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267 EW e AW BAo Axe ¥ 49
T4 S5EWTe] dug 24 49
H] 5 A A
W
Mean =+ Std. Dev Mean = Std. Dev p-value
age 50.29 + 13.28 6042 + 10.71 < 0.0001 ==
sex (M/F) 1759 / 2126 336 / 370 0.2559
BMI 2393 + 3.78 2419 =+ 3.04 0.0467 *
WBC 6.37 +£ 2.50 6.64 * 191 0.0009 Hok
platelet 24165 + 59.14 23730 £  62.98 0.0886
Na 14156 =+ 4.49 141.66 =+ 2.27 0.3784
K 419 + 0.37 425 +£ 0.39 < 0.0001 %
Ca 9.49 =+ 0.55 944 =+ 0.47 0.0107 w3k
P 3.60 + 0.52 357 £ 0.54 0.2640
Co2 2559 =+ 2.53 2556 =+ 2.53 0.7459
Creatinine 095 + 0.23 099 =+ 0.35 0.0103 *
Glucose 98.00 = 29.35 11432 +  46.29 < 0.0001 ==
BUN 14.37 + 4.06 1568 =+ 4.80 < 0.0001 =%
Ph 569 = 0.96 567 £ 0.99 0.5927
Uro-hilirubin 0.13 + 0.25 0.14 = 0.20 0.1311
Uric acid 487 £ 1.41 487 = 1.34 0.9338
Protein 737 +£ 0.47 7.34 *£ 0.46 0.0783
Albumin 457 + 0.33 449 = 0.35 < 0.0001 ==
Bilirubin 0.79 = 0.37 077 = 0.50 0.3468
AST 2264 +  22.87 24.00 + 39.16 0.3695
ALT 2433 £ 36.93 2399 +  39.66 0.8351
phﬁlﬁ:tl;e 7272+ 2776 7958 + 3219 < 00001 #x
v-GTP 30.54 + 3843 34.00 + 5159 0.0896
Cholesterol 19748 +  37.30 20099 £ 38.69 0.0224 *
Triglycerides 145.10 = 100.49 15765 = 111.67 0.0054 w3k
HDL 5164 + 1287 50.03 + 12.08 0.0027 Hok
* p-value < 0.05 , *x p-value < 0.01
d e BEA Ayl Age, BMI, WBC, K, Ca, Creatinine, Glucose,

Albumin, Alkaline phosphatase ,Cholesterol, Triglycerides ,HDL &
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) negative C(0,0) = Coo c(,1) = ‘o1
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Parameter DF Estimate Std.err Chi-square P-value
Intercept 1 -1.786 0.0434 1690.16 < 0.0001
BMI 1 0.00869 0.0408 0.0454 0.8313
WBC 1 0.0279 0.0367 0.5754 0.4481
K 1 0.1265 0.0441 8.2184 0.0041 =
Ca 1 -0.1218 0.0517 5.5554 0.0184 =
Creatinine 1 -0.029 0.044 0.4339 0.5101
Glucose 1 0.293 0.0356 67.578 < 0.0001 =
Bun 1 0.2047 0.0445 21.1198 < 0.0001 =
Albumin 1 -0.1627 0.0454 12.8386 0.0003
Alkaline phosphatse 1 0.1168 0.0438 7.1083 0.0077 =
Cholestetol 1 0.0112 0.0466 0.0574 0.8106
HDL 1 -0.015 0.0503 0.0891 0.7653
Triglycerides 1 0.0442 0.0461 0.9215 0.3371

* p-value < 0.05 , **x p—value < 0.01
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AWHF EHA o WFE 22X 28 ARG HELd A
Glucose Bun, Albumin, Alkaline phosphatase®] 2% S xS & 4+ 9

o670 O MEE ol gEtel g MU wA JFL M F Ut WS

Agsten ade Bge E£3d SPR5E ddar] g4 Sguse As

ol w2} likelihood
e

i

score( ¥ Chi-square)dte] & #S zt:= 3 S zhz A
o MFE v 7 AIAS W Chi-squaregto] 7HE & FEFITo A=

