SEELEE

Z}

o RA% ATl 4 BBE ARE PHGE 297 Bow, dvHom AU

Age] 2MMPo2 HERA (survival analysis)E Bo] AM&sx Qo

1)

e}

o FXRHAE A7 FARYLE Cox'se vl %3 A = (proportional hazards model)
7} Poisson HARE & A& 471 ok

o ¢#H FIE dATE AFEE TS HLEAFHY FHE 2ZEIE wW Nested
case-control & Case-cohort AT+ A2 WP AT

o & Zoe HETEAY 7IEN I da nF3
- Cox'9 HlHAFIARY
- Poisson regression model
- Nested case-control®] 7| 27/'d 3 o]2igh AFAHAdA ] JALA W
- Case-cohort®] 7|E7/0d# ol2fst AT AN JARA WH S n@ddrh

1. =8 A (Survival Analysis)

N
ox
i
Mo
2
o

=
=3

ofd ARzA(el:Ab)o]l A wW7kA) o] Al (time)d @dE FAH B4

« ALY A o B 3] FE=AGE A= (censored data)’t A
- 229" A2} BHSE o) §

loss to follow up, drop out, termination of the study, death from unrelated cause
. Qe A2e g

X X

|
#B2H | AT AR
Licd 7 0
#2413 | 0] 0 FxAYE 28
2H | X
L : calendar time
a7z} AFFE
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. AEAZY Rolo] WE FoH

- AEAZ AR dig BEF JgE & F U=
- AEATE AFsA FHE F U7
=AM BAGRE FHF FRHRY 5 JEIR?
e AEENLE FrdddE AR FEAQL ARE YT ol &
c FTEADHE ARV U durdQ SAA U AEEA vl
dukA vy AEEN
AR =3 3 ol =
&5 e ]“}"‘j ’i} AR
— =
Arel 2ok | WEFAFEA W9, PR
S AEY c e wl
Kaplan-Meier %4
o222 uF
247wy T
k7] Ao . =H|AA
He AR 0] go] BAFRA T
B H) i1 t-24, 48 e H| 2422 uby
CEu H]"‘L PN ] T
H]E’_—rﬂ 1=
N 2aesAdA
dF R AT ad-ge s AdurslyE dF&AA
- 1L T W = e
FELE 0337 4 Cox'9] v HEIAREY
= 22 ~E3 AHRAN Accelerated failure time model
v AEST s F4

1) &34 (survival function)®} $1 3 &<=(hazard function)

© t A BEGFESUNE t AR AFekA] &
« t A-CAM A I ) E

A} A% BE (20ATE)

t A Q73

EA

BN

2) AESTo gFTre] AwA A

7k

g

- AE
- 5 year survival rate, median survival time

« A FFe MDY A uet AHFRFEE)
9x74, dx2F7HWeibull Crdn-in= s
patterne] g8

« Ao A¥SEs

e Al

o
T X),

BAZE JARE HEA]

s g%
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3) TEHGE AadAe JAEMA By

¢ Cox's proportional hazards model

Baseline ho() © 2e 540571 09 oo} ARes
tAI N A plle S-S Xy, Xy, L XY wo] g
Model
h(t,x) — ho(t)eblxl+b2x2+ N +b,,x,,
Assumption ¥ gigk /1AL glov vdYgde] g 71 A
Eduo M2 o2 gdA log(—logSt))et t= Al Ao BAGlo)
Model check
dAE (vAAE)
SAS EE PHREG

- HAAE AN FAAT] @Y

h(t Xk_X+1) . ho(t)exp(blxl+ A +bk(X+1)+ ¢t +bDXD)
h(t Xk X) o ho(t)exp(blxl+ ¢t +bk(X)+ A +bDXD)

= exp(b,)

4) AEAREHA Fol

. A7 FABRY AT AL, dBEel ATs7re] 0dole W ATLAL 2]
Aol Feld AR ATFur] AP Aol AU FE BAL AAAN 27 A
o7t Ye HolT. old AL Aol Fol calendar timee 2 ATHE i mz HA
3171 calendar timel 2 Ui JGL 7pH4Z Heldte BAE 471 98 Aot}

. FEAwe] WAsE RS ARWHY B9 540 Fuglel SYHoR Yool
@tk ol o] Fhgel ol FUY sEY EAH FUES Bel(bias)E /A A Do

