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Study the relationship between HCAR,SAP,and early clinical outcomes
XIE Bing ,L1U Fan,LI Ya
(Department of Laboratory ,Puyang Renji Hospital s Puyang s Henan 457000,China )

[ Abstract] Objective To investigate the relationship between high-sensitivity C-reactive protein-albu-
min ratio(HCAR) ,acute ischemic stroke(AIS) associated pneumonia(SAP) and early clinical outcomes. Meth-
ods A total of 495 AIS who received treatment in the hospital from February 2021 to December 2022 patients
with AIS were enrolled. All patients were divided into the SAP group and the non-SAP group according to
whether SAP occurred during hospitalization. The patients were divided into four groups according to the
quartile of HCAR level at admission[ Q1 group(<1.3).,Q2 group(1.3—3.7),Q3 group(3.9—9.2),Q4 group
(=9. 3) 7. Baseline data at admission,data at discharge and 3-month follow-up data of all patients were collect-
ed. Univariate and multivariate logistic regression analysis were used to investigate the relationship between
HCAR quartiles and SAP risk,3-month adverse outcomes and 3-month all-cause mortality. Receiver-operating
characteristic(ROC) curve was used to evaluate the predictive value of HCAR and other related indicators for
SAP. Results SIP was diagnosed in 68 (18. 6%) AIS patients during hospitalization, and the HCAR in the
SAP group was significantly higher than that in the non-SAP group.the differences wase statistically signifi-
cant(P<C0. 001). In the unadjusted model, the incidence of SAP in Q2 group,Q3 group and Q4 group was sig-
nificantly higher than that in the Q1 group(P <{0. 05, P .,t<<0. 001). In the adjusted model, the incidence of
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SAP in Q2 group,Q3 group and Q4 group was also higher than that in Q1 group.and the incidence of SAP in
Q3 group and Q4 group was significantly higher than that in Q1 group(P <C0. 05, P ,.,q<<0. 001). ROC curve
analysis showed that the AUC of HCAR was the largest,and the AUC of HCAR was significantly different
from that of high-sensitivity C-reactive protein(hs-CRP) or albumin(Alb) (P <C0. 05). There was no signifi-
cant difference in AUC between HCAR and A*DS’ score (P >>0. 05), but HCAR (sensitivity and specificity
were 77.17% and 73. 44 % ,respectively) had a more balanced sensitivity and specificity than A*DS* score(sen-
sitivity and specificity were 58.72% and 83.19% ,respectively). HCAR at the Q4 level was significantly asso-
ciated with adverse clinical outcomes(adjusted OR : Q4 vs. Q1 was 1.98,P .. =0.013). Patients with HCAR
above Q3 had a higher risk of death within three months(adjusted OR : Q3 vs. Q1 was 2. 63,Q4 vs. Q1 was
3.75,P 1e.a=0.001). Conclusion AIS patients with high HCAR levels at admission are more likely to develop

SAP during hospitalization,and their early clinical outcomes are relatively worse. The incidence of adverse out-

come and mortality rate at three months are higher.
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BE LR R AT R . DA R R i T RE IR B
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1.2.3 Jpe# AR A B W E] 02 5 & A SAP ¥4
BFEArh SAP 41 54k SAP 41 R HE ABE A9 HCAR
IR HE DY 43 L BORE F8 A 2 S UL, 43 5o Q1 4
(<1.3).Q241(1.4~3.7). Q3 4H(3.8~9.2) . Q4 4
(=9.3);2% 3N H BT BE T 45 0 5 B 50 b R AF
g5 R (mRS P4 0~2 40) AR R 45 J 4 (mRS $F4
3~5 41, [Al B ML 4G R B WAL T 4 MR TS 4l (mRS
PEAY 6 40) MR IET -4 (mRS ¥4 0~5 43).,

