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Aol gk A (identification)®] ZA7F LAgTH Al MF7F IASE = 7|
71 = AR+ A E)TE 3 AFHAE THH7] Wi
of Aol EAlete] AR, VI3, AIE
Aol Aok, o)y FAFCRE At 2007 FAHS Al o 7HA SA
ot=o] A|otx ATH(Osmond and Gardner 1982; Clayton and Schifflers 1987;
Holford 1992; Tarone and Chu 1992; Robertson and Boyle 1998; Fu 2000;

Knight and Fu 2000). Z1&juv} &) A}&3t= WHELS A5 AFHS 1A

A Avkar oo E Al7] Wty AdAow HAEske AHEA fAUHE 9
ek s Aggolgta & = gl Aot

L o E A (Biostatistics) wokollA APC W&o tis] E4E A%
sto] AHEAE efdsts AR dF, 7|3 28al SAISTE ado] el
HE flo] FAE 5 e WHE ARSslokditha Axskar vk (Clayton and

Schifflers 1987; Holford 1983, 1991, 1992; Robertson, Gandini, and
Boyle 1999; Tarone and Chu 1992, 2000).

adER & =EoA APC 2] AEEAE 2] A7 oY 7k A

of
f

HES 7hefe] Asta Ro)Ads B 43 HE Ads A 24 §4E

il
FU

s

Jore Ackstaus g,

rU

BBl AY-V-AEE AF BES THY W Ade] EAZ ¢
Agt 7 Qe WHE FolA A5 FofolX FE A= 47HA] A WH
(Constrained Generalized Model, Median Polish Method, Intrinsic

Estimator, Principal Component Analysis)e] WHES IFeFstA Avfslar, &



=kl

il 7Fel

3|

of i

0

o)
mH
A

(¢}

27| A= APC &

.,

WS 27N

]
=~

ARy S|
|

A 1o Ao A 3

3
pul

by

A g€

S



Al 27 o]E4 w73

o] o= dAH-7|7H-ZEZE 3 (Age-Period-Cohort model)?

4]: o
mE
M
é‘

(identification problem)Z 517] o] AH-7|7H-FTE

a2
Hom A QuEARRgs aEAel e el Aeha 2

S E(Age-Period-Cohort; APC) E &L <lg 3t 5F oy
oke] AL AFE 938l Mason(1973)el &J3] AA=HAT. 5H Aol LA
e ofejsl 2ol MY 37 WHow AT & .

Dy
Yy=q§ —rtatBityte - (1)

ij

(1‘21’2’ cevas j=1,2, - p; k=1,2, -- ,a+p—1)

Aol BEelM v, = i WA AR A I a5l w5E AR

WARS u@T. D i WA ARl j uA /7 gl wA A
N,



BE AZES OF e atp—12 AHM k= a—itj ol ¢; =

el joiA 717 avE AEA e dofo expgelt).

o =, APC 243 o] 54 Aol WHAE ARE AMESe RS A
DY 23& ofgel o] =1 AAZ(log link function)= A}
_]

(
£5Fo] AtE 8] A Y (Generalized Linear Model; GLM)oZ ®dHE 4 <l

~—

IOg(D”) :log(]\fl])-i—u-i—al-i—ﬂ]-i—yk (2

(2 2YA D, & 0 i A" j A 71 A G5)9 7Y =5
= onjsl, ZF Ao 7 Eg+= ¥EolE(Poisson) XS wET, 9o 2y
oA log(N,)e Hatel = AATSF 4 log(Dy)ell tig FAZo=m FAl

(offset)o]l&tar H-Ert}.
29 FARYELS ofdle] FAY o] BE EysEd ti§] FAHS=Z A
7N <=3} (reparameterization to center)3h =

_'_'6‘_
2y AgEe §& 002 AA3E oujo|t),

2
i
0=
o
i
2
i
(e
w0

919} o] Auj/NHA S (reparameterization) A7l = (1) (2)H X<

7k gl AFES AEdH(design matrix)S AREsle] ofge} o] A
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Y=Xb+e¢

