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@00

[MocTaHoBKa

3ap,al-|a: OUEHUNTb BAUNAHNE OAHOINO NAN HECKONIbKNX MPU3HAKOB Ha
HacTynaeHune Kakoro-nmbo cobbitTusa un OLEHNTb €ro BEPOATHOCTb.

1,...,n — 0bbeKTbI;
T1,...,Tk — NPEAUKTOPSI;

y — oTkamk, y; € {0,1}.

XoTum Haiitu Takyto dpyHkumto 7, 4to P (y = 1|z) =~ 7 (z1,...,Zk).
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Mpumep 1

MoBTopsiemblii 3KCNepUMEHT C (DUKCUPOBaHHBLIMU YPOBHSIMK hakTopa:
pa3paboTka necTMuuaoB: r; — A403a NeCTUUMAA, Y; — CMEPTb BPeAUTENs.

5

in:M
7 (@) = 5
k=
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Mpumep 2

HenosTopsiembili 3kcnepumeHT co Ciay4vaiiHbiMy ypoBHAMM hakTopa:
NMOCTPOEHNE KPUBOIA cnpoca: x; — LeHa ToBapa, y; — corjacue KynuTb TOBap.

T 9000000 000 90000000

omp L L L

Mo>xHo NOCTPONTb HENAPAMETPUHECKYIO OLUEHKY Npn noMoLwn aaepHoro
Crna>knBaHus:

LK (552)

7 (2) = = ,
K (52)
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[NapameTpunzayus

JlnHelinas perpeccus:
m(x) = Bo + Bz +e.

@ OueHka BEPOSITHOCTI MOXET BbixoanTb 3a [0, 1].

9 B nuneiinoii perpeccun y = E (y |z) + &, n MHK-ouenka 8 xopowa, korga
e~ N(0,0). 3pecb xe, ecnm y =7 (z) + ¢, 70 e =1 — 7(x) win
e = w(x), » MHK-oueHka Byget nsioxoii.

Hy>xxHo Takoe HenuHeliHoe npeobpasosaHue
g(m(x)) = Bo+ Prz +e,
4TOObI:
@ i(z)=g" (BO + le) npuHumana sHaqenus us [0, 1J;

9 M3MEHEHUs Ha KpasiX AManasoHa 3HA4eHUN T NPUBOAMIN K MEHbLUUM
n3meHeHusIm 7 (x):

T — rofoBoll [OX0f4, Y — MOKyMNKa aBTomMobuns,
7 (10000000 + 200000) —7 (10000000) < 7 (500000 + 200000) —7 (500000) .
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[NapameTpunzayus

Logit:

=g(m(x :niﬂ-(x)
9(@) =0 (r (@) =In s

() 6[90 +B1

= fo + fix + ¢,

T T1+ei® 14 ehothin

G >0
T

5 <0
T
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OTHOCUTENBHBIA puck

Mycts y ~ Ber(p), Toraa puck (odds) cobbitus y = 1:

ODDS:IE—.

Ecan y1 ~ Ber(p1), y2 ~ Ber(pz), To otHocutenbHbiin puck (odds ratio)
cobbITust y1 = 1 no cpaBHeHuto ¢ cobbiTuem Yo = 1:

oRp~ P/ (=)

p2/ (1 —p2)
Bospact > 55 | <55
Cepg. 3abonesanus

ecTb 21 22
HeT 6 51

21/6
OR = —— =~ 8.1.

22/51
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Ponb koadduLmeHToB nornctudeckoli perpeccum

g(z)= BO + 311’.

Mycte x = [Bo3pacT > 55], y = [ecTb ceppedHble 3abonesanusi] . Mo [B1 nerko

OLIEHUTb OTHOCUTENbHbIN PUCK MOJyHeHUsH 3a601eBaHNS NOXKULIMU JTIOALMNA:
OR = €.

MycTs = = BO3pacT, ¥ = [ecTb cepaeyHble 3abonesanus]. el umeet cmbicn

MYJIbTUMNJIMKATUBHOMO MPUPOCTa prcKa nosyyeHusi 3abonesanusi npu
yBenmyeHun BospacTa Ha 1 rog.
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HacTpoiika napameTpos

I'Iapameprl OLUEHNBAKOTCA METOAO0OM MaKCUMaJZIbHOro I'IpaB,EI,OI'IO,D,O6I/IFIZ

7 (x) ouenmusaer P (y =1|z),
1 — 7 (z) oueHnsaer P(y =0|z) =

P(zi,1) = m (i),
P(z;:,0)=1— 7 (),

n

L(B) =[] (@) (1= (za))' 7",

L(B)=Inl(B) = Z(yi Inm (zi) + (1 —yi) In(1 =7 (2:))),
B = argmax L (3) .
B
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Ceoiicta MI1-oueHkn

@ CyLLeCcTBYeT U eAUHCTBEHHA,
@ HaxoauTcs metogom HbtotoHa-Padbcona,

@ cocTosiTesIbHa, aCMMNTOTUHECKU 3PDEKTUBHA, aCUMNTOTNYECKN
HOpPMaJibHa.

