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Abstract

Purpose: To investigate the value of lactate-to-hematocrit ratio (LHR) in predicting disease severity
and mortality in patients with community-acquired pneumonia (CAP). Methods: This retrospective
study included 366 CAP patients diagnosed with CAP who were admitted to the Department of Res-
piratory and Critical Care Medicine, Emergency Ward, and Intensive Care Unit at the Qingdao Mu-
nicipal Hospital from November 18, 2020, to November 21, 2021. Clinical data, laboratory tests, and
prognostic information were collected from the patients, and the LHR was calculated for each indi-
vidual. Based on the severity of the disease, patients were categorized into a non-severe CAP group
(NSCAP) (n = 309) and a severe CAP group (SCAP) (n = 57). Additionally, patients were divided into
a survival group (n = 349) and a death group (n = 17) according to whether mortality occurred dur-
ing hospitalization. Drawing the Receiver Operating Characteristic (ROC) curve and the area under
the curve (AUC) was calculated to compare the ability of the LHR in predicting disease severity and
in-hospital mortality. Cox proportional hazards regression analysis was used to determine whether
LHR is an independent risk factor for in-hospital mortality in CAP patients. Results: The LHR level
in SCAP group was significantly higher than that in NSCAP group; the AUC of LHR for predicting SCAP
was 0.728, significantly better than that of single lactate and hematocrit. The LHR level in the death
group was significantly higher than that in the survival group; LHR > 0.061 and PSI score were in-
dependent risk factors for in-hospital mortality in CAP patients; LHR was superior to CURB-65 score
in predicting in-hospital mortality in CAP patients; Kaplan-Meier survival curve demonstrated that
CAP patients with an LHR < 0.06 had a significantly higher 30-day survival rate compared to those
with an LHR 2= 0.061. Conclusion: LHR is associated with the severity of CAP, and its ability to predict
SCAP is significantly better than that of single lactate; LHR is superior to CURB-65 score in predicting
in-hospital mortality in CAP patients and can be used as a new indicator for assessing the prognosis
of patients with CAP.

Keywords

Community-Acquired Pneumonia, LHR, CURB-65 Score, Disease Severity, Mortality

Copyright © 2025 by author(s) and Hans Publishers Inc.
This work is licensed under the Creative Commons Attribution International License (CC BY 4.0).
http://creativecommons.org/licenses/by/4.0/

1. 51§

1 X FRAG 14: Hili 46 (Community-acquired pneumonia, CAP)YE = ERVERE W BB SRR BEALToR, Xtk
ST ™ B AR 1] TEFRE, A DXR AP T 98 2 4 ol 7™ 55 75 7 HH R N DR AgE 3 P 9579 - CURB-
65 V3 A 75 ™ A5 15 8 (Pneumonia severity index, PST 3¥F43)/2 H i vFAl CAP 5 ™ 5 AL 5 1) L B
Bt HAEWFER, PSI. CURB-65. CRB-65 F1 CURB 143 & 78 Tl Ak [X 3R A5 il 46 58 1T 2 7 T 45 L.
BH—ERRYER]. HEERT H T AW HUE b EA C RMNER. BERE. ARO%, REKX
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ST B TR e SO T R R, B AR A RE B R BB TS, SR AR B2 TR
T AL

I AR HLAREVE ARG 2R/ b, HL o T A b b . AERR SR . LI & A2 I
Ay, FEMBANAE R BERGEIR T R O RAEVESIR AR E[3]. WETTRY], AR AP AR K-
ATk XRAG AR it e RUMRERAE () AN R BUS FEAR[4] (510 WEIUPLIRACT AN BURT LK B P05 175 11 7 A
JE, W DRI IR SR T AR RIS T [6]. R, AR RO TR R T IR AL X
SRAFUEIH 28 8 TG 4R S, B/ A EA A7) REB/ AR AES]. TRtk S Lt
EL[OTAIE TR I KL A A/ A M EE B[ 10155 . FLRR 5 AN b A WIZH 2 8] 1 ok CAMHAERY, AR
5 10048 i B 7 L AR TN 7™ 2 0 S Bk R AR AR T AR T T R AT L ELME 1] [12] SRR AR L 2
P L ZER YRR RS, B A L rh — TR TS AF R R R, AN LHR fEF0N CAP ¥k
i AR S AR B AR T A T7 AT RE S B RAME . PRI, AWTFE B FERR LHR 7E CAP I, JER:
UEFAE P 7 HE R P AN BE T XU AR S AN