1.3 Siib2eab R JH IBM SPSS Statistics 26 %X
41 GraphPad Prism 8 {4 #E 47 A< W WF 53 #0509 52
T, WE P<<0.05 W A ZRAS ¥ E X,
& F Kolmogorov-Smirnov ¥ % % 253+ & G = BN
ERAA AT G IES /R MQ,,Q,) %
7N 5 2 (8] b 38 2% | Mann-Whitney U ¥ 5 ; 11 80 % ¥
PIRF R R X K%, R R ML
AR logistic | IH 487 % 28 HCAR U4 505 SAP
UK 3 AN H AR RL45 5 A3 AN H 4 R BE T K 22 8] iy 56

R HEZ T logistic [0 I 455 KL v, ] B 51 AF & 43 BT op
P<C0.05 [748 &, L% % HCAR %t SAP B 4 37 5%
M, L HCAR W e AR DU 43 i 3 (QL 4) 2%, 1T 5
B PE L COR) T 95 %0 B AF X (8] (95 % CI) , f#
220 TAEFRIE (ROC) 1 4ok A HCAR K HoAth
AHCHE AR XT SAP (9 T A 1, 4R F AL (AUC) 1
FLECR A Z K.

2 % R

2.1 SAP 54 SAP AL HIE b SAP 4
BE RS 0 B Eish # LB &0 A BE R ] A BE
BF NIHSS #4535 A2DS2 43 7 W R e & L ] . il
FH 5 8 A5 1 B ) R I8 I 40 B A (WBC) | b
4 it 31 %% (NE) #l hs-CRP /K ¥, HCAR & # & T 8§
5T AR SAP 41, L2108 1 (Hb) , Alb 7K ¥ 8 F KT
dE SAP 4,2 R ¥ A it 2% & L (P <<0. 001) ; SAP
2 1) T AR 5 AT 2 L 491 R i 3 AR B 4R Ly mo) T80
TAE SAP 4, H: Z MR yT & Ll TR SAP 4, 2
SIA G L (P<<0.05), SAP B #F A
I DL Wk s R A Ak ALC R R g8 O L AR SAP 4
FBH A A DL/ I 55 PR %€ Ok 32 A, SAP 41
A SAP 4 A e S Ao s b sl | i He b
PRI e 0 9 ) S L Ath 1t ¥ 48 A [ B A% 41 L (Mono) 1
5 i/ T B (PLT) 145 J7 i b 4, 25 S e it
HEYX(P>0.05), WHEI1,

x1 SAP H54F SAP HEEWELHIELILR
Eisk it 4l SAP 4 (n=495) SAP 4 (n=68) Z/%* P
UNEE 320
HERMLB M 0 (%) ] 271(54.7) 31(45.6) 2.017 0.116
FERIMQ,.Q . %] 68(61~78) 79(72~84) 7.574  <0.001
R Ln (%) ]
At ) 115(23.2) 17(25.0) 0.104 0.738
LR () 345(69.7) 50(73.5) 0.419 0.584
BEIRIE G2 116(23.4) 18(26.5) 0. 304 0.672
L0 ) 24(4. 8) 4(5.9) 0. 005 0.977
L B S () 58(11.7) 20(29. 4) 15.684  <C0.001
W2 AR G 141(28.5) 10(14. 7 5.783 0.012
R G 109(22. 0) 8(11.8) 3. 820 0.037
i PR 4
KR EABE M (Q, ,Q4) »h] 12(4~32) 5(2~23) 3.925  <€0.001
ABER NIHSS P43 [M(Q, - Q5) » 47 4(3~T7) 10(5~17) 7.812  <<0.001
ABERE A°DS” £ [M(Q,.Q,) 4] 2(1~4) 5(3~17) 8.851  <C0.001
WEVEITLE . n (V)] 18(3.6) 6(8.8) 4,822 0.027
AR XEL 0 (00D ] 26(5.3) 35(51.5) 132.194  <€0.001
RS2 (00] 22(4.4) 30(44. 1) 112.252  <C0.001
ARl <0. 001
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gR1 SAPH53E SAP HEEWEZHBIFEILR

