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memory) &3+ A17d%(Recurrent neural network) #A7|7bo]] AX o]&2A1S
Holg AALE dHolg #A Hold dee Eole JALeE IHA
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20043 ©]F MSTHEY Lol 1de] 28] ol4r G ATHES 184
oo Fab 89603% hed] Hz WML X7k 65 wEl B}
32938 BAolM  Ael=Edth AlY YiHom ERE W
566 (1.0%)7 LADAE 225 3k} 371H(0.7%)e  Aolsky, A2d

w1 3z} 56,539™(98.3%) S tiate 2 37 mule shsA|Zch(Table 1).
A2d Fe B Jkedl Yl AW J1=e] EARIA Ub @
860 (L5%)0Iglom, o] TAEL EAelq A=t Nz @i AW
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ofAl Aol weEt 2R o+ A el AT EF Skl (metformin,

sulfonylurea, dipeptidyl peptidase-4 inhibitors, thiazolidinedione, sodium-glucose
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cotransporter 2 inhibitors, a-glucosidase inhibitors, meglitinide), A}
AF7}5HA (glucagon-like peptide 1 receptor agonists, insulin), &¢F75oFA

(ACEI, ARB, alpha blockers, beta blockers, calcium-channel inhibitors, diuretics)

2 7x)EZ A|A|(statin, ezetimibe, fibrate/omega-3)2 AJE T FEojHFHo

mel & 18 ofE Zeiam  FREQC. 2004dHE 20208714

Agt 1500782701900, AA A2d P BAE 1o 92.8%
(n=43,873)7} et UolA] F@ IS o]5 31 £2 oAto] oFE-S
Z|H} "RQFCH(Table 1).
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S 0M oA} R} 15,0377 F 1567 (1.04%)°] xS Zebsim,
BE S 7hed 7HE 2 FEAA T FolE ERTHE R AT
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A3 HOMA2-IR] W& 7ol

Q19iTHFigure 4). TAE 1AL A BX F 541H(360%)0] TS

"
ool
+

shod, 2z AT A FEAFA IS $2)7F Wa1(59.41 + 25.11) AL

12

8

ot

A & 9177g(6.10%)= =L3bob, 2z T Al FHPARFA|ATE X7}

rlr
o
ook

kS HOITH8UR} = ] 29.90 + 18.28). THAFL 2HL ThAt

rloy

WARHE324 £ 2206) AHHOR £X7h & SAHACHEAR FH A
58.00 + 22.54). A} 3HE hAl Bxp = 1,658%(11.03%)S ZLIFslH,
Nz AY A FHATAE X7k FBINHT972 £ 1946) |7k
Aol wet Gak A% 5ol Holxl ZoE RLkeda £1 A
57.77 + 10.05). B2 4fT s e BRe] uls) A 5ol
Fzsie, F fAHE AL Btk BAE eHe o B F
1344 (8.94%) HA5i0], Mz AW Al FPAFACATE 4HE tha
WA Alzke] Aol wet 414 F)5e] AR FEEE Aoz Lk,

Figue 3B= 7+ ZAze] of&® ZAFAcdTE 4A2 Uik



rir

Az A% 3 1 7N o5 gk 60 ke FAE tha ofTe

2} %8 Aol Abebaict.

A BYoL, o3t AT

rlo

2y 3kx}to] 7|12 EAJ(baseline characteristics)S- Figure 40f] Q9F=]o] QiTh
Fabo] W AW HEb 37 x| Ux Ugtor), SIS

FA7F Eojdl gaktolA EF atdol v 52 Ade Eolen EF

[
2
rr
n)
9
i
>

N
)
N
ofr
2
_?L
fu
o
ot

I

A 48/d Q12K erythropoietin) A4t
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PyTorch(Paszke et al., 2019) gtolB&e]7} AlZLsl= Aoty 7] BES
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12it] o1 E(Integrated gradients, 1G) B}HH o 2 AAKHTtH(Sundararajan, Taly, &

Yan, 2017).
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Abstract

Development of Data—driven
Optimization Model for Treatment
in Korean Diabetic Patients

Yourae Shin

Biological Sciences, System biology and medicine
The Graduate School

Seoul National University

Diabetes is a group of metabolic disorders characterized by high
blood sugar as its symptom, considered as a representative chronic
disease of modern society. Diabetes is broadly classified into two
groups, type 1 and type 2 diabetes. Type 2 diabetes accounts for
90% of all diabetic patients and is highly heterogeneous.

