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®1 ERBB/ERBEOLH

451 ICD-9 ICD-10 BEH ™
21K 390-459 100-199 126,508 (100)
IMRE 410-414 120-25 30,657 (24.2)
= E AR B 413,410 120,21 27,232 (21.5)
BIDE 413 120 19,604 (15.5)

SHLFHEE 410 121 7,628 (6.0)
b I %' 7% 28 430-438 160-69 50,700 (40.1)
i 2% e 430,431,434 160,61,63 40,407 (31.9)

<HEETHm 430 160 4,634 (9.1)
s P S i 431 161 10,098 (19.9)
b4 38 434 163 21,871 (17.3)




®2 TARBLGLELHYEDE

N (%) or mean (SD)

T P&
REHY (n=68,181) K%L (n=1,060,410)

Case 25,210 (37%) 103,405 (9.8%) <.001

g 4,923 (7.2%) 228,412 (22%) <.001

Fin 45 (15) 61 (12) <.001

AR E 1998 (9) 2001 (8) <.001

PEIXtBREF I ZERE. ARRBREOSEEL ST (P 001),
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£3 FEMEICHEIIEBIRES, BED, BRE|EXBLHBOAVIHR

Ay Xt (95%E X M)

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

FEEAREE, n 226,378 27,452

S

IN—h5—E% TIN—h5—8 34.6 33.6 1.00 1.00
H—E X8 13.9 138 1.09 (1.04—1.13)  1.08 (1.04—1.13)
=1ig) 77 4.1 38 1.05 (0.97—1.13)  1.07 (0.99—1.16)
&R 45 49 1.19 (1.11=1.27)  1.19 (1.11—1.27)

Y—EREE TI—h5—8 4.1 3.9 1.01 (0.94—1.09) 1.01 (0.93—1.08)
H—E R 15.8 16.8 1.10 (1.06—1.15)  1.10 (1.06—1.15)
EFR 0.9 0.9 1.13 (0.97—1.32) 1.16 (0.99—1.35)
=g 2.2 2.4 1.20 (1.09—1.31)  1.19 (1.08—1.31)

ROACHS—EE TIN—h>—8 2.1 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)
EFE 7.0 7.0 1.05 (0.99—1.11) 1.10 (1.04—1.17)
&I 15 15 1.06 (0.94—1.19)  1.06 (0.95—1.19)

BLYE 2.1 23 1.15 (1.14—1.16)

A © 2.3 22 0.95 (0.94—0.96)

BDEE, n 163,736 19,781

S

IN—h>—E%E TI—h>—8 34.1 32.8 1.00 1.00
H—E XM 13.9 14.1 1.12 (1.06—1.18) 1.1 (1.05—1.17)
EFE 4.1 40 1.10 (1.00—1.21) 1.11 (1.02—1.22)
=g 44 49 1.24 (1.14—1.34)  1.23 (1.14—1.33)

H—EREE TI—hZ—8 4.1 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)
=P 0.9 0.9 1.13(0.90—1.42)  1.15 (0.92—1.45)
B 2.2 24 1.21 (1.08—1.35)  1.19 (1.07—1.34)

RIOAMIS—FEE TI—h5—8 2.1 2.1 1.11 (0.99—1.24)  1.12 (1.00—1.25)
H—E R 9.4 9.3 1.05 (0.99—1.11) 1.06 (1.00—1.12)
=Aig) 7.1 74 1.08 (1.01—1.15)  1.12 (1.05—1.19)
B 1.5 15 1.12 (0.98—1.28)  1.12 (0.98—1.28)

BLYE 2.0 2.2 1.11 (1.10—1.12)

BB © 2.2 22 0.98 (0.97—0.99)

SMHLMEE 62,642 7,671

S

IN—h5—E% TI—h5—8 35.8 35.6 1.00 1.00
H—E R 13.9 13.0 1.01 (0.93—1.11) 1.01 (0.92—1.10)
=-1ig) 7 4.1 35 0.92 (0.80—1.06)  0.97 (0.85—1.12)
& IR 47 48 1.07 (0.95—1.21)  1.07 (0.95—1.22)

Y—EREE TI—h5—8 3.9 47 1.25 (1.09—1.42) 1.25 (1.09—1.43)
H—E R 14.6 16.3 1.16 (1.07—1.26)  1.16 (1.07—1.26)
EFE 0.9 0.9 1.12 (0.82—1.52) 1.17 (0.86—1.59)
& TR 2.2 25 1.18 (1.00—1.38) 1.18 (1.00—1.39)

ROACHS—EE TIN—h>5—8 23 22 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)
EFE 6.6 6.2 0.98 (0.85—1.12) 1.06 (0.92—1.23)
&R 15 1.3 0.90 (0.67—1.21)  0.92 (0.68—1.24)

BLYE 2.2 26 1.25 (1.22—1.27)

B © 2.4 2.1 0.88 (0.86—0.89)

fEiZEch, n n=312675 n=41038

S

IN—h>—E%E TI—h>—8 40.1 43.0 1.00 1.00
H—E XM 12.1 1.3 0.94 (0.90—0.98)  0.93 (0.89—0.97)
EFE 3.2 2.4 0.77 (0.70—0.85)  0.77 (0.70—0.85)
B 4.0 3.6 0.91 (0.85—0.97)  0.88 (0.83—0.95)

H—EREE TI—h5—8 4.0 45 1.08 (1.02—1.15) 1.08 (1.02—1.15)
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H—E XM 15.1 16.2 1.02 (0.98—1.06)  1.01 (0.98—1.05)
EFE 0.9 0.9 0.97 (0.85—1.10)  0.99 (0.87—1.13)
B 2.0 20 0.98 (0.90—1.06)  0.96 (0.89—1.04)
RIOAMIS—FEE TI—h5—8 2.1 1.9 0.88 (0.81—0.95)  0.87 (0.80—0.95)
H—E R 8.6 7.2 0.81 (0.77-0.85)  0.81 (0.78—0.86)
=P 6.7 6.0 0.85 (0.81—0.89)  0.87 (0.83—0.91)
B 1.3 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)
BB © 2.1 22 1.07 (1.06—1.08)
BIRFBEELRK n=999,976 n=128615
S
IN—h5—E% TIN—h5—8 35.8 37.2 1.00 1.00
H—E R 13.0 12.4 0.99 (0.96—1.01)  0.98 (0.96—1.00)
=Aig) 7 3.7 3.1 0.89 (0.85—0.93)  0.90 (0.86—0.93)
B 4.0 39 1.01 (0.98—1.05)  1.00 (0.96—1.03)
H—EREE TI—h5—H 40 43 1.04 (1.00—1.08)  1.04 (1.00—1.08)
H—E X8 16.4 17.7 1.06 (1.03—1.08)  1.05 (1.03—1.07)
EFR 0.9 0.9 1.01 (0.94—1.09) 1.03 (0.96—1.10)
o T B 2.0 2.0 1.03 (0.98—1.08)  1.01 (0.96—1.06)
ROACHS—EE TIN—h>5—8 2.1 20 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)
=1ig) 7 7.4 6.9 0.91 (0.89—0.94)  0.94 (0.92—0.97)
=g 1.4 1.2 0.91 (0.85—0.98)  0.91 (0.85—0.98)
LY 1.9 2.1 1.09 (1.08—1.09)
A © 2.2 22 1.02 (1.02—1.03)
ZLEHENSEE

PERS, /R, AREEIVFIELEHMNEADCRTovIEIRS T EALz(model 1), BIELEGEZBMTRAE(ETIL 2)
°Log (1 + pack-year)& Log (1 + daily gram of ethanol intake) CEE (ETIL 2)
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Coronary heart disease Stroke
Occupational class

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

Service industry
Blue-collar H
Service

Professional

}}II IJTI
[

Manager
White-collar industry

Blue-collar
Service

- .
Loy o

Professional (gl Fe-
o

Manager H ——

5 2 5 1 2

1 ERELHEEITIBHMEBEWEFDIRY, AyvXL(R)E BRIEFXRM () L E/TEEAVZER, &k A
RIESR, AREZIVFIELEHFEOSIToVIERBAMICKY, BRIELHFEEZEMBEL TRDI= (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 £V 5| ).

-
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Angina pectoris Acute myocardial infarction

Occupational class
Blue-collar industry
Blue-collar (ref.) L
Service e
Professional
Manager =]
Service industry
Blue-collar e
Service g
Professional r—— —
Manager e
White-collar industry
Blue-collar ——| —
o
o g

L
H
—e
l—

Service H
Professional H
Manager | | .