EE 4k SAP 4 (n=495) SAP 41 (n=68) Z/x* P
Bk AEEAL [ (20 ] 195(39. 4) 33(48.5)
DR ZELn (V) ] 75(15.2) 23(33.8)
NI PR FE [ (26D ] 222(44.8) 12(17.6)
HAbLn (%) ] 2€0. 4 0
WBCLX10° L' M(Q,.Q,)] 6.31(5.19~7.82) 7.33(6.12~10.37) 4,202 <<0. 001
NE[ X10° L™',M(Q,.Q,)] 4.18(3.18~5.46) 5.83(3.96~8.54) 5.082 <<0. 001
lym[ X10° L™',M(Q,.Q,)] 1.43(1.04~1.88) 1.00€0. 67~1.51) 5.873  <C0.001
Mono[ X10° L™ ', M(Q,,Q)] 0.38(0.30~0.51) 0. 40(0. 32~0. 50) 1.857 0. 064
PLT[X10° L ', M(Q,.Q,)] 180(142~218) 170(138~209) 1. 486 0.137
Hblg/L.M(Q,.Q;)] 135(125~147) 125(113~141) 4.771 <0. 001
hs-CRP[mg/L.M(Q,.Q;)] 1.20(0.49~2.92) 4.89(2.62~8.38) 9,271 <0. 001
Alb[g/L.M(Q, Q)] 39.0(37.0~41. 1) 36.8(32.8~38.5) 7.542 <<0. 001
HCAR[10°,M(Q,.Q,)] 2.9(1.3~7.5) 13.5(7.3~25.2) 9.617  <<0.001

2.2 HCAR 5 SAP WK Z KL HR 1 SAP 4
WLk 66. 20 BRI BN A Q4 .U 1.5%
MEEMA QL U, 25 WA G123 L (P <0.
001) ; 7EE SAP 4l v, BRI B 40 A Q1 41 1 £ 3 L
T A Q4 A B BRI , 25 R A G2
X (P<C0.001), WK 1,

2.3 logistic MIH AT &5 R T A’DS® ¥4 it
TR PR L B B gl L A W R K B2 NTHSS 3 43
E L2 A BT TEAN A APDS” PR R
B3 HEBR A BE i T HCAR 4 hs-CRP 5 Alb [
{8, #7699 A HCAR $F i 4% hs-CRP 5 Alb i
B &Y A £ G logistic [81 13 43 #7189 31 11 4728
L ELEE W S PR s ke A BE B R ABE B
A’DS* PE43 . /“‘ﬁmﬁ i 5 H 4 . WBC.NE, lym,
Hb ¥ & HCAR, &4 5, % 11 A8 it Z [l AN fEALE
ZEdA M, HCAR Wi SAP Z B A P ry
PR B M £ T logistic MIF AP AT 45 B W3R 2, 18

P<0.001
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ooon
RBRR

O 20 40 60 80 100
B (%)

R EAR P, Q2. Q3. Q4 LK SAP KA R g 3
T QLA ZFHALGIT = L (P<<0.05,P <<
0.001) s TE TR S BRI 1, Q2. Q3. Q4 A 1Y SAP KA
FRHET Q H. HP Q. ABBES T Ql
W ERYAFI2FE L (P<0.05,P ,<<0.001),
2.4 ROC it HCAR B AUC95%CID)
27 0.810€0. 780~0. 837) , S AE# Wi E A 7. 1; A°DS’
PEA 9 AUC95%CI) N 0. 798(0. 767~0. 825) , I fE
BIBE R 4. 05 hs-CRP ) AUC(95% CI) 2 0. 780
(0.749~0. 809) , Fe fE MK Wr {6 24 2. 59; Alb ) AUC
(95%CI) Hg 0. 742(0. 710 ~0.773) , T £E #% Wi (& A
37.8, WL 2, HCAR ¥y AUC % K, HCAR 5 hs-
CRP 8 Alb By AUC, 27 A Gi it L (P <<0.05),
HCAR 5 A’DS® ¥4 ) AUC 22 % L4 i %78 X
(P>>0.05), L3¢ 3;10 HCAR (U A4 5 5 45 51
77.179%.73. 44%) tb A°DS” 143 (RS AR 5 5 43 1)
R 58. 726 .83. 19 %6 FLA T V- () BBURR FE R R

