lowest Low High Highest
(n=2812) (n=2852) (n=1021) (n=736) (n=2865) (n=901) (n=1189) (n=2868)
Characteristics No. %orSD No. %orSD No. %orSD No. %orSD No. %orSD No. %orSD No. %orSD No. % orSD
Neighborhood social capital scores
Mean 10.1 (2.6) 15.1 (0.6 186 (1.1) 230 (1.6) 10.1 (2.6) 15.1 (0.7) 186 (1.1) 229 (1.6
Age (years)
20-39 310 (382) 324 (380) 180 (17.6) 93  (126) 339 (392 295 (327) 255 (21.5) 124 (143)
40-59 267 (329) 295 (34.6) 395 (387) 212 (288) 303 (350) 318 (353) 443 (37.3) 240 (27.7)
60-79 193 (23.9) 197 (23.1) 376 (36.8) 350 (47.6) 155 (17.9) 211 (234) 395 (332 397 (457)
280 42 (52) 36 (42 70 (6.9) 81 (110 68 (7.9 77 (86) 96 8.1) 107 (12.3)
Educational attainment
Low 532 (66.1) 555 (65.8) 686 (67.7) 566 (77.5) 505 (599 603 (67.9) 819  (69.5) 637 (74.5)
Medium 82 (102 9% (114) 88 (87) 55 (75) 227 (26.9) 212 (239 261 (22.2) 174 (204)
High 191 (23.7) 192 (22.8) 240 (237) 109 (14.9) 111 (13.2) 73 (82 98 (83) 44 (52)
Occupation
Blue collar 369 (45.8) 390 (46.0) 432 (426) 332 (455) 285 (334) 291 (326 363 (30.8) 277 (32.7)
White collar 266 (33.0) 275 (325) 345 (34.0) 204 (28.0) 267 (313) 256 (28.7) 324 (27.5) 156 (18.1)
Others 170 (21.1) 182 (21.5) 237 (234) 193 (26.5) 301 (353) 345 (387) 493 (41.8) 429 (49.8)
Annual household income (Million yen)
<2 25 (4.8 22 (42 29 (39 22 (40) 29  (57) 46 (84) 54 (7.1) 31 (6)
2-399 126 (24.1) 104 (19.6) 139 (186) 120 (224) 115 (225) 116 (21.3) 157 (20.5) 115 (22.2)
4-5.99 137 (26.2) 129 (24.3) 176 (23.6) 141 (26.3) 120 (234) 17 (214) 191 (24.9) 127 (24.6)
6-7.99 94 (18.1) 17 (22.1) 160 (21.5) 103 (19.2) 97 (19.0) 111 (20.3) 158  (20.6) 111 (21.5)
28 141 (27.0) 158 (29.8) 242 (324) 150 (28.0) 151 (29.5) 156 (28.6) 206 (26.9) 133 (25.7)
Smoking status
Non-smoker 398 (494) 421 (49.7) 531 (523) 423 (57.8) 720 (84.2) 776  (86.6) 1082 (91.3) 802 (934)
Ex-smoker 112 (139 97 (115 150 (14.8) 91  (124) 31 (36 35 (39 27 (2.3) 21 (24
Smoker 295 (36.7) 329 (388) 335 (33.0) 218 (29.8) 104 (122 85 (95) 76 (64) 36 (4.2
Alcohol Drinking
Non-drinker 336 (41.6) 358 (42.2) 356 (35.0) 295 (404) 568 (66.2) 634 (70.5) 856  (72.5) 675 (78.7)
Occasional drinker 313 (38.8) 328 (387) 419 (412) 250 (343) 251 (293) 238 (26.5) 275 (233) 159 (185)
Daily drinker 158 (19.6) 162 (19.1) 241 (23.7) 185 (25.3) 39 (40 27 (3.0) 50 (4.2 24 (28)
Physical activity
Active 310 (44.2) 337 (45.7) 479 (532) 336 (53.0) 279 (37.7) 318 (40.1) 460 (45.0) 379 (50.7)
Inactive 392 (55.8) 401 (54.3) 421 (46.8) 298 (47.0) 461 (62.3) 475 (599 562 (55.0) 369 (493)
BMI (Kg/m?)
Underweight 55 (7.0 50 (6.0 45 (45) 29 (40 135 (16.5) 110 (129 142 (12.5) 106 (12.6)
Normal 512 (64.8) 584 (69.9) 700 (69.8) 512 (714) 576 (704) 627 (734) 837 (73.7) 612 (729
Overweight 188 (23.8) 178 (21.3) 226 (225) 158  (22.0) 88 (108) 100 (11.7) 131 (115 113 (13.5)
Obese 35 (44) 24 (29) 32 (32 18 (25 19 23 17 20 25 (22 9 (1.m
Non-communicable disease:
Present 374 (46.8) 392 (46.3) 548 (54.3) 427 (586) 420 (49.5) 432 (486) 626  (53.0) 524 (61.0)
Absent 426 (533) 454 (53.7) 461 (45.7) 302 (414) 428 (50.5) 457 (514) 556 (47.0) 335 (39.0)
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Table 2 Characteristic distribution of respondents among neighborhood social capital groups (Continued)
Neighborhood social capital (n = 7244)
Men (n=3421) Women (n =3823)
Lowest Low High Highest Lowest Low High Highest
(n=2812) (n=2852) (n=1021) (n=736) (n=2865) (n=901) (n=1189) (n=2868)
Characteristics No. %orSD No. %orSD No. %orSD No. %orSD No. %orSD No. %orSD No. %orSD No. % orSD
Sleeping time
Mean 6.7 (14) 6.7 (1.3 68 (1.3 71 (13) 66 (14) 6.7 (14) 6.7 (1.3) 69 (1.2
Insufficient sleep
Yes 385 (49.0) 392 (47.9) 446 (44.9) 238 (337) 429 (51.6) 435 (50.5) 568  (48.9) 352 (424)
No 400 (51) 427 (52.1) 548 (55.1) 468 (66.3) 403 (484) 426 (49.5) 595 (51.2) 479 (57.6)

association between higher social capital and a better
sleep among workers may be due to the barrier effect,
where NSC acts as the shock absorber to the stress and
strain of the workplace [63, 64]. Another possibility is
that NSC relieves psychosocial or environmental stresses
which disturb the sleep [65] via the mental wellbeing ob-
tained from mutual trust, reciprocity, wider social net-
works and social supports [66, 67]. Moreover Bassett
and Moore [10] argued that the lower neighborhood
trust in a Canadian community increased the likelihood
of restless sleep in women and that lower network social
capital increased the likelihood of restless sleep in men.
On the other hand, our results demonstrated that all di-
mensions of NSC were associated with insufficient sleep
in men, but not in women. We speculate that social
roles and responsibilities may shape sleep disturbances
differently in men and women.

David-Barrett T et al. reported that men have larger
social networks and higher thin trust each other com-
pared to women [68]. In Japan, men are likely to spend
longer time on active free-time activities, work and
work-related activities than women [21]. Because of
these activities outside, Japanese men may build social
network from accumulating social norms or shared value

through the expended loose social networks, which may
relieve the distresses of sleep disturbance [12]. On the
other hand, women in Japan accept gendered responsi-
bility and have a desire to fulfill their social role as
mother, spouse and caretaker for children and other
family members [69]. In addition women generally tend
to build emotional based, time-consuming kinship rela-
tionship among family members and close friends which
creates fewer friendships or social networks with thick
trust in women [68]. According to a report by statistics
bureau in Japan [21], women tend to spend more time
on communication with family members and thus they
are likely to create thick trust and fewer social networks
than men. Moreover Japanese women spend more time
on child caring, care-giving and unpaid housework than
men [21]. These responsibilities in women may relate to
higher levels of depression, anxiety and affection, caus-
ing insufficient sleep. Another possibility is that hormo-
nal effects during pregnancy, lactation, pre- and post-
menstrual states, and/or pre- and post-menopause status
in women induce sleep disturbances [38].