5 MOXET He CyLLeCTBOBaTb WM He OblTb KOHEYHOI, ecnn:

@ HabnwogeHus y = 0 n y = 1 nuHeliHo pa3genmbl B NPOCTPaHCTBE
npusHakos X

@ maTpuua X BbIpoxXAeHa.

MTepaunoHHbIli NpoLecc MOXXeT He COMTWCL, €CNN HYNCNO NPU3HAKOB k
C/IMLIKOM BEJIKO OTHOCUTENLHO Yncia HabntogeHuii n.
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Hucnepcus oueHok

Mycts I (8) € REFDXE+D _ matpuua stopeix nponssoaHsix L (8):

852: lej (z3) (1 = 7 (4))

32

BB ;xwxzm(ﬂﬁz)(l — 7 (xi)).

Opyras dopma 3anucu:
1(8)=X"VX,
V =diag (r(z1) (1 — 7 (z1)),...,7(zn) (1 — 7 (zn))).

N3 Teopum oueHok Makcumyma npasgonogobus: ]D)B =71 (B)
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JoBepuTenbHble NHTEPBaIbI

Ons otpensHoro koadbduumneHTa F;:
Bj + Rl—a/2 (171 (B))
77
Ons g(xo) — nornta HoBoro obbekTa o:

wlp+ Z1—ajo/ad It (B) Zo

[nsa BeposiTHocTn y = 1 npu = = xo:

6103—21—a/2 2l 1-1(B)=o 103+21_a/2 a 1=1(B) o

1+eroﬁ z1_ a/2\/l‘0 B aE0 1_|_e“306+z17a/2\/“30 (B)E
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Kputepuii Banbga

Hynesasi runotesa: Ho: 55 = 0;
anbTepHaTuBa:  Hi: fB; <#> 0;

ctatuctnka: 1 = b
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KpuTepuii oTHowweHnsi npaBaonogobus

T T T
X = ( Xl ) X2 ) ) /B = /Bl ’ /32
nx(k+1) nx(k+1—-ky1) nxky (k+1)x1 (k+1—k1)x1 kipx1
Hynesas runotesa: Ho: B2 = 0;
anbTepHatuBa: Hi: Ho HeBepHa;
cratuctuka: G =2(Ly — Lyur);
G~ X%l npu Hoy.
0.
0.14— —
0.12— —
0.1 -
“g:o.osf i
0.06— —
0.04— —
0.02— —
L L L L L L L L L L L L L
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14
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CesaAsb Mexxay kputepusimu Banbaa v oTHoweHusi npasaonogobus

Mpu k1 = 1 kputepun Banbpa n oTHoweHns npasgonogobus He
SKBUBAJIEHTHbI, B OTJINYMNE OT CJIyHasi JIMHEAHOW pPerpeccuu, KOraa B 3ToM
ciy4ae gocturaembie ypoBHu 3Hadnmoctn kputepues CtbtogeHta u Puwepa
COBMafatoT.

n
Mpu Gonbwnx n u > [y; = 1] pasHuua MeXAy KPUTEPUSIMU HEBEJIMKA, HO

i=1
B C/ly4ae€, Korga UxX rnokasaHus pacxogsaTcAa, PEKOMEHAYETCA CMOTPETb Ha
PEe3yNbTaT KPUTEPUNA OTHOLLUEHNA I'IpaB,EI,OI'IO,EI,O6I/I$I.
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3HaunmocTb KaTEropuajabHbIX NPeanKTOPOB

3HaYNMOCTb (PUKTUBHBIX NEPEMEHHbIX, KOAUPYIOLLNX OGUH KaTeropuabHblli
NpeAnKTOp, — TOHKWIA BOMpOC.

@ Heobxognmo BKAOYaTh WAM UCKIOYATb KaTeropuasbHblii NPeanKToOp
LenmkoM. 3Ha4YMMOCTb COOTBETCTBYHOLMX (PUKTUBHBIX NePeMeHHbIX
NPOBEPSETCA B COBOKYMHOCTU C MOMOLLbIO KPUTEPUSI OTHOLIEH NS
npaegonogobusi.

@ B cnyuae, koraa no oTAeNbHOCTU Kakme-TO (OhUKTUBHBIE NePEMEHHbIE
He 3HaYUMbI, JONYCTUMO OOBLEANHSATL YPOBHMN KaTEropnaabHOro
NpefuKTOpa, OCHOBbLIBASCh HA MHTEpRpeTaLuu.

