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Abstract

Objective: To investigate the clinical predictive value of C-reactive protein combined with eryt-
hrocyte distribution width test in patients with novel coronavirus pneumonia combined with res-
piratory failure. Methods: Retrospectively included 213 patients with COVID-19 infection who at-
tended the Affiliated Hospital of Qingdao University from December 2022 to January 2023, and
were divided into the respiratory failure group (45 patients) and the non-respiratory failure group
(168 patients) according to whether hypoxemia and/or hypercapnia occurred, collected general
clinical data and laboratory examination indexes of the two groups, and analyzed the differenc-
es between the two groups through univariate and multifactorial logistic regression to construct
the ROC curve risk prediction models. Results: Comparison of chronic obstructive pulmonary dis-
ease history, systolic blood pressure, white blood cell count, neutrophil count, NLR, RDW, CRP,
IL-6, lymphocyte count, and glomerular filtration rate in the respiratory failure group showed
statistically significant differences (P < 0.05); a multifactorial logistic regression analysis showed
that RDW (P < 0.05, 95%CI: 1.082, 2.246, and OR = 1.559) and CRP (P < 0.05, 95%CI: 1.003,
1.027, OR = 1.015) were independent predictors of COVID-19 combined respiratory failure pa-
tients. The AUC of the combination of the two was 0.728 (95% CI: 0.643~0.813, P < 0.01), with an
optimal threshold of 0.193, a sensitivity of 78.6%, and a specificity of 63.5%. Conclusion: Respi-
ratory failure is not uncommon in COVID-19 and suggests a poor prognosis. C-reactive protein
combined with Erythrocyte distribution width assay is expected to be a simple and easy predic-
tor for assessing respiratory failure in combination with novel coronavirus pneumonia.
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1. 5|

2019 HEFFUGTRAT BT AL bR 5 it 28 (COVID-19) /2 ph ™ L S MW R R 45 A RE IR B 2 (SARS-
COV-2) 5| 2 I LARF IR E Ay 3 (A G i, o5 LI R RORE R il 28, FL O GUPERF I 5 38 2R A fiE AR 7T
COVID-19 [l PR R BLELA & 5 M, A JGE IR 1) 7™ B P W 5 oy AN S5 [1] o L E AN A B0 4] 4 ol o 52
= M2 I COVID-19 1) 14%H1 5%, JHFE T KREMIEIT R, A7 IRERGH K T UTE M
[2].

1E COVID-19 7, W 3 vy 8 5 A RO B IR G 5 | JES R s 28 RO 453405 S 8000 o s 23 B L 51 28
R, FEUMHLZ R, AN SRS D) RS2 B2 . 7 I 2 AN 5 T RE 5 SUIE TSR A
MR PELANND, A 30T SOt AT SRS e .t COVID-19 5 (P I 5 35 B s 15 AR Ak, 2
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HEIWWESHEIT:[3]. SHA ARDS ML, COVID-19 {0 B AL B 24 5 &2 2« M 2 FE[4]. AR
FW[5], WEANS I P ZE M s (B AR TR NS e 2, S LD AN M S TR M R AL A i A i, 330
2140 53 A1 5 £ (regulated distribution width, RDW){E 7+, RDW ZK-F-Ft i vl G 5 8088 4 HH IR S IEE
TP 98 RE NSN3 . RDW A2 0 — N E A A2 A BB TS5 10— A 5 K AT S 6 R 7

Haj, RS RIEE 75T COVID-19 H H BRI Z255 (1) ) LR R A, {5 COVID-19
b R S ) FE R R 2R H AT RIS 2 . A FUE I Y E COVID-19 & - IPil s vl (1 B Bk, R A
COVID-19 &Pl i R AH R SER R 35, it — 2B 1il); COVID-19 i35 H I s v £ LAk 4

2. NREFRE
2.1 WHRMR

EHL 2022 4 12 ] 22 2023 4F 1 H T35 5 R Mt J& = e st 12 () COVID-19 J& 4k 3 213 AT 4 .
R 2 75 R A AT LY AR () o i G TR 7 Sy I PR 5 3 4. (45 f51) A AR NP 2 5 2 (168 1) AW A KA :
1) BEFE CHRRERR M 21297 5 ZROEMTHE)\UR)) 5T COVID-19 K2 likruE; 2) E#EHIIGK
iRlEEE; 3) M AFBAEHFESIAM T HbsiE: 1) Mgz 2) &0 . B5%
TEEMBNEIERE . A EEKIE CHAUERE R R 1297 T R BT E L