J_IIl t[I{ $11

Subarachnoid hemorrhage Intracerebral hemorrhage Cerebral infarction

Occupational class
Blue-collar industry
Blue-collar (ref.) L
Service e
Professional —e—
Manager —e
Service industry
Blue-collar H
Service 4
Professional k
Manager —e—
'_
——
i
1

& II:-

2t

Lo
by
—
—

White-collar industry
Blue-collar
Service
Professional
Manager

i . HL

e

= e
—— o
——1 —e—

2 5 1 2 5 1 2

5

2 FBECEETIHLE, SHOFEE, (LETHM, Brtn, BEZEOURY, FyXH(R)E 95%EEXME (R) 1
ZEMTETAVER, BR ARESR AREEZIYFIELEFHAFEOSIT VRIS TICKY, BIELEZ B MR E
L TR T=(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 KY5|H) .
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ERF 1 B PEEICKDFE A ON A OFEAEAL M FE I (standardised incidence ratios)

Ot rovn and concer in Nordie coumeries TR1

Men
Farress - Frimayler e - Wallers
Farmers --- “Tongue: -~ Wahers
- Loy Wahers
Prhysicans - Desophagua Wahers
HUrEes - Lung Wakiers
Fishenmen -- - ‘Meianoma -- Dentists
Farmers - [+ .5 g Latingeners
HULFBES - Moy - -- TobacoD WINKESS
Foresiny workers -- Colan Chimrey swesps
Domesic as6kas -- © A Watlers
Fishenmen -« Softisme - - Bulcing caretakers
Chimney sweeps - B - - PTysicans
T T T T T T T T
o3 as o7 1 15 235 4 6
SIR

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

(Hi 84 : Pukkala E, et al. Occupation and cancer — follow-up of 15 million people in five Nordic countries.
Acta Oncologica 2009; 48: p.781)
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FRERERANREXREMHYE
DHEARKEE

BRAABEICRITIBREEBOERFEEDRE

MRIEZE HERFIRRBREESER KA 15

MREF

(#& 8 ) INF668 IBIF (I p53 RUZDEDKIEHEFTHA WM ZH#H T 5% EBETH
Y. Z2EICEWTLIELIEZEENR DN D, o TEEIMFLEGRFOREMEHLRESN
T3, 5E. BEBESERIZH1T2 INF668 BEFIR., INF668 Bz FiEEFRIL.
F-MAREAMBREFEMSEIERMBAO-_—FHEF (G-CSHEEETHEFTBHTT
BARRTHD,6CSF EEDKEEFTAT 5101, 2610 G-CSF EERE EREHXK
5/ L DWNTHEMRLT=,

(FR)ERFEMREICEVWTFROBRICESZ —MERL. 7 /L2, BRI, T
NoDYy /L% EIZ INF668, G-CSF, TLR2TIR, TLRATIR, MyD88 &{zFDIEEE I H LU
GCSF B FIAE—8EREHLZ. FRBLELRESONS T/ EERZANT
INF668 EHE LU G-CSF EHDHRBA LT MBRELEBEAICTHEITL .

(FBR)EREABICHS TS INF668 ERFFDETIIEREMROMERE. HiE R
TERELTUL =, BERIESY / LIZE1T5 INF668 BIEFEEDIEE IXEMN o1=, G-CSF
EEBEZREEH TIX GCSF EIEF D promoter $EIHIZ-434G>C, intron 2 [Z
c. 204+345C>T, stop codon M TFHIZ c. 624+955C>G D) heterozygous AP LT EE &
H UT=. G-CSF 2 4 BEBL 5 1 D B[R] (& G-CSF. TLR2TIR, TLR4TIR, MyDSS Bz FNLE R
B&U GCSFBEFIAE—HERICLD LD TIHGI T,

(#&3R)

INF668 (XBERLfE DR Z EEIH T 2R FTHARIREMENH S, G-CSF EARR ER
FEIZHT5 6-CSF EEBRIFEE DAL, G-CSF BIEF D non—coding fEIE DAL L
BlckbIEvEZADNS,

A, BIRE® SETEMBERDEEERFORANER
ERLEEDFREIC(ET /N3, TILa—ILE EEZONS FIBTEHETGCRERFICEK

BOBRICIIEZEELFOEENE~D ST R ERICHAMBEEENEL. TN
BEICIIVRERFEAEREZRICRRSIN  oMNBELTdriver ELBHTE HBWLIE
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suppressor MIFIEIZKYEEMIEENELS
B, -TEMEZB DT/ LIZED KSR
FREENMEISTWSIIEREN T HIEIEEE
BtEEEDRRRBICEEZTHD,

LIRTICE < (SERIES T/ LERI—BED
;&4 /L@ Exome fEHT D ELEE MBSO H
DAFRMIECFEREEZREL. TDHIC
INF668 BIZFEEMNRDONIZ(RERT
—4) , INF668 |& p53 BRUZ D & O il {# &+
TH5MWDM2 ZHIEHT 5% ERETHY. 2LiE
[ZEWTLIELIFEEMRZEDHSNS (Cancer
Res 71: 6524, 2011), fE>TEEINHEIE
FOREEHERBINTINS, 5. BEtiE
BB SHELEZERY /LIZBITS
INF668 1E1nF M Exon DIEEERFIEMRETL
f=o

ZNF668 mRNA [Z[& 4 #2EE D variant BHY.
variant 1, 2,4 [& ZNF668 isoform « .
variant 3 [& ZNF668 isoform B ZFHRKT
%o Variant 2 [£3D®M Exon KYERLIN.
Exon2, 3 [Z ZNF668 B IZFEREN S coding
EELNFET D

Ffo. MAEMEREEMSEHFHEBROO=
—RIBEF (G-CSF) ZEA T HREE L REE
BHOHTFEFRTHAIZEN LN TLND,
RS KRB CIXEERL 161, B RE1HIN
G-CSF EEEBTHHAZLERRELTEY. C
M G-CSF EEABEHBHBRT / LIZDWNTHERL
f=o

CDIGZEDBMEKIE LEICH T HFER IR
X (granulopoiesis) DEE D AT REMEEL T
(&, BERBEIZE (15 Toll-1like receptor
(TLR) DBE5HEZ5%. TLRENTHDL YT
FILDRBIZE>T G-CSF BNEESNSS,

20

5[E . EESEESTO TLR2, 4 OHER
domain(TIR)DZEE. LU TIR &EEET S
MyD88 MZEEAEIRETL 1=,

B. BIEAE

FERERES 7/ LIZE T INF668 5B F AR 4T
BRI KRRICELTRREMBEBIES D
BRATODFRIZ cold punch ICTIEEZ—ERHEEY
L7/ Lz, BE L, ThoDT /L%
$%(Z LT ZNF668 mRNA variant2 ZHER 3
% INF668 5&{5F M Exonl, 2, 3 DIEED
intron B KYERL=-TS/v—FAL,
PCR 3%I2T Exonl, 2, 3 Zi&MEL1-, EIZF
N5D PR TS5AT—%AVWTEE—VT
VL USSRIZTExonl, 2, 3 DIEEERS|E
REL:z, ERALETSAI—IER1ITTRT,

BERtiE A AR — &5 115 ZNF668 T B R IRfF
i

BRI KRRICEVL TR R EMBEBIES D
PR iEIT U BB IE S D /N5 T 1 A IRIE
AREZFTINF668 EEDHRIRF MM A EE
[ZTHESTL =,

ZNF668 #Rifd & & DT X immunoreactive

score (IRS;

https://www. nature. com/articles/srep22
814/tables/3) [ZfE>T 12 ERFETITS, OF
WEBEDRIEFEINS(B)HREDEIEE
FEEMITHE[0-3]LBIS [0-4]DEEF
ZRIRICHET B,

BB AMIZHT5 G-CSF EARBOEN
G-CSF EEAREE LR ElfEarO—ILD
G-CSF JEE A BBt AT L 1 G-CSF i
{K (Santa Cruz Biotechnology, sc—
53292)  ERAVV-MERERBZERITL .




