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Abstract

Objective: The purpose of this study is to analyze the value of HBP and its combination with CRP,
WBC(, PCT and other routine laboratory indicators in the diagnosis of pulmonary infection after
lower limb fracture surgery in elderly patients, find out the best diagnostic model, and provide
guidance for the early treatment of patients. Method: The data of 80 patients with pulmonary in-
fection after lower limb fracture surgery admitted to Shangrao People’s Hospital from May 1, 2021
to November 30, 2023 were selected as the infection group. In addition, the data of 35 patients
with similar fracture types and surgical methods and without pulmonary infection in our hospital
during the same period were selected as the non-infection group. The basic information of all pa-
tients (such as gender, age, smoking history, history of hypertension and diabetes, etc.), pathogen
analysis data of patients in the infection group, blood biochemical indicators and HBP levels in
blood patients were collected. The differences of data between the two groups were compared.
The receiver operating characteristic curve (ROC curve) was drawn according to the results of bi-
ochemical indicators and HBP levels of patients, and the area under the curve (AUC) of the curve
was calculated to determine the best cut-off value and the corresponding sensitivity and specifici-
ty. Results: 1) The AUC of blood HBP diagnosis was 0.840, the best cut-off value was 27.01 ng/mL,
the sensitivity and specificity were 75.2% and 81.6%, respectively. 2) The AUC of HBP combined
with WBC, CRP and PCT was 0.935, and the sensitivity and specificity were 84.9% and 90.2%, re-
spectively, which were higher than those of each index alone (P < 0.05). Conclusion: 1) Both blood
HBP have high diagnostic value for pulmonary infection after lower limb fracture surgery in the
elderly, and can be used as an important biomarker to assist doctors in accurate diagnosis. 2) The
combination of blood HBP and WBC, CRP, PCT and other indicators can further improve the sensi-
tivity and specificity of diagnosis, and reduce the risk of missed diagnosis and misdiagnosis.
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1. 518

AR, BEAE S5 B PO R R B B 2 AR RN, 2 2R B R BT . 2R EAR
RUEEIRGIE B2, HE RN EE RN EHEH 2 [1]. BENETEEI)E, BT
ZNAEPR, AEAE TR EACKS (A RNPR, 3 1T AT BE S 0 s ek e i) B [2] [3]

BEFEAR I, A e i G TG IR WA AREZ —[4] [5]o MRAFAS R F AR B E AR MR T, A
JE ARG R A R A T AN FI[6]. JEEER, BEE BT HORKI AR AT AR 2 e VE 3R i, A i g
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PIRAERCEEIT FRET] [8]. FFEAMMAEGH & fa N E L AEEFN9]. RAENREAC T & sz KA
FARE[10]. [FFERT, BRI, W& GS ZMaR B RAHG, AEFER >75 2. & 18RRI S
RO AERE G PP LERAE S . X SRR A n] BEHG 0 A8 2 R AR FA I AOE 1 XU [11] [12].

N TSR R TR G IR G RS, RS I8 A 2 AR K [13], Sk tas
BT HE[14]. HFE 454 A (Heparin-binding protein, HBP) & —Fh B 2 1, 3 55 by o i1 o ks 40
PRI, A v PR 20 B SRR A kL 2R (A [15] [16]. RE8% IS M P 5 4B A Th RS, 5200 I35 P 38 38 1k I 98
SBE[15]. HBP 7K RT F TR0 & S AMRER JE G, 35 B e AR VP Ak 155 1 7 Ak A K Bt AR 3R 9T
ROR[LT]o LEBTAE LIRSS 1ICU W HUAR G 28 55 2 i L T, HBP #5R R tH R 4F 2T Ge[18]. LhAh,
HBP &2 5 [ YL JEGE ) R A UK e, R n] DAE a7 3 s, 38 ¥ 1 RSP Rya T A SS9 [19] -
PG R, HBP RIE N RIS, S8 A2 Wy DR PPl Ik e ™ B R 5 7 285 =1 B AR Wb 640 [20]
SR B AT = AR T B TR S5 A RIS A2 W e N AR OSSOk, Bk, AR B EIEE I
ZETHEEWFAREEMENTTTL, /i HBP LIS CRP. WBC 255 IS it = A M Fe e 25 T
e B JG G H G S W A, s Ee W, NEFE IR EHIES.