2.2. ImPRFERE

I H RO RGRIUEF DU IR R, 1) —M&EOR: ADGi 28R (Eal. . S, &
) ARG ST OB e R SR« A A TE A B AR L ORE PR PE L s bR 3 ik o A e e o BT
T PERLZEPE IR . MRS . 2) SIS A RS ME (AT, R AR AT
. NLR. /MR % 408 E . RDW 25), 424k I fiE$845(CRP. LDL-C %%). 0> I E§1%(BNP. CK-MB.
TNI). HFEhEE(UUET . GFR)SE: BT A MUE AR A B -G A B AL I PRAS 360 2 AT A, i e L FE R TN B
N 1 IR KA B A

23. GtFERE

R SPSS 26.0 Fiit &AW BT RHIAT e it o b o WP IE SR B BURLIT IEAS A5G, AR IERS
AT R TR DI £+ RHEZE(X £ )RR, KA t BRI AR Lh AR IEZAS 20 A7 i & %
M A A3 (DY Az R EE) [M(P25, P75)1%7, 1% Mann-Whitney U K33 432845 B 1+ 500K LR (%)
Fon, KA 2K TR EA ZE R E, HE—BEE N£ T Logistic [813 Wikl AT G R & 4
Z:il ROC ik, LA AUC 14l COVID-19 &3 & JF PR I TR . BL P < 0.05 NZE A St ¥
e

3. &R
3.1 —fRliERER

AT I Nk 213 ] COVID-19 J& YL, KA L 45 4(21.1%), IR IEEAH, H
R 168 151 (78.9) Ky Fe A WP W S v 2 o WP S 3 iy 2] IO A4 18 1 HL 25 1k i 9 9 58 LG [6 (13.3)] v T AR M R 083
I T (4.2), ZRAGUFE (P < 0.05); PR H I 130 (106.5,140.5) mmHg & (% T AEIFIR
T2 135 (123.25, 146.75) mmHg, Z= A Giil s X (P < 0.05). WA EFMR. Fie. FERRE.
ERRE BRI mE . O O S R TR RIS RPIRIELLER, ER LS
= N(P>0.05). W7 1.
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Table 1. Comparison of the general clinical data of COVID-19 patients between the two groups [ X +s, n(%), M(P,s,P75)]
2 1. P4E COVID-19 BE—RIGKRZZHIELIL[ X £3, n(%), M(P25,P75)]

— e R BTk} R 2 4L (n = 168) I 2235 2H (n = 45) t/2/c2 P
FE (D) 75 (65,84) 77 (68,84.5) -0.764 0.550
P53 2) 108/60 34/11 0.127 0.169
fEBEREL(R) 12 (8,17) 11.5 (6.75,15) -0.899 0.369
PR E TR E(BMI) 24.80 (21.86,26.87) 24.97 (22.35,28.03) -0.474 0.635
B8R [n(%)] 65 (38.7) 19 (42.2) 0.185 0.667
T 1L [n(%6)] 89 (53) 24 (53.3) 0.002 0.966
57 [n(%)] 57 (33.9) 16 (35.6) 0.042 0.838
L FEMR[N(%)] 8 (4.8) 3(6.7) 0.263 0.608
2 BH i [n(%)] 7(4.2) 6 (13.3) 5.204 0.023
Jit 8 [n(%)] 11 (6.5) 6 (13.3) 2.225 0.136
WA 52 [n(%)] 18 (10.7) 10 (22.2) 4.333 0.115
TR 52 [n(%)] 10 (6) 5(11.1) 1.443 0.230
WKL 4E £ (mmHg) 135 (123.25, 146.75) 130 (106.5, 140.5) -2.339 0.019
#F 9K 5 (mmHg) 73.67 £11.751 70.04 + 15.089 1.494 0.141