2. AREH®
2.1. HARIMNHR

AR T A B FIRTFT, 9N T 2020 4F 11 A 18 HZE 2021 4F 11 A 21 H AN 8 iz 2
BEAIRIRIR 5 fa AR DL 2R, SUSTRIX . BT M & B 2 A X IR il 2 1 366 BIERT B . BT
AN B T2 Wbr i 2 PR 2 HE b [B] BRONAE X BRI il 981297 FE R (2016 AFAZITIR)) [13]. CAP 3%
W AR UE Ay BRiE C DLARAE B A ATAT— I A A BRI L. (A) TEALXIAEEH & . (B) il
RIFHRIGIRRIL, BFE: (1) B W En% R 5 CA PR TE BRI E, AEEOAEARER  s . IR
W VR M sl % 15 (2) R (3) Tl SR R/l e 18 5 AIE 55 (4) AN E I T A T2 > 10 > 10%/L 8<4 x 10°/L,
BELLEF. (C) M Fr SoB Bt i RigE . ORECT BV seAR . BE B s BRI B 028, A1 BN B i AR
W HEBRbRUE: (1) PRBEsRIGFE Ml 28 BRI ALAR OGPl 98 £ 38 (2) AR, Wil zt il [a] o
Wi~ I 58 PR EitK s (3) M E R ThEMK TR, A5 HIV Y, 3~6 NMHWNWIT/ROT, &
K 10mg SRR A SR, REe>2 2 R iimliasT), EaiEsie, #a/ aharm, MUIBRAR,
WAEE . (44 AR (5) AL A 0; (6) ABEET 3 KR FTA 2R (B IR R Tk -
KOPFLRTA B RS R R B R, ARSI BT 7 B B AR B 5 S AR (e
T CXITF55 001-052 5 (P)).

2.2. HARFEZE

WP B IR BERE, GHRERS . MR SIFAE. HA N B GErt 2 S5 Ll R I RARAE RIS IR 55
SR . MIEFTA B3 NPT 24 /NN B SRE0 S FRPR G IR ZEATEFR . C )R85 F(C-reactive
protein, CRP). [#4% 2 J5i(Procalcitonin, PCT)MIARIGIKZ 8% . WAL A 83 1) CURB-65 W77, tHHET
14BN LHR 8. W8 B 10l 2500 ™ AL EE[14], 2 AR EIE 4 41 309 I (NSCAP £H) Al 5 JiE fiti 6
#H 57 f5I(SCAP ). M BE AR HINE S R AT, 2 NAAFAH 349 FIAIBET-4H 17 Hi.

2.3. GEHES R

K SPSSV26.0 Ziit /it . AR IEZAS 7040 (S A& GO th AL oMY 7 R 83, WAL A i 22
5t % ] Manne-Whitney U A5 56 L. 73 AR B FIR M P 73 LE o, ALIRNIR 22 57 R R U7 K 36 81 Fisher
R IE. P<0.05 AZERAU R KAZRE TEFFEROC) L PFE TN GE /1, IHitH®S
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) ROC HIZE FHA(AUCHE. A& Cox L XU BR324 H LALLAE HL(OR) R 95% B 15 X [H]
(CDFE7~ - Kaplan-Meier £ 17 #1142 F T 8 AN R 4L 35 (1) 30 RIET 2, log-rank f 46 H T HLIIET % B

