Advances in Clinical Medicine Ifi/REE23E &, 2025, 15(3), 1207-1216 Hans XM
Published Online March 2025 in Hans. https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.153730

ABRERTS X IR AR XA X B E 1R TR
o B B S 2k B AR B 432

KEH, T34
HREERNR A M R 5 RGeS fa SRR AR, R

Woks H . 202542 130 FHER: 20254F3H7H; & A HM: 2025437 14H

HE

B AR EERRIEBT RS 4 (Ventilator-Associated Pneumonia, VAP) BB & 1552 R 30T
ZHHF, MRS 2 B AR B KT XEEARR, PR “ERZR” SRR LA i
R, ik RAVERKELA I E R EUE N\ BE 37 = (Intensive Care Unit, ICU) R IAIEH)
B, MEEREBMIS A AEREMIEAERER . B 50, T R E#4T M A HEILEC Y74 (Propensity Score
Matching, PSM)iR/D> %R mE, HEAEHRESESVAPARIBEHEMARR. K, ATH—PHFTVAP
JEEEREIFEL2FFTRHXNRER, RITEEEZREIE5 1 (Least Absolute Shrinkage and Selection
Operator, LASSO) Bt &% (R B2 45 B 9 /e FRRE R B SR R VAP B Bt 5 35 K BASE T 2 1 51 2% B Tl
BE, )5, B2t UIHMEER MEREATTREE. £58: BE, RITREEIBRREFE£K1506
HZVAPRZE, K EHEEF665% . HE—VIRRZER)E, HITPSME RIEHREHARLHVAPEE
BT, EHESRITEER(P>0.05); MAELVFEHRT RS, EEEEHILT G EERTIEERE
#(P<0.05). TRAEFIILASSORHSTEE 2 FHREBEE I EEHMETRE, RIATME TIERSE
F1VELFB TR LETNAEE, RIER. CCl. RESERE ARRTEEHET-RHREEN=
KER. & ROTWBFFARI, EFFRAAE RN R AR . BR KSR, CCIDL R ERBH
EHETRRTHIEE, WREEABRENKIETRE.

X 5in
FERE, FRRMUMRSCHIS, FILE, TR

The Impact of Obesity on the 1-Year
Mortality Risk of Patients with
Ventilator-Associated Pneumonia and
the Construction of Its Nomogram
Prediction Model

EIREE

NEF|I M KR, TR LRSS IR OGN K B E 1 EFUT R R A R TR D). IR
%32, 2025, 15(3): 1207-1216. DOI: 10.12677/acm.2025.153730


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2025.153730
https://doi.org/10.12677/acm.2025.153730
https://www.hanspub.org/

KB, ESH

Mengqi Zhang, Daoxin Wang”

Department of Respiratory and Critical Care Medicine, The Second Affiliated Hospital of Chongqing Medical
University, Chongging

Received: Feb. 13%", 2025; accepted: Mar. 7", 2025; published: Mar. 14", 2025

Abstract

Background: This study primarily explores the impact of obesity on the 1-year all-cause mortality rate
in patients with Ventilator-Associated Pneumonia (VAP). It aims to construct a long-term mortality
risk model for obese patients with VAP and further investigate the effect of “obesity paradox” on VAP.
Methods: We extracted data from a large public database for patients admitted to the Intensive Care
Unit (ICU) and categorized them into obese and non-obese groups based on BML. Initially, Propensity
Score Matching (PSM) was used after adjusting for covariates to reduce selection bias and explore the
relationship between obesity and adverse outcomes in VAP. Subsequently, to further investigate the
risk factors for 1-year all-cause mortality in obese VAP patients, we applied Least Absolute Shrink-
age and Selection Operator (LASSO) regression combined with multivariate logistic regression anal-
ysis to select feature variables and constructed a nomogram prediction model for predicting long-term
mortality in obese patients with VAP. Finally, we assessed the accuracy and reliability of the model
through calibration curves. Results: A total of 1506 VAP patients with complete data were included, of
whom 665 were obese. After adjusting for all confounding variables and performing PSM, it was found
that obesity status did not affect the short-term mortality of VAP patients, with no statistically signifi-
cant difference (P > 0.05). However, in terms of 1-year mortality, obese patients exhibited a significantly
lower risk of death compared to non-obese patients (P < 0.05). Thus, after selecting characteristic var-
iables by LASSO regression combined with multivariate logistic regression, we constructed a nomogram
prediction model to predict the 1-year all-cause mortality in obese VAP patients, and found that the
most important factors influencing mortality were age, Charlson Comorbidity Index (CCI), whether or
not tracheal intubation, and renal replacement therapy (RRT). Conclusion: Our study found that the
obesity paradox still exists in VAP. Older age, higher CCl, and the need for RRT during hospitalization
may be associated with a higher long-term mortality risk in these patients.
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Iz AL AH 2% i ¢ (Ventilator-Associated Pneumonia, VAP)/2 f8HIARE S 48 /N G 2IRE S5 48 /N A
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WEFRRET, EREADCE N 1 X RN I 18], 3B W] RSB IRNLI BERH B E InE 2, it —22
S 1Y X [8]-