103} 2t

=1

=YW Score
s Chi-square

1 146.3034 Glucose

2 180.7986  Glucose

3 209.4626 Glucose , Bun , Albumin
4 218.0328  Glucose
5
6

Bun

, Albumin , Alkaline phosphatase
, Albumin , Alkaline phosphatase , K

Bun

222.6720 Glucose , Bun

229.4083 Glucose , Bun , Albumin , Alkaline phosphatase , K , Ca

1Mo Sy EE Aad 49 Glucose?t 7H 2 @S 7HA a1, 245

2
)

& 7% Glucose 9 Bun® x§o] 7414 < & F71 9t ® =RoAE =9
WAk S sk 64D We] B9E AT, i~ 54D We] wFS o
gatglh obdlel E 11E 59

Model Model Covariate
M1 Glucose , Bun
M2 Glucose , Bun , Albumin
M3 Glucose , Bun , Albumin , Alkaline phosphatase
M4 Glucose , Bun , Albumin , Alkaline phosphatase , K
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| A8l Cost %2 1wj, 30, o=, &

agla A5 By BAE s

N

g

2A 28 2ot 71Ee] BEIINA AFBAEA, o AdE LA o] mYx
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N
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dal 45919 MU ARE 31 ME BAE AR 43 AT

A g3kl ok,

ir
2

52 &

o
fu
N
>
i)
R
=Y
o
ot

X
oo

ZHWEe Agel welh EM dudEs 8 AedA EF v 5

AR e 13 22 vE A Fa a2l wel EM dad] 59
2

24 o of 9 WA WAL ojmel HgAAE 1070 o=,
Hof WrEFE 20003 2 AAGAT sHEF g, Cost @tol W} 483 &
F 2A2sY AARG AF Ae ohehe E 12, 13, 14 ol k.
F 12, 2% 2A2Y ARG A A3 (g=1 ~ 2) : Cost 14}
Model g T p
Intercept Glucose Bun Albumin Alk,p K
1 1 -1.788 0.329 0.199
M1 9 0.385 -1.143 1.989 -0.155
0.615 -2.535 -0.797 0.638
1 1 -1.797 0.325 0.188 -0.230
M2 9 0.386 -1.315 1.884 -0.263 0.085
0.614 -2.402 -0.502 0.642 -0.583
1 1 -1.798 0.313 0.185 -0.222 0.065
M3 9 0.390 -0.951 1.923 -0.132 -0.068 0.195
0.610 -3.043 -1.299 0.730 -0.538 0.064
1 1 -1.799 0.310 0.176 -0.219 0.065 0.056
M4 9 0.387 -0.926 2.048 -0.126 -0.082 0.189 -0.036

0.613 -3.143 -1.600 0.711 -0.507 0.084 0.250
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13 ¢ 2X2g gAY A Adx (g=1~ 2): Cost 34l
Model g T p
Intercept Glucose Bun Albumin Alk,p K
1 1 -0.632 0.398 0.225
M1 9 0.355 -2.967 =3.777 1.544
0.645 -0.052 0.253 -1.001
1 1 -0.647 0.340 0.206 -0.228
M2 9 0.348 1.359 2.539 0.938 -0.540
0652 -1.544 0.365 0.074 -0.242
1 1 -0.657 0.374 0.206 -0.215 0.115
M3 5 0.312 -1.168 0.852 0.872 -1.174 0.256
0.688 -0.509 1.184 0.038 0.048 0.053
1 1 -0.658 0.372 0.198 -0.215 0.116 0.046
M4 5 0.287 -1.893 -1.011 1.118 -0.795 1.007 1.5651

0.713  -0.428 1.082 0.068 -0.140 -0.067 -0.275

F 14 EF 2A2g FdAng A A (g=1~ 2): Cost 54
Model g P b
Intercept Glucose Bun Albumin Alk,p K
1 1 -0.249 0.361 0.245
M1 9 0.224 0.012 -1.310 2.443
0776 -0.272 1.036 -0.052
1 1 -0.264 0.368 0.240 -0.255
M2 9 0.326 3.361 -0.971 2.877 3.518
0674 -1.332 1.226 -0.040 -1.590
1 1 -0.265 0.351 0.240 -0.250 0.033
M3 9 0.307 3.539 -1.079 3.121 3.647 0.110
0.693 -1.180 1.081 -0.024 -1.363 0.278
1 1 -0.265 0.348 0.226 -0.245 0.035 0.084
M4 9 0.299 4511 -1.259 4.682 4.063 -0.107 -1.398

