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Abstract

Objectives: We aimed to determine the effects of age, period, and birth cohort on
cervical cancer mortality rate trends in Japanese women, using an age-period-cohort
(APC) analysis. Additionally, we analyzed projected mortality rates.

Methods: We obtained data on the number of cervical cancer deaths in Japanese
women from 1975-2011 from the national vital statistics and census population data.
A cohort table of mortality rate data was analyzed according to a Bayesian APC
model. We also projected the mortality rates for the period 2012-2031.

Results: The period effect was relatively limited, compared to the age and cohort
effects. The age effect increased suddenly from 25-29 to 45-49 years of age and
gently increased thereafter. An analysis of the cohort effect on mortality rate trends
revealed a steep decreasing slope for birth cohorts born from 1908-1940 and a
subsequent sudden increase after 1945. The mortality rate projections indicated
increasing trends from 40 to 74 years of age until the year 2031

Conclusions: The age effect increased beginning at 25-29 years of age. This could
be attributable to the high human papilloma virus (HPV) infection risk and low
cervical cancer-screening rate. The cohort effect changed from a decreasing trend to
an increasing trend after the early 1940s. This might be attributable to the spread of
cervical cancer-screening and treatment before 1940 and the high HPV infection risk
and reduced cervical cancer-screening rate after 1945. The projected mortality rates

indicated an increasing trend until the year 2031.

Key words: cervical cancer (= $ 2% A ), Bayesian age-period-cohort analysis (X
A XAl age-period-cohort 43 #7), cohort effect (=74 — ~ %), human papilloma

virus (B k¥ mr —=< 7 A L&), cervical cancer screening ( +'=ZSEN AL BRPZ)
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EH, DOREO FEEDAIXFEME 8,800 AREE L, £ 2,500 ANKELT L
TV, Z2O0OBRAE, 2000 39O EELEICEBVTHRELZVNRATH D,
HHEEOF TCHARDOAED, HEELMEIZEB W THEMMEMEZ XL TWD (1-3), 1975
FEND 1985 FEFE T, EMBERIOBREBREOE -7 X650 79 ®ICH Y H
B DN AL TH->Tb O, 1990 F LI TIE, 350 49 ICHEE D E —7
NBESNEFEEEOBAL~NEHBL TCERE 4), 20X HfEBIT, HIEHHO
HEWBILICHEVE X 7 —~ 7 A4 LA (human papillomavirus; HPV) @ Ji& 4
DF v AN MLEZ RN FELLHEHRHELTETFLRL TS (5-7), F 12,
1990 AF LA O + H SN AL T ORFHEIX, 65U FOoOREBHFOHXETCHKE TH Y,
1950 FRURBICFERAABRZAEARBIECLIVHERI LT E L H D IE
CEREMNEE L TE, LaL, 2000 F 2 Al MICE U, % I1C 20-39 m O A F
THETORTEREMPIMERL I AL TVD (2, 4), Z0XH>72#HERBIT, 2ICH
TOHOEHMIMFABEER~AMEED I AT b0 —BWFERLEI T Z &,
HHBREOREEAEITBICE D 5 M#, o EBNEINLRKRDZES /D
SNz EEBxoHoNTWVWD (8), FTEHEHMAIZ, BB E WS ETENE OB
BENFET D0, R THOBARBICELVAIBEHRAZ RPRERLL, 7B
BT DHDIEVAREBRDBATHD, MAREEOFEHRPARZZZ RN 60%L
EThHroicw L, DAEITH 20% & MK < (9), £ 72 1995 E LB 2 %
ZHEEIERBENERT, BEESCHEER LR VRETH D (10), 20 K5 7%
BORZZLERNEFETORBEHMEMAICHEL, HFEFOET FIZER
FHZTWLHbOEEZLNTWD, TO®d, DHRETIEX, HELEZSR
T ESENPAD R TP ELTO HPV U 7 F U I X D HPV &Y T B O H#E
B, “RTPBELTOFEEARARZZRZICE D RHER - RHIEE O FE N