F graphpad prism9.5 2[4
3. &R

3.1. NSCAP 4B%0 SCAP 4 B EIGKE L

AW TSN 366 1] CAP &3, ARHEEF B ™ EFERE, 492 NSCAP 4 309 f#iF SCAP 4 57
Bil. WZe 1 fias, PALEBEIEER . YER. 1B M . BRI . CURB-65 ¥F4r PSI ¥EHH 2%
Giit 2R (P < 0.001). 5 NSCAP H# ML, SCAP B Aff ICU. FET-HLHIA B =P < 0.001). 5
NSCAP EH AL, SCAP BH JAEFAR(EM TS, PRI C MR PR R RSB (P

<0.001). HAEERMZ, 5 NSCAP ML, SCAP 4 HE# K LHR (P <0.001) (4 1).

Table 1. Comparison of clinical data between the two groups

1. MEREIRARFREER

NSCAP (n =309) SCAP (n=57) PH

FHRM (Q1, Q3)] 62.0 (49.5, 71.0) 82.0 (69.5, 89.5) <0.001

B, Bl(%) 175 (56.6) 42 (73.7) 0.016
BRI, (%)

1 P S 25(8.1) 7 (12.3) 0.303

P o I R 7 137 (44.3) 45 (78.9) <0.001

IS 41 (13.3) 20 (35.1) <0.001

A8 1 1 A 9 8 (2.5) 2 (3.5) 0.662

18 11 FFF A 9 3(1.0) 1(1.8) 0.493

CURB-65 ¥4} [M (Q1, Q3)] 0.0 (0.0, 1.0) 3.0 (2.0, 3.0) <0.001

PSI T4 [M (Q1, Q3)] 62.0 (16.0, 80.0) 143.0 (131.5, 165.0) <0.001

MEICU, #i(%) 0.0 (0.0) 6 (10.5) <0.001

{EBEFET R, H1(%) 2 (0.6) 15 (26.3) <0.001

1 FEFETEE, (%) 7(2.3) 23 (40.4) <0.001

SKE = TRARM (Q1, Q3)]

H 0BT 3 (<1091 ) 7.40 (5.93,9.76) 11.88 (9.11, 15.37) <0.001

R RN B - HR (< 10%/1) 4.79 (3.45, 6.92) 10.49 (7.49, 13.01) <0.001

C [P (mg/dl) 17.40 (3.05, 64.35) 85.87 (23.32, 149.56) <0.001

F45 2 JiH (ng/ml) 0.06 (0.03, 0.16) 0.71 (0.17, 4.15) <0.001

LHR 0.033 (0.026, 0.042) 0.049 (0.033, 0.081) <0.001

E: NSCAP: AFEEAEXERIGVEM 2 SCAP: HMEA XERIGYEM 4 ICU: HEREMEY S, 1R TERPIRIE R IE e
PELFEPENTZO . SCUE B M SO UE YK B O B SOR IS R O IhREA S KIS 0R; LHR: Lactate-to-

hematocrit ratio L& 5 1L 40 A Lb 25 LLAE
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Figure 1. The serum LHR levels in CAP patients
& 1. CAP BEMME LHR 7KF

3.2. I#ARatE . SLEAK LHR X CAP BEEREEREFUMER B

ROC £/ #TE7~, LHR (IRHZE F AN 0.728 (95%CI: 0.654~0.803, P < 0.001), HUHFEFIFF 7 FE
I3 AN 63.2%A1 77.3%, BHEM T AERAUC = 0.672) MM 4L LL & (AUC = 0.657) (% 2, K 2).

