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H29 3% 1 B - EXI O FHEENLADF VX

ROAHS—ESE

20

#v X H (95% 15 18 K sl )~
= 320102 pofcl 9 51 ETNI ETIN2 ETNL3
% %
B
= 111,925 2,703
TN—h5—EXE
TIN—h>—8 39.0 342 1.00 1.00 1.00
H—E R 135 14.2 1.26 (1.11—1.44) 1.26 (1.10—1.43) 1.26 (1.10—1.43)
=) 43 5.0 1.52 (1.24—1.86) 1.53 (1.25—1.88) 1.53 (1.25—1.87)
EER 32 5.8 1.62 (1.35—1.95) 1.61 (1.34—1.94) 1.61 (1.34—1.93)
Y—EREE
TN—h>—H 47 40 1.17 (0.94—1.47) 1.18 (0.94—1.47) 1.18 (0.94—1.48)
H—E XMW 134 13.2 1.29 (1.12—1.49) 1.29 (1.12—1.49) 1.29 (1.12—1.49)
=) 1.1 1.2 1.34 (0.94—1.92) 1.36 (0.95—1.95) 1.36 (0.95—1.95)
EER 1.6 27 1.50 (1.15—1.97) 1.51 (1.15—1.97) 1.51 (1.15—1.97)

TIN—h>—H 3.6 20 0.78 (0.58—1.05) 0.79 (0.59—1.06) 0.79 (0.59—1.06)
B —E X5 8.1 9.6 1.48 (1.25—1.75) 1.48 (1.25—1.76) 1.48 (1.25—1.76)
=) 6.5 6.5 1.29 (1.09—1.53) 1.32 (1.11—1.56) 1.32 (1.11—1.57)
EER 1.0 1.7 1.47 (1.07—2.03) 1.48 (1.07—2.04) 1.48 (1.07—2.04)
£33
¥ 56,493 613
TN—h5—EXE
TIN—h>—8 28.9 28.1 1.00 1.00 1.00
B —E X5 8.8 10.0 1.48 (1.10—2.00) 1.49 (1.10—2.01) 1.49 (1.11—2.02)
HR 0.5 0.3 0.92 (0.23—3.75) 0.92 (0.23—3.76) 0.93 (0.23—3.79)
EER 05 0.8 1.69 (0.69—4.15) 1.70 (0.69—4.18) 1.73 (0.70—4.25)
Y—EREE
TIN—h5—H 45 6.4 1.50 (1.06—2.14) 1.52 (1.07—2.16) 1.52 (1.07—2.17)
B —E X5 28.2 28.1 1.18 (0.95—1.47) 1.20 (0.97—1.50) 1.21 (0.97—1.50)
= 0.8 10 1.81 (0.79—4.12) 1.82 (0.80—4.14) 1.83 (0.80—4.18)
EER 06 1.1 1.91 (0.89—4.11) 1.97 (0.91—4.23) 1.99 (0.92—4.27)
RO HS—EE
TIN—h>—H 09 1.0 1.35 (0.59—3.07) 1.35 (0.59—3.08) 1.36 (0.60—3.09)
H—E R 120 129 1.37 (1.04—1.81) 1.38 (1.05—1.82) 1.39 (1.05—1.84)
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H30.%& 1 BERICEITIHEEOENBHEONADA VXL
X (95%E3E X R
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ETIVI ETIV2
BEMNA n=30,545 n=6,317
%
TN—h5—ESE TIL—h5— 324 345 1.00 1.00
H—E R 11.2 11.4 0.96 (0.87—1.06) 0.95 (0.85—1.05)
Frm 33 2.9 0.82 (0.67—0.99) 0.81 (0.66—0.98)
HER 43 46 0.99 (0.85—1.16) 0.95 (0.81—1.11)
Y—EREE TN—h5—F 3.0 3.1 1.00 (0.83—1.21) 1.03 (0.84—1.24)
H—E R 10.6 11.2 1.01 (0.91—1.11) 1.02 (0.92—1.13)
= 1) 3 0.9 1.0 1.04 (0.77—1.40) 1.02 (0.75—1.40)
EER 22 2.1 0.91(0.74—1.13) 0.90 (0.72—1.13)
RO HS—ESE TN—h5— 1.9 2.0 1.00 (0.81—1.25) 1.03 (0.83—1.27)
H—E R 6.7 5.9 0.83 (0.71—0.95) 0.82 (0.71—0.95)
Frm 48 40 0.78 (0.66—0.93) 0.82 (0.70—0.97)
EER 14 1.1 0.70 (0.49—0.99) 0.73 (0.52—1.02)
Ot 17.3 16.2 0.86 (0.78—0.94) 0.96 (0.87—1.06)
MBL4E - 2.31 2.86 1.19 (1.16—1.21)
A ¢ 237 3.02 1.29 (1.26—1.33)
BAA n=203,506 n=42510
%
TN—h5—EE TIL—h5— 325 35.3 1.00 1.00
H—E R 10.8 11.0 0.95 (0.90—0.99) 0.94 (0.90—0.99)
Frm 3.0 3.0 0.93 (0.87—0.99) 0.93 (0.87—1.00)
EER 43 44 0.95 (0.90—1.02) 0.93 (0.87—0.99)
H—EREE TN—h5—H8 29 3.0 0.94 (0.86—1.01) 0.94 (0.87—1.02)
H—E R 10.6 10.3 0.91 (0.87—0.95) 0.91 (0.87—0.95)
= Vi) 3 0.9 0.8 0.85 (0.73—0.98) 0.86 (0.74—1.00)
EER 22 2.0 0.86 (0.79—0.94) 0.86 (0.79—0.94)
RO HS—ESE TN—h>5— 19 1.9 0.92 (0.84—1.01) 0.93 (0.85—1.02)
H—E R 6.9 6.3 0.84 (0.80—0.89) 0.85 (0.81—0.90)
= 1) 3 5.0 42 0.77 (0.72—0.82) 0.80 (0.75—0.86)
EER 15 1.3 0.79 (0.71—0.89) 0.80 (0.72—0.90)
Ot 17.8 16.5 0.83 (0.80—0.86) 0.86 (0.83—0.89)
MBL4E - 2.26 259 1.12 (1.11—1.13)



foE ¢ 2.32 2.53 1.06 (1.05—1.07)

KA n=128,696 n=27,074

- E 3

TN—h>—E%E TI—h5—H 31.6 323 1.00 1.00
H—E R 15 117 1.01 (0.96—1.07) 1.01 (0.96—1.07)
FM 34 35 1.02 (0.94—1.12) 1.02 (0.94—1.12)
EER 4.1 40 0.99 (0.92—1.06) 0.97 (0.90—1.04)

Y—EREE TN—h>5—H 3.0 3.2 1.05 (0.97-1.14) 1.07 (0.98—1.15)
H—E R 10 114 1.02 (0.96—1.08) 1.02 (0.96—1.08)
= 1) 3 1.0 0.9 0.91 (0.77—1.09) 0.93 (0.78—1.10)
EER 20 2.1 1.01 (0.91—1.13) 1.01 (0.90—1.13)

RO hS—EE TIN—h5—H 19 18 0.89 (0.77—1.02) 0.89 (0.77-1.02)
H—E R 7.1 6.9 0.96 (0.89—1.04) 0.97 (0.90—1.04)
= 1) 3 5.1 5.1 0.96 (0.89—1.04) 0.99 (0.92—1.06)
EER 14 12 0.88 (0.77—0.99) 0.88 (0.78—1.00)

a2k ] 17.0 16.1 0.90 (0.85—0.95) 0.94 (0.89—0.99)

W21 2.38 2.56 1.06 (1.05—1.07)

fE ¢ 2.45 2,67 1.09 (1.08—1.10)

LA n=88,342 n=18,354

- E 3

TN—h>—E%E TI—h5—H 31.9 327 1.00 1.00
H—E R 1.1 116 1.02 (0.96—1.08) 1.02 (0.96—1.08)
FM 3.1 2.8 0.87 (0.76—0.99) 0.87 (0.76—0.99)
EER 4.6 5.1 1.09 (1.00—1.19) 1.07 (0.98—1.17)

Y—EREE TN—h>5—H 29 3.1 1.03 (0.93—1.14) 1.04 (0.94—1.15)
H—E R 10.7 10.6 0.97 (0.91—1.03) 0.97 (0.92—1.03)
= 1) 3 038 0.7 0.89 (0.73—1.09) 0.91 (0.75—1.11)
EER 2.1 2.2 1.01 (0.88—1.16) 1.01 (0.88—1.16)

RO hS—EE TIN—h5—H 19 17 0.84 (0.74—0.96) 0.84 (0.74—0.96)
H—E R 7.0 6.0 0.84 (0.77-0.92) 0.85 (0.78—0.93)
= 1) 3 49 3.7 0.74 (0.67—0.81) 0.76 (0.69—0.84)
EER 16 13 0.81 (0.67—0.97) 0.81 (0.68—0.97)

ZD it 173 18.6 1.04 (0.98—1.10) 1.07 (1.00—1.14)

W21 2.28 2.51 1.09 (1.07—1.10)

foE ¢ 2.34 2.49 1.04 (1.02—1.05)
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TN—h5—E%E T—h5—H 31.9 336 1.00 1.00
H—E R 10.7 117 1.04 (0.93—1.16) 1.03 (0.93—1.15)
= 1) 3 3.1 2.9 0.88 (0.69—1.13) 0.89 (0.70—1.13)
EER 44 44 0.96 (0.80—1.16) 0.95 (0.79—1.14)
Y—EREE TN—h>5—H 3.1 3.2 0.99 (0.80—1.22) 1.01 (0.82—1.24)
H—E R 105 10.2 0.92 (0.77—1.11) 0.93 (0.77-1.12)
= 1) 3 0.9 0.9 0.92 (0.62—1.39) 0.93 (0.62—1.40)
EER 2.1 2.2 1.00 (0.79—1.27) 1.00 (0.79—1.27)
RO hS—EE TIN—h>5—H 20 16 0.75 (0.58—0.98) 0.76 (0.58—0.99)
H—E R 6.7 5.9 0.83 (0.72—0.96) 0.84 (0.73—0.96)
= 1) 3 48 45 0.90 (0.75—1.07) 0.93 (0.78—1.11)
EER 15 13 0.83 (0.62—1.11) 0.85 (0.63—1.14)
ZD it 18.2 176 0.88 (0.80—0.97) 0.91 (0.83—1.01)
W21 2.28 2.61 1.14 (1.11—-1.17)
fE ¢ 2.33 2.41 1.00 (0.98—1.03)
fHtA n=104,064 n=21,922
- E 3
TN—h>—E%E T—h5—H 326 375 1.00 1.00
H—E R 10.6 10.6 0.87 (0.83—0.93) 0.86 (0.82—0.91)
FM 3.1 2.7 0.75 (0.68—0.84) 0.76 (0.68—0.85)
EER 4.0 3.9 0.86 (0.79—0.93) 0.83 (0.76—0.90)
Y—EREE TN—h>5—H 28 2.9 0.89 (0.81—0.98) 0.89 (0.81—0.98)
H—E B 10.0 9.4 0.82 (0.77—0.87) 0.83 (0.78—0.89)
= 1) 3 0.9 0.7 0.65 (0.54—0.77) 0.68 (0.56—0.82)
EER 20 19 0.80 (0.71—0.90) 0.81 (0.72—0.92)
RO hS—EE TIN—h5—H 1.7 15 0.76 (0.66—0.88) 0.79 (0.69—0.91)
H—E R 6.3 5.4 0.75 (0.68—0.82) 0.77 (0.70—0.84)
= 1) 3 46 32 0.61 (0.55—0.66) 0.66 (0.60—0.73)
EER 14 1.0 0.61 (0.51-0.72) 0.66 (0.55—0.79)
a2k ] 19.8 19.2 0.82 (0.79—0.86) 0.90 (0.86—0.95)
W21 2.33 3.04 1.36 (1.35—1.38)
fE ¢ 2.31 2.43 0.99 (0.98—1.00)
AILIRHA n=136,573 n=28,392
- E 3
TN—h>5—E%E T—h5—H 31.5 31.8 1.00 1.00
H—E R 11.4 120 1.06 (1.01—1.12) 1.06 (1.01—1.12)
= 1) 3 35 3.6 1.06 (0.99—1.15) 1.06 (0.98—1.14)
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EER 3.9 3.9 1.02 (0.94—1.10) 1.02 (0.94—1.10)
Y—EREE TN—h>5—H 3.0 2.7 0.90 (0.82—0.99) 0.91 (0.83—0.99)
H—E R 10.4 10.1 0.97 (0.91—1.03) 0.97 (0.91—1.03)
FM 1.1 1.1 0.98 (0.86—1.11) 0.98 (0.86—1.11)
EER 2.1 20 0.96 (0.86—1.06) 0.96 (0.86—1.06)
RIAHS—EE TN—h>5—H 19 20 1.07 (0.96—1.20) 1.07 (0.95—1.19)
H—E R 6.5 6.7 1.03 (0.97—1.10) 1.03 (0.97—1.10)
= 1) 3 49 54 1.10 (1.03—1.18) 1.10 (1.03—1.18)
EER 12 13 1.07 (0.94—1.22) 1.07 (0.93—1.22)
a2k ] 185 17.3 0.90 (0.86—0.94) 0.90 (0.86—0.94)
W21 2.41 2.37 0.98 (0.97—0.99)
fE ¢ 2.36 2.43 1.03 (1.02—1.05)
BHtA n=26,900 n=5,552
- E 3
TN—h>—E%E TI—h5—H 31.4 314 1.00 1.00
H—E R 11.9 121 1.03 (0.93—1.14) 1.03 (0.93—1.14)
FM 38 3.8 1.04 (0.81—1.35) 1.05 (0.81—1.36)
EER 4.0 47 1.19 (1.02—1.39) 1.17 (1.00—1.37)
Y—EREE TN—h>5—H 29 3.1 1.07 (0.87—1.32) 1.08 (0.87—1.33)
H—E R 11.0 108 0.99 (0.88—1.11) 0.99 (0.88—1.11)
= 1) 3 0.9 1.0 1.17 (0.81—1.67) 1.17 (0.82—1.67)
EER 20 23 1.15 (0.93—1.42) 1.15 (0.92—1.42)
RO hS—EE TIN—h5—H 2.1 17 0.84 (0.65—1.09) 0.84 (0.65—1.10)
H—E R 7.2 7.3 1.02 (0.88—1.17) 1.03 (0.89—1.18)
= 1) 3 5.3 54 1.04 (0.88—1.22) 1.07 (0.90—1.26)
EER 14 14 0.97 (0.72—1.29) 0.97 (0.73—1.30)
ZD it 16.1 15.1 0.93 (0.82—1.04) 0.95 (0.85—1.07)
W21 2.35 2.58 1.08 (1.06—1.11)
foE ¢ 2.41 2.58 1.05 (1.03—1.08)
EEBEAS A/ n=64,871 n=13,590
- E 3
TN—h>—E%E T—h5—H 31.3 328 1.00 1.00
H—E R 10.6 116 1.06 (0.98—1.15) 1.05 (0.97—1.14)
FM 32 30 0.91 (0.80—1.03) 0.90 (0.79—1.03)
EER 43 46 1.05 (0.95—1.16) 1.02 (0.92—1.13)
Y—EREE TN—h>5—H 29 2.7 0.90 (0.79—1.03) 0.90 (0.78—1.03)
H—E R 10.1 104 0.99 (0.93—1.06) 1.00 (0.93—1.07)
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FM 0.9 1.0 1.14 (0.93—1.39) 1.14 (0.92—1.40)
EER 2.1 2.2 1.02 (0.88—1.18) 1.02 (0.88—1.19)
RIAHS—EE TN—h>5—H 18 16 0.89 (0.76—1.03) 0.89 (0.77—1.04)
H—E R 6.7 5.9 0.84 (0.75—0.95) 0.85 (0.76—0.95)
FM 49 45 0.88 (0.78—0.98) 0.92 (0.82—1.02)
EER 14 12 0.78 (0.62—0.98) 0.78 (0.63—0.98)
ZDith 19.9 184 0.86 (0.81—0.91) 0.89 (0.84—0.94)
W21 2.29 2.69 1.17 (1.15—1.18)
fE ¢ 2.31 2.43 1.02 (1.00—1.03)
ERYNE n=29,528 n=6,157
- E 3
TN—h>—E%E TI—h5—H 31.0 334 1.00 1.00
H—E R 11.7 115 0.92 (0.83—1.02) 0.92 (0.83—1.01)
FM 38 34 0.82 (0.69—0.96) 0.82 (0.70—0.97)
EER 38 3.9 0.96 (0.76—1.21) 0.95 (0.75—1.20)
Y—EREE TN—h>5—H 3.1 3.8 1.14 (0.97—1.34) 1.14 (0.97—1.33)
H—E R 11.0 10.1 0.86 (0.77—0.96) 0.86 (0.77—0.96)
= 1) 3 0.9 1.0 0.94 (0.68—1.30) 0.94 (0.69—1.30)
EER 19 19 0.92 (0.69—1.22) 0.92 (0.69—1.21)
RO hS—EE TIN—h5—H 20 18 0.82 (0.65—1.04) 0.83 (0.65—1.04)
H—E R 15 6.9 0.86 (0.75—0.98) 0.86 (0.76—0.98)
= 1) 3 5.5 5.1 0.85 (0.72—1.01) 0.87 (0.73—1.03)
EER 14 12 0.85 (0.60—1.19) 0.85 (0.61—1.20)
a2k ] 16.4 16.2 0.90 (0.82—0.99) 0.91 (0.83—1.00)
W21 2.30 2.44 1.06 (1.03—1.09)
foE ¢ 2.39 2.40 0.99 (0.97-1.02)
A n=1,026,247 n=214,123
- E 3
TN—h>—E%E TI—h5—H 31.8 336 1.00 1.00
H—E R 1.1 114 0.99 (0.97—1.00) 0.98 (0.96—1.00)
FM 3.3 3.1 0.92 (0.88—0.96) 0.92 (0.88—0.96)
EER 42 43 0.98 (0.96—1.01) 0.97 (0.94—0.99)
Y—EREE TN—h>5—H 29 3.0 0.97 (0.94—1.00) 0.97 (0.94—1.00)
H—E R 10.6 10.6 0.95 (0.93—0.96) 0.95 (0.94—0.97)
= 1) 3 0.9 0.9 0.92 (0.86—0.98) 0.93 (0.87—1.00)
EER 2.1 20 0.93 (0.89—0.97) 0.93 (0.89—0.97)
RO hS—EE TIN—h5—H 19 18 0.90 (0.86—0.94) 0.90 (0.86—0.95)
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H—E R 6.9 6.3 0.88 (0.86—0.90) 0.89 (0.86—0.91)

= 1) 3 5.0 45 0.86 (0.83—0.88) 0.89 (0.86—0.92)
HER 14 12 0.82 (0.78—0.86) 0.83 (0.79—0.87)
Z0ih 179 17.3 0.89 (0.88—0.91) 0.92 (0.91—0.94)
W21 © 2.31 2.58 1.10 (1.10—1.11)
BB ¢ 2.35 2.51 1.05 (1.04—1.05)

B EWEHSHT
bEEER. AR ARREETYFIBLESHMAEAC AT YIRS HTEALVZ (model 1), BIEEEKEZ BN THE(ETIL 2)
°Log (1 + pack-year)

9Log (1 + daily gram of ethanol intake) CEHEE
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RI.E1 FEBRBEBEOSH

B4z ICD-9 ICD-10 BEY W
E=L7N 390-459 100-199 126,508 (100)
IDMRE 410-414 120-25 30,657 (24.2)
HEEARE B 413,410 120,21 27,232 (21.5)
Bl iE 413 120 19,604 (15.5)

SMLHEE 410 121 7,628 (6.0)
fbi i & = B 430-438 160-69 50,700 (40.1)
fbiZE e 430,431,434 160,61,63 40,407 (31.9)

<HEET M 430 160 4,634 (9.1)
i PR H i 431 161 10,098 (19.9)
i 45 22 434 163 21,871 (17.3)
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RIE?2 T—4XBLGLELHVHDE
N (%) or mean (SD)
8% P&
RiEHY (n=68,181) Ri877L (n=1,060,410)
Case 25,210 (37%) 103,405 (9.8%) <.001
=43 4,923 (7.2%) 228,412 (22%) <.001
FHh 45 (15) 61 (12) <.001
N3 1998 (9) 2001 (8) <.001

PEIFt REFIEHAZFRBE., ABRKRREDO D HLELE ST (P <001),

29



RI_%&3 BERICHTIERIRESD, BizExh, ERBRELEOT VL

Ay XLt (95%1S3ERX )

Characteristics Control, %° Case, %° — —
ETILA ETIL2

EENRER, n 226,378 27,452

[5ES

TN—h5—E%E TI—Hh5—8 346 336 1.00 1.00
H—E B 13.9 13.8 1.09 (1.04—1.13)  1.08 (1.04—1.13)
EME 41 38 1.05 (0.97—-1.13)  1.07 (0.99—1.16)
TR, 45 49 119 (1.11=1.27) 119 (1.11-1.27)

Y—EREE TIL—h5—8B 41 3.9 1.01 (0.94—1.09)  1.01 (0.93—1.08)
H—E X 15.8 16.8 1.10 (1.06—1.15)  1.10 (1.06—1.15)
EME 0.9 0.9 1.13(0.97-1.32)  1.16 (0.99—1.35)
SRR 2.2 24 1.20 (1.09—1.31)  1.19 (1.08—1.31)

ROAMhT—FEE IL—h>—8 241 2.1 1.07 (0.98—1.18)  1.08 (0.99—1.19)
H—E R 9.4 9.2 1.04 (0.99—1.09)  1.05 (1.00—1.11)
=154 7.0 7.0 1.05 (0.99—1.11)  1.10 (1.04—1.17)
EIER, 15 15 1.06 (0.94—1.19)  1.06 (0.95—1.19)

L © 2.1 2.3 1.15 (1.14—1.16)

B © 23 22 0.95 (0.94—0.96)

BlME, n 163,736 19,781

i5ES

IN—h>—E%E TIL—h5—B 341 328 1.00 1.00
H—E R 13.9 14.1 1.12(1.06—1.18)  1.11 (1.05—1.17)
=] 41 40 1.10 (1.00—1.21)  1.11 (1.02—1.22)
SRR 44 49 1.24 (1.14-1.34)  1.23(1.14—1.33)

H—EREE ITIL—h5—8 41 3.7 0.92 (0.84—1.01)  0.92 (0.84—1.01)
H—E R 16.2 16.9 1.08 (1.03—1.14)  1.08 (1.03—1.13)
=) 0.9 0.9 1.13(0.90—1.42)  1.15(0.92—1.45)
IR 22 24 1.21 (1.08—1.35)  1.19 (1.07—1.34)

RIS HS—EHE ITI—h>—B 241 2.1 1.11(0.99—1.24)  1.12 (1.00—1.25)
H—E RB 9.4 9.3 1.05 (0.99—1.11)  1.06 (1.00—1.12)
=M 7.1 74 1.08 (1.01—1.15)  1.12 (1.05—1.19)
TR 15 15 1.12 (0.98—1.28)  1.12 (0.98—1.28)

BLHE © 2.0 2.2 1.11 (1.10—1.12)

BRI © 22 2.2 0.98 (0.97—0.99)

SHLmIEE 62,642 7,671

[5ES

TN—h5—E%E TIL—Hh5—H8 358 35.6 1.00 1.00
H—E RB 13.9 13.0 1.01 (0.93—1.11)  1.01 (0.92—1.10)
EME 41 35 0.92 (0.80—1.06)  0.97 (0.85—1.12)
TR, 47 48 1.07 (0.95—1.21)  1.07 (0.95—1.22)

Y—EREE TL—h>—8 39 47 1.25(1.09—1.42)  1.25 (1.09—1.43)
H—E X 14.6 16.3 1.16 (1.07—1.26)  1.16 (1.07—1.26)
EME 0.9 0.9 1.12 (0.82—1.52)  1.17 (0.86—1.59)
SIRE 2.2 2.5 1.18 (1.00—1.38)  1.18 (1.00—1.39)

RIAMNT—EE I—h>—B 23 2.2 0.98 (0.78—1.24)  1.00 (0.78—1.28)
H—E R 9.4 8.9 1.01 (0.91—1.11)  1.03 (0.93—1.14)
=154 6.6 6.2 0.98 (0.85—1.12)  1.06 (0.92—1.23)
EIER, 15 13 0.90 (0.67—1.21)  0.92 (0.68—1.24)

BLE o 22 2.6 1.25 (1.22—1.27)

B © 24 2.1 0.88 (0.86—0.89)

fMZE, n n=2312,675 n=41038

[5ES

IN—h>—E%E TIL—h5—B 401 43.0 1.00 1.00
H—E R 12.1 1.3 0.94 (0.90—0.98)  0.93 (0.89—0.97)
=] 32 24 0.77 (0.70—0.85)  0.77 (0.70—0.85)
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i 40 3.6 0.91 (0.85—0.97)  0.88 (0.83—0.95)
Y—EREE TIL—h>—8 40 45 1.08 (1.02—1.15)  1.08 (1.02—1.15)
H—E RB 15.1 16.2 1.02 (0.98—1.06)  1.01 (0.98—1.05)
EME 0.9 0.9 0.97 (0.85—1.10)  0.99 (0.87—1.13)
SRR, 2.0 2.0 0.98 (0.90—1.06)  0.96 (0.89—1.04)
ROAMDhT—FEE IL—h>—8 241 1.9 0.88 (0.81—0.95)  0.87 (0.80—0.95)
H—ERB 8.6 7.2 0.81 (0.77—0.85)  0.81 (0.78—0.86)
=154 6.7 6.0 0.85 (0.81—0.89)  0.87 (0.83—0.91)
EIER, 13 1.1 0.84 (0.74—0.96)  0.84 (0.73—0.95)
BLYE © 1.9 2.1 1.08 (1.07—1.09)
B e 2.1 22 1.07 (1.06—1.08)
RIRBMERLHK n= 999,976 n=128,615
[5ES
IN—h>—E%E TIL—h5—H 358 372 1.00 1.00
H—E R 13.0 12.4 0.99 (0.96—1.01)  0.98 (0.96—1.00)
=154 37 3.1 0.89 (0.85—0.93)  0.90 (0.86—0.93)
SRR 40 39 1.01 (0.98—1.05)  1.00 (0.96—1.03)
H—EREE TIL—h5—8 40 43 1.04 (1.00—1.08)  1.04 (1.00—1.08)
H—E R 16.4 17.7 1.06 (1.03—1.08)  1.05 (1.03—1.07)
=) 0.9 0.9 1.01 (0.94—1.09)  1.03 (0.96—1.10)
IR 20 2.0 1.03 (0.98—1.08)  1.01 (0.96—1.06)
RO HS—EHE ITI—h>—8 241 2.0 0.97 (0.93—1.02)  0.97 (0.93—1.02)
H—E R 9.4 8.4 0.90 (0.88—0.92)  0.91 (0.88—0.93)
=M 74 6.9 0.91 (0.89—0.94)  0.94 (0.92—0.97)
TR 1.4 12 0.91 (0.85—0.98)  0.91 (0.85—0.98)
BLHE © 1.9 2.1 1.09 (1.08—1.09)
BRI © 22 2.2 1.02 (1.02—1.03)
REHTENOHRE

PERD, /iR AREETYFSEFHAEOS T yIRIRAHE AL = (model 1), BIELHEZBMTHE(ETIL 2)
°Log (1 + pack-year)& Log (1 + daily gram of ethanol intake) CRIZE (ETIL 2)
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Coronary heart disease Stroke
Occupational class

Blue-collar industry
Blue-collar (ref.) s 1
Service
Professional
Manager

Service industry
Blue-collar H

1oy
- -
—.—
i
Service o H
Professional ——
i

L 1 I I

Manager
White-collar industry
Blue-collar —— =
Service e re—
(= e

Professional

Manager e —e—

5 1 2 5 1 2

RI_H1 FEELEETIVBBMEBLMEFDIRY, FyXL(R)EBWEBERE MR ELERTEEAVEELR &K
BR, ABRHEER, AREEIYFIBEHHETOCIT VBT TICKY, BIELGEZBMFHEL TROT=(Zaitsu M, et al.
Occupational Class and Risk of Cardiovascular Disease Incidence in Japan: Nationwide, Multicenter, Hospital-Based Case—

