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IIOXUBKHN BEPKCOHIBCBKOI'O TUITY B TO3AX
OITPOMIHEHHS TA iX BILJIMB HA OLIIHKY PAOIALIIMHUX
PU3NKIB

MeTta. OuiHnTK BNAMB NOXMOOK BEPKCOHIBCLKOTO TUMY B A03aX ONPOMiHEHHS HA Pe3ynbTaTh pU3nK-aHanisy Ha npuk-
napi pagioenifemionoriyHux JOCNifKEHb OHKO3aXBOPIOBAHOCTI WMTONOAIGHOT 331031,
Marepianu Ta metoau. B po6oTi 3a [oNOMOroto iMiTaLiiHOrO CTOXacCTUYHOIO MOLENIOBAHHA NOCNIAKEHO BNANUB NO-
XMOOK bepkcoHa B 403ax ONPOMiHEHHS WMTONOAIOHOT 3aN1031M Ha OLiHKY PU3UKIB paflioiHAYKOBAHWUX CTOXAaCTUYHMUX
edekTiB.
Pe3ynbratu. MNokasaHo, Wo HasBHiCTb NOXMOOK Y [03aX NPU3BOAUTb A0 3CYHEHHs TaK 3BaHWUX HATBHUX OLiHOK OHO-
BOT 3aXBOPIOBAHOCTI i HAANMLWKOBOTO abCOMIOTHOTO PU3MKY B NiHiMHIA NoricTUYHiIN Mofeni perpecii. 3i 36inbweHHAM
[030BMX NOXMOOK 3CYHEHHS HATBHMX OLiHOK NMPaKTMYHO MiHiHO 3pocTae. BukopuctaHHa po3pobneHoro aBTopamu
MeTofy NOBHOT MaKCMManbHOi BiporifHOCTi CyTTEBO MOAINWYE OLiHKM NapaMeTpiB Moaeni abcontoTHOro PU3MKY.
BucHOBKM. IrHOpYBaHHA 3HAaYHUX BEPKCOHIBCbKMUX MOXMOOK MPU3BOAUTL A0 NepeoLiiHku OHOBOT 3aXBOPIOBAHOCTI i He-
JOOLIHKM eKcLiecy abCcoNTHOTO PU3MKY. Y TOI 3Ke Yac 3CyB 3HAYHO HUKUMIA, HIX Y pa3i KNacM4yHOT NOXUOKU.
Knio4oBi cnoBa: fo3u onpoMiHeHHs, papiauiiHuMii pu3nK, 6epKCOHIBCbKa NOXMOKA, METOf MOBHOT MaKCUManbHOT
BiporigHocTi, HaiBHa OLiHKa.
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Berkson errors in radiation dose assessments and their impact on radiation
risk estimates

Objective. To estimate the influence of Berkson errors in exposure doses on the results of risk analysis within exam-

ple of radiation epidemiological studies of the thyroid cancer prevalence.

Materials and methods. The impact of Berkson errors of the thyroid doses in a dose-response analysis is studied by

the method of stochastic simulation.

Results. Presence of errors in doses results in bias of the naive estimations of baseline morbidity and absolute risk

excess in the linear logistic regression model. With the increase of dose errors the bias of the naive estimate increas-

es almost linearly. The use of the full maximum likelihood method developed by authors improves essentially the

estimates of parameters in the excess absolute risk model.

Conclusion. Ignoring of the significant Berkson errors in dose assessment leads to the bias in estimates of back-

ground morbidity (overestimated) and of the excess absolute risk (underestimated). At that the bias is essentially

less than the one for the case of classical error.
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Buacnigox YopHoOwmibchbKoi Katactpodu y 1986 poui
3HayHa 4YacTMHa TepuTopiil Ykpainu, binopycii i Pocii
3a3Hajla paJioaKTUBHOIO 3a0pyJHEHHS, a XKUTei LUX
TePUTOpili 3a3HaIM PaJioaKTUBHOIO OIPOMiHEHHS.
Haii6inpi icToTHUM OyJI0 OITPOMiHEHHS IIIATOIOAIOHOT
3ano3u (III3) BHacaimoK HaAXOIXEHHSI B OpraHiam
pamioizororis ifomy, nmepuu 3a Bee ' .

dakTHYHO 3pocTaHHsI OHKo3axBopiloBaHocTi I3 y
MTel Ta MiIUTITKIB, 3yMOBJIEHE ii BHYTPIllIHIM OIPOMi-
HEHHSM, 00YMOBJIEHUM YOPHOOMJILCHbKMMMU PalioaKTUB-
HUMHM BUKMIAMM, CTaJO TOJOBHUM CTaTUCTUYHO IOC-
TOBIpHUM BigmajieHuM edeKToM Iiiei aBapii. He nuBHO,
110 1ei ¢peHOMeH BUKJIMKAB BeJUYE3HUN iHTepec y pa-
Ji0eMieMioJIOoriB YChOIO CBITY i CIIPUYMHUB HU3KY €ITi-
JIeMiOJIOTiYHUX JOCHiIXKeHb B YKpaiHi, bijopycii i1 Pocii.

