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Abstract In order to prevent unnecessary re-admission, it is necessary to intensively manage the groups with high
probability of re-admission. For this, it is necessary to develop a re-admission prediction model. Two - year discharge
summary data of one university hospital were collected from 2016 to 2017 to develop a predictive model of
re-admission. In this case, the re-admitted patients were defined as those who were discharged more than once during
the study period. We conducted descriptive statistics and crosstab analysis to identify the characteristics of
rehospitalized patients. The re-admission prediction model was developed using logistic regression, neural network,
and decision tree. AUC (Area Under Curve) was used for model evaluation. The logistic regression model was
selected as the final re-admission predictive model because the AUC was the best at 0.81. The main variables
affecting the selected rehospitalization in the logistic regression model were Residental regions, Age, CCS, Charlson
Index Score, Discharge Dept., Via ER, LOS, Operation, Sex, Total payment, and Insurance. The model developed
in this study was limited to generalization because it was two years data of one hospital. It is necessary to develop
a model that can collect and generalize long-term data from various hospitals in the future. Furthermore, it is
necessary to develop a model that can predict the re-admission that was not planned.
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Table 2. Sociodemographic characteristics of subjects

(N=58,702)
N %
Sex Male 29,210 49.8
Female 29,492 50.2
0-9 7,619 13.0
10-19 2,083 3.6
20-29 4,346 7.4
Age(yr) 30-39 4,876 83
40-49 5,625 9.6
50-59 9.219 15.7
60-69 10,672 18.2
70+ 14,262 243
Seoul 43,900 74.8
Residential Gyeonggi/Incheon 8,465 14.4
region the provinces 5,739 9.8
Others 598 1.0
Medical insurance 52912 90.1
Insurance Medical aid 2,927 5.0
Others 2,863 49
Anesthesiology 91 0.2
Cardiology 3,151 5.4
Chest_Surgery 682 1.2
Dentistry 1,100 1.9
Dermatology 160 0.3
EarNoseThroat 2,728 4.7
Emergency Dept. 49 0.1
Endocrinology 911 1.6
Family Dept. 129 0.2
Gastroenterology 3,908 6.7
General Surgery 7,953 13.6
HematoOncology 6,417 10.9
Infecious Dept. 795 1.4
Medical Intervention Center 16 0.0
Department Nephrology 1,317 2.2
Neurology 1,706 2.9
NeuroPsychiatry 985 1.7
NeuroSurgery 1,24 33
Newborn Dept. 367 0.6
Obstetrics&Gyneco 3,364 5.7
Ophthalmology 2,228 3.8
OsteoSurgery 4,701 8.0
Pediatrics 6,898 11.8
Plastic Surgery 671 1.2
Pulmonology 2,482 4.2
Rehabilitation 845 1.4
Rheumatology 251 0.4
Urology 2,867 4.9
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At A97F 6.8%, YA &2 B-97F93.2% UL A YAk 28 $ 25 OCS(Clinical classification
o, $HAS T AL 97 24%3h ABEIR=E software) ATt |F o Wdlele] BAE AnE 4
0] 96.2%% 7Hd WakaL, ekt Wl H9% H9- Hww [Table 5]9F 2
7} 2.3%, AR > A7 0.7%, &HA7F 0.3% S 159 e 3ol 9 HRX}AX] 2 (Maintenance
o He Al R oA Aol o @ H o] 97.3%E chemotherapy- radiotherapy)E ¥ro.#] & A9} 12.6%
Vg Eokal, EPEYo® Yol 2.0%, AjE ] 7w, AEEY wmE A og Y9l A
0.7% oItk 949 5 39.5%7F =& AW 9])(Pneumonia (except that caused by tuberculosis or
35.9%7F AYdE g o R vERTh[Table 3] sexually transmitted disease))©] 4.8%= 291, 7|EF 9

Table 3. Clinical characteristics of subjects (N=58,702)

