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Logistic regression combined with ROC curve model to predict risk of critically
ill-patients with COVID-19

LUO Meng, HUANG Xiao-dong, JIANG Bo, LV Kun, YANG Qian, SUN Qin-guo
Tongren Hospital Affiliated to Wuhan University (Wuhan No.3 Hospital), Wuhan 430060, China

Abstract: Objective To build a model to predict critically ill-patients with coronavirus disease 2019 (COVID-19), and provide a
new idea for the rapid identification of clinical progression in the early stage of critically ill-patients. Methods A retrospective
analysis of the general data of 152 general patients and 323 critically ill-patients diagnosed with COVID-19 from Jan 17th, 2020 to
Feb 25th, 2020 in Wuhan Third Hospital was carried out; At the same time, the differences in fever, blood routine, liver and kidney
function, coagulation function, C-reactive protein (CRP), and nucleic acid reagent testing results from the day of admission were
statistically analyzed. Factors with statistical significance were included in a multivariate logistic regression analysis to obtain
independent relevant factors that affect the critical ill-patients with COVID-19. Then a prediction model was built based on these
factors and its accuracy was evaluated by the receiver operating characteristic (ROC) curve. Results The sensitivities of age, fever,
neutrophil ratio, lymphocyte ratio, serum creatinine (Scr) and combined diagnosis were 0.664, 0.671, 0.607, 0.669, 0.302 and 0.710,
respectively; The specificities were 0.669, 0.585, 0.795, 0.685, 0.895 and 0.802, respectively; The area under the curve (AUC) were
0.725, 0.628, 0.721, 0.681, 0.590 and 0.795, respectively; The AUC of combined diagnosis was higher than that of single diagnosis
(P < 0.05). Conclusion The logistic regression and combined with ROC curve model based on multi-factors, including age, fever
status, neutrophil ratio, lymphocyte ratio, and Scr, can play a good role in predicting the occurrence of critically ill-patients with
COVID-19, which is worthy of further promotion and application.
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ARG B A e IR 97 2 i 28 (COVID-19) % 15 41
brociE MR R AL BAEFE”, COVID-19 4 4tk
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4 Btz ka6l 85 450 1, Bt SETw
4 634 %1, 103 AN EF BRI /i FIM, s
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AEICU J5 28 d WABT- Z 1T 50%881, & J5 7l e
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e HEMTHRERERG . SV E B AIE. 2
O A4 A S B A0 0 4 i TR R R
I COVID-19 1y & Z H bx 2 — =& T I F0 Fi By
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X 323 B FEAE/fE EAE COVID-19 Fl 152 i@ A
COVID-19 3 BfE R ZRbgEAT BBt 24, B AE
¥4 COVID-19 Iifei PR12 Wi 9] £ HRE A AR P T A
AL, I R b A R R ) e EORE R SR A — R
g, DFEBIERIEAT BT, % COVID-19
BEWTE .

1 &SRS
1.1 NiEH

2020 4F 1 H 17 H—2020 4F 2 H 25 HaXi i 48
— [t COVID-19 B i3 CRERTEE), &
WrbrdER A Cor B Rm st 21297 R GRATH
BRUEIERRDY A s AR 2 R R SE AL (51 AR
BT B ) BT R AR FRED . IS 25 A B
JE BT I L. FFE ThAEE . BMIhRE. C X
MR (CRP). A% R Al 45 SRS AH e bn it AT 4u it
M

AHEFEE T BT 5 = EE R P A S E it
e, FFTERBR L FE o B 4 e S 15 B
AT AR
12 TEREX

I R 43 0 2 HR R BTt R 25 ik 78 1297 77 SR Gk
17 3 BRRAZ IE RO VIR IR 73 B AE N B i R 4 2 i
PRIEIR B SR B s 4R Aol 3 o N . i@y, &
B, ERERNEE. BHEEANGREREM, &
SR UM 2 KB I R R SR BN BRI R
IFINPIRTE R, A IR R AR B R i, A
BECWFALTER 1 4: (D HBAME, W
AZE (RR) =30 Umin; (2) EEUREST, 1BA