A number of explanations may account for the associ-
ation between NSC and sleep duration. First, stressful
conditions in a neighborhood contribute to alterations

Table 3 Prevalence ratios of neighborhood social capital for insufficient sleep of respondents

Crude Model Model 1° Model 2° Model 3¢
PR 95%Cl PR 95%Cl PR 95%Cl PR 95%Cl
Men Lowest 147 (1.30-1.66) 1.22 (1.08-1.37) 1.24 (1.10-1.40) 122 (1.08-1.38)
Low 144 (127-1.63) 1.18 (1.05-1.34) 1.21 (1.07-1.36) 1.20 (1.06-1.36)
High 1.33 (1.17-1.51) 1.21 (1.07-1.36) 1.20 (1.07-1.35) 1.19 (1.06-1.34)
Highest Reference Reference Reference Reference
Women Lowest 1.22 (1.10-1.36) 1.10 (1.00-1.22) 111 (1.00-1.22) 1.11 (1.00-1.22)
Low 1.20 (1.08-1.34) .11 (1.00-1.22) 1.10 (1.00-1.22) 1.10 (1.00-1.22)
High 117 (1.06-1.29) 1.09 (0.99-1.19) 1.08 (0.99-1.19) 1.08 (0.98-1.19)
Highest Reference Reference Reference Reference

2 Adjusted for age
b: Adjusted for age, education, occupation, and annual household income

< Adjusted for age, education, occupation, annual household income, smoking, alcohol drinking, physical activity, BMI and presence of NCD
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Table 4 Prevalence ratios of each neighborhood social capital dimension for insufficient sleep of respondents
Crude Model Model 1° Model 2° Model 3¢
PR 95%(Cl PR 95%(Cl PR 95%(Cl PR 95%(Cl

Feeling of fellowship

Men Lowest 1.36 (1.20-1.53) 117 (1.04-132) 1.21 (1.08-1.36) 1.19 (1.06-1.34)
Low 143 (1.29-1.58) 1.19 (1.07-1.31) 1.22 (1.10-1.35) 1.21 (1.09-1.34)
High 1.22 (1.09-1.36) 1.1 (1.00-1.23) 112 (1.01-1.24) 112 (1.01-1.24)
Highest Reference Reference Reference Reference

Women Lowest 1.21 (1.09-1.35) 1.14 (1.03-1.26) 1.15 (1.04-1.27) 1.15 (1.04-1.27)
Low 1.24 (1.14-1.36) 1.1 (1.02-1.21) 113 (1.03-1.23) 112 (1.03-1.22)
High 1.17 (1.07-1.28) 1.08 (0.99-1.18) 1.08 (0.99-1.18) 1.08 (0.99-1.18)
Highest Reference Reference Reference Reference

Emotional Social Support

Men Lowest 1.50 (1.31-1.72) 1.29 (1.13-147) 129 (1.13-147) 128 (1.12-1.46)
Low 1.40 (1.23-1.61) 1.26 (1.11-1.44) 1.26 (1.11-143) 1.26 (1.11-143)
High 1.26 (1.09-147) 1.22 (1.06-141) 1.21 (1.05-1.40) 1.21 (1.05-1.39)
Highest Reference Reference Reference Reference

Women Lowest 1.07 (0.97-1.18) 1.01 (0.92-1.11) 1.01 (0.92-1.10) 1.01 (0.92-1.10)
Low 1.09 (0.99-1.20) 1.05 (0.96-1.15) 1.06 (0.97-1.15) 1.06 (0.97-1.15)
High 1.05 (0.95-1.16) 1.01 (0.92-1.11) 1.00 (0.92-1.10) 1.00 (0.92-1.10)
Highest Reference Reference Reference Reference

Reciprocity norm

Men Lowest 1.08 (0.94-1.25) 1.00 (0.88-1.14) 1.04 (091-1.19) 1.02 (0.89-1.16)
Low 1.25 (1.12-1.39) 1.10 (1.00-1.22) 1.15 (1.04-1.27) 1.14 (1.03-1.26)
High 1.15 (1.03-1.29) 1.08 (0.96-1.20) 1.08 (0.97-1.20) 1.07 (0.96-1.19)
Highest Reference Reference Reference Reference

Women Lowest 1.21 (1.07-1.36) 1.11 (0.99-1.25) 112 (1.00-1.25) 1.1 (0.99-1.24)
Low 1.20 (1.09-1.32) 1.08 (0.99-1.19) 1.09 (0.99-1.19) 1.08 (0.99-1.18)
High 117 (1.06-1.30) .11 (1.01-1.22) 1.10 (1.00-1.21) 1.09 (0.99-1.20)
Highest Reference Reference Reference Reference

Perceived neighborhood trust

Men Lowest 147 (1.25-1.74) 117 (1.00-1.37) 1.19 (1.02-1.39) 1.19 (1.02-1.38)
Low 147 (1.26-1.71) 1.18 (1.02-1.36) 1.19 (1.03-1.37) 1.18 (1.03-1.36)
High 1.34 (1.14-1.58) 117 (1.00-1.36) 1.18 (1.01-1.37) 1.17 (1.01-1.36)
Highest Reference Reference Reference Reference

Women Lowest 1.35 (1.17-1.55) 113 (0.99-1.30) 1.14 (1.00-1.31) 113 (0.99-1.30)
Low 1.39 (1.22-1.57) 1.15 (1.02-1.29) 1.15 (1.02-1.29) 1.14 (1.01-1.28)
High 124 (1.09-142) 1.10 (0.96-1.25) 1.08 (0.96-1.23) 1.08 (0.95-1.23)
Highest Reference Reference Reference Reference

Social activity or co-operation

Men Lowest 144 (1.26-1.65) 122 (1.07-1.39) 1.24 (1.08-1.41) 1.20 (1.06-1.37)
Low 1.38 (1.22-157) 1.21 (1.06-1.37) 123 (1.08-1.39) 121 (1.07-1.37)
High 1.31 (1.14-1.51) 1.22 (1.07-1.39) 1.20 (1.05-1.37) 1.18 (1.03-1.34)
Highest Reference Reference Reference Reference

Women Lowest 118 (1.05-132) 1.05 (0.94-1.17) 1.04 (0.93-1.16) 1.03 (0.93-1.15)
Low 1.15 (1.03-1.28) 1.03 (0.93-1.14) 1.01 (0.92-1.12) 1.01 (091-1.12)
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Table 4 Prevalence ratios of each neighborhood social capital dimension for insufficient sleep of respondents (Continued)

Crude Model Model 1° Model 2° Model 3¢

PR 95%Cl PR 95%(Cl PR 95%(Cl PR 95%(Cl
High 1.14 (1.01-1.28) 1.03 (0.92-1.15) 1.02 (091-1.14) 1.01 (0.90-1.13)
Highest Reference Reference Reference Reference

?Adjusted for age
PAdjusted for age, education, occupation, and annual household income

“Adjusted for age, education, occupation, annual household income, smoking, alcohol drinking, physical activity, BMI and presence of NCD

of the adaptive nature of sleep through psychosocial-
cognitive pathways, because sleep has been recognized
as largely psychological influential behavior [70, 71]. Sec-
ond, living in a trustable community makes one feel safe
and secure, which can contribute to falling asleep.
Braithwaite [72] explained that unsafe, distrustful and
highly stressed neighborhood conditions may relate to
poor sleep. Third, a sense of membership in one’s com-
munity endows people with self-esteem, which acts as a
social experience to alter health behavior [73]. Fourth,
loosely knit relationships among residents adversely
affect individuals’ psychological well-being, which is im-
portant for good sleep [74]. Finally, a neighborhood can
give support for the distribution of information on
healthy behaviors. A study in a Dutch community indi-
cated that social support and information were poten-
tially important for modifying health behaviors [75].
Although several mechanisms have been considered to
underlie the association between NSC and sleep dur-
ation, the existence of a gender difference in that associ-
ation was not clear until now.