Control Study. J Am Heart Assoc. 2019,8(6):e011350 KYS|HA) .,
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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

Angina pectoris Acute myocardial infarction
4 [
Y] =
o —e—i
ol He—
—8— —e—
L] e
—— —t——
[ | —e—
—e—| —e—
sl e
g H—
—— —_—y
Subarachnoid hemorrhage Intracerebral hemorrhage Cerebral infarction
L L L ]
e o 1
—— —e—i —ey
—er— —— il
H—e— e e
I He Lol
I —e— —a—
—e— —e— e
——— —e— e
—— ] He
—e— e e
—————— —— ——y
I ] I ] I I
5 1 2 5 1 2 5 1 2

RI_E 2 HBEFXLEAETIHDE FHDLHEE, LETHNO, KM, REEDVRY, TyXt(R)E 95%EERX
B (#R) (T2 EMTELTAV-ER, RIR ARESR, AREZIVFIEEEHMAETOCIT VBRI HICEY, BIESER
EEBMFARELTKOT=(Zaitsu M, et al. Occupational Class and Risk of Cardiovascular Disease Incidence in Japan: Nationwide,

Multicenter, Hospital-Based Case—Control Study. J Am Heart Assoc. 2019:8(6).e011350 £Y5|A),
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ZEE 1. PRTR (ZL 5 M HAEH B - BB B OG5 B 10 W OREAER I EHE T A ORI

R 10 PE ORK 13 (2001) 4EFEMNSFEK 28 (2016) FEE FTOREPEH & -BE&E (t/ 4) D
HER | Fepk 28 (2016) - EE OAE T RAIPEH & - B & (t/ #) 2. WEZ LR,

1. v (WE 5 :300)

Fopk 28 (2016) AFEEDOHEH EIT 51,109 t/ 4F, BENEIT 35,370t/ FETHY, PEii & -BEFEOD
AAEtE 86,478t/ HFETH-TZ (R 1), MV JIFEHEBIOBHESNTHLZVME TS
ST,

PEH B - BEh BT FER 13 (2001) £ LUEIFIE — B L TR LTV, Rk 28(2016) FEEED
e & - BB RO G FHI A 13 (2001) FFEDFGRRE ThH-7= (KM 1), BEIEICH A, PEt &
DR NBE Th o7,

I =
) MLI> W&EES : 300)
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1. M=o o2EPEH & - B EOHER

Rk 28 (2016) 4R EEDHEH & - BBV RAHENF IRBNC 22 L (K 2) | HEH & - BEEROAFHE
B R, SRR, AR T2 RS (R B IRABRS) | Ju (@ [ W2 R - hid s 134
7otz Y- BB RO AFH NS o7 3 G ER, FHAE, ZmR) odkh &LB iz
FHE BRI RGEZ ST ERIIBEN RN L PR SRITMho 2 U (il B 2 R) SRR EE
Tholz, Y E-BEROGFI DLV HUIBIIBE &2 W SO, ORE IR T
BRICHBNT,
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8. NN-UAF VAL LTIN (WEE:232)

pk 28 (2016) FEEDOPEH B - BB EOAFHE 9,482t/ A THY ., HEH & (2,054 t/ ) 12k~
BEh & (7427 t/ 48) 3ol (R 1),

Rk 13 (2001) 4R EELARE Pl H & - BB E OB FHIRELCITA LTz (AL 28 (2016) 4F 2
FRRHEN) (B4 15), Fpk 28 (2016) - EEDHEH EIT TR 13 (2001) FEEE D) 1/3 Th-oTz,

N,N —SXFILIRILATIR MESES : 232)
(t/£F)
18,000

BEE
16,000 +F

mHEhE
14,000 -

ry
miim
ey
10,000 17— 1 7 7 ’,;?’ ﬁlgﬁ -
o 7 7
-l é
el IV é
, T A

O 4
H13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

15. N\N-Z AF LRV AT IR O EHEH & - B EOHB

ok 28 (2016) FEEEO P B - B BAHNERF RIS ADE (K 16) | HEHE-BEIEO ST
AR B LR RER TS SR RITERE, SRR TS -7, R E-BEEN 0 F-
(3 237270 > T BT IR, AEHEE , RS, B R AR IR BRI IR IR, B
IRF I FhHR I T o7,

43



HREE
113 8,602 t / 4

AN
(=N

1t

R (EES : 232)

~ 28~

IAFIRIVLT S

i

~

N, N

XU P BT I 23 2 5

%95:305) ]

_7////////4.“
=

.n
RRRRRRRRRRRY
ey %
el 3 A K
R

e

ERRE

o
=t
Z

&
R
|$_

R OFBE T IR H - BBl B CEpk 28 FREEHkEH 2))

IRUZOIEEY) 1ESS : 304+305)

]
BERBEBREBEL
3

HEIERE 13 (2001) AL ERL 18 (2006) 4R £ TR EAREIZR D>

AN
=)

(/%)
1200

x
b1
=}
16. NNN-U AT LRIV LT
SRR 28 (2016) FEEEDOPEHI BT 4,480 t/ AE(80:0.8 t/ A5, $MLAW 4,479 t | ) BEIEIX

4296t/ HE(ER: 174t/ M EEY 4,122 t/ ) THY ., P E-BEIEO

Br:175t/ . 8MEE 8,602t/ ) Tho71=(F 1),

PEHE-BEED
7253, AR 19(2007) FE B L OVERE 20 (2008) AR EEIC2JKL . T ORITITAIENTHER L T =

(X 17) , Rk 20 (2008) 4FJE LARE B 8 Bl XIBME [ THDH D

9. Shn L NZFDILEY [$n (BT 5 :304) BLDN k& (W
ni-,

1000
800
600
400
200

44

H13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

17. $h Kk Db & o 2E & - BB & OHER



HBIE I RBIN R 28 (2016) 4R DOHEH B - BB RO A FH 2 AL (4 18) KA R, JA &I,
I BRI L T E D o7, SR E-BEIEO SR L o7 3 RITEHEDOKE 203k =
ThoTeDIZHL, BRI DIRWMOFENF IR TIZEAE BB & Th o7z,

FRERFRBITIL, SR E - BB EOGFHIFKE R, AR, R EAZEHL THL £0 R
ST ETH -T2 (X 18) , PEHE -BEEOAFHO DRI OFERF IR Ky 2 B E & T
Holz,

IRUZOEEY) (IEES : 304+305)
(t/%) —ERR28FE -
2100

BEE

1800

EHEHE

1500

1200

900

600

300

IOFKOEDOLEY) (WEE 5 :405)
IEJZ 28 (2016) FFEOHEH FIL 2,616 t/ 4, BENEIL 2,210t/ FTHY, JEHE-BIHEOH
FHX 4,826t/ FTHH-T= (5 1),
Petti & BRI EOAFHIFR 13 (2001) 425 LA 2 HEANL | SRk 22(2010) FEEZE—27IC
BNZERC 72 (M 19), HEHEEB B EE TN EnA5L, BEHEICKRE LB IZA LNV DT
L. BB BT A G ROECITED B A DT,

45



i

l}=8

BREE
mHHEE

20), PEHE-BEEOS

FSFRUZDOEEY (nEES : 405)

L7z (X

-—
/N

s,

e,
e
Pl 3 A ok

B
3
B

SRR
R

oo H3, HEH BRI dbviE , KR

-
—

~ RS~

i 3 mk
Fle=o
1K &
W K ok

FIRKRUVZOEEY] MEBEES : 405)

H13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

7 ok

(t/4F)
7,000

Fl A e ok
Bk
KB
8 0lf ok
W I
R EHL
Jlik=quy
10 ok
H € ok
=R

19. 1FHZE KR OFDE Y O2EHEH & - BEEOHER

6,000
5,000
4,000
3,000
2,000
1,000

R SRR IR KB, TR, HriR R OlIE

IER LD >T,

f

TR 28(2016) 4B D Pk H B LR B B2 E R IR

(t/4F)
500
400
300
200
100

134

46

20. 1FHFE K OZFDOLE Y OHENF IR AP & - B Eh & Ak 28 4EEEHEH )



R 2. M A O TR BN A7 HRIE T ] SMR

FEVEFTEM O TR HNL T 1T, R 23 (2011) HEB AL 27 (2015) £ ETD 5 4RO ) SMR
ZHENF R BN R LT,

1. BEMET A (2100)
BPED 5 ) SMR TAbEE ., HARR. OHECEL BB, WifiR, SR TR -7
(X 21), ZMED 5 AFH) SMR IEE AR, AbifE ., &0 R Cm, KB IR [ L 5y I oK

M7,
FEMAEY (2100) O SEFEFHSMR
SMR
1.50
1.40 5N =gt
1.30
1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50
EE R E R L B S TE N S BUE NN B AR ARESAAEAALBEESE AR A S E®
BARFHEVEUASIEAZBLNAABEMAEEBRELTNB LSO BEAHE B XS B T8
E%E%E%E%%%%%ﬁgﬁ%%E%%%%%%Eﬁﬁ%E;%%%%%E%E%E%%%%%EE

21, M A L AEE R R 5 4R SMR (AL 23~27 4F)

2. BIEOEMEHEY (2102)

RIEOEMEF/EWICLD 5 A SMR (XAbEE - Bk 7 BT T, Hisiy,
[E] - LN R T IR o 72 (K] 22), PERINC A DL BIEITRKE IR, FrE R, s cmd, @
FER BB R R TR o7, — 07, PRI H AR, AR, I IR TE<, PR R
AL KA TR -T2,

47



BEOBEMNFEY) (2102) O 5FEFHSMR
SMR
1.50

1.40 RSN =k
1.30 ;

1.20

1.10
1.00
0.90
0.80
0.70
0.60
0.50

22. BIEOEMEH EMICIDEENF IR 5 4 ) SMR (R 23~27 4)

3. H OB A (2103)

5 4FY) SMR X F M- ZetE e b, G T IR, EIRRZ RS TEi] RSB R IR,
HRE (BHEOR) TEdo72 (K 23), ZAUTKL, Ju - iy (B IR ZBRS) C© 5 )
SMR [ F M- LB AR T,

BOBMEEY) (2103) O SFFIHSMR
SMR
1.50

1.40 : HEYH =4k
1.30 :

1.20

1.10
1.00
0.90
0.80
0.70
0.60
0.50

#
o
IH

Tk B
I 3t T
m 4H D
I
30 &
MIE
0 B g
prp=nts
sl
pikik:d
3T H 5
m i H
3o E i
Pk
o E
I ¥R Em
A
B 3
2 N
I e |11
pipg-3
2k 30
>
3
R/ A
o E 2
3
i
WE R
m B St
MO E
B 35
=
I 5 N
3 2 ot
3o E &
I 0 5F
I E5 Hm
3w
3 >
m Z5 1
m o T R
ﬂﬁ‘ 35 :é: IIIII.I‘I

2% St 8t
=
m 3 A

Jm

E“

23. B OEMEF AL DEERF R 5 A SMR (L 23~27 &)

X

4. FERGO BN EAY) (2104)
5 A SMR X (X 24) . BHETIEHE AR, R CEm, ML, &R TR -7, &tk

IF AR, KR CTE RO R, BRI TR -7,
48



EROBMREY (2104) O SEFHPSMR
SMR
1.50

1.40 B sk
1.30 ¢

1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50

#
o
IH

mk B
I 3 T
I 4 DiE
o &
Yo 2
mIEE
B g
IS S
3k S
o 3 3
I b 5
m i H
3o E i
fiR ]
o E
m 8 Em
m AT &
Jm B 3
Jm 2 N
e |11
o B¢
2t 30t
>
I
R S
o E 2
I
m i E
WE R
Jm B 5
WO E
B S5
I S N
Jm 2 m
B g
I W BF
I &5 m
o
3> >
m Zy 1
0 B o R
I @ ¥

o

24 S0 8t
=3
3 3 %

o
Jm

X

X 24. FERGOBEVEF EMIC I DEENTFIRG] 5 4 ) SMR (L 23~27 4)

5. ERG S WG TED K ONELAG O B H £ (2105)
HARE R T BN LY 5 Y SMR VI E DT DITKT L B [ LR AEAS IR
WX BE e MEED 5 A SMR MED-7- (K 25)

BERSIRERBITEREROBIEEY (2105) O 5FFHSMR
SMR
1.50

1.40 = BBE% skt
130 &

1.20
1.10

1.00
0.90
0.80
0.70
0.60
0.50

#
o
A

90 B
Jm R E

B
% 18 %

Tk B &
0 3t Tht
I D
I
JoH 2
WMIRE
I B 2
prp=t:
3+ S
pikik:]
T H 5
I i -H
24 S0t
=3
W 3 4
30 E i
=
I Y8 m
I A &
3 B 3
3 2 R
I e |11
pipg=3
2 3o
Eabshes
3 M
o R 3t
o E 2
3 F
I = i
WE R
I &
mMOE
B 35
3=
S ¥ W
3 2 W
30 E B
30 0 ’F
3 55 Jm
3
3
I 55 o
mm#

5
=3

Jm

F

T30 OVE RS O BN FT A KL AHRE T IR 5 4] SMR (- 23~27 4F)

ie)
&
mt
$§
9]
&+
il
Njing
&

T

6. T X OFTFPAEE o0 ST A= (2106)
JT K OFFPRREAE D M A 3R B AR TR 78 A AR TEV MBI 28 2 b7z (1% 26) , #E T

BRI 5 415 SMR T B - 2evE &b rm i I e B IR Cram< BRI IR BT IR PP IR TR
49



77:,
—o

SMR
1.60
1.50
1.40
1.30
1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50

26. FF KL OWFNARAE O BB AW 2 L DHBE T IR 5 455735 SMR (2% 23~27 4F)

FRURFRBBEORBIEREY (2106) O SFEFHISMR

1 BB =sx

SR E ML B R R S T AN S A B R E S AT AE SN BEAE U ESESRAERERNTE S

EETHEREHASIERZR LA LSEMMNEANRELTBBILS O LI EANM TGRS KRS

ERRREERRARARAN) )RR R R RS R B B B R FRRALARR R R RSB BB RRRGR
R 2

7. BBODH K O DAt oD JEE O FEM 5 A ) (2107)

5 ) SMR I H AL (B A BRS) TR, FRICHE R KR IR BE - tEsbEn-o
7= (X 27), —J7 T, BIEITmEK LR, SRR T 5 3% SMR AMES A B RIT B M- ot ld
&Ko7,

SMR
1.50

1.40
1.30
1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50

27. D K OZE DA D

FEDSRUZOAMOIBEDEMEHAEYD (2107) O SEFIISMR

HE% =4l

T EE RN E AR TR T E A BUREBE AR AERNEEAALRETERBERRREE D

BREFUBREUABEIERRBUJNHAAGEMANEEABRERADNRLUS O )IEANMEZ G KD RSB

EQEEEEEE%%%%%MHEE%E%E%E%EEH%EEm%%%%%%ﬁ%ﬁ%%%%%%%%
[ R

= m

OBV AW X DEGE T IR 5 4 %) SMR (L 23~27
)

50



B, RE X O OENEF Y (2110)
B, RE RO OBEMES YD 5 7] SMR 2458 (4 28) BT ALEE, &4 %
TEl, REFER | (WRLR T o7z, ZothiddbiiE . R Cmd, BRI R, BRI TR o7,
JEHEE D 5 ) SMR 1B Lot b -7 DI L, BB R BME  LetEE b IR~ T-,

o0
A
%

A

SE, [NEZRUMOBMEIFEY (2110) O SEFHPSMR

SMR
1.50
1.40 BEY sk
1.30
1.20
1.10
1.00
0.90
0.80
0.70
0.60
0.50

SR E ML B R R S T AR SR B R B S AR AE SN BEAE UGS E SR AERERNTE S

[ I I
28. R, R K OO BNERT A L DERE N IR S A SMR ((ERK 23~27 4F)

9. LEDOEMH Y (2112)
ZMED 5 HEY) SMR T AR, AR CE<, BIRE, BRI’ TR 72 (X 29), BiEix
HEDOEMEF A O BERMEL, 5 HEYL) SMR DIEHOX (T REL A>TV (ZEEIT0),

HEOBMIEY (2112) O SEFFHISMR
SMR
2.00

1.80 BEYE =4k

1.60

1.40

1.20 g i ; :
100 &  m :7::17;: : H x 7::7.;7 —_— -

0.80

0.60

0.40

0.20

0.00

E
L%

T EER L E AR TR E A BUREBE =R AERNEEAALRETERBERRREE D

BHRFPEVEVUABEIERRBUJNAAGEMAEAMRERADBRLESOE IR ANEZ G KD RS

HERARRARRRARRABIRKRRKLARKRRKRR EHHEEME%E%EE%EEE%E%E%%E
S g S

29. HLEDOEMEF EMIC I DEENF IR 5 #- ) SMR (L 23~27 4)

51



xf

-
—

WCEIR R, BEROIEICE -7 (K 30), ZH

5 A SMR 1K o7,

e

N VL

<

N

=

-

FEOBMREY (2113) O 5EFHSMR

5 ) SMR LRI 2 e

10. B OBEM B AW (2113)
L. B R, Wl IR, BRIRERDIA

SMR
1.50

o
B R B
88 02 g | " 8 02 af g
o0 5 ¢ . = o1 ¢
Kew 0 —~ KRDE
wew & - & o
WEn DS = Y 4 I
o AM. X % 4
1 B 42 $ | 1o B
o = o R o = m
gox B iz M, e
Jom ~ 1 o J ook
w5 ~ K = Kapm
R W S 3 a e
e 2 E e
AR EN & e
e R ; K TT X EH\ N 1¢\.n . K
s B- EX 6 e
CrE S o
weEe 3 ﬁ E o & RiE
L TR -y — i
] ﬂw m K . ™
wew I iz 3 8 i R o
EpEx mE {08 H i o
i LY R i

® ®
sam 0 L 3 E
mr ) g K B it
M= mk W ._.:_H /\\ ﬁlm = mk
B8 T \ e
WMW__WTET 4 @ = mwm W WM_M_H..MTE
FR=I = O m Eik=m
186 5 Mm = o B S
&y \_H=” \U Y \_H—_”
b2 ¢ ﬁw X W & e b2 ¢
ERw H = e
PR w H @ K

K . e ) K
RED o H =P HE
e om0 &0
El mf 2 El mg
e .ﬂm_ T o ke
2w - o 2

g MK

© ©o 0o o o o o o © o = = ¥ o o 0o 9 ©o © © 9 © © O

¥ M 8§ A & & ® K © in = 0 Sh ¥ M & 4 & &6 & K © I

- -4 - < - O O O O o — %E D 4 - - - 4 4 O O o o o

52

31. BINZAROEMF AW L DEBERT IR 5 45573 SMR (A% 23~27 &)



12. Mo £ (2116)

5 ARFE) SMRIZ B M CIT BRI, HARE, (O R, 2o CIE iR R, IR R, i EolE I
BT, ZAUTKIL ., BPEISIHRR IR A B IR M3 s IR R, BHURT 5 48
HE) SMR VKD o7z, HAREIT I M- Zeth b @< FNRIE B M- etk bR 72,

FEREORBIEFTEYD (2116) O SEFIISMR
SMR
1.50

1.40 BEM =4%
1.30

1.20

1.10
1.00

0.90

0.80

0.70

0.60

0.50

32. FEREO M AEMIZ L DEBE AT IRR 5 H5-4) SMR (A% 23~27 4F)

13. A% (2116)
H IR 5 ) SMR FIUN - il T CTa<, Ry, By 5 BV Iyl IR 3R
Lt CEmn o7 (% 33),

A& (2116) O 5FEFHISMR

SMR
2.20

2.00

1.80

1.60

1.40

1.20

1.00

0.80

0.60

33. FIFIZEAERERFIRRI 5 42 F1) SMR (CERk 23~27 4F)
53



54



EEE3 HRZE - PEEICI AT 2 DA DFEYEAL FE L (standardised incidence ratios)

Ot rovn and concer in Nordie coumeries TR1

Franmx
Forcrens
Tonge -
Eladder
Primany iver
Melanomm 0 - -
Hor—meiznoa siin PrTysicians
Rechum Tobacm
Hodgidm - Ofher health workers
ey Ciner COnNSTFUCHon WkErs
Cesophagues Diivers
Priysidans Ctherunnown sie Cmmer consTuction workers
[Fishemen - Emmst Dentsis
BEVEIE0R WOIRETE - - = == ome o s eme e Srn ) - Wiglders

;

st
5

]
o

Figure 51. Risk of anos in eccupatons with. the highest and lowss standardised incidence ratios (SIR), by gender. Only ocompatons
with = 1000 workers, =5 otwerwd coses gnd =5 expertad maes have been incinded

(H{#t: Pukkala E, et al. Occupation and cancer — follow-up of 15 million people in five Nordic countries.

Acta Oncologica 2009; 48: p.781)

55



56



57



I WFZERCROTATICEI T 5 — sk

FEREL A LA A MV JEFGE %5 H | Doi HRSAR
Zaitsul M, | Occupational class and risk | Health e49 doi: 2018
Cuevas AG, | of'renal cell cancer Science org/10.
Trudel - Fitzgerald Reports 1002/
C, Takeuchi T, hsr2.49
Kobayashi Y,
Kawachi I
Kaneko R, Sato Y, | Cholangiocarcinoma Journal of | 27 (1) | 59-66 2018
Kobayashi Y prognosis varies over time | Gastrointestin

depending on tumor site and | al and Liver

pathology Diseases
Kaneko R, | The effect of new therapeutic | Asian Pacific | 18 (9) | 2471- 2017
Nakazaki N, | and diagnostic agents on the | Journal of 2476
Omori R, Yano Y, | prognosis of hepatocellular | Cancer
Ogawa M, Sato Y | carcinoma in Japan- an | Prevention

analysis of data from the

Kanagawa cancer registry
R P2 W B IR BN O MR DT | 40 2= 1R o 24-25 | 2018

lige DY\ G AT R B | DA (2RI

DABERIDIER D WNED A

5—)

Zaitsu M, Kaneko | Occupational inequalities in | SSM 5: 129- | https://d | 2018
R, Takeuchi T, | female cancer incidence in | Population 137 oi.org/1
Sato Y, Kobayashi | Japan: Hospital-based | Health 0.1016/j
Y, Kawachi I matched case-control study .ssmph.

with occupational class 2018.06

.001
Zaitsu M, Kaneko | Occupational class and male | Cancer 8: 795- | https://d | 2019
R, Takeuchi T, | cancerincidence: nationwide, | Medicine 813 oi.org/1
Sato Y, Kobayashi | multicenter, hospital-based 0.1002/
Y, Kawachi I case-control study in Japan cam4.1
945

58




Zaitsu M, Kato S, | Occupational Class and Risk | Journal of | 8: DOI:10. | 2019
Kim Y, Takeuchi | of Cardiovascular Disease | American e01135 | 1161/
T, Sato Y, | Incidence in Japan: | Heart 0 AHA.1
Kobayashi Y, | Nationwide, Multicenter, | Association 18.0113
Kawachi | Hospital-Based Case-Control 50

Study
Kaneko R, Zaitsu | Risk of cancer and longest- | Cancer 8: doi: 2019
M, Sato Y, | held occupations in Japanese | Medicine 6139- 10.1002
Kobayashi Y workers: a  multicenter 6150 /cam4.2

hospital - based case - control 499

study
Zaitsu M, | Sex-specific analysis of renal | Health el42 doi:10.1 | 2019
Toyokawa S, | cell carcinoma histology and | Science 002/hsr
Takeuchi T, | survival in  Japan: a | Reports 2.142
Kobayashi Y, | population-based study 2004
Kawachi [ to 2016
Zaitsu M, | Light to moderate amount of | Cancer 126(5): | doi:10.1 | 2020
Takeuchi T, | lifetime alcohol consumption 1031- | 002/cnc
Kobayashi Y, | and risk of cancer in Japan 1040 1.32590
Kawachi I
Zaitsu M, Lee HE, | Occupational disparities in | Cancer 9: 894- | doi: 2020
Lee S, Takeuchi T, | bladder cancer survival: a | Medicine 901 10.1002
Kobayashi Y, | population - based cancer /cam4.2
Kawachi I registry study in Japan 768

59




60



1. WFFERCROTITTH - Bk

61



Received: 15 December 2017

Revised: 20 March 2018

Accepted: 6 April 2018

DOI: 10.1002/hsr2.49

RESEARCH ARTICLE

WILEY Health Science Reports

OpenAccess

Occupational class and risk of renal cell cancer

Masayoshi Zaitsul?

Yasuki Kobayashi? |

1 Department of Social and Behavioral
Sciences, Harvard T.H. Chan School of Public
Health, Boston, Massachusetts, USA

2Department of Public Health, Graduate
School of Medicine, The University of Tokyo,
Tokyo, Japan

3Department of Community Health, Tufts
University, Medford, Massachusetts, USA

“Department of Urology, Kanto Rosai
Hospital, Kawasaki, Kanagawa, Japan

Correspondence

Masayoshi Zaitsu, MD, PhD, Department of
Social Behavioral Sciences, Harvard T.H. Chan
School of Public Health, 677 Huntington
Avenue, Kresge Building, 7th Floor, Boston,
MA 02215, USA; or Department of Public
Health, Graduate School of Medicine, The
University of Tokyo, 7-3-1 Hongo, Bunkyo-ku,
Tokyo 113-0033, Japan.

Email: mzaitsu@hsph.harvard.edu; m-
zaitsu@m.u-tokyo.ac.jp

Funding information

National Institutes of Health (NIH), Grant/
Award Number: 3R25CA057711; Fonds de
Recherche du Quebec—Sante; Industrial Dis-
ease Clinical Research Grants from Ministry of
Health, Labour, and Welfare, Grant/Award
Number: 170201-01

1 | INTRODUCTION

Renal cell cancer accounts for 2% of all malignancies in Japan, and
the incidence has been increasing in recent years.)® In 2013,
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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.
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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,?223

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.2? 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.33! 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 l [ Blue-collar worker ] [ Blue-collar worker ]

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

[ Professional I [ Professional ] [ Professional ]

[ Manager I [ Manager ] [ Manager ]
Occupational class Japan Standard Occupational Classification Code

Blue-collar worker

and related workers

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

43—-59, 64-73

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, Q R

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

White-collar industryt

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

4 i

G,J,KLOPS

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.>?® 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

frz PRl 33l
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o
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g
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(D) adjusted
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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 44 52 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 52 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.®®#° 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%° 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.)
Service s
Professional He-
Manager ™
Service industry
Blue-collar HH
Service
Professional
Manager
White-collar industry
Blue-collar
Service
Professional
Manager 4 han

(C) Women, adjusted for HT

Occupational class
Blue-collar industry
Blue-collar (ref.)
Service i

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

.
]
P

I
I

(D) fully adjusted

Professional

Manager
Service industry
Blue-collar ==

Service hed
Professional H——
Manager L

White-collar industry

FIGURE 3 Odds ratios adjusted for
hypertension and other stress-related factors
in a subset data after 2005. 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, year of

Blue-collar ! 1 !
Service e

Professional e
Manager

i admission, and hypertension and (B, D) fully
e adjusted for hypertension, diabetes, obesity,
D-T age, year of admission, smoking, and drinking.

The numbers of cases and controls were,

respectively, 1265 and 41 097 for men and

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

1.7

9.9

7.7

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

194
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).*>*? 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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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

1 I

25 5

2 4 25 5 1 2 4

—

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



10 of 12 WI LEY—Health Science Reports

ZAITSU ET AL

Open Access
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.2é4->¢

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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ABSTRACT

Background: Cholangiocarcinoma is a relatively rare cancer that is difficult to diagnose and has a poor
prognosis. Currently, knowledge concerning its etiology, tumor localization, and pathological features remains
limited. The present study aimed to clarify the clinico-epidemiologic nature of cholangiocarcinoma with its
clinical subtypes using the largest regional cancer registry in Japan.

Methods: Using a regional cancer registry in Kanagawa prefecture, Japan, we estimated three-year and five-year
survival rates of cholangiocarcinoma patients, who were classified into two groups: intrahepatic (i-CCA) and
extrahepatic cholangiocarcinoma (e-CCA) cases. The hazard ratio for each subtype, including pathological
tissue type and tumor site, was calculated.

