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ABSTRACT: Objective To construct and validate an individualized nomogram early warning
model for stroke-associated pneumonia (SAP) in patients with acute cerebral hemorrhage (ACH).
Methods A total of 390 patients with ACH admitted to our hospital from January to December
2023 were retrospectively enrolled and divided into an observation group (n=200) and a control
group (n=190 ) based on whether they developed SAP. Potential risk factors were collected, in-
cluding basic patient information, clinical indicators, and treatment data. Independent predictors
were screened using univariate and multivariate logistic regression analyses. A nomogram model
was constructed using R 3. 6. 3 software and the rms package. The discrimination, calibration,
and clinical utility of the model were evaluated using the receiver operating characteristic (ROC)
curve, calibration curve, decision curve analysis (DCA), and integrated discrimination improve-
ment (IDI) index. Results Multivariate analysis identified five independent predictors: dyspha-
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gia (OR=3.45), duration of mechanical ventilation (OR=2. 78) , hypoproteinemia (OR=2. 15),
NIHSS score (OR=1.23), and age (OR=1.05). The nomogram model constructed based on
these factors achieved an area under the curve (AUC) of 0. 85 in the training set and 0. 83 in the

validation set, with good calibration (Hosmer-Lemeshow test, P=0.125). DCA confirmed that

the model provided a clinical net benefit within the threshold probability range of 10% - 80%,

with an IDI of 0. 05 (P=0. 003). Conclusion The nomogram model constructed in this study can

effectively achieve individualized and visualized prediction of SAP risk in ACH patients during

hospitalization, providing a reliable quantitative tool for early clinical identification of high-risk

populations and implementation of targeted interventions.

KEY WORDS: acute cerebral hemorrhage; pneumonia; nomogram; early warning model;

logistic regression; risk factor
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Table 1. Comparison of Clinical Characteristics between the Two Groups

kit WAL (n=200) XJHEER (n=190) %% P
stk 65.23£10. 45 58.45+9. 67 5.234 0. 001
Fk 110(55. 00) 100(52. 63) 0.456 0.512
BMI/(kg/m?) 23.45+3.21 22.89+2. 98 1.234 0.218
K 24 h PIABE 170(85.00) 168(88.42) 1.234 0. 267
W A 60(30. 00) 48(25.26) 1.456 0.228
SCHAR B /NE R LR 130(65. 00) 115(60. 53) 2.345 0.125
RER=IINES 140(70. 00) 125(65.79) 1.234 0.267
WEA A R 50(25.00) 38(20. 00) 1. 456 0.228
REAL M AR5 30(15.00) 20(10.53) 2.345 0. 126
NIHSS iT43/5% 18. 45%5. 67 12. 34+4. 56 8.765 0. 001
GCS W43/4y 10. 23+2. 34 13.45£2. 67 9.234 0. 001
ADL 443 35.67+10. 23 50. 45+12. 34 8. 456 0. 001
BRI VIS 55 4.56+1.23 3.45+1. 12 5.678 0. 001
F T 4314 5.67+1.45 4.23+1.34 6.789 0.001
A WA i A (G FEAROK 3R 5 >3 2% 120(60. 00) 58(30.53) 25.456 <0. 001
FEPLIRA G i/ Bk 150(75. 00) 95(50. 00) 20. 345 <0. 001
1M47/(mmol/L) 3.45x0. 45 3.780. 56 4,567 0. 001
IR M AE 80(40. 00) 38(20.00) 15. 456 <0. 001
I/ (g/L) 32.45+4.56 36. 78+5. 67 5.678 0.001
I H Il AE 100(50. 00) 48(25.26) 25.456 <0. 001
H 440 (x10°/L) 12.34+3. 45 9. 87+2. 34 6.789 0. 001
rpPERLAR I 43 L 80. 45+8. 90 70.23+7. 89 8. 456 0. 001
PCT/(ng/mL) 0. 45+0. 23 0. 12+0. 08 10. 234 0. 001
CRP/(mg/L) 45.67+15.78 20. 45+10. 23 12.345 0. 001
BUAGE < ff 80(40. 00) 30(15.79) 25. 456 <0. 001
HUAEE S H]/h 5.67+2. 34 2.34x1.23 9.234 0. 001
LA 110(55. 00) 58(30.53) 20. 345 <0. 001
M7 CT S 160(80. 00) 76(40. 00) 50. 456 <0. 001
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() 8% J5 OR {4 2. 78(95%CI: 1. 89 ~ 4. 10, P=
0. 002) , 47 AL E SR ] B33 0 1 /N, SAP AL
B B 2. 78 4 o IR [ IILAE () 94 % 5 OR fH
2.15(95%CI: 1.45 ~3.20, P=0.005) , &~ 1K &