- HAYEEY 7tASAE AETT gto]l 28 A8 @2 FolAl= #A 7 A7 o
5o 5“*—*.%"%‘ g 2 FAZF X vl g R Mol vEsA] AU E3] 93T
71 o] RuU= 7 $(crossing hazard)® #4A] 433 Fo5 234

S

o Algbel wha} gte] WElE 5 Y ¥ (time dependent covariates)?} o2 A U= A
A AFE HlAAFIAALIE S 22 AHEste AL B A 23] oY A9
ol FARMoR EMaE AT st Wyel E £7) AUk

B
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2. Poisson regression

4] Poisson regressions 3+71 # ol generalized linear modeldl th3f 7reks] Ay B}

LA

7}. GLM(Generalized Linear Model)o] g F-gl 21712

y = Byt Bix;+ Boxy+ -+ Bx,t e
(>

E(y) = p = Byt B+ Boxy+ -+ 8%,

- Normal EXol9o] B Ex7t &A%t (Exponential family).

- 2X2¥ g|AENY AydsE o]y Aol dojd gEolnz (oA 14Fo]o] E3A)
stojof oy,

- Fdd ueh £4tE o] W3

ot
ol

b

ol

T7h AT
v GLMel M 9} o2 7}A] component

0 Random component :
- dependent variable y o] g o]
-y o NdA Ky = pu

O Systematic component :
- oz p 719 independent variableEo] AP AF Ao g FTHIE
= =Byt Bixyt Boxy ot Bx,

o Link function :

random component®} systematic component® AZAANAFE 50 g )

o var(y)=¢V(u)/w; , ¢ : constant, w : known weight

t}. GLM9| 4

o traditional linear model (“T}F3HEX")
response var. : continuous

distribution : normal, Var{y) = 1
link function : identity, glu) = ¢ = By+ Bixy+ Boxy+ -+ Byx,
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O logistic regression
response var. . proportion

distribution : binomial (0, 1), Var{y) = p(l— )

_ . — o
link function : logit, gly) = logifp) = log( 1~/.z)

= Bot Bix + Byxyt -+ Byx,
O Poisson regression

response var. . count
distribution : Poisson, Var(y) = u
link function : log, g(p) = log(p) = .804‘51951'*‘32952‘*‘““{’3,#,;

2. Tots HAAEAY =y W HAAS o]

o 53 "age-time-exposure” toll 3t AldA =2 4 @ & o

P(dzx) — e—/in f/ln}"

o714, A £ 7R rateol  n 2 Ad(person year, PY)& veERITH

o0 Model : log(A,) = a+ Bix;+ Boxy + =+ + Byx,
dy
1 A= Py,
dy
log( PYX ) = a + BIXI + BzXz + b + BDXD

log(d,) = log(PY,) + a+ Bix, + Boxy + - + B,x,

o AANAE B2 om : 9 Modeldl A,

{x=Xf=03 log(1,-¢)=a+0
x=x;=1: log(hy_)=a+p8

Ag =
log(A,~)) = log(A, ) = log(2=L) = p

Ax1=1 B
RR = = ¢”
Ax1=0

Z, x o] 09dA 12 Z71¥ o RRE & wE Zrlen
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3. Nested case-control designoll A9 3|7 84

7}. Incidence density sampling 4

o ¥ & Aol A= Z AN AP WD (at risk set: ©] AH7A] #HA e AL
dol LAsA ¥ Fh)E THetx, HFYDAA dFHA dz2rs e
o W2 A=A controls AEA ¥E AJA7?

05 =3olA SAS 2233 & o] 839 incidence density WH 2 controld BE
M-S Adgsta gl

"Pearce N. Incidence density matching with a simple SAS computer program. Int ]
Epidemiol 1989; 18: 981-4 ”.

O Case?} ZAIgH Al HdA "at risk"e] A€ WS controld ¥ }O.ZE matching = o)

2le "ol

o wEtA FA-t] o] matching HolAde ARE ol &3 FARAS 3lojof 3

- conditional logisticS AF&-& 4 Utk #A 7] 67} 1:10] ofYil mingl Yutzel AL
discrete-timeo] W3 Cox9 W 2yPL ZzaaAste F33tE Zo] +Y3 (SASY
PHREG procedured| M fA £48 + o).

log ( f” Y=B+ BxytBoxpt -+ B,
1—24

A71A, Pu 2 i-AA tidel [ time ol el Apzio] wAlEtA] ¥dvhe ZAsHIA [
timeol| A Abzio] s Y etFel.

