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FHRIBEICOWTIE, Z DERIER X,

1. EBICX YV #FZERH T2 b0,



A S
SXON

3. BZIBLLDH D,

4. EEEIEE L L Db D, THB, T
ZoWnwTavk Y+ ARELNT,

c 1 2DL_VERIER. B BTRE,
flcavevsdanEond,

AT DO BELIVLETH D

HMK
—hH T, 4DL

VL, EERR O NFJEIRORITIC L Y B s,

1&2DL iz oWTIiE,

I 46 B I FE 180 mmHg, #1558 MM £ 110
mmHg, ZZAEKFMMBE 200 mg/dL, BRFIm S
300 mg/dL. HbAlc 10%. Hb 8 g/dL

ALT 200 mg/dL

I, KIROL_UVERE LCD, avie vy A
JFoNTWDB, 7272 L. SRR D ZE55 b
1. TR AT AR 68 S (WE DFESE L)

(D T C IR ICREER S B B DS b BESERLAI
CEDOMMOANHRICED CEFA I NS XX
HNTH 5, %70, BUEEHIR D Z D o H b £ e

i, EHEANBICLVERS 20, —FITfTH R
% DTIER

SEEZZL LD b DICNT 5 HLiEE
DEMEFREE L L T, crude coverage (CC) D FF:
fiz$2E L7z, CC &, [#ZTZEhrnEL
W N7z A0S R ICZZ2 3 2862 "L T
W5, 7z, Effective coverage(EC) & 13, %
HEOT — ZHBEEENIGEL T2 EEZRT,

2T D A E 1 3\ T E AR
T (PEZEDE. CRUEANSE) MBS HARINE ’B@EJ%EL
FTHI LX), RS R I, F
WX 2EEDa vy ba— A RIFE R 2
AT D WTHRET L 72, FTIE 9 % FHE IS
PR PEER MR & oo R PERMRE R £ v 723
WEIL . HERICESEREY — e 2 2Rt L <
W3 Z e, EIMED Crude coverage (CC) 23
BRICBFRMEZKITL Tz, $72, &I
J£ & X OBEPRIF D Effectiveness coverage (EC)
ICHRICRE MR 2 KIS L Tz, mifilE &
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BEPRIRIC B\ Tl EEERIE R 2 v 7 3% 38
PO HAZIT-o T B &, 7, (RS
HEOHKAZGEOXERS 7+ —T v 7%
STk FERoavte— L RIFE
o TWwWbIlhEZLND,

ZD CC,EC%—2DiEfFEL LT, FEEMRHE
WEENO DR IEEEEHI S PIRETH B T L AR
ni-,

oAl 4

E. #&im

AWTFE 1L, BT OEHIFREZHTIC oW T,
ZrRUACAENICHIAT 20 L o fHET. =
EF Y ZADER R IT 272, % DGR, FEE XP
1Z, WigERZ oM i3, 2 IS O E % F -
Twa 23, 3/10 T T ofE v LT 27
DT, 40 WA LORRERICZZ 2 RGO T
2 DN TUL, ERRRF A iR s BT
Bo vz LTCO—EDHFHAEIRD 2
bDD, CTHRZDFEIEETEIH LI b,
fifizs ARREIC D w T, EER L L TR E
CT ZHiSEMICHERET % 2 & # M3 2 L5
Db,

FRRBEE RN B 2 IEHME, Z{LEE2RkD
ZZEICXVEEY R BTREING, EIE
BEP HENTH 213 L, £, BHTELH
WEBZEEEO IR X 5HRICK > T
Wiy BRI Y R 7 IMET 35 2 LR STz,

TE 2T 1 © 20 2 T3 % HEWTY 1
WBHIZ T, MATREEMEZFEEL LT
57T, AMRAEOZE X Vg
ICTHICE B AREMED B %,

Xoic, BYTOHEBICE T HREE X b
JRIFD Y X 7 e LIERA XV DY 27
DEHECE 2 LARE Nz, T2, TRHD
BaTid, FEE OB M ik, ERMEIFEL X
NEBHEICT 2 &iIck o T, X VRN
FREBEICORTONE Z &, MOIME ) =R
JAATICOWTIE, FrICEEIFEICNT 5



FE LOREEZIT) —2oMle LTHW 2
ZENTEDLLHERD, $72.36 F-39 F D
BY 2270\ Dicit, IMERE %2 E0ES
2 —DODRHPLL 7 B,
HgEEOBEEIEMIcOWwTDa Yy v
AL ZAITV, 2 LT, Z OFHlifeiEZ /R L 72
L7z Z & T, 5 DEEREDONFHT. FHAfh
ZA[RE & L 7=,
INHOWFERERAE L T EEn oS
WricowvT, T (P13 BIFE) 1R L 7=,
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HAZE A4, 2018 £ 2 A 1 H

2) S, PR, ILARE—ER, RZEEL Bk
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5) KHEEA, BOvE, FRWM, KHET, %
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EE N2 @ERZSHOEHE L BREEOIBEORE

1. WRRY 227 2 a7 ickEo /MBS, £M L L To@BRREDFHETEER. 36-39 2 T o MR

BEDO—2o0ABBHLORE

%z —5%BVRWUAZAIT |

SitaSan. IFHTE
FEERETIREETO

FOD~EOENTIUCD
WL, EAEYT N7

D~BOSIESILET,

TUOmEERnE, EIOWILTT.
HE hFaY -
VR3] L4 0 0~5 <2%
= B 6~8 2~4%
rikid ff-4] 30~39 0
40~49 2
506 4
3 BMI (kg/m?) 21.0%3 0
SRRk () - B R{m) 21.0~249 2
25.0~289 3
29,01 4
4 EAIERE W) 0 L E20
M ; GHta0cmld b, tritBiamld b ) 2 RT3 ‘
L ] Wk 0
L) 2
B i T Ly 0
AL W WD 2

MESTIE

| MEF—5EBVWRNU RS AP ICRERMBENR TS |

SEABED. EMTI
TR ST T A0 T
EEDHRLE S,

O~DDEESSILFET.

EE HhFduU =
@ 1R fex a O~d <1%
it 0 5~6 2%
@ FiEi (5%) 30~39 ] 7 4%
40~59 2 8~9 6~9%
G0kt F 3 b
@ BMI (kg/m?) 21.0F5% 0
AEkg)-BE(m)-F5(m) 21.0~22.9 1
23.0~28.9 2
29.0BLF 3
@ BEEHIE® 2L 0
I ; Br00CmALL, fMS0OTML a2 py n RRRTEEY
5 B2 IR ) HLEEE] ‘
5= 2
® BmF L 0
@ ZeEREnEE (ma/dl) 100 0
100~109 4
110~125 5

1) 40 FEKmicid, JHRERY =
s Z2arickh 9 mB xR ER
BEE

3 B OBERIE O FIERIZ, 5%
DEchzrilftecx s

2) 35 FIRFIC ZE R IRF IS B
DYRZ7AaTIicky, 7 8T
TH L., 36-39 F O MBEHRE I3
RIRDFAEY A7 1% 4%LAT & »
SBEPLIT, HBTEZ—0D
B#LL 725,

(772 L. T b O ILHZEN
B TR, KRS~ ZTH
h, HBLETHHLTH %,)

3) 40 ¥R, FREEY =2
a7 w40 F LT, ZEE
IRFILbE, 40 Riit & 40 ¥ A LT
DYV R ZAaTnfieHwT, &
HERMCORRIREOLEZ,
RIRY 27 ExfEEe LT
X%, ¥/, F¥al—vav7
7a—FIC X RERHEEEE (&
RREE) ofELEY 25,

2. BOIMEY 227 2271 X 3R EIEET N ICEREE, MELOREBORE
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BaGIME Y 27 2aT7 2 HuiziZE EollE, VA7 2Aa7IiIck) 5 BEICS FHo ) R
BTMENG, 1, 213KV 227 (0.14%LLF). 3—4ixF ) 22 (0.15-0.5%). 5%, »
4 Y22 (051-3.0%) &32&, Tnbd ) 2273, KEFEZKIEE 2 [icmatd 2
X0 b, Flx X, WEFEICNT 2 EE LRET 5 LT, HEFICHHT ARME L <K
ZIHHOBME L VI N TV, (2720, VAZIE, FEICLVEAR D05 THlx)
7 b DTlde . BEE. HEEEFECHIINIEZbDTH5,)

(R

A7
0 N AR
30-39 0 l__'% E %“ {éj
40-49 14
250 20
EE

FRIE BT (] &t
WMERE 1204 /8 8 z2a7

MERE 21 FLLL /B 1 EEREYRY .
m?z?-zcmum . <14 <0.07% » U =z 7 15:. ﬁ,—l%ﬁﬁajﬁ
g © | P e | oomor

140-159

2160 18 ~
HDLALZF0— )L (mg/dL) 25-30 0.15%-0.30% | EFI EBFEI \%
- : ) 20 =W
40-59 5 31-38 0.31%-0.50%

<40 10

L?mvz?n—lv(WdL) , 239 0.51%-3.00% — |) X 7 _'%_ i;kJ—;lfﬂ: * ﬁ%u BEM\%

SEMD

2140 5
R
uL o
»Y 9

*AEJS O ATe 65%L1E . TRNBY MM 126mg/dLELE
B M Bk 200mg/dLELE . MEMEROLThHTHEY

3.

HEFED> o DFERFIORERERZTR T,

mﬂ@%i@wﬁﬁﬁ?%%w@ . BT 20-30 FRICAMEIZ 30 F-40 FETHh BT, B
PR 0Icit, ZOFMBE~ORELIEEZEEBLNKEAHLLIETH D,

6.00

MR ERBIGGTPE L FAME(5 ) . PR F R BILDLCA AL FAE(55F) MR ERBIHbALCZE L 45 fB(54F)
1400 0.10
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I 400 M I
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mﬂﬂﬂltgg . u $I|IIII hL|| o zgggzg
S S SR S S S . R B L BN ol e S DR T S L T N S B
:Eﬂaﬁgggm“’ maiiiiiiiiffi”‘
it wm o wkit wBi e ekt w i
6.00 0.08
MBI ERBIHDLCE L FHIME(5F) RN FERBITCEAL FHIE(5F) HEREARBIBMIZ AL FHIE(5F)
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2 25 FF 32 s Ay NN BCTRE 2 2 8 8 g 3 8 1 g W
<<<<<<< Swaazamsﬂamse 010

ket mal akctt wEl ) aktt wBt
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TEREBISBPEAL TFI9E () MR FACBIRBCE L T fE(5 ) e MR E A RIGOTEAL FHIME(S )
70 2.00
600
150
500 ©
- . - I I I | I
200 © 050
200 o I I I I o II ] -III | Ill--l I
o II © _Ql‘ l’l B sz 5 3 0z gz o3 8 3 3
000 lll m““ ;’; ;a T T
e .
o axi w © el ank 10 n kit mB
300 ®
BDBPZ AL FH{E(54E) MR R BIHDZ AL THE(54) R ERBIGPTZEAL FHE(SE)
4.00 0.60 6.00
350 . s
300
. o ™
2.00 030 3.00
150 I I I I 020 .
1.00 0.10
o (T B Il., ”"I ||
MIII II Umzlzlz_ T s e . II-III - |
2 2 2 & 3 % 2 3 3 3§ g 010 A4 4 ¢ i3 1 z ¢
T, - wi bl L R AR
e wkit n B a kit W B o T xrf £l

% O h DL D E A & LTﬁ%ﬂ%?ﬁ%%%@?ﬁiﬁl‘iﬁiﬁﬁ% 5, SHBOT VLY — 7 KoiEE)
MERDSFE L 22 b DD, XV BETFRPEH ZIEIMNICLZ 2 LIEHIWETE LI LhroF
E%Z]S\’\‘ﬁ“’é% 50

MR REBICEDERE D Tl
TSLECIAH—ED @ sy
o O
5. R, FRERE- /R . — .
BENYSYA Hh—iEEh~ o :hm. a:;m. ;u::-nxmmavm—mm BEDESRPIDCED O
OV"?)»H”:?I“B&%. ?Qiﬁ. Rlltﬁ-lfﬂn'\ e .. X ‘
?{n—EQHUBEﬁQ Eﬁ!; O . @ ENALHCHP. BET, RIRE-)(RE . . lo) —
EEHRE-/IEA DN EDFIF4T 12
MFREbCiEE, BEHE, ##*:bkﬁbaf; °
FIABE - J\RiEE hd e
MR REBICEDIERE LD
-0.1 0 0.1 0.2 0.3 POTATBAEZED P
o o —
BMIﬁQ‘ BMI‘E}JU -0.4 -0.2 0 -t 0.2 0.4 0.6
FAEEHBMIOZELEBLEDIS%EHEER (kg/m2) P ) ' ' ' %
DTV T BMIEN

4, 35K, 36-39 MOMZIC BT 3 MBREHIRIE, Z0oBOBET — X IREBIIH LD ?

30—35 ¥, 35—40 FHOEEOEEIC X 5T — 2 —HOEHICOWTiX, AEHH ., HKA
LEFCOZLEIC O WTIiE, gD Y O PREHEIZERICIIBMT G ICEL T3, KL,
iz A LDHEBICBEWTIE, KE L ORAFEHETERERRD b Aad o7, ito T, Ao H K
DBRBEMEOTEALDRETH 2 22 Ic DTk, WIETE v, AIEEHEICO WX, 1 OFERFED Y
AT AT BICICHEIRIFD ) A 7 BEnF I, Al SRR 2 R8I X 2 M ADBHE &
FEZ b,

5, REEMCHWVBRZLRTEEZRYF2—2 2 LTORKEZSHIC X 3 —ERF o RE DR
R

FLAEA
PR (WGEHIME (LT, SBP) >=140mmHg, fLRMIME (BAT, DBP) >=90mmHg,
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MmeasEe (LUF. Hb) <=12.0g/dl (5B1E) - Hb<=11.0g/dl (&tE). 7AAXFF VBT I/ + 5
vA7x7—+% (LUF, AST ¥71% GOT) >=51U/l, 75=vT73I/t+53vz27=z7—% (I
. ALT %7213 GPT) >=51U/l, y ZAZ It TV R_TFHE—% (UF. y-GT 7213
GGT) >=101U/1, HERER (AT, TG) >=300mg/dl, KILE Y KA 1E<E (LT, LDLC)

>=140mg/dl. @ EY Kz A X <E (LT, HDLC) <=34mg/dl. 22 & e M fEfiE (LA T,

BS)126mg/dl, #ift~%€ 7 o v Alc (LAF, HbAlc) >=6.5%),

58 E)IR(E (SBP>=130mmHg, DBP>=85mmHg, Hb>=13.0g/dl (34 - [F>=12.0g/dl (&)

AST>=31U/l, ALT>=31U/l, GGT >=51U/l, TG>=150mg/dl. LDLC>=120mg/dl. HDLC
<=39mg/dl, BS>=100mg/dl, HbAlc>= 5.6 %)

Ficuhia Bt o
15 10 20 30 40 50 60 70 10 20 30 40 50 60 70
n 3012| 46354| 98485| 136406| 99055| 59067 7774| 1308| 25405| 41413| 67272| 52036| 27238 3287
MERE 6.3%| 8.5%| 13.0%| 22.4%| 33.0%| 40.9%| 45.5%| 1.4%| 1.7%| 4.5%| 11.4%| 20.9%)| 29.2%| 36.8%
HlEE 0.3%| 0.1%| 0.2%| 0.4%| 1.2%| 2.4%| 4.3%| 3.7%| 4.4%| 8.2%| 13.4%| 4.2%| 1.5%| 3.3%
FrikERsE 6.3%| 8.9%| 13.8%| 16.2%| 15.2%| 12.3%| 81%| 0.8%| 1.2%| 1.9%| 2.6%| 4.5%| 3.9%| 3.3%
REFTHEED 57%)| 14.0%| 28.6%| 37.8%| 37.4%| 32.2%| 26.9%| 5.5%| 6.6%)| 11.3%| 19.8%| 38.5%| 40.4%| 36.1%
Bh 1K 1.5%)| 1.1%| 1.4%| 2.3%| 5.2%| 13.2%| 29.1%| 1.5%| 1.0%| 1.5%| 2.1%| 4.8%| 10.9%| 27.8%
Bh4K 1.0%| 1.3%| 3.6%| 9.2%| 23.8%)| 47.8%| 68.7%| 0.7%| 0.7%| 1.1%| 1.7%| 4.6%| 13.2%| 33.3%
FRiE 0.3%| 0.5%| 1.1%| 2.6%| 4.7%| 6.4%| 69%| 0.4%| 0.3%| 0.5%| 0.7%| 0.9%| 1.3%| 1.4%
REA 2.9%| 1.9% 1.9% 2.5% 3.3%| 4.2%| 4.5%| 4.1%| 2.7%| 1.8%| 2.0%| 1.5%| 1.8%| 2.0%
n 2353| 50328| 111059| 144878| 113854 67898 10171 1114| 27503| 48670| 76978| 59148| 31475 5463
[n#& 0.9%| 1.5%| 2.6%| 5.3%| 10.7%| 15.2%| 15.3%| 1.7%| 1.5%| 1.5%| 2.0%| 3.9%| 6.3%| 8.2%
— n 3869| 61487| 128496| 170161 131796| 83412| 14305 1717| 32858 54960| 91627| 73372| 41457 7453
HbAlc | 0.2%| 0.4%| 1.5%| 4.5%| 8.9%| 12.3%| 13.4%| 0.1%| 0.2%| 0.6%| 1.5%| 3.6%| 6.4%| 8.0%
n 1638| 35432| 84485| 116958| 92336| 54108| 8663 759| 18193| 37295| 62480| 47197| 25140 4739
[[7P] 0.7%| 1.6% 3.2% 6.6%| 13.2%| 19.1%| 19.6%| 1.6%| 1.8%| 1.7%| 2.5%| 5.4%| 9.2%| 11.1%
RidENEE =ik ey 3
A 10 20 30 40 50 60 70 10 20 30 40 50 60 70
T 20.8%| 22.8%| 28.1%| 39.6%| 52.5%| 61.9%| 65.9%| ©6.1%| 5.3%)| 10.0%| 21.4%| 35.8%| 47.2%| 55.8%
EHiMmEE 0.9%| 0.7% 1.1% 2.2% 5.3%| 9.5%| 16.8%| 12.2%| 13.9%| 20.0%| 25.9%| 11.6%| 9.7%| 16.2%
Frghees 17.3%| 23.5%| 35.6%| 42.9%| 43.4%| 39.2%| 32.8%| 3.5%| 3.9%| 6.5%| 9.2%| 16.8%| 17.6%| 16.8%
fEtathEs 23.2%| 37.3%| 57.5%| 68.5%| 69.4%| 66.1%| 61.3%| 20.8%| 20.7%| 30.0%| 44.2%| 67.1%)| 70.6%| 67.6%
miE 11.0%| 11.8%| 16.3%| 26.2%| 41.0%| 50.4%| 50.4%| 9.6%| 8.4%| 8.1%| 12.0%| 21.1%)| 31.7%)| 34.9%
PESRE |HbAlc | 6.1%| 7.4%| 17.0%)| 30.6%| 44.7%)| 55.7%)| 61.6%| 7.9%| 7.3%| 12.8%)| 23.1%)| 42.1%| 56.6%| 64.7%
[[2p=] 14.3%)| 16.7%| 26.6%| 41.6%| 58.3%| 69.4%| 73.1%| 18.1%| 14.2%)| 18.1%)| 28.6%| 49.1%| 63.8%/| 70.0%

HREREEAN REORE
( BMI> =25)

40%

35%

30%

25%

20%

15%

10%

5%

0%

15019 | 20-24 | 2529 | 3034 | 35-39 | 40e44 | 4549 | 50-54 | 55-50 | 60=54 | 6569 | 70:74 | >=75

‘-ﬁt% 17.1% | 18.9% | 21.6% |25.3% | 29.2% | 32.6% | 33.6% | 32.6% | 30.5% |29.3% | 28.29 | 27.9% | 30.7%

T % 11.9% | 9.4% [ 10,5% |12.0% [15.29 | 17.3% | 19.6% | 19.6% | 19.5% [21.19 [ 21.5% [23.5% |22.9%
= 4t 9| 15.5% | 15.3% | 18.0% [21.3% | 25,19 | 27.9% | 28.8% | 28.0% [ 26.7% |26.6% | 26.2% [ 26.6% |28.3%
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6. HEMEIC BT B RER(» o DFAMEZ T,
ZZEIEE =40 JRICT T, ZZEEL ~VITET B A
TSNS = 40 j& i T, T‘aﬁﬁﬁb*ﬁ‘lﬂ\/v EY 5 H

RLBRE ESERIE
BB | M3l St it St Tt
Fin| 30 35 30 35 30 35 | 30 [ 35

SBP 136| 138 136| 137 126| 128 126| 127
DBP 84 87 85 87 791 82| 80| 82
GOT 49 50 50 50 291 30 30{ 30
GPT 49 50 50 50 29| 30 30f 30
GGT 89 95 97 99 39 45| 47| 49
HDLC 34 34 35 34 39| 39| 40| 39
LDLC 127\ 134 128| 133] 107 114 108| 113
TG 280| 292| 288 292 130 142| 138 142
HbAlc 6.4/ 64| 6.5 65 55/ 55 56| 56

7.$&#E@§%E
(2 H R E 21T ) & ERIEM X
1.%%:;0@%w5#ﬁ1m5%@
. RERIREE, o2 0EEILETH S H D,
HZ L _LDH D,
. EREIFEL LD b D,
LT, EXBYTEMINDIANZTH S,
BREHIRE LTo, L& e LT, (#ED a v v+ 2FE o) IUFHRIME 180 mmHg,
JLARMAIME 110 mmHg, ZZAER5IMAEF 200 mg/dL, BEKFIMAE 300 mg/dL, HbAlc10%. Hb
8 g/dL, ALT 200 mg/dL, FEEEHMFDOa v v+ 2B ELNT,

»-lkwl\b

8. BEHIEE (EZBZL ) O L LT, Crude coverage & Effectiveness coverage D%
BB TOZIREDR LT E % Need, BIRETORIFEH Y Db D%, Use & L,

Crude coverage (CO)lx, FFEDERY — AR LEL T EADI B, EHFEF—EXOMHL T

WERHEDEHIGTHY

Crude coverage (CC) = Use / Need

Effectiveness coverage (EC)iZ, FFEDEE S — R ZME LT EAD I b, EES—XDF]
HLTHY, 220, RO Y e —AnRBIFTHEEDEAETH Y.