In this study, I developed a data—driven optimization model for
treatment in Korean diabetic patients (n=55,602) using Seoul
National University Hospital CDM data, collected from 2004 to 2020.
The model used a long—short term memory recurrent neural
network and was trained to predict eGFR in type 2 diabetic patient
data(R*=0.8842).

I identified 7 subgroups in type 2 diabetes, which were distinct
in baseline eGFR, a longitudinal transition of eGFR, and renal and
development of complications. The optimization model selected
reasonable treatment and reproduced the irreversible nature of

chronic kidney disease.
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Table 1 Baseline characteristics in SNUH.

Variables Type 2 Diabetes
N 55,602 (54,742)
Male, n (%) 30600 (55.8)
Age at first visit, years 61.1+11.7
Body mass index, kg/m2 25.3+4.22
HbAlc, % 7.95+1.48
HbAlc, mmol/L 63.4+16.2
C-peptide 243+ 1.75
HOMAZ2-%B (by C-peptdie) 54.7 £ 38.5
HOMA2-IR 2.03 £ 2.67
Creatinine, mg/dL 1.08 + 0.87
eGFR, mL/min/1.73m2 75.2+24.6
Total cholesterol, mg/dL 183+ 46.2
Triglyceride, mg/dL 165 + 140

LDL cholesterol, mg/dL 107 + 39.5
Spot urine albumin/creatinine, mg/g 0.219 £ 0.839
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Table 2 Drug exposure in SNUH. DPP4i, Dipeptidyl Peptidase-4 Inhibitors; TZD,
Thiazolidinedione; SGLT2i, Sodium-glucose Cotransporter 2 Inhibitors; a-GI, o-
Glucosidase Inhibitors; GLP1a, Glucagon-Like Peptide 1 Receptor Agonists.

Number of Number of
records patients
Total 1500782 (100.0) 43873 (100.0)
Oral Hypoglycemic Metformin (%) 713581 (62.6) 27784 (63.3)
Agents Sulfonylurea (%) 500836 (43.9) 20479 (46.7)
DPP4i (%) 406696 (42.7) 19021 (43.4)
TZD (%) 53619 (4.7) 3417 (7.8)
SGLT2i (%) 24134 (5.1) 2835 (6.5)
a-Gl (%) 57297 (5.0) 3413 (7.8)
Meglitinide (%) 24504 (2.1) 1245 (2.8)
Injectable GLP1la (%) 8967 (1.0) 649 (1.5)
Xé’gr?gycemic Insulin (basal) (%) 124792 (10.9) 3386 (7.7)
Insulin (bolus) (%) 25378 (2.2) 789 (1.8)
Insulin (premixed) 140042 (12.3) 5170 (11.8)
%
Antihypertensive ,(AC)Ei, ARB (%) 671665 (55.9) 20418 (46.5)
Agents Alpha Blockers 250416 (20.8) 11377 (25.9)
%
(Be'za Blockers (%) 37001 (3.1) 2448 (5.6)
Calcium Channel 438852 (36.5) 16020 (36.5)
Blockers (%)
Diuretics (%) 290983 (24.2) 11806 (26.9)
Antihyperlipidemic  Ezetimibe (%) 795003 (66.2) 26762 (61.0)
Agents Fibrate/Omega-3 65530 (5.5) 4099 (9.3)
%
(Sta)tin (%) 58101 (4.8) 3470 (7.9)
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hazard ratio (HR) of chronic

is comparing

Table 3 Cox regression analys

kidney disease.

Covariates = age + gender + mean HbAlc

Covariates = age + gender +

mean HbA1c + baseline ACR

Cluster N Event ,m<m:2€o HR p-value N Event | Event(%)
CKD Cluster0 | 5720 2065 36.10% 3.144 (2.461-4.017) 5.19E-20 | 3645 1428 39.18%
A2
Cluster1 | 6046 | 2322 | 38.41% | 3.358(2.975-3.79) 1.59E-85 | 3821 1578 | 41.30%
Cluster2 | 6294 | 2338 | 37.15% | 1.509 (1.343-1.694) 3.85E-12 | 3877 1532 | 39.52%
Cluster 3 7055 2759 39.11% 1.605 (1.474-1.747) 1.43E-27 | 4429 1861 42.02%
Cluster4 | 9149 | 3404 | 37.21% | 0.9558 (0.8923-1.024) | 0.1972 4812 1865 | 38.76%
Cluster5 | - - - 1 - - - -
Cluster 6 | 6734 | 2373 | 35.24% | 0.9141 (0.8183-1.021) | 0.1115 4192 1595 | 38.05%
CKD | Cluster0 | 5823 516 8.86% 17.45 (13.27-22.94) 4.91E-93 | 3736 341 9.13%
" Cluster 1 6158 701 11.38% 11.98 (10.16-14.12) 1.85E- 3919 444 11.33%
101
Cluster2 | 6431 | 631 9.81% 3.703 (3.105-4.417) 4.82E-48 | 3997 366 9.16%
Cluster 3 7193 787 10.94% 2.93 (2.537-3.384) 2.22E-48 | 4552 517 11.36%
Cluster 4 | 9305 847 9.10% 1.169 (1.021-1.34) 0.02389 4945 429 8.68%
Cluster5 | - - - 1 - - - -
Cluster 6 6858 561 8.18% 1.263 (1.023-1.561) 0.03021 4302 362 8.42%
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HR p-value
0.1148 (0.04345-0.3035) | 1.27E-05
3.292 (2.709-3.999) 3.86E-33
1.369 (1.135-1.651) 0.001001
1.458 (1.305-1.628) 2.41E-11
0.8666 (0.7788-0.9643) | 0.008597
1 -