“HEMFIEIE” (Obesity Paradox)/2 4R 7E — LB IRAS T AL R 5 AR AL 288 A1 BL B T B AT AR (1 41
TR, REEHPA R Z A RERIER K9], X—IRAERAKT 2 W, Gt UEE ) S
A SRR A SR AR B R [10] [11]0 BT F, L R 12 R0 s Be 00 18 R 78 T2 XU S 1
B, sEARRNIRE IR RIEEL, XE5EGR @ISR 12].

FEIRIR S, B2 AR R0 78 9325 FE AT PR B AR R A BRSSO R 3R, e 0 PERVR T T %, B
WA IR T RCR, R BRE TS . TG T R ST 2 (AN TS 5 B 2 18] A % R TS AN I AL
AT EAR R LIS R Rl RAE TR MK R, B DIRTUENS VAP KIPET R 2 [ K5
R, IFRERAET T XA Y

2. ik
2.1. #IERR. BRI E

MIMIC (Medical Information Mart for Intensive Care Database) & —/N KB HEHHE 22, B EMRE
AR H A B A s 5 L 3 [ e B2 2 Bt DL DA €81 e s B 7 o0 (BIDMC) K RN R ST 24 7 3
RS Bl PE b B BB G B ik 2, DLERF B E FaAL, Bl AR ZAC B A

AL LLR I HEBR AR AE 2 W 08 & 38 B0 S8 2 - 9 Nt 1) B (R BoE INE ICU 1 84
2) F4 ICD gwibiZ W) VAP . HiBRbrdE: 1) RN T 18 % 2) Sl R EEEm R DL B sy <
100 cm. #RH <10 kg BEE . RRBTFRP LRIy 1 EERIIETE, IREL R AERILT- R, 28 K
BETIR . BTGt MERE H U KRR EZ | SRR R . 7R E $E5(Body Mass Index, BMI)& /2 [E fr -
JVZ R R R N AR PR R T S FROR L ) — DN F R AR 1], BMI = A (kg)/ & mi(m)?. RHE WHO 5
e, FATKAERE RS E SO BMI > 30 kg/m?.

AT MIMIC-1V 3.1 4 BS Tabr, QAR i, R, Srm, AEariRE. SCie SR & Hahs .
PR VES A HHIE DA R 5 3E1T 5 & RIA 7 (Renal Replacement Therapy, RRT). T FEbrUEE T N {E
ICU 24 /IR E DN E R BME . BuAk, FATIMERSRRAE KT 10% 804555, FEX SRR KA] R S 1)
“mice” ALHEAT ] B 2 H AT b .

2.2. Gt

FTA RGBSR R 4.4.1 BEAT . X TS AR &, AT Yo Shapiro-Wilk #5647 IE A
K. FFEIERAMRESEMEARE UMME + FrfEZESD)ER, FHEM t I HEAT A 2 700 TARLE
A7 AT YIRS A 5 ) LA b (S K (R DY (5 KR #R) 7, HF2R T Mann-Whitney U 6256 1547 21 18] 22 57 70 #7 o
I AR USR5 U (%) R » AL1E) 22 5 0 A MR R 5 R S B Fisher KGRI BT AT SE 1T 04+
LU P < 0.05 {F I 5E 22 5 BAT e i R AR it

2.3. {@E)tE LA ESY (Propensity Score Matching, PSM)