Characteristics N %
Y 3,966 6.8
ICU admission s
No 54,736 93.2
Via ER Yes 14,060 24.0
12 No 44,642 76.0
Recovered 157 0.3
Improved 56,463 96.2
Not [ d 261 0.4
Treatment Result 7 tmprove
Not Treated 427 0.7
For Dx. Only 1,357 2.3
Others 37 0.1
Dr's Approval 57,115 97.3
Against 383 0.7
Disch
ischarge Status 1 cfer 1,192 20
Others 12 0.0
. Yes 23,174 39.5
1]
Operation No 35,528 60.5
Yes 21,090 35.9
R . B
cadmission No 37,612 64.1
3.1.3 EMTHARtel o|20/8
qgate] olgol &S AHRW YA AT 84
dojgon, FFAAE 1459090k F FEHE= 3
4,340,093 91014 01 EFEHARE 7,277,562 01 AL,
At 603 SHAS WS Slge W 823% e
o, Ak 11535000, Ad 1d7 el e
g 3l AT 1735 om RFEHARE 4.03]) 2 YEbs
t}[Table 4]

Table 4. Hospital Utilization of subjects

Characteristics N Mean Std Dev
Length of stay 58,702 8.4 14.5
Total Cost 58,698 | 4,340,093 7,277,562
Number of ER visits in last 58,702 82 115
6 months
Number of admissions in 58,702 17 40
the last year
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%7321 A E(Other and unspecified benign neoplasm)©]
2.3% 3%%’4, % 7914 $K(Intestinal infection)©] 2.2%%

4579), H=2 3K Biliary tract disease)©] 2.0%= 579,
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1742 3K (Coronary atherosclerosis and other
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gol  1.7%E 974, e FAd
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Table 5. Primary Diagnosis by CCS category

