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Predictive value of the triglyceride-glucose index combined with

serological indicators for pancreatic fistula after
pancreaticoduodenectomy

NIU Jubao', IANG Wenkai', LI Cunbin®, LI Xin’, ZHANG Hui’

(1. The Second Clinical Medical School, Lanzhou University, Lanzhou 730000, China; 2. Department of General Surgery, the Second
Hospital & Clinical Medical School, Lanzhou University, Lanzhou 730000, China)

Abstract

Key words

Background and Aims: Postoperative pancreatic fistula (POPF) is one of the most severe and common
complications following pancreaticoduodenectomy (PD) and is a major cause of mortality after PD.
Given the multiple risk factors associated with PD-POPEF, developing an effective predictive model is of
significant clinical importance. This study was conducted to explore the predictive performance of the
triglyceride-glucose (TyG) index combined with serological indicators for POPF following PD.
Methods: The preoperative general data, laboratory indicators within one week before surgery, and
postoperative complication data of 291 patients who underwent PD at the Department of General
Surgery, Second Hospital of Lanzhou University, from January 2019 to June 2024, were retrospectively
collected. Patients were randomly divided into a modeling group (203 cases) and a validation group
(88 cases) using a computer-generated random number method at a 7: 3 ratio. Univariate Logistic
regression and multivariate binary Logistic regression (Back-Wald method) were performed on the
modeling group data. Based on regression analysis results, a predictive model was constructed and
visualized using a nomogram. The discriminative ability of the nomogram model was evaluated by the
area under the receiver operating characteristic (ROC) curve (AUC). A calibration curve was used to
assess the agreement between predicted and actual probabilities, and a decision curve analysis was
conducted to evaluate the clinical application value of the model. Subgroup analysis was performed on
potential factors influencing the outcome variables.

Results: Among the 291 patients, 70 developed POPF, with 49 cases in the modeling group and 21 in
the validation group. There was no statistically significant difference between the two groups (all P>
0.05). Univariate analysis in the modeling group identified body mass index (BMI), triglycerides, TyG
index, albumin (ALB), platelet count (PLT), absolute lymphocyte count (LYM), and absolute neutrophil
count (NEUT) as significant factors associated with POPF (all P<0.05). Multivariate analysis revealed
that BMI, TyG index, ALB, PLT, LYM, and NEUT were independent influencing factors for POPF
(all P<0.05). A PD-POPF risk prediction model and nomogram were constructed based on these results.
The model achieved an AUC of 0.80 (0.73-0.86), and when applied to the validation group, the ROC
analysis yielded an AUC of 0.80 (0.70-0.90). The calibration curves of both the modeling and validation
groups closely aligned with the standard curve. Subgroup analysis indicated that tumor nature and tumor
stage had minimal impact on PD-POPF risk factors, demonstrating good model stability.

Conclusion: The TyG index, along with BMI, PLT, NEUT, ALB, and LYM, is closely associated with
PD-POPF occurrence. The risk prediction model based on the TyG index and these influencing factors
exhibits good predictive performance and holds significant clinical value for guiding early intervention.
Pancreaticoduodenectomy; Pancreatic Fistula; Risk Factors; Nomograms
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Jik -+ — 48 B VI B K (pancreaticoduodenectomy ,
PD) — BEJEBRLER . IHEVE T o . A IR S RO
FRAEH EERIT TR, W R 2 AR VI ER K A
PD Bk g 2 AR ME B e R i) R Z —1. Bl
ISR & Ji K FiL - R 0 RS 40 A 3L, (45 PD Y
i FE R B R B AR, ER S I KGE 19 KA R AT IR AR
B R JE I K IE AR R JE B (postoperative
pancreatic fistula, POPF) . JH It . JE B 9 Jk L |
B HE7s 4R R S, HoHh POPE J2 PD AR J5 f5 % I 1 ik
FUE IR RAE L T R RS AR B B, R
W5 T 2 14 I IR e IR 4= et Jid R I A8, DA T
AES & L AT, RE WA FE AR IKE
Ko W fE . Ot R FLEUI POPF /Y & AR T M
IR AT i TR WO B 0 R B AT T E R
HHi, 172 3¢ T POPF Ay Tl 452U £ 4 I & ok,
{EL 24 T Il A R R BURREE L TN AN R RRE AL
RS 1), A R 118 532 i A 3R A AN AR ] )

