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FTA AT —EE Th—n7—F 19 2.0 1.00 (0.81—1.25) 1.03 (0.83—1.27)
F— e 2% 6.7 5.9 0.83 (0.71-0.95)  0.82(0.71—0.95)
AR 4.8 4.0 0.78 (0.66—0.93)  0.82 (0.70—0.97)
PR 14 1.1 0.70 (0.49-0.99)  0.73 (0.52—1.02)
Z Dt 17.3 16.2 0.86 (0.78—0.94)  0.96 (0.87—1.06)
WL 2.31 2.86 1.19 (1.16—1.21)
fipg 4 2.37 3.02 1.29 (1.26—1.33)
BAA n=203,506 n=42,510
TN—7 T —FEE TA—h TRk 325 35.3 1.00 1.00
+— v 2 10.8 11.0 0.95 (0.90—0.99)  0.94 (0.90—0.99)



i) 3.0 3.0 0.93(0.87—0.99)  0.93 (0.87—1.00)
R 4.3 4.4 0.95 (0.90—1.02)  0.93 (0.87—0.99)
P R TA—HTF—F 29 3.0 0.94 (0.86—1.01)  0.94 (0.87—1.02)
¥ — v 2 10.6 10.3 0.91 (0.87—0.95)  0.91 (0.87—0.95)
i) 0.9 0.8 0.85(0.73—0.98)  0.86 (0.74—1.00)
R 2.2 2.0 0.86 (0.79—0.94)  0.86 (0.79—0.94)
KTA AT —FEE TA—HhT-F 19 1.9 0.92 (0.84—1.01)  0.93 (0.85—1.02)
¥ — b = 6.9 6.3 0.84 (0.80—0.89)  0.85 (0.81—0.90)
L) s 5.0 4.2 0.77 (0.72—0.82)  0.80 (0.75—0.86)
R 15 1.3 0.79 (0.71-0.89)  0.80 (0.72—0.90)
% of 17.8 16.5 0.83 (0.80—0.86)  0.86 (0.83—0.89)
I < 2.26 2.59 1.12 (1.11—1.13)
R 4 2.32 2.53 1.06 (1.05—1.07)
KIGH3 A n=128,696 n=27,074
TN—H T - TA—Hh7—W  3L6 32.3 1.00 1.00
¥ — v Ak 11.5 11.7 1.01 (0.96-1.07)  1.01(0.96—1.07)
B 3.4 3.5 1.02 (0.94—1.12)  1.02(0.94—1.12)
R 4.1 4.0 0.99 (0.92—1.06)  0.97 (0.90—1.04)
¥ R TA—HhI—F 3.0 3.2 1.05 (0.97—1.14)  1.07 (0.98—1.15)
¥ — b =k 11.0 11.4 1.02 (0.96—1.08)  1.02 (0.96—1.08)
L) s 1.0 0.9 0.91(0.77—1.09)  0.93 (0.78—1.10)
R 2.0 2.1 1.01(0.91-1.13)  1.01(0.90—1.13)
KT7A AT —FEE TA—HT-F 19 1.8 0.89 (0.77—1.02)  0.89 (0.77—1.02)
¥ — b =k 7.1 6.9 0.96 (0.89—1.04)  0.97 (0.90—1.04)
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L) 5.1 5.1 0.96 (0.89—1.04)  0.99 (0.92—1.06)
(o 1.4 1.2 0.88 (0.77—0.99)  0.88 (0.78—1.00)
Z 0t 17.0 16.1 0.90 (0.85—0.95)  0.94 (0.89—0.99)
L < 2.38 2.56 1.06 (1.05—1.07)
fipg 4 2.45 2.67 1.09 (1.08—1.10)
JHF 23 A n=88,342 n=18,354
TN—7 T —FEE TA—% 7R 319 32.7 1.00 1.00
P+ — v 2% 11.1 11.6 1.02 (0.96—1.08) 1.02 (0.96—1.08)
AR 3.1 2.8 0.87 (0.76—0.99)  0.87 (0.76—0.99)
agiilio 4.6 5.1 1.09 (1.00—1.19) 1.07 (0.98—1.17)
Y- R TA—h TR 29 3.1 1.03 (0.93—1.14) 1.04 (0.94—1.15)
F— v 2% 10.7 10.6 0.97 (0.91-1.03)  0.97 (0.92—1.03)
AR 0.8 0.7 0.89 (0.73—1.09)  0.91 (0.75—1.11)
PR 2.1 2.2 1.01 (0.88—1.16) 1.01 (0.88—1.16)
FTA AT —EE Tr—n7-W 19 1.7 0.84 (0.74—0.96)  0.84 (0.74—0.96)
F— v 2% 7.0 6.0 0.84 (0.77—0.92)  0.85(0.78—0.93)
AR 4.9 3.7 0.74 (0.67—0.81)  0.76 (0.69—0.84)
R, 1.6 1.3 0.81 (0.67—0.97)  0.81 (0.68—0.97)
% Dty 17.3 18.6 1.04 (0.98—1.10) 1.07 (1.00—1.14)
L < 2.28 2.51 1.09 (1.07—1.10)
fipg 4 2.34 2.49 1.04 (1.02—1.05)
i 25 Ao n=23,635 n=4,976
TN—7 T —FEE TA—% 7R 319 33.6 1.00 1.00
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H— v 10.7 11.7 1.04 (0.93—1.16) 1.03 (0.93—1.15)
L) 3.1 2.9 0.88 (0.69—1.13) 0.89 (0.70—1.13)
=il 4.4 4.4 0.96 (0.80—1.16) 0.95 (0.79—-1.14)
P —ERAFEE Tn—h 77— 3.1 3.2 0.99 (0.80—1.22) 1.01 (0.82—1.24)
B — v 20k 10.5 10.2 0.92 (0.77—-1.11) 0.93 (0.77—-1.12)
L) 0.9 0.9 0.92 (0.62—1.39) 0.93 (0.62—1.40)
=il 2.1 2.2 1.00 (0.79—1.27) 1.00 (0.79—1.27)
KT A AT —EE TN—Hh T —T 2.0 1.6 0.75 (0.58—0.98) 0.76 (0.58—0.99)
H— v R 6.7 5.9 0.83 (0.72—0.96) 0.84 (0.73—0.96)
B 4.8 4.5 0.90 (0.75—1.07) 0.93 (0.78—1.11)
=il 1.5 1.3 0.83 (0.62—1.11) 0.85 (0.63—1.14)
Z DAth 18.2 17.6 0.88 (0.80—0.97) 0.91 (0.83—1.01)
WL 2.28 2.61 1.14 (1.11-1.17)
fipg 4 2.33 2.41 1.00 (0.98—1.03)
Jifi 3 Ao n=104,064 n=21,922
e
TN—h T —HEE TN—5 T — 32.6 37.5 1.00 1.00
P — v R 10.6 10.6 0.87 (0.83—0.93) 0.86 (0.82—0.91)
L) 3.1 2.7 0.75 (0.68—0.84) 0.76 (0.68—0.85)
BRI 4.0 3.9 0.86 (0.79-0.93) 0.83 (0.76 —0.90)
P —ERAFEE TN—Hh T —T 2.8 2.9 0.89 (0.81—-0.98) 0.89 (0.81—-0.98)
H— e 10.0 9.4 0.82 (0.77—-0.87) 0.83 (0.78—0.89)
L) 0.9 0.7 0.65 (0.54—0.77) 0.68 (0.56 —0.82)
=il 2.0 1.9 0.80 (0.71—0.90) 0.81 (0.72—0.92)
KT AT —REE TN—Hh T —T 1.7 1.5 0.76 (0.66—0.88) 0.79 (0.69—0.91)
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H— v 2 6.3 5.4 0.75 (0.68—0.82) 0.77 (0.70—0.84)
B 4.6 3.2 0.61 (0.55—0.66) 0.66 (0.60—0.73)
Fegiiliig 1.4 1.0 0.61 (0.51—-0.72) 0.66 (0.55—0.79)
% DAth 19.8 19.2 0.82 (0.79—-0.86) 0.90 (0.86—0.95)
LY 2.33 3.04 1.36 (1.35—1.38)
fig 2.31 2.43 0.99 (0.98—1.00)
RITAZRRAS A n=136,573 n=28,392
e S
TN—h T —HEE TN—5 T — 315 31.8 1.00 1.00
P — v 2T 11.4 12.0 1.06 (1.01—1.12) 1.06 (1.01—1.12)
L) g 3.5 3.6 1.06 (0.99—1.15) 1.06 (0.98—1.14)
R 3.9 3.9 1.02 (0.94—-1.10) 1.02 (0.94—1.10)
P — e R TN—Hh 7 —H 3.0 2.7 0.90 (0.82—-0.99) 0.91 (0.83—-0.99)
B — v 2T 10.4 10.1 0.97 (0.91—-1.03) 0.97 (0.91—-1.03)
B 1.1 1.1 0.98 (0.86—1.11) 0.98 (0.86—1.11)
BRI 2.1 2.0 0.96 (0.86—1.06) 0.96 (0.86—1.06)
FTA L H T —EEE TN—5 T —K 1.9 2.0 1.07 (0.96—1.20) 1.07 (0.95—1.19)
¥ — v 2 6.5 6.7 1.03 (0.97-1.10) 1.03 (0.97—1.10)
B 4.9 5.4 1.10 (1.03—1.18) 1.10 (1.03—1.18)
(egiiiliig 1.2 1.3 1.07 (0.94—1.22) 1.07 (0.93—1.22)
% DAth 18.5 17.3 0.90 (0.86—0.94) 0.90 (0.86—0.94)
LY 2.41 2.37 0.98 (0.97—-0.99)
i 2.36 2.43 1.03 (1.02—1.05)
B A n=26,900 n=>5,552
e S
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TN—T T —PEE Tr—Hn5-F 314 31.4 1.00 1.00
P+ — v =% 11.9 12.1 1.03 (0.93—1.14) 1.03 (0.93—1.14)
L) 3.8 3.8 1.04 (0.81—1.35) 1.05 (0.81—1.36)
(o 4.0 4.7 1.19 (1.02—1.39) 1.17 (1.00—1.37)
- R =757 29 3.1 1.07 (0.87—1.32) 1.08 (0.87—1.33)
P+ — v =% 11.0 10.8 0.99 (0.88—1.11)  0.99 (0.88—1.11)
L) 0.9 1.0 1.17 (0.81—1.67) 1.17 (0.82—1.67)
R, 2.0 2.3 1.15 (0.93—1.42) 1.15 (0.92—1.42)
F7A4 b AT —pEE TA—h 7Bk 2.1 1.7 0.84 (0.65—1.09)  0.84 (0.65—1.10)
P+ — v = 7.2 7.3 1.02 (0.88—1.17) 1.03 (0.89—1.18)
LA 5.3 5.4 1.04 (0.88—1.22) 1.07 (0.90—1.26)
P 1.4 1.4 0.97 (0.72—1.29)  0.97 (0.73—1.30)
Zofth 16.1 15.1 0.93 (0.82—1.04)  0.95(0.85—1.07)
W 2.35 2.58 1.08 (1.06—1.11)
i 4 2.41 2.58 1.05 (1.03—1.08)
B As A n=64,871 n=13,590
TN—71 T —PEHE Tr—n7-F 313 32.8 1.00 1.00
P+ — v =% 10.6 11.6 1.06 (0.98—1.15) 1.05 (0.97—1.14)
L) 3.2 3.0 0.91 (0.80—1.03)  0.90 (0.79—1.03)
R, 4.3 4.6 1.05 (0.95—1.16) 1.02 (0.92—1.13)
- R Tr—n7=F 29 2.7 0.90 (0.79—1.03)  0.90 (0.78—1.03)
P+ — v =k 10.1 10.4 0.99 (0.93—1.06) 1.00 (0.93—1.07)
L) 0.9 1.0 1.14 (0.93-1.39) 1.14 (0.92—1.40)
egiil 2.1 2.2 1.02 (0.88—1.18) 1.02 (0.88—1.19)
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RYA L H T —FEE -7 1.8 1.6 0.89 (0.76 —1.03) 0.89 (0.77—1.04)
P> — v = 6.7 5.9 0.84 (0.75—0.95) 0.85 (0.76—0.95)
L) 4.9 4.5 0.88 (0.78—0.98) 0.92 (0.82—1.02)
(o 1.4 1.2 0.78 (0.62—0.98) 0.78 (0.63—0.98)
% Dty 19.9 18.4 0.86 (0.81—0.91) 0.89 (0.84—0.94)
WL 2.29 2.69 1.17 (1.15—-1.18)
fipg 4 2.31 2.43 1.02 (1.00—1.03)
Y o n=29,528 n=6,157
TN—h T —FEE TA—h7—W 310 33.4 1.00 1.00
F— v 2% 11.7 11.5 0.92 (0.83—1.02) 0.92 (0.83—1.01)
B 3.8 3.4 0.82 (0.69—0.96) 0.82 (0.70—0.97)
(gL 3.8 3.9 0.96 (0.76—1.21) 0.95 (0.75—1.20)
P — U R Tr—n7-F 3.1 3.8 1.14 (0.97—1.34) 1.14 (0.97—1.33)
> — & 2 11.0 10.1 0.86 (0.77—0.96) 0.86 (0.77—0.96)
B 0.9 1.0 0.94 (0.68—1.30) 0.94 (0.69—1.30)
PR 1.9 1.9 0.92 (0.69—1.22) 0.92 (0.69—1.21)
w74 b AT —EEE Tr—n7—F 20 1.8 0.82 (0.65—1.04) 0.83 (0.65—1.04)
P> — v = 75 6.9 0.86 (0.75—0.98) 0.86 (0.76—0.98)
LA 5.5 5.1 0.85 (0.72—1.01) 0.87 (0.73—1.03)
(o 1.4 1.2 0.85 (0.60—1.19) 0.85 (0.61—1.20)
% Dty 16.4 16.2 0.90 (0.82—0.99) 0.91 (0.83—1.00)
2 < 2.30 2.44 1.06 (1.03—1.09)
fipg 4 2.39 2.40 0.99 (0.97—1.02)
=N n=1,026,247 n=214,123
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TN—H T - TA—H 5T 318 33.6 1.00 1.00
F— v 2Bk 11.1 11.4 0.99 (0.97—1.00)  0.98 (0.96—1.00)
B 3.3 3.1 0.92 (0.88—0.96)  0.92 (0.88—0.96)
R, 4.2 4.3 0.98 (0.96—1.01)  0.97 (0.94—0.99)
¥ AP Th—hT—R 29 3.0 0.97 (0.94—1.00)  0.97 (0.94—1.00)
F— b 2 10.6 10.6 0.95(0.93—0.96)  0.95 (0.94—0.97)
B 0.9 0.9 0.92 (0.86—0.98)  0.93 (0.87—1.00)
R 2.1 2.0 0.93(0.89—0.97)  0.93 (0.89—0.97)
KUANVHT—FEE TA—hIF-F 19 1.8 0.90 (0.86—0.94)  0.90 (0.86—0.95)
F— b 2 6.9 6.3 0.88 (0.86—0.90)  0.89 (0.86—0.91)
P 5.0 4.5 0.86 (0.83—0.88)  0.89 (0.86—0.92)
ERRE 1.4 1.2 0.82(0.78—0.86)  0.83 (0.79-0.87)
% ofth 17.9 17.3 0.89 (0.88—0.91)  0.92 (0.91—0.94)
M < 2.31 2.58 1.10 (1.10—1.11)
B ¢ 2.35 2.51 1.05 (1.04—1.05)
S Efise A S EE

DAERG, bR, ABEER <y FE AL E Y RT 4 v 2 E

¢Log (1 + pack-year)

9Log (1 + daily gram of ethanol intake) TF{%&
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Gy YL BT THEAT L 77,

(& 5R)
R 7 ) LMIC BT 5 INF668 & in1 MR IEECHIAEMT 1 Xk P T 5, Itk
I} % INF668 & E%ﬁ@ﬁ?i%%ﬁﬂ@@% &W1%F&ﬂ@ﬁﬁ&%$bfwto
JRIE F RIS 5 6-CSF B HEEAITIE RS /) A2 5 6-CSF BB M EEAL S D%
i&@%Liﬁgﬂﬁwiﬁ iz, G-CSF EinF D = B —HOFHEIL 6-CSF A
PEAE L BET S AIREMEIZH D 9 B,

(i)

INF668 X O MR 2 1l 3 2 K7+ Th 2 fREER 6 5, IR EREICBIT 5
G-CSF R AEADKIRIZ DN TS B R OB ET 5,

A. WFZEEW U5 ARGl A B S D BARVER 7 D W5 A E
BEMEIE D DR AT Z =, Taa—Aik  BEEEZEx 5D, A& CIIAFTRERER T
W, BB LR ELEDHEEME ~D 1T &k o TR LRI A2 B A
B IC K DRER T & —HEZRITRERS C.ZNONEML CTdriver £725Z LI
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KV PEBEIEIE AL C 5, (- CTREBEIES O
T BZED LD R IKHIRAERNBEZ 5T
WD N ERNTT D 2 B IR S 0 95 X
FICEETH S,

e IFREER I X AR A R, B X
OVEFEHM D B Sk O BARER 7 2 it 572

(2, BEREEERE O MRy 2 A & I
T LD, REFEEIT-TWD, BIEE
THLIE S 7 LK 250 . BEREIEIE &7
1389 120 Bl 2 RAFE L TV D,

DIRTZ B % (XBEERES 7 7 & & TRl — R
DR T 7 2D Exome FRAT O EHEE D B <
ONOFRMEERFEREZRIEL, £OH
|2 INF668 HEin A BB bz CR¥EH
T —4), INF668 s 11% pb3 K UNZEDH
OFIEHIKFTH D MDM2 ZHIHT 58 EA
BHThy, BB TUIRUIZERENE
W HILAH (Cancer Res 71: 6524, 2011),
P> THBIMHE ST O FREME & RE S 1
TW5, ARl BEBEREEE R & L7z
JEI5 7 7 JZHT D ZINF668 iE{s - Exon
DR & it LT,

F7o. MR B MEKZ I S 5 JERiEk =
o = —RB KT (G-CSF) ZPEAT %R b
RIEIIMD TTFHRARTHDL Z LR LN
TW5D, BRI SRBE TIEEbees 1 6, &
FfE 1 BI72S G-CSF FEAERE CTH D = L & fif
WBLTHY ., 2018 LT Z D G-CSF pEA
SR A ) BT OW TR L7=,

B. WFIENiE

LIS 7 ) M3 5 INF668 s 1-fi#
Hr

B8 B 57 ST BE T F8 W TR PR 1B 1 5 e N T 1)

BRI DBRIZ cold punch (& CHEE 2 — S ER HL
L., 7/ ozt BRLE, £hbos
J WEHHFRNZ LT ZNF668 #5 1 ? Exonl,
2, 3 OITHED intron BLFI L D AERIL 7=~
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Z7 A4 ~—%M\, PCR {£IZ2T Exonl, 2, 3
ZHR L7z, BIZZNHD PCR 7T A ~—
ZHWTHEA VY vy —7 v 7RIS
T Exonl, 2, 3 OIKEELI|APIE LT, fii
ALET A ~—13#F 112577,

BERE AR IZ 1T D INF668 & 1 Eifig

#r

R BT 55 SR B2 1 F8 W TR PR 18 B 2 DR A 955 )
bRt & AT U7 SRS o T 7 ¢ i
AR Z T ZNF668 & [ O F B A fifik o
PEIENZ CTHhifT L 7=, ZNF668 kYt o fifAT
= (IRS;
https://www. nature. com/articles/
srep22814/tables/3) |ZHE > T 12 EipE 1T
V. DEVRAOBMI LY IND ()
AR D EI A % E B TR E [0-3] & HIS
[0-4] DK % Bl 2 ([ HET D,

immunoreactive score

JEIEAERR IZ B 1) D G—CSF & H 38 3 it

G-CSF PEAJEBEMAR & 2> b r— 0
G-CSF JEPE/ENESEAAR (X L. G-CSF Hiif
(Santa Cruz Biotechnology, sc—-53292)
TR S Y 2 AT LT

G—CSF &1 1 DM

G-CSF PEAMEE: 2 JEfl L =2 hr—LD
G-CSF FEPEANETE 3 JEBN K UMARAT 2 hti T

L7, BEMERY ) LEREKEREAREYT
kbvt@Cﬂu_&ﬂi &% PCR {EIZ
T 3ETITH T THEE L, FITEFNLL DH

%E%%§4vﬁby—7i/yV7%K
THEERES ZRE L, AL T A~
—[%F 2 {2/~ PCRI1 % GCSF1 & GCSF2 7°
Z A ~—. PCR2 I GCSF3 & GCSF4 77 A ~
—. PCR3 I% GCSF5 & GCSF6 7' A ~— T
g L 7=,

F 7= ERROIERI O BE MK T ) L IR



RS ) ATk L. G-CSF Ein D
At —HAE T H ) PCR IETHEMY = 1
2T EFE L THEAT LT,

(f #h i~ D ELIE)

AWFFEIC R T D2 TONIEE T~V v
FEEBIO TAEXGR LT 5 EFERIFE
(BT L fmERAEEE (PR 26 45 12 A 22 H
ESRLE - BAETBEERE 3 5). [t
T - BARFRRATIFSEIC BA T 2 fn BR 4
Ft (CFRk 25 3RV A - BT BE - %
WIEFEA S RE 1 5. Rk 26 4 11 H 25
H—# i) | (2t » CTARMFIEZ £iid 5,
F AL BA R 97 SRR e P & B
IZB W THRRB I LT,

C. WFFERER
BERER ) LIZEBT 5 INF668 Eis i

T
RIZMNTITEITH TH D03, 2018 4B 11 fiF
WriE B g OHII 247 - 7=,

[ BENE SRR IC B 1 D INF668 38 HLfR

Bt

2018 AL 48 Bl ORBARIZ IV TEEM 72 kR
FEITo7o, IRS &MU IC 1 20
A O FVE F6 & OV JE 1= 1M & o0 B 2 f
L7z, & 3IZRT X DIT, INF668 FEELDIK
TXEENCEE O EIRE. FiERE & B L
Tz, FEEHRHTIE Welch ¢ E TIT - 72,

HEEAL AR\ 381 B G-CSF 4& [ % Bl O Rt
X 11283 & 912 G-CSF FEA T CIE R
ERREEICEITD G-CSF OFRBIANR Sz
75, G-CSF FEPEANE CIERO MR- T,

G—CSF &1z 7-Ha JLfid 51 D AT

41

AT R DFEMI 2R TP TH D
23, G-CSF PEANESSIER], G-CSF I o A il 5%
SEFI I MR, IS ) AT B e
G-CSF Bfn T D ILRLH DEVMT RN K D
B b,

G—CSF JEfn - = B —H DT

AT #t SR OFERI 22 IR AP TH S
3, MR, JEE 7 AT G-CSF Eis1-D
I B —EDOFIED B D IEFIDFAET D Al EE
P 5 b LRER b RENT,

D. HE

BEEIES: 7 MR S v ZNF668 & An
T O BN EMRE R AE LRI E BT
BB, HDHVITEFEMIET ) AT HFR
HHNDHERTH DT IEF MRV T
t, INF668 Ein T DOEROAEZRFT 5
VEND D, 2O, B, BhESR
B DMK T ) &AW CIREED INF668 &
BT RRNT 24TV BERERESS 7 & & D L
BT H 2 EERFT LTV D,

o BRI AE AR (2 351 5 ZNF668 & H 7 Bl
FREE O &S W THEIZHIANPK T LT
Wz, 2D Z & ZINF668 A3 E I D ) s
FLELTHERLTWARIEEMEICFE LR
VY,

G-CSF PEAEJRIE FRECFEIZI 1T 5 G-CSF FE
ADOREIZ DO W TIERE T H TV
W, FEIZBIT D G-CSF & in+ DX KRl A28
FAZOW TR & O EFITBAEE Tld-
T ELITREDOTE LT, GCSF pEALITH
ZIZ< W, G-CSF #Ein T a v —HDE{IT
G-CSF PEAEDIRIK T % rlREME HRIB S 1
TVWDN, A5HBOE 55 HEELRRH DS
EThD,



FEBEREE 7/ 221 INF668 TEAn 725 B
RONDAREMENH 5, FoMlakizis T
% ZNF668 5 113, 1= BE 0 v o5 e e il
THRIBDME T LTz, G-CSF BEANEE O
R OWTIE S bR bRt a2 8T 5,

F. fEREfapRiE &
PR AT FE i T LS T

42

H.  Fneo i pEME O A -

2L,

IR DL



1 : BEMEE © G-CSF fifkYLta

GCSF AT GCSF 5
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# 1 : ZNF668 &t H#tgic w77 A ~—

ZNF_Ex1_S: 5-GTCCTTAGGTGCAAAAGCTTCCCCG-3
ZNF_Ex1_AS: 5-CCGCAGGGAAACTGAGGCCAGCTC-3
ZNF_Ex2_8S: 5-TGAGGCTTTCAGGAGTGGCGAAGGT-3
ZNF_Ex2_AS: 5-TTACCCTGAGACTCAAACCCAGGCC-3
ZNF_Ex3_8S: 5-GCAGTGGGGTCACGTTATGGGTCTG-3’
ZNF_Ex3_AS: 5-TGATGCCCAAACTCCCACCCATTCA-3

# 2 : G-SCF & DI HW =27 T4 ~—

GCSF1: 5- TCGAGACCAGCCTGACCACCAACATGG -3
GCSF2: 5- CTGGGCCAAGACACTCACCCATCAGCT -3
GCSF3: 5- GGGCAAGGCGACGTCAAAGGAGGATCA 3
GCSF4: 5- CCCGAGGCCACCCAGAAAAACAGGAGA -3
GCSF5: 5- CCAGGCCTCTGTGTCCTTCCCTGCATT -3

GCSFé6: 5- GGAAAGCAGCTTCCCTTCCTTGGAGCC -3

# 3 MR Z 31T 5 ZNF668 M H L & i o B

MERBGL REREHY piE
IRS 7.1+3.4 4.9+1.6 p=0.004

mERBLZL mERBEHY
IRS  6.7+3.1 4.0+1.2 p=0.001
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B RS R BRI T — & S % A JV N4 & T B o B
P I 7 B B R OV R ES 0 B O e —

WHFE TR kg (BER T Semle)
Wt 718 arEs (BT SURBaHLE R

RS

THVE T, BEEMERERIC K DR R, WICEERAERRNEAE L TS L, &N
WIEHHIA T O TE 7o, EMRROBEBIZIIMO TRWEAZLELE T2 E0EL, F2E
WEDRELDDIRNT LB L RFEBEESIT benZ & b %< BROLEITMmD TH7
WV, TREMIREIC L DR O TR, BEHZ WTREIC LR O F T R OBRE OIS B & v
2%, I T, AL, EFERHOENIRE Dy 7T — 2T, BEN ST 5= 7ok
DU AT KOZEDJRK & 72 B Y — RORREMEICOWTRET L2 Z L2 HME L,

(1) Oh) 5@ R A o Apt B EIRIRIE T — % ~—2 (ICOD-R) &M\, FFEHED
BRI KRTT DV 27 A BLHNTHH Lz, BERROEBOBEIC L > TEO Y 271348 L
720 ZIR T2 FREE Uiz th, B0 CIL, BRI O @\ O EERE TR R IS 5 A4 X’ 0.61-0.79
(RSZME. RS, WEIDLRE. Bk, JIThEoE. MENER. KGR, W, L) & hoolikfE X v (%
<. GEEDREEOMRVERERET 1.09-1.4406 8. Mo, K & ARICE - To, LTI
I D IR [RIR DR Z 58D 7=

(2) ICOD-R LV, {b W EIREEME S DL WIS RIE L, %@ﬁ’ﬁ#é%%ny%%
U7, Ay X 2.0 L& Ro72bDid, HAR - FIR - [FBEPEZRE DB &R B 2. 01 (95%CT
1.15-3.52) . I ARG BRUERE OB TIREE 2. 82(95%CI 1. 19-6.70) , 72 L - [AHLE, - B RS
SECHTFIEE 2. 36 (95%CT 1. 15-4.83) . gl 2. 85 (95%CI 1. 26-6.47) . M 2. 00(1.01-3.99), &
SR g B SE O BRI 2. 49 (95%CT 1. 75-3.55) . B dfRAEE 2. 09 (95%CI 1.18-3.70) . IHHimE
15 H A B RS 3 O B g 2. 69 (95%CT 1. 77-4. 11) . B EIREHE 2. 14 (95%CT 1. 02-4. 45) . &6

F oA ZBUGESE O BFNEE 2. 07 (95%CT 1. 37-3.13) TH V. PEY LI R S =08, 4
IEBESEOZAEBER ORMNNESHOBETH 5, 7od, ZIEOFBIEFNZ OV CTIHE % OIFIEY ~
U it L, AR AR R L OB 21T o 72,

AWFFET, WEETDREENFEDOY AT D—2 L7320 5 BA[REMEIN R STz, £7-, By 75—
H BB TR IEF OEFEOIERICONWT, I 7 a7 =MV | BAREITER ORI %
WY 5L T BEEOE V- MR A DD AR RIR ST,
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A HRER
VA= 0= T 0 RS/ =1 = /= DAV fall O
AR, AV b b A DA K DR &
e B DAL E R ORI DM & B
T 5L RAOEBEEIR L < FAET
L EMAlbivg, BRSO 5 mE O
BaHR T oL, H—sEG TR
Mg &, EEEEZZEEE L TR D Z
ENE L A BRIOEFEEICZZT 52
EMNLVBURTIT, WA D 2 &
FEEL W, E7o, BEECRLITRILIC T 5 E
FHERIRI OB DA —RIZHENZ L 2D BRFE
PEZE 2 DS Z LD SETWD
ERBEINIIFHEL. &6 DM REEREZED
TRITIERE Lz, LorL, KR E LTk E
DF EWEGRERGIL, EERAEFRRNRE
AL Thb#llo THRE SBH S D &)
NEFF 328> TR BT, RARICHEAL L TRIIE
TOICELMERREHTD Z LI THEL
W, TZTC, ITHfficky vy 75— 05y
G DS FIRE & 7 o T BULE, TR - mhoTIRIL
BT SR ER SNy 7T — 2 %
W BEEREOBIR O A RN T2 2 LT
WEER DY 27 Mg L, BRED AP —F
OHEEZEITH Z L & Lz,

E Lo 7 — &%, () G788t b e 4 p%
DA E 57 FIRBEC KX D AP BE T —
A N — Z Inpatient Clinico-Occupational
Database of the Rosai
(ICOD-R) # MW 7=,
@ TICOD-RZ MWW 2EHEY 22
DIRES
AHTIETRNZ

Hospital Group

& RRFHOIT @R L &

48

MRl SN TETRER BV | BhF LD
BRGSOV ETE DR Y A 7~ L C
WHZ ENTRESND, £Z T, 1IC0D-R & H
W, ISR AR O Y R T & £ D%
BRI 2 2 MRS TV S B R
DNT, FEEIT L OEBREL MK LZY R
7 OFHiETHZ EEARNE LT,

Q@ HHERERUEFE I T oMY A7 D
Mot

e b oA EAL B R

(TR e RS T 2 e, R
EAF W ENRER O Z <
LIns,

PESE T L OFELTFE OREFRIZ OV T, R
WHEFEE LD, FETZLDMEWE O
BEEOHELRITHARE ST LN TN D
(PRTR :
Register), HEHBEhEIX, HARE L HET
HHOLITE RO, BESNATVE
EEBEZDHZLIFFRETH D,

ZZ T, BIFERIT RN T
FiJE U A 7 ORI EATV, PRIR 225 2 D% 5|
LR DALSEWE RS, BRERRIBIC SV THERIRR
FL7,

X DD RRR
G TITA
93 RN

Pollutant Release and Transfer

ICOD-R % H\»,

WF5E 07 1%

ICOD-RZ FHW-FEEIC L B0 Y A7 DR
wf

ICOD-R Z MV, HARPEFESIITE SN
PEFE L | MR FONE, SILE, &R MLE,
BER IS OBEEE DGR b DIEFI & x5 & L
oo THHDI B, IZES
THIH U 7= A8 O JE BN L. U OB

ICD-9, ICD-10



FEGI 6 P R, BERERR ORbD) . ABE
Bl e~y F3Ezar ba—% 1:1 Tl
U JEBIHERIFZE & LT, PFEE. KB &,
WL B AETE B E R I 2 O T B RN S
fr&Em P27 4y 7RG 2AT e > T2, PE
FHEITOWTIL, ATk L FEBIE DR & S H
5. HUNFTEA reference & LT A21T >
72,

Fro, BEEIZ K BRI IO X | EH)
BDSVERE A R IR, TR OHERRCE,
EB) ROV IV A SR REIE, TR,
HE. A —v R, 2ofiod—eR¥EL
LTELED, EXICLDEEHRE LY X7

a7,
Q@ FHEMGEENLEEICLIBY A7 O
Rt

ICOD-R 7~ & | &I TRE S D FEF 2 filiH L.
BRRIEREG] & R OB IER 2 x5 & LT,
PE. AR, ABERAY], PERE, Bk (BT |
Bl MR A ZRICHN TR Y AT 1y
7 BRI ATV, FRER T LD Y 27 &
Bt L7, FEED reference FEIZ. H b IEH
BoLRAEEEE LT,

BT, FEEY ROy XM 2.0 2%
ToPEZE LR OB E DRI S T DER & |
SEGIROS D72, EWA v Xt & 2 LR
PENRD LR - AL - BRSSO 40
JEGNZOWT, RETKFBEN %S~ U
EFMVFEEHZ LT, vl TFT—2Thb
ICOD-RDEHINTEREI I/ nT—H &
e S, MRRER R OMEERZ WO T
HIER L= LT, fROBEEMEZESD L 2 L
L7,
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fig #HT 1T 1L  STATA/MP15.0 software
(Stata-Corp LP, College Station, TX)% F >
7oo PEIZ WIRE T, <0.05*, <0.01%%

MEHFERAR L L,

(BRI~ DFLRE)

ARFIEIE, BIRT SORBE e E RS (5
2017-8 ) MbFWE DA EF IR 2 0iE 7
D12 DENE P Y —A T U ZAFEDH
I, IHALEIR IR ORI, R 250
TSI BT SORBE (B8 2014-34
) ROHE R m#EEES (55 10891 #)
[ (k) 558l R A A s 4 ] 57 S B 4T
DI A & Z DO B OFRZE) 1| RN
AV BEREEICBIT D ks 4 e L
TP EIEGE ) DOARRESTEM LT,
AEFFROxG L LTz ICOD-R 1%, ABERRIC
B OIS 215 CUUE S iz ABERIkIE 7 —
ZToh Y., RN LE®RE L CHIZEE 2
& 2T 7=, WRICHTZ > TL, FEE
AR B BT SR e B OV R AR A A
IR IR — D= DI TR K O\ B
BNEEZRNL, A7 87U OB ZRT
TW5,

C. WF7efhts
@O ICOD-R%E AW IBIIxtd DEEY A
DrgEET

PRGRIEGE 652 T TH D | [FA—ERNIC &
LEMABEEFRE . WIEIAFBLICIRD & 418 75
e, 205 BLBEDBRENH D HOIE 183 75
HThol,

FlFERBELE N2 hr—L & L7zl



AT DIEBIE & ABERET- B 7~ LT
WD, RIBYEHFNT 57,913 BITH Y . BINZHIR
3429 1], it 1450 {51, £2iE 2414 1, 'H 11839
B, e 2637 611, Tl 3056 B, K5 12470
i, fiti 8548 i, FL5S 5093 f Td > 7=,

F2TIEr—ALary ba—)LOHHE, WE
B & WAL, AT E IR R 0%
HERR LT, BN, W RIS, W
BEETE L, AEEEBORIGIIAFEETE
2R ZITRE O b o Tz,
KILFXALE LB OEHEOEEXT LD
v A& R LTz,

BHED S B FRFEETITRYE - RER
KIGHE T 0. 50 (95%C. T 0. 42-0. 59) 7> & fiT ks
U SE DRI
T 0.37(95%C. 1 0.24-0.56) 7> & fifi 8 T
0.69(95%C. T 0.52-0.94) & WFHOBETH
IRfE 2R~ Lz, EENRE OB WIRE TITE &
JRAEJET 0.44 (95% CT 0.26-0.74) 6, K

T0.71(95%C. T 0.49-0.96) .

BRE T 0.74 (95% CI 0.66-0.82) LW\ FHo
FEIZIANT S U A7 BNME- T2,

—7J5. BYETIE, B REXETH DR
MELRET, AMO I A7 R ENLETH

0.62 (95% CI 0.48-0.78) & 0.21 (95% CI
B R E O E VO T 0,84
(95% CI 0.71-0.97) LIRKfEToH -7z, LMD
flDFEFE TITBMED K 5 REIIEFE O 22 D>
77

@ HREEMEEEICE DY A7 OB
652 HEH . FIEIABE CHEXSRERDOH D H D
RN BLORE. BN &
BB L N K il s 511 155, 285
il B\ B e O JEAIE 40, 370 B TH

0.09-0.53) .