Results: During the period from 1976 to 2013, 14,287 cases of cholangiocarcinoma were identified. The
prognosis markedly improved after 2006, when a new type of chemotherapy for cholangiocarcinoma was
introduced in Japan. Patients with i-CCA were more likely to be younger, and less likely to undergo surgery
than those with e-CCA. The prognosis of cases with i-CCA was poor compared to that of patients with e-CCA.
Conclusion: In Japan, i-CCA was more likely to develop in younger people and to have a poor prognosis.
The prognosis of both i-CCA and e-CCA cases markedly improved after 2006. The present study describes
clinico-epidemiological features of cholangiocarcinoma that may be useful for determining therapeutic

strategies for this disease.

Key words: cholangiocarcinoma — bile duct cancer — epidemiology — survival — adenocarcinoma.

Abbreviations: CI: confidence interval; DCO: death-certificate-only; e-CCA: extrahepatic cholangiocarcinoma;

i-CCA: intrahepatic cholangiocarcinoma; HR: hazard ratios.

INTRODUCTION

Cholangiocarcinoma is a
cancer with a poor prognosis that
arises from the cholangiocytes
lining the biliary tree. Diagnosing
cholangiocarcinoma is difficult
and this cancer is very often
fatal at the time of diagnosis due
to its late clinical presentation
and the absence of an effective
therapeutic strategy, except
for complete surgery [1].
According to the 10th revision
of the International Statistical
Classification of Diseases
and Related Health Problems
(ICD-10), cholangiocarcinoma
includes intrahepatic bile duct

cancer (C221), extrahepatic bile duct cancer (C240), and
papillary cancer (C241). These three cancer types show different
sensitivities to treatment and therefore require different
therapeutic procedures.

Globally, it is well known that morbidity and mortality
rates for cholangiocarcinoma are increasing [2, 3]; regional
differences that originate from rural risk factors are present
[4-7]. The understanding of the cell of origin, well-established
risk factors, molecular pathways and interactions has increased,
and advances in surgical and nonsurgical treatments for
cholangiocarcinoma have resulted in improved outcomes [8-12].

Even though such progress has been reported, most clinical
trials have been performed without accurate analyses of subtype
profiles, such as analyzing tumor site or its pathogenesis and,
therefore, the evaluation of outcomes for specific subgroups
of patients with cholangiocarcinoma is totally inadequate. In
particular, studies focusing on the survival rates of various
tumor sites or different pathological tissue types over time
are lacking.

] Gastrointestin Liver Dis, March 2018 Vol. 27 No 1: 59-66
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We therefore examined the clinical and epidemiological
characteristics of cholangiocarcinoma as well as the prognosis
of patient subtypes according to the tumor site and pathology
over time, using a large-scale cancer registry in Japan.

METHODS

Kanagawa Regional Cancer Registry

Kanagawa Prefecture is a neighbouring prefecture of Tokyo,
and is the second largest in Japan, with a population of about
nine million. The Prefecture started its own Regional Cancer
Registry in 1970, with the accumulated number of cases being
approximately 990,000 by December 31, 2013. Because the
Tokyo Prefecture has only had a registry of cancer cases since
2012 and has therefore not yet accumulated substantial data,
the Kanagawa Regional Cancer Registry is presently the largest
regional cancer registry in Japan. Details on the cancer registry
system in Japan have been reported elsewhere [13]. Data was
collected from neoplasm registration sheets reported by each
diagnosing hospital or from clinics and death certificates of
residents in Kanagawa Prefecture. The Kanagawa Prefectural
Cancer Center collected and consolidated the data into
anonymous formats and made these available for academic
and administrative purposes.

Accumulated data include the following items: 1) personal
identification code, 2) method of registry entry, 3) diagnosing
institution, 4) sex, 5) date of birth, 6) date of diagnosis, 7) local
government code for the patient’s home address, 8) ICD-10
code for disease name, 9) ICD-O-3 code for pathology, 10)
initial or recurrent tumour, 11) therapeutic strategy (very
brief), 12) operative procedure (if any), 13) date of death,
14) cause of death, 15) date of last follow-up, and 16) TNM
classification and pathological grade according to ICD-O-3
in diagnosed patients. The reporting of TNM classifications
became mandatory in 2005.

All information was collected by persons trained in
Japan by the Surveillance, Epidemiology, and End Results
(SEER) program of the National Cancer Institute in the US.
Information was updated every year from vital statistics and
death certificates. Previous versions of pathological codes
were transformed to the latest versions through standardized
regulations consistent with changes in coding practices for
cholangiocarcinoma. The proportion of death-certificate-only
(DCO) cases in the whole database was 18.2% by the end of
2013 [14].

Subject and classification method

We obtained clinical data relating to gastrointestinal
cancers between June 15, 1954 and December 30, 2013 in
an anonymous format under a research agreement with
the Kanagawa Prefectural Cancer Center. From such data,
intrahepatic bile duct (C221), extrahepatic bile duct (C240),
and papillary cancers (C241), according to ICD-10, were
extracted and included in this study. Gall bladder cancer (C230)
was excluded from the analysis, based on current guidelines
for the diagnosis and treatment of cholangiocarcinoma [15].

In order to determine the trend in patient survival rates
throughout the entire analysis period, the three-year survival
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rate of patients was calculated every two years. Because the
number of registrations for cholangiocarcinoma before 1975
was small, we excluded these data.

With regard to the five-year survival rate, we divided the
whole study period into Period 1 (from 1976 until 2006), before
the introduction of new regimens of chemotherapy (such as
gemcitabine, tegafur/gimeracil/oteracil or cisplatin) for the
treatment of cholangiocarcinoma in Japan, and Period 2 (from
2006 to 2013), after the approval of new regimens.

Regarding the location of tumors, C221 was defined as an
intrahepatic cholangiocarcinoma (i-CCA), and C240 and C241
were defined as extrahepatic cholangiocarcinomas (e-CCA).

In cases in which a pathological tissue code was available
according to ICD-O-3, we defined adenocarcinomas as
shown in Supplementary Table I, based on the World Health
Organization International Histological Classification of
Tumors and the International Agency for Research on Cancer
and Rare Care Net Information Network on Rare Cancers.

Regarding the age of onset, young-onset was defined in
cases younger than 65 years of age at the time of diagnosis,
while old-onset was defined as 65 years or older.

Because of a broad diversity of direct causes of death from
cholangiocarcinoma, overall death was chosen for calculating
hazard ratios (HR).

Statistical analysis

A X square test was performed for differences between
percentages of baseline characteristics. The five-year survival
rate was estimated using the Kaplan-Meier method. Cox
proportional hazard models were used to calculate adjusted
HR for overall death. P values < 0.05 or < 0.01 were considered
to be statistically significant. Analyses were performed using
STATA/MP14.0 software (Stata-Corp LP, College Station, TX).

This study was approved by the Ethics Committee of the
University of Tokyo (No. 10891), and the Japan Organization
of Occupational Health and Safety, Kanto Rosai Hospital (No.
2014-34).

RESULTS

The total number of patients with gastrointestinal cancer
registered in the Kanagawa Prefecture Regional Cancer
Registry from 1954 to 2013 was 498,983. Of these, patients
with cholangiocarcinoma comprised 14,287 cases from 1976
to 2013. The details are as follows: the numbers of intrahepatic
cholangiocarcinoma (C221), extrahepatic cholangiocarcinoma
(C240), and carcinoma of the ampulla of Vater (C241)
cases were 3,369 (23.6%), 9,285 (65.0%), and 1,633 (11.4%),
respectively (Table I).

The numbers of males and females were 8,345 (58.4%)
and 5,942 (41.6%), respectively. Cases of i-CCA and e-CCA
comprised 3,369 (23.6%) and 10,918 (76.4%), respectively. In
Period 1, 10,041 (70.3%) cases were included, while in Period
2, 4,246 (29.7%) cases were recognized (Table I). The average
age of patients with cholangiocarcinoma was 71.4 years (+
11.5), and the average age at death was 72.8 years (+ 11.4).
Data concerning the presence/absence of treatment, except for
surgical procedures, was available in 10,837 cases.
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Table I. Baseline characteristics of cholangiocarcinoma patients

Overallt ICD10 Location of
cholangiocarcinoma
C221 C240 C241 Intrahepatic ~ Extrahepatic

Number (%) 14287 (100) 3369 (23.6) 9285 (65.0) 1633 (11.4) 3369 (23.6) 10918 (76.4)
Age at diagnosis, years
(Mean+SD)¥, years 71.4£11.5 69.6+11.4 72.4x11.4 69.0£11.2 69.6+11.4 71.9+11.4
Age at death
(Mean+SD)* 72.8+11.4 70.6+11.4 73.8+11.3 72.0+11.7 70.6+11.4 73.5+11.3
Median of OS* 185 142 183 402 142 201
IQR (25%:75%) (62:475) (54:359) (61:462) (137:939) (65:520) (54:359)
Gender

Male 8345 (58.4) 2028 (60.2) 5344 (57.6) 973 (59.6) 2028 (60.2) 6317 (57.9)

Female 5942 (41.6) 1341 (39.8) 3941 (42.4) 660 (40.4) 1341 (39.8) 4601 (42.1)
Period®

Period 1 10041 (70.3) 2355 (69.9) 6621 (71.3) 1065 (65.2) 2355 (69.9) 7686 (70.4)

Period 2 4246 (29.7) 1014 (30.1) 2664 (28.7) 568 (34.8) 1014 (30.1) 3232 (29.6)
Operation

Yes 5911 (41.4) 964 (28.6) 3852 (41.5) 1095 (67.1) 964 (28.6) 4947 (45.3)

No 8376 (58.6) 2405 (71.4) 5433 (58.5) 538 (33.0) 2405 (71.4) 5971 (54.7)
Other treatment

Data available 10837 (75.9) 2583 (76.7) 6815 (73.4) 1429 (87.5) 2593 (77.0) 8244 (75.5)

Chemotherapy** 2288 (21.1) 797 (30.9) 1276 (18.7) 215 (15.0) 797 (30.7) 1491 (18.0)

Radiation®® 493 (4.5) 151 (5.8) 327 (4.8) 15 (1.0) 151 (5.8) 342 (4.1)

"Data for 14,287 patients with complete information on sex, age, location of bile duct cancer, and period; *SD: Standard
deviation.§Period: Period 1: 1976-2005, Period 2: 2006-2013; ¢ Median of OS: median of overall survival (days), IQR: Interquartile
range; *“The percentage of cases for whom chemotherapy or radiation was performed to cases with treatment data available.

Three-year survival rate

Figure 1 shows the temporal change in the three-year
survival rate (every two years from 1976 to 2013). According to
the data, the prognosis of patients appeared to improve with the
introduction of new chemotherapeutic agents: the prognosis
in 2009-2010 was 40.9%, significantly different from that in
2005-2006 (23.7%), and 2007-2008 (28.4%).

cisplatin
tegafur

gemcitabine

Three-year survival rate
[a]
o

year

1975-1976
1977-1978
1979-1980
1981-1982
1983-1984
1985-1986
1987-1988
1989-1990
1991-1992
1993-1994
1995-1996
1997-1998
1999-2000
2001-2002
2003-2004
2005-2006
2007-2008
2009-2010

Fig. 1. Three-year survival rates were calculated every two years
from 1976 to 2013. Arrows indicate the introduction of gemcitabine,
tegafur, and cisplatin treatments.

Figure 2 shows five-year survival rates of i-CCA and e-CCA
cases by period. The five-year survival rate of patients with
i-CCA was higher in Period 2 (20.3%) than in Period 1 (5.5%),
while that of patients with e-CCA also increased from Period
1 (8.7%) to Period 2 (29.4%). For both periods, the survival
rate of patients with i-CCA was significantly lower than that of
patients with e-CCA (p < 0.01). The same trend was observed
in analysis after the exclusion of cases with papillary cancer
(C241).

Pathology

The number of cases in which pathological tissue was
classified based on ICD-O-3 was 5,441. The distribution of
patient characteristics in these cases is shown in Table II.
Overall, comparing i-CCA and e-CCA cases, a significant
difference was observed in the age of onset and whether patients
underwent surgery; those patients with i-CCA were more
likely to have young-onset (p < 0.01) and less likely to have
undergone surgery than those with e-CAA (p < 0.01). Regarding
overall histopathological results, the proportion of non-
adenocarcinoma cases was significantly higher in i-CCA than in
e-CAA (p <0.02); however, this statistical difference disappeared
when we examined the two periods separately. The details of
non-adenocarcinoma cases in i-CCA were as follows: 10 patients
with squamous cell carcinoma, 6 with undifferentiated, 6 with
sarcoma, and 5 with neuroendocrine carcinoma, as well as 3
other cases. Among extrahepatic cholangiocarcinoma cases
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Table II. Distribution of cholangiocarcinoma with pathological information

Characteristics Intrahepatic Extrahepatic P-value*

Number (%) cholangiocarcinoma  cholangiocarcinoma

Overall (N=5441)

Gender 0,74
Male 894 (63.6) 2546 (63.1)

Female 512 (36.4) 1489 (36.9)

Age of onset <0.01**
old 870 (61.9) 2784 (69.0)

Young 536 (38.1) 1251 (31.1)

Pathology <0.02*
Adenocarcinoma 1376 (97.9) 3985 (98.8)
Non-adenocarcinoma 30 (2.1) 50 (1.2)

Operation <0.01**
Yes 577 (41.0) 2594 (64.3)

No 829 (58.9) 1441 (35.7)

Period 1 (N=3088)

Gender 0.32
Male 546 (62.6) 1345 (60.7)

Female 326 (37.4) 871 (39.3)

Age of onset 0.02*
old 507 (58.0) 1389 (62.7)

Young 365 (41.9) 827 (37.3)

Pathology 0.12
Adenocarcinoma 855 (98.0) 2189 (98.8)
Non-adenocarcinoma 17 (1.2) 27 (1.2)

Operation <0.01**
Yes 367 (42.1) 1529 (69.0)

No 505 (57.9) 687 (31.0)

Period 2 (N=2353)

Gender 0.67
Male 348 (65.2) 1201 (66.0)

Female 186 (34.8) 618 (34.0)

Age of onset <0.01**
Old 363 (68.0) 1395 (76.7)

Young 171 (32.0) 424 (23.3)

Pathology 0.05
Adenocarcinoma 521 (97.6) 1796 (98.7)
Non-adenocarcinoma 13 (2.4) 23 (1.3)

Operation <0.01**
Yes 210 (39.3) 1065 (58.6)

No 324 (60.7) 754 (41.5)

"Young-onset cholangiocarcinoma is defined as patients under 65 years of age; *P-value
<0.05* or <0.01** were considered to be statistically significant.

there were 17 patients with squamous cell carcinoma, 12 with Table III shows HRs adjusted for other factors, including
neuroendocrine carcinoma, 7 with small cell carcinoma, 5with ~ Periods 1 or 2, age of onset, gender, location of the
sarcoma, 5 with a carcinoid tumor, and one undifferentiated,  cholangiocarcinoma, histopathology, and whether surgery
as well as 3 other cases, respectively. There was no significant ~ was performed. In model 1, HRs were analyzed using 5,361
difference in the distribution of gender between i-CCA and  adenocarcinoma cases only. The HR for i-CCA cases was
e-CCA cases. significantly higher than that for e-CCA cases (HR 1.39,
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Fig. 2. Kaplan-Meier survival curves for overall survival between
intrahepatic and extrahepatic cholangiocarcinoma cases in each
period. Survival was estimated using the Kaplan-Meier method in
patients with complete information on sex, age, location of bile duct
cancer, and observation period, and with right censoring at the 5-year
mark. P values were calculated from log-rank tests. With advances in
chemotherapy, the survival rate improved for both intrahepatic and
extrahepatic cholangiocarcinomas.

95% CI 1.30-1.50). The HR for cases who had undergone
surgery was significantly lower than that for those who had
not undergone an operation (HR 0.52, 95% CI 0.49-0.56).
Model 2 shows HRs analyzed using 5,441 cases, including
non-adenocarcinoma. When non-adenocarcinoma cases were
included, the p values of each variable did not change. The HR
for non-adenocarcinoma cases was significantly lower than
that for adenocarcinoma cases (HR 0.71, 95% CI 0.54-0.95).

DISCUSSION

Our study showed that the prognosis of cholangiocarcinoma
markedly improved with the introduction of new
chemotherapeutic agents. The prognosis was significantly
different depending on tumor site and pathological tissue type.

In recent years, cholangiocarcinomas have been classified as
intrahepatic, peri-hilar and distal [12, 16, 17]. However, reports
concerning the outcome of treatment with anticancer drugs for
these three types of cholangiocarcinoma are limited [18-20].
Five-year survival rates were found to be 20-32%, 30-42%, and

18-54% for intrahepatic, hilar, and distal cholangiocarcinomas,
respectively [20-31]. The prognostic factors of resected cases
are the presence of lymph node metastasis [23, 25, 28] or
minute vascular invasion [16]. However, complete resection
and adjuvant chemotherapy have improved the prognosis for
all tumor sites [19, 20].

A couple of factors have made the clinico-epidemiological
analysis of cholangiocarcinoma difficult. The first is the
ambiguity in classifying tumor location, the topology of
which was changed when moving from the second edition
of the International Classification of Diseases for Oncology
(ICD-0-2) to its third edition (ICD-O-3). Studying 3,350
cholangiocarcinoma cases between 1992 and 2000, Welzel et
al. highlighted the misclassification between intrahepatic and
extrahepatic cholangiocarcinoma in the SEER program [32].
In addition, it is often difficult to detect the original site of the
tumor if the tumor stage is advanced on initial presentation
[16, 32].

Using a large-scale cancer registry, we found that the
survival rate of patients with cholangiocarcinoma markedly
improved with the introduction of new chemotherapeutic
agents. This indicated that the new chemotherapies immediately
became popular in Japan and influenced the prognosis of such
patients. Regarding the location of the tumor, i-CCA cases had
a poorer prognosis than e-CCA throughout the entire period
studied. This difference was noted both before and after the
introduction of a new type of chemotherapy, probably due to
the characteristics of the disease itself. In the case of patients
with e-CCA, the presence of obstructive jaundice accelerates the
diagnosis of this disease. In contrast, in patients with i-CCA, the
disease progresses without any signs and symptoms resulting
in a delay in its diagnosis [7]. The reasons for the difference
in the prognosis between i-CCA and e-CCA cases may also
originate from the type of surgery performed. In i-CCA cases,
hepatectomy is generally undertaken and therefore residual
liver function becomes an important prognostic factor [33].
In e-CCA cases, pancreatoduodenectomy is mostly indicated.
If this procedure is successfully carried out, the resulting
prognosis may be favorable [15, 34]. Therefore, differences
in the type of surgery undertaken may have also caused the
difference observed in the prognosis of patients with the two
types of cholangiocarcinomas.

Itisalso true that no clear evidence exists that chemotherapy
confers any survival benefit to patients with all histologic
subtypes of cholangiocarcinoma, because the number of variant
cases is not substantial enough to undertake a meaningful
statistical analysis [24, 35, 36]. Moreover, large-scale
epidemiological studies do not exist with regard to differences
in prognosis that may occur among cholangiocarcinoma cases
with different histopathological aspects. Cholangiocarcinoma
mostly consists of adenocarcinoma and a few other variants
[37]. In this study, histopathological information was obtained
for 5,441 cases, about one-third of the total cholangiocarcinoma
cases studied. As we have previously reported, the proportions
of young-onset and non-adenocarcinoma cases were
significantly higher for i-CCA [38, 39]. The current study also
showed the same tendency. In addition, this study suggested
that the prognosis for patients with adenocarcinoma was
poorer than that for patients with non-adenocarcinoma.
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Table III. Hazard ratios for overall deaths adjusted for available confounders

Hazard ratio (95% CI)*

Hazard ratio (95% CI)*

Characteristics Model 1 (n=5361) P-value® Model 2 (n=5441) P-value®
Period#

Period 1 1.00 (ref) 1.00 (ref)

Period 2 0.49 (0.46-0.53) <0.01** 0.49 (0.46-0.52) <0.01**
Age of onset

Old 1.00 (ref) 1.00 (ref)

Young 0.87 (0.82-0.94) <0.01%* 0.87 (0.81-0.93) <0.01%*
Gender

Male 1.00 (ref) 1.00 (ref)

Female 1.02 (0.96-1.09) 0.41 1.02 (0.96-1.09) 0.43
Location of cholangiocarcinoma

Extrahepatic 1.00 (ref) 1.00 (ref)

Intrahepatic 1.39 (1.30-1.50) <0.01** 1.38 (1.29-1.48) <0.01**
Operation

No 1.00 (ref) 1.00 (ref)

Yes 0.52 (0.49-0.56) <0.01%* 0.52 (0.49-0.55) <0.01%*
Pathology

Adenocarcinoma - 1.00 (ref)

Non-adenocarcinoma - - 0.71 (0.54-0.95) <0.02*

Data analyzed by a Cox proportional hazards model between the variables of observation period, age, gender,
location of cholangiocarcinoma, operation and pathology. Model 1 was analyzed using 5361 cases with
adenocarcinoma only. Model 2 involved 5441 patients that included non-adenocarcinoma cases. ‘Period: Period
1: 1976-2005, Period 2: 2006-2013; *P-value <0.05* or <0.01** was considered to be statistically significant.

Since, for these analysis periods, chemotherapy may be the
only difference in treatment strategies among adenocarcinoma
and non-adenocarcinoma cases, adenocarcinoma may have
been more strongly resistant to chemotherapy.

As for cholangiocarcinoma, obtaining pathological
tissue is difficult as it is only available after surgery is
performed. In many cases, cytology by endoscopic retrograde
cholangiopancreatography (ERCP) is used for a diagnosis.
Unfortunately, an ERCP cytodiagnosis often yields ambiguous
results since it is mainly performed for the quick, rapid relief
and suppression of infection and jaundice [15, 40]. However,
since the effectiveness of anti-cancer drugs depends on the
histological nature of the disease, a pathological diagnosis is
very important as shown in the current study. In addition,
early diagnosis is required since non-adenocarcinomas, such
as neuroendocrine tumors, may already be at an advanced
stage at the time of diagnosis [35, 41].

Reasons why the age at onset as well as pathological
tissue differed between i-CCA and e-CCA are considered as
follows: known risk factors for cholangiocarcinoma include
intrahepatic stones, liver fluke, biliary-duct cysts, and toxins.
Differences in such risk factors between i-CCA and e-CCA
may exist [42]. In addition to these environmental factors,
host factors also influence carcinogenesis. The intrahepatic
bile duct consists of cells of different origin, including cuboidal
non-mucin-producing cholangiocytes, mucin-producing
cholangiocytes and hepatic progenitor cells (HPCs) [43]. An
i-CCA grows from such heterogeneous cells. The histological
appearance is not uniform: a mixed type is seen in the small
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intrahepatic bile duct and a mucinous type is seen in the large
intrahepatic bile duct [33, 44, 45]. In contrast, e-CCA originates
from a single cell, and therefore tends to consist of a single
mucinous adenocarcinoma [44].

In Japan, gemcitabine has been used as a standard
chemotherapy for unresectable cholangiocarcinoma since
2006 while tegafur/gimeracil was approved in 2008. Although
cisplatin was approved in 2011, it does not appear effective
enough to bring on a radical cure [8]. Despite the rise in
morbidity due to an aging population, the survival rate for
patients with cholangiocarcinoma has clearly improved with
the increasing availability of chemotherapy [33]. Additionally,
continuous advances in surgical techniques and drainage
technology for cholangitis have contributed to a better prognosis
for cholangiocarcinoma. Overall, combined therapies using
new techniques such as cholangiopancreatoscopy is expected
to improve treatment and further enhance the prognosis of
patients with cholangiocarcinoma.

TNM classifications were available for 1,902 cases and
we calculated the HR for overall death after including this
information. We defined cases in stages 1-3 as a reference.
The HRs for the period, young-onset/old-onset, site of tumor,
gender, adenocarcinoma/non-adenocarcinoma, operation,
and TNM staging were 0.71 (95% CI 0.54-0.96), 0.84 (95% CI
0.73-0.91), 1.39 (95% CI 1.22-1.59), 1.00 (95% CI 0.86-1.13),
0.40 (95% CI 0.20-0.80), 0.67 (95% CI 0.59-0.76) and 3.01
(95% CI 2.63-3.44), respectively. Even though we included
information on TNM, our main results were only slightly
affected.
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Several limitations exist in this study. Firstly, with regard
to selection bias, differences in mortality among sub-groups
may exist. However, because DCO cases in this study were
18.2%, which was less than the 20% reliability criterion
of the cancer registry, this suggested that the precision of
the overall survival estimates was high and that selection
bias was minimal. Secondly, because of the nature of the
database, we could not adjust for factors that were common
risk factors for cholangiocarcinoma (viral hepatitis, primary
sclerosing cholangitis, hepatolithiasis, smoking, occupation,
and socioeconomic conditions) and therefore these factors
may have been confounding with regard to the findings of
the current study. Thirdly, little information on treatments
existed. For example, we did not have detailed information
about operation methods or chemotherapy regimens; therefore,
we could not identify which therapies actually improved the
prognosis of i-CCA and e-CCA cases after 2006. Such pivotal
information should be collected in any future studies.

CONCLUSION

This study revealed two important findings. First, we found
an obvious difference in prognosis between patients with
intrahepatic or extrahepatic cholangiocarcinoma. Second,
non-adenocarcinoma cases showed a better survival rate than
adenocarcinoma cases. These results will be helpful in any
future research and treatment of cholangiocarcinoma.
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Supplementary table I. Definition of cholangiocarcinoma pathologies.
Characteristics Definition by ICD-0-3

T Intrahepatic Bile Tract

8160,8140-8141, 8143,8147,8162,8190,8201,8210-8211
8221,8230-8231,8255,8260-8263,8290,8310,8315,8320
8323,8333,8380-8384,8430,8440-8441,8450,8480-8482
8490,8500,8503-8504,8510,8512,8514,8525,8542
8550-8551,8560,8562,8571-8576

adenocarcinoma

Extra Bile Tract
8020-8022,8050,8140-8141,8143,8144,8147,8160,8162
8190,8200,8201,8210-8211,8221,8230-8231,8251,8255
8260-8263,8290,8310,8315,8320,8323,8333,8350,
8380-8384,8430,8440-8441,8450,8480,8482,8490
8500,8503-8504,8510,8512,8514,8521,8525,8542,8550
8551,8560-8562,8570,8571-8576

TAdenocarcinoma of the bile duct using Information Network on Rare Cancers
RARECARENet.
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Abstract

Objective: Notable advances in diagnostic imaging modalities and therapeutic agents have contributed to
improvement in the prognosis of hepatocellular carcinoma (HCC) over the past decade. However, knowledge concerning
their epidemiological contribution remains limited. The present study investigated the effect of emerging diagnostic
and therapeutic agents on HCC prognosis, using the largest regional cancer registry in Japan. Methods: Using data
from the Kanagawa Cancer Registry, the five-year survival rate of patients with liver cancer was estimated according
to the International Statistical Classification of Diseases and Related Health Problems (10th Edition). Result: A total of
40,276 cases of HCC (from 1976 to 2013) were identified. The prognosis markedly improved after the introduction of
new devices into the diagnosis and treatment of HCC (p<0.01). The trend of survival rate varied significantly between
institutions with many registered patients (high-volume centers) (p<0.01). Conclusion: The five-year survival rate of
patients with HCC in Kanagawa has markedly improved in recent years. This improvement in survival may be attributed

to the advances in surveillance and intervention for the treatment of HCC.
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Introduction

Hepatocellular carcinoma (HCC) is the sixth most
common cancer worldwide and the fourth most common
in Japan (Umemura et al., 2009; Zhu et al., 2016).

Treatment options are limited, with guidelines
recommending resection, ablation, chemoembolization,
radiotherapy or chemotherapy, depending on liver function
and tumor burden (Makuuchi and Kokudo, 2006; Bruix
and Sherman, 2011; Kudo et al., 2011). Detection of the
tumor at an early stage of disease, coupled with effective
systemic therapy, improves long-term survival in patients
with HCC. (Forner et al., 2008)

In Japan, radiofrequency ablation (RFA) was approved
in 2004 as a new curative treatment of HCC. In 2007,
a new contrast-enhanced ultrasound agent known as
perfluorobutane was approved. During the same year,
gadolinium ethoxybenzyl diethylenetriamine pentaacetic
acid (Gd-EOB-DTPA) used in magnetic resonance
imaging (MRI) was also approved. In 2009, sorafenib
— an oral multikinase inhibitor — was introduced in the
treatment of advanced HCC.