517 PD-POPF (i f& I R A AR 2, b A i
SEE YN R, TR WA IR IIRE R
Ji o A AR, TR p AL B, BE 0T POPE Y R]
RETE . FLUCIE JHE b 25 ok R By RARHT, B Fb
PR BN N - Z AL, DTS el e L il i A AR
i, nTRE S B OR 5 JF ARE By A AR BRI
= Bk - %5 A B (triglyceride-glucose , TyG ) 8 % &
— AR 2T i AR VEAL B R ARBT A 4R AR,
AW B LRI TyG 45 BOK & 1L 75 298 b i 1l — Fib
Peagt . B L R PD-POPF XU 1900 41 2 Pl 45
U JEAT 56 Uk, P B B A= R0 R B Y i e SR
I AL T B E , $2 5L 5B POPF 19 & A=,
P PD 2 ek, IR AR B

1 ABEFE

1.1 —RER

[ 5 PR WA 2019 4F: 1 —2024 4F 6 J 22 K%
S B e % AN FE 291 191145 32 PD S8 A 4 I R TR
ARIGHIL R, B g 247 11, v B A o v b
Je 87 i, AEAE EAE PR o0 4, 38 W 1k b e
53 5, v B2 ER W R B 17 )5 B g N g W R
6 1), Hof R 38 . 4 & R AR BK 5 & B
2> (American Joint Committee on Cancer, AJCC) #n
YRS R AT 3 1, 45 OR WoR 14 86 ), T4
125 1], TITH 36 f41..

1.2 MNSHEERIRE

MARRE: () fr A B Y 7E AR T A7 45 1 PD
BIT; (2 A >18 % 5 (3) RHTFAR = ¥ RHE /R TG
ZNE R R L B AR AL s (4) R D RS
HEBRARE : (1) BFH R I BER AR SE 8 s (2) fEA ™
B DIRE A 4 iy 83 s (3) BRAE A e A 285 1k i 988 s
B BE . AR E KA LN KEHE ZE AR
2 G gt (R BEA LS . 2024A-1306) , 4
B A ] 2
1.3 BREERISHT R 5 Rt

WUE B B 2016 4F [ B PR 2 BF 5T N A
(International Study Group on Pancreatic Fistula,
ISGPF) & T° POPF HYiZ Wi A5 #E®, #5 PD R J5>3 d
A28 5 U b A TE o Tl R O IV T R IR R
EHe 35, HSmKESTy FBRZEMHCES H A
POPF, JF4r WA, B, C =%, AZUBHE RN A
el , TR G ARAER, TOW I R AL B, B~C 2B
P20 BLAS [R) R B A e PR A IR e 72 L TR) I B AT Il PR
BT R O 8 R R A R e AR A T A D e
POPF 4, #§B. CZtJBeR I POPF 4
1.4 FAAXKRGEE

P A B A A B BRI T AT AR 1 PD, (L5 T
i I B A TR O 5, T Ak E A Child 12
FCrp R T W & 53 Sk TR i 23 T s O W R A R R T
WGy B H L R SRR SR
JT AT BB RS WG TR R W BT
YL T I SR AEIRYT o U)W D A AR A AR
K B i Wy 5 1 5 I T R i R S LR R, B R e
TS| AT A A g | 51 LR TS A O i
PRAE RIS T 5 o i 4, - A B C 4
JBRRE I A5 AT 2 S A IR TR
1.5 MEiEHR

W B B H — R BTRE, AR . SRR . K
HAERC (BMD) . & IR BRI S R
WZ WYY RAT NS =R OR, 4
15 23 i LM (fasting blood glucose, FBG) | i fIH [
iz (total cholesterol, TC) . H il = BE (triglyceride,
TG) . m % E & A
HDL) . M HZT % (total bilirubin, TBIL) . P % 2
IR F41f (alanine aminotransferase, ALT) . K[7]
XA MRA BB (aspartate aminotransferase ,
AST) . y-# ABEFL IKEE (v glutamyltranspeptidase ,
v-GT) . B8 % fR #¥ (alkaline phosphatase, ALP) |