Bigomo, 1110 oLliHKa 031 HEMUHYYE CYITPOBOIKYETHCS
MOXUOKaMU KJIACMYHOTO Ta/a00 OEpKCOHIBCHKOTO TUITY
[1—3]. OpHak iHTeprpeTallisl pe3y/bTaTiB MPaKTUYHO BCiX
pamioenigeMioJIoOTiYHUX AOCIiIXKEHb I'PYHTyBajlacsl Ha
METOJAax OLiHKM PU3MKIB, SIKi HE BPaXOBYIOTh HAsIBHOCTI
MoX1OOK y 103axX orpoMiHeHHs. OMHUM 3 HACiAKIB TPy~
MOYLIEHHS PO BiACYTHICTb MOXMOOK Yy 103aX € 3CYHEHHS
OLIIHOK Koe(ili€HTIB pU3UKY i CIIOTBOpEeHHSI (opMu
KpuBoi “pmosza-edexkr”. 3ayBaxkMMmo, 110 OO TMOHIOHUX
CMOTBOPEHDb OLIIHOK PU3MKiB IMPU3BOISIThH HE JIUILIE CUCTe-
MaTWU4Hi MOXUOKU B OLIiHKAX 103, 110 B MPUHILIMUII oue-
BUIHO, ajie 1 BUIIanKoBi rmoxuoku. I xoya octaHHIM 4a-
COM pOOMJINCSI HEOIHOPA30Bi CITpoOM TTOOYI0BU MaTeMa-
TUYHOTO arapary, 110 BpaXOBY€E CTATUCTUYHUI PO3MOILT
He nuiie eeKTy, ane it 1o3u [4—6], HUHI HeMa€e 0CTaTou-
HOr0 BMCHOBKY IOJO BIUIMBY KJIACUYHOI abo Oepk-
COHIBCHKOI IMOXMOKM B I030BUX OLIIHKAX Ha KiHLIEBUI1 pe-
3yJIbTaT PU3MK-aHalli3y, 1110 BUPAKAEThCS 3a3BUYall y Be-
JIMYMHAX BiTHOCHOTO 200 aOCOJIIOTHOTO PU3UKY.

Coim 3a3HaYNTH, IO BHECOK O€PKCOHIBCHKOI IMTOXNOKHN
y 3arajbHy TOXMOKY A03U OIPOMiHEHHS, SIK IPaBuUJIO,
OibLIMIA 32 BHECOK KJacUM4HOI rmoxuoku. Lle mosicHIo-
€TBCS TUM, 1110 OEPKCOHIBChKA MOXMOKa IIOB'sI3aHAa 3 BU-
KopucTaHHsIM MeTonay MonTe-Kapio a1 ouiHKu cTa-
TUCTUYHUX PO3MOAiNiB 103 onpomMiHeHHs [1—3]. B Toit
K€ 4Yac, TOpiBHSIHO 3 KJIAaCMYHOIO MOXMOKOI, BILIUB
OEPKCOHIBCHKO1 MOXMOKM Ha OLIIHKY padiallifHOro pu3u-
Ky € IpakTUYHO HegocimkeHuM. Tomy gaHa poborta
MpucBgYeHa caMe 1iil TeMi. JocmiakeHHsI MpOBOAUINCH
Ha iMiTOBaHUX JaHUX.

META JOCJIIJIZKEHHA

OLiHUTHU BIUTMB MOXUOOK OEPKCOHIBCHKOTO TUIY B J0-
3aX OMNpPOMiHEHHsI Ha pe3yJbTaTU pU3UK-aHasi3y Ha
NpUKJIaai pagioenineMioSoriYyHuX JOCTiIKEeHb OHKO3aX~
BoproBaHocTi 1113.

