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1.1 T (Diabetes mellitus)

e e A stuzA dadd 2H Aoy
Agdor A3 ndg AelE D3tH(American Diabetes, 2013).
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Arg o P e Wy e ueh BEstn 9o 1 BRE
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S|
13 T H(TIDM: Type | diabetes mellitus), 23 &3 (T2DM: Type 2
diabetes mellitus) “L2]3L  7]E} W (Other specific type) o=
T-i-%¥ Th(American Diabetes, 2013). TIDM2 #72] W ERAM 3 I3 o
ok dudl Afew AASH, W wyfdy SR T
vk T2DMS Qledl Eu] 2HE Al o8| ATk 7E
Frurols HWEARE 7lso w4 A, ded A& Fd4

A
2, Aol TF 2 HE «ARv TIwe Ao, 4
==

FHE o Q= Ao 2 AZFHETH(Janzon et al.,, 1983; American Diabetes,
2013). Hgh G 7HEE ) WS #-Ee] e o=
adHA 9dom, o= oln] HHEX, CDKN2A/B, CDKALI,
KCNQI, SLC30A8%} #2 thfst fdxtEo] T2DM# o] o
U= Aoz YWE A TH(Lee et al., 2008).
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5 d S (plasma fasting glucose), 7473 5-5F71 Ak(oral glucose tolerance
test)2} 3} A A (hemoglobin Alc)E A|eFslal (st g3,
2011; American Diabetes, 2013). 7453+
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Aske], el AEPAALR o] &EHol gkony, AdAde] FA
Fi WEsdlE FH o Avs ARl UAn WA
Gt A HAbE A" A= o, AAPE st Ad
wol FH e g 7|5 xEgho] E S th(Bonora & Tuomilehto,
2011). AR DG (53] T2DM)S Z7]0E S4bo] 2 YA
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AHEAAE Al AS AF3Fa A TH(American Diabetes, 2013).
T NEAHS 7|24 ow v dud 3o AHg vtgo=
shal lot, 404 o] e Alelut -FIAE A= 304 o]
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Aokt =¥ g3, 2011). 2o WHSFO], US preventive services task
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Figure 1.1 Prevalence of diabetes mellitus by gender and age groups in
Korea, 2011 (Korean Ministry of Health and Welfare, 2012)



Table 1.1 Major cause and mortality in Korea, 2001-2011 (Statistics Korea,
2012)

2001 2010 2011

Rank

Mortal- Mortal- Mortal-

Cause ity" Cause ity" Cause

1 Malignancy  122.9  Malignancy = 144.4  Malignancy  142.8

2 Stroke 73.7 Stroke 53.2 Stroke 50.7

3 Heart disecase  33.9  Heart disease  46.9  Heart disease  49.8

4 Diabetes 3¢ glicide 312 Suicide 317
mellitus
5 Liverdisease 222  Diabetes ;. Diabetes )
mellitus mellitus
6 Tra}fﬁc 20.9 Pneumonia 14.9 Pneumonia 17.2
accident
Chronic lower Chronic lower Chronic lower
7 respiratory 19.0 respiratory 14.2 respiratory 13.9
disease disease disease
8 Suicide 14.4  Liver disease 13.8  Liver disease 13.5
. Traffic Traffic
9 Hypertension  10.2 accident 13.7 accident 12.6

10 Respiratory

tuberculosis 6.3 Hypertension 9.6 Hypertension ~ 10.1

1) Per 100,000 persons

S— |



1.2 2HHH 7} (Health Risk Appraisal)
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13 nfEZ Ry} 2yntgZrd

v} 53 2 dl(Markov model)<> 19063 Andrey MarkovZ} *]& A|QFst
9, vholoqlEE s Hopl A oo ARE AWHe AbgsE
& (stochastic model) .=, o] A3} A AHz7ke] A

)
dols FEHoR 7Hgsta, 54 AlHCAM ofd AEd s
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Lo
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St E¥ o] th(Wikipedia, 2013). nx} Markov 7} nAl %
Aol gtol slEstel e Agel gol AARE dejolrh 7Y
Yol AMHE 1R slmsmnde  oes e sbgol

]'%_
2 Q s}f(shEE- 2009).

AIRE toll A o BEE = g,

P(qulqn1, Gna - s )= P(qulqn1)

d

FZ > A (Markov  chain)= ©]2]3t 7}Ao] A Hst= Al ~EQ
=3 < (output sequence)Z A2 ¥ ™, vl 3} (Markov process)©] TF
ALARJA AIZEA A o] FEo os) o]FojA= HAHL 9wt}

A2 7k AHE: S, S, Ss .., Sy
Z7] e B WH: n=(m), m;; =P(q;=S,),1<i<N
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AL Bl & (status sequence): Sy, S5, S, ..., Sy
=
-1 =

(observation sequence): 0;, 03, 03, ..., Oy
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Figure 1.2 Markov model (left) and Hidden Markov model (right). (0, 1:
Each status; A, B: observation or output; p, q, 1-p, 1-q: transitional probability;
1, s, 1-1, 1-s: observational probability of each status)

Figure 1.3 Local maxima(A) and global maxima(B).
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Aow delA o, HluE &3k A2 oy gdlo] R ow
s o] BT Aow AT I o ale] Al =
A2 Aol ZIk(natural course) EF ThYFI FHE yeEbd

gor, Aye g, Am, w, AF SAE oy 25|
S| H}j

ol fFA] &t} uehA, wlo] Q<1 X vl ¥l < (Bioinformatics)©= ©] 2] g
3% Ag5S oldletar A sk Holl vdetA 282 & th
FA drE niE Frudeltyh Fuye oy fdAL
o] 91| ¥ra] % A (Grant et al., 2006; Todd et al., 2007; Wellcome
Trust Case Control, 2007; Concannon et al., 2009), &% A F3 Iy
NEAGANAZ 837 % 819 2 H(Kore, 2003), A2 21 37 of A

1

1=

xaHo=z BAS7] A= “tree algorithm”©]L} “gene network”
S ALH B Egol # 4 Ay 53], old AgtelA

ol x7] e QojA] “computational intelligence””} &3}

2010), “network analysis”= STHSTE Alo]o] H3H3 AAE olsfsl=
g =55 & F ATH(Liu et al, 2012). ©] A9 gH=vs &3 2

=
MRl TheRg Gl A mol oQlE e sst HEHT Yt ANES

il o U s =
2SS4 Qo m(Table 1.2) (A & £=d4, 2012), ©] 9o FE-2
HH A5l JPHa S Aot
Hio] @ QIZmjel 2~  7|HS o]&g IREFTELS 7|EY
A

BAETE WA Adgdel Bstn, Be go] Aus
oz @k HelA Ad A=A Bl gl 7
ofelfith. AR, H2ele ARAAN AFE olgo] Hitgo

e, v ARE ds &4 Ao 5+ A Hg8len,

| .
Al
L= ¢ Qs HLe oln] AEH w7t 9.2 (Shankaracharya et al.,
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Table 1.2 Computational methods for understanding diabetes mellitus in
previous studies (Yoon & Son, 2012)

Category Computational method

Pathology Ingenuity pathway analysis
Yet another biological networks analyzer
Electrostatic distribution
Distance method and maximum parsimony method

Maximum parsimony and neighbor joining analyses

Diagnosis Tree-structured model
Support vector machine
Linear discriminant analysis
Classification and regression tree
Neural network mixture of experts model

Graphic user interface

Treatments Fuzzy inference system
Artificial neural network
Core diabetes model

Lamarckian genetic algorithm

Complications Hybrid decision support system
Artificial neural network
Decision trees
Multilayer perceptron
Network topology

Clustering and artificial neural network

Cost-effectiveness  Markov model
Markov and Monte Carlo model

Core diabetes model
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A3 AT 2

3.1 249 34 (Estimation of parameters)
3.1.1 AA AMLE

e A APEES 204014 HAg (0 T 367), 1EaL
g4l A Hojgk(10%HE & 8,787%)= YEFU SATH(Table 3.1). 18] i1
AAAQ Fe AFdrHoz Frlste Aol I th(Figure 3.1).
Aol A el vledk ol o, Zk Aol sdet=

./_":

0] TH(Table 3.2).