(N=58,702)
CCS category N %
Maintenance chemotherapy Radiotherapy 7,405| 12.6
Pneumonia (except that caused by tuberculosis or
sexually transmitted disease) 2841 48
Other and unspecified benign neoplasm 1,342 23
Intestinal infection 1,277 22
Biliary tract disease 1,159 2.0
Other aftercare 1,116 1.9
Coronary atherosclerosis and other heart disease 1,067 1.8
sap;)]ild;/rl(());i:n Sintervertebral disc disorders- other 1,067 18
Acute cerebrovascular disease 1,022 1.7
Appendicitis and other appendiceal conditions 897 1.5
Others 39,509| 67.4
3.2.2 EMIfMXIe|] Charlson Comorbidity
Index X
) 2e] Charlson Comorbidity Index(CCI) 7]
& B A REE TR A3t 0ol 68.1%%
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7S E=otom 34, 14, 24 0w w8 Aow YE Table 7. Distribution of Comorbidity by CCS
.[Table 6] Comorbidity by CCS N %
Essential hypertension 17,561 29.9
Diabetes mellitus without complication 8,452 144
Table 6. Distribution of Charlson comorbidity index Other screening for suspected conditions (nof sl 136
CCI N % mental disorders or infectious disease) ’ )
0 39,594 68.1 Maintenance chemotherapy- radiotherapy 7,601 13.0
1 7,015 12.0 Secondary malignancies 5,429 9.3
2 4,614 7.9 Residual codes- unclassified 3,946 6.7
3+ 7,119 12.1 Pneumonia (except that caused by tuberculosis o
. . 3,714 6.3
All 58,702 100.0 sexually transmitted disease)
Bacterial infection- unspecified site 2,346 4.0
Cancer of breast 2,191 3.7
3.2.3 BEMCAIXIC| CCS SHIANY BEir Cardiac dysrhythmias 2,058 3.5
L. Other and unspecified benign neoplasm 1,983 3.4
B A Akl o R=Rt)DARE:] ==
skl OZ}V] Sllaii OiTE CCS(Chnlcal Chronic renal failure 1,976 3.4
classification software) Xtk o. 2 FA43F A} 249] 20 Urinary tract infections 1,966] 3.4
Intestinal infection 1,939 33
3z 3 729k ZukA = EA] >
#le] w35z [Table 7)3F 29tk S8 5 284 Disorders of lipid metabolism 1683 29
23 Y(Bssential hypertension)©] 39,5947, 68.1%=% 7} Other nervous system disorders 1,651 2.8
%} o Hys X]—X] 6}‘01 o 51—1]»7]— 718 %L % =} 8}— Coronary Aathe}rosclerosm andAothelt heart disease 1,641 2.8
Lo mo = Spondylosis- intervertebral disc disorders- other 1633 28
I JE Ao YeyTh 2AAE B TRk back problems ’ '
tg%_o] %i'\Lf %h‘i(Diabetes mellitus without Diabetes mellitus with complications 1,590 2.7
- Cancer of colon 1,494 2.6
complication)E 7,0157, 12.0%7} &WHslaL = AL
2 A 3= 4@151% At gk ~=8d
. . Table 8. Difference in readmission according to
(Other screening for suspected conditions (not mental i . L &
] ) ] ) . sociodemographic characteristics in subjects
disorders or infectious disease))®] 13.6%7} &4}l —
Readmission
g Aoz Jehga, sl 9@ HRpAXA 8T} characteristics No Yes TOT P
. . N 0, N 0, N 0,
(Maintenance chemotherapy- radiotherapy) 13.0%% 4 % % %
S M 18,271] 62.6 10,939 37.4{29,210, 100.0[<.0001
- X
HAR = S o Yelgon, o3y A& *F 19.341] 65.6 10,151| 34.429.492] 100.0
(Secondary mahgnanmes)ol 03%R = ;.—_o 5‘?}6}%‘2& -9 5,668 74.4 1,951| 25.6 7,619 100.0<.0001
= 10-19 1,712} 82.2 371 17.8 2,083| 100.0
A ¥ At} [Table 7] £0-29 3719 856 627 144 4,346 100.0
Age B30-39 3,754/ 77.00 1,122 23.00 4,876| 100.0
° (yr)  40-49 3,743] 66.5] 1,882 33.5 5,625| 100.0
3.3 Al Edoll mE MHUHAFE 50-59 5,365 58.2 3,854 41.8 9.219100.0
60-69 5,904 55.3| 4,768 44.7/10,672| 100.0
3.3.1 EAMCjAIRIo| QUHIE EMo|| M2 X{QIRI0E , > ;
HExiel L S8l e BT 70+ 7,747 54.3 6,515 45.714,262 100.0
A gAY Ak EAdel met AT RW oztE Seoul 28,478 64.9 15,422 35.143,900 100.0/<.0001
- - Reside i/Inch 207 61.5 3.2 463] 1
‘:1r L]'X]—./] XH ol OJ o] iﬂ] L}E}k}]\' , a%it 0_9/‘1] ntial Gyeongg'l/ ncheon| 5,207 61.5] 3,258 38.5| 8,465| 100.0|
regionsthe provinces 3,644 63.5 2,095 36.5 5,739 100.0
7} 25.6%= & Holal, Ul dA#e] Frkekel wet Others 283 58.8 315412 598 100.0
ZHCQQJ o] lzyﬂ L]—E]—L]—‘_ HNow B B ]94}\1;} 7.]_7_;]% |Anesthesiology 75 82.4 16 17.6 91| 100.0<.0001
(Cardiology 2308 73.3]  843| 26.8 3,151/ 100.0
= Ay)/0] 019l g0 0 X8 %, A
=iz A7V A&l 38.5% % AE 35.1%, A Chest Surgery 4811705 201/ 29.5 682 100.0
W 36.5%5 =7 Uehton el €=l 0] X3}y Dentistry 1019 92.4 81 7.4 1,100 100.0
Oi 41.2%= l:'fﬂ] L]—E]—ﬂ' Zi.g.i ;\(])47_1,%‘:]_ ]’%E Medic [Dermatology 120 75. 40 25. 160 100.0
ol — o B olmok o010 al [EarNoseThroat 2310, 84.7 418§ 15.3] 2,728 100.0)
= S O JHol=x Lo kel
= FEA WTol =& AT AsiedEol Depart Emergency Dept.| 44 89.8 3 102 49 100.0
88.7%=2 7174 =9k, 9]} 46.5%, FRFE| 2|3} 43.8% ment e docrinology 667732 244 268 911/ 100.0
= [Family Dept. 114 88.4 15/ 11.60 129/ 100.0)
£o7 Yeyth RIAFIERE BRI} 50.7%2 amey ep
. Gastroenterology | 2462 63.0 1.446 37.00 3,908 100.0)
_ 4 wo
RRY 358%HT B3 =2 ZoE A4 (General Surgery | 4259 53.6 3,694 46.9 7,953 100.0
r}.[Table 8] HematoOncology | 725 11.3 5,692 88.7 6,417 100.0
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[nfecious Dept. 595/ 74.8 2000 25.2 795/ 100.
g‘;ﬁgf““"“ 11688 5313 14 100.
Nephrology 801/ 60.8 516 39.2 1,317 100.
Neurology 1260 73.9 446 26.1 1,706 100.
NeuroPsychiatry | 689 70.00 296 30.1] 985 100.
NeuroSurgery 14700 764 454 23.4 1,924 100.
Newborn Dept. 311] 84.7 56 15.3] 367 100.
Oll(’);‘;m“&Gy“e“ 2413 717 951/ 283 3,364 100.
Ophthalmology | 1646 73.9 582 26.1] 2,228 100.
OsteoSurgery 3898 82.9  803| 17.1] 4,701 100.
Pediatrics 4952 71.8 1,946 28.2 6,898 100.
Plastic Surgery 597 882 80 11.8 677 100.
Pulmonology 1656 66.7 826 33.3 2,482 100.
Rehabilitation 584 69.1 261309 845 100.
Rheumatology 1411 56.21 110/ 43.8 251} 100.
Urology 2004 69.9  863] 30.1] 2,867 100.
Medical Insurancd 33,953| 64.2] 18,959 35.8] 52,912 100.0(<.0001
L‘és:m Medical aid 1,442 49.3 1,485 50.7 2,927 100.
Others 2217 774 646 22.4 2,863 100.