2. 5 HZE
21. HRHAMSFHE

2.1.1. MR

#HY 2021 4 05 H 01 H % 2023 4 11 H 30 H T Eiemy A REE Be it i B R G & 3 E i
JEYL 80 Bl B TORL, MG AR NG 5k A R BT R A R TRy AR T FLAR A I I B 1)
35 BlARH BORL, AR TG WA B P AE BB AR MR s L g o R R PR 9
ARG B R TR T R MORE A TR AR S . R HBP S5 FR] .

2.1.2. MNFRfE

SR . ak4E 2021 4F 05 F 01 H % 2023 4 11 H 30 HIIAIFE Eoein NREEREAE B G724 T I
HW ARG G Mg

(1) BHEFEW >60 %

(2) T BF AR B AR AL T E T

(3) KA B L 2 2 WP 2 43 23 F E 1) (= e SRAS PRI A2 Wi A6 T 15 /e ) [21] 8125 I ik 4 .

TR YLA . %4 2021 4F 05 A 01 H = 2023 4F 11 A 30 H#AMELE Ligei N RER R IRTT EFET
JEEHE HT ARG B R e £

B BEEMS UREERRE, TFARBRSIIT RGBT, EFEARMEMNHREZY, K
i T2 W5 A AR B Ol o B GRZEL T TN FH e B 24 0 T B B TP AR 12 A R 8 R AN 2 ) R
5, I MR IR NN BT dhiin 3 28 A R

2.1.3. HiBRARE
(1) EIFMANAZUR G
(2) N9 5 fe 99 B (Human immunodeficiency virus, HIV) &G
(3) WE . A ) R A P A RE A TR 245 N 2
(4) FFRER Y
(5) GIFEL. Ml L B DhRERERG
(6) & MR .
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22. MIRF*

2.2.1. MAHARE

AR B A1 JE B MURE AR R FR 2 T NP G 24 h SR, Bl i e 3 T IR #4. = 77 I
i o S S8 Bt A8 SR L B SR ALY, o 2 mL B T EDTA Huktss, A2 mL B @ Es s, RETH
G HARIC S B T-T0CUKFRAE, 15k

2.2.2. MREIEFRE HBP il

K H EDTA Hitét ks ill HBP [ WBC 1H41, KA B E S EREARN CRP f PCT: M HBP 7K+
K HBP 7R Skl WBC il K A 4 H 3 70 B A % ML ML R PCT AR H %' [X Cobas e601
A4 E Bl H Ak 22 RO S 0 T A B L ARG AT s CRP RS IR 42 B sh A=Ak 43 BT A3 8 LR A IR 77 o

23. GER*

ARSCAEH] SPSS 26.0 GitA it AT B K A AR EE . BT EGE 1 IE SRS, RS IES AT
HEFRFR RN + W2 (Mean+SD ), ELEFFONMOIAEAR t K56, A& IESARITHE
FORER MR SS . AR IES A SE, Bl 2o A A oM P 40 AL 25056 B (1IQR) (25% A1 75%) . 4H 1) 72 5+
1) 0 3 P A 56 R Willcoxon FRAIAS 56 (FH T 4 LE4%) . Kruskal-Wallis FRARG S (TP LA B). tFE T
BRI RONIE(), BTN y° f8e. BF S2i#  /ERHE 1 22 (Receiver operating characteristic
curve, ROC i Zk)fffi & o 3 I FHE L HO0 B2 ) R BEURE 5 5 B2 S il 4 THI B (Area undeer the cure, AUC).
LG4t R P < 0.05 AR EA SR L.