=
“restricted cubic spline curve”®ll ]3] HU EFoA A F7k] A A
Z7tete dul2 283 H A tHFigure 3.2). BA1 2l A $-olE 2049
109 3 55770l A Al Eksko], 84A1] 29,0918 744 sAF A B €]
S5 BoFAoH, oo Afdde AAFoR dAAEY we

YRS ROIFAA(Table 3.1, 32), 1T FFe HRT sA
Fele ettt A WAL 404004 eodlel A fEe
o

ol 7k&shel wbHol, o2 504 o] FHE ThuEA fHE0

dsste FHE UEETh oo wEt Uzt I 1

AFol = 50thel wol HoyX| ARk 6540 o= M= Tl Aol
]
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Table 3.1 Data for parameter estimation in men.

Age Death Prevalence Recizgl;l:tion Age Death Prevalence Recizgl;l:tion
20 36.46 556.66 4.78 53  616.66 16786.70 65.12
21 39.72 628.68 5.11 54 671.84 17593.82 67.84
22 43.28 709.95 5.46 55 731.96 18360.53 70.27
23 47.15 801.64 5.83 56 797.45 19085.45 72.41
24 51.37 905.07 6.22 57 868.81 19768.31 74.25
25 5597 1021.70 6.64 58 946.54 20409.74 75.82
26  60.97 1153.18 7.09 59 1031.24  21011.31 77.11
27 6643 1301.23 7.57 60 1123.51  21575.35 78.15
28  72.37 1467.77 8.08 61 1224.04 22104.44 78.94
29  78.85 1654.85 8.64 62 1333.57  22599.73 79.5
30 8591 1864.69 9.26 63 1452.89  23062.32 79.88
31 93.59 2099.69 9.94 64 1582.89  23493.62 80.08
32 101.97 2362.40 10.69 65 1724.53  23895.35 80.13
33 111.09 2655.54 11.53 66 1878.83  24269.49 80.03
34 121.03 2981.96 12.48 67 2046.95 24618.25 79.81
35 131.86 3344.63 13.55 68 2230.11  24944.08 79.48
36 143.66 3746.61 14.76 69 2429.65  25249.58 79.04
37 15651 4191.02 16.15 70 2647.05  25537.52 78.50
38 170.52 4680.98 17.74 71 2883.9 25810.79 77.88
39 185.78 5219.57 19.56 72 314195  26072.43 77.18
40 2024 5809.79 21.64 73 3423.09  26325.56 76.42
41  220.51 6454.02 24.03 74 3729.38  26573.42 75.61
42 240.24 7152.53 26.72 75 4063.07  26819.32 74.77
43 261.74 7903.86 29.72 76 4426.63  27066.07 73.90
44  285.16 8705.01 32.99 77 482272 27314.25 73.02
45  310.67 9551.18 36.50 78 5254.24  27563.84 72.11
46 33847 10435.66 40.19 79 5724.38  27814.84 71.19
47 368.75 11349.74 44.00 80 6236.59 28067.24 70.25
48  401.75 12282.72 47.85 81 6794.63  28321.04 69.29
49 4377 13221.97 51.65 82 7402.59  28576.22 68.32
50 476.86 14153.13 55.34 83 8064.96  28832.77 67.33
51 519.53 15062.17 58.84 84 8786.6 29090.68 66.32
52 566.02 15941.61 62.11

1) All cause death per 100,000 persons
2) Prevalence of diabetes mellitus per 100,000 persons
3) Proportion of recognition per 100 persons with diabetes mellitus
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Table 3.2 Data for parameter estimation in women.

Age Death Prevalence Recizgl;l:tion Age Death Prevalence Recizgl;l:tion
20  18.08 226.85 47.95 53 293.66 7375.94 54.75
21 19.67 263.41 48.21 54  319.55 8242.04 58.14
22 2141 305.84 48.47 55  347.71 9227.90 61.63
23 23.29 355.09 48.73 56 378.36 10326.85 65.07
24 2535 412.23 48.99 57 411.71 11524.25 68.31
25  27.58 478.52 49.25 58 448 12795.91 71.25
26 30.01 555.34 49.50 59  487.49 14106.97 73.81
27 32.66 644.00 49.75 60 530.46 15411.88 75.92
28 3554 745.70 49.98 61 57722 16662.90 77.56
29  38.67 861.59 50.18 62  628.1 17837.82 78.80
30 42.08 992.66 50.35 63  683.47 18925.00 79.70
31 45.79 1139.64 50.47 64 743.71 19916.79 80.31
32 49.82 1302.89 50.54 65 809.27 20809.42 80.67
33 5421 1482.26 50.54 66  880.6 21602.56 80.81
34 58.99 1677.00 50.47 67 95822 22298.96 80.75
35  64.19 1885.58 50.31 68 1042.68  22904.00 80.52
36 69.85 2105.62 50.07 69 1134.59  23425.15 80.13
37  76.01 2333.76 49.72 70  1234.6 23871.77 79.60
38 8271 2565.68 49.26 71 1343.43  24254.49 78.95
39 90 2796.07 48.69 72 1461.84  24585.12 78.18
40 9793 3018.78 47.99 73 1590.7 24876.24 77.33
41 106.56 3228.48 47.16 74 173091 25141.14 76.40
42 11595 3426.4 46.28 75 1883.49  25393.55 75.41
43 126.18 3616.97 45.43 76 2049.51  25645.21 74.40
44 1373 3806.28 44.68 77 2230.16  25898.50 73.36
45 1494 4002.06 44.11 78 2426.74  26153.41 72.29
46  162.57 4213.69 43.81 79 2640.65  26409.93 71.20
47 1769 4452.43 43.84 80 2873.41  26668.07 70.08
48  192.49 4731.91 44.28 81 3126.69  26927.80 68.94
49  209.46 5068.90 45.23 82 3402.3 27189.08 67.77
50 227.92 5484.53 46.76 83 3702.19  27451.99 66.58
51 248.01 6001.64 48.92 84 4028.53  27716.47 65.37
52 269.87 6630.26 51.63

1) All cause death per 100,000 persons
2) Prevalence of diabetes mellitus per 100,000 persons
3) Proportion of recognition per 100 persons with diabetes mellitus
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Table 3.3 Parameters of transitional matrix in men with standard risk (trivial
parameters are omitted).