@ Ecnmn kakme-To ypoBHM KaTeropuanbHOro npesukTopa JiexxaT MoJHOCTHIO
B knacce y = 1 nnm y = 0, ux obszaTeNbHO HY)KHO O0B6beaUHNTL
C ApYrUMUN YPOBHAMMU, 4TOBbI MOAENb NIOFUCTUHECKON perpeccun Morna
6bITb MocTpoeHa.
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CpaBHeH1Ee HEBIOXKEHHbBIX MOAENei

HeBnoxeHHble MOZENN MOXKHO CPaBHMBATL APYr C APYrOM MO 3HAYEHNIO
npasgonogobus I, norapudma npasgonogobusi L uan aHomanbHoCTm
(deviance):

D = —-2L.

AnomanbHocTbs — aHanor RSS B nuneiinoii perpeccuu; npu gobasneHun
MPU3HAKOB OHA HE MOXXET ybbiBaTh.

[ns cpaBHeHus mogeneli C pasHbIM YNCIOM NPU3HAKOB MOXHO MCMO/b30BaTh
HOPMaLMOHHBIA KpuTepuii Akavke:

AIC=-2L+2(k+1)=D+2(k+1).
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MynbTuKONNINHEAPHOCTD

an/ISHaKI/I MYNbTUKONIJINHEAPHOCTU!

@ npasgonogobue MOAeNn BbICOKO, HO OLEHKN MHOMUX Ko3dhhULNeHTOB
B6AN3KN K CBOUM CTaHAAPTHLIM OTKJIOHEHUAM;

9@ K03(hhULMEHTBI CUNBLHO MEHSIIOTCS NPU BKJIIOYEHUN 1 UCKIIKOHEHNN
OPYrux NpU3HaKoB.
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JInneliHocTb nornTa

[TpoBepka NvHeRHOCTN NorMTa NO MpU3HakaM — aHaJsor BU3YyaJlbHOrO aHasn3a
OCTaTKOB B ODbIYHONA NMHEHONR perpeccun.

MeToabl aHannsa nuHeiHOCTK NoruTa:
@ Cria)keHHble fuarpamMmMbl paccesiHus;
@ PUKTUBHbIE NEPEMEHHbIE MO KBAPTUASAM;

] p,pO6H bl€ NOJINHOMBbI.
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CrnaxeHHble guarpammbl paccesitus (smoothed scatterplots)

PaCCMOTpI/IM OL€HKY J1ornTa, NoJly4HeHHYIO AOEPHbLIM Cria>XnBaHWeM no x;:

S i (2a72)
=1

Ysm (T5i) = —5
Tji—Ty4
2 ()
- Psm (x5:)
lsm Tis) = ln e
(@) 1 — Gom ()

Ipacbuk byHKUMN s, () BOMKHA BbITL NOXOXK HA NpPsIMYHO.
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PuKTUBHbIE NepemMeHHble no kBapTuasm (design variables)

Q@ Bbiuncnsiorcs BbIGOPOYHbIE KBAPTUAN NPU3HAKA T;:
[5,0.25, ,0.5, 4,0.75].

Q CospgatoTca Tpu PUKTUBHBIE NEPEMEHHbIE:

Dy = [zj,0.25 < zj5 < Tj0.5],
Doi = [z5,05 < 55 < Tj0.75],
Ds; = [zj,0.75 < 4] -
@ Hacrtpauneaertcs NOTNCTUHECKAs PErPeccus, COAEPKaLLas D1,D2 n D3
BmecTo z;. lNycTb 61, 05, 3 — oueHkm KO3(phNLMEHTOB NPU HUX.
@ Crpoutcsa rpaduk, Ha KOTOPOM CepefViHbl MHTEPBAsIOB, OFPaHUYEHHbIX

KBapTWJISIMU, OT/IOXKEHbI MPOTUB [0,01,92,03} .

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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[ pobHble nonntomsl (fractional polynomials)

Ecnu nornt HenuHeen no npusHaky, MOXHO nonpobosaTb 40DaBNATH B MoAesb
€ro OCMbIC/IEHHbIE CTEMEHN U MPOBEPSATL UX 3HAYUMOCTb.

B aBTOMaTM4eCKOM pexmme 3TO MOXKHO fenaTb C MOMOLLbIO APOBHBbIX
NOJINHOMOB.

@ HacrpaunBatotcs Mogenn ¢ 3aMeHOl T Ha JOMYCTUMbIE CTEMEHN MPU3HAKa
Z;, Hanpumep, U3 MHoxectea S = {—2,—1,-0.5,0,0.5,1, 2, 3}.
Bbibupaetcs crenenb, Makcumusmpytowas npasgonogobue.