B4 giazte] JAaEA e AdYS Ayu
3 AYS 3 ASHUE oks A9 36.3%E
=%, SHALS AR ARoE AaeA & A
71 38.6%% =Th X554 ¥ TFe] HY
gl :‘”D} 5 *l &

2
o
rﬁ
& o
o
N
o
s
0.
2
ol
>
£
=
rir
4 =
Wy o
tlo
o
=
3
(o3

9
—

Table 9. Difference in readmission according to clinical
characteristics in subjects

Readmission
characteristics No Yes TOT P
N [%| N | %] N | %

ICU lYes 2,753 69.4 1,213 30.6 3,966/100.0] <.0001

admission No 34,859 63.7 19,877 36.3 54,736{100.

via Er e 10,188 72,5 3,872 27.5 14,0601100.0[ <.0001
No 27,424 61.4 17,218 38.6 44,642/100.0
Recovered 117 745 40/ 25.5  157/100.0[ <.0001
Improved | 35,995 63.8 20,468 36.3 56,463(100.0
E}‘q’r‘mwd 189 724 72 27.4  261]100.

Treatment Not

Result 10 ed 328 76.8 99 23.2]  427100.0)
g‘;ﬁyD"- 960 70.7 397 293 1,357100.0
Others 23 62.2] 14 37.4  37/100.0
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Dr's

A 36,432 63.8 20,683 36.2| 57,115/100.0| <.0001
pproval

Discharge [Against 293 76.5 90| 23.5  383100.0)

Status L fer 881 73.9 311 26.1 1,192/100.

Others 6 50. 6 50. 12/100.

[Yes 17,949 77.5 5,225 22.6/ 23,174/100.0| <.0001

Operation

No 19,663 55.4 15,865 44.7 35,528100.
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Table 10. Difference in medical use according to
readmission
Readmission
characteristic No Yes P
N Mean |Std. Dev| N Mean |Std Dev
;f;yg‘h of 137610 794 12632109 926 17.29<0001
Total 37,60914,270,593(6,404,258| 21,08904,464,036/3,616,846/<.0001
Payment
ER Visits in|
last 6 37,612 5.01 7.75) 21,09 13.87| 14.56/<.0001
months
Hospital
admissions in| 37,612 0.49 1.67| 21,09 3.86 5.60[<.0001
the last year

3.3.4 EMUdxte] FEIT| ME HYHHR

4 t’dAE CCS(Clinical classification software)

At 71202 FAd| WE o go]4-S B3 Ax
£ Ao EW [Table 1219 2th 4 5 457 104
olatel FAGE A9t A9 2090 sFshs At

Agets Ao By
A elE
WARA - X] E(Maintenance chemotherapy-
radiotherapy) & 88.8%9] AYJ9&S B, theoR

>
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stk a o] Farde ofgk s5T A 5o WS
4 é‘i?l(Dlseases of white blood cells)©] 87.4% A}
4 sk Aoz EAFGITh[Table 11]