0.701 -1.119 0.987 -0.806 -1.236 0.320 0.379

Cost 1WHd A%, F o] F /N &3 ZA2E B EFH &S 247
0.39, 0.61= o]FolA st} 0399 EFH &S 7Hd Hd9o IHAAF FARLS
Glucose(8 9 4]), Albumin (ZF 715 FA)e] &< &, 0619 EFv &S 713
Ao FgAAF FAZFES BUNEFT &4 Hx), Kol F9 ge

=
2] Alkaline phosphatases 7ZFzFe] ool A 9 oz Yelwd. ojxne &
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=1

15 Ag (g=1,2) ¢ W3l w2 BIC, AIC 2%

L M1, M2 =38

M1 M2
Cost g
BIC AIC logL BIC AIC logL
1 1 2833.17 2814.74 -1404.37 2820.65 2796.08 -1394.04
2 2828.28 2785.27 -1385.63 2820.48 2765.18 -1373.59
3 1 1781.80 1766.06 -880.03 1774.20 1753.21 -872.60
2 1789.90 1753.17 -869.59 1794.28 1747.06 -864.53
5 1 1488.83 1473.79 -733.89 1480.67 1460.62 -726.31
2 1502.76 1467.66 -726.83 1487.30 1442.18 -712.09
II. M3, M4 =3
M3 M4
Cost g
BIC AIC logL BIC AIC logL
1 1 2826.56 2795.84 -1392.92 2833.47 2796.61 -1392.30
2 2833.21 2765.62 -1371.81 2846.35 2766.47 -1370.24
3 1 1777.49 1751.25 -870.63 1784.13 1752.65 -870.33
2 1804.90 1747.19 -862.59 1818.02 1749.81 -861.90
1 1487.27 1462.21 -726.10 1492.60 1462.52 -725.26
> 2 1496.61 1441.45 -709.73 1504.99 1439.81 -706.90

52.3 EAXLH IARIARY HPE v

3ol 2Re Wrher) g8l AAE mae]l AuE Avih 2 Agen 9
LA o RE Awuolel @riw . Puel 1 Q W mAxY H7%9
OBz, ol R ula 2 YHoE ool EF A~

of drtdt o 7PARAE A Eotof 3.
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wE RAE ARAANE Pue] 240 £F 2Axgo] duAds g
o] mE Akt WEE ARIAE Cost 19 442 A9 s EF =A2E 3