Our study has several limitations. First, due to the
study’s cross-sectional design, we were not able to
analyze the cause-effect relationship between NSC and
insufficient sleep. Thus, insufficient sleep itself may ad-
versely affect both physical and mental well-being, which
in turn has a negative impact on NSC. Future studies
should examine the causal relationship in the gender
gap between social capital and sleep duration. Second,
the validity of NSC was not accessed and thus the con-
clusions should be drawn with a caution although we
had advantages of imparting different dimensions of
NSC. The development of validated questionnaires for
NSC will be required in future researches for
generalizability. Third, we evaluated the respondents’
subjective sleep duration as a main outcome variable
using a self-reported questionnaire. Although we used
self-reported sleep duration in our study, a previous
study demonstrated that using self-reported results was
as reliable as the objective assessments [76]. Thus a
comprehensive approach including wrist actigraphy
should be performed. In addition, evaluating sleep qual-
ity is important for sleep examinations, but we could not
assess sleep quality as well as other complex disorders of
sleep in this study. We also dichotomized the variable of

sleep duration, and doing so could have under- or over-
estimated the results. Forth, our respond rate of 63.2%
was not much high so that it might lead to selection
bias. Finally, we used several factors to control con-
founding effects, but other unmeasured possible con-
founders such as stress might affect the association
between social capital and insufficient sleep.

Conclusions

Our present findings demonstrated that having lower NSC
was associated with insufficient sleep among Japanese
adults, particularly among men. From a perspective of
public health, social and environmental factors are modifi-
able and adaptable to healthier behaviors. Population-based
studies of gender gap in NSC and sleep duration are worth
conducting, toward the promotion of positive health-related
behaviors. The context of NSC with gender differences
should be considered when implementing interventions,
strategies and policies to promote healthier behaviors
regarding adequate amounts of sleep.
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Aim: All health insurers in Japan are mandated to provide Specific Health Checkups and Specific Health
Guidance (SHG) focusing on metabolic syndrome (MetS) in middle-aged adults, beginning in 2008;
intensive HG for individuals who have abdominal obesity and two or more additional MetS risk factors,
and motivational HG for individuals with one risk factor. The aim of this study is to describe medium-
term changes in health indexes for intensive and motivational HG groups using the National Database.

Methods: We compared changes of risk factors and initiation of pharmacological therapy over 3 yr
between participants (z=31,790) and nonparticipants (7 =189,726) who were eligible for SHG in 2008.
Results: Body weight reduction in intensive HG was 1.98 kg (participants) vs 0.42 kg (nonpartici-
pants) in men (»p<0.01) and 2.25 vs 0.68 kg in women (p<0.01) after 1 yr. In motivational HG, the
respective reduction was 1.40 vs 0.30 kg in men (p<0.01) and 1.53 vs 0.42 kg in women (»p<0.01).
Waist circumference reduction was also greatest among participants in intensive HG (2.34 cm in
men and 2.98 cm in women). These reductions were fairly unchanged over 3 yr and accompanied
greater improvements in MetS risk factors in participants. We also detected significantly smaller per-
centages of SHG participants who initiated pharmacological therapy compared with nonparticipants.
Conclusion: Participants in SHG showed greater improvements in MetS profiles with proportionally
smaller pharmacological treatment initiations than did nonparticipants for 3 yr. Although selection bias
may be present, this study suggests SHG would be a feasible strategy to prevent MetS and its sequelae.
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birth almost consecutively since the mid-1980s". A
series of government-led public health programs are
credited for this achievement, including the universal
health insurance (1961) and the nationwide annual
health checkup systems in workplaces (1972) and
municipalities (1982)*”. Early disease detection and
pharmacological treatment, along with public health
campaign aimed at reducing salt, have been major
drivers to reduce leading causes of death, in particular,
stroke mortality®®.
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The longevity of the citizens brought Japan a
fast-growing aging society. Coupled with a low birth
rate, the proportion of people aged 65 yr and older
increased from 14.6% in 1995 to 20.2% in 2005 and
26.7% in 2015. Consequently, Japan’s total health-care
expenditure as a share of gross domestic product grad-
ually rose from 6.4% in 1995 to 8.1% in 2005 and
11.2% in 2015'?. A report by the Organization for Eco-
nomic Co-operation and Development confirms that
a continuing high growth in pharmaceutical spending
is a major contributor to the increasing health spend-
ing in Japan'V.

In terms of population disease burden, slowly incr-
easing prevalence of overweight, type 2 diabetes, and
its complications received notices'?. Although the pro-
portion of adults who are obese is still much lower
than that of other industrialized nations'?, mild abdom-
inal obesity can lead to impaired glucose metabolism
and cardiovascular sequelae in Japanese individuals'*'®.
In 2005, the new diagnostic criteria of metabolic syn-
drome (MetS) for Japanese adults were published 2%
Unlike the NCEP-ATPII?" or the harmonized crite-
ria*?, the Japanese criteria treat abdominal obesity as a
necessary factor for diagnosis?*2”.

To proactively tackle an impending health-care cri-
sis, the Ministry of Health, Labor and Welfare (MHLW)
began formulating a health-care systems reform that
would include a new approach to systematically detect
hyperglycemia, hypertension, and dyslipidemia earlier,
possibly at the preclinical stage. Scientific evidence was
already clear that lifestyle modification can be more
efficacious than pharmacological treatment for improv-
ing MetS risk factors in adults with prediabates®**.
With this knowledge, the Japanese government decided
to add a lifestyle intervention component within the
health-care system. Using the 2006 Health Care Sys-
tems Reform Plan as the base law, the MHLW intro-
duced the Specific Health Checkups (SHC) and the
Specific Health Guidance (SHG) in fiscal year 2008.
All health insurers in Japan, therefore, were required to
provide health checkup programs to all enrollees and
their dependents 40 to 74 yr of age and implement
lifestyle improvement counseling for nonmedicated par-
ticipants who have elevated risk factors of MetS* 3.
There is a new evaluation component for the program,
which utilizes the National Database (NDB), an elec-
tronic claims dataset containing health information of
SHC participants (20—25 million annually for 2008 -
2011), to facilitate data-driven decision making??.

Aim
The purpose of this study is to describe changes
in waist circumference (WC), body mass index (BMI),
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and other risk factors of MetS over 3 yr using the
NDB. The present study is the first systematic evalua-
tion of the nationwide SHG by the study group con-
vened by the MHLW.

Methods

Study Design

This study is a population-based longitudinal
observational study. We compared changes in SHC
health examination data over a 3-yr period between
participants and nonparticipants. We defined partici-
pants as subjects who fully completed SHG in 2008,
and we did not consider whether they participated in
SHG in 2009 or 2010. Nonparticipants were defined
as subjects who were eligible for SHG in 2008 but
never participated in SHG during these 3 yr (2008 -
2010). Subjects whose hemoglobin Alc (HbAlc) was
more than 7.0%, or systolic blood pressure (SBP) was
more than 160 mmHg, or diastolic blood pressure
(DBP) was more than 100 mmHg at baseline were
excluded, because they would be strongly recommended
to take medications instead of participating in a pre-
vention program by health insurers.