TAIE<93%; (3) kil E (PaO2) My 4E K
& (FiO2) <300 mm Hg (1 mm Hg=0.133 kPa);
(4) 24~48 h Witk G S kit =50%; fEE

MG FHFAFZ—: (D BB, 755
Ol (20 AT, (3) B E S T

W5 ICU MHRIT « ABFF R EE, AR5
FTid f& S B AL FE COVID-19 A K i i A i
H, RPZWER ARG BE YRR >37.3 "CR
1.3 ZitE o

RiFH SPSS 20.0 AT Gt 2= b, 1HE
BRI A% [M (Q1, Q3) ] #r, XA
Wilcoxon FiAksde; 2B RHBIEL (ot &
N, RH 2R . KRR R B Goit e AR
PRAWNZ R EK Logistic [BI)940#7, ### COVID-19
fi& ERE TR 2R ) e vt o I AL, 22 52 TAE
FEIE (ROC) 4R, PFMZAEAYE COVID-19 fi
S TR0 ) R B AR S . P<<0.05 AZERAH
Gt E .
2 R
21 LBRASSEFEISEEEEN—RIBERLER

2020 4F 1 H 17 H~2020 4 2 H 25 Hit ik s
HAT5 5, B 231, 4 244; FERIARTE 21~95 %,
RN 59 (45, 66) %, M@ S EA/fEEA
AT VRS R R L s, 5 I8 2 RR 3 v 5 Mk A
IR N T EMfEENEE, ZR A5 EE L
(x*=4.755, P=0.029); Hili ! & & A/ fe A o
(RAF S LR, 5 I 2 R () AR S B /N T R
B, ERBAgt¥E X (Z2=-7900, P<
0.001) W% 1.

#1 ZTRASERN/BEEHEEN—RIBFRLE
Table 1 General comparison of regular and
severe/critically ill patients
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P % :

146 (45.2%) 177 (54.8%)

85 (55.9%) 67 (44.1%)
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W BN, RREA. DIE. D-— Rk
By EmTEERA, ZREAGIHEEL (P<
0.005); E 7R/t B AU AL ik 4 L T B8 S it EE 4 i

HEETEHENA, 2R EA8i¥E L (P<
0.001) =AY/ fe A A A B LR = T s Y 4
ZR ARSI EE L (P<0.00D), W& 2.
2.3 %A logistic BV Hr

PR R W A G v B — AR AN S
IR AT AN Z R Z logistic B34,
M IEHMERK, H COVID-19 B KA & B HE I XK

*k2 EHBRSSERRENBENMEFRLRBEAREERLER
Table 2 Comparison of hematology and fever test results between regular and severe/critically ill patients

RSN
pagit| (S R o A SE v R o A E v v 1 ) eNwRA: R R R4 A -
CRP /(mg-L™)
(10°.L7Y (109-LY) LB AR /% (10°.L7Y U 1E/%
SL Rt 48 (3.7, 6.4) 34 (24, 50) 633 (546,716) 1.2 (0.8, 1.8) 235 (157,313) 14.8 (3.0, 41.6)
HAGEER 58 (45, 9.0) 4.6 (3.3, 96) 771 (643, 87.0) 0.9 (0.5, 1.4) 147 (53,248) 36.9 (9.6, 96.4)
K I6AE Z=-5.230 Z=-4.939 Z=-7.613 Z=-5.587 Z=-6.241 Z=-5.482
P1H <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
FrIhae B ThiE RIANE DL
gt BN B RER . D- A&/ R I EL
_ ~ _ AILEF/(umol-L7Y) B
(IU-L™ (IU-L™ (mmol-L™) (mg-L™) (=129
LeSE Y 260 (170, 430) 280 (210, 405) 3.9 (3.1, 49) 632 (525, 760) 0.5 (0.3, 0.9) 189 (58.5%)
HAMEER 300 (180, 490) 320 (223, 51.0) 54 (3.7, 88) 702 (545, 940) 1.1 (0.6, 3.2) 50 (32.9%)
oL AR Z=-1.461 Z=-2.261 7=-6.412 Z=-3.040 Z=-7.031 x2=27.137
P1E 0.144 0.024 <0.001 0.002 <<0.001 <0.001