EC = Effectiveness / Need

2D CC%., ECUDEEMREIEH & L CORBRIFEDFHIE L THw2 LA TE S,
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CC=Use/ Need
EC=CC X Quality

~ REEEESE

Quality = fFEE#51€78E /Use
Use BRELESSE

EC = X

H—E RHRE (Need) Need  Use

= RBEEREEE / need

MmeE

QM DE 160mmHgal L
—_— = mERowm
HEMAE 1000migy  (RASZITMIREY

RRYMME 140mmHg RN
no
HEMME 90mmHg KM

Ky W
@ @

DLW 40T/OEL g o2 2
FOATC(NGS?) 7.0%5LE (Re07 SRR EY)

IS MIT 140mg/dLRN
el
HbA1c(NGSP) 7.0%%#&

o @
CC. EC o2 fli5 & & ¢, IR HEREIH COREZ T 2 2 L S alREIC 2 5, K3
D CC, EC ZH:EFMILEL 72 b D0 BfAfFIcd, CC & EC T3 d mvJ7s REF R i5E

TH5720, RFLEERTRED L) MY MHAZ L T2 2EEL . RAFREH 2 thFH 3T
CHKEREBS 5. WO M lAaziED 3 2 LRI NS,
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MENCC, ECHOFFRAELLR

100%
91.9%
90% 87.0% 88.1% gg oy A y
r " 84.0% 5 % 84.3% 85.0% . 85.7%
I 82.1% 82.5% 83.3% 812% 1 8ogy 824%
80x L% | M || 76.8%
73.2% 1 R

s B 68.5% Ll |
108 86.4% (64 7% T 66.1% 650%
60.5%

60% r 57.4%
|| [s51% 55.4% ek T [536%

50.2% 2.6 5

444y ce

40% | | | BEC

9. K X-P o RH:

Hgis X-Pdflifsiaiiz & LCid, AT REMfZERRAcE w3 &2 5%,
flizs Atz LT3, 1/4 ORWBADKRRTH B h b, »HREDOMBAMZORE %
RiLTws, —7T, iRz e LR CT M2 &MU LoMEBfF T 5, Al
M, BREZW OMBEZBE L, 9#i#E O ASE TR O 7z o icEBMoRZ & L, #iial
ANEWETT 2 RHHIcE T 5,

FEAKRRE CT RZEA DK CEAICIZ T2 i — A FZE D S 230 780)
50 A o mEEE

BED CTRZrEEND

Y] kS OB Y o (HfidsA CTHRZHA F 74 v #85F)

CT ZIFICiE, BB ELT) 2L 2R R0

CT W0 SAHEEZ b Ot R % R 7236 OB IX, SIRPWFFTZ 2

50 el b, JEMZER . A 10 SELL E~D A A
50 %2 b D 5 KR E O Eli O KA E CT 2% £ %
W) kS ET OB #0 (WiA3A CTHZ A4 F 54 vHEsF)
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55 KEPRIREPR I FC 2 S Al B
ST &
1. MoiR XP & FdEEHiE i< BY 3 2 B 5E
W HE E B RBRZEAAEESR A ARG AT Bk

HFeorEE HE T RBRPEAAEES R ARG Y e

T =1

Wigics 2L v 7y (XP) MEICIE 3 20%E R D 5, —2 kML
LT, Zobfins izl LT, ZobidZz oft, LIEZE & 72K B o2,

2 VIHEZTH B, ARBFFEIE. #1000 J7 A D 5781 o Ko XP o fs Il oM K A G
BENEL, 1) ZNZThoRAELHEH L, 2) KKEE CT 2L oltik, 3) #
. 28 ABTTR BT, SR —ME0 T 2> b O WIFFRER L o ik 2 T, HRME%
BEL 72, #kZicowTid, #BREIL 1.8-5.3/10 FTh o7, EEKIHT— 225
IR c o ER 7.6/10 . MFFREEEIR 9.1/10 T TH o7z, MintA DFERIE
12, 9.1-24.7/10 J5C, HWIFREER 41.0/10 T TH > 7=, BHEKFY E B2 726TD
11X 45.9% CTH -7z, —J57C, CT 2 Tld, #loFE R 384/10 /7 % LAk
77.4/10 JiTH b, PIEILABEO R X N 7zizs A DRI IZ S TIA TH - 72, #
s B3 A LISL O R o it il RS R DT BEAE . MEfRAEE, a4 b
— ¥ A, BiHRAERE . KB, FIEMEM R SRR I N TW2p, wIind, 0.4/10
Ji LR It o Tz AEEMRS T, B CoRiD 1/5-1/2 % F8R3 2 & H2
HbTl, Az cid, KB EFRTIEERD Y, 220, ZOPEICOWT
FEEREI A TH 5 2 & foEBEICOWTIE, %E*ﬁfi HE N &5, JER XP
D E WIS W C D RENZ, Mk & i AMEBNEETH 5, flifitZic o v TR
BROMETIC X 2 B FANSHE ORI, iz AiconTid, HEE Ol ic X b iz
ADIRIBENE S 22 2 e» b, HlREiE CT OREINMEI SN 0E1H 5 L

W i

Rt 2EGEHEENFESS - HHHE

Il i HAZ@REH e v £ - Bl v 2R

A% @ HERER e v &

HAhS  HAZf@HREM 2 v &

PRI ] Ejﬁﬁﬁﬂﬁvﬂ

B MUK REBRFHEAEES R A A AR A2 R

A. THEEM % L DD D o 72, Wi B 1F 2 gL~ b
Wt B 2k EMZICE T 2L v b I 3 o0& EIND B, —oldkikRE L
7y (XP) oML EHICOWTIEINETYH LT, “ooliiiEEze LT, =2o0iiZofth

24



D LK% & O MR E 02, B 5 it
TH 5,

Wik XP 12 o T, AR IC KRS screening
DEENIH B % 7= 0 HARNIC 137 ARG Ciftam
SNBZVERD L, b DRI R OB L
LCoRRMEICo TR, AWM X, BRER
RS Rbb, HRRICKTFET 2720, Z DK
EoRRERICEOTEMINIMERLE RS,

MR OBERMETLTWB L ehic, B
WoomEFRRADZERLL Tw 3 EIRT
(X, MO RWREREML CB 0, KEk XP &
BTN LT A A2 et 3 5 R 25 B
ffahs,

7z, BOER XP BRI 13 IR ICIE R E 2
% VKRB Tl AR a2 FBRTH 5,

AWFTE I, BRI o & I RER2 T o it XP
DEENT DWW T FRICE B R E OGN E Y %
Fhe L 7z,

B. Wik

1) 257k F AosE G2 () il 121
R IR LT, 2016 RIS X 472 & B
ZWC BT 2 XP Ic BT 2554, iAo
o B3 2 Fr R, KR, ZEmZ2
TR AL RiEas . Bl o g BRAH
AL BHRRY (27— ) oBHHAE % i
L7,

T RE L T 5 2 & % B, #5EEHT
FEEZIE R v & — 5 5, 2016 4F O FiklHE
B A IO WTIE, 2015 FEDEN A
Jit v X — Ok FERIREERD b YO
RE D FEf—EoAiIC X 2 MR EEE2 B H
L CHIRL 72,

F 72 HOZfEHEH v 2B W THEMEL T
INTE 2 KR CT MR & ok % 17

277,

(f B If C O FLRE)
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KWL CINET 2 BT — 213, Bifr &R D
bOEFHED AE WS 720, JRAIE LT TA
ERRET B RARWITTICES 5 et ] o
W & 1370 b 7 ARRFTEIE. BRI
FeimE B &, Aot H 28U ERTR B4
MR E AR AR ORI CTHEML 72,

C. #ER
1) Fikskk o st

efrEimiEo 121 i+ 88 feqk (72.7%)
DI 57, 28T, 8669403 1 (H1E,
5565278 4, 3104125 ) TH - 7=,

fERAER 1 WWRL7z, FiRo/RohzBE
5461011 fFrh Pt BL21% 9.1%., EFE#HE 0.6%.,
TIRGEBIZ T 4.0%. FBELEE 1.1%., #i%
DEEVERIE 0.007%TH - 7=, KHTIE,
3133665 . At 3K 13 6.7 %, BRI 0.49%.,
TIRGEBIZ L 2.8%. HELIHE 0.9%., itk
DEEVE T 0.006% TH - 7=,

WHEZET7 40 —TE T3 ESHEIL.
A4 fEFHTH Y A4 iRk 72 T TOERHER Y R
2R L7,

Z oo, BHEERIL. B9 . &
% 29 ez XP Z2E 0 0.002-
0.028%. 0.0016-0.023%T» > 7=, % 7=, i
D 40 B ECHER B, BT 255 R &
PE 113 o AL BT 0.015-0.212%, X
P 0.010-0.157% TH - 7=,

Fit% o F8 R IIERAEE A3, 34.9% DT
R DOFRE Of 10 HA) X, 1.8 (95%Cl=
1.5-2.2) THol-720, HEDFRAEKIZ, 5.3

(95%CI=4.6-5.9) T»H > 7=, 20164E DK T
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T, JBERT ¥ 2 fEE%IE. 45 BB (37.2%) D
N %157, &%, 4783109 7 (BB 1. 3006080
., 1777049 1) TH o 7=, £7-. HMEL B
IR £ <, BT 2k, 38 HBTH
277,

REZR 1 O L7z, TEEFR. B
32750 f#F (1.09%). ZE 16537 £ (0.93%).
ThYH., Zohc, EROHRE %2 L 115
X, B 10972 F (33.5%). ZM: 5383 ff
(32.55%) . &5t 16355 #4:(33.2%) TH - 7=,
TN DHRH O HEMENRE & L C oA
B (G LR =2 R/ =280 12, Btk 293
£ (0.0010%). %tk 118 #F (0.007%). &F
411 fF (0.009%) TH -7z,

i, MBI oW T F Bl L 2 72 HE
1Z. 38 HEBITH . 3688395 thTH o7z, K
BAER2ITR LT, 14137 H1 (37.1%) 2Tk
B CBHIEE T, 334 BloifEA R S iz,
Z O AR F CIBER T ¥ 72 165 fil Tk
PR - & b %< 123 (74.5%). /¥ L
B 29 #F (17.6%) . /MilhEdE 5 7 (3.0%).
KA 11 (0.6%) TH o7,

CERRIA E ©, BEFC& %2 157 fFo
ERAR3ICR L7z, T 72 61 (45.9%),
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mowZdan s e T Hix 91 il 85 Hl
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726
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£1 JWEL L N AE R

A 405 LA E
Bk Lok it Bk o 4t
ZHE 5,461,011 3,133,665 8,594,676 3,192,508 1,854,750 5,047,258
HET A 498,351 210,339 708,690 376,010 159,435 535,445
r
EBIES 9.1% 6.7% 8.2% 11. 8% 8.6% 10.6%
PR 32,823 15,372 48,195 26,660 14,435 41,095
r
PR 0.60% 0.49% 0.56% 0.84% 0.78% 0.81%
TR 58,130 27,016 85,146 48490 25912 74402
r
TREA R 1.10% 0.86% 0.99% 1.50% 1.4% 1.47%
R OEE 374 176 550 317 125 442
FERZEEVE/10 5 A 6.8 5.6 6.4 9.9 6.7 8.8
95% confidence interval 6.2-7.5 4.8-6.5 5.8-6.9 8.8-11.0 5.5-7.9 7.9-9.6
#2 AERZWETETIBIIL X - 2B TR R
AAF- i 405 LA
Bk Ltk &t Tt Lot &t
TR 2,991,434 1,773,551 4,764,985 1,757,142 1,048,646 2,805,788
SRS 31,801 16,071 47,962 26,339 16,827 43,166
Dy ER 1.07% 0.91% 1.0% 1.50% 1.60% )
TR 2 10,460 6,274 16,734 7,309 4,880 12,189
Ll R 32.8% 39.0% 34.9% 27.7% 29.0% T 8w
2K 59 29 88 36 17 53
(GRS 0.56% 0.46% 0.53% 0.49% 0.35% 0.43%
AERZRS FLER (%7205 ) 20 16 18 20 16 19
95% confidence interval 1525 1.0-2.2 1522 14-2.7 08-2.4 14-24
HETERERZ3E R (1005 ) * 6.0 42 53 74 56 6.7
95% confidence interval 5.1-6.9 3252 46-5.9 6.1-8.7 41-70 5.7-1.7
g %8 R 3,246 2,050 5,206 2,719 1,825 4,544
R B AR 0.11% 0.12% 0.11% 0.15% 0.17% 0.16%

TR LA = T L R
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3. 2016F MM BEMNER

Number %
EERD - (REERD 940 12.6%
EEEm 169 2.3%
Z DIEER - /R 750 10.0%
BRES 206 2.8%
BE - REL 74 1.0%
RN EREHE 1392 18.6%
LRUADREE. BE 359 4.8%
FRMNDOBERE - BHE 230 3.1%
REWNEE 144 1.9%
4264 57.0%
&R - T oM 2088 27.9%
AR 343 4.6%
RERE. HHEIR - NhFE 243 3.2%
EREU EDEFEFESE 410 5.5%
R 129 1.7%
T 1,477 100.0%
4, ML N7 R LKA CTIR 2 DAY A LoD HLik
ok AP N {EHRECT
Bk Lok it WlEE2 2[a] H LARE At
2,295,702 1,392,693 3,688,395 15525 40,045 55,570
25,442 12,704 38,146 1,118 441 1,559
1.11% 0.91% " 1.03% 7.20% 1.10% 2.81%
8849 5288 14,137
34.8% 416% "37.1%
234 100 334 60 31 91
B 2.64% 1.89% 2.36% 5.4% 7.0% 5.8%
Jitins A %8 553 (k1077 N) 10.2 7.2 9.1
HEERERE S R (61007 A) * 29.3 17.3 24.4 386.5 77.4 163.8
95% confidence interval 27.1-31.5 15.1-19.4 22.8-26.0 287.4-485.6 49.3-1055  130.0-197.7
R AP 40 | 72 54 31 85
1l 2 5 0 5
1! 32 1 0 1
\% 32 0 0 0
DA 7 0 0 0
H 170 0 0 0
et 334 60 31 91
R EL s A 83 40 123 57 28 85
e RS A 23 6 29 0 2 2
AR AN A 5 0 5 0 1 1
KA A 1 0 1 2 0 2
L Ze N 3 4 7 0 0 0
HNTF AR 0 1 0 1
R 133 86 169 0 0 0
&t 334 60 31 91

ST T LA = = LRI R
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X1

5

SLERBIDARREDHER
COSZOHBISZEN —MDHARBR

18000 0.45

16000 | o {04

14000 | 1035

12000 F {103
(A10000 F {1 0256

8000 | ] {02

6000 {015

4000 o @[0. 043 0.098 1 0.1

2000 >0 {1 0.05

0.031
O 1 1 1 1 1 . O
10 20 30 40 58 6@ 7@ 8@ 9@ 100
£R5 HEXgaE (WIXP) L EREECT (LDCBEDEMREZIE  (2009-2018)
HOEEXP LDCT
AB(N)  BE(%) AN BE(%) Ratio=LDCT/BEBXP

Fififs 12 0 5% L 18 0.007% 13 0.025% 3.6
MERBREFEN ALEL) 527 0.209% 220 0.426% 2.0
FIRER - fitlRORE 97 0.038% 69 0.134% 35
D F AMEREFRE S 254 0.101% 119 0.230% 2.3
PR Bk 35 0.014% 26 0.050% 3.6
=By NiEYE 15 0.006% 15 0.029% 4.9
IR IRSE 1 0.0004% 2 0.004% 9.8
=P N 4 0.002% ND
a)iicges 1 0.0004% 9 0.017% 43.5
RS 2 0.001% 9 0.017% 22.0
SHEMED S 2512 0.995% 6376 12.344% 12.4
IR 252,452 51,651
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#*6 NLSTLUEDRCTHER
NO Name FITE LDCT Vs. n Fip i/l{}; IR2ME  Pack-year fhhA'AJSET-ZERR 23R Bl1EFA
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2 DANTE 2015 No screening ltaly 2472 64 100 56.9 45 1.01 (0.70-1.444) 0.96 (0.79-1.16) NR
3 DLCST 2015 No screening Denma 4104 57.9 55.2 76.1 36.4 1.05 (0.66-1.60) 1.01 (0.82-1.25) _DCT; 4/4¢
4 LUSI 2015 No screening Germar 4052 58 64.7 61.9 36 0.72 (0.45-1.16) NR NR
Female 0.31 (0.10-094)
5 ITALUNG 2017 No screening ltaly 3206  60.9 64.6 64.8 40 0.71 (0.48-1.04) 0.84 (0.69-1.03) NR
6 Yang 2018 No screening China 6717  59.8 46.8 21.5 12.8 0.18 (0.01-3.72) NR NR
7 NELSON 2020 No screening Netherl 13195 58 83.6 55.4 38 0.76 (0.61-0.94) 1.01 (0.92-1.11) NR
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Table 1. Baseline characteristics of employees

non-OH OH
Number of subjects 12,431 41,289
Age categories (%)
40-44 16.4 9.8
45-49 33.6 34.0
50-54 27.2 34.1
55-59 22.8 22.2
BMI (%)
<184 2.6 2.8
18.5-24.9 64.0 67.8
25.0-29.9 28.2 25.5
30.0-34.9 4.5 3.4
>35.0 0.7 0.6
missing 0.1 0.0
Smoking status (%)
Non-smoker 47.1 44.3
Ex-smoker 10.6 18.9
Smoker 42.1 36.6
Missing 0.2 0.1
Job classification (%)
Sales 37.3 10.5
Research and development, and product 29.0 64.0
Office work and others 33.7 25.5
Standard remuneration monthly fee (JPY) (%)
Low <410,000 354 23.2
Middle 410,000-560,000 41.6 34.8
High >560,000 23.0 42.0
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Figure 1. Crude coverage and effective coverage for hypertension, diabetes mellitus and hyperlipidemia in

workplaces without or with full-time occupational health practitioners respectively (non-OH / OH).
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Table 2. Odd ratios for whether or not employees found to require medical treatment visited medical institutions for hypertension, diabetes mellitus,

and hyperlipidemia
Number Number visiting Crude Odds ratio for visiting medical institusions
needing medical institusions  coverage* for treatment
treatment for treatment (%) adjusted OR** 9504 C|*** p

Hypertension

Workplaces without full-time occupational health practitioners (non-OH) 1461 1148 78.6 reference

Workplaces with full-time occupational health practitioners (OH) 4661 3901 83.7 1.28 1.07 154 0.008
Diabetes mellitus

Workplaces without full-time occupational health practitioners (non-OH) 474 411 86.7 reference

Workplaces with full-time occupational health practitioners (OH) 1300 1149 88.4 117 085 162 0.331
Hyperlipidemia

Workplaces without full-time occupational health practitioners (non-OH) 2905 959 33.0 reference

Workplaces with full-time occupational health practitioners (OH) 9363 3267 34.9 1.00 089 113 0.977

* Crude coverage: Number visiting medical institusions for treatment / Number needing treatment X 100

** Univariate logistic regression analysis adjusted for age, job type and standard remuneration monthly fee

*** CI: Confidence interval



Table 3. Odd ratios for whether or not diseases were well controlled among employees found to require medical treatment for hypertension, diabetes

mellitus, and hyperlipidemia

Number Number with  Effective Odds ratio for effective control
needing effective coverage*
treatment control (%) adjusted OR* 95%C|** p

Hypertension

Workplaces without full-time occupational health practitioners (non-OH) 1461 682 45.7 reference

Workplaces with full-time occupational health practitioners (OH) 4661 2611 56.6 141 1.20 1.66 <0.001
Diabetes mellitus

Workplaces without full-time occupational health practitioners (non-OH) 474 89 18.8 reference

Workplaces with full-time occupational health practitioners (OH) 1300 345 26.5 1.53 1.17 2.00 <0.001
Hyperlipidemia

Workplaces without full-time occupational health practitioners (non-OH) 2905 203 7.0 reference

Workplaces with full-time occupational health practitioners (OH) 9363 817 8.7 1.11 0.92 1.34 0.283

* Effective coverage: Number with effective control / Number needing treatment X 100

** Univariate logistic regression analysis adjusted for age, job type and standard remuneration monthly fee

*** CI: Confidence interval
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ABSTRACT

Aims/Introduction: We previously developed a 3-year diabetes risk score in the work-
ing population. The objective of the present study was to develop and validate flexible
risk models that can predict the risk of diabetes for any arbitrary time-point during

7 years.

Materials and Methods: The participants were 46,198 Japanese employees aged 30—
59 years, without diabetes at baseline and with a maximum follow-up period of 8 years.
Incident diabetes was defined according to the American Diabetes Association criteria.
With routine health checkup data (age, sex, abdominal obesity, body mass index, smoking
status, hypertension status, dyslipidemia, glycated hemoglobin and fasting plasma glu-
cose), we developed non-invasive and invasive risk models based on the Cox proportional
hazards regression model among a random two-thirds of the participants, and used
another one-third for validation.

Results: The range of the area under the receiver operating characteristic curve
increased from 0.73 (95% confidence interval 0.72-0.74) for the non-invasive prediction
model to 0.89 (95% confidence interval 0.89-0.90) for the invasive prediction model con-
taining dyslipidemia, glycated hemoglobin and fasting plasma glucose. The invasive mod-
els showed improved integrated discrimination and reclassification performance, as
compared with the non-invasive model. Calibration appeared good between the pre-
dicted and observed risks. These models performed well in the validation cohort
Conclusions: The present non-invasive and invasive models for the prediction of dia-
betes risk up to 7 years showed fair and excellent performance, respectively. The invasive
models can be used to identify high-risk individuals, who would benefit greatly from life-
style modiification for the prevention or delay of diabetes.
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INTRODUCTION

Type 2 diabetes affects various populations around the world".
Globally, the number of adults with diabetes was estimated to
415 million in 2015, and is projected to increase by 55%, to a
total of 642 million in 2040". Japan is one of the top 10 coun-
tries with the highest number of adults with type 2 diabetes'.
Its prevalence has been projected to rise from 7.9% in 2010 to
9.8% by 2030 in the Japanese adult population®. To combat the
increasing burden of diabetes and its complications, identifying
high-risk individuals is important in the prevention of diabetes
or delaying its progression.

More than 100 risk assessment tools were developed world-
wide to identify people at the risk of developing diabetes™.
However, these risk models might not be applied to external
populations, particularly if ethnicities and countries differ from
the derivation populations™. In Japan, a few risk models have
been developed®™” using data from health checkups at hospi-
tal>®® or local community’” settings. Among these, some were
developed utilizing a small sample (n < 2,000)*”, and excluded
individuals aged >40 years’™. Furthermore, some models
included variables that were not routinely collected at regular
health checkups (e.g, family health history and exercise)”™,
limiting the wider use of these prediction tools.

Using checkup data of the Japan Epidemiology Collabora-
tion on Occupational Health (J-ECOH) Study, we previously
developed a 3-year diabetes risk score'®. The risk score, how-
ever, can only predict risk in a short- and fixed-time period.
To overcome this limitation, the present study aimed to
develop and validate non-invasive and invasive risk prediction
models that can more flexibly predict the risk of diabetes at
any time-point within 7 years, based on the J-ECOH Study
data with an extended follow-up period. We also created risk
calculators and charts to make these models easier to use in
practice.

METHODS

The J-ECOH Study is an ongoing cohort study among workers
from 12 companies in Japan, and has been described in our
previous studies'® 2, Briefly, participants in the J-ECOH Study
underwent a health examination each year under the Industrial
Safety and Health Act. They underwent anthropometric mea-
surements, physical examination and laboratory examination
(blood sugar, blood lipids, etc.) at annual health examinations.
Additionally, a questionnaire that covered medical history,
health-related lifestyle and work environment was completed.
So far, the annual health examination data between 2008 and
2016 have been collected from 11 companies.

The J-ECOH Study was announced in each company using
posters. Verbal or written informed consent was not obtained,
but the participants were given the opportunity to refuse to
participate, according to the Japanese Ethical Guidelines for
Epidemiological Research'®. The study obtained ethics approval
from the ethics committee of the National Center for Global
Health and Medicine, Japan.
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In the present study, the baseline data mainly comprised data
from the 2008 health checkup. If the 2008 dataset had large
amounts of missing data, then the data collected for the 2009 or
2010 (two companies) health checkups were treated as the baseline
data. The outcome was ascertained using the annual health exami-
nation data after the baseline examination through March 2016.

Participants
Of the 75,857 participants aged 30-59 years, we excluded peo-
ple who self-reported receiving treatment for diabetes
(n = 2,496), lacked data on diabetes treatment status
(n = 1,171), blood glucose (n = 6,064), glycated hemoglobin
(HbAlg n = 566) or had blood drawn while they were non-
fasted (n = 7,218) at baseline. Furthermore, we excluded people
with fasting plasma glucose (FPG) >126 mg/dL (n = 1,570) or
HbAlc >6.5% (n=599) at baseline. Participants with self-
reported cancer (n = 484) or cardiovascular disease (n = 599)
at baseline were also excluded. Of the remaining 55,090 partici-
pants, we excluded those with the following missing variables
used in developing the risk prediction model for diabetes:
smoking status, waist circumference, body mass index (BMI),
hypertension status and dyslipidemia status (n = 7,000). After
further excluding participants without subsequent health check-
ups (n = 1,794) or who attended but received neither glucose
measurement nor HbAlc measurement (n = 98), 46,198 partic-
ipants, comprising 39,276 men and 6,922 women, remained.
Two-thirds of the eligible participants stratified by worksite
and sex were randomly allocated to the derivation cohort
(25,927 men and 4,573 women), saving the remaining one-
third for the validation cohort (13,349 men and 2,349 women}.
The derivation cohort was used to derive risk models for esti-
mating diabetes risk and validated using the validation cohort.

Predictor variables

We selected and categorized the following predictor variables as
we did for predicting the 3-year diabetes risk'’: sex, age (3039,
4049 or 50-59 years), BMI (<21, 21-<23, 23-<25, 25-<27,
27-<29 or >29 kg/m?), abdominal obesity (waist circumference
>90 cm for men and >80 cm for women), smoking status
(never, former or current), hypertension status, dyslipidemia
status, FPG level (<100, 100-<110 or 110-<126 mg/dL) and
HbA]lc level (<5.6, 5.6—<6.0 or 6.0—<6.5%). In a sensitivity anal-
ysis, BMI and age were treated as continuous variables. Data
collection methods, which have been described in detail in pre-
vious papers'* ™2, are provided in the Appendix SI.

Outcome

Incident diabetes was ascertained using the data obtained from
annual health checkups after the baseline health checkup. Dia-
betes was defined as a FPG level of at least 126 mg/dL or a
random plasma glucose level of at least 200 mg/dL, an HbAlc
level of at least 6.5%, or receiving antidiabetic treatment™*. Par-
ticipants were considered to have type 2 diabetes if they met
the above definition of diabetes.
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Statistical analysis

Characteristics of participants were expressed as percentages
and means for categorical and continuous variables, respec-
tively. The y-test for categorical variables and #-test for continu-
ous variables were used to examine the differences in baseline
characteristics between participants in the derivation and valida-
tion cohorts.

The 7-year risk prediction models of diabetes were developed
using the Cox proportional hazards regression analysis, with a
backward selection procedure to determine predictors
(P < 0.05). The coefficients of each predictor and baseline sur-
vivor function were used to develop risk models, as in other
studies’™'®, We initially developed a non-invasive prediction
model (containing sex, age, abdominal obesity, BMI, smoking
status and hypertension status), and subsequently the invasive
prediction models (containing dyslipidemia, either HbAlc or
FPG, or both).