The Specific Health Checkups

SHC features annual laboratory tests, question-
naire, and physical examination to evaluate MetS risk
factors. The laboratory tests and physical examination
include measurements of WC, body weight, BMI, SBP,
DBP, HbAlc, serum triglycerides (T'G), and high-den-
sity lipoprotein (HDL) cholesterol. The questionnaire
assesses smoking status and whether the participant
takes medication for diabetes, hypertension, or dyslip-
idemia. Measurement methods, cutoff values, and pro-
tocols are described in the “Operational Guide to Spe-
cific Health Checkups and Specific Health Guidance”
by the MHLW?%. Participants in the checkups, aged
40 to 74 yr, are initially classified by obesity indicators
(WC and BMI) and then by the number of additional
metabolic risk factors, smoking status, and age (Fig. 1).
Individuals who are on pharmacological therapy for
diabetes, hypertension, or dyslipidemia are not eligible
for SHG. Medical insurers are asked to recommend
eligible members to participate in in-house SHG or
SHG provided by outsourced health-care agencies.
Compliance rates of SHG recommendation differed
from 0% to more than 90%, depending on insures.
Note that participation in SHG is not mandatory for
eligible individuals.

The Specific Health Guidance
There are two types of SHG in this program: (1)

Intensive HG is offered to those who have two or
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| Step 1: Abdominal obesity and/or overweight |

» Waist circumference M 2 85cm, F 2 90cm - Group (1)
» Waist circumference M < 85cm, F <90cm, but Body Mass Index 2 25 -~ Group (2)

| Step 2: Additional risk factors |

1) Fasting Plasma glucose
2) TG and HDL-cholesterol
3) Blood pressure

4) Smoking

TG 2 150mg/d|

FPG 2 100mg/dl and/or
and/or HDL-cholesterol < 40mg/d|
SBP 2 130mmHg and/or DBP 2 85mmHg

(counted only for those who have 1 risk or more from 1-3)

HbA1c 2 5.6%

| Step 3: Classification for Health Guidance Program

Group (1) Additional risks at Step 2
22

Group (2) Additional risks at Step2
23

Intensive Health Guidance program
1 Motivational Health Guidance program

Intensive Health Guidance program
1or 2 Motivational Health Guidance program

Step 4

program regardless of risk profile

People taking medication for diabetes, hypertension, or high cholesterol are excluded
People aged 65-74 who are eligible for health guidance are allocated to Motivational Health Guidance

Fig.1. Participant classification for Specific Health Guidance (SHG) eligibility based on the “Standardized health
examination and guidance program” of the Ministry of Health, Labor and Welfare.

Specific Health Checkups participants are initially classified by obesity indicators (Step 1) and then by the number of addi-
tional metabolic risk factors and smoking status (Steps 2 and 3). Individuals who are on pharmacological therapy for diabe-
tes, dyslipidemia, or hypertension are not eligible for SHG (Step 4).

more risk factors with abdominal obesity or three or
more risk factors with overweight (BMI>25) but with-
out abdominal obesity. (2) Motivational HG is offered
to those who have one risk factor with abdominal obe-
sity or one or two risk factors with overweight without
abdominal obesity.

Both types of SHG include initial counseling and
final evaluation after 6 months. At initial counseling,
participants are briefed about their health condition
and lifestyle through a review of their SHC results
sheets. They are instructed to set personalized behav-
ioral goals that are achievable. Walking (for instance,
walk “extra 10 min” whenever possible) is recommended
as a form of physical activity, and participants are
encouraged to wear a pedometer. Diet may be adjusted
to balance the total energy expenditure. The clinical
goals include reductions of body weight by 3% —5%
and WC by 3 cm®" %, The initial counseling session
can be one on one for at least 20 min, or group coun-
seling (eight participants or fewer) for at least 80 min.
A trained health-care professional (physician, nurse, or
dietitian) who has completed the established MHLW

training course provides counseling. In the intensive
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HG program, participants receive personalized follow-
up consultation through e-mail, phone calls, and/or
in-person or group sessions at their convenience for at
least 3 month and up to 6 months. The motivational
HG program does not include continuous support.
The programs are considered to be completed when
participants received a specific amount of cumulative
consultation time, for example, four 15-min phone
consultations or five e-mail consultations (intensive
HG only), and finished the 6-month evaluation (both
intensive and motivational HG). The average per cap-
ita cost is about US$180 (18,000 Japanese yen) for
intensive HG and about US$60 (6,000 Japanese yen)
for motivational HG.

Program Participants

The total number of adults who were eligible for
the SHC was approximately 51.9 million in 2008,
roughly the entire Japanese adult population aged 40
to 74 yr. Of these, approximately 20.2 million (38.9%)
participated in the SHC. In this subset, about 4.0 mil-
lion (19.9%) had elevated MetS risk factors but were
not on pharmacological therapy; thus, they became
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eligible for SHG.

Because there was systemic shortcoming in link-
ing deidentified health checkup data files and health
insurance claims data files owing to inconsistent Japa-
nese alphanumeric data entry methods, we selected
365 insures (321 National Health Insurances, 2 coop-
erate insurance societies, and 42 mutual aid associa-
tions) who had a data matching rate of 80% or higher
in all observation periods.

Analysis Methods

We received anonymized and linkable SHC/SHG
data in the standardized extensible markup language
from the MHIW. At the end of each year during the
follow-up period (2009, 2010, and 2011), we com-
pared changes in MetS risk factors (WC, BMI, body
weight, SBP, DBP, HbAlc, TG, and HDL) from base-
line (2008) between SHG participants and nonpartic-
ipants in the SHC data. We conducted analyses by
type of intervention (intensive HG and motivational
HG), sex, and age groups of participants. In addition,
we analyzed the percentage of people who initiated
pharmacological therapy for diabetes, hypertension, or
dyslipidemia during the follow-up period using the
questionnaire data. The Student 7 test was used to test
for statistical significance (p<0.05).

This study was exempt from a review by the ethi-
cal review committee, because the study was performed
on the purpose of policy evaluation under the Act of
Financing Health Care for the Elderly, and we used
anonymized secondary data provided by MHLW.

Results

Study Participants

The analysis data set contained a total of 221,516
individuals who were eligible for SHG from 365 insur-
ers; 89,014 met the criteria for intensive HG and
132,502 for motivational HG (Fig.2). The participa-
tion rate of SHG was 12.3% (10,942/89,014) for inten-
sive HG and 15.7% (20,848/132,502) for motiva-
tional HG. The follow-up retention rates for intensive
HG were 84.5% (after 1 yr), 78.7% (after 2 yr), and
72.7% (after 3 yr) in participants and 69.5%, 64.4%,
and 61.5% in nonparticipants. The follow-up reten-
tion rates for motivational HG were 74.3%, 65.1%,
and 57.8% in participants and 63.9%, 57.3%, and
51.6% in nonparticipants.

The baseline characteristics of SHG participants
by type of intervention and sex are shown in Table 1.
We conducted additional age-stratified analyses using
5-yr increments to grasp age-specific changes (Supple-
mental Table 1).
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Result of the Intensive HG Program

In intensive HG participants, WC, BMI, body
weight, SBP, TG, and HDL cholesterol significantly
improved compared with those in nonparticipants
(Table 2a, Fig.3). The reduction in body weight/WC
from baseline among men in the participants group
was 1.98 kg/2.34 cm at the end of the 1 yr, 1.53 kg/
1.92 cm after 2 yr, and 1.25 kg/1.48 cm after 3 yr. The
extent of body weight and WC reductions was signifi-
cantly greater than those in nonparticipants (0.42
kg/0.66 cm, 0.43 kg/0.69 cm, and 0.43 kg/0.51 cm,
respectively). The reduction in body weight/WC from
baseline among women in the participants group was
2.25 kg/2.98 cm at 1 yr, 1.83 kg/2.80 cm at 2 yr, and
1.65 kg/2.66 cm at 3 yr. The extent of body weight
and WC reductions was also significantly greater than
that in nonparticipants (0.68 kg/1.59 cm, 0.85 kg/1.71
cm, and 0.81 kg/1.55 cm, respectively). In the age-
stratified analyses, we found significant reductions in
body weight in intensive HG participants compared
with nonparticipants in all age subgroups in both sexes
(Supplemental Table 2).