Q Hacrpausatotcs Mogenn ¢ 3aMeHOl T Ha 4BYXKOMMOHEHTHbIA MOJIVHOM

. . pP1 . p2 — a
z; Bnpa B, x5 + B, x5%, pi,p2 €5 (ecnn p1 = p2, To Bepérea
ﬂjlzr?l + /3]'21‘?1 In x;). BelbrpatoTcsi cTeneHun, MakCMMU3UpyoLLast
npasgonogobue.

@ Ecnu mogenb ¢ nonMHOMOM BTOPOW CTEMEHW 3HAYUMO HE Niyylle, HeM
JINHEHAs, NCNONb3YeTCs JINHEHast MOgeNb.

@ Ecnm mogenb ¢ nonMHOMOM BTOPOU CTEMEHN 3HAYMMO HE Jiydlle, Yem
C NOJIMHOMOM MePBOIi CTeMNeHU, NCNOb3YETCA MOLESb C NOJIMHOMOM
nepBoli CTeneHn, MHa4Ye — C MOJINHOMOM BTOPOIA.

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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CopepxaTenbHblii 0TOOP NMPU3HAKOB

Q Ecnn npusHakos goctatouHo mHoro (Hanpumep, 6onbwe 10), xenaTensHo
cAenaTtb UX NpeaBapuTebHbIA 0TOOP, OCHOBAHHLIA Ha 3HAYNMOCTM
B 04HOAKTOPHOI NorucTudeckoin perpeccun. [ns ganbHeiwero
PacCMOTPEHUSI OCTAOTCS MPU3HAKMW, LOCTUTAEMbliA YPOBEHb 3HAYMMOCTY
koTopbIx He npesbiwaeT 0.25.

Q Crpoutcs MHOromepHasi Mogesib, BKJtOYatoLwasi Bce oTobpaHHble Ha
ware 1 npusHaku. [NpoBepsieTcss 3Ha4MMOCTb KaXKAoro npr3Haka,
ygansieTcs Hebonbluas rpynna He3HavymMbIxX npusHakos. Hosas mogens
CPaBHNBAETCs1 CO CTapoii C MOMOLLbIO KPUTEPUS OTHOLLEHUSI
npasgonogobusi.

© YT0bbl ybenuThCs, YTO yAaneHne NpusHakos HE MOBJINSIO HA OCTABLUMECS,
4nst Kaxxporo koadduumeHTa B]- MPW OCTABLUMXCS 3HAYUMbIX MPU3HAKax
paccuuTbiBaeTca BenndnHa delta-beta-hat-percent:

R Bqld _ pnew
AB% = 100L2——-—L—.
/67.74671/
J
Ecnn AB% > 20, To Kakue-To U3 yaanéHHbIX HE3HAYUMbIX NPU3HAKOB
BbINUN HYXKHbI, 4TODbI Ny4lle onpefensiTe KO3PULNEHTbI 3HAYUMbIX

NPU3HAKOB; NX HY>XHO BEPHYTb.

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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CopepxaTenbHblii 0TOOP NMPU3HAKOB

@ K npusnHakam mofenu, nosy4eHHol B pesyibTaTe LUKIINYECKOrO
npumeHeHns waros 2 n 3, no ogHOMy A0DaBNAIOTCS yAaNEHHbBIE NPU3HAKN.
Ecnu kakoii-To 13 HUX CTAHOBUTCS 3HAYMMbIM, OH BHOCUTCsSI 0bpaTHO
B MoAeb.

Q@ [ns HenpepblBHbIX MPU3HAKOB MOJYHEHHOR MOAENN NMPOBEPSETCS
nuHeliHocTb noruta. B cnyyae obHapyeHusi HENMHEAHOCTN NPU3HaKM
3aMEHSIOTCA Ha COOTBETCTBYIOLLME MOJSINMHOMBI.

Q liccnepyetca BO3MOXHOCTL A0BaBAeHUst B NONYHEHHYIO MOAESb
B3aumogelicTeuii pakTopos. JobasnsatoTcs 3Ha4MMble NHTEPNpPeTUpyeMble
B3aUMOLENCTBUS.

Q [NposepsieTcsi aneKkBaTHOCTL buHAILHON Mogenu: bansocTs y u §;
MasnocTb BkAaga HabaogeHuit (;, y;) Ha KaKAOM obbekTe i B .

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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Mopor knaccudpukaumnn

Kak no 7 (z) ouennTs y?

y = [m(z) > po].

Yawe Bcero 6epyt po = 0.5, HO MOXXHO BbIOUPATL MO APYrUM KPUTEPUSM,
HanprMep, N5 AOCTUXKEHNS 3afaHHbIX NOKa3aTesell YyBCTBUTENLHOCTY N

cneuuncnyHocTM.

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.