P IMLE £ SAP XU 15 2. 154 . NIHSS 1743
B V4 5 OR{E M 1. 23(95%CI: 1. 10~ 1. 45, P=
0.003) , & W] NIHSS P53 B3 fin 143, SAP XU 14
T 23%. A% B I 2 5 OR {2k 1. 05 (95%Cl:
1.02~1.08, P=0.004) , $& /R A B3 m 1 %7,
SAP XUFS 3 5% B R HE AR U145 8 B 38 4 Hos-
mer—Lemeshow £ 5 (=5. 234, P=0.125) , %}
IR G R 4. Jr 220Kk B (VIF) ¥<5, $&%
JC 42 LA P e

K2 SAPEREREZEZE Logistic IFN &R

Table 2. Multivariate Logistic Regression Analysis of the Factors Contributing to SAP
A B SE Wald ) OR (95%CI) P
At 1.234 0.345 12.345 3.45(2.15~5.55) 0. 001
HUBE < ] 1.023 0.234 10. 234 2.78 (1.89 ~4.10) 0. 002
IRAR 1 1L AR 0.765 0.267 8.765 2.15(1.45~3.20) 0. 005
NIHSS P45 0.205 0. 067 9. 456 1.23(1.10~1.45) 0.003
AEHE 0. 049 0.017 8.234 1.05(1.02~1.08) 0. 004
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22 TR T R T T A 38 5 SR ke A AR ) —

OPEN ACCESS

CCBY 4.0

Btk ReHEZR W, U 3 S PR S A
T AR X A 4k (B8 0. 05, 1% 4 0. 95) , Hos-
mer—Lemeshow £ 5 25 5k *=5. 234, P=0. 125,
& WA FRUARE U B B A, I DU 5 S o IR oo
—F, R M5B (DCA) PPAL LR 7E A
I7i] [ (B3 (R I PR 3k 25 . DCA R i, 2
58] {ELHE R AE 10% ~ 80% 11 [l P, 51 28 PRI A 70 14 42
PRV R 25, D0 T 43 T 307 R AR T 107 SR
BN, 76 BE AL 2R 20% B, 3k 25 4 0. 15, E IR
& B 100 191 285l TR AT ek 4 1549
3 g

AAIF T I T 390 f51] 2k i+ i £ A TR AR
P, 8L A GETE AR A A BT I IE T T & i
RGN L I BUERIR  WFFE 25 R R, AR A |
HLAR 8 AR 8] AR 2R I A NTHSS $BF- 53 F14FE
S SPGB 3 O & SAP B S TN A
FE T3 F A FE AT ) 51 28 IR AR (R R
U FI P RE , V2R 4 AUC 4 0. 85, K iE 5 AUC
0. 83, A HERN 2 BRI F5 LA B . X —F
FE A A I DR 5T TR 31 v RS 6 St A %o
TR T EE AR T
3.1 RAETRN B 69 g% 22 Ak 22 AL 5T