G-CSF ;B {RF DT

G-CSF EEXRER 2 EHIEabOa—ILD G-
CSF SEEAEER 3 fEHIICX LERITEHEITL
f=o BEMEYT / LERR EREHBRT /L
[ZHLT G-CSFEIZF L% PCRIAIZTIED
DITHIFTTHEIEL. BEICEhLDEIEEYNE
EE—VIVOUTERICTEREBRSIERE
Ltz ERAL=TS4~7—IFFE 2 [Z7RF, PCR1
[& GCSF1 & GCSF2 FS54<—. PCR2 & GCSF3
& GCSF4 754 <—., PCR3 [& GCSF5 & GCSF6
T5A4—THEMEL =, BIZT PCRL [& Seql &
& Seq2. PCR2 (& Seq3. PCR3 & Seqd F54
I—TCo—9Io VT %EmLT=,

Fr-LERDREF DRI L REMRES /LIS
¥tL. G-CSF iB{EF. AP3B1 & {zF (ar kO
— L) D5 droplet 8ZET 4L PCRIET
BIEL. DY/ LIZEITSH AP3BL EEZFD
aE—#% 2 LRELT G-CSF EmFDIE
—HEEHLT-,

TLR2TIR. TLRATIR, MyD88 i&{nF D&
G-CSF EEA BB AEHI O O—)LdD G-CSF
FEEEBBESICHLENERTL-, 8F
M%7/ LEREE ERIEMRBT / LIZEWNT
TLR2TIR., TLRATIR. & U MyD88 iEI=F %
PCRZICTIEIEL ., BICENLDIBIEEMZE
BEE—VIVOUTRICTEERIIZRE
Ltz ERALI=TS4Y—IEX 3 IZRT,

(fREEA~DEE)
ARRICEARTIETORERE(EAILIY
BEERSLUIANERRETHIEFZZRMFEIC
v omEEst (FR 26 F 12 A22H X
HEFE-EEFEBEEREIST). M
J LB EFETHEICEAT SmEES (F
B 25 EXERFE -BEEFBE -BEEX
EETRE1IS.FR206EF 11 B 25 B—8

21

BIE) JITHHTARARERRT Do FI=AHF
RIFERFKBEARMEZERICENT
ABEnt=,

C. MIEHFR

1. BEBLEZICHT S INF668 DEHT
fERtiES AR (CH 1T 5 ZNF668 BB K IRAE
i

48 5l D BB BB RIRICHE WL TEHMGRETZE
i7o1=, IRS EHEBEMBICHS 1T MR D
MEBESLUmBRELOBEEERE LIz, &
4 [Z5RT K312, INF668 FIRDIE T LB E
ORERE. HERELEEL T, #Et
fRITIE Welch ¢ BE TTo1=,

BERtEEE S/ LIE D ZNF668 B in F R
£ 5 IZRT K31, ZNF668 EIEF D Exonl
DFEMTTIE 58 #&IR 3 4K (5. 2%) [Z SNP
T—AR—XIZRLNEL 2 FEFED
heterozygous BEBZFEEEZRE LI, Fi=
—I8 E L (SNP)rs2303222 #HRH L1=,
Exon2 DR Tl 64 B AT 6 #4K (9. 4%) I
SNP T—AR—X[ZRSNELE—D
heterozygous HEEZFH LT, Exon3 DfE
W CIE 42 #& R 4 #&4K (9. 5%) [T SNP T—4
R—XIZR5N7ELN 5 FEFED) heterozygous
TEEGEFEEZB®RHB L=, Coding region [Z
RoNnf=Exon2 M1 ZEEEExon3 D 1 ER
[& silent TdHoT=H . Exond Dfthd 2 £E
I7I/BOEBREEL-5THDTHT-,
Exonl @ 2 ZER&EExon3 M 2 EEIIEKH RS -
UTR. 3’ -UTR IZ#F#E L 1=,

Fr-LBOKSIITHRELI-ZE L INF668 &
BOERESMHAEBICHSITIHRIBDARTBED
BEEE. REEHE,NoT-,

2. RBEEREZIZE+S G-CSF DEMNR



EEHERBIZH TS 6-CSF EAFKIRDMBIT

1 IZ5RT K512 G-CSF EEAEFEE TILRE
ERIEIZETD G-CSF DRBENAESNT=A,
G-CSF JEEABE TIXRDH AN ST,

G—CSF & {nFIE E AL 5| D fZ 4T

G-CSF FEAE BERRIEAE . G-CSF JE /& 4 R Rt
BIEHITIX, MR, E&%7 /LB TG-CSF &
EFDEBERHDEWNIERDEMN o=, LH
L G-CSF EAEBREIEHIZHLVT, promoter
fB1812-434G>C, intron 212

c. 204+345C>T, stop codon M FFRIZ

c. 624+955C>G M heterozygous TR{AHIRAZE
BEBDONIZEEZBRHELZ(F2), Chibd
EEIL NP T—AR—RIZIEEFINTLVE
Mhot=,

G-CSFBEFIE—SDEM

R 6IZRT ESIZ, 6-CSF AR EREH
#7/ LIZHE T, BHSHAVE G-CSF BIRF
copy BDEMIXZEDHLM>T=,

TLR2TIR. TLR4TIR, MyD88 & {=F D&
G-CSF FEX . EELEERES . BLUXIGT
MK/ LICEWT. SROIEEE L
NTEEFBRE LG, o1,

D. B

fEBtIESMEBICHT5 ZNF668 BEFKIBR (L
REEOSVMETHERICREMETLTL
fzo SO T EIE ZNF668 DY EEBtEE I HIE R F
ELTHEALTLSRTREMSICFELGEL,, L
L7EhS5 ZNF668 BILF D coding FEIKICR
SNEHEEDHEE S LB DAL, INF668 &
BOERESHEBICES TORELRATTHL
DEIFEZAEW, HOTERESIZHITS
INF668 T H FIRIL ZINF668 LISt DEFIZ&
BZRHIIEHIE, HAENEIAFILIEEFIZES

22

ZNF668 1IBIGFIZH [+ epigenetic HEH
[Z&kBDMELNELY,

G-CSF EEE B ZEEH| D non—coding FEIE
[Z SNP TIFRL\IFBEOEENRDONT=,
COHIZEZMRIZHEITS G-CSF DBFEE
ZEIEEITEERNFEAETIHLLEZALN
%, $(2-4346>C IE promoter fBIIZE TS
ZETHY. ZDOAEELABSLOMBLLNG
W SOTEITDVWTIEELSRII DL EM
nHb,

G-CSF FELEERRZERIZH 15 G-CSF EAE
DEAICDONTIE S EIDRET TIXAERATE
TEM o=, G-CSF EEAREBIERERIZH 115 G-
CSF. TLR2TIR. TLR4TIR, MyD8S &Iz F D&
EBHIZDOWTIEM& G-CSF BInF. S
BEHENERIIHL, GCSF EENDERTIE
7N, 2 G-CSF EEEREERIZH TS
G-CSFBIEFIE—HMDEMLRHT . Ch
$ G-CSF EEEDBEIFXEZ LN,

E. %

D MEARIZHIT5 INF668 BA L, (2ME
DE VW EBEMETREEMET LT AN,
BERLEAR #2815 INF668 BIZFEED
SAEITEMN T,

@ G-CSF ELEBHREEHIZHF5 G-CSF i@
BIFEAK (X, G-CSF iB{EF D non—coding fEI%
DA EELNRETHARIREELH D,

F. @R R EHR

RREMRREEICEHR

G. HAEHEXK
1. mXER



Sl BE.REF BEXF. =L BEEE
F2A KA 5 hCG EEMaEEC S ER
REEMRMEMRRESO 16 BREFR
#OE 65: 347-350, 2019.