—~
=~
~

P2 FdE VARSI AEIGNA vV = HAE B 2 WskE 24
¥ WH (vector)E W3t X & EFoA 37kA] B4 A5, 71, =4
FTE @¥E 7PHS(dummy variable)® FASHe] ZF 2o a9ES EW)
H(column vector)®= FAE A8 PFdojvt. 2d{r= Algld X o x<

b= (H’al’“"aafl’ﬂl""a n—10 17 "'a'Yaerfg)T (5)

e © Aol exfel i W2 FHEE 00]ar A Ee] 1, vt vt

HH 3| ARFANAN HarASFHF(ordinary least squares

Srol A A wpsh ol Aol MAFIY I Pue] AP B 3
P steksl] flstel A, Vb, 24 AEE PH 99S ANHAFR



gow Agale] (6)W A olgd 7 oo aRE FAAT. e o

EIEE obdsh Lol

e S A9 BAE 7HA7] WiEel FAA] EAS BHA A
717, EX ZSE 538 s 48 F fle BAZ 2S5
NN &E FAS7] Al AF A H(design matrix) X o JPHo] EA|F
of gtk wkx X o JPHol FEAsy] s Xi= FHAH(regular
matrix)ol™ o]ZAL |X|=0& ou|grt. & 5o, nxp AY FH X9
A (rank)7F p 2 7F4 3 A9 X o AF7E dely g9 siee Es
g9 X = A AS(full rank)E 7= o] Aovt XX & Hu)
£ 7HA AL, wEbA gagdoe] EAgT. ol¢t MR AH-7|-ATE B

FE ol AT BAVE EAEE FE X o AL p
2ol A Hlth, o] Ag-elw= XX gagHo] FAekA] @A Hol FuH
2ol 4t sE 73 5 gl "

g (6)H YA AFAd X o Agrt Aol AGTE obd BA A
& (singular matrix)e]7] wito] (X'X)™' 7} EAsA] o} e FAHI
gtk olyd EAHS APC wAle] R AP FA(identification
problem) 2kl 7 9] 3}tk (Kupper et al. 1985).

upebx] APC RFollA ZF ale] a3t FAS s F714<l Algke] Hast
ok T AolA By A ZAE sy ] HE Wel AMEEHE 4714
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FHol &4

X 9 9

}a2 9Jth(Yang Y 2013; Keyes KM and Utz RL
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S &
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2010).
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Wolfinger 2002).

(Glenn 2005; Holford 1991; Kupper et al., 1985).
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AZ1M 6y = AR VA Atole] nEEE v drh. 9o Rl

HA AAHA

olx = Zo|t}.
Median Polish #2412 WA SR E o]|&3ste] Zhzte] P} do] TS
Wk o 2 A A8}l Median Polish® Zx2 FA3 o, 1 o8 FAH 2xk

2 FHUSE DFE GRS SYASE ¥ 433

N

€ = M T % Tt e =+ (9)

oJ7]14 e, & Median Polishe] Zxteta Jeolatw ¢, &= T 4
at+p—1 MY ZIE 733 T k HA a5 =t 4, 49 2
2 vrol & 4 gl weEbA 9o A Rg oty 49 IAATE
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2.3.3 Intrinsic Estimator (IE) ®§

<t o)Al (Biostatistics) woFoll Al oo B4E AElsle] A oks)

= APC W& Wk 7} B gis W glo] 243 5 e daE AR

st As Ajbetal vk, oy Ed FAlel wel Fu(2000)7F  Intrinsic
Estimator (IE)E A<kgtt. v A= X% F3l(singular values decomposition;
S EJ

2
SW)ek =4 Vvte 2 SN B A%, 71k 29a 24 =
K % T S e 5 AT
PP

™
Intrinsic Estimator(IE)E& FA3}7] sl v&3 o] dwtspA

ALY

rU

Y=Xb+e - (4)

Qo] AP FHArAsFAH % (ordinary least squares estimator)<
Tk At A2 ofgel ot

b= (XTX) ' xTy -+ (6)

Tefup SkellA AdwRh mpel go] AgyH X b WA AP (singular

matrix)o|22 HgPHg F& 5 glo] 7L A= FHe & 8l wEkA



b=B+tB, - (10)