4C%emmmd%mmML]ﬁﬂ A

7}. Control-2 %+ ¥y

ATFNY N HolA mBES $E IS E(sub cohort) & FEEHT, WA mEEY FHYE
AAES FHTE UM cases AA ZIENAM #AAYE AlAo] wAF AW grF e
BE IS EA Atde] @Astz] & Jdoz Ao,

0 QWA Coxol MAABNARG S A§T & Arh
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o 18 Cox® vAAFIARY S AlEstes A5 sAAFTY FAH bias7t EAE F
gl BiasZ A A37] 9% WHo] “Therneau T, Li H. Computing the Cox Model for
Case Cohort Design. Lifetime Data Analysis 1999; 5: 99-112"¢] =& A7 L. &
8 e ZTEQ AV|7F FA Alde] BAstE FEo] oW Helw AZS AU

Case-cohort®} Nested case-control® statistical efficiency® ®]<=8tth 28l A g A
Ao A Nested case-control controld ¥+ #Ho] o] Case-cohortx Cox9 H|#|
fdARgE g FAT of RS $£AH3tojol = oJElE Hol Au. A

Case-cohort® multiple outcome©] 7}538thE FHo] o)k

7} A AgE AR

Aol A Aug PHES 24 Ad7A5d AEsd 2 F4UY 2 A4E dopEh A
£3t 7} 6‘}% 25+ KMIC(Korea Medical Insurance Corporation) Study A&2A A3
AAe o3 2o

HRE gy BAte =5

( 183,614 = isea29)
KMIC Cohort | <«mmm S

a oAl ; A CHAFKE
- 67.932%)

POP \
1990 @A,
85-59419) FelLf2t )

——r\'_lo_] nl

LR

- o 2dvle}, Age, SBP, DBP, TC, FBG, BMI, Smoking.
Alcohol, Exerciseo] thgt F3za} A

e} AgelM o AR L GAT Tdsta G APA 10%7 FE2st A5
Aok BAARe] W &
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DCD O=Censoring, 1=Death

SDAYS Event7} #233 w) 74A]9] Time ()

i vol (4 5)

gAGE 1:40M )7, 2:40~444]. 3:45~494), 4:50~544], 5:554]0] 4 => AGE2, AGE3
AGE4, AGE5

BMI A DR T Body Mass Index=Weight (kg)/Height (m)?

gBMI 1:18.51]5F, 2:18.5~23. 3:230|% => BMI2, BMI3

BP SBP=Systolic Blood Pressure (mmHg)., DBP=Diastolic Blood Pressure (mmHg)

g INC7 7}l 9%k, 1:Normal, 2:Prehypertension, 3:Hypertension = BP2, BP3

gSMOK 1: Non-smoker, 2: Ex-smoker, 3: Current smoker = SMOK2. SMOK3

o s R L L e e

1) Coxel HlEAAHNARY

PROC PHREG DATA=KDR.A10:
MODEL SDAYS+DCD(0)=AGEZ AGE3 AGE4 AGE5 BP2 BP3 EXSMOK CUSMOK BMI2 BMI3 / RL;
RUN:

Parameter Standard Hazard 95% Hazard Ratio
Variable DF Estimate Error Chi-Square Pr > ChiSq Ratio Confidence Limits
AGE2 1 0.56691 0.21120 7.2050 0.0073 1.763 1.165 2.667
AGE3 1 0.91210 0.20319 20.1498 <.0001 2.490 1.672 3.707
AGE4 1 1.22998 0.19741 38.8184 <.0001 3.421 2.323 5.037
AGE5 1 1.82465 0.19486 87.6867 <.0001 6.201 4.232 9.084
BP2 i 0.23912 0.14112 2.8712 0.0902 1.270 0.963 1.675
BP3 1 0.60403 0.14556 17.2192 <.0001 1.829 1.375 2.433
EXSMOK 1 0.20508 0.16452 1.5538 0.2126 1.228 0.889 1.695
CUSMOK 1 0.52770 0.13815 14.5914 0.0001 1.695 1.293 2.222
BMI2 1 -0.43098 0.34115 1.5959 0.2065 0.650 0.333 1.268
BMI3 1 -0.65933 0.34171 3.7230 0.0537 0.517 0.265 1.010

2) Poisson 3 HAEH

: Poisson 3|AENES ¢l 4712 W59 24 13570 <.