PSM 52— FI T WSO S i I Ge it 7k, B AR i VLS A AR AE A A4, St b R TR 4 (A
R T AL T AL BT FO RN R RO R o 3RAT TR SR A 28 7 9 L B AN AR L R L3047 ¢
ihor e R — VIR RE LT R AR KRG 1T PSM, DA HASE NN AR &, AR N H A E,
P EEIB AR EAREAY . SR JE R FRAE, A 11 el DTS BRI 320 . R RMEBEE N 20% KP4
I F AR EZE o BRATTIEE S A AL 7 ZEAG 6 DA % W A P4 22 S A 560 1 DR UG E )5 1) AR B ZHL AT HEEZHLAE
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o, N G RRRHE AR P B AL LG, DRUEBR R I, FRATIEAT 2R 81 53T (Least Absolute
Shrinkage and Selection Operator, LASSO), %4 5 i 2 K 2@ 45 [ 9 40 A fE ki ie A8 &, dEmifiH RS
HE “rms” RORMEANZE . BJ5, LeHZ s 8 ER R AR HE 2 AUt AR Tt rr) s 1

3. 58
3.1. BE&BUE

RATRAAEF] 1506 4 VAP B . W 1 s, 1€ PSM AT, A 852 ZAFNEREEE, H 655 L NEMEH
¥, 1M{E PSM f5FLULHD 479 X &35 . 78 PSM I, JERER FHSATHUGIE S v 68 B A 50 & B PRI AR
TAEARER S 5. PEEP KL WRAEIREE, BERKAPUBGE S, PLEERA SRR