3.2. LRV EIGH

Il 8 S 20 A 4T $0N 8.5 (6.4,10.7) x 10°/L FRHERi4m L i+ % 6.55 (5.15, 9.46) x 10%L. NLR N
10.68 (4.64, 16.21), RDW A 13.5 (12.9, 14.2)%, CRP /KF->Aj 55.28 (25.95, 96.57) mg/L, 1L-6 7/K°F-y 28.49
(15.23, 94.13) Pg/ml, 3% i T AR ZE 5 4 1) 6.545 (4.835, 8.985) x 10%/L. 4.95 (3.255, 7.057) x 10%/L.
474 (2.54, 4.74). 12.8 (12.2, 13.6)%. 26.3 (8.57, 56.06) mg/L. 12.78 (4.82, 37.14) Pg/ml, k244N
0.66 (0.42, 1.27) x 10%L. B /NEkyEid %4 57.02 + 2452 ml/min, & FACT AP EEHLLH) 1.035
(0.6725,1.54) x 10%L. 65.95 +24.69, ZFA L it2E X (P <0.05). MLALMLEA. M RitE. ILEF.
BNP. LDL-C /K-FLbEs, ZRIgitae X (P >0.05). W% 2.

Table 2. Comparison of laboratory tests of COVID-19 patients between the two groups [ X s, M(P25, P75)]
%2 2. #tH COVID-19 BBE LIS =R BHEARELER[ X s, M(P25, P75)]

S A A A JEnFIR 3E9E 4 (n = 168) IR 35 4 (n = 45) 1z P
FI4H A % (x 10%L) 6.545 (4.835, 8.985) 8.5 (6.4, 10.7) -2.835 0.005
Hh PR AT R $R (< 10%/L) 4.95 (3.255, 7.057) 6.55 (5.15, 9.46) -3.418 0.001
IR L4 i Hr (< 10°/L) 1.035 (0.6725, 1.54) 0.66 (0.42, 1.27) -2.911 0.004
NLR 4.74 (2.54, 4.74) 10.68 (4.64, 16.21) -4.208 0.000
RDW (%) 12.8 (12.2, 13.6) 13.5 (12.9, 14.2) -3.523 0.000
M1 F (/L) 131 (115.25, 140) 128 (116, 141) -0.194 0.846
M/ (< 20°/L) 189 (141, 243.75) 180 (126, 206) -1.428 0.153
CRP (mg/L) 26.3 (8.57, 56.06) 55.28 (25.95, 96.57) -3.056 0.002
IL-6 (Pg/ml) 12.78 (4.82, 37.14) 28.49 (15.23, 94.13) -2.725 0.006
JULEF (umol/L) 87 (67.49, 102) 90 (70.35, 126) -1.333 0.183
GFR (ml/min) 65.95 + 24.69 57.02 + 24.52 2.043 0.043
BNP (pg/ml) 236 (89.44, 821) 453 (143.27, 1446.25) -1.515 0.130
LDL-C (mmol/L) 2.32+0.85 2.13+0.88 1.25 0.213
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3.3. ZLEE Logistic EVANHER

RAE AR R gE S, K18 vk B ZE MR A s s . IR . A S, RIS, Ak
Miit#. NLR. RDW. CRP. IL-6 55A 4uit 2% 2 R MR rd1T 2 K& logistic [21)4 7347, 45K E/R: RDW
(P < 0.05, 95%Cl: 1.082, 2.246, OR = 1.559). CRP (P < 0.05, 95%ClI: 1.003, 1.027, OR = 1.015)/& COVID-19
B B R v R T T R . L 3.

Table 3. Multifactorial logistic regression of COVID-19 combined respiratory failure patients
Fz 3. COVID-19 & H MR8 EE % 7t Logistic BYA5 7

i H B SE Wald-y? OR 95%Cl P
SEi kg -0.691 0.39 3.135 0.501 0.233, 1.077 0.077
R Al AR 0.667 0.415 2.584 1.949 0.864, 4.398 0.108
LA T 0.144 0.463 0.096 1.155 0.466, 2.862 0.756
NLR 0.025 0.034 0.531 1.025 0.959, 1.097 0.466
RDW 0.444 0.186 5.671 1.559 1.082, 2.246 0.017
CRP 0.015 0.006 5.686 1.015 1.003, 1.027 0.017
-6 -0.001 0.002 0.468 0.999 0.996, 1.002 0.494
1 Bt 1.349 0.767 3.097 3.854 0.858, 17.317 0.078
W4 . -0.09 0.089 1.022 0.914 0.767, 1.089 0.312

