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AHHOTaAUMNA:

PaccmaTpuBaloTcs MeToAbl aHajM3a AaHHbIX WCCNenoBaHUS,
BKJ1I0YAIOLLEr0 HeYCTpaHNMbIE MepeMeHHble, CBA3aHHble Kak C
OTKJIMKOM, TaK W C OCHOBHbIM [ENCTBYKOLUM (aKTopoM
(KoHtbayHAOepbl). YYeT BANSHUA TaKUX NEPEMEHHbIX Ha OTKJINK
BO3MOXXeH b0 Ha 3Tane NaaHUpPoBaHUSA 3KCNepuMeHTa, 1nbo
Mnpw aHanamM3e MNoJIyYeHHbIX AaHHbIX. HeECMOTpPSA Ha TO 4TO 3TU

noaxoAbl CYUTAKTCA OAMHAKOBO 3(PMEKTUBHLIMKU, UMEITCA
BEeCKMEe OCHOBaHMA orpaHm4mTb o6nacTb NpUMEHeHUus
perpeccMoHHbIX Mogesiel TOSIbKO CJlydaeM KOBapuaLWOHHOro
aHajin3a C XOpOoLIO U3BECTHbIMU YCJIOBUSIMM €ro KOPPEKTHOro
npnmeHeHns. B KkavecTtBe o6ocHOBaHHOro MeTofda Yy4eTa
BANAHUA KOH(hayHLepoB aBTOpbI paccmaTpuBaloT
CTaHfapTm3aumio nyTem cTpaTudukaumm, C pesyabTaTamu
npUMeHeHus KoTopoun CpaBHMBAIOTCA pesynbTaThl,
rnojlydyeHHble C MNOMOLWbIO JIOTUCTUYECKOW perpeccmn W
KOBapunauWoOHHOro aHasaum3a. [ns aBTOMaTM3auum npouenypsl
CTaHAapTM3auMn npensioXXeHa nporpaMmma, QAOCTynMHas Ha
cante NHCTuUTyTa NpoMbIWIeHHOW 3konorum YpO PAH.
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MpobnemMa HeobXoAMMOCTU y4vyeTa BJAMSAHMS  COMYTCTBYOWMX TMEPEeMeHHbIX Mnpu
3KCNepuMeHTaNlbHbIX OaHHbIX B MeauunHe N 3Kosornm 6blsla 0Cco3HaHa AOCTAaTOYHO AaBHO. B mpocTenwen
¢opMe 3Ta npobrnema MosABASETCA KaK HECPaBHUMOCTb IKCMEPMMEHTajbHbIX FPymnn, pa3/ndyalowmxca no
COMyTCTBYIOLWMM NepeMeHHbiM. Tak, B 1747 r. woTnaHACKMA Bpad James Lind (1716-1794) npu oueHke
CPaBHUTENbHON 3(h(PEKTUBHOCTU CPEACTB OT LUMUHIMM SBHO CGOPMYJIMPOBasl BO3MOXXHOCTb CpPaBHEHUA TexX
3KCMNepuMeHTaslbHbIX Map MOPSKOB, A9 KOTOpbIX OblIM OAWHAKOBbI TakKMe XapaKTepPUCTUKW, Kak CTagus
6onesHun, Nuwa, kayecTtBo Bozayxa (Lind, 1953; Trohler, 2003; Morabia, 2004; Morabia, 2011).

B XIX B. HECPAaBHUMOCTb Fpyrmn B 3NMAEMNOSIOTMYECKNX NCCEA0BAaHNAX Yallle BCero BoCNpuUHMUManach
KaK HenpeonosinMoe NpensiTCTBUE, N TONIbKO B MepBOM rnosioBuHe XX B. OblN Npensio)xeHbl MeToabl Ans ee
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peweHuna: paHgommsauua (Therapeutic..., 1934), ueH3ypupoBaHue Bbibopkn (Goldberger et al., 1920),
CTaHJapTu3auums, npeackasbiBaeMble BEPOATHOCTU OTHOCMTENIbHO BO3AENCTBUSA - eXposure propensity scores
(Weinberg, 1913; Lane-Claypon, 1926; Winkelstein, 2004). TeMm He MeHee KOPPEKTHOr0O peLleHWs 3TOWn
npobnemMbl, KOTOpoe ycTponno Bkl BCeX UccrnepoBaTesnien, He cywecTByeT o cux nop (Vandenbroucke, 2004).
B HacToswen paboTe npobnema y4eTa ConyTCTBYIOLLNX MEPEMEHHbIX (KOHayHaepoB) obcyxaaeTcs
ONa cneuvanbHOro ciy4Yas CpaBHUTENbHbIX WCCNefoBaHWA (CpaBHEHWE pe3ynbTaToOB [AJ1S OMbITHON 1
KOHTPOJIbHOW rpymnm), KOTopble SABASIOTCSA YacTbiM CJy4YaeM MHOIMMX 3afay B 3KOJIOTUM M SKOJIOrMYeCKOomn
MenuumHe (Anderson et al., 1980). U3 MHOXXeCTBa MeTOL0B pelieHnsa npobnembl KOHpayHAEPOB B HacToALLEN
cTaTbe obcyxpatloTca ABa Hambonee nmonynsapHbIX MeTOoAa: KjlacCumyeckas npouenypa CTaHAapTu3auum un
CTaTUCTUYECKOe MOLEeNNPOBaHME MEeToAaMWM PerpecCcUoHHOro aHaausa. B paboTe npepnaraetca HoBas
aBTOMaTM3MpPOBaHHasA Npoueaypa CTaHAapTU3aumMu, C MOMOLLbIO KOTOPO NPOBeAEHO CPaBHEHNE pe3ysibTaToB
CTaHOapTU3auum N pesyabTaToOB CTaTUCTMYECKOro MOAEIMPOBaHNSA perpecCNoOHHbIMU MeToAaMU.

AHanutTnyeckumu ob630p
TepMuHonorus

CpaBHuTenbHble uccnepoBaHua (Comparative studies) - 3To wuccnepoBaHuMs, B  KOTOPbIX
CpaBHUBAOTCHA pe3ynbTaTbl, MOJlyYeHHbIE Ha ABYX rpynnax obbekToB. OgHa rpynna TpagMLNOoHHO Ha3blBaeTCs
«onbITHas rpynna» (treatment group) - 3To rpynna OObLEKTOB, KOTOpble MOABEPraldTCA HEKOTOPOMY
Bo3aencTeuio (treatment); 06beKTbl BTOPOM Fpynnbl («KOHTPOJIbHaA» rpynna, control group) He noaBepraTCs
OAaHHOMY BO3LEeNCTBMIO. 3ajaya CPaBHUTENbHOrO WCCAefoBaHWSA COCTOUT B OMpeAesieHnn BINAHUSA
BO34ENCTBMA Ha BbIOpaHHYIO ncciefoBaTesleM XapakKTepPUCTUKY n3yvyaeMbix 06bEKTOB. ITY XapaKTepUCTUKyY
Ha3biBalOT «OTKAUK Ha BO3AeNncTBMe» MM npocto «OTKAMK» (outcome, response). Pa3HOCTb OTKJIMKOB B
OMbITHOM N KOHTPOJIbHONM rpynnax Ha3biBaloT ahdekToM Bo3aencTems (Anderson et al., 1980).