Table 11. Medical use according to primary diagnosis by

CCS
Readmission
Primary Diagnosis
by CCS No Yes TOT P
N % N % N %

Maintenance
chemotherapy- 832| 11.2| 6,573 88.8| 7,405| 100.0] <0001
radiotherapy
Diseases of white 12| 126 83 874 95| 1000[ <001
blood cells
Non-Hodgkin's s§| 15.1] 325 849  383| 100.0| <001
lymphoma
Leukemias 60| 164 306| 83.6 366| 100.0[ <0001
Malignant neoplasm
without specification 10/ 20.8 38| 79.2 48] 100.0] <0001
of site
Multiple myeloma 36| 21.7 130 783 166| 100.0| <0001
Cancer of ovary 300 229 101 77.1 131} 100.0] <0001
Cancer of rectum 61] 236  197| 76.4|  258] 100.0] <0001
and anus
Cancer of breast 102| 24.9 307 75.1 409| 100.0| <0001
Cancer of bone and | 4| 56gl 30| 73| 41| 1000] <0001
connective tissue
Cancer of liver and | 1051 574 523 76| 720[ 100.0| <001
intrahepatic bile duct
Hodgkin's disease 6| 28.6 15| 714 21| 100.0{ <0001
Cancer of other 7| 292 17] 708 24| 1000] <0001
female genital organs
Cancer of pancreas 44| 314 96| 68.6 140{ 100.0| <0001
Secondary 54/ 323]  113] 677 167| 100.0] <0001
malignancies
ﬁi‘;“er of bronchus-\ ¢l 331|320 67.0]  478| 1000] <00t
Cancer of esophagus 15| 35.7 27| 643 42] 100.0] <0001
Cancer of head and 41] 3660 71| 634  112] 100.0] <0001
neck
Cancer of colon 98| 36.7 169 63.3 267| 100.0{ <0001
Cancer of brain and| o)\ 385 340 618 55| 1000 <0001
nervous system
Others 35,759 73.7] 11,615 26.3| 47,375| 100.0{ <0001
ALL 37,6121 100.0] 21,090| 100.0] 58,702 <0001

3.3.5 CCl 20 IE MY FF

Bre] BUARE 2437 A AL F k)
CCI(Charlson Comorbidity index)= 197§ 23kl tja}
o 1d o]y AgE] B YRS DA AERE B
gt 5 o] AFAEe] Foz B FWYY FEw
g Weshod FFE 0 COLE AYY o3FE £
g A3k CCl A7k 370041 o] Y &0l 76.6%

2 7 =4 B 0w 240 61.7%E =A EAH

442

o] CClI T35 BAAF7E 2555 AYgdEol =4
vehhs Zlo 451tk Table 12]
Table 12. Readmission by CCI
Readmission
CCI No Yes TOT P
N % N % N %

0 29,684 74.3| 10,270 25.7| 39,954 100.0

1 4,490 64.01 2,525 36.00 7,015 100.0| <0001

2 1,769 383 2,845 61.7| 4,614 100.0

3+ 1,669 23.4| 5,450 76.6| 7,119 100.0

3.4 MMYUH oIS = Jf o "It

2AZYRARY, AFNFY, AT | Ee
olgat AP AR S st 2E o] A5S H|
Sk B A5 H7IAEZ+= AUC(Area Under

& (Misclassification Rate), Root ASE
Eakoieh A7t

Curve), &F

(Averaged Squared Error)E ©]

2228 37799 AUCSH LBF&S Z7] 0.813%
0212 27 vehsith. 5, A78%871Wa 2428 314
2o 45g vissht IAAAR S Aol $4 o
SFTh[Table 13]
Table 13. Assessment of Model
Model auc | Misclassificatio | p o usE
n rate

Neural Network 0.81 0.21 0.39
Logistic Regression 0.81 0.21 0.40
Decision Tree 0.78 0.22 0.40

3.5 UHA oE=H

3.5.1 XA olF2e Relst Hp

2A2E 37|20 AGR7IHT Aol HsskA
P 54 An B 5 ks gHo] Qlold 2
ArelMs 2ALE T EYS AYY A5 HF =
doz H4L It

242887 $AAT} 4, A%, AL, =,
80|, YA, ICURY, Sa2A /T, AFA,
AR, 9, As5Z23, HA¥H, FERT
Charosn#|5= ¥ 5 Aiglol 9&F& 71A= w2l
WeE XY, A%, CCS 25, Charlson A4, &