As for blood pressure and TG, improvements were
significantly greater in participants than in nonpartici-
pants, except for DBP in women. HbAlc decreased
by 0.01% in men and 0.05% in women in partici-
pants but increased by 0.04% in men and 0.02% in
women in nonparticipants after 1 yr. In subsequent
years, HbAlc moderately increased in both groups, but
the group differences remained significant throughout
the 3-yr period. HDL cholesterol increased signifi-
cantly greater in participants.

Results of the Motivational HG Program

In motivational HG participants (aged 40—64
yr), most MetS risk factors also 1mproved significantly
compared with those in nonparticipants. The degree
of improvement in each risk factor, however, was
smaller than that in intensive HG participants (Table
2b). In the older motivational HG participants (aged
65—74 yr), significant differences in improvements for
at least two consecutive years were observed in WC,
body weight, TG, and HDL cholesterol, but not in
blood pressure (men and women) and HbAlc (women)
(Table 2¢). In the age-stratified analyses, significant
reductions in body weight were found in motivational
HG participants compared with those in nonpartici-
pants in all age-subgroups in both sexes.

Starting Pharmacological Therapy

Significantly smaller percentages of SHG partici-
pants initiated pharmacological therapy for diabetes,
hypertension, or dyslipidemia than nonparticipants dur-

ing the follow-up period in both types of HG pro-
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insurance @
N=51,919,920 (2008)

40-74-year-old adults covered by medical

People who did not
have SHC or their data
were not correctly

v

People who had SHC in 2008 and

N=20,192,502 (38.9%)

their data were correctly registered in NDB®

A4

registered in NDB
N=31.7 million

People who did not meet the
SHG eligibility criteria and/or
were taking medication (HT,

People who met the SHG eligibility
criteria ©
N=4,010,717 (19.9%)

DM, DL)
N=16,181,785

NDB system performance well prepared (data merging)

People who met the SHG eligibility criteria from 365 insurers
N=221,516

/

o~

N=89,014

Met the criteria for Intensive HG

Met the criteria for Motivational HG

N=132,502

SN

Participated
in SHG in 2008
(Participants)

Baseline 10,942 (100%)
Followed up by SHC

After 1 year 9,246 (84.5%)
After 2 years 8,607 (78.7%)

After 3 years 7,956 (72.7%)

Did not participate
in SHG in 2008
(non-participants)

78,072(100%)

54,268 (69.5%)
50,312 (64.4%)
48,026 (61.5%)

VAN

Participated Did not participate
in SHG in 2008 in SHG in 2008

(Participants) (non-participants)
20,848(100%) 111,654(100%)
15,498 (74.3%) 71,391 (63.9%)
13,575 (65.1%) 63,965 (57.3%)

12,051 (57.8%) 57,663 (51.6%)

Fig.2. Number of people who met the eligibility criteria for the Specific Health Guidance (SHG)
in 2008, assignment of participants and nonparticipants, and follow-up rate

a. The entire Japanese adult population aged 40—74 yr. b. People who did not have Specific Heath Check-
ups (SHC) or their data were not correctly registered in the National Database were excluded. c. Partici-
pants of SHC were classified by the standard criteria (Fig.1). d. We analyzed SHC/SHG data from 365

insurers who met specific performance requirements (data merging).

grams (Fig. 4).

Discussion

The present study is the first official descriptive
analysis of the nationwide lifestyle intervention pro-
gram to improve risk factors of MetS in nonmedicated
adults 40 to 74 yr of age in Japan. We found that the
improvements in obesity indices, including WC, BMI,
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and body weight, were significantly greater in partici-
pants of SHG than in nonparticipants. Body weight
reduction in intensive HG participants was 1.98 kg
(2.63% reduction) in men and 2.25 kg (3.43%) in
women, whereas WC reduction was 2.34 ¢cm in men
and 2.98 cm in women, after 1 yr. These reductions
were fairly unchanged over the next 3 yr and accom-
panied similar sustainable improvements in TG, HDL
cholesterol, SBP, and initial reduction of HbAlc among
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Table 1. Summary baseline values by type of the specific health guidance and sex groups

Men Women
Intensive Health Guidance
aged 40-64 Participants Non-ptepts Participants Non-ptcpts
n=8,918 n=64,503 n=2,024 n=13,569
Age, mean (SD), yrs 52.1 (6.8) 52.7 (6.9)** 56.7 (6.3) 55.6 (6.6)**
Waist circumference, mean (SD), cm 91.4 (5.7) 91.4 (6.0) 95.1 (6.5) 94.7 (7.4)*
BMI, mean (SD), kg/m? 26.0 (2.6) 26.0 (2.7) 27.4 (3.3) 27.5(3.5)
Body weight, mean (SD), kg 75.3 (8.8) 75.0 (9.1)* 65.6 (8.9) 66.2 (9.2)™
HbAlc, mean (SD), % 5.69 (0.7) 5.71 (0.9)** 5.85 (0.6) 5.85 (1.0)
Systolic blood pressure, mean (SD), mmHg 130 (16) 131 (18)* 134 (16) 134 (18)
Diastolic blood pressure, mean (SD), mmHg 82 (11) 82 (12)* 1(10) 81 (11)*
Triglyceride, mean (SD), mg/dL 206 (88) 204 (86) 172 (96) 170 (99)
Men Women
Motivational Health Guidance
aged 40-64 Participants Non-ptepts Participants Non-ptcpts
n=1,882 n=24,965 n=3,021 n=20,853
Age, mean (SD), yrs 56.1 (6.9) 52.4 (7.0)* 57.6 (6.0) 54.5 (6.0) ™
Waist circumference, mean (SD), cm 89.8 (5.5) 89.3 (5.5)™* 90.7 (6.5) 89.8 (6.9)™*
BMI, mean (SD), kg/m? 25.4(2.2) 25.5 (2.4)" 26.4(2.3) 26.6 (2.6)™
Body weight, mean (SD), kg 71.4 (7.6) 733 (7.9)* 62.2 (6.7) 63.7 (7.3)™
HbAlc, mean (SD), % 5.58 (0.5) 5.56 (0.5) 5.70 (0.4) 5.70 (0.6)
Systolic blood pressure, mean (SD), mmHg 127 (15) 127 (16) 130 (16) 130 (17)
Diastolic blood pressure, mean (SD), mmHg 79 (10) 80 (11)* 78 (10) 79 (11)*
Triglyceride, mean (SD), mg/dL 135 (88) 137 (86) 118 (60) 118 (65)
Men Women
Motivational Health Guidance
aged 65-74 Participants Non-ptepts Participants Non-ptcpts
n=9,617 1n=39,847 n=0,328 n=25,989
Age, mean (SD), yrs 69.1 (2.5) 69.2 (2.5) 69.0 (2.5) 68.9 (2.6)
Waist circumference, mean (SD), cm 90.1 (4.8) 90.0 (4.9) 92.6 (6.1) 92.4 (6.5)
BMI, mean (SD), kg/m? 25.0 (2.1) 24.9 2.1)*" 26.0 (2.4) 26.0 (2.5)
Body weight, mean (SD), kg 67.7 (6.5) 67.6 (6.6) 59.2 (6.2) 59.1 (6.4)
HbAlc, mean (SD), % 5.75 (0.6) 5.84 (0.75)** 5.76 (0.5) 5.82 (0.6) ™
Systolic blood pressure, mean (SD), mmHg 135 (16) 137 (18)™** 136 (16) 138 (18)**
Diastolic blood pressure, mean (SD), mmHg 80 (10) 81 (11)™* 78 (10) 79 (11)**
Triglyceride, mean (SD), mg/dL 147 (83) 150 (93) ™ 132 (70) 135 (72)*

Values are mean (SD). *p< 0.05, ™*

£<0.01, compared participants with non-participants in each category

SI conversion factors: To convert Triglyceride to mmol/L, multiply value by 0.0113, Non-ptcpts: non-participants

SHG participants. Furthermore, the proportion of indi-
viduals who started pharmacological therapy in each
follow-up year was significantly smaller in SHG par-
ticipants than in nonparticipants. These results sup-
port that a large scale, policy-driven lifestyle interven-
tion program could produce measureable improvements
in MetS risks, and that small reductions in body weight
(3%—5%) and WC (3 cm) would be feasible program
goals for high-risk Japanese adults.