A5 & R A A B 1 2 SAP 5 5k 14 T 00
F(OR=3.45) , X SREEM 45 R g — 5, H
ML =B S =5 T 18, I M Ao i
O A WA 30 % 7 488 B T SO W R Sk 5 s Ok

https : //www. zxyjhhl. hk



© 6 TP ELS A RE

2026 4E55 12 B4 7 )

e ? 1;:' ’2;:' S;Cl 4::) 5;.') E—ID 'i';:l &;:l E:!) 1-'.?:)
oin
) 1
dysphagia —!
[i]
m&ch_vent_durﬁtiun. T T T T T T T T T T T T 1
1 1.5 2 2.5 3 35 4 4.5 5 5.5 & 6.5 T T8 B
. . 1
hypoproteinemia —!
1]
N IH SS r T T T T T T T T 1
B 12 16 20 24
age — T T
45 5D B5 9D &5 TD TS 8D 85
Total Points T T T T T T T T T 1
1] 20 40 [<24] 80 100 120 140 180 180
e e 2 e
0.05 0.3 0.70.9
1 2R & SAP KUK Fi 51 2 &
Figure 1. Risk—prediction Nomogram for SAP in ACH patients
A: ROCH2],
B: AL C: kTN £L 547
. I_/_{ 2 _J E — mMEs
- Ml
— None
£ ¥ ¢ . 2
] & H
Apparent
— Blas-carmectsd -
4 o P, e 5
Y Olﬂ 0‘2 ﬂrﬂ 0‘6 ﬂlﬂ 1‘0 OIO 0‘2 ﬂ'l G‘ﬂ Olﬂ 1‘0
[1] 02 04 L] L1 10 S
PR—— M LIRS

11 : A ROC 12k ; B i 2k s C 2 DCA ik

2 EBIREAR

Figure 2.

jm|

B S-S0 B AR L O
BT A AT TGO S5 , T T
.

%

pet —

= KIPA B RG FECE R AL,

https: //www. zxyjhhl. hk

Model Verification Results

— 5 I 55 0 3 7 A S e . (RS R A, AT
5% SR 2 A I B A & A2 2R 60. 00%, 2 35 = T
Xt R 30. 53% , 1™ i T #F WA T RE VA5 75 SAP Fill

OPEN ACCESS

CCBY 4.0



Vol. 12, No. 7, 2026

Chinese Journal of Integrative Nursing <7

Bi7 A DG B o I PR 2 B, % FH R K >
3 G011 55 RS S AT X R R A I AR
FrERE X AR SAP KA LA TR

MU E SR A]AE RGN 1 h, i 28 JXUBG: 38 i 2. 78
¥, X — R A 7R T AILBIGE R SRR AN .
o B 3 AL HG  A T TE R IR I [ 4R
B S5 B, <04 ] R8T S 380 1 WA 5 S ol T 7%
WP W ATLAE B B 240 A1 A S BT B P TR > it
A, 1E el AR BB 141 B [z it S GE R, [
L BIEBRIIGE . AW I TP oS4 S AL b
AR 5. 67 h, W E K T AT IAZE A9 2. 34 h, 20K
FEPRIEE S A RTINS T B 46 40 AL
AR IR SGE B B, X TR 2 ALK E
SR DR T AR AT AT A DG 1 i 48 15
B SR W, A 5 1 H B R BT L A RS IR Sk
A v F I s P R

I ER 1 HAE /E A 2 57 00 P F- (OR=2. 15)
RBET B SRR GBS 1 # ) R : . AIEE
AMUZF B E TG bR, IR e RF T DI RE Y ¢
BT, HAE VLSS AE FUIRS R Bk
2 L 2 5 57 R | e Bk AR B LR FTAMA R S
TG MERREAL 5 RIS, 1 5 e 1A 32 35 T oAl A i ] Jog
IR, S 40 B 2 A B A R ERBE S ARG UL
FELARAR 1 IAE 2 A2 32 1538 50. 00% , 1 % FRZH A
125, 26% ,iX— 2 Fom A TR IR R
PR X S A iR A B SR S REA
BRI WA AEARER 1 i KU ) 8 3 R s
Nl NS AN E IR K R A ERRTE 35 g/L
PLES