dakTop pucKa. B 3kosnormyeckmx M 3KONOro-MeguuUMHCKUX UCCNefOoBaHWAX BO3AeNCcTBME OObIYHO
accoummpyeTcs C HeKOTopbIM hakTopoM pucka (risk factor - RF). Hanpumep, npu uUsyYyeHUU BIINAHUSA Ha
JKOJIOFNYECKYI0 CMCTEMY 3arps3HEHUs OKpY>KaloLlel cpefbl B KayecTBE OMbITHOW TeppuTtopuun BbibupatoT
TEppPUTOPUIO C «YCJIOBHO BbICOKMM» YPOBHEM 3arpsA3HEHUs OKpy>XatoLen cpefbl, @ B Ka4eCTBEe KOHTPOJIbHON -
YCJIOBHO «4HUCTYI0» TEPPUTOPMUIO, HA KOTOPOW 3TO 3arpsa3HeHne oTCYyTCTBYeT WU He3HaunTesibHo. O6beKTbl
3KOMOrN4eCcKom CUCTEMbl (pacTeHUs, XMBOTHbIE, 4YEeJIOBEK) Ha OonbiTHOM TeppuTopum (obo3Haymm 3Ty
TeppuTopuio Kak RF = 1, T. e. Tepputopus, Ha KOTOpYl HOeNCTByeT (hakTop pucka RF) noasepratoTcs
HebnaronpnATHOMY BO34EMCTBUIO MOJIUTIOTAHTOB, B pe3yJjibTaTe Yero HEKOTOpas XapakTepucTuka Y n3y4yaemMbix
00bEKTOB M3MEHSAETCSA MO CPABHEHUIO C 3TOW XK€ BEJIMYNHON Y Ana 06beKToB KOHTposibHOM rpynnbl (RF = 0). B
KayecTBe OTK/MKa CUCTEMbl Ha BO3A4eNCTBME OOLIYHO MNPUMHUMAlOT 3HayeHue Y, yCcpelHEeHHOe MO BCEM
obbekTam rpynnbl (Y). Toraa 3pdekT BO34ENCTBUA, PaBHbIN Pa3HOCTU OTKJVKOB B OMbITHON W KOHTPOJILHOM
rpynnax, paBeH

AY(RF) = Y(RF = 1) - Y(RF = 0). [1]

KoHndayHpep, KOHTponb KoHdayHaepoB. Kpome dakTopa pncka (OCHOBHOW mM3y4vaeMbli akTop)
06beKTbl UCCNefoBaHWSA MOryT XapaKTepm3oBaTbCA pPAOOM  ApYyrnx (akTopoB (Tak Ha3blBaemble
«conyTcTBytowme hakTopbl» X), BINAHNE KOTOPbIX Ha OTKJIMK Y MOXET UCKa3nTb 3hdekT hakTopa prcka RF,
T. €. NpUpoAa COMyTCTBYOLWMX (haKTOPOB MOXeT ObiTb TakoW, 4YTO YaCTb M3MEHYMBOCTU OTKIMKA MOXXeT
06BACHATLCA M3MEHYUBOCTLIO COMYTCTBYOLWMX (DAKTOPOB, @ He BAMsHMEM (akTopa pucka. Kasanocb Obl,
MO>XHO MOCTPOUTb 3KCNEePUMEHTalbHOE NcciefoBaHne TakuM obpasoMm, 4Tobbl CONyTCTBYIOLLNE MEPEMEHHbIE
HE OKa3blBaJM BMSHWE Ha OTK/MK, OAHAaKo 0COBEeHHOCTW KOHayHOEepoB WMEHHO B TOM, HTO OHU
HeyCTpaHMMbl. HanpuMmep, HEBO3MOXXHO YCTPaHUTb BAMSHUE TakKmMX (PakKTOpPOB, Kak MoJ WUamM BO3pacT, npu
NccaenoBaHUN 4YenioBe4Yeckon nonynauum, a npeHebperaTb UMW He BCerga BO3MOXHO, T. K. OHU WMENT
3aMeTHOe BNAHME Ha UCCIefYEMbIN OTKIIMK.

MNMeHHO Takne HeyCcTpaHuMble (hakTopbl Ha3biBaloT KoHMayHAaepamu (confounding factors, confounders).
CornacHo onpepeneHuto (Bonita et al., 2006), conyTcTBytownin hakTop X ABNA€TCA KOH(payHOAEepOM, eCc/in OH
yOoBneTBopsAeT ABYM YCN0BUAM: 1) hakTop X OKasbiBaeT BANAHME Ha OTKJUK Y; 2) pacnpeneneHns paktopa X
B rpynnax C pasfiM4yHbIMM YPOBHAMU RF pa3sinyHbl. 3TU ABa YC/I0BUSA MOXHO NnepeBecTU Ha MaTeMaTuyeckunn
A3bIK CrieayoLWmnM obpasom: ConyTCTBYOLWMIA hakTop X siBsieTCA KOHdayHAepoM ans hakTopa pucka RF, ecnu
X NMeeT CTaTUCTUYECKN 3HAYMMYIO CBA3b KaK C Y, Tak u C RF.

CMmewleHmne. lickaxawlwee BAUAHME KOHpayHAepa X Ha 3dpdekT, Npou3BOAUMBIA OCHOBHbIM
nccnenyemblM hakToOpoM prcka RF, Ha3biBaloT confounding, a BeMYMHY MCKaXeHnNs 3ddekTa - CMeLLeHneM
(bias). 3apmaya wccnepoBaTens 3akJlYaeTcs B TOM, 4TOObl YyCTpaHUTb (YMEHbLWWUTb) CMelleHue, T. e.
onpenesinTe MakCUManbHO «TOYHO» 3PMEKT MMEHHO dakTopa pucka RF, oTAenuB ero OoT WUCKaXaloLero
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BAUAHNA KOH(ayHAepa. Mpouenypbl, KOTOPble MO3BOJIAIOT «BbIAENNTL» dPPEKT (PakTopa pucka Ha doHe
OEeNCTBYIOWNX KOH(ayHAepoB, 0606wWeHHO Ha3biBaloT «KOHTPOJIb KOH(MayHAEPOB» NN «Y4eT KOHpayHOepoB»
(control for confounders, accounting for confounders, methods to adjust for confounders) (Anderson et al., 1980;
Bonita et al., 2006).

Hanpumep, B 3KO/I0MMYECKOM NCCNefoBaHNN U3yYaeTcs BANAHME RF Ha HEKOTOPYID XapakTepucTuky
06beKToB Y, npu4yeMm Y 3aBUCMT OT COMyTCTBylLEro akTtopa, Hanpumep oT Bo3pacTa 06bekToB X. MNycTb
BO3pacT 06bEKTOB B OHOM rpynre oT/IN4aeTca B CpeiHEM OT Bo3pacTa oO6beKToB B Apyrown rpynne. Mpu Takux
YyCJI0BMSAX, COrNacHO NpMBeAEHHOMY BbilLe onpefesneHunto, Bo3pacT X ABnseTca KoHdayHaepoM Ana dakTopa
pucka RF. MNpumeM ana onpeneneHHoOCTU, 4TO Y yBennymBaeTCs C yBenmvyeHmem X u cpefHee 3Ha4veHue X B
OMbITHOWM rpynre Bbile, YeM B KOHTPOJIbHOW. [TOHATHO, YTO NpY 3TUX YCJ0BUAX Pa3siMyme BO3PacToB B rpynnax
RF = 0 n RF = 1 6ypeT yBennumnsaTb 3pekT AY(RF), B NpOTUBHOM Criy4ae (BO3pacT B OMbITE MeHbLUe, YeM B
KOHTpOJ1e) - yMeHbLWaTb 3hdeKT nsy4aemoro aktopa pucka RF.

MeToabl KOHTpONA (yyeTa) KoHdayHpepoB

KOHTpPOJIb 3a BAMSHUEM KOH(ayHOEepOB BO3MOXEH KaK Ha 3Tane naaHUpoBaHUS 3KCMepuMeHTasbHbIX
nccnenoBaHUM, Tak U Ha 3Tane aHanmsa AaHHbIX. MeToAbl KOHTPONA KOHayHAEpOB Ha 3Tane nJaHUpoBaHUS
(obuiee Ha3BaHMe MeTOOOB - ypaBHMBaHMe, aHrn. Matching) B gaHHou paboTe He paccMaTpuBaKTCH; OHU
noapobHo onucaHbl, Hanpumep, B MoHorpagusax (Anderson et al., 1980; Bhopal, 2002; de Graaf et al., 2011).
MeToabl KOHTPOSA KOH(AyHAEpPOB Ha 3Tarne aHanv3a AaHHbiX (obuiee Ha3BaHMe METOAOB - MOAFOHKaA,
KOppekTMpoBKa, aHra. Adjustment procedure unn npocto adjustment) genarca Ha ABe rpynnbl: 1) meToAbl
CTaHdapTusaumn nyTtem crTpaTudukaumm MaccmBa [aHHbIX; 2) MeTofAbl, OCHOBaHHble Ha CTaTUCTUYECKUX
mModensx. VIMeHHo meTodbl y4eTa KOH(ayHAepoB Ha 3Tane aHanv3a ABAAITCA NpegMeToM ucc/efoBaHus
HacTosLen paboThl.