For the interpretation of these results, we have to
consider several limitations. We could not control self-
selection bias. There is a possibility that participants

246

in SHG were more health conscious than nonpartici-
pants were. Health insurers’ attitude and readiness might
have affected individual participation, as implementa-
tion rates differed substantially among health insurers.
Further investigation will be needed when more detailed
background data become available. Second, a relatively
low follow-up retention rate could also introduce poten-
tial bias. The loss to follow-up was caused primarily
by participants’ migration into different health insur-
ers owing to a shift in age eligibility (into the elderly
insurance plan), relocation, job change/loss, or retire-
ment. Study subjects who belonged to insurers of the
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Table 2. Change in clinical indicators (waist circumference, BMI, body weight, HbAlc, systolic blood pressure, diastolic blood
pressure, triglyceride and HDL cholesterol) from baseline to subsequent three years in each Health Guidance participants
and non-participants. 2a. Intensive Health Guidance aged 40-64, 2b. Motivational Health Guidance aged 40-64, 2c.

Motivational Health Guidance aged 65-74

Table 2a

Men aged 40-64

Women aged 40-64

Intensive Health Guidance

Participants Non-ptepts Participants Non-ptepts
n=8,918 n=64,503 ? n=2,024 7=13,569 »

AWaist circumference, mean (SE), cm

one year —2.34 (0.04) -0.66 (0.01) <0.01 -2.98 (0.12) -1.59 (0.05) <0.01

two years -1.92 (0.05) -0.69 (0.02) <0.01 —-2.80 (0.12) -1.71 (0.05) <0.01

three years ~148(0.05)  -0.51(0.02) <001  -2.66(0.12) -155(0.05  <0.01
ABMI, mean (SE), kg/m*

one year ~0.66 (0.01)  —0.13(0.00) <001  -092(0.04)  -024(0.01)  <0.01

two years -0.48 (0.01) -0.11 (0.01) <0.01 —-0.71 (0.04) -0.28 (0.01) <0.01

three years -0.38 (0.01) -0.09 (0.01) <0.01 —-0.61 (0.04) -0.23 (0.01) <0.01
ABody weight, mean (SE), kg

one year ~1.98(0.03)  -042(0.01) <001  -225(007)  -0.68(0.02)  <0.01

two years ~153(0.04)  -043(0.01) <001  -1.83(0.08)  —-085(0.03) <0.01

three years -1.25(0.04) -0.43 (0.02) <0.01 —-1.65 (0.08) —-0.81(0.03) <0.01
AHbA1c, mean (SE), %

one year ~0.01 (0.00) 0.04 (0.00)  <0.01  -0.05(0.01) 0.02 (0.00)  <0.01

two years 0.06 (0.00) 0.09 (0.00)  <0.01 0.01 (0.01) 0.07 (0.00)  <0.01

three years 0.07 (0.00) 0.10 (0.00)  <0.01 0.02 (0.01) 0.09 (0.00)  <0.01
ASystolic BE, mean (SE), mmHg

one year -2.12(0.13) -0.87 (0.05) <0.01 -3.31 (0.31) -1.75(0.12) <0.01

two years -1.19(0.15  -039 (0.05 <001  -316(033)  -1.95(0.12)  <0.01

three years -0.72 (0.15) -0.13 (0.06) <0.01 -2.95 (0.34) -1.94 (0.13) <0.05
ADiastolic BB, mean (SE), mmHg

one year -1.34(0.09) —-0.39 (0.04) <0.01 -2.11(0.21) —1.43 (0.08) <0.05

two years —-0.64 (0.10) -0.28 (0.04) <0.01 -2.31(0.21) —-1.75(0.08) NS

three years ~0.47(0.10)  —0.14(0.04)  <0.05  -245(022)  —2.04(0.09) NS
ATriglyceride, mean (SE), mg/dL

one year -358(1.22)  -15.1(049) <001  -275(1.79) —-172(0.71)  <0.01

two years -29.4 (1.26) —-18.3 (0.50) <0.01 —-26.8 (1.87) -17.6 (0.72) <0.01

three years -31.3(1.27) -22.2(0.51) <0.01 —-26.2 (2.00) -19.7 (0.72) <0.05
AHDL cholesterol, mean (SE), mg/dL

one year 1.93 (0.07) 0.58 (0.03)  <0.01 1.69 (0.17) 1.08 (0.07)  <0.01

two years 2.10 (0.08) 0.96 (0.03)  <0.01 2.00 (0.18) 0.98 (0.08)  <0.01

three years 2.37 (0.08) 1.29 (0.03) <0.01 2.33 (0.19) 1.38 (0.08) <0.01

Values are Mean (SE). P values are comparison between participants and non-participants in each category.
SI conversion factors: To convert Triglyceride to mmol/L, multiply value by 0.0113, and to convert cholesterol to mmol/L, multiply values by

0.0259, Non-ptcpts: non-participants

National Health Insurance were more likely to skip
health checkups than were those who belonged to occu-
pational health insurers; thus, the former had lower
follow-up rates. It is necessary to conduct an addi-
tional study with a more representative sample or all
insurers’ data after revamping the NDB linkage system.

Despite these limitations, this study generated
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valuable information as being one of a very few popu-
lation-level observational studies that systematically
analyze public health programs for prevention of non-
communicable diseases (NCDs)?®. The nationwide
extent of the program, a large number of study sub-
jects involving 221,516 individuals, 3-yr longitudinal
design, and availability of a wide range of laboratory,
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(Cont Table 2)

Table 2b

Men aged 40-64

Women aged 40-64

Motivational Health Guidance

Participants Non-ptcpts Participants Non-ptcpts
n=1,882 n=24,965 ’ 7n=3,021 n=20,853 ’

AWaist circumference, mean (SE), cm

one year —-1.87 (0.09) —-0.44 (0.02) <0.01 -1.70 (0.10) —-0.54 (0.04) <0.01

two years -1.73(0.09)  -049(0.03) <0.01  -1.69(0.10)  —-0.55(0.04)  <0.01

three years -154(0.10)  -031(0.03) <0.01  -1.54(0.10)  -0.35(0.04)  <0.01
ABMI, mean (SE), kg/m*

one year -0.47 (0.02) -0.09 (0.01) <0.01 -0.60 (0.02) -0.16 (0.01) <0.01

two years -0.37 (0.03) -0.08 (0.01) <0.01 -0.51 (0.02) -0.21 (0.02) <0.01

three years —-0.31 (0.03) —-0.06 (0.01) <0.01 —-0.46 (0.02) -0.15(0.02) <0.01
ABody weight, mean (SE), kg

one year -1.40(0.07)  -030(0.02) <0.01  -1.53(0.05  -042(0.02)  <0.01

two years —-1.21 (0.08) —-0.30 (0.02) <0.01 —1.40 (0.05) -0.61 (0.02) <0.01

three years —-1.09 (0.08) -0.29 (0.03) <0.01 —1.34 (0.06) -0.52 (0.03) <0.01
AHbA1c, mean (SE), %