4714 B, = AGAFHE AFA7} 0o st AfHEHE d5E DA

Y b= dAZE glow oA dAgdat 7|3t 2o el ola AAHT. =,
By © AgPH Frolty. ¢t & B) 9 WIS AAste o A
wetd By = Agdgdel o8] nAgE golAw gele A ¢ B Fate] ¢
ole] WE7l ¥ Aot B = t 7F 04 o 7]t FAl(geometric
projection)E WF£3dlE= ZFC = Intrinsic Estimator(IE)7} Ht}. [EE t}e
o] A3} o] yepd 5 Ut

o

4

B= (I-B,B)b - (11)

[E= el A=t 7} 0d o) 7]sheby FAE S B a3k 9
3 ZH(null-space) ¥ Qo] ol FZH(non—null space) o= 3l %]

kel el gk, S5 B 7F IE7F |nh. o714 do] obd #3ke] B = Fof-d
dnksl P& o] g3t F -

AT dAEE A g A= W qFHES 6] AL AdxE e

oltt. IE= 7IZte]l nAHAS W =HAS 7HHAaL, Ak dvtdd 3]
O =

o (o of
o 1N

td
ok
T
o
L
rlo
M
£
o
N
s
X
rlr
o3
o
o,
%0,
o
b=
ro
o
r o
o,
)
4>
il
2
X
X
[

|

A| oFa}
Yang, 2013). ©]#3%+ [EE

12
Oft

Q5] S FAE B 2nEe A

XY

glom AduElE ¢=AE S Zth(Yang Y and Wenjiang J. Fu, 2004).
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2.3.4 FAE EX(Principal Component Analysis; PCA)
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(¢}
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1(Principal Component Analysis; PCA)
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i = ]
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A3k (Yu-Kang Tu and Nicole
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Kramer, 2012).



Al 37 2odd

AA AW JIe AAER TAE AR A4 G3E Qe
e AL Bibsaitt. aElEe 7 &t A4 @S pgetm shdel A
Astel 4717 e A gstaa Bk vl Aol A4

FE 10, 717 HF 5 52 At EHIER 22 ES 3k 10007H

o] AwE AT, o] A8 10 x 5 A3 FgHw FHo| 7} AL ofgfe}
o] Yol (poisson) HXE wET),
Yij ~ Poisson()\) - (14)

of W RE A= Tl At ok o)A o & AYY 1HS v

g, dE S0, R WA A9 2F ()0l Aol 12 Wt p A7

A=exp(0.3+0.1(aq;—5)* +0.1sin(p,;) +0.1cos (¢;;) +0.1sin (10 X ¢;;)) -+ (15)



A o 159 A F 0.1 (a;—5)°
NNz p, 1FE] 717k &3 0.1 sin(p;)
ABE ¢, IF ZHE A 0.1 X cos(e;;) +0.1 <sin(10¢;)

t}
752l A% 7 29e ma: ohdsh @tk o714 Auwss
@ 7 a9l o] 0o] HEZ ThAl AN ghol

Uk, o] % 47HA W ES T U myet Auippiasss §F ks vl aske]

¥ 2. 9489 aF F(a)=10, 7|7t 2F F(p)=5 2 B Z 229 &3

{9l as a7 A v} 7] 8 53}
a, 2.025 1.200
a, 1.225 0.400
a, 0.625 ~0.200
a, 0.225 -0.600

o s 0.025 -0.800

o ag 0.025 -0.800
a 0.225 -0.600
ag 0.625 ~0.200
ag 1.225 0.400
ayg 2.025 1.200




a9 aF a3 A v} 7] 8 53}
2 0.084 0.081
Dy 0.091 0.087
s D3 0.014 0.011
Py -0.076 -0.076
Dy -0.096 -0.099
¢ 0.000 -0.006
¢ 0.050 0.044
Cy -0.198 -0.203
¢y 0.009 0.004
c 0.002 -0.003
C 0.066 0.060
=4 ¢ 0.153 0.147
a5 E Cs -0.114 -0.120
c -0.002 -0.007
¢m -0.135 -0.140
EE -0.004 -0.010
am 0.142 0.137
iy -0.002 -0.008
.y 0.112 0.106