As a result of Chornobyl accident in 1986 a con-
siderable part of the territory of Ukraine, Belarus
and Russia appeared under contamination and the
inhabitants of territory since are under radioactive
exposure. The thyroid exposure was most signifi-
cant as a result of intake of iodine radioisotopes
and ' first of all.

In fact the increasing thyroid cancer incidence of
children and adolescents caused by the internal thy-
roid exposure due to Chornobyl radioactive fallout
became the main statistically significant remote
effect of the accident. No wonder this phenomenon
has been of great interest by the radiation epidemiol-
ogists worldwide and several epidemiological studies
were conducted in Ukraine, Belarus and Russia.

It is known that the dose estimation is inevitably
followed by errors of classical and/or Berkson type
[1—-3]. But interpretation of results for practically all
radioepidemiological studies was based on risk esti-
mation methods not taking into account the pres-
ence of errors in the exposure dose values. The bias in
risk coefficient estimates and distortion of the “dose-
effect” curve are the consequences of assumption of
no errors in doses. Noteworthy that not only system-
atic errors in dose estimates (this is in principle evi-
dent) but random errors as well yield such risk esti-
mates distortion. And despite non-occasional at-
tempts made last time to elaborate the mathematical
tool which takes into account a statistical distribution
of not only effect but dose as well [4—6] at the mo-
ment there is no ultimate conclusion about the influ-
ence of classical or Berkson error in dose estimates
on the final result of risk analysis. The latter is usual-
ly expressed in the value of relative or absolute risk.

It should be noted that the contribution of
Berkson error to a total exposure dose error is usu-
ally larger than the contribution of classical error.
This is explained by the fact that Berkson error is
related to the use of Monte Carlo method for esti-
mation of statistical distributions of exposure doses
[1-3]. Meanwhile the influence of Berkson error
on the radiation risk estimate is practically unex-
plored in comparison with classical error. That is
why the present paper deals with this topic.
Research was based on simulated data.

RESEARCH OBJECTIVE

Estimation of the influence of Berkson errors in
exposure doses on the results of risk analyses on an
example of radioepidemiological studies of thyroid
cancer.
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MATEPIAJIN TA METOJIU JOCILI2KEHHA

st MomeTIoBaHHSI BUHUKHEHHSI BUITAIKIB 3aXBOPIOBaH-
Hg Ha pak I3 Ha (ikcoBaHOMY YacOBOMY iHTepBaJIi BU-
KOPHMCTOBYBaIaCch JIOTICTUYHA MOJEb PiIKiCHUX MOMii 3
OiHapHOIO 3aJIeKHOI0 3MIHHOIO Vi, sIKa MOXe HaOyBaTh
nBox 3HayeHb: 0 ado 1 [7]. Mogesb JIOricCTUYHOI perpecii
3aCTOCOBYETHCSI, KOJIM Y PO3HOPSIIKEHHI erigeMiosiora €
iHIMBIAyalbHI AaHi criocTepexeHb. Lle 3a3BUuail TUTIOBO
JUIST KOTOPTHUX JTOCHIIKEeHb, CYTh SIKUX ITIOJISITA€ B TOMY,
1110 CITOCTEPIiraeThbes Aesika rpyra (Koropra) iHauBiaIyyMiB,
SIKi CBOI'O 4Yacy 3a3HaJli BIUIMBY padiallifHOro YMHHUKA.
3rogoM y AesIKMX YJIEHIB 1€l KOTOPTU MOXE BUSIBUTUCS
3aXBOPIOBAHHSI Ha paK, TOOTO KOKHOMY 3 WICHIB KOTOPTH
MOXHa CITiBCTaBUTU OiHApHY 3MiHHY, 1110 HAaOyBa€ 3Ha-
yeHHs1 0 (“i-Ta monmuHa He 3axeopina”) ado 1 (“i-ta momu-
Ha 3axeopina’). BBaxka€eTbcs, 1110 MU BOJIOAIEMO TTOBHOIO
iH(bopMallieo PO KOXHY 0C00Y, sSIKa 3HAXOAUThCS B KO-
ropri (TOOTO 3HAEMO 11 BiK, CTaTh, iHAWBIAyaIbHY A03Y, Yac
peaJtizallil 3aXBOPIOBaHHSI, Yyac 1110, IPOMUIIOB 3 MOMEHTY
OTPOMiHEHHS, BiK HA MOMEHT OIpOMiHeHHs To1o). Toxi
YyMOBHa HMOBIipHicTh Y; npu ¢ikcoBaHiii no3i D; or-
POMiHEHHSI BUBHAYAETHCS CITiBBIIHOLIEHHSIMU:

ﬂ'i(Diab)
1+ 4,(D,,b)’

ne A; (Di,b) — 3axBoproBaHicTh Ha pak 1113, a b — BekTOp
napameTpiB MoeJIi.