BELBEL o TWD,
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ERRICE D TENMICIE, FHMOEE, BROEEBIVaR— 0 EEN
RELSBEETLIZERHRESINTEY (11-16), FEHEBIALIC LD TEH WO
HTRERICLINOL 3 SDOEENRELEL TV AEENS D, aH— boWrix, B
REMC ot ELGOE{LE Fil, HRBIXOarx— Mo A6 T
LFETHY, TEHHPIAVRCROLHIIA T TEHREZBRTFT T 27 OICIHERIC
AT D,

FTEHEPARCROB RO LS - EHHOEMMOIFRINT —F 6, £
DEBICEABRT D2 EELAONLHE, WRBIParsx—-TFTO0KFERNOEEEL
LT, BBBOREI (DR) 2HET D HIED —DIT, XA X E - KA -
275 — K (age-period-cohort, APC) 3 #r & 5, XA XA APC /o #1i%, Fln, HF
REBELXVPaFR—-TrTO3EREZNHEL CHET L2 EPARETHD LS TR
ME] 2BE L, SERNOHRELZDHL CHET DI LERARBRIINTIETSD
% (17-21), XA XA APC oy #T1X, L T (11-16), H FZ 5 1 (22), AE G < H
& (23), H4A (24,258 L OVEMH (26)cFfo@hmaxtg s Lizaks— b0
OB E LEERRESTFOMBICHEN SN, 2ES EOEREEZR A
It L CWb, T, FTEEMPARCEOBARNLSHZRLED L) REBRE T 5
OMLrZFMT 52 LT, MRkoFEHEAPANKEZHFHET DOV IEFICEHEER
TLETHD, XA XM APC o T, EBEOELHNLORKRTFTHMAZ TR L L,
I ETITS, AT E (27), B - Mmoo H B $ (23), HAEFE (24)
BIXOFBRBAERE 25D FKHFTFICTOVWTHE I N TV D,

AKX, Fh, FRBLPaF-—- MoK EROEELHEL T, TLEN
BAHOEEIZODWTHMTELNAL XM APCHHEZMEHL T, DA EO+HH
WAL RO 1975 F00 6 2011 F O OFERMEBICEH 2 CTE R Fim, KRB X
Cafs— M REPLICTL, 2012 F0 D 203l FETOFHEHMNAKL L ED

FroRHEFF 2TV, AR ED XL HI>REBERTOrEZREET 2 2L LI,
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1. FEHEMALUETCE L ZE AR O EE

1975 2706 2011 FETOHRAD FHEMNALE T KT, 28 E L L THE
FEhi S TWDH AN ARG (28)7 & F i PE kA IC G 72, 1975 420 5 2011 4F
FCoLMHEART, HEAREFEIIESMA®RSE, WAEFEUIT 10 H 1 B BLEH#
AL QL HE, BERER o LMD a3kl — i, 1888 5 1984
FEOHMOEETND 97T 2R —FTHY, TOakr— KA Table 1 1287 L 72,
TOFIF, 3THEM (B 0BT D 25205 85 Ll EE T 13 FE X
(i) ORRNRETICHETERETZRL, RPFOHMEIEXR —Oaksx—ro

o AEFE (FRE) Z2RLTWVWD,

<~ Table 1.

2. TEHEMNAURELEDO A XK APC /5T

FTEENAUFETED APC oo E7 U » 7121, Knorr-Held & Rainer
QD FHEICESLSBERA X7V —2 U= 2@HA L, BEX1 XE

TATE, F-BEBELTTRERT IOCFEMIME LT HYME R
E LT,

Cij ~ Binomial (nij, mij) (1)

EXMicEBWT, CijldE jRESOE | 4Pk o3 %, Binomial (nij,
I/ T A= nij& oy “HGA, nijlXFE jREAOE i FEWmPEHKO AN D
A XB IO mij TR DT HERZ R,