BREEF. AR = =L #Ha . KR 1B
BB MAEE(C® 9 S nivolumab /
ipilimumab GFREEZR OB REMEBOKRET
MRESHHFLE 66: 13-17, 2020.
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1: BBt D G-CSF g3 e

GCSF JEpEA Mo GCSF A

2:GCSF EEAEBRIEIZHBNS non—coding $EIHD heterozygous HER

5 CAAAGCACACTGC CGGCCATGGCGAGT AGGAGGTGTGGGGA

1 1 1

-434G>C €.204+345C>T €.624+955C>G
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F1:ZNF668 Bz FnEIEIZAWN-TS5/4<—

ZNF668_Ex1 (sense): 5’ —gtccttaggtgcaaaagettccceg—3’
ZNF668_Ex1 (antisense): 5’ —ccgcagggaaactgaggccagetc—3’
ZNF668 Ex2 (sense): 5’ —tgaggctttcaggagtggcgaaggt—3’
ZNF668_Ex2 (antisense): 5’ —ttaccctgagactcaaacccaggec—3’
ZNF668_Ex3 (sense): 5’ —gcagtggggtcacgttatgggtctg—3’
ZNF668_Ex3 (antisense): 5’ —tgatgcccaaactcccacccattca—3’

% 2:G-SCF Bz FDEIg->—I TV RIZAWN=T5/47—

GCSF1:
GCSF2:
GCSF3:
GCSF4:
GCSFa:
GCSF6:

Seql:
Seq2
Seq3:
Seq4:

5’ - tcgagaccagcctgaccaccaacatgg —3’
5’ — ctgggccaagacactcacccatcaget —3’
5’ — gggcaaggcgacgtcaaaggaggatca— 3’
5’ — cccgaggccacccagaaaaacaggaga —3
5’ — ccaggcctcotgtgtecttecctgeatt -3’
5’ — ggaaagcagcttcccttccttggagee -3’
5’ — atcacgaggtcaggagatcgtgac -3’

5’ — aactctccggaggctgectgtctg —3

5’ — gottcctgotcaagtgettagage —3

5’ — gtcacattgtaactgaacttcagg -3’

% 3:TLR2_TIR, TLR4_TIR. MyD88 & {EF DB AL=T 51—

TLR4_TIR (sense): 5’ — acctgatgcttcttgctggctgcataaag -3’

TLR4 TIR (antisense): 5 —tcagatagatgttgcttcctgccaattgca -3’

TLR2_TIR (sense): 5 —ccgtttccatggecotgtgstatatgaa —3’

TLR2_TIR (antisense): 5 —ctaggactttatcgcagctctcagat —3’

MyD88 (sense): 5’ —gggatatgctgaactaagttgccac —3’

MyD88 (antisense): 5’ —gacgtgtctgtgaagttggcatcte -3’
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& 4 BEBtEARICE TS ZNF668 EH H I LIRS = FEOME

MERRBGL MEREHY p {E
IRS 7.143.4 4.9+1.6 p=0.004
AR EEL B RE®DY
IRS 6.7+3.1 4.0+1.2 p=0.001

%= 5. BEMEARICH+D ZINFE68 BIFERLTI/ BT E

Exon 1

Exon 2

Exon 3

c.—567G>A (5'-UTR)

c.606C>T (silent)

c.695G>T (p.S2320)

c.—76C>T (5-UTR)

c.984T>C (silent)

c.1603G>C (p.E535Q)

c.1895C>T (3-UTR)

¢.2028C>G (3-UTR)

# 6: R £ RIEMHBICH 15 GCSF Bz FaE—H

fEEN¥E G-CSF :&{=F D copy %
G-CSF 4 btz 2.12
G-CSF EX B &= 1.46
G-CSF JEEE 4 btz 3.25
G-CSF JEE X BERt = 1.97
G-CSF EELEME 1. 21
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B EYERBEOMES NS N ESIDRLBEIEIT DT, & RSSO 4 TR (RIS . R, B
L EIDEE  REE  PNEEE . PERER . KR, iR L) IR oAy XA R LT, BEE D
FEVAZ THLEIN, W28 DR T2 B U7 #% . AR KRB SETA Y XY 0.51-0.83 LAt DNk
FELVIRAEA R LT, 7R U - [RI Y - B B B 36 C | Pl 2.36(95%C1 1.15-4.38), [FldE <
2.85(95%CI 1.26-6.47). filifs T 2.00(95%CI 1.01-3.99) | 75K 25 HL LS ¥ C IR A&
2.09(95%CI 1.18-3.70). B il 2.49(95%CI 1.79-3.55) L RSB DFEY AV INE il L ip o7, Ao At
2.0 PL e ol iR L FEE DR A DHITE ENDEFNC DX | AR W T ORI
IR E WA RO NT-H DIE 89%I o7z,

(2) S )1 L BT AR ) B G 36 % PO C L BB B AL O B DR ERIE (51 OB 7] S Y14 D
FETOUWTIRES LT, JEBPR AN L > THERR B2 0 JH D &L BRI N T, R T
TR R K<, PR DRV MEM 22872, Propensity score matching 2 N CHE B O 5 24
ZCh, FERITFRECTH T2, 22 WIRHEICBIL . M8 E i Clk, KB C Stage 1 OIS
2L, Stage IV OEG DMED S T203, OFE TIIRYEFROIh -T2,

(3) FERBRINN LG U TR au 7o) 1 MR AE M B S S 3 O D A B kI & . ICOD-R
IR ERSIVTIEGIZZEE L, A KRBT DEMEM T LT — 22 LT, BT —20 04
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R 0D B0 08 8 Hh DI 4,630 1] Tdh-o 7=, Kaplan-Mayer HifRICEY 5 EAFREF T L, —

29




WPEENEEF 1T, K,
57.0%)

AMWFZE T, T DR - PEED T AL
Flo, BRI T CEBSNT —2 D%

CWRPEFENEEH IR TH BIZAEGFRENMED -T2 (43.1%.

Wt

54.5%.

BOT% LB S5 AT

BNZLY, F D7 a5 EREIRRE NS,

A, WFZEEIY
AP HE RO CTRIFMIERET LM
H NIRRT KRR EL 5.2 5, b Rk
THY, FIUIEEICL DTN A VAT Y)E ~
DOURFEITH LD TEEEBRET | 57 T RESOH 3
\Zd& o THIE S5 socioeconomic status
(SES)EN BT LI Eb DD,
TR R L7 O AT, BVRRA
DD EB L E 2 BRI ORI Z 2
LTWAIENE D | R AR XD
NDHZLTB L, E£o, B I7 IR DU
THERAEBRIOTE B O KA, £
2 OB E I SE TN,
ZOIRBURAEREX By T — 2
TR - PEET L OBIRERE D RFE AR
DT VR, T e E B RR IR I R D& A D
FTEoMNTERD,
AIFFETIE, By T — 2% Ok - e
DIRIFIAY L% ~DFEIZOUNT, TR
LM HEE T2 T, ZE RIRERED

FERHEY A7 DA REMEEHEE T D221
77
LT —21%, Ol) 785 (22 %

FEDE 55 SIFBE I 2 8D ANt B TR kR 7
— X~ —Z(ICOD-R) KON, A1 900 15 % #4

30

A% AAKRE Ol ThHLOMZR) 1 THEM
AT, B AR KR OIS A B ER T D,
O AHEFUEEUEFE LD AT DS
e SO VNS T AN Ay i1k Y B
RIZIZAWR R L, HoWLHBHIAE T
WTHHT7 2B OH A 1A X e, PERET
EDOHFACEWE OBRFRIZ OV T, R RESE
BRI, FEF LT HEOHEL
IR L HAEE ST B TS (PRTR:
Pollutant Release and Transfer Register) o =D
fHmaboTh, FBRRIRIL T oA FLFY)
E O EREE I TR FRETHD08, PESE
(CIREES LT W E OHEE IR T

B

=HFD

=2,

ZZC,ICOD-R Z M\, &HLEEORY A
DIRFIEATV, PRTR #5510, PEEITEX
LA E g gR O BEIZ DN THEZEL
77

© [EIFEBIOER S CREIMEL=%
H OAE A LB T D53 T

[ RAEHRBREIE OB &, A ARE N O K I
(ZIFBRWARE) — RN EE 2D, L, &
WA Z LA SO EIROHENFLL TOfHE
MR ZDEREL B D, Fo,
DOBWIRENL, 228 A ORHERS, &

EMED RIS,




X & itk > SES (22 A SN D A REME L &
%o MZ T, R OB A S B
BULTHRICHETHTHAD, £ T, Bk
BBURDR TEZZERIRIET UM LORE
HIEIRERD TRIZE DI 7 I DD D0 %
FRETLT=,
@ MRk A B Gk L ICOD-R DZEHA
\z
KD PEZE LI T 0 B O
ICOD-R (3t 2 4 (- DRIEE R S0 AT
R ERE A LT ABEIE R CThHDD, ABEkt5
LIRS TERIFIZAL T, HRZ ABE L DR
B, T4, SR ROERD I, — 5 CHiEA A
AR E S D TR E B TE5HD
D, FREB SR E ST AERFOFEHT RO
%, BIZFECAEZE N DO RREELIREIL, S O
ST E A I C L D50 Th D70, EHErE
[ZZLW, £ T MEZRAETHIET,
R PEETLOBIRDO VRO AR Z DL
ZHNET D,