B obwem Bmaoe HazHayveHume nobbiXx MNpouenyp yyeTa KOHayHAepoB Ha 3Tane aHanau3a [aHHbIX
(Adjustment procedure) cocTouT B YCTPaHEHUN pasanynin B pacrnpeeneHnsax KoHpayHaepoB X B OMNbITHON 1
KOHTpOJIbHOW rpynmnax. C MaTeMaTUYeCKOM TOYKN 3pEHMS Takoe yCTpaHeHne pas3nnyui NpuBoanNT K TOMY, 4TO
X nepecTaeT KOppenmpoBaTh C PaKTOPOM pucKa RF n, cnepoBaTenbHO, CONMYTCTBYOWNIN hakKTop X nepectaeTt
6bITb KOH(hayHOEPOM (T. €. He MOXEeT UckakaTb ekt AY(RF) nsyvaemoro RF).

B cnepyownx noapasaenax onucaHel ABa MeToAa KOHTPONs (yy4eTa) KoHdhayHAepoB. [epBbIfi N3 HUX -
npouenypa CTaHfapTusaunu, SBASAIOWAACA OOHUM U3 BapMaHTOB MNpouenypbl KOHTPOJS KOH(ayHOepoB Ha
3Tane aHanu3a JaHHbIX. BTOpon - npouenypa KOHTPOAA KOHMayHAEPOB C MOMOLLbIO perpecCMoHHbIX Mogenen.

CtaHpapTu3auusa B CpaBHUTEJIbHbIX UCCEef0BaHUAX

MycTb HEKOTOPasa XapakTepUCTnKa Y (OTKIMK) n3mepsaeTcsa Ha obbekTax ABYyX rpynmn, pa3feneHHbIX rno
hakTopy pucka (RF = 0 m RF = 1), T. €. Mbl UMEeM CJly4al CPAaBHUTENILHOIO UCCIeA0BaHUA BANAHNSA haKTopa
pucka RF Ha OTKAUK Y; ulyvyaemble 06bEKTbl XapakTepu3yloTcsa HabopoM COMYyTCTBYIOLWNX NepeMeHHbIX X,
B/INSIHNE KOTOPbIX Ha Y MOXEeT WUCKa3uTb 3PdekT uccnegyemMoro akTopa pucka. 3ajadvya COCTOUT B
KOPPEKTHOM onpefesieHnn BenninHbl sddekTa hakTopa pucka AY(RF), onpenenseMmoro gopmyson [1].

OL4MH N3 Knaccnyecknx cnocoboB ycTpaHEHUSA NCKaXKaloLLero BNAHUA KoOHayHaAepa - CTaH4apTM3auus
nytem cTpaTudmkaumm maccma HabnogeHuin (Weinberg, 1913; Goldberger et al., 1920; Bhopal, 2002; Bnacos,
2004). Hwxe ™Mbl pacCMOTPMM Mpouenypy TakK Ha3biBaeMoW nMpsIMOA CTaHgapTu3auum (Hanbonee
pacrnpocTpaHeHHas W3 npouenyp, OCHOBAHHbIX Ha CTpaTuduKauum);, onucaHme Opyrux npuemos
CTaHOapTU3auumM MOXHO HanTu B MoHorpadumn (Anderson et al., 1980, rnasa 7). TexHn4eckoe NCMoJIHEHME
npouenypbl MPAMON CTaHJapTu3auuun (B pganbHerwem Oyaem uvcrnofnb3oBaTb TepMuH «CTaHaapTu3lauumsa»)
NPOVJIIIOCTPUPYEM Ha CrieAyloLemM npumepe.

MycTb cTaBUTCA 3afava onpeneneHns BANAHUA 3arpAa3HeHUs TeppUTOpUn NMPoXXKMBaHUA Ha 300pPOBbE
HaceneHusa (dakTop pucka RF - 3arpsisHeHWe TeppuTopun). 3TO TUMNMUYHAA SKONOro-3NUAEeMNosIornyeckas
3ajla4a, CyTb KOTOPOW NOHATHa AaXke HecneumanancTy B 061acTtu aKoorum nnm anngeMmmonorumn. ns pewenus
3TOoM 3ajayn BblbMpaloTCcA ABe TeppuTopuu (Hampumep, ABa ropoga), OOMH W3 KOTOPbIX MOXHO CHMTaTb
«YCJIOBHO 4MCTbIM» (RF = 0), BTOpon - 3arpsisHeHHbIM (RF = 1). B gByx ropogax cobmpatoTca cBefeHus o
3a60/1€BaeMOCTN HAaCeNEHMS U PacCYNTLIBAIOTCA CpefiHme 3Ha4YeHns 3abonesaemocTu Y(RF = 0) u Y(RF = 1). B
rMNOTEeTUYECKOM CJly4Yae OTCYTCTBMS KOH(ayHOEPOB Pa3HOCTb 3TUX CPeAHUX AaeT oXuaaembln 3pdekT
(3thheKT BAMAHMSA 3arpsa3HeHnsa Ha 3aboneBaemMoCThb).

B onucaHHOM Bbille NpuMepe nosBjieHne KoHdayHAepoB - HeusbexHas niaTa 3a HEBO3MOXHOCTb
NOCTaHOBKW aKTUBHOIro 3KCNepmMeHTa (MccnepoBaTeslb MOXET NUllb (DUKCUPOBaTb MMeELWMecs YpPOBHU
3arpsa3HeHus n 3aboneBaemMocTu, HO He U3MEHATb Ux). OOHMM U3 TUMUYHBIX KOH(ayHOEPOB B OMUCaHHOWN
3ajaye sABAsfeTCsA Bo3pacT. [MpeanosioXknM, 4YTO B 3aJaye onpenesieHns BAMSHUS 3arpsa3HEeHna Ha 340pOBbe
«YUCTbIN» FOpon ABAAETCH «CMajibHbIM» PaMoOHOM Meranosinca, B KOTOPOM >XUBET 3HauduTeNbHas [0n4
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MOXXMJI0r0 HaceneHus, a ropos C CUbHbIM 3arpAA3HEHNEM TEPPUTOPUN - MPOMBbILLIEHHbIN FOPOA C BbICOKOMN
[onen Mmononoro HaceneHus. NockonbKy 3aboseBaeMOCTb HaceieHNs, 0O4EBUAHO, YBEIMYMBAETCA C BO3PacTOM,
3aboneBaeMoCTb B «4YUCTOM» ropoge OyneT MoBbIEHa 3a CYET BbICOKOWM OONIN MOXWUAbIX JNIOOEN, a B
NMPOMBILLIEHHOM FOPOAE - TMOHWXKEHa 3a CYeT MOJIOAOM YacTuM HaceneHuss U MNoBblleHa BCeACTBUE
3arpsa3HeHus cpenbl 0buTaHms. B aToM cnydvae apdekT hakTopa pucka «3arpsasHeHne Tepputopun» byneTt
CHU)XeH (OTHOCUTENIbHO «UCTUHHOI0») 3@ CYET Pa3/IMYUi B BO3PACTHbLIX CTPYKTypax HaceneHns 3TUX ABYX
roponos.

Mpouenypa cTaHOapTM3aUUM nNyTeM cTpaTuduUKauMm JaHHbIX NpeanonaraeT pasgefieHne HaceneHus
obonx roponoB Ha OAMHAKOBbIE CfioM (CTpaThl) MO BO3pacTy, Hanpumep no 10 net. B kaxpowm cTpaTe

onpenenseTcs YNCNEHHOCTb HaceNeHNs Nj(RE — ,
P i(RF = 0), Ni(RF = 1) n cpepHas 3a6071€BAEMOCTb HACENEHNS KaXKAOT0

opofia oTAeNbHO Y pE — v )
rOPOAG OTAENBHO Ti(RF = 0), Y (RF = 1), roe i - Homep cTpaTbl. IPPeKT oT 3arpasHeHns 6e3 yyeTa Bo3pacTa

(koHbayHOepa) onpenenseTca no opmyne (Bonita et al., 2006, BapakcuH n gp. 2012)

TYRF =1) n(RF =1) T¥(RF =0)-n(RF =0)

sl S R(RF =1) o S n(RF =0) - (2]

¥

B KOTOPOW CyMMUPOBaHWE NAET MO BCEM BO3PaCTHLIM CTpaTaM.

dopmyna [2] aBnseTcsa BapMaHTOM npeAcTaBieHns gopmynbl [1] ¢ y4yeToM cTpaTUdUKaLUM AaHHbIX,
MOJIHOCTbIO e/ SKBMBAJIEHTHA N AaeT TOT Xe pe3yabTaT. PacyeT ahpekTa 3arpAa3HeHns TEpPPUTOPUN C y4eToM
BO3pacTa (CTaHAapTM3aumsa rno BO3pacTy) OCYLLEeCTBASEeTCS No hopMye

S YARF = 1) - Vi(RF =0))-n,

&V(RF:'N'; =L Zﬂ' » [3]

rae HVWKHUIM nHaeKc adj o3HadaeT adjustment (noaroHka). ®opmyna [3] oTamyvaeTcs oT [2] TeM, 4To B

[2] oTKAVKN YipF — v .

i(RF =0)m YI(RF = 1), paccynTaHHble 04 i-i CTpaTbl, CYMMUPYIOTCH C BECaMun Ni(RF = 0) n Ni(RF =

1), KoTopble pasnuyatoTcs gas rpynn RF=0un RF =1, a B [3] Beca n; ANs rpynn RF = 0 1 RF = 1 - 04NHAKOBbI.