3. &R
3.1 BE—RHERSTT

AT 115 FIEF N REITFAREE TR, RAARGE MG 80 ], A K AEG: 35 4,
BRI NG 5T, i — R, R EOR, BB TR 68.92+5.45 %, B
P 37 (i b 46.25%), 2t 43 15 bl 53.75%), K HAMAR B B 15 (4 E 18.75%), ik 15 (i
Lt 18.75%), MR 11 51(13.75%); ol G4 B T3 F6 70.12 + 5.84 %5, 514 16 BI(i5 Lk 45.71%),
ot 19 (5 b 54.29%), KHAMME 2R 6 Fil(LH 17.14%), miIiE 7 #(5 E 20.00%), BEIR P 4 4
(11.43%); PAHBFEMEN . FREEAFEZERILG I FE (P > 0.05). teob, KRG E m LT
B PR B L 3 s T eI L, AL E RS2 (P > 0.05), WL# 1.

JEYLLH (K] 80 5] H g vh AR 4 TR K 19 51l (1 B 23.75%), 4HTE YL 61 (15 EL 76.25%); Hrp AR S
F AT B e 18 (15t 22.50%). i 98 7 B A JE e 16 (45 bk 20.00%) fifl S AN S AT 1 i e 5 (A b
6.25%) 4 {058 % BR 1A B G 6 9 ( /5 Lk 7.50%) . il 9% BEER P B Gk 5 9 ( 14 LE 6.25%) S o Ath 4 1R B 11 4]
(dEE 13.75%), WA 1.

Table 1. Patient general information [(X £5), n (%)]

® 1 BEMEM(X£s),n ()]

2H 5
TiH 25 i P
I (n = 80) TG4 (n = 35)
S 37 (46.25%) 16 (45.71%)
el 0.003 0.958
g-gid 43 (53.75%) 19 (54.29%)
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W (D) 68.92 + 5.45 70.12 +5.84 1.063 0.290
H 15 (18.75%) 6 (17.14%)

K AR 5 0.042 0.837
¥ 65 (81.25%) 29 (82.86%)
H 17 (21.25%) 7 (20.00%)

I 0.023 0.879
¥ 63 (78.75%) 28 (80.00%)
H 11 (13.75%) 4 (11.43%)

B PRI 0.002 0.969
" 69 (86.25%) 31 (88.57%)

[ 3
wn

BEH (%)
¢

Figure 1. Distribution of pathogenic microorganisms in infected patients

B 1 RREBERERMEDSH

3.2. MiFHEHIEHrR HBP KE34T

ST R I A A B AR WBC. CRP J2 PCT /K FZER, %R, Y% WBC 5 CRP /K
PHIEE ST R, 25 BA S5 (P <0.05); £ Shapiro-Wilk test %4 IE ARG 56, K B G
H 5 IR B PCT AKEANFF G IEZS 70 A, H4 3 BL b A7 B0 DY 43 A 36 Bl T2 AR, 77K A Wilcoxon
FRARGIG HEAT AR Z2 R0, S50, AR 3 PCT K P B TG, ZRAFSIHFE NP
<0.05), M#%E 2. [ 2.

Table 2. Blood biochemical indexes and HBP level analysis [(X £+ s ), median M (P25, P75)]
2. MiREWIEHRR HBP /K FIH[(X £s), A M (P25, P75)]

2H
miH t/z P
JEYL4H (n = 80) TCIEYL (n = 35)

WBC (x109/L) 11.02 +2.31 9.87 +2.83 2.290 0.024
CRP (mg/L) 20.21 +4.39 16.03 +4.11 4.788 <0.001
PCT (ug/L) 0.21 (0.09~0.67) 0.13 (0.08~0.49) -2.356 0.045

1. HBP (ng/mL) 35.69 (20.03~79.66) 24.91 (11.39~49.31) -3.762 <0.001
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Figure 2. The levels of routine blood biochemical indexes in two groups of patients. Note: The * in the picture represents a
significant difference compared with the group without infection (P < 0.05)
E 2. MABEENMARELIRFKEDIH. F: BPRREARTERREEREZEP <0.05)

AL, A2 B I HBP /KT 2552, £ Shapiro-Wilk test 28 [IE A4S 6, R BB YL 5 oIk
JeOH BB 1M HBP K PEATF & IEAS A, K DL A B0 DY o1 B i 0o, 9FR A Wilcoxon £k
MR AT AL 25 S 00, 2550, IR I HBP /KB 3w T ORI, 257 BA gt 28 (P
<0.05), WA 2. 3.