Although these new treatment and diagnosis options
have become available, there is a lack of evidence from

randomized controlled trials addressing their impact on
HCC incidence and management. This may be due to
the tailored treatment required to address the disease
characteristics of HCC (Best et al., 2017).

The objective of this study was to examine the
epidemiological effect of these new agents on the
prognosis of HCC, using a large-scale cancer registry
in Japan.

Materials and Methods

Kanagawa Cancer Registry

The Kanagawa Prefecture is the second largest in
Japan, with a population of approximately nine million
people. The Kanagawa Cancer Registry was founded
in 1954, and is the largest regional cancer registry in
Japan. By the end of 2013, the registry had accumulated
and recorded approximately 990,000 cancer cases in
the region. Details on the cancer registry system in
Japan have been discussed elsewhere (Okamoto, 2008).
Data were collected from neoplasm registration sheets
produced by the diagnosing hospitals or from clinic and
death certificates of patients residing in the Kanagawa
Prefecture. The Kanagawa Cancer Center collected and
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consolidated the data into an anonymous format (to protect
the identity of patients), making them available for
research purposes.

The accumulated data include the following
information: 1) personal identification code, 2) method
of registry entry, 3) diagnosing institution, 4) sex, 5)
date of birth, 6) date of diagnosis, 7) local government
code for the patient’s home address, 8) ICD-10 code
for disease name, 9) ICD-0O-3 code for pathology, 10)
initial or recurrent tumor state, 11) therapeutic strategy
(very brief), 12) operative procedure (if any), 13) date
of death, 14) cause of death, 15) date of last follow-up
and 16) tumor/node/metastasis (TNM) classification and
pathological grade according to ICD-O-3 in diagnosed
patients. The reporting of TNM classifications became
mandatory in 2005.

All information was collected by trained healthcare
professionals in Japan according to the Surveillance,
Epidemiology, and End Results (SEER) program.
Information was updated every year from vital statistics
and death certificates. Previous versions of pathological
codes were updated to the latest versions through
standardized regulations consistent with changes in coding
practices for cholangiocarcinoma. The proportion of
death-certificate-only (DCO) cases in the entire database
was 18.2% by the end of 2013 (Goverment, 2016).

Subjects and classification method

Clinical data relating to gastrointestinal cancers
between June 15, 1954 and December 30, 2013 were
obtained from the Kanagawa Cancer Center. From these
records, data pertaining to liver cancer (C220), according
to the International Statistical Classification of Diseases
and Related Health Problems (ICD), 10th Revision
(ICD-10), were extracted and included for analysis in
the present study.

In order to estimate the five-year survival rate of
patients, the analysis period was divided into four
parts: (1) from 1954 to 1999 (4 years prior to the
introduction of RFA), (2) from 2000 to 2003 (4 years

1954/6/15-2013112/31
ALL 997383
DCO18.2%

[ Digestive system cancer 498983 ]

[ C220 Liver , hepalic

[ Kanagawa Prefeclure cancer registry database J

49129 ]

Data of Age Gender facility,
are completely available

[ C220 Liver, hepatic 40276

| facilty with n=400 I'lMNwas available

[ 1580 ] [ st08 ]

TMN was available
2397

Figure 1. Flow Diagram of Patient Selection Out of a
Total of 997,383 Patients (from 1954 to 2013) Identified
in the Database of the Kanagawa Cancer Registry, to
Reach the Final Number of Eligible Patients Included in
This Survival Analysis.
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prior to RFA approval), (3) from 2004 to 2007 (from RFA
administration until Gd-EOB-DTPA and perfluorobutane
approval) and (4) from 2008 to 2013 (following the
approval of Gd-EOB-DTPA, perfluorobutane and
sorafenib). Due to the one-year difference in the approvals
of Gd-EOB-DTPA, perfluorobutane and sorafenib, the last
period was analyzed collectively.

The two-year survival rate of patients every two years
was calculated, to determine the trend in patient survival
rate throughout the entire analysis period.

The analysis was limited to high-volume centers
(facilities registering >400 cases) and cases with available
TNM classification. The differences in the survival
rates between these facilities were also estimated. Each
high-volume center was assigned a letter (from A to O),
according to the five-year survival rate ranking.

Statistical analysis

The five-year survival rate was estimated using the
Kaplan—Meier method. P values <0.05%or <0.01** were
considered to be statistically significant. Analyses were
performed using the STATA/MP14.0 software (Stata-Corp
LP, College Station, TX).

This study was approved by the ethics committee of
the Japan Organization of Occupational Health and Safety
Kanto Rosai Hospital (No0.2014-34).

Results

The total number of patients with gastrointestinal
cancer registered in the Kanagawa Cancer Registry from
1954 to 2013 was 498,983. Among them, patients with
HCC comprised 49,129 cases registered between 1976
and 2013. Of'those, 40,276 cases with complete data were
enrolled in the present study. Of note, the records of 15,180
cases were derived from the top 15 high-volume centers.
The number of cases with available TNM classification
was 5,108 (Figure 1).

The average age of patients with HCC was 66.6 years
(x10.7), and their average age at death was 68.3 years
(x10.8). Approximately three-quarters of patients were
males (29,646; 73.6%), whereas 10,630 (26.4%) were

0.25

o000
0.0

Figure 2. Kaplan—Meier Survival Curves for Overall
Survival in Each Period (A) and TNM Stage (B) for
Patients with Hepatocellular Carcinoma. Survival was
estimated using the Kaplan—-Meier method in 31,921
patients with complete information on sex, age and
observation period, and with right censoring at the 5-year
mark. The p values were calculated using a log-rank test.
TNM, tumor/node/metastasis classification
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Table 1. Baseline Characteristics

Period N (%)? Age of diagnosis Age of death Gender

(mean+SD) (mean+SD) Male (%) Female (%)
Overall' 4,0276 (100) 66.6+£10.7 68.31£10.79 29,646 (73.6) 10,630 (26.39)
1954-1999 22,968 (57.0) 64.2+10.5 66.0£10.6 17,435 (75.9) 5,523 (24.1)
2000-2003 6,161 (15.3) 68.8+9.8 71.0+£9.8 4,442 (72.1) 1,790 (27.9)
2004-2007° 4,546 (11.3) 69.5£9.6 72.5£9.5 3,191 (70.2) 1,355 (29.8)
2008-2013* 6,611 (16.3) 71.3£10.4 73.8+10.1 4,578 (69.3) 2,033 (30.8)

Data for 40,276 patients with complete information on sex, age and period; 2Because of rounding, percentages may not total 100; *Period after
radiofrequency ablation was approved for the treatment; “Period after Gd-EOB, Perflubutane and Sorafenib was approved for the treatment.

Table 2. Distribution of TMN Stage in Each Period

Period N (%)! TMN? stage at initial daignosis

1 2 3 4
Overall' 5108 1,849 (36.2) 1,635 (32.0) 1,111 (21.8) 513 (10.4)
1954-1999 25 6 (24.0) 11 (44.0) 7 (28.0) 1 (4.0)
2000-2003 91 25 (27.5) 31 (34.1) 21 (23.1) 14 (15.4)
2004-2007° 820 246 (30.0) 269 (32.8) 201 (24.5) 104 (12.7)
2008-2013* 4172 1,572 (37.7) 1,324 (31.8) 882 (21.1) 394 (9.4)

Data for 5108 patients with complete information on sex, age, period and TMN stage; *Because of rounding, percentages may not total 100; Period
after radiofrequency ablation was approved for the treatment; “Period after Gd-EOB, Perflubutane and Sorafenib was approved for the treatment;

STNM, tumor/node/metastasis classification.

females. Cases of HCC, classified according to study
period were: 22,968 (57.0%), 6,161 (15.3%), 4,546
(11.3%) and 6,611 (16.3%), for the study parts 1954-1999,
2000-2003, 2004-2007 and 2008-2013, respectively
(Table 1).

The distribution of disease stage at initial registration
for the 5,108 cases with available TNM classification is
demonstrated in Table 2. The proportion of stage I disease
gradually increased over time: 24% (1954-1999), 27.5%
(2000-2003), 30% (2004-2007) and 37.7% (2008-2013).

Five-year survival rate

Figure 2 shows five-year survival rates prior to and
after the introduction of new diagnostic and therapeutic
modalities (A) and by TNM classification (B). Based on
the data, the five-year survival rate was prolonged over

o Sorafenib
Gd-ECB

Parﬂuowbutanel

RFA

|

Proportion of patients surviving

19751976 |
19771978 |

16791980 |

2 22 8 2 2 2 2 2 2 8 8 8% 858

Figure 3. Two-Year Survival Rate Every Two Years from
1975 to 2013. Arrows show the time of radiofrequency
ablation, Gd-EOB-DTPA, perfluorobutane and sorafenib
introduction. RFA, radiofrequency ablation; Gd-EOB-
DTPA, gadolinium ethoxybenzyl diethylenetriamine
pentaacetic acid

time: 10.4% (1954-1999), 17.5% (2000-2003), 27.6%
(2004-2007) and 50.2% (2008-2013) (p<0.01). TNM
classification demonstrated the following: 66.7% (stage
I), 55.3% (stage II), 25.9% (stage III) and 15.7% (stage
IV) respectively (p<0.01).

Figure 3 shows the temporal change in the two-year
survival rate (every two years from 1975 to 2013).
According to the data, prognosis was improved with the
introduction of new diagnostic and therapeutic agents.

Five-year survival rate in high-volume centers

Fifteen institutions were identified as high-volume
centers. The five-year survival rate was estimated for
each facility. Figures 4A and 4B show survival rates for
all cases and for those who underwent surgical resection,
respectively. The performance ranking among facilities
remained unchanged regardless of surgical treatment.
The survival rate of facility A was 49.8% in all cases and
47.6% in those who underwent surgery. In contrast, the

0 1000 150 2000
Arilysis s (diys)

180 20

“0

Aoty e dap)

Figure 4. Five-Year Survival Estimated for All
High-Volume Centers. Kaplan—-Meier survival curves
for the overall survival of patients with hepatocellular
carcinoma in all cases (A) and those who underwent

surgery (B).
Asian Pacific Journal of Cancer Prevention, Vol 18 2473
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Table 3. Distribution of TMN Staging in Each Hospital Over 400 Registered Cases

Rank Hospital N (%) TMN'! staging at initial daignosis
Overall Stage available 1 2 3 4
1 A 615 235 55(25.4) 107 (45.5) 46 (19.6) 27 (11.5)
2 B 1,624 100 22 (22.0) 49 (49.0) 20 (20) 909
3 C 890 6 2 (33.3) 2(33.3) 1(16.7) 1(16.7)
4 D 1,467 338 160 (47) 107 (31.7) 55 (16.3) 16 (4.7)
5 E 639 154 58 (37.7) 36 (23.4) 20 (13.0) 40 (26.0)
6 F 1132 185 47 (25.4) 64 (34.6) 48 (26.0) 26 (14.1)
7 G 566 9 2(22.2) 2(22.2) 4 (44.4) 1(11.1)
8 H 707 215 97 (45.1) 61 (28.4) 46 (21.4) 11 (5.1)
9 I 1,074 460 189 (41.1) 127 (27.6) 121 (26.3) 23 (5)
10 J 616 78 37 (47.4) 23 (29.5) 11 (14.1) 7 (9.0)
11 K 1,033 312 116 (37.2) 116 (37.2) 57 (18.3) 23 (7.4)
12 L 676 128 45 (35.2) 43 (33.6) 31(24.2) 9(7.0)
13 M 509 25 4 (16.0) 9 (36.0) 8(32.0) 4(16.0)
14 N 400 95 25(26.3) 20 (21.1) 29 (30.5) 21 (22.1)
15 o 489 57 12 (21.1) 23 (40.4) 19 (33.3) 3(5.3)
I'TNM, tumor/node/metastasis classification
, prefecture.
—_ A N B
T NS Discussion

e 19S4B10MNE = 200071200972

20081201372

Figure 5. Temporal Change in Five-Year Survival in
the Facilities with the Highest Prognosis (A and B), and
in Those Two with the Lowest prognosis (N and O). A
consistent improvement was obtained in facilities A and
B, unlike facilities N and O in which improvement was
inconsistent.

rate of facility O was 18.6% and 13.7%, respectively.
Figure 5 demonstrates temporal changes in the
five-year survival rate observed in the two facilities with
the highest rates (A and B) and the two facilities with the
lowest rates (N and O). During the four analysis periods,
prognosis improved in facility A (23.7%, 33.4%, 43.4%
and 71.8%) and facility B (18.7%, 32.9%, 40.6% and
58.1%, respectively). In contrast, improvement was low in
facility N (14.0%, 22.9%, 28.4% and 39.1%) and facility
O (7.7%, 10.3%, 13.3% and 37.9%, respectively).
Table 3 shows HCC staging at initial registration.
Facilities A, D, F, H and I were university hospitals
and cancer center hospitals. Facilities E and N with the
proportion of stage IV cases >20%, and facility M (stage
IV >15%) were located in the port and harbor of the
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This study demonstrated that the prognosis of HCC
improved over the past four decades, as a result of the
introduction of new diagnostic and therapeutic agents.
The rate of improvement was significantly different
between facilities.

According to the data from a large-scale cancer
registry, the five-year survival rate of HCC patients
improved consistently over time. The prognosis of HCC
was good for all stages of disease (I-IV). These results
secure the external validity of this data source.

The Kaplan—Meier curve for the period 2008-2013
reached “plateau” after 1,000 days of analysis time
as shown in Figure 2. A reason for this may be that
the surviving patients at the end of this analysis were
censored. However, the most important reason may be the
early diagnosis of cancer enabled by the introduction of
new diagnostic modalities and effective treatment options.
Detection of the tumor at an early stage, when effective
therapy may be applied, is important for achieving
long-term survival (Forner et al., 2008). Gd-EOB-DTPA
and perfluorobutane permitted the evaluation of
early-stage HCC and prolonged survival (Matsuda et al.,
2014;Kim et al., 2015). Imaging with Gd-EOB-DTPA
presented higher diagnostic accuracy and sensitivity
compared with 64-section multidetector computed
tomography (CT) (Di Martino et al., 2010;Akai et al.,
2011). Perfluorobutane enabled the detection of small
HCC visible only through dynamic CT in continuous view,
unlike the B-mode (Kan et al., 2010;Mandai et al., 2011).
These agents contributed to the detection of early-stage
HCC and may be responsible for the observed increase in
the proportion of stage I cases (Table 2). Consequently,
the two-year survival rate was markedly improved with



the introduction of new diagnostic and therapeutic agents
(Figure 3).

Approximately, 70% of HCC cases in Japan are
attributable to hepatitis C virus (HCV) infection
(Lavanchy, 2011;Zhu et al.,, 2016). The overall reduction
in HCC mortality observed since the late 1990s in Japan
may be associated with the decreased incidence and
improved management of HCV infection compared with
the period between 1940 and 1970. During this time, the
widespread use of unsterile needles and blood transfusions
resulted in an epidemic of HCV infection. (Nishiguchi et
al., 1995; Tanaka et al., 2008; Umemura et al., 2009; Goh
et al., 2015; Bertuccio et al., 2017). In addition, protease
inhibitors such as simeprevir or telaprevir resulting in
highly sustained virologic response (SVR) in HCV were
introduced in 2013 (Kumada et al., 2012; Hayashi et al.,
2014; Izumi et al., 2014). More recently, direct-acting
antiviral agents inhibiting key viral functions have
become the mainstay of anti-HCV treatment (Pawlotsky,
2013; Suzuki et al., 2013; Mizokami et al., 2015). Prior
to the introduction of these therapeutic agents, interferon
(IFN)-based treatment was recognized as the standard
therapy against HCV infection (Izumi, 2010), despite the
suboptimal SVR induced by this treatment (40%-50%).
However, patients responding to IFN therapy and
sustaining loss of HCV RNA are generally regarded as
being at low risk of developing liver cirrhosis or HCC
(Nishiguchi et al., 1995). Furthermore, IFN decreased the
rate of carcinogenesis in those with normal or persistent
low alanine aminotransferase levels (Ikeda et al., 1999).
These continuous efforts and advances in anti-HCV
therapy may have influenced the improvement in the
long-term outcome of patients with HCV.

Sorafenib, an oral multikinase inhibitor with
antiproliferative and antiangiogenic effects, was an
epoch-making drug for HCC. This agent has been shown
to improve overall survival in patients with advanced HCC
(Llovet et al., 2008; Cheng et al., 2009). In the past 30
years, the use of anticancer agents for the treatment of HCC
has not shown consistent survival benefits (Llovet and
Bruix, 2003; Lopez et al., 2006). Sorafenib successfully
addressed this unmet medical need, prolonging patient
survival. This effect may have contributed to the prolonged
five-year survival rate observed after 2009 in this study.

Survival rates varied considerably between
the high-volume centers investigated in this study.
Prognosis was shown to improve over time in all facilities.
However, institutions linked to good prognosis tended to
improve more aggressively than those associated with
poor prognosis. The reason for this tendency may be
“lead-time bias” (Huo et al., 2007; Singal et al., 2014).
The detection of early-stage HCC and the appropriate
administration of curative treatment leads to prolonged
survival (Huo et al., 2007; Oeda et al., 2016; Singal et
al., 2017).

It has been shown that the proportion of patients with
small-size HCC and curative therapy was higher in the
surveillance group than in the non-surveillance group
(Tanaka et al., 20006).

Morphological differentiation between early-stage,
well-differentiated HCC and dysplastic nodules is often
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challenging (Kojiro and Roskams, 2005). The approach
toward initiating treatment of a small nodule as an early
cancer differs among facilities. To address this point, the
distribution of cases according to the TNM classification
of disease stage was evaluated in this study (Table 3).
The results showed that the distribution of staging was
affected by locality and did not relate to the ranking based
on survival rate. However, the cases with TNM stage were
very few and the lead-time bias remained the main reason
for this difference.

In addition, the preferred treatment against HCC differs
among facilities. The use of methods such as transarterial
chemoembolization (TACE) was heterogeneous between
facilities, and the timing of administration of a multikinase
inhibitor may be critical to the outcome of HCC (Lencioni
etal., 2016).

This is the first study to examine the prognosis of HCC
over approximately 40 years using a large-scale database.
However, the available data did not include information
regarding the etiological factors affecting HCC such
as liver function, viral infection and treatment course.
Therefore, it was not possible to determine the cause of
these changes in survival rate.

In conclusion, this study revealed that five-year
survival of HCC improved over the past decades. This
may be explained by the development of surveillance and
follow-up screening for high-risk groups among HCC
patients. This allowed the early detection of HCC and
appropriate curative intervention, consequently improving
patient survival.
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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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Blue-collar industry

Manager
Professional
Service worker
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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, JKLO,PS
rental, leasing, education, learning support, medical, healthcare,
welfare, and government except elsewhere classified

* Waste disposal business (Code R88) included. 1 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). (Supplementary Figs. 4 and 5). Likewise, the results from the alter-

By contrast, we found a positive socioeconomic gradient (i.e., excess native control group (i.e., all benign diseases) showed the same socio-
risk with higher SES) for breast cancer (Fig. 2). In service and white- economic gradient pattern (Supplementary Fig. 6). In addition, smoking
collar industries, higher SES showed higher odds for breast cancer (OR and alcohol consumption were independently associated with most of
ranged from 1.10 for professionals in white-collar industries to 1.58 for the risk for site-specific and overall cancer incidence, regardless of SES
professionals in service industries; Table 2). Even after fully controlling (Supplementary Table 5 and 6).
for smoking and alcohol consumption, the observed higher odds with
higher SES were not attenuated and remained significantly associated 4. Discussion
with breast cancer (adjusted OR ranged from 1.09 for professionals in
white-collar industries to 1.60 for professionals in service industries, 4.1. All cancer sites
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); Studies in Western countries suggest a slightly inverse socio-
however, the magnitude of the OR was weaker than those with higher economic gradient in such nations as Finland; in some instances, there
SES (adjusted ORs ranged from 1.06 for homemakers to 1.13 for service is a fairly flat gradient for overall female cancer incidence in Denmark,
workers in service and white-collar industries, model 2, Table 2). Sweden, and France (Faggiano et al., 1997; Melchior et al., 2005). With

Among the remainder of common cancers, we observed no socio- the Japanese data in the present study, we found a weak inverse overall
economic gradient (i.e., reduced or excess risk with higher SES); how- socioeconomic gradient; this result suggests that the inverse socio-
ever, pancreatic, gallbladder, malignant lymphoma, and cervical cancer economic gradients for stomach and lung cancers (which made up ap-
appeared to hint at a possible inverse gradient pattern (Supplementary proximately 20% of all incident cancers) were partially canceled by the
Fig. 2, Supplementary Table 4). The overall cancer incidence showed a positive socioeconomic gradient for breast cancer (accounting for 18%
weak inverse socioeconomic gradient (Fig. 3), which persisted even of all incident cancer).
after fully controlling for smoking and alcohol consumption (adjusted
OR ranged from 0.84 for managers in white-collar industries to 0.91 for 4.2. Stomach cancer
professionals in white-collar industries, model 2, Table 2).

Less common cancers did not show a socioeconomic gradient An inverse socioeconomic gradient for stomach cancer has been
(Supplementary Fig. 3); however, certain cancers (e.g., those of the oral consistently reported in Western countries (Faggiano et al., 1997;
cavity, pharynx, and esophagus) appeared to show a possible inverse Spadea et al., 2010; Weiderpass & Pukkala, 2006). A recent systematic
gradient pattern (Supplementary Table 4). In the sensitivity analysis, review reached the same conclusion (Uthman et al., 2013). This pattern
although the precise odds estimated with various regression analyses may be partly due to less smoking and drinking with higher SES
differed according to the analytic model and analyzed population, the (Uthman et al., 2013; Weiderpass & Pukkala, 2006). However, in the
direction of the socioeconomic gradient was almost identical 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
=15 g/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.

@ 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 3.1 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) A1
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) A1 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.

@ 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).
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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

SSM - Population Health 5 (2018) 129-137

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.

KEYWORDS

cancer incidence, Japan, occupation, risk, socioeconomic status

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.!®!!"*15 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 Sl).l’”’18

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, N0OO-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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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!1

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

29
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 49 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)
32 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
7.5
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=_8229% 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 35 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 2.3 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 25 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 44 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)
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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=25068 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

24
9.0
0.9
22,

1.7
5.6
4.4
1.4

23.8

n =374 853

31.6
12.8
4.2
4.5

3.6
13.1
0.7
2.1

2.3
8.9
59
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)
24 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)
4.7 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 320 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 2.4 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 =40 290 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 2.4 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)
98 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,10 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 Japam.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.”:8'34
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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.

|77

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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K Ta ™ ™
Blue-collar industry Service industry White-collar industry
[ Blue-collar worker ] | Blue-collar worker l [ Blue-collar worker }
[ Service worker | | Service worker l | Service worker }
[ Professional | [ Professional ] [ Professional ]
Manager Manager Manager
g JAY ) ) U )
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,
goods rental, leasing, education, learning support, medical,
healthcare, welfare, and government except elsewhere

G,J,KLOPS

*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 t 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
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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‘:}ﬂieitha”"' 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

Odds 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 2.2 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 41 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 74 1.08 (1.01-1.15) 0.02 1.12 (1.05—-1.19) <0.001
Manager 15 15 1.12 (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 25 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 24 241 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 358 37.2 1.00 | | 1.00
Continued
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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
longest-held jobs, which meant less possibility of misclassi-
fication of occupational class compared with the current/

most recent jobs.?3%+%7

Covariates

Confounding factors included sex, age, admission date, and

controlled by

admitting  hospital,
Coronary heart disease Stroke
Occupational class
Blue-collar industry
Blue-collar (ret.) L
Service - -
Professional e -
Manager (=] e
Service industry
Blue-collar —— o
Service i e
Professional —— —a—
Manager —— .
White-collar industry
Blue-collar e .
Service re- Iaal
Professional s ol
Manager ' H— : . —s—
5 1 2 5 1

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.

exact

matching
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Angina pectoris Acute myocardial infarction
Occupational class
Blue-collar industry
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Subarachnoid hemorrhage

Occupational class
Blue-collar industry

Intracerebral hemorrhage

Cerebral infarction
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Manager —er—i F—e— g |
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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.?"?? 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

DOI: 10.1161/JAHA.118.011350

Journal of the American Heart Association 1

HDOYVHASHY TVYNIDIYO



6T0Z ‘PT |1dy uo Aq Bio'sfeuinofeye//:diy wouy papeojumoq

Occupational Class and Cardiovascular Risk Zaitsu et al

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."®383? 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.23 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.*’
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1 | INTRODUCTION

Occupations, in particular, are a major social determinant
of health." Working is generally recognized as having an
effect on human health and well-being; for example, spe-
cific occupations can cause harm in the form of malignant

2-4
neoplasms.

| Masayoshi Zaitsu®

| Yuzuru Sato! | Yasuki Kobayashi2

Abstract

Objectives: Little is known about the risk of developing various cancers according
to occupation and occupational physical activity.

Methods: Using nationwide clinical inpatient data (1984-2017) in Japan, we under-
took a multicentered, matched case-control study with regard to the risk of developing
various cancers according to occupation and using patients admitted with fractures
as controls. Using standardized national occupation and industrial classifications, we
first identified the longest-held job for each patient. Using sales workers as the refer-
ence group, odds ratios (ORs) and 95% confidence intervals (CIs) were estimated by
conditional logistic regression, adjusted for age, admission period, and the admitting
hospital, with smoking, alcohol consumption, and lifestyle diseases as covariates.
The risk of high and low occupational physical activity was also estimated.

Results: Across all occupations, a reduced risk for all common cancers among males
was observed among those occupations associated with high physical activities, such
as agriculture. People in these occupations tended to show a lower risk for most can-
cers, including, for example, prostate cancer (OR 0.58, 95% CI 0.45-0.75) and lung
cancer (OR 0.63, 95% CI 0.51-0.76). For females, the breast cancer risk was low in
women engaged in agriculture (OR 0.58, 95% CI 0.45-0.75) and in those occupations
with high levels of occupational physical activity (OR 0.58, 95% CI 0.52-0.66).
Conclusions: This study revealed differences in cancer risk among diverse occupa-
tions in Japan. Specifically, those occupations associated with high levels of physical

activity may be associated with a decreased risk of cancer.

KEYWORDS

cancer, occupational activity, risk

Globally, cancer is the second leading cause of death be-
hind cardiovascular diseases, having caused over 8.7 million
deathsin2015.°InJ apan, cancer is the leading cause of death,
with the total incidence of cancer in 2016 being estimated to
be 867 408 (501 527 males and 365 881 females).6 In spite of
this, it is thought that about half of all incidences of mortality
from cancer in Japan are preventable.”
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With regard to the role of occupation in the etiology of
cancer, occupational exposure to carcinogens as well as oc-
cupation-related lifestyle factors can add to the effective risk
for cancer.®

Previous studies have investigated the association be-
tween occupation and cancer mortality.”'! But, whether oc-
cupational physical activity is associated with a risk of cancer
is unclear.'? In Japan, many working people spend a large
proportion of their life in gainful employment. Unfortunately,
stemming from a particular Japanese work culture, people’s
occupational activity may limit their ability to exercise. In
several epidemiologic studies, an inverse association between
recreational physical activity and cancer was established.'*13
In comparison, like “the physical activity paradox™ for car-
diovascular diseases, occupational and recreational physical
activity has been associated with different effects on the risk
of a particular cancer.'®!

The aim of this study was to describe the cancer risk es-
pecially associated with occupation, paying attention to the
level of occupational physical activity (OPA) in Japanese
workers. Using nationwide, multicenter inpatient data, in-
cluding individual-level clinical data and occupational infor-
mation, we examined the risk of cancer associated with each
occupation.