1:SAP# (n=68) | |2: IESAP4 (n=495)
1(1.5%) 140(28.3%)
8(11.8%) 132(26.7%)
14(20.6%) 127 (25.7%)
45(66.2%) 96(19.4%)

B 1 SAP H53E SAP AR E R HCAR 7k F M4 G894 H 5 % b &
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=2 HCAR M A (I #15 SAP R #H XM B ERE S S T logistic HIIAS T
215 n SAP[n (%) ,n=68] KA ORO5%CD) P P o WS OR(95%CID P P na
Ql 4 141 1(1.5) (&%) — <<0. 001 (&%) — <<0. 001
Q2 41 140 8(11.8) 5.82(1.26~26.53) 0.024 — 4.11€0.87~19.47) 0.075 —
Q3 4 141 14(20. 6) 10.47(2.41~45. 33) 0.002 — 5.22(1.13~23.76) 0.036 —
Q4 4H 141 45(66. 2) 43.34(10.42~180.09) <C0.001 — 17.74(4.05~77.82) <C0.001 —
W — RN T,
1.0 —— - SAP 41 54E SAP 2 B & WA Be i ] )2 3 4~ H
. S L A SR B 0L 2 T 924 L 20
.8 ey Mok, 22 R GE I B (P =>0. 05) s SAP 410 H B
iy i NTHSS #45 ,  BE fF mRS 3453 4 H B 9 mRS
o VPSR 8 A BT I 3 A 1 IR B4 R A
& £ PO ¥ B T AR SAP 41 25 R S E XL
& (P<<0.00D), W# 4.
e ﬁ’ 5D Bt o 2.6 HCAR 53 MHIRKRGRGEE  Hxf3 4 H
R arn S Lo i by S L R4 3 52 1 5 00 D8 5 B4 R 8
el Beifify HCAR 5% RUIG R45 5 FLA 85 A 6 Ok
’ Reference Line JE OR . Q3 vs. Q1 4 2.02,Q4 vs. QL H 3.72,
04%‘:) ~ - — = 0 P d=<<0.001); £ JC logistic o] 5 43 #7 &5 3 B/~ . Q4
-HRE 41K F ) HCAR 5 K B I K 25 J B A 1 3 #6256 1
& 2 HC/\R\/\ZD‘SZ ¥4 (hs-CRP.Alb il SAP (8% 5 OR . Q4 vs. Q1 W 1. 98,P .., =0.013). £
M) ROC #5547 % 3 A H B AR TE TR A T L R 4 b R
#3  ROC HiZ&h&84RM AUC L& NLEE ) HCAR 5 3 DA SR TR AR B &
. e AUC p . MR CRIEE OR: Q2 vs. Q1 H 2.55,Q3 vs. Ql
2 4 3.61,Q4 vs. Ql K 8.58,P,.,<<0.001);ZJC lo-
HCAR wvs. A’DS” 34y 0.810 ws. 0.798  0.012  0.866  0.384 gistic 11940 B 45 8%, i8] Q3 L LK F HCAR
HCAR ws. hs-CRP 0. 810 ws. 0.780 0. 030 5.147  <<0.001 E/‘J ‘% %E 3 /I\H Wﬁﬁﬁ%ﬁ@%tﬂﬁﬁ(ﬂ%%)ﬁ OR .
HCAR wvs. Alb 0. 810 ws. 0.742 0. 068 2.142  <<0.05

