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Objectives: This study was to provide supporting data to identify related factors of heart failure patients readmission. Methods: This study is a retro-
spective study of secondary data analysis using electronic medical record of patients who were discharged from advanced general hospital diagnosed
with heart failure from April 2017 to March 2020. Results: A total of 267 (14.4%) of 1,857 heart failure patients was readmitted. Age, initial body weight,
body weight change, pulse rate, hospitalization for 6 months prior or emergency room visit, number of medications, blood sampling result, main diag-
nosis of ER, and ACEI/ARB medication were found to be significantly related to readmission. As a result of multivariate logistic regression analysis, each
increase in the number of discharge medications, the readmission rate increased by 3.0% (OR=1.030, p <0.001). For each increase in Na level at admis-
sion and discharge, the readmission rate decreased by 5.4% (OR =0.946, p=0.021), 6.6% (OR=0.934, p=0.028). For each increase in the CRP level, the
readmission rate decreased by 1.1% (OR=0.989, p=0.049) and AUC was 0.735. Conclusions: Based on the high-risk factors of readmission for heart fail-
ure patients identified in this study, patients centered nursing interventions should be developed to promote self-care practices.
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Table 1. General characteristics of the subjects (n=1,857)

30-day HF readmission

Characteristics Categories Yes (n=267) No (n=1,590) tory’ p-value
n (%), Mean £ SD or Median +I1QR n (%), Mean £ SD or Median +I1QR

Sex Male 143 (53.6) 819 (51.5) 0.31 0.580
Female 124 (46.4) 771 (48.5)

Age (y) <65 72.09+12.70 63 (23.6) 7049+1447 459 (28.9) -1.99 0.048

=265 204 (76.4) 1,131 (71.1)

Initial body weight (kg) 61.10+£12.40 63.00+15.88 2.16 0.031

Weight change (kg) 0.9+9.87 2.10+£6.27 2.62 0.009

Length of stay (day) 14.09+28.39 13.21+26.10 -0.50 0618

Readmission length of stay (day) 16.09+29.76

Discharge-Readmission (day) 14.19+8.89

6 Months prior hospitalization Yes 276 (79.1) 704 (67.9) 15.26 <0.001

6 Months prior ER visit Yes 73(20.9) 333(32.1)

SBP (mmHg) 119.94+19.67 119.62+21.97 -0.22 0.823

Pulse rate (beat/min) 75.52+15.36 73.06+14.20 -2.57 0.010

LVEF 39.62+£17.41 4090+18.14 1.12 0.264

E/E 21.22+10.19 20.51+£9.77 -0.88 0.379

Polypharmacy 2337+13.79 16.93+11.54 -6.02 <0.001

Heart failure counseling Yes 24(9.0) 169 (10.6) 0.72 0.344

SD, standard deviation; IQR, inter quartile range; E/E; peak velocity of early filling (E) to early diastolic mitral annular velocity (E'); ER, emergency room; HF,
heart failure; LVEF, left ventricular ejection fraction; SBP, systolic blood pressure.
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Table 2. Differences of biochemical characteristics (n=1,857)

30-day HF readmission

Characteristics Categories Yes (n=267) No (n=1,590) t p-value
Mean +SD Mean+SD

Biochemical test Hg (g/dL) 11.42+2.27 11.98+245 3.87 <0.001
in admission Hct (%) 34.88+6.68 364+7.14 3.65 <0.001
NT-proBNP (pg/mL) 9,304.86+10,473.33 8,045.34+11,065.93 -1.76 0.079

AST (IU/L) 43.36+78.39 57.84+250.20 0.92 0.358

BUN (mg/dL) 32.63+18.89 28.97+18.03 -3.03 0.002

Creatinine (mg/dL) 1.63+1.09 1.62+1.56 -0.21 0.831

HDL-cholesterol (mg/dL) 37.62+15.18 39.23+£12.56 1.16 0.245

LDL-cholesterol (mg/dL) 78.63+35.21 81.20+34.38 0.92 0.356

CRP (mg/L) 22.15+32.38 22.64+40.69 0.20 0.844

Na (mmol/L) 136.75+6.07 138.40+4.77 4.07 <0.001

Biochemical test Hg (g/dL) 11.04+1.92 11.49£2.30 3.81 <0.001
in discharge Hct (%) 33.68+5.70 34.85+6.76 331 <0.001
NT-proBNP (pg/mL) 7,977.16£9,462.13 6,994.33£10,891.11 -1.41 0.159