NMeHHO TakmM obpa3oMm yCTpaHATCH pasnymsa B pacnpefesieHMn BO3pacTOB B OMbITHOW M KOHTPOJIbHOM
rpynrnax n «yCcTpaHAaeTCa» UCKaxkalllee BAnSHME Bo3pacTa Ha AY(RF).

Moka3biBas hOpMasbHbIN NYyTb yCTPaHEHUA BAUSHUA KOHdayHAepa, npoueaypa CTaHoapTu3auum He

AAeT 0OIHO3HAYHOr0 OTBETA Ha BOMPOC, KaK BbIGPaTb YNC/IEHHbIE 3HAYEHNS BECOB N; 5 dopmyne [3]. Heckonbko

HaCTO BCTpeYHalnLWwnxca BapnaHToB AN paCCMOTPEHHOIO Bbllle NpMepa TakKoBbl:

@) YNCNEHHOCTU Nj hapy cpeaHel YNCAEHHOCTN HAaCeNEHUs B ONbITHOM 1 KOHTPOLHOM Fpynnax ans i-i
cTpaThl

i =0.5(n(RF = 0) + ni(RF = 17). [4]

0) YMCNEHHOCTU Nj gLi6paloTCs PABHBIMU YUCAEHHOCTSM HAaceneHus B i-ii BO3pacTHOW rpynne Ans
LIesIoro pervoHa, B KOTOPOM PacrosioXKeHbl «HUCTbI» U 3arPA3HEHHbIN FOpOo/ia; BMECTO PernoHanbHOM MOXHO
BbIBpPaTh BO3PACTHYIO CTPYKTYPY CTPaHbl B LIEIOM, MUPOBYIO BO3PaCTHYIO CTPYKTYpPY U T. M.

O4€BMAHO, 4TO KaXAbI BAPUAHT BLIBOPA Ni npuBoaMT K pasHbIM pe3ysbTaTaM npu oLeHke sddekTa
AY(RF). B pazpene «3ak/o4eHne» Mbl @AM KOMMEHTapum 3ToM HEOAHO3HAYHOCTK oueHKn AY(RF). Kpome n;

achdhekT AY(RF) ByneT Tak)Ke 3aBUCeTb OT cnocoba pa3feneHns MaccmBa HabnooeHUM Ha CTpaThbl (YUCNo CcTpaT
W UX rpaHuLbl), NO3TOMY MNpefMeTHas TPaKTOBKa MOJIyYEeHHbIX CKOPPeKTMpoBaHHbIX (adjusted) 3HaveHui
s(ppekTa AY(RF) 3aBMCUT OT COAEPKATESIbHOrO CMbIC/Ia BbIOPAHHbBIX CTPAT M UX YNCSIEHHOCTEN N;.

Mpwn BbINOAHEHUM NMpoLeaypbl CTaHAapTU3aUnMM AeNCTBYET OrpaHnYeHme: npoueaypa ocyLiecTemma npu



BapakcuH A. H. , Wanaymosa HO. B. , MaHos B. TI. [puHUMNbI KOHTPONS KOH(AayHOEPOB B CpPaBHUTENbHbIX
nccnefoBaHUAX B 3KOJIOMMN: CTaHd4apTU3auusa n perpeccnoHHble mogenu // MpuHumnel 3konorun. 2014. Ne 1. C. 4-14.
DOI: 10.15393/j1.art.2014.3341

CcnoBUKM, Korga obe YNCNEHHOCTN N; — ) L.
y (RF = 0) n Ni(RF = 1) oTANYHBI OT HYNS ANSA KaXKOOW i-i1 cTpaTbl; B Cilyyae

HYJIeBOr0 3Ha4YeHus n; _ .
y (RF = 0) n160 NyRF = 1) panHas i-a cTpaTa [0/1KHA BbITb MOJIHOCTLIO UCKJIOYEeHa U3

aHann3a BCyieaAcTene HEBO3MOXKXHOCTU paCcCHNTaTb OANH U3 OTKJIMKOB Y,'(RF = 0) nubo Y"(RF =1), ans KOTOPOro

Ni(RF) = 0. Bnpo4eM, eCcTb BO3MOXHOCTb He TePATb 3TU AaHHble, eC/in BbIbpaTb MHbIe rpaHunLbl CTpaT TakuM
o6pa3oM, 4Tob6bl HU OHa M3 HUX He OKa3asiacb MyCTOMN.
CTtaTucTUYeCcKue MeToabl KOHTPONA KOHhayHaepoB
Mpouenypa cTaHOapTM3aUUM ABASETCA ACHOW N NPeAMETHO-MOHATHON NMpouenypon yyeTa
KOH(payHOepoB. EANHCTBEHHBIN HEJOCTATOK NpoLenypbl CTaHAapTU3aumm - TPYAHOCTbL NMpakKTU4ecKomn
peannsaumm npu Haan4ynm MHOrnMx KoHdayHaepoB. YTobbl NpeonoseTb 3Ty TPYAHOCTb, 6bIJ10 NpensioXKeHo
MCMNOoJIb30BaTb MeTOAbl CTAaTUCTMYECKOro MoaennmpoBaHmsa. OgHon 13 nepBbiX Nyd6anKauni B 3Tom
HanpassieHUn sBnseTca paboTta PoHanbaa duwepa (Puwep, 1958), B KOTOpPON paccMaTpuBaeTCs NpUMeHeHne
MeTOLO0B KOBapMaLUNOHHOIro aHanmsa. B 1957 r. cneunanbHbI BbiNYCK XXypHana Biometrics (Vol. 13 (3)) 6bin
MOCBSLLLEH KOBapUaLMOHHOMY aHanan3y 1 ero NpMMeHeHusM; B 3TOM BblMyCKe NogHMMasICa BONPOC N O
KoHbayHaepax (variable for adjustment). MNo-BnanMomy, nepexon K APYyruM CTaTUCTUHECKMM MOLENAM KaK
CpencTBY y4yeTa KOH(ayHAepoB Obis1 caenaH MMeHHO Yepe3 KOBapUaLMOHHbIA aHanu3. B pesynbTaTe ans
y4yeTa KOH(ayHOePOB CTaN NPUMEHATbLCA perpecCUoHHbIe Moaenun (MMHenHbIe N IOrUCTUYecKne), Kotopble B
HEKOTOpPbIX 061aCTAX 3KOJOrUN U 3NMNAEMUONOr N CTasn ocHOBHbIMKU (Miettinen, 1976; Stein et al., 2013).
PaccmMOTpuM NprMMeHeHne MeTOA0B CTAaTUCTUYECKOr0o MOAEIMPOBaHNS Ha npumMmepe BUHaApPHOro OTK/MKA
Y, Korga Y npuHnMaeT gBa 3HavyeHns Y =0 un Y = 1 (B cnydae 3aboneBaHnin 3TK ABa 3HAYeHMA Y
COOTBETCTBYIOT rpajaumam «340poB» 1 «boneH»). B 3ToM cnyyae cTaHAapTHbIM METOAO0M CTaTUCTUYECKOro
MOLesINPOBaHNA ABNAETCA JIOFMCTUYECKas perpeccus.
KOHTpO/Ib KOH(hayHAEepPOB METOA0M JIOFMCTUYECKOW perpeccumn NpoBoAnTCS crepytownm obpasom. Mo
S3KCMepuMeHTaJIbHbIM AaHHbIM CTPOUTCS YPaBHEHUE IOTUCTUYECKOM perpeccum, onmcbiamoliee sekT
hakTOopa pucka RF

odds(Y = 1|RF) = exp(bo + baRF), [5]

rae odds(Y = 1|RF) - waHc noaBaeHusa 3HavyeHnsa Y = 1 (waHc 3aboneTs). MNokasaTenem acdekTa,
npon3BoAMMOro )akTopoM pmucka RF, B IOFNCTUYECKOWN perpeccum SBaseTcs oTHoweHne waHcoB (OR) -
OTHOLIEeHMe WaHca 3aboneTb Npu Hann4Mmn pakTopa pucka odds(Y = 1|RF = 1) K waHcy 3aboneTb npu
OTCYyTCTBUM hakTOopa pucka odds(Y = 1|RF = 0). CornacHo Teopun NOrMcTUHECKON perpeccum, NCKoMoe
OTHOLUEHME LWaHCOoB paccynTbiBaeTcs no popmyne (Hosmer et al., 2002):