Table 2. The area under the curve and threshold of LHR for predicting disease severity in CAP patients
2 2. LHR X} CAP BEHEFTEREE TN L T ERAHE

AUC 95%CI BRI E (%) iR (%) I H PfH
MmAnMIELss  0.657 0.568~0.745 38.6 91.9 <33.35 <0.001
AR 0.672 0.593~0.750 61.4 64.4 >1.45 <0.001
LHR 0.728 0.654~0.803 63.2 77.3 >0.043 <0.001

7F: LHR: Lactate-to-hematocrit ratio, FLFER5 M40 EL 725 HUAR

— ML
— 8
— LHR

0.0 I 1 1 1 1
00 02 04 06 08 1.0

1-HRE

Figure 2. Comparison of the areas under the curve for hematocrit, lactate, and LHR

[& 2. m#mAELLS. FLEE. LHR i TEIRAELE

3.3. £ FEMTETHEEIGKR IR LB
B ERE I NEFHRNIET A, 3 3 fn, SEGFHEEME, T-HER . CURB-65 iF4) . PSI 3
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i, HISERRR(I AT 2. R AT . PSR TR ) R m(P <0.05). SAfFA BE ML, 3
T4 35 1 LHR BE(P < 0.001) (] 3).

Table 3. Comparison of baseline data between the survival group and the death group

3. ETFHEMETEBEEMBRILR

AP (n = 349) - Hn=17) PH
FHIM (Q1, Q3)] 63.0 (52.0, 74.0) 82.0 (65.0, 91.0) <0.001
B, H(%) 203 (58.2) 14 (82.4) 0.074
BLRIPT, (%)
P S AE P S 30 (5.7) 3(17.6) 0.190
2 10 ML P07 170 (48.7) 12 (70.6) 0.078
B SR I 57 (16.3) 4(23.5) 0.501
AR AR 10 (2.9) 0(0)
1 I 92 9 3(0.9) 1(5.9) 0.174
CURB-65 1#/3[M (Ql, Q3)] 0.0 (0.0, 1.0) 3.0 (2.0,3.0) <0.001
PSI P4 M (Q1, Q3)] 65.0 (48.0, 91.0) 154.0 (135.0,178.5) <0.001
SR EIRFRM (Q1, Q3)]
H 4 T4 (< 10%/L) 7.78 (6.10, 10.43) 11.37 (8.36, 17.11) 0.001
PR R TS (< 109/L) 5.16 (3.64, 7.88) 1.10 (7.28, 15.68) <0.001
C J% i i (mg/dl) 21.85 (4.54, 74.79) 81.26 (12.89, 145.76) 0.056
[0 2 Ji (ng/ml) 0.07 (0.03, 0.24) 0.75 (0.22, 6.18) <0.001
LHR 0.034 (0.027, 0.044) 0.108 (0.053, 0.131) <0.001

VE: IS MEEIOE R A AR R M FEME IR . SCRE R ASCRE YK B O SRR AR S IR . O ThREA
4 K k0% LHR: Lactate-to-hematocrit ratio, FLAR 5 M40 Eb 5 HU A -

0.20 p<0.001
—
0.15- .
% 0.10- __
0054 .
0.00

I 1
74 RECA
Figure 3. Comparison of LHR levels between the survival group and the mortality group

& 3. £ FAMETHEE LHR KPR

DOI: 10.12677/acm.2025.1541166 2167 Il PR 2 2 3t


https://doi.org/10.12677/acm.2025.1541166

KIS

34. ®ly CAP BEERETHRIEERS

I Cox LU G B /3 Mok B 5T LHR Jh i 2 5 ATl CAP B E AL T- RN R, Kan
it P < 0.05 (AR EPANZ R R B, 258 E7R, PSIPESH(OR: 1.040; 95%CIL: 1.022~1.057)F1
LHR > 0.061 (OR: 17.051; 95%CI: 4.463~65.152) & 521 #8351 B¢ HA 8] 56 T2 AR A7 G B TR 2R (GE 4) o

Table 4. Multivariate analysis of in-hospital mortality in CAP patients
4. CAP BEERAXTRNSERSMN

BRI A Z R
HR (95%CI) P1E HR (95%CI) Pia

G 1.051 (1.014~1.089) 0.007

CURB-65 314} 2.086 (1.409~3.087) <0.001 1.040 (1.022~1.057) <0.001
PSI V47 1.041 (1.027~1.056) <0.001
4T #(< 10°/L) 1.076 (1.003~1.156) 0.042

F&45 2 i (mg/d1) 1.032 (0.983~1.083) 0.204 17.051 (4.463~65.152) <0.001
LHR > 0.061 31.013 (8.831~108.913) <0.001

7F: LHR: Lactate-to-hematocrit ratio, FLFR5 M40 EL 25 HUAR .