GURYA ;NN

50

277,

F 5 | TSI D A FEIE D /A & R,
oA A0 BE R TR D K<
55. 14212, 1 7%, oD D T ABZRFAEMR T 65
FRHTE Tl o7z, B ClE R s R
T 60 LA N CTh V| dE S R 2 |
HMmE R G ¥, EriahiliEEcen
ZH59.3 + 12,9, 55.1 = 11.7, 56.8 &= 10.7

WCH o7, B CIIa Ml - il i
TEERH L e L FE - RIS - B RcREE

T 58.0 + 15.9 |
LIFTohY | o3RS 0 Ry MER & 72572,
B - T A - BRI REE TR
VNI N =L NIPN AR NEIDN T S S iy
KWEFTH -7 (50.7 £ 11.3, 56.8 =+

59.8 £ 10.0 % & 60 %

10.7, 56.6 *= 11.6, 58.6 = 11.9 &%),
7% 6 1%, 4240, 370 il & U,
I Nt CRR TR FER DA v k&R Lz,
AH - R RERE (REE2/R) TIE
AISZMR, BEE, R, B, KPR, B, K
FEDA > A7 il D 0. 51 (95% CT 0. 38-

0YAT Ay

0.67) 75 KEFRED 0. 74 (95% CT 0.61-0. 88)
CIRWEHmA R B, Ay AN 2.0 5L
ElTpofoboid, HAR - FIRI - [ BEERE S
B EIREHE 2.01(95%CT 1.15-3.52), = A

WM AELEFE OB LIREE 2.82 (95% CI 1. 19-
6.70) | 7p> L& - ML - BRAEET T

. TN 2. 85
Jifi & 2.00(95%CT
& HL 5 2 C B e
P R T 2. 09
T T 15 ok 2 EL S 3 C Mk
i 2.69 (95%CI 1.77-4.11), B H:IREH 2. 14

g 2. 36 (95% CI 1. 15-4. 83)

(95% CI 1.26-6.47) .

Cai Y B
2.49 (95% CI 1.75-3.55),

1.01-3.99) .

(1. 18-3.70) .



il « 73 R
OB 2. 07(95%CT 1.37-3.13) ThH -
77

B Ay A 2.0 L EERESNTZFEEL
OB DTS T DI, R Oed L
B R - B RS E O BRIERI OV T,
Z ORI E 72 S THEGIOREY~ U v i
RO L A BB L 72,

7p6D L - [RISLE, - 2 R S O 1T igels . I
Ml . PWREE B, 7R SR i BAE 3 o0 B i
AL RERIES], 1 B E B B S O
B ligerE . RERIEBNLAE 341 fl TH -T2,
IhbDoH, 2018 4F 3 HRER CTOREY
~ U BRI SIE, PABES L T IR A R 2 i
TAFARARETH -T2 H DN 80 i, KEE
(S C AT CE RV AERE L &) 28 111
HTH Y, Y D 150 HRTREY~ U OBy
FEDKET Lz, AFRLTEY U ORRENG,
FREALRR I K> TEIMFEFRE CH -T2 b D
25 139 . REEAR IR E SR b DD,

(95% CI 1.02-4.45), &

TBIRIC L > THEOHEZE E EZA DN B O,

T2 BT F CHLRRER B R 8T do - 7o i
S T L REO AT, BUET b A2 B3
IE LRV E SN, KO mEnE
VI T I T RIS & SARVEE TR
1% R T B IR FEAR IR IE DS AT S iz b DY 6
Bl FEOE—DWIHLILH LN, Y~V kLT
FREERE S L < IR FREIEA A2 b D3 b

BT -7,

D. B%

® ICOD-REHWTEICKI T DFEREY 227 D
BT

PO AAROBEZEN DI, 5 — RESETHD

51

L. BEWEENBIT 5 LIk, Lot
EANOOHEMN, mEEnE LW, £, 1Tk
R VBENF LR L, &5 DEENFFD
AP—=RRY 27 R E & HITEL T
o
LIk v, ¥ - MEIREOHEASEE
HEEROBMER & BEEIC X DHR ) A7 B
WL B2 B TCE 2, — T, BB
SR D IVEI SRS S TWD, FfRD
BEFX A RIOFFEOFER L —F Lz,
BRFELITEFEN RN ENEL, B
AR O @& & ERT 5, Ll Tk
BRELTHEDO ) A7 BMENWE NS Z &,
TNEDORBENEY AT DI T~ S0 %
BrERIELTVWDLIHOLHMR L TRWEA D,
ZO—2 b LTHEEDOESHBENET NS,
%< OF TILEBEOINT, HisT 2L
BhE U A 7 OB RE STV D, AT
Th., F—KEFELETEB) IR O & T
THEHEFEO ) A7 1TE» -T2, BE, BRH
TR YTV RT T oA TIL, BEFD
BRI IEEOER RS L TREREEE S
DL EN, AFEROHEREE X BV,
LHIZ DWW T ORI TIE, RY AT 4 v
GINT TR 2 T BHEZNUR S 5 OICAR+47
TN I o TR L < BERIER
DEEENG LR TS RV, L
MU, T IV ER LN EHEIZO
WTIEBME L FREOFRERAFR O TR Y .
HITES W EE L D A 7 OBMRITmEME
HIAFHET DD LRI SN D,
@  AEEEELFEICLDEY X7 O
wf



AHFFETiE, FFZEQ D & 5 1A B IER D%
FEETH Db DI > TEBIHRIFZE & 3%
&% < DIEFIN K DAL, YT N A OD 720
EOMHEDIR LW, EEEERO
B AEWINLTmET VL Lis, i)y, 2o
FEMEEZHEERT 2720, MW A7 22 LT
FEORLMIEBN 3 LT, A BRI A FTRE
RIRVIBHNT S L L, RYREY~ Y &
BB LT, B~ UL B A 4
PR A3 L CRERRE & v EA L L 725
WroeE ~Rk s,
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1. Sex and age distribution of all cancers and controls

ALL Prostate Breast Kidney
case control case control case control case control
Industrial category 57,913 57,913 3,429 3,429 5,093 5,093 1,450 1,450
All 41,957:15956  41,957:15,956 3,429:0 3,429:0 75:5,018 75:5,018 1,136:314 1,136:314
66.7+11.5 66.8+11.8 66.4+8.8 66.4+9.11 56.2+12.8 56.4+12.9 63.3+11.9 63.4+12.2
Agriculture 1,812:1,236 2,569:1,313 149:0 186:0 3:157 2:216 29:20 49:22
75.9%+9.9 75.1%+10.8 72.2+9.1 734%+9.2 69.8+13.5 68.5+14.8 71.9+10.3 ARESVA
Fisheries 716:69 957:94 40:0 93:0 0:6 1:24 25:3 33:0
71.9+9.6 70.0%10.1 68.0+8.7 69.1+9.1 70.3+18.5 63.7+8.1 70.5+11.1 64.5+12.3
Mining 421:14 349:11 29:0 27:0 0:3 2:2 9:0 2:1
74189 73.8+85 74.2+8.6 73.2+7.4 58.7+4.2 66.0+9.2 68.4+12.1 71.7+5.7
Construction 6,453:601 6,953:535 439:0 587:0 11:185 11:160 167:10 196:7
66.5+10.4 65.9+10.4 65.9+8.13 65.1+8.5 56.4+4.2 57.7+12.4 63.2+11.2 62.2+10.2
Manufacturing 11,973:3,059  11,696:2,894 980:0 946:0 21:941 23:878 339:57 315:59
67.3+10.8 67.4+10.9 66.3+8.6 66.3+8.9 58.2+12.7 58.0+12.7 63.2+12.3 64.8+12.2
Electricity and gas 466:50 491:82 51:0 30:0 0:23 1:33 10:2 6:3
68.7+10.9 68.1+12.4 68.5+9.4 65.5+10.2 56.6+12.8 57.4+15.0 66.5+11.3 63.8+12.1
Information 481:160 384:175 48:0 24:0 1:69 0:72 33:1 21:4
61.7+13.5 63.2+14.8 63.0+9.5 65.0+12.7 51.0%+13.1 50.9+12.8 55.6+12.9 59.9+15.1
Transport 4,818:363 4,667:315 356:0 364:0 5:126 6:103 109:6 125:6
67.9+10.6 67.1+10.8 68.2+8.9 65.8+8.2 53.0+12.8 53.9+12.4 64.6+=11.0 62.8+12.9
Wholesale and retail 4,744:3,037 4,140:2,864 391:0 341:0 7:1020 8:889 132:60 112:49
64.8+11.9 65.7+11.9 66.3+8.5 66.7+9.2 555+12.9 56.4+12.3 62.1+10.9 62.2+11.1
Finance 818:501 798:523 79:0 77:0 2:198 1:190 28:19 23:10
64.3+12.7 65.2+12.3 63.1+8.4 65.5+10.2 542+125 541%+11.0 59.8+12.9 64.3+12.1
Real estate and rental 466:194 551:165 35:0 43:0 1:76 1:53 16:2 20:5
65.1+11.9 66.4+11.7 62.8+7.4 65.8+8.8 555+11.9 554+13.8 65.1+12.3 60.2+12.9
Research and professional services 910:236 774:246 84:0 82:0 2:97 0:97 38:8 16:5
63.8+11.9 651125 63.8+9.7 63.5+7.9 51.4+10.8 53.3+12.8 58.8+12.2 62.6+13.4
Accommodation and dining services 984:1467 946:1,407 63:0 82:0 4:360 1:405 25:33 25:33
64.5+10.6 65.8+11.7 64.3+7.6 65.0+8.3 58.2+11.8 59.9+125 63.9+11.1 62.9+11.8
Amusement services 674:967 777:1004 44.0 68:0 2:282 1:297 12:18 18:21
654+11.8 65.9+11.5 66.1+8.7 65.5+7.6 57.2+13.6 58.2+13.2 65.3+10.9 64.4+13.8
Education 1,279:881 1,255:922 147:0 101:0 4:346 4:312 23:13 29:21
66.5+12.9 65.5+13.3 64.1+9.4 65.3+10.1 557+12.9 52.7+13.0 64.8+13.1 65.2+11.3
Medical and welfare 789:2,126 763:2,266 77:0 65:0 5:789 2:873 21:36 29:42
60.8+12.8 59.9+12.8 64.7+9.1 64.5+8.8 525+11.1 52.6+11.9 58.3+13.5 65.9+13.1
Compound services 512:134 512:152 54:.0 39:0 1:55 1:57 11:2 17:3
67.1+11.2 66.9+12.0 66.9+9.1 66.+8.5 545+9.8 57.4+115 67.6+7.4 64.9+10.3
Other service industries 1,426:589 1,629:672 107:0 121:0 2:185 6:226 46:17 47:18
65.2+10.6 65.2+11.3 64.8+8.1 64.5+9.0 59.2+12.4 57.5+11.9 63.0+10.1 63.0+10.7
Government 2,215:272 1,846:316 256:0 153:0 4:100 4:131 637 54:5
68.3+11.2 66.9+12.8 65.1+9.2 66.9+9.86 58.9+13.5 125%12.2 64.4+11.3 63.9+13.4
High activity” 14,220:2,283  15,495:2,268 1,013:0 1,257:0 19:477 22:505 339:39 405:36
69.1+10.9 68.7+11.2 68.0+8.87 66.9+9.0 60.0+14.5 61.7+14.6 65.4+11.4 64.0+11.9
Low activity* 7,626:2,807 7,265:2,996 762:0 616:0 16:1,057 1:1066 225:68 205:67
66.1+11.9 65.8+124 64.9+9.0 65.5+9.4 55.8+12.6 544+124 62.8+11.8 63.6+11.9

Distribution of 57,913 cases of common cancers and controls with complete information. Each upper row is age (Mean = Standard deviation).

The lower row shows the number of cases (male:female) .

THigh activity group included agriculture, fisheries, mining and construction; reshown.

*Low activity group included finance, real estate and rentals, research and professional services, education, compound services, other service industries

and government; reshown.
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1. (continued)

Ureter Bladder Esophagus Stomach
case control case control case control case control
Industrial category 1,013 1,012 5,964 5,961 2,414 2,414 11,839 11,836
All 828:185 828:185 5314:650 5314:650 2,225:189 2,225:189 9,270:2,569 9,270:2,569
70.9+9.6 71.0+=10.2 70.0+=10.7 70.1%=11.0 68.6+9.33 68.6+9.7 67.4+11.3 674115
Agriculture 36:23 63:19 237:68 346:63 87:18 127:18 475:296 595:259
78779 77.8+9.3 78.0+8.8 77.2+9.2 75.3+8.9 73.7+9.1 75.7+£10.3 751109
Fisheries 12:1 21:2 84:1 110:6 48:0 571 150:17 193:15
73479 72.4+8.6 74.2+10.4 73.2+9.9 70.4+9.5 71.3+9.0 71.3+9.5 70.0%10.1
Mining 5:0 4.0 370 38:1 21:0 26:0 81:0 74:3
69.8+6.6 69.0+14.1 76.2+8.7 73.9+6.9 77.0+6.12 73.7+89 74183 73.5+8.3
Construction 118:8 127:7 736:26 788:19 359:12 345:6 1,401:104 1,544:94
69.9+9.3 71.3+89 68.3+10.3 67.3+10.9 66.8+8.4 66.9+9.3 65.9+10.5 65.6+10.3
Manufacturing 235:36 251:35 1,595:106 1,519:136 663:44 613:45 2,636:515 2,519:453
70.9+89 70.0+=10.2 70.5+9.8 70.1+=10.4 69.0+8.9 68.7+£8.9 67.7+£10.5 67.8+10.7
Electricity and gas 6:0 8:1 47:3 61:1 23:0 24:0 105:6 120:7
71.8+£11.9 69.3+75 70.1+=10.9 731114 67.6+11.6 67.0+£11.2 68.2+12.2 68.3+13.4
Information 8.0 12:0 54:2 50:6 19:2 17:2 111:29 90:25
65.6+11.3 68.1+18.2 63.1%:13.9 68.1+12.8 67.9+135 68.3=11.0 63.9+13.3 66.6+13.9
Transport 81:2 82:4 633:14 613:20 236:6 246:1 1,058:47 1,040:46
71.6+88 70.9+8.4 70.2+10.2 69.9+10.5 68.5+8.9 67.7£9.3 67.7+=10.6 67.1+10.9
Wholesale and retail 77:34 67:32 629:141 541:107 251:24 227:33 1,075:445 920:441
70.8+10.8 71.1+£98 69.1+10.7 69.9+11.6 67.9+9.7 68.0=10.1 65.9+11.5 66.7+11.4
Finance 28:8 15:2 114:15 102:27 46:2 58:6 184:62 180:81
69.8+10.4 71.6%8.1 69.3+12.1 68.9+10.3 69.3+85 69.7+9.8 65.8+11.9 67.2+12.2
Real estate and rental 14:3 14:2 42:3 67:7 28:2 25:1 100:29 121:25
70.1£12.9 67.1+14.4 71.5+13.9 71.3+9.3 70.2+=10.6 69.2+10.5 65.8+11.8 67.4+11.8
Research and professional services 22:0 13:4 117:5 92:8 27:2 50:2 187:35 152:37
69.6115 72.8+95 67.2+10.9 67.4+10.6 67.9+10.0 70.4£12.0 65.8+11.9 66.1+125
Accommodation and dining services 28:26 11:12 106:55 124:55 81:41 60:15 201:247 216:222
69.9+8.7 69.9+95 67.5+11.4 69.7+12.1 68,2+10.8 69.0+9.7 65.9+10.7 66.3+=11.1
Amusement services 16:14 14:11 84:49 96:52 34:15 51:12 135:152 168:176
68.3+9.2 67.9+11.3 69.2+10.5 70.9+9.8 65.3+8.7 68.7+£9.2 67.2+11.2 66.2+11.5
Education 19:9 29:11 158:35 163:28 71:2 71:7 284:123 291:161
69.9+94 71.7£9.7 72.1+£10.9 709+11.4 67.6£9.7 68.5+10.3 67.5+£125 66.7+12.8
Medical and welfare 19:10 17:25 127:87 103:70 31:8 32:29 154:314 170:336
70.9+9.9 66.2+12.1 68.4+11.6 66.9+13.2 69.5+12.6 63.5+10.3 62.3+13.1 62.7+12.7
Compound services 10:0 15:3 871 59:7 21:0 19:0 115:17 117:25
61.1£85 69.2+10.5 70.0+=10.2 706115 68.0+11.3 68.9+11.8 681114 67.4+12.6
Other service industries 37:8 27:13 157:28 179:27 68:7 82:8 320:87 353:118
69.6£8.3 70.4+=10.4 65.6+11.1 68.1+10.9 66.9+09.1 67.9£8.7 65.7+10.7 66.2+10.7
Government 57:3 38:2 270:11 263:10 111:4 95:3 498:44 407:45
725+99 72.6+10.5 70.8+10.2 69.7+12.1 68.7+9.5 69.2+11.4 67.8+11.9 67.4+12.7
High activity' 252:34 297:32 1,727:109 1,895:109 751:36 801:26 3,165:464 3,446:417
72.3+9.4 72.9+93 71.0+=10.6 70.6+10.9 69.2+9.0 68.9+9.6 69.0£11.1 68.5+11.3
Low activity® 187:31 151:37 945:98 925:114 372:19 400:27 1,688:397 1,621:492
70.1+10.2 71.1+104 69.5+11.2 69.5+11.2 68.3+9.8 69.0+104 66.8+11.8 66.8+12.2
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1. (continued)

Liver Pancreas Colon Lung
case control case control case control case control
Industrial category 2,637 2,637 3,056 3,056 12,470 12,470 8,548 8,548
All 2,032:605 2,032:605 2,181:875 2,181:875 8769:3,701 8769:3,701 6,698:1,850 6,698:1,850
66.8+10.8 66.8+=11.1 68.9+10.4 68.9+10.6 66.7+11.5 66.7+11.7 68.5+10.3 68.5+10.7
Agriculture 78:57 105:61 91:98 137:116 330:330 510:343 297:169 449:196
741+9.7 74.9+10.2 77.7+10.3 76.5+10.6 76.7+9.9 75.5+10.8 76.4+88 75.7%+10.1
Fisheries 38:1 56:8 51:5 67:4 146:25 185:25 122:10 141:9
66.8+8.6 67.5+9.5 71.8+8.7 71.6+9.5 70.9+10.6 69.2+10.4 73.6+7.8 71.2+9.8
Mining 21:1 15:1 18:0 19:1 96:8 63:2 104:2 79:0
70.0+71 74176 74.7+93 72.1%+9.9 743+9.4 73.6+9.2 73.8+8.38 75.3+8.8
Construction 354:23 316:22 310:33 384:32 1,377:133 1,490:126 1,181:67 1,165:62
63.6+9.8 64.5+10.6 68.1+9.6 67.2+9.8 66.1+=10.5 65.5+10.9 68.1+9.8 67.3+9.8
Manufacturing 526:108 591:124 597:180 612:168 2,382:715 2,509:671 1,999:357 1,798:325
67.3+10.6 67.0+10.2 68.6+9.7 68.7+9.9 66.9+11.2 67.2+10.9 68.7+9.9 68.5+10.2
Electricity and gas 30:2 24:4 22:3 32:4 99:6 105:19 73:5 80:10
69.6+10.8 67.8+11.7 69.8+10.6 68.0+12.4 69.9+10.7 67.5+11.6 70.6+9.4 71.2%+10.7
Information 17:4 17:7 35:12 19:9 96:35 90:34 59:6 44:17
584+126  64.9%+129 68.5+10.5 65.7+13.3 63.9+14.0 62.3+14.9 62.9+13.1 64.9+145
Transport 269:12 243:8 262:12 230:16 1,029:93 944:73 780:45 774:38
66.5+11.1 64.9+11.4 68.9+9.9 68.7+9.8 66.9+10.8 66.7+10.8 69.0+9.8 68.3+10.1
Wholesale and retail 217:112 216:107 253:161 197:181 1,038:697 838:700 674:343 673:325
66.6+10.7 66.5+12.0 68.7+10.3 67.9+10.9 65.1+=11.5 66.0+11.8 66.6+10.2 67.7+10.3
Finance 27:23 42:13 34:26 36:24 172:100 149:119 104:48 115:51
67.8+10.9 67.0+12.3 66.3+9.4 66.2+10.2 65.3+12.2 65.1+11.9 66.9+11.9 68.9+11.3
Real estate and rental 24:8 30:3 26:8 27:4 115:45 132:45 65:18 71:20
66.9+13.2 69.4+10.9 64.5+10.7 69.7+8.3 66.6+10.7 66.5+10.6 67.5+10.6 66.6+11.5
Research and professional services 49:5 29:2 50:13 36:13 221:53 185:40 113:18 119:38
64.7+11.3 65.9+12.4 67.9+11.3 67.7+12.4 63.5+11.4 64.7+11.7 65.0+10.7 67.6+12.4
Accommodation and dining services 55:83 38:70 41:68 4775 218:354 200:342 162:200 142:178
64.7+10.3 68.5+9.2 65.6+9.9 70%+10.7 65.4+9.9 65.5+11.9 65.7+9.8 68.1+10.3
Amusement services 38:37 31:33 45:61 45:55 157:207 168:218 107:132 117:129
68.1+10.8 67.2+11.3 67.3+9.9 68.7+8.3 65.4+11.2 67.1+10.6 66.5+10.0 67.9+9.1
Education 58:34 59:37 83:50 65:35 288:194 239:223 144:75 204:87
702+11.4 66.2+10.9 70.2+10.6 69.7+12.1 67.4+12.9 67.1+125 69.2+11.4 68.5+11.9
Medical and welfare 33:66 41:72 40:103 40:92 179:469 150:488 103:244 114:239
67.5+10.1 63.4+10.2 66.4+11.4 66.110.1 62.1+=11.5 61.3+11.6 64.3+10.9 63.9+11.0
Compound services 21:4 25:4 23:6 29:10 88:34 107:25 81:15 84:18
65.9+13.1 70.4+15.6 70.4+143 69.1+10.2 67.3+10.7 66.6+10.6 68.9+10.9 67.3+125
Other service industries 66:23 78:20 83:27 75:21 300:130 314:131 240:77 248:90
65.9+10.5 65.3+10.8 65.7+9.2 66.4+8.6 65.7+10.8 64.9+11.7 66.8+9.7 66.8+11.0
Government 111:2 76:10 117:9 84:15 438:73 391:77 290:19 281:18
67.8+11.7 67.6+12.3 69.7+10.3 68.3+13.4 69.1+11.6 66.8+12.9 70.5+10.2 69.4+11.3
High activity" 760:94 735:100 732:148 837:169 2,978:589 3,192:569 2,484:293 2,608:305
66.8+11.1 67.1+=11.4 70.8+10.5 70.3+10.7 68.8+11.3 68.4+115 70.3+=10.0 69.8+10.5
Low activity® 356:99 339:89 416:139 352:122 1,622:629 1.157:660 1,037:270 1,122:322
67.2+11.7 66.9+11.8 68.2+10.6 68.1+11.2 66.7+11.8 66.0+12.1 68.1+10.8 68.1+11.6
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k2. Distribution of life—related diseases for each industrial group

Industrial category Brinkman Index’ AIcohoI(g/day)Jr Hypertension* Hyperlypidemia*
case control case control case control case control
All 410(0:840)  250(0:740) 23.5(0:75.0) 0(0;600) 20,099(34.7)19,461(33.6) 6,726(11.6) 6,866(11.8)
Agriculture 0(0:760) 0(0:630) 0(0:56.0) 0(0:400) 1,172(38.5) 1,403(36.1) 237(1.8) 257(6.6)
Fisheries 735(200:1060) 600(0:1000) 52.8(0:95.0) 460(0:900)  320(40.8) 336(32.0) 60(7.6) 53(5.0)
Mining 611(300:960) 550(82:900) 47.0(0:85.5) 78(0:825) 186(42.8) 137(38.1) 47(10.8) 30(8.3)
Construction 660(240:980) 530(38:880) 52.0(0:90.0) 356(0:800) 2,554(36.2) 2,493(33.3) 679(9.6) 679(9.1)
Manufacturing 470(0:840) 300(0:740) 30.0(0:76.0) 90(0:600) 5,267(35.0) 5,321(36.5) 1,678(11.2) 1,757(12.1)
Electricity and gas 540(40:860) 180(0:580) 50.0(0:80.0) 0(0:400)  204(39.5) 203(35.4) 79(15.3) 69(12.0)
Information 340(0:700) 180(0:720) 20.0(0:60.0) 0(0:400) 200(31.2) 176(31.5) 124(19.3)  142(25.4)
Transport 600(250:980) 510(70:900) 50.0(0:90.0) 390(0:800) 1,915(40.0) 1,749(35.1) 513(9.9) 568(11.4)
Wholesale and retail 300(0:780) 137(0:620) 4.8(0:66.0) 0(0:500) 2,552(32.8) 2,258(32.2) 873(11.2)  772(11.0)
Finance 300(0:760)  175(0:720) 5.0(0:66.0) 5.0(0:600)  438(33.2) 391(29.6) 230(17.4)  184(13.9)
Real estate and rental 400(0:840) 327(0:780) 21.8(0:71.2) 110(0:670)  216(32.7) 207(28.9) 74(11.2) 46(6.4)

Research and professional services 440(0:820) 295(0:700) 28.5(0:74.0) 60(0:560) 375(32.7) 326(32.0) 161(14.1)  187(18.3)
Accommodation and dining services ~ 255(0:740)  49(0:540) 0(0:60.0) 0(0:400)  801(32.7) 745(31.7) 205(8.4) 282(12.0)

Amusement services 30(0:590) 0(0:500) 0(0:41.0)  0(0:280)  529(32.2) 571(32.2) 166(10.1)  194(10.9)
Education 0(0:560) 0(0:400) 0(0:40.0) 0(0:204) 730(33.8) 690(31.7) 356(16.5)  340(15.6)
Medical and welfare 0(0:320) 0(0:230) 0(0:21.6) 0(0:140) 785(26.9) 878(29.0) 528(18.1)  610(20.2)
Compound services 400(0:800) 216(0:690) 25.5(0:72.0) 0(0:600) 225(34.8) 221(33.3) 81(12.5) 115(17.3)
Other service industries 430(0:860) 200(0:675) 21.6(0:75.0) 30(0:600) 660(32.8) 686(31.2) 239(11.9) 185(8.4)
Government 525(25:880) 300(0:740) 40.0(0:80.0) 120(0:600) 970(39.0) 670(31.0) 396(15.9)  396(18.3)
High activity § 600(42:960) 450(0:860) 42.0(0:86.0) 240(0:760) 6,147(37.3) 6,118(34.4) 1,536(9.3) 1,587(8.9)
Low activity ! 370(0:800)  192(0:650) 20.0(0:70.0) 0(0:552) 3,614(34.6) 3,191(31.1) 1,537(14.7) 1,453(14.2)

"The amount of Brinkman Index and alcohol consumption. Median (IQR25%:75%) IQR:Interquartile range.
*The number of historical life-related diseases (%).
8 High activity group included agriculture, fisheries, mining and construction; reshown. T ow activity group included finance, real estate and

rentals, research and professional services, education, compound services, other service industries and government; reshown.
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&K 2. (continued)

Industrial category HyperuricemiajF Diabetes’ Obesity#
case control case control case control

All 1,769(3.1)  1,778(3.1)  8,683(15.0)  9,206(15.9) 7,451(12.9) 6,912(11.9)
Agriculture 47(1.5) 41(1.1) 399(13.1) 639(16.5) 200(6.6) 229(5.9)
Fisheries 22(2.8) 14(1.3) 144(18.3) 146(13.9) 61(7.8) 46(4.4)
Mining 11(2.5) 7(1.9) 65(14.9) 87(24.2) 21(4.8) 25(6.9)
Construction 224(3.2) 204(2.7) 1,193(16.9) 1,104(14.7) 817(11.6)  855(11.4)
Manufacturing 473(3.2) 509(3.5) 2,197(14.6) 2,459(16.9) 1,992(13.3) 1,770(12.1)
Electricity and gas 27(5.2) 40(6.9) 90(17.4) 107(18.7) 75(14.5) 88(15.4)
Information 42(6.6) 41(7.3) 95(14.8) 60(10.7) 110(17.2)  107(19.1)
Transport 159(3.1) 225(4.5) 886(17.1) 1,042(20.9) 684(13.2) 660(13.3)
Wholesale and retail 224(2.9) 169(2.4) 1,116(14.3) 1,055(15.1) 970(12.5)  858(12.3)
Finance 58(4.4) 89(6.7) 191(14.5) 161(12.2)  225(17.1) 179(13.6)
Real estate and rental 23(3.5) 6(0.8) 113(17.1) 140(19.5) 85(12.9)  100(13.9)
Research and professional services 64(5.6) 43(4.2) 164(14.3) 99(9.7) 178(15.5) 135(13.2)
Accommodation and dining services 41(1.7) 37(1.6) 312(12.7) 472(20.1) 283(11.6) 308(13.1)
Amusement services 31(1.9) 54(3.0) 228(11.9) 245(13.8) 203(12.4) 162(9.1)
Education 62(2.9) 102(4.7) 325(15.1) 285(13.1)  350(16.2) 282(13.0)
Medical and welfare 77(2.6) 51(1.7) 285(9.8) 299(9,9) 406(13.9)  389(12.9)
Compound services 16(2.5) 28(4.2) 121(18.7) 104(15.7)  111(17.2) 122(18.4)
Other service industries 43(2.1) 56(2.5) 324(16.1) 319(14.5) 246(12.2)  241(11.0)
Government 125(5.0) 62(2.9) 435(17.5) 383(17.7) 434(175)  356(16.5)
High activity§ 463(2.8) 491(2.8) 2,687(16.3) 3,018(16.9) 1,783(10.8) 1,815(10.2)
Low activityﬂ 391(3.8) 386(3.8) 1,673(16.0) 1,491(14.5) 1,629(15.6) 1,415(13.8)
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& 3. 0dds ratio of each industry to cancer in males

Industrial category Prostate Kidney Ureter Bladder Esophagus Stomach Liver Pancreas Colon Lung
Numbers of cases 3,429 1,136 828 5314 2,225 9,270 2,032 2,181 8,769 6,698
Agriculture 0.66(0.50-0.87)  0.53(0.31-0.92)  0.47(0.27-0.86) 0.57(0.46-0.71) 0.58(0.41-0.85) 0.68(0.58-0.80) 0.71(0.49-0.96) 0.51(0.36-0.72) 0.50(0.42-0.59) ~0.69(0.57-0.85)
0.004™ 0.023" 0.013" 0.000" 0.004" 0.000"" 0.041" 0.000™ 0.000" 0.000"
Fisheries 0.37(0.24-0.56)  0.61(0.33-1.15)  0.45(0.20-1.01) 0.61(0.45-0.85) 0.68(0.43-1.10) 0.58(0.45-0.73) 0.63(0.38-0.98) 0.57(0.37-0.89) 0.59(0.46-0.76) ~0.69(0.52-0.94)
0.000" 0.126 0.055 0.003" 0.113 0.000"" 0.055 0.015" 0.000" 0.017"
Mining 0.89(0.49-1.63) 3.30(0.68-16.16)  1.31(0.32-5.45) 0.80(0.49-1.31) 0.64(0.32-1.25) 0.95(0.67-1.34) 1.58(0.73-3.42) 0.65(0.37-1.53) 1.14(0.81-1.59) 1.25(0.87-1.81)
0.726 0.139 0.704 0.381 0.192 0.792 0.242 0.442 0.444 0.211
Construction 0.65(0.54-0.79)  0.73(0.51-1.02)  0.78(0.51-1.21) 0.78(0.66-0.91) 0.83(0.65-1.07) 0.75(0.66-0.84) 1.02(0.79-1.32) 0.62(0.48-0.79) 0.73(0.64-0.82) 0.96(0.82-1.11)
0.000" 0.069 0.278 0.002" 0.154 0.000" 0.827 0.000"" 0.000" 0.555
Manufacturing 0.88(0.74-1.05)  0.93(0.69-1.27)  0.85(0.57-1.26) 0.92(0.80-1.06) 0.98(0.78-1.24) 0.92(0.83-1.01) 0.89(0.69-1.12) 0.79(0.63-0.98) 0.76(0.68-0.86) 1.19(1..04-1.37)
0.163 0.661 0.415 0.246 0.892 0.103 0.314 0.039" 0.000" 0.012"
Electricity and gas 1.44(0.90-2.32)  1.33(0.47-3.85)  0.63(0.20-2.01) 0.72(0.47-1.08) 0.80(0.41-1.58) 0.79(0.59-1.04) 1.36(0.75-2.47) 0.49(0.26-0.90) 0.76(0.57-1.02) 1.19(0.82-1.74)
0.132 0.587 0.429 0.116 0.531 0.099 0.310 0,022 0.074 0.363
Information 1.73(1.03-2.90  1.36(0.73-2.55)  0.66(0.24-1.78) 0.95(0.63-1.43) 1.08(0.53-2.20) 1.03(0.77-1.40) 1.10(0.53-2.30) 1.44(0.79-2.61) 0.86(0.64-1.17) 1.52(0.98-2.36)
0.037° 0.324 0.411 0.814 0.829 0.800 0.801 0.232 0.351 0.065
Transport 0.84(0.68-1.04)  0.71(0.49-1.03)  0.89(0.55-1.42) 0.86(0.73-1.01) 0.83(0.63-1.09) 0.85(0.74-0.96) 1.01(0.77-1.33) 0.86(0.66-1.12) 0.86(0.76-0.98) 0.99(0.84-1.16)
0.102 0.072 0.617 0.076 0.177 0.747 0.928 0.268 0.028" 0.856
Wholesale and retail (ref)

Finance

Real estate and rental

Research and professional services
Accommodation and dining services
Amusement services

Education

Medical and welfare

Compound services

Other service industries

Government

High activity'

Low activity *

1.00(ref)

0.86(0.61-1.22)
0.414
0.73(0.45-1.17)
0.452
0.86(0.61-1.21)
0.605
0.70(0.49-1.17)
0.482
0.55(0.36-0.85)
0.006™
1.15(0.86-1.55)
0.349
0.94(0.65-1.37)
0.745
1.87(0.76-1.86)
0.454
0.77(0.57-1.04)
0.095
1.40(0.85-1.79)
0.009™

0.70(0.59-0.83)
0.000™
1.05(0.88-1.27)
0.534

1.00(ref)

1.13(0.46-3.85)
0.693
0.81(0.38-1.69)
0.572
2.21(1.13-4.36)
0.021*
0.84(0.44-1.56)
0.576
0.64(0.29-1.41)
0.266
0.68(0.37-1.25)
0.221
0.66(0.35-1.24)
0.202
0.61(0.26-1.42)
0.248
0.87(0.53-1.42)
0.575
0.98(0.62-1.54)
0.938

0.69(0.51-0.95)
0.020"
0.96(0.70-1.33)
0.827

1.00(ref)

1.48(0.71-3.09)
0.298
1.00(0.43-2.34)
0.996
1.57(0.69-3.54)
0.281
2.03(1.01-4.53)
0.085
1.10(0.48-2.51)
0.830
0.62(0.31-1.21)
0.159
1.03(0.48-2.21)
0.942
0.55(0.22-1.35)
0.195
1.22(0.66-2.25)
0.517
1.31(0.75-2.28)
0.350

0.44(0.26-0.74)
0.002"
1.06(0.71-1.60)
0.760

1.00(ref)

0.95(0.60-1.27)
0.724
0.49(0.32-0.74)
0.001™
1.10(0.81-1.49)
0.530
0.77(0.58-1.02)
0.075
0.76(0.55-1.05)
0.104
0.88(0.68-1.13)
0.313
1.08(0.81-1.45)
0.593
1.34(0.94-1.92)
0.106
0.75(0.58-0.96)
0.023"
0.88(0.71-1.08)
0.235

0.77(0.67-0.88)
0.000™
0.88(0.76-1.03)
0.106

1.00(ref)

0.71(0.45-1.12)
0.149
0.94(0.53-1.71)
0.850
0.45(0.27-0.76)
0.003"
1.21(0.81-1.82)
0.34
0.58(0.35-0.97)
0.039"
0.88(0.59-1.31)
0516
0.63(0.47-1.47)
0.526
1.12(0.56-2.27)
0.743
0.68(0.46-1.02)
0.063
1.04(0.64-1.47)
0.824

0.78(0.62-0.97)
0.028"
0.82(0.64-1.04)
0.101

1.00(ref)

0.88(0.69-1.10)
0.696
0.76(0.57-1.01)
0.568
1.06(0.84-1.34)
0.639
0.78(0.63-0.97)
0.028"
0.73(0.57-0.94)
0.014%
0.92(0.76-1.12)
0413
0.79(0.63-1.02)
0.068
0.86(0.65-1.13)
0.292
0.77(0.65-0.92)
0.004™
1.04(0.88-1.22)
0.638

0.76(0.69-0.85)
0.000™
0.91(0.82-1.02)
0.123

1.00(ref)

0.64(0.38-1.10)
0.109
0.78(0.43-1.42)
0.421
1.76(1.05-2.97)
0.033"
1.42(0.90-2.27)
0.138
1.21(0.71-2.09)
0.485
0.97(0.64-1.49)
0.907
0.89(0.53-1.51)
0.673
0.98(0.52-1.85)
0.953
0.83(0.56-1.23)
0.359
1.52(1.05-2.19)
1.059

0.67(0.48-0.93)
0.048"
1.06(0.83-1.37)
0.607

1.00(ref)

0.78(0.46-1.32)
0.365
0.73(0.41-1.30)
0.286
1.09(0.67-1.76)
0.713
0.69(0.44-1.12)
0.137
0.79(0.50-1.24)
0.316
1.06(0.62-1.57)
0.751
0.84(0.52-1.37)
0.496
0.69(0.39-1.26)
0.237
0.84(0.58-1.21)
0.343
1.09(0.77-1.53)
0.626

0.67(0.54-0.84)
0.000™
0.94(0.74-1.20)
0.616

1.00(ref)

0.93(0.73-1.18)
0.542
0.71(0.54-0.93)
0.013"
0.96(0.78-1.12)
0.768
0.89(0.72-1.10)
0.286
0.77(0.61-0.98)
0.038"
0.98(0.80-1.20)
0.844
0.98(0.80-1.20)
0.929
0.65(0.48-0.87)
0.005"
0.76(0.66-0.92)
0.004"
0.90(0.77-1.07)
0.255

0.74(0.66-0.82)
0.000™
0.86(0.76-0.97)
0.012"

1.00(ref)

0.81(0.59-1.11)
0.192
0.99(0.68-1.47)
0.998
0.99(0.73-1.36)
0.990
1.18(0.89-1.56)
0.258
0.81(0.59-1.16)
0.198
0.91(0.69-1.19)
0.508
1.13(0.18-1.57)
0.452
1.22(0.85-1.74)
0.282
0.99(0.79-1.25)
0.953
1.05(0.84-1.30)
0.686

0.69(0.57-0.84)
0.000™
0.99(0.85-1.15)
0.960

Odds ratios were estimated by conditional logistic regression matched for age, sex, admission period, and admitting hospital.