1.1 | Subjects
1.1.1 | Inpatient Clinico-Occupational
Database of Rosai Hospital Group

We used the Inpatient Clinico-Occupational Database of
Rosai Hospital Group (ICOD-R), provided by the Japan
Organization of Occupational Health and Safety (JOHAS),
an independent administrative agency in Japan. Rosai
Hospitals now comprise 33 hospitals, located from Hokkaido
to Kyushu, in both rural and urban areas in Japan. The data-
base contains medical chart information overseen by physi-
cians, including a clinical history and diagnosis of current and
past diseases, pathological information, treatments, and the
outcome for every inpatient. The diagnoses are coded accord-
ing to the International Statistical Classification of Diseases
and Related Health Problems, 9th Revision (ICD-9) or 10th
Revision (ICD-10). The ICOD-R also includes an occupa-
tional history (current and past three jobs), information on
lifestyle such as smoking and alcohol habits, and a history of
lifestyle-related diseases using interviews and questionnaires
completed at the time of admission. Detailed occupational
histories were coded using 3-digit codes of the standard-
ized national classification, the Japan Standard Occupational
Classification and Japan Standard Industrial Classification,
corresponding to the International Standard Industrial
Classification and International Standard Occupational
Classification. Written informed consent was obtained before

patients completed questionnaires, and trained registrars were
in charge of registering the data. Registrars are “health infor-
mation managers”, qualified people in Japan. This is quite a
unique feature of the database in Japan. The profiles of the
inpatients are nationally representative because the Rosai
Hospital Group has grown to cover all occupations since the
establishment of the Rosai Hospital Group by the Ministry of
Labour of Japan in 1949.

2 | METHODS

The study was approved by the ethics committees of The
University of Tokyo (No. 10891) and Kanto Rosai Hospital
(No 2018-11).

2.1 | Case and control datasets

We obtained an anonymous dataset extracted from ICOD-R
with the permission of JOHAS, which included admissions
to hospital between 1984 and 2017. We conducted a multi-
center, hospital-based matched case-control study. With re-
spect to selection cases and controls, we randomly sampled
one control for each cancer case from cases of fractures of
the arms and legs (ICD-9, 810-829 and ICD-10, S40-S99),
matched for age, sex, period of admission date, and admit-
ting hospital.

The cancer cases were difined by those patients with an
inital diagnosis of cancer coded by ICD-9 or ICD-10. The
cancer sites were selected according to national statistics in
Japan,m’18 with the top most common cancer sites: prostate,
breast, kidney, ureter, bladder, esophagus, stomach, liver,
pancreas, colon, and lung. The prevalence of these cancers in
our dataset was almost identical to that recorded by Japanese

national statistics."

2.2 | Occupation categories and
occupational physical activity

To evaluate the odds ratio of each occupation, we chose the
longest-held job of each patient from their occupational his-
tory.”’20 Occupational categories were categorized into 12
categories according to the middle classification of the Japan
Standard Occupational Classification of 2013. These catego-
ries were based on the International Standard Classification
of Occupations. The twelve occupational categories were as
follows: administrative and managerial; professional; cleri-
cal; sales; services; security; agriculture; manufacturing;
transport; construction and mining; carrying, cleaning and
packing; and others.

We also analyzed several additional categories. The oc-
cupational groups with high or low levels of OPA were de-
fined based on information on their accelerometer-derived
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occupational activities, modified by the National Health and
Nutrition Examination Survey of 2003-2004 (NHANES).?!
High physical activity groups included agriculture, construc-
tion and mining, and carrying, cleaning and packing. The low
activity groups included administrative and managerial, pro-
fessional, and clerical.

23 |

Conditional regression analysis was used for the estimation
of odd ratios (ORs), with 95% confidence intervals (95%
CIs), for each occupational category in relation to the risk for
each cancer. The sales workers group was selected as a ref-
erence category in accordance with a previous study.22 The
risks for high and low OPA groups were estimated compared
to the other remaining cases (eg, the low OPA group vs. a
reference group of all cases except the low OPA group). We
conducted separate analyses for males and females due to
the etiology of cancer.” Age was categorized every 5 years.
The period of admission was categorized into four study
periods (1984-1990, 1991-2000, 2001-2010, 2011-2017)
and matched into pairs. Models were adjusted for age, sex,
period of admission, and admission hospital. Smoking, con-
sumption of alcohol, and lifestyle-related diseases (hyperten-
sion, hyperlipidemia, hyperuricemia, diabetes mellitus, and
obesity) were included as covariates. For smoking, we used
the Brinkman Index: calculated as the number of cigarettes
smoked per day multiplied by the number of years smoked.
Alpha was set at 0.05, and all P-values were two-sided. All
analyses were conducted using STATA/MP15.0 (Stata Corp
LP).

Statistical analysis

3 | RESULTS

The total number of inpatient cases registered in the ICOD-R
from 1984 to 2017 comprised 6 526 387. Of these, completed
data were available for 6 309 852 cases, which included
birthday, sex, ICD-9, or ICD-10 code, history of smoking and
alcohol consumption. Of these cases, 4 186 750 were first-
time admissions of the initial admission cases, while occupa-
tional information was available for 1 843 672 cases. Cancers
for the 57 913 cases included prostate, breast, kidney, ureter,
bladder, esophagus, stomach, liver, pancreas, colon and lung.
The demographics of each cancer are shown in Table 1.

The average age of breast cancer patients was the lowest
of all cancer sites (56.2 + 12.8 years; Table 1). The mean
age of ureter and bladder cancer patients was over 70 years
(70.9 + 9.6, 70.0 + 10.7 years, respectively). With regard to
occupational sites, the mean age of cancer patients working
in agriculture was from 69.1 + 12.6-77.7 + 8.9 years depend-
ing on cancer sites, which was the highest for all the occupa-
tional categories. The mean age of patients in the high OPA
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group (63.5 + 13.3-72.9 + 9.0 years) was greater than that of
patients in the low OPA group (53.8 + 12.2-70.4 + 10.5 year
s), except for liver cancer.

For males, the sample size for the regression analysis was
large enough to handle using nine variables. For females,
the number of cases about OPA category was large enough,
though each occupational category with several cancer cases
was under 90 cases (number of variables times 10).

Table 2 shows the Brinkman Index, amount of alcohol
consumed and number of patients with a history of lifestyle-
related diseases for each industrial category. The number of
patients who regularly smoked or took alcohol tended to be
fewer in agriculture.

Agriculture was significantly associated with reduced
risks for most cancers in males (Table 3). In this category,
the adjusted ORs were low, with a significant difference ob-
served for all cancer sites. They ranged from 0.46 (95% CI
0.27-0.78) for ureter carcinoma to 0.63 (95% CI 0.55-0.74)
for carcinoma in the stomach (0.63 95% CI 0.46-0.88), liver
(0.63 95% CI 0.46-0.88), and lung (0.63 95% CI 0.51-0.76).
The high OPA group also tended to be associated with a lower
risk for all cancers, ranging from 0.58 (95% CI 0.52-0.66) for
prostate cancer to 0.79 (95% CI 0.72-0.86) for lung cancer.
However, no obvious effect except for breast cancer was de-
tected in female cases. The odds of breast cancer for those in
agriculture (0.58 95% CI 0.45-0.75) and the high OPA group
(0.58 95% CI 0.52-0.66) were significantly lower (Table 4).

As a whole in males, an overall reduced risk for all can-
cers was associated with those occupations related to high
OPA. In females, a reduced risk for breast cancer showed a
similar tendency: an association with occupations character-
ized by high OPA.

4 | DISCUSSION
4.1 | Change of occupational risk in a
historical transition

In general, workers are engaged in their jobs for about
40 hours per week, which means that they spend one-fourth of
their time in job-related activities. Moreover, many Japanese
companies have conventionally adopted the lifetime employ-
ment system: a promise by a company to an employee that
they will have a job for their whole working life, as is cus-
tomary in Japanese society. Therefore, most workers’ life-
time physical activity in Japan can be defined by an OPA.

In Japan, one of the main changes observed in the employ-
ment sector in recent years has been the decline in the propor-
tion of the population working in agriculture. In comparison,
the proportion of workers engaged in the tertiary sector, in-
cluding sales and services, is increasing rapidly. As a result,
physical activity derived from an occupation has tended to
diminish. Such major changes have been observed from the
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TABLE 1 Sex and age distribution of all cancer cases and controls in each occupational category

ALL Prostate Breast Kidney Ureter Bladder

Case Control Case Control Case Control Case Control Case Control Case Control
Occupational
category n= 57913 57913 3429 3429 5093 5093 1450 1450 1013 1013 5964 5964
ALL

n = (male:female) 41 957:15956 41 955:15956 3429:0 3428:0 75:5018 75:5018 1136:314  1136:314  828:185 828:185 5314:650 5314:650

Age(mean + SD)  66.7 + 11.5 66.8+11.8 66488 664+9.11 562+ 12.8 564+ 129 633 +11.9 63.4+122 70.9+9.6 71.0+10.2 70.0+10.7 70.1 £11.0
Administrative and managerial

n = (male:female) 2773:235 2587:248 225:0 226:0 3:48 7:61 84:4 49:6 63:4 62:5 376:19 342:14

Age(mean + SD)  689+10.0 71.1+100 66.8+83 68.7+9.0 584+12.7 64.7+12.7 655+ 11.1 683+10.7 724+102 73.7+81 704+103 733+9.5
Professionals

n = (male:female) 4656:2263 4263:2507 501:0 336:0 19:910 12:994 167:42 133:52 93:16 83:24 621:92 567:78

Age(mean + SD)  64.5 +12.8 63.5+13.1 645+9.1 642495 5334122 51.6+123 59.8+12.8 60.9+13.6 704 +10.5 693 +11.9 694 +11.9 689+ 12.0

Clerical

n = (male:female)  5788:3695 4549:3477 600:0 366:0 11:1466 5:1234 194:77 139:63 135:29 90:31 762:127 584:126

Age(mean + SD) 643+ 124 647126  653+93 668+92 539+122 53.8+11.3 61.7+125 632+11.9 69.5+105 714+109 692+ 11.1 693 +11.7
Sales

n = (male:female) 4726:2127 4000:2042 367:0 343:0 5:683 10:619 139:38 125:40 90:34 85:23 626:95 494:92

Age(mean + SD)  65.1 +11.7 658+ 119  649+85 655+9.8 558+13.2 57.0+12.7 62.1 £11.8 624 +11.9 60.7+10.7 70.5+10.3 685+ 112 692+ 11.2
Services

n = (male:female) 2678:1476 1492:2663 100:0 121:0 5:750 1:812 37:55 43:59 40:35 23:31 156:111 201:105

Age(mean = SD) 642+ 11.1 652+ 11.7 657+80 649+77 575+11.8 5854128 64.1+10.8 63.4+119 684+92 689+99 68.0:10.8 69.9 +10.7
Security

n = (male:female) 987:25 951:23 93:0 74:0 1:11 3:14 16:0 24:1 28:0 9:0 125:2 116:1

Age(mean + SD)  67.8+10.6 6524116 649+84 643+9.1 558+16.1 47.3+13.9 66.0+108 582 +13.9 69.8+12.1 68.7+99 693+81 68.0+11.7
Agriculture

n = (male:female) 2465:1270 3517:1375 183:0 274:0 3:153 3:228 55:22 81:22 46:22 83:21 299:69 458:67

Age(mean = SD) 752 +9.9 742+108  71.4+£93 71.9+93 704 +134 689+139 713+10.6 69.1 +12.6 77.6 83 76.9:9.4 717+89 764+94

Manufacturing

n = (male:female) 8824:2194 9197:2166 661:0 747:0 12:609 16:659 213:42 248:39 176:30 189:27 1160:72 1172:105

Age(mean = SD)  67.7 +10.5 674+107 67.0+83 663+87 60.0+12.5 59,5+12.5 64.7+11.1 643+11.9 71.1£7.6 79.7+10.0 70.7+9.7 69.8 +10.6
Transport

n = (male:female) 4323:158 4422:150 297:0 374:0 4:62 8:52 65:2 120:3 60:1 89:1 526:4 547:5

Age(mean + SD)  67.8 +£9.9 66.5 + 10.1 67.8+73 65.0+7.7 53.6+135 583 +13.1 643+104 61.8+119 723+77 689+79 698+10.1 68.6+9.8
Construction and

mining

n = (male:female) 4.515:121 5289:111 279:0 423:0 8:12 8:18 112:2 131:4 80:3 89:1 512:4 621:6

Age(mean + SD)  68.1 +19.3 67.1£10.5 67.6+£88 65.3+£87 626+129 644+78 634+123 61.6+104 704+78 71.2+93 694+99 684+10.8
Carrying, cleaning and packing

n = (male:female)  1329:1191 1608:1152 89:0 141:0 4:308 2:322 34:30 43:23 16:11 24:20 143:55 201:50

Age(mean = SD)  66.1 +10.7 653+109 68.6+9.7 663+79 60.1+11.9 58.1+12.8 63.2+92 643+11.9 682+9.1 70.7+10.5 68.4+£9.6 69.1+10.7

Other
n = (male:female) 103:16 80:19 1:0 4:0 0:6 0:5 0:0 0:1 1:0 3:0 8:0 11:1
Age(mean + SD)  77.5+9.3 79.4+99 — 785+25 633+138 644+17.7 — — — 69.7+102 78176 851+4.1

Occupational physical activity group
High activity+
n = (male:female)  8309:2582 10 414:2638  551:0 838:0 15:473 13:568 201:54 255:49 142:36 196:42 954:128 1280:123
Age(mean = SD)  60.1 +10.9 694+114  69.1+93 67.6+94 63.5+133 627+ 141 658 +11.6 64.7+11.9 729+9.0 73.6+99 721103 71.5+10.9
Low activity *
n = (male:female) 13217:6193 11 399:6232  1359:0 928:0 33:2424 24:2289 445:123 321:122 291:49 235:60 1759:238 1493:218
Age(mean + SD)  65.1 +12.3 653+127 653+9.1 664+9.5 53.8+12.2 532+12.0 61.5+12.6 64.9+12.7 704 +£10.5 712+ 10.8 69.4+113 69.9+11.6

Note: When only one case was included in a column, age was not indicated to avoid any chance of patient identification.
SD, standard deviation

']'High activity group included agriculture, construction and mining, and carrying, cleaning and packing.

“Low activity group included administrative and managerial; professional and clerical support.
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Esophagus Stomach Liver Pancreas Colon Lung

Case Control Case Control Case Control Case Control Case Control Case Control
2414 2414 11 839 11 839 2637 2637 3056 3056 12 470 12 470 8548 8548
2225:189 2225:189 9270:2569 9270:2569 2032:605 2032:605 2181:875 2181:875 8769:3701 8769:3701 6698:1850 6698:1850
68.6 +9.33 68.6+9.7 674+113 674+115 66.8 + 10.8 66.8 +11.1 68.9 + 104 68.9 + 10.6 66.7 £ 11.5 66.7 + 11.7 68.5 +10.3 68.5 +10.7
155:2 158:3 570:42 595:35 130:12 117:13 145:11 139:16 591:63 524:65 398:30 368:30
70.1+£78 71.0+96 685+100 709+104 68.7 +10.2 69.9 +10.1 69.7+99 72.5+9.5 68.6 +10.2 70.6 £9.9 60.7 +9.3 723 +9.4
201:7 232:27 998:306 948:372 214:66 204:86 248:103 226:94 1040:495 874:543 554:225 648:237
68.4+9.8 66.9+10.1 658+129 65.1+127 672+ 122 652+ 112 682+11.1 665+ 11.4 649 +12.4 64.4 +12.4 67.1 +11.6 663+ 11.5
289:33 220:39 1272:513 998:563 269:115 210:111 274:170 230:168 1179:794 970:770 802:371 738:372
674+£98 692+109 659+11.8 658+123 65.7+11.3 66.5+11.8 68.2+10.6 679109 652+ 12.0 65.1 +£12.3 66.6 + 10.9 67.4+11.2
254:23 212:26 1038:309 898:312 204:86 203:86 273:125 195:137 1070:505 824:493 660:222 611:221
67.5+100 673+104 650x11.5 663+11.7 67.0 +10.2 669+ 122 68.1 +10.1 67.5+10.5 653+ 11.6 66.0+11.9 66.7 + 10.3 67.4 +10.7
115:50 87:22 301:423 332:432 81:136 69:105 78:135 73:136 318:625 324:620 239:358 218:347
652+88 67.7+102 655+£11.0 663+11.1 65.7 £ 11.1 67699  655+10.1 69.2+10.0 65.1 +£10.6 65.8 +11.3 66.0 + 9.6 67.4 +10.1
49:1 50:0 244:4 231:2 45:1 55:0 52:1 41:1 197:5 185:3 137:0 163:1
685+93 643+92 67.6+105 657+11.4 68.8 +10.2 637102 68.6+114 645+ 11.6 683+ 12.1 64.3 +12.6 68.6 + 10.2 67.7 +10.1
128:20 185:19 614:308 792:268 114:57 167:67 147:100 200:115 464:346 682:366 412:173 592:202
73.8+9.5 729 +9.6 758 £9.6 74.3 +10.8 72.1 +10.2 728 £10.6 76.1 +10.3 75.9 +10.2 75.7 + 104 742+ 11.1 759 + 8.6 75.1 +10.1
491:30 500:35 1941:401 1973:346 411:80 447:80 433:129 434:133 1747:513 1995:505 1579:283 1456:242
688+92 689+86 67.6+103 67.7+10.6 67.5+104 66.6 104 68.9+92 68.9+10.1 669 =+11.1 67.2+10.7 68.6 +9.8 68.5+99
209:1 229:1 990:24 979:18 249:2 228:3 240:10 230:10 907:37 898:32 756:15 720:25
69.4 + 8.3 66.9 +9.0 67.7 +9.7 66.7 + 10.3 65.4 + 10.6 63.8+ 106 67.5+9.7 67.2 +89 66.4 + 10.1 65.9 + 10.4 68.5 +9.4 67.7 +9.7
240:3 260:1 968:25 1169:25 248:7 2417 221:12 307:6 936:31 1139:27 910:22 902:16
68.6+84 68.3+09.1 67.7+109 66.7 +10.5 64.7 +9.7 66.1 +10.8 69.2+9.8 68.2 +10.4 68.0 +10.7 663+ 11.2 69.1 +£9.9 68.3 +10.2
85:19 88:15 313:210 341:193 62:43 88:46 65:77 81:59 297:286 333:273 221:148 266:155
67.8+89 67.1+79 663+109 659+104 64.7 +10.9 65.8+ 104 68.5+9.6 67.3+9.2 66.6 +10.2 64.4+10.5 67.8 +9.7 66.9 +9.9
9:0 4:1 21:4 14:3 5:0 3:1 5:2 5:0 23:1 20:5 30:3 16:2
740+ 128 852+29 78.9 +9.0 78.8 +9.1 70.0 + 8.1 82.8+3.8 81.6 +8.2 81.2+7.0 773 +8.9 76.6 +9.8 78.6 £ 6.7 82.6 + 10.6
453:42 533:35 1895:543 2302:486 424:107 496:120 433:180 588:180 1697:663 2154:666 1543:343 1760:373
699+9.1 697+94 604x113 694+11.3 67.1 £10.7 68.6+11.1 71.8+10.6 71.2+108 703 +11.2 68.9+11.8 70.9 + 10.1 70.6 +10.7
645:42 610:69 2840:861 2541:970 613:193 531:210 667:284 595:278 2810:1352 2368:1378 1754:626 1754:639
683+94 687+104 663+11.8 66.5+12.3 66.8 +11.5 66.6 + 114 68.5+10.7 682+ 11.0 65.6+11.9 65.7 +12.2 67.5 +10.9 67.8 +11.2
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late twentieth century onwards, and have coincided with the
growth of the welfare state and the increasing urbanization of
the population.

Another important change has been the increase in female
labor in the workplace. Women have been released from a life
of domestic servitude in the home and have become increas-
ingly engaged in the workforce.

Such factors outlined above may have strongly influenced
the occupational factors associated with national cancer inci-
dence and mortality in Japan.

4.2 | Agriculture

Previous studies indicated that agricultural workers represent
a unique population, possibly due to differences in lifestyle
or their exposure to risky environmental hazards. Such work-
ers deal with many potential hazards that include pesticides,
chemical and biological agents, and the operation of heavy
equipment. However, a lower prevalence of smoking plus
high occupational activity has been reported*** for this sec-
tor and this may have influenced the low mortality and mor-
bidity rates from cancers observed among farmers.”

In a previous large Canadian cohort study linked with
cancer registry records, hazard ratios of the agriculture sec-
tor for lung, colon, bladder, kidney and liver cancers were
found to be significantly lower than for other occupational
workers.” The risk reduction observed for kidney, bladder
and colon cancers may be because of the working conditions
of agricultural workers that involve high physical activity,
a recognized modifiable risk factor for such cancers.”® An
analysis from a Spanish population-based case-control study
revealed no significant association between male farmers
and pancreatic cancer.”’ In comparison, for prostate cancer,
established risk factors were age, ethnicity, and a positive
family history of prostate cancer when comparing farmers to
non-farmers.”®

Farmers tend to not have an occupational retirement age
since they are limited by physical strength and health, even
though the normal time for retirement in Japan is between 60
and 65 years. In our study, although farmers were somewhat
older than those employed in other occupations, the risk was
significantly lower for all sites of cancer than that of other
occupations. This difference explains how a risk-reductive
process may exist in the agricultural sector.

In Japan in the middle of the twentieth century, about
18 million people were employed in agriculture, then one of
the largest occupational groups. Since the economic signifi-
cance of the agricultural sector has declined in parallel with
an increase in the service sector, the proportion of people em-
ployed in this sector decreased to 6.3 million by the end of
the last century.29 Thus, the particular reasons for cancer risk
reductions in agriculture must be understood against a back-
ground of a decline and graying of the farming population.
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4.3 | High occupational physical activity and
a paradox

In this study, we found significant associations between high
levels of OPA and the risk of common cancers in males. This
suggests that OPA may have some impact on the risk of de-
veloping cancer.

The present study is in agreement with previous studies
reporting an association between high physical activity (in-
cluding both occupational and leisure time) and cancer oc-
currence.'*'* Although the mechanism is as yet undefined,
both hormonal and nonhormonal causal relationships be-
tween physical activity and cancer are suspected.26 An as-
sociation between physical activity and hyperinsulinemia,
inflammation, and immune disorders are potential nonhor-
monal etiologies of cancer.***! In comparison, in an example
of a hormonal factor involved in the development of cancer,
it was shown that physical activity helped reduce levels of
cancer-relevant biomarkers such as estradiol by preventing
any above-normal weight gain.32’33 Since, cancers are known
to be obesity-related, it is unclear whether physical activity or
obesity is the key to carcinogenesis.26

It has also been reported that only recreational physical but
not occupational activity diminished the cancer risk.'® The so-
called “physical activity health paradox” may be due to the
difference in characteristics of recreational and occupational
physical activities.** This phenomenon has been mainly dis-
cussed in relation to cardiovascular disease,”’35 but with re-
gard to lung cancer, the same tendency has been reported.16

In this study, the physical activity health paradox was
not observed since the high OPA group showed low rates of
obesity and a low risk of cancer. One may speculate that the
effect of a low percentage of obesity due to high OPA may
cause a reduction in risk rather than being an unhealthy re-
sult due to a specific OPA. The interwoven complexity of
physical activity, obesity, and cellular pathways in cancer is
yet to be disentangled. However, it is plausible that sedentary
behavior may contribute to carcinogenesis.

4.4 | Strengths and limitations

As far as we are aware, we are the first to investigate the
association between occupations, especially OPA, and the
risk of developing common cancers (not mortality) in Japan.
This study is also one of the largest studies on the risk of
developing cancer reported in the country. The particular
strengths of this study include accurate diagnoses, which
were directly extracted from medical charts in contrast to
the less accurate diagnoses from claims data as done in other
studies.’® The exposure to a specific OPA was estimated,
with quantification based on the amount of physical activity,
measured with an accelerometer categorized more specifi-
cally by NHANES.”!
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However, despite this, several limitations may still exist.
First, the content of ICOD-R may have been flawed. Other
factors relevant to the study, such as the presence of patho-
genic organisms (ie, Helicobacter pylori in stomach cancer,
hepatitis virus in liver cancer) or socioeconomic status (ie,
amount of income, educational attainment) could not be eval-
uated due to the limitations of the data. In addition, our data
were not designed to detect occupational exposure to carcin-
ogens or the high risks associated with specific occupational
situations.>’ But, with regard to several established risk fac-
tors, low physical activity still remained a risk for several
cancers.' >4 Although our findings do not elucidate a spe-
cific relationship between OPA and cancer, the associations
identified in this study may be implied.

Because ICOD-R is not a relevant population-based data-
base, the hospital-based case-controls we used may have had
a selection bias. In addition, one-third of the missing informa-
tion within an occupation may amplify any selection bias even
though all available factors were included as covariates in sta-
tistics. This problem arose because the return of occupational
data from patients was not enforced because of concerns about
the protection of patients’ privacy. This has the effect of mak-
ing any selection bias stronger and may have affected results
that were insignificant for each occupational risk in females.
An information bias existed in terms of misclassifications in
occupational categories because data recall was from disease
onset. Confirmation of this can be found in a previous study
since occupational profiles in this database are nationally rep-
resentative.'” These are issues that need to be resolved in fu-
ture in order to increase the accuracy of the dataset.

Second, a screening bias existed within the results.
Though, medical checkup systems are widespread and cov-
ered on a national basis by medical insurance in Japan, dis-
parities still exist in terms of opportunities for undergoing
a medical examination among occupations and residential
areas. Agriculture workers tend to work in self-owned busi-
nesses and live in rural areas, so that the chance of diagnos-
ing carcinoma is likely lower than for other occupations.
We could not adjust such an inequality in the chance to
undergo screening even though adjustments for areas were
undertaken.

Finally, evaluating occupational risk using the longest-
held job may have led to a biased influence. The identified
occupations used in this study were those in which individ-
uals were mainly engaged in throughout their lifetime. On
this point, this is a more accurate assessment of occupational
risk than choosing the occupation of the patient at the time
of death.'"%® However, this may not always be the most rel-
evant for deducing cancer risk. Considering the incubation
time from exposure to an OPA adds to the risk of carcino-
genicity, in any future studies using whole occupations over
a lifetime and the time lag to developing cancer must be
estimated.

More detailed studies in future will evaluate the occupa-
tional aspects of cancer causal relationships in an increas-
ingly statistical manner.

S | CONCLUSION

We have documented occupational inequalities in the risk of
developing various cancers in Japanese workers. High levels
of occupational physical activity are associated with a de-
creased risk of various cancers in men and decreased breast
cancer in women. Further research on occupational physical
activity and cancer risk in another large population may lead
to an improvement in the health of the general population.
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Abstract

Background and aims: In Western countries, sex differences in renal cell carcinoma
(RCC) histology and survival have been previously described: compared with men,
clear cell subtype is more common but overall prognosis is better among women. The
goal of the present study was to examine sex differences in RCC histology and sur-
vival in Japan, using a large-scale population-based data set.

Methods: With the use of a population-based cancer registry in Japan (2004-2016),
patients with primary RCC were followed for 5 years (median follow-up time
2.1 years). We distinguished histological subtypes of clear cell, papillary, and chromo-
phobe from “others” subtype. Sex-specific prevalence ratio (PR) for each histological
subtype was estimated by Poisson regression with robust variance, adjusted for age
and year of diagnosis. Sex-specific survival rates were estimated by Cox proportional
hazard regression, adjusted for age, year of diagnosis, histological subtypes, and other
prognostic variables, with multiple imputation.

Results: The prevalence of clear cell and “others” subtypes was similar between men
and women among all the 5265 study subjects during the 12 years of study (clear
cell, male 88.6% vs female 87.1%; “others”, male 5.3% vs female 5.3%). However,
papillary subtype was less common among women than men (male 4.6% vs female
2.8%; PR = 0.63; 95% Cl, 0.45-0.88), while chromophobe subtype was more common
among women (male 1.6% vs female 4.8%; PR = 3.18; 95% Cl, 2.26-4.47). Although
“others” subtype (but not papillary/chromophobe subtypes) independently predicted
prognosis (HR = 1.74; 95% Cl, 1.32-2.30), no sex differences were observed in RCC
survival.

Conclusion: We did not observe a statistically significant difference in the prevalence
of clear cell subtype between men and women in Japan, which differs from the pat-
tern previously described in Western countries. Sex differences in RCC histology

may not affect RCC survival in this population.