Haiti, 3Ha04M MMOBIPHOCTI IHIMBIAYYMiB 3aXBOPITH,
MOXHa CKJIaCTH (PYHKIIIO BipOTiZTHOCTi, MAKCUMYM SIKOi
OITUMI3y€E BEKTOp HEBiZOMMX KoedillieHTiB b. ¥ Bumaaky
BiICYTHOCTiI MOXMOOK Y J103aX OMPOMiHEHHS a00 Y BUMaI-
Ky KOJIM HasIBHICTb MOXMOOK IrHOPYEThCS (TakK 3BaHE
HaiBHE OIIiHIOBaHHS), (PYHKIIiST BipOTiZHOCTI IJISI JIOTiC-
TAYHOI MOJIEJTi OIIMCYETHCS CIiBBIIHOILIEHHSIM

Lb)=T]2(D,b)"(1

P(Y, =1 D)) =

3acrocyBaHHS METO/IY MOBHOT MAKCUMAJILHOI BipOTiTHOCTi
(MIIMB) ns oniHKY PU3HKIB 32 HASIBHOCTI MYJIBTHILIIKA -
THBHOI MOXHUOKH O€PKCOHIBCLKOTO THIY B /032X ONPOMi-
HEHHSA

Hexaii y no3ax npucyTHs1 0epKCOHiIBChbKa MYJIBTUILTiKA-
TUBHA ITOXUOKA, TO:

InD =In D" +u
u;, ~N(0,5}),

ne D/ — ictuHHa no3a (HeBigoma), D/ — ouLiHKa 103U
(BimoMma), u; — raycciBcbKa Ioxuoxa.

P(Y,=0|D;)=

RESEARCH MATERIALS AND METHODS

To simulate the cases of thyroid cancer on fixed
time interval we have used a logistic rare-events-
model with binary response Y; that takes values 0
and 1 [7]. The logistic regression model is used
when an epidemiologist has individual observa-
tion data. Usually it is typical for the cohort
studies. The main issue of them is that certain
group (cohort) of persons is observed and the
persons some time ago were under the influence
of radiation. After a while it can be detected that
some cohort members got thyroid cancer, that is
each cohort member corresponds to a binary
variable which takes value 0 (i person did not fall
sick) or 1 (i person did fall sick). It is assumed
that we possess complete information about each
person from a cohort (that is we know his/her
age, sex, individual radiation dose, time of the
disease onset, time from the exposure moment,
age at the exposure moment etc.). Then a condi-
tional distribution of Y; given a fixed exposure
dose D; is

1
1+ 4,(D,,b)’

where A; (D;,b) is a thyroid cancer incidence, and b
is a vector of model parameters.

Next, because we know the probability for individ-
uals to fall sick then one can construct the likelihood
function and its maximum yields an estimator for the
vector b of unknown parameters. In case where errors
in exposure doses are absent or in case where the pres-
ence of errors is ignored (the so-called naive estima-
tion) the likelihood function for the logistic model is

(1

- R(D;,b))"" @

Full Maximum Likelihood Method (FMLM) appli-
cation for risk estimation under the presence of
multiplicative Berskon error in radiation exposure
doses

Let the multiplicative Berskon error be present in
doses. Then

o i=1..,N,

3

where D/" is a true dose (unknown), D/ is a dose
estimate (known), and u; is a Gaussian error.
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PospaxyeMo ¢yHK1ito BiporinHocTi L(Y;, D" b) BuU-
KOPUCTOBYIOUM HACTyITHI Kpoku. Hexait Pr(Y;, D/, D/")
CYKYIHUIA IMOBIpHICHMIA po3noaij BeauduH Y;, D/ D/,
Toni 3a popMy1010 YMOBHUX MMOBIPHOCTEN OJEPKUMO:

PI‘(YZ-, l)imes,l)it}’) :PI'(YZ-UDI-mes, D;r)'PI’(l)l-meS, Dltr) =PI‘(YI| l)l)‘r)Pr(l)ltr |l)imeS).Pr(l)ime_S).