AST (IU/L) 37.78+12134 58.05+322.09 0.97 0.332

BUN (mg/dL) 28.62+15.82 26.54+16.22 -2.05 0.041

Creatinine (mg/dL) 1.54£1.18 149+1.50 -0.61 0.545

HDL-cholesterol (mg/dL) 38.07+15.08 39.36+12.93 0.89 0.375

LDL-cholesterol (mg/dL) 78.43+34.77 80.97+34.28 0.92 0.359

CRP (mg/L) 14.93+21.34 18.81+37.53 2.03 0.043

Na (mmol/L) 137.68+4.58 139.17+4.35 4.77 <0.001

SD, standard deviation; HF, heart failure; Hg, hemoglobin; Hct, hematocrit; NT-proBNP, N-terminal prohormone of brain natriuretic peptide; AST, aspartate
aminotransferase; BUN, blood urea nitrogen; HDL, high density lipoprotein; LDL, low density lipoprotein; CRP, c-reactive protein; Na, natrium.
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Table 3. The analysis of heart failure counseling documents (n=193)

30-day HF readmission

Characteristics Categories Yes (n=24) No (n=169) tory? p-value
n (%), Mean +SD n (%), Mean +SD
Sex Male 11(45.8) 109 (64.5) 3.11 0.078
Female 13(54.2) 60 (35.5)
Age (y) 65.75+13.80 62.62+15.15 -0.96 0.339
Body weight (kg) 60.62+10.53 65.42+15.09 1.50 0.134
Hight (cm) 161.04+9.30 163.99+£9.93 137 0.172
BMI (kg/m?) 22.79+3.32 2469+14.25 0.65 0.517
NYHA class | 1(4.2) 5(3.0) 4383 0.145*
Il 9(37.5) 70 (41.4)
n 2(8.3) 2(1.2)
Not applicable 12 (50.0) 92 (54.4)
Diet Normal 8(33.3) 92 (54.4) 4.26 0.372
Low-sodium 8(33.3) 39(23.1)
High-sodium 8(33.3) 38(22.5)
Keep taking medication Generally 10(41.7) 66 (39.1) 1.00 0.962
Always 14 (58.3) 103 (60.9)
Exercise No 4(16.7) 40(23.7) 1.78 0.786*
Over 20 minutes 20(83.3) 129(76.3)
Drinking history No 12(50 0) 88(52.1) 0.04 0.981
Yes 2(50.0) 81(47.9)
Smoking history No 4(58.3) 97 (57.4) 0.21 0.900
Yes 10(41.7) 72 (42.6)
Knowing disease No 10(41.7) 72 (42.6) 1.14 0.286
Yes 4(58.3) 97 (57.4)
Symptom manage No 15(62.5) 96 (56.8) 3.69 0.595
Yes 9(37.5) 73(43.2)
Knowing medication No 13 (54.2) 74 (43.8) 143 0.488
Yes 11 (45.8) 95 (56.2)
Recent admission or ER 0 11(45.8) 104 (61.5) 10.70 0.019*
visit within 6 Months 1 5(20.8) 47 (27.8)
2 6(25.0) 11(6.5)
Over 3 2(84) 7(4.2)
Recent dyspnea within No 9(37.5) 42 (24.9) 5.23 0.388
2 weeks Yes 15 (62.5) 127 (75.1)
Time of heart failure During hospitalization 10 (41.7) 78 (46.2) 0.38 0.839*
counseling Outpatient before hospitalization 2(83) 12(7.1)
After discharge 12(50.0) 79 (46.7)
Time taken from discharge to heart 115(922) 138(1,082) -0.30 0.769

failure counseling (day)

SD, standard deviation; BMI, body mass index; NYHA, New York heart association; ER, emergency room; HF, heart failure.

*Fisher exact test.
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Table 4. Multivariate logistic regression analysis of independent factors af-
fecting the readmission within 30 days of discharge by EMR data

95% Cl
Variables OR p-value
Lower  Upper
Age (y) 1.00 0.98 1.02 0.867
Initial body weight (kg) 100 098 1.03 0.769
Weight change (kg) 0.96 092 1.01 0.080
6 Months prior hospitalization 1.34 0.82 2.18 0.248
through OPD
Pulse rate (beat/min) 1.01 1.00 1.03 0.129
ACEI/ARB at discharge 0.64 0.40 1.03 0.068
Polypharmacy 1.03 1.02 1.05 <0.001
Initial
Hg (g/dL) 1.21 0.59 251 0.600
Hct (%) 0.93 0.73 1.17 0.520
BUN (mg/dL) 1.00 0.99 1.01 0.983
Na (mmHg) 0.95 0.90 0.99 0.021
Final
Hg (g/dL) 1.00 047 2.13 0.992
Hct (%) 1.01 0.79 1.29 0.923
BUN (mg/dL) 1.00 0.99 1.02 0.710
Na (mmHg) 0.93 0.88 0.99 0.028
CRP (mg/L) 0.99 0.98 1.00 0.049

ACEl, angiotensin converting enzyme inhibitor; ARB, angiotensin receptor
blocker; BUN, blood urea nitrogen; Cl, confidence interval; CRP, c-reactive
protein; EMR, electronic medical records; Hct, hematocrit; Hg, hemoglobin;
Na, natrium; OPD, outpatient department; OR, odds ratio.
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Figure 1. Receiver operating characteristic (ROC) curve for the heart failure
readmission prediction model.
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