3.5.LHR, CURB65 74 & LHR B4 CURBG65 £ CAP EE BRI T FUR Ay LB

ROC #h£E3#r4E 7, LHR ) AUC N 0.865 (95%CI: 0.750~0.980, P < 0.001), 5k & A4 Stk 23 5]
N 76.5%F1 90.8%, HIE N 0.061, HIZE R T CURB-65 W73 (AUC = 0.855). PSI ¥F43r /] AUC
0.928, mTH#, HH LHR B:E PSI P41 AUC 3T+ 23 0.945 (52 5 FA 4).,

Table 5. The area under the curve and threshold of LHR for predicting in-hospital mortality in CAP patients
3% 5. LHR X} CAP B&E B ML T HUM L T EARF{E

AUC 95%CI IR EE (%) iR (%) A P1H
LHR 0.865 0.750-0.980 76.5 90.8 >0.061 <0.001
CURBG65 114y 0.855 0.765-0.946 82.4 80.5 >1.5 <0.001
PSI P14 0.928 0.877-0.978 94.12 85.67 >114.5 <0.001
LHR + PSI $£4) 0.945 0.891-0.998 94.12 86.25 >0.034 <0.001

7F: LHR: Lactate-to-hematocrit ratio, FLFER 5 M40 EL 25 HUAR

3.6. LHR Fiilll CAP B3 T-%#Y Kaplan-Meier 4 FF % 947

H Kaplan-Meier A= 17 26 K 1T Al CAP B ABEh] ] LHR 50T R 2 B X K. 0.061 /& LHR T
M CAP HBFAEBIET R B AL IR A . HRIE ROC HIZk H Hrit S B LA UL (K CAP 3% 3~ LHR >
0.061 1 LHR < 0.061, #5$E7R, LHR <0.061 [{) CAP B#7E 30 KA MAFRE T LHR > 0.061
[] CAP & # (log-rank x> = 70.718, P < 0.001), $Z/~x LHR A fg2& Wil CAP & MMM TR — N EE
FEbR(1A 5).
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Figure 4. Comparison of the areas under the curve for LHR, CURB-65 score, and LHR combined with CURB-65
4.LHR. CURB65 ¥4 LHR + CURBG6S BiZk T EFRAILLES

100-
LI_I_‘—|_H_|——] p<0.001

fé:i' :
50
#H T
— LHR<0.06
— LHR=0.06
0+ ARERREERE AR .
0 10 20 30

FfiE (K%

Figure 5. Kaplan-Meier survival analysis of 30-day mortality in CAP patients
& 5. CAP B# 30 XFET-%H) Kaplan-Meier £ F 531

4. #ig

#E X 3R APl 2% (community acquired pneumonia, CAP)J2 F LI I8 7 o 78 BEA: (14 [l Ja A 72
Mg E CAP AR FRZEN 7.13/1000 NH[15], HREFE X RIS 14 %8 (severe community-acquired
pneumonia, SCAP) K I 1E R 4%, 1RITHEEE R, FET-HR SR 17%~49% [16]. H ATV CAP B ™ E AR
MFBAER. AR, FLERS M4 b2 LA 75 0N ik 550 18 2 A0 T3 5 Th B S BN E[12]
LR S ALSEEFARUPRAFE VIS, & O 2 BT s e B #H TS VA, . JUHIE MR R,
MM FL BT s 5 AAE ICU FHEBE AL T R IR AR [17]-[19]. — TGN 4861 1l B T35 3 1) K AR 7T
R, =LK B (40%) ) 28 RILT-H 0 m T ALK IEE & (17%) [20]. FIHHFLIRTE R 5 B H
JEEVIRG, B FLRRIE bR ok 2 BB T3 21] . Ruiz S0 50 &l H B 5 A2 d i 30 R
i ¢ e Bk B JBR G SB AT KB VTR 7T, RN BERT M40 L ZS < 0%(HR: 1.62, 95%Cl: 1.04~2.52):2& i
I KB T F BT SR R 2R [22] - Luo 85238 BB T — 3D UESE, AR/K-F L4 i bb 25 2 ik B 3
30 RACTZIG MMM GG R 2R [23]. GBI TT, FRATHE 7 LHR(FLER/ 40 b 75 LAl ) ix —#r 8
Febr, VP T LHR 754k X SRIG 1 Ml 56 58 2 93 7 EE AL BE AR O o

