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[Abstract] Objective To explore the relationship between C-reactive protein/albumin ratio (CAR) and the disease severity
in patients with severe pneumonia, and its predictive value for 28-day mortality risk. Methods A retrospective analysis was
conducted on 152 patients with severe pneumonia admitted to Fuyang People's Hospital from January 2020 to January 2022. They
were divided into non-critical illness group (n=51), critical illness group (n=63), and extremely critical illness group (n=38) based on

the disease severity. The clinical data such as age and gender of patients was collected, and Pearson correlation analysis was used to
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explore the correlation between CAR and the severity of illness [determined by Acute Physiology and Chronic Health Evaluation I
(APACHE 1I') score]. Multivariate logistic regression was employed to identify independent influencing factors of the severity of
illness. According to the survival status of patients after 28 days of treatment, they were divided into survival group (n=107) and death
group (n=45). CAR was categorized into quintiles (Q,-Q,), and multivariate logistic regression analysis was conducted to explore the
correlation between CAR and 28-day mortality risk in severe pneumonia patients. A restricted cubic spline (RCS) model was used to
analyze the dose-response relationship between CAR and mortality risk. The predictive value of CAR and related indicators for patient
mortality risk was evaluated using the receiver operating characteristic curve (ROC). Results

correlated with the severity of the disease (APACHE 1l score) (r=0.716, P<0.05). Neutrophil/lymphocyte ratio (NLR), blood lactate

CAR was significantly positively

(Lac), and high CAR were independent risk factors for the disease severity in patients with severe pneumonia (P<0.05). After
adjusting for confounding factors, the mortality risk increased with the increase of CAR (P<0.05). Subgroup analysis of the screened
confounding factors revealed that the correlation between CAR and 28-day mortality risk in severe pneumonia patients remained
stable across different APACHE I scores, GCS scores, SOFA scores, white blood cell counts (WBC), neutrophils (NEU), red cell
volume distribution width (RDW), procalcitonin (PCT), and Lac, with interactions observed between NLR and Lac subgroups (P<0.0S).
The RCS model indicated that there was no non-linear dose-response relationship between CAR and 28-day mortality risk in patients
with severe pneumonia of different genders. ROC curve analysis showed that CAR, Lac, and NLR had good predictive value for 28-day
mortality in severe pneumonia patients, with the combined predictive efficacy being significantly higher than that of individual
indicators. Conclusion There is a close relationship between CAR and the progression and prognosis of severe pneumonia, making

it a new approach to assessing the severity of illness and predicting mortality risk in patients.
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Tab.1 Comparison of clinical data of severe pneumonia patients with different degrees of illness

i H BB FESELL (n=51) fE HAELH (n=63) W SEFIELL (n=38) F/Y P
IR (%, xs) 67.843.1 68.0£3.5 68.2+2.9 0.197 0.657
BMI (kg/m?, X+s) 23.69+2.84 23.75+2.96 23.73+3.25 0.066 0.797
W5 R (mmHg, X+s) 129.52+18.76 129.83+21.47 130.19+19.83 0.009 0.925
#F 5K (mmHg, x+s) 83.19+6.25 83.05+7.39 82.94+7.34 0.184 0.668
AR (YR /min, Xts) 109.52+13.14 110.95+15.94 112.43+16.02 0.063 0.801
PERI[51(%)] 0.204 0.651

] 24(47.1) 31(49.2) 19(50.0)

& 27(52.9) 32(50.8) 19(50.0)
ZEEKRN(%)] 0.003 0.957

e DN 10(19.6) 12(19.1) 7(18.4)

LN 19(37.3) 23(36.5) 14(36.8)

ILYSAPN 22(43.1) 28(44.4) 17(44.8)
FRBE H WA [ (%) 0.655 0.418

<2000 7T 11(21.6) 13(20.6) 8(21.1)

2000~5000 JG 26(51.0) 32(50.8) 19(50.0)

>5000JC 14(27.4) 18(28.6) 11(28.9)




RICZEE 238G 202543 H28H 25505 23l

(8t &)