one year 0.00 (0.00) 0.03 (0.00)  <0.01 0.00 (0.00) 0.02 (0.00)  <0.01

two years 0.03 (0.01) 0.07 (0.00)  <0.01 0.01 (0.00) 0.06 (0.00)  <0.01

three years 0.04 (0.01) 0.07 (0.00) <0.01 0.01 (0.01) 0.06 (0.00) <0.01
ASystolic BP, mean (SE), mmHg

one year -0.64 (0.30) 0.49 (0.08) <0.01 —-0.81 (0.24) —-0.33 (0.09) NS

two years 0.19 (0.32) 0.96 (0.08) NS ~0.58 (0.25) 0.00 (0.10) NS

three years 0.24 (0.32) 138 (0.09)  <0.01 0.04 (0.26) 0.36 (0.10) NS
ADiastolic BP, mean (SE), mmHg

one year -0.21 (0.21) 0.45 (0.06) <0.05 -0.7(0.17) —-0.49 (0.06) NS

two years —-0.04 (0.23) 0.57 (0.06) <0.05 -1.12(0.17) -0.45 (0.07) <0.01

three years - 0.48 (0.23) 0.77 (0.06) <001  -1.03(0.18)  —0.33(0.07)  <0.01
ATriglyceride, mean (SE), mg/dL

one year -7.77 (1.68) 0.78 (0.50) <0.01 —-7.03 (0.99) -0.94 (0.41) <0.01

two years -11.3 (1.99) -0.70 (0.50) <0.01 —-6.41 (1.00) —2.36 (0.42) <0.01

three years -8.79 (1.96) -1.87(0.51) <0.01 -6.46 (0.99) -1.32(0.41) <0.01
AHDL cholesterol, mean (SE), mg/dL

one year 0.97 (0.21) 0.18 (0.00)  <0.01 0.98 (0.14) 0.24 (0.06)  <0.01

two years 1.23 (0.20) 038 (0.00)  <0.01 0.98 (0.15) 0.38 (0.07)  <0.01

three years 1.21 (0.22) 0.66 (0.00) <0.05 1.33 (0.15) 0.70 (0.07) <0.01

Values are Mean (SE). P values are comparison between participants and non-participants in each category.
SI conversion factors: To convert Triglyceride to mmol/L, multiply value by 0.0113, and to convert cholesterol to mmol/L, multiply values by

0.0259, Non-ptcpts: non-participants

anthropometric, and pharmacological data from the
NDB are major strengths of this study. There are only
a few existing studies that have a comparable partici-
pant size and follow-up duration in the real-world set-
ting, and our findings are fairly consistent with those
studies’ findings. The MOVE! program by the United
States Veterans Health Administration reports that vet-
erans who participated in the lifestyle intervention pro-
gram in an “intensive and sustained” manner lost 2.2%

of body weight in 3 yr (2=19,367), compared with
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less active participants (—0.64%, 7=219,173) and non-
participants (+0.46%, n=1,606,257)*". The MOVE!
program included individuals with diabetes, cardiovas-
cular disease, and other chronic conditions; and 87%
of participants were men. Meta-analyses of Diabetes
Prevention Programs (DPP) also report similar weight
reduction and cardio-metabolic risk improvements.
Dunkley ez al’s study, which included 22 DPP studies
worldwide (pooled 7=5,500), found a mean weight
loss of 2.32 kg at 12 months®¥, and Mudaliar ez al’s

315



Tsushita et al.

(Cont Table 2)

Table 2c

Men aged 65-74

Women aged 65-74

Motivational Health Guidance

Participants Non-ptcpts Participants Non-ptcpts
#=9,617 n=39,847 ? n=6,328 n=25,989 ?

AWaist circumference, mean (SE), cm

one year -1.95(0.04) -0.95 (0.02) <0.01 -2.36 (0.07) —1.45 (0.04) <0.01

two years ~1.78 (0.04)  —1.06(0.02) <001  -244(0.07)  —-1.85(0.04)  <0.01

three years ~1.65(0.04)  -097(0.02) <001  -223(007)  -1.75(0.04)  <0.01
ABMI, mean (SE), kg/m*

one year —-0.44 (0.01) —-0.14 (0.00) <0.01 -0.61 (0.01) -0.23 (0.00) <0.01

two years -0.38 (0.01) -0.18 (0.01) <0.01 -0.54 (0.02) —-0.28 (0.01) <0.01

three years -0.36 (0.01) -0.19 (0.01) <0.01 -0.48 (0.02) -0.28 (0.01) <0.01
ABody weight, mean (SE), kg

one year ~130(0.03)  -043(0.01) <001  -1.51(0.03) —-0.64(0.01)  <0.01

two years —1.20 (0.03) -0.62 (0.01) <0.01 —1.48 (0.03) -0.90 (0.02) <0.01

three years -1.22(0.03) —-0.74 (0.02) <0.01 —-1.49 (0.04) —-1.02 (0.02) <0.01
AHbA1c, mean (SE), %

one year 0.00 (0.00) 0.01(0.00) <001  =0.01(0.00) 0.00 (0.00) NS

two years 0.02 (0.00) 0.04 (0.00)  <0.01 0.01 (0.00) 0.02 (0.00) NS

three years 0.03 (0.00) 0.04 (0.00) <0.05 0.02 (0.00) 0.02 (0.00) NS
ASystolic BP, mean (SE), mmHg

one year —-1.20 (0.14) —-0.55(0.07) <0.01 -0.89 (0.17) -0.61 (0.09) NS

two years -0.96 (0.15) -0.78 (0.07) NS -1.29(0.18) —-0.68 (0.09) <0.05

three years -0.90 (0.15) —-0.88 (0.08) NS -0.95 (0.18) -0.92 (0.10) NS
ADiastolic BP, mean (SE), mmHg

one year —1.40 (0.10) —-1.05 (0.05) <0.01 —-1.41(0.12) —-1.09 (0.06) <0.05

two years -1.67 (0.10) —1.67 (0.05) NS -2.01(0.12) —-1.70 (0.06) NS

three years —-2.04 (0.10) -1.93 (0.05) NS -2.47(0.12) —2.20 (0.06) NS
ATriglyceride, mean (SE), mg/dL

one year -13.5(0.77) -79(0.40) <001  -11.3(0.76) -73(039)  <0.01

two years -15.7 (0.73) -10.4 (0.41) <0.01 -12.5(0.78) -9.5 (0.40) <0.01

three years -16.1 (0.79) —12.4 (0.43) <0.01 -12.0 (0.77) —-10.9 (0.40) NS
AHDL cholesterol, mean (SE), mg/dL

one year 1.13 (0.08) 0.14 (0.04)  <0.01 1.01 (0.12) 0.54 (0.05)  <0.01

two years 1.25 (0.08) 0.17 (0.05) <0.01 0.96 (0.13) 0.55 (0.05) <0.01

three years 1.59 (0.08) 0.56 (0.05) <0.01 1.58 (0.13) 1.07 (0.05) <0.01

Values are Mean (SE). P values are comparison between participants and non-participants in each category.
SI conversion factors: To convert Triglyceride to mmol/L, multiply value by 0.0113, and to convert cholesterol to mmol/L, multiply values by

0.0259, Non-ptcpts: non-participants

study, which included 44 DPP studies in the United
States (pooled 7=8,995), found a mean weight loss of
3.77 kg, a mean HbAlc reduction of 0.21%, and a
mean HDL increase of 0.85 mg/dL, with an average
follow-up of 9.3 months®*”. The 2014 United States
Preventive Service Task Force’s (USPSTF’s) meta-anal-
ysis of lifestyle improvement counseling trials reports
that medium- to high-intensity behavioral counseling
for persons with elevated cardiovascular risks resulted
in consistent improvements across a variety of health
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outcomes*”’. The USPSTF also supports the notion
that the effectiveness of counseling interventions largely
depends on their availability and real-world adherence
to those interventions. Unlike the existing lifestyle inter-
vention models*’, SHG does not come with a formu-
laic curriculum. Health insurers had great flexibility to
tailor their programs on the basis of the demographics,
occupations, local culture, and specific health needs of
their enrollees.