MR ORI BRI ERK, 3L COoVID-19
{1 165 FEE 1 XU ERAEG . COVID-19  H 3 6 BE 1) 7
MHERAERLN logit (P) = (—4.319) +0.048 X 4E
i+ (-0.670) XEHEEM (0: KKRHA, 1. KHO +
0.023 X R4l L + (—0.044) X #kE4HfuLL
{H+0.003 X I ILEF, W3 3.

24 EZEBREFMLZL (Receiver Operator
Characteristic, ROC) ¥ COVID-19 B&RE
FE UL AR B B E R

DLER 2 SEBRR IR DU A S br i, B AR,

FRmAR PR, ARERR L, ML
I % f B TR 2 P B A A I AR &, 3453 ROC
MZk (K 1), ROC #iZk F A AUC AT 3 P
RS IG AT BN Bk, H AUC N 0.795, DATRUINIMER
P [ Youden &% & KB {E MG A, HHE
COVID-19 B#faEMERMTMMEZ N 0.34, K2
WA Y f R AU 9 0.71, RN 0.80.
3 e

COVID-19 ## ZHONE A AR, 44 R
R T, 28271, EEZAERFE—AEH

#*3 COVID-19 BEEEETMERXEEM logistic @A

Table 3 Logistic regression analysis of factors related to prediction of critical illness in patients with COVID-19

PINTER B SE Wald P{H ORfH 95%Cl
U 0.048 0.010 24.207 <0.001 1.049 1.029~1.069
TR -0.670 0.246 7.412 0.006 0.512 0.316~0.829
HH PR 4 i L A 0.023 0.005 17.381 <0.001  1.023 1.012~1.034
Tk L 44 i B A —0.044 0.011 16.430 <0.001  0.957 0.937~0.978
BN 0.003 0.001 5.595 0.018 1.003 1.000~1.005
i -4.319 0.755 30.054 <0.001 0.016
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Fig. 1 AROC curve of critical-illness prediction model for
COVID-19 patients

ST R R ARG AR L , 77 B 2 Rk o Sk
WEIR B SR A HE . BLAR B i AR 5 3 AL A 1 5L
B, (HROE MR, AR . WO I
COVID-19 Ilff PRAf1ZI5 5] fés EBRE K AR R T ASE 7Y
X AT B A G EORE ) COVID-19 £ EAT B I PR
T, ARl R o L DT S A S 15 S A e
F, AR EER, FIOREREAEERZ L. A
W70 R B S AN 53 M COVID-19 B3 kA f B
M ERE &, SEH R S IR R — 8 TERHT
4R 5 EoREI B PE B COVID-19 JRAEHR & it &
HIN 3% (AN 4.45%¢E0 1.25%), HRAM W]
REALHI A I B 7k R FE LB 2 (ACE2) FIT-TAE A,
ACE2 2B &R-MERXKERSA (renin-angiotensin
system, RAS) HEZH ki 5, & ACE [1)[F] T/,
2% Ang 1l P24 Bk angiotensin-(1-7) [Ang (1-7)]
RAEPLRAPLEA LN, H 5T CE A0SR
Rt R B DGR R B 1 (spike, S) 5 AAK
ARz ACE2 456, A3 LAHE AR, 758
FVTE 20 i RS Al A5 5 3 e A i P 7 1 FH N AR,
T ACE2 /KT ffifii )y ACE2 il ACE 27, Ang Il
KPR o R R B i Ak R 1 Rz Ak, S
It 0 S A S P I, B UK, T
R, DR, ik COVID-19 & % DL
LB, WAL RS 28w, S ACE2
ZARF IR ST I, XA REER T BT SR
A fEEE MR R . 5 AN E B AL R B AT R
5P B R M P AR T A G, AR B
S T 98 A7 7E PR SR G R 19, A5 R 7 3 B R R A 45 5