B. g5k

O FHEREENEFE LD AY O
ICOD-R 716, BUEFEITR% Y DAEGIZHh
L. & (RS2, $L5E . B RE | L.
il H TR, e, K. it oY A2z
W, EBIEFIE D S\ L B
reference &L, M & - fkF 4 H¥E L= £
T, BV AT Ay 7 A oA T s
DDA XA F LTz,

ICOD-R DFFHEL T, EALDEEABLH
JEERNMDZEMAIRE TH LT, A v Xtk
2.0 A UG L DM A G DEIZOWN

31

T, AE T SIRBED D% 2 8 IR BEH 2 B 7
R O E MM E T DL
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houstry categoy Brrkman hdex' Aeohal (g/cay)
Modan JOR'26%75% Moo an BOR*250:75%)
case control case control

Al 0(0:660) 0(0:125) 0(0:45.0) 0(0:0)
Food 0(0:350) 0(0:0) 0(0:35.0) 0(e:0)
Beverages, tobacco ard feed 0(e:720) 000:60) 0(:72.0) 000
Textle mil products 0(0:440) 0(@0) 044,00 0le:0)
Clothes and other taxties 000:0) 0(Q0) oo} 0l0:0)
Lumber and wood products, exceot fumiture 002 740) 000:150) 00:74.0) 0(0:0)
Funiture and fatures 00:700) 0(0:150) om:70.0) 0(0:0)
Pup, paper and paper products 00:690) 0(0:200) 06900  00400)
Prirting ard alled irdustries 00:680) 0(0:102) 0(0:680) 0l0:4.0)
Chemcals, and chemcal ard albed preducts 0(0:750) 0(0:240) 0(0:75.0)  000:80.0)
Petroleun ard coal products 285(0:740) 000:250) 28.5(0:74.0) 000:11.5)
Plastic products except otherwise classfed 0(0:600) 000:220) 0(-60.0) 00:50)
Rubber products 0(0:640) 0(C0) 0(0:64.0) 00:0)
Leathar tanrnng, lesther products ang fur 000:440) 0(a0) 000-44.0) 0lc:0)
Caramic, s20n and clay products 0(0:780) 0(0:260) 0ix780)  000:10.5)
kon & stoel 000:720) 0l0:135) o720 0(0:0)
Norrfarrous metals 810 prooLcts 0(0:740) 03500  1500:740)  000:24.0)
Fabroated metal products 1500735} 0(0:200) 0738  00300)
Gereral purpose machnery 0l 720) 00 202) om7200 00550
Electrcal machnery. ecupment and s.oplies ol0660) 0l0560) o66.0) 0l0n0)
bhformaton ard communcaton electronos 0(0:540) 0(00) 0(0:54.0) o0
Electroric parts, devices and electrone circuits 0(0:470) 000:60) 0(0:47.0) 000:0)
Transportation equipment. 0(0:765) 0(0:200) 0(0:76.5) 000:60.0)
Pracsion machinery 0(0:600) 0(0:210) 00:600)  00:50.0)
Macelaneoss manufacturing industries 0/e510) 0.0:320) 0(0:51.0) 000

‘Brricran bhdex the number of agerettes smoked per day multipled by the number of years smoked

FIOR: Intorcus-t'e rarge,
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Cancer site(ICD-10)

Prsotate(C619) Kidney(C649)
Number of registerd n<1000 1000<n<2000 2000<n Number of registerd n<400 400<n<1000 1000<n
Total n(%) 9.523(37.44) 8,232(32.36) 7,680(30.19) Total n(%) 764(15.32) 1,749(35.07)  2,474(49.61)
Gender n(%) Gender n(%)
Male 9,523(100.00) 8,232(100.00) 7,680(30.19) Male 557(72.91) 1,246(71.24)  1,795(72.55)
Female - - - Female 207(27.09) 503(28.76) 679(27.45)
Age Median(IQR") 74(68:79) 73(68:78) 70(66:75) Age Median(IQR") 72(63:81) 70(61:77) 66(57:74)
TNMstage n(%) TNMstage n(%)
Stagel 3,113(32.69) 2,415(29.34) 2,305(30.01) Stagel 455(59.55) 1,148(65.64) 1,727(69.81)
Stage2 3,732(39.19) 3,580(43.49) 3,385(44.08) Stage2 64(8.38) 125(7.15) 134(5.42)
Stage3 1,054(11.07) 897(10.90) 1,060(13.80) Stage3 75(9.82) 146(8.35) 206(8.33)
Stage4 1,624(17.05) 1,340(16.28) 930(12.11) Stage4 170(22.25) 330(18.87) 407(16.45)
Bladder(C670/679) Esophagus(C150/159)
Number of registerd n<400 400<n<1000 1000<n Number of registerd n<400 400<n<1000 1000<n
Total n(%) 1,386(28.73) 2,924(60.61) 514(10.66)  Total n(%) 3,450(36.96) 2,032(21.77)  3,853(41.27)
Gender n(%) Gender n(%)
Male 1,079(77.85) 2,311(79.04) 400(77.82) Male 2,916(36.66) 1,706(21.45)  3,333(41.90)
Female 307(22.15) 613(20.96) 114(22.18) Female 534(15.48) 326(16.04) 520(13.50)
Age Median(IQR") 75(66:82) 72(64:79) 72(64:79) Age Median(IQR") 69(62:76) 68(63:75) 67(61:73)
TNMstage n(%) TNMstage n(%)
Stagel 738(53.25) 1,548(52.94) 249(48.44) Stagel 1,020(29.57) 682(33.56) 1,334(34.62)
Stage2 327(23.59) 650(22.23) 140(27.24) Stage?2 581(16.84) 340(16.73) 522(13.55)
Stage3 146(10.53) 390(13.34) 57(11.09) Stage3 933(27.04) 574(28.25) 1,181(30.65)
Stage4 175(12.63) 336(11.49) 68(13.23) Stage4 916(26.55) 436(21.46) 816(21.18)
Stomach(C160/169) Liver(C220)
Number of registerd n<1000 1000<n<3000 3000<n Number of registerd n<400 400<n<1000 1000<n
Total n(%) 7,182(18.89) 16,859(44.35) 13,976(36.76) Total n(%) 3,385(35.66) 2,673(28.92)  3,434(29.15)
Gender n(%) Gender n(%)
Male  5,061(70.47) 12,019(71.29) 9,864(70.58) Male 2,359(69.69) 1,900(71.08)  2,433(70.85)
Female  2,121(29.53) 4,840(28.71) 4,112(29.42) Female 1,026(30.31) 773(28.92)  1,001(29.15)
Age Median(QR") 73(65:81) 71(64:78) 69(62:76)  Age Median(IQR") 71(64:78) 70(64:77) 69(63:74)
TNMstage n(%) TNMstage n(%)
Stagel 3,681(51.25) 9,431(55.94) 8,719(62.39) Stagel 1,328(39.23) 1,101(41.19)  1,365(39.75)
Stage2 847(11.79) 1,936(11.48) 1,272(9.10) Stage2 890(26.29) 710(26.56) 960(27.96)
Stage3 718(10.00) 1,704(10.11) 1,495(10.70) Stage3 693(20.47) 593(22.18) 779(22.68)
Stage4 1,936(26.96) 3,788(22.47) 2,490(17.82) Stage4 474(14.00) 269(10.06) 330(9.61)
Pancreas(C250/259) Colon(C180/189,C199,C209)
Number of registerd n<400 400<n<1000 1000<n Number of registerd n<1000  1000<n<2000 2000<n
Total n(%) 5,499(54.25) 2,571(25.36) 2,067(20.39) Total n(%) 6,654(26.18) 8,619(33.90) 10,150(39.92)
Gender n(%) Gender n(%)
Male  3,044(55.36) 1,431(55.66) 1,206(58.35) Male 3,688(55.41) 4,770(55.34)  5547(54.64)
Female 2,455(44.64) 1,140(44.34) 861(41.65) Female 2,968(44.59) 3,849(44.66)  4,604(45.36)
Age Median(IQR") 73(65:81) 71(63:78) 68(61:74) Age Median(IQR") 73(64:81) 70(63:78) 69(61:76)
TNMstage n(%) TNMstage n(%)
Stagel 555(10.09) 171(6.65) 181(8.90) Stagel 1,882(28.28) 2,278(26.43)  3,005(29.61)
Stage2 896(16.29) 387(15.05) 461(23.30) Stage2 1430(21.49) 1,960(22.74)  1,943(19.14)
Stage3 823(14.97) 521(20.26) 390(18.87) Stage3 1,613(24.24) 2,486(28.84)  3,217(31.69)
Stage4 3,225(58.65) 1,492(58.03) 1,032(49.93) Stage4 1,729(25.98) 1,895(21.99)  1,985(19.56)
Breast(C500/509) Lung(C340/349)
Number of registerd n<1000 1000<n<3000 3000<n Number of registerd n<1000  1000<n<3000 3000<n
Total n(%) 9,044(31.62) 9,860(34.48) 9,695(33.90) Total n(%) 8,148(23.49) 16,726(48.22)  9,816(28.30)
Gender n(%) Gender n(%)
Male 58(0.64) 52(0.53) 28(0.29) Male 5,668(69.56) 11,686(69.87) 6,645(67.60)
Female  8,986(31.57) 9,808(99.47) 9,667(99,71) Female 2,480(30.44) 5,040(30.13)  3,171(32.30)
Age Median(IQR") 61(49:72) 59(49:69) 55(46:65) Age Median(IQR") 75(67:82) 72(64:78) 69(62:75)
TNMstage n(%) TNMstage n(%)
Stagel 3,985(44.06) 4,114(41.72) 4,357(44.94) Stagel 2,152(26.41) 5,563(33.26)  4,206(42.85)
Stage2 3,409(37.69) 4,080(41.38) 3,772(38.91)  Stage2 562(6.90) 1,135(6.79) 835(8.51)
Stage3 980(10.84) 1,048(10.63) 1,027(10.59) Stage3 1,595(19.58) 3,454(20.65) 1,912(19.48)
Staged 670(6.41) 618(6.27) 539(5.56) Stage4 3,839(47.12) 6,574(39.30)  2,863(29.17)