BOBEMELT, TRECARTEIORFEHEPAELCHEERDO L Vv MI
W R, FlIR, RROIRBLOCaFZ—-FIROMIEIME L TEHRL
yi

Tij
nij = log|———— | = u + Ai + Pj + Cx,

1 — 7ij
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k=5-(1 — i)+]j (2)
ERX@IEBWT, i3 EHEROR Y v b, p I TREHRE, AZE I
FElE PR OFEE DR, PILHE jIRAORKMRDE, CkldH kam—FoasR
— FPHRDONT A —=HF 2T,
FRDRAFRDIEPBIVPaARA—- IR COEHENT A —FDHEEME
X, FAi o mME LE(BET —Z2) TEHRT LV Ialb—varz@
NI A—FOHEEZNRLFEAELTDIEDICT VX LU =7 FT )L
(RW1)Z fiE H L 15 7=,
Ai ~ Normal [Ai-l, L} i=2,...,1
K
AiB X Ok ~ Gamma (a, b)IT %9 % 7= A FH i A (3)
EXQ@)ZBNT, c FAARXR=NRFIXA—=2ThHVO, FlhE ADFEiEl
ZRELTWDLRKENT A —=F 2R3, RARIZEFR ML, R P,
IAR—FIRCOFHBILZIEEL TWVWLIRBENTIA—FLLTENLERN L,
vEMMH L, "T A =2 A, PBIOCOFEENAMOD RIE & 95%(F 1
X M (95% credible interval (95% Cl))i%, WRAEZEM T 7 L O~ /L 2 7 j# 4
TryT7T e (MCMCO) Y alb—varyickoTH\ELNRE, 7Y v
71X Metropolis-Hastings {512 X » CTE VY, WHSKEMHFE LT, ¥IHEOZE
/ST D720, burn-in (10 #T) 269 280k L% 10,000
& L, 200,000 £ TV IR L, ZDOFKELTK burn-in & T D& & K&~
DI H L, BAMP I H T2 7w 77 ALY /B9 L7,
Z®OEF L, Schmid & Knorr-Held (30)ic X v fERL &S /= f@#r ¥ 7 b
7 = 7 @ BAMP (Bayesian Age-Period-Cohort Modeling and Prediction)

version 1.3.0 i ] L THEM S iz, ¥, AR M 1X, BUGS (Bayesian
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Using Gibbs Sampling)Z2 E D Y 7 F U = 7 IZEBWTH A TH H 08, A
XL APC itk L, v 7 7 LOMERDBE SR BAMP 2 L 7=,
BAMP (X, Journal of Statistical Software (http://www.jstatsoft.org/v21/i08)
DR—=LRXR=U b Hyrna—RFTE5(20042H 2187 7 2 #),
TETNAOMAMEIIC DWW T, @& & (good of fitness) D FEliFEIE & 2 5 T € 7
VAEAEREMHBL, BERET L (AP, C)HS5WViX2HERKET LV (AP, AC, PC)
DFET AL 3 ERKE (APCO)ETFT LD F ET » AfH (446.7)08 K& /N & 72
D, RKBET NV THDLI LEHRAL, APCET AN EN ST,
NAXFAPC T DR RIT, FWHR, BRI R LT =R — 2RO KK
fWrm (FEzhRITFEH, BRORIEE, =aF-—-FHRITIHEFE) BT D
FHHEEMELT, TOFRMEE 5% Cl 2777 L TEHLE, Z0O7 77
CBWTEDROKMBmEICETA2MoBMIZT0oELTERIN (ErflH),
M EMES T+ FFm (EFm) ~ZLLTWDLIHEAF, SR HERT
LR RNIZHY, FTHEEPMARTCELZ EAIELIHTRMICEEL VWD Ex
AL, Wi =) Fm (FhHm) ~ZfL T2 HL81F, PRI EET D
FLYRFIZHY, FEHHMAREACRZETIELZ2TMICEEL WD I L &R
LTWd, £, S R0FEKMETHEOL V VE (KERKMEEKNEOZE) 1T 3
HRBMTOMMMREREZIARLTEY, LYy UYBEBAREWVWHRIEFTETFFENR

IWHEERDENICH T HDRZBEBPIREVERN THL I LERL TWVD,

3. T E TN AR O TR HE R

2012 470 B 2013 F D M IZ 6 1T 2 Lot D 4 fn s A% B (25-29 mk 2> b 85
L bE) OFEEN AT RORFRHMFIZIE, BAMPIZHHH T 2 E Y 2 —
NEHEHLT, XA XM APCET V2@ M L TIT - 7= (25, 30),