The upper row shows odds ratios (95% confidence interval) against wholesale and retail as a reference (ref).
The lower row shows a p-value of <0.01** or <0.05* were considered to be statistically significant

?High activity group included agriculture, fisheries, mining and construction; reshown.
*Low activity group included finance, real estate and rentals, research and professional services, education, compound services, other service industries and government; reshown.
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4. Odds ratio of each industry to cancers in females

Industrial category Breast Kidney Ureter Bladder Esophagus Stomach Liver Pancreas Colon Lung
Number of cases 5018 314 185 650 189 2,569 605 875 3,701 1,850
Agriculture 0.62(0.48-0.78)  0.72(0.31-1.59) 0.97(0.40-.32))  0.92(0.55-1.53)  2.43(0.85-6.99) 1.19(0.94-1.51) 0.91(0.56-1.47)  0.90(0.61-1.35) 0,98(0.80-1.21) 0.85(0.63-1.14)
0.000™ 0.409 0.941 0.744 0.099 0.146 0.699 0.620 0.868 0.273
Fisheries 0.21(0.09-0.53) NA NA  0.11(0.01-0.94) NA  1.15(0.54-2.45)  0.13(02-1.09)  1.38(0.30-6.42) 1.00(0.56-1.81) 0.93(0.35-2.51)
0.001™ NA NA 0.044 NA 0.710 0.061 0.683 0.987 0.893
Mining 1.34(0.22-8.17) NA NA NA NA NA 0.85(0.05-14.82) NA  4.34(0.92-20.6) NA
0.75 NA NA NA NA NA 0.911 NA 0.064 NA
Construction 0.99(0.78-1.24)  1.21(0.42-3.48) 0.79(0.24-2.62)  1.10(0.55-2.21)  3.65(0.85-15.62)  1.08(0.79-1.49)  0.95(45-1.83)  1.18(0.69-2.05) 1.05(0.81-1.34)  0.97(0.65-1.46)
0.901 0.715 0.699 0.773 0.081 0.618 0.880 0.540 0.718 0.892
Manufacturing 0.95(0.83-1.07)  0.76(0.43-1.35) 0.83(0.39-1.77)  0.65(0.45-0.94)  1.62(0.74-3.56)  1.13(0.94-1.37) 0.84(0.57-1.25)  1.25(0.90-1.73) 1.07(0.93-1.25) 1.03(0.82-1.29)
0.406 0.350 0.623 0.023" 0.228 0.187 0.388 0.178 0.339 0.793
Electricity and gas 0.64(0.37-1.10)  0.39(0.05-3.05) NA  1.69(0.16-18.30) NA  0.78(0.26-2.38) 0.46(0.08-2.71)  0.85(0.18-4.00) 0.32(0.12-0.79)  0.53(0.18-1.61)
0.109 0.376 NA 0.666 NA 0.669 0.38 0.838 0.015" 0.63
Information 0.82(0.58-1.16)  0.13(0.02-1.44) NA  024(0.47-1.31)  542(0.50-586) 1.11(0.64-1.93) 056(0.16-2.02)  1.2(0.62-3.75) 1.07(0.65-1.76) ~ 0.37(0.14-0.96)
0.262 0.096 NA 0.100 0.164 0.721 0.377 0.364 0.782 0.042"
Transport 1.12(0.84-1.49)  0.72(0.21-2.45) 0.35(0.05-2.49)  0.54(0.25-1.15) - 0.96(0.61-1.49) 1.28(0.45-3.37) 0.70(0.32-1.57) 1.28(0.92-1.78) 1.18(0.73-1.94)
0.843 0.602 0.299 0.108 0.990 0.849 0.620 0.387 0.137 0.491

Wholesale and retail (ref)

Finance

Real estate and rental

Research and professional services
Accommodation and dining services
Amusement services

Education

Medical and welfare

Compound services

Other service industries

Government

High activity"

Low activityt

1.00(ref)

0.90(0.72-1.12)
0.721
1.22(0.85-1.75)
0.849
0.89(0.66-1.20)
0.66
0.80(0.68-0.95)
0.677
0.84(0.69-1.01)
0.692
0.95(0.80-1.14)
0.795
0.78(0.68-0.89)
0.68
0.80(0.54-1.17)
0.539
0.71(0.57-0.88)
0.573
0.64(0.49-0.84)
0.485

0.84(0.71-0.97)
0.000"
0.85(0.75-1.96)
0.572

1.00(ref)

1.00(ref)

1.69(0.68-4.24) 4.42(0.82-23.92)

0.255
0.26(0.41-1.72)
0.162
1.45(0.41-5.17)
0.564
0.76(0.40-1.44)
0.400
0.68(0.32-1.43)
0.307
0.50(0.22-1.17)
0.110
0.76(0.42-1.38)
0.372
0.43(0.65-2.82)
0.380
0.63(0.28-1.45)
0.283

0.085
1.29(0.20-8.18)
0.790

NA

NA
1.85(0.73-4.69)
0.192
0.83(0.8-2.47)
0.741
0.56(0.17-1.81)
0.332
0.29(0.11-0.79)
0.016

NA

NA
0.42(0.14-1.27)
0.125

1.68(0.45-6.31) 1.55(0.23-10.33)

0.439

0.89(0.48-1.66)
0.701
0.85(0.49-1.47)
0.582

0.648

0.88(0.43-1.78)
0.721
1.05(0.82-1.55)
0.346

1.00(ref)

0.49(0.24-0.98)
0.045
0.31(0.07-1.34)
0.118
0.49(0.15-1.66)
0.255
0.72(0.46-1.14)
0.162
0.79(0.49-1.28)
0.336
1.02(0.57-1.83)
0.942
1.01(0.65-1.56)
0.958
0.10(0.01-0.89)
0.039"
0.89(0.49-1.61)
0.695
1.17(0.47-2.89)
0.736

0.83(0.56-1.24)
0.406
0.70(0.47-1.03)
0.068

1.00(ref)

0.32(0.04-2.57)
0.282
2.14(0.15-30.44)
0.572
1.25(0.16-0.58)
0.828
3.81(1.51-9.64)
0.005
1.36(0.45-4.15)
0.585
0.49(0.06-3.62)
0.481
0.31(0.09-0.99)
0.050

NA

NA
2.74(0.68-11.02)
0.154
2.98(0.34-26.3)
0.325

2.31(0.96-5.56)
0.063
1.23(0.53-2.86)
0.630

1.00(ref)

0.3(0.51-1.05)
0.092
1.11(0.63-1.96)
0.712
0.89(0.54-1.48)
0.675
1.04(0.63-1.31)
0.699
0.3(0.64-1.07)
0.152
0.75(0.57-0.99)
0.046"
0.92(0.75-1.13)
0.449
0.6(0.35-1.23)
0.188
0.71(0.52-0.98)
0.037%
0.98(0.63-1.54)
0.945

1.19(0.95-1.50)
0.248
0.78(0.62-0.95)
0.012

1.00(ref)

1.50(0.9-3.23)
0.297
1.82(0.45-7.34)
0.399
2.64(0.50-13.96)
0.252
0.98(0.63-1.52)
0.930
1.15(0.64-2.05)
0.645
1.04(0.60-1.80)
0.878
0.93(0.59-1.45)
0.752
0.78(0.17-3.47)
0.742
1.02(0.50-2.09)
0.954
0.21(0.04-1.03)
0.055

0.86(0.58-1.29)
0.473
1.07(0.72-1.60)
0.738

1.00(ref)

1.21(0.65-2.22)
0.549
1.99(0.57-6.92)
0.281
1.17(0.50-2.76)
0.16
0.91(0.60-1.34)
0.643
1.24(0.79-1.93)
0.340
1.68(1.03-2.75)
0.036"
1.22(0.85-1.74)
0.283
0.57(0.18-1.82)
0.349
1.39(0.74-2.61)
0.299
0.62(0.26-1.49)
0.287

0.94(0.67-1.31)
0.644
1.26(0.89-1.77)
0.181

1.00(ref)

0.84(0.63-1.12)
0.234
1.03(0.67-1.58)
0.881
1.1(0.86-2.01)
0.206
1.01(0.84-1.22)
0.881
0.95(0.76-1.19)
0.657
0.89(0.71-1.09)
0.259
0.97(0.82-1.14)
0.705
1.37(0.81-2.34)
0.237
0.98(0.75-1.27)
0.757
0.96(0.681.35)
0.810

1.06(0..91-1.26)
0.440
0.95(0.83-1.12)
0.591

1.00(ref)

0.86(0.55-1.3)
0.493
0.72(0.36-1.45)
0.361
0.48(0.26-0.87)
0.016"
0.82(0.62-1.08)
0.154
0.89(0.65-1.21)
0.447
0.84(0.58-1.20)
0.337
0.94(0.73-1.20)
0611
0.87(0.43-1.77)
0.707
0.77(0.54-1.11)
0.157
1.17(0.58-2.38)
0.660

0.94(0.74-1.21)
0.291
0.81(0.64-1.02)
0.072

Odds ratios were estimated by conditional logistic regression matched for age, sex, admission period, and admitting hospital.

The upper row shows odds ratios (95% confidence interval) against wholesale and retail as a reference(ref).

The lower row shows p-values of <0.01"* or <0.05" were considered to be statistically significant

NA: Data was not available for a number of cases, which were thus too small.

rHigh activity group included agriculture, fisheries, mining and construction; reshown.

*Low activity group included finance, real estate and rentals, research and professional services, education, compound services, other service industries and government; reshown.
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5. Sex and age distribution of all cancers and manufacturing industrial categories

ALL Prostate Breast Kidney Ureter Bladder
Industrial category 40,370 2,769 2,462 1,149 454 3,639
All 32,238:8,132 2769:0 49:2,413 978:171 430:64 3,376:263
40,370 65.3+11.4 68.8+9.0 55.5+12.1 62.5+115 69.4+9.9 68,5+11.2
Food 1,856:1,714 165:0 7:464 44:33 26:7 196:61
3570 63.6+11.5 69.6+8.56 56.3+11.1 611119 68.9+10.5 68.2+11.7
Beverages, tobacco and feed 474:138 52:0 3:40 11:4 7:3 50:3
612 65.9+10.8 70.8+9.4 55.7%+125 63.8+12.8 69.3+6.4 67.6+11.6
Textile mill products 729:293 62:0 1:74 27:5 15:2 80:11
1022 68.0+11.4 71.6+7.91 59.9+12.1 65.1+8.5 70.3+7.9 72.6+11.3
Clothes and other textiles 595:1,126 50:0 0:340 20:19 6:15 67:28
1721 64.1+11.8 68.5+11.2 57.3%+115 65.4+11.7 72.3%10.2 67.5+12.9
Lumber and wood products, except furniture 1,129:190 94:0 2:49 35:5 16:4 112:8
1319 67.1+=11.5 70.4+10.3 56.2+12.6 65.7+135 71.8+8.12 69.8+11.6
Furniture and fixtures 561:91 63:0 1:25 17:6 111 57:4
652 66.2+11.1 70.7%9.7 577114 60.4+83 74.5+7.82 68.8+9.5
Pulp, paper and paper products 871:194 90:0 2:54 28:4 6:1 84:8
1065 75.8+11.2 67.0+9.8 58.1+124 625+11.1 68.1%+10.2 66.9+10.5
Printing and allied industries 1,067:249 84:0 0:94 35:6 23:0 130:5
1316 65.2+11.8 67.8+9.2 545+134 60.5+11.1 72.0£9.2 67.3+12.0
Chemicals, and chemical and allied products 3,299:357 350:0 0:143 102:11 38:0 336:11
3656 66.5+11.4 69.9+94 52.4+12.2 63.1%+11.3 70.6+9.1 68.4+11.2
Petroleum and coal products 339:21 33:0 0:7 12:0 30 36:2
360 63.7+11.4 67.7+8.51 45.6+13.2 62.4+9,6 75.6+9.3 65.9+11.2
Plastic produsts, except otherwise classified 421:178 28:0 1:62 16:4 41 34:7
599 62.4+11.1 63.8+7.8 58.2+10.7 56.8+8.8 67.8+8.5 65.9+12.3
Rubber products 248:68 18:0 0:22 8:3 6:1 35:.0
316 64.7+11.8 71.3+9.3 54.3+129 642+124 604113 69.5+10.3
Leather tannning, leather products and fur 75:31 5:0 0:10 2:1 1.0 8:0
106 61.3+11.1 69.6+9.1 488+114 70.6+4.2 - 64.3+14.7
Ceramic, stone and clay products 1,878:289 139:0 4:72 45:4 28:1 196:14
2167 66.5+10.9 69.8+8.7 58.2+135 63.5+115 659+11.1 70.0+=10.4
Iron and steel 3,746:224 348:0 6:70 106:2 48:0 3937
3970 66.1+10.6 69.1+8.7 54.0+11.1 64.5+10.4 68.1+9.0 68.9+10.1
Non-ferrous metals and products 990:101 84:0 3:38 29:2 13:0 112:4
1091 66.3+10.9 68.9+8.25 55.6+11.7 648+11.1 60.3*10.1 68.111.0
Fabricated metal products 3,823:791 279:0 3:192 93:13 36:8 342:29
4614 66.1+=10.6 67.5+8.4 58.0+11.9 63.9+10.6 72.3*10.5 69.1+9.9
General purpose machinery 3,546:446 306:0 6:149 122:8 51:2 377:14
3992 65.5+11.4 69.3+7.8 55.1+13.3 642+119 68.6+10.9 68.3+10.8
Electrical machinery, equipment and supplies 1,153:344 98:0 2:100 51:12 19:2 125:10
1497 62.7+12.2 64.1+84 49.4+12.1 59.3+129 63.5+11.1 68.7+12.4
Information and communication electronics 585:198 58:0 1:77 28:7 9:1 65:4
783 61.4+12.7 66.6+9.53 51.1%£9.7 55.1+x11.7 67.9+89 61.7+15.3
Electronic parts, devices and electronic circuits 521:316 37:.0 0:104 27:9 9:2 60:6
837 58.8+11.9 62.6+8.9 50.7%+11.3 56.8+10.7 68.9+6.3 641115
Transportation equipment 3,306:362 251:0 5:103 91:5 45:8 368:14
3666 66.2+11.2 68.9+8.7 541+11.8 62.8+10.8 69.5+10.1 69.5+10.8
Precision machinery 386:101 29:0 2:41 12:0 1:0 41:2
487 62.2+11.5 65.5+8.8 54.3+125 55.2+9.56 - 65.6+10.0
Miscellaneous manufacturing industries 659:293 46:0 0:83 17:8 9:5 72:11
952 66.0+11.7 71.7+10.7 56.5+13.1 61.1+14.6 72.3+6.3 68.6+11.4

Distribution of 40,370 cases of common cancers with complete information. Each upper row is age (mean= standard deviation).

Each lower row shows the number of cases (male:female) .
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5. (continued.)

Esophagus Stomach Pancreas Lung
Industrial category 1,730 9,741 2,869 1,944 7,758 5815
All 1,612:118 7,989:1,752 2,518:351 1,535:409 5,991:1,767 4,991:824
40,370 66.4+9.6 64.1+11.7 64.2+10.5 66.4+10.6 65.6+11.1 67.5+10.5
Food 121:28 457:375 164:81 98:98 317:378 262:188
3570 65.3+8.9 62.7+11.4 63.5+10.6 65.3+9.9 64.9+11.1 64.9+11.2
Beverages, tobacco and feed 35:0 110:27 39:8 33:3 81:34 53:16
612 68.1+6.4 63.8+11.2 66.7+8.2 67.3+9.8 65.9+10.0 68.6+9.8
Textile mill products 40:7 175:65 71:16 38:19 106:69 114:25
1022 68.3+9.5 67.6+=11.6 63.9+11.1 69.1+12.3 68.3+11.3 70.2+10.6
Clothes and other textiles 27:13 160:228 50:55 37:50 116:247 64:129
1721 67114 64.2+11.6 65.4+9.8 65.5+11.9 66.2+10.9 65.9+10.5
Lumber and wood products, except furniture 57:2 299:39 74:8 55:10 186:46 199:19
1319 66.4+10.9 65.7+11.1 65.6+9.1 69.6+9.5 67.1%+11.8 68.9+11.3
Furniture and fixtures 26:0 131:23 39:2 19:3 111:23 86:4
652 66.7+8.5 64.7+125 64.4+125 67.2+10.7 65.6+10.5 68.4+10.0
Pulp, paper and paper products 51:2 217:44 58:14 39:12 169:37 127:18
1065 67.5+10.1 63.6+11.8 62.3+11.2 64.6+10.7 64.6+10.8 67.4%+10.0
Printing and allied industries 80:2 233:44 82:13 51:15 213:55 136:15
1316 67.1+94 64.8+11.7 66.91+10.5 67.1+10.5 64.5+11.5 67.1+=11.0
Chemicals, and chemical and allied products 121:28 797:75 233:17 151:9 614:63 532:25
3656 65.2+8.92 63.9+8.2 64.2+8.38 67.5+9.6 66.4+11.6 68.9+10.2
Petroleum and coal products 19:0 82:5 20:3 16:0 68:3 50:1
360 66.7+10.3 61.5+11.8 68.0+10.5 58.0+15.9 63.4+10.9 64.9+8.6
Plastic produsts, except otherwise classified 32:3 95:38 30:1 19:5 92:38 71:18
599 61.5+10.8 61.0+=11.6 60.8+11.9 61.7+9.7 64.5+11.7 64.4+95
Rubber products 14:1 58:14 25:3 11:6 40:14 33:4
316 61.3+12.1 63.1+=11.3 61.6+10.5 66.8+10.1 66.6+11.9 67.5+10.9
Leather tannning, leather products and fur 1:0 23:6 11:1 4:4 11:4 9:5
106 - 60.1+=11.4 64.9+7.3 59.8+10.0 62.4+95 62.5+9.8
Ceramic, stone and clay products 88:1 441:70 159:23 77:14 323:56 378:34
2167 66.91+9.5 64.5+11.6 64.9+11.9 6741114 67.1+£10.4 67.9+94
Iron and steel 173:2 946:46 321:12 179:17 659:42 568:25
3970 65.7+9.5 63.6+11.4 64.31+9.94 66.8+10.5 66.4+10.4 69.0+9.37
Non—ferrous metals and products 52:2 236:24 65:4 53:3 176:18 168:5
1091 66.1+-10.6 65.1+=11.9 64.2+88 67.4+9.8 65.5+10.6 69.5+10.0
Fabricated metal products 223:9 1,015:193 307:31 178:44 750:203 598:68
4614 65.8+8.9 65.0+8.5 64.9+10.2 67.8+9.3 66.4+10.1 68.3+9.75
General purpose machinery 156:4 889:90 281:12 152:23 682:97 524:47
3992 66.4+8.3 64.3+11.7 64.3+10.2 66.9+10.3 64.8+11.4 67.9+11.0
Electrical machinery, equipment and supplies 55:3 262:81 65:14 49:13 258:66 169:43
1497 66.2+10.5 61.9+11.9 60.7+11.8 63.7+10.3 63.8+11.7 64.9+11.3
Information and communication electronics 29:3 119:39 28:8 38:10 129:22 81:27
783 65+9.3 60.6+12.7 62.4+11.6 61.5+12.4 62.8+12.8 65.7+11.1
Electronic parts, devices and electronic circuits 20:1 116:69 31:10 33:18 120:71 68:26
837 64.6+14.5 56.6+11.6 61.5+11.1 61.7+9.1 58.6+11.9 62.7+10.6
Transportation equipment 140:6 852:58 281:7 160:20 550:96 562:44
3666 66.9+9.2 65.2+11.7 64.9+10.0 67.1+=11.2 66.0+=11.2 67.33+=10.5
Precision machinery 21:0 96:19 38:2 21:2 76:25 49:10
487 68.9+12.2 60.4+13.3 62.5+8.2 64.1+12.6 62.7+10.0 64.4+99
Miscellaneous manufacturing industries 31:1 180:80 46:6 24:11 144:60 90:28
952 6.9+9.4 66.9+11.2 66.9+11.2 67.3+12.5 66.4+10.4 68:9+10.7
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6. Odds ratio for each manufacturing industry using all cases

Industrial category

Number of cases

Prostate

2,769

Breast

2,462

Kidney

1,149

Ureter

494

Bladder

3,639

Food (reference)

3,570
Beverages, tobacco and feed
612
Textile mill products
1,022
Clothes and other textiles
1,721
Lumber and wood products, except furniture
1,319
Furniture and fixtures
652
Pulp, paper and paper products
1,065
Printing and allied industries
1,316
Chemicals, and chemical and allied products
3,656
Petroleum and coal products
360
Plastic products, except otherwise classified
599
Rubber products
316
Leather tannning, leather products and fur
106
Ceramic, stone and clay products
2,167
Iron and steel
3,970
Non—ferrous metals and products
1,091
Fabricated metal products
4614
General—-purpose mechinery
3,992
Electrical machinery, equipment and supplies
1,497
Information and communication electronics
783
Electronic parts, devices and electronic circuits
837
Transportation equipment
3,666
Precision machinery
487
Miscellaneous manufacturing industries
952

1.27(0.87-1.86)
0.207
1.10(0.78-1.57)
0.583
1.22(0.83-1.79)
0.300
0.69(0.51-0.93)
0.014"
1.16(0.82-1.64)
0.400
1.19(0.87-1.62)
0.266
1.16(0.85-1.58)
0.353
1.26(1.01-1.57)
0.040"
1.83(1.16-2.89)
0.009*
0.76(0.48-1.18)
0.218
0.92(0.52-1.63)
0.779
1.81(0.56-5.85)
0.319
0.87(0.66-1.13)
0.286
1.19(0.95-1.47)
0.126
1.18(0.87-1.61)
0.288
0.76(0.61-0.94)
0.013"
1.04(0.83-1.29)
0.726
1.60(1.19-2.16)
0.002*
1.81(1.27-2.58)
0.001
1.06(0.62-1.58)
0.765
0.89(0.71-1.11)
0.302
0.92(0.58-1.44)
0.703
0.78(0.53-1.15)
0.209

1.18(0.82-1.71)
0.359
1.09(0.82-1.55)
0.562
1.22(1.04-1.44)
0.016"
0.82(0.59-1.12)
0.220
1.34(0.84-2.15)
0.219
1.05(0.76-1.44)
0.772
1.30(0.99-1.69)
0.053
1.26(1.01-1.58)
0.04"
1.14(0.48-2.72)
0.770
1.37(0.99-1.88)
0.050
1.33(0.79-2.22)
0.278
1.38(0.64-2.95)
0.406
0.95(0.72-1.25)
0.704
1.11(0.84-1.47)
0.473
1.95(1.29-2.92)
0.001*
0.81(0.67-0.98)
0.030"
1.14(0.92-1.41)
0.237
1.27(0.98-1.63)
0.069
1.48(1.10-1.98)
0.009°
1.13(0.88-1.45)
0.329
0.99(0.78-1.27)
0.961
1.52(1.04-2.21)
0.961
1.20(0.92-1.58)
0.185

1.07(0.61-1.91)
0.802
1.52(0.98-2.35)
0.057
1.21(0.81-1.80)
0.355
0.92(0.62-1.38)
0.698
1.42(0.87-2.32)
0.164
1.23(0.79-1.89)
0.355
1.63(1.09-2.43)
0.016"
1.40(1.03-1.91)
0.030"
1.94(1.02-3.69)
0.045"
1.41(0.85-2.35)
0.189
1.74(0.89-3.39)
0.102
1.99(0.58-6.81)
0.274
0.93(0.64-1.36)
0.720
1.15(0.84-1.56)
0.387
1.18(0.89-2.14)
0.149
0.83(0.61-1.13)
0.236
1.34(0.99-1.80)
0.055
2.49(1.75-3.55)
0.000*
2.69(1.77-4.11)
0.000*
2.07(1.37-3.13)
0.001*
1.03(0.75-1.41)
0.873
1.16(0.62-2.17)
0.652
1.17(0.73-1.87)
0.516

1.73(0.83-3.62)
0.145
1.90(1.03-3.51)
0.040"
1.70(0.96-3.00)
0.067
1.18(0.65-2.09)
0.581
1.76(0.88-3.51)
0.112
0.55(0.24-1.27)
0.162
2.01(1.15-3.52)
0.014"
0.97(0.59-1.58)
0.909
1.01(0.29-3.45)
0.982
0.77(0.29-2.00)
0.586
2.82(1.19-6.70)
0.018"
2.41(0.30-19.28)
0.407
1.35(0.80-2.26)
0.260
1.30(0.82-2.08)
0.266
1.25(0.64-2.43)
0.520
0.78(0.49-1.24)
0.290
1.29(0.81-2.02)
0.286
2.09(1.18-3.70)
0.011"
2.14(1.02-4.45)
0.043"
1.75(0.86-3.53)
0.120
1.41(0.89-2.22)
0.140
0.21(0.03-1.59)
0.132
1.57(0.82-2.99)
0.176

1.01(0.71-1.43)
0.966
1.03(0.77-1.39)
0.827
1.04(0.79-1.36)
0.801
0.69(0.54-0.89)
0.005°
0.94(0.68-1.31)
0.731
0.93(0.69-1.21)
0.524
1.41(1.09-1.81)
0.008*
1.03(0.85-1.25)
0.795
1.58(1.04-2.41)
0.032"
0.79(0.54-1.15)
0.216
1.33(0.86-2.06)
0.196
1.95(0.79-4.81)
0.143
1.02(0.82-1.26)
0.875
1.08(0.89-1.30)
0.423
1.28(0.98-1.67)
0.063
0.74(0.62-0.89)
0.002*
1.04(0.86-1.25)
0.675
1.46(1.13-1.88)
0.003*
1.69(1.23-2.32)
0.001*
1.26(0.93-1.72)
0.136
1.03(0.85-1.25)
0.746
1.11(0.76-1.62)
0.593
1.06(0.79-1.42)
0.686

Odds ratios of a total of 40,370 cases were estimated by logistic regression. The model included age, sex, period of admission,

admission hospital, smoking (Brinkman Index), and consumption of alcohol as covariates.

Each upper row shows the odds ratio (95% confidence interval) using food manufacturing as a reference (ref).

Each lower row shows p—values <0.01% or <0.05" that were considered to be statistically significant.
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%%6. (continued.)
Industrial category
Number of cases

Esophagus

1,730

Stomach

9,741

Liver

2,869

Pancreas

1,944

Colon

7,758

Lung

5815

Food (reference)

3,570
Beverages, tobacco and feed
612
Textile mill products
1,022
Clothes and other textiles
1,721
Lumber and wood products, except furniture
1,319
Furniture and fixtures
652
Pulp, paper and paper products
1,065
Printing and allied industries
1,316
Chemicals, and chemical and allied products
3,656
Petroleum and coal products
360
Plastic products, except otherwise classified
599
Rubber products
316
Leather tannning, leather products and fur
106
Ceramic, stone and clay products
2,167
Iron and steel
3,970
Non-ferrous metals and products
1,091
Fabricated metal products
4,614
General—-purpose mechinery
3,992
Electrical machinery, equipment and supplies
1,497
Information and communication electronics
783
Electronic parts, devices and electronic circuits
837
Transportation equipment
3,666
Precision machinery
487
Miscellaneous manufacturing industries
952

1.02(0.67-1.54)
0.932
1.03(0.71-1.49)
0.873
0.79(0.54-1.16)
0.237
0.54(0.39-0.75)
0.000
0.56(0.35-0.89)
0.014"
0.75(0.53-1.06)
0.107
1.26(0.92-1.71)
0.148
0.67(0.52-0.87)
0.002*
1.15(0.67-1.98)
0.605
1.04(0.69-1.57)
0.835
1.02(0.56-1.83)
0.949
0.36(0.05-2.89)
0.341
0.65(0.48-0.86)
0.003*
0.71(0.56-0.91)
0.006*
0.88(0.62-1.24)
0.459
0.72(0.57-0.90)
0.004*
0.64(0.49-0.81)
0.000
0.98(0.70-1.38)
0.917
1.11(0.73-1.69)
0.616
0.59(0.36-0.95)
0.030"
0.61(0.47-0.78)
0.000*
0.75(0.45-1.25)
0.269
0.63(0.41-0.95)
0.031*

0.95(0.75-1.20)
0.686
0.98(0.81-1.19)
0.803

0.96(0.68-1.37)
0.834
1.16(0.87-1.54)
0.300

1.02(0.87-1.19) 1.04(0.804-1.35)

0.803
0.73(0.62-0.86)
0.000
0.92(0.73-1.15)
0.454
0.97(0.81-1.16)
0.724
1.03(0.86-1.22)
0.766
1.06(0.93-1.19)
0.398
1.47(1.09-1.98)
0.011*
0.92(0.74-1.16)
0.485
1.11(0.81-1.52)
0.503
1.89(1.13-3.17)
0.015"
0.94(0.82-1.08)
0.400
1.03(0.91-1.16)
0.213
1.12(0.94-1.35)
0.213
0.91(0.81-1.02)
0.096
0.99(0.88-1.12)
0.953
1.37(1.16-1.61)
0.000*
1.21(0.98-1.49)
0.082
1.15(0.95-1.39)
0.139
0.94(0.83-1.05)
0.295
1.14(0.89-1.46)
0.314
1.13(0.94-1.35)
0.199

0.766
0.51(0.38-0.67)
0.000
0.64(0.44-0.93)
0.018"
0.82(0.61-1.09)
0.182
1.03(0.78-1.36)
0.838
0.87(0.71-1.06)
0.174
1.07(0.66-1.73)
0.787
0.67(0.45-1.00)
0.054
1.27(0.81-1.99)
0.294
2.36(1.15-4.83)
0.019*
0.97(0.78-1.21)
0.771
0.94(0.79-1.14)
0.540
0.89(0.66-1.21)
0.488
0.77(0.63-0.92)
0.005°
0.86(0.71-1.04)
0.135
1.00(0.75-1.33)
0.991
0.87(0.59-1.27)
0.467
0.83(0.58-1.18)
0.290
0.85(0.70~1.60)
0.627
1.09(0.75-1.60)
0.627
0.70(0.51-0.98)
0.039"

1.12(0.76-1.65)
0.562
1.05(0.76-1.45)
0.779
0.98(0.75-1.29)
0.884
0.67(0.49-0.91)
0.010"
0.61(0.38-0.97)
0.037"
0.83(0.59-1.16)
0.290
1.16(0.85-1.57)
0.351
0.87(0.69-1.09)
0.234
1.16(0.65-2.05)
0.612
0.75(0.48-1.17)
0.204
1.19(0.69-2.04)
0.535
2.85(1.26-6.47)
0.012*
0.78(0.59-1.02)
0.075
0.98(0.79-1.23)
0.898
1.15(0.83-1.59)
0.410
0.78(0.63-0.96)
0.017"
0.84(0.67-1.04)
0.120
1.15(0.85-1.57)
0.368
1.79(1.27-2.54)
0.001*
1.39(0.99-1.93)
0.051
0.91(0.73-1.34)
0.398
1.00(0.63-1.60)
0.987
0.65(0.45-0.96)
0.031"

1.01(0.86-1.40)
0.446
1.00(0.81-1.24)
0.978
1.11(0.95-1.29)
0.191
0.74(0.61-0.88)
0.001*
1.16(0.92-1.46)
0.223
1.05(0.86-1.27)
0.639
1.37(1.15-1.64)
0.000*
1.13(0.98-1.29)
0.086
1.56(1.14-2.16)
0.006*
1.09(0.87-1.39)
0.446
1.08(0.76-1.52)
0.680
1.45(0.77-2.80)
0.243
0.95(0.82-1.11)
0.538
1.07(0.96-1.43)
0.294
1.17(0.96-1.43)
0.110
0.95(0.85-1.08)
0.439
1.10(0.97-1.25)
0.126
1.67(1.41-1.97)
0.000*
1.46(1.78-1.81)
0.001*
1.43(1.18-1.73)
0.001*
0.97(0.85-1.11)
0.644
1.30(1.01-1.69)
0.043"
1.15(0.94-1.39)
0.177

0.80(0.59-1.09)
0.163
1.04(0.82-1.14)
0.765
1.06(0.86-1.29)
0.596
0.83(0.68-1.02)
0.072
0.89(0.67-1.19)
0.437
0.89(0.70-1.12)
0.312
1.00(0.79-1.25)
0.997
1.07(0.91-1.25)
0.411
1.51(1.04-2.18)
0.029"
1.07(0.81-1.41)
0.623
0.94(0.62-1.42)
0.767
2.00(1.01-3.99)
0.028"
1.26(1.06-1.49)
0.008*
1.04(0.89-1.21)
0.615
1.18(0.91-1.43)
0.267
0.83(0.71-0.96)
00117
0.97(0.83-1.13)
0.709
1.56(1.27-1.92)
0.000*
1.60(1.24-2.07)
0.000*
1.13(0.88-1.46)
0.344
1.11(0.95-1.29)
0.174
0.98(0.70-1.36)
0.894
0.87(0.68-1.12)
0.299
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1 | INTRODUCTION

Renal cell cancer accounts for 2% of all malignancies in Japan, and
the incidence has been increasing in recent years.)® In 2013,

Institution at which the work was performed: Harvard T.H. Chan School of
Public Health, The University of Tokyo, Kanto Rosai Hospital.

| Adolfo G. Cuevas® | Claudia Trudel-Fitzgerald! | Takumi Takeuchi* |
Ichiro Kawachi

Abstract

Objectives: We sought to examine the association between occupational class
linked to job stress and the risk of renal cell cancer. To identify potential mediators,
we additionally examined whether any observed associations persisted even after
controlling for the contribution of stress-related factors (eg, smoking, hypertension,
and obesity).
Methods:

tal group in Japan, we identified 3316 cases of renal cell cancer (excluding upper tract

Using nationwide inpatient records (1984 to 2016) from the Rosai Hospi-

urothelial cancer) and 168 418 controls. We classified patients' occupational class
(blue-collar workers, service workers, professionals, and managers) and cross-classi-
fied it by industry type (blue-collar, service, and white-collar) based on a standardized
national classification. Unconditional logistic regression with multiple imputation was
used for the analyses.

Results: A significantly elevated risk of renal cell cancer was found among men in
higher occupational class (eg, professionals and managers). The elevated odds in male
managers across all industries persisted even after controlling for smoking and alcohol
consumption, with the association being more pronounced in blue-collar industries
(OR, 1.61; 95% Cl, 1.34-1.93). The association appeared to be mainly mediated by
hypertension.
Conclusion: Occupational class is associated with the risk of renal cell cancer in

men, particularly through modifiable risk factors.

KEYWORDS

hypertension, job stress, occupational class, renal cell cancer, smoking

Cancer Information Service, National Cancer Center, Japan, esti-
mated that the total incidence of kidney cancer (including upper
tract urothelial cancer) was 24 865 (16 610 male and 8 255
female).* Growing evidence suggests that stress-related risk fac-
tors—eg, smoking, obesity, and hypertension®”’—contribute to the
risk of renal cell cancer.8** However, very little is known of the

role that stress plays in the risk of renal cell cancer, and the

This is an open access article under the terms of the Creative Commons Attribution License, which permits use, distribution and reproduction in any medium, provided

the original work is properly cited.

© 2018 The Authors. Health Science Reports published by Wiley Periodicals, Inc.
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association between hypertension and the risk of renal cell cancer
has been previously undocumented in Japan.

Stress has long been hypothesized as a possible contributor to can-
cer risk via stress coping responses (ie, an increase in coping behaviors
such as smoking or excess drinking), and/or direct physiological
responses (eg, elevated blood pressure) that is partially mediated by
activation of the sympathetic nervous system, inflammatory pathways,
and the hypothalamic-pituitary-adrenal axis.*>'¢ However, the empiri-
cal evidence linking various dimensions of stress to cancer incidence
has remained inconsistent.>”"*® Regarding work-related stress, in the
Nurses' Health Study, there was no association between multiple
aspects of job stress, such as high demands and low control as well as
low social support at work, and breast cancer or ovarian cancer.}??°
Similarly, meta-analyses have not found an association between work
stress and lung, colorectal, breast, or prostate cancer.?* Yet no study
to date has specifically investigated the relationship between stress
because of work characteristics and renal cell cancer risk.

In Japanese society, higher occupational classes (managers and

professionals) tend to report more job stress,?%23

particularly follow-
ing the collapse of the “economic bubble” in 1990. For example,
Suzuki et al found that the occupational gradient in suicide in Japan
reversed during the last 30 years.?? Specifically, prior to the economic
collapse of the asset bubble in 1991, suicide rates were higher among
service, sales, and production workers. In the decades following the
collapse, however, suicide rates have been higher among professional
and managerial workers.