=2
##&3 F AdY(person-days)S AA )3k grolo}
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PROC GENMOD DATA=POP3 DESCENDING: .
MODEL SDCD=AGE2 AGE3 AGE4 AGE5 BP2 BP3 EXSMOK CUSMOK BMI2 BMI3
/DIST=POISSON
LINK=LOG
OFFSET=LSSDAYS;
RUN;
Standard Wald 95% Confidence Chi-
Parameter DF Estimate Error Limits Square Pr > ChiSq
Intercept 1 -12.2584 0.4016 -13.0454 -11.4714 931.91 <.0001
AGE2 1 0.5661 0.2112 0.1521 0.9801 7.18 0.0074
AGE3 1 0.9106 0.2032 0.5123 1.3089 20.08 <.0001
AGE4 1 1.2275 0.1974 0.8405 1.6144 38.65 <.0001
AGE5 1 1.8187 0.1949 1.4367 2.2006 87.09 <.0001
BP2 1 0.2380 0.1411 -0.0386 0.5146 2.84 0.0917
BP3 1 0.6011 0.1456 0.3159 0.8864 17.06 <.0001
EXSMOK 1 0.2044 0.1645 -0.1180 0.5269 1.54 0.2140
CUSMOK 1 0.5255 0.1381 0.2548 0.7963 14.47 0.0001
BMI2 1 -0.4293 0.3412 -1.0981 0.2394 1.58 0.2083
BMI3 1 -0.6553 0.3418 -1.3252 0.0145 3.68 0.0552
Scale 0 1.0000 0.0000 1.0000 1.0000

3) Nested case—control A& oA e] 3] & A

PR g RAe 98 2 caseol dish 3v19] control (1:3 matching)-& %39 ch

DATA CASECON; SET KDR.A10;
/* PEARCE N. Incidence density matching with a simple SAS cogguter program,
9o »=F& F£A3A survival timeo] 71%% Samplinge 84S =/
RUN;

PROC PHREG DATA=CASECON:

STRATA CASESET:

MODEL NCASE=AGE2 AGE3 AGE4 AGES BP2 BP3 EXSMOK CUSMOK BMI2 BMI3 / TIES=DISCRETE RL:
RUN;

- Incidence density samplingg 3+ A5 +Z2= 483 o

Obs  DCD SDAYS CASESET gAGE gBP gSMOK  gBMI  Ncase
1 1 8 1 3 1 3 2 1
2 0 2921 1 1 1 3 2 2
3 0 2921 1 4 2 1 3 2
4 0 2921 1 2 3 3 3 2
5 1 21 2 4 3 3 3 1

6 0 2921 2 3 2 3 2 2
7 0 2921 2 4 3 1 3 2
8 0 2921 2 4 2 1 3 2
9 1 24 3 5 3 3 3 1

10 0 2921 3 1 2 1 3 2

11 0 2921 3 2 2 3 2 2

12 1 1373 3 4 2 3 2 2

13 1 23 4 2 2 1 1 1

14 0 2921 4 5 2 . 1 2

15 0 2921 4 2 2 3 3 2

16 0 2921 4 3 3 1 3 2

o3t A%
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Variahle

AGE2
AGE3
AGE4
AGES
BP2
BP3
EXSMOK
CUSMOK

BMI2
BMI3

Parameter

DF Estimate

1 0.56902
1 0.80083
1 1.28973
1 1.87689
1 0.15854
1 0.47897
1 0.15995
1 0.46445
1

1

-0.91115
-1.15164

Standar
Error

0.23318
0.23032
0.22616
0.22914
0.16699
0.17792
0.19841
0.16689

0.52537
0.52689

d

Chi-Square Pr > ChiSq

5.9548
12.0895
32.5220
67.0932

0.9014

7.2471

0.6499

7.7447

3.0078
4.7775

0.0147
0.0005
<.0001
<.0001
0.3424
0.0071
0.4202

.0.0054

0.0829
0.0288

Hazard
Ratio

1.767
2.227
3.632
6.533
1.172
1.614
1.173
1.591

0.402
0.316

95% Hazard Ratio
Confidence Limits

1.119
1.418
2.331
4.169
0.845
1.139
0.795
1.147

0.144
0.113

2.790
3.498
5.658
10.237
1.626
2.288
1.731
2.207

1.126
0.888

4) Case-cohort =& £4]