Ockinbku Pr(D/"*) He Hece AOMATKOBOI iH(opMallii
npo BekTop nmapameTpiB b, iioro MoxHa onyctutu. Ile-
pexonstun B (4) Bim po3MonisliB iMOBIpHOCTI 10 (PYyHKITiT
BipOTiZHOCTI Ta 3BaXkKalouu Ha TOi (PakT, 110 YMOBHUIM
posmomin D/ | D/ e nmorHopMmaibuum: D/ | D/ ~
Lognormal (In D™, 67), onepXumo:

2.(D",b) "

1 ! 20;

Let elaborate the likelihood function L(Y;, D/"*,b)
using the next steps. Let Pr(Y;,D/*,D/") be a joint
probability distribution of Y;, D", D/". Then we get
by the formula of conditional probabilities that

“

As Pr(D/™*) does not depend of the parameter vec-
tor b, it can be omitted. Passing in (4) from proba-
bility distributions to likelihood function and
taking into account that the conditional distribu-
tion D/"| D/ is lognormal, D;/"| D" ~ Lognormal
(In D/, 67) we get

(ln D" —In D" )2
2

1y, OXP| ~

1

L(Y;. D", D!, b) =
1+ A.(D" ,b)

st Toro, 11106 1030yTHCd HeBinoMoi 3MiHHOI D/, He-
00XimHO 32 i€l 3MiHHOIO 3pOOUTU 3rOPTKY:

2,(1,b)

1+ A.(D",b)

)
D!"\2ro,

To get rid of unknown covariate D/ it is neces-
sary to convolve by the covariate:

(ln t—InD"® )2

exp| —
y, SXP

dt.

L(Y,, D b) = j(
0

TakuMm 4yrMHOM, (bYyHKIIisI BipOTiZHOCTI, 11O BPaxoBYE
BHECKU BCiX CIIOCTEPEKEeHb, Oyae JOPiBHIOBATU:

Y 1 =% 20'12
1+ 4,(t,b) ) |1+ A4.(z,b) N

S Ak V[
L(b)—m 14w (112w

a BiAmosigHa jorapudmiyHa GyHKIlis BipoTiZHOCTI 3a-
MUIIETHCS TaK:

A:(2,b)

(6)

Thus, the likelihood function which utilizes the
contribution of all observations is equal to

Inf —In D" |
P = 2221 )

1

2o,

and the corresponding log-likelihood function is

(7

dt,

(ln t—InD )2

207

X p—
L, XD

I(b) = iln]g(

i=1 0

3 oy Ha Toit (hakT, 1110 3MiHHA Y; HaOyBa€ BChOIO JIBOX
3Ha4eHb (i 1, ocTaHHIO PiBHICTH MOXKHA 3aITMCATH Y BUTJISIII:

exp| - (lnt —InD"* )2

7, in| D) 207
o+ A (t,b) 2o,

l(b):i dt+ (1

n ! | dt
1+ 4,(t,b) ) {1+ .(t,b) 270, '

) o 1 20'12
—Y )In dt|.
’ £ﬁ+&amJ W2ro,

®)

In a view of the fact that response Y; takes only two
values of 0 and 1 one can rewrite the latter equality as

exd — <lnt —InD"* )2

)

) 122
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B inTerpanax (9) miasa KoxHoro i=1,...,N MOXHa 3po-
OUTU 3aMiHYy:

In integrals (9) a substitution can be made for
each i=1,...,N:

1 e — D
dz =———exp| — 5 dt,
N2ro, 20,
- (i D
z = |———exp| — d dt = G, (1), (10)
6[ tN2ro, P 207 )

Tyt z = Gi(t) — DYHKLIS JOTHOPMAJILHOTO PO3IOILNTY,
TOMY

2(0) =0,

IMinctasnstoun (10)—(11) y (9), onepxumo:

j 2:(G;'(2),b)
0 1+ﬂi(Giil(Z)ab)

InTerpanu B (12) MalOTh 0COONUBICTh B Toulli 7 = 1,
ockinbku GyHKUiA Gil(z) = +o< mpu z = 1. Tum He
MEHIIEe 1Ii iHTerpaad iCHYIOThb $IK aOCOJIOTHO 30iXHi
HeBJacHi inTerpanu PimaHna. 115 1X 00UMCIeHHSI MOXHA
3actocyBatu MeTon MoHTte-Kapio. I1pu npomMy MoxHa
CKOPHCTATUCH CIIiBBiTHOIIECHHSIM:

N
I(b)=>|Y;In
i=1

G/ (2) =exp(D]" + 0, @7 (2))

ne ®(z) — dyHKIIIS po3MOAiTy CTaHAaPTHOIO HOPMaJlb-
HOTO 3aKOHY.