0.799 (0.686-0.9305) 0.003907
1.859 (0.634-5.449) 0.2587
8.355 (6.45-10.82) 3.38E-58
2.326 (1.71-3.162) 7.31E-08
2.49 (2.06-3.01) 4.43E-21
0.9643 (0.7768-1.197) 0.742

1 -

1.014 (0.7449-1.381) 0.9284
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Table 4 Demographi

cs, laboratory tests, physical measurements, and other

measurements considered in this study.

Category

Variables

Demographics (2)

Age, gender

Measurements (105)

Blood (72)

alanine aminotranferase, albumin, alkaline phosphatase,
alpha-1-fetoprotein, apolipoprotein A-I, apolipoprotein B,
aPTT, aspartate aminotransferase, band form neutrophils,
basophils, bilirubin, bilirubin, blasts, blood glucose PP2,
calcium, chloride, cholesterol, CO2, cobalamin, c-peptide,
creatinine, creatinine kinase, eosinophils, erythrocytes,
estimated glomerular filtration rate, fasting glucose, ferritin,
fibrinogen, folate, gamma glutamyl transferase, glomerular
filtration rate (EPI), glucose, HbAlc, HDL, Hematocrit,
hepatitis B virus surface antibody, hsCRP, immature cells,
immature monocytes, INR, insulin, ionized calcium, iron,
iron capacity, lactate dehydrogenase, large unstained cells,
LDL, leukocytes, lymphocytes, magnesium, MCH, MCHC,
MCV, metamyelocytes, monocytes, neutrophils, Normoblast,
phosphate, plateletocrit, platelets, potassium, promyelocytes,
protein, segmented neutrophils, sodium, thyrotropin,
thyroxine, triglyceride, triiodothyronine, troponin I,
vancomycin, variant lymphocytes

Urine (18)

chloride, creatinine (24hrs), creatinine (rand), creatinine
clearance, dysmorphic erythrocytes, microalbumin (24hrs),
microalbumin (rand), microalbumin to creatinine ratio
(24hrs), microalbumin to creatinine ratio (rand), potassium
(24hrs), potassium (rand), prealbumin, protein (24hrs),
protein (rand), protein to creatinine ratio (24hrs), protein to
creatinine ratio (rand), sodium (24hrs), sodium (rand)

Body fluid (3)

chloride, erythrocytes, glucose

Physical
measurements (8)

body fat mass, body fat percentage, body height, body
muscle mass, body weight, hip circumference, visceral fat,
waist circumference

Other
measurements (4)

CO2 (partial pressure), diastolic blood pressure, pancreatic
elastase, systolic blood pressure
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Table 5 Drugs considered in this study.

Category

Drug Class

Drug

Oral
Hypoglycemic
Agents

Metformin

Metformin

Sulfonylurea

Gliclazide, Glimepiride, Glipizide,
Gliquidone

Dipeptidyl
Peptidase-4
Inhibitors

Alogliptin, Anagliptin, Evogliptin,
Gemigliptin, Linagliptin, Saxagliptin,
Sitagliptin, Teneligliptin, Vildagliptin

Thiazolidinedione

Lobeglitazone, Pioglitazone

Sodium-glucose

Dapagliflozin, Empagliflozin,

Cotransporter 2 Ipragliflozin

Inhibitors

a-Glucosidase Acarbose, Miglitol, Voglibose
Inhibitors

Meglitinide Nateglinide, Repaglinide
Glucagon-Like Exenatide, Lixisenatide, Liraglutide,
Peptide 1 Dulaglutide

Receptor Agonists

Injectable
Hypoglycemic
Agents

Insulin (basal)

Insulin degludec, Insulin detemir,
Insulin glargine, Insulin human (NPH)