BATHISE R KL, SCAP HH 1 LHR B3 5T NSCAP £ (P < 0.001). LHR {7 bl T 4413
AR AERECIRAS , 3R89 LHR &5 CAP &35 1500 ™ B2 E G 2% . LHR TR SCAP K41 AUC N 0.728,
BEETIMAUC =0.672)M ML A(AUC =0.657). X —45 %8, LHR {ENECSTMTErR, Hiz
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Wi E T8 — AL R B AN A L 7%, BERE S vERf IR SCAP M X B . BATERIL, SET-HEH
[ LHR 2 FHm TAERH, ZRBEASI%E X (P<0.001). CAP HEHMHELSHASIEE T, 3
RAGHLEE, (AR, BRI Z . TATEE, iSRG RagE i — D E 2SR .
R A BRGNP S BUIE SN, NI S BURTERE, AT 2 2 kD g N VR IE R LA PR R [24], 3%
SSHIMMABLL RN R, Xi—DSRWT LHR FITFE5S SCAP B3 (195 1 ™ FR2 AT 25 VI AH G .
ABFFEH, LHR il CAP LR AAIZET- 2 AUC 1N 0.865, f 5T CURB-65 14} (AUC =0.855),
$27% LHR 7E TN Be A JE T 25 TH A B8 /148 T- CURB-65 ¥F4y . #R1, FAIHIWFF AL, LHR iX—H &5
PRPEVTAS CAP R A BN B A0 T2 7 T RIS AR . AL 2% . CURB-65 VP25 8 hnkH 4, (HTE4:
TR PR AT A AT DA PST PRar AHIEE DS o 1% — 45 AL /2 981, PSIVFor 2 I 2 IR i 21 )
W ARG, HitAETRESESBEENRARN. LEERELRULEIEEZMHNE, RERILEERT
ARG KRS, A PPl R N B 2k HAERT . Cox L@l B 43 #T 7%, LHR > 0.061 Al PSI
P e B (R B AR BE T M fE G R 2. [, Kaplan-Meier 2E/743#T 78, LHR &T 0.061 )
CAP AL BT IAN (AE T3 B8N . AE— U X KT 0040 S I RTREVE AR T b, W90 & R I a2
L 25 I BN AS T Bt A A FLIR /K I RE S S i 35 5 38 N E ICU 1 L E 3G I A 5 K 1) 43 B B[] A 56
[25]0 3R S Wi T i FLER AN M2 B LE 75 /K P AR A S e AR A G, M —DIRIE T RATI AL R .
KA FREA W RIRTE. H5%, RFONPERM AL, REAFRP LHR 5 CAP A4
L Z [ AR R AR PBOEIT KA, 2 HO iR e, #RI LHR 6 L4V AR 508 I A 1
MU, FFIUEARTRT LHR 5 CAP JET 32 (M MAHCE . FoUk, FRATE 2 R 38 8] VA 43 B oo i 2 TR 44 R
FAT TR, B AT BEAETE AN 5E 3 B MR . 7E ARSI T ATHEVE B S 3R h A TR AR N R . B
J&, PN BIBERE FE,  USCEE IRE A A Bl ik . 7L R AN K M A A L 2 . n SR R (] s USSR Bl ik ot < e
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