NIHSS P40 B3 1 53, SAP XU 34 i 23%
XS5 SRR T M A D) e R 5 SAP kA
(R — W e R o ™ T BE A e 2
TRAEIE A 98 KU < 7 508, PR I R 0 4 A2 5
ES TR N T 1) %195 R0 /b A = R QY R N )
i Bl A (S A A 48 T 5 R il 4R RS 5 28 =
TR D REZEAL S | B M 1 0 sh e | 38 0
FTEIRE AR o BRIk, X T NTHSS #4355 5 19 A
H L RABRIRYT IR R AN, T8 I I 5 I A
45 7 B B BT LI R R T B A A 3L 9 B
it

ARSI 125, il R IRURSE 384 n 5% , 31X — &
PRI T 2 s Ak X I WA 5 [ 060 A R 114 o a0 1 52
WA o AT R G 9 A 33U Ak AL F8 M ) 0855 2T
Bz IIRE T K g 5 & DL B I 2R g v
OPEN ACCESS

CCBY 4.0

Ja 1 RN PRS2 B, % v i i S Il AR N 45 T
T ) T A AT R SRR ARG ) B e, 4 A
Jii 238 B BRI 37 JERE 1 5
4.2 BRI F LS G RNL

AT A F 2R R HTE i T HAA
FLH . SLGWr RGEAM T, 51K i i n]
b5 28 55 2% 1) [ 5 Jr 78 e A ED R A9 9F 43 T
H Il R B A HUT5 MR 28 5 A EL A O B T P sk
THEARA B A o AR AR XU T
Tl T 1L 5853 12 R G000 e FRAE , SC8 T HOE R
SC AR TN AR AR 22 Y B R A
75 WP e o X 53 B T, U 2R RS R AR Y
AUC ¥Ji 1 0. 80, 5 & 08 1% 2t 1) fii 42 T - 43~
(41 ALB-APACHE II 34} AUC #50.70 ~0.75) .
e VR JEE T T, A YA Y X U B AL X £ £, Hosmer—
Lemeshow K 46 4% W 22 % L 4 it 2= & X (P=
0. 125) , & W00 JXURS: 55 52 B AU 2 B2 — 3 F
S AEAL R L4 R IDI{E 4 0. 05 (P=0. 003) , IiE
TR R A A G A R () ) I e A i T ok
Sl LT B, 7E 10% ~ 80% 4 13 15 HE 4 70 Fl
Y, A AR 7R B e AR A B () I DRV 3R 2 . 3k R
BT ZIG RS GBS T, N HZ B AR 5 T
TR it AR RE SR AR IE i es o AN, AR AR 0 A
L 30% B I PR A1 BA AT g5 AL TR B 7 %
(OERYINER SRS Ny RN ESL/L I
AT SE B R ARG HE L . A9 45 [ P AR ]2
WFFEAH L AT B AR S . A B B 2 1, 5 A DG
FEH L AN T A R T e AL S
R AEA T HUAGE S R — s 4845 , 1 F
WhnAEHE . fEE N, 5 Zhang W S AL
RUAR L, A BIF 9 (0 B A 4 51K (390 4] vs. 250
i), T PR AR SR B UE Ty VA R
FEIELAS 58 8 A 2, AR 5 R FH I 91 26 1R =X 7
] PN i S 0 % SAP B UG 75 g Sk /0 DL,
EDULHE AN SE P B O TAE GE i A A s o
ekt o
4.3 FRRBRIER K KR

ARAFFEAETE LT S BRI« 1 5 VR R s el
JBUPE I 5 L AT e A AR S By s RO, RN AR
YyeE B E  Jo ko M T T 0 A 5 T R O
WK 5 =, B Z AN SR A, B 2 AL BE 1A
Rtk — LB . R AR FT I AE LR 7 R AR
R IF R L 0 F R PERF 5T, 50 UE AR R (97 1L e
15 I RAE A b i Can e85 22 5L L 1 4 i A

https : //www. zxyjhhl. hk



-8 SIS

Ziai

=

2026 4E55 12 B4 7 )