OR(Y = 1|RF) = exp(bas), [6]

rae bpr - kosdpuumeHT ypasHeHns [5].
Mpu HaNMYMM KOHMayHIEPOB NX KOHTPOJIb MPOU3BOANTCS NMyTEM BK/OYEHUA B ypaBHeHue [5]

MMeLINXCA KOHpayHaepoB Xq, Xy, ..., Xk, T. €. NyTeM NOCTPOEHNSA YPaBHEHUA MHOXECTBEHHOW NIOrMCTUYECKOMN
perpeccun:

odds(Y = 1|RF) = exp(bo + basRF + by X1 + b X2+ ... + beXy). [7]

BktoyeHne KoHayHAePOB B ypaBHEHME JIOTMCTUYECKOW perpeccum NpMBoANT K U3MEHEHUIO 3HAYEHUS

KO3(phULMEHTa brr nny hakTope pucka RF (3HadeHue b
*
P & pep RF 3aME@HAGTCA Ha b¥gr): 310 n3meHeHMe TpakTyeTcs Kak

y4yeT KoH(ayHOepoB Npu pacyeTe adekTa hakTopa pucka RF (Hosmer et al., 2002; Bonita et al., 2006; van
Stralen et al., 2010; Tripepi et al., 2011).
AHanorun4HeiMm obpa3om onunceiBaeTca B (Bonita et al., 2006; van Stralen et al., 2010; Tripepi et al., 2011)
c/lydan KO/IMYeCTBEHHOro OTK/MKa Y, Korga BMeCTO JIOrMCTUYECKOW perpeccnmn Ncnosib3yeTcs JInHenHas
perpeccus:

¥ =bo+ beeRF + b1 X1+ bz Xz+ ... + be X [B]
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OnuncaHHasg npouenypa KOHTPOa KOHMayHAEpPOB C NCMONb30BaHNEM JIOTMCTUYECKON perpeccumn
ABNAETCH OYE€Hb MOMNYAAPHON B 3NMNAEMMOJIONMYECKUX nccnenoBaHmax. Hanpumep, onucaHHasa npouenypa
ABNAETCS NPAKTUYECKN €QUHCTBEHHONW, MPUHATON ANA UCMOJIb30BaHMNA aBTOPaMM aBTOPUTETHOIO XypHana
Epidemiology, KoTopbIli NO3NLMOHNPYET cebsl HE TONIbKO KakK MeAULMHCKNA XXYpHan (3NMaeMnosiorns - Hayka o
pacnpocTpaHeHnn MaccoBbix 3abonieBaHnn), HO N Kak XXypHasn ana nybnvkauum nccnenoBaHui B obnactum
npuknagHom ctaTucTmkm (Statistical Science Web, 2014). MNMpwn 3ToM CTaHfapTU3aUMAa U CTaTUCTUYECKOoe
MoJennmpoBaHne pacCMaTpMBaOTCA MHOMMMM COBPEMEHHBIMY aBTOPaMM KakK [iBa paBHOMPaBHbIX NoAxXo4a A
ydyeTa KOH(ayHAepoB, XOTH PaBHOCUIBHOCTb 3TMUX ABYX MOAX0A0B He AOKa3aHa 1, No-BUANMOMY, OCHOBaHa Ha
BEpe B TO, 4TO KOPPEKTHOCTb NpuUMeHeHns nofobHom npouenypsl B (hopMe KOBapuaLMOHHOIO aHan3a
coxpaHseTcsa u ong obwmx perpeccnoHHbix mogenen. Mo HaweMy MHEHUI, UMEIOTCA BECKME apryMeHThI
MPOTMB TaKoro MeTona yyeTa KoHdayHaepoB (BapakcmH n gp., 2011; Austin, 2011). Bo-nepBbix, HET
[0Ka3aTeNbCTB TOrO, 4TO METOZA JIOTMCTUYECKON perpeccumn 4eNCTBUTENbHO YCTPaHAeT (yMeHbLIaeT) pasanyus
B pacnpenesnieHnsax KoHpayHaepa B nsy4aemolx rpynnax RF = 0 u RF = 1. Bo-BTOpbIX, U3MEHEHMne

KO3 PUUNEHTA brr g ypagHeHnsx [51-[6] npu nepexoae K [7] MOXeT NpoUCXoanThb B OTCYTCTBME
KOppPensUNOHHON CBA3M MeXAYy KOHMayHAepoM X U OTKANKOM Y (NPOCTO 3a CHET Ha/IN4Yna KOppensaunoHHbIX
ceazen mexay X n RF). CornacHo BBe4eHHOMY BblLLe onpeneneHunto, 0TCyTCTBME CBA3N Mexxay X n Y
«BbIBOAUT» CONYTCTBYOLWMA hakTop X N3 paspata KoHPayHOEPOB. Y4NTbIBAsA, 4TO B MPaKTUHECKUX
nccnenoBaHMAX crneunasibHas rnpoBepka Toro, 4To nepeMeHHas X ABAsSeTCA KOH(ayHAepOoM, NPOBOAUTCA He
BCerpa (Yalle BCEro He NPoBOANTCSA!), U3MeHeHUe KO3 MULINEHTOB Perpecc brr nocne nobasneHns X MoxeT

CO3[aTb HEMpaBWIbHOE NpeacTaBsieHne 0 NepeMeHHON X Kak 0 KoH(ayHaepe B CUTyauumn, korga X TakoBbIM
He ABnseTCA.
CpaBHeHue pe3yibTaTOB KOHTPONA KOHdayHAepoB, NOJIYyYEHHbIX NyTEM CTaHAapTU3aLUM U
perpeccuoHHbIX Moaenen

MpoBenem cpaBHeHMe pe3ynbTaTOB KOHTPOAA KOH(ayHAepOoB, MOJIyHYeHHbIX NMyTeM CTaHAapTusauumu,
MeTOAOM JIOrMCTUYECKON perpeccum n KoBapuaLunoHHOro aHaan3a.

Kak oTMe4anocb Bbille, PaBHOCUABHOCTbL ABYX MOAXOAOB y4yeTa KOH(ayHOEepoB (CTaHAapTu3aumsa v
perpeccnoHHoe MogenvpoBaHne) TpebyeT nokasaTenbcTB. OAHaKo NpoBecTn hopMasibHOe AoKa3aTeNbCTBO
3TOro AOBOJIbHO TPYAHO, YYMUThIBAA CTaTUCTUYECKYIO Npupoay 06onx MeTonoB. B To ke BpeMs [oKa3aTeNbCTBO
X HE3KBMBAJIEHTHOCTN MOXXHO MOCTPOUTH TOYHO TaK XK€, Kak B MaTeMaTU4eCKOM CTaTUCTUKE NMPOBepsloTCA
CTaTUCTMYECKME runoTesbl: HeobxoanMo BeibpaTb CUTyaLUIO, KOF4a BO3MOXXHO NMpMeHnUTb oba MeToaa yyeTa
KOH(ayHAepoB, 1 NokasaTb, 4TO MPW aHann3e 3Ton cuTyauum oba meTona AatloT pasHble pesynbTaTbl. Ecnn
pe3ynbTaTbl, NOJly4YEHHbIE METOLAMU CTAaHAAPTM3aLMN N PErPeCcCUOHHOr0 aHasn3a, He coBnazatoT, 3To byaeTt
[0Ka3aTeNIbCTBOM HEMPUMEHUMOCTM MeToAa JIOTMCTUYECKON perpeccuu.