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.
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1 | INTRODUCTION

Renal cell carcinoma (RCC) ranks as the sixth most common type of
cancer in men and 10th among women, worldwide, accounting for 5%
and 3% of overall cancer incidence, respectively.® The incidence rate
for RCC in Asian countries, including Japan, is roughly one-third com-
pared with that in Western countries,® and the lower RCC incidence
in Japan may be attributable to the lower prevalence of obesity
(a prominent risk for RCC?) in that country compared with the West-
ern settings. However, the incidence has been rising in recent years in
Japan.*® Advanced imaging modalities, together with changes in life-
style and behavioral risks (such as smoking, obesity, hypertension, and
occupational stress), may underlie the increase in incidence.®™

Prognostic differences according to histological subtypes are well
described. In the United States (USA), studies using the Surveillance,
Epidemiology, and End Results (SEER) database suggest that the most
common histological subtype is the clear cell subtype (approximately
80%-90%), followed by the papillary (approximately 4%-13%) and
chromophobe (approximately 2%-5%) subtypes.®® Compared with
the clear cell subtype, patients with papillary and chromophobe sub-
types tend to have better prognosis (hazard ratio [HR] approximately
0.67-0.98), but patients with other rare histological subtypes (eg, col-
lecting duct and sarcomatoid differentiation) tend to have a poorer
prognosis (HR approximately 1.81-2.21).2 Previous single-center stud-
ies in the United States are consistent with this pattern.”1°

More recently, studies in Western settings have reported sex dif-
ferences in RCC histology and survival.'*"** The clear cell subtype is
likely more prevalent among women compared with men (88% vs
85%).1* In addition, among all incident RCC, the papillary subtype
tends to be approximately 0.5 to 0.6 times less prevalent, but the
chromophobe subtype tends to be approximately 1.6 to 2.3 times
more prevalent among women compared with men.??1® Sex differ-
ences in RCC histology, particularly in the clear cell subtype, may be
partly attributed to lifestyle and behavioral factors such as obesity,*®
which is generally more prevalent in women than men across most
countries,*® and smoking.t” However, compared with men, RCC prog-
nosis has been reported to be better among women (HR 0.92) even
though the clear cell subtype, which has a more unfavorable progno-
sis, was more prevalent among women.** Other female clinicopatho-
logical features (lower pathological grade, earlier stage of detection,
and higher prevalence of chromophobe subtype) linked to favorable
prognosis may underlie these paradoxical sex differences in RCC his-
tology and survival 81113

Reports of sex differences in RCC histology and survival
remain scarce in Asian settings. For example, in Japan, although the
Japanese Urological Association has reported descriptive statistics

of RCC histology and 5-year overall survival with multicenter data

(but not population-based data),*® sex differences in RCC histology
and survival have not been previously assessed. One study in
South Korea, with 1508 RCC patients, examined sex differences
and reported lower prevalence of clear cell subtypes among women
compared with men (female 72% vs male 84%) but a nonsignificant
sex difference in survival, which contradicts the Western pattern.'?
However, this was a relatively small, single-center study, and it was
not population based.

Accordingly, the goal of the present study was to examine sex dif-
ferences in RCC histology and survival in Japan, using a large-scale
population-based data set with over 5000 RCC patients. We sought
to examine whether sex differences exist in RCC histology and
whether there are overall survival differences by sex and by histologi-
cal subtypes in Japan. Also, we sought to determine whether a sex dif-
ference in survival, if there is one, persists even after controlling for
histological subtypes and other potential prognostic factors such as
pathological grade, tumor stage, treatment, socioeconomic status
(SES), and smoking habits.

2 | MATERIALS AND METHODS

2.1 | Data setting and study subjects

A large, population-based data set (2004-2016) of Kanagawa Cancer
Registry (KCR), a survey of over nine million people in Kanagawa pre-
fecture that covers approximately 7% of the Japanese population, was
used for analysis. Details of the study database have been previously
described elsewhere.?%2* Briefly, Kanagawa Prefecture, a metropoli-
tan prefecture located next to Tokyo, is the second largest prefecture
in Japan, and KCR is one of the largest local cancer registries in Japan.
Well-trained tumor registrars certified by the training program of the
Japanese Association of Cancer Registries, whose program is
accredited by SEER, are responsible for data collection. The data
included basic information (sex, age, date of diagnosis, and date of
death/last follow-up) and clinical information (pathology, stage, and
treatment). Uniquely, KCR collected information on occupation and
smoking behaviors, if available, during the study period (approximately
10% of the registered cases); however, these data are no longer
obtained since 2016 because of a change of data management prac-
tice. KCR automatically updates dates of death/last follow-up with
population registers and death certificates, and previous diagnosis
codes, as well as pathological codes, are updated to be consistent with
changes in coding practice. We obtained a deidentified data set under
the research agreement between the authors and KCR, and the
research ethics committee of The University of Tokyo, Tokyo
(Protocol Number 3891-4), approved the study.
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We included all 7525 RCC patients registered in the KCR (a) who
were diagnosed with RCC (Cé4 in International Classification of Dis-
eases, 10th revision) between 2004 and 2014, (b) aged 20 and above,
and (c) who had complete observation duration. We excluded those

who had missing data for pathological type.

22 |
survival

Histological subtype and 5-year overall

Using pathology codes (identified by International Classification of
Disease for Oncology, Third edition [ICD-O-3] pathology codes), we
distinguished the histological subtypes of clear cell (ICD-O-3 codes of
8310, 8312, 8316, and 8320), papillary (ICD-O-3 code of 8260), and

TABLE 1

Mean (SD) or Number (%)?

Open Access

chromophobe (ICD-O-3 codes of 8270 and 8317) from “others” sub-
type (eg, collecting duct and sarcomatoid differentiation), according to
previous SEER studies.>®?2

The 5-year overall survival was defined by the right-censored,
observation duration (person-years) from the date of initial diagnosis

to the date of death/last follow-up (median follow-up time, 2.1 years).

2.3 | Covariates

The age (1-year age category) and year of diagnosis (calendar year)
were adjusted as continuous variables across all statistical models. To
control for secular changes in clinicopathological diagnosis and treat-

ment regimens, including surgery and systemic therapies, over time,

Characteristics of renal cell carcinoma patients in Kanagawa Cancer Registry

Crude Multiple Imputation®
Characteristics All n = 5265 Men n = 3820 Women n = 1445 PP All n = 5265 Men n = 3820 Women n = 1445
Basic characteristics
Histology
Clear cell 4642 (88.2%) 3383 (88.6%) 1259 (87.1%) 15 88.2% 88.6% 87.1%
Papillary 217 (4.1%) 176 (4.6%) 41 (2.8%) .004 4.1% 4.6% 2.8%
Chromophobe 129 (2.5%) 60 (1.6%) 69 (4.8%) <.001 2.5% 1.6% 4.8%
Others 277 (5.3%) 201 (5.3%) 76 (5.3%) >.99 5.3% 5.3% 5.3%
Age,y 64 (12) 64 (12) 65 (12) <.001 64 (12) 64 (12) 65 (12)
Year of diagnosis 2009 (3) 2009 (3) 2009 (3) .23 2009 (3) 2009 (3) 2009 (3)
Other backgrounds®
Pathological grade n = 3,368 n=2424 n =944
High grade 355 (10.5%) 257 (10.6%) 98 (10.4%) .85 12.6% 12.5% 12.7%
Stage n=3791 n=2753 n = 1038
Late stage 983 (25.9%) 724 (26.3%) 259 (25.0%) 40 32.9% 33.1% 32.3%
Treatment n = 4922 n = 3562 n = 1360
Surgery 4656 (94.6%) 3368 (94.6%) 1288 (94.7%) .83 94.2% 94.1% 94.2%
SES n =359 n =316 n=43
High-SES 73 (20.3%) 62 (19.6%) 11 (25.6%) .36 27.5% 27.7% 27.1%
Smoking n = 1603 n=1162 n =441
Ever smoker 789 (49.2%) 712 (61.3%) 77 (17.5%) <.001 49.6% 61.8% 17.4%
5-y overall survival, %
Overall 72.0% 72.0% 71.9% .95 72.0% 72.0% 71.9%
Clear cell 74.2% 74.0% 74.8% .61 74.2% 74.0% 74.8%
Papillary 75.4% 76.7% 70.1% A5 75.4% 76.7% 70.1%
Chromophobe 89.0% 91.8% 86.1% 48 89.0% 91.8% 86.1%
Others 30.3% 33.3% 22.6% .06 30.3% 33.3% 22.6%

Abbreviation: SES, socioeconomic status.
?Percentage may not total 100 because of rounding and multiple imputation.
5P values are for chi-squared test or t test.

“Data were estimated with 20 imputed data sets. The number of missing data was, respectively, as follows: pathological grade (1897, 36.0%), stage (1474,
28.0%), surgery (343, 6.5%), SES (4906, 93.2%), and smoking habits (3662, 69.6%).
9The distribution of all histological subtypes combined differed between men and women (chi-squared test, P < .001).

®Missing data are included.
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we adjusted for year of diagnosis. Additionally, clinicopathological var-
iables were included in survival analyses as potential mediating vari-
ables, ie, these variables do not confound the association between sex
and RCC survival, but rather, they may help to explain the observed
differences. Our clinicopathological variables of interest included the
following®®1729-22: WHO pathological grade (grades 3 or 4 [high-
grade] vs grades 1 or 2 [low-grade]), the Union for International Can-
cer Control TNM stage (stages Il and IV [late stage] vs stages | and Il
[early stage]), and any performed surgeries including radical/partial
nephrectomy (yes/no), as well as SES (high SES [with the longest-held
occupational class of managerial or professional workers] vs low SES)
and smoking habits (never/ever).

24 | Statistical analysis
The background characteristics between men and women were com-
pared by t test or chi-squared test. The 5-year overall survival rates
were estimated with Kaplan-Meier curves and compared by log-rank
test. Except for basic characteristics (age, sex, year of diagnosis, and
survival time) and histological subtypes, records included missing data
on mediating factors: pathological grade (1897, 36.0%), stage (1474,
28.0%), surgery (343, 6.5%), SES (4906, 93.2%), and smoking habits
(3662, 69.6%). Excluding patients with missing data may lead to
biased inference; therefore, we conducted multiple imputation for
missing data among the 5265 study subjects with all variables used
for analysis, and 20 imputed data sets were generated by the Multiple
Imputation by Chained Equations method (Table 1).3>23

In our main analytic model for the sex difference in histology
(model 1), prevalence ratio (PR) and 95% confidence interval
(CI) for each histological subtype were estimated by Poisson regres-
sion with robust variance, adjusted for age and year of diagnosis.?®
Male patients served as the reference group for all analyses. In a
Poisson regression with multiple imputation, we further controlled
for pathological grade and stage (model 2) and SES and smoking
habits (model 3) as potential mediating variables. In prior analyses,
according to the methodology used in previous studies (multinomial

39 we estimated multinomial odds ratios

logistic regression model),
(in other word, relative risk ratios) for each type of RCC against
clear cell subtypes among women compared with men. The magni-
tude and direction of odds ratios for each histological subtype
were almost the same to the PRs for each histological subtype.
However, we chose PRs for the final analytic method because the
“prevalence” of each type of RCC among all primary RCC would be
more intuitively rational compared with “odds” of each type of
RCC against a specific RCC (ie, clear cell).

For sex differences in the RCC survival, HRs and 95% Cls for
overall death were estimated by Cox proportional hazard model,
adjusted for age and year of diagnosis (model 1). Male patients served
as the reference group for all analyses. In a Cox regression with multi-
ple imputation, we further controlled for histological subtypes (model
2) and pathological grade and stage (model 3) as potential mediating

variables. Finally, in the maximally adjusted model, we controlled for

all potential covariates (histological subtypes, pathological grade,
stage, surgery, SES, and smoking habits, model 4).

In sensitivity analyses, because of the potential background dif-
ferences between those who completed histological subtypes and
those who did not complete histological subtypes, we performed
regression analyses among all 7525 RCC patients (including 2260
patients who did not have complete histological information) with
multiple imputation. Additionally, complete case analyses were per-
formed. In the complete case analysis, SES was excluded from
covariates because of the small sample size for the complete data.
Alpha was set at .05, and all P values were two sided. Data were ana-
lyzed using STATA/MP13.1 (StataCorp LP, College Station, Texas).

3 | RESULTS

From all 7525 RCC patients registered in the KCR who were aged
20 years and above (mean age [SD], 66 [13] y), we excluded those
with missing data on pathological type (2260 patients, 30.0%), leaving
a retrospective cohort comprising 5265 RCC patients (male 3820
[72.6%], female 1445 [27.4%]) for analysis. The percentage of missing
data for pathology differed between men and women (male 28.8%,
female 33.0%, P < 0.001, chi-squared test). Among all 7525 RCC
patients, the percentages of microscopic verification and Death Cer-
tificate Only were 70.0% and 11.9%, respectively.

For histological subtypes, the distribution differed between men
and women (Table 1). The prevalence of clear cell and “others” sub-
type was similar between men and women (clear cell, male 88.6%,
female 87.1%; “others,” male 5.3%, female 5.3%). However, the papil-
lary subtype was less prevalent among women compared with men
(male 4.6%, female 2.8%, P = .004, chi-squared test), while chromo-
phobe subtype was more prevalent among women compared with
men (male 1.6%, female 4.8%, P < 0.001, chi-squared test; Table 1).
Except for histological subtypes, age, and smoking habits, background
characteristics and 5-year overall survivals did not show a statistically
significant difference between men and women (Table 1).

In Poisson regression with robust variance, although the maxi-
mally adjusted PR of clear cell subtype showed a marginally lower
prevalence in women (PR = 0.97, 95% Cl, 0.96-0.996, model 3), the
PRs of clear cell subtype in model 1 and model 2 did not significantly
differ between men and women (Table 2). Papillary subtype was less
prevalent in women compared with men (model 1, Table 2): PR = 0.63
(95% ClI, 0.45-0.88). By contrast, chromophobe subtype was more
prevalent in women (PR = 3.18; 95% Cl, 2.26-4.47). Even in the maxi-
mally adjusted model, papillary subtypes remained less prevalent, but
chromophobe subtypes remained more prevalent in women compared
with men (model 3, Table 2). The PR of the “others” subtype did not
differ between men and women (Table 2).

In survival analyses, although the 5-year overall survival rate was
72% in this population, patients with the “others” subtype had a poor
prognosis (30.3%, Table 1). However, no statistically significant differ-
ences were observed between men and women, even after stratifying

by histological subtypes (Table 1). In the Cox regression analysis,



ZAITSU ET AL.

Health Science Reports

_WILEY_l_5°®

Open Access

TABLE 2 Prevalence ratios for each histological subtype estimated by Poisson regression with robust variance

Characteristics

Clear cell

Women

Age, continuous

Year of diagnosis, continuous
High grade

Late stage

High SES

Ever smoker

Papillary

Women

Age, continuous

Year of diagnosis, continuous
High grade

Late stage

High SES

Ever smoker

Chromophobe

Women

Age, continuous

Year of diagnosis, continuous
High grade

Late stage

High SES

Ever smoker

Others

Women

Age, continuous

Year of diagnosis, continuous

Prevalence Ratio (95% Confidence Interval), n = 5265

Model 1

0.98 (0.96, 1.01)
1.00 (1.00, 1.00)
0.99 (0.99, 0.99)

0.63 (0.45, 0.88)
1.00 (0.99, 1.01)
1.18 (1.12, 1.23)

3.18(2.26,4.47)
0.98(0.97, 1.00)
1.18(1.11,1.27)

0.97 (0.75, 1.26)
1.02 (1.00, 1.03)
0.99 (0.95, 1.03)

P

15
.63
<.001

.007
.90
<.001

<.001
.009
<.001

.84
.01
.59

High grade
Late stage
High SES

Ever smoker

Abbreviation: SES, socioeconomic status.
?Data were estimated with 20 imputed data sets.

although the chromophobe subtype predicted a better prognosis and
the “others” subtype predicted a poor prognosis, only the “others”
subtype predicted prognosis in the maximally adjusted model
(HR 1.74; 95% CI 1.32-2.30, model 4, Table 3). However, we did not
observe a statistically significant difference in the 5-year overall sur-
vival between men and women in model 1 through model 4 (Table 3).

In sensitivity analyses, the observed patterns were almost identi-
cal to the main results (Table 4). The multinomial odds ratios of
women for the papillary, chromophobe, and “others” subtypes were,
respectively, 0.64 (95% Cl, 0.45-0.91), 3.25 (95% Cl, 2.28-4.64), and
0.99 (95% Cl, 0.75-1.30).

Model 2° P Model 3° P
0.98 (0.96, 1.01) .13 0.97 (0.94, 1.00) .03
1.00 (1.00, 1.00) .78 1.00 (1.00, 1.00) .92
0.99 (0.99, 0.99) <.001 0.99 (0.99, 0.99) <.001
0.74 (0.69, 0.80) <.001 0.74 (0.69, 0.80) <.001
0.98 (0.94, 1.02) .35 0.98 (0.95, 1.02) 42
1.00 (0.94, 1.07) .98
0.97 (0.93, 1.01) 11
0.62 (0.44, 0.87) .006 0.67 (0.46, 0.98) .04
1.00(0.99, 1.01) 97 1.00 (0.99, 1.01) .98
1.16(1.10, 1.22) <.001 1.16 (1.10, 1.22) <.001
2.04(1.38, 3.03) <.001 2.03 (1.36, 3.02) <.001
0.65 (0.45, 0.95) .03 0.64 (0.44, 0.94) .02
0.98 (0.63, 1.52) 91
1.19(0.83,1.72) .34
3.14 (2.23,4.42) <.001 3.30(2.23,4.87) <.001
0.98 (0.97, 1.00) .02 0.98 (0.97, 1.00) .03
1.16 (1.08, 1.25) <.001 1.16 (1.07, 1.24) <.001
1.35(0.71, 2.55) .36 1.36 (0.73, 2.55) .34
0.39 (0.21, 0.74) .004 0.39 (0.21,0.72) .003
1.03 (0.48,2.23) .93
1.11(0.69, 1.81) .66
0.99 (0.78, 1.27) .96 1.18 (0.83, 1.67) .35
1.01(1.00, 1.02) .20 1.01 (1.00, 1.02) 16
1.00 (0.96, 1.04) .96 1.00 (0.95, 1.04) 94
6.21 (4.04, 9.53) <.001 6.21 (4.06, 9.50) <.001
2.55(1.38,4.73) .004 247 (1.35,4.51) .004
0.95(0.43, 2.13) .90
1.47 (0.86, 2.51) .15

4 | DISCUSSION

As far as we are aware, this is the first analysis of sex differences in
histology and survival in RCC patients in Japan. Compared with men,
although women did not have a significantly different prevalence for
clear cell and “others” subtypes, women had different prevalence for
papillary and chromophobe subtypes (0.6 times lower prevalence for
papillary subtype and 3.2 times higher prevalence for chromophobe
subtype). Even after controlling for potential mediating factors, the
sex difference for these histological subtypes persisted. However, the

survival was similar between men and women, even after accounting
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TABLE 3 Hazard ratios for 5-year overall survival estimated by Cox proportional hazard model
Hazard Ratio (95% Confidence Interval), n = 5265
Characteristics Model 1 P Model 2 P Model 3! P Model 4* P
Women 0.95(0.82, 1.08) 42 0.99 (0.86, 1.13) .88 0.98 (0.84, 1.15) .84 1.13(0.94, 1.37) .20
Age 1.04 (1.03, 1.04) <.001 1.03(1.03, 1.04) <.001 1.03 (1.02, 1.04) <.001 1.03 (1.02, 1.03) <.001
Year of diagnosis 1.07 (1.04, 1.10) <.001 1.08 (1.05, 1.10) <.001 1.11(1.07, 1.16) <.001 1.13(1.08, 1.17) <.001
Histological subtypes
Clear cell 1.00 1.00 1.00
Papillary 0.84 (0.59, 1.19) .32 0.84 (0.59, 1.20) .34 0.89 (0.62, 1.28) .53
Chromophobe 0.38(0.19, 0.76) .006 0.47(0.23, 0.98) .04 0.51(0.25, 1.06) .07
Others 4.69 (3.97, 5.53) <.001 2.15(1.64, 2.83) <.001 1.74 (1.32, 2.30) <.001
High grade 2.52(2.03, 3.13) <.001 2.43(1.95, 3.03) <.001
Late stage 4.30 (3.33, 5.54) <.001 3.62(2.77,4.74) <.001
Any surgery 0.27(0.21, 0.35) <.001
High SES 1.16 (0.74, 1.83) 51

Ever smoker

Abbreviation: SES, socioeconomic status.
1Data were estimated with 20 imputed data sets.
for survival differences by histological subtypes (eg, RCC patients with
“others” subtype had 1.7 times poorer survival), as well as other
potential prognostic factors.

Differences in female lifestyle and behavioral risks (obesity and
smoking) between Western countries and Japan may underlie our
observed sex difference in RCC histology of the clear cell

1517 \which differs from the pattern seen in Western coun-

subtype,
tries.21322 Although the prevalence of the clear cell subtype varies
across populations and regions, studies in the United States and
Europe consistently suggest a higher prevalence of the clear cell sub-

type among women, by approximately 2% to 7%.8111%22 However,

TABLE 4
Cox proportional hazard model

1.26 (0.94, 1.70) 12

the prevalence of the clear cell subtype was not higher among women
compared with men in our study population in Japan, which partly
coincides with the result from South Korea.'? Studies imply potential
pathways of group-based differences in the risk for the clear cell sub-
type via obesity, smoking, hypertension, and end-stage renal disease
in combination with genetic factors (APOL1 gene).11213151724 gjpce
obesity and smoking habits are far less common among Asian women
compared with their counterparts in Western countries,'®2° the flat
“gradient” of sex difference in the clear cell subtype seems plausible
as an explanation for the discrepancy between the results obtained
from Western and Asian countries.

Sensitivity analyses for sex differences in renal cell carcinoma histology and survival by Poisson regression with robust variance and

Prevalence Ratio (95% Confidence Interval) All Patients (n = 7525)? P Complete Case (n = 790)° P
Clear cell

Women 0.97 (0.94, 1.01) 12 0.97 (0.92, 1.02) .29
Papillary

Women 0.67 (0.46, 0.99) .04 0.74 (0.31, 1.74) 48
Chromophobe

Women 3.12(2.01, 4.87) <.001 3.46(1.49, 8.00) .004
Others

Women 1.07 (0.84, 1.37) .57 1.19 (0.33, 4.35) 79
Hazard ratio (95% confidence interval) All patients (n = 7525)° P Complete case (n = 787)¢ P
Women 1.11 (0.99, 1.24) .08 1.30(0.74, 2.25) .36

2Data were estimated with 20 imputed data sets. The numbers of missing data were, respectively, as follows: histological subtypes (2260, 30%),
pathological grade (4156, 55%), stage (3296, 44%), surgery (1481, 20%), socioeconomic status (7113, 94%), and smoking habits (5569, 74%). Adjusted for
age, year of diagnosis, pathological grade, stage, socioeconomic status, and smoking habits.

bAdjusted for age, year of diagnosis, pathological grade, stage, and smoking habits.

“Data were estimated with 20 imputed data sets. Adjusted for age, year of diagnosis, histological subtype, pathological grade, stage, treatment,

socioeconomic status, and smoking habits.

dAdjusted for age, year of diagnosis, histological subtype, pathological grade, stage, treatment, and smoking habits.
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The sex difference in the other RCC histological subtypes may
be consistent with the data from Western countries. In the West-
ern settings, previous studies suggested that the papillary subtype
was less prevalent (OR approximately 0.5 to 0.6) but that the chro-
mophobe subtype was more prevalent (OR 2.3) among women
compared with men.?*® In our population-based study in Japan,
we confirmed this pattern with similar magnitudes and directions
(PRs for papillary and chromophobe subtypes were, respectively,
0.63 and 3.18). Some biological mechanisms, eg, androgen receptor

expression,26

may play a role. Yet, this sex difference is not well-
characterized via biological pathways. In addition, the prevalence of
the papillary (4.1%) and chromophobe (2.5%) subtypes in the total
analyzed population, which parallels the statistics of the Japanese
Urological Association,'® is likely at the lower end of published
estimates compared with data from previous studies 8121319
suggesting regional disparity in RCC histology.

Regarding sex disparities in RCC survival, women have been pre-
viously reported to have better prognosis compared with men,*%41?
which we did not observe in the present study. In the Western set-
tings, better prognostic factors, including smaller tumor size, low path-
ological grade, and early stage, are likely more prevalent among
women compared with men.151%27 However, in this non-Western
setting, we did not observe a sex difference in grade/stage. Similarly,
a sex difference for grade/stage/tumor size was not found in South
Korea.! The similar distributions of better prognostic factors
between men and women might partly underlie the observed absence
of sex disparity in RCC survival in our study, as opposed to studies in
the Western setting.*!

Several limitations in this study should be noted. First, although
our data set was population-based, it only represents approximately
7% of the Japanese population in one geographic region, and our
obtained pathology diagnoses were not based on a central pathol-
ogy review. In addition, other relevant outcomes (eg, relative sur-
vival)28 were not evaluated, and complete data were limited for
histology and other prognostic variables (including stage) because
of missing data, thereby limiting internal and external generalizabil-
ity. However, our sensitivity analyses with multiple imputation and
complete data yielded almost identical results. Second, although we
assessed SES and smoking habits, we could not assess other poten-
tial predicting factors such as metabolic disorders (eg, obesity,
hypertension, and diabetes), tumor size, or performance status, as
seen in previous studies.t*1%111 However, hypertension and dia-
betes did not affect prognosis in a previous study in South
Korea.r? Third, because of the limitation of the data, we were not
able to classify histological subtypes further (such as type 1 and
type 2 papillary RCC).28 Since patients with type 2 papillary RCC
tend to have poorer prognosis,?® future studies focusing on sex dif-
ferences in papillary RCC subtypes are needed.

Despite these limitations, the strengths of our study included the
size, as this is one of the most extensive studies conducted for evalu-
ating sex differences in RCC histology in the non-Western setting.
Our distribution of the clear cell subtype (88.2%) estimated with

6,7,11,21

population-based data was similar to the SEER data, suggesting

Open Access

our reduced bias compared with nonpopulation-based studies.*®*’ In

addition, while previous population-based studies did not include SES
or smoking habits,* we were able to take account of these character-
istics in our study.

Lastly, RCC patients with the “others” subtype tend to have a
poorer prognosis compared with those with the clear cell subtype,3°
and we confirmed this disparity in Japan. In contrast to good progno-
ses in clear cell, papillary, and chromophobe subtypes (even though
survivals tend to differ slightly among the three subtypes),” prognosis
of the “others” subtype remains poor, with aggressive pathological
features (eg, approximately 50% of RCC patients having the “others”
subtype tend to present with metastasis).? Hence, further studies
exploring effects of standard and novel agents for this high-risk popu-
lation are warranted.?’

In conclusion, sex differences in RCC histology (papillary and
chromophobe subtypes but not clear cell and other subtypes) appear
to exist in Japan, which differs from the pattern previously described
in Western countries. Sex differences in RCC histology may not affect
RCC survival in this population. Further understanding of RCC etiol-
ogy from an integrated perspective of social and clinicopathological
epidemiology may elucidate the determinants of sex differences in

RCC histology and prognosis.
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Light to Moderate Amount of Lifetime Alcohol Consumption
and Risk of Cancer in Japan

Masayoshi Zaitsu, MD, PhD "/ 2. Takumi Takeuchi, MD, PhD?; Yasuki Kobayashi, MD, PhD"; and Ichiro Kawachi, MD, PhD?

BACKGROUND: Even light to moderate alcohol consumption has been shown to increase cancer incidence. However, this association
has not been well characterized in Japan. METHODS: Based on a nationwide, hospital-based data set (2005-2016), a multicenter case-
control study was conducted (63,232 cancer cases and 63,232 controls matched for sex, age, admission date, and admitting hospital).
The total amount of lifetime alcohol consumption (drink-years) was recalled for each patient by multiplication of the daily amount of
standardized alcohol use (drinks per day) and the duration of drinking (years). Odds ratios (ORs) were estimated for overall and specific
cancer sites via conditional logistic regression with restricted cubic splines, with adjustments made for smoking, occupational class, and
comorbidities. Lifetime abstainers served as the reference group. RESULTS: Spline curves showed a dose-response association with
overall cancer risk: the minimum risk was at O drink-years, and the OR at 10 drink-years was 1.05 (95% confidence interval [Cl], 1.04-1.06).
In comparison with lifetime abstainers, the OR for >0 to 20 drink-years was 1.06 (95% ClI, 1.01-1.11). Those who drank 2 drinks or fewer
per day had elevated odds for overall cancer risk across all duration-of-drinking categories. The same patterns were observed at light
to moderate levels of drinking for most gastrointestinal/aerodigestive cancers as well as breast and prostate cancers. Analyses strati-
fied by sex, different drinking/smoking behaviors, and occupational class mostly showed the same patterns for overall cancer incidence
associated with light to moderate levels of drinking. CONCLUSIONS: In Japan, even light to moderate alcohol consumption appears
to be associated with elevated cancer risks. Cancer 2020;126:1031-1040. © 2079 The Authors. Cancer published by Wiley Periodicals,
Inc. on behalf of American Cancer Society. This is an open access article under the terms of the Creative Commons Attribution-
NonCommercial License, which permits use, distribution and reproduction in any medium, provided the original work is properly cited
and is not used for commercial purposes.