1004

804

2

IflHBP (ng/mL)
-
S

204

P

B TR

Figure 3. Analysis of HBP levels in patients. Note: The * in the figure represents a significant difference compared with the
non-infection group (P < 0.05)
Bl 3. B&E HBP KT, iE: EhREBETLBRREEREZ(P <0.05)
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3.3. MR ALiBHRat iR R A ST (&

FRA 40 5 T B YL 21 35 WBC . CRP & PCT 7K PRl 45 S 2 1| FHoa2 Wi il i jBe 4 (1) ROC T £R (141 4) .
2 ROC HiZk /st B iEor, WBCi2HiH) AUC N 0.638 (95% & {5 [X [F] 0.577~0.758), R4EHLA & EETH
IR AR RE, 45550, 24 WBC IRE N 10.15 x 10%/L I, ot B A S i B geis Wy i UK 585 5
PE73 )N 62.6%. 65.1%; CRP 2] AUC Jy 0.635(95% & 155 [X /] 0.549~0.755), R HZ & it 5 i
FEEWTE, SRER, 24 CRP RN 18.03 mg/L i, st 3 A S i ik e 2 Wt R AU B S50 S 1 23 3l ol
59.6%. 68.5%; PCT 2] AUC Jy 0.609 (95%E = [X ] 0.501~0.733), M4 H L F 484805 th e ke,
SEREIR, 2 PCT WKREER 0.17 ug/L B, LR 38 A S il s T e 1 2 i 1) B0 B 5 4 S P 93 31l R 60.4%.68.2%,

L 3.
1.0
0.8
0.6
[
Ja&
53
0.4 28 R
~——WBC
- CRP
—PCT
0.2 SEL
0.0
0.0 0.2 0.4 0.6 0.8 1.0

1 - Fpretk
Figure 4. ROC curve of diagnostic value of blood biochemical indexes for pulmonary infection

B 4. Mk ACIRIRRT B AR RIS N B /Y ROC BhZk

Table 3. Analysis of predictive efficacy of blood biochemical indexes
= 3. MRS IR AREN TN BE 3 4

izt AUC 95% ClI 031 5 s AT

WBC 0.638 0.577~0.758 62.6% 65.1% 10.15
CRP 0.635 0.549~0.755 59.6% 68.5% 18.03
PCT 0.609 0.501~0.733 60.4% 68.2% 0.17

3.4. & HBP *J AR R RSN (&

FR 4 B G 21 5 e B S 21 RR 3 T /K P ARG I & SR 4 o) F2 W il 5 B e 1) ROC 2k . 42 ROC £k 73 #r
gE IR, M HBP 271 AUC iy 0.840 (95% & {5 [X ] 0.761~0.926), ¥4 H 218 a5t 5 H e AR b
fE, RN, MK HBP WKRE N 27.01 ng/mL i,  Hxk 882 AR J5 il m L2 W 10 B30 S5 20 i A
75.2%. 81.6%, W% 4.
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Table 4. Prediction effectiveness analysis of HBP
= 4. HBP BYTTNIZI&E 534

fabr AUC 95% CI UK RS STZER AL K[!
1l HBP 0.840 0.761~0.926 75.2% 81.6% 27.01

3.5. HBP BX& M4 (LABFRTT A AR R RO IS M B

MR G20 5 0 I A 8 HBP 7K B LR AR A FR b s I 45 SR 2 i FL G S 12 i sl 4 1) ROC
25 (/) 5). 1 HBP BEA IR 2B fL e r WBC.CRP & PCT 21 AUC 24 0.935 (95% & 15 [X [fi] 0.886~0.980),
FBURKFE 55 5 10 73 70 84.9%. 90.2%, 1y T & WidEAR B — A I(P < 0.05), W% 5.