Predictive performance of prediction models was assessed by
examining measures of discrimination and calibration. Discrim-
ination is the ability of the risk model to differentiate between
people who develop diabetes during the study and those who
do not. This measure is quantified by calculating the time-
dependent area under receiver operating characteristic (ROC)
curve  (AUROC). In addition, integrated discrimination
improvement and net reclassification improvement were com-
puted to show the improved performance of the invasive mod-
els as compared with the non-invasive model for predicting
diabetes'”. Calibration refers to the agreement between the pre-
dicted and observed 7-year risk of diabetes. This was assessed
for each decile of predicted risk by plotting the observed risk vs
the predicted risk'®'®. More spread between the deciles was
associated with a better discriminating model. Finally, discrimi-
nation and calibration of the prediction models were assessed
in the validation cohort to check internal validity. Furthermore,
risk calculators and charts (see Figures S1-S5) were created
using these models.

All statistical analyses were carried out using SAS version 9.3
(SAS Institute, Cary, NC, USA). A two-sided P < 0.05 was con-
sidered statistically significant.

RESULTS

In the derivation cohort, 2,216 participants (2,055 men and 161
women) developed diabetes during follow up. In the validation
cohort, 1,169 participants (1,085 men and 84 women) devel-
oped diabetes. The incidence rates of diabetes were 12.5 and
12.8 per 1,000 person-years, respectively. Table 1 shows that
the mean age, waist circumference, FPG and HbAlc, as well as
the prevalence of smoking, hypertension and dyslipidemia
showed no significant difference between the validation and
derivation cohorts.

Table 2 shows the coefficients associated with each predictor
of diabetes. The non-invasive prediction model revealed that
increased risk of diabetes is associated with sex (male), higher
BMI, older age, abdominal obesity, smoking and hypertension.

http://onlinelibrary.wiley.com/joumal/jdi

Table 1 | Baseline characteristics of study participants in the derivation
and validation cohorts, Japan Epidemiology Collaboration on
Occupational Health Study, 2008 2015

Characteristics Derivation Validation P-value
cohort cohort
No. participants 30,500 15698
Age (years) 454+ 7.7 455+ 76 009
Women (%) 150 150 093
BMI (kg/mz) 233 & 32 232+32 003
Waist circumference (cm) 8§23+ 88 822+89 024
Smoking status (%)
Current smoker 36.7 373 041
Past smoker 206 202
Never smoker 427 425
Hypertension (%) 18.2 182 099
Dyslipideria (96) 444 438 017
FPG (mg/dL) 9.5+ 90 964+ 90 037
HbA1C (96) 55+ 04 55104 074

Data are mean + standard deviation unless otherwise indicated. BMI,
body mass index; FPG, fasting plasma glucose; HbATc, glycated hemo-
globin.

By contrast, the invasive prediction model containing dyslipi-
demia, HbAlc and FPG showed that the coefficients associated
with older age, higher BMI and hypertension attenuated, sex
and abdominal obesity were no longer related with the risk of
diabetes. Thus, sex and abdominal obesity were excluded from
this model.

The time-dependent ROC curve of risk models for predicting
the development of diabetes within 7 years are shown in Fig-
ure 1. The AUROC in the derivation cohort increased from
0.73 (95% confidence interval [CI] 0.72-0.74} for the non-inva-
sive prediction model to 0.89 (95% CI 0.89-0.90) for the pre-
diction model containing both HbAlc and FPG. When age
and BMI were treated as continuous variables, the predictive
performance was similar, with an AUROC of 0.74 (95% CI
0.73-0.75) for the non-invasive prediction model, and 0.89
(95% CI 0.89-0.90) for the prediction model containing both
HbAlc and FPG.

The invasive models showed improved integrated discrimina-
tion and reclassification performance, as compared with the
non-invasive prediction model (Table 3). The net redassifica-
tion improvement was 0.50 (95% CI 0.47-0.53) for the predic-
tion model containing HbAlc, 0.56 (95% CI 0.53-0.59) for the
prediction model containing FPG, and 0.74 (95% CI 0.71-0.77)
for the model containing both HbAlc and FPG, as referenced
to the non-invasive prediction model. With regard to integrated
discrimination improvement, the values were 0.17 (95% CI
0.16-0.18) for the prediction model containing HbAlc, 0.18
(95% CI 0.17-0.19) for the prediction model containing FPG
and 026 (95% CI 0.25-0.27) for the model containing both
HbAlc and FPG. Calibration appeared good between predicted
risk and observed risk (Figure 2).
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Figure 1 | Receiver aperating characteristic curves for each risk model
in predicting 7-year diabetes risk, Japan Epidemiology Callaboration on
Occupational Health Study, 2008 2015. (a) In the derivation cohort, the
area under the receiver operating characteristic curve were 0.73 (95%
confidence interval [Cl] 0.72 0.74) for the non-invasive model, 0.86 (95%
Cl 085 087) for the model including fasting plasma glucose (FPG), 0.85
(95% Cl 084 086) for the model including glycated hemoglobin
(HbATc) and 0.89 (95% Cl 0.89 090) for the model induding both FPG
and HbAlc (b) In the validation cohort, the corresponding values were
0.73 ©5% Cl 068 0.77) for the non-invasive model, 0.86 (95% Cl 082
0.89) for the maodel including FPG, 0.85 (95% CI 0.82 0.88) for the
model including HbATc and 090 (95% (I 0.87 0.92) for the madel
including both FPG and HbATc

These prediction models performed well in the validation
cohort, with an AUROC of 0.73 (95% CI 0.68-0.77) for the
non-invasive prediction model and 0.89 (95% CI 0.87-0.92) for
the prediction model containing both HbAlc and FPG (Fig-
ure 1). The calibration plots also showed a good agreement
between the predicted and observed risks (Figure 3).

DISCUSSION

Based on a large-scale working population-based cohort study
in Japan, two types of models were developed to predict the
risk of diabetes within 7 years: the non-invasive prediction
model (containing sex, age, abdominal obesity, BMI, smoking
status and hypertension status) and the invasive prediction
models (containing dyslipidemia, either HbAlc or FPG, or
both). The non-invasive prediction model showed a fair perfor-
mance for predicting diabetes, whereas the invasive prediction
models showed excellent performance. These prediction models
also performed well in the validation cohort.

http:/onlindibrary.wiley.com/joumal/jdi

We previously reported that a 3-year diabetes risk score was
developed based on the logistic regression models'. In the same
study population with extended follow up, the risk models were
developed to predict the 7-year diabetes risk using the Cox propor-
tional hazards regression model to account for loss to follow up.
The prediction models in the present study can also be used to pre-
dict the 3-year diabetes risk by replacing the value of the baseline
survival function at 7 years with the value at 3 years. The perfor-
mance of our models in predicting the 3-year diabetes risk (data
not shown in the table; an AUROC of 0.74 for the non-invasive
prediction model and 0.91 for the invasive prediction model con-
taining both HbA 1c and FPG) was slightly improved, as compared
with the previous 3-year diabetes risk score (an AUROC of 0.72
for the non-invasive prediction model and 0.89 for the invasive
prediction model containing both HbAlc and FPG)™. We also
created risk calculators and charts, useful in estimating the future
risk of diabetes. Taken together, the present risk models have more
utilities than our previous ones'’,

The non-invasive prediction model showed fair predictive
ability, with an AUROC of 073, which was within the
reported range based on previous studies carried out in Japan
(AUROC ranged between 0.68 and 0.77)>® and other coun-
tries (AUROC ranged between 0.62 and 0.87)*. As expected,
our invasive model including both HbAlc and FPG showed a
convincing performance for predicting diabetes. The AUROC
value (0.89) was equal to or greater than that in the previ-
ously published models including both HbAlc and FPG,
which ranged from 0.80 to 0.89%%2° Furthermore, our calibra-
tion plot for the invasive model showed improved agreement
between the observed outcomes and predictions. In case both
FPG and HbAlc were not measured during the health
checkup, we also created another two invasive models includ-
ing either FPG or HbAlc with slightly decreased AUROC
values (0.85 for the prediction model containing FPG and
0.86 for the prediction model containing HbAlc). Given the
high performance of these invasive models, they are suitable
for identifying at-risk individuals for diabetes at settings where
the data on FPG or HbAlc are available (ie, annual health
checkup in Japan). Unlike the existing risk models in Japan®™
8 our models were derived from routinely collected health
checkup data from a working population. Therefore, these
models can be easily incorporated into strategies for diabetes
prevention at worksites. Furthermore, our sample size is large,
which ensures the precision in the estimate of diabetes risk.
These advantages make our models highly applicable in the
working population for diabetes prevention.

The large population-based cohort, long-term follow up
and sufficient number of diabetes events were strengths of
the present study. In addition, a comprehensive assessment
of the multiple measures was used for the diagnosis of indi-
dent diabetes. However, several limitations warrant mention.
First, our participants were mainly from large companies.
Thus, caution should be exercised when applying the risk
models to people working in small companies or other
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Table 3 | Discriminative ability of invasive risk models in comparison with the non-invasive model in the derivation and validation cohorts, Japan

Epidemiology Collaboration on Occupational Health Study, 2008 2015

NRI (959 Cl) DI (95% CI)

Derivation cohort

Non-invasive model

Invasive model including HbA'c

Invasive model including FPG

Invasive model including HbATc and FPG
Validation cohort

Non-invasive model

Invasive model including HbA'c

Invasive model including FPG

Invasive model including HbA1c and FPG

Reference

017 (0.16 0.18)
0.18 (0.18 0.19)
026 (0.25 0.27)

Reference

050 (047 0.53)
056 (053 0.59)
074 (071 0.77)

Reference

016 (0.15 0.17)
017 (0.16 0.19)
024 (0.23 0.26)

Reference

046 (042 051)
053 (049 059
071 (066 0.76)

FPG, fasting plasma glucose; HbATc, glycated hemoglobin; IDI, integrated discrimination improvement; NRI, net reclassification improvement.
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Figure 2 | Calibration plot for type 2 diabetes risk models in the
derivation cohort, by deciles of predicted risk, Japan Epidemiology
Collaboration on Occupational Health Study, 2008 2015. (a) Non-
invasive risk model. (b) Invasive risk model including both glycated
hemoglobin and fasting plasma glucose.

populations. Future study should validate the present risk
models in these populations. Second, because data about
socioeconomic status, lifestyle (except for smoking) and fam-
ily health history, such as diabetes and CVD, were not col-
lected, these potential predictors were not added in our

(a)
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25

20 E

Observed 7-year diabetes risk (%)

0 5 10 15 20 25 30

Predicted 7-year diabetes risk (%)
(b)
60
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30

20 §

Observed 7-year diabetes risk (%)
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Predicted 7-year diabetes risk (%)

Figure 3 | Calibration plot for type 2 diabetes risk models in the
validation cohort, by deciles of predicted risk, Japan Epidemiology
Collaboration on Occupational Health Study, 2008 2015. (a) Non-
invasive risk model. (b) Invasive risk model including both glycated
hemoglobin and fasting plasma glucose.

prediction models. However, the performance of our models
is comparable with the previous published models for pre-
dicting diabetes. Third, we cannot distinguish between type 1
and type 2 diabetes. However, as new cases of type 1 dia-
betes are rare after 30 years-of-age, we expect that virtually
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all incident cases in this cohort correlate with type 2 dia-
betes. We also did not have data on other types of diabetes,
such as gestational diabetes. Given that just 38 cases of dia-
betes occurred among young women aged 30-39 years in
the present study, and that just 2% of pregnant women are
known to develop gestational diabetes®, we believe that the
impact of gestational diabetes, if any, was negligible in the
present study.

In conclusion, the present non-invasive and invasive models
for the prediction of diabetes risk up to 7 years showed fair
and excellent performance, respectively. The invasive models
can be used to identify high-risk individuals, who would benefit
greatly from lifestyle modification for the prevention or delay
of diabetes.
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Figure S1 | Predicted risk of diabetes within 7 years based on non-invasive model (risk calculator).

Figure S2 | Predicted risk of diabetes within 7 years based on invasive model (risk calculator).

Figure 83 | Predicted risk of diabetes within 7 years based on non-invasive model (risk chart).

Figure S4 | Predicted risk of diabetes within 7 years based on invasive model (risk chart, including dyslipidemia and glycated
hemoglobin).

Figure S5 | Predicted risk of diabetes within 7 years based on invasive model (risk chart, including dyslipidemia and fasting plasma
glucose).

Appendix S1 | Data collection method.
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HIGHLIGHTS

e Prediabetes assessed at single time points was associated with an elevated risk of CVD.
© Much higher risk of CVD was observed among people with persistent prediabetes compared with persistent normoglycemia.
e Prediabetes is associated with a higher risk of CVD.

ARTICLE INFO ABSTRACT

Keywords: Background and aims: We aimed to examine the risk of cardiovascular disease (CVD) with persistent prediabetes
Prediabetes during the last four years prior to a CVD event in a large occupational cohort in Japan.

Diabetes Methods: We performed a nested case-control study using data from the Japan Epidemiology Collaboration on

Cardiovascular disease

Occupational Health Study. A total of 197 registered cases of CVD were identified and matched individually with
Nested case-control study

985 controls according to age, sex, and worksite. Prediabetes was defined as fasting plasma glucose 100-125 mg/
dL and/or HbAlc 5.7-6.4%. Persistent prediabetes was defined as having prediabetes at years one and four prior
to the onset/index date; persistent normoglycemia was similarly defined. Associations between prediabetes and
CVD risk were assessed using conditional logistic regression models.

Results: Compared with people with persistent normoglycemia over the four years prior to the onset/index date,
the unadjusted odds ratio (95% confidence interval) for CVD was 2.88 (1.56, 5.32) for people with persistent
prediabetes. After adjusting for BMI, smoking, hypertension, and dyslipidemia assessed four years before the
onset/index date, the association was slightly attenuated to an OR (95% confidence interval) of 2.62 (1.31,
5.25). Prediabetes assessed at single time points was also associated with an elevated risk of CVD, with
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multivariable-adjusted odds ratio (95% confidence interval) of 1.72 (1.12, 2.64) and 2.13 (1.32, 3.43) for
prediabetes at one and four years prior to the onset/index date, respectively.

Conclusions: Prediabetes is associated with an increased risk of CVD. Identification and management of pre-
diabetes are important for the prevention of CVD.

1. Introduction

Prediabetes represents a high-risk state for type 2 diabetes and affects
various populations around the world [1]. Globally, 352 million adults are
living with prediabetes (impaired glucose tolerance), and this number is
projected to increase to 587 million in 2040 [2]. Japan is one of the top
ten countries with the highest number of adults with prediabetes [2].
Meta-analyses of cohort studies, in which only baseline glycemia levels
were measured, show that prediabetes is associated with an increased risk
of cardiovascular disease (CVD) [3,4]. However, given that 5%-10% of
individuals with prediabetes develop diabetes annually [1], it remains
unclear whether this elevated risk of CVD is due to prediabetes or the
transition from prediabetes to diabetes during follow-up.

To the best of our knowledge, only two prospective studies have ex-
amined the prediabetes-CVD association while excluding people who de-
veloped diabetes during follow-up [5,6]. A UK. study reported an in-
creased risk of CVD associated with prediabetes in Europeans but not
South Asians [5], and a Finnish study showed increased morbidity and
mortality of CVD associated with prediabetes [6]. One important limita-
tion of these studies is that people who had prediabetes at baseline but
returned to normoglycemia during follow-up were not identified and
therefore were not excluded from the analyses, leading to exposure mis-
classification. To better assess the association between prediabetes and
CVD, studies using repeated measurements of blood glucose are needed.

Using data from the Japan Epidemiology Collaboration of
Occupational Health (J-ECOH) Study, in which annual health checkup

I 143,499 participants who had health checkup |

Excluded (n=940):
History of stroke or ischemic heart disease

e

at J-ECOH study entry

142,324 participants |

235 registered CVD

Excluded (n=19,791):
Did not attend any follow-up examination

Excluded (n=1,120):
—» Self-reported ischemic heart disease and
stroke during follow-u

Y
121,413 participants without
CVD during follow-up

Excluded (n=38)

—» Did not attend the health
check-up at 1 year before
the event date

| 197 registered CVD |

A4

985 controls

|

Excluded 45 cases and 310 controls
—»{ who did not attend health check-up at 4
years before the event/index date

the event/index date

before the event date

Excluded 24 cases and 158 controls who had
prediabetes at 4 years before but not 1 year before

Excluded 13 cases and 136 controls who had
normoglycemia at 4 years before but not 1 year

A

v

A
To examine the risk of CVD with
persistent prediabetes during the
last four years prior to a CVD event

To examine the risk of CVD
associated with prediabetes one
year before the CVD event

To examine the risk of CVD
associated with prediabetes four
years before the CVD event

Fig. 1. Flow diagram of study population, J-ECOH Study, Japan, 2008-2016.
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data were available throughout the follow-up period [7,8], we per-
formed a nested case-control study to examine the risk of CVD posed by
persistent prediabetes during the four years immediately prior to a CVD
event in comparison to cases of persistent normoglycemia. We also
investigated the risks of CVD associated with prediabetes one year or
four years before the CVD event, respectively.

2. Materials and methods
2.1. Study design

The J-ECOH Study is an ongoing multicenter, health checkup-based
cohort study among workers from several companies in Japan, and has
been described elsewhere [7,8]. In Japan, workers are obliged to un-
dergo a health checkup at least once a year under the Industrial Safety
and Health Act; nearly all workers attend their health checkup each
year. Briefly, participants in the J-ECOH Study underwent routine
physical and laboratory examinations {blood glucose, blood lipids, etc.)
each year. Additionally, a questionnaire that covered medical history,
health-related lifestyle, and work environment was completed. Annual
health checkup data between January 2008 and December 2016 or
between April 2008 and March 2017 were collected from over 100,000
employees in 11 participating companies. The study protocol, including
the consent procedure, was approved by the Ethics Committee of the
National Center for Global Health and Medicine, Japan. Using the J-
ECOH Study data, we performed a nested case-control study to in-
vestigate the association between prediabetes and incident CVD.

2.2. Health checkup

Body height and weight were measured using a scale with partici-
pants wore light clothes and no shoes. Body mass index (BMI) was
calculated as weight in kilograms divided by the square of height in
meters. Blood pressure was measured using an automatic blood pres-
sure monitor. Hypertension was defined as either systolic blood pres-
sure of at least 140mmHg, diastolic blood pressure of at least
90 mmHg, or use of treatment for hypertension [9]. Blood glucose was
measured using either the enzymatic or glucose oxidase peroxidative
electrode method based on each company's protocol. HbAlc was
measured using either a latex agglutination immunoassay, high-per-
formance liquid chromatography, or the enzymatic method. Trigly-
ceride, low-density lipoprotein-cholesterol, and high-density lipopro-
tein-cholesterol levels were measured using the enzymatic method.
Dyslipidemia was defined as either a low-density lipoprotein-choles-
terol level of at least 140 mg/dL, high-density lipoprotein-cholesterol
level of less than 40 mg/dL, triglyceride level of at least 150 mg/dL, or
use of medications for dyslipidemia [10]. All of the laboratories in-
volved in the health checkups of the participating companies received
satisfactory scores (rank A or a score > 95 out of 100) from external
quality-control agencies.

2.3. Ascertainment of CVD cases and control selection

CVD cases were identified through a disease registry, which was set
up in April 2012 within the J-ECOH study to collect data on CVD events
from the occupational health physicians of the participating companies
[8]. For most nonfatal cases, occupational physicians confirmed the
diagnosis of each CVD event based on medical certificates, which were
written by a treating physician and submitted to the company through
the worker. Because the submission of a medical certificate is required
when taking long-term sick leave, this registry primarily covers rela-
tively severe cases. For fatal cases, occupational physicians judged the
cause of death based on available information, including death certi-
ficates and information obtained from the bereaved family or collea-
gues. In the CVD registry, approximately 80% cases were confirmed
through medical certificates, 10% were self-reported or from family
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members or colleagues, and 10% were from other sources. Each case
was coded according to the 10th revision of the International Classifi-
cation of Diseases.

In the present study, cases were patients with a first event of myo-
cardial infarction or stroke between April 2012 and March 2017. A total
of 235 incident CVD cases were identified. After removing patients
{n = 38) who did not attend health checkup one year before the onset
date, 197 CVD cases {137 strokes and 60 myocardial infarctions; 36
fatal cases) remained in the present study (Fig. 1).

Controls were selected from study participants who did not self-
report stroke or heart disease at J-ECOH Study entry and did not de-
velop CVD during the follow-up period. Those who self-reported a
history of CVD at annual health checkups during the study period were
also excluded. For each case, we created a pool of controls who were
matched by worksite, sex, and date of birth { + 2 years). Controls were
assigned an index date that corresponded to the onset date of their
matched case. We excluded people who did not attend health checkup
at one year prior to the index date. Finally, for a given case, we ran-
domly selected up to five controls from the pool of eligible controls.
Once a control was sampled, he/she was not again chosen as a control
for other cases. A total of 985 matched controls were included in the
present study.

Using data from the 197 cases and 985 matched controls, we ex-
amined the risk of CVD associated with prediabetes at one year prior to
the CVD event. After removing people who did not attend a health
checkup four years before the onset/index date, we investigated the risk
of CVD associated with having prediabetes four years before the CVD
event in 152 cases and 675 controls. We further excluded people who
had prediabetes at four years before but not one year before the onset/
index date and those who had normoglycemia at four years before but
not one year before the onset/index date, leaving 115 cases and 381
controls for examining the risk of CVD with persistent prediabetes over
the last four years before the CVD event.

2.4. Exposures

We retrieved data on diabetes treatment status, fasting plasma
glucose (FPG), and HbAlc collected at one and four years before the
onset/index date. Diabetes was defined as either FPG =126 mg/dL,
HbAlc = 6.5%, or receiving medical treatment for diabetes according
to the American Diabetes Association criteria [11]. Prediabetes was
defined as FPG 100-125mg/dL and/or HbAlc 5.7-6.4% [11]. Normo-
glycemia was defined as FPG < 100 mg/dL and HbAlc < 5.7%. Per-
sistent prediabetes was defined for those who had prediabetes at both
one and four years prior to the onset/index date. Persistent normo-
glycemia was defined for those who had normoglycemia at both one
and four years prior to the onset/index date. We also defined pre-
diabetes using either FPG (100-125mg/dL) or HbAlc (5.7-6.4%) to
examine whether the risk of CVD associated with prediabetes differs
between the two definitions.

2.5. Statistical analysis

Characteristics of participants were expressed as percentages and
means for categorical and continuous variables, respectively. Chi-square
tests for categorical variables and t-tests for continuous variables were
used to examine differences in characteristics between cases and controls.

Conditional logistic regression was used to estimate odds ratios (ORs)
and 95% confidence intervals (CIs) for the development of CVD associated
with persistent prediabetes. In model 1, the analysis was conditioned on
the matching variables (sex and age). In model 2, we adjusted for a priori-
specified potential confounders, including BMI, smoking (current smoker,
non-current smoker), hypertension, and dyslipidemia assessed at four
years before the onset/index date. We also examined the associations
between CVD risk and prediabetes assessed at different time points: one
and four years before the onset/index date, respectively.
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The present study had 73% power to detect a relative risk of 2.0
with statistical significance (two-sided alpha level of 0.05), based on
the given condition of the proportion of people with persistent pre-
diabetes among controls (50%), and the number of cases (47 persistent
prediabetes and 23 persistent normoglycemia) and number of matched
controls (350). All statistical analyses were performed using SAS ver-
sion 9.4 (SAS Institute, Cary, NC, USA). A two-sided p < 0.05 was
considered statistically significant.

3. Results

Table 1 shows the characteristics of cases and controls at one year
prior to the onset/index date. Cases had higher means for BMI, trigly-
ceride, low-density lipoprotein cholesterol, blood pressure, FPG, and
HbAlc than controls. The prevalence rates of smoking, hypertension,
dyslipidemia, and diabetes were higher among cases compared with
controls. There was no material difference in the proportion of patients
who were receiving medication for hypertension or dyslipidemia be-
tween cases and controls.

Table 2 shows the association between prediabetes and CVD.
Compared with people with persistent normoglycemia over the past
four years before the onset/index date, the unadjusted OR {95% CI) for
CVD was 2.88 (1.56, 5.32) for people with persistent prediabetes. After
adjusting for BMI, smoking, hypertension, and dyslipidemia, the asso-
ciation was slightly attenuated to an OR {95% CI) of 2.62 (1.31, 5.25).
For people with prediabetes one year before, the OR (95% CI) was 1.72
{1.12, 2.64) compared with those with normoglycemia, after adjusting
for BMI, smoking, hypertension, and dyslipidemia assessed one year
before the onset/index date. For people with prediabetes four years
before, the OR (95% CI) was 2.13 (1.32, 3.43), with adjustment for
BMI, smoking, hypertension, and dyslipidemia assessed four years be-
fore the onset/index date.

Table 3 shows the risk of CVD associated with prediabetes as de-
fined using either FPG or HbAlc. When prediabetes was defined as FPG
100-125 mg/dL, people with prediabetes tended to have a higher risk of
CVD compared with those without prediabetes. Multivariable-adjusted
ORs (95% CI) were 1.76 (0.91, 3.38), 1.33 (0.88, 2.01), and 1.77 (1.10,
2.86) for people with persistent prediabetes, prediabetes one year be-
fore, and prediabetes four years before, respectively. When prediabetes
was defined as HbAlc 5.7-6.4%, the corresponding ORs (95% CI) were
2.07 (1.09, 3.97) 1.28 (0.82, 2.02), and 1.93 (1.21, 3.08), respectively.