MocTpoenne u ananus mopeneii
L]

Mopor knaccudpukaumnn

Mpumep: achcbekTUBHOCTL Tepanun Ansi HApKo3aBUCKUMbIX, po = 0.5:

Yl 1| o
Y
1 16 11
131 | 417
YyBCTBUTENBHOCTL! wiﬁ ~ 10.9%.
CneundpmyHocTb: % ~ 97.4%.
1 T T
0.8f
0.6 1
0.4f 1
0.2t 1
% 02 04 06 08 1

Po

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.



MocTpoenne u ananus mopeneii
o

Bribpoch!

MaTpuua npoekumn Ha npocTpaHcTBo perpeccopos (hat matrix):
H=VvY2x (XTVX)_1 xTy1/2,

OcraTtku MupcoHa:

yi — 7 (z4)

(@) (1= (2:))

Ty =

Anxanor paccroaHus Kyka:

A ’I',L-Q hi

(1—hi)*

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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Puck octeonoposa y »eHuyuH

Hosmer, Lemeshow, Sturdivant. Applied logistic regression: otobpaHbl

500 yyactHuy uccnegosarus Global Longitudinal Study of Osteoporosis

in Women (Center for Outcomes Research, the University of Massachusetts/
Worcester). Namepenbl cregytoue nokasaTenu:

9 BO3pacT, sieT (He MeHbLue 55);

BEC, Kr;

UMT, kr/cm?;

GyHapHbIE MPU3HAKN: KYPeHUe, NHANKATOP HACTYMIEHUS MEHOMNay3bl 4O
45 neT, MHANKATOP HEOBXOAMMOCTM NMOMOLUM NPU NOABEME U3 CUASHEro
NOJIOXKeHUs!, nepenom Leliku begpa B npowsiom (6bin/He 6b110), nepesom
weiikn beapa y matepu (6bii1/He 6b110);

9
@ pocT, cm™;
?
9

9 caMoCTosiTeNbHasi CYObEKTUBHAS OLEHKA BEPOSITHOCTY Mepesioma
(meHbLue/Takas >xe/BonbLue, YeM y CBEPCTHUL).

M3BecTHO, y kOro 3 y4acTHWL, B NepBblii FO4 MCCAEA0BAHNS MPOU3OLLEN
nepesiom wweiikn begpa. MNocTponTs Mogens BEPOATHOCTY MEpeNoMa C yHETOM
NMEIOLLNXCSA MPU3HAKOB.

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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Psibenko Esrennii ICAQ-8. Perpeccusi 6uHapHoro npusHaka
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SMOKE 0 PREME 0 1
no 347 | 118 no 303 | 100
yes 28 yes 75 25
ARMASST O 1Y | moMFR o1
no 250 | 62 no 334 | 101
yes 125 | 63 yes 41 24
Y 0 1
PRIORFRA 0 1 RATFERI
1 139 | 28
no 301 | 73
o 1 =5 2 138 | 48
Y 3 98 | 49
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Pe3synbTaThl HaCTPOKN OQHOMEPHbLIX MOAENEIA:

coef std G p
AGE 0.053 0.012 21.274 4.0x 107°
WEIGHT —0.005 0.006 0.665 0.4146
HEIGHT —0.052 0.017 9.527 0.0020
BMI 0.006 0.017 0.112 0.7382
PREMENO 0.051 0.259 0.038 0.8451
PRIORFRAC 1.064 0.223 22267 2.4 x107°
MOMFRAC 0.661 0.281 5.270 0.0217
ARMASSIST 0.709 0.210 11.408 7.3x107*
SMOKE —0.308 0.436 0.525 0.4687
RATERISK2 0.068 0.213 0.102 0.7489
RATERISK3 0.600 0.218 7.451 0.0006

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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LLlar 2

PesynbTaT HacTpoiikn MHOromMepHoWi Mofenn co BCEMU MpeAnKTopamMu,
3Ha4YMMbIMU HA ypoBHe He MeHee (.25:

coef std w p
Intercept 2709  3.230 0.839 0.4016
AGE 0.034 0.013 2.632  0.0085
HEIGHT —0.044 0.018 —2.400 0.0164

PRIORFRAC 0.645 0.246 2.622  0.0087
MOMFRAC 0.621  0.307 2.024 0.0430
ARMASSIST 0.446 0.233 1.915 0.0555
RATERISK2 0.422  0.279 1.511  0.1307
RATERISK3 0.707  0.293 2.409 0.0160

KpuTepuii oTHoweHns npaesgonofobus faér:
@ p = 0.4535 npu cpaBHeHun momenu wara 1 ¢ TekyLeld MogenbIo;

@ p = 0.0508 npu oueHke 3Ha4yumocTu npusHaka RATERISK.