FERWESTZIT OO DOET NV ZHRT DD, KECHOHZ L LT,
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200 EFEOFXTHEHPBEICB L I TV D 1992 0 5 2011 £ 0 20 F R I2 % L
202 TAT -7z, #HFHICIX, AIMERZ V7S Twbd RWL 246 L, 1975
203 L 1991 F O TEH T —FICx L TITo72, 2D MCMC ¥ X =2 L — ¥
204 = »IZ0E, burn-in 2% A MY K L% % 10,000 & L, 200,000 £ THEY
206 R L, FECEOP R L 95% Cl 257, HFF SN TCE N EEDIELT
206 HEBHLPLTWDLZ 2R LI, 20124FE010 05 2031 F O F+EHN VT
207 EORFRHEEFICTH RWL EF L 2R L, 1975 £ 6 2011 F O + = FH 2
208 AL T — X EMEMHL T, XA X8 APC 45 217 - 72,

209 oL, ERMErCLEHBHIATTHERDRL L IR - RO FEZHEEMED
210 LY R23fkf T 2ot 2Rt LCHEBEIRDZbOTHY, HFHHE IO
211 TiE, EMEI»LHEHIAWEHRDROFRMEEMBOH K - KB L v PO
212 T H2HMEARE TR 20FM TH DL 2L (Fig.2), BLY, #Hitsh 2 +EH
213 NAECTROPRAEICK T 25 5% EAXKMORE S EXKHRADO ML P b
214 Pl L C 204FMICERE L =,

215

216 A R

217 1. FEFEHRN FEEB AT ROERER

218 1975 &£ 5 2011 E EF COFE B RN FEHEHN AL TR (A B 10 Tx) O4F
219 WHEB A Fig. LIZ/R L7, 1975 5 1990 4F £ Tk, AR OFRHER ITIK
220 THmThole, FWHERINDOELHEIT65-69mNnD 80-84ICE—27NdH
221 0, 80 MR D LM N TH o7z, LA L, 1995 F LUK TIEL, ELTERDFE
222 WRHMER T 55 MR SN, 60 s LA EANE MW TH o 72, 1990  LLUAT &

223 X 1995 AEDIPE TIX, 45-49 D B5 -89 RICHE T RO — 7 BB E X,

224 B0 mfRICBWT LW INMEm A2 R L -, < Fig. 1.
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2. TEHEPARCEOFEREBHICR T 2 FEH, HRELIO®aF— ML
1975 75 2011 FFETCO LR E O FHEHN AL T RO FEREGBIZ X T 5 F
WmHR, BMROIRBLPars—- I ROF®RHEEHEZ KD, ThODT T 7 %
Fig. 2R L7z, 2N b D 3HED S H R F 1L % H#E MO Kk KIE & &/
EOZETHDLI LV 0199 EHEb/AE<, MLy ROBK, KENIEFIC
INE o T, 1975 D 1984 HEE TR M L v K, £ D% 2000 4 F TH K b
LY R, 2000 LA O b L2 RIiX 2007 2 £ E L TR NL Y RIC
L TWe, MRDIRICESNTERDIRLE aF- P RFFEFICREL, Th
Zh b ViEN 3.604, 1.092 THh o7, FEzhRIL 25- 297 5 55 - 59 5% 12
M TERRE RV R, 55-59 LUBEIELrRE RN FeRLE, =
A= bR 1892 FAFTNUBKEO aFRx— MIB T DK ML K23, 1908 4
EENUBEOaFR— 26BNV FIZRYD, 1940 FRATEEENLD 3 F —
FEZEERELTRRBR IV Y RIZEBELTWE, 2B, BI8ITROKRK R
— FTHDHIT9FAENND 1984 FEEFNDOaR— NI LR R ML &

KTH - Tz,

— Fig.

3. FE SN AT RO Rk

2012 DB 2031 HFEETOFTEH N AL T RO PRI H W F#, KRB X
Cadk— b ROTHUMED VT 7% Fig. 2128 Lz, BARHE LD, 2011 4 LU
AORSLNRER ML X Z20% ML, 2031 E TR R ML~
FRThrZehFllanlc, aR"—FHRTIE, 1984 FELFETNUUFTO 2K — |
CBITHHERIFL IR ZDOHK bR L, 2004 FAENDa R —FETELN
BRERKRINLVYRTHLIZERTPHERE, LML, BBRGRB LR ad— M)
ROTHED 95% Cl O LR, TRMESHEF2 LR REL SR