KEYWORDS: alcohol, cancer incidence, Japan, lifetime, risk, smoking.

INTRODUCTION

Drinking alcohol is a contributor to the overall cancer burden. In Western settings, alcohol-related cancer risk has been
characterized as a J-shape pattern in some instances (colorectal and kidney cancers), and this suggests potential protective
effects of alcohol.' However, in 2018, the American Society of Clinical Oncology stated that more than 5% of new
cancer cases were attributable to alcohol consumption.* Upper aerodigestive tract (oral, laryngeal, and esophageal), col-
orectal, and liver cancers represented 60%, 21%, and 13% of alcohol-related cancer cases in men, respectively, whereas
breast, upper acrodigestive tract, liver, and colorectal cancers represented 52%, 25%, 12%, and 6% of alcohol-related
cancer cases in women, respectively.” On the whole, upper aerodigestive cancers represent approximately 50% of the total
cases, and they are followed by colorectal (16%), breast (16%), and liver cancers (13%).

Recent studies have raised concerns about the risk of even light to moderate levels of alcohol consumption
for cancer incidence.® In Japan as well as East Asian countries, previous studies regarding alcohol-related cancer
risk are widely available for various cancer sites.”'* For example, in the Japan Public Health Center (JPHC)-based
prospective study, the potential risk of light to moderate levels of alcohol consumption was implied to some extent
with the use of trend analysis.g‘10 However, few studies have specifically focused on the cancer risk associated with
light to moderate levels of alcohol consumption for overall cancer and specific cancer sites in Japan. Light to mod-
erate levels of alcohol consumption may affect cancer risk through multiple pathways. For example, alcohol use in-
creases circulating sex hormone levels, and this contributes to excess breast cancer risk.'? In addition, acetaldehyde, a
metabolite of ethanol classified as a group 1 carcinogen by the International Agency for Research on Cancer, stimulates
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cell proliferation and induces DNA damage.'*'*'* The
Japanese have a higher prevalence of polymorphisms in
the aldehyde dehydrogenase 2 (ALDH2) enzyme, which
makes them slower at metabolizing acetaldehyde.9’14
Previous studies have indeed suggested an elevated cancer
risk from alcohol consumption in the urinary tract and
prostate in Japan, which has not been found in Western
countries.”'”">"” We have hypothesized that there may
be an elevated cancer risk at even light to moderate levels
of alcohol consumption in Japan due to a higher preva-
lence of ALDH2 polymorphisms in the Japanese.

Previous studies have elucidated the association
between lifetime drinking behaviors and cancer risk by
drinking frequency (eg, standard drinks per day)>'**
and have used the weighted, averaged frequency of
drinks over time. This frequency measurement would
be relevant for capturing precise drinking behavior.
Meanwhile, a less accurate but simple measurement
of the lifetime carcinogen burden from drinking—the
total amount of lifetime alcohol consumption (called
drink-years hereafter) estimated by multiplication of
the average daily amount of standardized alcohol units
(drinks per day) and the duration of drinking (years)—
has also been used in clinical settings, particularly for
upper acrodigestive cancers.’’** Yet, the cancer risk
associated with light to moderate drink-year levels has
not been well characterized in Japan.

Accordingly, the goal of the current study was to inves-
tigate the cancer risk associated with light to moderate levels
for the total amount of lifetime alcohol consumption. Using
a nationwide, multicenter inpatient data set in Japan that
contained clinical, behavioral (smoking and drinking), and

16,17,25-28 .
72528 e sought to examine

occupational information,
whether light to moderate drink-year levels were associated
with an elevated cancer risk after adjustments for smoking
and occupational class disparities. In addition, we sought
to determine whether the observed association persisted 1)
even after we had fully controlled for alcohol-related life-
style comorbidities (eg, hypertension, diabetes, and obe-
sity); 2) within sex strata and with different drinking habits,
drinking durations, and occupational classes; and 3) when

. . 17,27,2
the analysis was restricted to never smokers.'”*"*

MATERIALS AND METHODS

Study Setting

A nationwide, multicentered, hospital-based, matched
case-control study was conducted with the Inpatient

Clinico-Occupational Database of Rosai Hospital
Group (ICOD-R), which is administered by the Japan

1032

Organization of Occupational Health and Safety. Details
of the ICOD-R have been described elsewhere.'®!”2528
Briefly, the Rosai Hospital Group consists of 33 gen-
eral hospitals throughout Japan. The ICOD-R includes
medical chart information confirmed by physicians
(eg, basic sociodemographic characteristics, pathological
information, clinical history, and diagnosis of current and
past diseases), the occupational history (current job and 3
most recent jobs with their duration), and the smoking and
alcohol habits (status, daily amount, and duration) of every
inpatient. Since 2005, it has also collected self-reported
lifestyle-related comorbidities diagnosed at annual health
check-ups (eg, hypertension, diabetes, and obesity)."”*’
The clinical diagnosis is coded according to International
Classification of Diseases, Ninth Revision (ICD-9), or
International Classification of Diseases, Tenth Revision (ICD-
10), and the profiles of the patients are nationally repre-
sentative. The ICOD-R is unique to the Rosai Hospital
Group and so differs from medical claims data, which may
have less diagnostic accuracy. Written informed consent is
obtained, and trained registrars and nurses are responsible
for registering the data. The database currently contains de-
tails from more than 6 million inpatients. We obtained a
deidentified data set under the research agreement, and the
local research ethics committees approved the study.

Cases and Controls
The study subjects included 126,464 individuals
(63,232 cancer cases and their 63,232 hospital con-
trols) aged 20 years or older who had been admitted to
the hospital between 2005 and 2016. The cancer cases
included those patients whose main diagnosis was an
initial cancer (/CD-9, 140-208; ICD-10, C00-C97), as
confirmed by physicians on discharge. Each cancer case
had a diagnosis with a specific cancer site (Table 1).
We defined cancer incidence as the first-time admission
among patients who did not have a previous history of
cancer, and the validation for the diagnosis has been
described elsewhere.'®17:25-28

According to the methodology used in previous stud-
ies, our controls included patients diagnosed with eye and
ear disease (360-389 [/CD-9] and H00-H95 [/CD-10];
45.4%), genitourinary system disease (580-629 [/CD-9]
and NO0-N99 [/CD-10]; 38.3%), infectious and par-
asitic diseases (1-136 [/CD-9] and A00-B99 [/CD-10];
10.6%), or skin diseases (680-709 [/CD-9] and L00-L99
[ICD-10); 5.7%)."%172528 To select cases and controls
from the same source population, we randomly sampled
1 control for each cancer case who was matched by the
basic background characteristics of sex (male or female),
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TABLE 1. Odds Ratios Estimated With the Continuous Total Amount of Lifetime Alcohol Consumption With

Restricted Cubic Spline Methods

Odds Ratio (95% ClI) at 10 Drink-y

Point

Primary Site ICD-10 No. of Cases (%) Age, Mean (SD),y Women, % Model 12 Model 2°

All sites C00-C97 63,232 (100)° 69 (10) 34.7 1.05 (1.04-1.06) 1.05 (1.04-1.06)

Specific sites
Lip, oral cavity, and pharynx C00-C14 1045 (1.7) 67 (11) 25.6 1.10 (1.01-1.19) 1.09 (1.00-1.17)
Esophagus c15 1408 (2.2) 69 (9) 13.1 1.45 (1.34-1.58) 1.44 (1.33-1.57)
Stomach c16 9355 (14.8) 70 (10) 26.2 1.06 (1.03-1.09) 1.06 (1.04-1.09)
Colon and rectum C18-C20 9637 (15.2) 69 (10) 38.3 1.08 (1.05-1.11) 1.08 (1.05-1.11)
Liver c22 3604 (5.7) 70 (9) 27.8 1.03 (0.99-1.07) 1.03 (0.99-1.08)
Gallbladder and bile duct C23,C24 1350 (2.1) 73 9) 42.7 1.04 (0.97-1.11) 1.04 (0.97-1.11)
Pancreas C25 1496 (2.4) 71(9) 42.7 1.02 (0.95-1.09) 1.03 (0.96-1.10)
Larynx c32 549 (0.9) 69 (9) 5.1 1.22 (1.08-1.37) 1.23 (1.09-1.38)
Lung C33, C34 5972 (9.4) 71(9) 27.1 0.97 (0.94-1.00) 0.97 (0.93-1.01)
Bone and soft tissue C40, C41, C46-C49 221 (0.3) 66 (13) 46.6 1.05 (0.88-1.27) 1.10 (0.90-1.33)
Skin C43, C44 1035 (1.6) 73 (11) 47.2 0.92 (0.86-0.99) 0.92 (0.85-0.99)
Breast C50 4452 (7.0) 63 (13) 99.1 1.08 (1.03-1.13) 1.08 (1.03-1.13)
Cervix uteri c53 646 (1.0) 54 (15) 100 1.12 (1.00-1.27) 1.13 (1.00-1.27)
Corpus uteri C54 825 (1.3) 60 (12) 100 0.99 (0.88-1.11) 1.00 (0.89-1.12)
Ovary C56 522 (0.8) 59 (13) 100 0.98 (0.85-1.12) 0.98 (0.85-1.12)
Prostate C61 8371 (13.2) 71(7) 0 1.07 (1.05-1.10) 1.07 (1.04-1.09)
Kidney c64 1178 (1.9) 66 (10) 28.4 1.00 (0.94-1.07) 1.00 (0.93-1.07)
Renal pelvis and ureter C65, C66 666 (1.1) 72 (9) 30.9 1.06 (0.96-1.17) 1.05 (0.95-1.16)
Bladder c67 3292 (5.2) 71 (10) 18.2 1.04 (1.00-1.08) 1.04 (1.00-1.08)
Brain and nerve system C70-C72 383 (0.6) 64 (14) 37.6 0.93 (0.80-1.07) 0.93 (0.80-1.09)
Thyroid c73 656 (1.0) 62 (13) 74.8 0.92 (0.82-1.03) 0.92 (0.81-1.03)
Malignant lymphoma C81-C85, C96 2177 (3.4) 69 (12) 43.0 1.02 (0.96-1.08) 1.02 (0.97-1.08)
Multiple myeloma €88, C90 469 (0.7) 71 (10) 48.6 0.89 (0.79-1.01) 0.88 (0.78-1.00)
Leukemia C91-C95 616 (1.0) 69 (12) 39.4 1.01 (0.91-1.11) 1.01 (0.91-1.11)

Abbreviations: Cl, confidence interval; ICD-10, International Classification of Diseases, Tenth Revision; SD, standard deviation.
20dds ratios and 95% Cls at the 10 drink-year point were estimated with conditional logistic regression, which was matched for sex, age, admission date, and
hospital and adjusted for smoking history and occupational class. A continuous drink-year variable and restricted cubic spline methods were used.

bAdditionally adjusted for lifestyle-related comorbidities (hypertension, hyperlipidemia, diabetes, hyperuricemia, and obesity).
°The total number of 63,232 includes the cases from other sites, which are not shown in the specific sites.

age (in the same 1-year age category), admission date (in
the same financial year), and admitting hospital (in the
same admitting hospital). Controls were those who were
admitted to the hospital for the first time, and those who
were later hospitalized for cancer were not eligible to be
cases. The matched basic backgrounds were balanced
entirely between the cases and controls: the percentage of
female patients was 34.7% (21,910 of 63,232), and the
mean age was 69 years (standard deviation, 10 years) for
both the cases and the controls (Table 2).

Total Amount of Lifetime Alcohol

Consumption and Other Covariates

According to the methodology used in previous stud-
ies that measured the total amount of lifetime alcohol

. 2124
consumption,

we generated a continuous drink-year
variable for each patient by multiplying the average of
the daily amount of standardized alcohol units (drinks
per day) and the duration of drinking (years). All study
subjects reported their average daily amount of standard-
ized alcohol units and duration of drinking on admission

to the hospital (or during their hospital stay due to their

Cancer  March1,2020

acute symptoms). One standardized drink containing 23 g
of ethanol was equivalent to one 180-mL cup (6 ounces)
of Japanese sake, one 500-mL bottle (17 ounces) of beer,
one 180-mL glass (6 ounces) of wine, or one 60-mL cup (2
ounces) of whiskey.'®!*>?® The duration of drinking ac-
counted for the years from the age of starting drinking up to
the age of quitting drinking or the age on admission if they
had not quit drinking. In addition, we categorized patients
into 6 categories by their drink-year levels (0 [lifetime ab-
stainer], >0-20, >20-40, >40-60, >60-90, and >90 drink-
years). Lifetime abstainers of drinking were defined as those
who responded that they had never consumed alcohol.

In addition to basic background characteristics (sex,
age, admission date, and admitting hospital), confound-
ing variables included smoking history (never, former, or
current) and high occupational class status (defined by
the longest held jobs in managerial/professional occupa-
tions).”*® Other possible mediating variables included
lifestyle-related comorbidities (hypertension, hyperlip-
idemia, diabetes, hyperuricemia, and obesity) that are
potentially linked to alcohol consumption and might
explain alcohol-related cancer risk.'”*"*
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TABLE 2. Baseline Characteristics of Overall Cancer
Cases and Their Matched Controls

Control Case
(h = 63,232 (n = 63,232)

Women, No. (%) 21,910 (34.7) 21,910 (34.7)
Age, mean (SD), y 69 (10) 69 (10)

Characteristic

Year, mean (SD) 2010 (3) 2010 (3)
Drinking history, No. (%)°
Never 27,833 (44.0) 25,353 (40.1)
Former 7144 (11.3) 8220 (13.0)
Current 28,255 (44.7) 29,659 (46.9)
Average drinks/d, mean (SD)® 0.8 (1.0 0.9 (1.1)
Duration of drinking (continuous), 23.5 (28.0) 25.1 (22.8)
mean (SD), y°
Duration of drinking (categorical), No. (%)b
Never 27,833 (44.0) 25,353 (40.1)
>0-19y 2331 (3.7) 2408 (3.8)
20-39y 10,077 (15.9) 10,905 (17.2)
>40y 22,991 (36.4) 24,566 (38.9)
Total amount of lifetime drinking 33.7 (44.9) 38.1 (47.4)
(continuous), mean (SD), drink—yb
Total amount of lifetime drinking (categorical), No. (%)°
Never 27,833 (44.0) 25,353 (40.1)
>0-20 drink-y 4234 (6.7) 4143 (6.6)
>20-40 drink-y 7972 (12.6) 7966 (12.6)
>40-60 drink-y 10,847 (17.2) 11,240 (17.8)
>60-90 drink-y 5667 (9.0) 6368 (10.1)
>90 drink-y 6679 (10.6) 8162 (12.9)
Smoking history, No. (%)°
Never 27,849 (44.0) 24,247 (38.3)
Former 21,641 (34.2) 22,558 (35.7)
Current 13,742 (21.7) 16, 427 (26.0)
Smoking, log(pack-y), mean (SD)° 1.8(1.8) 1(1.8)
High occupational class, No. (%)° 9167 (14.5) 8715 (13.8)
Hypertension, No. (%) 23,105 (36.5) 23,286 (36.8)
Hyperlipidemia, No. (%)° 7695 (12.2) 7388 (11.7)
Diabetes, No. (%)° 10,324 (16.3) 9573 (15.1)
Hyperuricemia, No. (%)° 2131 (3.4) 1942 (3.1)
Obesity, No. (%) 7601 (12.0) 7596 (12.0)

Abbreviation: SD, standard deviation.
2Controls were matched for sex, age, admission date, and admitting hospital.
5P < .05 for t test or chi-square test.

Statistical Analysis

The odds ratios (ORs) and 95% confidence intervals (Cls)
for overall cancer incidence were estimated against con-
tinuous drink-year levels by conditional logistic regression
matched for sex, age, admission date, and admitting hos-
pital with a restricted cubic spline method knotted at 0,
23, and 96 drink-years (corresponding to the 10th, 50th,
and 90th percentile points, respectively) on the basis of
the distribution of our data.’®*' Lifetime abstainers with
0 drink-years served as the referent group for all analyses. To
control for potential confounding and mediating variables,
we mutually adjusted for smoking history and occupational
class (model 1), and we made additional adjustments for
comorbidities (model 2). The OR and 95% CI for each
drink-year category (>0-20, >20-40, >40-60, >60-90,
and >90 drink-years) were also estimated. For specific can-
cer incidence, we restricted analyses to each cancer site and
performed the same analytic procedure.
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In sensitivity analyses, we estimated ORs and 95%
ClIs for men and women, current and former drinkers,
and those who drank for <20, 20 to 39, and >40 years. In
addition, we stratified analyses by occupational class (high
vs low) because of occupational class inequalities in can-
cer risk.”>*’ Furthermore, we restricted analyses to never
smokers because of potential synergy effects of smoking
and drinking,'””* Lifetime abstainers with 0 drink-years
served as the referent group for all analyses. In addition,
we used alternative control groups (all available hospital
controls diagnosed with benign diseases) as well as alterna-
tive drinking categories, which included 7 joint categories
for the daily amount and duration of drinking (0 drinks
per day [lifetime abstainer], <2 drinks per day and
<20 years, <2 drinks per day and 20-39 years, <2 drinks
per day and >40 years, >2 drinks per day and <20 years,
>2 drinks per day and 20-39 years, and >2 drinks per day
for >40 years). In these sensitivity analyses, we analyzed
only overall cancer risk because of the limitation of our
sample size. o was set at .05, and all P values were 2-sided.
Data were analyzed with STATA/MP13.1 (StataCorp LP,
College Station, Texas).

RESULTS
Overall, the cases tended to drink more than the con-
trols (Table 2): the prevalence of ever drinkers among the
cases and controls was 59.9% and 56.0%, respectively
(P < .001), and the mean drink-years for the cases and
controls were 38.1 and 33.7, respectively (P < .001).
In comparison with the controls, smoking behavior was
more prevalent, and a high occupational class was less
prevalent among the cases (Table 2). Except for nonsig-
nificant associations in hypertension and obesity, comor-
bidities were slightly less prevalent in the cases versus the
controls. As a result, compared with lifetime abstainers,
ever drinkers showed increased odds for aerodigestive
and gastrointestinal cancers (oral, laryngeal, esophageal,
stomach, colorectal, and liver cancers) as well as breast
and prostate cancers; this was most pronounced for
esophageal cancer (Fig. 1).

For overall cancer risk, cubic spline curves showed
a dose-response, slightly convex shape (but almost a lin-
ear shape up to 20 drink-years) against light to moderate
drink-year levels, with the minimum risk at 0 (Fig. 2).
The observed association persisted even after we had
fully controlled for comorbidities (model 2): the OR at
10 drink-years was 1.05 (95% CI, 1.04-1.06; Table 1).
Compared with lifecime abstainers, the odds were ele-
vated across all levels of categorical drink-years (Table 3),
and the elevated odds persisted even after we had fully
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Figure 1. Overall and specific cancer incidence risk associated with ever drinkers. Odds ratios (dots) and 95% Cls (lines) were
estimated with 63,232 cases and 63,232 controls by conditional logistic regression matched for sex, age, admission date, and
hospital. Smoking history, occupational class, and comorbidities were mutually adjusted. Bolding indicates P < .05. Cl indicates

confidence interval.

controlled for comorbidities (model 2): the OR for >0
to 20 drink-years was 1.06 (95% CI, 1.01-1.11). Those
who drank 2 drinks or fewer per day had elevated odds
for overall cancer risk across all duration-of-drinking cat-
egories (Table 3).

For specific cancer sites, most gastrointestinal and
upper acrodigestive cancers (including oral, esophageal,
stomach, colorectal, liver, gallbladder, and laryngeal
cancers) as well as breast and prostate cancers showed the
same pattern (slightly convex or linear shapes) at light to
moderate drink-year levels (Fig. 3 and Tables 2 and 3);
this was most pronounced for esophageal cancer (OR
at 10 drink-years, 1.44; 95% CI, 1.33-1.57; model 2;
Table 2). Pancreatic, cervical, renal pelvis and ureter,
and bladder cancers as well as bone and soft-tissue
cancers showed a hint of a potential linear association
(Fig. 3). No protective association (but a potential lin-
ear association) was observed in kidney cancer, whereas
light to moderate alcohol consumption was potentially
associated with a reduced risk for skin cancer and mul-
tiple myeloma (Fig. 3).

In sensitivity analyses, the patterns were mostly iden-
tical, regardless of sex, drinking habits, drinking durations,
or occupational classes (Fig. 2 and Supporting Table 1).
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The patterns were mostly identical in the analyses with
never smokers (Supporting Fig. 1 and Supporting Table 1)
and alternative control groups (Supporting Fig. 2).

DISCUSSION
In Japan, overall cancer risk appeared to be the lowest
at zero alcohol consumption, with a modest increase in
overall cancer risk at light to moderate levels for the total
amount of lifetime alcohol consumption. A dose-response,
almost linear association was observed for overall cancer
risk and lifetime alcohol consumption without any thresh-
olds, and this suggested that a light level of drinking at the
10-drink-year point would increase overall cancer risk by
5%. Although the impact of lifetime alcohol consumption
varied across each cancer site, the elevated overall cancer
risk appeared to be explained by alcohol-related cancer
risk across relatively common sites, including the colorec-
tum, stomach, breast, prostate, and esophagus.”” Besides,
the risk associated with light to moderate levels for the
total amount of lifetime alcohol consumption appeared
to similarly matter across sexes and different drinking and
smoking behaviors or occupational classes in that country.
Our observed patterns of alcohol-related cancer risk

. . . . 68,121
appear to support findings in previous studies.®®1213
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Figure 2. Cubic spline curves for overall cancer risk against the total amount of lifetime alcohol consumption. Odds ratios (solid lines)
and 95% confidence intervals (dashed lines) were estimated by conditional logistic regression matched for sex, age, admission date,
and hospital. Smoking history and occupational class were mutually adjusted. The numbers of subjects used for the analyses were
as follows: (A) 126,464 (overall), (B) 82,644 (men), (C) 43,820 (women), (D) 98,286 (current drinkers), (E) 45,470 (former drinkers),
(F) 37,762 (those who drank <20 years), (G) 53,804 (those who drank 20-39 years), (H) 86,290 (those who drank >40 years),
(1) 93,826 (those in a low occupational class), and (J) 3126 (those in a high occupational class).

For upper aerodigestive and gastrointestinal cancers, ]apanese.12 Acetaldehyde is carcinogenic via multiple
our observed patterns would be plausible because of the mechanisms (eg, stimulating cell proliferation and induc-
common genetic vulnerability to acetaldehyde in the ing DNA damage) and increases cancer risk even with light
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TABLE 3. Odds Ratios for Overall and Specific
Cancer Incidence Estimated With the Categorical
Total Amount of Lifetime Alcohol Consumption

Odds Ratio (95% Cl)

Characteristic Model 12 Model 2°

Drink-y (vs lifetime abstainers)

Overall >0-20 drink-y 1.06 (1.01-1.12)  1.06 (1.01-1.11)
>20-40 drink-y 1.13 (1.08-1.17) 1.12 (1.08-1.17)
>40-60 drink-y 1.18 (1.13-1.22) 1.18 (1.13-1.22)
>60-90 drink-y 1.26 (1.21-1.32) 1.26 (1.21-1.32)
>90 drink-y 1.37 (1.31-1.43)  1.37 (1.31-1.43)

Esophagus >0-20 drink-y 1.72 (1.06-2.79) 1.78 (1.09-2.90)
>20-40drink-y ~ 2.78(1.97-3.93)  2.74 (1.94-3.88)
>40-60drink-y ~ 4.25(3.08-5.88)  4.13 (2.98-5.71)
>60-90 drink-y 5.31 (3.79-7.43) 5.23 (3.72-7.35)
>90 drink-y 717 (5.17-9.96)  7.03 (5.04-9.80)

Stomach >0-20 drink-y 1.09 (0.95-1.25)  1.09 (0.95-1.26)
>20-40drink-y 117 (1.05-1.30)  1.17 (1.05-1.30)
>40-60drink-y  1.21(1.10-1.33)  1.22 (1.10-1.34)
>60-90drink-y  1.35(1.21-1.52)  1.36 (1.21-1.52)
>90 drink-y 1.43(1.28-1.60)  1.44 (1.29-1.61)

Colon and >0-20 drink-y 1.14(1.00-1.30)  1.14 (1.00-1.30)

rectum >20-40 drink-y 1.12 (1.01-1.25) 1.12 (1.01-1.25)
>40-60drink-y ~ 1.29 (1.17-1.43)  1.29 (1.16-1.43)
>60-90 drink-y 1.56 (1.39-1.76) 1.55 (1.38-1.75)
>90 drink-y 1.69 (1.51-1.90)  1.69 (1.50-1.89)

Liver >0-20 drink-y 1.13(0.91-1.41) 1.19 (0.95-1.49)
>20-40 drink-y 1.22 (1.02-1.44) 1.28 (1.07-1.53)
>40-60 drink-y 1.10 (0.94-1.29) 1.11 (0.94-1.31)
>60-90 drink-y 1.44 (1.19-1.76) 1.46 (1.19-1.79)
>90 drink-y 1.64 (1.38-1.95)  1.68 (1.41-2.01)

Breast >0-20 drink-y 1.29 (1.12-1.50)  1.29 (1.11-1.49)
>20-40drink-y  1.26 (1.08-1.47)  1.25 (1.07-1.46)
>40-60 drink-y 1.05 (0.83-1.33) 1.05 (0.83-1.33)
>60-90drink-y  1.42(1.00-2.04)  1.43 (1.00-2.05)
>90 drink-y 1.30 (0.86-1.96)  1.27 (0.84-1.92)

Prostate >0-20 drink-y 1.17 (1.01-1.35)  1.16 (1.00-1.34)
>20-40 drink-y 1.23 (1.11-1.36) 1.22 (1.10-1.35)
>40-60drink-y ~ 1.27 (1.16-1.38)  1.25(1.14-1.37)
>60-90 drink-y 1.28 (1.14-1.43) 1.25 (1.12-1.40)

)

>90 drink-y

1.14 (1.03-1.26)

1.11 (1.00-1.24

Joint category with daily amount and duration of drinking (vs lifetime

abstainers)
Overall

<2 drinks/d
and <20y
<2 drinks/d
and 20-39 y
<2 drinks/d
and >40y
>2 drinks/d
and <20y
>2 drinks/d
and 20-39 y
>2 drinks/d
and >40y

1.10 (1.03-1.17)
1.18 (1.13-1.23)
1.16 (1.12-1.20)
1.05 (0.86-1.29)
1.41 (1.29-1.53)

1.54 (1.44-1.64)

1.10 (1.03-1.17)
1.18 (1.13-1.23)
1.16 (1.12-1.19)
1.05 (0.85-1.29)
1.41 (1.30-1.53)

1.54 (1.44-1.64)

Abbreviation: Cl, confidence interval.

@Conditional logistic regression matched for sex, age, admission date, and
hospital and adjusted for smoking history and occupational class.

PAdditionally adjusted for lifestyle-related comorbidities (hypertension, hyper-
lipidemia, diabetes, hyperuricemia, and obesity).

levels of lifetime alcohol consumption, regardless of race or
region of the world.*1%131% In the current study, even
light to moderate levels of lifetime alcohol consumption
appeared to increase most of the upper aerodigestive and
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#1214 1 contrast to the patterns

gastrointestinal cancers.
observed in Western settings,l'3 we observed no protective
effects of light to moderate lifetime alcohol consumption
for colorectal and kidney cancers. For breast and prostate
cancer, different pathways such as elevations of circulat-
ing sex hormone levels (ie, estrogens and androgens) by
alcohol use may explain the alcohol-related cancer risk
at even light to moderate levels of lifetime alcohol con-
sumption.'”" In the JPHC study, a dose-response trend
between alcohol consumption and advanced prostate can-
cer risk (P for trend = .02) was reported.10 As yet, evi-
dence for potential mechanisms that may explain reduced
odds for skin cancer and multiple myeloma remains
scarce. The potential causal (biologically protective effect)
and noncausal explanations (unmeasured confounding)
remain unclear for these inverse associations.