B4y Z3
3.2.1 717+ 2F F(p) = 54 W], 371X 2219 axrt BF EAE= 3+

a9 1e /2] 2§ $7 59 W kA el A%, s, E4 =EE
A

g
A FZE gl 7Pl AA
7 ol A FAE Alget Al Het, TUA 183l Ht 2 AHAlE (Mean
Squared Error; MSE)& Al4talgitt. 7F WhHo 2 RE F4¥ a5 A7

sty FA4E adEY oA 499 H4A F4Hminimum variance) &

Fo R FAT A (bias)e Ak (variance)S 25 mdT 4+ Ao}, A<k

oAb F 2 (COLM) W2 s Q1S AloFaofsit). welA o=
A WAt F oA AE 5SS AFsE R (CGLMAD Y 2z E T oAl
HA el oA HA d8 23S Aoks = (CGLM_A2), 3 WAL F WAl 7]

S Aok RE(CCMP), A HAet F WA A5 E s Aok B

F(CGLM_C) o= 47} &= AdAste] vpmA] Wy 53t vaekgit.

o] wE FAake] Hoy MSES vladk Aoluk. 771x] Hb
37FA] W (IE, Median Polish, PCA)o] 7} o= Aol 24
AbeE S F1E 4 k. v A9 oA WAl AR

%
HA 717F, ZZE OF& AoFst dukshd 3 23] (CGLM_AZ2,



el
=

)

CGLM_C

’

CGLM_P

A WA S} o]l

YR A gt § 2 2kl 7t

)

CGLM_A1

(

(¢}

(CGLM_A2

o

A o)t (Glenn 2005; Holford 1991).

s

O EE Aok

A FA 3} (Kupper 1985).

(CGLM_P) 9] A% AA aztel Aol vl
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2004-2008 2009-2013
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3.92
5.24
10.56
18.85

34.80

2.18
4.30
8.08
14.04
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38.58

30-34
35-39
40-44
45-49
50-54
55-59
60-64
65-69
70-74
75-79
80-84

61.18
91.62
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77.39

54.35

100.59

72.68
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96.65
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2.42, IFTEGIO W= 0.255E 1.010]t}. webA] et A E 9
&

a3} g 2 GRS WAL AL %08 5 Ao, A dga

£ 5. dFY TAE ARE 0|83 ¢EH FA 2

Model Deviance DF LR test DF P-value

Sikcs A4747.97 22 4736.50 13 <0.001

717k 71363.29 30 71351.81 21 <0.001

ITE 16760.12 20 16748.65 11 <0.001

A=+7) 7k 274.34 20 262.86 11 <0.001

AG+ITE 218.25 10 206.77 1 <0.001

7IZHASE 678.00 18 666.52 9 <0.001
AF+7|IHASE 11.47 9
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95% Confidence interval

Variable Risk Ratio

Lower Upper

Age

30-34 Reference

35-39 1.62 1.37 1.92
40-44 2.51 1.94 3.24
45-49 4.62 3.25 6.58
50-54 7.86 5.00 12.35
55-59 9.83 5.65 17.11
60-64 12.33 6.39 23.79
65-69 16.20 7.57 34.68
70-74 20.02 8.43 47.52
75-79 21.26 8.04 56.19
80-84 22.95 7.94 66.37
Period

1999-2003 Reference

2004-2008 1.78 1.60 1.97
2009-2013 2.42 1.96 2.99
Cohort

1919 Reference

1924 1.00

1929 1.01 0.87 1.15
1934 1.04 0.82 1.32
1939 1.01 0.71 1.42
1944 0.83 0.53 1.31
1949 0.74 0.42 1.28
1954 0.70 0.36 1.37
1959 0.71 0.33 1.54
1964 0.54 0.23 1.31
1969 0.42 0.15 1.12
1974 0.32 0.09 0.11
1979 0.25 0.07 0.86
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¥ 7. gAY HAE 259 Median Polish ¥y A3}