PPk R G S FT [ [ BLRE T, AR S 5
SR AL Lol

AW R COVID-19 =AY/ G 5 A4 o (3 40
FHE AR A T AR AR LE 1 & CRP.
BNEEE. SEEEN. JREA. VE. D-—%
PRSI IR S T @ B 1 R RN B T s B
X FiR P E AT Z K& logistic [81 )20 #rd, 45 H14E
W4 H PR LT i B AEURD LB (A 8RR, 3L COVID-19
B R A L B KSR s R IREI AR b
K, H COVID-19 &A= f& HE 1 KSR -
COVID-19 i A AR, H [E 555 P9 R 2 o 191 4
I KAFEH P, COVID-19 G E B IR B 4E
fi BB R AR i i EORE A TR S R I PR
R AAE 220 7k EEL 200 A P S5 25 il AR e e A £ i
Tne B AT AR 7 45 FARIE S 7 I — 78], R
SR UVEER 5 K B COVID-19 B fE IR YL R A & &
FRObk EL A P B S B, EEORE AN S A R b
21 it B 5 BRI o FLVER A M RE AL 1) Do 23 Mok 4 e
B S AU M 4 s B BRI S ECIERE R
PR 23 B LA S e Al PRLE N TR ALIRES . S 50
R, SECEESG ST B0 R
FFE 7 F2RIE,  FEUEHIL T34 e 4 23T
¥, BIEIEA A TS FEb . AT AR
YHHR R X R COVID-19 i i [7) B A G
REFE W — AN AT 05, R R LR FRE A
SEFET: B —ANE R . T Wang 25 RUZE I R A 82 & B
R YRR 2 AT (40U 4E COVID-19 ZET- B 24
BB, AR SRR T B K b 4 FR BR A
5 7~9 RE R IR AR I WA, o5 R
Ko A b R i AT B9 B NAR 51 S )
A PR R A K

MALEF T E/E A COVID-19 [0 37 £ [y Rl & 12
INEEE DIRE, WKL) 3%E 10%EK4LH i
TREFEF T DRI, S B e R 1%
LB T 20t iR il B BB, I R R R
J6L 995 BE 1) T E RO 0 . A FE LS 3R &= AT
R, L SRR, B A RTE R 59
COVID-19 8 E 50 78 K IAT 32 15 s N Fe 26—
K RBRE A, 15 63%; KFILAAH LSRG 5
JRYL B E N REAEAE) 2 B R, IR A
LIS BB NBEER L KD, R FCRH B REh RE
TRy, JCHR S F AT SR (CRRT),
AT DAE LB RGN R 7, AP E E A



t54

Chinese Traditional and Herbal Drugs %5 51 % 3§ 20 #8 2020 4¢ 10 A

* 5201 »