The distribution of job stress is markedly different in the Japanese
workplace compared with the United States. For example, a recent
study in Japan indicated that higher psychological distress in administra-
tive and professional occupations is associated with increased cancer
mortality at several sites.?* Another study showed that the age-stan-

dardized suicide mortality rate increased among Japanese male

administrative/managerial workers??> between 1975 and 2005. In the
same study, the lowest odds for suicide was observed among blue-collar
production workers.?? More recently, Tanaka et al®® reported that the
age-adjusted mortality rate for male managers increased across 12 types
of occupation during the period of 1995 to 2010, which straddles the
global economic crisis of 2008. While the magnitude of job stress across
occupational classes is debated,?®?” higher occupational class does
indeed appear to be related to greater job stress in Japanese society,
as indicated by the higher rates of suicide rates among managers and
professionals in Japan.??2?% Hence, in contrast to US/European studies,
which typically show that job stress is higher among low-status occupa-
tions compared with high-status ones, the opposite pattern is found in
Japan. Additionally, the prevalence of both hypertension and unipolar
depression appeared to be higher in white-collar occupations compared

with blue-collar occupations in Japan,282?

and hypertension appeared to
be linked to job stress.?®

In the present study, we sought to examine the association
between occupational class and renal cell cancer, assuming that occu-
pational class is a proxy for work-related stress.>°3! In addition, we
assumed that occupational class is associated with stress-related fac-
tors (smoking, hypertension, and obesity), and that these may increase
the risk for renal cell cancer. Therefore, we also tested whether any
observed renal cell cancer risk associated with occupational class
persisted even after controlling for the potential mediation by stress-

related factors.

2 | MATERIALS AND METHODS

We conducted a hospital-based case-control study using inpatient
electronic medical records of the Rosai Hospital group run by the

Japan Organization of Occupational Health and Safety, an

Blue-collar industry

Service & sales industry

White-collar industry

[ Blue-collar worker ] [ Blue-collar worker ] [ Blue-collar worker ]

[Service & clercial worker] [Service & clercial workerl [Service & clercial worker]

( Professional ] ( Professional ] ( Professional ]

[ Manager ] [ Manager ] [ Manager ]
Occup al cl Japan Standard Occupational CI. ifi ion Code

Blue-collar worker

and related workers

Security, agriculture, forestry, fishery, manufacturing, transport 43-59, 64-73
and machine operation (stationary and construction machinery
operators), construction, mining, carrying, cleaning, packaging,

Service & clercial worker Clerical, sales, service, and transport and machine operation
(railway drivers, motor vehicle drivers, ship and aircraft
operators, and other transport related workers)

25—-42, 60-63

Professional Professional and engineering workers 05-24
Manager Administrative and managerial workers 01-04
Industrial cluster Japan Standard Industrial Classification Code
Blue-collar industryt Agriculture, forestry, fisheries, mining, quarrying of stone, A—-F, H
construction, manufacturing, electricity, gas, heat supply, water,
transport, and postal service
Service industry Wholesale, retail trade, accommodations, eating, drinking, I,M,N, QR

living-related, personal, amusement, and compound services,
services not elsewhere categorized

White-collar industryt

classified

Information, communications, finance, insurance, real estate,
goods rental, leasing, education, learning support, medical,
healthcare, welfare, and government except elsewhere

G, J,KLO,PS

T Waste disposal business (Code R88) included. ¥ Political, business and cultural organizations (Code R93), railway transport (Code H42),
road passenger transport (Code H43), and air transport (Code H46) included.

FIGURE 1 Occupational class cross-classified with industrial cluster
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independent administrative agency. Details of the study database
have been previously described.>?3® Briefly, the Rosai Hospital group
consists of 34 general hospitals in the main urban areas of Japan. Since
1984, the hospitals have recorded information on the clinical and
occupational history of all inpatients. The database includes basic
sociodemographic characteristics of patients, clinical diagnoses, and
occupational history, as well as patients' smoking and alcohol habits,
derived from questionnaires completed at the time of admission. Since
2002, pathological diagnoses have been recorded for cancer cases,
while information on other risk factors (eg, hypertension, diabetes,
and obesity) has been recorded since 2005. Trained registrars or
nurses are responsible for registering the data. Occupational history
is coded according to the standardized national classification (viz, the
Japan Standard Occupational Classification and Japan Standard Indus-
trial Classification) corresponding, respectively, to the International
Standard Industrial Classification and International Standard Occupa-
tional Classification.®>3® Written informed consent was obtained
before patients completed the questionnaires.

We obtained a dataset under the research agreement between
the authors and the Japan Organization of Occupational Health and

Safety. The Research Ethics Committees of Graduate School of

Open Access

Medicine, The University of Tokyo, Tokyo (Protocol No. 3890-3) and
Kanto Rosai Hospital, Kanagawa, Japan (Protocol No. 2014-38)
approved the study.

2.1 | Cases and controls

The study subjects comprised 171 734 patients (3316 cases of renal
cell cancer [excluding upper tract urothelial cancer] and 168 418 hospi-
tal controls) aged 20 years or older, admitted to hospitals between April
1984 and March 2016. According to available national statistics esti-
mated with several high-quality local cancer registries in Japan, the total
number of renal cell cancer cases in our data set represents 0.8% of the
total incidence of kidney cancer (including upper tract urothelial cancer)
in Japan for the years 1984 to 2013 (3033 of 357 993).4

We excluded patients with the diagnosis of upper tract
urothelial cancer or patients with preexisting cancer history from
the cases. Controls were patients diagnosed with musculoskeletal
diseases (ICD-9, 410-739 and ICD-10, M00-M99; 89%) and skin dis-
eases (ICD-9, 680-709 and ICD-10, LOO-L99; 11%). We assumed
that these diagnoses selected for the control groups were not linked

to work stress.3*

(A) Men, crude (B) adjusted

FIGURE 2 Odds ratios for renal cell cancer
across different occupational classes stratified
by sex. The odds ratio (dot) and 95%
confidence interval (bar) were estimated by
unconditional logistic regression with 5
imputed data. Male and female odds ratios
were (A, C) adjusted for age and year of
admission and (B, D) additionally adjusted for
smoking and drinking. The numbers of cases
and controls were, respectively, 2703 and
111 925 for men and 613 and 56 493 for
women

Occupational class
Blue-collar industry
Blue-collar (ref.)
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager

Occupational class
Blue-collar industry
Blue-collar (ref.)
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager

(C) Women, crude

FEz pPEL 33

t

T

.25
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TABLE 1 Odds ratios in each occupational class associated with risk for renal cell cancer

Characteristics

Men
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Manager
Service industry
Blue-collar worker
Service worker
Professional
Manager
White-collar industry
Blue-collar worker
Service worker
Professional
Manager
Age, mean (SD), y
Year of admission, mean (SD)
Smoking
Never
<20 pack-year
>20-40 pack-year
>40 pack-year
Daily alcohol intakes
Never
<15¢g
>15-30 g
>30 g
Women
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Manager
Service industry
Blue-collar worker
Service worker
Professional
Manager
White-collar industry
Blue-collar worker
Service worker
Professional
Manager
Age, mean (SD), y

Year of admission, mean (SD)

Control, %>

111 925

39.0
135
4.3
3.2

4.7
134
11
1.6

3.6
8.1
6.5
1.0
50 (17)
2000 (8)

27.0
30.3
25.7
16.9

24.7

6.7
29.3
39.3

56 493

28.9
8.8
0.5
0.5

4.5
28.2
0.8
0.6

0.9
120
14.5

NA
54 (17)
2001 (9)

ZAITSU ET AL.
Open Access

Case Odds Ratio (95% Confidence Interval)®

% Model 1° Model 2¢ Model 3¢

2703

34.2 1.00 1.00 1.00

14.2 1.26 (1.11-1.44) 1.26 (1.10-1.43) 1.26 (1.10-1.43)
5.0 1.52 (1.24-1.86) 1.53 (1.25-1.88) 1.53 (1.25-1.87)
5.8 1.62 (1.35-1.95) 1.61 (1.34-1.94) 1.61 (1.34-1.93)
4.0 1.17 (0.94-1.47) 1.18 (0.94-1.47) 1.18 (0.94-1.48)

13.2 1.29 (1.12-1.49) 1.29 (1.12-1.49) 1.29 (1.12-1.49)
1.2 1.34 (0.94-1.92) 1.36 (0.95-1.95) 1.36 (0.95-1.95)
2.7 1.50 (1.15-1.97) 1.51 (1.15-1.97) 1.51 (1.15-1.97)
2.0 0.78 (0.58-1.05) 0.79 (0.59-1.06) 0.79 (0.59-1.06)
9.6 1.48 (1.25-1.75) 1.48 (1.25-1.76) 1.48 (1.25-1.76)
6.5 1.29 (1.09-1.53) 1.32 (1.11-1.56) 1.32 (1.11-1.57)
1.7 1.47 (1.07-2.03) 1.48 (1.07-2.04) 1.48 (1.07-2.04)

62 (12) 1.05 (1.04-1.05) 1.04 (1.04-1.05) 1.05 (1.04-1.05)

2003 (8) 1.02 (1.01-1.03) 1.02 (1.01-1.03) 1.02 (1.01-1.03)

254 1.00 1.00

19.9 0.93 (0.82-1.06) 0.92 (0.81-1.05)

29.6 1.15 (1.03-1.28) 1.13 (1.01-1.26)

25.1 1.13 (1.01-1.26) 1.10 (0.98-1.24)

23.8 1.00
6.0 0.98 (0.79-1.20)

31.7 1.07 (0.96-1.19)

38.4 1.10 (0.96-1.25)

613

28.1 1.00 1.00 1.00

10.0 1.48 (1.10-2.00) 1.49 (1.10-2.01) 1.49 (1.11-2.02)
0.3 0.92 (0.23-3.75) 0.92 (0.23-3.76) 0.93 (0.23-3.79)
0.8 1.69 (0.69-4.15) 1.70 (0.69-4.18) 1.73 (0.70-4.25)
6.4 1.50 (1.06-2.14) 1.52 (1.07-2.16) 1.52 (1.07-2.17)

28.1 1.18 (0.95-1.47) 1.20 (0.97-1.50) 1.21 (0.97-1.50)
1.0 1.81 (0.79-4.12) 1.82 (0.80-4.14) 1.83 (0.80-4.18)
1.1 1.91 (0.89-4.11) 1.97 (0.91-4.23) 1.99 (0.92-4.27)
1.0 1.35 (0.59-3.07) 1.35 (0.59-3.08) 1.36 (0.60-3.09)

12.9 1.37 (1.04-1.81) 1.38 (1.05-1.82) 1.39 (1.05-1.84)

10.4 0.98 (0.73-1.32) 0.98 (0.73-1.32) 0.99 (0.73-1.33)

NA NA NA NA

61 (13) 1.03 (1.02-1.03) 1.02 (1.02-1.03) 1.02 (1.02-1.03)

20083 (8) 1.04 (1.02-1.06) 1.04 (1.02-1.06) 1.04 (1.02-1.06)

(Continues)
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TABLE 1  (Continued)
Case, Odds Ratio (95% Confidence Interval)®
Characteristics Control, %° % Model 1° Model 2¢ Model 3¢
Smoking
Never 78.6 85.0 1.00 1.00
<20 pack-year 16.0 8.7 0.64 (0.47-0.85) 0.65 (0.48-0.88)
>20-40 pack-year 4.4 5.2 1.04 (0.72-1.49) 1.06 (0.73-1.54)
>40 pack-year 1.0 11 0.86 (0.41-1.83) 0.88 (0.41-1.89)
Daily alcohol intakes
Never 68.5 74.5 1.00
<15¢g 10.2 7.2 0.81 (0.55-1.19)
>15-30 g 16.1 14.3 0.98 (0.76-1.26)
>30 g 5.2 3.9 0.89 (0.57-1.40)

Abbreviation: NA, not available.

?Data were estimated with 5 imputed datasets. The percentage may not total 100 because of rounding and multiple imputation. The study period from April

1984 to March 2016 was divided into 2-year financial years.

bUnconditional logistic regression with multiple imputation, adjusted for age and year of admission (confounders, model 1).

“Additional adjustment for smoking (mediators, model 2); smoking and alcohol consumption (mediators, model 3).

2.2 | Occupational class defined by occupational and
industrial category

The questionnaire included questions about the patients' current job
and their 3 most recent ones (including age at starting and ending).
The occupations were coded with 3-digit codes in Japan Standard
Occupational Classification for occupation category and 3-digit codes
in Japan Standard Industrial Classification for industry category. We
selected the longest held job from the history for each patient.
Owing to the enormous variety of “longest held” jobs, we aggre-
gated the occupations into 4 occupational classes, based on previous

n o«

studies?427:3>36. “plue-collar workers,” “service and clerical workers,”
“professionals,” and “managers.” We also categorized the longest held
occupations into 3 industrial clusters based on the methodology used

» o

in a previous study®”: “blue-collar industry,” “service and sales indus-
try,” and “white-collar industry” (Figure 1). We excluded those who
were not actively engaged in paid employment (eg, homemakers, stu-
dents, and unemployed) in the present study. In addition, we excluded
female managers in the white-collar industry because we did not

observe any renal cell cancer cases in that category.

2.3 | Covariates

Age and year of hospital admission were adjusted as confounding fac-
tors. To control potential changes in diagnosis and treatments over
time, we adjusted for year of hospital admission. In mediation models,
we included smoking and alcohol consumption, as well as potential
stress-related factors such as hypertension, obesity, and diabetes, as
mediators. We assumed that occupational class is associated with
stress-related risk factors (smoking, hypertension, and obesity), and
that these may increase the risk for renal cell cancer.

2.4 | Statistical analysis

Among study subjects, 11% did not provide information on occupa-

tional history, smoking, and alcohol consumption and 20% did not

complete all data. The background characteristics differed between
those with complete and incomplete data (Table S1), and excluding
incomplete data may lead to biased inference.®8%? To deal with missing
data, we performed multiple imputation for missing data among the
171 734 study subjects using all data, including occupational class,
smoking, and alcohol consumption.3®#° Five imputed datasets were
generated with multiple imputation by chained equations method%°;
; the following missing data were multiply imputed: occupational class
(20 359, 12%), smoking (23 692, 14%), and alcohol consumption
(48 608, 28%).

Using unconditional logistic regression with multiple imputation,
we estimated the odds ratios (ORs) and 95% confidence intervals
(Cls) for renal cell cancer in each occupational class, with blue-collar
workers in the blue-collar industry as the reference group. We pooled
the 5 ORs and 95% Cls obtained from each imputed dataset into one
combined OR and 95% CI.2%4° We stratified all the regression models
by sex. First, we estimated the OR and 95% Cl adjusted for age and
year of hospital admission (model 1). Next, we adjusted for age, year
of admission, and smoking (model 2). Finally, we additionally adjusted
for drinking (model 3).

Owing to the data limitation that the other stress-related factors (ie,
hypertension, diabetes, and obesity) were only available after 2005, we
evaluated the contribution of hypertension, diabetes, and obesity among
63 704 patients admitted to hospitals after 2005 (1544 cases and 62 160
controls). The following missing data were multiply imputed: occupa-
tional class (6943, 11%), smoking (6968, 11%), alcohol consumption
(19 198, 30%), hypertension (8507, 13%), diabetes (8508, 13%), and obe-
sity (8508, 13%). In subgroup analysis, we checked for a mediation by
hypertension diagnosis (model 4). Finally, in model 5, we controlled for
all covariates for hypertension, diabetes, and obesity, as well as age, year
of hospital admission, smoking, and drinking.

Owing to the selection of hospital controls that might intro-
duce selection bias in either direction (ie, toward or away from
the null), we performed sensitivity analysis with 2 different alterna-

tive control groups: (1) all available controls diagnosed with all
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benign diseases (3316 cases and 1 298 207 controls) and (2) con-
trols diagnosed with musculoskeletal disease (3316 cases and
150 210 controls). Additionally, we performed unconditional logistic
regression among patients with complete data without performing
multiple imputation (2496 cases and 116 139 controls diagnosed
with musculoskeletal and skin diseases).

Alpha was set at 0.05, and all P values were 2-sided. Data were
analyzed using STATA/MP13.1 (Stata-Corp LP, College Station, Texas).

3 | RESULTS

Among men, those in higher occupational class (professionals and
managers) had a significantly increased risk of renal cell cancer
compared with blue-collar workers across all industry types
(Figure 2). In all 3 industries, men in the highest occupational
groups, ie, managers, had significantly increased risk for renal cell
cancer, with minimally adjusted OR ranging from 1.47 (for managers
in the white-collar industry) to 1.62 (for managers in the blue-collar
industry; Table 1). The observed increased OR for managers in all
industries were not attenuated on adjustment for covariates and

(A) Men, adjusted for HT

Occupational class
Blue-collar industry
Blue-collar (ref.) S
Service [
Professional pod
Manager o
Service industry
Blue-collar H
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager )

(C) Women, adjusted for HT

Occupational class
Blue-collar industry

remained significantly associated with the risk for renal cell cancer
on adjustment for covariates (adjusted OR ranged from 1.48 for
managers in the white-collar industry to 1.61 for managers in the
blue-collar industry, model 3; Table 1).

Among women, we observed marginal increases in the risks for
managers (Figure 2). The results in the minimal-adjusted and full-
adjusted models were similar (Table 1). The full-adjusted risk of man-
agers and professionals in the service and sales industry were
marginally elevated (model 3; Table 1).

In the subgroup analysis, the gradient of the ORs across occupa-
tional classes showed the same trend (Figure 3). Among men, life-
style-related diseases (hypertension, diabetes, and obesity) were
independently associated with the risk for renal cell cancer (eg, hyper-
tension, OR 1.36; 95% Cl, 1.20-1.54; model 5; Table 2); the elevated
risk for higher occupational class was attenuated largely by adjustment
for hypertension (model 4). After fully adjusting for all potential medi-
ating factors, the risk for higher occupational class was not significant
(except for professionals in blue-collar and white-collar industries;
model 5). Among women, the fully adjusted risk among higher occupa-
tional class workers was not significantly elevated (Figure 3); however,

the odds in the service and sales industries showed a trend suggesting

(B) fully adjusted

o
o
o

e

T
h 4

(D) fully adjusted

Blue-collar (ref.) s S
Service e e
Professional ' i : 1
Manager f " f ’ i f FIGURE 3 Odds ratios adjusted for
Service industry hypertension and other stress-related factors
Blue-collar == == in a subset data after 2005. The odds ratio
Service e e (dot) and 95% confidence interval (bar) were
Professional H—— H—— estimated by unconditional logistic regression
Manager H—— H—— with 5 imputed data. Male and female odds
White-collar industry ratios were (A, C) adjusted for age, year of
Blue-collar L . i k . i admission, and hypertension and (B, D) fully
Service Lnan! e adjusted for hypertension, diabetes, obesity,
Professional age, year of admission, smoking, and drinking.
Manager '_T T The numbers of cases and controls were,
) ; ! ! ; . respectively, 1265 and 41 097 for men and
A 1 10 A 1 10 279 and 21 063 for women
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TABLE 2 Subgroup analysis for mediation with hypertension and other stress-related factors after 2005

Characteristics

Men
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Managers
Service industry
Blue-collar worker
Service worker
Professional
Managers
White-collar industry
Blue-collar worker
Service worker
Professional
Manager
Age, mean (SD), y
Year of admission, mean (SD)
Hypertension
Diabetes
Obesity
Smoking
Never
<20 pack-year
>20-40 pack-year
>40 pack-year
Daily alcohol intakes
Never
<15g
>15-30 g
>30 g
Women
Total number
Occupational class
Blue-collar industry
Blue-collar worker
Service worker
Professional
Managers
Service industry
Blue-collar worker
Service worker
Professional
Managers
White-collar industry
Blue-collar worker
Service worker

Professional

Control, %*

41 097

353
14.1
5.0
3.0

4.9
14.0
1.2
1.5

3.8

8.6

7.5

11
55 (17)
2010 (3)
27.2
11.3
17.9

213
33.2
26.6
18.9

18.3

9.1
315
41.1

21 063

218
8.4
0.5
0.4

51
30.3
0.8
0.4

0.9
14.5
16.8

Case,
%a

1265

323
15.7
59
4.4

4.2
13.0
1.3
2.6

17

9.9

7.7

1.5
63 (12)
2010 (3)
42.3
18.2
219

19.4
26.8
29.2
24.6

17.9

8.5
33.8
39.8

279

20.8
8.2
0.4
0.4

10.4
31.2
1.4
11

0.4
14.7
111
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Odds Ratio and 95% Confidence Interval®

Model 4°

1.00

1.22 (1.01-1.47)
1.39 (1.08-1.81)
1.28 (0.95-1.73)

1.07 (0.78-1.47)
1.11 (0.91-1.35)
1.17 (0.70-1.95)
1.49 (0.94-2.34)

0.57 (0.34-0.96)
1.32 (1.06-1.65)
1.27 (1.01-1.60)
1.28 (0.79-2.08)
1.03 (1.03-1.04)
1.05 (1.01-1.09)
1.45 (1.28-1.64)

1.00

1.20 (0.73-1.96)
1.06 (0.14-7.78)
0.83 (0.11-6.03)

2.29 (1.45-3.60)
1.24 (0.88-1.74)
2.25 (0.80-6.31)
2.51(0.77-8.16)

0.49 (0.07-3.57)
1.32 (0.87-1.99)
0.90 (0.57-1.41)

Model 5¢

1.00

1.19 (0.98-1.44)
1.37 (1.06-1.78)
1.23 (0.91-1.66)

1.07 (0.77-1.46)
1.10 (0.90-1.33)
1.16 (0.69-1.94)
1.45 (0.93-2.28)

0.56 (0.33-0.93)
1.30 (1.04-1.62)
1.26 (1.00-1.59)
1.24 (0.76-2.01)
1.03 (1.03-1.04)
1.05 (1.01-1.09)
1.36 (1.20-1.54)
1.27 (1.09-1.48)
1.31 (1.12-1.52)

1.00

1.04 (0.87-1.24)
1.12 (0.95-1.33)
1.09 (0.91-1.31)

1.00

0.98 (0.76-1.27)
1.05 (0.87-1.26)
1.03 (0.85-1.25)

1.00

1.21 (0.74-1.99)
1.10 (0.15-8.04)
0.83 (0.11-6.04)

2.32 (1.48-3.66)
1.29 (0.91-1.81)
2.31 (0.82-6.48)
2.73(0.84-8.91)

0.49 (0.07-3.55)
1.33 (0.88-2.02)
0.90 (0.58-1.42)

(Continues)
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TABLE 2 (Continued)
G Odds Ratio and 95% Confidence Interval®
Characteristics Control, %° %> Model 4° Model 5¢
Manager NA NA

Age, mean (SD), y 58 (16) 62 (12) 1.02 (1.01-1.03) 1.01 (1.00-1.02)
Year of admission, mean (SD) 2010 (3) 2010 (3) 1.01 (0.94-1.09) 1.02 (0.95-1.10)
Hypertension 26.4 34.9 1.22 (0.94-1.60) 1.16 (0.89-1.52)
Diabetes 7.2 11.0 1.31 (0.88-1.95)
Obesity 16.0 19.4 1.19 (0.87-1.64)
Smoking

Never 73.7 82.1 1.00

<20 pack-year 19.0 9.7 0.58 (0.38-0.89)

>20-40 pack-year 6.0 7.2 1.18 (0.73-1.91)

>40 pack-year 1.4 1.1 0.69 (0.22-2.20)
Daily alcohol intakes

Never 57.2 67.1 1.00

<15¢g 15.6 12.6 0.86 (0.56-1.34)

>15-30 g 19.9 15.1 0.81 (0.54-1.22)

>30 g 7.3 52 0.81 (0.44-1.47)

Abbreviation: NA, not available.

?Data were estimated with 5 imputed datasets with study subjects after 2005 owing to the data limitation for lifestyle-related disease (hypertension, dia-
betes, and obesity). The percentage may not total 100 because of rounding and multiple imputation.

bUnconditional logistic regression with multiple imputation, adjusted for age and year of admission (confounders) and hypertension (mediators, model 4).

“Additional adjustment for diabetes, obesity, smoking, and alcohol consumption (mediators, model 5).

a positive occupational gradient pattern (ie, higher risk with higher
occupational class; model 5; Table 2).

In sensitivity analyses, although the precise ORs and 95% Cls dif-
fered according to the analytic model and study population, the direc-
tions of the association (ie, higher risk with higher occupational class)
were identical (Figure 4 and Table S2). The result with complete data
also showed the same pattern (Figure S1). The correlation between
hypertension, diabetes, and obesity were all significant (pairwise cor-
relation; all P values < .001). The profile of patients treated in Rosai
hospitals appeared to be nationally representative (Table S3). The

average length of longest held jobs was over 20 years (Table S4).

4 | DISCUSSION

We found an elevated risk of renal cell cancer among high status occu-
pations (managers and professionals) in men across all industry cate-
gories, suggesting that high job stress may partially be associated
with the risk of renal cell cancer. We also found, for the first time, that
hypertension is a relevant independent risk factor for renal cell cancer
in Japan. Furthermore, the risk for renal cell cancer associated with
higher occupational class was potentially mediated through the risk
for renal cell cancer associated with stress-related risk factors—viz,
hypertension as well as diabetes and obesity. A similar tendency was
found for women working in the service and sales industry, although
the effects were marginal.

Job stress may be related to risk of renal cell cancer through both

direct and indirect causal pathways. The direct pathway posits that job

stress increases risk through direct biological or mechanical stimulus to
cancer stem cells (eg, oxidative stress).*>*2 Although the association
between occupation and renal cell cancer was substantially explained
by hypertension and other potential mediators (diabetes and obesity),
some significant associations in blue-collar and white-collar industries
persisted among men in the present study. This residual association
suggests that the direct pathway may be partially pertinent for renal
cell cancer.

The indirect pathway posits that job stress may increase the risk
of renal cell cancer via risk factors potentially influenced by stressful
occupations, eg, cigarette smoking or the prevalence of hypertension.
In fact, previous studies have suggested that psychological factors (eg,
chronic or work environmental stress) can increase such lifestyle-
related diseases.***® In the present study, the prevalence of those
who smoked more than 40 pack-years was higher in the managers
than nonmanagers (25% versus 11%), and the prevalence of hyperten-
sion was greater in the managers (37% versus 27%).

In Japanese society, the concept of “hospitality” or omotenashi is
emphasized in the service industry. Because of these expectations,
those in managerial positions (or in the position of supervising other
workers) may be particularly vulnerable to stress stemming from striv-
ing to meet customer expectations. In some instances, this situation
has even led to death from overwork, referred to as karoshi. Such
stress has been found to affect work-life balance among high occupa-
tional class workers.*” By contrast, Whitehall studies showed that
poorer health (eg, cardiovascular disease) is associated with low con-

k,48

trol at wor which is usually the case for blue-collar workers in

western contexts. Low control at work was also associated with less
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(B) musculoskeletal

o

g
-
o

38

(C) Women, all benign disease (D) musculoskeletal

Occupational class
Blue-collar industry

Blue-collar (ref.) S

FIGURE 4 Sensitivity analysis with Service ) _ re ) _ Fe )

alternative control groups. The odds ratio Professional ) ' ) )

(dot) and 95% confidence interval (bar) were Manager e -

estimated by unconditional logistic regression, Service industry

adjusted for age and year of admission with 5 Blue-collar s e

imputed data. Male and female control groups Service H &

were, respectively, (A, C) patients diagnosed Professional —r—— H——A

with all benign diseases and (B, D) patients Manager H—— H——

diagnosed with musculoskeletal disease. The White-collar industry

numbers of cases and controls were, Blue-collar —1— —r—

respectively, as follows: (A) 2703 and 852 997 Service j=0—} -

for men and (C) 613 and 445 210 for women Professional 4

(all benign disease controls); (B) 2703 and Manager ._T

99 317 for men and (D) 613 and 50 893 for R e I
25 . 1 2 4 25 5 1 2 4

women (musculoskeletal disease controls)

leisure-time physical activity.*® Although our study is one of the larg-
est case-control studies of renal cell cancer reported in Japan (3316
cases) and the profile of patients treated in Rosai hospitals appeared
to be nationally representative® (Table S3), it represents less than
1% of the total incidence in the country as a whole. Hence, the gener-
alizability of our findings to the rest of the country may be limited.
The strengths of our study include the large sample size and the
detailed job information that enabled us to create occupational clas-
ses into meaningful categories by both industrial and occupational
standard classifications. Another strength is the low job turn over
in Japan, ie, the percentage of workers changing jobs is lower com-
pared with other countries. In fact, prior data show that an average
of 50% of men and 30% of women at their working age did not
change their first job, and 20% of men and 20% of women changed
only once during the age®! from 15 to 64. Our occupational infor-
mation consisted of current and up to 3 former jobs, and we chose
the longest career as a proxy of job stress (the average length of
longest held jobs was over 20 y; Table S4); therefore, in the sense
of lifelong stress, our captured stress would be more relevant than
stress measured at baseline only once in cohort studies.? In fact,

a case-control study from Canada also found a significant association

between job stress and cancer incidence at other sites.>? Further-
more, a stressful working environment of the high occupational clas-
ses in Japan also enabled us to detect the association between
higher occupational class, possibly linked to job stress, and the inci-
dence of renal cell cancer.??

There are some limitations in our study. First, in any hospital-
based case-control study, the selection of hospital controls may intro-
duce selection bias in either direction (ie, toward or away from the
null). However, sensitivity analysis, including controls diagnosed with
all benign diseases (except malignant neoplasms) or only controls diag-
nosed with musculoskeletal disease, resulted in the same direction
to increase the risk. Additionally, one-third of missing data may
have introduced selection bias in either direction—even though
the missing information were multiply imputed; however, the sensi-
tivity analysis with complete data showed the same pattern. There
might also be a potential recall bias in the self-reported information
at the time of admission (eg, occupational history). However, the
association of job stress and renal cell cancer was not widely
known at that time. In addition, the questionnaires did not ask
patients to report job stress, and the study subjects did not know

the aim of our study. Therefore, the recall bias for occupational
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history may not be at play between the cases and controls, and this
limitation might not affect our conclusion.

Second, occupational class is not a perfect proxy for job stress,
and we could not directly assess job stress because our hospital elec-
tronic medical record data did not include an assessment of stress.
Higher occupational class may also reflect anxiety, depression, and
other mental health conditions.?? Kawakami et al also speculated that
job commitment in these high positions might decrease the opportuni-
ties for investing in healthier behaviors such as leisure-time physical
activity.?® Physical activity has been found to be a protective factor
for the risk of renal cell cancer.>® A previous study found that the pat-
tern of leisure-time physical activity differs in Japan compared with
western contexts, viz, the highest levels of exercise were reported
by clerical workers, while the lowest levels were reported among man-
agerial workers and blue-collar workers.>* In the same study, the
highest levels of weekly physical activity, including occupational phys-
ical activity, were reported by blue-collar workers and the lowest
levels among professional and managerial workers.>* These findings
suggest that higher occupational class may be associated with seden-
tary lifestyle behaviors, and that sedentary lifestyle may increase the
risk of renal cell cancer. However, we could not assess potential medi-
ation by physical activity/sedentary behavior because of the limitation
of our dataset. Therefore, future studies should investigate the accu-
mulation of stress on renal cell cancer, incorporating other aspects
of job stress and the intervention on mental health, as well as possible
residual confounding factors including physical activity, genetic, and
nutrition factors, as well as dehydration.?é->4->¢

In summary, higher occupational class, which might be linked to
job stress, was associated with increased odds for renal cell cancer,
particularly among men, via mediation by lifestyle-related factors such
as hypertension. Stress management interventions in the workplace
might be a possible approach to complement existing lifestyle inter-

ventions aimed at reducing the risk of renal cell cancer.
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ARTICLE INFO ABSTRACT

Keywords: Background: Socioeconomic inequalities in female cancer incidence have previously been undocumented in
Cancer incidence Japan.

Women Methods: Using a nationwide inpatient dataset (1984-2016) in Japan, we identified 143,806 female cancer cases
Japan

and 703,157 controls matched for sex, age, admission date, and admitting hospital, and performed a hospital-
based matched case-control study. Based on standardized national classification, we categorized patients’ so-
cioeconomic status (SES) by occupational class (blue-collar, service, professional, manager), cross-classified by

Socioeconomic status
Case-control study

Occupation
Smoking industry sector (blue-collar, service, white-collar). Using blue-collar workers in blue-collar industries as the
Alcohol reference group, we estimated the odds ratio (OR) for each cancer incidence using conditional logistic regression

with multiple imputation, adjusted for major modifiable risk factors (smoking, alcohol consumption).

Results: We identified lower risks among higher-SES women for common and overall cancers: e.g., ORs for
managers in blue-collar industries were 0.67 (95% confidence interval [CI], 0.46-0.98) for stomach cancer and
0.40 (95% CI, 0.19-0.86) for lung cancer. Higher risks with higher SES were evident for breast cancer: the OR for
professionals in service industries was 1.60 (95% CI, 1.29-1.98). With some cancers, homemakers showed a
similar trend to subjects with higher SES; however, the magnitude of the OR was weaker than those with higher
SES.

Conclusions: Even after controlling for major modifiable risk factors, socioeconomic inequalities were evident for
female cancer incidence in Japan.

1. Background

Socioeconomic status (SES), including occupational class, has been
recognized as a fundamental social determinant of health, and that also
applies to cancer incidence (Krieger et al., 1999). Among women in
Western countries, evidence suggests that the risks of upper digestive
cancer (e.g., stomach cancer) and lung cancer show an inverse socio-
economic gradient (i.e., a reduced cancer risk with higher SES)
(Faggiano, Partanen, Kogevinas, & Boffetta, 1997). The fundamental
cause theory of SES and health—developed by Link and Phelan in
1995—argues that the robust association between SES and health arises
because SES “embodies an array of resources, such as money, knowl-
edge, prestige, power, and beneficial social connections that protect
health no matter what mechanisms are relevant at any given time.”
(Link & Phelan, 1995) For example, the connection between SES and

stomach cancer and lung cancer can be explained by socioeconomic
disparities in smoking, alcohol drinking, and other health behaviors
(Faggiano et al., 1997; Krieger et al., 1999; Uthman, Jadidi, & Moradi,
2013; Weiderpass & Pukkala, 2006).

However, higher SES does not protect against the risk of cancer in
every instance. For example, breast cancer tends to show a positive
socioeconomic gradient (i.e., an excess cancer risk with higher SES).
That finding has been attributed to socioeconomic differences in re-
productive behavior, e.g., overall fertility, age at first birth, and spacing
of births (Faggiano et al., 1997; Larsen et al., 2011). Thus, it would be
more accurate to state that higher SES tends to be associated with better
(overall) health irrespective of the relevant mechanisms at any given
time; however, specific health outcomes (e.g., breast cancer) can be
positively correlated with high SES depending on the background
context.
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To our knowledge, although some studies on the socioeconomic
gradient in cancer mortality (though not cancer incidence) are available
(Eguchi, Wada, Prieto-Merino, & Smith, 2017; Tanaka et al., 2017), the
documentation of socioeconomic inequalities in female cancer in-
cidence remains sparse in Asian countries, including Japan. Sex dif-
ferences exist in the etiology of cancer (e.g., frequency, pathology, and
survival) (Hori et al., 2015; Zaitsu et al., 2015), and the distribution of
higher SES (professionals and managers) in women is different from
that in men in Japan (Tanaka et al., 2017). In addition, the risk asso-
ciated with homemakers has not yet been identified. Therefore, it is
necessary to determine the socioeconomic disparities in female cancer
incidence in Japan separately from those with males.

Using a nationwide inpatient dataset that included details of occu-
pational class (with homemakers as a separate category) as a proxy for
SES (Mannetje & Kromhout, 2003), we examined whether a socio-
economic gradient was associated with the risks for overall and site-
specific cancer incidence among women in Japan. We also determined
whether any observed socioeconomic gradient remained even after
controlling for mediation by major modifiable behavioral factors
(smoking and alcohol consumption).

2. Methods
2.1. Study setting

We conducted a hospital-based matched case-control study using
female patient data (1984-2016) from the nationwide clinical and oc-
cupational database of the Rosai Hospital group, run by the Japan
Organization of Occupational Health and Safety (JOHAS), an in-
dependent administrative agency. Details of the database have been
described elsewhere (Kaneko, Kubo, & Sato, 2015; Zaitsu, Kawachi,
Takeuchi, & Kobayashi, 2017; Zaitsu et al., 2016). Briefly, the Rosai
Hospital group consists of 34 general hospitals in major urban areas of
Japan; it has collected medical chart information (including basic so-
ciodemographic characteristics, clinical history and diagnosis, patho-
logical information, treatment, and outcomes for every inpatient) since
1984. The clinical diagnosis, extracted from physicians’ medical charts
confirmed at discharge, is coded according to the International Classi-
fication of Diseases and Related Health Problems, 9th Revision (ICD-9)
or 10th Revision (ICD-10) (Kaneko et al., 2015; Zaitsu et al., 2016,
2017). From questionnaires completed at the time of admission, the
database includes the occupational history of each inpatient (current
and three most recent jobs, including the age of starting and ending) as
well as smoking and alcohol habits. The detailed occupational history is
coded using the standardized three-digit codes of the Japan Standard
Occupational Classification and Japan Standard Industrial Classifica-
tion; they correspond, respectively, to the International Standard In-
dustrial Classification and International Standard Occupational Classi-
fication (Kaneko et al., 2015; Zaitsu et al., 2016, 2017). According to
the revisions of the Japan Standard Occupational Classification and
Japan Standard Industrial Classification during the study period,
JOHAS updated the previous job codes to be consistent with changes in
coding practice (Zaitsu et al., 2016). Written informed consent was
obtained before patients completed the questionnaires; trained regis-
trars and nurses are responsible for registering the data. The database
currently contains details from over 6 million inpatients.

2.2. Cases and controls

The study subjects comprised 846,963 female patients (143,806
cancer cases, 703,157 hospital controls) aged 20 years or older ad-
mitted to hospital between 1984 and 2016. Controls for each cancer
case were matched by sex, age (same 5-year age category), admission
date (same financial year), and hospital (Zaitsu et al., 2016). We ran-
domly sampled five controls for each cancer case; however, the
matching process generated fewer than five controls for some cancer
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cases. The matched background characteristics (age, admission date,
and admitting hospital) were well balanced between the cases and
controls: e.g., mean age of the cases and controls was, respectively, 65
years (SD 14.5 years) and 64 years (SD 14.4 years).