RE| G IELL (n=51) G HIEZH (n=63) W & FE 4 (n=38) F/y P
WA B2 [£51) (%) ] 0.424 0.515

= 22(43.1) 28(44.4) 17(44.7)

i 29(56.9) 35(55.6) 21(55.3)
AR B (451 (%) ] 0.070 0.792

= 20(39.2) 25(39.7) 15(39.5)

& 31(60.8) 38(60.3) 23(60.5)
e I 52 (61 (%) ] 0.000 0.995

P 18(35.3) 22(34.9) 14(36.8)

o 33(64.7) 41(65.1) 24(63.2)
PRI S (451 (%) ] 0.637 0.425

= 13(25.5) 16(25.4) 10(26.3)

w 38(74.5) 47(74.6) 28(73.7)
Sl S [ 151 (9%)] 0.127 0.721

= 14(27.5) 17(27.0) 10(26.3)

i 37(72.5) 46(73.0) 28(73.7)
P BH S s 52 (461 (%) ] 0.003 0.958

P 9(17.7) 11(17.5) 9(23.7)

7 42(82.3) 52(82.5) 29(76.3)
GCS P43 (47, %s) 12.65+4.25 9.90+3.36' 8.14+3.78V 10.791 <0.001
SOFA P43 (47, xts) 10.98+4.56 11.23+3.84W 13.57+3.920@ 17.299 <0.001
TC(mmol/L, %+s) 4.40£1.37 4.40£1.39 4414128 0.328 0.744
TG(mmol/L, X+s) 1.7140.54 1.70£0.57 1.7240.60 0.019 0.984
LDL-C(mmol/L, X+s) 2.84+0.48 2.85+0.49 2.85+0.57 0.231 0.891
HDL-C(mmol/L, X+s) 1.13+0.09 1.130.10 1.14+0.12 0.038 0.970
FPG(mmol/L, %s) 6.06+0.71 6.07+0.72 6.07+0.68 0.088 0.930
HbA, (%, %£s) 6.0040.15 6.01+0.20 6.02+0.16 0.080 0.937
WBC(x10%/L, %+s) 15.2443.42 17.65+4.29 22.19+5.370® 3.017 0.003
NEU(x10°/L, Xs) 7.58+1.69 9.92+1.47 11.84+2.7010® 2.600 0.011
GR(%, +s) 77.26+9.89 77.33+8.73 78.16+7.98 0215 0.643
LYM(x10°/L, %+s) 1.52+0.39 1.54+0.42 1.60+0.45 0.336 0.562
RDW (%s) 13.89+2.36 15.23+2.74W 18.47+3.5610®) 4.862 0.027
CRP(mg/L, +s) 72.568.75 98.76+9.23W 132.53+10.290® 7.629 0.006
ALB(g/L, x+s) 34.10+3.42 30.45+2.98% 28.36+3.15 5.046 <0.001
CAR(3s) 0.5620.05 1.58+0.22V) 2.05+0.340® 9.503 <0.001
PCT(ng/ml, x+s) 0.28+0.08 0.35+0.10) 0.44+0.120® 4738 <0.001
Scr(pmol/L, F+s) 85.27+9.89 86.37+£9.21 87.46+8.73 1.647 0.098
Hey(pumol/L, Xs) 16.24+2.33 16.29+2.40 16.33+2.29 0.158 0.875
BUN(mmol/L, %+s) 6.00+1.87 6.01+1.94 6.03+1.98 0.108 0.914
UA(mol/L, x+s) 345.48+65.74 345.63+69.05 346.71%72.36 0.578 0.567
PLT(x10°/L, x+s) 193.39+20.98 193.70+21.43 194.34+21.22 0.344 0.732
Hb(g/L, xts) 110.67+9.87 110.69+9.96 111.05£9.35 0.061 0.951
FIB(g/L, X+s) 3.60+0.93 3.62+0.86 3.64+1.00 0.234 0.815
ALT(U/L, %+s) 27.31+7.16 27.58+7.24 28.19+8.45 0.199 0.842
AST(U/L, %+s) 34.24+2.83 34.73+2.98 34.57+3.08 0.899 0.370