4. Discussion

In this nested case-control study, we found that prediabetes (defined
as FPG 100-125 mg/dL and/or HbAlc 5.7-6.4%) one or four years prior
to the onset/index date was associated with significantly increased risk
of CVD. More importantly, a much higher risk for CVD was observed
among people with persistent prediabetes. To our knowledge, this is
one of the few studies to examine whether prediabetes is associated
with the development of CVD.

The present findings are in line with those of the existing yet limited
studies [5,6]. We found that prediabetes one and four years prior to the
onset/index date was associated with a 1.7- and 2.1-fold increased risk
of CVD, respectively. However, when the analyses were limited to those
who had prediabetes, both one and four years before the onset/index
date, people with persistent prediabetes were 2.6 times more likely to
develop CVD. This difference in the strength of associations implies that
the association between prediabetes and CVD risk may not be accu-
rately captured if prediabetes was assessed at a single time point due to
changes in glycemia levels over time. In our study, out of 291 controls
with prediabetes four years before the index date, 22 developed dia-
betes within three years, and 68 returned to normoglycemia. Of 303
controls with normoglycemia four years prior, 92 developed pre-
diabetes three years later. Using multiple measures of glycemia to
minimize the misclassification of exposure, our data confirm that
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prediabetes is a risk factor for CVD. Proactive identification and man-
agement of prediabetes are warranted to reduce future risk of CVD.

We observed a more pronounced association with HbAlc-based
prediabetes than FPG-based prediabetes, consistent with findings from
the Whitehall II Study [12]. A meta-analysis showed no significant
difference in the risk of CVD between baseline prediabetes defined
using FPG (100-125 mg/dL) and that defined using HbAlc (5.7-6.4%)
[3]. Of 16 studies included in that meta-analysis, only three made a
head-to-head comparison between the two definitions; two reported a
significant association with HbAlc-based prediabetes but not with FPG-
based prediabetes, and another did not detect any association with
these definitions [3]. Taken together, prediabetes defined by HbAlc
appears to be more strongly associated with CVD than prediabetes
defined by FPG.

Non-glucose-mediated and glucose-mediated mechanisms have
been proposed as explanations for the association between prediabetes
and CVD. One of the non-glucose-mediated mechanisms involves in-
sulin resistance, which is an underlying condition of prediabetes [13]. It
promotes atherogenesis and atherosclerotic plaque formation via down-
regulation of insulin signaling at the level of the intimal cells that
participate in atherosclerosis, including macrophages, vascular smooth
muscle cells, and endothelial cells [14,15]. The other non-glucose-
mediated mechanisms involve obesity and inflammation (adipocyto-
kines and oxidative stress), dyslipidemia (atherogenic lipoproteins and
increased circulating free fatty acids), and prothrombosis state {in-
creased levels of PAI-1 and platelet activation), which are commonly
present in people with prediabetes [14,15]. As for glucose-mediated
mechanisms, hyperglycemia could promote atherosclerosis through
increased oxidative stress, activation of thrombosis, and epigenetic
changes (increased expression of inflammatory genes via NF-xB), which
can be induced even by transient or episodic hyperglycemia [14,15].

4.1. Strengths and limitations

A major advantage of the present study was the periodic assessment
of diabetic status using HbAlc and FPG until one year before the onset
of CVD, which enabled us to maximally reduce the degree of mis-
classification of prediabetes. In addition, potential confounders such as
smoking, dyslipidemia, and hypertension were also assessed annually.

Table 1
Characteristics of cases and controls at one year before the onset/index date.
Cases Controls

N 197 985
Age (years) 529 + 7.3 52.8 + 7.3
Men, % 91.9 91.9
BMI (kg/m?) 25.0 + 4.0 239 * 3.6°
Current smoker, % 54.8 31.8*
TG (mg/dL) 149.9 *+ 96.9 125.0 + 84.5%
HDL-C (mg/dL} 53.4 + 15.1 588 + 15.8"
LDL-C (mg/dL} 129.2 + 37.9 123.6 = 29.4
Dyslipidemia, % 69.0 51.5%
Lipidlowering treatment, % 19.9 20.9
SBP (mmHg) 134.7 £ 17.3 124.4 + 15.8°
DBP (mmHg) 85.2 + 10.6 789 + 11.2*
Hypertension, % 65.5 34.9%
Anti-hypertensive treatment, %" 52.7 57.6
FPG (mg/dL) 120.3 * 50.5 102.9 + 18.2%
HbAlc (%) 62 + 1.3 57 + 0.7*
Diabetes, % 33.5 13.7*

BMI: body mass index; CVD, cardiovascular disease; DBP: diastolic blood
pressure; FPG: fasting plasma glucose; HbAle, glycated hemoglobin; HDL-C:
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein choles-
terol; SBP, systolic blood pressure; TG, triglyceride.

& p < 0.05.

® The denominator is the total number of people with dyslipidemia.

¢ The denominator is the total number of people with hypertension.
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Table 2
Associations between prediabetes and risk of cardiovascular disease.

Case Control 0Odds ratio (95% CI}

Model 1 Model 2

Over the four years prior to the onset/index date

Persistent normoglycemia 23 161 1 1

Persistent prediabetes 47 155 2.88(1.56,5.32) 2.62 (1.31, 5.25)

Diabetes 45 65 6.50(3.31,12.8) 4.11 (1.81, 9.30)
One year before the onset/index date

Normoglycemia 47 418 1, d

Prediabetes 84 432 1.98(1.33,2.96) 1.72 (1.12, 2.64)

Diabetes 66 135 5.19(3.28,8.22) 3.41 (2.05, 5.69)
Four years before the onset/index date

Normoglycemia 36 303 1 1

Prediabetes 71 291 2.40(1.53,3.77) 2.13 (1.32, 3.43)

Diabetes 45 81 5.66 (3.29,9.74) 3.43 (1.87, 6.32)

Model 1, unadjusted.
Model 2, adjusted for BMI, current smoker (yes or no), hypertension, and
dyslipidemia.

Nevertheless, this study has some limitations. First, the present study
had a power less than 80% to detect an association with a relative risk
of 2.0. Using repeated assessment of diabetic status, however, we found
a stronger association (relative risk of 2.5 or more) between prediabetes
and CVD risk, increasing the power of our study to 90%. Second, we
only have recent data on diabetes status (within the past four years
prior to the onset of CVD). The lack of data for earlier periods precludes
us from analyzing the effect of long-term exposure to prediabetes on
CVD development. Third, only workers who took long-term sick leave
were required to submit a medical certificate to the company; thus,
milder forms of CVD were not well-covered by this registration system.
Fourth, we defined prediabetes using FPG and HbAlc but not 2-h oral
glucose tolerance test, which has not been used in regular health
checkups. As such, people with impaired glucose tolerance may be
misclassified as normoglycemia, resulting in an underestimation of the
association between prediabetes and CVD. Lastly, due to lack of data on
socioeconomic status, family history of CVD, and lifestyle character-
istics other than smoking (e.g., diet, physical activity), we were unable
to control for the potential effects of these factors.

In conclusion, the present nested case-control study based on re-
peated measurements of fasting glucose and HbAlc indicates that
prediabetes is associated with an increased risk of CVD. Identification
and management of prediabetes are important for the prevention of
CVD. More research is required to confirm or refute whether pre-dia-
betic patients who are free of conventional risk factors such as hy-
pertension and hypercholesterolemia are at increased risk of CVD.
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Table 3
Associations between prediabetes (defined as FPG 100-125mg/dL or HbAlc
5.7-6.4%, respectively) and risk of cardiovascular disease.

Case Control 0Odds ratio (95% CI}

Model 1 Model 2

FPG (mg/dL)
Over the four years prior to the onset/index date

Persistent FPG < 100 42 274 1 1

Persistent FPG 100-125 31 133 2.12 (1.16, 3.89) 1.76 (0.91, 3.38)

Diabetes 45 80 4.34 (2.40, 7.83)  2.36 (1.17, 4.75)
One year before the onset/index date

< 100 68 518 1 1

100-125 63 332 1.64 (1.11, 2.42)  1.33 (0.88, 2.01)

Diabetes 66 135 4.29 (2.82, 6.54) 2.73 (1.71, 4.36)
Four years before the onset/index date

< 100 57 381 1 g1

100-125 49 204 2.02 (1.28, 3.18)  1.77 (1.10, 2.86)

Diabetes 45 80 455 (2.74, 7.57)  2.77 (1.56, 4.91)
HbAlc (%)
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Four years before the onset/index date

< 5.7 57 421 1 1

5.7-6.4 53 196 2.19 (1.43,3.37)  1.93 (1.21, 3.08)

Diabetes 45 83 4.45 (2.75,7.20) 277 (1.60, 4.78)

Model 1, unadjusted.
Model 2, adjusted for BMI, current smoker (yes or no), hypertension, and
dyslipidemia.
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ABSTRACT

Background: We estimated the cumulative risk of type 2 diabetes from age 30 to 65 years in a large working population in
Japan.

Methods: We used data from the Japan Epidemiology Collaboration on Occupational Health Study. Participants (46,065 men
and 7,763 women) were aged 30-59 years, free of diabetes at baseline, and followed up for a maximum of 7 years. Incident type
2 diabetes was defined based on fasting and casual glucose, glycated hemoglobin, and current medical treatment for type 2
diabetes. We calculated the sex-specific cumulative risk of type 2 diabetes using the Practical Incidence Estimator macro, which
was created to produce several estimates of disease incidence for prospective cohort studies based on a modified Kaplan-Meier
method.

Results: During 274,349 person-years of follow-up, 3,587 individuals (3,339 men and 248 women) developed type 2 diabetes.
The cumulative risk was 34.7% (95% confidence interval, 33.1-36.3%) for men and 18.6% (95% confidence interval,
15.5-21.7%) for women. In BMI-stratified analysis, obese (BMI >30kg/m?) and overweight (BMI 25-29.9 kg/m?) men and
women had a much higher cumulative risk of type 2 diabetes (obese: 77.3% for men and 64.8% for women; overweight: 49.1%
and 35.7%, respectively) than those with BMI <25 kg/m® (26.2% and 13.4% for men and women, respectively).

Conclusions: The present data highlight the public health burden of type 2 diabetes in the working population. There is a need
for effective programs for weight management and type 2 diabetes screening, especially for young obese employees, to prevent
or delay the development of type 2 diabetes.
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been estimated to determine the risk of developing type 2 diabetes
INTRODUCTION for a general population®; however, such data are scarce for
Diabetes, mainly type 2 diabetes, is a major global public health the working population. Identifying the cumulative risk of
issue, and Asian countries contribute to more than 60% of the type 2 diabetes during the working lifetime of individuals would
world’s diabetic population.»? In Japan, there are 10.8 million provide a better understanding of the development of type 2
patients with diabetes.! Lifetime risk of type 2 diabetes has diabetes and could urge workers, employers, occupational
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health professionals, and policy makers to take actions for its
prevention.

In Japan, employees are required by law to undergo annual
health examinations, which include glycemic measurements. We
used this data to estimate the cumulative risk of type 2 diabetes
from age 30 to 65 years.

METHODS

Study design

The Japan Epidemiology Collaboration on Occupational Health
(J-ECOH) Study is an ongoing multicenter health checkup-based
cohort study among workers from several companies in Japan.*>
As of May 2015, 11 participating companies provided health
checkup data of their employees, obtained between January 2008
and December 2014 or between April 2008 and March 2015. The
study protocol, including the consent procedure, was approved by
the Ethics Committee of the National Center for Global Health
and Medicine, Japan.

In the present study, the data from the earliest health checkup
(mostly carried out in 2008) were regarded as the baseline data;
however, if the 2008 dataset contained a large number of missing
data, then the data from the 2009 or 2010 (one company each)
health checkups were used as the baseline. The outcome was
determined using health checkup data from baseline through
March 2015.

Participants

Of 75,857 participants aged 30-59 years who received health
checkup during the baseline period, we excluded participants
who had a history of diabetes or undiagnosed diabetes at
baseline (n =4,924); who had missing information on glucose
(n=6,246), glycated hemoglobin (HbAlc; n=1,085), or
medical treatment for diabetes {(n=407); and who had blood
drawn in the non-fasting state (n=7,022). Of the remaining
56,173 participants, we excluded participants who did not attend
any subsequent health checkups (n =2,217) and those who
attended but did not receive glucose measurements (n = 128).
A total of 53,828 participants, comprising 46,065 men and 7,763
women, were included for analysis.

Health checkup

Participants received annual health checkups that included
measurements of weight, height, blood pressure, blood glucose,
and lipids. The details of health checkups have been described
elsewhere.*® Body mass index (BMI) was calculated as weight
in kilograms divided by height in meters squared. We classified
BMI into three groups according to the international overweight
and obesity criteria: <25kg/m?, 25 to 29.9 kg/m* (overweight),
and >30kg/m? (obesity).5

Outcome

Incident diabetes was identified using data from the health
checkups after the baseline examination. Diabetes was defined
according to the American Diabetes Association criteria for the
diagnosis of diabetes as glycated hemoglobin (HbAlc) >6.5%,
fasting plasma glucose >126mg/dL, random plasma glucose
>200 mg/dL, or currently under medical treatment for diabetes.”
Individuals without diabetes at baseline who met any of the above
conditions in the subsequent checkups were considered to have
an incident case of type 2 diabetes.
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Statistical analysis

Characteristics of the study participants were described as means
for continuous variables and percentages for categorical variables.
Trend association was assessed by assigning ordinal numbers to
each BMI group and was tested using a linear regression analysis
and the Cochran-Armitage trend test for continuous and
categorical variables, respectively.

We calculated sex-specific cumulative risk of type 2 diabetes
from age 30 years to age 65 years using the Practical Incidence
Estimator macro.® Details of the macro have been extensively
described in previous papers.®'° Briefly, this macro uses age as
a time scale of analysis and can produce several estimates of
disease incidence (eg, age-specific incidence, cumulative
incidence, and reaming lifetime risk) for prospective cohort
studies, based on a modified Kaplan-Meier method.® Tt combines
information on participants who entered the cohort study at
different ages and takes into account varying duration of follow-
up of participants.® All statistical analyses were performed using
SAS version 9.4 (SAS Institute, Cary, NC, USA).

RESULTS

The characteristics of participants by sex and BMI groups are
shown in Table 1. Among cohort participants, 24.7% of men and
11.5% of women had a BMI of 25 to 29.9kg/m?, and 3.2% of men
and 2.7% of women had a BMI 230kg/m2. For both sexes, the
waist circumference, systolic and diastolic blood pressure, fasting
plasma glucose, HbAlc, and triglyceride and low-density
lipoprotein-cholesterol levels increased with BMI (P for trend
<0.001). The prevalence rates of hypertension and dyslipidemia
were higher in people with higher levels of BMI (P for trend
<0.001). During 274,349 person-years of follow-up, 3,587
individuals (3,339 men and 248 women) developed type 2
diabetes. The crude incidence rate of type 2 diabetes (per 1,000
person-years) was 14.2 for men and 6.4 for women. Sex- and age-
specific incidence rates of type 2 diabetes are provided in eTable 1.

Figure 1 shows the cumulative incidence functions in
individuals aged 30 years. The cumulative risk of developing
type 2 diabetes from age 30 years to age 65 years was 34.7%
(95% confidence interval, 33.1-36.3%) for men and 18.6% (95%
confidence interval, 15.5-21.7%) for women. Stratification by
BMI showed that people with a BMI >30 kg/m? had much higher
cumulative risk of type 2 diabetes (77.3% for men and 64.8% for
women) than people with a BMI of 25 to 29.9kg/m? (49.1% for
men and 35.7% for women) or people with a BMI <25kg/m?
(26.2% for men and 13.4% for women). We estimated that more
than 1 in 3 obese men aged 30 years would develop type 2
diabetes by age 45 years.

DISCUSSION

Based on a large-scale cohort study among Japanese employees,
we estimated that one-third of men and one-fifth of women at
age 30 years will develop type 2 diabetes by age 65 years.
Furthermore, the cumulative risk of type 2 diabetes substantially
increased among people with a BMI >25kg/m% To our
knowledge, this is the first study to estimate the cumulative risk
of type 2 diabetes from age 30 years to age 65 years in the
working population.

Similar to the present study, high lifetime risk of diabetes has
been reported in the USA (40% at age 20 years),!! Australia (31%
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Table 1. Baseline characteristics by sex and baseline BMI
Men Women
BMI >25 to P for trend BMI >25 to P for trend
2 — 2 2 = 2
BMI <25kg/mx <30kg/m? BMI >30kg/m BMI <25kg/m <30kg/m? BMI >30kg/m
N 33,212 11,387 1,466 6,662 891 210
BMI, kg/m** 22:1.(1.9) 26.8 (1.3) 324 (26) 206 (2.1) 269 (14) 327 29
Age, years® 454 (7.9) 456 (7.6) 429 (7.0) <0.001 439 (7.5) 45.9 (7.6) 447 (7.2) <0.001
WC, cm® 80.0 (6.0) 910 (5.0) 103.5 (7.0) <0(.001 735 7.0 88.0 (5.8) 98.8 (7.1) <0.001
SBP, mm Hg* 119.6 (14.5) 126.6 (14.2) 132.8 (14.8) <0.001 1137 (155) 124.6 (14.5) 1322 (15.2) <0.001
DBP, mm Hg? 75.8 (10.2) 80.8 (10.0) 84.6 (10.2) <0.001 70.7 (10.3) 77.7 (9.8) 82.0 (10.6) <0.001
Hypertension, %° 157 2058 46.9 <0.001 82 20.8 39.1 <0.001
Anti-hypertension
treatent; %E 434 486 49.8 <0.001 39.3 48.1 34.2 <0.001
FPG, mg/dL* 96.2 (87) 99.1 (9.0) 100.0 (9.7) <0.001 905 (7.8) 94.5 (8.6) 97.6 (10.1) <0.001
HbAlc, %* 54 (0.4) 5.6 (0.4) 5.7 (0.4) <0.001 5.4 (0.3) 5.6 (0.4) 5.7 (04) <0.001
TG, mg/dL* 116.8 (84.0) 160.2 (109.2) 174.8 (125.4) <0.001 71.8 (40.9) 103.6 (58.6) 117.0 (67.5) <0.001
LDL-C, mg/dL* 118.2 (29.0) 129.1 (29.4) 1337 (31.5) <0.001 111.7 (28.8) 130.7 (30.6) 1319 (30.3) <0.001
HDL-C, mg/dL* 59.0 (14.7) 51.1 (11.6) 477 (9.8) <0.001 713 (15.4) 59.9 (12.9) 56.3 (13.7) <0.001
Dyslipidemia, %¢ 40.0 65.1 75.4 <0.001 20:2 482 53.8 <0.001
Lipid-lowering
S Bl 85 111 15.8 <0.001 12.8 13.8 12.4 <0.001
Smoking, % 415 418 46.1 0.006 11:1 10.9 139 0437

BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HbAlc, glycated hemoglobin; HDL-C, high-density lipoprotein cholesterol;
LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglyceride; WC, waist circumference.

*Mean (standard deviation).

"Hypertension was defined as SBP >140mmHg, DBP >90mmHg, or as receiving medical treatment for hypertension, based on the criteria of The Japanese

Society of Hypertension Guidelines for the Management of Hypertension.
“The denominator is the total number of people with hypertension.

9Dyslipidemia was defined as TG >150mg/dL, LDL-C >140mg/dL, HDL-C <40mg/dL, or as receiving medical treatment for dyslipidemia, based on the

criteria of the Japan Atherosclerosis Society.
°The denominator is the total number of people with dyslipidemia.

at age 45 years),!” and the Netherlands (31% at age 45 years).?
However, our study differed from previous studies in design,
target population, and target period (cumulative risk from age 30
to 65 years in the present study compared to overall lifetime risk
in previous studies). Furthermore, we defined incident type 2
diabetes based on fasting and casual glucose, HbAlc, and current
medical treatment for diabetes, while researchers of previous
studies did not use HbAlc*>? or only used self-reported
diabetes.!!  Therefore, caution should be exercised when
comparing the current estimate with those reported previously.

Previous studies have reported sex differences in type 2
diabetes prevalence in the Japanese population.’>!* One meta-
regression analysis of 160,000 Japanese adults showed that the
age-standardized diabetes prevalence was 9.3% and 6.6% among
men and women, respectively, in 2010.1> We also found that the
cumulative risk of type 2 diabetes among women (18.6%) was
lower compared with men (34.7%). This may be partly ascribed
to the lower prevalence rates of risk factors for type 2 diabetes
(eg, obesity, smoking, hypertension, and dyslipidemia) in women
than in men. Further efforts focusing on these risk factors may not
only reduce diabetes risk in the working population but also
narrow the gender gap in diabetes risk.

Obese workers (BMI >30kg/m?) were at markedly increased
risk of developing type 2 diabetes; more than 1 in 3 obese men at
age 30 years were predicted to develop type 2 diabetes by age 45
years (Figure 1). Lifetime risk of type 2 diabetes increases with
increasing BMI.>!> Obesity reduces the time lived with normal
glucose metabolism.> These findings underscore the importance
of weight management in the prevention of type 2 diabetes.

The strengths of our study include its large sample size and
sufficient number of type 2 diabetes events. In addition, we used a

comprehensive assessment of multiple measures for the diagnosis
of incident type 2 diabetes. Several limitations also warrant
attention. First, the present findings from a working population
may not be generalizable to a wider population. Given the lower
sex- and age-specific prevalence of overweight/obesity (BMI
>25kg/m?) in the present study than that in the National Health
and Nutrition Survey,'¢ higher cumulative incidence would be
expected in the general population. Second, the cumulative risk
of developing type 2 diabetes would be somewhat overestimated
due to the lack of adjustment for competing risks, such as death.
Third, the estimates of cumulative risk are subject to birth-cohort
effects; thus, caution should be exercised when age-specific
incidence rates are rapidly changing over time. Finally, we could
not discriminate between type 1 and type 2 diabetes. However,
since type 1 diabetes is rare in people aged 30 years and older,
we expect that virtually all incident cases in this cohort correlate
with type 2 diabetes.

The present data highlight the public health burden of type 2
diabetes among the working population. There is a need for
effective weight management and type 2 diabetes screening
programs, especially for young obese employees, to prevent or
delay the development of type 2 diabetes.

ACKNOWLEDGEMENTS

Funding: This work was supported by the Industrial Health

Foundation, JSPS KAKENHI [grant numbers 25293146,

16H05251], and Industrial Disease Clinical Research Grants

[grant number 140202-01], and the Grant of National Center for

Global Health and Medicine [grant number 28-Shi-1206].
Conflicts of interest: None declared.

J Epidemiol 2018;28(11):465-469 | 467

186



Cumulative Risk of Diabetes Among Japanese Employees

30 35 40 45 50 55 60 65

Cumulative incidence (%) Cumulative incidence (%) Cumulative incidence (%) Cumulative incidence (%)

Age, years

Figure 1. Cumulative risk of diabetes in individuals aged 30 years
>30kg/m?.

APPENDIX A. SUPPLEMENTARY DATA

Supplementary data related to this article can be found at https://
doi.org/10.2188/jea. JE20170093.
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Keywords ABSTRACT
Diabetes, Serum creatinine, Skeletal Aims/Introduction: We examined a prospective association between serum creatinine
rmuscle levels and diabetes.

Materials and Methods: The present study included 31,343 male workers without
*Correspondence diabetes, and aged between 20 and 64 years at baseline. We calculated the cumulative
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average of their serum creatinine over the study period. We defined diabetes as either gly-
cated hemoglobin levels >6.5%, random glucose levels >200 mg/dL, fasting glucose levels
>126 mg/dL or receiving antidiabetic treatment. Cox proportional hazards regression anal-
ysis was carried out to estimate the hazard ratio (HR) and 95% confidence interval (Cl).
Results: With a median observation of 7.7 years, 2,509 participants developed diabetes.
After adjusting for age, smoking, body mass index, hypertension and dyslipidemia, lower
cumulative average serum creatinine levels were related to a greater diabetes risk: HRs
were 1.56 (95% Cl 1.35-1.82), 122 (1.09-1.35) and 1.06 (0.96-1.17) for the participants with
serum creatinine <0.70, 0.70-0.79 and 0.80-0.89 mg/dL, respectively, compared with those
with 0.90-120 mg/dL (P for trend <0001). The serum creatinine-diabetes association was
more pronounced among older adults (serum creatinine <0.70 vs 0.90-1.20 mg/dL, HR
166, 95% Cl 1.37-2.00) than younger adults (HR 1.32, 95% CI 1.02-1.71; P for interaction
by age group = 0001).

Conclusions: Low serum creatinine is associated with an increased risk of diabetes.
Screening serum creatinine levels can be used to identify those who are at high risk of
diabetes.

J Diabetes Investig 2019; 10: 1209-
1214

doi: 10.1111/jdi.13024

INTRODUCTION

Skeletal muscle is a primary target for insulin action'. Thus,
decreased skeletal muscle mass could potentially trigger insulin
resistance™, which is an underlying mechanism of diabetes.
Two cohort studies from Korea have shown that low muscle
mass, defined using relative muscle mass and muscle mass
index (appendicular), respectively, is linked with a greater risk
of incident diabetes in both young and old people®”.