3.4. COVID-19 & F M 0% 38 FUM B F 53 47

RDW. CRP K& B A X COVID-19 &3 & P v (112 Wi E ROC 4k 73t 7w, RDW (1)
22 NI FA(AUC) N 0.689 (95%CI ¥ 0.643~0.813, P <0.01), fHefh:ilf A1ty 13.15, HUKEE AN 69%, 455
N 65.5%; CRP [F)#h £k R A (AUC) A 0.653 (95%CI v 0.556~0.749, P <0.01), HiEl&F1E N 46.03,
JXFE N 59.5%, 457N 69.6%; FiE LA AUC A 0.728 (95%CI 4 0.643~0.813, P <0.01), #HfEilk5t
55 0.193, BUKE N 78.6%, HEFE N 63.5%. W 1.

ROCH £&
1o =4 IR
~—T RDW
- = —CRP
0.8 3 T
”H r
fud—
0 0.6 v,.l:
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K 0.4 1 rrfr
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Figure 1. ROC curves for the prediction of COVID-19 combined respiratory
failure by RDW, CRP and the combination of both

[# 1. RDW. CRP RFEEBA Y COVID-19 &HMFEIREFTETMEY ROC fhzk
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4. ¥ig

AL R BRI G TR A OCREIR R G0 Z R PTRENLE A . IUA R TR, B AL e B e B A%
RA&AE, FEAR BN 5 40 B i) 1 8 55 7K 2 7% 1L I 2 (angiotensin converting enzyme-2, ACE2), ‘T
fili&s ACE2 | A= M RERHE, 51K S EMGIR{G[6]. thah, 2019-nCoV W] AgiEIT IR ACE2 2 A& e
TSIt b R AR, 5 R 2 RE Rl U3, B It 2L 2R AR <UL B B« 2019-nCoV 1] Bt — A5 a2 4 1)
AUMLBE RN MBAG IR, ik ACE2 HAB#S S, INE RIMEH 7 X, & FH MODS, ™ H
BEME[T].

PJf SEXF COVID-19 & W0 52 o Y S i AR H S 2L, R PENPIR G . a0 1k BH ZE P il e
(COPD). B WEMGSE, IXLLP LA SR 7 B H PRI Re (85, 15 %5 % £ &% COVID-19 J&
RV . A AL R BN, PRI A A 13.3%(1 B COPD Bk s, AR i 24
AU 4.2%, PPN 2H 58 B COPD i S i E i 2 3% i TR v 20 (P < 0.05). X $R7R KA
COPD &5 COVID-19 & Jf: WM 3 vy B B INAH SC I B 2K 35 . COPD & — R 14 BHL Z& 14 it e s
O T T BE PR INRE S, (A0 15E 25 2 /RS COVID-19 J&5 K e NP 3. th4h, COVID-19
JEY AT BEXT M AP R Gt AE R Ty, #E—2BINE T COPD BEMItE. thoh, —LERFFE BoR
HoAhiop 2%t COVID-19 HERE IS . — T meta 7T B, HAT w0 B PRI Ao I8 07 A B
B ST ER B B ERE COVID-19. AfE ICU FLE AR B T2 45 = i XU 58 = [8]. MR ARt 55
COVID-19 [{/= B2 FFET - R A K, WHin, R COVID-19 HE 1 25.6% (8417/32849)4 Wi /K
S HRTIRAEE EE COVID-19 [RGB B n[9]. L E AR 7t AU 2 5[5 COPD it H At 5 s
X COVID-19 & FFWFI v fIsmm, (HARSESE AT TS5 A, M &I s . E PRI AL I 45
TARE, VIR ES T R I EAL.