NLR (%+s) 433%1.15 5.28+1.39% 7.36+2.030® 8.995 <0.001
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iH ARG HAEL (n=51) i EEZH (n=63) WG FAE £ (n=38) F/y P
D-D(mg/L, X+s) 1.49+0.42 1.48+0.27 1.48+0.30 1171 0.244
Lac(mmol/L, %+s) 4.24+0.11 4.58+0.09% 4.96+0.130 2.716 0.007
OI(mmHg, %+s) 192.72+13.76 185.62+17.39 154.53+12.470@ 8.995 <0.001
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Jis Scr. JLF; Hey. [RIZEEER; BUN. LR ZE A ; UA JRIR; PLT. /MRS Hb ZLE A ; FIB. S48 R ALT. 5N A
AST. A¥ RUEE GG ; NLR FPoPERLA0M A AN L ; D-D. D-Z2RAK; Lac IFLAER; OL A GHEL SIEEEAEA LR, (1)P<0.05; SfE
HRE L, (2)P<0.05
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Tab.3 Multivariate analysis of severe pneumonia patients' illness

2.2 CAR -5 50 fili 48 B 38 0 17 )™ B R B 1Y G &R
Pearson fAH I/ M4 H 7, CAR 5 APACHE I ¥F47

SUTELIEA G (r=0.716, P<0.08). AR B SE_ Waldy OR  9s%CL P
2.3 E{E%j&%%ﬁ%ﬁziﬁfﬁ%%ﬂ@? )ij_%:zl GCSPF4;r -1.094 1112 0967 0335 0.458~0.781 0.069
g 25 S S BT A 1 A I K 8 T I 7 o L SOFATFS; 0928 0.874 1362 2529 0.356~7.921 0.055
Geti/Bemie-1, amiE-fnmaikits L0 O8 S0 G0 0 T
2 5 logistic [ 50 H7 . TBF 412 2 JiF/ (1 ° CAR RDW 1.056 0983  3.582 2874 0.439-~3222 0.136
A CRP 5 ALB (F LA, HAHS CRP FIALB A Z CAR 1139 0677 2176 3.123 1.568~7.439 0.003
o). AW, CAR. NLR, Lac/K¥-f /L5 PCT 0.983 0261 2965 2.673 0.428~3.189 0.081
S Ml 9% £8 I A7 7™ B B M T S RS R R (P<0.0S, R 3). NLR 0931 0638 2131 2538 1278~5468 0017
Sa [ REBEHSL Lac 1359 1.018 1788 3.894 1.952~4.931 0.024
ol -0.620 0515 1449 0.538 0.278~1.768 0.153

Tab.2 The assignment status of the included independent variables a N - NP
GCS. ML AF B ok dk 36 SOFA. R HEIE HIDCHE RS B S IB Y