(high-density lipoprotein ,
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F4E [ (albumin, ALB) . FIZ031%% (white blood
cell, WBC) . IfiL /]y Hz 31 %% (platelet count, PLT) |
PAAZ AR M 45 XF{E (monocytosis, MONO) | K B 4 fifd
76 X {E (lymphocyte, LYM) . H ¥ %7 40 J 26 X {E
( neutrophil , NEUT) % K TyG ¥8 B, TyG 18 K =
In [Z5 B H M =R (mg/dL) x 28I (mg/dL) /2];
A e e R 45 5 [ RR B B2 i 3 2% (American Society
of Anesthesiologists , ASA) . FARAKFRX., FAR
fIE] . AR e i s RS R 4 9 P OB KT F
RAE R AT
1.6 SitFhbiE

Ji A Gt o Bt B AE R R BpF (432) AT,
IE B P B E b v 22 (2 =) Fon, dE
IESRAE L A 8 (W R Bl iE ) (M (IQR) 13
TN TERRE T, R oRS AR R xR 5 B
Fisher R B A5 50 1%, X 14 22748 5 R AT SL FEAS ¢ 4G
BB Bk MR . AR, RHHZHR

Logistic [A] 545 AU i 6 40 7 fE 1 3%, #4) 1 PD-POPF
LIS TRV 71 = R 71 N = o < B (1 2
(receiver operating characteristic curve, ROC), >R H
M4 T MM (area under curve, AUC) IR #E il £
VAR IZ AR PERE , DSR2 23 7 (decision curve
analysis, DCA) DA T 78 TOUI0 A v 25 BB . X T g
FFAE B 52 e 245 JR) 728 S 7Y 52 0 IR 3R R AT S A o0 .
KUK 56 P<0.05 4 25 53 A Ge it o 18 3L

2 # =

21 EAXEER

AN A 291 B, R T SRAL™ A Y BE
PLECHE 723 (1 LL I BEAIL 53 S EEBL AL (n=203) I
EZL (n=88) =10, R4 100 TIF 4045 1 Ho B 45
mE R, PR, A RFEIRZIKES
CIREA 8

F1 FWA-MARILER

Table 1 Comparison of general data between the two groups

Arkt A2 (n=203) Bk (n=88) I P
(S x +s) 60.38+10.91 60.51+7.48 0.119 0.905
BMI(kg/m?,x + s) 22.63+2.82 22.32+3.04 -0.840 0.402
(%))

I 72(35.47) 37(42.05)
1.134 0.287
5 131(64.53) 51(57.95)
R ER(%)]
w 152(74.88) 71(80.68)
1.155 0.282
= 51(25.12) 17(19.32)
BRI (%)]
& 175(86.21) 80(90.91)
1.252 0.263
Sk 28(13.79) 8(9.09)
ARATIHEE[n(%)]
o 91(44.83) 41(46.59)
0.077 0.781
= 112(55.17) 47(53.41)
FBG(mmol/L,x + s) 6.01+1.82 6.39+2.35 1.523 0.129
TG(mmol/L,% + s) 1.69+0.82 1.84+1.00 1.302 0.194
TBIL[mmol/L, M(IQR)] 68.10(25.35~126.30) 76.85(21.17~127.75) -0.445 0.656
ALT [U/L,M(IQR)] 78.00(37.50~146.50) 71.00(40.00~126.25) -0.269 0.788
AST [U/L, M(IQR)] 57.00(32.50~91.00) 54.00(33.00~90.50) -0.105 0.917
~v-GT [U/L,M(IQR)] 200.00(71.50~432.00) 235.50(73.00~487.50) -0.220 0.826
ALT [U/L,M(IQR)] 228.00(131.00~350.00) 200.50(120.75~371.50) -0.005 0.996
ALB(g/L,% + 5) 37.31+4.31 37.57+6.21 0.413 0.680
WBC [10°/L, M(IQR)] 6.30(5.03~7.57) 5.87(4.94~7.45) -1.023 0.306
PLT(10%/L,% + s) 231.61+81.30 231.24+78.57 -0.036 0.971
MONO [10°/L., M(IQR)] 0.45(0.33~0.61) 0.43(0.35~0.58) -0.244 0.807
NEUT(10%/L,% + s) 4.08+1.70 4.12+2.42 0.146 0.884
LYM(10°L.,% + s) 1.50+0.58 1.51+0.61 0.086 0.932
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F1 MA-MABEE ()

Table 1 Comparison of general data between the two groups (continued)

AR AL (n=203) BUFEZH (n=88) e P
LYM(10%/L,% + s) 1.50+0.58 1.510.61 0.086 0.932
TyGHE%(x = 5) 8.8620.54 8.97+0.61 1.548 0.123
ASA 53 [n(%)]