Time (age) AtV Bt" ctV Dt" Et"

20 0.998911  0.000725  0.999411  0.000363  0.000589
21 0.998785  0.000819  0.999359  0.000396  0.000641
22 0.998644  0.000925  0.999302  0.000431  0.000698
23 0.998486  0.001044  0.99924 0.000469  0.00076
24 0.99831 0.001179  0.999172  0.000511  0.000828
25 0.998113  0.001331  0.999099  0.000556  0.000901
26 0.997893  0.001501  0.999019  0.000605  0.000981
27 0.99765 0.001692  0.998932  0.000659  0.001068
28 0.997379  0.001904  0.998838  0.000717  0.001162
29 0.99708 0.00214 0.998736  0.00078 0.001264
30 0.996748  0.002402  0.998624  0.000849  0.001376
31 0.996383  0.002693  0.998503  0.000924  0.001497
32 0.995981  0.003014  0.998372  0.001005  0.001628
33 0.99554 0.003368  0.99823 0.001093  0.001771
34 0.995056  0.003756  0.998075  0.001188  0.001925
35 0.994528  0.00418 0.997907  0.001292  0.002093
36 0.993953  0.004643  0.997726  0.001404  0.002274
37 0.993329  0.005146  0.997529  0.001525  0.002471
38 0.992654  0.005689  0.997316  0.001657  0.002685
39 0.991927  0.006274  0.997085  0.0018 0.002915
40 0.99115 0.006896  0.996835  0.001954  0.003165
41 0.990344  0.007535  0.996565  0.00212 0.003435
42 0.989525  0.008175  0.996273  0.0023 0.003727
43 0.988706  0.008799  0.995958  0.002495  0.004042
44 0.987906  0.009388  0.995617  0.002706  0.004383
45 0.987145  0.009922  0.995249  0.002933  0.004751
46 0.986444  0.010377  0.99485 0.003179  0.00515
47 0.985827  0.010728  0.994419  0.003445  0.005581
48 0.985318  0.010949  0.993952  0.003733  0.006048
49 0.98494 0.011015  0.993447  0.004045  0.006554
50 0.984693  0.010923  0.992898  0.004384  0.007102
51 0.984505  0.010744  0.992303  0.004752  0.007698
52 0.984343  0.010506  0.991655  0.005151  0.008345
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Time (age) AtV Bt" ct" DtV Et"

53 0.984194 0.010221 0.990952 0.005585 0.009048
54 0.98404 0.009902 0.990187 0.006058 0.009813
55 0.983866 0.009563 0.989354 0.006572 0.010646
56 0.983654 0.009216 0.988448 0.007131 0.011552
57 0.983387 0.008874 0.987462 0.00774 0.012538
58 0.983048 0.00855 0.986389 0.008402 0.013612
59 0.982621 0.008256 0.985219 0.009124 0.014781
60 0.982094 0.007996 0.983947 0.00991 0.016053
61 0.981479 0.007756 0.982561 0.010765 0.017439
62 0.980767 0.007536 0.981051 0.011697 0.018949
63 0.979947 0.007342 0.979408 0.012711 0.020592
64 0.979003 0.00718 0.977617 0.013816 0.022383
65 0.977923 0.007057 0.975668 0.01502 0.024332
66 0.976693 0.006976 0.973544 0.016331 0.026456
67 0.975297 0.006945 0.971231 0.017759 0.028769
68 0.973719 0.006967 0.968711 0.019314 0.031289
69 0.971945 0.007047 0.965967 0.021008 0.034033
70 0.969957 0.007191 0.962979 0.022852 0.037021
71 0.967736 0.007403 0.959726 0.024861 0.040274
72 0.965264 0.007689 0.956183 0.027047 0.043817
73 0.96252 0.008052 0.952327 0.029428 0.047673
74 0.959482 0.008499 0.94813 0.032019 0.05187
75 0.956135 0.009028 0.943563 0.034838 0.056437
76 0.952482 0.009613 0.938593 0.037905 0.061407
77 0.948505 0.010253 0.933187 0.041243 0.066813
78 0.944175 0.010952 0.927305 0.044874 0.072695
79 0.93946 0.011716 0.920905 0.048824 0.079095
80 0.934326 0.012552 0.913943 0.053122 0.086057
81 0.928736 0.013467 0.906368 0.057798 0.093632
82 0.922648 0.014467 0.898127 0.062884 0.101873
83 0.916019 0.015562 0.889162 0.068419 0.110839
84 0 0 0 1 1

1) At, Bt, Ct, Dt and Et are parameters of transitional matrix at time t. Formula (5)~(9)
in Chapter 2.2.
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Table 3.4 Parameters of transitional matrix in women with standard risk (trivial
parameters omitted)

Time (age) AtV Bt" ctV Dt" Et"

20 0.999453  0.000367  0.999708  0.000181  0.000292
21 0.999378  0.000426  0.999682  0.000196  0.000318
22 0.999292  0.000494  0.999654  0.000214  0.000346
23 0.999194  0.000574  0.999624  0.000232  0.000376
24 0.999081  0.000666 0.99959  0.000253 0.00041
25 0.998953  0.000772  0.999555  0.000275  0.000445
26 0.998809  0.000892  0.999516  0.000299  0.000484
27 0.99865  0.001025  0.999473  0.000325  0.000527
28 0.998477  0.001169  0.999427  0.000354  0.000573
29 0.998292  0.001324  0.999377  0.000385  0.000623
30 0.998095  0.001486  0.999323  0.000418  0.000678
31 0.997892  0.001654  0.999263  0.000455  0.000737
32 0.997685 0.00182  0.999199  0.000494  0.000801
33 0.997482  0.001981 0.99913  0.000537 0.00087
34 0.99729  0.002126  0.999054  0.000584  0.000946
35 0.997117  0.002249  0.998972  0.000634  0.001028
36 0.996973  0.002338  0.998883  0.000689  0.001117
37 0.996867  0.002384  0.998786  0.000749  0.001214
38 0.99681  0.002376  0.998681  0.000814  0.001319
39 0.996811  0.002304  0.998567  0.000885  0.001433
40 0.996861  0.002178  0.998443  0.000961  0.001557
41 0.996891  0.002064  0.998308  0.001045  0.001692
42 0.99687  0.001995  0.998161  0.001135  0.001839
43 0.996777  0.001989  0.998001  0.001234  0.001999
44 0.996595  0.002064  0.997827  0.001341  0.002173
45 0.996305  0.002237  0.997638  0.001458  0.002362
46 0.995886 0.00253  0.997433  0.001584  0.002567
47 0.995311  0.002967  0.997211  0.001721  0.002789
48 0.994545  0.003585  0.996971 0.00187  0.003029
49 0.993536  0.004433 0.99671  0.002031 0.00329
50 0.992262  0.005534  0.996429  0.002204  0.003571
51 0.990849 0.00676  0.996126  0.002391  0.003874
52 0.989337  0.008071  0.995801  0.002592  0.004199
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Time (age) At" Bt" ct" DtV Et"