i ! fr; WBC. FIANIBHEL: NEU. LR NI 4 RDW. ZT4000 4
GCS 4> >1057=1,<105}=0 AL CAR. C R 1/ 1B LIHA; PCT. 4525 NLR. 7
SOFA P43 >1143=1,<114}=0 PR AT /R AR LA s Lac MFLAR; OL & ATREL
WBC >18.36x10%/L=1,<18.36x10°/L=0
NEU 1035x10°/L=1, <10.35x10°/L=0 FTa  A[ETUE TAENT A EE WG R TR} s
RDW 152721, <1527=0 Tab.4 Comparison of clinical data of severe pneumonia patients
CAR 51.50=1, <1.50=0 with different prognoses
PCT >0.36 ng/ml=1, <0.36 ng/ml=0 Wi H Ean| JET-4H t/xz P
) (n=107) (n=45)
NLR >5.24=1,<5.24=0
AR (4, xts) 67.8+2.9 68.2+2.8 0350  0.727
Lac >4.55 mmol/L=1, <4.55 mmol/L=0
BMI(kg/m?, x+s) 23.74+3.08  23.76+3.15 0036 0971
Ol >185.75 mmHg=1, <185.75 mmHg=0
— oy — Wi R (mmHg, #+s)  129.32+18.56 130.86£19.30  0.328  0.744
oes. %*V‘%ﬁ§LE‘%; SOFI?' e ,E m A APPKIE(mmHg, x+s)  82.85£6.98  83.57+7.34 0019  0.984
fr; WBC. AATHIT4L; NEU. PR AN T ROW. 21400 5 e e
. ) DFE(K /min, 7+s)  109.93£15.36 111.84+14.57 0.512  0.610
A5 ; CAR CLUW A/ FE M ME; PCT. FF#5% )5 ; NLR ) Py ppp—
PERCANML A R (D Lac. LR OL A5 LR ' '
B 52(48.6) 22(48.9)
24 AFEWUEBHE MR R LR SET-dHm % $5(51.4) 23(51.1)
o = N 0,
APACHE 114> . SOFA#14>. WBC. NEU. RDW. fi‘;;@“ﬁ”“’” 0411 0682
. N R UL L 21(19.6 8(17.8
CRP, CAR, PCT. NLR, Lac/K*V-HI & TG4, S 39E365; 17((37 8))
5108 NN iy . .
N4 HH ! R4 LA é‘ N
GCS 4. ALB, OURARTAAiG4l, 25H5 DR P439)  20(444)
N Mjﬁ N
2 L (P<0.05, #4). FEE A A [1](%)] 0.002  0.964
2.5 CAR S HEAEMIR B F 28 dFET- A S/ AH <2000 23(21.5) 9(20.0)
W52¢ 4 P<0.05 BYZZEEAH A logistic [FJTRERL, FEZ 4 2000~5000 7% 54(50.5) 23(51.1)
HERAAES PRI 3, L I ARR . PER >5000 0(80)  13289)




20254E3H28H 50 A3
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(% ) (8 )
i f‘ f:f) fﬁgi‘i ve P i f f;f) iﬁgf ve P
Wz A 447 (%) 0.121 0.728 NLR (x+5) 4.28+2.09 7334245 7.797 <0.001
2 47(43.9) 20(44.4) D-D(mg/L, X+s) 1.47+0.32 1494038 0983  0.328
& 60(56.1) 25(55.6) Lac(mmol/L, X+s) 428+0.09  4.94+0.11 38.575 <0.001
RIS [(51(%)] 0356  0.551 OI(mmHg, %+s) 197.62+17.39 142.72+13.76 18.831 <0.001
= 42(392) 18(40.0) BML {RE TG % ; APACHE 1. 2k Az BHAF Fhe P A etk B0 1T
% 65(60.8) 27(60.0) Bl TC. MARREEE; TG. =FEHh; LDL-C. {IK% 2 A8 2 11 iH [
5 I [ (9) ] 0.149  0.700 fi; HDL-C. {5 % B g 2 MBS B FPG. 75 IR W% ; HbA, . Bk
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ey e TN ik E . BHJR#S . APACHE IIi¥4} . GCSIT
[451(%)] /. SOFA ¥4, WBC, NEU, RDW, NLR, FIB,
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# B6(04)  37(822) CAR 5 F # BB T U 41577 16 3 57 AT 56 (OR=1.63,
I(X/]I;A;:Ef 35> 19.14+4.28 2475532 6.850 <0.001 95%CI 1.07~1.95, P<0.001). #f CAR¥EAL N — /327
GCS P43 (47, X£s) 12.26+3.15 9.69+3.39  9.541 <0.001 R, SRR CAR ok, By CAR S5 IR AET
SOFA 143 (41, %ts) 11.23+3.84  12.98+4.56  2.423 0.017 IAIBE £7 42 2052 AH G (OR=1.60, 95%CI 1.18~1.84,
TC(mmol/L, %+s) 440130  441+129 1031 0307 P<0.001). 5 CARSAIRIY L E(Q)A LA, Bl
TG(mmol/L, ¥+s) 17140.58 1724061 0265 0.791 CARZHTIE = (Q,—Q,), BRI Wom 22 7 A 58
LDL-C(mmol/L, %+s)  2.84+0.52  2.850.53  0.859 0.391 TH2E T SU(P 495 <0.001) (R S)
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FPG(mmol/L, %+s) 6.06+0.65  6.07+0.69  0.002  0.969 HrHr SRR 2 N Z T WA i 23, 7E
HbA, (%, x+s) 6.02+0.20 6.01+0.17 0475  0.629 ANIE B APACHE T 34y . GCS PE43 . SOFA -4 .
WBC(x10°/L, X+s) 1542+4.62 2216523  7.892 <0.001 WBC. NEU. RDW. PCT. NLR. Lac[f], CAR 5@
NEU(x10°/L, x+s) 7.71£5.69  10.84£6.70  2.934  0.004 ST 26 BB % 28 dFE T KU AR G MERA B A TE, HLS
GR(%, Eiz) 77464873 7827+9.89  0.502 0.617 NLR. Lac W7 41 7E 265 A (P<0.05, 46).
T R
CRP(mg/L, X+s) 17.28+10.38  33.66+36.17 4299 <0.001 A RCS 1‘%@6}1‘{? BiRlER. CAR —"?X el %UEE
ALB(g/L, %+s) 3420204  28.10+3.42 13.601 <0.001 92 i 28 d LTI ANAF AEAR PR k- S B G
CAR(%+s) 0.53+0.47  2.06+1.51  9.481 <0.001 EN(CROR
PCT(ng/ml, +s) 424249  921+3.08 10451 <0.001 2.8  CAR JAHSE R Z S HAE i 48 £ 4 28 d SLT- 1 Tl
Ser(wmol/L, F+s) 86238.67 8654932  0.098  0.903 MM{E ROCHHZ /M1 7/R, CAR. Lac, NLRXIH
Hey(jumol/L, &ts) 163242.56 1630247 0137 0975 JET R B 28 dALT- M TMMME R 4F, = &AW
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AST(U/L, %£s) 49.79+1721  52.28+1637 0.826 0.410
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Fig. 1  Dose-response relationship between CAR and 28-day