The cancer cases were those patients whose main diagnoses were
cancer, confirmed by physicians on discharge, for the first-time stay in
the hospitals for the initial cancer, together with pathological or ima-
ging information (e.g., computed tomography, magnetic resonance
imaging, and endoscopy); they did not have a previous history of ma-
lignant disease (Zaitsu et al., 2016, 2017). We defined cancer incidence
by the diagnosis of cancer cases; the validation for the diagnosis cor-
responding to ICD-9 or ICD-10 in the database has been described
elsewhere (Kaneko et al., 2015; Zaitsu et al., 2016, 2017). The database
is unique to the Rosai Hospital group and so differs from medical claims
data, which may have less diagnostic accuracy (Sato, Yagata, & Ohashi,
2015). Following national statistics for Japan (Hori et al., 2015), we
specified the top 10 common female cancer sites: breast (17.4%); colon
and rectum (13.8%); stomach (13.8%); lung (5.7%); liver (4.7%);
pancreas (2.9%); gallbladder (2.2%); malignant lymphoma (3.3%);
cervix (4.8%); and uterus (3.1%; Supplementary Table 1). Less common
cancers (from 14 sites) were additionally specified. The prevalence of
these cancers was almost identical to that in national statistics
(Supplementary Table 1) (Hori et al., 2015). The total of female cancer
cases in the present study amounted to 1.9% of the total expected fe-
male cancer cases in Japan for the years 1984-2013 (134,767 of
6,925,517) (Hori et al., 2015).

Our control subjects comprised female patients who were admitted
to hospital with a diagnosis of the following: eye or ear diseases (ICD-9,
360-389 and ICD-10, HO0-H95; 37.0%); genitourinary system diseases
(ICD-9, 580-629 and ICD-10, NOO-N99; 24.4%); infectious or parasitic
diseases (ICD-9, 1-136 and ICD-10, A0O0-B99; 10.7%); skin diseases
(ICD-9, 680-709 and ICD-10, LO0-L99; 5.1%); symptoms and abnormal
findings, such as dizziness and chest and abdominal pain (ICD-9,
780-799 and ICD-10, RO0-R99; 9.4%); or other diseases, such as con-
genital malformation (ICD-9, 280-289, 740-779, and ICD-10,
D50-D77, PO0-P96, Q00-Q99; 13.4%) (Zaitsu et al., 2016, 2017). Es-
timating odds for each control disease against the rest of the other five
control diseases in a prior analysis within 124,087 control subjects, we
assumed that these diagnoses selected for the control group were not
linked to SES (Supplementary Fig. 1).

2.3. SES grouped by occupation and industry combination and other
covariates

We selected the longest-held job for each patient from her occupa-
tional history to categorize SES. Owing to the enormous variety of oc-
cupations in the dataset, we aggregated the longest-held occupational
class into four major occupational groupings (Galobardes, Shaw,
Lawlor, Lynch, & Davey Smith, 2006; Mannetje & Kromhout, 2003;
Tanaka et al., 2017): blue-collar workers, service workers, profes-
sionals, and managers. We additionally cross-classified the longest-held
occupations into three industrial sectors (Jackson, Redline, Kawachi,
Williams, & Hu, 2013; Mannetje & Kromhout, 2003; Tanaka et al.,
2017): blue-collar industry, service industry, and white-collar industry
(Fig. 1). Further, within the “others” group (comprising homemakers,
students, non-workers, unemployed, and miscellaneous workers)
(Zaitsu et al., 2018), we distinguished between homemakers and the
remainder (Fig. 1). The major profile of SES among the study subjects
did not largely differ from that in national statistics (Supplementary
Table 2). The average length of the longest held jobs was 27 years.

Age, admission date, and admitting hospital were confounding
factors (Zaitsu et al., 2016, 2017). The major modifiable behavioral
factors, i.e., smoking (pack-years) and alcohol consumption (daily
amount), were mediating factors (Zaitsu et al., 2016, 2017).
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White-collar industry Others
Manager Homemaker
Professional E
rotessiona Others (e.g.
s student, non-
Service worker worker,
unemployed,
. miscellaneous
Blue-collar worker worker)

\ \

Occupational class Japan Standard Occupational Classification 2-digit code
Blue-collar worker Security, agriculture, forestry, fishery, manufacturing, transport and 43-59, 64-73
machine operation (stationary and construction machinery operators,
construction, mining, carrying, cleaning, packaging, and related
workers)
Service worker Clerical, sales, service, and transport and machine operation (railway 25-42, 60-63
drivers, motor vehicle drivers, ship and aircraft operators, and other
transport related workers)
Professional Professional and engineering workers 05-24
Manager Administrative and managerial workers 01-04
Industrial cluster Japan Standard Industrial Classification Major code
Blue-collar industry* Agriculture, forestry, fisheries, mining, quarrying of stone, construction, A-F, H
manufacturing, electricity, gas, heat supply, water, transport, and postal
service
Service industry Wholesale, retail trade, accommodations, eating, drinking, living-related, I,M,N,Q, R
personal, amusement, and compound services, services not elsewhere
categorized
White-collar industryt Information, communications, finance, insurance, real estate, goods G, J,KLOPS
rental, leasing, education, learning support, medical, healthcare,
welfare, and government except elsewhere classified

* Waste disposal business (Code R88) included. t Political, business and cultural organizations (Code R93), railway transport (Code H42), road

passenger transport (Code H43), and air transport (Code H46) included.

Fig. 1. Socioeconomic status grouped by longest-held occupational class cross-classified with industrial cluster.

2.4. Statistical analysis

We performed multiple imputation for missing data among the
846,963 study subjects using all data, including SES, smoking, and al-
cohol consumption; five imputed datasets were generated (Zaitsu,
Kawachi, Ashida, Kondo, & Kondo, 2018). The following missing data
were multiply imputed: SES (285,737, 33.7%), smoking (267,392,
31.6%), and alcohol consumption (346,150, 40.9%). The basic demo-
graphics (i.e., age, admission date, and admitting hospital) were similar
between those with complete and incomplete data for SES; however,
some lifestyle habits such as smoking and drinking differed between
those with complete and incomplete data. Excluding incomplete data
may lead to biased inference; therefore, we conducted multiple im-
putation analysis (Supplementary Table 3).

Using blue-collar workers in blue-collar industries as the referent
category, we estimated odds ratios (ORs) and 95% confidence intervals
(CIs) in each SES for each specific cancer site as well as overall cancer
incidence. For primary analysis to assess baseline socioeconomic gra-
dients in female cancer incidence, we used conditional logistic regres-
sion with multiple imputation matched for age, admission date, and
admitting hospital (model 1) (Zaitsu et al., 2016, 2018). The five ORs
and 95% CIs obtained at each imputed dataset were combined into one
combined OR and 95% CI. To assess the contribution of major mod-
ifiable behavioral factors, we additionally adjusted for smoking and
alcohol consumption as mediation factors (model 2).

For sensitivity analysis, we restricted the analysis to never smokers
(82,969 cases, 341,792 controls). Owing to the insufficient number of
the cases for less common types, we limited the analysis to overall and

the top 10 common cancers. Additionally, we performed conditional
logistic regression for patients with complete information (84,848
cases, 396,677 controls) without performing multiple imputation. For
Supplementary data analysis using an alternative control group (all
available controls with all benign diseases matched for age, diagnostic
data, and admitting hospital), we performed conditional logistic re-
gression with multiple imputation for stomach cancer (19,840 cases,
99,160 controls) and breast cancer (24,983 cases, 124,905 controls).
Alpha was set at 0.05, and all P values were two-sided. Data were
analyzed using STATA/MP13.1 (Stata-Corp LP, College Station, TX).

3. Results

Among the top 10 common female cancers in Japan, we observed an
inverse socioeconomic gradient (i.e., reduced risk with higher SES) for
stomach and lung cancers (Fig. 2). In blue- and white-collar industries,
higher SES (professionals and managers) had lower odds for stomach
cancer (the OR ranged from 0.68 for managers in blue-collar industries
to 0.77 for professionals in white-collar industries) and lung cancer (OR
0.47 for managers in blue-collar industries; Table 1). Even after fully
controlling for smoking and alcohol consumption, the observed lower
odds in higher SES were not attenuated; they remained significantly
associated with stomach cancer (adjusted OR ranged from 0.67 for
managers in blue-collar industries to 0.78 for professionals in white-
collar industries) and lung cancer (adjusted OR 0.40 for managers in
blue-collar industries, model 2, Table 1). Homemakers showed a similar
trend to subjects with higher SES (Fig. 2); however, the magnitude of
the OR was weaker than those with higher SES (adjusted OR, 0.80 for
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Fig. 2. Socioeconomic gradients associated with risk for incidence of stomach, lung, and breast cancers. The odds ratio (dot) and 95% confidence interval
(bar) were estimated by conditional logistic regression, (a) matched for age, admission date, and admitting hospital and (b) additionally adjusted for smoking and
alcohol consumption, with five imputed datasets. The numbers of cases and controls used for analysis were, respectively, 19,840 and 96,658 for stomach cancer,

8,207 and 39,941 for lung cancer, and 24,983 and 122,414 for breast cancer.

stomach cancer and 0.87 for lung cancer, model 2, Table 1).

By contrast, we found a positive socioeconomic gradient (i.e., excess
risk with higher SES) for breast cancer (Fig. 2). In service and white-
collar industries, higher SES showed higher odds for breast cancer (OR
ranged from 1.10 for professionals in white-collar industries to 1.58 for
professionals in service industries; Table 2). Even after fully controlling
for smoking and alcohol consumption, the observed higher odds with
higher SES were not attenuated and remained significantly associated
with breast cancer (adjusted OR ranged from 1.09 for professionals in
white-collar industries to 1.60 for professionals in service industries,
model 2, Table 2). The risk for homemakers (as well as service workers
in all industries) was again similar to subjects with higher SES (Fig. 2);
however, the magnitude of the OR was weaker than those with higher
SES (adjusted ORs ranged from 1.06 for homemakers to 1.13 for service
workers in service and white-collar industries, model 2, Table 2).

Among the remainder of common cancers, we observed no socio-
economic gradient (i.e., reduced or excess risk with higher SES); how-
ever, pancreatic, gallbladder, malignant lymphoma, and cervical cancer
appeared to hint at a possible inverse gradient pattern (Supplementary
Fig. 2, Supplementary Table 4). The overall cancer incidence showed a
weak inverse socioeconomic gradient (Fig. 3), which persisted even
after fully controlling for smoking and alcohol consumption (adjusted
OR ranged from 0.84 for managers in white-collar industries to 0.91 for
professionals in white-collar industries, model 2, Table 2).

Less common cancers did not show a socioeconomic gradient
(Supplementary Fig. 3); however, certain cancers (e.g., those of the oral
cavity, pharynx, and esophagus) appeared to show a possible inverse
gradient pattern (Supplementary Table 4). In the sensitivity analysis,
although the precise odds estimated with various regression analyses
differed according to the analytic model and analyzed population, the
direction of the socioeconomic gradient was almost identical

132

(Supplementary Figs. 4 and 5). Likewise, the results from the alter-
native control group (i.e., all benign diseases) showed the same socio-
economic gradient pattern (Supplementary Fig. 6). In addition, smoking
and alcohol consumption were independently associated with most of
the risk for site-specific and overall cancer incidence, regardless of SES
(Supplementary Table 5 and 6).

4. Discussion
4.1. All cancer sites

Studies in Western countries suggest a slightly inverse socio-
economic gradient in such nations as Finland; in some instances, there
is a fairly flat gradient for overall female cancer incidence in Denmark,
Sweden, and France (Faggiano et al., 1997; Melchior et al., 2005). With
the Japanese data in the present study, we found a weak inverse overall
socioeconomic gradient; this result suggests that the inverse socio-
economic gradients for stomach and lung cancers (which made up ap-
proximately 20% of all incident cancers) were partially canceled by the
positive socioeconomic gradient for breast cancer (accounting for 18%
of all incident cancer).

4.2. Stomach cancer

An inverse socioeconomic gradient for stomach cancer has been
consistently reported in Western countries (Faggiano et al., 1997;
Spadea et al., 2010; Weiderpass & Pukkala, 2006). A recent systematic
review reached the same conclusion (Uthman et al., 2013). This pattern
may be partly due to less smoking and drinking with higher SES
(Uthman et al., 2013; Weiderpass & Pukkala, 2006). However, in the
present study, an inverse socioeconomic gradient persisted after
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Table 1
Odds ratios for each socioeconomic status associated with risk for female stomach and lung cancer incidence.
Control, % Case, % Model 1% Model 2°
OR (95% CI) P OR (95% CI) P
Stomach
n 96,658 19,840
SES
Blue-collar industry Blue-collar worker 16.9 19.3 1.00 1.00
Service worker 3.7 3.7 0.88 (0.79-0.98) .02 0.88 (0.79-0.98) .02
Professional 0.2 0.2 1.01 (0.67-1.55) .94 1.01 (0.66-1.54) .97
Manager 0.4 0.3 0.68 (0.47-0.99) .05 0.67 (0.46-0.98) .04
Service industry Blue-collar worker 2.5 2.6 0.90 (0.80-1.01) .07 0.89 (0.79-1.00) .05
Service worker 12.8 13.5 0.92 (0.86-0.98) .01 0.91 (0.85-0.97) .005
Professional 0.2 0.2 0.90 (0.65-1.25) .54 0.91 (0.66-1.26) .58
Manager 0.4 0.5 0.94 (0.69-1.27) .66 0.92 (0.68-1.25) .58
White-collar industry Blue-collar worker 0.4 0.5 1.03 (0.81-1.30) .81 1.02 (0.81-1.30) .84
Service worker 4.7 4.6 0.85 (0.78-0.93) < .001 0.85 (0.78-0.93) <.001
Professional 4.8 4.3 0.77 (0.69-0.87) <.001 0.78 (0.69-0.87) <.001
Manager 0.2 0.2 0.76 (0.49-1.19) .22 0.76 (0.49-1.19) .23
Others Others 20.2 20.0 0.85 (0.81-0.90) < .001 0.86 (0.81-0.91) <.001
Homemaker 32.6 30.3 0.80 (0.76-0.85) <.001 0.80 (0.76-0.85) <.001
Smoking
Never 73.7 73.6 1.00
<20 pack-year 22.5 21.2 0.95 (0.89-1.00) .07
> 20-40 pack-year 2.9 3.9 1.31 (1.20-1.43) <.001
> 40 pack-year 0.8 1.4 1.59 (1.38-1.84) <.001
Alcohol consumption
Never 70.5 71.2 1.00
=15g/day 17.7 15.9 0.89 (0.85-0.95) <.001
> 15-30 g/day 10.1 10.6 1.02 (0.96-1.09) .50
> 30 g/day 1.8 2.3 1.17 (1.02-1.34) .02
Lung
n 39,941 8,207
SES
Blue-collar industry Blue-collar worker 15.4 16.2 1.00 1.00
Service worker 3.7 3.6 0.95 (0.77-1.17) .59 0.93 (0.74-1.16) .48
Professional 0.1 0.1 0.79 (0.35-1.78) .56 0.77 (0.34-1.78) .54
Manager 0.4 0.2 0.47 (0.23-0.97) .04 0.40 (0.19-0.86) .02
Service industry Blue-collar worker 2.5 3.0 1.13 (0.95-1.35) 17 1.07 (0.89-1.28) .49
Service worker 12.6 13.4 1.01 (0.92-1.12) 77 0.93 (0.84-1.03) 17
Professional 0.2 0.3 1.28 (0.80-2.07) .30 1.34 (0.83-2.17) .24
Manager 0.4 0.5 1.05 (0.70-1.58) .80 0.99 (0.65-1.51) .95
White-collar industry Blue-collar worker 0.4 0.4 1.00 (0.61-1.65) .99 0.94 (0.57-1.57) .81
Service worker 4.5 4.0 0.84 (0.72-0.98) .03 0.83 (0.71-0.98) .03
Professional 4.5 4.3 0.93 (0.80-1.08) .33 0.93 (0.80-1.09) .37
Manager 0.2 0.2 0.89 (0.40-1.95) .75 0.83 (0.38-1.84) .63
Others Others 18.8 20.1 1.01 (0.91-1.12) .85 0.98 (0.87-1.09) .65
Homemaker 36.2 33.7 0.89 (0.81-0.97) .01 0.87 (0.80-0.96) .006
Smoking
Never 72.8 64.0 1.00
<20 pack-year 22.9 23.2 1.23 (1.13-1.33) <.001
> 20-40 pack-year 3.2 7.9 2.98 (2.68-3.32) <.001
> 40 pack-year 1.0 4.9 5.76 (4.94-6.71) < .001
Alcohol consumption
Never 68.7 68.4 1.00
=15g/day 18.4 16.2 0.81 (0.71-0.92) .004
> 15-30 g/day 11.0 12.2 0.92 (0.80-1.05) .19
> 30 g/day 1.9 3.2 0.96 (0.79-1.17) .70

*Data were estimated with five imputed datasets. Percentages may not total 100 because of rounding with multiple imputation. OR, odds ratio; CI, confidence

interval; SES, socioeconomic status.

2 Conditional logistic regression matched for age, admission date, and admitting hospital.

b Additional adjustment for smoking and alcohol consumption.

controlling for potential mediation by smoking and drinking. Other
factors may therefore play a role.

In Japan, dietary habits (e.g., higher consumption of salty food with
lower SES associated with the risk of stomach cancer) could be a po-
tential explanation (Miyaki et al., 2013; Umesawa et al., 2016). Heli-
cobacter pylori infection is an additional explanation: the probability of
infection in childhood is likely to be lower among individuals with high
SES than in those with low SES (Uthman et al., 2013). However, H.
pylori infection was not a predictor of the incidence of stomach cancer
among women in the Hisayama cohort in Japan (but it was a predictor
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for men); that is partially because of the high prevalence of H. pylori
infection (approximately 63%) and potential uncontrolled confounders,
such as SES (Yamagata et al., 2000).

To some extent in Japan, national cancer screening is associated
with the prevention of stomach cancer (Leung et al., 2008). With regard
to treatment access, the universal health coverage system may be at-
tributable to the reduction in the SES gap for stomach cancer mortality.
However, for prevention, the SES gap for cancer screening may exist
because municipalities provide cancer screening for homemakers and
workers in small companies; health insurance groups at workplaces
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Table 2
Odds ratios for each socioeconomic status associated with risk for female breast and overall cancer incidence.
Control, % Case, % Model 1% Model 2°
OR (95% CI) P OR (95% CI) P
Breast
n 122,414 24,983
SES
Blue-collar industry Blue-collar worker 12.9 121 1.00 1.00
Service worker 5.6 5.9 1.13 (1.05-1.21) .002 1.12 (1.04-1.21) .002
Professional 0.3 0.3 1.09 (0.83-1.42) .55 1.07 (0.82-1.40) .63
Manager 0.3 0.2 0.82 (0.56-1.20) .30 0.83 (0.57-1.21) 31
Service industry Blue-collar worker 31 2.8 0.97 (0.88-1.07) .53 0.98 (0.89-1.08) .69
Service worker 17.6 18.4 1.12 (1.06-1.20) <.001 1.13 (1.06-1.21) <.001
Professional 0.4 0.5 1.58 (1.27-1.96) <.001 1.60 (1.29-1.98) <.001
Manager 0.3 0.4 1.21 (0.94-1.56) 13 1.22 (0.95-1.57) 11
White-collar industry Blue-collar worker 0.5 0.5 0.99 (0.81-1.22) .95 1.01 (0.82-1.24) 91
Service worker 7.5 7.8 1.13 (1.05-1.22) .001 1.13 (1.05-1.21) .001
Professional 7.6 7.7 1.10 (1.03-1.18) .007 1.09 (1.02-1.17) .01
Manager 0.2 0.2 0.81 (0.54-1.21) .29 0.81 (0.53-1.23) .31
Others Others 11.0 11.0 1.07 (0.99-1.16) .08 1.09 (1.01-1.18) .03
Homemaker 32.8 32.2 1.06 (0.99-1.12) .08 1.06 (1.00-1.13) .05
Smoking
Never 68.9 73.0 1.00
<20 pack-year 25.9 21.6 0.76 (0.73-0.80) <.001
> 20-40 pack-year 4.3 4.4 0.92 (0.85-0.98) .02
> 40 pack-year 0.9 1.0 0.99 (0.85-1.14) .86
Alcohol consumption
Never 60.0 61.3 1.00
=<15g/day 20.8 17.6 0.87 (0.83-0.91) <.001
> 15-30 g/day 15.9 17.3 1.12 (1.06-1.19) <.001
> 30 g/day 3.4 3.8 1.16 (1.06-1.26) <.001
Overall
n 703,157 143,806
SES
Blue-collar industry Blue-collar worker 14.7 15.1 1.00 1.00
Service worker 4.4 4.5 1.00 (0.97-1.04) .92 1.00 (0.96-1.04) .97
Professional 0.2 0.2 0.86 (0.73-1.00) .06 0.85 (0.73-0.99) .04
Manager 0.3 0.3 0.87 (0.76-0.99) .03 0.85 (0.75-0.97) .02
Service industry Blue-collar worker 2.7 2.6 0.96 (0.92-1.00) .07 0.95 (0.91-1.00) .04
Service worker 14.4 15.2 1.04 (1.01-1.06) .002 1.02 (1.00-1.05) .04
Professional 0.3 0.3 1.09 (0.98-1.21) 11 1.09 (0.98-1.22) .09
Manager 0.4 0.4 0.97 (0.85-1.11) .66 0.95 (0.83-1.09) .48
White-collar industry Blue-collar worker 0.4 0.5 1.01 (0.90-1.13) .89 1.01 (0.89-1.13) .92
Service worker 5.7 5.5 0.95 (0.92-0.98) .004 0.95 (0.92-0.98) .003
Professional 5.8 5.4 0.91 (0.88-0.94) <.001 0.91 (0.88-0.94) <.001
Manager 0.2 0.2 0.84 (0.73-0.98) .02 0.84 (0.72-0.97) .02
Others Others 16.5 17.1 1.00 (0.98-1.03) .87 1.00 (0.98-1.03) .70
Homemaker 33.9 32.7 0.94 (0.92-0.96) <.001 0.95 (0.93-0.96) <.001
Smoking
Never 71.6 71.5 1.00
<20 pack-year 24.1 22.6 0.94 (0.93-0.96) <.001
> 20-40 pack-year 3.4 4.5 1.28 (1.24-1.32) <.001
> 40 pack-year 0.9 1.4 1.58 (1.50-1.66) < .001
Alcohol consumption
Never 66.0 66.9 1.00
=<15g/day 19.1 16.9 0.88 (0.86-0.90) <.001
> 15-30 g/day 12.6 13.2 1.03 (1.00-1.06) .08
> 30 g/day 2.3 3.0 1.16 (1.10-1.22) <.001

FData were estimated with five imputed datasets. Percentages may not total 100 because of rounding with multiple imputation. OR, odds ratio; CI, confidence

interval; SES, socioeconomic status.

2 Conditional logistic regression matched for age, admission date, and admitting hospital.

b Additional adjustment for smoking and alcohol consumption.

provide screening for workers in large industries (Ikeda et al., 2011;
Tanaka et al., 2017). The proportion of individuals undergoing cancer
screening is greater in the latter category; people with higher SES tend
to undergo regular cancer screening (Chor et al., 2014; Ikeda et al.,
2011; Kweon, Kim, Kang, Shin, & Choi, 2017). Indeed, in the present
study, the odds for homemakers (adjusted OR 0.80) were weaker than
subjects with higher SES (adjusted OR 0.67 for managers in blue-collar
industries).

134

4.3. Lung cancer

Lung cancer is strongly socially patterned; one Swedish study found
the population-attributable fraction of socioeconomic differences to be
over 50% (Hemminki, Zhang, & Czene, 2003). In Japan, we still iden-
tified a steep residual inverse socioeconomic gradient even after con-
trolling for smoking; that corresponds to a population-attributable
fraction of 59% for the maximum SES gap.

Veglia et al., (2007) reported work-related secondhand tobacco
smoke exposure (hazard ratio, 1.6). In particular, the blue-collar sector
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Fig. 3. Socioeconomic gradient associated with risk for overall female
cancer incidence. The odds ratio (dot) and 95% confidence interval (bar) were
estimated by conditional logistic regression, (a) matched for age, admission
date, and admitting hospital and (b) additionally adjusted for smoking and
alcohol consumption, with five imputed datasets. The numbers of cases and
controls used for analysis were, respectively, 143,806 and 703,157.

workplace (e.g., manufacturing), which was the most popular work-
place for women in Japan in the study period (Tanaka et al., 2017), may
be more lax with regard to limiting secondhand tobacco smoke ex-
posure (Howard, 2004). Indeed, national legislation to restrict indoor
smoking has yet to be established in Japan.

4.4. Breast cancer

A positive socioeconomic gradient in breast cancer, which has been
documented in many countries (Faggiano et al., 1997), may partially
represent causal pathways linked to reproductive and fertility beha-
viors. In particular, evidence suggests that a greater risk of breast
cancer incidence with higher SES is associated with relevant breast
cancer risks, i.e., older age at birth of first child, use of hormone re-
placement therapy, and higher consumption of alcohol (Larsen et al.,
2011). Indeed, alcohol consumption was associated with breast cancer
risk in our study: a 12%-16% increase was evident among moderate to
heavy drinkers (> 15 g ethanol per day).

We identified a positive socioeconomic gradient even after con-
trolling for possible confounding and mediating factors. There could be
potential mediation related to stress; women with higher SES are as-
sociated with interpersonal stress in the workplace (Pudrovska, Carr,
McFarland, & Collins, 2013). The odds for homemakers were weaker
than service workers or subjects with higher SES. This finding suggests
that homemakers may have limited access to resources to promote their
health (e.g., breast cancer screening) (Zaitsu et al., 2018); alternatively,
homemakers may have working stress to a lesser extent at home, their
main workplace. Additionally, the likelihood of undergoing breast
cancer screening may be higher in individuals with higher SES, which is
associated with overdiagnosis (Chor et al., 2014; Kweon et al., 2017;
Jacklyn, Glasziou, Macaskill, & Barratt, 2016). With potential media-
tion through sleep disturbance and telomere shortening, breast cancer
risk may be associated with night shift workers, such as nurses (Samulin
Erdem et al., 2017; Yuan et al., 2018). In fact, we observed elevated
odds among professionals in white-collar industries, which was com-
prised with ~40% of medical professionals, including nurses and phy-
sicians.

4.5. Remaining common cancers and less common cancers

We did not observe a socioeconomic gradient for the remaining
common cancers and less common cancers. However, a possible inverse
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socioeconomic gradient was evident for several upper digestive and
gynecologic sites, which concurs with Western trends (Faggiano et al.,
1997; Spadea et al., 2010). A null socioeconomic gradient for colorectal
cancer and a tendency for an inverse socioeconomic gradient for pan-
creatic and gallbladder cancers (which has not been consistently re-
ported in Western countries) may be associated with healthier dietary
patterns in Japan (e.g., eating more vegetables and fish) (Faggiano
et al.,, 1997; Qiu et al., 2005; Song et al., 2016). For malignant lym-
phoma, a positive socioeconomic gradient has been found with some
types of malignant lymphoma in the United States (Clarke, Glaser,
Gomez, & Stroup, 2011). That gradient has shown mostly no association
with SES worldwide (Faggiano et al., 1997), and we observed a possible
inverse pattern. For other less common cancers, the literature is sparse
(Faggiano et al., 1997).

4.6. Strengths and limitations

Using a large, nationwide clinical and occupational dataset, we have
for the first time provided a comprehensive picture of socioeconomic
inequalities in female cancer incidence in Japan. This study is one of the
largest studies conducted for female cancer incidence in that country. In
addition, the strengths of this study include accurate cancer diagnoses
directly extracted from medical charts in contrast to less accurate ones
used in previous studies with claims data (Sato et al., 2015). A further
strength of the study is the relatively low job turnover in Japan, which
meant less possibility of misclassification. It is estimated that on
average 30% of women do not change jobs during working ages, while
an additional 20% changed jobs just once (Ministry of Health, Labour
and Welfare, 2014). The average length of the longest held jobs was 27
years. In contrast to previous studies, which assigned the most recent
occupation as a proxy for SES recorded on the death certificate (Eguchi
et al.,, 2017; Tanaka et al., 2017), the longest-held occupation is less
likely to reflect misclassification owing to reverse causality: patients
may change their jobs or become inactive in the labor force following
cancer diagnosis. Although the national standard classification was
revised over time, JOHAS updated the job codes to be consistent with
standard practice, and we do not feel that significant misclassification
was introduced (Zaitsu et al., 2016).

Some limitations, however, should be noted. First, the selection of
hospital controls was subject to selection bias. The absence of relevant
population-based data did not allow us to obtain population-based
controls (e.g., as in a population-based case-control study in the Nordic
Occupational Cancer Study) (Talibov et al., 2018); however, the ana-
lysis with the alternative control group (patients with all benign dis-
eases) showed the same patterns and directions of the socioeconomic
gradient. In addition, one-third of the missing information may have
introduced selection bias—even though multiple imputation was per-
formed; however, the sensitivity analysis with completed data showed
the same socioeconomic gradient. The self-reported information on
admission is another possible limitation inherent in recall bias.

Second, our measured occupational class is not a perfect proxy for
SES, and other relevant socioeconomic factors, i.e., educational at-
tainment and income levels, and the timing of the longest-held job were
not assessed owing to the limitations of our dataset (Larsen et al., 2011;
Spadea et al., 2010). However, a study with data from all residents in
Finland showed occupational class differences in cancer in-
cidence—even within strata of educational attainment and income le-
vels (Weiderpass & Pukkala, 2006). In addition, our broad category of
the longest-held occupational class was not designed to capture occu-
pational exposure; therefore, it is different from detailed occupational
classes defined in studies for detecting specific occupational cancer
incidence (Barry et al., 2017; Talibov et al., 2018; Weiderpass &
Pukkala, 2006). We could not assess the partners’ SES of married
women, which may be independently associated with women’s SES
(over and above her own occupation) (Honjo et al., 2012). Additionally,
although the prevalence of each specific cancer is consistent with
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national statistics (Hori et al., 2015), our analyzed cases represented
only 1.9% of the total cases of female cancer incidence in the whole
country. Hence, the generalizability of our findings to the rest of Japan
may be limited.

Finally, we assessed the contribution of major modifiable behavioral
factors of smoking and alcohol consumption on the socioeconomic
gradient; however, the data limitations did not enable us to assess other
possible mediation factors such as diet, physical activity, and night shift
work (Qiu et al., 2005; Samulin Erdem et al., 2017; Talibov et al., 2018;
Takao, Kawakami, & Ohtsu, 2003; Yuan et al., 2018), or evaluate so-
cioeconomic inequalities, including employment status (full-time, pre-
carious, and unemployed workers) that might have potential impacts
on cancer risk through psychological distress or access to healthcare
service (Singer et al., 2016; Tsurugano, Inoue, & Yano, 2012), within
the strata of cancer stage at diagnosis by linkage of SES information to
local cancer registries (Kweon et al., 2017; Zaitsu et al., 2015). There-
fore, future studies, such as ones concentrating on molecular patholo-
gical epidemiology (Ogino et al., 2016), are warranted to integrate all
aspects of cancer causal pathways.

5. Conclusion

We observed socioeconomic inequalities in female cancer incidence
in Japan—even after controlling for smoking and alcohol consumption.
The national cancer prevention strategy in Japan needs to explicitly
incorporate strategies to address socioeconomic inequalities.
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1 | INTRODUCTION

Cancer is a leading cause of death in developed countries,
and in 2016, the total incidence of cancer was estimated to
be 867 408 (male 501 527 and female 365 881) in Japan.1
Although overall cancer mortality has been declining in
Japan, where stomach cancer appeared to play a large role

Abstract

Little is known about socioeconomic inequalities in male cancer incidence in
nonwestern settings. Using the nationwide clinical and occupational inpatient data
(1984-2016) in Japan, we performed a multicentered, matched case—control study
with 214 123 male cancer cases and 1 026 247 inpatient controls. Based on the stand-
ardized national classifications, we grouped patients’ longest-held occupational class
(blue-collar, service, professional, manager), cross-classified by industrial cluster
(blue-collar, service, white-collar). Using blue-collar workers in blue-collar indus-
tries as the referent group, odds ratios (ORs) and 95% confidence intervals (Cls)
were estimated by conditional logistic regression with multiple imputation, matched
for age, admission date, and admitting hospital. Smoking and alcohol consumption
were additionally adjusted. Across all industries, a reduced risk with higher occupa-
tional class (professionals and managers) was observed for stomach and lung cancer.
Even after controlling for smoking and alcohol consumption, the reduced odds per-
sisted: OR of managers in white-collar industries was 0.80 (95% CI 0.72-0.90) for
stomach cancer, and OR of managers in white-collar industries was 0.66 (95% CI
0.55-0.79) for lung cancer. In white-collar industries, higher occupational class men
tended to have lower a reduced risk for most common types of cancer, with the ex-
ception of professionals who showed an excess risk for prostate cancer. We docu-
mented socioeconomic inequalities in male cancer incidence in Japan, which could

not be explained by smoking and alcohol consumption.
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for the decrease due to improved risk factors (eg smoking,
salt intake, and Helicobacter pylori infection) and treatment
strategies, overall cancer incidence has been continuously
increasing.2

In Western countries, occupational class, a fundamen-
tal proxy for socioeconomic status (SES), is considered as
a major determinant of cancer incidence.” For example,
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stomach and lung cancers tend to show a reduced risk in
higher-SES individuals, such as professional and managerial
workers.? Major lifestyle risk behaviors, such as smoking and
alcohol consumption, are thought to underlie the observed
socioeconomic gradient in cancer risk.® For example, smok-
ing is less prevalent in higher occupational class, and this
may account for a lower risk of stomach and lung cancer.*>

In Japan, as well as in other Asian countries, although
previous studies investigated the association between oc-
cupational class and cancer mortality (but not inciden<:e)6’7
or the ecological association between cancer incidence and
regional-level SES (but not individual level),*” few studies
evaluated the association of occupational class and risk of
cancer incidence using individual-level data. Also, the back-
ground cancer risks associated with occupational class dif-
fer between western and nonwestern contexts. For example,
compared with Western countries, the distribution of H. py-
lori infection (stomach cancer risk) is higher in Japan.>'° For
socioeconomic patterns for other potential cancer risks re-
lated to occupation, work-related psychological stress partly
differ between these two contexts.'' In contrast to Western
countries, where occupational stress is typically higher
among low-occupational classes compared with high-occu-
pational ones, the opposite pattern has been seen in Japan (eg
high suicide rate in managerial position).*!" Recently, with
regard to major cancer incidence among women in Japan, we
found a reduced risk of stomach and lung cancer and an ex-
cess risk of breast cancer in higher occupational class using
individual-level data.'” However, the association among men
remains unclear in Japan. As applying female results to men
is inappropriate due to etiology of cancer'? and distribution
of occupational class,6 it is necessary to determine socioeco-
nomic inequalities in male cancer incidence separately from
those with females.

Using a nationwide, multicenter inpatient dataset includ-
ing individual-level clinical data and occupational informa-
tion, we examined whether the risk of male cancer incidence
is associated with occupational class in Japan. We also deter-
mined whether the observed association persists even after
controlling for smoking and alcohol consumption.

2 | MATERIALS AND METHODS

2.1 |

We conducted a multicenter, hospital-based matched case—
control study using male inpatient data from the Inpatient
Clinico-Occupational Database of Rosai Hospital Group
(ICOD-R), run by the Japan Organization of Occupational
Health and Safety (JOHAS). Details of ICOD-R have been de-
scribed elsewhere, 111315 Briefly, the Rosai Hospital group
consists of 33 general hospitals in main urban areas and rural
areas of Japan; it has collected medical chart information

Study setting

confirmed by physicians (including basic socio-demographic
characteristics, clinical history, and diagnosis of current
and past diseases, pathological information, treatment, and
outcome for every inpatient) since 1984. The clinical di-
agnosis and comorbid diseases, extracted from physicians’
medical charts confirmed at discharge, are coded according
to the International Classification of Diseases, 9th Revision
(ICD-9) or 10th Revision (ICD-10).'%'"13-15 Although the
Rosai Hospitals were initially established by the Ministry
of Labour of Japan in 1949 for the working population, the
hospital group has since expanded coverage to the general
population as well as the working population.'* The profiles
of the patients, including occupational class, are nationally
representative.'*!!

From questionnaires completed at the time of admission,
ICOD-R also includes the occupational history of every in-
patient (current and three most recent jobs with duration) as
well as smoking and alcohol habits (status, daily amount, and
duration). Detailed occupational history is coded with the
three-digit codes of the standardized national classification,
the Japan Standard Occupational Classification and Japan
Standard Industrial Classification, corresponding, respec-
tively, to the International Standard Industrial Classification
and International Standard Occupational Classification;
JOHAS updated the previous job codes to be consistent
with changes in coding practice according to the revisions
of the standardized national classification.'™'"!"" Written
informed consent was obtained before patients completed
the questionnaires; trained registrars and nurses are in charge
of registering the data. The database currently contains data
from over 6 million inpatients.

We obtained a de-identified dataset under the research
agreement between the authors and JOHAS, and the re-
search ethics committees of The University of Tokyo,
Tokyo (Protocol Number 3890-5) and Kanto Rosai Hospital,
Kanagawa (Protocol Number 2014-38) approved the study.