ARGL o duds gol 2AAF JARGRG A5 & 5 Ak Cost 19
73

o o}

g oK
oA 2AE duds 4w W 22y ARG RGE )
=

%16, A (g=1,2) o wsle] g guax
L #44 A
Cost g M1 M2 M3 M4
, 1 2808.47 2788.08 2785.843 2784.61
2 277127 2747.18 2743.622 2740.47
; 1 1760.06 1745.21 1741.253 1740.65
2 173917 1729.06 1725.185 1723.81
- 1 1467.79 1452.62 1452.205 1450.52
2 1453.662 1424.18 1419.454 1413.81
I 34 A=
Cost g M1 M2 M3 M4
, 1 929.892 985.977 981578 978.459
2 985307 988.754 984.261 978.312
5 1 617.603 616.649 617.065 616.153
2 615.896 619.656 615.175 612.12
- 1 503914 499.973 499.011 496.998
‘ 2 497.814 497532 495.076 491.175
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Model Method cost sensitivity specificity p(f:iltsi?/e nefga;iieve Accuracy classlivf[ilcsation
1 5.81 98.74 55.22 14.40 84.81 15.19
LDA 3 17.09 94.49 35.77 33.70 66.10 33.90
5 2941 84.39 38.52 41.47 59.17 40.83
1 12.40 96.65 60.49 13.78 84.03 1597
QDA 3 2097 93.36 35.33 32.90 66.81 33.19
M1 5 2490 89.37 3351 4159 59.80 40.20
} 1 2.13 99.25 66.67 14.81 84.69 1531
M(gf‘f)re 3 17.48 94.38 35.71 33.62 66.17 33.83
5 3020 83.72 38.89 41.40 59.17 40.83
) 1 058 99.90 50.00 14.93 85.01 14.99
M(gfg)re 3 27.18 83.30 42.62 32.33 65.88 34.12
5 3490 81.06 39.04 40.49 59.89 40.11
1 6.59 98.60 54.67 14.31 84.81 15.19
LDA 3 19.42 93.70 35.90 33.25 66.45 33.55
5 3608 84.72 33.33 39.00 62.41 37.59
1 13.76 96.28 60.56 13.64 83.91 16.09
QDA 3 2291 92.91 34.81 32.46 67.24 32.76
N 5 18.59 88.87 31.60 54.27 49.20 50.80
} 1 252 99.15 65.79 14.77 84.66 1534
M(gf‘f)re 3 19.81 93.36 36.65 33.23 66.38 33.62
5 3824 83.72 33.45 38.46 62.86 37.14
) 1 0.97 99.76 58.33 14.89 84.95 15.05
M(gfg)re 3 21.75 91.34 40.74 33.17 65.81 34.19
5 4157 81.89 33.96 37.67 63.40 36.60
1 6.40 98.53 56.58 14.35 84.72 1528
LDA 3 19.22 93.93 35.29 33.25 66.52 33.48
5 3627 84.88 32.97 38.88 62.59 37.41
1 1357 96.28 60.89 13.66 83.88 16.12
QDA 3 2369 91.11 39.30 32.67 66.38 33.62
3 5 3176 87.71 31.36 39.73 62.05 37.95
} 1 2.33 99.11 68.42 14.80 84.61 15.39
M(gf‘f)re 3 19.61 93.25 37.27 33.31 66.24 33.76
5 3824 83.89 33.22 38.41 62.95 37.05
) 1 0.97 99.80 54.55 14.89 84.98 15.02
M(gfg)re 3 24.66 90.10 40.93 32.63 66.10 33.90
5 4137 82.23 33.65 37.66 63.49 3651
1 6.40 98.53 56.58 14.35 84.72 15.28
LDA 3 2369 90.89 39.90 32.72 66.24 33.76
5 3529 84.22 3455 39.43 61.78 38.22
1 1415 96.28 59.89 1358 83.97 16.03
QDA 3 2369 90.89 39.90 32.72 66.24 33.76
A 5 3078 87.04 33.19 40.25 61.24 38.76
} 1 252 99.18 64.86 14.77 84.69 1531
M(gf‘f)re 3 19.81 93.14 37.42 33.28 66.24 33.76
5 3902 82.72 34.32 38.44 62.68 37.32
) 1 0.97 99.69 64.29 14.90 84.90 15.10
M(gfg)re 3 25.63 89.65 41.07 32.46 66.17 33.83
5 4353 77.41 35.47 40.79 60.95 39.05
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Model Method cost sensitivity specificity pg:%;%e nefgal;ifve Accuracy classlivflifation
1 6.28 98.85 47.83 1591 83.45 1655
LDA 3 1458 96.38 26.32 38.14 62.82 37.18
5 26.90 86.78 30.26 48.81 54.99 45.01
1 1361 95.82 60.61 1525 82.14 17.86
QDA 3 16.15 95.29 29.55 37.97 62.82 37.18
M1 5 22.34 90.23 27.87 49.35 54.18 45.82
_ 1 2.62 99.48 50.00 16.34 83.36 16.64
N{lngil)re 3 15.63 96.38 25.00 37.85 63.25 36.75
5 30.96 86.21 28.24 4755 56.87 4313
_ 1 052 99.90 50.00 1658 83.36 16.64
N{g‘jg)re 3 23.44 90.58 36.62 37.03 63.03 36.97
5 36.04 83.91 28.28 46.32 58.49 4151
1 8.38 98.43 48.39 1567 83.45 1655
LDA 3 14,58 95.29 31.71 38.41 62.18 37.82