Mpu conocTaBfieHUM OBYX MOAXOLOB MOSIBAAIOTCA 3aTPyLAHEHUS, CBA3@HHble C HEO4HO3HAYHOCTbIO
npouenypbl CTpaTuduKaumm (pasgeneHne maccmaa HabnogeHnsa Ha cTpaThbl, Kak 6b1s10 onncaHo Boiwe). YTobbl
npeoponeTs 3TU HEOAHO3HAYHOCTW, HaMU NPEeOJIOKEH aJropuTM, MUHUMUSUPYIOLWUA pa3nyns B
pacnpeneneHnsax KoHdayHaepa X B rpynnax no akTopy pucka v, cnefoBaTeslbHO, yMeHbLUAKLWNA cMeLeHne
oueHKn achppekTa AY(RF).

CyTb anroputma cnegytowas. lMposenem ynopsagoyeHme 3Ha4yeHin X ansd Bcex 06bekToB ncciefoBaHus.
BbibnpaeM nepBoe (MMHUManbHOE) 3HavYeHne X 1 onpenesisieM ero NnpuHaane)xxHocTb K rpynne RF = 0 unn RF =
1. BoibupaeMm crnepytouiee 3HavyeHne X N Takxxe onpepenseM ero nNpuHaanexHoCTb K rpynne no gaktopy
pucka. Ecnn nepsoe n BTopoe 3HavYyeHna X NpuvHaanexaT K pa3HbiM rpynnam (HanpuMmep, nepsoe 3HavyeHne X
npuHagnexunT K rpynne RF = 0, a BTOpoe 3Ha4veHue X - K rpynne RF = 1), cynTaem, 4TO 3TU ABa 3HA4YeHUS
obpa3yloT nepByto cTpaTy. Ecnm 06a 3HavYeHnsa X npuHapsiexaT K ogHONW rpynne, Bbibupaem TpeTbe 3HavyeHne
X 1 T. 4. BO Tex nop, noka B BbIbOpke He OKaKyTcs obbekTbl cpa3y ABYX rpynn (xoTsa 6bl oanH ob6bekT B
Kaxgon rpynne no RF). MMHuManbHoe 4ncsio o6beKTOB Ny, yAOBAETBOPSAIOLMX 3TOMY YCJIOBMIO, COCTaBAIOT
nepsyto cTpaTy (i = 1). Ana o6bEKTOB 3TON CTpaTbl MOXHO BbIYUC/INTbL CPpefHee 3HayeHne OTKMKa Y B
rpynnax no akTopy pucka; 31o 6yayT Y; (RF = 0) n Y; (RF = 1). Mpoaonxkas onucaHHyto npouenypy BAioTb
00 AOCTUXXEHUA MaKCMMasibHOro 3HadeHusa X, nojsiydaem Bce HeobxoamMblie AaHHble Ana pacyeTa dddekTa
AY(RF) no c¢opmyne [3].

Takown crocob pasgeneHns Ha CTpaTbl MUHMMWU3MPYET pa3nmMyns pacnpenesieHuii KkoHdayHaoepa X B
rpynnax no akTopy pucKa, NOCKOJIbKY CpefHne 3Ha4YeHUs KOHpayHaepa B OMbiTe N KOHTPOJIe pa3inyarTcs
MUHVMMasbHO WMEHHO MpyY  MUHMMasbHLIX pasMepax CTpaT. Bulbop B Ka4YecTBe N, yucneHHocTel

«0b6BbeANHEHHbIX» CTPAT (06beKTbl 060X rpynmn no RF) COOTBETCTBYET YCNOBUIO [4] M Ka)KETCS eCTeCTBEHHbIM
B OMMWCAHHOWN CcMTyauun. JonoNAHUTENbHbIM NPEeNMYLLECTBOM OMMUCAHHOIO aJropuTMa ABJISeTCS BO3MOXXHOCTb

9
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ero KOMMbIOTEPHOM peanusaumun, 410 m3baBnseT nosb3oBaTens OT HeobXoAMMOCTW PYYHbIX pPacyeToB
(HeCNnoXXHbIX, HO YTOMUTENbHbLIX). Takas peanusaumsa Oblna HamMuM BbIMOJIHEHA, N CO3JaHHAA KOMMbIOTEpPHas
nporpaMmma CTaHAapTusauum «lporpaMma ANS KOHTPOS KOH(hayHAEpPOB NPy N3y4YeHUN BENCTBUA (DAaKTOPOB
puCKa B 3aja4vax dKOJ0ruu 4yesoBeka» C onucaHmem criocoba nMpMMeHeHWs AOCTyMNHa Ha canTe WHCTUTyTa
npombiwneHHon skonorum YpO PAH (http://www.iie-uran.ru). Ons BbINONHEHUSA npouenypbl CTaHdapTu3aunumn
Heo6xoaMMOo 3anyCcTUTb KOMMbIOTEPHYIO MPOrpaMMy, ykasaTb B 6a3e AaHHbIX MMEHa MepeMeHHbIX OTKnKa Y,
hakTopa pucka RF wn KoHcayHaepa X; BCe oOCTalJlbHOE BbINOJHAETCA KOMMbIOTEPHOW MPOrpaMmon
aBTOMaTU4YeCKMU.

MNpoBenem cpaBHeHWe METOAOB CTaHAApTM3auWK, JIOTUCTUYECKOW perpeccum 1M KOBapUaLLMOHHOI0
aHaamM3a Ha nMpuMepe peasibHbIX AaHHbiXx 861 >kmTens CeeppsioBckonm obnactm, y KOTOpPOro
CneunanncToM-KapanosioromMm rMpoBefeHO onpenesieHne COCTOSIHUA cepaedvHo-cocyamcTon cuctembl (CCC) n
n3yyaeTcs BAMsHME Ha pa3suTue natosiornm CCC Takmx pakTOpPOB, KaK BO3pacT, apTepunasibHoe faBsieHne u
MeTeOoTpOonHble peakuumn (6asa faHHbIX MHCTUTYTa npoMbiwieHHoOn 3konorum YpO PAH, 1994 (BapakcuH u ap.,
2011)). B npuBeLEeHHbIX HU)KE pacyeTax OTKJINKOM Y aBAseTcA nokasatenb coctosaHma CCC (3goposble Y =0 un
nnua C SIBHbIMU MPOSBJIEHUAMU CEPAEYHO-COCYANCTLIX 3aboneBaHunin Y = 1), chakTopoM pucka RF cyuTaeTcs
nokasaTtesib «MeTeoTponHble peakuum» (4enoBek oTMedaeT y ceba Hannyme/oTCyTCTBME peakuuin Ha
N3MeHeHue norogbl), KoHhayHaepamn ABnATCA «Bo3pacT» n «Anactonnyeckoe apTepunanbHoe faBrieHne»
(OAL). MocKoNbKY Halw anropmMTM CTaHAapTU3aunmn paboTaeT ToNIbKO C 0AHUM KOHgayHAepoM, Bo3pacT n OAL
BbICTYMNAlOT KOH(ayHAepaMun B ABYX OTAEJIbHbIX pacyeTax.

HayHeM C oueHKM CTeneHn BANAHNSA (hakTopa pucka 6e3 yyeTa KoHgayHaepoB. dPGeKT hakTopa pncka
«MeTeOoTpOonHbIe peakLn» BblpakaeTcsa OTHoweHmneM waHcoB OR = 7.1 (95 %-n foBepuTenbHbIN MHTEpPBan:
5.2-9.7). B cooTBeTCTBMN C 0ObLIYHOM TPAKTOBKOW OTHOLLUEHMWSA LLUAHCOB OTCOA@ MOXHO cAesnaTb BbIBOA, 4TO
MeTeOoTPOrNHbIe peakLunn SBASITCA 3Ha4YUMbIM (PaKTOPOM prUCKa pPa3BUTUS CepaeyHO-COCYANCTbIX MaToIorum.