mortality in patients with severe pneumonia
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Tab.5 The relationship between CAR and 28-day mortality in severe pneumonia patients

A3 i XS RV R A R PR, TG
& APACHE 11143 . GCSTFE4r. SOFATESF. WBC.

i 2

A3

i 4

(EEU

1.58(1.20~1.99)

1
1.69(1.34~2.87)

1
1.81(1.63~2.02)
1.84(1.66~2.07)
1.75(1.50~1.86)
1.84(1.47~2.03)

1.56(1.24~2.47)

1
1.63(1.52~2.69)

1
1.89(1.69~2.13)
1.92(1.71~2.18)
1.83(1.64~2.04)
1.57(1.25~1.96)

1.59(1.07~1.96)

1
1.58(1.20~1.76)

1

1.64(1.42~1.85)
1.66(1.45~1.88)
1.58(1.33~1.74)
1.55(1.39~1.77)

1.63(1.07~1.95)

1
1.60(1.18~1.84)

1
1.73(1.54~1.96)
1.76(1.57~1.99)
1.61(1.42~1.83)
1.52(1.28~1.85)

123 RAZ IEARA R 1
CAR 1.53(1.06~2.75) 1.62(1.04~2.87)
CAR — 2k
<125 1 1
>1.25 1.47(1.21~1.89) 1.74(1.25~2.36)
CAR Fisr2
Q,(<0.50) 1 1
Q,(0.50~0.83) 1.64(1.42~1.85) 1.73(1.54~1.96)
Q,(0.83~1.59) 1.66(1.45~1.88) 1.76(1.57~1.99)
Q,(1.59~2.05) 1.58(1.33~1.74) 1.61(1.42~1.83)
Q,(>2.08) 1.46(1.03~1.94) 1.53(1.31~1.67)
P <0.001 <0.001 <0.001

<0.001

<0.001

<0.001
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Tab.6  Subgroup analysis of the correlation between CAR and 28-day mortality risk in patients with severe pneumonia