The limitations of the current study should be
noted. First, the selection of hospital controls may have
introduced a selection bias toward the null. Although
sensitivity analyses with different drinking behaviors
showed almost identical patterns, the lifetime drinking
history recalled at the time of hospital admission (ie, not
obtained on multiple occasions before the onset of disease)
may be subject to recall bias. In addition, our exposure
assessment did not inquire about starting/ending dates
of drinking habits. Indeed, our observed odds for overall
cancer risk (a 5% increase by 10 drink-years) was roughly
equivalent to half of the risk observed in a previous study
from the Prostate, Lung, Colorectal, and Ovarian Cancer
Screening Trial in the United States (a 10% increase by
the lifetime average of 5 drinks per day).® Therefore, our
observed cancer risk associated with light to moderate
lifetime alcohol consumption would be underestimated.
Second, because of the limitation of our data set, we
could not assess alcohol-related cancer risk by different
types of alcoholic beverages (eg, Japanese sake, beer, wine,
and whiskey). However, studies suggest that the ethanol
(but not the other components of alcoholic beverages)
matters primarily for cancer risk, regardless of the types
of alcoholic beverages.9 In addition, we could not assess
other explanatory variables such as menopausal hormone
therapy (for female breast cancer), a family history of can-
cer, diet (eg, coffee and red meat), physical activities, and
ALDH2 genotypes.9’14’33 In the JPHC study, alcohol-
related bladder cancer risk was observed in male “flushers”
(who are supposed to have polymorphisms in ALDH2
enzyme) but not in male nonflushers.” In the assessment
of how robust our estimate (OR for ever drinkers, 1.18)
was to potential unmeasured and uncontrolled con-
founding, the E-value was 1.64.%* This means that there
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Figure 3. Cubic spline curves for specific cancer risks against continuous total amount of lifetime alcohol consumption. ORs (solid
line) and 95% Cls (dashed line) were estimated by conditional logistic regression, mutually adjusted for smoking history, occupational
class, and comorbidities. The numbers of subjects used for the analyses were as follows: (A) 2090 (Lip, oral cavity, and pharynx),
(B) 2,816 (Esophagus), (C) 18,710 (Stomach), (D) 19,274 (Colon and rectum), (E) 7208 (Liver), (F) 2700 (Gallbladder and bile duct),
(G) 2992 (Pancreas), (H) 1098 (Larynx), (1) 1,944 (Lung), (J) 442 (Bone and soft tissue), (K) 2070 (Skin), (L) 8904 (Breast), (M)
1292 (Cervix uteri), (N) 1650 (Corpus uteri), (O) 1044 (Ovary), (P) 16,742 (Prostate), (Q) 2356 (Kidney), (R) 1332 (Renal pelvis and
ureter), (S) 6584 (Bladder), (T) 766 (Brain and nerve system), (U) 1312 (Thyroid), (V) 4354 (Malignant lymphoma), (W) 938 (Multiple
myeloma), and (X) 1232 (Leukemia).
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would need to be at least a 1.64-fold association between
an unobserved confounder and the exposure/outcome
to explain the observed association. Third, although we
controlled for smoking in regression analyses, a limited
number of cases did not allow us to restrict all analyses
within never smokers, and residual smoking effects might
have persisted in our results. Despite these limitations, we
have demonstrated a comprehensive picture of significant
overall cancer risk and risks of various cancers associated
with light to moderate levels for the total amount of life-
time alcohol consumption in Japan with a restricted cubic
spline method and a clinically useful indicator of drinking
intensity. The strengths also include the size of this study,
one of the largest multicenter studies for alcohol-related
cancer risk reported in that country,”"" and accurate diag-
noses directly extracted from medical charts.

Inoue et al®” reported that the population attribut-
able risk for overall cancer incidence by alcohol (9.0%
in men and 2.5% in women) was smaller than the risk
due to tobacco smoking (29.7% in men and 5.0% in
women) and infections such as Helicobacter pylori, hep-
atitis B virus, and hepatitis C virus (22.8% in men and
17.5% in women), the 2 major prioritized preventable
risk factors in Japan. Among alcohol-related cancer
cases, the highest population attributable risk was due
to upper digestive cancer,” which is not one of the most
common types in Japan.”>*® In addition, benefits of
adequate, nonheavy alcohol drinking have been
reported for overall mortality as well as cardiovascu-
lar health.® However, we observed modest alcohol-
related cancer risk in the most common types (colorec-
tal, stomach, breast, prostate, and liver cancers) even at
light to moderate levels of lifetime alcohol consump-
tion in Japan. Thus, given the current burden of overall
cancer incidence, we should further encourage promot-
ing public education about alcohol-related cancer risk.

In summary, we have documented various cancer risks
associated with even light to moderate levels for the total
amount of lifetime alcohol consumption in Japan, with the
minimum risk at zero consumption. The current national
cancer control strategy needs to strengthen the emphasis on
moderating drinking behavior in the Japanese population to
reduce the burden of cancer incidence.
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Abstract

Background: Little is known about occupational disparities in bladder cancer
survival.

Methods: Using data from a population-based cancer registry (1970-2016), we iden-
tified 3593 patients with incident bladder cancer diagnosed during 1970-2011 who
completed occupational information. The patients were followed for 5 years (median
follow-up time 5.0 years). Their longest-held occupations at incident bladder cancer
diagnosis were classified according to a national standardized classification. Hazard
ratios (HRs) and 95% confidence intervals (CIs) for overall death were estimated by
Cox proportional hazard model, adjusted for age, sex, and year of diagnosis. Clerical
workers served as the reference group.

Results: Overall prognosis was fair in this population (5-year overall survival,
61.9%). Compared with patients in clerical jobs, survival was poorer for those in
professional and managerial jobs (mortality HR 1.36; 95% CI 1.09-1.69), sales and
service jobs (HR 1.25, 95% CI 1.01-1.56), construction jobs (HR 1.83, 95% CI 1.40-
2.38), and manufacturing jobs (HR 1.32, 95% CI 1.05-1.66), as well as those not ac-
tively employed (HR 1.27, 95% CI 1.02-1.58). A similar pattern was observed in the
subgroup analyses restricted to male patients as well as additional analyses adjusted
for potential prognostic variables (eg, stage) with multiple imputation.

Conclusion: We documented occupational disparities in bladder cancer survival in

Japan. However, the pattern of disparity did not favor highest occupational groups.
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1 | INTRODUCTION

Bladder cancer, which is four times more common in men
compared with women, is the ninth most common cancer
worldwide, and in 2012, male and female age-standardized
incidence rates were, respectively, 9.6 and 2.2 per 100 000
population in Japam.l Although bladder cancer incidence in
Japan is lower compared with that in Western countries, it is
the highest in the East-Asian region."

The two most common risk factors for bladder cancer
are smoking and occupational exposures to calrcinogens.2
Smoking approximately quadruples the risk, and 50% of
new bladder cancer cases are attributable to smoking.3
Occupational exposure to carcinogens (specifically, ar-
omatic amines) is known to increase bladder cancer risk
in occupations such as dye-making, tobacco, rubber, and
leather workers, printers, and hairdressers.>*® In J apan, an
epidemic of bladder cancer incidence caused by exposure
to ortho-toluidine was reported in dye-making workers,’
and ortho-toluidine-related bladder cancer has been desig-
nated as an occupational disease. Fortunately, occupational
regulations have reduced this source of exposure in most
countries.”

However, occupational differences in bladder cancer
survival remain sparsely documented. In the Western con-
text, several studies suggested that bladder cancer patients
from blue-collar job backgrounds (eg, manufacturing and
mining) had a worse prognosis compared with white-col-
lar counterparts (eg, professionals and managerial work-
ers).>!% Clinical and pathological features (eg, pathology,
stage, and treatment), as well as smoking behavior and en-
vironmental factors, are thought to underlie this monotonic
pattern of occupational gradient in survival: that is, higher
occupational class workers enjoy more favorable bladder
cancer survival.®$1° Yet, to the best of our knowledge, no
studies have evaluated occupational disparities in bladder
cancer survival in the non-Western setting. In addition, in
Japan, working in managerial and professional positions,
the highest occupational class background, may not guaran-
tee the best health outcome in all-cause and cancer-specific
mortality and cardiovascular risks,”'13 which contrasts
with the monotonic occupational gradient widely seen in
the Western setting.

Accordingly, the goal of this study was to elucidate the
association between occupation and bladder cancer survival
in Japan. Using a population-based cancer registry data set of
bladder cancer, we primarily examined whether occupational
disparities exist in bladder cancer survival with a monotonic
occupational gradient. Additionally, we examined whether
the observed disparities persist even after controlling for po-
tential prognostic variables including clinicopathological fea-
tures and smoking history.
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2 |

2.1 | Data setting

We conducted a 5-year overall survival analysis for blad-
der cancer patients diagnosed during 1970-2011, using a
population-based data set (1970-2016) of Kanagawa Cancer
Registry (KCR), which covers the population of over nine
million in Kanagawa Prefecture, representing 7% of the
Japanese national population. Details of the study database
have been previously described.'*"> Briefly, Kanagawa
Prefecture, a metropolitan prefecture located next to Tokyo,
is the second largest prefecture in Japan, and KCR is one of
the largest population-based cancer registries in Japan. The
data include basic information (sex, age, date of diagnosis,
date of death/last follow-up), and clinical information (pa-
thology, stage, treatment). Additionally, KCR partly col-
lected occupational and smoking history at diagnosis among
the bladder cancer patients during 1970-2011. However, on
average, only 15% of the annually registered bladder can-
cer patients completed occupational information, and 19%
completed smoking information; these data were no longer
collected after 2016 due to the change of data management
plractice.14 KCR automatically updates dates of death/last fol-
low-up with population registers and death certificates, and
previous diagnostic codes are updated to be consistent with
changes in coding prac:tice.lé"15 The occupational distribution
in KCR parallels the national statistics as well as previous
studies in J apan.13 141618 \we obtained a de-identified data set
under the research agreement between the authors and KCR,
and the research ethics committees of The University of
Tokyo, Tokyo (Protocol Number 3891-4), and Kanto Rosai
Hospital, Kanagawa (Protocol Number 2014-38) approved
the study.

2.2 | Main outcome and study subjects

The main outcome was overall survival, defined by the per-
son-years from the date of initial bladder cancer diagnosis to
the date of death/last follow-up.

From a total of 23 906 bladder cancer patients registered
in KCR with a diagnosis of incident bladder cancer (C67
in International Classification of Diseases, 10th revision)
between 1970 and 2011, we excluded those with missing
data for occupational information (20 313 patients, 85.0%),
yielding an analytic sample of 3593 bladder cancer patients
who had complete occupational information for analysis. The
geographical locations of the study subjects varied from ur-
banized to rural areas. The occupational distribution of the
analytic samples paralleled the national statistics as well as
previous studies in Japan.B’M’lf"18
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Occupational class

From the longest-held occupation at incident bladder cancer di-
agnosis listed in KCR based on the Japan Standard Occupational
Classification, we identified major occupational categories for
each patient as follows'>1416-18. (3) professional and manage-
rial workers, (b) clerical workers, (¢) sales and service workers
(including security, cleaning, carrying, and packaging workers),
(d) agriculture, forestry, and fishery workers, (e) transportation
workers (including machine operation workers), (f) construc-
tion and mining workers, (g) manufacturing workers, and (h)
those not actively engaged in paid employment (eg, homemak-
ers, students, unemployed, miscellaneous workers).

24 | Covariates

Covariates included basic characteristics (sex, age, and year of di-
agnosis) as confounding factors (Figure 1). We adjusted for year of
diagnosis as a continuous variable to control for potential secular
changes in treatment regimens.14 Additionally, in a supplemental
analysis, known prognostic factors were included in the regres-
sion analyses as potential mediating variables that may explain
occupational disparities of bladder cancer survival (Figure D!,
summary stage (localized [early stage] vs regional invasion and
distant metastasis [late stage]), pathological type (identified by
International Classification of Disease for Oncology, Third edition
pathological codes; urothelial carcinoma [8120-8131 and 8050] vs
non-urothelial carcinoma), pathological grade (grade 3 or 4 [high-
grade] vs grade 1 or 2 [low-grade]), surgery (yes/no), and smoking
behaviors (never/ever). Due to the limitation in the data availabil-
ity of the Union for International Cancer Control TNM staging
information, we defined early (0, I) and late (II-IV) stages in the
subgroup analysis of bladder cancer patients after 2003. 1413

2.5 | Statistical analysis

The 5-year overall survival rates were estimated by the Kaplan-
Meier curves and compared by logrank test. In our main analytic
model (model 1), among the 3593 bladder cancer patients who

Mediating factors:

Prognostic variables
(stage, pathological type,
pathological grade,
surgery, smoking)

Occupation Death

sex, age, year of diagnosis

[ Confounding factors: J

FIGURE 1

model

Confounding and mediating variables in the analytic

completed occupational information, hazard ratios (HRs) and
95% confidence intervals (CIs) for overall death were estimated
by Cox proportional hazard model, minimally adjusted for basic
characteristics (sex, age, and year of diagnosis). Clerical work-
ers served as the reference group for all analyses. For sensitivity
analyses, to improve the completing rate on occupational infor-
mation (15%), we performed subgroup analyses among (a) all
male patients (n = 3278), the completing rate was 18% (3278
out of all 18 272 male bladder cancer patients during the study
period) and (b) male patients aged < 70 (n = 1900), the com-
pleting rate was 24% (1900 out of all 7961 male bladder cancer
patients aged < 70 during the study period). Additionally, we
restricted analyses to a cohort of 826 bladder cancer patients
diagnosed after 2003 with TNM staging information.

In a supplementary analysis to explain observed occupa-
tional differences in bladder cancer survival, we maximally
adjusted for stage, pathology, treatment, and smoking behav-
iors. However, in this regression analysis among the 3593
study subjects, records included a large number of missing
data: 88.1% (3165 patients) of stage information, 12.5%
(448 patients) of pathological type, 79.2% (2846 patients)
of pathological grade, 1.6% (57 patients) of treatment, and
72.3% (2596 patients) of smoking behaviors. We conducted
multiple imputation for missing data among the 3593 study
subjects with all variables used for analysis, and 20 imputed
data sets were generated.14 Additionally, we estimated HRs
and 95% CIs with multiple imputation among all 23 906 blad-
der cancer patients registered in KCR in the study period.

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

3 | RESULTS

During the study period, the 5-year overall survival was
61.9% (Figure 2 and Table 1). Significantly poorer progno-
ses were observed in professional and managerial workers
(HR 1.36; 95% CI 1.09-1.69), sales and service workers (HR
1.25, 95% CI 1.01-1.56), construction and mining workers
(HR 1.83, 95% CI 1.40-2.38), manufacturing workers (HR
1.32, 95% CI 1.05-1.66), and those not actively employed
(HR 1.27,95% CI 1.02-1.58) compared with clerical workers
(Figure 3 and Table 2). A poorer prognosis tended to be ob-
served in agriculture, fishery, and forestry workers (HR 1.32,
95% CI 1.00-1.74) compared with clerical workers, while
prognosis in transportation workers did not differ from cleri-
cal workers (Figure 3 and Table 2). The sensitivity analyses
with different subgroups of bladder cancer patients showed
the similar pattern (Figure 3 and Table 2).

In a supplementary analysis, although the observed occu-
pational difference was partly attenuated after adjustment for
prognostic variables, the occupational disparities remained
significant for professional and managerial workers and
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FIGURE 2 Overall survival curves by

longest-held occupations
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TABLE 1 Characteristics of bladd
: aracteristics of bla .er Mean (SD) or number (%)
cancer patients who completed occupational
information in Kanagawa Cancer Registry All patients, Men, age < 70,
Characteristics n = 3593 Men, n = 3278 n = 1900
Incidence rate, person-year 0.10 0.10 0.08
5-y survival estimate, % 61.9% 61.7% 69.7%
Women 315 (8.8%) 0 (0.0%) 0 (0.0%)
Age,y 67 (11) 67 (11) 59 (8)
Year of diagnosis 1995 (9) 1995 (9) 1994 (9)
Longest-held occupation
Professional & managerial 664 (18.5%) 601 (18.3%) 335 (17.6%)
Clerical 387 (10.8%) 345 (10.5%) 216 (11.4%)
Sales & service 725 (20.2%) 593 (18.1%) 343 (18.1%)
Agriculture, fishery, and 189 (5.3%) 176 (5.4%) 49 (2.6%)
forestry
Transportation 168 (4.7%) 166 (5.1%) 113 (5.9%)
Construction and mining 218 (6.1%) 213 (6.5%) 135 (7.1%)
Manufacturing 449 (12.5%) 423 (12.9%) 241 (12.7%)
Not employed 793 (22.1%) 761 (23.2%) 468 (24.6%)
Stage n =428 n =388 n=191
Late-stage 54 (12.6%) 50 (12.9%) 26 (13.6%)
Histological type n=3145 n = 2870 n = 1669
Non-urothelial carcinoma 190 (6.0%) 159 (5.5%) 96 (5.8%)
Pathological grade n="747 n=:672 n =370
High-grade 242 (32.4%) 221 (32.9%) 127 (34.3%)
Treatment n=3536 n = 3228 n= 1874
Any surgery 3283 (92.8%) 2998 (92.9%) 1773 (94.6%)
Smoking behavior n =997 n=910 n=>539

Ever smoker 670 (67.2%) 643 (70.7%) 402 (74.6%)
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A All patients B Men, age <70 FIGURE 3  Occupational disparities
Professional & managerial —e—i ——— in bladder cancer survival estimated with
Cox proportional hazard model. Hazard
Salos & servico '_ ra.tlos (circle) 'and 95% confidence intervals
(line) were adjusted for sex, age, and year
of diagnosis among (A) all study patients
Agriculture, fishery & forestry - — ! J (n = 3593) and (B) male patients aged < 70
(n = 1900)
Transportation e L
Construction & mining - —— A
Manufacturing - —e— ——
Not employed - —e—i H——
Clerical (ref.) - : : A :
0.5 1 2 0.5 1 2

TABLE 2 Results of Cox proportional hazard model among bladder cancer patients with complete occupational information

Hazard ratio (95% confidence interval)

1970-2016 2003-2016
All patients, Men, age < 70, All patients,
Characteristics n = 3593 Men, n = 3278 n = 1900 n = 826
Longest-held occupation
Clerical 1.00 1.00 1.00 1.00

Professional and managerial
Sales & service

Agriculture, fishery, and
forestry

Transportation
Construction and mining
Manufacturing
Not employed

Women

Age

Year of diagnosis

1.36 (1.09, 1.69)%*
1.25 (1.01, 1.56)*
1.32 (1.00, 1.74)

1.09 (0.79, 1.51)
1.83 (1.40, 2.38)%**
1.32 (1.05, 1.66)*
1.27 (1.02, 1.58)*
1.02 (0.84, 1.24)
1.04 (1.03, 1.05)%**
0.98 (0.97, 0.99)*+*

1.42 (1.13, 1.79)**
1.30 (1.03, 1.64)*
1.35 (1.01, 1.80)*

1.11 (0.79, 1.55)
1.93 (1.47, 2.53)%*+*
1.31 (1.03, 1.67)*
1.31 (1.04, 1.65)*
NA

1.04 (1.03, 1.05)%**
0.98 (0.97, 0.98)***

1.42 (1.02, 1.99)*
1.26 (0.90, 1.77)
1.59 (0.93,2.74)

1.11 (0.70, 1.75)
1.95 (1.33, 2.87)%**
1.57 (1.11, 2.22)*
1.33 (0.96, 1.84)
NA

1.02 (1.01, 1.03)**
0.98 (0.97, 0.99)*

1.52 (0.86, 2.72)
1.06 (0.58, 1.93)
2.31 (1.06, 5.07)*

1.27 (0.54, 3.00)
2.89 (1.48, 5.62)%*
1.88 (1.02, 3.47)*
1.16 (0.66, 2.04)
0.82 (0.51, 1.30)
1.06 (1.05, 1.07)%**
0.93 (0.88, 0.99)*

*P <.05.
**P < .01
*#**p < .001.

construction and mining workers (Table 3). The pattern was
mostly similar among all bladder cancer patients registered in
KCR in the study period (Table 3).

4 | DISCUSSION

As far as we are aware, our study is the first to demonstrate
occupational disparities in bladder cancer survival in Japan.

Contrary to expectation, we did not find a monotonic gradi-
ent in survival according to occupation, that is, professional
and managerial workers experiencing the most favorable sur-
vival chances. Instead, we found that compared with cleri-
cal workers, the 5-year overall survival was worse among
professional and managerial workers, as well as among con-
struction, sales and service, and manufacturing workers, and
those not actively employed. Although potential occupational
disparities in prognostic factors (clinical and pathological
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TABLE 3 Cox proportional hazard model with multiple imputation among bladder cancer patients in Kanagawa Cancer Registry

Characteristics

Longest-held occupation
Clerical
Professional and managerial
Sales and service

Agriculture, fishery, and
forestry

Transportation
Construction and mining
Manufacturing
Not employed

Women

Age

Year of diagnosis

Late stage

Non-urothelial carcinoma

High-grade

Any surgery

Ever smoker

Hazard ratio (95% confidence interval)

Complete occupational information®

All bladder cancer
patients”

All patients (1970-2016)

n = 3593

1.00

1.27 (1.01, 1.60)*
1.15 (0.91, 1.44)
1.30 (0.97, 1.73)

1.05 (0.75, 1.47)
1.65 (1.21, 2.24)%*
1.25 (0.98, 1.60)
1.17 (0.91, 1.51)
1.03 (0.78, 1.37)
1.03 (1.02, 1.04)%#*
0.99 (0.97, 1.02)
2.26 (0.84, 6.04)
1.97 (1.46, 2.66)%**
1.61 (1.21, 2.16)**
0.42 (0.30, 0.59)***
1.03 (0.72, 1.47)

Subgroup with TNM staging (2003-2016)

n = 826

1.00

1.37 (0.75, 2.49)
0.96 (0.50, 1.82)
1.75 (0.76, 4.02)

1.10 (0.43, 2.80)
2.39 (1.20, 4.77)*
1.36 (0.70, 2.62)
0.96 (0.53, 1.72)
0.75 (0.45, 1.24)
1.06 (1.05, 1.08)%#+
0.97 (0.90, 1.04)
2.94 (1.89, 4.58)%**
1.55 (0.90, 2.69)
1.58 (1.00, 2.50)
0.61 (0.38, 0.97)*
1.09 (0.78, 1.51)

All patients (1970-2016)

n = 23 906

1.00 (1.00, 1.00)
1.19 (1.00, 1.41)*
1.17 (0.98, 1.39)
1.26 (1.00, 1.58)*

1.17 (0.91, 1.51)
1.4 (1.16, 1.78)%*
1.24 (1.04, 1.49)*
1.23 (1.00, 1.52)
1.11 (1.02, 1.21)*
1.05 (1.05, 1.05)%5+
0.99 (0.97, 1.00)
2.53 (1.67, 3.84)%+x
1.61 (1.41, 1.84)%**
1.35 (1.18, 1.54)%%*
0.81 (0.69, 0.95)*
1.02 (0.92, 1.13)

“Missing data for stage, pathological type and grade, surgery, and smoking were multiply imputed.

bMissing data for occupation, stage, pathological type and grade, surgery, and smoking were multiply imputed.

*#P < .05.
#P < 01,
##EP <001,

features and smoking habits) have been thought to underlie
occupational disparities in bladder cancer survival in previ-
ous studies,*” the occupational disparity remained significant
even after controlling for relevant prognostic factors in the
current study. Therefore, other pathways not included in con-
ventional clinicopathological prognostic factors may have
played a role.

For example, physically active patients tend to have bet-
ter cancer prognosis for cancers of the breast, colorectum,
and prostate compared with their sedentary counterparts.19
Although the benefits of active lifestyle have not been doc-
umented on bladder cancer survival, sedentary lifestyle be-
haviors and overweight/obesity were associated with bladder
cancer risk and overweight/obesity was associated with in-
creased risk of cancer recurrence and progression.'”** In
Japan, the highest level of leisure-time physical activity tends
to be observed in clerical workers, while the lowest level
tends to be observed in white-collar workers (including pro-
fessional and managerial workers) and blue-collar workers
(including construction and manufacturing workers).”

Workplace environmental factors may partly explain the
poorer prognosis in blue-collar occupations, particularly in
construction and mining workers. Workers in construction
and mining industries are likely to be exposed to dusty air
and chemical hazards, and as a result may experience worse
prognosis for not only bladder cancer but also major cancer
sites, including lung, stomach, and colorectal cancers.'*!?
In the current study, each patient's longest-held occupation
was used as an indicator of socioeconomic status, and was
not designed to capture specific occupational/environment
exposure to carcinogens. However, construction and mining
workers had the poorest survival in bladder cancer, which is
consistent with previous findings. 10

Psychological pathways, including job stress, may also
partly explain our results. Poor mental health conditions are
associated with worse bladder cancer prognosis,”* and high
job stress tended to be seen among not only blue-collar work-
ers but also white-collar workers in Japan, which contrasts
with the pattern seen in Western countries.'*'®%> Chronic
job stress may trigger systemic inflammation and stimulate
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the immune system, which is reflected by increased levels of
white blood cell counts.”® Besides, neutrophil-to-lymphocyte
ratio in differential leukocyte counts is a biomarker of sys-
tematic inflammation response, and systematic reviews and
meta-analyses suggest that a poorer bladder cancer prognosis
is associated with higher levels of neutrophil-to-lymphocyte
ratio.”’0 Therefore, as seen in recent studies for other cancer
mortalities in Japan,“’12 it is plausible that bladder cancer
patients in blue-collar and the highest class occupations (ie,
professionals and managers) might have a worse prognosis
compared with clerical workers.

A further potential behavioral mechanism for occupa-
tional disparities in bladder cancer survival is timely receipt
of treatment, a key factor in bladder cancer prognosis. Japan
introduced a universal health care system in 1961, and access
to bladder cancer treatment is available to patients irrespec-
tive of their socioeconomic status, which should have flat-
tened the occupational gradient in bladder cancer survival.®!
However, as suggested previously, socially disadvantaged
groups may have a higher likelihood of delaying the initia-
tion of treatment, which may result in poor prognosis in that
group.*

Additionally, the occupational disparities in smoking be-
havior could partly explain the residual disparities in bladder
cancer survival. In Japan, higher occupational class workers
tend to smoke as much (or sometimes even more) compared
with their lower occupational class counterparts, and the oc-
cupational distribution of smoking behaviors differs markedly
from Western countries.'>?* Therefore, it would be plausible
that working in the highest occupational classes did not show
the most favorable survival chance in the current study.

Several limitations should be noted. First, although our
data set was based on a population-based cancer registry,
our internal validity and external generalizability were
limited due to sizable missing data. Additionally, self-em-
ployed workers (eg, own a small family business) might be
potentially misclassified to a high-status occupational class
(eg, managerial positions in a huge industrial company).
Although the observed occupational disparities did not ma-
terially change in sensitivity analyses among different sub-
groups using multiple imputation, the results were based
on imputed data from the 15% of bladder cancer patients
registered in KCR. However, occupational distribution in
KCR parallels the national statistics and previous studies
in Japan.13’14’16‘18 Second, although studies suggest that oc-
cupational class is associated with educational attainment
in Japan,'' we could not assess the contribution of rele-
vant socioeconomic indicators (ie, educational attainment
and income), physical activity, obesity, job stress, neutro-
phil-to-lymphocyte ratio, detailed smoking behavior (sta-
tus and intensity), as well as timely standardized treatments
and treatment regimens.34 Despite these limitations, al-
though previous studies did not sufficiently assess possible

known prognostic factors,*” we controlled for those prog-
nostic factors for a subset of our patients.

In conclusion, occupational disparities in bladder cancer
survival appeared to exist in Japan even after controlling for
known prognostic factors, suggesting occupation may be a
crucial independent determinant of bladder cancer survival.
However, questions remain regarding whether the major risk
behavior of smoking and other potential psychological and
behavioral pathways may explain the residual occupational
disparities. Hence, future studies should attempt to integrate
all of the clinicopathological, psychological, and behavioral
aspects, in order to overcome occupation-oriented survival
inequalities in this site.
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