M T R R AT 45 SR o, R o v AL A TR L 0 o 5 I T AR P e 3 (P < 0.05).
1M 22 R 25 20 AT S bk EL A0 B B0 P AN & — /M S e PR 28 . IR AT 2 S R G0 1 — Fh EE 40 g,
Sof THia LA T s S M A C FH S, 7E COVID-19 Hrh, W4 Mt 538 4h T g 5950 1) = 2
FEEMBUGHIIE. — BN, MREN AT EE B v] 58 LRG0T & IR 23 ¥ COVID-19
B S, —UURF IR, I E G AR R PR . PR R0 A 8D T e S i E R B R
S IR E A P O T (A A BT ) 38 DA B 4 i A R S5 TR 3R A DG [10] o Ak 4t P o 50 1 B I T e A
FPETNRESZAN, HE— B 3G T B (0 XU R 73 1 7 E R P o ORIk L PR 00T BB 4 s I A
G T AL DL S S R R A K. FREVERRE, HAEFTH COVID-19 3% itk L4 i H 2B 2=
fIR[11] . — 2858 1] Re R I Ik L2 B v 2800 R FERARAIS, 17 A e FE b it C-J B 2K 11 (CRP) %5 1] g
B LA T AR R AR (B [12]

AW T 25 R o, PFIRCE S 2H B 1K) CRP 7K1 423 i T ERFIR R 33 2 (P < 0.05). C- X M £ 1 (CRP)
F& — PIAE JONE B GL e B2 o F T VPG JO0E S SR IR FR[ 18]« £ COVID-19 5 F WP 3 (1) S
CRP 7K~V B2 4k 7] LS A SG i ™ B AR L AN TS (145 S . W FLR B, 7E COVID-19 &G AI& H I 3
WITEGL R, CRP /K PIEN BT . XM T BN 2O RV A INE . CRP [F = il Re S BT e
FRG NI B B ) G 2 S SR JRE A R AR TIT 8 [14] . CRP 7K T v -5 92 0 A0 7™ B R R 10 i 2 1)
FAAE—E AR . R CRP /KPR BRIR/NIR G ™ 8, IF5 I ACREFIA R 45 )= I XU A 55 [15]
IEAh, CRP K HIHRFEE T it AT BB 7 27 1 ik e AR A o

T2 5 A 5 P A S I 2T A L K /IN R AN 38 S0 ek () — b b L5018 v R £ A AR AR AR S K
ZHT ZMIMAS AR . TR, GUFERM[16], RDW SHUAZ A RIER TR VbR EM L
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AR R SN . AR R EIR, 7F COVID-19 &M FEis ¥ b, 1L RDW BRI 2235 41
BT, XA Re S HORE/ G FRE LR LSO R KRR [L7]6 0% ATRBNLEIE : 1) #OE IR B ] %
LA AR E M, AR I 2L E M BRSO, Bl ZL AR ATEAR . R JEEESE . BEAR, RE
WS FT DU LT A MRS ) 5 B, LR G BT S, RGN T v b LA A= (18] [19]: 2) &
i SN AT TPk AR SCRI R L, 38 R DA (i 21 400 B 2E 1 32 (EPO) AR B, AT 51 RS 2T 40 Ml K /NAN IS, A
T REAS T LA e, A6 58 RE R - T4kl EPO 43k, M 512 RDW B78[20] [21].

S3HT4E CRP. RDW Xf COVID-19 & I Fi s (12 i E 1) ROC HiZk, 453 E78 RDW [ AUC
4 0.689 (P < 0.01), BTN 69%, %55 ME N 65.5%; b CRP ] AUC (0.653, P < 0.01)F; M&HELA
AUC 4 0.728 (P <0.01), #BUE N 78.6%, %7575 63.5%; HAHXTEAEYR, LA HARAIHURE .

25 BTk, COVID-19 & P v B S A M 4. R4 it 4. NLR. RDW. CRP 7K~
IL-6 7K T B PFIR SE vby J s T, 4B T2, B/ akiE I R E4K; CRP. RDW BX& Fitdll COVID-19
B P 5 vy HL A 5 v P U P R S B o 3K R A T T R o of R R A 7 AR i HL A AR
TR VAR O B, (T ah WSS, &G IERBE AT ST R0, % n] 5 i AT 530
GRAEs RIS, SRR LA UE S 0 N AT S AS I, 36 e N TR T ORI N IAE T R A
KRB, seah, BT AR SCESIAERT AR i1 COVID-19 95 A 95 SR BOREEAT 0 3t E 75
B, ik, SRR, EEM G R A SRR, N COVID-19 [t thk
F, B, XFEWSCP RS R MBRE, FREXN HIHMTE S . WIRARRN . A, XL
BRATI . WRIRER . B, ZFE 52 2R A 1E.
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