2.2 | Cases and controls

The study subjects comprised 1240 370 subjects (214 123
male cancer cases and their 1 026 247 male hospital con-
trols) aged 20 years and older admitted to the hospital be-
tween 1984 and 2016. To select cases and controls from the
same source population, we randomly sampled five controls
for each cancer case, matched for age, admission date, and
admitting hospital.m’14 The matching process, however, gen-
erated less than five controls for some cases.

The cancer cases comprised those patients whose main
diagnosis was initial cancer, confirmed by physicians on
discharge with their medical chart information, patho-
logical, or imaging information (computed tomography,
magnetic resonance imaging, and endoscopy).m’“’B'15 We
defined cancer incidence as the first-time admission to the
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hospitals with a cancer diagnosis; the validation for the
diagnosis corresponding to ICD-9 or ICD-10 in the data-
base has been described elsewhere.'®!""!*!> The database
is unique to the Rosai Hospital group and so differs from
medical claims data, which may have less diagnostic accu-
racy.'® Following national statistics in Japan,"'"'® we spec-
ified the top 10 common male cancer sites: stomach, lung,
colorectum, prostate, liver, esophagus, pancreas, bladder,
kidney (including pelvis and ureter), and malignant lym-
phoma (Table S1). Less common cancers were addition-
ally specified. The prevalence of these cancers was mostly
identical to that in national statistics, and the total of our
male cancer cases amounted ~2% of the total incidence of
male cancer in Japan (Table S1). 11718

Based on a methodology used in previous studies,
our controls comprised male patients diagnosed with eye
and ear disease (ICD-9, 360-389 and ICD-10, HOO-H95;
36.5%), genitourinary system disease (ICD-9, 580-629
and ICD-10, N0O0O-N99; 42.9%), infectious and parasitic
disease (ICD-9, 1-136 and ICD-10, A00-B99; 13.6%),
or skin diseases (ICD-9, 680-709 and ICD-10, L00-L99;
7.0%), which were not linked to occupational class (Figure
S1).

10,11

2.3 | Occupational class and covariates

To classify occupational class, we chose the longest-held
job for each patient from his occupational history (current
and three most recent jobs).lo’11 The longest-held occupa-
tions were classified into four occupational classes (blue-
collar, service, professional, and manager), cross-classified
by three industrial clusters (blue-collar industry, service
industry, and white-collar industry; Figure $2).101" That
is, the blue-collar industry included agriculture, forestry
and fisheries, mining and quarrying of stone, construction,
manufacturing, electricity, gas, heat supply and water, and
transport and postal services; the service industry included
wholesale and retail trade, accommodations, eating and
drinking services, living-related, personal and amusement
services, compound services, and services not elsewhere
categorized; and the white-collar industry included infor-
mation and communications, finance and insurance, real
estate, goods rental and leasing, education and learning
support, medical, health care and welfare, and government
except elsewhere classified.'™" The “other” group com-
prised patients who were not actively engaged in paid em-
ployment (unemployed, nonworker, miscellaneous worker,
and student) were additionally specified.

Confounding factors included age, admission date, and
admitting hospitals, and mediating factors included smok-
ing (log [1 + pack-year]) and alcohol consumption (log
[1 + daily gram of ethanol intake]).'*! 11314 Drinking habits
were assessed prior to symptom onset related to admission.
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24 |

Overall one-third of the study subjects had missing data,
and excluding those with missing data may lead to biased
inference.!' To deal with missing data, we performed mul-
tiple imputation for missing data among 1240 370 study
subjects using all data, including occupational class, smok-
ing, and alcohol consumption.lo’ll’19 Five imputed datasets
with Multiple Imputation by Chained Equations method
were generated.'™"!” The following missing data were
multiply imputed: occupational class (350 751, 28.3%),
smoking (385 511, 31.1%), alcohol consumption (478 059,
38.5%).10!

Next, using blue-collar workers in blue-collar industries
as the referent group, odds ratios (ORs), and 95% confidence
intervals (CIs) in each occupational class for specific cancer
sites and overall cancer incidence were estimated by condi-
tional logistic regression with multiple imputation, matched
for age, admission date, and admitting hospital (model
1).101119 76 agsess the contribution of major modifiable risk
factors, smoking and alcohol consumption were additionally
adjusted (model 2).

In sensitivity analyses, based on the distribution of our
data and previous studies from ICOD-R, we performed strat-
ified analyses by age (20-64 vs 65 and above) and admission
date (1984-2002 vs 2003-2016), respectively.'**” In addition,
without performing multiple imputation, we performed (a)
conditional logistic regression and (b) multilevel logistic re-
gression with random intercepts fitted for each hospital (level
1, individual; level 2, hospital), among patients with com-
plete information (125 342 cases, 559 198 controls). Due to
insufficient number of the cases, these analyses were limited
to stomach, lung, prostate, and overall cancer. Additionally,
using alternative control groups (all available hospital con-
trols diagnosed with benign diseases), we performed condi-
tional logistic regression with multiple imputation for lung
cancer (22 086 cases, 110321 controls) and prostate can-
cer (28 648 cases, 143 090 controls). Alpha was set at 0.05,
and all P-values were two-sided. Data were analyzed using
STATA/MP13.1 (Stata-Corp LP, College Station, TX).

Statistical analysis

3 | RESULTS

The mean age [mean (SD)] in the controls and cases was,
respectively, 67 (11) years and 67 (11) years. Higher oc-
cupational class was clearly associated with reduced risks
for stomach and lung cancer. In all three industries, higher
occupational class men (professionals and managers) had
significantly lower odds ratios for stomach and lung can-
cer, with the exception of risk for stomach cancer in man-
agers in blue-collar industries (Table 1). Even after fully
controlling for smoking and alcohol consumption, the
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TABLE 1 0Odds ratios of each occupational class associated with risk for top 10 common cancers and overall cancer incidence in Japan

Characteristics
Esophagus
Occupational class
Blue-collar industry
Blue-collar
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager
Others
Others
Smoking, mean®
Alcohol consumption, mean*
Stomach
Occupational class
Blue-collar industry
Blue-collar
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager
Others
Others
Smoking, mean®
Alcohol consumption, mean*

Colorectum

Control, %"
n =30 545

324
11.2
33
43

3.0
10.6
0.9
22

1.9
6.7
4.8
14

17.3
2.31
2.37
n =203 506

32.5
10.8
3.0

43

2.9
10.6
0.9
2.2

1.9
6.9
5.0
1.5

17.8
2.26
232
n =128 696

Case, %"

n=06317

34.5
11.4
2.9

4.6

3.1

11.2
1.0
2.1

2.0
59
4.0

16.2

2.86

3.02
n=42510

353
11.0
3.0
44

3.0
10.3
0.8
2.0

1.9
6.3
4.2
1.3

16.5

2.59

2.53
n=27074

Model 1
OR (95% CI)®

1.00
0.96 (0.87-1.06)
0.82 (0.67-0.99)
0.99 (0.85-1.16)

1.00 (0.83-1.21)
1.01 (0.91-1.11)
1.04 (0.77-1.40)
0.91 (0.74-1.13)

1.00 (0.81-1.25)
0.83 (0.71-0.95)
0.78 (0.66-0.93)
0.70 (0.49-0.99)

0.86 (0.78-0.94)

1.00
0.95 (0.90-0.99)
0.93 (0.87-0.99)
0.95 (0.90-1.02)

0.94 (0.86-1.01)
0.91 (0.87-0.95)
0.85 (0.73-0.98)
0.86 (0.79-0.94)

0.92 (0.84-1.01)
0.84 (0.80-0.89)
0.77 (0.72-0.82)
0.79 (0.71-0.89)

0.83 (0.80-0.86)

Model 2
OR (95% CI)”

1.00

0.95 (0.85-1.05)
0.81 (0.66-0.98)
0.95(0.81-1.11)

1.03 (0.84-1.24)
1.02 (0.92-1.13)
1.02 (0.75-1.40)
0.90 (0.72-1.13)

1.03 (0.83-1.27)
0.82 (0.71-0.95)
0.82 (0.70-0.97)
0.73 (0.52-1.02)

0.96 (0.87-1.06)
1.19 (1.16-1.21)
1.29 (1.26-1.33)

1.00

0.94 (0.90-0.99)
0.93 (0.87-1.00)
0.93 (0.87-0.99)

0.94 (0.87-1.02)
0.91 (0.87-0.95)
0.86 (0.74-1.00)
0.86 (0.79-0.94)

0.93 (0.85-1.02)
0.85 (0.81-0.90)
0.80 (0.75-0.86)
0.80 (0.72-0.90)

0.86 (0.83-0.89)
112 (1.11-1.13)
1.06 (1.05-1.07)

(Continues)
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TABLE 1 (Continued)

Model 1 Model 2
Characteristics Control, %" Case, %" OR (95% CI)® OR (95% CD®
Occupational class
Blue-collar industry
Blue-collar 31.6 323 1.00 1.00
Service 11.5 11.7 1.01 (0.96-1.07) 1.01 (0.96-1.07)
Professional 34 3.5 1.02 (0.94-1.12) 1.02 (0.94-1.12)
Manager 4.1 4.0 0.99 (0.92-1.06) 0.97 (0.90-1.04)
Service industry
Blue-collar 3.0 32 1.05 (0.97-1.14) 1.07 (0.98-1.15)
Service 11.0 11.4 1.02 (0.96-1.08) 1.02 (0.96-1.08)
Professional 1.0 0.9 0.91 (0.77-1.09) 0.93 (0.78-1.10)
Manager 2.0 2.1 1.01 (0.91-1.13) 1.01 (0.90-1.13)
White-collar industry
Blue-collar 1.9 1.8 0.89 (0.77-1.02) 0.89 (0.77-1.02)
Service 7.1 6.9 0.96 (0.89-1.04) 0.97 (0.90-1.04)
Professional 5.1 5.1 0.96 (0.89-1.04) 0.99 (0.92-1.06)
Manager 1.4 1.2 0.88 (0.77-0.99) 0.88 (0.78-1.00)
Others
Others 17.0 16.1 0.90 (0.85-0.95) 0.94 (0.89-0.99)
Smoking, mean® 2.38 2.56 1.06 (1.05-1.07)
Alcohol consumption, mean’ 2.45 2.67 1.09 (1.08-1.10)
Liver n =88 342 n= 18354
Occupational class
Blue-collar industry
Blue-collar 31.9 32.7 1.00 1.00
Service 11.1 11.6 1.02 (0.96-1.08) 1.02 (0.96-1.08)
Professional 3.1 2.8 0.87 (0.76-0.99) 0.87 (0.76-0.99)
Manager 4.6 5.1 1.09 (1.00-1.19) 1.07 (0.98-1.17)
Service industry
Blue-collar 29 3.1 1.03 (0.93-1.14) 1.04 (0.94-1.15)
Service 10.7 10.6 0.97 (0.91-1.03) 0.97 (0.92-1.03)
Professional 0.8 0.7 0.89 (0.73-1.09) 0.91 (0.75-1.11)
Manager 2.1 22 1.01 (0.88-1.16) 1.01 (0.88-1.16)
White-collar industry
Blue-collar 1.9 1.7 0.84 (0.74-0.96) 0.84 (0.74-0.96)
Service 7.0 6.0 0.84 (0.77-0.92) 0.85 (0.78-0.93)
Professional 4.9 3.7 0.74 (0.67-0.81) 0.76 (0.69-0.84)
Manager 1.6 1.3 0.81 (0.67-0.97) 0.81 (0.68-0.97)
Others
Others 17.3 18.6 1.04 (0.98-1.10) 1.07 (1.00-1.14)
Smoking, mean® 2.28 2.51 1.09 (1.07-1.10)
Alcohol consumption, mean’ 2.34 2.49 1.04 (1.02-1.05)
Pancreas n=23635 n =4976

Occupational class

(Continues)
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TABLE 1 (Continued)

Characteristics

Blue-collar industry
Blue-collar
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager
Others
Others
Smoking, mean®
Alcohol consumption, mean®
Lung
Occupational class
Blue-collar industry
Blue-collar
Service
Professional
Manager

Service industry
Blue-collar
Service
Professional
Manager

White-collar industry
Blue-collar
Service
Professional
Manager

Others
Others

Smoking, mean®

Alcohol consumption, mean®

Prostate
Occupational class

Blue-collar industry

Control, %"

319
10.7
3.1
44

3.1
10.5
0.9
2.1

2.0
6.7
4.8
1.5

18.2
2.28
2.33
n = 104 064

32.6
10.6
3.1
4.0

2.8
10.0
0.9
2.0

1.7
6.3
4.6
1.4

19.8

2.33

2.31
n=136573

ZAITSU ET AL.
Model 1 Model 2

Case, %° OR (95% CI)” OR (95% CI)°
33.6 1.00 1.00

11.7 1.04 (0.93-1.16) 1.03 (0.93-1.15)
2.9 0.88 (0.69-1.13) 0.89 (0.70-1.13)
4.4 0.96 (0.80-1.16) 0.95 (0.79-1.14)
32 0.99 (0.80-1.22) 1.01 (0.82-1.24)
10.2 0.92 (0.77-1.11) 0.93 (0.77-1.12)
0.9 0.92 (0.62-1.39) 0.93 (0.62-1.40)
20 1.00 (0.79-1.27) 1.00 (0.79-1.27)
1.6 0.75 (0.58-0.98) 0.76 (0.58-0.99)
5.9 0.83 (0.72-0.96) 0.84 (0.73-0.96)
45 0.90 (0.75-1.07) 0.93 (0.78-1.11)
1.3 0.83 (0.62-1.11) 0.85 (0.63-1.14)
17.6 0.88 (0.80-0.97) 0.91 (0.83-1.01)
2.61 1.14 (1.11-1.17)
2.41 1.00 (0.98-1.03)
n=21922

375 1.00 1.00

10.6 0.87 (0.83-0.93) 0.86 (0.82-0.91)
2.7 0.75 (0.68-0.84) 0.76 (0.68-0.85)
3.9 0.86 (0.79-0.93) 0.83 (0.76-0.90)
2.9 0.89 (0.81-0.98) 0.89 (0.81-0.98)
9.4 0.82 (0.77-0.87) 0.83 (0.78-0.89)
0.7 0.65 (0.54-0.77) 0.68 (0.56-0.82)
1.9 0.80 (0.71-0.90) 0.81 (0.72-0.92)
1.5 0.76 (0.66-0.88) 0.79 (0.69-0.91)
5.4 0.75 (0.68-0.82) 0.77 (0.70-0.84)
3.2 0.61 (0.55-0.66) 0.66 (0.60-0.73)
1.0 0.61 (0.51-0.72) 0.66 (0.55-0.79)
19.2 0.82 (0.79-0.86) 0.90 (0.86-0.95)
3.04 1.36 (1.35-1.38)
2.43 0.99 (0.98-1.00)
n =28 392

(Continues)
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TABLE 1 (Continued)

Model 1 Model 2
Characteristics Control, %" Case, %" OR (95% CI)® OR (95% CD®
Blue-collar 31.5 31.8 1.00 1.00
Service 114 12.0 1.06 (1.01-1.12) 1.06 (1.01-1.12)
Professional 3.5 3.6 1.06 (0.99-1.15) 1.06 (0.98-1.14)
Manager 39 39 1.02 (0.94-1.10) 1.02 (0.94-1.10)
Service industry
Blue-collar 3.0 2.7 0.90 (0.82-0.99) 0.91 (0.83-0.99)
Service 104 10.1 0.97 (0.91-1.03) 0.97 (0.91-1.03)
Professional 1.1 1.1 0.98 (0.86-1.11) 0.98 (0.86-1.11)
Manager 2.1 2.0 0.96 (0.86-1.06) 0.96 (0.86-1.06)
White-collar industry
Blue-collar 1.9 2.0 1.07 (0.96-1.20) 1.07 (0.95-1.19)
Service 6.5 6.7 1.03 (0.97-1.10) 1.03 (0.97-1.10)
Professional 4.9 5.4 1.10 (1.03-1.18) 1.10 (1.03-1.18)
Manager 1.2 1.3 1.07 (0.94-1.22) 1.07 (0.93-1.22)
Others
Others 18.5 17.3 0.90 (0.86-0.94) 0.90 (0.86-0.94)
Smoking, mean® 2.41 2.37 0.98 (0.97-0.99)
Alcohol consumption, mean® 2.36 2.43 1.03 (1.02-1.05)
Kidney, pelvis and ureter n =26 900 n = 5552
Occupational class
Blue-collar industry
Blue-collar 314 314 1.00 1.00
Service 11.9 12.1 1.03 (0.93-1.14) 1.03 (0.93-1.14)
Professional 3.8 3.8 1.04 (0.81-1.35) 1.05 (0.81-1.36)
Manager 4.0 4.7 1.19 (1.02-1.39) 1.17 (1.00-1.37)
Service industry
Blue-collar 2.9 3.1 1.07 (0.87-1.32) 1.08 (0.87-1.33)
Service 11.0 10.8 0.99 (0.88-1.11) 0.99 (0.88-1.11)
Professional 0.9 1.0 1.17 (0.81-1.67) 1.17 (0.82-1.67)
Manager 2.0 2.3 1.15 (0.93-1.42) 1.15(0.92-1.42)
White-collar industry
Blue-collar 2.1 1.7 0.84 (0.65-1.09) 0.84 (0.65-1.10)
Service 7.2 7.3 1.02 (0.88-1.17) 1.03 (0.89-1.18)
Professional 53 54 1.04 (0.88-1.22) 1.07 (0.90-1.26)
Manager 1.4 1.4 0.97 (0.72-1.29) 0.97 (0.73-1.30)
Others
Others 16.1 15.1 0.93 (0.82-1.04) 0.95 (0.85-1.07)
Smoking, mean® 2.35 2.58 1.08 (1.06-1.11)
Alcohol consumption, mean® 2.41 2.58 1.05 (1.03-1.08)
Bladder n=64871 n=13590
Occupational class
Blue-collar industry
Blue-collar 31.3 32.8 1.00 1.00

(Continues)
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TABLE 1 (Continued)

Characteristics

Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager
Others
Others

Smoking, mean®

Alcohol consumption, mean®

Malignant lymphoma
Occupational class
Blue-collar industry
Blue-collar
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager
Others
Others

Smoking, mean®

Alcohol consumption, mean’

All sites
Occupational class
Blue-collar industry
Blue-collar

Service

Control, %"

10.6
3.2
4.3

2.9
10.1
0.9
2.1

1.8
6.7
4.9
1.4

19.9

2.29

2.31
n=29528

31.0
11.7
3.8
3.8

3.1

11.0
0.9
1.9

2.0
1.5
5.5
1.4

16.4

2.30

2.39
n=1026247

31.8
11.1

ZAITSU ET AL.
Model 1 Model 2
Case, %* OR (95% CI)® OR (95% CI)"
11.6 1.06 (0.98-1.15) 1.05 (0.97-1.14)
3.0 0.91 (0.80-1.03) 0.90 (0.79-1.03)
46 1.05 (0.95-1.16) 1.02 (0.92-1.13)
2.7 0.90 (0.79-1.03) 0.90 (0.78-1.03)
10.4 0.99 (0.93-1.06) 1.00 (0.93-1.07)
1.0 1.14 (0.93-1.39) 1.14 (0.92-1.40)
20 1.02 (0.88-1.18) 1.02 (0.88-1.19)
1.6 0.89 (0.76-1.03) 0.89 (0.77-1.04)
5.9 0.84 (0.75-0.95) 0.85 (0.76-0.95)
45 0.88 (0.78-0.98) 0.92 (0.82-1.02)
12 0.78 (0.62-0.98) 0.78 (0.63-0.98)
18.4 0.86 (0.81-0.91) 0.89 (0.84-0.94)
2.69 1.17 (1.15-1.18)
2.43 1.02 (1.00-1.03)
n=6157
33.4 1.00 1.00
115 0.92 (0.83-1.02) 0.92 (0.83-1.01)
3.4 0.82 (0.69-0.96) 0.82 (0.70-0.97)
3.9 0.96 (0.76-1.21) 0.95 (0.75-1.20)
3.8 1.14 (0.97-1.34) 1.14 (0.97-1.33)
10.1 0.86 (0.77-0.96) 0.86 (0.77-0.96)
1.0 0.94 (0.68-1.30) 0.94 (0.69-1.30)
1.9 0.92 (0.69-1.22) 0.92 (0.69-1.21)
1.8 0.82 (0.65-1.04) 0.83 (0.65-1.04)
6.9 0.86 (0.75-0.98) 0.86 (0.76-0.98)
5.1 0.85 (0.72-1.01) 0.87 (0.73-1.03)
12 0.85 (0.60-1.19) 0.85 (0.61-1.20)
16.2 0.90 (0.82-0.99) 0.91 (0.83-1.00)
2.44 1.06 (1.03-1.09)
2.40 0.99 (0.97-1.02)
n=214123
33.6 1.00 1.00
114 0.99 (0.97-1.00) 0.98 (0.96-1.00)

(Continues)
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TABLE 1 (Continued)

Characteristics Control, %* Case, %"
Professional 3.3 3.1
Manager 4.2 4.3

Service industry
Blue-collar 29 3.0
Service 10.6 10.6
Professional 0.9 0.9
Manager 2.1 2.0
White-collar industry
Blue-collar 1.9 1.8
Service 6.9 6.3
Professional 5.0 4.5
Manager 1.4 1.2
Others
Others 17.9 17.3
Smoking, mean® 2.31 2.58
Alcohol consumption, mean® 2.35 2.51

CI, confidence interval; OR, odds ratio.

Model 1

OR (95% CI)®
0.92 (0.88-0.96)
0.98 (0.96-1.01)

0.97 (0.94-1.00)
0.95 (0.93-0.96)
0.92 (0.86-0.98)
0.93 (0.89-0.97)
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Model 2

OR (95% CI)"
0.92 (0.88-0.96)
0.97 (0.94-0.99)

0.97 (0.94-1.00)
0.95 (0.94-0.97)
0.93 (0.87-1.00)
0.93 (0.89-0.97)

0.90 (0.86-0.94)
0.88 (0.86-0.90)
0.86 (0.83-0.88)
0.82 (0.78-0.86)

0.90 (0.86-0.95)
0.89 (0.86-0.91)
0.89 (0.86-0.92)
0.83 (0.79-0.87)
0.89 (0.88-0.91) 0.92 (0.91-0.94)
1.10 (1.10-1.11)
1.05 (1.04-1.05)

“Data were estimated with five imputed datasets. Percentages may not total 100 because of rounding with multiple imputation.

“Conditional logistic regression with multiple imputation, matched for age, admission date, and admitting hospital (model 1); additional adjustment for smoking and al-

cohol consumption (model 2).
‘Log (1 + pack-year).
dLog (1 + daily gram of ethanol intake).

observed lower odds in higher occupational class across all
industries were not attenuated and remained significantly
associated with stomach cancer (adjusted OR ranged from
0.80 for managers in white-collar industries to 0.93 for
professionals in blue-collar industries) and lung cancer
(adjusted OR ranged from 0.66 for managers in white-col-
lar industries to 0.83 for managers in blue-collar indus-
tries; model 2, Table 1). Additionally, service workers in
all industries and blue-collar workers in service and white-
collar industries also had significantly lower odds ratios
for lung cancer.

Among the remainder of the top 10 common cancers,
higher occupational class in white-collar industries was as-
sociated with reduced risks for liver, esophagus, and bladder
cancer, as well as malignant lymphoma (Table 1). Higher
occupational class tended to be associated with potentially
lower risk for pancreatic cancer (although not statistically sig-
nificant), while occupational class was not clearly associated
with colorectal cancer risk (Table 1). By contrast, an excess
cancer risk was associated with professionals in white-collar
industries for prostate cancer, as well as a tendency of excess
risk with higher occupational class in blue-collar industries
was observed for kidney cancer (Table 1). As a whole, a re-
duced risk was associated with higher occupational class for
overall cancer incidence (Table 1).

Some less common cancers (such as gallbladder and bile
duct cancer, leukemia, and multiple myeloma) appeared to
hint at a reduced risk with higher occupational class (Table
S2). The results of sensitivity analyses showed almost the
same occupational gradient patterns as seen in the main result
(Tables 2 and 3; Table S3 and Figure S3).

4 | DISCUSSION

4.1 | All cancer sites

In Western countries, overall male cancer incidence has
shown a slightly inverse socioeconomic gradient (reduced
risk with higher occupational class).? Focusing on the odds
ratios for cancer incidence in higher-SES groups (ie manag-
ers and professionals) across industrial clusters, we observed
an inverse socioeconomic gradient in Japan, explained by re-
duced incidence among higher occupational class groups for
stomach, lung, liver, esophagus, and bladder cancer, as well
as malignant lymphoma.

4.2 | Inverse occupational gradient

Although smoking and alcohol consumption may sub-
stantially mediate the inverse socioeconomic gradient for
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TABLE 2 0Odds ratios of each occupational class associated with risk for stomach, lung, prostate, and overall cancer incidence stratified by

age

Model 1 Model 2
Occupational class Control, %" Case, %" OR (95% CI)" OR (95% CI)"
Stomach
Age 20-64 n= 82294 n=16925
Blue-collar industry
Blue-collar 32.6 359 1.00 1.00
Service 124 12.6 0.97 (0.92-1.02) 0.96 (0.91-1.02)
Professional 3.7 3.8 0.93 (0.83-1.04) 0.93 (0.83-1.04)
Manager 4.6 4.9 0.95 (0.87-1.02) 0.93 (0.86-1.00)
Service industry
Blue-collar 3.6 3.5 0.99 (0.89-1.10) 0.99 (0.89-1.10)
Service 12.9 12.9 0.90 (0.85-0.95) 0.90 (0.85-0.96)
Professional 0.7 0.6 0.90 (0.76-1.06) 0.91 (0.77-1.08)
Manager 2.1 2.0 0.86 (0.77-0.96) 0.87 (0.77-0.97)
White-collar industry
Blue-collar 23 24 0.88 (0.79-0.99) 0.90 (0.81-1.01)
Service 8.8 8.2 0.84 (0.78-0.91) 0.84 (0.78-0.91)
Professional 5.7 4.7 0.79 (0.73-0.85) 0.82 (0.76-0.88)
Manager 1.6 1.5 0.75 (0.65-0.87) 0.76 (0.66-0.88)
Others
Others 9.0 6.9 0.87 (0.83-0.91) 0.90 (0.86-0.94)
Age 65 and above n=121212 n=25585
Blue-collar industry
Blue-collar 324 35.0 1.00 1.00
Service 9.6 10.0 0.92 (0.86-0.99) 0.91 (0.85-0.98)
Professional 2.5 2.5 0.92 (0.84-1.01) 0.93 (0.84-1.02)
Manager 4.0 4.1 0.96 (0.88-1.05) 0.93 (0.85-1.01)
Service industry
Blue-collar 2.4 2.6 0.88 (0.79-0.99) 0.89 (0.80-1.00)
Service 9.0 8.6 0.91 (0.86-0.97) 0.91 (0.86-0.97)
Professional 0.9 0.9 0.76 (0.58-0.99) 0.78 (0.59-1.02)
Manager 22 2.0 0.86 (0.76-0.99) 0.85 (0.74-0.97)
White-collar industry
Blue-collar 1.7 1.6 0.95 (0.82-1.11) 0.96 (0.82-1.11)
Service 5.6 5.1 0.84 (0.78-0.90) 0.86 (0.80-0.92)
Professional 4.4 3.8 0.74 (0.67-0.83) 0.78 (0.70-0.87)
Manager 1.4 1.1 0.84 (0.73-0.98) 0.85 (0.73-0.99)
Others
Others 23.8 22.8 0.69 (0.63-0.75) 0.73 (0.67-0.80)
Lung
Age 20-64 n=28411 n = 5893
Blue-collar industry
Blue-collar 32.6 359 1.00 1.00
Service 12.4 12.6 0.90 (0.84-0.97) 0.89 (0.83-0.95)

(Continues)



ZAITSU ET AL.

.. 805
Cancer Medicine _ —WI LEYJ—

TABLE 2 (Continued)

Model 1 Model 2
Occupational class Control, %" Case, %" OR (95% CD® OR (95% CD®
Professional 3.7 3.8 0.81 (0.72-0.92) 0.81 (0.72-0.91)
Manager 4.6 4.9 0.89 (0.80-0.98) 0.86 (0.77-0.95)
Service industry
Blue-collar 3.6 3.5 0.93 (0.83-1.05) 0.92 (0.82-1.03)
Service 12.9 12.9 0.83 (0.76-0.89) 0.84 (0.77-0.91)
Professional 0.7 0.6 0.63 (0.51-0.78) 0.65 (0.52-0.82)
Manager 2.1 2.0 0.81 (0.70-0.93) 0.82 (0.71-0.96)
White-collar industry
Blue-collar 2.3 24 0.81 (0.68-0.96) 0.85 (0.71-1.02)
Service 8.8 8.2 0.75 (0.68-0.84) 0.76 (0.69-0.85)
Professional 5.7 4.7 0.62 (0.55-0.70) 0.68 (0.60-0.76)
Manager 1.6 1.5 0.65 (0.52-0.81) 0.70 (0.56-0.89)
Others
Others 9.0 6.9 0.84 (0.80-0.88) 0.92 (0.87-0.97)
Age 65 and above n="75653 n=16029
Blue-collar industry
Blue-collar 324 35.0 1.00 1.00
Service 9.6 10.0 0.82 (0.73-0.91) 0.81 (0.72-0.91)
Professional 2.5 2.5 0.65 (0.54-0.78) 0.67 (0.55-0.80)
Manager 4.0 4.1 0.78 (0.66-0.94) 0.76 (0.64-0.91)
Service industry
Blue-collar 2.4 2.6 0.80 (0.68-0.94) 0.82 (0.70-0.97)
Service 9.0 8.6 0.80 (0.72-0.88) 0.80 (0.72-0.88)
Professional 0.9 0.9 0.71 (0.48-1.03) 0.76 (0.52-1.12)
Manager 22 2.0 0.78 (0.63-0.97) 0.78 (0.62-0.98)
White-collar industry
Blue-collar 1.7 1.6 0.67 (0.51-0.87) 0.67 (0.51-0.88)
Service 5.6 5.1 0.74 (0.65-0.84) 0.77 (0.67-0.87)
Professional 44 3.8 0.57 (0.48-0.67) 0.63 (0.53-0.74)
Manager 1.4 1.1 0.52 (0.34-0.80) 0.55 (0.36-0.85)
Others
Others 23.8 22.8 0.77 (0.69-0.87) 0.86 (0.76-0.97)
Prostate
Age 20-64 n =25 068 n=>5117
Blue-collar industry
Blue-collar 32.6 35.9 1.00 1.00
Service 12.4 12.6 1.06 (1.00-1.13) 1.06 (1.00-1.12)
Professional 3.7 3.8 1.00 (0.92-1.10) 1.00 (0.91-1.10)
Manager 4.6 4.9 1.01 (0.92-1.10) 1.00 (0.92-1.10)
Service industry
Blue-collar 3.6 35 0.92 (0.83-1.02) 0.92 (0.83-1.03)
Service 12.9 12.9 0.97 (0.91-1.03) 0.97 (0.91-1.03)
Professional 0.7 0.6 0.99 (0.86-1.14) 0.99 (0.87-1.14)

(Continues)
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TABLE 2 (Continued)

Occupational class

Manager
White-collar industry
Blue-collar
Service
Professional
Manager
Others
Others
Age 65 and above
Blue-collar industry
Blue-collar
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager
Others
Others
All sites
Age 20-64
Blue-collar industry
Blue-collar
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional

Manager

Control, %"

2.1

23
8.8
5.7
1.6

9.0
n=111505

324
9.6
2.5
4.0

2.4
9.0
0.9
22

1.7
5.6
4.4
1.4

23.8

n =374 853

31.6
12.8
42
4.5

3.6
13.1
0.7
2.1

2.3
8.9
5.9
1.6

ZAITSU ET AL.
Model 1 Model 2

Case, %" OR (95% CI)° OR (95% CI)®
2.0 0.90 (0.81-1.01) 0.90 (0.81-1.01)
2.4 1.02 (0.90-1.16) 1.02 (0.90-1.15)
8.2 0.97 (0.90-1.05) 0.97 (0.90-1.05)
47 1.03 (0.96-1.11) 1.03 (0.96-1.11)
15 1.03 (0.89-1.19) 1.03 (0.89-1.19)
6.9 0.91 (0.86-0.95) 0.91 (0.86-0.95)
n=23275

35.0 1.00 1.00

10.0 1.07 (0.96-1.19) 1.08 (0.96-1.20)
25 1.27 (1.09-1.47) 1.26 (1.08-1.47)
4.1 1.07 (0.91-1.26) 1.07 (0.91-1.26)
2.6 0.86 (0.71-1.04) 0.86 (0.70-1.04)
8.6 1.00 (0.90-1.11) 1.01 (0.90-1.12)
0.9 0.88 (0.56-1.38) 0.87 (0.56-1.37)
2.0 1.22 (0.99-1.51) 1.23 (0.99-1.52)
1.6 1.26 (1.03-1.55) 1.26 (1.03-1.54)
5.1 1.25 (1.12-1.40) 1.25 (1.11-1.40)
3.8 1.41 (1.22-1.62) 1.39 (1.21-1.60)
1.1 1.25 (0.96-1.62) 1.24 (0.95-1.61)
228 0.78 (0.68-0.89) 0.78 (0.68-0.89)
n=77173
33.4 1.00 1.00

13.1 1.00 (0.98-1.02) 0.99 (0.97-1.02)
4.0 0.93 (0.89-0.98) 0.93 (0.89-0.97)
45 0.99 (0.96-1.03) 0.97 (0.94-1.01)
3.7 0.98 (0.93-1.02) 0.98 (0.93-1.02)
13.3 0.94 (0.92-0.96) 0.95 (0.93-0.97)
0.8 0.90 (0.84-0.96) 0.91 (0.85-0.98)
2.1 0.92 (0.87-0.97) 0.92 (0.87-0.97)
22 0.90 (0.85-0.95) 0.90 (0.85-0.96)
8.4 0.86 (0.84-0.89) 0.87 (0.84-0.89)
53 0.87 (0.83-0.90) 0.89 (0.86-0.93)
1.4 0.80 (0.74-0.87) 0.81 (0.75-0.88)

(Continues)
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TABLE 2 (Continued)

Occupational class Control, %* Case, %"
Others
Others 8.7 8.0
Age 65 and above n=0651 3% n =136 950
Blue-collar industry
Blue-collar 32.0 33.7
Service 10.1 10.5
Professional 2.8 2.7
Manager 4.0 4.1
Service industry
Blue-collar 2.5 2.6
Service 9.2 9.0
Professional 1.0 0.9
Manager 2.1 2.0
White-collar industry
Blue-collar 1.7 1.6
Service 5.7 5.1
Professional 4.5 4.1
Manager 1.3 1.1
Others
Others 23.2 22.5

CI, confidence interval; OR, odds ratio.

Model 1
OR (95% CI)"

0.90 (0.88-0.92)

1.00

0.97 (0.94-1.00)
0.90 (0.85-0.96)
0.97 (0.92-1.02)

0.95 (0.91-1.00)
0.96 (0.93-0.98)
0.96 (0.86-1.07)
0.95 (0.90-1.01)

0.90 (0.84-0.96)
0.90 (0.86-0.94)
0.85 (0.81-0.89)
0.84 (0.78-0.91)

0.86 (0.83-0.90)
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Model 2
OR (95% CI)®

0.93 (0.91-0.95)

1.00
0.96 (0.93-0.99)
0.91 (0.85-0.97)
0.95 (0.90-1.00)

0.97 (0.92-1.01)
0.96 (0.94-0.99)
0.98 (0.88-1.10)
0.95 (0.89-1.01)

0.90 (0.84-0.97)
0.91 (0.87-0.96)
0.88 (0.85-0.92)
0.84 (0.78-0.91)

0.91 (0.87-0.95)

“Data were estimated with five imputed datasets. Percentages may not total 100 because of rounding with multiple imputation.

°Conditional logistic regression with multiple imputation, matched for age, admission date, and admitting hospital (model 1); additional adjustment for smoking and al-

cohol consumption (model 2).

. . 3
stomach and lung cancer in Western countries, 421 con-

trolling for these behaviors did not fully explain the inverse
gradients in the present study. This pattern concurs with
the inverse socioeconomic gradient for female stomach
and lung cancer incidence in Japan we found in a previ-
ous study (eg ORs for managers in blue-collar industries
were 0.67 for stomach cancer and 0.40 for lung cancer).'”
Therefore, irrespective of sex differences, other factors,
such as dietary habits (high salt diet) and H. pylori infec-
tion for stomach cancer and occupational/industrial dif-
ferences in environmental exposure for lung cancer, may
play a role.'?? Indeed, blue-collar workers in white-col-
lar industries, as well as service workers in all industrial
clusters, showed lower odds ratios for lung cancer risk
compared with blue-collar workers in blue-collar indus-
tries, which also suggests the occupational and industrial
differences in environmental exposure to unknown hazard-
ous substance and/or to passive smoking in the workplace
linked to lung cancer risk.