53 0.98774 0.009452 0.995451 0.002808 0.004549
54 0.986095 0.010865 0.995075 0.00304 0.004925
55 0.984458 0.012253 0.994672 0.003289 0.005328
56 0.982914 0.01353 0.994239 0.003556 0.005761
57 0.981569 0.014588 0.993775 0.003843 0.006225
58 0.980553 0.015296 0.993276 0.004151 0.006724
59 0.980007 0.01551 0.992738 0.004483 0.007262
60 0.979984 0.015174 0.992156 0.004842 0.007844
61 0.980211 0.014558 0.991525 0.005232 0.008475
62 0.98057 0.013774 0.990838 0.005656 0.009162
63 0.981016 0.012867 0.990091 0.006117 0.009909
64 0.9815 0.011881 0.989276 0.00662 0.010724
65 0.981973 0.010859 0.988388 0.007168 0.011612
66 0.982389 0.009845 0.987419 0.007766 0.012581
67 0.982706 0.008876 0.986362 0.008418 0.013638
68 0.982884 0.007986 0.985209 0.00913 0.014791
69 0.982888 0.007205 0.983951 0.009907 0.016049
70 0.982689 0.006557 0.982578 0.010754 0.017422
71 0.982259 0.006063 0.981081 0.011678 0.018919
72 0.981578 0.005737 0.979451 0.012685 0.020549
73 0.980623 0.005596 0.977674 0.013781 0.022326
74 0.979378 0.005648 0.975741 0.014975 0.024259
75 0.977856 0.005872 0.973638 0.016273 0.026362
76 0.976168 0.006148 0.971353 0.017683 0.028647
77 0.974335 0.006449 0.96887 0.019216 0.03113
78 0.972343 0.006775 0.966172 0.020881 0.033828
79 0.970178 0.007131 0.963241 0.022691 0.036759
80 0.967826 0.007517 0.960055 0.024657 0.039945
81 0.965269 0.007937 0.956594 0.026794 0.043406
82 0.962489 0.008396 0.952834 0.029115 0.047166
83 0.959468 0.008895 0.948748 0.031637 0.051252
84 0 0 0 1 1

1) At, Bt, Ct, Dt and Et are parameters of transitional matrix at time t. Formula (5)~(9)
in Chapter 2.2.
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Table 3.5 Association between diabetes mellitus and risk factors.

Odds ratio ( 95% confidential interval)

Men

Women

Hypertension
No
Yes

Waist
circumference
Normal

Abnormal
Current smoking

No

Yes

Family history of
diabetes mellitus
No

Yes

Body mass index
(kg/m?’)
~24.9

25.0~29.9

30.0~
Age

per 1 year

1.00 ( Reference)
1.82(1.38-2.41)

1.00 ( Reference)
1.41(0.99-2.01)

1.00 ( Reference)
1.34 (1.01-1.77)

1.00 ( Reference)
3.99(2.92-5.45)

1.00 ( Reference)
1.28 (0.90-1.83)
3.04(1.42-6.53)

1.06 (1.05-1.08)

1.00 ( Reference)
1.82(1.33-2.51)

1.00 ( Reference)
2.24(1.54-324)

1.00 ( Reference)
1.20(0.63-2.29)

1.00 ( Reference)
3.24(2.35-4.45)

1.00 ( Reference)
1.52(1.05-2.19)
2.41(1.35-4.28)

1.06 (1.05-1.07)
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Table 3.6 Proportions of risk factors by age group in men.

Age group (year old)
20-29 30-39 40-49 50-59 60-69 70-84
Hypertension
No 92.94 87.84 75.33 66.24 56.01 48.28
Yes 7.06 12.16 24.67 33.76 43.99 51.72
Waist
circumference
Normal 86.56 75.31 74.50 78.77 70.71 72.69
Abnormal 13.44 24.69 25.50 21.23 29.29 27.31
Current smoking
No 51.97 42.27 51.00 54.73 71.47 77.39
Yes 48.03 57.73 49.00 45.27 28.53 22.61
Family history
of diabetes
mellitus
No 84.00 79.45 78.77 85.51 91.39 94.81
Yes 16.00 20.55 21.23 14.49 8.61 5.19
Body mass
index (kg/m?)
~24.9 71.65 58.87 59.47 73.66 62.94 78.16
25.0~29.9 23.62 3695  36.08 2583 3647  21.07
30.0~ 4.72 4.18 4.45 0.51 0.59 0.77
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Table 3.7 Proportions of risk factors by age group in women.

Age group (year old)
20-29 30-39 40-49 50-59 60-69 70-84
Hypertension
No 99.47 98.59 89.05 70.1 47.45 35.48
Yes 0.53 1.41 10.95 29.9 52.55 64.52
Waist
circumference
Normal 88.03 88.5 85.82 70.82 58.98 62.54
Abnormal 11.97 11.5 14.18 29.18 41.02 37.46
Current smoking
No 88.86 93.57 94.68 95.89 97.1 95
Yes 11.14 6.43 5.32 4.11 2.9 5
Family history
of diabetes
mellitus
No 83.74 76.01 72.6 81.47 88.69 92.2
Yes 16.26 23.99 27.4 18.53 11.31 7.8
Body mass
index (kg/m?)
~24.9 82.75 83.18 75.82 66.12 62.53 67.74
25.0~29.9 13.48 13.52 19.96 28.97 34.37 28.45
30.0~ 3.77 3.30 421 491 3.10 3.81
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Table 3.8 Standardized odds ratios of risk factors by age group in men.

Age group (year old)
2029  30-39  40-49  50-59  60-69  70-84
Hypertension
No 0.96 0.93 0.86 0.82 0.77 0.73
Yes 1.75 1.70 1.57 1.49 1.40 1.34
Waist
circumference
Normal 0.95 0.92 0.92 0.93 0.90 0.91
Abnormal 1.35 1.30 1.29 1.31 1.27 1.28
Current smoking
No 0.87 0.84 0.87 0.88 0.92 0.94
Yes 1.16 1.13 1.16 1.17 1.23 1.25
Family history
of diabetes
mellitus
No 0.80 0.75 0.75 0.82 0.89 0.93
Yes 3.20 3.00 2.97 3.26 3.54 3.71
Body mass
index (kg/m?)
~24.9 0.89 0.87 0.87 0.93 0.91 0.94
25.0~29.9 1.15 1.12 1.12 1.20 1.16 1.21
30.0~ 2.72 2.65 2.65 2.84 2.76 2.86
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Table 3.9 Standardized odds ratios of risk factors by age group in women.

Age group (year old)
2029  30-39  40-49  50-59  60-69  70-84
Hypertension
No 1.00 0.99 0.94 0.84 0.73 0.68
Yes 1.82 1.81 1.71 1.52 1.33 1.24
Waist
circumference
Normal 0.91 0.91 0.89 0.79 0.72 0.74
Abnormal 2.03 2.04 2.00 1.77 1.61 1.65
Current smoking
No 0.98 0.99 0.99 0.99 0.99 0.99
Yes 1.17 1.18 1.19 1.19 1.19 1.19
Family history
of diabetes
mellitus
No 0.83 0.75 0.72 0.80 0.88 0.91
Yes 2.67 2.44 2.35 2.60 2.83 2.95
Body mass
index (kg/m?)
~24.9 0.91 0.92 0.89 0.85 0.84 0.86
25.0~29.9 1.39 1.39 1.34 1.29 1.28 1.30
30.0~ 2.20 2.21 2.13 2.04 2.03 2.07
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Table 3.10 Expected durations of disease status and lifetime risk of
diabetes mellitus in men with standard risk.

Duration of status (years) Lifetime
Age Normal DM without insight DM with insight risk (%)
20 48.74 2.37 4.63 31.62
25 44.06 2.25 4.56 31.36
30 39.55 2.08 4.43 30.88
35 35.29 1.83 4.19 29.97
40 31.39 1.50 3.79 28.35
45 27.92 1.12 3.14 25.67
50 24.75 0.77 2.33 22.02
55 21.53 0.51 1.58 18.34
60 18.16 0.35 1.04 15.26
65 14.71 0.24 0.68 12.81
70 11.27 0.17 0.43 10.74
75 7.87 0.10 0.24 8.50
80 4.34 0.04 0.08 5.01

Table 3.11 Expected durations of disease status and lifetime risk of
diabetes mellitus in women with standard risk.