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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AB%:
ept deleted | \VEIGHT  BMI PREMENO SMOKE
AGE 127 151 1.2 4.2
HEIGHT 106  —3.6 ~1.0 1.3
PRIORFRAC 1.8 —19 0.7 2.5
MOMFRAC 3.3 3.7 0.4 —0.1
ARMASSIST ~184 —19.7 ~3.0 3.0
RATERISK2 0.5 0.7 2.1 —0.9
RATERISK3 6.1 7.3 0.7 ~0.3

Mopor B 20% He npeBbILIEH = HWU OQUH N3 YAANEHHbIX NPU3HAKOB HE
OKa3bIBAET CYLUECTBEHHOIO BANSHUSA HA OLEHKN OCTABLUNXCS.

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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Monpobyem pobaenaTe B nonydeHHyto mogens npusHaku WEIGHT, BMI,
PREMENO n SMOKE; ¢ nomoLbio KpuTepusi OTHOLLEHUS NpaBaonogobus
ONnpesenM X 3Ha4MMOCTb B MOJTYHaEMbIX MOAENAX.

pwercaT = 0.4131;
pemr = 0.3351;
ppreMENO = 0.6703;
psmoxke = 0.4435.

CneposaTtensHo, npusHakn WEIGHT, BMI, PREMENO n SMOKE moxHo
OKOHYaTENbHO UCKIIOUNTD.
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Mepemennas, kogupytowas 3nadenne RATERISK=2, ne 3Hauuma
(moBepuTE/IbHBIV MHTEPBA /151 OTHOLLUEHMUS LIAHCOB Mepesioma npu
RATERISK=2 un & pedepercHoii kateropun RATERISK=1, cogepxuT
epmnHuLy). BosamoxHo, st aBa ypoBHsi ctout obbeanHuts (To ecTb,
pakTuyeckn, yaanuts uktushyto nepemenHyto RATERISK2). Crneunanucrsi,
nocTaBuBLUME 33434y, COYIM Takoe npeobpa3oBaHMe OCMbICIEHHbIM.

Hoeasi mogens:

coef std w p
Intercept 3.407  3.177 1.072  0.2836
AGE 0.033 0.013 2.563 0.0104
HEIGHT —0.046 0.018 —2.555 0.0106

PRIORFRAC 0.664 0.245 2.709  0.0068
MOMFRAC 0.664  0.306 2.173  0.0298
ARMASSIST 0.473 0.231 2.044 0.0410
RATERISK3 0.458 0.238 1.924 0.0544
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Crna>keHHas AnarpamMmma paccesaHus:

<
<

-0.6

Logrodds

Age (years)
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DukTUBHLIE NEepPEMEHHbIE NO KBAPTUJIAM!

° T T T T T
60 & 70 7 80
Age (years)

KeapTtunb 1 2 3 4
HOwanason z <61 61 <x <67 67 <x <76 x> 76
Cepeguta 58 64 71.5 83
Koadppuunent 0 0.610 0.590 0.970
Jos. nHT. [-0.059,1.278]  [-0.050,1.229]  [0.311,1.629]
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Ons mogenu, ucnons3yrowein Bmecto npusHaka AGE npushak [AGE > 80],
aHOManbHOCTb paBHa 512.8.

AHoManbHOCTL Mogenu, ncnoassytoweii npusHak AGE uenvnkom, pasHa 509.8.

Mpu nepexope k bruHapusoBaHHOMY Npu3sHaky Mbl (BCeraa) Tepsiem
vHdopmaumio 1 (B AaHHOM C/ly4ae) He ylyyluaem mMogesb = He bygem
nepexoanTb K BUHApN30BaHHOMY NpU3HaKy.
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HEIGHT, crnaxeHHas gnarpamma paccesiHus:

Log-odds

T T T T T T
140 150 160 170 180 190

Height (cm)
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DukTUBHLIE NEepPEMEHHbIE NO KBAPTUJIAM!

1;]0 1éo 17‘0 m‘o
Height (cm)
KeapTtunb 1 2 3 4
Owanason <157 157 <2 <161.5 161.5 < <165 x > 165
Cepeguta 145.5 159.25 163.25 182
KoadpdpuumeHt 0 —0.266 —0.369 —0.628
Jos.. nHT. [—0.861,0.329] [—0.964, 0.226] [—1.255,—0.001]
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ABTOMaTNYECKUI MONCK HE HAXOAUT MOJIMHOMOB, MO3BOJSIOLMNX MOCTPOUTL
MoZesNib 3HA4YNMO NyHLle JINHENRHON:
> library(mfp)
> mfp(y ~ fp(AGE) + fp(HEIGHT) + PRIORFRAC + MOMFRAC + ARMASSIST +
RATERISK3, family = binomial)