19% 4(1.97) 1(1.14)
2% 165(81.28) 66(75.00) — 0.377
3% 34(16.75) 21(23.86)
FARITH[n(%)]
FFiR 128(63.05) 61(69.32)
1.058 0.304
158 75(36.95) 27(30.68)
FAREFE (h,% + 5) 8.38+2.74 8.35+2.46 -0.080 0.937
A IR [mL, M(IQR)] 100.00(100.00~200.00) 150.00(100.00~300.00) -0.732 0.464
BIRBALn (% )]
JHR R 75(36.95) 43(48.86)
bt iR s 72(35.47) 19(21.59)
6.014 0.111
—i=7!77} 43(21.18) 20(22.73)
AR 13(6.40) 6(6.82)
FKER AL (%)]
w 109(53.69) 43(48.86)
0.574 0.449
= 94(46.31) 45(51.14)
PRI (%)]
S 85(41.87) 35(39.77)
0.112 0.738
= 118(58.13) 53(60.23)
Pt n (%))
B3 30(14.78) 14(15.91)
0.061 0.805
T 173(85.22) 74(84.09)
LSS0 (%)]
w 146(71.92) 68(77.27)
0.903 0.342
= 57(28.08) 20(22.73)

22 BEZEL5 % A X Logistic @ 13 4 # & PD-

POPF JXUK i il #% BY 4 2

TEFERLZH b, %FJC POPF 41 F1 POPF 2 A Bf 1Y
BRI AT A, S5 R, BMLL TG. TyG
8%, ALB. PLT, NEUT., LYMZE i 4lEl i) 2 5 H
GoitseE L (¥ P<0.05) (£2). Fdm i
TG R LR AR 90 A Logistic [ 9 # A
P R AR A UL, R ETBMLL TG, TyG 48 %% .
NEUT . PLT J& PD-POPF & A= f) fa | [F 2, 1fif ALB .
LYM 25 R E (#) P<0.05), ¥ 8 E iR 22
SAGIFE XA R, AL E Logistic F5 7
L, R A R, AL R R, BMI,
TyG 8%, PLT. NEUT J& PD-POPF % A= (1) 4 ~7. 1 [

A ZE, M ALB., LYM 22 vz &9 K & (¥ P<
0.05) (£%£3).

2 T POPFAF POPFAARBIIEIRILE (x + )
Table 2 Comparison of preoperative indexes between the
non-POPF group and the POPF group (x + s)

JG POPF 41 POPF 41
i (n=154) (n=49) = ‘
BMI(kg/m?) 22.38+2.78  23.40+2.84  -2.227 0.027
TG (mmol/L) 1.59+0.81 1.99+0.78  -3.015 0.003
TyGHa%L 8.78+0.55 9.11+0.42  -4.394  <0.001
ALB(g/L) 37.69+4.31  36.11+4.12 2.266 0.025
PLT(10°/L) 215.39+77.84 253.35+7540 -2.995 0.003
NEUT(10%/L) 3.90+1.64 4.661.76  -2.773 0.006
LYM(10°/1) 1.55+0.63 1.32+0.37 3.147 0.002
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Table 3 Univariate and multivariate Logistic regression analysis of the modeling group
- R EACES

B SE % P OR(95% CI) B SE % P OR(95% CI)
BMI 0.13 0.06 2.18 0.029 1.14(1.01~1.28) 0.15 0.07 2.29 0.022 1.17(1.02~1.33)
TG 0.54 0.19 2.78 0.005 1.72(1.17~2.52) — — — — —
TyG 5%k 1.20 0.34 3.56 <0.001 3.31(1.71~6.38) 1.00 0.38 2.60 0.009  2.71(1.28~5.75)
ALB -0.09 0.04 -2.21 0.027 0.92(0.85~0.99) -0.10 0.04 -2.31 0.021 0.90(0.83~0.98)
PLT 0.01 0.00 2.86 0.004 1.01(1.01~1.01) 0.01 0.00 2.29 0.022 1.01(1.01~1.01)
NEUT 0.25 0.10 2.62 0.009 1.29(1.07~1.56) 0.25 0.11 2.23 0.026 1.28(1.03~1.59)
LYM -0.86 0.36 -2.42 0.016 0.42(0.21~0.85) -0.84 0.40 -2.11 0.035 0.43(0.20~0.94)