Duration of status (years) Lifetime

Age Normal DM without insight DM with insight risk (%)
20 53.92 1.78 4.40 28.77
25 49.11 1.73 4.33 28.62
30 44.42 1.64 4.20 28.30
35 39.90 1.50 3.99 27.71
40 35.47 1.34 3.75 26.97
45 31.00 1.24 3.57 26.37
50 26.68 1.11 3.32 25.42
55 22.98 0.87 2.69 22.63
60 19.89 0.55 1.67 17.27
65 16.63 0.29 0.82 11.79
70 12.89 0.15 0.38 8.14
75 8.86 0.08 0.18 5.80
80 4.66 0.02 0.05 3.10
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Figure 3.5 Expected duration of disease status by current age in men with
standard risk.
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Figure 3.6 Lifetime risk of diabetes mellitus by current age in men with
standard risk.
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Figure 3.7 Expected duration of disease status by current age in women
with standard risk.
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Figure 3.8 Lifetime risk of diabetes mellitus by current age in women
with standard risk.
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Table 3.12 Comparison of lifetime expectancy between Markov chain and
conventional model.

Men Women
Age A (years) B (years) (;:;1135) A (years) B (years) (;:;1135)
20 57.97 55.74 2.22 64.69 60.09 4.59
25 53.12 50.87 2.25 59.79 55.16 4.63
30 48.31 46.05 2.26 54.92 50.26 4.66
35 43.51 41.32 2.19 50.06 45.39 4.67
40 38.78 36.68 2.09 45.23 40.57 4.65
45 34.15 32.19 1.96 40.42 35.81 4.62
50 29.68 27.84 1.84 35.66 31.12 4.54
55 25.39 23.63 1.76 30.96 26.54 4.42
60 21.25 19.55 1.70 26.32 22.1 4.21
65 17.29 15.63 1.66 21.78 17.73 4.05
70 13.6 11.87 1.73 17.44 13.41 4.03
75 10.35 8.21 2.14 13.41 9.11 4.29
80 7.61 4.45 3.16 9.89 4.74 5.15

A; Conventional model as report of Statistics Korea
; Markov chain of this study
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3 4
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Figure 3.9 Difference of lifetime expectancy between Markov chain and
conventional model.
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Table 3.13 Sample data for individual risk estimation.

1D P1 P2 P3 P4 P5
Sex Female Female  Male Male  Female
Age 44 36 46 82 35
Waist circumference (cm) 78.3 69.7 84.3 90 96
Body mass index (kg/m?) 24.6 21.9 25.2 23.6 26.4
ia;ﬁig:listory of diabetes Yes No Yes No Yes
Hypertension No No No Yes No
Current smoking No No Yes No No
ID P6 P7 P8 P9 P10
Sex Female @ Male Female Male Male
Age 57 73 58 48 77
Waist circumference (cm) 82.6 91.2 84.5 93 69
Body mass index (kg/m?) 24.8 26.5 25.5 23.8 21.3
ia;ﬁig:listory of diabetes No No No No No
Hypertension No Yes No Yes Yes
Current smoking No No No No No

Table 3.14 Expected durations of disease status and lifetime risk of
diabetes mellitus according to risk factors assuming no current DM.

Duration of status (years)

D Age DM without o L.ifetif,n ;
Normal insight DM with insight ~ risk (%)
Pl 44 28.86 1.94 5.77 40.80
P2 36 41.04 0.93 2.58 18.19
P3 46 20.54 2.61 7.41 56.72
P4 82 2.75 0.02 0.04 4.01
P5 35 23.27 5.98 15.14 86.13
P6 57 23.42 0.35 1.09 9.95
P7 73 8.87 0.22 0.54 16.24
P8 58 21.98 0.48 1.46 13.85
P9 48 25.5 1.01 2.99 26.33
P10 77 6.49 0.07 0.17 7.310
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Figure 3.10 Expected duration of disease status according to individual
risk factors.
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Figure 3.11 Lifetime risk of diabetes mellitus according to individual risk
factors.
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Table 3.15 Correcting scenarios of risk factors in P5.

Base BMI WwC BMI and WC
(only) (only) (Both)
Sex Female Female Female Female
Age 35 35 35 35
WC (cm) 96 96 83 83
BMI (kg/m?) 26.4 23.0 26.4 23.0
ia;ﬁig:listory of diabetes Yes Yes Yes Yes
Hypertension No No No No
Current smoking No No No No

Abbreviation; WC, waist circumference; BMI, body mass index

Table 3.16 Expected durations of disease status and lifetime risk of
diabetes mellitus according to correcting scenarios.

Duration of status (years)

. Lifetime

Corrected risk factor(s) Normal D}:[nzlgtﬁfut Dllr\l/il:;ltth risk (%)
None (Base) 23.27 5.98 15.14 86%
BMI (only) 27.64 4.72 12.29 75%
WC (only) 31.59 3.64 9.65 61%
BMI and WC (Both) 35.31 2.66 7.14 47%

Abbreviation; WC, waist circumference; BMI, body mass index
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Figure 3.12 Expected duration of disease status according to correcting
scenarios.
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Figure 3.13 Lifetime risk of diabetes mellitus according to correcting
scenarios.
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Figure 3.14 ROC curve of expected prevalence comparing with Korean
diabetic prediction score (Estimation at current age from 20 years old).

Abbreviation; AUC: Area Under Curve
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Table 3.17 Determinant performance of predicted prevalence.

e G G Gm Gm seo sey o
5.00 541 2,464 30 2,049 94.75 45.40 18.00
6.00 531 2,289 40 2,224 92.99 49.28 18.83
7.00 522 2,145 49 2,368 91.42 52.47 19.57
8.00 514 1,988 57 2,525 90.02 55.95 20.54
9.00 506 1,891 65 2,622 88.62 58.10 21.11
10.00 499 1,771 72 2,742 87.39 60.76 21.98
11.00 480 1,627 91 2,886 84.06 63.95 22.78
12.00 471 1,545 100 2,968 82.49 65.77 23.36
13.00 456 1,440 115 3,073 79.86 68.09 24.05
14.00 446 1,345 125 3,168 78.11 70.20 24.90
15.00 438 1,259 133 3,254 76.71 72.10 25.81
16.00 422 1,173 149 3,340 73.91 74.01 26.46
17.00 410 1,100 161 3,413 71.80 75.63 27.15
18.00 399 1,045 172 3,468 69.88 76.84 27.63
19.00 383 971 188 3,542 67.08 78.48 28.29
20.00 369 904 202 3,609 64.62 79.97 28.99
21.00 358 849 213 3,664 62.70 81.19 29.66
22.00 349 805 222 3,708 61.12 82.16 30.24

Abbreviation; TP: true positive, FP: false positive, FN: false negative, TN: true
negative, SN: sensitivity, SP: specificity, PC: precision

Table 3.18 Predicted prevalence and actual prevalence of diabetes
mellitus.