EWET LD LICREREZE ST L, £, FWERENFEEMIAZLETE (AR
10



251

252

253

254

255

256

257

258

259

260

261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

10 T X)) ORFRHEF O R %2 Fig. 3127 L71=, 25- 29 O F & SHMN A SE 1 R
2012 4= 7% 0.5 (95% CI: 0.4~0.7), 2031 4% 0.5 (95% C1: 0.3~1.1)Td» v, #I1F
W THh D LB S, 72, 30- 34 5%, 35- 39 7%, 75- 79 ik O 2012
END 20lEFETOFEENALTRDO PHIMEIX, T X 1.6 (95% Cl: 1.2
~1.9)7*5 1.8 (95% Cl: 1.0~3.2), 2.8 (95% CI: 2.2~3.4)7> 5 3.6 (95% Cl: 2.2
~6.7), 6.7 (95% Cl:5.2~8.4)2>5 6.9 (95% Cl1:5.0~9.9) TH v, Fan 72 8
Hm<ThsdrZ enHitsnz, Lr»L, PREOEMTE T T2 95%CI © LR
BEREBLOTRMEO L REBET D&, WINMEMH 2 WV IFIEK FEmICH ZA(
TOHAEMENRD D, 400 T4 £ TO 2012 005 2031 £ TO 1 &7 SR
AT RO TREIL, ZHEI 40 - 44 5 5.3 (95% Cl: 4.1~6.7)20 5 6.7 (95%
Cl: 4.5~10.9),45 - 49 &% 7 7.0 (95% Cl: 5.5~8.8)72> & 10.6 (95% Cl: 7.5~ 15.1),
50 - 54 % 7" 6.8 (95% Cl: 5.4~8.5)7 5 13.8 (95% Cl: 9.2~ 18.6), 55 - 59 % 2% 6.2
(95% CI: 4.9~7.7)7* 5 11.5 (95% CIl: 8.1~15.7), 60 - 64 &% 7 5.6 (95% Cl: 4.5
~6.9)7° 5 10.4 (95% Cl: 7.4~ 14.8), 65- 69 /% 2% 5.3 (95% Cl: 4.2~6.6)7> 5 9.7
(95% Cl: 6.6~13.0), 70 - 74 3% 7% 5.4 (95% Cl: 4.4~6.6)» 5 7.3 (95% CI: 4.9~
10.2)TH D, PR DO EALTZ T TR < 95%CI O LRMEB IO FRMEA2ZE L T
L ME R THDH L NHEF S o, 80- 84 %, 85 - ik D 2012 4E b 2031 4E
EFTCOTESANARCED TRMILZ, T Zh 8.6 (95% Cl: 6.9~10.7)7> 5 6.9
(95% Cl: 4.9~9.8), 9.9 (95% Cl: 7.8~12.3)7> 5 6.3 (95% Cl: 4.5~9.0)T & v,
R EDEATZT TR 95%ClI @ ERELS IO TIRMELZZE L THE T MW

THh oI LB SR,

<— Fig.

FESENAFET R, 1990 FURITIX 65U FomE TmfE TdHh v, 1950

FRUBICTFEIABRZPEARBECIVHERIS N ZZOWR L T,
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L2 L, 2000 4 Z Bl N icdis U, %12 20 - 39 % O % 4F & T 0 3 T K 8 N
PEER S TS (2, 4), 2OFEFEPARCKROBMICHES T 2 ERICIX
EDEIRbONHLON, TLTEREFRFREDL SRV FERT
ONBKENEFELND, FEEHRIADOY A ZHERFLE LT, 77 I Y7 KYE (31),
ZpE (32), ROMMEOREHMMA @ LErPHMEINLTEY, 260 ERIZE
HATHOE BRI EEBRICEHEL TS EHICE F2E e —~% 7 A /LA (human
papilloma virus: HPV)IZ X 2 Y2 M, B8R AO Y A7 ZINs &5
KNr+EtE2bHNTWD (34), £7=, Dinrst 5 (3512 LV, TESHEHNABREOE
MMM mEE T HPYV RS2 2 @M EIN, T4, HPV B3 EF rE
FERAORIEICELSEALG L, TERBEZERTHLIZEDIHALNER > TWVD
(36), T, HEMICTEHEADARELZ T T 570, it 0R e
(WHO)IX HPV UV F o O EMERZEHO TRI#MEA EICHAZANL D XX &
HELTWD (37), —F T, TEHENPALICEIAHTIE, FIBHE»DL T EH SN A
~SOEATIZI0OFEL Eb 20D, MZTHEREZ R BE L, RHIHBEZITD
HMENEMTCHLATHOICTH N AR TH D (38), 70, FiliEIE (39, 40)X /K
SMFELE LR EORFEFIEPHELINTVWDINBATHDLI DI, oAl
ERTHAFLED TN AIETH 5,