Received 1 October 2018; revised 11 January 2019; accepted 11 February 2019

© 2019 The Authors. Joumnal of Diabetes Investigation published by Asian Association for the Study of Diabetes (AASD) and John Wiley & Sons Australia, Ltd

Creatinine is the only metabolite of creatine phosphate in the
skeletal muscle. Under the steady state, it is created at a rela-
tively constant rate by the body depending on the total skeletal
muscle mass®. Because of the close association between muscle
mass and creatinine (correlation coefficient >0.7)"%, serum crea-
tinine is also used as an inexpensive, easily available surrogate
of muscle mass when the kidney functions are stable and pro-
tein intake is normal. Thus, it would be interesting to examine
a potential association between low serum creatine and the
development of diabetes. Three cohort studies from Japan and
one from China reported that low serum creatinine was
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associated with an elevated risk (hazard ratios [HRs] ranging
from 1.4 to 2.0) of diabetes® ™2 However, these cohort studies
had some limitations, including short mean follow-up periods
(<4 years)™?, lack of adjustment for potentially important dia-
betes risk factors (for example, smoking and clyslipidemia)m’11
or the use of fasting glucose only for diagnosing diabetes
Furthermore, all of these studies assessed serum creatinine at
baseline only. In addition, no study has examined the crea-
tinine—diabetes association among those with prediabetes, which
represents a high risk for diabetes.

Thus, we investigated a prospective association between
serum creatinine levels and diabetes risk using repeated mea-
sures of creatinine in a male working population in Japan.

9,11

METHODS

Study design

We analyzed data from the Japan Epidemiology Collaboration
on Occupational Health Study, which is an ongoing cohort study
among workers of 12 companies in Japan (study description in
the Appendix $1)">'. Briefly, the workers in the participating
companies underwent a health checkup every year. They also
completed a questionnaire about their medical history and life-
style. The study protocol, induding the consent procedure, was
approved by the ethics committee of the National Center for
Global Health and Medicine, Japan. In the present study, the
2008 health checkup was considered as the baseline. Two compa-
nies had large amounts of missing data in 2008, thus the dataset
of 2009 and 2010, respectively, for each company was used as
the baseline. We determined the outcome of the present prospec-
tive analysis using data of a maximum 8-year follow up from the
baseline through March 2017.

Study participants

The present study included only male workers, because the
number of women was small (only approximately 100 women
had serum creatinine <0.50 mg/dL). Workers were considered
initially eligible for the study if they were aged between 20 and
64 years, and had data on serum creatinine at baseline. Of the
38,028 male workers who met the inclusion criteria for partici-
pation, we excluded those with diabetes at baseline (n = 2,754),
or with missing data on blood glucose (n = 397), glycated
hemoglobin (HbAlc; # = 190) or diabetes treatment (n = 154).
We further excluded those with a self-reported history of kid-
ney disease (n = 193), hepatitis (n = 186), cardiovascular dis-
ease (n = 417) or cancer (n = 239) at baseline to eliminate the
influence, if any, of these diseases on serum creatinine. Workers
with serum creatinine >1.2 mg/dL, suggestive of renal dysfunc-
tion, were also excluded (n = 193)". After further excluding
those with missing data on smoking, body mass index (BMI),
dyslipidemia and hypertension (n = 388), 32,917 participants
remained. We further excluded those who did not attend any
subsequent health checkups (n = 1,245) or who attended, but
did not receive, glucose measurement (z = 329). Finally, 31,343
participants remained in the analysis.

http:/fwileyonlinelibrary.com/joumal/jdi

Exposure

We assessed the levels of serum creatinine using the enzymatic
method. To minimize misclassification of exposure, we calcu-
lated the cumulative average of serum creatinine from baseline
examination up to the start of each follow-up interval. For
example, the incidence of diabetes between 2009 and 2010 was
related to the average serum creatinine measured at the 2008
and 2009 health checkups, and the incidence of diabetes
between 2010 and 2011 was related to the average serum crea-
tinine measured at the 2008, 2009 and 2010 health checkups.
The cumulative average of serum creatinine was divided into
four categories (<0.7, 0.7-0.79, 0.8-0.89 and 0.9-1.2 mg/dL}
according to serum creatinine distribution among participants
and with reference to the cut-off points used in previous

studies” L,

Outcome

Based on the American Diabetes Association criteria, we
defined diabetes as either HbAlc levels >6.5%, random glucose
levels >200 mg/dL, fasting glucose levels >126 mg/dL or receiv-
ing antidiabetic treatment'®. The participants who met any of
the aforementioned conditions during follow up were treated as
incident cases of type 2 diabetes.

Covariates

Covariates included baseline age, worksite, smoking, BMI,
hypertension and dyslipidemia. We refer to Appendix S1 for
the data collection methods, which have been described in
previous studies™™.

Statistical analysis

Basic characteristics of the present study participants were
determined as means (standard deviations) and percentages for
continuous and categorical variables, respectively. We tested
trend association by carrying out a linear regression analysis for
continuous variables and the Cochran—Armitage trend test for
categorical variables.

Person-time for each participant was counted by subtracting
the date of the baseline survey from the date when incident
diabetes was first identified or the date of last health checkup,
whichever happened first. We used Cox proportional hazards
regression analysis to calculate the HR and 95% confidence
interval (CI} for risks of incident diabetes related to cumulative
average serum creatinine, which was treated as a time-varying
variable. In model 1, we adjusted for worksite and age. Further-
more, we adjusted for BMI, dyslipidemia, smoking and hyper-
tension in model 2. Additionally, we examined the creatinine—
diabetes association among the participants with prediabetes at
baseline, defined as HbAlc 57-6.4% and/or fasting glucose
100-125 mg/dL'.

Stratified analysis was carried out by the baseline age (<45 or
>45 years), BMI (<21, 21-24.9 and >25 kg/mz), smoking (yes/
no), dyslipidemia status (yes/no) and hypertension status (yes/
no), which are associated with both diabetes risk and serum
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creatinine levels'” ™. All of the statistical analyses were carried
out using SAS version 9.3 (SAS Institute, Cary, NC, USA. Sta-
tistical significance was established as two-sided P < 0.05.

RESULTS

Table 1 presents participants’ characteristics according to the
baseline serum creatinine categories. Those with lower serum
creatinine were older, tended to be current smokers, and had
higher mean high-density lipoprotein cholesterol, blood pres-
sure and fasting glucose.

With a median observation of 7.7 years (range 0.2-
9.1 years), 2,509 of the participants developed diabetes. The
crude incident rate was 12.3 per 1,000 person-years. As pre-
sented in Table 2, worksite- and age-adjusted HR for diabetes
among the participants with serum creatinine <0.70 mg/dL was
1.36 (95% CI 1.18-1.58) compared with people with serum cre-
atinine 0.9-12 mg/dL (P for trend <0.001). After further
adjusting for dyslipidemia, BMI, smoking and hypertension, the
association was strengthened (HR 156, 95% CI 1.35-1.82).
Among the participants with prediabetes at baseline, the multi-
variable-adjusted HR was 145 (95% CI 1.23-1.70) for those
with creatinine <0.70 mg/dL compared with serum creatinine
0.90-1.20 mg/dL (P for trend <0.001).

Table 3 presents the association of the cumulative average
serum creatinine with diabetes in the stratified analysis. The
creatinine—diabetes association was more pronounced among
older adults compared with younger adults (P for interaction
by age group = 0.001). The serum creatinine—diabetes associa-
tion did not differ by BMI levels, smoking status, hypertension
status or dyslipidemia status (all P for interactions >0.05).

DISCUSSION

Using repeated measurements of serum creatinine, we found
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associated with an increased risk of diabetes. Similar findings
were observed among the participants with prediabetes at base-
line. The serum creatinine—diabetes association was more pro-
nounced among the older adults than the younger adults.

The present findings are consistent with those studies using
baseline creatinine only”™% In a 4-year follow-up study of
Japanese male workers (n = 8,570), the adjusted odds ratio of
diabetes was 191 for the participants with creatinine
0.40-0.60 mg/dL compared with 0.71-0.80 mg/dL’. In another
Japanese study of male workers (# = 3,313, with a median
observation of 6.7 years), the adjusted HR was 19 for the
participants with creatinine 0.38-0.69 mg/dL compared with
0.90-1.10 mg/dL". In a study of a general population in Japan
(n = 9,667, with a mean observation of 5 years), the adjusted
HR was 1.40 for men with creatinine <0.7 mg/dL compared
with 0.9-1.2 mg/dL, and 1.7 for women with serum creatinine
<0.5 mg/dL. compared with 0.7-1.1 mg/dL'®. A Chinese study
of the general population (n = 57,587, with a mean observation
of 3.6 years) also showed that serum creatinine values at base-
line were inversely associated with diabetes risk'2. The present
study had a bigger sample (# = 31,343} and longer observation
period (median follow-up period of 7.7 years) than previous
studies. In addition, we used cumulative average serum crea-
tinine over the study period to minimize the misclassification
of exposure. Furthermore, we found low concentrations of
serum creatinine were associated with the progression from
prediabetes to diabetes, extending the serum creatinine—diabetes
association to those with prediabetes. With these methodologi-
cal advantages and extended findings, the present study pro-
vides strong evidence that people with lower serum creatinine
are at a greater risk of diabetes.

In the stratified analyses, we observed that the serum crea-
tinine—diabetes association did not differ by BMI or smoking

that lower levels of cumulative average serum creatinine were  status, which is consistent with previous studies™ "
Table 1 | Characteristics of participants according to baseline serum creatinine categories
Serum creatinine (mg/dL) P for trend
<07 0.7 079 08 089 809 12
n 1,492 6405 10848 12,598
Age (years) 449+ 104 426+ 104 421+ 102 436+ 97 <0.001
BMI (kg/mz) 229=+:35 23083 238434 234530 <0.001
Current smoker (%) 62.1 52.7 445 346 <0001
SBP (mmHg) 1231+ 145 1215+ 142 1206 + 13.7 1209 + 140 <0.001
DBP (mmHg) 770+ 100 758 £ 101 756:x99 765+ 102 007
Hypertension (%) 192 159 146 18.1 0.003
FPG (mg/dL) Sr2r 102 964+ 98 962198 96+ 96 003
HbATC (96) 55+ 04 55+ 04 55+ 04 55+ 04 002
TG (mg/dL) 1284 £ 1271 1243 £ 1001 1258 + 95.1 1300 £ 95.7 057
HDL-C (mg/dD) 580+ 155 576+ 147 565+ 140 563+ 141 <0.001
LDL-C (mg/dL) 1146 £ 31.7 1174 £ 308 1200 + 305 1234 + 303 <0.001
Dyslipidemia (%) 413 425 449 490 <0.001

BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting blood glucose; HbATc, glycated hemoglobin; HDL-C, high-density lipoprotein
cholesteral; LDL-C, low-density lipoprotein cholesterol; SBP, systolic blood pressure; TG, triglycerides.
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Table 2 | Associations between cumulative average serum creatinine and incidence of diabetes

Cumulative average serum creatinine (ma/dL) P for trend
<07 0.7 <08 08 <09 0812
Overall
Cases 228 636 832 813
Person-years 11,599 47950 73878 69866
Model 1 1.36 (118, 1.58) 1.09 (098, 121) 098 (089, 1.08) Reference <0.001
Maodel 2 156 (135, 1.82) 1.22 (109, 135) 1.06 (096, 1.17) Reference <0.001
People with prediabetes at baseline
Cases 198 582 742 745
Person-years 5698 21038 30377 29540
Maodel 1 129 (111, 1.52) 1.09 (098, 1.22) 099 (089, 1.10) Reference <0.001
Model 2 145 (123, 1.70) 1.19 (106, 133) 1.05 (095, 1.16) Reference <0.001
People with normoglycemia at baseline
Cases 30 54 0 68
Person-years 5900 26911 43501 40325
Model 1 254 (164, 3.95) 1.11 (077, 160) 1.18 (086, 162) Reference 0005
Model 2 248 (159, 3.89) 1.18 (082, 168) 1.22 089, 168) Reference 0.003

Model 1: adjusted for age and worksite. Model 2: adjusted for age, worksite, smoking, body mass index, hypertension and dyslipidemia.

Table 3 | Associations between cumulative average serum creatinine and diabetes in subgroups

Subgroup Cases Person-years Cumulative average serum creatinine (ma/dL) P for trend
<0.7 07 <08 08 <09 0912
Age (years)’
<45 902 122,370 132 (102, 1.71) 095 (0.79 1.14) 091 (077, 1.06) Reference <0.001
>45 1,607 80920 1.66 (1.37, 200) 1.37 (1.20, 157) 1.15 (1.01, 130) Reference <0.001
P-interaction = 0.001
BMI (kg/m?)T
<210 233 45210 1.51 (094, 241) 1.33 (091, 193) 1.09 0.75, 157) Reference 0.044
210 249 1,054 106,383 142 (1.12, 1.80) 1.21 (1.03, 143) 1.06 (091, 1.23) Reference <0.001
=250 1,222 51,697 164 (1.32, 205) 1.19 (102, 1.37) 1.05 (091, 120) Reference <0.001
P-interaction = 069
SmowngI
Current 1,212 87,770 1.57 (129, 191) 1.24 (106, 145) 098 (085, 1.15) Reference <0.001
Never/former 1297 115521 147 (1.15, 1.87) 1.17 (1.01, 1.36) 1.11 (098, 1.27) Reference <0001
P-interaction = 0.16
Hypertension®
Yes 750 29,299 124 (093, 166) 135 (1.12, 164) 1.02 (085, 1.22) Reference 001
No 1,759 173,992 1.70 (142, 203) 1.18 (1.03, 1.34) 1.07 (096, 121) Reference <0.001
P-interaction = 048
Dyslipideria®
Yes 1,634 91,162 143 (1.18, 1.74) 1.21 (1.06, 1.38) 1.04 092,1.17) Reference <0.001
No 875 112,189 1.72 (1.36, 2.18) 1.22 (102, 147) 1.09 (091, 129 Reference <0.001

P-interaction = 0.24

Tadjusted for age, worksite, smoking, body mass index, hypertension, and dyslipidernia. *Adjusted for age, worksite, body mass index, hypertension
and dyslipidemia. §Adjusted for age, worksite, smaoking, body mass index and dyslipidemia (or hypertension).

Furthermore, we found no effect modification by chronic dis-  contrast, a small cohort study of Japanese male workers (207
eases (for example, hypertension or dyslipidemia). With regard  cases of incident diabetes) reported no material differences in
to age, we found that the creatinine-diabetes association was  the association between serum creatinine and diabetes by ageu.
significantly stronger in the older participants (aged 45~  The present findings based on a much larger number of cases
64 years) than in the younger adults (aged 20-44 years). In  of incident diabetes (n = 2,509) would not only be statistically
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reliable, but also reasonable from a mechanistic viewpoint. As
creatinine is created proportionally to total skeletal muscle
mass®, low creatinine levels could be an indication of age-asso-
ciated loss of musde mass. This aging-related muscle loss has
been proposed to increase diabetes risk through several path-
ways: (i) skeletal muscle tissue is a major target of insulin
action, therefore, muscle loss with age results in a diminished
target of insulin, and worsens insulin sensitivity and glucose
regulation; (i) aging-related declines in muscle quality can lead
to oxidation and inflammation, which cause insulin resistance
by inhibiting insulin signal transduction;*** and (iii) fatty infil-
tration in skeletal muscle that occurs with aging can lead to
insulin resistance’. Given that aging is also associated with the
impairment of B-cell function?>, it is assumed that older adults
are more likely to develop diabetes than younger adults in the
presence of insulin resistance. If this is the case, older people
might benefit more than younger people from strength training,
which increases muscle and consequently improves insulin sen-
sitivity. In fact, a study in Japan reported a greater reduction in
diabetes risk related to strength training in people aged
>50 years than their younger counterpartsz‘]i More studies are
required to confirm these findings.

The present study had several strengths, including the large
cohort, long-term observation, use of blood glucose and HbAlc
for diagnosing diabetes, sufficient cases of diabetes, and annual
assessment of serum creatinine. Some limitations also warrant
attention. First, serum creatinine was measured in different lab-
oratories in the Japan Epidemiology Collaboration on Occupa-
tional Health study. Given that all the laboratories in the
present study received high-quality control scores from external
agencies, we believe that the measurement is reliable and com-
parable across participating companies. To further confirm this,
we repeated the analysis with data from a big company and
found that the adjusted HR was 152 (95% CI 1.27-1.81) for
men with creatinine <0.70 mg/dL compared with 0.90-
1.20 mg/dL, which is similar to the overall analysis. Second,
two worksites (approximately 5% of the total study population)
did not have disease history data (e.g., kidney disease, hepatitis,
cardiovascular disease and cancer) that might have influenced
the level of serum creatinine. We confirmed, however, that the
results were materially unchanged after excluding people at the
two worksites (serum creatinine <0.70 vs 0.90-1.20 mg/dL,
adjusted HR 1.56, 95% CI 1.34-1.81). Third, because of the lack
of data on potential confounders, such as meat intake, we were
unable to control for the potential effects of these factors. Last,
the small number of women, especially few (approximately
100) women with serum creatinine <0.50 mg/dL, precluded the
assessment of the association between low serum creatinine and
diabetes in women.

In conclusion, the present cohort study based on repeated
measurements of serum creatinine shows that low serum crea-
tinine is associated with an increased risk of diabetes. Screening
serum creatinine levels can be used to identify those at a high
risk of diabetes.
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Methods: A nested case-control study was performed among middle-aged male em-
ployees who underwent periodic health checkup. A total of 241 CVD cases were iden-
tified and matched individually on age, gender, and worksite with 1205 controls. Data
on BMI, WC, WHtR, smoking, hypertension, diabetes, and dyslipidemia collected at
4 years before the event/index date were retrieved. Associations between BMI, WC,
WHIR, and CVD risk were assessed by using conditional logistic regression models.

Results: The strength of the association of BMI, WC, and WHtR with CVD risk was
similar. The smoking-adjusted odds ratio (95% confidence interval) for CVD was 1.60
(1.38-1.85), 1.53 (1.33-1.78), and 1.56 (1.35-1.81) for a 1 SD unit increase in BMI,
WC, and WHIR respectively. After further adjustment for hypertension, diabetes, and
dyslipidemia, these associations were attenuated but remained statistically significant.
Conclusions: Measures of general (BMI) and abdominal (WC and WHtR) obesity

KEYWORDS

1 | INTRODUCTION

Cardiovascular disease (CVD) is a major cause of death
worldwide." Obesity is a strong predictor of CVD risk.” To
assess risk for CVD, a variety of anthropometric indices
have been used as a proxy for general obesity (ie, body mass
index [BMI]) or abdominal obesity (ie, waist circumference
[WC] and waist-to-height ratio [WHtR]),2 There is contro-
versy, however, as to whether these measures of obesity are
similarly related to CVD risk. A systematic review of 22
prospective studies showed that WHtR and WC were sig-
nificant predictors of cardio-metabolic outcomes more often
than BMI.® In contrast, a meta-analysis using individual re-
cords from 58 prospective studies indicated that there was no
significant difference in the strength of the association with
CVD risk between BMI and abdominal obesity measures
(WC and waist-to-hip ratio).4 These reviews included few
studies in the Japanese population, which is characterized by
a low prevalence of obesity.

InJapan, risk of CVD has been linked to either general obe-
sity BMI)*” or abdominal obesity (WC and WHIR).® Only
one cohort study among the general population compared the
association of BMI and WC with CVD risk, suggesting that
abdominal obesity is a better predictor for CVD than general
obesity in women.® However, no obesity measure was appre-
ciably associated with CVD risk in men.® Given that CVD
remains the leading cause of deaths in J apan,9 clarifying the
impact of obesity on CVD in Japanese is important.

Previous studies on the strength of associations between
general obesity, abdominal obesity, and CVD are mainly based
on cohort studies with a median follow-up of >10 years.>*®
The long length of follow-up can avoid reverse causality bias
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were similarly associated with CVD in middle-aged Japanese men.
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and link obesity to the initiation and development of CVD.
On the other hand, it can introduce bias due to loss to fol-
low-up and cannot account for the change of obesity status
over the long follow-up period. More importantly, it cannot
answer the association between obesity and the development
of a clinical CVD from a latent precursor (a few years prior to
the onset of CVD). To the best of our knowledge, no previous
study has compared the risk of CVD associated with general
obesity and abdominal obesity assessed a few years before
the onset of CVD.

Thus, using a nested case-control study design which can
be used to investigate the risk of diseases associated with ex-
posures assessed at a particular time point, we compared the
association of CVD with BMI, WC, and WHtR collected at
4 years (data collected between 1 year and 3 years were not
used for minimizing reverse causality bias) before the CVD
event among middle-aged working Japanese men.

2 | METHODS

2.1 | Study design

This is a case-control study nested in the Japan Epidemiology
Collaboration on Occupational Health (J-ECOH) Study, an
ongoing multi-company study of workers in Japan. Details
on the J-ECOH Study and the CVD registration has been de-
scribed elsewhere.'%!! As the present study aimed to exam-
ine whether BMI, WC, and WHItR collected at 4 years before
the CVD event were similarly associated with the develop-
ment of CVD, we retrieved obesity data and other annual
health checkup data collected from more than 100 000 work-
ers between January 2008 and December 2013 or between
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April 2008 and March 2014 in 11 participating companies
(12 worksites) and their CVD data collected between April
2012 and March 2018. The study protocol, including the con-
sent procedure, was approved by the Ethics Committee of
the National Center for Global Health and Medicine, Japan
(NCGM-G-001140-15).

2.2 | Ascertainment of CVD cases and
control selection

Incident CVD cases, including fatal and non-fatal myocardial
infarction (MI) and stroke, were identified through a CVD
registry. Within the J-ECOH Study, the CVD registry was set
up in participating companies in April 2012 to collect data
on CVD events. For most nonfatal cases, the occupational
physician confirmed the diagnosis of each CVD event on the
basis of medical certificates written by a treating physician
and submitted to the company by the worker. Because the
submission of a medical certificate is required when taking a
long-term sick leave, this registry primarily covers relatively
severe cases. For fatal cases, occupational physicians judged
the cause of death based on available information, including
death certificates and information obtained from the bereaved
family or colleagues. Each case was coded according to the
10th revision of the International Classification of Diseases
(ICD). Event date was defined as the date of CVD diagnosis
recorded in the registry.

From April 2012 to March 2018, 249 males and 20 fe-
males with incident CVD were registered. Emerging evi-
dence suggests that sex hormones and sex-specific patterns
of adiposity and fat distribution can lead to sex differences
in the association between obesity and CVD.'? In the pres-
ent study, the number of female CVD cases was too small
(n = 20) to analyses the association between obesity and
CVD among women. Thus, we excluded women from the
current analyses. Among these 249 male cases, we excluded
eight patients without matched controls. Finally, 241 CVD
cases (51 fatal cases), including 81 with MI (ICD-10: 121),
and 160 with stroke (ICD-10: 160, 161, and 163), remained in
the present study.

Controls were selected from study participants who did
not self-report stroke or MI at J-ECOH Study entry and did
not develop CVD during the follow-up period. Those who
self-reported a history of CVD at annual health checkups
during the study period were also excluded. For each case,
we created a pool of controls who were matched by worksite,
gender, and date of birth (£2 years). We then allocated
an index date, which was the same as the event date of its
matched case. We excluded people who did not attend health
checkup at 4 years before the index date. Finally, for a given
case, we randomly selected up to five controls from the pool
of eligible controls. Once a control was sampled, we did not
allow the control to be again chosen as the control of other

cases. A total of 1,205 matched controls were included in the
present study.

2.3 | Exposure

Measurements of body height, body weight, and waist cir-
cumference obtained 4 years prior to the event/index date
were used for both cases and controls. The body height and
weight were measured using a scale while the participant
wore light clothes and no shoes. BMI was calculated as the
weight in kilograms divided by the squared height in meters.
WC was measured at the umbilical level in the standing posi-
tion. WHtR was calculated as WC (cm) divided by height
(cm).

24 |

The covariates included smoking, hypertension, diabetes,
and dyslipidemia. We retrieved data collected at 4 years be-
fore the event/index date. Data collection methods have been
described in detail in previous papers.'®!"'® Smoking status
was divided in to the following five groups: never smokers,
past smokers, current low-intensity smokers (1-10 cigarettes/
day), medium-intensity smokers (11-20 cigarettes/day), or
high-intensity smokers (>21 cigarettes/day). Hypertension
was defined as systolic blood pressure of at least 140 mmHg,
diastolic blood pressure of at least 90 mmHg, or use of treat-
ment for hyperlension.14 Diabetes was defined as a fasting
plasma glucose level of at least 126 mg/dL, or a random
plasma glucose level of at least 200 mg/dL, an HbAlc
level of at least 6.5%, or medical treatment of diabetes.”
Dyslipidemia was defined as an low-density lipoprotein-cho-
lesterol level of at least 140 mg/dL, high-density lipoprotein-
cholesterol level of less than 40 mg/dL, triglyceride level of
at least 150 mg/dL, or use of medications for dyslipidemia.'®

Covariates

25 |

In the present study, about 20% of study participants had one
or more missing values. To improve efficiency and reduce
bias, we handled missing data with multiple imputation using
matching variables and full-conditional speciﬁcation.17 Fifty
imputed data sets were produced, and analyses were com-
bined using Rubin's rules.