Mean of

Categques of Mean of age predicted Actual
predicted Count (years) revalence prevalence
prevalence (%) 4 P 0 (%)
(%)
0.00~9.99 2,814 39.62 3.30 2.56
10.00~19.99 997 59.53 14.44 13.04
20.00~29.99 541 62.73 24.69 22.55
30.00~39.99 284 63.17 34.50 24.65
40.00~49.99 221 66.33 45.20 33.48
50.00~100.00 227 65.91 65.95 45.37
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Figure 3.15 Area under curve and 95% confidential intervals of ROC of
various models (Estimation at current age from 20 years old).
Abbreviation; B: Basal model (age, sex); F: Full model (age, sex,
hypertension, waist circumference, smoking, family history, body mass index);
KS: Korean diabetic prediction score (age, sex, hypertension, waist
circumference, smoking, family history, drinking); Smk: smoking; BMI: body
mass index; Ht: hypertension; WC: waist circumference; FHx: family history;
+: include a factor to basal model; -: exclude a factor from full model
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F 5 & 7 AHE 2=

# R code of functions for estimation

= =

# make tmat: transitional matrix& =i g

RS

# fp: dataframe, death(H A A EE), pr(F = FH &), sn(F R AA H)
#hr: F3rgol = Ak A 9]
make tmat <- function(fp, hr){
max=nrow(fp)
m_tmat<-array(data=c(1,0,0,0,1,0,0,0,1),dim=c(3,3,max))
for(i in 1:(max-1)){
m_tmat[1,1,i]<- 1-(fpSpr[i+1]-fpSpr[i]+fpSdeath[i]*
(hr*fpSpr[i]/(1-fpSpr[il+fpSpr(i]*hr)-fpSpr[i+11))/(1-
tp$pr[i])-
fp$death[i]/(1-fp$pr[i]+fp$pr[i]*hr)
m_tmat[2,1,i]<- (fp$pr[i+1]-fpSpr[i]+fp$death[i]*
(hr*fpSpr[i]/(1-fpSpr[i+fpSpr(i]*hr)-fpSpr[i+11))/(1-
tp$pr[i])
m_tmat[3,1,i]<- fpSdeath[i]/(1-fpSpr[i]+fpSpr[i]*hr)
m_tmat[2,2,i]<- 1-fp$death[i]*hr/(1-fpSpr[i]+{pSpr[i]*hr)
m_tmat[3,2,i]<- fp$death[i]*hr/(1-fpSpr[i]+fp$Spr[i]*hr)
H
m_tmat[1,1,max]<- 0
m_tmat[2,1,max]<- 0
m_tmat[3,1,max]<- 1
m_tmat[2,2, max]<- 0
m_tmat[3,2,max]<- 1

m_tmat

1

# make_smat: observational matrixE TF= &

%
&

# fp: dataframe, death(Z AAFLE), pr(d 3=
make smat <- function(fp){

max=nrow(fp)
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m_smat<-array(data=c(1,0,0,0,1,0,0,0,1),dim=c(3,3,max))
for(i in 1:max){

m_smat[1,2,i]<- 1-fp$sn[i]

m_smat[2,2,i]<- fp$sn[i]

m_smat

mat_cmult <- function(arr,start,end){
if (start>end) return(diag(3)) else

return(mat_cmult(arr, start+1, end)%*%arr[,,start])

#hmm_est: HMMell o]l T 9= FAg
# arr: trainsitional matrix= 2] 32} Wi g
# arr2: observational matrix 5 2] 32+ Hj <&
#age: A (FHAZH AH
hmm_est <- function(arr,arr2,age){
normal=1
diabetes=0
know DM=0
d cDM=0

for(i in (age-19):64){
temp<-mat_cmult(arr,(age-19),1)
normal=normal+temp[1,1]
diabetes=diabetes+temp[2,1]
know DM=know_ DM-+(arr2[,,i]%*%temp)[2,1]
d cDM=d_cDM-+temp[2,1]*arr[3,2,i+1] #death with DM
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return(c(normal, diabetes-know DM, know DM, d cDM, normal+diabetes,
diabetes))

}

#risk_tmat: 9|E %= WA T
#arr: 7]+ trainsitional matrix & 2] 3% W] <E
#or: < AT Bl SN S v T
risk_tmat <- function(arr, or){
for(i in 1:64){
temp<-arr][,,i]
temp[1,1]<-(arr[1,1,i]+arr[2,1,i])/(1+or*arr[2,1,i]/arr[1,1,i])
temp[2,1]<-(or*arr[2,1,i]/arr[1,1,i])*temp[1,1]

arr[,,i]<-temp

arr

#mix_or: HHFEE ALt &
#rf 70219 risk factorE A &3l = dataframe
# rft: risk factorol] W2 X3} log(OR)ES A F3slal 9l dataframe
mix_or <- function(rf, rft){
i <- if(rf$age<80) as.integer(rf$age/10)-1 else 6
sex <- if(rf$sex==1) "male" else "female"
ht <- if(is.null(rf$ht) || is.na(rf$ht)) O else rft[[sex]]$ht[i,rfSht+1]
we <- if(is.null(rf$wc) || is.na(rf$wc)) 0 else rft[[sex]]$we[i,rf$wect+1]
thx <- if(is.null(rf$thx) || is.na(rf$thx)) 0 else rft[[sex]]$thx[i,rf$thx+1]
smk <- if(is.null(rf$smk) || is.na(rf$smk)) 0 else rft[[sex]]$smk[i,rf$smk+1]
bmi <- if(is.null(rf$bmi) || is.na(rfSbmi)) 0 else rft[[sex]]$bmi[i,rf$bmi+1]
exp(ht+wc+thx+smk+bmi)

# load.rf.table: =3} log(OR)ES A 3dl dataframes A4+

#risk_coef.dta: 17, 4™ log(OR) JHE Zril )= STATA file
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# risk_prop.dta: risk factor2] <17, Ad'H distribution®] A STATA file
load.rf.table<-function(){
library(foreign)
r_coef<-data.frame(read.dta("risk coef.dta"))
r_prop<-data.frame(read.dta("risk prop.dta"))
tempvec<-r_coef$male[1:2]
temp pr<-r_prop[c("ht m0","ht m1")]

m_ht coef<-matrix(tempvec, byrow=T, nrow=6, ncol=2)-apply(temp pr,

—

function(x) crossprod(x, tempvec))
tempvec<-r_coef$female[1:2]
temp pr<-r_prop[c("ht f0","ht f1")]

f ht coef<-matrix(tempvec, byrow=T, nrow=6, ncol=2)-apply(temp pr,

—

function(x) crossprod(x, tempvec))
tempvec<-r_coef$male[3:4]
temp_pr<-r_prop[c("wc_m0","wc m1")]

m_wc_coef<-matrix(tempvec, byrow=T, nrow=6, ncol=2)-apply(temp pr,

—

function(x) crossprod(x, tempvec))
tempvec<-r_coef$female[3:4]
temp_pr<-r_prop[c("wec_f0","wc f1")]

f we_coef<-matrix(tempvec, byrow=T, nrow=6, ncol=2)-apply(temp_pr,

—_—

function(x) crossprod(x, tempvec))

tempvec<-r_coef$male[5:6]

temp pr<-r_prop[c("smk mO0","smk m1")]

m_smk coef<-matrix(tempvec, byrow=T, nrow=6, ncol=2)-apply(temp_pr,
1, function(x) crossprod(x, tempvec))

tempvec<-r_coef$female[5:6]

temp_pr<-r_prop[c("smk f0","smk f1")]

f smk coef<-matrix(tempvec, byrow=T, nrow=6, ncol=2)-apply(temp pr, I,
function(x) crossprod(x, tempvec))

tempvec<-r_coef$male[7:8]

temp_pr<-r_prop[c("thx_m0","thx m1")]