2.3 F|&EEBIE

SHEAR IS I B o Bl S, R R PR Sl 4R

A REAT (4.3.2) Ay BB 8y, 2x il 51
LT AT, W R o RS SR AR R 2
FEVE b b= A 1A T A, 3k 48 T A o

B AH DL B9 L, I H b 1) OIS Bl 45 2 1 2 R
B, XA BUE ST 1 I 500 G 0 T8 XU

o 0 10 20 30 40 50 60 70 80 90 100
Gy a I T T T T T T T T T 1
BMI L I I | I I I | | |
14 16 18 20 22 24 26 28 30 32
TyG ?Hlﬁﬂ L 1 | | | | 1 |
7.0 75 8.0 8.5 9.0 9.5 10 10.5
ALB L | I I | | | ]
55 50 45 40 35 30 25 20
PLT L I | | | I ! | | I | |
0 50 150 250 350 450 550
NEUT L | | | | | | | | 1 | | |
0 1 2 3 4 5 6 7 9 10 11 1213
LYM L ! L L L L L L L L I
55 5.0 4.5 4.0 35 25 2.0 1.5 1.0 0.5 0.0
Total Points L P T | L o | |
0 50 100 200 250 300 350
Risk IS I S|
0.1 03 05 07

E1 FER&E

Figure 1 Nomogram of the predictive model

2.4 {RBEVEAL R IGIE

XA BT HEAT 1T, ANl 2 R, %A
16 B4R 56 E 41 1 A9 AUC 43 51 R 0.80 (0.73~
0.86) H10.80 (0.70~0.90) , iz T M A5 1 3 1 it
R, HEA R RS e M o E A A I I 4 1 T
USSR AGE v P G 151 3 T 7, T2 S ) AR o il 2 5
AU 2 A X HE 3, FRE T8 5 5 SR R B — 3K
{E A 20 7E T A R 0.3 24 AT e 22, AR R A X
— BB 43 1% T AT R A Gk e Al S PR AR R, AR
0.5 J 00 AT 68 A G000 1) I Ak S PRBE 2 o 30 UE 4 7E
iU ABE 32 0.2~0.4 7T BE A 1] =5 i S PR, FE 04 Z
Ji T i R AR AU AT S R ARE 2R AR 4 R 5 I 4
B TR AR DCA #2401 4 Fr s, % il R 4B R T
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AUC (95% CI): 0.80 (0.73~0.86) AUC (95% CI): 0.80 (0.70~0.90)

B2 FMEEAROCHEZ A #E4; B: Rkl
Figure 2 ROC curves of the predictive model  A: Modeling group; B: Validation group

Apparent ww Apparent
Bias-corrected . Bias-corrected

3 TMERIMRAEMZG A @RI B: KR4
Figure 3 Calibration curves of the predictive model = A: Modeling group; B:Validation group

B4 FNERADCAMELZ (All: XETAEHFHITIAT; None: RIMEMBHHEITIAT)  A: &4; B: Rird
Figure 4 DCA curves of the predictive model (All: Treatment for all patients; None: No treatment for any patient) A:
Modeling group; B: Validation group

T4 TEMEPRIELE 2 EE Logistic |3

Table 4 Multivariate Logistic regression in malignant tumor group

TyG %L 0.87 0.31 2.81 0.005 2.40(1.30~4.40)
ALB -0.12 0.04 279 0.005 0.89(0.82~0.97)
PLT 0.01 0.00 3.01 0.003 1.01(1.01~1.01)
NEUT 0.24 0.09 2.56 0.011 1.27(1.06~1.52)
LYM -0.70 0.33 -2.10 0.036 0.50(0.26~0.95)
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x5 MBI RN E EE Logistic [E])3
Table 5 Multivariate Logistic regression for malignant tumor stage I and stage II groups
At B SE 7 P OR(95% CI)
TyGHe%L 0.85 0.33 261 0.009 2.34(1.23~4.43)
ALB -0.11 0.04 -2.53 0.012 0.89(0.82~0.98)
PLT 0.01 0.00 2.94 0.003 1.01(1.01~1.01)
NEUT 0.21 0.10 2.15 0.031 1.24(1.02~1.50)
LYM -0.65 0.34 -1.91 0.057 0.52(0.27~1.02)
3 i it SfER R %, R LETEALZ H K A HT T, BMI IR

PD 1E Jy B MEBE RS A e s i AR Z —
—HEENIMER A, AR L 5
#i . PD-POPF [ SL R B B FEAL, H & FIIALE
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