2.5 SAP # 54E SAP 4H 5 F 0 5B W1I IR 45 )5 He &

Q3 vs. Ql H 2.63,Q4 vs. Ql K 3. 75, Py =

0.001), W5,

F4 SAPHEFEF SAP HEENEHIEKREREEER

i H 4k SAP H (n =495) SAP H (n=68) Z/X* P

EREHRIIM (Q, . Q) . d] 11(9~15) 12(8~17) 1.104 0.271
I BERy NIHSS W43 [ M(Q, Q) - 47 ] 3(2~5) 10(3~18) 8.704  <<0.001
HBERT mRSIF M (Q, Q) .47 ] 1(1~3) 4(2~5) 8.708  <C0.001
3AHABH mRSWAHIMQ,.Q5) 4] 1(0~2) 6(2~6) 9.154  <<0.001
3R A e P A i R A R R A LR (%) ] 9(1.8) 1(1.5) 0.082 0. 827
3AHBFHFET R R . (%) ] 41(8.3) 36(52.9) 100.995  <<0.001
SAHRMARRE R &%) ] 100(20. 2) 47(69. 1) 74.149  <<0.001

x5 HCAR A MHE 3 MNAIEREREXENBEEEZS MM S IT logistic B A4
34 Al R AT OR TS OR
IJﬁ H P trend P trend
R (%] 95%CD 95%CD
ARZEJR (MRS 3~5 43)
Ql 4 141 21(14.9) 1(&#%) — <0.001 1&#%) — 0.013
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gxS5 HCAR A5 3 MARKEREXENERES IS T logistic HIIAD T
- . 34 H IR KA OR » P WS OR » P
455 (9] 95%CD (95%6CI)
Q4 140 33(23.6) 1. 67(1. 00~2. 84) 0. 052 — 1. 48(0. 86~2. 55) 0.138 —
Q3 4l 141 38(27.0) 2.02(1. 23~3.37) 0. 005 — 1. 66€0. 99~2. 79) 0. 067 —
QL4 141 56(39.7) 3.72(2.29~6.04)  <<0.001 — 1.98(1.16~3.38)  <<0.001 —
FET-(mRS 6 43
Q4 141 6(4.3) (&%) — <0.001 (&%) — 0. 001
QH 140 14€10. 0> 2.55(1. 09~5. 94) 0.033 — 2.10€0. 87~5.03) 0. 092 —
Q34 141 19(13.5) 3.61(1.59~8. 20) 0. 002 — 2.63(1. 15~6.11) 0. 026 —
Q4 141 38(27.0) 8.58(3.98~18.64) <20, 001 — 3.75(1. 63~8. 62) 0. 002 —

T — R TII

3 i+ e

HASCAIF 52 22 WA, J8 o R A S fisi A v 1) e 16 TR %
Ivi) SF fii 2 v 5 2k i Jok e i 2 A e AR B TS 1Y)
SEPER DY, Hodh, SAP J2 f R W L3 E LA 3L
TRIT WL F T X ATS BB I IR 25 Jm) 7= A K
2, SAP BRI ARG YT A R T S . B H
I &T SAP MR YT O A P A 2= N H 1y A8 ¢ HL i1 45
FEE LSRN LTI 9 B AR 2R N A B AL 56
KWL AIS HBE PA I B BRI &K
B PESrn ADS® ¥4 REfE T SAP Y % A 4 H i,
LI B PR 43 T 40 75 W DR HE 45 38 RS g 315 K i
Bl 0 T Al L PR 20 5 IRURS: SAP HR 35 IR 1Y ZE SR AE
RARFERE B T SAP By B K i B A1 34 7 R,
M VR T B R E] — A A X & AR B REE L 5
BRAE DY PR J7 v LASE IR S L HOE i Ho 00 SAP,

CRP 1 JIT- 40 Jifd 76 40 i A 7 11-6 WPER T & 0,
JE YT R B R BOE B T2 0 8 RAE AR B 2 —.
CRP Al 5 M 45 N J2 40 i b A e R E 11 G 10 Fe 524k
SRS A R4 M Fh BR 20 T L 2T I I SR TS A R LT
S AN M AL B -1 25 i ek X IRYe A45 L R AT
8 SN RNV A B R AE LS R B CRP 7K F 28 4k
RZ B F G s I 0 A R e, B e R
Y, WA R CRP MBS SAP i K J&
AN, hs-CRP 5 CRP X7 i B W F &% B X5 T
T2 AR AT A W — A . hs-CRP 1E R &
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