m_fhx coef<-matrix(tempvec, byrow=T, nrow=6, ncol=2)-apply(temp_ pr,
1, function(x) crossprod(x, tempvec))

tempvec<-r_coef$female[7:8]
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temp pr<-r_prop[c("thx f0","thx f1")]

f thx coef<-matrix(tempvec, byrow=T, nrow=6, ncol=2)-apply(temp pr, 1,
function(x) crossprod(x, tempvec))

tempvec<-r_coef$male[9:11]

temp pr<-r_prop[c("bmi_mO0","bmi_m1","bmi m?2")]

m_bmi_coef<-matrix(tempvec, byrow=T, nrow=6, ncol=3)-apply(temp_pr,
1, function(x) crossprod(x, tempvec))

tempvec<-r_coef$female[9:11]

temp_pr<-r_prop[c("bmi_f0","bmi_f1","bmi f2")]

f bmi_coef<-matrix(tempvec, byrow=T, nrow=6, ncol=3)-apply(temp pr, 1,
function(x) crossprod(x, tempvec))

list(male=list(bmi=m_bmi_coef, wce=m_wc_coef, ht=m_ht coef,
smk=m_smk coef, thx=m_thx coef),

female=list(bmi=f bmi_coef, we=f wc_coef, ht=f ht coef,
smk=f smk coef, tfhx=f fhx coef))
H
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# R code for test and validation step

# initialize step

hr<-1.62 # mortality ratio between non-DM and DM
fp<-read.table("male_data.txt",header=T, sep="\t", dec=".")

m_tmat<-make tmat(fp, hr) # transitional matrix of men with standard risk

m_smat<-make smat(fp) # observational matrix of men

fp<-read.table("female data.txt" header=T, sep="\t", dec=".")
f tmat<-make tmat(fp, hr) # transitional matrix of women with standard risk

f smat<-make smat(fp) # observational matrix of women

rft <-load.rf.table() # load OR table by risk factors

# test, standard-risk men without DM, by age

result<-matrix(0, nrow=0, ncol=7)

for(i in seq(20,80,by=5)){
result<-rbind(result,c(i,(hmm_est(noDMm _tmat, m smat, 1))))

H

colnames(result)<-c( "age","nl", "DM1", "DM2", "LR", "life", "DM")

write.table(result,file="result m sDM.txt",row.names=F,sep="\t")

# test, standard-risk women without DM, by age

result<-matrix(0, nrow=0, ncol=7)

for(i in seq(20,80,by=5)){
result<-rbind(result,c(i,(hmm_est(noDMf tmat, f smat, 1))))

H

colnames(result)<-c( "age","nl", "DM1", "DM2", "LR", "life", "DM")

write.table(result,file="result f sDM.txt",row.names=F,sep="\t")

# test, with individual risk

m_or <- mix_or(rf,rft) # calculate mixed OR according to individual
risk factors

mr_tmat <-risk tmat(m_tmat, m_or) # transitional matrix according to individual
risk factors

mr_tmat <-risk_tmat(m_tmat, 15)
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for(i in 20:60){

print(thmm_est(mr_tmat, m smat, 1))

# test with sample data

ind_inf <- read.dta("sampledata.dta")

result<-matrix(nrow=0, ncol=8)

for(i in 1:nrow(ind_inf)){
temp_inf<-ind infi,]
temp_or<-mix_or(temp _inf, rft)
if(temp_inf$sex==1){

temp_tmat<-risk tmat(m_tmat, temp_or)

result<-rbind(result, c(temp_inf$id, temp_infSage,

hmm_est(temp tmat, m smat, temp_inf$age)))
} else {

temp_tmat<-risk tmat(f tmat, temp or)

result<-rbind(result, c(temp_inf$id, temp_infSage,

hmm_est(temp tmat, m smat, temp_inf$age)))
H
H
colnames(result)<-c( "id","age","nl", "DM1", "DM2", "LR", "life", "DM")

write.table(result,file="result_ind.txt",row.names=F,sep="\t")

# correction of risk factors in P5
temp p5<-ind_inf[5,]
temp pS5<-rbind(temp_p5, temp_p5, temp_pS, temp_p5)
temp_p5[2,]$bmi<-0
temp_p5[3,]$wc<-0
temp_p5[4,]$wc<-0
temp_p5[4,]$bmi<-0
result<-matrix(nrow=0, ncol==8)
for(i in 1:nrow(temp_p5)){
temp_inf<-temp_ p5[i,]
temp_or<-mix_or(temp_inf, rft)
if(temp_inf$sex==1){
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temp_tmat<-risk tmat(m_tmat, temp_or)

result<-rbind(result, c(temp_inf$id, temp_infSage,

hmm_est(temp_tmat, m_smat, temp_infSage)))
} else {

temp_tmat<-risk tmat(f tmat, temp or)

result<-rbind(result, c(temp_inf$id, temp_infSage,

hmm_est(temp tmat, m smat, temp_inf$age)))
H
H
colnames(result)<-c( "id","age","nl", "DM1", "DM2", "LR", "life", "DM")

write.table(result,file="result P5.txt",row.names=F,sep="\t")

# validation with validation set
val_set<-read.dta("val set.dta")
val set$nl p<-NA
val_set$dm_p<-NA
for(i in 1:nrow(val set)){

temp_inf<-val_set[i,]

temp_or<-mix_or(temp_inf, rft)

if(temp_inf$sex==1){

temp_tmat<-risk tmat(m_tmat, temp_or)
} else {
temp_tmat<-risk tmat(f tmat, temp or)

H

temp_cmat<-mat_cmult(temp tmat, 1, temp infSage-20)

val set[i,]$nl p<-temp cmat[1,1]

val set[i,]$dm p<-temp_ cmat[2,1]
H
val set$pr<- val set$dm p/(val_set$nl p+val setSdm p)
library(pROC)
rocl<-roc(val_set$dm~val_set$pr)
roc2<-roc(val_set$dm~val set$k score)
plot.roc(rocl,lty="solid", print.auc=T, print.auc.x=0.9, print.auc.y=1.0)
plot.roc(roc2,lty="dashed", print.auc=T, print.auc.x=0.5, print.auc.y=0.8, add=T)

write.dta(val_set, file="est val set.dta")
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/712 A5 S $13 STATA do file

// AFA data cleaning & data step

use hn10_all.dta, clear

append using hnl1 all.dta

keep if inrange(age, 20, 84)

gen dm=.

replace dm=0 if del 31< & del 32< & linrange(he glu, 126, 1000)
& linrange(he hbalc, 6.5, 100)

replace dm=1 if (del 31==1) | (del 32==1) | inrange(he hbalc, 6.5, 100) |
inrange(he glu, 126, 1000)

replace dm=. ifhe glu==- & he hbalc==. & !(del 31==1|del 32==1)

drop if dm==.

gen recog=cond(del pr==1, 1, 0) if dm==

gen thx=.

replace thx=1 if (he dmfthl==1) | (he dmth2==1) | (he dmfth3==1)

replace thx=0 if (he dmfth1==0) & (he dmth2==0) & (he dmth3==0)

gen sbp=cond(year==2010, he sbp _tr, he sbp)

gen dbp=cond(year==2010, he _dbp _tr, he dbp)

gen ht= inrange(dil_2,1,4) | ((sbp>=140) & (sbp<.)) | ((dbp>=90)&(dbp<.))

replace ht=. if dil 2==. & sbp==. & dbp=—.