Fractional polynomials:
df.initial select alpha df.final powerl power2

PRIORFRAC 1 1 0.05 1 1
HEIGHT 1 0.05 1 1
AGE 4 1 0.05 1 1
MOMFRAC 1 1 0.05 1 1
ARMASSIST 1 1 0.05 1 1
RATERISK3 1 1 0.05 1 1

Transformations of covariates:

formula
AGE <NA>
HEIGHT <NA>
PRIORFRAC <NA>
MOMFRAC <NA>

ARMASSIST <NA>
RATERISK3 <NA>

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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LLlar 6

PaCCMOTpI/IM BCE€ MoLeNn, B KOTOpbIe JJ,OGaBJ'IeHO O4HO BSaI/IMO,EI,eﬁCTBVIe Mexay

dakTopamu:
LL G p
AGE*HEIGHT —254.842 0.13 0.715
AGE*PRIORFRAC —252.392 5.03 0.025
AGE*MOMFRAC —254.840 0.14 0.710
AGE*ARMASSIST —254.836 0.15 0.702
AGE*RATERISK3 —254.386 1.05 0.306
HEIGHT*PRIORFRAC —254.802 0.21 0.645
HEIGHT*MOMFRAC —253.704 2.41 0.121
HEIGHT*ARMASSIST —254.111 1.60 0.207
HEIGHT*RATERISK3 —254.422 097 0.324
PRIORFRAC*MOMFRAC —253.509 2.80 0.094
PRIORFRAC*ARMASSIST | —254.796 0.23 0.635
PRIORFRAC*RATERISK3 —254.848 0.12 0.726
MOMFRAC*ARMASSIST —252.518 4.78 0.029
MOMFRAC*RATERISK3 —254.642 0.53 0.465
ARMASSIST*RATERISK3 —253.792 2.23 0.135
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[obasum Bce Tpu B3aumopeiicTBusi, 3Ha4umMble Ha yposHe 0.1:

coef std W p
Intercept 1.959 3.3272 0.59 0.556
AGE 0.058 0.0166 3.49  0.000
HEIGHT —0.049 0.0184 —2.65 0.008
PRIORFRAC 4.598 1.8780 2.45 0.014
MOMFRAC 1.472  0.4229 3.48 0.000
ARMASSIST 0.626  0.2538 2.46 0.014
RATERISK3 0.474  0.2410 1.97 0.049
AGE*PRIORFRAC —0.0563 0.0259 —2.05 0.040
PRIORFRAC*MOMFRAC | —0.847 0.6475 —1.31 0.191
MOMFRAC*ARMASSIST | —1.167 0.6168 —1.89 0.058

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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V6epém PRIORFRAC*MOMFRAC:

coef std W p
Intercept 1.717  3.3218 0.52  0.605
AGE 0.057 0.0165 3.47  0.001
HEIGHT —0.047 0.0183 —2.55 0.011
PRIORFRAC 4.612 1.8802 2.45 0.014
MOMFRAC 1.247  0.3930 3.17  0.002
ARMASSIST 0.644 0.2519 2.56 0.011
RATERISK3 0.469  0.2408 1.95 0.051
AGE*PRIORFRAC —0.055 0.0259 —-2.13 0.033
MOMFRAC*ARMASSIST | —1.281 0.6230 —2.06 0.040

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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Mopor knaccudpukaumnn

Pesynbtathl knaccudpmkauyun ¢ noporom 0.5:

R Y1 0
g
1 22 | 20
103 | 355

YysctBuTtensHocts — 22/125 = 17.6%; cneyudunanocts — 355/375 = 94.7%.

senciivity
specificity

p0
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KavectBo mogenn

sensitivity

1-specificity

AUC = 0.7286.

3Ha‘-II/IMOCTb MOoLENN NO KPUTEPUIKO OTHOLUEHUA I'IpaB,EI,OI'IO,EI,O6I/I$IZ
p=2x1071°,
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KavectBo mogenn
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KavectBo mogenn

Mocne yganenus 4 nHabntogernii:

coef std W p
Intercept 3.570  3.436 1.04 0.2989
AGE 0.059 0.017 3.51  0.0005
HEIGHT —0.059 0.019 —-3.10 0.0019
PRIORFRAC 4.988 1.904 2.62  0.0088
MOMFRAC 1.505 0.404 3.73  0.0002
ARMASSIST 0.654 0.255 2.57 0.0103
RATERISK3 0.471  0.245 1.93 0.0541
AGE*PRIORFRAC —0.059 0.026 —2.25 0.0243
MOMFRAC*ARMASSIST | —1.905 0.623 —2.87 0.0041

ABrvomrracsarmassist% = —32.8, ABuprear% = —21.3.