The characteristics of the study participants were ex-
pressed as means (standard deviation) for continuous vari-
ables and as percentages for categorical variables. To examine
differences in characteristics between cases and controls, we
performed conditional logistic regression for categorical vari-
ables. For continuous variables, paired t-test was performed.
There were five controls for each case. We first calculated the
mean of matched controls, and then compared it with their
case using paired 7 test.

Statistical analysis

197



KIANG £T AL,

405 | wiLEy-—Jomal of Occupationl Heath

Conditional logistic regression was used to estimate
odds ratio (OR) and 95% confidence interval (CI) for the
development of CVD associated with a one standard devia-
tion (SD) unit change in BMI, WC, and WHItR respectively.
We adjusted for smoking status in model 1. In model 2, we
further adjusted for hypertension (yes or no), diabetes (yes
or no), and dyslipidemia (yes or no). In addition, ORs were
estimated at tertiles of BMI, WC, and WHtR respectively.
BMI, WC, and WHIR were categorized into tertiles among
controls, separately. The lowest tertile was used as the ref-
erence group. Trend association was assessed with ordinal
scores 0-2 assigned to the three groups of BMI, WC and
WHIR.

We also performed a sensitivity analysis using individ-
nals with complete data. A two-sided P < .05 was con-
sidered statistically significant. Multiple imputation was
performed in StataMP 15 (StataCorp). All other statisti-
cal analyses were performed using SAS version 9.4 (SAS
Institute).

3 | RESULTS

The characteristics of cases and controls at 4 years prior to
the CVD event/index date are summarized in Table 1. The
mean (standard deviation) age of cases was 50.5 (6.2) years,
and 80% of the individuals were ages less than 60 years. The
mean values of BMIL, WC, and WHtR were higher among
cases than those among controls. Cases had higher preva-
lence of hypertension, diabetes, and dyslipidemia as well as
smoking than controls.

As shown in Table 2, BMI, WC, and WHtR demon-
strated generally similar strength of association with CVD
risk. In model 1, the ORs (95% ClIs) for CVD were 1.60
(1.38-1.85), 1.53 (1.33-1.78), 1.56 (1.35-1.81) for 1 SD in-
crease in BMI, WC, and WHI{R respectively. After addition-
ally adjusting for hypertension, diabetes, and dyslipidemia
(model 2), these associations were attenuated but remained
statistically significant. The ORs (95% Cls) for CVD in the
highest versus lowest tertile of BMI, WC, and WHtR were
2.94 (1.99-4.33), 2.61 (1.75-3.89), and 2.61 (1.76-3.87) re-
spectively (model 1). Similar findings were observed in the
sensitivity analysis using complete data (Table S1).

In Table 3, the three obesity measures (BMI, WC, and
WHtR) were similarly and positively associated with all
CVD subtypes. The ORs (95% ClIs) for MI were 1.70
(1.34-2.17), 1.73 (1.35-2.23), 1.75 (1.35-2.27) for 1 SD
increase in BMIL, WC, and WHIR respectively. For stroke,
the corresponding ORs (95% CIs) were 1.54 (1.28-1.83)
for BMI, 1.44 (1.20-1.73) for WC, 1.47 (1.23-1.77) for
WHItR. These associations were attenuated after additional
adjustment for hypertension, diabetes, and dyslipidemia
(model 2).
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TABLE 1 Characteristics of cases and controls at 4 years before
the date of CVD event, J-ECOH Study, Japan®
Cases Controls P-value*
N 241 1,205
Age (y) 50.5(7.2) 50.4(73)  <.001
Smoking status, %
Never smokers 26.3 35.3 <.001
Past smokers 15.6 27 Y
Current low-intensity 8.4 6.9
smokers®
Medium-intensity 33.0 21.5
smokers®
High-intensity smokers” 16.8 8.5
BMI (kg/m?) 25.3 (3.8) 23.7(3.1) <.001
WC (cm) 87.9(9.5) 84.0(84)  <.001
WHR 0.52(0.05) 049 (0.05) <.001
Hypertension, % 48.8 26.6 <.001
Hypertension treatment®, 52:5 59.6 <.001
%
Diabetes, % S 10.% <.001
Diabetes treatment?, % 51.9 577 <.001
Dyslipidemia, % 68.5 60.2 <.001
Lipid-lowering treatment®,  11.2 14.6 .84
%

Note: Data were expressed as mean (standard deviation) or as percentages.
Abbreviations: BMI, body mass index; BP, blood pressure; CVD, cardiovas-
cular disease; FPG, fasting plasma glucose; HbAlc, Glycated hemoglobin;
HDL-C, high-density lipoprotein-cholesterol levels; IF-ECOH Study, the Tapan
Epidemiology Collaboration on Occupational Health Study; LDL-C, low-den-
sity lipoprotein-cholesterol; TG, Triglyceride; WC, waist circurnference; WHIR,
waist-to-height ratio.

*Dataset without multiple imputation was used for Table 1.

PCurrent low-intensity smokers, 1-10 cigarettes/d; medium-intensity smokers,
11-20 cigarettes/d; high-intensity smokers, =21 cigarettes/d.

“The denominator is the total number of people with hypertension (systolic

BP > 140 mmHg, diastolic BP > 90 mmHg, or cutrent medical care for
hypertension).

“The denominator is the total number of people with diabetes ( FPG > 126 mg/
dL, random plasma glucose > 200 mg/dL, HbAlc > 6.5%, or current medical
care for diabetes).

“The denominator s the total number of people with dyslipidemia

(LDL-C = 140 mg/dL, HDL-C < 40 mg/dL, TG > 150 mg/dL, or use of medi-
cations for dyslipidemia).

*Paired £ test for continuous variables and conditional logistic regression for
categorical variables.

4 | DISCUSSION

In this nested case-control study among middle-aged
Japanese working men, we found that both general (BMI)
and abdominal (WC and WHtR) obesity showed a sig-
nificant and positive association with CVD, and that they

demonstrated generally similar strength of association with
CVD.
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TABLE 2  Associations among BMI, WC, and WHIR and the risk of CVD, J-ECOH Study, Japan

OR (95% CI)

Journal of Ilwlpatmnd.ﬂealm_wl LEY. Sof8

OR (95% CI) per SD
1st tertile 2nd tertile 3rd tertile P for trend increment L

BMI (kg/m:) %22.2 22.2t0 <24.5 >24.5

Model 1 1.00 1.43 (0.93-2.18) 2.94 (1.99-4.33) <.001 1.60 (1.38-1.85) <.001
Model 2 1.00 1.06 (0.67-1.65) 1.75 (1.14-2.68) .01 1.29 (1.10-1.52) .002
WC (cm) <80 80 to <86.5 >86.5

Model 1 1.00 1.03 (0.66-1.62) 2,61 (1.75-3.89) <.001 1.53 (1.33-1.78) <.001
Model 2 1.00 0.70 (0.44-1.13) 1.46 (0.94-2.26) .09 1.24 (1.05-1.46) .01
WH(R <0.47 0.47 to <0.51 >0.51

Model 1 1.00 1.12 (0.73-1.73) 2.61(1.76-3.87) <.001 1.56 (1.35-1.81) <.001
Model 2 1.00 0.77 (0.48-1.22) 1.41 (0.91-2.18) .10 1.25 (1.05-1.48) .01

Notes: Model 1 adjusted for smoking status (never smokers, past smokers, current low-intensity smokers (1-10 cigarettes/d), medium-intensity smokers (11-20

cigarettes/d), or high-intensity smokers (>21 cigarettes/d))

Model 2 additionally adjusted for hypertension (systolic BP > 140 mmHg, diastolic BP > 90 mmHg, or current medical care for hypertension), diabe-
tes (FPG > 126 mg/dL, random plasma glucose > 200 mg/dL, HbAlc > 6.5%, or current medical care for diabetes), dyslipidemia (LDL-C > 140 mg/dL,

HDL-C < 40 mg/dL, TG > 150 mg/dL, or use of medications for dyslipidemia).

Abbreviations: BMI, body mass index: BP, blood pressure: CI, confidence interval; CVD, cardiovascular disease: FPG, fasting plasma glucose; HbAlc, Glycated hemo-
globin; HDL-C, high-density lipoprotein-cholesterol levels; J-ECOH Study, the Japan Epidemiology Collaboration on Occupational Health Study; LDL-C, low-density
lipoprotein-cholesterol; MI, myocardial infarction; OR, odds ratio; SD, standard deviation; TG, Triglyceride; WC, waist circumference; WHIR, waist-to-height ratio.

Our finding is in line with that of a meta-analysis mainly
based on cohort studies,* suggesting that general obesity and
abdominal obesity show similar associations with CVD. The
current finding is also compatible with that of our previous
report showing that BMI, WC, and WHtR showed similar as-
sociations with the clustering of cardio-metabolic risk factors
in the cross-sectional analysis of the J-ECOH Study data.'®
In contrast, Browning et al® reviewed 22 prospective studies
on cardiometabolic outcomes and concluded that WHtR and
WC are more strongly associated with CVD than BMI. That
systematic review, however, included only seven publications
with CVD as an outcome and did not perform a meta-analysis.
Our study and previous meta-analysis* provided evidence that
the strength of association for each measure (WC, WHIR, and
BMI) was similar, suggesting that general and abdominal obe-
sity can be equally used in the assessment of the risk of CVD.

In the analysis by CVD subtypes, we found that the
three obesity measures (BMI, WC and WHItR) were equally
strongly associated with stroke and MI. The strength of
the association with stroke observed in the present study
is similar to that in the above-mentioned meta-analysis.*
Specifically, in age group of 40-59 years in the meta-anal-
ysis, the age-, gender-, and smoking-adjusted ORs (95%
CIs) of stroke for 1 SD increase in BMI and WC were 1.34
(1.21-1.48) and 1.45 (1.30-1.60) respectively. In the pres-
ent study (mean age, 54 years), the corresponding ORs
(95% Cls) were 1.54 (1.28-1.85) and 1.44 (1.20-1.73)
(Table 3, Model 1). With regard to MI, we observed a
somewhat stronger association (BMI, OR = 1.70, 95%
Cl, 1.34-2.17; WC, OR = 1.73, 95% ClI, 1.35-2.23), com-
pared to that for coronary heart disease (BMI, OR = 1.41,

95% CI, 1.30-1.53; WC, OR = 1.50, 95% CI, 1.37-1.63)
in the above-mentioned meta-analysis. This may be due to
the difference in study design, outcome (MI vs coronary
heart disease), or to chance, given the fewer MI events in
our study. The findings based on stratified analyses in our
study and previous meta-analysis” provide further evidence
that general obesity and abdominal obesity are similarly
associated with CVD regardless of its subtypes.

The mechanisms underlying the association between obe-
sity and CVD remain incompletely understood. Hypertension,
diabetes, and dyslipidemia are established conditions linking
obesity to CVD."™! Yet, we found that after adjustment for
these risk factors, the associations of BMI, WC and WHtR
with CVD risk still remained statistically significant, a find-
ing consistent with previous repor[s.m‘21 These results may
suggest a pathway other than those through traditional CVD
risk factors, such as obesity-induced prothrombotic state and
inflammation, which may additionally contribute to the de-
velopment of CVD.'#1?

Strengths of the current study include its prospective
design as a nested case-control study within a well-defined
cohort; objective measures of obesity based on measured
height, weight, and WC; and assessment of confounding
(smoking) and mediating (hypertension, diabetes, and dys-
lipidemia) variables at 4 years prior to the CVD event for
cases and the index date for controls. There are several
limitations that warrant mention. First, due to the lack of
data on socioeconomic status, family history of CVD, and
lifestyles other than smoking (eg, alcohol drinking, diet,
physical activity), we were unable to control for potential
effects of these factors. Further, residual confounding may
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TABLE 3  Associations among BMI, WC, and WH(R and the risk of MI and Stroke, J-ECOH Study, Japan
OR (95% CI)
OR (95% CI) per SD
1st tertile 2nd tertile 3rd tertile P for trend increment P
M
BMI (kg/m?) <222 22.2 to <24.5 >24.5
Model 1 1.00 2.16 (1.00-4.66) 3.58 (1.75-7.33) <.001 1.70 (1.34-2.17) <.001
Model 2 1.00 1.36 (0.59-3.15) 1.92 (0.87-4.28) .09 1.33 (1.01-1.76) .04
WC (cm) <80 80 to <86.5 >86.5
Model 1 1.00 2.27 (0.93-5.54) 5.43 (2.29-12.9) <.001 1.73 (1.35-2.23) <.001
Model 2 1.00 1.53 (0.60-3.90) 2.69 (1.05-6.89) .02 1.37 (1.02-1.82) .04
WHtR <0.47 0.47 to <0.51 >0.51
Model 1 1.00 1.71(0.78-3.77) 3.64 (1.68-7.87) <.001 1.75 (1.35-2.27) <.001
Model 2 1.00 1.03 (0.43-2.43) 1.52 (0.63-3.66) .24 1.36 (0.99-1.84) .05
Stroke
BMI (kg/m?) <220 22.2 to <24.5 >24.5
Model 1 1.00 1.43 (0.93-2.18) 2.71 (1.70-4.33) <.001 1.54 (1.28-1.85) <.001
Model 2 1.00 0.92 (0.54-1.58) 1.75 (1.05-2.92) .01 1.29 (1.05-1.58) .02
WC (cm) <80 80 to <86.5 >86.5
Model 1 1.00 0.77 (0.45-1.31) 2.05 (1.30-3.22) <.001 1.44 (1.20-1.73) <.001
Model 2 1.00 0.52(0.29-0.91) 1.23 (1.75-2.04) 15 1.20 (0.97-1.47) .09
WHtR <0.47 0.47 to <0.51 >0.51
Model 1 1.00 0.93 (0.55-1.57) 2.30(1.46-3.45) <.001 1.47 (1.23-1.77) <0.001
Model 2 1.00 0.77 (0.48-1.22) 1.41 (0.91-2.18) .07 1.22 (0.99-1.50) 0.05

Notes: Model 1 adjusted for smoking status (never smokers, past smokers, current low-intensity smokers (1-10 cigarettes/d), medium-intensity smokers (11-20

cigarettes/d), or high-intensity smokers (=21 cigarettes/d)).

Model 2 additionally adjusted for hypertension (systolic BP > 140 mmHg, diastolic BP > 90 mmHg, or current medical care for hypertension), diabe-
tes (FPG > 126 mg/dL, random plasmma glucose > 200 mg/dL, HbAlc > 6.5%, or current medical care for diabetes), dyslipidemia (LDL-C > 140 mg/dL,

HDL-C < 40 mg/dL, TG > 150 mg/dL, or use of medications for dyslipidemnia).

Abbreviations: BMI, body mass index; BP, blood pressure; CI, confidence interval; FPG, fasting plasma glucose; HbA lc, Glycated hemoglobin; HDL-C, high-density
lipoprotein-cholesterol levels; I-ECOH Study, the Tapan Epidemiology Collaboration on Occupational Health Study; LDL-C, low-density lipoprotein-cholesterol; MI,
myocardial infarction; OR, odds ratio; SD, standard deviation; TG, Triglyceride; WC, waist circumference; WHIR, waist-to-height ratio.

also exist due to the incomplete assessment of covariates
such as smoking (the lack of data on smoking duration).
Second, the number of CVD cases for each subtype was
not sufficiently large to detect a modest association with
statistical significance. Third, the small number of female
CVD cases (n = 20) precludes us to compare the strength
of association for general obesity and abdominal obesity in
women. In addition, our study is a Japanese occupational
cohort. Thus, our findings may not be generalizable to fe-
male workers, the general population, or other racial/ethnic
groups.

5§ | CONCLUSIONS

General (BMI) and abdominal (WC and WHtR) obesity dem-
onstrated generally similar strength of association with CVD
and its subtypes among middle-aged Japanese men.
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Background & aims: To investigate trajectories of body mass index (BMI) and waist circumference (WC)
among prediabetic people who progressed to diabetes, people who remained with prediabetes, and
those who returned to normoglycemia.

Methods: We used data from 22,945 prediabetic people who received an annual health checkup for up to
eight years. The development of diabetes was defined using the American Diabetes Association criteria.
People who did not progress to diabetes during the observation period were classified as ‘remained with

Keywords:
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Obesity prediabetes’ or ‘returned to normoglycemia’, based on their last health checkup data. Trajectories of BMI
Prediabetes and WC were evaluated using linear mixed models for repeated measures, with adjustment for a wide
Diabetes range of covariates.

Results: During the study period, 2972 people progressed to diabetes, 4706 returned to normoglycemia,
and 15,267 remained with prediabetes. People who progressed to diabetes had a larger increase in mean
BMI from 7 years to 1 year prior to diagnosis, which was about three times that of people who remained
with prediabetes (annual change rate, 0.20 [95% confidence interval; 0.15 to 0.24] vs 0.06 [0.04 to 0.08]
kg/m? per year, P < 0.001), regardless of their BMI levels at the initial health checkup. Among people who
returned to normoglycemia, mean BMI remained almost the same over time (—0.04 [-0.09 to 0.002] kg/
m? per year), except for those with obesity (—~0.16 [-0.28 to —0.05] kg/m? per year). As for WC, the annual
change rate among people who developed diabetes was about 7 times that of people who remained with
prediabetes (0.38 [0.32 to 0.45] vs 0.05 [0.03 to 0.08] cm per year, P < 0.001). We also observed a constant

* Corresponding author. Department of Epidemiology and Prevention, National Center for Global Health and Medicine, Toyama 1-21-1, Shinjuku-ku, Tokyo, 162-8655,
Japan. Fax: +81 3 3202 7364.
E-mail address: huhuanhuan@yahoo.com (H. Hu).

https://doi.org/10.1016/j.cInu.2019.12.023
0261-5614/@ 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

Please cite this article as: Hu H et al., Trajectories of body mass index and waist circumference before the onset of diabetes among people with
prediabetes, Clinical Nutrition, https://doi.org/10.1016/j.clnu.2019.12.023

203



2 H. Hu et al. / Clinical Nutrition xxx (xxxx) Xxx

mean WC over time among people who had no central obesity and later returned to normoglycemia
( 002[ 0.06 to0.03] cm per year), and an annual decrease in mean WC among those who had central
obesity and later returned to normoglycemia ( 0.40 | 0.47 to 0.32] cm per year).
Conclusions: Our study provides strong evidence that avoiding weight gain could help prediabetic people
minimize the risk of developing diabetes, regardless of whether they are obese. Losing weight could help
obese people restore normoglycemia from a prediabetic state, whereas maintaining current weight may
help nonobese people return to normoglycemia.

© 2019 Elsevier Ltd and European Society for Clinical Nutrition and Metabolism. All rights reserved.

1. Introduction

Prediabetes is a growing public health problem and affects
20—-50% of adults worldwide [ 1]. People with prediabetes represent
a heterogeneous group with different glycemic outcomes; some
could progress to diabetes within a few years, while others may
remain with prediabetes or return to normoglycemia [2]. Although
major clinical trials have consistently shown the effect of weight
loss with lifestyle intervention on reducing the risk of diabetes
among prediabetic people [3—7], it is unclear how weight varies
during the natural history of progression from prediabetes to dia-
betes or during the reversion from prediabetes to normoglycemia.
Exploring longitudinal changes in body mass index (BMI) could
provide insight into the heterogeneity of prediabetes, inform
monitoring practices for physicians and prediabetic people, and
improve risk stratification for targeted diabetes prevention
programs.

Several cohort studies have examined weight change in rela-
tion to glycemic outcomes of prediabetes [8—11]. A study among
405 prediabetic people in Germany showed that people who had a
relatively constant BMI level (BMI difference between baseline
and end of study, > —1 and <1 kg/m?) or weight loss (<-1 kg/m?)
were more likely to return to normoglycemia [8]. Two studies
from Singapore and Japan also showed that weight loss was
associated with regression from prediabetes to normoglycemia
[9,10]. In addition, a study among 979 prediabetic people in France
showed that people who developed diabetes had more weight
gain over the follow-up period than those who did not develop
diabetes [11]. In all these studies, however, BMI was measured
only at 2 time points (baseline and final examinations) [8—11].
Due to the lack of information on BMI preceding outcome as-
sessments, it remains unclear whether weight decreases or re-
mains stable during the transition from prediabetes to
normoglycemia. Such data are important for knowing whether
weight loss is necessary for normalization of prediabetes. More-
over, although prediabetic people seem to gain weight in the years
before a diabetes diagnosis [11], current data leave unanswered
the shape of BMI trajectories in the years prior to diagnosis and
how these trajectories differ in people who remain with predia-
betes. Knowing this allows us to identify those persons at a high
risk of diabetes by monitoring BMI among prediabetic people over
time.

To address these issues, we conducted a study among over
20,000 prediabetic people who received an annual health
checkup for up to 8 years. The large sample size and repeated
measurements provide a unique opportunity to investigate tra-
jectories of BMI separately among prediabetic people who pro-
gressed to diabetes, people who remained with prediabetes, and
those who returned to normoglycemia. Given that waist
circumference (WC) is a better indicator of visceral fat than BMI
and data on WC change has been rarely reported in previous
studies [11], we also plotted the trajectories of WC in the pre-
sent study.

2. Materials and methods
2.1. Study design

We used data from the Japan Epidemiology Collaboration on
Occupational Health (J-ECOH) Study, which is an ongoing cohort
study among workers from several companies in Japan. Under the
Industrial Safety and Health Act, nearly all workers in the partici-
pating companies attend their annual health checkup. They also
completed a questionnaire that covered medical history and
health-related lifestyle at the health checkup each year. Detailed
information about the J-ECOH Study can be found in previous pa-
pers [12,13]. To date, annual health checkup data between January
2008 and December 2016 or between April 2008 and March 2017
have been collected. The study protocol, including the consent
procedure, was approved by the Ethics Committee of the National
Center for Global Health and Medicine, Japan.

2.2. Participants

We extracted 2008—2016 health checkup data. The initial health
checkup was mainly conducted in 2008. Because two companies
had a great deal of missing data in 2008, we used 2009 or 2010
health checkup data {one company each) as the initial health
checkup. Eligible participants were 20—64 years of age at the initial
health checkup and had prediabetes defined by American Diabetes
Association criteria [14]. Of the 28,961 people with prediabetes, we
excluded those with missing information on BMI, WC, smoking,
hypertension, or dyslipidemia at the initial health checkup
(n = 1450). In addition, we excluded people with a self-reported
history of cancer or cardiovascular disease at the initial health
checkup (n = 776). We also excluded people who did not have any
health checkup data between 2009 (2010 or 2011 for two com-
panies) and 2016 or who had health checkup data but did not
receive any glucose measurement (n = 1575), as we could not
ascertain their glycemic outcomes (progressed to diabetes,
remained with prediabetes, or returned to normoglycemia).
Because at least two measurements of BMI and WC were required
for studying trends longitudinally, we further excluded people who
had only one measurement before the diagnosis of diabetes or
before the last health checkup for those who did not develop dia-
betes (n = 2215). Finally, 22,945 participants remained in the
analysis.

2.3. Health checkup

The participants in the J-ECOH Study underwent routine phys-
ical and laboratory examinations each year. In brief, the physical
examinations included items such as body height, weight, WC, and
blood pressure. Blood pressure was measured with the participants
in a sitting position using an automatic blood pressure monitor. The
data on smoking status, history of cardiovascular disease (stroke
and ischemic heart disease) and cancer, and use of anti-
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hypertensive, anti-diabetic, and lipid-lowering medications were
obtained by a self-administered questionnaire. The laboratory ex-
aminations included items such as blood glycemia and lipids.
Plasma glucose was measured with either the enzymatic or glucose
oxidase peroxidative electrode method. HbA1lc was measured using
a latex agglutination immunoassay, high-performance liquid
chromatography, or the enzymatic method. Triglyceride, low-
density lipoprotein-cholesterol, and high-density lipoprotein-
cholesterol levels were measured with the enzymatic method. All
of the laboratories involved in the health check-ups of the partici-
pating companies received satisfactory scores (rank A or a score
>95 out of 100) from external quality control agencies.

2.4. Glycemic outcomes of prediabetes

Using data collected after the initial health checkup, glycemic
outcomes of prediabetes were classified as progressed to diabetes,
remained with prediabetes, or returned to normoglycemia. Dia-
betes was defined as either fasting plasma glucose >126 mg/dL, a
random plasma glucose level >200 mg/dL, HbAlc > 6.5%, or
receiving medical treatment for diabetes according to the American
Diabetes Association criteria [14]. People who did not progress to
diabetes during the observation period were classified as ‘remained
with prediabetes’ or ‘returned to normoglycemia’, based on their
last health checkup data. ‘Remained with prediabetes’ was defined
as fasting plasma glucose 100—125 mg/dL and/or HbAlc 5.7—6.4%,
and ‘returned to normoglycemia’ was defined as fasting plasma
glucose <100 mg/dL and HbAlc <5.7% [14].