Because of rounding, percentages may not total 100.

"IQR: Interquartile range.
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Cancer category

Prosme(CH10)
Gendar{imale fomale)
Apimedanior®)

Priod of dagrous(1234 %)
Sl 234)

Carey(CH4S)

Gendar{male ‘emale)
AprimedanOR®)

Priod of dagross(12345)
Sum(1234)

BladdedC6T0/ B9
Genderimale fomale)
ApimedanOR)

Priod of dagross(12345)
Suw(1234)

EsophogC150/159)
Gendar{male fomale)
ApimedanOR®)

Priod of dagross(123415)
Sum(1234¢)

Stomach(C160/168)
Gender{male fomale)
Ageimedion OR")

Prod of dugross12345)
Supw(1234)

Liver(C220)

Candirimaie ‘amak)
AprimedanORY)

Prod of dagross1234 5
Sl 234)

Parcreas(C250/238)
Candirimaa ‘amak)
AprimedanOR?)

Prod of daprons(1234 5
Sap(1234)

Color/C180/120/199/209)
Gander{mala Tamaks)
Aplmedaniar?®)

Prod of dogrone1234 9
Swp(1234)

Breast(CI00/509)
Qandar{male Tamak)
Ageimedanior?)

Prod of doprons1234 5
Suap(1234)

Lung(CH40/349)
Qendar{male ‘amaks)
Agimedaniar?)

Prod of daprons1234 5
Stage(1 234)

High volume Others P~
sn 15119
910 151190 -
7120661 738) 73¥679720) 00o00*
212673062 628 £18238392310936
2861 4364 1166 1180 45116126 1765 2637
1730 3090
1258481 2230850 088
634565728 65 X566 72 5) 0o00*
02206841024 0950 7072328
122791131280 1979217289606
1363 3
1061302 2655717 0403
420662809 73866 1809 0047"
017450005 26398322453
647371189154 1821722401418
3204 5449
2066433 4611838 0030"
W5641766 6846531743 0000*
0318212161802 0202471462371
111443498367 15012781638 1432
126306 21968
80203718 15585 6384 04
WHBIBI Y 0963877 .1) 0000*
3125 061 4505 042 6 106 935 5886 15034
73781272 189% 2490 113212631 2369 5623
0666 5a54
25961070 38251629 0483
115644778 ERE LT AR 0000"
628 20913102113 2141201507 721
14831019 814 U8 204114771223 713
3482 6187
1961 1831 34402757 0165
6630758 696631759 0000*
121441204 2091 017180 1430 4570
206917331818 4249639513348
9493 15485
51814312 guaeen 0257
WOBII N D 726065179 6) ooco’
16 141 603 3483 5250 9576903326 10839
2877 1897 2849 1830 0963327 4316 3726
9694 1794
289605 10717883 oooo*
57.3(47167.1) G000 71 6) ooco*
34) 510 31815733 2222510004807 11001
4356 37721027539 4637237 1980 1262
12373 19738
24133938 13920 3858 oooo*
05616765 72765879 1) ooco”
367 626 44906978 896951 494113990
4620 1061 264 4020 5106 1300 4245 0129

pvakes D01 or 005" were conmdered 10 be satsically sgvfcant

*10R Imerguartie range

5 Propensity score matchingiil DfE $15 %
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Table 2 Bawine charactaristics of came of high volume canter and matched par from others.

Cancar category Cawne in high voluma Matched carae [
Proatate(CH19) 9571 %
Gerderimalefemale) wuhno wWwno -
Ageimedanionr®) T1L2661:759) M3662762) 0329
Priod of damosinl] 2:34:5) 2126T2062.6428 416:196:2792:6362
Stage(1:23:4) 2861-4364:1188:1180 4010149729019
Kidney (CH49) 1739 1739
Gender.male female) 1238431 17%6:48) 0940
Ageimedanion’) 65.4(565724) 6480557727 0721
Priod of dagnosinl] 2:34%) 02286841024 09350:952:1088
Stagel1:234) 122791131200 1181:138:145:275
Bladdur{C£70/679) 1363 1363
Genderimale female) 1061:302 1004 302 0890
AgeimedaniOR*) 74,266 240.9) 74 5086 £:80 4) 0&37
Priod of daposisl] 2:345) 01:7.45090% 0029:3%6:913
Stage(1:23:4) BATIT1IBR 156 879316:176:192
EscphapiniC150/159) 204 1204
Genderimale female) 2746 438 2rmAan 0835
AgeimedaniOR*) 70.5064.1:76 6) 686(625748) 0549
Priod of dagnosial] 2.345) O:X18212161800 029:215.1060:1900
Stage(1:23:4) 111443454561 1071:550:649:700
Stomach(C160/169) 12636 12638
Gerderimale female) 80203716 53993637 [ F2l}
Ageimadanion') TOBEI8 TN 03635772) 0354
Pricd of dagnosisl] 234%) 21 25:061.4500. 7042 61082844280 7258
Stage(1:23:4) NI 12TE1455:2490 T49: 1496 1201 2446
Liver{C220} Jabk 1666
Genderlmalefemale) 25081070 25231083 one
Ageimedanion®) T15644774) M 88397717 0é87
Priod of daposisl] 2:345) 628:209:13102113 2:14:120:1406:2125
Stage(1:23:4) 1485:1019:814:348 1520:1055711:380
PancranslC250/259) Jasay 447
Gender/male female) 1061:1481 1891:1451 0465
AgeimadaniGR') 6 6630758 89062 &758) 0&2?
Priod of dagnosial] 2.34%) 121801204.209 0:15:170:1086:2201
Stage(1:23:4) 200691 7X1818 308629 5651922
Calen(C180/189/199/209) 9493 9493
Genderimalefemale) S181:4312 52284255 0406
Ageimedanion') TOeBXI1TIT) 209833778) 0703
Priod of daposisl] 2:34.5) 16.141 §03:348352%0 1:57.650:3392.5351
Stage(1:23:4) 20771837 2049:1530 2754:2156 20161967
Brean(C500509) G654 604
Gonder.male female) 289608 2648 0.733
AgeimadanioRr') 51.347.142.1) 57 1(47 466 9) 0958
Priod of damosisl] 2.345) 347:530:3131.5733 18.135.654:2731 6136
Stage(1:23:4) 4354:3772:1027 599 4453863920557
Lung(C140/349) 12273 12373
Geondermale female) Ba1%J0ss 55302343 [ R1]
Ageimedanin®) 105636785 20563776 7) 0173
Priod of dagosinl] 2:34:5) 3676264499 6978 8:50:026:3739.7352
Stage(1:23:4) AB2% 10812643 4020 J4) B H994978
e=values 001" er <005" were wdared to be Ihy sgrificant.