95% Confidence interval

Variable Risk Ratio
Lower Upper
Age
30-34 Reference
35-39 2.08 1.89 2.29
40-44 4.18 3.83 4.56
45-49 9.41 8.64 10.23
50-54 18.01 16.59 19.56
55-59 23.32 21.50 25.31
60-64 32.43 29.91 35.16
65-69 48.36 44 .60 52.42
70-74 65.23 60.15 70.73
75-79 69.39 63.91 75.33
80-84 73.35 67.35 79.89
Period
1999-2003 Reference
2004-2008 1.65 1468 1.69
2009-2013 2.06 2.01 2.11
Cohort
1919 Reference
1924 0.97 0.89 1.05
1929 0.98 0.91 1.06
1934 0.99 0.92 1.07
1939 0.97 0.90 1.05
1944 0.98 0.91 1.06
1949 1.00 0.93 1.08
1954 1.00 0.93 1.08
1959 1.00 0.93 1.08
1964 0.98 0.91 1.06
1969 0.92 0.85 0.99
1974 1.05 0.97 1.13
1979 0.99 0.90 1.08
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¥ 8. gAY HAAE 89 Intrinsic Estimator (IE) WY Az}

Variable

Risk Ratio

95% Confidence interval

Lower Upper
Age
30-34 0.19 0.17 0.21
35-39 0.29 0.27 0.31
40-44 0.42 0.40 0.44
45-49 0.73 0.69 0.76
50-54 1.16 1.11 1.21
55-59 1.36 1.31 1.41
60-64 1.60 1.55 1.65
65-69 1.97 1.91 2.03
70-74 2.29 2.22 2.35
75-79 2.28 2.21 2.35
80-84 2.31 2.21 2.41
Period
1999-2003 0.58 0. 5% 0.59
2004-2008 1.09 1.08 1.11
2009-2013 1.59 o7 1.61
Cohort
1919 2.15 1.99 2.32
1924 2.02 1.93 2.12
1929 1.91 1.85 1.97
1934 1.86 1.81 1.92
1939 1.69 1.63 1.75
1944 1.31 1.26 1.36
1949 1.09 1.04 1.13
1954 0.98 0.94 1.02
1959 0.93 0.89 0.98
1964 0.67 0.64 0.70
1969 0.48 0.46 0.51
1974 0.35 0.33 0.38
1979 0.26 0.23 0.30
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Variable

Risk Ratio

95% Confidence interval

Lower Upper
Age
30-34 0.09 0.02 0.44
35-39 0.16 0.05 0.57
40-44 0.27 0.11 0.69
45-49 0.54 0.29 1.01
50-54 0.98 0.71 1.36
55-59 1.35 1.23 1.49
60-64 1.84 1.34 2.54
65-69 2.65 1.41 4.97
70-74 3.55 1.39 9.05
75-79 4.12 1.18 14.34
80-84 4.81 1.02 22.82
Period
1999-2003 OBy 0.49 0.92
2004-2008 1.08 1.04 1.12
2009-2013 1.38 .01 1.89
Cohort
1919 1.46 0.53 4.03
1924 1.59 1.06 2.40
1929 1.74 1.48 2.05
1934 1.96 1.49 2.59
1939 2.06 1.17 3.64
1944 1.86 0.78 4.47
1949 1.79 0.55 5.86
1954 1.89 0.42 8.41
1959 2.07 0.34 12.56
1964 1.72 0.21 14.20
1969 1.43 0.13 16.07
1974 1.16 0.08 17.96
1979 1.12 1.06 15.18
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ABSTRACT

Comparison of Estimation Methods for

Age-Period-Cohort(APC) Model

Park, Se Young
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

Age-Period-Cohort(APC) analysis has played a critical role in studying
time—specific phenomena. APC model has been popular tool in epidemiology to
identify age, period and cohort trends in disease incidence and/or mortality rates.
It i1s difficult to estimate the true separate effects because of the exact linear
dependency. The limitations of existing approaches have been widely
acknowledged by statisticians in all disciplines. The aim of the study is to review
various methods of APC analysis and to provide a guideline to choose adequate
method for evaluating age, period, and cohort effects by study conditions. The
constrained  generalized linear model(CGLM) approach, median polish approach,
intrinsic estimator(IE) approach and principal component analysis(PCA) were used
to estimate age, period, and cohort effect using generated the artificial data. While
previous studies have used the CGLM method, CGLM depends on arbitrary
parameter constraints. Therefore, the significance of period and cohort effects
should be determined through APC analysis prior to analysis. Also, if cohort
effects are present, the default in IE, PCA or median polish approach can be used.

If cohort effects are not present, IE or PCA can be used.

Key words : APC model, Cohort effect, CGLM, Median Polish, IE, PCA