5 32.49 86.78 26.44 46.83 57.95 42.05
1 14.14 95.82 59.70 1517 82.23 17.77
QDA 3 1875 94.93 28.00 37.32 63.68 36.32
2 5 24.37 91.38 23.81 48.38 55.80 44.20
_ 1 1361 95.82 60.61 1525 82.14 17.86
N{lngil)re 3 16.67 95.29 28.89 37.83 63.03 36.97
5 32.26 85.06 27.08 49.83 55.75 44.25
_ 1 2.62 99.27 58.33 16.37 83.19 16.81
N{g‘jg)re 3 20.31 94.20 29.09 37.05 63.89 36.11
5 35.03 83.91 28.87 46.72 57.95 42.05
1 7.85 98.64 46.43 1571 83.54 16.46
LDA 3 15.10 95.29 30.95 38.26 62.39 37.61
5 32.99 86.78 26.14 46.64 58.22 4178
1 14.14 9551 61.43 1521 81.97 18.03
QDA 3 17.19 94.20 32.65 37.95 62.61 37.39
3 5 25.38 90.23 25.37 48.36 55.80 44.20
_ 1 3.66 99.27 50.00 16.23 83.36 16.64
N{lng‘f)re 3 15.63 94.93 31.82 38.21 62.39 37.61
5 32.72 84.48 2755 49.83 55.75 44.25
_ 1 1.05 99.37 75.00 1658 83.01 16.99
N{g‘jg)re 3 21.83 93.48 30.00 36.76 64.10 35.90
5 36.04 81.03 31.73 47.19 57.14 42.86
1 7.85 98.43 50.00 1574 83.36 16.64
LDA 3 17.71 93.48 34.62 37.98 62.39 37.61
5 34.01 86.21 26.37 46.43 58.49 4151
1 1518 95.72 58.57 15.03 82.32 1768
QDA 3 17.71 93.48 34.62 37.98 62.39 37.61
A 5 2741 90.80 22.86 4751 57.14 42.86
_ 1 3.66 99.48 41.67 16.20 83.54 16.46
N{lng‘f)re 3 16.15 95.29 29.55 37.97 62.82 37.18
5 36.04 84.48 2755 46.15 58.76 41.24
_ 1 1.05 99.48 71.43 16.56 83.10 16.90
N{g‘jg)re 3 21.83 92.03 34.38 37.13 63.25 36.75
5 39.09 81.03 30.00 45.98 58.76 41.24
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Set Method  sensitivity  specificity p(fzsiil:iie nef;listieve Accuracy classlz/f[ii:ation
LDA 19.22 93.93 35.29 33.25 66.52 33.48
Trainin QDA 23.69 91.11 39.30 32.67 66.38 33.62
g Logistic 19.61 93.25 37.27 33.31 66.24 33.76
Mixture 24.66 90.10 40.93 32.63 66.10 33.90
LDA 15.10 95.29 30.95 38.26 62.39 37.61
QDA 17.19 94.20 32.65 37.95 62.61 37.39
fest Logistic 15.63 94.93 31.82 38.21 62.39 37.61
Mixture 21.88 93.48 30.00 36.76 64.10 35.90
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ABSTRACT

A Study of Prediction model for the Development

of Cataract Using Logistic Mixtures

Kim, So Yeon
Dept. of Biostatistics and Computing
The Graduate School

Yonsei University

Cataracts are layers over a person’s eyes that prevent them from seeing
properly. However, development of cataracts can be reduced through early
diagnosis from screening test. In this study, we predict the development of
cataract based on screening data accumulated from 1994 to 2005, and identify
risk factor related with cataract. We used logistic mixtures as prediction model
and compared the performance of any other methods with ours. AIC was used
as the selection criteria of component g and deviance as a measure of the
fittability

When fitting mixture models of data, model with two-components had
better performance than model with one, that is, the estimated coefficient
vectors in two-components model explained the effect of complex risk factors
well. The accuracy and sensitivity using logistic mixture were 64.10% and

21.88% and these were higher them those of any other methods. In these
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results, we found that the Ilogistic mixture model could improve the

predictability of the development of cataract.

Key words @ Screening test, cataract, Risk factor, Mixture logistics, EM

algorithm, prediction model
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