TRALRAR A RE I HrT REA AR B 1L e 3 A

SRR 5 1 2 1k ACE2 16 AR ik A48 K

P-2RIE CEUATER ke 100 %), 1 ACE2 7438

TREEREAN NARGH ML) T B2 AR 2 —, Fie i 7 il

5 ACE2 25 &M N /INEAML, AT 5] e

BEVERIE DhRE R, IS A B COVID-19

FEE PR B I S AT BE A e )N A B 4 4 A

JE IR G RE [ N 5 ) B ) . IEAME AR R

(AR FAE COVID-19 kA= i BAE A7 fE

R R AR IR EANS o B EE Lt 70 ] BATE Sl 2 R

55.7%f¥] COVID-19 &3 APl o KK, Yang

SRR 52 il fs R E W 9T rP R0 I OR HH B A

(11.5%) 1 2~8 d JaA WABER . KAVEIRFIEE

IRBHAS 1 BT A b PR 2 iR R ) LR, FTRE AN

MAER 1T B FIGYT, S RN R Dy FAE S5

Iz —

Logistic JyAEZ IR PTG AL, REASHT T
R GG R — LA B 2 M) 2R BT T
7127, 1 ROC 42 H i = AR A AN 2 Wi 8
RAERTNE, HERERME, HEAEE EEaew
FIW 3BT (2 W1t 58290, AR 9 DA SR SE BRI 1
W EARIE, COVID-19 3% 1 5 IE [ T A 2
TENR I A&, i ROC Mo, 45541, ROC
£k FifA AUC {54 0.795, k¥ Youden $5 %
KEHENIEFAE, THE COVID-19 3 i B i) 7l
MREZy 0.34, B2 W H) R BUE DY 0.71, ¢
54 0.80.

R ERTIR, AR, AR ERigE i
B g tfE . VLA A Logistic [=1Y- 7
DA AR AL T LU COVID-19 Wi R T2 #3516 B
(R A RS BB BRI - BAT 5 e P s PR 2 FH
Yrfe, fEAREE—DHE .

SE R

[1] Hfe N RSN E K AR 0l DA N A E.
B 10 H 3 H 24 W R a0 2 il R 2 BRI L
[EB/OL]. [2020-10-03]. http:/Aww.nhc.gov.cn/xcslygfkdt/
202010/ 8abac2d0e687458bb35677c7ee14b883.shtml.

[21 W&, RSP SR fE 5 R B R0 25 il 28 00
BITHAT AR 3] EAY TRE&E, 2020,
40(Z1): 78-83.

[3] Yang X, YuY, Xu J, et al. Clinical course and outcomes
of critically ill patients with SARS-CoV-2 pneumonia in

Wuhan, China: A single-centered, retrospective,
observational study [J]. Lancet Respir Med, 2020, 8(5):

[4]

[5]

[6]

[7]

(8]

[°]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

475-481.

Liu'Y, Sun W, Li J, et al. Clinical features and progression
of acute respiratory distress syndrome in coronavirus
disease 2019 [J]. Med Rxiv, 2020, doi: 10. 1101/2020. 02.
17.20024166.

B X AR Gl 2. 50T BURCHT B e R 25 Ml R 12
PR GRATE LD MiE%1 [EB/OL]. [2020-03-04].
http://www.nhc.gov.cn/yzygj/s7653p/202003/46¢9294a7d
fe4cef80dc7f5912eb1989.shtml.

Yang Y, Lu Q B, Liu M J, et al. Epidemiological and
clinical features of the 2019 novel coronavirus outbreak
in China [J]. medRxiv, 2020, doi: 10.1101/2020.02.
10.20021675.

Zambelli V, Bellani G, Borsa R, et al. Angiotensin-(1-7)
improves oxygenation, while reducing cellular infiltrate
and fibrosis in experimental acute respiratory distress
syndrome [J]. Intensive Care Med Exp, 2015, doi:
10.1186/s40635-015-0044-3.

Zhou P, Yang X L, Wang X G, et al. A pneumonia
outbreak associated with a new coronavirus of probable
bat origin [J]. Nature, 2020, doi: 10.1038/ s41586-020-2012-7.
XeF, K. SARS-Cov-2 S &H: WFF#tE5Hk
g% [J/OL]. %% # 2% ik, [2020-08-26]. https://doi.org/
10.13242/j.cnki.bingduxuebao.003787.

EHWE, FheT, 35, & BTSRRI R S 1
BRI AR 2 BT TR IUIR [3]. PR BB 200,
2020, 40(7): 743-747.

Guan W J, Zhang Y N, Hu Y, et al. Clinical characteristics
of coronavirus disease 2019 in China [J]. N Engl J Med,
2020, doi: 10.1056/NEJM0a2002032.