SHETCOTHEEABDAULTCROHFRIL, TOREENLOALEZBELE L ON
FWMThHhol, —HT, BRI CTHMITITFEHROEE, FROEZEL X
PaAmZ—FPOEEPNRELHEHELTVWDLIZEDRRINTWVDIZHE 2D LT
(11-16), TN HL O BEEZE L TEBHDBARXRCEOHHICODONTERELLE D
DONIFELERDoT, TZT, TEHENPAXTEOBMOE FITH HF O
R BROEZ2BBILIVa RS- bFOEBIZOWTHLNIT D EDICIE, ak
— MO OBEHPNLETH D, XA X8 APC o Hrix, IR ELICHE T SIE

FHWEZOL I EF, BFREEIGCars—F (ER) oflGgnrbnth+ 2 Fi
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Thy, AMROBEBMIZIERE#EZFIETHDIEEZ LN D,

El RN FEEPAECTCEKOFRERE LV, 1975 F£0 5 1990 4 £ TIHIK
T TH o7y, 1995 FELIRITFEE N MMM T, &S E K THEP TH
ST, HEPERNICBET DL, 1975 F 5 1990 4 F TIiX 65 w6 84 3% I
HLEROE =7 BN o7, 1995 FLIE TIX 45 M6 b9 I LT RO B — 7
PBEINLTE, LrL, ZTUOLO0FEREBLEROEENEXT O OIE, Higk
Pzl FL<HEE (HPVELRICLD2 FEHEHIALORE, FTEHEHPIALBRZ O
B A - RHBIRICE D FTHEEMNAET OB 2 ) O &AL E K WA E
ChE 2% TRROEE] LLTORERZDI I EEFTET, REFEHLSHIE
flicFnzens TEBOREE], FEOHEaFT - E2HhLE L THRIEREL
Eladk—bORB 28D EEREMADRLLTEATVEEEXLND,
AW TIE, FEHENAAVRECROFREZHOE RICEROLE, KRNOEED
FOaFrs— 1 oEENRDL LR LT, ZNObDOREEL A XH APC 4
Ik THEET ST, FEEMARECROEREHICHEZIHZERO E
BZHA NI THIEEHME LT,

FEHEPNAURCEOEBMICEHT 54 XB APCHOT ORI, FEEN AL
L ROBRZ B IIHARL L ICEN LR L, TETE»ICHENERZ RS
ZEMRBREINE. L L, FBAESL R - MBI SRR R T &L
MRETTIFEEIARE TR L TEREIEEBEL TR, Ito b
(42)1%, KR OFEERALRET RO APC OO R4 ®E L THBY, ¥
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Legends

Table 1. Cohort table expected in the Lexis diagram, with 13 age groups and 37
calendar periods.

8 In the Lexis diagram, numbers (birth years) are related to the relevant birth cohort.

Fig. 1. Comparison of the cervical cancer mortality rates in Japanese women

according to age group during the period 1975-2011.

Fig. 2. Estimated and extrapolated values of the age, period, and cohort effects on
cervical cancer mortality rates in Japanese women.

a2 Solid lines with black circles represent estimated age, period, or cohort effects;
solid lines with white circles represent extrapolated values of period, and cohort

effects; broken lines indicate the upper or lower limits of 95% credible intervals.

Fig. 3. Observed and projected age-stratified cervical cancer mortality rates in
Japanese women during the period 2012-2031.

2 Solid black lines indicate the cervical cancer mortality rates from 1975-2011; light
gray solid lines indicate the projected cervical cancer mortality rates from 2012-

2031; broken lines indicate the upper or lower limits of 95% credible intervals.
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