2.5. Assessment of BMI and WC

The body height and weight were measured using a scale while
the participant wore light clothes and no shoes. BMI was calculated
as the weight in kilograms divided by the square of the height in
meters. In stratified analyses, BMI at initial health checkup was
divided into three groups (<23, 23-<27.5, and >27.5 kg/m?) ac-
cording to the Asian BMI criteria [15]. WC was measured at the
umbilical level using a measuring tape, with the subjects in the
standing position [16]. In stratified analyses, WC at initial health
checkup was divided into two groups (<90 cm or >90 cm for men,
<80 cm or >80 ¢cm for women}) [17].

2.6. Covariates

The fixed covariates included sex and worksite. The time-
dependent covariates included age, smoking, hypertension, and
dyslipidemia. Hypertension was defined as a systolic blood pressure
>140 mmHg, diastolic blood pressure >90 mmHg, or receiving
medical treatment for hypertension [18]. Dyslipidemia was defined
as a triglyceride level >150 mg/dL, low-density lipoprotein-choles-
terol level >140 mg/dL, high-density lipoprotein-cholesterol level
<40 mg/dL, or as receiving medical treatment for dyslipidemia [19].

2.7. Statistical analysis

The characteristics of the study participants at the initial health
checkup and the last health checkup were described as means for
continuous variables and percentages for categorical variables.
Trajectories of BMI and WC were modeled using a backward
timescale. For participants who progressed to diabetes, year 0 was
the year of the health checkup when diabetes was first identified.
For those who did not develop diabetes during the observation
period, year O was the year of the last health checkup. Participants
were then tracked backward to the initial health checkup. For
example, a participant who was identified as having diabetes in the

2012 health checkup (year 0} had a maximum of four BMI mea-
surements: BMI in 2011 (year —1), 2010 (year —2), 2009 (year —3),
and 2008 (year —4).

First, we plotted the least-square means and 95% confidence
intervals (Cls) of BMI and WC during the study period according to
glycemic outcomes of prediabetes (progressed to diabetes,
remained with prediabetes, and returned to normoglycemia), using
linear mixed models for repeated measures. The linear mixed
model accommodates within-subject correlations and unequal
numbers of observations per subject [20]. Interaction terms for
time by glycemic outcomes of prediabetes were included.

Second, we evaluated slopes (annual change rate)} of BMI and
WC change over time using a piecewise linear mixed model that
allows the slope to differ among time segments [20]. The entire
observation period was divided into two time segments (one knot
at year —7) because we observed that the change in the least-
square means of BMI and WC between year —8 and year —7 was
somewhat different from the change between year —7 and year —1.
We did not investigate weight change in the last year (from year —1
to 0) before diabetes diagnosis because patients may experience
weight loss during this period [21]. Given that the observation
period between year —8 and year —7 was short, and almost half of
the people did not have data at year —8 (for people who progressed
to diabetes, only approximately 10% had data at year —8), the
estimated slopes for year —8 and year —7 may have limited clinical
meaning. Thus, we mainly reported annual change rates and 95%
CIs from year —7 and year —1 in the present study. To examine
whether the annual change rate in BMI and WC over time differed
by sex, initial BMI, and WC, we tested the interactions of sex*time (P
for interaction = 0.57), initial BMI*time (P for interaction = 0.007),
and initial WC*time (P for interaction <0.001). Based on the sta-
tistical significance of the interaction terms, we included the initial
BMI*time and initial WC*time in the model. To show the effect of
initial BMI and WC, stratified analyses were conducted. We
adjusted all analyses for worksite, sex, and time-varying variables,
including age, smoking, hypertension, and dyslipidemia.

Because the linear mixed model can handle missing data and
<5% of BMI, WC, and covariate values were missing in our study, we
chose not to impute values. All statistical analyses were performed
using SAS version 9.3 (SAS Institute, Cary, NC, USA). A two-sided
P < 0.05 was considered statistically significant.

3. Results

Of the 22,945 people with prediabetes at the initial health
checkup, 2972 progressed to diabetes, 15,267 remained with pre-
diabetes, and 4706 returned to normoglycemia during the obser-
vation period. Among the people who progressed to diabetes, the
proportions of people who had 2, 3, 4, 5, 6, 7, or 8 BMI (WC(C)
measurements before diagnosis were 24 (25), 20 (20), 14 (14), 13
(12}, 12 (12), 10 (10), and 7 (7)%, respectively; for people who
remained with prediabetes, the corresponding proportions were 6
(6),8(8),7(7),7(8),11(11),15(16), and 46 (44)%, respectively; And
for people who returned to normoglycemia, the corresponding
proportions were 3 (3), 5 (6), 7 (7), 8 (8), 13 (13), 17 (17), and 47
(46)%, respectively.

Table 1 shows the characteristics of study participants at the
initial health checkup and the last health checkup. Compared with
people who remained with prediabetes or returned to normogly-
cemia, people who progressed to diabetes had a higher prevalence
of smoking and higher means of WC, BMI, blood pressure, triglyc-
eride, and blood glucose at both the initial health checkup and the
last health checkup. The longitudinal changes in blood pressure,
lipids, and blood glucose were provided in Supplemental Figures
S1-57. People who progressed to diabetes had a gradual increase
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Table 1

Characteristics of study participants at the initial health checkup and the last health checkup.

Progressed to diabetes Remained with prediabetes Returned to normoglycemia

Initial health checkup Last health checkup Initial health checkup Last health checkup Initial health checkup Last health checkup

N 2972 15,267 4706

Men, % 929 89.8 85.2

Age, mean (SD), years 482(7.2) 52.5(7.1) 47.8 (7.8) 544 (7.2) 452 (8.0) 52.0(7.6)
Current smoker, % 440 344 38.8 30.7 36.3 306

FPG, mean (SD), mg/dL 108.2 (8.7) 125.2 (14.6) 102.0 (7.4) 105.2 (7.6) 98.0(7.3) 93.5(4.9)
HbA1c, mean (SD), % 5.9(0.3) 6.3 (0.6) 5.7 (0.3) 5.7 (0.3) 5.6 (0.3) 55(0.2)
BMI, mean (SD), kg/m? 252(3.7) 26.0(4.2) 23.8(3.1) 24.2(3.3) 233(3.2) 232 (3.1)
WC, mean (SD), cm 87.7(9.3) 89.9(10.3) 84.0 (8.5) 84.7 (8.8) 823(8.9) 81.7 (8.4)
SBP, mean (SD), mmHg 1275 (15.8) 129.2 (15.4) 123.1 (14.9) 125.2 (14.9) 1205 (15.1) 122.1 (15.3)
DBP, mean (SD), mmHg 81.3(10.5) 82.0(10.1) 784(10.2) 79.3 (10.1) 76.4(104) 76.9 (10.8)
Hypertension, % 34.0 533 229 446 169 36.9
Antihypertensive treatment, % 17.9 30.0 113 212 73 134

TG, mean (SD), mg/dL 159.3 (123.8) 171.2 (143.7) 132.1(91.9) 131.6 (92.4) 1214 (815) 115.6 (83.6)
HDL, mean (SD), mg/dL 53.8(14.2) 53.8 (14.6) 56.9 (14.7) 58.0(15.3) 584 (154) 604 (15.9)
LDL, mean (SD), mg/dL 128.2(30.7) 129.7 (31.0) 125.6 (29.6) 126.6 (29.6) 120.8 (29.2) 122.7 (29.4)
Dyslipidemia, % 64.1 71.3 525 58.2 444 47.8
Lipid-lowering treatment, % 10.1 19.2 6.3 13.6 39 8.6

BMI, body mass index; DBP, diastolic blood pressure; FPG, fasting plasma glucose; HDL, high-density lipoprotein; LDL, low-density lipoprotein; SBP, systolic blood pressure;

TG, triglyceride; WC, waist circumference.

in blood glucose from 7 years to 1 year prior to diagnosis, and
people who returned to normoglycemia had a slight decrease in
blood glucose (Supplemental Figures S1 and S2). No distinct dif-
ference in trajectories of blood pressure or lipids was observed
among prediabetic people who progressed to diabetes, people who
remained with prediabetes, and those who returned to normo-
glycemia (Supplemental Figures S3-5S7).

Figure 1 shows BMI trajectories prior to the diabetes diagnosis
or the last health checkup for those who did not develop diabetes.
The annual change rate of BMI was different among the three
groups (P < 0.001 for glycemic outcome*time interaction). People
who progressed to diabetes had a significantly larger increase in
mean BMI from 7 years to 1 year prior to diagnosis than people who
remained with prediabetes (0.20 [95% CI: 0.15 to 0.24] vs 0.06 [0.04
to 0.08] kg/m? per year, P < 0.001), whereas the annual change rate
was not statistically significant among people who returned to
normoglycemia (—0.04 [-0.09 to 0.002] kg/m? per year, P < 0.001 vs
people who remained with prediabetes).

2601
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255

250

245

BMI (kg/m?)

1

220
4 -7 -6 -5

25 }""f"--§--_—}---— |
L——L——%’—%__{-_—%__}___f Returned to normoglycemia

Figure 2 displays BMI trajectories stratified by BMI at the initial
health checkup. Table 2 shows that people who later developed
diabetes had a larger annual increase in mean BMI than those who
remained with prediabetes in each BMI group (0.20 [0.11 to 0.29] vs
0.09 [0.06 to 0.12] kg/m? per year for BMI <23 kg/m? group,
P = 0.018; 0.13 [0.07 to 0.20] vs 0.05 [0.02 to 0.07] kg/m? per year
for BMI 23-< 27.5 kg/m? group, P = 0.016; 0.25 [0.16 to 0.35] vs 0.05
[-0.01 to 0.10] kg/m? per year for BMI >275 kg/m? group,
P < 0.001]. People who returned to normoglycemia had a similar
annual increase in mean BMI (0.06 [0.01 to 0.11] kg/m? per year,
P = 0.37) to people who remained with prediabetes in the BMI
<23 kg/m? group. On the other hand, people who returned to
normoglycemia had a constant mean BMI over time (—0.03 [-0.09
to 0.02] kg/m? per year, P = 0.013 vs people who remained with
prediabetes) in the BMI 23-<27.5 kg/m? group, and a decrease in
mean BMI (—0.16 [-0.28 to —0.05] kg/m? per year, P = 0.002 vs
people who remained with prediabetes) in the BMI >27.5 kg/m?

group.

Progressed to diabetes

E ;_ . _% . -i Remained with prediabetes

-4 -3 2 -1 0

Years before the onset of diabetes or last examination

Fig. 1. Trajectories of body mass index (BMI) before the onset of diabetes or the last health checkup. Solid line (red), people who progressed to diabetes; dotted line (black), people
who remained with prediabetes; dashed line (blue), people who returned to normoglycemia. Adjusted for worksite, sex, and time-varying age, smoking, hypertension, dyslipidemnia,
time, and time*glycemic outcomes of prediabetes. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)
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Fig. 2. Trajectories of body mass index (BMI) before the onset of diabetes or the last health checkup stratified by BMI at the initial health checkup. Solid line (red), people who
progressed to diabetes; dotted line {black), people who remained with prediabetes; dashed line (blue), people who returned to normoglycemia. Adjusted for worksite, sex, and
time-varying age, smoking, hypertension, dyslipidemia, time, and time*glycemic outcomes of prediabetes. (For interpretation of the references to color in this figure legend, the
reader is referred to the Web version of this article.)

Table 2
Annual mean change in BMI and WC (95% confidence interval) before the onset of diabetes or last health checkup.
Progressed to diabetes Remained with prediabetes Returned to normoglycemia
Year -8 to -7 Year -7to -1  Year -8to -7 Year -7 to —1 Year -8to -7 Year —7 to —1
BMI (kg/m?) ~0.02 (—0.21 to 0.18) 0.20 (0.15-0.24) —0.09 (—0.13 to —0.04) 0.06 (0.04—0.08) ~0.20 (—0.28 to —0.12) —0.04 (—0.09 to 0.002)
Stratified by BMI at the initial health checkup
<23 kg/m? 0.11(-023 to 045) 0.20 (0.11-0.29) 0.15 (0.09—0.20) 0.09 (0.06—0.12) 0.09 (0.004—0.18) 0.06 (0.01-0.11)
23-<27.5 kg/m? ~0.10(—0.37 to 0.16) 0.13 (0.07—0.20) —0.11 (~0.16 to 0.05)  0.05 (0.02—0.07) ~0.18 (~0.28 to —0.08) —0.03 (—0.09 to 0.02)
>27.5 kg/m? —0.06 (—0.44 to 0.32) 0.25 (0.16—0.35) —0.30 (—0.41 to —0.19) 0.05(—0.01t0 0.10) —0.51(—0.73 to —0.30) —0.16 (—0.28 to - 0.05)
WC (cm) ~0.33 (~0.90 to 0.25) 0.38 (0.32—0.45) —0.24 (—0.37 to —0.12) 0.05 (0.03—0.08) ~0.44 (—0.67 to —0.21) —0.21 (~0.25 to —0.16)
Stratified by WC at the initial health checkup
<90 ¢m (80 cm for women) 0.22 (0.53—0.97) 0.38 (0.30—0.46) 0.33 (0.21—0.46) 0.12 (0.10-0.15) 0.29 (0.08—0.50) ~0.02 (—0.06 to 0.03)

>90 em (80 cm for women) —0.87 (~1.74 to 0.01) 0.38 (0.28—048) —0.82 (~1.03 to —0.61) —0.02 (—0.06 to 0.02) —1.16 (—1.57 to —0.75) —0.40 (—0.47 to —0.32)

Adjusted for worksite, sex, initial BMI (WC), initial BMI (WC)*glycemic outcomes of prediabetes, and time-varying age, smoking, hypertension, dyslipidemia, time, time®initial
BMI (WC), time*glycemic outcomes of prediabetes, and time*initial BMI (WC)*glycemic outcomes of prediabetes.
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Progressed to diabetes
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Years before the onset of diabetes or last examination
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Fig. 3. Trajectories of waist circumference (WC) before the onset of diabetes or the last health checkup. Solid line (red), people who progressed to diabetes; dotted line (black),
people who remained with prediabetes; dashed line (green), people who returned to normoglycemia. Adjusted for worksite, sex, and time-varying age, smoking, hypertension,
dyslipidemia, time, and time*glycemic outcomes of prediabetes. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this
article.)
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Fig. 4. Trajectories of waist circumference (WC) before the onset of diabetes or the last health checkup stratified by WC at the initial health checkup. Solid line (red), people who
progressed to diabetes; dotted line {black}, people who remained with prediabetes; dashed line (blue), people who returned to normoglycemia. Adjusted for worksite, sex, and
time-varying age, smoking, hypertension, dyslipidemia, time, and time*glycemic outcomes of prediabetes. (For interpretation of the references to color in this figure legend, the

reader is referred to the Web version of this article.)

Figures 3 and 4 show trajectories of WC. People who progressed
to diabetes had a larger annual increase in WC compared with
people who remained with prediabetes (0.38 [0.32 to 0.45] vs 0.05
[0.03 to 0.08] cm per year, P < 0.001), regardless of whether they
had central obesity (WC > 90 cm for men or 80 cm for women) at
the initial health checkup (Table 2). A constant mean WC over time
was observed among people who had no central obesity and later
returned to normoglycemia (—0.02 [-0.06 to 0.03] vs 0.12 [0.10 to
0.15] cm per year for people who had no central obesity and
remained with prediabetes, P < 0.001), whereas an annual decrease
in WC was observed among those who had central obesity and later
returned to normoglycemia (—0.40 [-0.47 to —0.32] vs —0.02 [-0.06
to 0.02] cm per year for people who had central obesity and
remained with prediabetes, P < 0.001).

4. Discussion

Our results from over 20,000 prediabetic people with repeat
BMI and WC measurements show that both mean BMI and WC
increased faster and reached higher values in people who pro-
gressed to diabetes than that in people who remained with pre-
diabetes. Among people who returned to normoglycemia, mean
BMI and WC remained almost the same over time, except for those
with obesity. To our knowledge, this is the first study to report
trajectories of BMI and WC among prediabetic people with different
glycemic outcomes.

We observed that prediabetic people who later developed dia-
betes experienced a greater annual increase in BMI and WC than
those who did not. Two previous studies have examined weight
change in relation to the progression from prediabetes to diabetes
[10,11], although their findings are not directly comparable to those
of the present study due to the difference in study design and data
analysis. Using the BMI and WC assessed at the baseline visit and
the visit when diabetes was screened, a French cohort study
(n = 979) found that prediabetic people with greater increase in
weight and WC had higher odds of developing diabetes [11]. In
contrast, a small study in Singapore (n = 297) reported that people
who developed diabetes appeared to have a smaller weight gain
than those who remained with prediabetes (2 and 3 kg, respec-
tively) [10]. However, both studies were based on weight and WC

measured only at two time points [10,11]. People who developed
diabetes between the two visits may have experienced weight loss
due to the disease itself and/or dietary instructions [21]. It should
be noted that neither of the two previous studies provided infor-
mation on the longitudinal change in BMI or WC before the
development of diabetes due to the lack of data in the years prior to
diagnosis [10,11]. We used data repeatedly collected in the years
before a diabetes diagnosis to depict the trajectories of BMI and WC.
Several findings from our analysis bear mention. First, the annual
change rate of BMI among people who developed diabetes was
approximately three times that of people who remained with
prediabetes (0.20 [0.15 to 0.24] vs 0.06 [0.04 to 0.08] kg/m? per year,
P < 0.001). A more distinct difference in trajectories of WC was
observed, with the annual change rate of WC among people who
developed diabetes being about seven times that of people who
remained with prediabetes (0.38 [0.32 to 0.45] vs 0.05[0.03 to 0.08]
cm per year, P < 0.001). Weight gain is an established risk factor for
diabetes [12,22]. In addition, these distinct trajectories in our study
suggest that monitoring BMI and/or WC over time can help identify
those at a higher risk of diabetes. Second, the larger annual increase
among prediabetic people who later developed diabetes (vs people
who remained with prediabetes) was observed in all BMI and WC
subgroups, indicating that preventing weight gain could help pre-
diabetic people minimize the risk of developing diabetes, regard-
less of whether they are obese.

Our results showed that people who returned to normoglycemia
had a slight increase in BMI over time in the BMI <23 kg/m? group
(0.06 [0.01 to 0.11] kg/m? per year), a constant BMI in the BMI 23-
<27.5 kg/m? group (—0.03 [-0.09 to 0.02] kg/m? per year), and an
annual decrease in the BMI >27.5 kg/m? group (—0.16 [-0.28
to —0.05] kg/m? per year), while people who remained with pre-
diabetes had a slight increase in BMI in all three BMI groups
(0.05—0.09 kg/m? per year). WC also changed differently over time
among people who had no central obesity and later returned to
normoglycemia (—0.02 [-0.06 to 0.03] cm per year) and those who
had central obesity and later returned to normoglycemia (—0.40
[-0.47 to —0.32] cm per year). Previous studies have reported dif-
ferences in weight change between obese and nonobese predia-
betic people who returned to normoglycemia, although different
obesity definitions were used [8,9]. Using BMI assessed only at the
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baseline visit and the visit 7 years later, a German study {n = 405}
showed that among obese people, BMI decline (<—1 kg/m?), but
not stable BMI (>—1, but <1 kg/m?), increased the probability of
returning from prediabetes to normoglycemia compared with
people who had BMI increase (>1 kg/m?) [8]. In contrast, among
overweight people with prediabetes, both BMI decline and stable
BMI were significantly associated with restoring normoglycemia
compared with subjects who had BMI increase [8]. A Japanese
study (n = 731) showed that weight change was significantly
associated with reversion to normoglycemia in subjects who were
obese or tended toward obesity but not in normal weight or slim
individuals [9]. Both studies assessed BMI only at two time points
with a long interval (7 years) or very short interval (only 1 year)
[8,9]. With alarge sample size and annual data on both BMI and WC
for up to 8 years, our findings provided strong evidence that losing
weight could help obese people restore normoglycemia from a
prediabetes state, whereas maintaining current weight may help
normal weight and overweight people return to normoglycemia.

Our study has many strengths, including the large sample size
(n=22,945); a maximum of 8 years of observation period; the fact
that BMI, WC, and diabetes status were assessed ever year; and
the use of a mixed linear model that accounts for the interrela-
tionship between within-individual repeated measures. Our
study also has limitations. First, we were not able to describe sex-
specific trajectories because of the low proportion of women
(approximately 10%) in the study. Although our study found no
interaction between sex and time, suggesting that sex does not
influence the change of BMI over time, caution may be still needed
when applying our findings to women. Second, while we adjusted
for a range of confounders, we cannot rule out residual con-
founding by unmeasured covariates such as diet and physical
activity. Besides, the transition from prediabetes to diabetes can
also be influenced by environmental factors and genetic and he-
reditary factors. The lack of these data did not allow us to control
these factors in our study. Third, participants were informed
about their annual health checkup results, and we cannot exclude
the possibility that people with prediabetes might change life-
style or may have started taking anti-diabetic drugs in response to
the examination results. Fourth, misclassification may exist due to
the lack of data on 2-h plasma glucose concentrations. Last, our
study is a Japanese occupational cohort, so our findings may not
be generalizable to the general population or other racialfethnic
groups.

In conclusion, we observed distinct trajectories of BMI and WC
among prediabetic people who progressed to diabetes, people who
remained with prediabetes, and those who returned to normo-
glycemia. This suggests that monitoring BMI and/or WC over time
can help to identify people at high risk of developing diabetes. Our
results indicate that avoiding weight gain could help prediabetic
people minimize the risk of developing diabetes, regardless of
whether they are obese. Losing weight could help obese people
restore normoglycemia from a prediabetic state, whereas main-
taining current weight may help nonobese people return to
normoglycemia.
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Abstract : The World Health Organization (WHO) aims to enable all people to receive health services, and has pro-
posed effective coverage (EC) as an index for this aim. EC refers to “the fraction of potential health gain that is actu-
ally delivered to the population through the health system, given its capacity,” and is used to indicate the percentage
of the population whose diseases are well controlled among those who require treatment or are receiving treatment.
This study aimed to evaluate the effects of occupational health services on EC. We hypothesized that occupational
health services provided to employees by full-time occupational health practitioners, such as occupational physi-
cians and occupational health nurses, improve EC for hypertension, diabetes mellitus and hyperlipidemia compared
to those services provided by part-time occupational health practitioners. We conducted a cross-sectional study to
analyze the results of general medical examinations, personnel information, and medical expense claims in fiscal
year 2011. Atotal of 91,351 male employees at a company group participated in the study. The EC for hypertension,
diabetes mellitus and hyperlipidemia was measured and compared between the employees in workplaces with occu-
pational health practitioners (OH group) and the employees in workplaces without occupational health practitioners
(non-OH group). The EC for hypertension and diabetes mellitus was significantly greater in the OH group than in
the non-OH group (aOR: 1.41, 95% CI: 1.20-1.66 for hypertension;, aOR: 1.53, 95% CI: 1.17-2.00 for diabetes
mellitus), while the EC for hyperlipidemia was comparable (aOR: 1.11, 95% CI: 0.92-1.34). Occupational health
services provided by full-time occupational health practitioners greatly improve health management after a medical
examination.
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Introduction

The Industrial Safety and Health Act of Japanrequires
employers to provide their employees with annual gen-
eral medical examinations and requires employees to
undergo them. The objectives of the general medical
examination are to assess fitness to work and the risk
of cerebrocardiovascular disease. To attain these ob-
jectives, the Ministry of Health, Labour and Welfare
(MHLW) established ordinances regarding mandatory
tests required in medical examinations, including blood
pressure, blood glucose, and lipid testing, which is a risk
factor of cerebrocardiovascular disease [1]. These ob-
jectives can be attained if employees take appropriate
action to prevent diseases based on the results of their
general medical examination. To enable a high-risk
approach for the prevention of cerebrocardiovascular
disease based on the results of general medical exami-
nations, employees who are found to require treatment
must visit medical institutions and undergo diet thera-
py, exercise therapy and other appropriate treatment to
maintain their condition at target levels.

Many employers commission third parties to con-
duct medical examinations due to a lack of facilities or
personnel [2]. The third parties notify the employees
of the results of the medical examination using their
own formats, and advise them to visit medical institu-
tions, improve their lifestyle, or take appropriate ac-
tion, but many employees who are told they require
treatment do not visit medical institutions [3]. To re-
solve this issue, the Industrial Safety and Health Act
was established to urge employers to have physicians
and nurses provide advice about health management to
their employees [1]. The MHLW has issued “Guide-
lines on measures to be taken by employers based on
results of health examination”, which recommends
employers to encourage their employees to undergo
re-examinations or more detailed examinations or to
visit medical institutions based on the results of their
medical examination [4].

Aono et al reported that in small-to-medium-sized
workplaces with more than 50 employees, the num-
ber of employees who underwent detailed examina-
tions was significantly higher when nurses provided
advice regarding health management [5]. Advice re-
garding health management is therefore expected to
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increase the number of employees who visit medical
institutions. Such advice and increased numbers of
visits would be useless, however, if continuous treat-
ment and proper health management did not reduce the
risk of cerebrocardiovascular disorders. The quality
of medical services by physicians is thought to have
a marked effect on whether or not high-risk employ-
ees continue treatment and make the required lifestyle
changes. Additionally, various factors related to oc-
cupational health services, including improvement in
health literacy through health education and work en-
vironments that encourage employees to visit medical
institutions, may also be important factors [6, 7].