Mpn n3y4eHUn BAUAHUA METEOTPOMHbIX peakuuin Ha noasneHue 3abonesaHun CCC koHdayHAepamu
MOryT BbICTYMaTb Takue COomyTCTBylWwMe (hakTopbl, Kak BO3pacT U apTepuanbHoe pAasneHue. [poBepka
YyCJIOBMIA TOro, 4TO (haKTOpPbl ABAAIOTCA KOH(ayHAepamu, nokasbiBaeT cneaytoulee. na dakTopa «BospacT»
cpefHee 3Ha4veHuWe B rpyrnne «30poBbie» (0OTKNMK Y = 0) paBHO 33.3 roaa, B rpynne «bonbHble» (OTKAUK Y =
1) - 52.9 ropa. Pa3nuyme 3TuUX CPefHUX 3HA4YeHUN SABASETCA CTaTUCTUYECKM 3HA4YMMbIM MO KPUTEPUIO
CtblogeHTa (p < 0.00001), chepoBaTesibHO, UMeETCA CTaTUCTUYECKM 3HAYMMAs CBA3b MEXAY OTKJINKOM Y 1
conyTcTBylOWMM akTopoM «Bo3pacT». AHanormyHo cpegHee 3HadeHue Bo3pacTa B rpynne RF = 0 «HeT
MEeTEeOTPOMNHbIX peakunn» paBHO 36.7 roga, B rpynne RF = 1 «ECcTb MeTeoTponHble peakumun» - 52.1 roga.
Paznuymne cpefHNX 3HAYEHU ABAAETCA CTaTUCTUYECKM 3HAYMMbIM Mo KpuTepuio CtelogeHTa (p < 0.00001),
cnepoBaTeNlbHO, UMeeTCA CTaTUCTUYECKM 3HadMMasa CBA3b MexXAy (PaKTopoM pucka RF 1 conyTCTBYHOLUM
hakTOopoM «Bo3pacT». Takum obpasom, hakTop «BospacT» ypnosnetsopseT o6omm ycnoBmsam, HeobxoanmMesiMm
Oons Toro, 4ytobbl ObITb KOH(MAYHOEPOM MPU U3YYEHUU CBA3U pPacrnpocTpaHeHHOCTU 3aboneBaHun CCC un
METEeOTPOMHbIX PeaKLn.

YTo KacaeTcsa hakTopa «[uacTtonmyeckoe apTepuasibHoe AaBJfieHue», cpefHee 3HavyeHue B rpynne
«3popoBble» (OTKAMK Y = 0) paBHO 77.9 MM pT. CT., B rpynne «bosbHble» (0TKAnK Y = 1) - 89.5; cpenHee
3HadveHue OAL B rpynne RF = 0 paBHo 82.6 MM pT. CT., B rpynne RF =1 - 87.3 MM pT. CT. Pasnnyna cpegHmnx
3HAYeHWN ABASAIOTCA CTAaTUCTUYECKM 3Ha4YuMbiMU No KpuTeputo CTbiofeHTa (p < 0.00001), chepoBaTenbHO,
nokasatenb JAL sBnsfeTcA KoOHPayHOEPOM MpU U3y4eHUM CBA3M pacnpocTpaHeHHoCcTu 3aboneBaHuin CCC un
METEeOTPOMHbIX PEaKLNNA.

Tabnuua. NprMepbl NPUMEHEHUA MPOrpaMMbl CTaHAapTU3aLMM U CpaBHEHUE pe3ynbTaToB
CTaHAapTU3aLUnn C TOTUCTUYECKON perpeccrmen  KoBapnaLMoHHbIM aHaIn30M
Table. Examples of application of standardization program and comparison of standardization, logistic
regression and analysis of covariance results
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KondayHaep Ywicno OTHOW &HMe OTHOLWW &HKe OTHOLW eHKe
cTpaT WaHC OB waHcoB WaHCOoB
(NorMcTrYecKas (KOBapHMaUMOoHHBIA  (cTpaThdMKauma)
perpeccus) aHanms)
OTCYTCTBYET - 7.1(5.2-97) 7.1{5.2-9.7) 7.1(5.2-9.7)
BospacT - 3.7(2.6 -5.2) 3.0(2.2 - 4.0) -
3 3.1(2.3 - 4.2)
5 2.9 (2.2 - 3.9)
206 25(1.9-3.3)
440 = 7.5(5.3-10.6) £.3(3.9-7.2) =
2 5.3(3.9-7.2)
5 5.1 (3.8 - 6.9)
220 3,1(2.3-4.2)

Kak moka3sbiBaloT AaHHble Tabnuubl, MpMMeHeHWe MNpouenypbl CTaHAapTU3aUMN MOHMXKAET 3PdekT
hakTopa pucKa: B cly4ae KoH(payHaepa «Bo3pacT» OTHOLWEHMe WaHCoB yMeHbllaeTcaB 7.1 /2.5 = 2.8 pa3a, B
cnyyvae KoHayHaepa «Anactonnyeckoe gasseHvne» B 7.1 /3.1 = 2.3 pa3a. B 1o e BpeMsA y4yeT KoH(payHOepa
MeTOOOM JIOFUCTUHECKON perpeccun gaeT pa3HOHanpaBieHHble pe3ynbTaTbl AN ABYX KOHgayHaepos. Onsa
KOH(ayHaepa «Bo3pacT» norncrtuyeckasa perpeccus pgaet OR = 3.7; 3To 3HavyeHue OR nonapaeT B 95%-1n
DOBEpPUTENbHLIM MHTepBan pnsa OR, pacCYNTaHHOroO MeToAOM CTaHAapTusauumu. [Ons KoHdayHpepa
«[lnacTonnyeckoe pfaBsieHMe» npouenypa CTaHAapTM3auum W NOTUCTUYECKaa  perpeccusa  patoT
MPUHUNNMANBLHO pa3fiNnyHble «CABUMM»: CTaHAapTu3aunsa yMeHbllaeT OTHOLUeHWe LWAaHCOoB (T. e. 3ddeKT
hakTopa «MeTeoTpornHble peakUUn» CHUXXAETCHA B pe3ynbTaTe ydyeTa KoHdayHaepa OALl), B TO BpeMs Kak
MeToh4 JIOrNCTUYECKOW perpeccum npefackasbiBaeT MOBbIWEHWE OTHOLWEeHWSA LWaHCoB. PacyeT OTHOLWEHMUSA
waHcos OR MeTOOOM KOBapuaLMOHHOrO aHasM3a W B CJ/ly4ae KoHdayHAepa «Bo3pacTt», u B ciyyae
KoHMayHOepa «[lnacTtonmyeckoe [aBfieHVe» TMOoKa3blBaeT 3Ha4YeHUs, MpakTU4YecKu coBnajatrolimne co
3HavyeHneM OR, nosy4YyaeMbiM MpU CTpaTU@UKaLMM C MajbiM 4Yucaom cTpaT (3 cTpaTbl). 3amMeTuMm, 4TO
OVNCNEePCUOHHbIN aHan3, NPUMeHseMbIA A8 COMOCTaBJIEHNA CpefHUX 3HayYeHuW B rpynnax, obpa3oBaHHbIX
BCEBO3MOXHbLIMW COYETaHWAMU YPOBHEN [eNCTBYOWMX (aKTOpoB, B KOHTekcTe npobrnembl y4eTa
KOH(payHAEpOB MOXKHO pacCcMaTpMBaTb KakK CrneuvalbHblA BUA CTaHAapTu3aunm, npu KoTopoMm Bbibop cTpaT
MPONCXOAUT eCTeCTBEHHOW CcTpaTudgukaumelnn BblIOOPKM MO COYETaAHMSM YPOBHEN (HhakTOpOB, a 3Ha4yeHus
KpaTHoCTen B hopMyrie [2] onpenensoTca pakTU4ecknmMm o6 beMaMm NoslyYeHHbIX cTpaT.