Table 1. Baseline indicators before and after propensity score matching

= 1. e AT BT R R BT

NG VLB S
TE JEREREAE REREL JEAEREE REREA b
N = 852 N =655 N =479 N =479
W, % 65.9([53.2;76.9] 61.0[51.4;709] <0.001  62.6[52.1;742]  63.1[52.3;724]  0.666
53] 0.317 0.945
% 272 (31.9%) 226 (34.5%) 155 (32.4%) 157 (32.8%)
3 580 (68.1%) 429 (65.5%) 324 (67.6%) 322 (67.2%)
BMI, kg/m?>  252[22.5;27.4] 35.1[32.1;39.6] <0.001  255[22.9;27.6] 34.6[31.7;384]  <0.001
L, WSy 88.0[75.0;104]  89.0[76.0;104]  0.300 90.0 [75.0; 105] 89.0 [75.0; 104] 0.961
I A2
" %\’/)j 19.0 [16.0;24.0] 21.0[17.0;25.0] <0.001  20.0[16.0;24.0]  20.0[16.0;24.0]  0.637
i, mmHg 123 [106; 142] 124 [108; 143] 0.198 126 [106; 144] 124 [108; 143] 0.917
P9k Ik, mmHg 69.0 [58.0;82.0] 68.0[58.0;82.0]  0.820 70.0 [60.0; 83.0]  69.0 [58.0;83.0]  0.605
pH 14 7.34[7.28;7.41] 7.33[7.25;7.40]  0.014 7.34[7.27,7.39]  7.34[7.26;7.40]  0.590
ARy ) ) ) )
/&, mmHg 41.0[36.0;50.0] 45.0[38.0;53.5] <0.001  43.0[36.0;51.5] 43.0[37.0;51.0]  0.572
S E, mmHg  120[76.0;201]  96.0 [69.0; 153]  <0.001 104 [64.5; 174] 101 [73.0; 165] 0.794
\/|_‘] <
WP IR 5.00 [5.00; 8.00] 6.20[5.00;10.6] <0.001  5.10[5.00;10.0]  5.00[5.00;10.0]  0.801
18, mmHg
WS, % 50.0 [50.0; 100]  60.0 [50.0; 100]  <0.001 60.0 [50.0; 100] 60.0 [50.0; 100] 0.657
AGTRYL
mmHg 212[110;373]  156[91.7;255]  <0.001 163 [95.0; 286] 172 [106; 272] 0.514
MlboE =
> 206 [106; 367 225 [116; 383 0.038 208 [111; 366 210[107; 379 0.824
RN [ ] [ ] [ ] [ ]
FLER, mmol/L  1.70[1.20;2.60] 1.70[1.20;2.80]  0.506 1.70 [1.20;2.60]  1.70 [1.20;2.85]  0.665
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AP, mg/dL  134[108;175]  148[118;196]  <0.001 136 [108; 186] 144 [114; 184] 0.194
M A, g/dL 11.1[9.30;12.9] 11.3[9.60;13.2]  0.038 11.2[9.25;13.1]  11.2[9.40;13.1]  0.533
L4, mul  3.66[3.09;4.24] 3.92[3.24;4.43] <0.001  3.74[3.16;4.32]  3.80[3.14;4.32]  0.669
MR, mul 190 [130;259] 201 [144; 268] 0.029 191 [129; 263] 197 [138; 256] 0.585
A4, mul  11.7[8.10;15.7] 12.1[8.50;162]  0.414 11.8[7.80;16.0]  12.1[8.60;16.0]  0.536
MpRE, mg/dL 19.0[13.0;31.2] 22.0[15.0;38.5]  0.001 21.0[14.0;34.0]  21.0[14.0;32.0]  0.995
MALEF, mg/dL  1.00 [0.70; 1.42]  1.10[0.80; 1.90]  <0.001  1.00[0.80;1.60]  1.10[0.80;1.65]  0.287
IMi%5H, mg/dL 4.10[3.70;4.53] 4.30[3.80;4.80] <0.001  4.10[3.80;4.60]  4.20([3.75;4.70]  0.593
Mi&Es, mg/dL 139 [136;142] 139 [135; 142] 0.041 139 [136; 142] 139 [136; 142] 0.394
3545, mg/dL 9.40 [8.90;9.90]  9.60[9.10; 10.1]  <0.001  9.50[9.00;10.0]  9.50[9.00;10.0]  0.910
GCS ¥4 15.0[15.0;15.0] 15.0[15.0;15.0]  0.653 15.0[15.0;15.0]  15.0[15.0;15.0]  0.355
SOFA ¥4y 1.00[0.00;3.00] 1.00 [0.00;4.00]  0.127 1.00 [0.00; 4.00]  1.00 [0.00;4.00]  0.574
APSTIT ¥4 50.0 [37.0; 66.0] 53.0[40.0;69.0]  0.010  51.0[38.0;68.0]  51.0[39.0;66.0]  0.941
BIRBA
T 5.00 [3.00;7.00]  4.00 [2.00; 6.00]  0.043  4.00[3.00;7.00]  4.00[2.00;6.50]  0.638
o I 0.516 0.794
% 507 (59.5%) 378 (57.7%) 274 (57.2%) 269 (56.2%)
P 345 (40.5%) 277 (42.3%) 205 (42.8%) 210 (43.8%)
S <0.001 0.890
i 661 (77.6%) 391 (59.7%) 325 (67.8%) 328 (68.5%)
& 191 (22.4%) 264 (40.3%) 154 (32.2%) 151 (31.5%)
EEE 0.722 0.878
i 653 (76.6%) 508 (77.6%) 369 (77.0%) 366 (76.4%)
& 199 (23.4%) 147 (22.4%) 110 (23.0%) 113 (23.6%)
BENTIRIT <0.001 0.348
i 710 (83.3%) 476 (72.7%) 368 (76.8%) 381 (79.5%)
& 142 (16.7%) 179 (27.3%) 111 (23.2%) 98 (20.5%)
: BMI: AAEIRE GCS: SHTHLIFSr: SOFA: JFLI(Mh)Z 48 B IR P/ APS I S EA: 38 S84 BT

N HRG L.

3.2. ESRTRMXHR

H, R,

3.3. BRME L ER

WK 1 fra~, LASSO EIASHTE, FATRA T
AETEE DL RRT RA I 4 NEE 531

Index, CCI).

e

W7 2 fias, 1F PSM J5, WA Z A2 T BMI B BEZ A0, HARTE bR 34706 7 VT B b
SRR B E T b, AERE B EH IS TR A IO B R, A AR EARA 1 AR
TR . HFIRWREATERE, RINTKIIERIRESS VAP 10 1 £ REYIMKE, Wik, RINMWET