The World Health Organization (WHO) recom-
mends that effective coverage (EC) be used over crude
coverage (CC) as an index for the universal health
coverage (UHC) of national/regional medical systems
[8]. In health terms, those who require specific medi-
cal services are defined by the term “need”, users of
medical services by “use”, and the percentage of those
who show therapeutic effects by “quality”. CC is de-
fined as “use/need”. This suggests that CC improves
as health services improve. While a high CC is great,
medical services do not always lead to preferable ther-
apeutic outcomes due to a number of factors, includ-
ing problems with the quality of medical services and
user awareness. The WHO defines EC as CC*quality,
which refers to “the fraction of potential health gain
that 1s actually delivered to the population through the
health system, given its capacity” [9]. EC was first
used in Mexico to assess the medical services in each
state [10], and it has been used mainly in developing
countries since then [11, 12]. EC can also be used as
an index for other contexts and subjects; it has been
used to improve treatment for and prevention of non-
infectious diseases in developed countries [13].

Few studies have assessed the usefulness of occupa-
tional health services. Large-scale research that com-
pared the incidence of myocardial infarction between
employees at large workplaces employing full-time
occupational physicians and local residents showed
that the incidence of myocardial infarction was lower
among the male employees at large workplaces than
among the local residents [14]. Similar results were
also obtained in large-scale research comparing the
mortality from myocardial infarction between em-
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ployees at large workplaces employing full-time occu-
pational physicians and local residents [15], although
the results of these studies may have been affected by
socioeconomic differences and job type, including dif-
ferences in income and educational standards.

The present study was conducted to evaluate the ef-
fects of occupational health services based on objec-
tive information, including data from medical claims
of the employees of a large company group. The In-
dustrial Safety and Health Act of Japan requires the
employment of full-time occupational physicians at
workplaces with more than 1,000 employees and those
with more than 500 employees engaged in special op-
erations [1]. Many workplaces with fewer employees
also employ full-time occupational health nurses. We
hypothesized that occupational health services pro-
vided at workplaces employing full-time compared to
part-time (one day a week or one day a month) occu-
pational health practitioners (occupational physicians
and occupational health nurses) would improve the
EC for hypertension, diabetes mellitus and hyperlip-
idemia.

Methods

Study design and participants

We conducted a cross-sectional analysis of general
medical exam data, human resources information, and
medical claims data (inpatient and outpatient) from
April 2011 to March 2012 of 90,658 male employ-
ees at a general electrical manufacturer in Japan. We
excluded male employees over 60 years old (n=429)
because they are beyond the basic retirement age in Ja-
pan and only continue to work if they desire and if they
do not have significant health problems. We also ex-
cluded male employees under 39 years old (n=33,646)
because their lifestyle-disease prevalence is relatively
low. We also excluded 579 employees who had a lack
of medical examination data and personal data. Addi-
tionally, because occupational health practitioners ad-
vised employees to visit medical institutions and con-
tinue to receive treatment for the prevention of stroke
and myocardial infarction, those who were found to
have any of the following diseases at the time of medi-
cal examination were also excluded from the analy-
ses: myocardial infarction (n=557); stroke (n=357);
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malignant tumors (n=558); and kidney failure/dialysis
(n=843). The remaining 53,720 employees were ana-
lyzed in the present study. A flow diagram of the par-
ticipants in this study is shown in Fig. 1.

Our research protocol was approved by the Ethics
Committee of Medical Research, University of Occu-
pational and Environmental Health, Japan (H29-023).

Total employee
(Men)
n=90,658

Age
<39 years n=33,646
>60 years n=429

A

Age 40-59 years
n=56,583

Missing variables
n=579

A

-
Total n=56,004

%

Workplaces without full-time
occupational health practitioners
n=12,992

Workplaces with full-time
occupational health practitioners
n=43,012

P

Excluded n=2,284

(There is duplication)
Myocardial infarction n=557
Stroke n=357
Malignant tumors n=>558
Kidney failure/dialysis n=843

A 4

5
Total n=53,720

~

Workplaces without full-time
occupational health practitioners
n=12,431

Workplaces with full-time
occupational health practitioners
n=41,289

v

Fig.1. Schematic diagram depicting study population.
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Presence or absence of occupational health practitioners

The company had 1,359 business sites in fiscal year
(FY) 2011. Workplaces in Japan with 50 or more em-
ployees are legally required to employ occupational
physicians, and, as mentioned above, workplaces with
more than 1,000 employees and those with more than
500 employees engaged in special hazardous opera-
tions are legally required to employ full-time occupa-
tional physicians [1]. Of the company’s 1,359 sites,
265 sites employed neither occupational physicians
nor nurses (8,559 employees), 146 sites employed
part-time occupational physicians or nurses (3,872
employees), 393 sites employed part-time occupation-
al physicians and full-time occupational health nurses
(14,690 employees), and 555 sites employed both full-
time occupational physicians and occupational health
nurses (26,599 employees).

The company notifies each employee of the results
of their medical examination, and the employees are
classified under “hospital visit needed (treatment is
needed at a medical institution)”, “health manage-
ment needed (although no treatment is needed, life-
style must be improved)”, or “no abnormalities”. At
workplaces with full-time occupational health prac-
titioners, the occupational health practitioners ensure
that those classified under “hospital visit needed” have
visited medical institutions, and they provide advice
regarding health management to those classified under
“health management needed”. In contrast, close fol-
low up of employees at workplaces without full-time
occupational health practitioners is difficult. In this
study, workplaces with full-time occupational health
practitioners (occupational physicians or occupational
health nurses) were classified into the OH group (948
workplaces, 41,289 employees), and workplaces with-
out full-time occupational health practitioners into the
non-OH group (411 workplaces, 12,431 employees).

Health information

The following information was obtained from rou-
tine medical examinations conducted in FY 2011 and
used for analyses: attributes (sex, age, and occupation
categories); a self-administered questionnaire that in-
cluded smoking status, current oral medications (blood
pressure-lowering drugs, blood glucose-lowering drugs
or insulin injections, and cholesterol- or neutral fat-
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lowering drugs) and disease history (myocardial in-
farction, stroke, malignant tumors, and kidney failure/
dialysis); and objective test results (body mass index
(BMI), smoking habits, occupation type, fasting blood
glucose (FBG), lipids (low-density lipoprotein (ILDL)
cholesterol, high-density lipoprotein (HDL) choles-
terol, and triglycerides), systolic blood pressure, and
diastolic blood pressure).

Workers were grouped by age according to five-year
categories. Occupation was grouped as sales, research
and development, and product, or office work and oth-
ers. Smoking status was categorized as smoker, ex-
smoker, or non-smoker. BMI was categorized as <18.4,
18.5-24.9,250-29.9, 30.0-34.9, or >35.0kg/m”.

Socio-economic information

We extracted data on employees’ standard monthly
remuneration for FY2011, which is determined by
health insurance unions as the total monthly income
binned according to 50 appropriate categories for cal-
culation of insurance premiums and benefits. The av-
erage standard monthly remuneration among employ-
ees of the participating company were divided into low
(<410,000 yen), middle (410,000 -560,000 yen), and
high (> 560,000 yen).

Records of visits to medical institutions

To determine whether employees visited the re-
quired medical institutions, we referred to medical
expense claims for the date of hospital visit, the name
of the disease, medical fees, and other information.
Medical expense claims of inpatients and outpatients
between April 1, 2011 and March 31, 2012 were used
to confirm that employees had visited a medical in-
stitution and had received the explanation that hyper-
tension, diabetes mellitus or hyperlipidemia was sus-
pected. We did not check whether or not employees
had properly taken the oral drugs prescribed. Those
who were treated for these diseases were referred to
as “use (hypertension)”,
“use (hyperlipidemia)”.

use (diabetes mellitus)”, and

Crude coverage (CC) and effective coverage (EC)
Effective coverage is defined as the fraction of poten-

tial health gain that is actually delivered to the popula-

tion through the health system, given its capacity [9]. It
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is comprised of three factors: “Need”, “Use”, and “Qual-
ity”. Inthis study “Need” refers to employees who need
medical services; “Use” refers to received medical ser-
vices among those who need them; and “Quality” refers
to the rate at which level of health improves with medi-
cal service. Those who required medical services for
hypertension, diabetes mellitus or hyperlipidemia were
determined by the following criteria:

“Need (hypertension)”: systolic blood pressure > 160
mmHg, diastolic blood pressure > 100 mmHg, or treat-
ment with oral antihypertensive drugs.

“Need (diabetes mellitus)”: FBG > 160 mg/d] or a his-
tory of treatment with hypoglycemic drugs or insulin.
“Need (hyperlipidemia)”: LDL-cholesterol > 160 mg/dl,
HDL-cholesterol <35 mg/dl, triglyceride > 300 mg/dl,
or treatment with oral cholesterol-regulating drugs.

Those who met any of these criteria were classified
under “hospital visit needed” on the basis of the results
of their medical examination and were noted as requir-
ing consultations with full-time occupational health
practitioners at the participating company.

Those who were well controlled for hypertension,
diabetes mellitus or hyperlipidemia were determined
by the following criteria:

“Effectiveness (hypertension)”: systolic blood pressure <
140mmHg and diastolic blood pressure <90mmHg,
“Effectiveness (diabetes mellitus)”: FBG <126mg/dl.
“Effectiveness (hyperlipidemia)”: LDL-cholesterol <
140mg/dl, HDL-cholesterol > 40mg/di, and triglycer-
ides<150mg/dl.

CC refers to the percentage receiving medical ser-
vices among those who require specific medical ser-
vices, and was calculated by the following formula:
Crude coverage (CC)=Use/Need.

The quality refers to the percentage showing thera-
peutic effects among those who use medical services,
and was calculated by the following formula:

Quality =Effectiveness/Use.

EC refers to the quality and was calculated by the
following formula:

Effectiveness (EC)=CC*Quality =Effectiveness/Need.

Statistical analyses

The percentage of employees in the OH group and
non-OH group was determined according to age, BMI,
smoking status, job classification and average standard
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monthly remuneration. CC and EC were calculated for
the OH group and non-OH group. The odds ratio (OR)
and its 95% confidence interval (CI) were determined
by whether or not employees who were found to re-
quire medical services (need) actually did visit medical
institutions, and were compared between the OH group
and non-OH group using logistic regression for hyper-
tension, diabetes mellitus and hyperlipidemia. Age,
average standard monthly remuneration and job clas-
sification were adjusted, and multilevel analyses were
performed using each employee as the primary level
and each workplace as the secondary level of analysis.
The OR and its 95% CI were also determined in re-
gard to whether or not diseases were well controlled in
employees who were found to require medical services
(need), and were compared between the OH group and
non-OH group using logistic regression for hyperten-
sion, diabetes mellitus and hyperlipidemia. Age, stan-
dard monthly remuneration and job classification were
adjusted, and multilevel analyses were performed as
described above.

Results

The employees’ characteristics are shown in Table 1.
Of the 53,720 employees, 12,431 comprised the non-
OH group and 41,289 comprised the OH group. The
proportion of obese individuals (BMI =25.0) in the
non-OH group was slightly higher than in the OH
group. The proportion of smokers was also higher in
the non-OH group than in the OH group. The majority
of employees in the non-OH group were engaged in
sales, as opposed to research and product development
and office/other work. The lowest standard monthly
remuneration was higher in the non-OH group, while
the highest standard monthly remuneration was lower
in the non-OH group than in the OH group.

Both CC and EC in hypertension, diabetes mellitus
and hyperlipidemia were higher in the OH group. The
ORs for whether or not employees who were in need
of medical treatment visited medical institutions for
hypertension, diabetes mellitus and hyperlipidemia
are shown in Table 2. The number of employees who
visited medical institutions for treatment of hyperten-
sion was significantly higher in the OH group than in
the non-OH group (aOR =1.28, 95% CI=1.07-1.54).
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There were no significant intergroup differences in the
number of employees who visited medical institutions
for treatment of diabetes mellitus or hyperlipidemia
(diabetes mellitus: aOR=1.17, 95% CI=0.85-1.62;
hyperlipidemia: aOR=1.00, 95% CI=0.89-1.13).
The odds ratio for whether or not diseases were well
controlled among employees who were found to require
medical treatment for hypertension, diabetes mellitus
and hyperlipidemia is shown in Table 3. Hypertension
and diabetes mellitus were more effectively controlled
in the OH group than the non-OH group ¢hypertension:
aOR=1.41,95% CI=1.20-1.66; diabetes mellitus: aOR
=1.53,95% CI=1.17-2.00). In contrast, there were no
significant intergroup differences for the control of hy-
perlipidemia (aOR=1.11, 95% CI=0.92-1.34).

Discussion

This study found that daily occupational health ser-
vices provided at workplaces by full-time occupation-
al health practitioners such as occupational physicians
and occupational health nurses improved the CC and
EC for hypertension and the EC for diabetes mellitus,
but did not significantly affect the CC for diabetes
mellitus. There were no significant inter-group differ-
ences in the CC or EC for hyperlipidemia.

Objective data on the difference in the occupational
health service between the OH group and the non-OH
group were available, but the company had a headquar-
ters function that directed full-time occupational health
practitioners and instructed them in the implementation
of certain occupational health services, whereas part-
time practitioners worked at their own discretion with-
out any instructions from the headquarters, or many of
them did not have sufficient time for such services that
were available at the sites with full-time practitioners.
It is possible that the CC and EC were affected more by
the difference in the activities between the two groups
rather than by the existence of full-time versus part-time
practitioners.

The CC for hypertension, diabetes mellitus and hy-
perlipidemia in the non-OH group were 79%, 87%
and 33%, respectively. These values were higher than
those reported by Yamaguchi et al [16] and Fukuda
[3], which may have been due to differences in cri-
teria for hospital visit recommendations. The former
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Table 1. Baseline characteristics of employees

Workplace Workplace
without full-time ~ with full-time
occupational occupational
health health
practitioners practitioners
Number of subjects 12,431 41,289
Age categories (%)
40-44 16.4 9.8
45-49 33.6 34.0
50-54 27.2 34.1
55-59 22.8 22:2
BMI (%)
<184 2.6 2.8
18.5-24.9 64.0 67.8
25.0-29.9 28.2 25.5
30.0-34.9 4.5 34
=>35.0 0.7 0.6
missing 0.1 0.0
Smoking status (%)
Non-smoker 47.1 443
Ex-smoker 10.6 189
Smoker 42.1 36.6
Missing 0.2 0.1
Job classification (%)
Sales 373 10.5
Research and development, 29.0 64.0
and product
Office work and others 33.7 25.5
Standard remuneration monthly fee (JPY) (%)
Low  <410,000 354 232
Middle 410,000-560,000 41.6 34.8
High  =>560,000 23.0 42.0

study reported that less than 50% of employees visited
medical institutions among those who were suspected
of having diabetes mellitus based the results of oc-
cupational medical examinations, while the latter re-
ported that 50%, 30% and 3% of employees visited
medical institutions among those who were suspected
of having diabetes mellitus, hypertension and hyper-
lipidemia, respectively, based the results of medical
examinations conducted by health insurance unions



Occupational Health Services Improve Effective Coverage

277

Table 2. Odds ratios for whether or not employees found to require medical treatment visited medical institutions for hyper-

tension, diabetes mellitus, and hyperlipidemia

Number Number Crude Odds ratio for visiting medical
needing visiting medical coverage* institusions for treatment
treatment  institusions for (%) adjusted 95%CI P
treatment QOR**
Hypertension
Workplaces without full-time occupational 1461 1148 78.6 reference
health practitioners
‘Workplaces with full-time occupational 4661 3901 83.7 1.28 1.07 154  0.008
health practitioners
Diabetes mellitus
‘Workplaces without full-time occupational 474 411 86.7 reference
health practitioners
Workplaces with full-time occupational 1300 1149 88.4 1.17 0.85 162 0331
health practitioners
Hypertlipidemia
Workplaces without full-time occupational ~ 2905 959 33.0 reference
health practitioners
Workplaces with full-time occupational 9363 3267 34.9 1.00 08 113 0977

health practitioners

*: Crude coverage: Number visiting medical institusions for treatment / Number needing treatment x 100, **: Univariate logistic regression
analysis adjusted for age, job type and standard remuneration monthly fee, OR: Odds ratio, CI: Confidence interval

Table 3. Odds ratios for whether or not diseases were well controlled among employees found to require medical treatment
for hypertension, diabetes mellitus, and hyperlipidemia

Number Number with Effective  ©dds ratio for effective control
needing effective coverage®  gdjusted 095%C] P
treatment  control (%) OR**
Hypertension
Workplaces without full-time occupational 1461 682 45.7 reference
health practitioners
Workplaces with full-time occupational 4661 2611 56.6 1.41 120 166  <0.001
health practitioners
Diabetes mellitus
‘Workplaces without full-time occupational 474 89 18.8 reference
health practitioners
‘Workplaces with full-time occupational 1300 345 26.5 1:53 117 2.00  <0.001
health practitioners
Hypertlipidemia
Workplaces without full-time occupational ~ 2905 203 7.0 reference
health practitioners
Workplaces with full-time occupational 9363 817 8.7 111 092 134 0.283

health practitioners

*: Effective coverage: Number with effective control / Number needing treatment x 100, **: Univariate logistic regression analysis adjusted
for age, job type and standard remuneration monthly fee, OR: Odds ratio, CI: Confidence interval
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on employees over the age of 40 years at small-to-
medium-sized workplaces. This suggests that medical
interventions and advice regarding health management
by part-time occupational physicians were effective
even in the non-OH group.

We found that the CC for hypertension was greater
in the OH group. This is likely attributable to thor-
ough instructions provided by full-time occupational
health practitioners after medical examinations. Stud-
ies have reported that a significantly greater number of
employees at small-to-medium-sized workplaces visit
medical institutions for detailed examinations after
receiving such instructions from public health nurses
[5], and that a higher number of employees visit medi-
cal institutions when the public health center issues a
letter of introduction after an adult medical examina-
tion [17]. The present study found no differences in
the CC for diabetes mellitus between the OH group
and non-OH group, with the CC for diabetes mellitus
being 87% in the non-OH group. This suggests that
the majority of employees visit medical institutions
based only on instructions written in medical exami-
nation reports.

In contrast, the CC for hyperlipidemia was 33% in
the non-OH group and 35% in the OH group, indicat-
ing that occupational health services had no effect
on subsequent health-promoting actions. Tateishi et
al reported that while experienced occupational phy-
sicians advised employees to reduce their workload
when either their blood pressure or blood glucose lev-
el was abnormally high, few occupational physicians
advised employees to do so when their blood lipid
levels were abnormally high. This suggests that some
occupational health practitioners may not be keen to
provide advice or instructions regarding blood lipid
levels [18].
health practitioners do provide advice to employees
with hyperlipidemia, those employees are not inclined
to receive such treatment. Tatemichi et al reported

Furthermore, even when occupational

that when health experts advised employees at large
workplaces who were found to require treatment for
hypercholesterolemia to start drug therapy following
a lack of response to three-month dietary therapy, ap-
proximately 50% agreed to receive drug therapy, while
one-third of those who did not agree to receive drug
therapy also rejected dietary therapy [19]. This was
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likely because employees with hypercholesterolemia
have fewer subjective symptoms than those with other
diseases and are unlikely to exhibit presenteeism de-
spite poorly controlled cholesterol levels [20].

“Quality”, a feature of EC that is affected by the
quality of medical services, refers to the percentage
who show therapeutic effects among those who use
medical services, with those showing therapeutic ef-
fects defined by those whose medical condition is
well controlled by treatment. The role of occupational
health practitioners is to advise those who are found
to require treatment based on the results of a medical
examination to visit medical institutions and undergo
appropriate treatment, rather than to provide treat-
ment. The EC for hypertension and diabetes mellitus
improved in the OH group, and the OR was greater
for EC than for CC, which suggests that occupational
health services contribute to the management of dis-
eases even after medical treatment has started. The
Industrial Safety and Health Act requires employees to
take appropriate action regarding their work based on
physicians’ advice if the results of their medical exami-
nation suggest that their disease is poorly controlled.
Therefore, employees must consider their health and
reduce their workload even if they are receiving medi-
cal treatment [1, 4]. Occupational physicians and oth-
er occupational health practitioners often examine the
progress of treatment and provide advice to employees
in cooperation with physicians. Thorough health man-
agement is thought to contribute to the improvement
of EC, especially in workplaces employing full-time
occupational health practitioners. Tateishi et al report-
ed that in cases of either abnormal blood pressure or
blood glucose levels, occupational physicians should
advise employers to reduce the affected employees’
workload [18]. Employers are responsible for reduc-
ing employees’ workload, and may be blamed for the
occurrence of overwork-related hypertension, diabetes
mellitus, other cerebrocardiovascular diseases or death
if work conditions are poor.

At workplaces with well-established occupational
health service systems, the human resources depart-
ment and executive officers are likely to take appro-
priate action for health management based on advice
from occupational physicians, while this is unlikely to
occur at workplaces without occupational physicians,
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leading to insufficient advice regarding health manage-
ment and instructions for hospital visits. Occupational
health services are provided by a team comprised of
occupational physicians, occupational health nurses,
and other staff members. In particular, occupational
physicians have been required to perform a wide range
of tasks in recent years [21]. Occupational health ser-
vices include medical examinations, follow-ups based
on the results of medical examinations, establishment
of a health committee, health education, industrial hy-
giene education, and mental health services. The level
of health literacy of employees is related to healthy
lifestyle habits, including regular eating habits, regu-
lar exercise, and a smoke-free lifestyle [6]. Various
occupational health services have improved the health
literacy of employees in the OH group, enabling them
to check the results of their medical examination, to
voluntarily visit medical institutions, and to receive
appropriate management of treatment, regardless of
whether or not they were directly given such instruc-
tions from occupational health practitioners. There
were no significant differences in the EC for hyper-
lipidemia between the OH group and non-OH group.
The “quality” was 21% for the non-OH group and 25%
for the OH group. Tatemichi et al reported that ap-
proximately 50% of patients with hypercholesterol-
emia who had started drug treatment after a medical
examination discontinued hypercholesterolemia treat-
ment within three years [22]. This suggests that those
who are found to require treatment for hyperlipidemia
based on the results of a medical examination are un-
likely to visit medical institutions or to continue treat-
ment.

Whether or not employees visit medical institutions
after a medical examination is affected by various work
and personal factors. Tsuda et al reported that when
employees who were suspected of having diabetes mel-
litus were advised to visit medical institutions, those
who could easily take a day off and those with well-
managed jobs were more likely to do so. Those who
worked 61 hours or more a week were less likely to
visit medical institutions than those who worked less
than 61 hours a week [23]. Goto et al reported that the
factors for employees visiting medical institutions as
advised after a medical examination despite not hav-
ing visited a medical institution in the past three years
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included living alone, having a personal physician, low
job demand, and lower-rated health [7]. It is important
to continue treatment after the initial visit to a medi-
cal institution, even among those with low incidence of
complications and low mortality rates. Goto et al also
reported that there was no relationship between shift-
work, overtime work, stress, or other work factors, and
whether or not employees continued treatment [ 7]. Sato
et al reported that full-time employees who had some
symptoms were more likely to visit medical institutions
if they did less overtime work, and that they were more
likely to take supplements if they did more overtime
work [24]. Azami et al reported that among employees
with diabetes mellitus, those who did not visit medi-
cal institutions had higher HbAlc than those who did
visit medical institutions, and that working long hours
and having holidays other than Sunday increased the
risk of not visiting medical institutions [25]. This sug-
gests that better occupational health services and work
environments that enable employees to engage in both
treatment and work are essential for improving EC.
The present study has several limitations. The pur-
pose of this study is to clarify the impact of differences
in comprehensive occupational health services due
to the presence or absence of full-time occupational
health practitioners, but some objective data on the
services, such as minutes spent with each employee,
were not available. We adjusted for job type and stan-
dard monthly remuneration in our analyses as these
may affect CC and EC and because they differed be-
tween the OH group and non-OH group, but because
there was no information on other work or personal
conditions, there is a possibility that other work and
personal conditions may have affected the results of
the study as confounding factors. We identified items
for “need” by referring to the results of medical ex-
aminations and medical interview sheets from 2011,
and identified items for “use” through medical expense
claims from 2011. Therefore, depending on when the
medical examination was performed, information on
treatment in employees who were found to require
treatment may not have been taken into consideration.
Furthermore, because we examined employees from
only one company group, our results may not be gen-
eralizable. However, an advantage of this study was
that we identified treatment and outcomes by referring
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to objective data such as medical expense claims and
the results of medical examinations.

The Industrial Safety and Health Act requires that
all employees undergo medical examinations, regard-
less of the size of their workplace. However, only a
limited number of workplaces employ full-time oc-
cupational physicians, occupational health nurses and
other occupational health practitioners.
with more than 50 employees are required to employ
part-time occupational physicians, while those with

Workplaces

fewer than 50 are unlikely to have occupational health
practitioners to check the results of employees’ medi-
cal examinations. The results of this study suggest
that occupational health service systems greatly affect
employees’ health-related actions, such as visiting a
medical institution and receiving appropriate health
management after a medical examination. Appropri-
ate action is therefore required to improve health man-
agement among employees of small-to-medium-sized
workplaces.
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