AFH, SHAAFTRT, WLLF, FEA,

<

E}tth[Table 14]
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Table 14. Characteristics affecting Readmission(Logistic
regression analysis)

Characteristics P
Residential regions 0.0464
Age < 0.0001
CCS(Primary Diagnosis) < 0.0001
Charosn Index score < 0.0001
Discharge Dept. < 0.0001
Discharge status < 0.0001
Via ER 0.0433
Length of stay < 0.0001
Operation < 0.0001
Sex < 0.0001
Total payment 0.0256
Insurance < 0.0001
3.5.2 XA ol=e| Rolst HaSo| k|
AR oAt &S 7= o3k WA W
whe] ARl 888 5] SleiA ZALE 374
o] 3AH](Odd Ratio) 7k Asjmith. wah)i= 7)5
kel W) S5 B ¥ njz SadAE
e 4]tk
TR AP Fol ot wAHE Ay E k.

TR o] Li% 2go weh w7 e 49
10709} mxm) 7 e ke 1079 Ao wapn] WS
Al Eokt) ofu) 7lL o] ZAGe 4B #

olZEQH AAlE O] e ghxjo] wlsf W

]v‘—:_

< Lo, thEA

AgzA el e 1.4,

e
daghe 1202 % etk ol ws) s 3w
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Table 15. Odds Ratio for Readmission

Upper Lower
Rank CCS Dx CCS Dx
(vs 259) OR (vs 259) OR
63 Diseases of 119 Varicose
1 white blood 3.268 veins of lower 0.009
cells extremity
38
. 166 Other male
2 {\Ion-Hodgkm s 2.113 genital disorders 0.029
ymphoma

45
Maintenance
3 chemotherapy- 2.081 245 Syncope 0.05
radiotherapy
219 Short
35 Cancer of gestation- low
4 brain and 1.679 birth weight- 0.055
nervous system and fetal growth
retardation
5 39 Leukemias 1.624 172 Ovarian cyst | 0.067
15 Cancer of i
6 rectum and 1.607 | 187 Malposition- | - 73
malpresentation
anus
. 235 Open
7 80 Multiple 1456 | wounds of head- | 0.078
sclerosis
neck- and trunk
3 24 Cancer of 1.389 102 Nonspecific 0.079
breast chest pain
21 Cancer of 222 Hemolytic
9 bone and 1.348 jaundice and 0.083
connective perinatal
tissue jaundice
196 Normal
10| 27 Cancer of 508 | pregnancy 0.088
ry and/or delivery
Helzte] Aol o] WA WS AT 2ot
Wseol it o] AYAG HEo] AFPY} B
2171, AAotst 1510, 2]3} 81 Ao dt 134

-1k 118E = ek

=} dju] A
st} 0.2641,

A3t

],
o WEH I H|x
Jde 5ol 0.17H = 71
STE WA AIE 0314, A3}
0.53W] 2 UEFSLTE[Table 16]

wgkan, 744l

Table 16. Odds Ratio for Readmission to discharge dept.

Discharge Dept. Discharge Dept.
OR OR
(vs Urology) (vs Urology)
HematoOncology 2.17 NeuroSurgery 0.74
Newborn Dept. 1.51 Pulmonology 0.74
General Surgery 1.3 Ophthalmology 0.72
Pediatrics 1.3 Rehabilitation 0.69
Obstetrics&Gynecology  [1.18 Neurology 0.68
Dermatology 1.16 EarNoseThroat 0.66
Rheumatology 1.13 Emergency Dept. 0.65
Chest Surgery 1.02 OsteoSurgery 0.59
Gastroenterology 0.92 Plastic Surgery 0.53
NeuroPsychiatry 0.92 Intervention Center [0.31
Nephrology 0.84 Dentistry 0.31
Cardiology 0.77 Family Dept. 0.26
Anesthesiology 0.74 Endocrinology 0.17
Infecious Dept. 0.74
P)eh W] Aol e WS BA g At A
FAMEE 7IEF A din] A7)/ 257 = 7HE
E9ko. c=1 slarel 2,510, A% 2440, A% 2,320 o]
olrh. ARMEE 94 olstel Hlstel Aol £24%
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Table 17. Odds Ratio for other characteristics
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