VAP B 1 454 PR FE T XU TR ) 21 26 PRI AR

W AR #R & HAEFE 2 (Charlson Comorbidity
TZRREB/ENASH. Wk 3 PR, ZHEEEHEMH
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M B, X AR B SR XU B AR SE(P < 0.05). FRAVEHIX 4 MEBHESILE, EWE 2 fF
N, EREECK, AR fREUEE, HET RRT #4E, B3 1 FEARIET AR AT Beik & . SR, TS
EIEELOT 1 ERR TR AR WK 3 Fon, A7 IR R e vk AR M, FRATIE I T 51 2k Pl s
T AR 2R

Table 2. Prognostic outcomes before and after propensity score matching

= 2. R TETFS RN TERER

JUNTi) N =
TE JEARRA JEFEA JEARRA AEREEH
P P
N =852 N = 655 N =479 N =479
fEREFET 0.086 0.173
yearn 631 (74.1%) 511 (78.0%) 355 (74.1%) 374 (78.1%)
T 221 (25.9%) 144 (22.0%) 124 (25.9%) 105 (21.9%)
28 RILT:H 0.020 0.056
e ra 654 (76.8%) 536 (81.8%) 367 (76.6%) 392 (81.8%)
BT 198 (23.2%) 119 (18.2%) 112 (23.4%) 87 (18.2%)
90 KILT H 0.009 0.295
fEiE 555 (65.1%) 469 (71.6%) 322 (67.2%) 338 (70.6%)
BT 297 (34.9%) 186 (28.4%) 157 (32.8%) 141 (29.4%)
1 FEFOTIR <0.001 0.034
e ra 476 (55.9%) 427 (65.2%) 274 (57.2%) 307 (64.1%)
BT 376 (44.1%) 228 (34.8%) 205 (42.8%) 172 (35.9%)
31 31 29 26 18 5 1 31 31 31 30 28 26 23 17 9 5 3 2
F o
@ - !
N © - *
Q -
£ g N I 0.
3 3 - I
QO =~ (=] .
§ (_E 8 ] o“
O — s g = ‘0.
© —! s o = ﬂ_J e B “‘“““““““‘““““‘.“‘_'.“"“““““0’..
3 I 71*77!77 I I [ [ T I | T | I |
-8 -7 -6 -5 -4 -3 -2 -8 -7 -6 -5 -4 -3 -2
Log Lambda Log(™)
(A) (B)

Figure 1. Least absolute shrinkage and selection operator regression (LASSO Regression): (A) A sequence of log Lambda is
plotted on the coefficient profile graph; (B) The cross-validation plot, where we have selected 4 potential predictor variables

1. B/NEFTEAEFNERETEVI(LASSO EYT): (A) X Lambda FHIAERKFIEE 4%, (B) X XIEIEE,
BATBEET 4 NBENTUNEZE
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Table 3. Multivariate logistic regression between selected variables and mortality rate

F3. HIEEEESRTRZENEZERZED

A FrifEiz P 1H OR 95% CI
g 0.005 <0.001 1.031 1.021~1.041
BRARIEEL 0.027 <0.001 1.168 1.109~1.231
REE 0.147 <0.001 0.491 0.367~0.653
& T 0.14 <0.001 2.167 1.647~2.856
0 10 20 30 40 50 60 70 80 90 100
Points ; s ; ; ; : : : . ; :
Age T T T T T T T T 1
20 30 40 50 60 70 80 90 100
CClI r T T T T T T T T |
0 2 4 6 8 10 12 14 16 18
Yes
RRT . :
No No
Tube r !
Yes
Total Points T : : : : : : : : : ! : ,
0 20 40 60 80 100 120 140 160 180 200 220 240
Linear Predictor T T T T T T T T T T T T |
-3.5 -3 -2.5 -2 -1.5 -1 -0.5 0 0.5 1 15 2 2.5
Risk of Death T T T T — T ; - Y
0.05 0.1 0.15 0.2 0.25 0.30. 350.40.450.50.550.60.650.70.75 0.8 0.85 0.9

VE: Age: fE#8; CCI: /R AR & HIE$E 2 (Charlson Comorbidity Index); RRT: 5 I & L7547 (Renal Replacement Therapy);
Tube: S &% (Endotracheal Intubation).