R-655) it — AR T BUIRS BE ; 255 N TR et
ARIT K A SR PEAG R 58, LASE B 3 25 B
URADES o AN s = U o ROl A T B e i
B 5 S A A

£ LR Id AT A i I Bk T S i
Il AR A R SAP [ 51 2k [ T R A 32 A7
RS T A W RR AT AL R R R A
NIHSS P73 HAR 85X 5 4> 5y 4R U i PR A6 B , fiE
5 WER | EOUL A AR B B SAP & AR KUK o
HR R B M IR ) O P R ARl PR 52 A , DAy B
SO v R, A8 A S A P T 1 At T
AT o BRI e N AT BEALAG PR 7 B U
PC e, 4 i P i I AR BRI P RCR R
e B E TR

G SRR E W R TR R
e P

[1] Markus H S. Secondary stroke prevention and im-
provements in acute intracerebral haemorrhage care
[J]. IntJ Stroke, 2025, 20(7): 772-775.

[2] Zheng P, Zhu X Y, Cadilhac D A, et al. Early reha-
bilitation after acute intracerebral hemorrhage in Chi-
na: a need for new research directions and more da-
ta: a systematic review [J]. Geriatr Nurs, 2025, 64:
103339.

[3] Wang R H, Gan C L, Mao R, et al. Rat models of
postintracerebral hemorrhage pneumonia induced by
nasal inoculation with Klebsiella pneumoniae or intra-
tracheal inoculation with LPS [J]. Front Immunol,
2024, 15: 1477902.

[4] ZhangJ, Liu C L, Xiao X, et al. The trends of neu-
trophil-to—lymphocyte ratio, platelet—to—lympho-
cyte ratio, and systemic immunoinflammatory index
in patients with intracerebral hemorrhage and clinical
value in predicting pneumonia 30 days after surgery
[J]. World Neurosurg, 2024, 188: e108—el19.

[5] Xiao Y C, He S H, Cheng X, et al. Elevated lactate
dehydrogenase predicts pneumonia in spontaneous in-
tracerebral hemorrhage[J]. Heliyon, 2024, 10(4) :
€26109.

[6] YuTT, Wang Z Y. Utility of the systemic inflam-
mation response index as a predictor of pneumonia af-
ter spontaneous intracerebral hemorrhage [J]. Neu-
rologist, 2024, 29(4): 205-211.

[7] DingYL,JiZY, LiuY, etal. Braden scale for pre-

dicting pneumonia after spontaneous intracerebral

https: //www. zxyjhhl. hk

hemorrhage[J]. Rev Da Assoc Med Bras, 2022, 68
(7): 904-911.

(8] BRIy ey, PR ANy
2% I I A8 9 2 L. b IR A I 2 96 48 e (2019)
(T rhfepiz ek, 2019, 52(12) : 994-1005.
Chinese Society of Neurology, Chinese Stroke Soci-
ety. Chinese guidelines for diagnosis and treatment
of acute intracerebral hemorrhage 2019 [J]. Chin J
Neurol, 2019, 52(12): 994—-1005. (in Chinese)

(9] EFEREaIHEY S, PRESRBEY

SrEAheE ], R R R AR R 2,
S5 AR SCIEI R 1236 h L (2019 BB
ROLT]. thieZis Bk, 2019, 28(12): 1476~
1484.
Emergency Medicine Branch of Chinese Stroke Asso-
ciation, Chinese Medical Association Emergency
Medicine Branch Study Group for Stroke, Emergen-
cy Medicine Branch of Chinese Geriatric Society.
An Updated Chinese Consensus Statement on Stroke—
associated Pneumonia 2019 [J]. Chin J Emerg Med,
2019, 28(12): 1476-1484. (in Chinese)