gen we=1

replace we=0 if sex==1 & he wc<90

replace we=0 if sex==2 & he wc<85

replace we=. if he we==.

gen smk=sm_pr

recode he bmi (min/25=1)(25/30=2)(30/max=3), gen(bmi)

recode age (20/29=1)(30/39=2)(40/49=3)(50/59=4)(60/69=5)(70/max=6), gen(age10)

set seed 12345678
gen group=cond(runiform()<0.5, 0, 1)

save hmm_base.dta, replace // training set + validation set

/* training set */
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keep if group==

/* restricted spline curve$} logistic regression=-
preserve

keep if sex==

mkspline age = age, cubic knots(25 40 50 60 75)
logistic dm agel-age4

predict pr

keep age pr

duplicates drop age, force

sort age

save male pr.dta, replace

restore

preserve

keep if sex==

mkspline age = age, cubic knots(25 40 50 60 75)
logistic dm agel-age4

predict pr

keep age pr

duplicates drop age, force

sort age

save female pr.dta, replace

restore

/* restricted spline curve$} logistic regression-=-
preserve

keep if sex==

mkspline age = age, cubic knots(25 40 50 60 75)
logistic recog agel-age4 if dm==

predict sn

keep age sn

duplicates drop age, force

sort age

save male sn.dta, replace

92

=

o

1 fE el v

)



restore

preserve

keep if sex==

mkspline age = age, cubic knots(25 40 50 60 75)
logistic recog agel-age4 if dm==

predict sn

keep age sn

duplicates drop age, force

sort age

save female sn.dta, replace

restore

/AR HE A= At

logistic dm b0.ht b0.wc b0.smk b0.thx bl.bmi age if sex==

matrix male=e(b)'

logistic dm b0.ht b0.wc b0.smk b0.thx bl.bmi age if sex==

matrix female=e(b)'

foreach x of varlist ht we thx smk bmi {
proportion 'x' if dm==0 & sex==1, over(agel0)
matrix 'x'_m=e(b)'

proportion X' if dm==0 & sex==2, over(agel0)
matrix 'x'_f=e(b)'

}

preserve

clear

matrix gr=(0\0\O\O\O\O\I\T\TAININT\2\2\2\2\2\2)
matrix agegr=(0\1\2\3\A\S\0\1\2\3\A\5\0\1\2\3\4\5)
svmat gr

svmat agegr

foreach x in ht we thx smk bmi {
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svmat ‘X' m

svmat ‘X' f

H

rename *1 *

reshape wide ht m-bmi_f; i(agegr) j(gr)
order *, alphabetic

save "risk prop.dta", replace

outsheet using "risk_prop.txt", replace

clear

svmat male
svmat female
rename *1 *
drop in 12/13
gen factor=""

replace factor="ht0" in 1

replace factor="ht1" in 2

replace factor="wc0" in 3

replace factor="wcl" in 4

replace factor="smk0" in 5

replace factor="smk1" in 6

replace factor="thx0" in 7

replace factor="thx1" in 8

replace factor="bmi0" in 9

replace factor="bmil" in 10

replace factor="bmi2" in 11

save "risk coef.dta", replace

outsheet using "risk coef.txt", replace

restore

/| AVEE AR THET]
clear
set obs 65

gen age= n+19
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merge 1:1 age using "mortality base.dta"
drop merge

regress In_m age

predict In._ m_p, xb

regress In_fage

predict In_f p, xb

gen death m=exp(In_m_p)

gen death f=exp(In_f p)

preserve

keep age death m

keep if inrange(age, 20, 84)
sort age

rename death m death

save "male death.dta", replace

restore

preserve

keep age death f

keep if inrange(age, 20, 84)

sort age

rename death f death

save "female death.dta", replace

restore

I A EA 7]

use "male death.dta", clear

merge 1:1 age using "male pr.dta"
drop merge

merge 1:1 age using "male sn.dta"
drop merge

save "male data.dta", replace

outsheet using "male data.txt", replace
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use "female death.dta", clear

merge 1:1 age using "female pr.dta”
drop merge

merge 1:1 age using "female sn.dta"
drop merge

save "female data.dta", replace

outsheet using "female data.txt", replace

/* make validation set and data step */
use "hmm_base.dta", clear

keep if group=—

keep if inrange(age, 21, 83)

gen alcf=.

replace alcf=0 if inlist(bd1 11, 1, 8)
replace alef=0.5 if bd1 11==2
replace alcf=1 ifbdl_11==

replace alef=3 if bdl_11==4
replace alef=10 if bd1 11==
replace alcf=20 if bd1 11==6

gen alcd=.

replace aled=0 if bd2 1==
replace alcd=1.5 ifbd2 1=
replace aled=3.5 if bd2 1==2
replace alcd=5.5 if bd2 1=
replace aled=8 if bd2 1==4
replace aled=12 if bd2 1==

gen alctotal=alcf*alcd/30

recode alctotal (5/max=2)(1/5=1)(min/1=0),gen(k alc)
recode age (min/34=0)(35/44=2)(45/max=3), gen(k age)
gen k we=3

replace k we=2 if sex==1 & he wc<90

replace k wc=2 if sex==2 & he wc<g4
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replace k wc=0 if sex==1 & he wc<84
replace k wc=0 if sex==2 & he wc<77
replace k wc=. ifhe wc==.

gen k_score=k age+fthx+ht+k wect+smk+k alc

drop if k_score==.

preserve
keep age sex dm- k_score
replace bmi=bmi-1

save val_set.dta, replace

restore
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Abstract

Lifetime Risk Estimation of Diabetes Mellitus
using Hidden Markov Model

Name : Jac Moon Yun
Department and Major: Bioinformatics,
Graduate School of Public Health,

Seoul National University

Due to high prevalence and mortality, public concerns of DM (diabetes
mellitus) have been increasing. Addressing for the needs, prediction
model and lifetime risk of DM may be useful for both public and
clinicians. However, there has been no study about lifetime risk of DM
based on Korean data and previous similar studies did not apply
individual risk factors. This study was conducted to estimate the lifetime
risk of DM according to individual risk factors for Korean adults and to
validate the prediction model. A prediction model was designed using HMM
(Hidden Markov Model). Biologically hyperglycemic status was regarded as
hidden status, and recognition of DM as observational status. From death
report of Statistics Korea, mortalities by age group were extracted. The fifth
KNHANES (Korea National Health and Nutrition Examination Survey) was
randomly separated into training and validation sets in equal sizes. The
prevalence of DM and other data of risk factors were calculated from the
training set. The basal parameters of HMM were calculated with all-cause
mortality, prevalence and recognition rate of DM. The parameters were
adjusted with odd ratios according to individual risk factors. Estimation and

validation were performed with validation set. Firstly, estimations with
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standard risk were done by gender and age. Life expectancies were lower than
previous study, however the differences were consistent regardless of initial
age. Secondly, estimations of individual risk factors were performed. The
predicted prevalence showed a good results comparing to Korean diabetes
prediction score. The expected durations of unrecognized and recognized DM
were also estimated, however these were not validated because of lack of data
currently available. In spite of several limitations, the prediction model of this
study showed a new type of results as well as plausible performance and is
proved to be easily modifiable for new risk factors in case of future
improvements. As a result, this model is expected to help motivation for risk

reduction and to provide useful information for medical decisions.

Keywords: diabetes mellitus, lifetime risk, hidden Markov model, individual

risk, validation

Student Number: 2011-22112
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