YIOR: Mterquertie range

#6 Propensity score matching®& DIEHI 7 #H
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Gender Age Brinkman hdex'  Aloohol

Cancer category Male(s)  Femalely)  (medonlQR')  (medianiOR')  (a/day)
Total 5241(50.80) 1,55%40.40) €85(59:75) 0(0620)  (0:180)
Prostate{C810) 542010.34) 0.0 6560:74) 40(0675)  ((0.405)
Kidney{CE40) 268(2700)  132(33.00) 64(54.72) 0(0540)  ©0:300)
Bladder(C670/679) 450(75.76) 144(24 24) 70(60.77) 20(0730)  ©(0.500)
Esophagu#(C150/159) 252(8542)  4¥1458) €5(60:74) 350(0860)  0(0:600)
Stomach(C160/169) 8556577  445(34.20) €9(60:7¢) 0(0620)  (0:300)
Liver(C220) 331(6968)  144(30.32) 65(61:75) 0(0.600) 000:0)
Pancreas(C250/259) 226(5079)  219%49.21) 71(62:78) 0(0:570) 000:0)
Colon(G180/189,199.209) 132005807)  953(41.93) 68(60:76) 0(0 540) 0(0.84)
Breast(C200/509) 6(065)  918(99.29) 58(47.68) o(00) 0l0:0)
Lung(C340/349) $91(64.10)  555(35.90) 69(61:78) 300(0900)  0(0:530)

Because of rounding peroentages may not total 100.
"Brinkman Index the number of cigerettes smoked per day mulliplied by the number of years smobed
FIOR Interquartile range.

I RELFEHOR-AS/4H1%
Gender Age Brinkman hdex’  Alcchol

Male()  Female))  (mediandQR')  (medisnlOR')  (/day)
Total 3.431(74.10) 1,199(2590) 65(56.72) 100(0.760)  00.620)
Cancer category
Prostate(C819) £09(100.00) o) 84(58:71) 100(0:680)  0(0:620)
Kidney(C649) 2008347)  41016.53) 61(50:70) 1200640)  010540)
Bladder(C670/679) 330(8753) 471247 67(57.75) 220(0780)  0(0:660)
Ezophagus(C150/150) 166(92.22) 14(7.78) 66(59:73) 432(0970) 375(0:900)
Stomach(C180/169) 5738082)  138(19.18) 66(57:73) 185(0:760)  0[0:660)
Liver(C220) 191(8604)  31(129¢) 66(60:73) 9(0660)  00:600)
Pancreas(C250/259) 1276978)  55(3022) 68(60:74) 0(0840)  000620)
Colon(C180/189/199/209)  80%(7582)  258(24.18) 65(57.72) 160(0.700)  0(0.600)
Breast(C500/509) 3(060)  430(00.31) 52(46:62) 00:0) 0(0:0)
Lung(C340/249) 816(7671)  187(2329) 86(58:73)  550(0:1000) 150(0:860)
Sector of indutry
Primary 43(69.35) 19(30.65) 76(68.82) 255(0900)  00:880)
Secondary 1,745(8505)  307(14.95) 86(58:74) 280(0:820)  0/0:700)
Tertiary 1,642(6529)  873(34.71) 83(54:70) 0(0:700)  00:555)

Becauss of rounding. percentages may not total 100
"Brinkman Ihdex: the rumber of cigerettes smoked per day multiplied by the number of years smaoked,
*IOR: Interquartile range.
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Cancer site(ICD-10)

Prostate(C619) Kidney(C649)
Sector of industry Primary Secondary Tertiary Sector of industry Primary Secondary Tertiary
Total n(%) 1(0.5) 93(46.50) 106(53.00) Total n() 15(0.72) 829(40.05) 1,226(59.23)
Gender n(%) Gender n(%)
Male 1(0.5) 93(46.50) 106(53.00) Male 12(80.00) 692(83.47) 763(62.23)
Female - - - Female 3(20.00) 137(16.53) 463(37.77)
Age  Median(QR) 79(69:84)  67(59:74)  64(55:72)  Age Median(IQR") 79(69:84) 67(59:74) 64(55:72)
TNMstage n(%) TNMstage n(%)
Stagel 0(0.00) 48(51.61) 42(39.62) Stagel 2(13.33) 352(42.46) 494(40.29)
Stage2 1(100.00) 29(31.18) 33(31.13) Stage2 7(46.67) 164(19.78) 247(20.15)
Stage3 0(0.00) 4(4.30) 7(6.60) Stage3 4(26.67) 131(15.80) 184(15.01)
Stage4 0(0) 12(12.90) 24(22.64) Stage4 2(13.33) 182(21.95) 301(24.55)
Brinkman Index 490(—-)  230(0:620)  180(0:720) Brinkman Index 560(0:880) 460(0:840) 240(0:740)
Alcohol (g/day) 60(=:-) 80(0:600) 55(0:660) Alcohol (g/day) 0(0:670) 360(0:800) 55(0:640)
Bladder(C670/679) Esophagus(C150/C159)
Sector of industry Primary Secondary Tertiary Sector of industry Primary Secondary Tertiary
Total n(%) 1(1.64) 32(52.46) 28(45.90) Total n() 0(0) 17(47.22) 19(52.78)
Gender n(%) Gender n(%)
Male 1(100.00) 29(90.62) 25(85.29) Male 0(0) 15(66.24) 18(94.74)
Female 0(0) 3(9.38) 3(10.71) Female 0(0) 2(11.76) 1(5.26)
Age Median(QR") 79(69:84)  67(59:74)  64(55:72)  Age Median(IQR") 79(69:84) 67(59:74) 64(55:72)
TNMstage n(%) TNMstage n(%)
Stagel 0(0) 19(59.38) 13(46.43) Stagel 0(0) 5(29.41) 10(52.63)
Stage2 0(0) 10(31.25) 8(28.57) Stage2 0(0) 2(11.76) 0(0)
Stage3 1(100) 2(6.25) 2(7.14) Stage3 0(0) 3(17.65) 5(26.32)
Stage4 0(0) 1(3.12) 5(17.86) Stage4 0(0) 7(41.18) 4(21.05)
Brinkman Index 0(—-) 650(275:940) 640(180:820) Brinkman Index ~ 900(400:1050) 600(30:800)
Alcohol (g/day) 0(=-) 540(0:812) 527(160:780) Alcohol (g/day) - 800(412:980) 400(0:756)
Stomach(C160/169) Liver(C220)
Sector of industry Primary Secondary Tertiary Sector of industry Primary Secondary Tertiary
Total n(%) 4(1.65) 110(45.45) 128(52.89) Total n(%) 0(0) 30(42.86) 40(57.14)
Gender n(%) Gender n(%)
Male 4(100.00) 103(93.64) 95(74.22) Male 0(0) 28(93.33) 26(65.00)
Female 0(0) 7(6.36) 33(25.78) Female 0(0) 2(6.67) 14(35.00)
Age Median(QR") 79(69:84)  67(59:74)  64(55:72)  Age Median(IQR") - 65(59:71) 67(61:75)
TNMstage n(%) TNMstage n(%)
Stagel 1(25.00) 75(68.18) 71(55.47) Stagel 0(0) 11(36.67) 15(37.50)
Stage2 2(50.00) 15(13.64) 19(14.84) Stage2 0(0) 9(30.00) 7(17.50)
Stage3 0(0) 6(5.45) 9(7.03) Stage3 0(0) 5(16.67) 10(25.00)
Stage4 1(25.00) 14(12.73) 29(22.66) Stage4 0(0) 5(16.67) 8(20.00)
Brinkman Index 670(355:900) 620(315:980)  198(0:740) Brinkman Index - 395(180:820) 120(0:830)
Alcohol (g/day) 355(35:870) 540(0:920) 112(0:720) Alcohol (g/day) - 370(0:680) 0(0:830)
Pancreas(C250/259) Colon(C180/189,C199,C209)
Sector of industry Primary Secondary Tertiary Sector of industry Primary Secondary Tertiary
Total n(%) 0(0) 31(45.59) 37(54.41) Total n(%) 4(1.32) 121(40.07) 177(58.61)
Gender n(%) Gender n(%)
Male 0(0) 28(90.32) 17(45.95) Male 3(75.00) 100(82.64) 119(67.23)
Female 0(0) 3(9.68) 20(54.05) Female 1(25.00) 21(17.36) 58(32.77)
Age Median(QR") 79(69:84)  67(59:74)  64(55:72)  Age Median(IQR") 75(60:82) 66(59:73) 65(57:73)
TNMstage n(%) TNMstage n(%)
Stagel 0(0) 2(6.45) 4(10.81) Stagel 0(0) 33(27.27) 50(28.25)
Stage2 0(0) 5(16.13) 5(13.51) Stage2 2(50.00) 31(25.62) 44(24.86)
Stage3 0(0) 5(16.13) 2(5.41) Stage3 2(50.00) 30(24.79) 43(24.29)
Stage4 0(0) 19(61.29) 26(70.27) Stage4 0(0) 27(22.31) 40(22.60)
Brinkman Index - 500(0:1050) 0(0:720) Brinkman Index 280(0:720) 340(0:760) 240(0:697)
Alcohol (g/day) - 460(0:900) 0(0:320) Alcohol (g/day) 0(0:440) 300(0:645) 100(0:580)
Breast(C500/509) Lung(C340/349)
Sector of industry Primary Secondary Tertiary Sector of industry Primary Secondary Tertiary
Total n(%) 1(0.57) 42(24.00)  132(75.43) Total n(%) 2(0.66) 119(39.27) 182(60.07)
Gender n(%) Gender n(%)
Male 0(0) 0(0) 1(0.76) Male 2(100) 107(89.92) 129(70.88)
Female 1(0.57) 42(24.14) 131(99.24) Female 0(0) 12(10.08) 53(29.12)
Age Median(QR") 50(--)  60(46:72)  52(46:63)  Age Median(QR") ~ 80(73:87) 69(62:76) 66(59:73)
TNMstage n(%) TNMstage n(%)
Stagel 1(100.00) 14(33.33) 63(47.73) Stagel 0(0) 40(33.61) 67(36.81)
Stage2 0(0) 19(45.24) 54(40.91) Stage2 1(50.00) 7(5.88) 10(5.49)
Stage3 0(0) 5(11.90) 11(8.33) Stage3 1(50.00) 37(31.09) 44(24.18)
Stage4 0(0) 4(9.52) 4(3.03) Stage4 0(0) 35(29.41) 61(33.52)
Brinkman Index 0(=-) 0(0:0) 0(0:0) Brinkman Index 905(—:-)  800(460:1060)  705(200:1000)
Alcohol (g/day) 0(=-) 0(0:0) 0(0:0) Alcohol (g/day) 885(—:-) 720(0:980) 475(0:920)