Taknm obpa3oM, B HEKOTOPbLIX C/yYasax nonpaBka M3ydaemoro adpekTa Ha KoOHayHAaep, NojyyYeHHas
MeTOOOM CTaHAapTu3aumun, KapaAnHaabHO OTAMYaeTCs (AaXKe 3HAaKOM) OT MOoMpaBKW, pacCYNTAaHHON METOAO0M
norunctmyeckon perpeccun. MockonbKy npouenypa CTaHAapTuM3auum SBASeTCA NpeaMeTHO-060CHOBaHHbLIM
MeTOOOM y4yeTa KOH(ayHLEpPOB, OT/MYMEe OT Hee pe3ysibTaTOB MPUMEHEHUS JIOTMCTUYECKON perpeccuun
rMoKa3biBaeT HenpuemsieMoCTb 3TOr0 MeToda Yy4YeTa KOHdayHAepoB Kak 6e3ycnoBHOro aHanora
CTaHpapTu3lauumn. Boobuie roBops, BO3MOXHbI C/ly4aun, Koria npumeHeHne o6omx MeToaoB (CTaHaapTM3aumm n
JNIOrNCTUYECKON perpeccum) faeT Ka4eCcTBEHHO COrjlacoBaHHble pe3ybTaThbl, HO MpeAcKa3aTbk, korga 3To byneTr
MMEHHO TaK, a He WHaye, He npeAacTaBnsfeTCs BO3MOXHbIM. bosee Toro, pake nNpuv KayeCTBEHHOM
cornacoBaHum ByayT COXpPaHATLCA KOJIMYECTBEHHbIe pa3/inymsa pe3ynbTaToB y4YeTa KoHdayHAepoB obonmu
MeTonaMu (Hanpumep, B hopMe pasnnynsa BeNYNUH OTHOLLIEHMWS LAHCOB), N 3TO MOXeT co3aaTh npobnemsl ¢
VHTeprpeTaumen pesynbTaToOB pacyeTa.

MpobnemMa y4yeTa BNAHWUSA KOH(AyHOEPOB B CPABHUTEJNIbHBIX WCCNEAOBAHUAX SBASETCA OaBHO
0CO3HaHHOW, NPesiIoXKeHbl pa3/iInyHble MeToAbl ee pelleHns. IX MOXXHO pas3fenunTb Ha ABa MEeTo40/I0rNYecKun
pasnuyHbIX Knacca: y4eT KoH(ayHOepoB Ha CTaAun NNaHNPOBaHNA 3KCNepUMeHTa 1 y4yeT KoHdayHOepoB Ha
3Tane aHanu3a [JaHHbIX (NpyM aHann3e COOTBETCTBYOLWEN CcTaTucTuyeckon mopenu). lMepsbii crnocob
MPUMEHNM TOJIbKO MPU aKTMBHOM (MOCTAaHOBOYHOM) 3KCMEpUMeHTe, 4YTO pefKo BCTpeyYaeTcs B
3KON0ro-MeanLUMHCKUX unccnenoBaHuax. BTopon cnocob npepnonaraeT BO3MOXHOCTb KOPPEKTHOrO y4yeTa
KOH(payHAepOB HEKOTOPbLIMU BbIYNCAMUTESIbHBIMW NpoLeaypaMu.

TexHuYeckn npouenypa y4eTta KoHpayHOEepOoB B CTAaTUCTUYECKUX MOAENAX COCTOUT B TOM, 4YTO

CPaBHMBAOTCA 3HaYeHNs KO3 HULNEHTOB NPU OCHOBHOM M3y4YaeMOM (hakTope Ana Mogenen ¢

KoHthayHAepamu n 6e3 Hux. i3meHeHne Ko3hPLMEHTOB MOAENN NPU BKJIIOYEHUM B HEe KOH(ayHAEepPOB He
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ABNAETCHA CeACTBMEM Kakoro-nnbo BapmaHTa CTaHAapTU3aLmMmn, a NponucxoamnT B pesysbTaTe YnucTo
BbIYNC/INTENbHON Mpoueaypbl anfnpokCcMMauum moaenn (Hanpumep, MeToA0M HaMMeHbLUNX KBaApPaTOB U
MeTonoM Hanbonbuwero npasgononobus). Jliobas Takas npouenypa a priori NpuHMMaeT BCe uMeloLmecs
rnepemMeHHble paBHO3HA4YHO W, CJIef0BaTEJIbHO, U3MEHEHMEe KO3 PurLMeHTa NP 0OCHOBHOM NCCenyeMoM
hakTope oTparkaeT annpoKCUMaLNOHHbIe KayecTBa CTaTUCTUYECKON MOAEeIN B LieJIOM, a He TOJIbKO BKajg
[aHHOW nepeMeHHon. B YacTHOCTU, HET OCHOBaHWUIM AN TOro, 4Tobbl CYNTaTb, YTO B pe3ynbTaTe Takomn
MoAndrKaLMM NapaMeTpoB MOLENN MPOUCXOAMUT HeYTo NofobHoe CTaHLapTM3aumm, HarnpuMep BbipaBHUBaHNE
pacnpenenieHnin KoHdayHaepa B rpynnax no yposHaM akTopa pucka.
Ha ocHoBaHUM NpeACcTaBAEHHOr0 aHasiM3a Mbl CHUTAEM, YTO crefyeT nsberaTb NpUMeHeHUs
CTaTUCTUYECKUX MOAENeN perpecCMOHHOro Tuna Ansa y4yeta KoOHPayHOEPOB U UCMOJIb30BaTh UX TOMIbLKO B TOM
cJslyvae, Korga KOppeKTHOCTb TakKoro npuMeHeHus npegsapuTesibHO OoKa3aHa, YTO He BCcerga BO3MOXKHO.

3aknioueHue
Ecnn X saBnaeTcsa koHdayHAepom ansa dhakTopa pncka RF (X BansaeT Ha Y n CTaTUCTUYECKU CBA3aH C RF),
3apava «n306aBUTbLCA» OT BAUSHUA KOHayHaepa X Ha AY(RF) ssBnseTca HEBbLIMNOJHUMOW B NpUHUMMe (Kak
1n36aBUTBHCA OT BAMSAHUA X Ha Y, eC/iv 3TO BINSHUE peasibHO CyllecTByeT?). I3 n3/10)KeHHOr o Bbille cneayerT,
4YTO yCTpaHeHue BAUSAHUSA KOHpayHAepa CBOAUTCS, B KOHEYHOM CYeTe, K HEKOTOPOMY «[40r0BOpPY», COrlaCcHO
KoTopoMy apcheKT AY(RF) paccymMTbiBaeTCs NPU HEKOTOPbLIX YC/IOBUAX, HaKNadblBaeMbIX HA KOH(ayHaep.
Hanpumep, ecnn KoHayHAEpPOM B paCCMOTPEHHbIX BbiLLe NpMMepax SBASETCHA BO3pacT, Mbl AesilaeM MOomnbITKY
OLEHNTDb BENNYMHY 3hdhekTa AY(RF) B «rMNoTETUYECKON» CUTYaUUn, KOoraa pacnpenesieHns Bo3pacToB
06BHEKTOB B OMNbITHOW U KOHTPOJILHOM Fpynnax He pa3snyatoTcs. Mpn 3Tom pesynbTaT pacyeTa adcekTa AY(RF)
6yneT SBHO 3aBUCETb OT TOr0, Kakoe KOHKpeTHOe pacnpeneneHne o6beKToB Mo BO3pacTaM Mbl Bbibepem B
npouenype ctaHpapTusauuun. Beibupasa pasHble pacnpeneneHuns, noayy4mM pasHble 3HaveHus addekTa AY(RF).
CnepoBaTesibHO, MpoLieAypa nonpaekn Ha KoOHdayHAep - 3To He cnocob n3baBnTbCa OT KOHMayHAepa, a HeKas
¢opma «gorosopa» c HUM. Takum obpasom, npu nybankaumm noay4eHHoOro pesysabraTa (pesysbTaTa pacyeTa
acdhdekTa AY(RF) nsydyaemoro hakTopa pucka RF) aeknapaums «goropopa» sipnsietcs obssatensHon. B
MPOTMBHOM CJly4ae oCTaeTCa HeonpeaeeHHOCTb, KOTOpas CUJIbHO CHMXXaeT AOCTOBEPHOCTb MNOJyHYeHHbIX
pe3ysibTaToB.
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Summary:

The methods of the analysis of research data including the
concomitant variables (confounders) associated with both the
response and the current factor are considered. There are two
usual ways to take into account such variables: the first, at the
stage of planning the experiment and the second, in analyzing
the received data. Despite the equal effectiveness of these
approaches, there exists strong reason to restrict the usage of
regression method to accounting for confounders by ANCOVA.
Authors consider the standardization by stratification as a
reliable method to account for the effect of confounding factors
as opposed to the widely-implemented application of logistic
regression and the covariance analysis. The program for the
automation of standardization procedure is proposed, it is
available at the site of the Institute of Industrial Ecology.
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