Studies in western settings have found an inverse socioeco-
nomic gradient for esophagus cancer (as we did), while gra-
dients for liver and pancreas cancer have been less clear.>*?!
We observed a reduced risk with higher occupational class

for esophagus and liver cancer, as well as a potentially lower
risk among higher-status occupations for pancreas cancer,
even after controlling for behavioral risk factors. Dietary hab-
its (vegetables and fruits) may be associated with a reduced
risk for these cancers; however, the protective effect remains
controversial in the Japanese population.23 As we observed a
reduced liver cancer risk not only in high-occupational class
but also in white-collar industries regardless of occupational
class, socioeconomic disparities in Hepatitis C infection may
additionally contribute to the observed socioeconomic gradi-
ents in liver cancer.* A socioeconomic gradient for bladder
cancer and malignant lymphoma has not been consistently
observed in Western countries,3 while we found an inverse
socioeconomic gradient. Our findings may be attributable to
exposure to aromatic amines in certain high-risk occupation
(for bladder cancer)13’14 as well as the use of pesticides (in
the case of malignant lymphoma).24 Among women in Japan,
a socioeconomic gradient was not observed for esophagus,
liver, pancreas, bladder cancer, and malignant lymphoma.10
These differences between men and women regarding so-
cioeconomic patterns may imply a possible sex difference in
occupational roles in the same job categorylg; however, other
relevant reasons remain unclear.
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TABLE 3 0Odds ratios of each occupational class associated with risk for stomach, lung, prostate, and overall cancer incidence stratified by

admission date

Model 1 Model 2
Occupational class Control, %" Case, %" OR (95% CI)" OR (95% CI)"
Stomach
Before 2003 n = 120 886 n =25 081
Blue-collar industry
Blue-collar 334 35.8 1.00 1.00
Service 9.8 9.9 0.94 (0.89-1.00) 0.93 (0.88-0.99)
Professional 24 24 0.91 (0.82-1.00) 0.90 (0.82-1.00)
Manager 4.7 5.0 0.88 (0.79-0.98) 0.85 (0.76-0.94)
Service industry
Blue-collar 2.7 2.6 0.95 (0.86-1.05) 0.96 (0.86-1.06)
Service 9.9 9.8 0.88 (0.83-0.94) 0.88 (0.82-0.94)
Professional 0.6 0.6 0.81 (0.67-0.97) 0.83 (0.68-1.00)
Manager 2.3 2.3 0.77 (0.65-0.92) 0.76 (0.63-0.90)
White-collar industry
Blue-collar 1.9 1.8 0.93 (0.81-1.05) 0.93 (0.81-1.06)
Service 6.7 6.0 0.85 (0.78-0.93) 0.85 (0.78-0.93)
Professional 4.7 4.1 0.72 (0.66-0.79) 0.76 (0.69-0.83)
Manager 1.7 1.6 0.66 (0.53-0.81) 0.67 (0.54-0.82)
Others
Others 19.2 18.2 0.77 (0.72-0.83) 0.82 (0.77-0.87)
After 2003 n = 82 620 n=17429
Blue-collar industry
Blue-collar 31.1 34.7 1.00 1.00
Service 12.2 12.7 0.95 (0.87-1.03) 0.94 (0.87-1.02)
Professional 3.8 3.8 0.94 (0.85-1.04) 0.95 (0.86-1.04)
Manager 3.7 3.5 1.00 (0.93-1.08) 0.98 (0.91-1.05)
Service industry
Blue-collar 32 34 0.92 (0.81-1.04) 0.93 (0.82-1.05)
Service 11.5 11.2 0.92 (0.87-0.97) 0.93 (0.88-0.98)
Professional 1.2 1.0 0.89 (0.71-1.10) 0.90 (0.72-1.13)
Manager 2.0 1.7 0.92 (0.82-1.02) 0.92 (0.83-1.03)
White-collar industry
Blue-collar 2.0 2.0 0.91 (0.78-1.06) 0.93 (0.80-1.08)
Service 7.2 6.8 0.84 (0.78-0.90) 0.85 (0.79-0.91)
Professional 53 43 0.81 (0.74-0.88) 0.84 (0.77-0.91)
Manager 1.2 0.9 0.87 (0.77-0.98) 0.87 (0.78-0.99)
Others
Others 15.7 14.0 0.86 (0.82-0.91) 0.89 (0.84-0.94)
Lung
Before 2003 n=>50718 n=10614
Blue-collar industry
Blue-collar 334 35.8 1.00 1.00
Service 9.8 9.9 0.87 (0.82-0.94) 0.85 (0.80-0.92)

(Continues)
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TABLE 3 (Continued)

Model 1 Model 2
Occupational class Control, %" Case, %" OR (95% CD® OR (95% CD®
Professional 2.4 2.4 0.72 (0.62-0.84) 0.72 (0.62-0.85)
Manager 4.7 5.0 0.81 (0.70-0.92) 0.76 (0.66-0.88)
Service industry
Blue-collar 2.7 2.6 0.87 (0.77-0.99) 0.86 (0.75-0.98)
Service 9.9 9.8 0.79 (0.72-0.87) 0.79 (0.72-0.87)
Professional 0.6 0.6 0.59 (0.47-0.74) 0.62 (0.49-0.78)
Manager 2.3 2.3 0.65 (0.54-0.77) 0.63 (0.53-0.76)
White-collar industry
Blue-collar 1.9 1.8 0.71 (0.59-0.85) 0.72 (0.60-0.88)
Service 6.7 6.0 0.74 (0.66-0.83) 0.75 (0.67-0.85)
Professional 4.7 4.1 0.54 (0.47-0.62) 0.61 (0.52-0.71)
Manager 1.7 1.6 0.55 (0.42-0.70) 0.62 (0.48-0.80)
Others
Others 19.2 18.2 0.73 (0.68-0.79) 0.82 (0.76-0.89)
After 2003 n =53 346 n=11308
Blue-collar industry
Blue-collar 31.1 347 1.00 1.00
Service 12.2 12.7 0.86 (0.78-0.96) 0.86 (0.77-0.95)
Professional 3.8 3.8 0.80 (0.67-0.95) 0.80 (0.67-0.96)
Manager 3.7 3.5 0.91 (0.81-1.01) 0.89 (0.80-1.00)
Service industry
Blue-collar 3.2 34 0.90 (0.76-1.06) 0.91 (0.77-1.07)
Service 11.5 11.2 0.85 (0.77-0.93) 0.87 (0.79-0.95)
Professional 1.2 1.0 0.74 (0.55-0.99) 0.77 (0.57-1.03)
Manager 2.0 1.7 0.96 (0.82-1.13) 1.00 (0.85-1.17)
White-collar industry
Blue-collar 2.0 2.0 0.82 (0.67-1.01) 0.86 (0.70-1.05)
Service 7.2 6.8 0.76 (0.67-0.86) 0.78 (0.69-0.88)
Professional 5.3 4.3 0.69 (0.60-0.79) 0.74 (0.64-0.84)
Manager 1.2 0.9 0.66 (0.53-0.83) 0.70 (0.55-0.88)
Others
Others 15.7 14.0 0.92 (0.86-0.98) 0.98 (0.92-1.05)
Prostate
Before 2003 n = 40290 n = 8444
Blue-collar industry
Blue-collar 334 35.8 1.00 1.00
Service 9.8 9.9 1.06 (1.00-1.12) 1.06 (1.00-1.12)
Professional 2.4 24 1.12 (1.03-1.22) 1.12 (1.03-1.21)
Manager 4.7 5.0 1.02 (0.93-1.12) 1.02 (0.93-1.12)
Service industry
Blue-collar 2.7 2.6 0.89 (0.80-1.00) 0.89 (0.80-1.00)
Service 9.9 9.8 0.97 (0.90-1.04) 0.97 (0.90-1.04)
Professional 0.6 0.6 0.91 (0.78-1.05) 0.91 (0.78-1.05)

(Continues)
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TABLE 3 (Continued)

Occupational class

Manager
White-collar industry
Blue-collar
Service
Professional
Manager
Others
Others
After 2003
Blue-collar industry
Blue-collar
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager
Others
Others
All sites
Before 2003
Blue-collar industry
Blue-collar
Service
Professional
Manager
Service industry
Blue-collar
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional

Manager

Control, %"
2.3

1.9
6.7
4.7
1.7

19.2
n=96283

31.1
12.2
3.8

3.7

32
11.5
1.2
2.0

2.0
72
53
1.2

15.7

n=>523818

32.7
9.9
2.6
4.7

2.6
9.9
0.6
22

1.9
6.5
4.7
1.7

ZAITSU ET AL.
Model 1 Model 2
Case, %° OR (95% CI)° OR (95% CI)®
23 0.88 (0.77-1.00) 0.88 (0.77-1.00)
1.8 1.07 (0.92-1.24) 1.06 (0.91-1.23)
6.0 1.07 (0.99-1.15) 1.06 (0.99-1.14)
4.1 1.09 (1.01-1.18) 1.08 (1.00-1.17)
1.6 1.12 (0.95-1.32) 1.12 (0.95-1.32)
18.2 0.88 (0.83-0.93) 0.88 (0.83-0.93)
n=19948
347 1.00 1.00
12.7 1.06 (0.97-1.17) 1.06 (0.97-1.17)
3.8 0.84 (0.71-1.00) 0.84 (0.71-1.01)
3.5 1.00 (0.87-1.16) 1.00 (0.87-1.15)
3.4 0.94 (0.77-1.15) 0.94 (0.77-1.15)
11.2 0.98 (0.88-1.08) 0.98 (0.88-1.08)
1.0 1.25 (0.91-1.71) 1.25 (0.91-1.71)
1.7 1.12 (0.95-1.31) 1.12 (0.95-1.32)
2.0 1.08 (0.87-1.34) 1.08 (0.87-1.34)
6.8 0.93 (0.80-1.08) 0.93 (0.80-1.08)
43 1.14 (1.01-1.29) 1.15 (1.02-1.29)
0.9 0.99 (0.80-1.23) 0.99 (0.80-1.23)
14.0 0.94 (0.87-1.01) 0.94 (0.87-1.01)
n =108 858
339 1.00 1.00
10.0 0.98 (0.96-1.00) 0.97 (0.95-1.00)
24 0.92 (0.87-0.96) 0.92 (0.87-0.96)
49 0.94 (0.90-0.98) 0.92 (0.88-0.96)
26 0.98 (0.94-1.02) 0.98 (0.94-1.02)
938 0.93 (0.91-0.95) 0.93 (0.91-0.95)
0.7 0.84 (0.78-0.90) 0.85 (0.80-0.92)
2.4 0.83 (0.78-0.89) 0.82 (0.77-0.88)
1.7 0.88 (0.83-0.93) 0.88 (0.83-0.93)
5.9 0.88 (0.85-0.91) 0.88 (0.85-0.91)
42 0.83 (0.80-0.86) 0.87 (0.84-0.90)
15 0.79 (0.73-0.85) 0.80 (0.74-0.87)

(Continues)
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TABLE 3 (Continued)

Occupational class Control, %* Case, %"
Others
Others 20.0 19.9
After 2003 n =502 429 n = 105265
Blue-collar industry
Blue-collar 309 333
Service 12.3 12.8
Professional 4.0 39
Manager 3.6 3.6
Service industry
Blue-collar 3.3 34
Service 11.4 11.3
Professional 1.2 1.1
Manager 1.9 1.7
White-collar industry
Blue-collar 1.9 1.8
Service 7.2 6.8
Professional 53 4.8
Manager 1.2 1.0
Others
Others 15.7 14.5

CI, confidence interval; OR, odds ratio.

Model 1
OR (95% CI)"

0.83 (0.81-0.85)

1.00
0.99 (0.96-1.01)
0.91 (0.87-0.96)
1.02 (0.98-1.06)

0.95 (0.90-0.99)
0.96 (0.94-0.99)
1.04 (0.94-1.16)
1.02 (0.96-1.08)

0.91 (0.85-0.98)
0.88 (0.85-0.91)
0.88 (0.84-0.93)
0.84 (0.79-0.89)

0.94 (0.92-0.97)
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Model 2
OR (95% CI)®

0.87 (0.85-0.89)

1.00
0.98 (0.95-1.01)
0.92 (0.87-0.97)
1.01 (0.97-1.04)

0.95 (0.91-1.00)
0.97 (0.95-1.00)
1.06 (0.95-1.17)
1.03 (0.97-1.09)

0.92 (0.86-0.99)
0.89 (0.86-0.93)
0.91 (0.87-0.96)
0.85 (0.80-0.90)

0.97 (0.95-1.00)

“Data were estimated with five imputed datasets. Percentages may not total 100 because of rounding with multiple imputation.
°Conditional logistic regression with multiple imputation, matched for age, admission date, and admitting hospital (model 1); additional adjustment for smoking and al-

cohol consumption (model 2).

Evidence for socioeconomic gradients for less common
cancers remains sparse.’

4.3 | Null occupational gradient

The positive socioeconomic gradient for colon cancer has
been reported in Western countries.>* The incidence of colo-
rectal cancer has dramatically increased in Japan since the
1970s; the age-standardized incidence rate is now similar to
that in the USA.? However, we observed a null socioeco-
nomic gradient for male colorectal cancer, as well as for fe-
male colorectal cancer in a previous study,10 which might be
partly attributable to potential protective effects of traditional
dietary habits in Japan (fish).?

44 | Positive occupational gradient

For prostate cancer, our observed excess risk with higher
occupational class has not been consistently reported world-
wide,” whereas an excess risk with higher occupational
class, possibly related to prostate cancer screening and over-
diagnosis, has been reported in USA.Y In Japan, annual
health checkups are conducted in the workplace,l(J which

often include an opportunity for prostate cancer screening.
Therefore, those in the “other” occupational group (such as
the unemployed), who are not actively engaged in paid em-
ployment, may not have had a chance for undergoing prostate
cancer screening and therefore may have a lower likelihood
for over-diagnosis (Table 1); however, empirical evidence
for prostate cancer screening in the Japanese population has
not been reported yet.28

Evidence for socioeconomic gradients for kidney cancer
remains sparse.3 An observed tendency toward a positive so-
cioeconomic gradient for kidney cancer may be partly associ-
ated with risk of renal cell carcinoma in higher occupational
class men in Japan.11

4.5 | Strengths and limitations

As far as we aware, we first found the association of oc-
cupational class (as an indicator for SES) and risk of vari-
ous male cancer incidence in Japan. This study is one of the
largest studies for cancer incidence reported in that country.
The strengths include accurate diagnosis, which was directly
extracted from medical charts in contrast to less accurate
diagnosis with claims data,'® and use of the longest-held
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occupation, which is more accurate to measure SES com-
pared with the most recent occupation.®’

However, some limitations should be noted. First, the
selection of hospital controls might have introduced selec-
tion bias in either direction (toward or away from null). The
absence of relevant population-based data did not allow
us to obtain population-based controls (as in studies in the
Nordic Occupational Cancer Study),zg’30 and one-third of
the missing information may reflect selection bias even
though we performed multiple imputation. In addition,
because the duration of occupation was collected at the
questionnaire, recall bias might have introduced. However,
occupational profiles of our controls are nationally repre-
sentative,'™!! and sensitivity analysis showed the same
result. Second, other relevant socioeconomic factors (ie
educational attainment and income levels)21 were not eval-
uated owing to the limitations of our data. However, a pre-
vious large-scale study in Finland showed that male cancer
incidence differed across occupational classes even within
strata of educational attainment and income levels.* Finally,
our broad occupational category was not designed to de-
tect occupational exposure and differed from occupational
categories to detect specific occupational exposure.29’30
In addition, we could not assess multiple primary cancer
cases or other possible risk factors (overweight, diet, insti-
tutional place-based discrimination, physical activity, and
cancer screening program).31'34 Therefore, future studies
are warranted to integrate all these aspects of cancer causal
pathways.

In conclusion, we have documented socioeconomic in-
equalities in risk of various male cancer incidence in Japan,
which were not explained by smoking and alcohol consump-
tion. The national cancer prevention strategy needs to ex-
plicitly incorporate strategies to address occupational class.
Since national legislation to restrict indoor smoking has yet
to be established in Japan, intensive promotion of preventing
passive smoking in (although not limited to) the workplace
should be a priority.
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Occupational Class and Risk of Cardiovascular Disease Incidence

in Japan: Nationwide, Multicenter, Hospital-Based Case-Control Study

Masayoshi Zaitsu, MD, PhD; Soichiro Kato, MD; Yongjoo Kim, ScD, MPH; Takumi Takeuchi, MD, PhD; Yuzuru Sato, MD, PhD;
Yasuki Kobayashi, MD, PhD; Ichiro Kawachi, MD, PhD

Background—In contemporary Western settings, higher occupational class is associated with lower risk for cardiovascular disease
(CVD) incidence, including coronary heart disease (CHD) and stroke. However, in non-Western settings (including Japan), the
occupational class gradient for cardiovascular disease risk has not been characterized.

Methods and Results—Using a nationwide, multicenter hospital inpatient data set (1984-2016) in Japan, we conducted a
matched hospital case-control study with ~1.1 million study subjects. Based on a standard national classification, we coded
patients according to their longest-held occupational class (blue-collar, service, professional, manager) within each industrial
sector (blue-collar, service, white-collar). Using blue-collar workers in blue-collar industries as the referent group, odds
ratios and 95% Cls were estimated by conditional logistic regression with multiple imputation, matched for sex, age, admission
date, and admitting hospital. Smoking and drinking were additionally controlled. Higher occupational class (professionals and
managers) was associated with excess risk for CHD. Even after controlling for smoking and drinking, the excess odds
across all industries remained significantly associated with CHD, being most pronounced among managers employed in
service industries (odds ratio, 1.19; 95% Cl, 1.08-1.31). On the other hand, the excess CHD risk in higher occupational
class was offset by their lower risk for stroke (eg, odds ratio for professionals in blue-collar industries, 0.77; 95% Cl, 0.70-
0.85).

Conclusions—The occupational “gradient” in cardiovascular disease (with lower risk observed in higher status occupations) may
not be a universal phenomenon. In contemporary Japanese society, managers and professionals may experience higher risk for
CHD. (J Am Heart Assoc. 2019;8:e011350. DOI: 10.1161/JAHA.118.011350.)

Key Words: cardiovascular disease ° case-control study ¢ cerebrovascular disease © Japan ¢ occupational class ° risk factor
* socioeconomic gradient

In developed countries, cardiovascular disease (CVD),
including coronary heart disease (CHD) and stroke,
accounts for a high burden of morbidity and mortality.'
Although CVD mortality has been declining in the United
States as well as in Japan, it accounted for 32% of deaths in
2010 in the United States and is the second leading cause of
death in Japan (after cancer).??

Occupational class is considered to be a fundamental
social determinant for CVD risk.? In Western settings,
including Europe, United States, and Australia, an excess risk

of CVD among lower occupational class workers (blue-collar
and service workers) is consistently reported.*® The occu-
pational class “gradient” in CVD is in turn attributed to
unequal exposures to adverse working conditions (eg, job
strain, job insecurity, shift work, sedentarism, secondhand
smoke exposure).”?~'? Exposure to psychosocial work stress
is hypothesized to directly increase CVD risk (eg, through
allostatic load and inflammation), as well as indirectly through
the patterning of risk behaviors, such as cigarette smoking,
excessive drinking, poor sleep, and poor nutrition.”:8'3 4
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Clinical Perspective

What Is New?

* In Western countries, the risk of cardiovascular disease is
consistently higher in lower status occupations (eg,
unskilled workers) compared with higher status occupations
(eg, professionals).

* However, in contemporary Japanese society, the pattern of
risk was observed to be in the opposite direction, namely,
workers in higher status occupations (managerial and
professional positions) experienced higher risk for coronary
heart disease.

* We found opposite directions of socioeconomic gradients
for coronary heart disease and stroke, suggesting that
excess risk of coronary heart disease among managers and
professionals may be offset by their reduced risk of stroke.

What Are the Clinical Implications?

» The inverse socioeconomic gradient in cardiovascular
disease (with lower risk observed in higher status occupa-
tions) may not be a universal phenomenon.

Accordingly, clinicians should adapt their advice to patients
based on local realities.

For example, encouraging the cessation of smoking is a
priority for professional/managerial workers in Japan.

|n

However, the “typical” occupational class gradient in CVD
that we have come to expect in contemporary Western
settings has not been universally observed across time and
space.'® For example, in Japan, while high-quality medical
care has been achieved irrespective of socioeconomic status
through universal health coverage, annual health check-ups,
and community-based comprehensive emergency medical
service networks, ®2° the socioeconomic distribution of
major risk behaviors differs markedly from Western countries.
Specifically, we have observed that higher-occupational class
individuals tend to smoke and drink as much (or sometimes
even more) compared with their lower-occupational class
counterparts.?'? The reason for this pattern is thought to be
related to the high levels of job stress among managerial
occupations in Japan, stemming from long hours of (unpaid)
overtime work as well as the hierarchical corporate structure
in Japanese companies and the highly emphasized concept of
hospitality to meet customers’ expectations.”® Another
potential reason would be the lax social norms on smoking
and drinking, eg, as evidenced by the lack of national
legislation to restrict indoor smoking.?®

Accordingly, the goal of the present study was to
examine the association between the longest-held occupa-
tional class, a proxy for life-long socioeconomic status
(SES), and risk for CVD incidence in Japan. Using a
nationwide, multicenter inpatient database that includes

details of individual-level occupational and clinical informa-
tion, we sought to describe the occupational class gradient
in CHD incidence in Japan.

Methods

Study Setting

The data that support the findings of this study are available
from the Japan Organization of Occupational Health and
Safety, but restrictions apply to the availability of these data;
they were used under the research agreement for the current
study and so are not publicly available. If any person wishes to
verify our data, they are most welcome to contact the
corresponding author. Using the nationwide clinical and
occupational data set (1984-2016) from the Inpatient
Clinico-Occupational Database of Rosai Hospital Group
(ICOD-R), administered by Japan Organization of Occupational
Health and Safety, a multicenter, hospital-based matched
case-control study was conducted. Details of ICOD-R and the
design of the study have been described elsewhere.?®?”
Briefly, the Rosai Hospital group consists of 33 general
hospitals in Japan; it has collected medical chart information
confirmed by physicians (including basic sociodemographic
characteristics, clinical history and diagnosis of current and

Table 1. The Number of Each Circulatory Disease Sites
Among Patients Aged 20 Years and Older in the Nationwide
Inpatient Data Set (1984—2016) From the Inpatient Clinico-
Occupational Database of Rosai Hospital Group in Japan

Sites 1CD-9 1CD-10 n (%)
All sites 390-459 100-99 128 615 (100)
Ischemic heart 410-414 120-25 30 948 (24.1)
disease
Coronary heart 413, 410 120, 21 27 452 (21.3)
disease
Angina pectoris 413 120 19 781 (15.4)
Acute myocardial 410 121 7671 (6.0)
infarction
Cerebrovascular 430-438 160-69 51 507 (40.0)
disease
Stroke 430-432, 434 160-63 41 038 (31.9)
Subarachnoid 430 160 4704 (3.7)
hemorrhage
Intracerebral 431 161 10 245 (8.0)
hemorrhage
Cerebral infarction 434 163 22 242 (17.3)

ICD-9 indicates International Classification of Diseases, Ninth Revision; ICD-10,
International Classification of Diseases, Tenth Revision.
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' N [
Blue-collar industry

Service industry

N D
White-collar industry

Blue-collar worker

Blue-collar worker

Blue-collar worker

I | ] | ] |

I Service worker l I Service worker I I Service worker I

[ Professional ] [ Professional ] [ Professional ]
9 [ Manager ] Pl [ Manager ] JAN [ Manager ] )
Occupational class Japan Standard Occupational Classification Code

Blue-collar worker

and related workers

Security, agriculture, forestry, fishery, manufacturing, transport 43-59, 64-73
and machine operation (stationary and construction machinery
operators), construction, mining, carrying, cleaning, packaging,

Service worker Clerical, sales, service, and transport and machine operation 25-42, 60-63
(railway drivers, motor vehicle drivers, ship and aircraft
operators, and other transport related workers)
Professional Professional and engineering workers 05-24
Manager Administrative and managerial workers 01-04
Industrial cluster Japan Standard Industrial Classification Code
Blue-collar industry* Agriculture, forestry, fisheries, mining, quarrying of stone, A-F,H
construction, manufacturing, electricity, gas, heat supply, water,
transport, and postal service
Service industry Wholesale, retail trade, accommodations, eating, drinking, I,M,N,Q,R

living-related, personal, amusement, and compound services,
services not elsewhere categorized

White-collar industryt

classified

Information, communications, finance, insurance, real estate, G, J,K,L,O,P, S
goods rental, leasing, education, learning support, medical,
healthcare, welfare, and government except elsewhere

*Waste disposal business (Code R88) included. tPolitical, business and cultural organizations (Code R93), railway transport (Code
H42), road passenger transport (Code H43), and air transport (Code H46) included.

Figure 1. Longest-held occupational class, cross-classified with industrial sector.

past diseases, treatment, and outcome for every inpatient)
since 1984.2%7?7 The clinical diagnosis and comorbid diseases
extracted from physicians’ medical charts confirmed at
discharge are coded according to the /nternational Classifica-
tion of Diseases, Ninth Revision (ICD-9) or Tenth Revision (/ICD-
10).2%72” The major profile of backgrounds (including sex, age,

Table 2. Difference Between Those With Complete Data and
Those With Incomplete Data

n (%) or Mean (SD)

Incomplete Complete
Characteristics* (n=68 181) (n=1 060 410) P Value
Case 25 210 (37%) | 103 405 (9.8%) | <0.001
Sex, female 4923 (7.2%) 228 412 (22%) | <0.001
Age, y 45 (15) 61 (12) <0.001
Admission date, | 1998 (9) 2001 (8) <0.001

financial (y)

P values for ¢ test or Chi-squared test.
*The distribution of admitting hospitals differed between those with complete data and
those with incomplete data (P<0.001).

and occupational class) among patients in the ICOD-R data
parallels the Japanese national data.?®%*?’

From questionnaires completed at the time of admission, the
database includes the occupational history of each inpatient
(current and 3 most recent jobs, including the age of starting
and ending) as well as smoking and alcohol habits.?>?” The
detailed occupational history is coded using the standardized
3-digit codes of the Japan Standard Occupational Classifi-
cation and Japan Standard Industrial Classification. These
correspond, respectively, to the International Standard
Industrial Classification and International Standard Occupa-
tional Classification; Japan Organization of Occupational
Health and Safety updated the previous job codes to be
consistent with changes in coding practice according to the
revisions of the standardized national classification.?* 2/
Written informed consent was obtained before patients
completed the questionnaires; trained registrars and nurses
are responsible for registering the data. The database currently
contains details from >6 million inpatients.

We obtained a deidentified data set under the research
agreement between the authors and Japan Organization of
Occupational Health and Safety. The research ethics commit-
tees of The University of Tokyo, Tokyo (Protocol Number

DOI: 10.1161/JAHA.118.011350
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Table 3. Background Characteristics Between Cases and
Controls

n (%) or Mean (SD)
Characteristics* Control (n=999 976) @ Case (n=128 615) | P Value®
Female 202 743 (20.3%) 30 592 (23.8%) | <0.001
Age, y 60 (13) 61 (14) <0.001
Admission 2001 (8) 2001 (9) 0.13
date, financial (y)
Occupational class* | n=957 005 n=103 405 <0.001
Blue-collar industry
Blue-collar 347 239 (36.3%) 38 824 (37.5%)
Service 123 213 (12.9%) | 12 533 (12.1%)
Professional 33 755 (3.5%) 2987 (2.9%)
Manager 38 611 (4.0%) 3960 (3.8%)
Service industry
Blue-collar 38 609 (4.0%) 4403 (4.3%)
Service 156 424 (16.3%) | 18 724 (18.1%)
Professional 8399 (0.9%) 881 (0.9%)
Manager 19 189 (2.0%) 2055 (2.0%)
White-collar industry
Blue-collar 19 711 (2.1%) 1985 (1.9%)
Service 88 800 (9.3%) 8661 (8.4%)
Professional 69 905 (7.3%) 7179 (6.9%)
Manager 13 150 (1.4%) 1213 (1.2%)
Log-transformed n=919 976 n=101 458 0.32
pack-year* 1.90 (1.79) 1.90 (1.79)
Log-transformed n=826 329 n=92 297 <0.001
i‘:ﬁ:ieitha”"' 2,07 (1.77) 1.95 (1.82)

*Distribution of admitting hospitals statistically differed between the cases and controls
(P<0.001).

TP-values were for ¢ test and Chi-squared test.

Variables contained missing data. Percentage may not total 100 because of rounding.

3890-5) and Kanto Rosai Hospital, Kanagawa (Protocol
Number 2014-38) approved the study.

Cases and Controls

The study subjects comprised 1 128 591 patients (128 615
CVD cases and 999 976 controls), aged >20 years admitted
to the hospital between 1984 and 2016. To select cases and
controls from the same population, we randomly sampled 10
controls for each case, matched by sex (men/women), age
(in the same 5-year age category), admission date (in the
same financial year), and admitting hospital (in the same
admitting hospital).?*?%?” The matching process, however,
generated fewer than 10 controls for some cases (the
average number of controls for each case, 8 [range 1-10];

the percentage of cases matched to 10 controls, 54.9%). The
mean age [mean (SD)] for the original population and the
matched population was, respectively, 55 (19) years and 60
(13) years. Controls who were later hospitalized for CVD
were not eligible to be cases.

The cases were those patients whose main diagnosis was
initial CVD (/CD-9, 390-459 and /CD-10, 100-99), confirmed
by physicians at discharge along with clinical examinations or
treatments, including ECGs, computerized tomography scans,
catheter angiography/intervention, and surgery. We defined
CVD incidence as the first ever hospital admission among
patients who did not have a previous history of any CVDs.
Validation for the diagnosis corresponding to /CD-9 or /CD-10
in the database has been described elsewhere.?*?” The
database is unique to the Rosai Hospital group, therefore it
differs from medical claims data, which may be less accurate
for diagnosis.?® We specified CHD, which comprised with
angina pectoris (/CD-9, 413 and /CD-10, 120) and acute
myocardial infarction (/CD-9, 410 and /CD-10, 121, Table 1).
We also specified stroke, which comprised with subarachnoid
hemorrhage, intracerebral hemorrhage, and cerebral infarc-
tion (Table 1).

Based on the methodology used in previous studies, our
controls comprised patients admitted to the hospitals with the
following diagnoses, which were not related to occupational
class in ICOD-R?*?*27: eye and ear disease (/ICD-9, 360-389
and /CD-10, HO0-H95; 31.1%), genitourinary disease (/CD-9,
580629 and /CD-10, NOO-N99; 31.1%), infection (/CD-9, 1—
136 and /CD-10, AO0—B99; 10.7%), skin diseases (/CD-9, 680-
709 and /CD-10, LO0-L99; 5.9%), symptoms and ill-health
conditions (/CD-9, 780-799 and /CD-10, RO0-R99; 7.3%), or
other diseases such as congenital malformations (/CD-9,
280-289, 740-779, and /CD-10, D50-D77, P00-P96, QOO-
Q99; 13.9%). We excluded controls (1) who had a history of
CVD or (2) who were not admitted to the hospitals for the
first time.

Longest-Held Occupational Class Cross-Classified
by Industry Sector

To classify occupational class from the comprehensive list of
occupations (current and up to 3 most recent jobs) listed in
ICOD-R, we grouped the longest-held occupation for each
patient into 1 of 4 occupational classes: blue-collar, service,
professional, and manager. Each patient was also cross-
classified into 1 of 3 industrial sectors: blue-collar, service,
and white-collar, based on the approach adopted in previous
studies (Figure 1).2%>?*?” Those who were not actively
engaged in paid employment, such as homemakers, students,
and unemployed workers, were excluded. The average length
of the longest held jobs was 27 years in ICOD-R, and the
length was not significantly associated with risk for CVD in a
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Table 4. Odds Ratios of Each Occupational Class Associated With Risk for Coronary Heart Disease, Stroke, and Overall CVD

Incidence
0dds Ratio (95% Cl)
Characteristics Control %* Case, %* Model 17 P Value Model 2* P Value
Coronary heart disease n=226 378 n=27 452
Occupational class
Blue-collar industry
Blue-collar 34.6 33.6 1.00 1.00
Service 13.9 13.8 1.09 (1.04—1.13) <0.001 1.08 (1.04—1.13) <0.001
Professional 4.1 3.8 1.05 (0.97—1.13) | 0.22 1.07 (0.99—1.16) | 0.08
Manager 4.5 49 119 (1.11-1.27) <0.001 1.19 (1.11-1.27) <0.001
Service industry
Blue-collar 4.1 39 1.01 (0.94—1.09) 0.83 1.01 (0.93—1.08) 0.86
Service 15.8 16.8 1.10 (1.06—1.15) <0.001 1.10 (1.06—1.15) <0.001
Professional 0.9 0.9 1.13(0.97-1.32) 0.11 1.16 (0.99—-1.35) 0.06
Manager 22 24 1.20 (1.09—1.31) <0.001 1.19 (1.08—1.31) <0.001
White-collar industry
Blue-collar 2.1 2.1 1.07 (0.98—1.18) 0.15 1.08 (0.99—1.19) 0.09
Service 9.4 9.2 1.04 (0.99—1.09) 0.17 1.05 (1.00—1.11) 0.05
Professional 7.0 7.0 1.05 (0.99—1.11) | 0.08 1.10 (1.04—1.17) | <0.001
Manager 15 15 1.06 (0.94—1.19) | 0.35 1.06 (0.95-1.19) | 0.29
Log-transformed pack-year, mean 2.1 2.3 1.15 (1.14-1.16) <0.001
Log-transformed daily ethanol intake, mean 2.3 2.2 0.95 (0.94—0.96) <0.001
Angina pectoris n=163 736 n=19 781
Occupational class
Blue-collar industry
Blue-collar 341 32.8 1.00 1.00
Service 13.9 141 1.12 (1.06—1.18) <0.001 1.11 (1.05-1.17) <0.001
Professional 4.1 4.0 1.10 (1.00—1.21) 0.04 1.11 (1.02-1.22) 0.02
Manager 4.4 49 1.24 (1.14-1.34) <0.001 1.23 (1.14-1.33) <0.001
Service industry
Blue-collar 4.1 37 0.92 (0.84—1.01) 0.08 0.92 (0.84—1.01) 0.07
Service 16.2 16.9 1.08 (1.03—1.14) <0.001 1.08 (1.03—1.13) 0.001
Professional 0.9 0.9 1.13 (0.90-1.42) 0.27 1.15 (0.92—-1.45) 0.20
Manager 2.2 2.4 1.21 (1.08—1.35) | 0.001 119 (1.07—1.34) | 0.002
White-collar industry
Blue-collar 2.1 2.1 1.11 (0.99-1.24) 0.07 1.12 (1.00-1.25) 0.05
Service 9.4 9.3 1.05 (0.99—-1.11) 0.11 1.06 (1.00—1.12) 0.05
Professional 7.1 7.4 1.08 (1.01-1.15) 0.02 1.12 (1.05—1.19) <0.001
Manager 15 15 112 (0.98—1.28) | 0.09 1.12 (0.98—1.28) | 0.08
Log-transformed pack-year, mean 2.0 2.2 1.11 (1.10-1.12) <0.001
Log-transformed daily ethanol intake, mean 2.2 2.2 0.98 (0.97—-0.99) <0.001
Acute myocardial infarction n=62 642 n=7671
Continued
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0dds Ratio (95% Cl)
Characteristics Control %* Case, %* Model 1F | P Value | Model 2* P Value
Occupational class
Blue-collar industry
Blue-collar 35.8 35.6 1.00 1.00
Service 13.9 13.0 1.01 (0.93-1.11) | 0.79 1.01 (0.92—1.10) | 0.85
Professional 4.1 3.5 0.92 (0.80—1.06) 0.26 0.97 (0.85—1.12) 0.70
Manager 47 48 1.07 (0.95—1.21) 0.28 1.07 (0.95-1.22) 0.26
Service industry
Blue-collar 3.9 4.7 1.25 (1.09-1.42) 0.002 1.25 (1.09-1.43) 0.001
Service 14.6 16.3 1.16 (1.07—1.26) <0.001 1.16 (1.07—1.26) <0.001
Professional 0.9 0.9 1.12 (0.82—1.52) 0.47 1.17 (0.86—1.59) 0.32
Manager 2.2 2.5 1.18 (1.00—1.38) 0.05 1.18 (1.00—1.39) 0.05
White-collar industry
Blue-collar 2.3 2.2 0.98 (0.78—1.24) 0.89 1.00 (0.78—1.28) >0.99
Service 9.4 8.9 1.01 (0.91-1.11) | 0.91 1.03 (0.93—1.14) | 0.53
Professional 6.6 6.2 0.98 (0.85—1.12) 0.73 1.06 (0.92—1.23) 0.37
Manager 15 1.3 0.90 (0.67—1.21) 0.46 0.92 (0.68—1.24) 0.57
Log-transformed pack-year, mean 2.2 2.6 1.25 (1.22-1.27) <0.001
Log-transformed daily ethanol intake, mean 24 21 0.88 (0.86—0.89) <0.001
Stroke n=312 675 n=41 038
Occupational class
Blue-collar industry
Blue-collar 40.1 43.0 1.00 1.00
Service 12.1 11.3 0.94 (0.90—0.98) 0.004 0.93 (0.89—0.97) 0.001
Professional 3.2 24 0.77 (0.70—0.85) <0.001 0.77 (0.70—0.85) <0.001
Manager 4.0 3.6 0.91 (0.85—0.97) | 0.005 0.88 (0.83—0.95) | <0.001
Service industry
Blue-collar 4.0 4.5 1.08 (1.02—1.15) 0.01 1.08 (1.02—1.15) 0.01
Service 1541 16.2 1.02 (0.98—1.06) 0.30 1.01 (0.98—1.05) 0.47
Professional 0.9 0.9 0.97 (0.85—1.10) 0.59 0.99 (0.87—1.13) 0.89
Manager 2.0 2.0 0.98 (0.90—1.06) 0.60 0.96 (0.89—1.04) 0.36
White-collar industry
Blue-collar 2.1 1.9 0.88 (0.81—0.95) 0.002 0.87 (0.80—0.95) 0.001
Service 8.6 7.2 0.81 (0.77—0.85) <0.001 0.81 (0.78—0.86) <0.001
Professional 6.7 6.0 0.85 (0.81—-0.89) <0.001 0.87 (0.83—0.91) <0.001
Manager 1.3 1.1 0.84 (0.74—0.96) | 0.01 0.84 (0.73—0.95) | 0.01
Log-transformed pack-year, mean 1.9 2.1 1.08 (1.07—1.09) <0.001
Log-transformed daily ethanol intake, mean 2.1 2.2 1.07 (1.06—1.08) <0.001
Overall n=999 976 n=128 615
Occupational class
Blue-collar industry
Blue-collar 35.8 37.2 1.00 | | 1.00
Continued
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Table 4. Continued

0dds Ratio (95% Cl)

Characteristics Control %* Case, %* Model 17 P Value Model 2* P Value
Service 13.0 12.4 0.99 (0.96—1.01) 0.18 0.98 (0.96—1.00) 0.05
Professional 37 3.1 0.89 (0.85—-0.93) <0.001 0.90 (0.86—0.93) <0.001
Manager 4.0 39 1.01 (0.98—1.05) 0.46 1.00 (0.96—1.03) 0.84

Service industry
Blue-collar 4.0 43 1.04 (1.00—1.08) 0.05 1.04 (1.00—1.08) 0.05
Service 16.4 17.7 1.06 (1.03—1.08) <0.001 1.05 (1.03—1.07) <0.001
Professional 0.9 0.9 1.01 (0.94—1.09) 0.74 1.03 (0.96—1.10) 0.43
Manager 2.0 2.0 1.03 (0.98—1.08) 0.31 1.01 (0.96—1.06) 0.60
White-collar industry
Blue-collar 2.1 2.0 0.97 (0.93—1.02) 0.25 0.97 (0.93—1.02) 0.24
Service 9.4 8.4 0.90 (0.88—0.92) <0.001 0.91 (0.88—0.93) <0.001
Professional 74 6.9 0.91 (0.89—-0.94) <0.001 0.94 (0.92-0.97) <0.001
Manager 1.4 1.2 0.91 (0.85—0.98) 0.01 0.91 (0.85—0.98) 0.01
Log-transformed pack-year, mean 1.9 21 1.09 (1.08—1.09) <0.001
Log-transformed daily ethanol intake, mean 2.2 2.2 1.02 (1.02—1.03) <0.001

*Estimated with 5 imputed data. Percentage may not total 100 because of multiple imputation and rounding. The characteristics of all variables statistically differed between the case and
controls (P<0.05 for t test or Chi-squared test in an imputed data set).