CAR F5 AR
T4 Pey  Puy
Q4L Qé Q4 Q4 Q4
APACHE I 753 (47) 0.753
<20 1 1.18(0.34~1.22) 1.36(0.61~1.49) 1.54(0.78~1.65) 1.67(0.94~1.71) 0.058
>20 1 1.84(1.63~2.12) 1.90(1.73~2.11) 2.07(1.90~2.21) 2.14(1.99~2.35) 0.025
GCSIE4-(43) 0.925
<10 1 2.05(1.81~2.37) 2.13(1.91~2.45) 2.34(2.12~2.55) 2.41(2.18~2.72) 0.039
>10 1 1.05(0.75~1.73) 1.29(0.84~1.41) 1.34(0.95~1.52) 1.45(1.14~1.61) 0.067
SOFA P43 (41) 0.169
<11 1 1.03(0.96~1.15) 1.12(0.75~1.37) 1.28(0.90~1.49) 1.36(0.98~1.47) 0.074
>11 1 1.47(1.21~1.89) 1.54(1.25~2.36) 1.69(1.34~2.87) 1.73(1.52~2.69) 0.045
WBC(x10°/L) 0.095
<18.36 1 1.16(0.93~1.34) 1.23(0.91~1.47) 1.34(0.87~1.53) 1.57(0.95~1.96) 0.097
>18.36 1 1.58(1.33~1.74) 1.61(1.42~1.83) 1.75(1.50~1.86) 1.83(1.64~2.04) 0.036
NEU(x10%/L) 0.178
<10.35 1 1.20(0.75~1.35) 1.31(0.94~1.52) 1.45(0.89~1.61) 1.56(0.97~1.84) 0.085
>10.35 1 1.56(1.25~1.78) 1.69(1.35~1.87) 1.78(1.43~1.89) 1.84(1.35~1.92) 0.034
RDW 0.225
<1527 1 1.18(0.87~1.36) 1.22(0.80~1.47) 1.30(0.98~1.55) 1.54(0.76~1.68) 0.172
>15.27 1 1.76(1.57~2.06) 1.92(1.80~2.27) 1.92(1.67~2.15) 1.98(1.78~2.15) 0.048
PCT(ng/ml) 0.074
<0.36 1 1.09(0.38~1.65) 1.20(0.63~1.75) 1.37(0.86~1.78) 1.37(0.92~1.67) 0.162
>0.36 I 1.59(1.42~1.81) 1.78(1.54~1.92) 1.86(1.71~1.99) 1.94(1.78~2.15) 0.025
NLR 0.043
<5.24 1 0.98(0.26~1.43) 1.03(0.87~1.46) 1.18(0.75~1.83) 1.26(0.80~1.89) 0.094
>5.24 1 1.64(1.48~1.87) 1.73(1.61~1.87) 1.76(1.54~1.93) 1.82(1.67~2.06) 0.037
Lac(mmol/L) 0.048
<4.55 1 0.99(0.76~1.73) 1.02(0.67~1.86) 1.10(0.82~1.79) 1.25(0.70~1.85) 0.163
>4.55 1 1.61(1.45~1.86) 1.68(1.50~1.90) 1.71(1.52~1.97) 1.80(1.62~1.94) 0.040
OI(mmHg) 0.185
<185.75 1 0.88(0.59~2.06) 0.75(0.42~1.29) 0.67(0.41~1.30) 0.53(0.22~1.29) 0.326
>185.75 1 0.67(0.55~1.21) 0.51(0.34~1.33) 0.43(0.36~1.41) 0.39(0.16~1.40) 0.059
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Tab.7  The predictive value of CAR and related factors on 28-day

mortality in patients with severe pneumonia

eIt AUC 95%CI P RBUERE (%) HESE (%)
CAR 0790 0.721~0.822 <0.001  86.10 79.20
Lac 0705 0.633~0.749 <0.001  80.57 73.65
NLR 0714 0.636~0.736 <0.001  81.65 74.28
=HBA 0835 0.795~0.868 <0.001  92.53 91.65
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