TakuM YHOM, Memo0 NOBHOI MAKCUMANbHOI 8ipo2iOHOCMI
MOJISIra€ B 3HAXOXKEHHI TAKOTo BeKTopa napaMmeTpiB b, mpu
sIKoMY (PYyHKIisT BiporimHocTi (12) HaOyBae MaKCUMYMY.

ImiTaniiiamii cToOXacTHYHMIA eKCiepUMEHT

[Tpu imiTartii mTaHMX BUKOpPHCTOBYBaMCH 1031 1113 peans-
HOI cyOronyJIsiiii mitei i mimiTKiB BikoM Binx 0 10 18 pokiB
(BCchoro 6;1M3bKO 13 THCSY 0Ci0 3 HaceJeHMX IyHKTiB 2Ku-
ToMUpchKoi, KuiBchbkoi i UepHiriBcbkoi obnacteit Ykpa-
1HM), SIKi MaIu TIpsIMi BUMipIOBaHHSI aKTUBHOCTI LIATO-
BM/IHOI 3aJ103U B TpaBHi-4epBHi 1986 p. Jlo3u IIMTOBUIHOI
3aJI03U TS 1Ii€i CyOIOIyJIsILii Oy peKOHCTpYyHOoBaHi B
pamMkKax MixKHapOIHOTO MPOEKTY MO AOCTIIKEHHIO TUPEO-
OHKO03aXBOPIOBAHOCTI Iic/ist HopHOOMILCHKOI aBapii B YK-
paini [1]. dna imiTauii 3aXBOpIOBaHOCTI BUKOPUCTOBYBA-
JIach JIiHiiTHa MOIEe b aOCOIIOTHOTO PU3UKY:

A =74

B nanomy Bumanky Ao (poHoBa 3axBoproBaHicTh) i EAR
(excuec abCOIOTHOIO pU3MKY) — 1€ JOAATHI MmapameTpu
MO/, 1110 MaloTh OyTH oliiHeHi. CrocTtepexkyBaHa BUOip-
Ka ckiagaetsed 3 map (Y, D)), i=1,..,N, ne D; - no3u or-

+EAR- D,

Here z = Gy(?) is a cdf of lognormal law, there-
fore,

z(0) =1. (11)
Substitute (10)—(11) into (9) and obtain
1 1
dz+(1-Y,)In | dz|  (12)

o\ 1+ 4 (G;l (2),b)

Integrals in (12) have singularity at point z = 1
because G;/(z) = +o< as z = 1. Nevertheless these
integrals exist as absolutely convergent improper
Riemann integrals. It is possible to compute them
by Monte Carlo method. At that one can use the
relation

13)

where ®D(z) is a cdf of standard normal law.

Thus, Full Maximum Likelihood method consists
in a search of parameter vector b that maximizes
the log-likelihood function (12).

Simulated stochastic experiment

To simulate the data we used thyroid doses of real
sub-cohort of children and adolescents aged from
0 to 18 years (totally around 13 thousand inhabi-
tants of Zhytomyr, Kyiv and Chernihiv oblasts of
Ukraine) for whom a direct measurement results
of thyroid activity in May-June 1986 are available.
Thyroid doses for this sub-cohort were recon-
structed in the framework of the International
project on study of thyroid cancer in Ukraine
resulting from Chornobyl accident [1]. We used a
linear absolute risk model to simulate prevalence

(14)

In this case Ay (background morbidity) and EAR
(excess absolute risk) are positive model parameters to
be estimated. Observed sample consists of couples
(Y, D), i=1,..,N, where D; are thyroid doses (nonneg-
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pomineHHs 1113 (HeBin’eMHi uyncia), ¥Y=1y pasi HasBHOCTI
3aXBOPIOBaHHs Ha pak 1113 Ha gesikoMy YacOBOMY MPOMiXK-
Ky, a ¥=0 3a BiIicyTHOCTi IIbOTO 3aXBOPIOBAHHSI.