X
B ARPHA RE ASEE

e ge3 2

108709

10% Random
Sampling

—

AAAZEANA 10%E ALsA FEs9d. 1 34

10879

14959

Control
1041

RUN:

DATA TEMP: SET KDR.A10;
/* Therneau T, Li H. Computing the Cox Model for Case Cohort Design. & ¥=&°llA
A A gk B (Self & Prentice WH) S 043l AEE FEH+/

PROC PHREG DATA=TEMP;
MODEL SDAYS=DCD(0)=AGE2 AGE3 AGE4 AGE5 BP2 BP3 EXSMOK CUSMOK BMI2 BMI3

/ OFFSET=DUMMY RL;

CEETELE]

RUN:

Obs DCD  SDAYS  gAGE  gBP  gSMOK  gBMI  SC10  CASECON  DUMMY
11 2682 5 3 3 2 . . ~100
2 0 2921 5 3 1 3 1 0 0
3 1 1443 5 1 2 3 1 1 -100
4 0 1443 5 1 2 3 1 1 0
5 0 2921 5 3 1 2 1 0 0
6 1 1842 5 3 2 2 -100
7 1 2702 5 3 1 3 -100
8 1 58 5 2 3 2 . . ~100
9 0 2921 5 2 1 2 1 0 0
olat A%
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Parameter Standard Hazard 95% Hazard Ratio
Variahle DF Estimate Error Chi-Square Pr > ChiSq Ratio Confidence Limits
AGE2 1 0.62341 0.21170 8.6722 0.0032 1.865 1.232 2.824
AGE3 1 0.96284 0.20409 22.2563 <.0001 2.619 1.756 3.907
AGE4 1 1.29820 0.19742 43.2427 <,0001 3.663 2.487 5.393
AGES 1 1.80281 0.19556 84.9821 <,0001 6.067 4.135 8.900
BP2 1 0.19974 0.14160 1.9899 0.1584 1.221 0.925 1.612
BP3 1 0.63439 0.14673 18.6942 <.0001 1.886 1.415 2.514
EXSMOK 1 0.22267 0.16494 1.8224 0.1770 1.249 0.904 1.726
CUSMOK 1 0.57234 0.13904 16.9445 <.0001 1.772 1.350 2.328
BAI2 1 -0.19552  0.34341 0.3242 0.5691  0.822  0.420 1612
BMI3 1 -0.43485 0.34407 1.5972 0.2063 0.647 0.330 1.271
o1 Aol Sl RE Fsd test 2o
= oy - AA A5 Nested Case-Control Case-Cohort
'V‘d":a—r_ = & A d ) 1 ¥ 2) }_513) ]_m»’l)
Cox B3 | Xol&nyg A Wy B uy C =4 D u-
o 404 vl Tt 1 1 1 1 1 1
40-44 1.76 1.76 1.77 1.73 1.87 1.79
45-49 2.49 249 2.23 2.25 2.62 2.34
50-54 3.42 3.41 3.63 3.55 3.66 3.17
554 o] & 6.20 6.16 6.53 6.54 6.07 447
&t Normal 1 1 1 1 1 1
Prehypertension 1.27 1.27 1.17 1.16 1.22 1.18
Hypertension 1.83 1.82 1.61 1.64 1.89 1.66
£+ HEY 1 1 1 1 1 1
AAEFR 1.23 1.23 1.17 1.03 1.25 1.22
Aq4EA 1.70 1.69 1.59 1.51 1.77 1.61
IR = 185 w9t 1 1 1 1 1 1
185-23.0 0.65 0.65 0.40 0.32 0.32 0.78
23 °]% 052 0.52 0.32 0.25 0.65 0.68
1) A & matching ¥ 2o YR E o] 88 discrete-timed] ™3 stratified Cox =8
2) B ¥ & matching A& ] 8317 & logistic regression
3) Therneau & Li 9 y=&o|A A3 Self & Prentice WHOZ JAAFE FH
4) Self & Prentice W& ©o]-838x &1l ¥3) Case-cohortol A Cox FHAEHE 43
1ol F=H#ZE oA oz 712 3AZA FHES AHEgY ¢d AR
Yol 75T W =Yl ARAY, Ry A¥Y ST AEHE A% U TaHt 2 3
ol &= etz 2 gt
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