Vardavas C |, Nikitara K. COVID-19 and smoking: A
systematic review of the evidence [J]. Tobacco Induced
Dis, 2020, doi: 10.18332/tid/119324.

Liu W, Tao Z W, Lei W, et al. Analysis of factors
associated with disease outcomes in hospitalised patients
with 2019 novel coronavirus disease. [J]. Chin Med J,
2020, doi: 10.1097/CM9.0000000000000775.

Tonnesen P, Marott J L, Nordestgaard B, et al. Secular
trends in smoking in relation to prevalent and incident
smoking-related disease: A prospective population-based
study. [J]. Tob Induc Dis, 2019, doi: 10.18332/tid/112459.
B, WREEE. B R UbE =R P TE R
AEEERELIETIER R D] WREERE,
2020, 48(3): 340-341.

Zhou Z, Chen P, Peng H. Are healthy smokers really
healthy? [J]. Tob Induc Dis, 2016, doi: 10.1186/
512971-016-0101-z.

XWE, B, kB, . RN



* 5202 o

t54

Chinese Traditional and Herbal Drugs %5 51 % 3§ 20 #8 2020 4¢ 10 A

(18]

[19]

[20]

[21]

[22]

[23]

(2019-nCoV) gk G B M 453403 AH 5C PR e PR B A AL b
W [J]. HEREE Adrkl, 2020, 50(3): 258-269.
MK, W, £ M, S 50 R R R
(E 98 B3 P BRI RARFAE 238 [J]. B BR 2R 2%
i, 2020, 34(2): 17-21.

W B, X, |8 5F 2RISR Y
Jeb PR 5 il 28 2 T [9]. AR BR BE A, 2020,
35(4): 295-299.

Huang C, Wang Y, Li X, et al. Clinical features of patients
infected with 2019 novel coronavirus in Wuhan, China
[J]- Lancet, 2020, 395(10223): 497-506.

Wang D, Hu B, Hu C, et al. Clinical characteristics of 138
hospitalized patients with 2019 novel coronavirus-
infected pneumonia in Wuhan, China [J]. JAMA, 2020,
323(11): 1061-1069.

Xu H, Zhong L, Deng J, et al. High expression of ACE2
receptor of 2019-nCoV on the epithelial cells of oral
mucosa. [J]. Int J Oral Sci, 2020, doi: 10.1038/s41368-
020-0074-x.

Li Z, Wu M, Yao J, et al. Caution on kidney dysfunctions
of COVID-19 patients [J]. medRxiv, 2020, doi:
https://doi.org/10.1101/2020.02.08.20021212.

[24]

[25]

[26]

[27]

(28]

[29]

Wrapp D, Wang N, Corbett K S, et al. Cryo-EM structure
of the 2019-nCoV spike in the prefusion conformation.
[J]- Science, 2020, 367(6483): 1260-1263.

Zou X, Chen K, Zou J, et al. Single-cell RNA-seq data
analysis on the receptor ACE2 expression reveals the
potential risk of different human organs vulnerable to
2019-nCoV infection. [J]. Front Med, 2020, 14(2):
185-192.

Yang X, Yu Y, Xu J, et al. Clinical course and outcomes
of critically ill patients with SARS-CoV-2 pneumonia in
Wuhan, China: A single-centered, retrospective,
observational study [J]. Lancet Respir Med, 2020, 8(5):
475-481.

Yu F F, Liu H, Guo X. Integrative multivariate logistic
regression analysis of risk factors for Kashin-Beck
disease. [J]. Biol Trace Elem Res, 2016, doi: 10.1007/
512011-016-0712-5.

L. ROC MR PN LG AN ZR C X 53011 DhRE 5
ER KM E [J]. HESLI 2k, 2017, 21(6):
958-960.

X X ZE TARRHME (ROC) HhZRAEFS 12
WrR IR [3]. H AR AT, 2012, 10(9): 149-151.