Insulin (bolus)

Insulin lispo, Insulin aspart, Insulin
glulisine, Insulin human (regular)

Insulin (premixed)

Premixed versions of basal and bolus
insulin

Antihypertensive
Agents

ACEi, ARB

Candesartan, Captopril, Cilazapril,
Enalapril, Eprosartan, Fimasartan,
Imidapril, Irbesartan, Losartan,

Olmesartan, Perindopril, Ramipril,
Telmisartan, Valsartan, Zofenopril

Alpha Blockers

Alfuzosin, Clonidine, Doxazosin,
Phenoxybenzamine, Silodosin,
Tamsulosin, Terazosin

Beta Blockers

Atenolol, Betaxolol, Bisoprolol,
Carteolol, Carvedilol, Esmolol,
Labetalol, Metoprolol, Nadolol,
Nebivolol, Propranolol, Sotalol,
Timolol

Calcium Channel
Blockers

Amlodipine, Barnidipine, Diltiazem,
Felodipine, Hydralazine, Isradipine,
Lacidipine, Lercanidipine, Manidipine,
Nicardipine, Nifedipine, Nimodipine,
Nisoldipine, Verapamil
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Diuretics

Acetazolamide, Amiloride,
Furosemide, Hydrochlorothiazide,
Indapamide, Spironolactone,
Torasemide

Antihyperlipidemi
c Agents

Ezetimibe

Ezetimibe

Fibrate/Omega-3

Bezafibrate, Fenofibrate, Omega-3

Statin

Atorvastatin, Fluvastatin, Lovastatin,
Pitavastatin, Pravastatin, Rosuvastatin,
Simvastatin
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Table 6 Demographics, laboratory tests, other measurements, and calculated
indices considered in RNN model.

Category

Variables

Demographics (2)

Age, gender

Measurements (47)

Serum or Plasma (38)

alkaline phosphatase, alanine aminotranferase,
aspartate aminotransferase, basophils, albumin,
bilirubin, calcium, chloride, glucose, blood
glucose PP2, phosphate, potassium, protein,
sodium, triglyceride, cholesterol, CO2, c-
peptide, eosinophils, erythrocytes, fasting
glucose, gamma glutamyl transferase, HbAlc,
HDL, Hematocrit, hsCRP, insulin, LDL,
leukocytes, lymphocytes, MCH, MCHC, MCV,
monocytes, neutrophils, plateletocrit, platelets,
segmented neutrophils

Urine (3)

creatinine  (rand), microalbumin  (rand),
microalbumin to creatinine ratio (rand)

Other measurements (2)

diastolic blood pressure, systolic blood pressure

Calculated indices (4)

body mass index, HOMA2 %B, HOMA2 %S,
HOMAZ2 insulin resistance
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Figure 1 Comparison of PLS and RNN model. (A) Distribution of true and PLS model-predicted eGFR. (B) Distribution of true and RNN

model-predicted eGFR. (C) Variable importance projection (VIP) in PLS model (VIP < 0.5 not shown). (D) Integrated gradients in RNN model
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Figure 5 Progression of disease over time by cluster. (A) Time to CKDA2 (Microalbumin-to-creatinine ratio > 30mg/g). (B) Time to CKDA3
(Microalbumin-to-creatinine ratio > 300mg/g). (C) Time to coronary artery disease. (D) Time to cerebrovascular disease; coronary artery disease
was defined by ICD-10 codes 120, 121, and coronary intervention. Stroke was defined by 1ICD-10 codes 160, 161, 162, 163, and 164.
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Figure 6 Individually optimized drug treatment and expected outcome. (A) Patient with mildly to moderately decreased eGFR. (B) patient
with moderately to severely decreased eGFR. Abbreviation of terms used are as followed; orl for metformin; or2 for sulfonylurea; or4 for
thiazolidinedione; or6 for a-Glucosidase Inhibitors; or7 for meglitinide; htnl for ACEi, ARB; htn2 for alpha blockers; htn3 for beta blockers;
htn4 for calcium channel blockers; htn5 for diuretics; htn11 for statin; htn12 for ezetimibe; htn13 for fibrate/omega-3.
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Figure 7 Construction of the study cohort in SNUH. Colored box indicates
elimination logic of duplicated patients; Blue indicates duplicated patients in
T1DM and T2DM; Orange indicates duplicated patients in TLDM and LADA.
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Figure 8 Diagram of recurrent neural network architecture. Hyperparameters
are conserved throughout the sequential architecture; epochs = 500; learning rate =
0.0005; weight decay = 0.00001; batch size = 16.
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