Looking back, SHC/SHG was planned after the



Nationwide Health Guidance System

M Participants = Non-Participants

3-a
AWaist Circumferences (cm)
1.0 0.15
one year two years three years
0.0 0.1
0.05
-1.0
0
0 * %
* %
-0.05
-3.0 * ¥
ABody Weight (kg) 01
1.0
0.5
one year two years three years 10
0.0
05 I | I 0
-1.0 -10
15 * % 20
o * %
- -30
s * %
-40
A Systolic Blood Pressure (mmHg) 50
2 h 3.0
. one year two years three years S
0 — 2.0
e |
D= = -
2 * % 1.0
-3 k% 0.5
-4 0.0
W Participants = Non-Participants
*p<0.05 * *p<0.01
AWaist Circumference (cm)
1.0 0.15
00 one year two years three years 01
10 0.05
N LE L .
-2.0
-0.05
3.0 * % *%
* %k 0.1
ABody Weight (kg)
1.0
10
05 one year two years three years
0.0 0
05 . o
[ | [ 20
-1.0
15 30
20 -40
-2 * % * %
25 k% -50
ASystolic Blood Pressure (mmHg)
2.0 3.00
2.50
10 one year two years three years 200
0.0 1.50
-1.0 1.00
20 - || | 050
30 L 0.00
-4.0 * % * %

AHbAlc (%)

* ¥ **

B .
= HE -
—

one year two years

ATriglyceride (mg/dl)

one year two years
I * % k¥
* %

AHDL Cholesterol (mg/dl )

* % )k

one year two years

AHbA1c (%)

three years

three years

three years

* % dk
*%
— |
. year two years three years

ATriglyceride (mg/dl)

one year two years three years

* % *
* %

AHDL Cholesterol (mg/dl)

* %
)k
one year two years
*p<0.05 * *p<0.01

250

k%

three years

Fig. 3.

Change in clinical indicators
(waist circumference, body
weight, systolic blood pressure,
hemoglobin Alc, triglyceride,
and high-density lipoprotein
cholesterol) from baseline
(2008) to subsequent 3 yr
(2009, 2010, and 2011) in par-
ticipants and nonparticipants.

(a) Men aged 40—64.

(b) Women aged 40— 64.
*$<0.05, **p<0.01: differences
between participants and the
control.
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Fig.4. Proportion of individuals who started pharmacological therapy in baseline and each follow-up year in the intensive Health

Guidance (HG) and motivational HG aged 40— 64 and 64—74.

*$<0.05, **p<0.01: differences between participants and nonparticipants.

midterm evaluation of Health Japan 21 (the First Edi-
tion, 2000), which reported a gradual increase in prev-
alence of overweight, especially in adult men?, despite
increased campaigns to promote a healthy lifestyle®.
The NDB analysis revealed that more than 60% of
medicated men had abdominal obesity*”. Physicians
had very limited options to deal with increased abdom-
inal obesity in patients other than prescribing drugs,
even though early initiation of pharmacological ther-
apy without lifestyle modification could lead to poly-
pharmacy. On the basis of this experience, SHC/SHG
system was designed to focus on preclinical signs of
NCDs, notably abdominal obesity and accompanying
MetS risk factors, and provide lifestyle intervention to
improve the condition before the onset of type 2 dia-
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betes, stroke, and/or cardiovascular disease. We can also
expect additional health benefits, as MetS is related to
chronic renal disease*” and periodontal disease®®. It is
yet unclear whether the small but significant improve-
ments in MetS risk factors achieved by SHG can bring
measurable reductions in health-care costs associated
with NCDs. To answer this question, analysis of the
NDB’s SHC/SHG data linked to medical expenditure
data with a longer follow-up period is warranted.
Lastly, SHC/SHG was introduced as an innova-
tive public health program to make Japan a model
country of healthy longevity with contained medical
expenditure, but relatively low participation rates pose
a concern. As the United Nations General Assembly
on the Prevention and Control of NCDs has pro-
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claimed*”, we believe that all sectors in Japan, includ-
ing policy makers, insures, health-care providers,
researchers, and citizens, should recognize the impor-
tance of prevention and work together to realize the
full potential of this program.

Conclusion

This study revealed that participants in SHG
showed greater improvement in MetS profiles with
less pharmacological treatments. Although there were
limitations including selection bias, our nationwide
experience supported that targeting small reductions
in body weight and WC would be a potential strategy
to prevent MetS and its sequelae in Japanese adults.

(2,909 words)
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Supplemental Table 1. Number of participants and non-participants in the SHG (5-year age subgroups by sex)

Intensive HG Motivational HG
Total
Participants Non-ptepts Participants Non-ptcpts
Sex Age N N N N N
40-44 16,775 1,532 10,468 174 4,601
45-49 17,246 1,673 10,986 213 4,374
50-54 21,414 2,109 13,964 242 5,099
MEN 55-59 26,152 2,203 17,262 402 6,285
60-64 18,681 1,401 11,823 851 4,606
65-69 25,782 - 5,099 20,683
70-74 23,682 4,518 19,164
40-44 3,652 124 1,124 151 2,253
45-49 4,727 174 1,450 204 2,899
50-54 7,051 305 2,396 363 3,987
WOMEN 55-59 10,502 520 3,705 702 5,575
60-64 13,535 901 4,894 1,601 6,139
65-69 17,134 - — 3,546 13,588
70-74 15,183 2,782 12,401
Total 221,516 10,942 78,072 20,848 111,654

Supplemental Table 2. Change in body weight from baseline (2008) to next year in participants and non-participants (5-year age
subgroups by sex)

MEN 40-44 45-49 50-54 55-59 60-64 65-69 70-74

Participants ~ —2.11 (0.10) —1.92(0.08) -2.07(0.07) -1.85(0.06) —1.95(0.08)
Non-ptecpts ~ —0.50 (0.03) —0.43 (0.04) —0.39(0.02) —0.40(0.02) —0.43(0.03)

 value <0.01 <0.01 <0.01 <0.01 <0.01
Intensi
I;“Gens‘ve WOMEN 40-44 45-49 50-54 55-59 60-64 65-69 70-74

Participants ~ —2.10 (0.33) —1.87 (0.31) —2.20 (0.18) —2.36(0.15) —2.29 (0.09)

Non-ptepts ~ —0.52 (0.11)  —0.60 (0.08) —0.55(0.06) —0.69 (0.05) —0.79 (0.04)

 value <0.01 <0.01 <0.01 <0.01 <0.01

MEN 40-44 45-49 50-54 55-59 60-64 65-69 70-74

Participants  —1.89 (0.31) —1.04 (0.20) —1.15(0.19) —-1.42(0.13) —1.46(0.09) —1.31(0.04) -1.27 (0.04)

Non-ptepts  —0.23 (0.05) —0.28 (0.04) —0.32(0.06) —0.30 (0.04) —0.41 (0.04) =—0.45(0.02) —0.41 (0.02)
Motivational 2 value <0.01 <0.01 <0.05 <0.01 <0.01 <0.01 <0.01
HG WOMEN 40-44 45-49 50-54 55-59 60-64 65-69 70-74

Participants  —1.69 (0.29) —1.59 (0.20) -1.65(0.16) —1.43(0.09) —1.53(0.06) —1.54(0.04) —1.46(0.04)
Non-ptecpts ~ —0.37 (0.07) —0.27 (0.05) —0.30 (0.04) —0.51(0.04) —0.52(0.03) —0.64(0.02) —0.64(0.02)
2 value <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

Values are Mean (SE). P values are comparison between each group of participants and control (non-participants) group.
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