[10] BXPEBL, BOMRE, sKEFE . thEAS T B IF A
FEOGHET S B FEI: P8 28 K Hp I 22 RFAIE 14 Meta 43 A
(7] EAFIERE 2458, 2025, 25(9): 1039-1046.
Zhao Z Q, Huang C K, Zhang Z L. Risk factors for
complicated stroke—associated pneumonia or lung in-
fections in Chinese stroke patients and their pathoge-
netic characteristics: a meta—analysis[J]. Chin J Ev-
id Based Med, 2025, 25(9) : : 1039-1046.. (in
Chinese )

[11] e, XIS, BTy . M2 rb )™ o 7 O s i £

PEG '8 E AR 0T (1], T EREE, 2025, 40
(9): 525-529.
Shi Q Q, Liu W G, Xu Q. Analysis of survival sta-
tus in stroke patients with severe dysphagia following
PEG tube placement[J]. Chin J Rehabil, 2025, 40
(9): 525-529. (in Chinese)

[12] Rk, Trh, B2nt, & KIHLHOE < m ik S
A Ml RRE A2 255 1 T 58 K XTI W ML AR S 4% 114
RO [T]. e R By R 2 2k A, 2025, 35
(22): 3378-3382.
Wu J H, Wang D, Shen J Q, et al. Effect of com-
prehensive interventions to pulmonary rehabilitation
on prevention of ventilator—associated pneumonia in
elderly patients undergoing long—term mechanical
ventilation [J]. Chin J Nosocomiology, 2025, 35
(22): 3378-3382. (in Chinese)

[13] Wt Tokte, SRR, 25 ikt i 28 fil 3 i e

OPEN ACCESS

CCBY 4.0



Vol. 12, No. 7, 2026

Chinese Journal of Integrative Nursing 9.

[14]

[15]

DRI 5000 A 78 g AF 5 o R (0. 5 D i R B 245 2%
i, 2023, 27(24): 144-148.

Yang J, Wang Y H, Jiang L L, et al. Research prog-
ress of risk prediction model for pulmonary infection
in patients with cerebral hemorrhage[J]. J Clin Med
Pract, 2023, 27(24): 144—148. (in Chinese)
WA, TR, MR, I mA S iR 5 &0
FF TR PN S g B T fe e R 2 i [T ). vl
15k, 2024, 29(9) : 1627-1629.

Bao H X, Wang L Y, Chen M T. Analysis of prog-
nostic risk factors in patients with intracranial infec-
tion caused by Klebsiella pneumoniae after cerebral
hemorrhage[J]. Zhejiang J Trauma Surg, 2024, 29
(9): 1627-1629. (in Chinese)

AW R RS R AR IR I LA S il %
M fers R ] TR R AR5, 2021, 30(16) : -
2965-2967. .

Wei C M. Risk factors of ventilator—associated pneu-
monia in patients with cerebral hemorrhage after op-
eration[J]. Henan Med Res, 2021, 30(16) : 2965—

OPEN ACCESS

CCBY 4.0

[16]

[17]

[18]

2967. . (in Chinese)

XUH, AR A, BEALMG , 4F . ICH-LR2S2 T30 5
ICH-APS 373X [1 P R 11 1 £ 8 e 2 A vk O
P58 0 UM A (BRI S [T]. HE R BE %, 2025, 54
(5): 1111-1117.

LiuY, Zou X M, Liao L S, et al. Study on the pre-
dictive value of ICH-LR2S2 score and ICH-APS
score for stroke—associated pneumonia in patients
with spontaneous intracerebral hemorrhage [1].
Chongging Med, 2025, 54 (5) : 1111-1117. (in
Chinese)

Soares R, Fernandes A, Taveira I, et al. Predictors
of pneumonia in patients with acute spontaneous in-
tracerebral hemorrhage in Algarve, Southern Portugal
[J]. Clin Neurol Neurosurg, 2022, 221: 107387.
Zhang W R, Zhou Y, Xu L H, et al. Development
and validation of radiology—clinical statistical and
machine learning model for stroke—associated pneu-
monia after first intracerebral haemorrhage[J]. BMC
Pulm Med, 2024, 24(1): 357.

https : //www. zxyjhhl. hk