1.0

MR

HE S/ ST

~—PCT
—WBC
—— CRP
—— ILHBP
BAeH
T BELR

0.0 0.2 0.4 0.6 0.8 1.0
1- 454

Figure 5. ROC curve of diagnostic value of HBP combined with blood biochemical indexes for pulmonary infection. Note:
ROC curve of HBP combined with blood biochemical indexes for diagnosis of pulmonary infection
[ 5. HBP BA A M4 (LIE ARt A SRR S MR {ERY ROC BhZk. i: I HBP BXA MR (LIsFRSEIAY ROC Hhzk

Table 5. Predictive efficacy analysis of HBP combined with blood biochemical indexes
7= 5. HBP B & Mk & L IEFRAI TN BE 73 47

eIzt AUC 95% CI R it P&

I HBP B &AL $aFx 0.935 0.886~0.980 84.9% 90.2% /

4. VWHig

ARG M R R A IR L —. FRSCRIL, RIS 65 L g, HUMH I RAE ) K%
LA 3 45 L [22] 47 B A S 35 I R () RS 26 6 9%~5006:2 8], 11 i 3 Y A 3 7 S 3 4
[22]. B4 A I e TT R SR I TR . G006 0 R ey RO 4 WA 2 S5 i S S B AEG L 7B 3 4
FHAR Y | B S 10 TR 7 2RI 77 325 % b B 32 LA — S AR 96 P [23] [24]. BRFFCR I, R
I 7 2R ) HE Pt 2 B A IS R K R AR B, SR R S A R 7 SRR 14 58 AU T S e e ) (2
TS P M 1A RIS 1) 53R s Sk e 2 25
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B RIGHI[26], FEEFEFITEE D, G 2.71%00 B 10 AR 5K E W8 K ARl . SR IT0 AT 70 %t
FEA NI R A il 3 e i (o 5 R R A Ml e B R R Z F (P > 0.05), ARl T4
WRF I E I FAREZ I NEENRE, FI AL R T 2 5. AR R BT AR5 il
G 1) S5 5 2R A i 0 4 1) R o ML SR R W PR SR, S AR, R G A v L B R SR L
Bl T IR, EMNHZE R TG E L(P > 0.05). H i M JC B A0 &0« o LS 2518 v 5
TR JE MR GO0 R R EARAT R 2 s, H 2 AT ST I 3R 7R I SR 1 T RE S 4T R S il S iR G )
BEfaRS R 2 [27] [28].

HTAR G B I B T AR R AR R B I e AN TR R G B SRR B A A R e S
[1]. ARSI E IR GBS, 2 PIPER & 75.16%, S XPHTER 5 24.84%, LGB AER
B2 W[29]. B FCANN 84T IR0 B 47 AR i it Jek e S5 i B AT 4 R s, AR RS 19 Bl ( E
23.75%), ARG 61 19 (i5 EL 76.25%); A LR AR S R B R GL 18 45il(15 B 22.5006) it 4 B T A1 TR %
L 16 91 (15 EE 20.00%) il B AT B IR G 5 )5 EL 6.25%) 4 0% 4 BRIk 6 515 EE 7.50%) il
REEEREH YL 5 B (15 H 6.25%), 2t RS BEAERTFE[29] 5.