3Ha'-|I/IMOCTb MOAENIN NO KPUTEPUIO OTHOLLEHWNA npasp,ono,u,o6v|ﬂ:
p=89x 10712

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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Mopor knaccudpukaumnn

Pesynbtatshl knaccudpukauyum ¢ noporom 0.5:

N Y11 o
]
1 27 | 19
96 | 354

YyscrButensHocts — 27/123 = 22.0%; cneundpuynocts — 354/373 = 94.9%.

sencitivity
specificity

02

AUC = 0.7391.

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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Pesynbrat

Ntoroeas mogens BeposiTHOCTU nepesioma wweliku begpa noctpoerHa no 496
13 500 ncxofHbIX HabnoaeHNA N onpeaensieT KnaccugrKaLmio Yy ¢ Ka4eCcTBOM
AUC = 0.7391. Npu Bbibope nopora no BeposiTHOCTK paBHbiM 0.5 Mogenb
obecneunsaeT knaccudpmkaumio ¢ YyecTeuTensHocTbo 22%

n cneundpuyHocTbio 95%.

Mogenb nossonseT caenath ClefyoLne BbIBOAbI:

@ [J151 XKEHLMH, C KOTOPBLIMYU Y>Ke CJIyHascsi nepesnom weiiku begpa, puck
HOBOTO Mepenoma B TeYeHue roga cyliectsenHo Boiwe (8 146 pas, 95%
foBepuTensHbIn nHTepsan (3.5,6240));

@ KaXKAble OECSATb JIET OTHOCUTESIbHBIV PUCK Mepesioma Lwelikn begpa y
XKEHLLVH, C KOTOPbLIMU OH €eLLé He MPOMCXOAW, Bo3pacTaeT B 1.8 pa3 (95%
posepuTenbHblii nhtepean (1.3,2.5)), npu 5TOM L7151 XKEHLLUMH, Y KOTOPbIX
y>e Obl1 nepesiom, yBenm4eHne BO3pacTa He NPUHOCUT 3HAYUMOro
YBENINYEHUsI pUCKa nepesnioma (MynbTUMAUKATUBHBIN NPUPOCT prcKa 3a
10 net 1.0001, 95% poseputenbHbiii uHtepsan (0.4, 2.3));

@ MpU NPOYUX PaBHbIX AJIS XKEHLUNH MaJIEHBKOrO POCTa PUCK MepesoMa
Bbille — Ha Kaxkgble 10 CaHTUMETPOB YMEHbLUEHUSI POCTa NPUXOANTCS
yBenuyeHue pucka nepenoma B 1.8 pas (95% posepnTensHblii nHTEpBaN
(1.3,2.7));

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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Pesynbrat

9 ANs KEHWMH, y MaTepeii KOTopbIx He bbino nepenoma weiiku begpa,
HECMoCcobHOCTb CaMOCTOSTENLHO BCTABaTh U3 CUASIHErO MONOXKEHNS
CBsi3aHa C NOBbILLEHMEM pucka nepenoma B 1.9 pas (95% posepuTenbHbii
uHtepsan (1.2,3.2));

@ [15 XKEHLMH, KOTOPbIE CMOCOBHBI CAMOCTOSATENBHO BCTAaBaTh U3 CUASHEro
NONOXKEHUS, HANMYME NEPESOMA Y MAaTEPN CBA3AHO C MOBbILIEHWEM PUCKa
nepenoma B 4.5 pa3 (95% poseputenshbiii untepsan (2.0,9.9));

@ DKEHLYMHBbI, BLICOKO OLLEHUBAIOLLNE BEPOSITHOCTL MepenoMa, 4eliCTBUTENbHO
NPU NPOHMX PaBHbIX NMEIOT LIAHC nepenoMa Bbilwe B 1.6 pas, ogHako sToT
abcpekT cnabo snauum (95% poseputenshbiii uHTepsan (0.99,2.6)).

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.



TpeboBaHuA K peLLEHNIO 3a4aun METOAOM JIOrUCTUYECKOW perpeccuu

9 BM3yanmsaynsa AaHHbIX, OLEHKA Hann4mnsa Bbl6pOCOB, aHanun3 Ta6J1I/|LI,
COﬂpﬂ)KéHHOCTI/I NO KaTeropnasabHbIM MPU3HAKaM;

@ cofeprkaTesibHbIi OTOOP NPU3HAKOB: BLIOOP Hauy4Leld JMHelHON
MoZeNN, OLEeHKa INHEHOCTN HEMpPepbIBHbIX MPU3HAKOB MO JIOTUTY, aHANN3
HeobxogumocTn fobaBneHunsi B3aMMOAEHCTBUIA, NPOBEKa afeKBAaTHOCTU
uHanbHoli Mogenn (knaccndbrkayusi, aHanU3 HaM4us BoIBPOCOB);

@ BbIBOAbI.

Psibenko Esrennii NMCAL-8. Perpeccusi 6uHapHoro npusHaka.
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