ITpu imiTyBanHi BumnankiB paky I3 mapamerpu moneni
a0COJIIOTHOTO PU3UKY Opaluich OMM3bKMMM [0 OLIHOK,
OJIep>KaHUX Y KOTOPTHUX JIOCITiIKEHHSIX OHKOJIOTIUHOI 3aX-
BoproBaHocTi 1113 B Ykpaini [8—9]:

BUIIAJIKIB

Ay =107 —,
JIFOAWHO - POKIB

BUIAKIB

EAR=5-10" :
(I'peit) - (1r01MHO - POKIB)

ITpu MonentoBaHHI MpUiiMaNoCh, 1110 MOXUOKa B 103i €
OEpPKCOHIBCbKOI MYJBTUILIIKATUBHOIO IMTOXUOKO, PO3-
MOiJIEHOIO 3a JOTHOPMAaJILHUM 3aKOHOM (3).

PiBeHb O€pKCOHIBCHKOI MOXMOKM 33aaBaBCsl TAKUM UYH-
HoM, o GSD = exp(c;) (reoMeTpuyHe CTaHAAPTHE
BiIXWJIEHHS BEIMYMHN) IPUITMaIIo 3HaYeHHS Big 2 1o 10
17 Beix i=1,..,N. Y nipoiieci MoaetoBaHHS 1J1s1 KOXKHOTO
piBHSI MOXUOKM Oysio 3reHepoBaHo 1000 HaOOpiB MTaHUX.

s oLiHKY mapaMeTpiB perpecii Ay Ta EAR BUKOpUC-
TOBYBaBCSl HA1IBHUI METO/J OLliHIOBaHHS (TOOTO TOM, 1110
irHOpY€ HasIBHiCThb MOXMOOK y J103ax) Ta MITMB.

PE3VYJIBTATU TA IX OBTOBOPEHHS

PesynbraTin mociimkeHs rIpencTaBieHi Ha puc. 1. 3 Hbo-
ro BUIHO, IO MpU BEJIMKUX ITOXMOKaX y J03aX OIl-
pPOMiHEHHS HaiBHi OLIiIHKM MapaMeTpiB (hDOHOBOI 3aXBO-
PIOBAHOCTI Ay Ta HAIUTMIIIKOBOTO aOCOIOTHOTO PU3UKY
EAR icTOTHO BiIXWISIIOTBCS Bifl BiAIIOBiTIHUX MOAECIHbHIX
(miticnux) 3HaueHb. Lli BimxuiaeHHs 3aneXaTh Bill BeJIU-
yuHU aucrepcii moxubku. Tak, mpu GSD < 3 HaiBHa
ominka EAR € 6IM3bKOIO 10 MOAECTHLHOTO 3HAUEHHS, ajie
npu TomanbiiomMy 30imbmeHHi GSD HaiBHa oOIliHKa
MpakKTUYHO JdiHiitHO cnianae. [1pu GSD = 10 HaiBHa OI1iH-
Ka MeHIIIa 3a icTuHHe 3Ha4eHHs1 EAR mMaiixe BABivi (IUB.
puc. 16). B aHIJIOMOBHII JiTepaTypi Lie sSIBUIIE Ha3u-
Ba€eThcd “attenuation effect” [4], ToOTO eeKT 3aHMKEH-
HsI HaiBHUX OL[IHOK HAJIJIUIIIKOBOTO a0COJIOTHOTO PU3U-
Ky 3a HasIBHOCTi ITOXMOOK y J03ax. ¥ ToM ke yac 11t po-
HOBOI 3aXBOPIOBAHOCTI CIIOCTEPIra€TbcsI 3BOPOTHUIA
edexr. [Ipn 3HaYHUX TTOXMOKAX y J03aX OMPOMIHEHHS
HaiBHI OLIHKM Ao IELIO OiUTbII 3a iCTUHHI (MOIEJIBHI)
3HAUYEHHS LIbOI'0 MapameTpa (IuB. puc. 1a).

TakuM 4MHOM, 32 HASIBHOCTi ITOXUOOK O€pKCOHIBCKO-
ro TUIY y A03aX ONPOMiHEHHS HaiBHi OLIIHKU I1epepo3-
MOMINSAIOTHCS HACTYITHUM YMHOM: 111 EAR BOHU HUXKYi
3a IiliCHI 3HaYeHHs, TOMI K I Ag HaBnaku — pui. Lle
MoOXKe OyTH MOB’S13aHO 3 HEiHIAHICTIO (DyHKIIiT BipOria-
HocTi (1). Crig 3a3HaYNTH, 110 Y BUNAAKY OEPKCOHIBCh-
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ative numbers), ¥=1 in case if person i has got thyroid
cancer at fixed time interval, and Y/=0 if the person is
not ill.