WBC & —KHA IR 4, 2 ARG RS0 B A o . R ARG, B4R
R B 22 G TR R I S I, RN AR RO L PR A SR A . T LS A
J oy R EEH, 5 WBC KT IEHAA, NN n] REAFAE 2 0E OBI[30]. FI4Hff 528, APk 4 i B 5] ] e
S Th i, TR E A AT BERRAR, X PR R AN TR R G T RETE[31]. CRP & — i SR A AR e B AR
F, Bk SO FE bR, R IOV B e 48 AR 2 —[32]. CRP @it 41 i K -7 AT 1 el I 5
B A, AT ARG, & WOE MR SR A A R e, A A O AR PR S A B B 40 T R [33] [34] -
fa BB IMIE 1) CRP /KFRAK: 7RG o B3 Ty, Fo s (e 5 R gL i) 7 SRR B 2 IR A G . ATt
FURI[35], 7 HEAE MR 2% 4k R R, CRP /KP4 BT m, nlHAE i Bz Witeba T e
FER IR 6 4k SR SR IR i2 B, SR E T L OB IR S e T PR, R AE A ME— S W ks . AR,
PCT 7E % i S B R HARN AT 7 vy, JERYY S5 12~24 /NBPIA R b,  H IR 5 B ™ s F2 i SR ARG . AH
FOrHT T WBC. CRP & PCT /K- FIEZAE T I #T B E AR J5 & Ml B e iz Wit e, 4558, wWBC 2
Wit AUC 4 0.638, BT 5417058 62.6%. 65.1%; CRP Wi/ AUC A 0.635, HURE 54 5H
PES> 58 59.6%- 68.5%; PCT 2] AUC A 0.609, URIE 555170 7N 60.4%. 68.2%. —#HiZH
11 ROC 4k AUC ¥ KT 0.5, 5 Li SERIHFFL[36]45 AL, 3R B H X 2 4F T i B 4 i3 AR S Il ke e
BIEA—EMiZWiE. WBC 7RIS, RIE. MIEEL RGN T RARN, SRR rE37], Fik
HAEH WBC HEATIR G ST, USRI S M B, CRP R RE N i h iRk FE A, (HIE 2k
RE Y, QIS Z G TS BET . BIEE PRGBS i Wi, PCT (1 BUBE A X
K, SAHEFLLERARL, X AT AE S HAE 50 B G ol 08 P K e v A A 1 B0 B T i A 0K [38] [39]. 73 4h,
PCT [T+ mit 2 BIHAL R R AI5ema, F ARG RO, Xl BRI E 2 —.

HBP 1E N4 i I e i T+ = bR & 2 —, BRI B i A I 4 S5 1 h N R A]7E i s
ME, XA ARG RIS W R A A . AR R, HBP 7EBH AR LRGP il
A5 22 R RO TP 8 R Y BT IS T RRE40] [41]. HBP A M. AR, MK, IEK. RS
AR REA AT RIM[42] . A TSR A T BB 3 R G B3 MR P ) HBP R SE R, I Luich B9t
R B MK HBP AKF 2SR, 455, BB M HBP, /KT EBE R TR, ZREBAS%IT
BN (P<0.05). LT RAEIHBEMEH, BE TBEIAIG G MRG0 5 MR HBP /KF 8 &
Fris, [FERERT, ARG SR A MW 7T (4310 LA T & HF B P E M F R 35 MR HBP /KF, R ILA I BG4
HH HBP /KPR E & .
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BEAh, ARBEFAHTIL HBP KP4 T E SR G & IS s Wi 8, 4558, Ml HBP &
Wit AUC A 0.840, BIURT S5HFFME2 51N 75.2%. 81.6%. i2Writ) AUC %, R4 T g
ARG G IR e Wik e mr . B #F 12 W UK E SRR M E, TR T HBP EZ i ik
R AT 52 20 40 B RS S R, DR LT s 5 B S 4 B A 5 [44] [45]. HBP FE4H R & G 7K 7 2 1d
IR, SN RS R BURIE[46]. F4, ABFFUAT T HBP 5 R A bR Bk A T2 N
HIARE G IR G2 W, 255K 1 HBP & MR A L dahs WBC. CRP [ PCT 2] AUC Ny
0.935, MUKIE S5HFPE 7N 84.9%. 90.2%, =TS TidEAR . —FEM(P < 0.05). HHULFIHI, 4 HBP 5
WBC. CRP } PCT Bt& M, ABITFHE. FWHSHrE i TR G MY, AT —fabata, Bt
oW BB R R R B T
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