Conditional logistic regression with multiple imputation, matched for sex, age, admission date, and admitting hospital.

*Additional adjustment for smoking and alcohol consumption.

prior analysis (data not shown). We mainly focused on the Covariates
longest-held jobs, which meant less possibility of misclassi-
fication of occupational class compared with the current/ Confounding factors included sex, age, admission date, and
most recent jobs.?3%4%7 admitting  hospital, controlled by exact matching
Coronary heart disease Stroke
Occupational class
Blue-collar industry
Blue-collar (ref.) 1
Service Lol gl
Professional —o— ——
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Professional —— —4—
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g ke i
5 1 2 5 1 2

Figure 2. Risk for coronary heart disease and stroke incidence associated
with occupational class. The odds ratio (dot) and 95% CI (bar) were estimated
by conditional logistic regression with multiple imputation, matched for age,
admission date, and admitting hospital, additionally adjusted for smoking and
alcohol consumption. The numbers of cases and controls used for analysis
were, respectively, 27 452 and 226 378 for coronary heart disease and
41 038 and 312 675 for stroke.
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Figure 3. Odds ratios associated with occupational class for incidence of angina pectoris, acute myocardial infarction, subarachnoid
hemorrhage, intracerebral hemorrhage, and cerebral infarction. The odds ratio (dot) and 95% CI (bar) were estimated by conditional logistic
regression with multiple imputation, matched for age, admission date, and admitting hospital, additionally adjusted for smoking and alcohol
consumption. The numbers of cases and controls used for analysis were, respectively, 19 781 and 163 736 for angina pectoris, 7671 and
62 642 for acute myocardial infarction, 4704 and 36 535 for subarachnoid hemorrhage, 10 245 and 79 321 for intracerebral hemorrhage, and

22 242 and 168 286 for cerebral infarction.

procedure.?*?”  To control for potential changes in

diagnosis and treatment as well as regional variations in
lifestyle behaviors (such as salt intake) over time, we
created dummies for admission date and admitting hospital.
Smoking (log-transformed pack-years) and alcohol consump-
tion (log-transformed ethanol gram per day) were included
in the regression models as potential mediating vari-
ables.”>?/

Statistical Analysis

We conducted multiple imputation for missing data among the
1 128 591 study subjects, using all variables in the present
study with Multiple Imputation by Chained Equations
method;29 and 5 imputed data sets were generated.2‘°”24'27'30

Overall 20% of respondents had missing data, and we
performed multiple imputation for the following missing data
because of the background differences between those with
complete and incomplete data (Table 2): occupational class
(n=68 181, 6.0%), smoking (n=107 157, 9.5%), and alcohol
consumption (n=209 965, 18.6%).

Odds ratios (ORs) and 95% Cls of CHD, stroke, and overall
CVD incidence were estimated by conditional logistic regres-
sion with multiple imputation. Blue-collar workers in blue-
collar industries served as the referent group for all analyses.
Cases were matched to controls based on sex, age, admission
date, and admitting hospital (model 1).23%*273° Smoking and
alcohol consumption were additionally adjusted in model
2.23:24.27:30 |0 addition, ORs and 95% Cls for specific types of
CHD and stroke (angina pectoris, AMI, subarachnoid
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Figure 4. Occupational class gradients stratified by sex and age. The odds ratio (dot) and 95% Cl (bar) were estimated by conditional logistic
regression with multiple imputation, matched for age, admission date, and admitting hospital, additionally adjusted for smoking and alcohol
consumption. The numbers of cases and controls used for analysis were, respectively, (A) for men, 13 797 and 118 423 for CHD in 20 to
64 years, 8897 and 74 520 for CHD in >65 years, 17 240 and 143 109 for stroke in 20 to 64 years, 14 609 and 110 515 for stroke in
>65 years; (B) for women, 2546 and 18 472 for CHD in 20 to 64 years, 2212 and 14 963 for CHD in >65 years, 4170 and 29 298 for stroke in
20 to 64 years, 5019 and 29 753 for stroke in >65 years. CHD indicates coronary heart disease.

hemorrhage, intracerebral hemorrhage, and cerebral infarc-
tion) were estimated separately.

In sensitivity analyses, we performed stratified analysis
with sex (men versus women) and age (20—64 versus >65
years).>' Additionally, to explore potential heterogeneity
introduced by secular changes in diagnostic practices or
treatment, we performed stratified analysis according to
admission period (1984-2002 versus 2003-2016).2°?” To
check for potential selection bias in hospital controls,
alternative control groups (all benign diseases) were applied.
To check for potential bias on the matching process, a lower
matching ratio (4 controls per each case) was applied. We
also assessed the association between the most recent jobs
and risk of CVD, assigning the most recent occupational class
as the occupational exposure.

Alpha was set at 0.05, and all P values were 2-sided. Data
were analyzed using STATA/MP13.1 (StataCorp LP, College
Station, TX).

Results

The background distribution of the cases and controls are
shown in Table 3. Most of the distributions differed between
the cases and controls, including occupational class.
Compared with blue-collar workers in blue-collar indus-
tries, higher occupational class (professionals and managers)
was associated with an excess risk for CHD (Table 4). Even
after controlling for smoking and alcohol consumption, the
elevated odds remained statistically significant across all
industries, being most pronounced in service industries (OR in
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Figure 5. Occupational class gradients stratified by admission period. The odds ratio (dot) and
95% Cl (bar) were estimated by conditional logistic regression with multiple imputation, matched
for age, admission date, and admitting hospital, additionally adjusted for smoking and alcohol
consumption. The numbers of cases and controls used for analysis were, respectively, (A) for
1984-2002, 14 170 and 117 229 for coronary heart disease and 24 205 and 184 525 for
stroke; (B) for 2003-2016, 13 282 and 109 149 for coronary heart disease and 16 833 and

128 150 for stroke.

managers, 1.19; 95% Cl 1.08—1.31; model 2, Figure 2 and
Table 4). In the strata of high-occupational classes (managers
and professionals) in blue- and white-collar industries, the
odds for angina pectoris were elevated, while the odds for
acute myocardial infarction were shifted toward the null
association (Figure 3 and Table 4). However, in service
industries, the odds in that high-occupational status remained
elevated for both angina pectoris and myocardial infarction.
(Figure 3 and Table 4).

By contrast, compared with blue-collar workers in blue-
collar industries, higher occupational class was associated
with a reduced risk for stroke incidence (Table 4). The
protective associations ranged from 0.77 for professionals
working in blue-collar industries to 0.88 for managers working
in blue-collar industries (model 2, Figure 2 and Table 4).
These patterns were repeated for specific subtypes of stroke:
subarachnoid hemorrhage, intracerebral hemorrhage, and
cerebral infarction (Figure 3).

As a whole, higher occupational class was weakly associ-
ated with reduced risk for overall CVD incidence (Table 4),
suggesting that the excess risk of CHD among managers/
professionals was offset by reduced risk for stroke. In
sensitivity analyses, the results stratified by sex and age
(Figure 4) and admission period (Figure 5), as well as the
results estimated with alternative hospital controls (Figure 6),
showed almost the same socioeconomic patterns. The odds
ratios estimated with a lower matching ratio (4 controls per
case, Table 5), as well as the odds ratios estimated with the
most recent occupational class (Figure 7 and Table 6), also
showed the same socioeconomic pattern.

Discussion

The direction of association between occupational class and
CHD incidence in Japan appears to be opposite to the pattern
observed in contemporary Western countries.>*” In addition,
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Figure 6. Odds ratio in each occupational class for coronary heart disease and stroke
incidence estimated with alternative control groups. The odds ratio (dot) and 95% CI (bar) were
estimated by conditional logistic regression with multiple imputation, matched for age,
admission date, and admitting hospital, additionally adjusted for smoking and alcohol
consumption. The control group comprised patients diagnosed with benign neoplasm (10.0%),
digestive disease (14.4%), endocrine disease (3.5%), eye and ear disease (9.9%), genitourinary
system disease (8.3%), infectious disease (2.7%), injury (15.8%), mental disease (0.7%),
musculoskeletal disease (15.6%), nerve system disease (3.7%), respiratory disease (6.8%), skin
diseases (1.4%), symptoms and ill-health conditions (2.1%), or other diseases such as congenital
malformations (3.6%). The numbers of cases and controls used for analysis were, respectively,
22 553 and 220 909 for coronary heart disease and 32 021 and 306 689 for stroke.

we have demonstrated for the first time the opposite
directions of socioeconomic gradients for 2 major CVDs, ie,
CHD and stroke, within the same country, which suggests
excess risk of CHD may be offset by reduced risk of stroke.
Furthermore, smoking and alcohol consumption did not fully
explain the observed socioeconomic inequalities in Japan,
where national strategies that include high-quality cardiovas-
cular prevention and treatment has been provided irrespective
of socioeconomic status.'®

As concluded in a recent systematic review of studies in
Western countries,” cardiovascular risk factors are strongly
patterned by SES, including occupational class, such that
socioeconomically advantaged groups enjoy lower CVD risk.
However, this socioeconomic “gradient” is not an immutable
phenomenon over history. Indeed during the first half of the
twentieth century, when chronic disease incidence and
mortality was on the rise, CHD was identified as a disease
of affluence (as depicted in terms such as “the executive
coronary”),'® and early descriptions of CHD among higher
occupational classes date as far back as Osler in 1910.%?

Over the course of the twentieth century, the socioeconomic
gradient in CHD reversed, reflecting advances in our under-
standing of the risk factors for CHD (such as smoking, regular
exercise, diet, as well as treatment for high blood pressure
and dyslipidemia), and the more rapid adoption of these
behaviors by the socioeconomically advantaged classes.'”

Our finding of a reverse gradient by occupational class for
coronary disease in Japan may buck this trend. Part of the
reason for the observed pattern may be because of the
persistently high rates of smoking (by Western standards)
even among professionals/managers in Japan, as well as the
high rates of heavy drinking in Japanese corporate cul-
ture.?"?2 Nevertheless, our results could not be completely
explained by controlling for smoking and drinking habits,
suggesting that other cardiovascular risk factors, such as
insufficient physical activity, hypertension, diabetes mellitus,
and obesity, may play a role.””'® For example, the lowest
levels of physical activity and higher prevalence of hyperten-
sion were reported among higher occupational class in
Japan.33’34
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Table 5. Odds Ratios of Each Occupational Class Associated With Risk for Coronary Heart Disease and Stroke Estimated With 4

Matched Controls Per Each Case

Odds Ratio (95% Cl)*

Coronary Heart Disease Stroke
Occupational Class Model 17 Model 2+ Model 17 Model 2*
Blue-collar industry
Blue-collar 1.00 1.00 1.00 1.00
Service 1.08 (1.04—1.14) 1.08 (1.03—1.13) 0.94 (0.89—0.98) 0.93 (0.89—0.97)
Professional 1.06 (0.98—1.14) 1.08 (1.00—1.17) 0.77 (0.70—0.85) 0.77 (0.70—0.85)
Manager 1.19 (1.11-1.28) 1.19 (1.11-1.28) 0.91 (0.85—0.98) 0.89 (0.83—0.95)
Service industry
Blue-collar 1.01 (0.93—-1.09) 1.01 (0.93—1.09) 1.07 (1.01-1.14) 1.07 (1.01-1.14)
Service 1.10 (1.05—1.15) 1.10 (1.05—1.15) 1.03 (0.99-1.07) 1.02 (0.98—1.06)
Professional 1.08 (0.92—-1.27) 1.11 (0.94—1.30) 0.94 (0.83—1.08) 0.96 (0.84—1.10)
Manager 1.21 (1.10—1.34) 1.21 (1.10—1.33) 1.01 (0.93—-1.10) 0.99 (0.91-1.08)
White-collar industry
Blue-collar 1.03 (0.93—1.14) 1.05 (0.95—1.16) 0.88 (0.81—0.96) 0.87 (0.80—0.95)
Service 1.03 (0.98—1.09) 1.05 (1.00—1.11) 0.82 (0.78—0.86) 0.82 (0.78—0.86)
Professional 1.04 (0.98—1.11) 1.09 (1.03—1.16) 0.84 (0.80—0.88) 0.86 (0.82—0.91)
Manager 1.06 (0.93—1.20) 1.07 (0.95—1.22) 0.84 (0.74—0.97) 0.84 (0.73—0.96)

*Estimated with 5 imputed data. The numbers of cases and controls used for analysis were, respectively, 27 452 and 104 391 for coronary heart disease and 41 038 and 152 037 for

stroke.

TConditional logistic regression with multiple imputation, matched for sex, age, admission date, and admitting hospital.

Additional adjustment for smoking and alcohol consumption.

Among neighboring East-Asian countries, eg, South Korea,
metabolic syndrome has also been reported to be more
prevalent in higher occupational classes.®® In addition,
emerging workplace-related concerns of long working hours
and job stress for cardiovascular risk may also play a
role.”**3” Higher occupational class individuals, particularly
in service industries in Japan, are likely vulnerable to stress
stemming from striving to meet customer expectations, which
sometimes has led to well-publicized instances of death from
overwork (“karoshi”).23

Although CHD and stroke are considered to share major
conventional risk factors such as smoking,”®'>'* notably,
the pattern of occupational class gradients for CHD and
stroke were in the opposite direction, ie, lower stroke risk
among managers/professionals. The opposing patterns of the
occupational gradient for CHD and stroke suggest that the 2
diseases have different origins, despite sharing several major
risk factors (such as smoking and hypertension). For example,
early life course socioeconomic status may also partly play a
role in the reduced risk of stroke incidence among higher
occupational classes via chronic Helicobacter pylori infec-
tion."®3%3? The prevalence of H. pylori infection is high in the
general population in Japan (=70%),***' yet studies have

linked earlier acquisition with more disadvantaged childhood
socioeconomic circumstances (related to sanitation, over-
crowding, rural residence).'®*%3? Chronic H. pylori infection
has been linked with chronic vascular inflammation, which
increases the risk for stroke incidence.*’

Some limitations should be noted in the present study.
First, selection of hospital controls is potentially subject to
bias (either toward or away from the null association).
However, our sensitivity analysis using alternative control
groups (all benign diseases) yielded almost identical results.
Additionally, the distribution of occupational classes in the
ICOD-R data parallels the Japanese national data.?®**%’
Although hospital case-control studies are not representative
of the national population (thereby limiting external general-
izability), internal validity is maintained by sampling the
controls from the same source population that sought
treatment in the selected hospitals. Our matching procedure
was not able to generate 10 controls for every case, which
resulted in residual statistical differences in the baseline
characteristics between the cases and controls. Although
relatively minor, these differences may have nonetheless
resulted in some residual confounding. Second, other relevant
socioeconomic factors, ie, educational attainment and income
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Figure 7. Risks of coronary heart disease and stroke incidence associated with most recent
occupational class. The odds ratio (dot) and 95% CI (bar) were estimated by conditional logistic
regression with multiple imputation, matched for age, admission date, and admitting hospital,
additionally adjusted for smoking and alcohol consumption. The numbers of cases and controls
used for analysis were, respectively, 27 306 and 225 227 for coronary heart disease and
40 793 and 310 901 for stroke.

Table 6. Odds Ratios of Most Recent Occupational Class Associated With Risk for Coronary Heart Disease and Stroke

0Odds Ratio (95% CI)*
Coronary Heart Disease Stroke
Occupational Class Model 17 Model 2+ Model 17 Model 2*
Blue-collar industry
Blue-collar 1.00 1.00 1.00 1.00
Service 1.05 (1.01-1.10) 1.05 (1.00—1.10) 0.93 (0.89—0.98) 0.92 (0.88—0.97)
Professional 1.03 (0.95-1.12) 1.05 (0.97-1.14) 0.73 (0.67—0.81) 0.73 (0.67—0.81)
Manager 117 (1.10-1.24) 1.17 (1.10-1.25) 0.90 (0.85—0.96) 0.88 (0.83—0.94)
Service industry
Blue-collar 1.01 (0.94-1.08) 1.01 (0.94—-1.08) 1.07 (1.02—1.13) 1.07 (1.01-1.13)
Service 1.10 (1.05—1.14) 1.09 (1.05—1.14) 0.99 (0.95—1.04) 0.99 (0.95—1.03)
Professional 1.07 (0.92—1.25) 1.11 (0.95-1.29) 0.90 (0.80—1.02) 0.93 (0.82—1.04)
Manager 1.18 (1.07—1.30) 1.17 (1.06—1.29) 0.93 (0.86—1.01) 0.91 (0.84—0.99)
White-collar industry
Blue-collar 1.02 (0.92—1.14) 1.04 (0.94-1.16) 0.86 (0.79—0.93) 0.86 (0.79—0.93)
Service 1.02 (0.97—1.08) 1.04 (0.98—1.09) 0.77 (0.73—0.81) 0.77 (0.73-0.81)
Professional 1.01 (0.95—1.06) 1.05 (1.00—1.11) 0.79 (0.75—0.83) 0.81 (0.77—0.85)
Manager 1.05 (0.94-1.17) 1.07 (0.96—1.19) 0.80 (0.73—0.88) 0.80 (0.73—0.88)

*Estimated with 5 imputed data. The numbers of cases and controls used for analysis were, respectively, 27 306 and 225 227 for coronary heart disease and 40 793 and 310 901 for stroke.
TConditional logistic regression with multiple imputation, matched for sex, age, admission date, and admitting hospital.
Additional adjustment for smoking and alcohol consumption.
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levels,? were not assessed because of the limitations of our
data set. However, in previous studies based in Japan,
cardiovascular risk was not strongly patterned by education
and income levels.*>*3 Third, our data set did not enable us to
assess the severity of disease at admission, other conven-
tional risk factors, such as hypertension, diabetes mellitus,
obesity, and physical activity,””'® nor workplace-related risk
factors, such as long working hours and job stress.”*®%7 In
addition, we could not assess the background differences
among those admitted to the hospitals with work-related CVD
or not. Despite these limitations, the strengths of the present
study include a large sample size, one of the largest studies
conducted for evaluating the association between occupa-
tional class and cardiovascular risk in non-Western settings,*?
and the longest-held occupational class, which may introduce
less misclassification.?®%427 Therefore, future studies incor-
porating these limitations, including overtime work, are
warranted to understand further how the occupation is
associated with the observed socioeconomic patterns in
cardiovascular and cerebrovascular health.

Conclusion

In conclusion, the Japanese managerial/professional class
appeared to potentially experience higher CHD risk compared
with other groups, and their overall life expectancy might not
be higher than lower occupational classes. There are some
specific causes of death in which managers/professionals
have higher mortality—eg, suicide.** This pattern appears to
reflect the higher prevalence of work-related stress in higher
status occupations.”®> Moreover, when we look at overall
mortality, the Japanese pattern may buck the trend seen in
other developed (Western) societies where high SES groups
enjoy a health advantage.*>*¢ Our findings may be a potential
exception to the theory of “SES as a fundamental cause of
disease” advanced by Link and Phelan, ie, no matter the
specific pattern of disease in society at any particular point in
time, high SES groups still manage to enjoy an overall health
advantage.*’

Author Contributions

Masayoshi Zaitsu: Conceptualization, funding acquisition,
resources, formal analysis, writing—original draft, and writ-
ing—review and editing. Soichiro Kato: Conceptualization,
writing—review and editing. Yongjoo Kim: Writing—review
and editing. Takumi Takeuchi: Resources and writing—review
and editing. Yuzuru Sato: Writing—review and editing. Yasuki
Kobayashi: Funding acquisition, supervision, and writing—
review and editing. Ichiro Kawachi: Conceptualization, super-
vision, and writing—review and editing.

Sources of Funding

This work was supported by Industrial Disease Clinical
Research Grants from Ministry of Health, Labour and Welfare
(No. 170201-01); Japan Society for the Promotion of Science
(JSPS KAKENHI grant number JP18K17351).

Disclosures

None.

References

1. Hata J, Ninomiya T, Hirakawa Y, Nagata M, Mukai N, Gotoh S, Fukuhara M,
Ikeda F, Shikata K, Yoshida D, Yonemoto K, Kamouchi M, Kitazono T, Kiyohara
Y. Secular trends in cardiovascular disease and its risk factors in Japanese:
half-century data from the Hisayama Study (1961-2009). Circulation.
2013;128:1198-1205.

2. Havranek EP, Mujahid MS, Barr DA, Blair IV, Cohen MS, Cruz-Flores S, Davey-
Smith G, Dennison-Himmelfarb CR, Lauer MS, Lockwood DW, Rosal M, Yancy
CW; American Heart Association Council on Quality of Care and Outcomes
Research, Council on Epidemiology and Prevention, Council on Cardiovascular
and Stroke Nursing, Council on Lifestyle and Cardiometabolic Health, and
Stroke Council. Social determinants of risk and outcomes for cardiovascular
disease: a scientific statement from the American Heart Association.
Circulation. 2015;132:873-898.

3. Iso H. Changes in coronary heart disease risk among Japanese. Circulation.
2008;118:2725-2729.

4. Marmot MG, Rose G, Shipley M, Hamilton P). Employment grade and coronary
heart disease in British civil servants. / Epidemiol Community Health.
1978;32:244-249.

5. Marmot MG, Smith GD, Stansfeld S, Patel C, North F, Head J, White |, Brunner
E, Feeney A. Health inequalities among British civil servants: the Whitehall Il
study. Lancet. 1991;337:1387-1393.

6. Marmot MG, Shipley MJ. Do socioeconomic differences in mortality persist
after retirement? 25 year follow up of civil servants from the first Whitehall
study. BMJ. 1996;313:1177—-1180.

7. Stringhini S, Carmeli C, Jokela M, Avendano M, Muennig P, Guida F, Ricceri F,
d’Errico A, Barros H, Bochud M, Chadeau-Hyam M, Clavel-Chapelon F, Costa G,
Delpierre C, Fraga S, Goldberg M, Giles GG, Krogh V, Kelly-Irving M, Layte R,
Lasserre AM, Marmot MG, Preisig M, Shipley MJ, Vollenweider P, Zins M,
Kawachi |, Steptoe A, Mackenbach JP, Vineis P, Kivimaki M; LIFEPATH
consortium. Socioeconomic status and the 25 x 25 risk factors as
determinants of premature mortality: a multicohort study and meta-analysis
of 1.7 million men and women. Lancet. 2017;389:1229-1237.

8. Marshall 1}, Wang Y, Crichton S, McKevitt C, Rudd AG, Wolfe CD. The effects of
socioeconomic status on stroke risk and outcomes. Lancet Neurol.
2015;14:1206-1218.

9. Kivimaki M, Nyberg ST, Batty GD, Fransson El, Heikkila K, Alfredsson L, Bjorner
JB, Borritz M, Burr H, Casini A, Clays E, De Bacquer D, Dragano N, Ferrie JE,
Geuskens GA, Goldberg M, Hamer M, Hooftman WE, Houtman IL, Joensuu M,
Jokela M, Kittel F, Knutsson A, Koskenvuo M, Koskinen A, Kouvonen A, Kumari
M, Madsen IE, Marmot MG, Nielsen ML, Nordin M, Oksanen T, Pentti J,
Rugulies R, Salo P, Siegrist J, Singh-Manoux A, Suominen SB, Vaananen A,
Vahtera J, Virtanen M, Westerholm PJ, Westerlund H, Zins M, Steptoe A,
Theorell T; IPD-Work Consortium. Job strain as a risk factor for coronary heart
disease: a collaborative meta-analysis of individual participant data. Lancet.
2012;380:1491-1497.

10. Virtanen M, Nyberg ST, Batty GD, Jokela M, Heikkila K, Fransson El, Alfredsson L,
Bjorner)B, Borritz M, Burr H, Casini A, Clays E, De Bacquer D, Dragano N, Elovainio
M, Erbel R, Ferrie JE, Hamer M, Jockel KH, Kittel F, Knutsson A, Koskenvuo M,
Koskinen A, Lunau T, Madsen IE, Nielsen ML, Nordin M, Oksanen T, Pahkin K,
Pejtersen JH, Pentti J, Rugulies R, Salo P, Shipley MJ, Siegrist J, Steptoe A,
Suominen SB, Theorell T, Toppinen-Tanner S, Vaananen A, Vahtera J, Westerholm
PJ, Westerlund H, Slopen N, Kawachi |, Singh-Manoux A, Kivimaki M; IPD-Work
Consortium. Perceived job insecurity as a risk factor for incident coronary heart
disease: systematic review and meta-analysis. BMJ. 2013;347:f4746.

11. Vyas MV, Garg AX, lansavichus AV, Costella J, Donner A, Laugsand LE, Janszky
I, Mrkobrada M, Parraga G, Hackam DG. Shift work and vascular events:
systematic review and meta-analysis. BMJ. 2012;345:e4800.

12. He J, Vupputuri S, Allen K, Prerost MR, Hughes J, Whelton PK. Passive smoking
and the risk of coronary heart disease—a meta-analysis of epidemiologic
studies. N Engl /] Med. 1999;340:920-926.

DOI: 10.1161/JAHA.118.011350

Journal of the American Heart Association 14

HDOYVHASHY TVYNIDIYO



6102 ‘¢1 1ady uo £q S10°syeuanoleye//:dyy woij papeojumoy

Occupational Class and Cardiovascular Risk

13.

20.

21.

22.

23.

24,

25.

26.

27.

28.
29.

30.

31.

Zaitsu et al

Khot UN, Khot MB, Bajzer CT, Sapp SK, Ohman EM, Brener S}, Ellis SG, Lincoff
AM, Topol EJ. Prevalence of conventional risk factors in patients with coronary
heart disease. JAMA. 2003;290:898-904.

. McFadden E, Luben R, Wareham N, Bingham S, Khaw KT. Social class, risk

factors, and stroke incidence in men and women: a prospective study in the
European prospective investigation into cancer in Norfolk cohort. Stroke.
2009;40:1070-1077.

. Kawachi I, Marmot MG. Commentary: what can we learn from studies of

occupational class and cardiovascular disease?

1998;148:160-163.

Am | Epidemiol.

. Ikeda N, Saito E, Kondo N, Inoue M, lkeda S, Satoh T, Wada K, Stickley A,

Katanoda K, Mizoue T, Noda M, Iso H, Fujino Y, Sobue T, Tsugane S, Naghavi
M, Ezzati M, Shibuya K. What has made the population of Japan healthy?
Lancet. 2011;378:1094—1105.

. Suzuki Y, Hasegawa Y, Tsumura K, Ueda T, Suzuki K, Sugiyama M, Nozaki H,

Kawaguchi S, Nakane M, Nagashima G, Kitamura T, Yokomine K, Sasanuma J.
Prehospital triage for endovascular clot removal in acute stroke patients.
Acute Med Surg. 2016;4:68-74.

. Komiyama K, Nakamura M, Tanabe K, Niikura H, Fujimoto H, Oikawa K, Daida

H, Yamamoto T, Nagao K, Takayama M, Tokyo CCU Network Scientific
Committee. In-hospital mortality analysis of Japanese patients with acute
coronary syndrome using the Tokyo CCU Network database: applicability of
the GRACE risk score. / Cardiol. 2018;71:251-258.

. Tokyo CCU Network Scientific Committee. Latest management and outcomes

of major pulmonary embolism in the cardiovascular disease early transport
system: Tokyo CCU Network. Circ /. 2010;74:289-293.

Nagayoshi Y, Oshima S, Ogawa H. Clinical impact of telemedicine network
system at rural hospitals without on-site cardiac surgery backup. Telemed J E
Health. 2016;22:960-964.

Lahelma E, Pietilainen O, Ferrie J, Kivimaki M, Lahti J, Marmot M, Rahkonen
0, Sekine M, Shipley M, Tatsuse T, Lallukka T. Changes over time in absolute
and relative socioeconomic differences in smoking: a comparison of cohort
studies from Britain, Finland, and Japan. Nicotine Tob Res. 2016;18:1697—
1704.

Lahelma E, Lallukka T, Laaksonen M, Martikainen P, Rahkonen O, Chandola T,
Head J, Marmot M, Kagamimori S, Tatsuse T, Sekine M. Social class
differences in health behaviours among employees from Britain, Finland and
Japan: the influence of psychosocial factors. Health Place. 2010;16:61-70.

Zaitsu M, Cuevas AG, Trudel-Fitzgerald C, Takeuchi T, Kobayashi Y, Kawachi I.
Occupational class and risk of renal cell cancer. Health Sci Rep. 2018;1:e49.

Zaitsu M, Kaneko R, Takeuchi T, Sato Y, Kobayashi Y, Kawachi I. Occupational
inequalities in female cancer incidence in Japan: hospital-based matched case-
control study. SSM Popul Health. 2018;5:129—137.

Zaitsu M, Kawachi |, Takeuchi T, Kobayashi Y. Alcohol consumption and risk of
upper-tract urothelial cancer. Cancer Epidemiol. 2017;48:36—40.

Zaitsu M, Nakamura F, Toyokawa S, Tonooka A, Takeuchi T, Homma Y,
Kobayashi Y. Risk of alcohol consumption in bladder cancer: case-control
study from a Nationwide Inpatient Database in Japan. Tohoku J Exp Med.
2016;239:9-15.

Zaitsu M, Kaneko R, Takeuchi T, Sato Y, Kobayashi Y, Kawachi I. Occupational
class and male cancer incidence: nationwide, multicenter, hospital-based case
—control study in Japan. Cancer Med. 2019;00:1-19.

Sato |, Yagata H, Ohashi Y. The accuracy of Japanese claims data in identifying
breast cancer cases. Biol Pharm Bull. 2015;38:53-57.

Royston P. Multiple imputation of missing values: further update of ice, with an
emphasis on categorical variables. Stata J. 2009;9:466-477.

Zaitsu M, Kawachi I, Ashida T, Kondo K, Kondo N. Participation in community
group activities among older adults: is diversity of group membership
associated with better self-rated health? J Epidemiol. 2018;28:452—-457.

Zaitsu M, Kurita Y, Iwahana M, Akiyama H, Watanabe F, Higashikawa A,
Kaneko R, Konishi R, Itoh M, Kobayashi Y. Hypnotics use and falls in hospital
inpatients stratified by age. Global J Health Sci. 2017;9:148—155.

32.
33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

Osler W. The Lumleian Lectures on angina pectoris. Lancet. 1910;175:839.

Takao S, Kawakami N, Ohtsu T; Japan Work Stress and Health Cohort Study
Group. Occupational class and physical activity among Japanese employees.
Soc Sci Med. 2003;57:2281-2289.

Tsutsumi A, Kayaba K, Tsutsumi K, Igarashi M; Jichi Medical School Cohort
Study Group. Association between job strain and prevalence of hypertension:
a cross sectional analysis in a Japanese working population with a wide range
of occupations: the Jichi Medical School cohort study. Occup Environ Med.
2001;58:367-373.

Lee W, Yeom H, Yoon JH, Won JU, Jung PK, Lee JH, Seok H, Roh J. Metabolic
outcomes of workers according to the International Standard Classification of
Occupations in Korea. Am J Ind Med. 2016;59:685-694.

Sokejima S, Kagamimori S. Working hours as a risk factor for acute myocardial
infarction in Japan: case-control study. BM/. 1998;317:775-780.

Kivimaki M, Jokela M, Nyberg ST, Singh-Manoux A, Fransson El, Alfredsson L,
Bjorner JB, Borritz M, Burr H, Casini A, Clays E, De Bacquer D, Dragano N, Erbel
R, Geuskens GA, Hamer M, Hooftman WE, Houtman IL, Jockel KH, Kittel F,
Knutsson A, Koskenvuo M, Lunau T, Madsen IE, Nielsen ML, Nordin M,
Oksanen T, Pejtersen JH, Pentti J, Rugulies R, Salo P, Shipley MJ, Siegrist J,
Steptoe A, Suominen SB, Theorell T, Vahtera J, Westerholm PJ, Westerlund H,
O’Reilly D, Kumari M, Batty GD, Ferrie JE, Virtanen M; IPD-Work Consortium.
Long working hours and risk of coronary heart disease and stroke: a
systematic review and meta-analysis of published and unpublished data for
603,838 individuals. Lancet. 2015;386:1739—-1746.

Galobardes B, Lynch JW, Smith GD. Is the association between childhood
socioeconomic circumstances and cause-specific mortality established?
Update of a systematic review. J Epidemiol Community Health.
2008;62:387-390.

Sawayama Y, Ariyama |, Hamada M, Otaguro S, Machi T, Taira Y, Hayashi J.
Association between chronic Helicobacter pylori infection and acute ischemic
stroke: Fukuoka Harasanshin Atherosclerosis Trial (FHAT). Atherosclerosis.
2005;178:303-309.

Shikata K, Doi Y, Yonemoto K, Arima H, Ninomiya T, Kubo M, Tanizaki Y,
Matsumoto T, lida M, Kiyohara Y. Population-based prospective study of the
combined influence of cigarette smoking and Helicobacter pylori infection on
gastric cancer incidence: the Hisayama Study. Am J Epidemiol.
2008;168:1409-1415.

Yamagata H, Kiyohara Y, Aoyagi K, Kato I, Iwamoto H, Nakayama K, Shimizu H,
Tanizaki Y, Arima H, Shinohara N, Kondo H, Matsumoto T, Fujishima M. Impact
of Helicobacter pylori infection on gastric cancer incidence in a general
Japanese population: the Hisayama study. Arch Intern Med. 2000;160:1962—
1968.

Honjo K, Tsutsumi A, Kayaba K; Jichi Medical School Cohort Study Group.
Socioeconomic indicators and cardiovascular disease incidence among
Japanese community residents: the Jichi Medical School Cohort Study. /nt /
Behav Med. 2010;17:58-66.

Fukuda Y, Hiyoshi A. Associations of household expenditure and marital status
with cardiovascular risk factors in Japanese adults: analysis of nationally
representative surveys. / Epidemiol. 2013;23:21-27.

Suzuki E, Kashima S, Kawachi |, Subramanian SV. Social and geographical
inequalities in suicide in Japan from 1975 through 2005: a census-based
longitudinal analysis. PLoS One. 2013;8:e63443.

Wada K, Kondo N, Gilmour S, Ichida Y, Fujino Y, Satoh T, Shibuya K. Trends in
cause specific mortality across occupations in Japanese men of working age
during period of economic stagnation, 1980—-2005: retrospective cohort study.
BMJ. 2012;344:e1191.

Tanaka H, Toyokawa S, Tamiya N, Takahashi H, Noguchi H, Kobayashi Y.
Changes in mortality inequalities across occupations in Japan: a national
register based study of absolute and relative measures, 1980-2010. BM/
Open. 2017;7:e015764.

Link BG, Phelan J. Social conditions as fundamental causes of disease. / Health
Soc Behav. 1995; Extra Issue; pp 80—94.

DOI: 10.1161/JAHA.118.011350

Journal of the American Heart Association 15

HDOYVHASHY TVYNIDIYO



	2018_労災疾病報告書_表紙・目次
	2018年度_労災研究報告書_本文
	2018_Zaitsu_Health_Science_Reports
	2018_財津_SSMPopulationHealth
	Occupational inequalities in female cancer incidence in Japan: Hospital-based matched case-control study with occupational class
	Background
	Methods
	Study setting
	Cases and controls
	SES grouped by occupation and industry combination and other covariates
	Statistical analysis

	Results
	Discussion
	All cancer sites
	Stomach cancer
	Lung cancer
	Breast cancer
	Remaining common cancers and less common cancers
	Strengths and limitations

	Conclusion
	Ethics approval and consent to participate
	Availability of data and material
	Conflict of interest
	Funding
	Authors’ contributions
	Supporting information
	References


	2019_Zaitsu_Cancer_Medicine
	2019_財津_JAHA_職業と循環器疾患