To simulate the thyroid cancer cases the parameters
of the absolute risk model were taken close to esti-
mates obtained in a cohort study of thyroid cancer
prevalence in Ukraine [8—9]:

cases

Ay =107 =05, (15)
EAR=5-10"* 8%
GyxPY'

It was assumed in simulations that the dose error
is Berkson and multiplicative distributed by log-
normal law (3).

The level of Berkson error was taken such that
GSD = exp(oi) (geometric standard deviation)
took values from 2 to 10, for all /=1,..,N. Within a
modelling process we made 1,000 realizations for
each level of error.

To estimate the regression parameters Ao and
EAR we used the naive estimation method (that
ignores the errors in doses) and FMLM.

RESULTS AND DISCUSSION

The results of research are presented in Figure 1. One
can see that for large dose errors the naive esti-
mates of the background morbidity Ao and excess
absolute risk EAR deviate significantly from the
corresponding model (true) values. The deviations
depend on the error variance. Thus for GSD < 3
the naive estimate of EAR is close to the model
value, but with further increasing of GSD the naive
estimator decreases practically linearly. For
GSD=10 the naive estimate is almost twice less
than the true value of EAR (see Fig. 1b). In the li-
terature this phenomenon is called an “attenua-
tion effect”, that is the effect of underestimation of
excess absolute risk in the presence of dose errors.
At that for background morbidity the opposite
effect is observed. For considerable errors in expo-
sure doses the naive estimates of are somewhat
larger than the true (model) values of this parame-
ter (see Fig. 1a).

Thus, under Berkson errors in exposure doses
the naive estimates are redistributed as follows:
for EAR they are lower than the true values, at
that for Ao vice versa they are higher. This can be
related to nonlinearity of likelihood function (1).
It should be noted that in case of a Berkson error
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Figure 1. Dependence of estimates for background morbidity (a) and excess absolute risk (b) from the level

of Berkson multiplicative error in thyroid doses

Koi moxubkm “attenuation effect” mposIBISIETbCS TUTBKU
MpUY BEJIMKMX ITOXMOKAX i € HE TAKUM iCTOTHUM, SIK Y BU-
naaKy KjiacuyHoi rmoxmuokwm [10].

HagiTb npu 3HaYHUX MOXUOKaX y J03aX OLIIHKU 000X
napameTpiB perpecii A Ta EAR 3HaYHO MOKPAILYIOThCI
Npy BUKOPUCTAHHI METOIY IMTOBHOI MaKCUMaJbHOI Bipo-
TiAHOCTI, SIKUM BpaxoBYE HAsIBHICTb MOXMOKM 3a JOMO-
MOTOI0 iHTerpany-3ropTku (8).

BUCHOBKU

3a IOIOMOIOK iMITAIifHOTO CTOXaCTUYHOIO MOIEIIO-
BaHHSI y POOOTI JOCTIAKEHO BIUIMB IOXMOOK OepK-
COHIBCBKOTO THUITYy B To3ax onpoMiHeHHs 1113 Ha omiHKy
PU3MKIB pafioiHAYKOBAaHUX CTOXaCTUYHUX edekTiB. ITo-
Ka3aHo, 1110 irHOpYBaHHSI 3HAYHUX OEPKCOHIBCHKUX I1O-
XUOOK y 103aX IMPU3BOIUTH A0 3CYHEHHS OLIiIHOK (DOHOBOIL
3aXBOPIOBAHOCTI Ay Ta HAUTMIIIKOBOTO aOCOIIOTHOTO PH-
3uKy EAR. Y Toli ke 4ac IIi 3CYHEHHS € 3HAYHO MEHIIIN-
MU, HIK Y BUIAAKY KJIAaCUYHOI ITOXUOKU. BukopucraHHs
MIIMB cyTTeBO MOKpally€e OLIHKY SIK Ao, TakK i EAR.
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the “attenuation effect” acts only for large errors
and is not as significant as in case of a classical
error [10].

Even for the significant dose errors the estimates
of regression parameters Ao and EAR are consider-
ably improved by Full Maximum Likelihood me-
thod that takes into account the presence of an
error via integral convolution (8).

CONCLUSION

In the present paper we studied using a stochastic
simulation the impact of Berkson error in thyroid
doses on the of risk estimates for the radio-induced
stochastic effects. It is shown that ignoring the sig-
nificant Berkson errors in doses leads to the bias in
estimates of the background morbidity Ao and
excess absolute risk EAR. At that the bias is essen-
tially less than one for the case of classical error.
The FMLM improves essentially the estimate of
both Ao and EAR.
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