Figure 2. A Nomogram prediction model for the 1-year mortality risk in obese patients with ventilator-associated pneumonia

[ 2. MEIRHAERA R AIBBREEE 1 F 5T XBEFI Lk E MR

© | T :|u||||||||||||||||1||||[|||||||“|||||||||||||u|||-|n||| T T T
S o

0.6
|

Actual Probability
0.4

i A~ Apparent

0.2

—— Bias-corrected

0.2 0.4 0.6 0.8

Predicted Pr{mortality_1y=Dead}
B = 1000 repetitions, boot Mean absolute error=0.016 n=655

Figure 3. Calibration curve of the nomogram

& 3. FlERIROErZ
4. g
AT KR A L HE FE R AL T 1506 44 VAP B 1 8dE, BERANEIEIRS S VAP AR il 1
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KR, R TIERE VAP B | EAHIET R MIILE B, SRR, SRS, B
[ VAP % 1 &I REAE, AR, CCL. AT & RRT IRAZEHMILRE VAP 82 KI5
R

W, TEREREIGAE VAP I8 — i VA A o RO IR 36 A 5 2 RS LA RS A%, {1
VAP f#, JEBERAIFRBIEIET R, TR R T BRI Ik — R
SR — LTS —5L, Aretha Z4RIH[13], SAIEBEREHALL, TR VAP MIEBEEIIT BA E 0
90 RATHILT M. Ik —ILQAE—ERIE LAFE “IEREREIS” AR, SURIBBERA T AES VAP (L
BUAR S P ) 28 10 S5 A0 A TR A7 AR 7 06 . SR E 02 L 7 R G0 B F LA T 4
Yoo WIS OIS LU WA 2 RO, B2 NE-weB SR 4 B SO SN, JF 4 7T 43
IR B, AT IR G, W R SR SEATBLAR (4 3141 [15]: B8P, JCT A 5 3RS
PR i 5 R0 BB IS B 45 9 6], 2 ) R U 62 PR R P SR b 2 1
SIRARH, HEs5 BB TIREI17). JCSERL SRR AT L, AT RSB VAP S 4R 0OET ORI S0t -
FRUBHUAEIET, TR 7 IR 27 VAP BUSH I 1 “IEREREL” DL

LK, L COL. AUBTREARA S RRT IRAKHIEIE VAP 58 K6 R (B 4 200 76 % B
P, SRR, AIPREE, BHIETINRIA[18] [19]. AT RRT (8% WA 5 05T
TR, SIS S AR YOS FABAL20] [21]. LAk, TRATTIERIL, 2P HLIE I 4% AL
ST R PR IR IE TR, BT S LGS e — R . AT, P Meta 5997 2
BT ISR, S B ESE R AR, OB 8RB 9] (22). FTREMHLE)
AT 55 243U B BOR OB S8 1 MBS O A%, AR T AU U 231,
LI £ T S T OB A MR T ) T 50 B IE, FTb 5- WAV TR, AT
VAP SR ERIAK R AR, RIS — 5 M (R PE 241, JESN, PRI 3 T BRI FAUR
FE(PEER)WAZE RO A, WA SRR LR S [25], MK/ M T R AL IR
A, EREIRS SR SORI0 AR

SR, ARFORM PSM SRR, BLAEFT LASSO [l AT 5 2 DR 36 48 I 1 5 BT 445
AEA R TR, H280 T DR RO AT S AT, KW rtE— 2 MR IR bE . B, REZ
A IR LA R R A ASTF ORISR, P AEROMIT Tu 0 FORY, ATREAAE AR BB AR 6, AP B
R B ERRITIT, FER— ST KRR, AT, ST S RS
%

B2, ARV TR R W PR S B LR — SR 0 5L A TR A JOHR P SRR AR VAP S8
FHURHEAT ST, IR ARSI IS VAP JERES HKIITE IR B R BRIRE ST, FF 0 VAP /ML
P57 BRI TLARARCHS o SR (LA B UL VAP S 347 00 , 3687 A N BRAR I ZE 5 U
HOSTA R RO AR

5. &t

s A, TEREI VAP B T EA TG | 4F A PET A, ELZETRA IR I 2 O e o
R, BRI CCLACT DL BT RRT B, 5 1 4000 MR RG, 1M 7
F 58 T LA TR BE T KU

SE
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