Because of rounding, percentages may not total 100.

1‘IQR: Interquartile range.
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Cases in Kanagawa cancef regetry Cases ninpatent cinic.occupations database fo
regstered

2 Kamo and Yokohama Rosa hospeal Rosai hospdal group (ICO0-R) regestered at Kanto
as a dgnosed orded 3t hospeal = 27 658 and Yokohama Rosa hospial = 29903

‘\..\“/

Merged casis from Kanagawa cancer registry and ICOD-R ) =13,234

———> Another cancer = 4,440
y

Cancer cases ncluded in 10 man categones = 6,704

pe———3 Mo data about industnal history = 4 164
"

Cancer cases n man categones with ndustnal hestory = 4,830

\ No data about TNM stagng = 1,103

Cancer Cases in main categones with industriad history and TNM staging =3 527
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Association.

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

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

n (%) or Mean (SD)
Characteristics* Control (n=999 976) | Case (n=128 615) | P Value®
Female 202 743 (20.3%) | 30 592 (23.8%) | <0.001
Age, y 60 (13) 61 (14) <0.001
Admission 2001 (8) 2001 (9) 0.13
date, financial (y)
Occupational class* | n=957 005 n=103 405 <0.001
Blue-collar industry
Blue-collar 347 239 (36.3%) 38 824 (37.5%)
Service 123 213 (12.9%) | 12 533 (12.1%)
Professional 33 755 (3.5%) 2987 (2.9%)
Manager 38 611 (4.0%) 3960 (3.8%)
Service industry
Blue-collar 38 609 (4.0%) 4403 (4.3%)
Service 156 424 (16.3%) | 18 724 (18.1%)
Professional 8399 (0.9%) 881 (0.9%)
Manager 19 189 (2.0%) 2055 (2.0%)
White-collar industry
Blue-collar 19 711 (2.1%) 1985 (1.9%)
Service 88 800 (9.3%) 8661 (8.4%)
Professional 69 905 (7.3%) 7179 (6.9%)
Manager 13 150 (1.4%) 1213 (1.2%)
Log-transformed n=919 976 n=101 458 0.32
pack-year* 1.90 (1.79) 1.90 (1.79)
Log-transformed n=826 329 n=92 297 <0.001
i‘:}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
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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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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
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Table 5. Odds Ratios of Each Occupational Class Associated With Risk for Coronary Heart Disease and Stroke Estimated With 4

Matched Controls Per Each Case

Odds Ratio (95% Cl)*

Coronary Heart Disease Stroke
Occupational Class Model 17 Model 2+ Model 17 Model 2*
Blue-collar industry
Blue-collar 1.00 1.00 1.00 1.00
Service 1.08 (1.04—1.14) 1.08 (1.03—1.13) 0.94 (0.89—0.98) 0.93 (0.89—-0.97)
Professional 1.06 (0.98—1.14) 1.08 (1.00—1.17) 0.77 (0.70—0.85) 0.77 (0.70—0.85)
Manager 1.19 (1.11-1.28) 1.19 (1.11-1.28) 0.91 (0.85—0.98) 0.89 (0.83—0.95)

Service industry

Blue-collar 1.01 (0.93—1.09) 1.01 (0.93—1.09) 1.07 (1.01—1.14) 1.07 (1.01—-1.14)
Service 1.10 (1.05—1.15) 1.10 (1.05—1.15) 1.03 (0.99—-1.07) 1.02 (0.98—1.06)
Professional 1.08 (0.92—-1.27) 1.11 (0.94—1.30) 0.94 (0.83—1.08) 0.96 (0.84—1.10)
Manager 1.21 (1.10—1.34) 1.21 (1.10—1.33) 1.01 (0.93—1.10) 0.99 (0.91—1.08)

White-collar industry
Blue-collar 1.03 (0.93—1.14) 1.05 (0.95—1.16) 0.88 (0.81—0.96) 0.87 (0.80—0.95)
Service 1.03 (0.98—1.09) 1.05 (1.00—1.11) 0.82 (0.78—0.86) 0.82 (0.78—0.86)
Professional 1.04 (0.98—1.11) 1.09 (1.03—1.16) 0.84 (0.80—0.88) 0.86 (0.82—0.91)
Manager 1.06 (0.93—1.20) 1.07 (0.95—1.22) 0.84 (0.74—0.97) 0.84 (0.73—0.96)

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

stroke.

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

Additional adjustment for smoking and alcohol consumption.

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

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

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.

© 2019 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

Cancer Medicine. 2019;8:6139-6150.

wileyonlinelibrary.com/journal/cam4 6139


www.wileyonlinelibrary.com/journal/cam4
mailto:﻿
https://orcid.org/0000-0002-0044-1821
https://orcid.org/0000-0001-7616-355X
http://creativecommons.org/licenses/by/4.0/
mailto:rena@kantoh.johas.go.jp

KANEKO ET AL

6140 .
—I—Wl EY—Cancer Medicine _

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,
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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
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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
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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.

1034

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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Odds ratio (95% Cl
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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).

Cancer  March1,2020

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

1036 Cancer  March1,2020



Light Drinking and Cancer Risk/Zaitsu et al

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.

KEYWORDS

bladder cancer, Japan, occupation, population-based, socioeconomic status, survival

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.

© 2019 The Authors. Cancer Medicine published by John Wiley & Sons Ltd.

894 wileyonlinelibrary.com/journal/cam4

Cancer Medicine. 2020;9:894-901.


www.wileyonlinelibrary.com/journal/cam4
mailto:﻿
mailto:﻿
https://orcid.org/0000-0001-7616-355X
https://orcid.org/0000-0003-4648-5042
http://creativecommons.org/licenses/by/4.0/
mailto:m-zaitsu@m.u-tokyo.ac.jp
mailto:mzaitsu@hsph.harvard.edu

ZAITSU ET AL.

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



ZAITSU ET AL.

.. 897
Cancer Medicine _ —WI LEYJ—

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



ZAITSU ET AL.

.. 899
Cancer Medicine _ —WI LEYJ—

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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