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Abstract: Objective To investigate the value of triglyceride-glucose index (TyG) and triglyceride-glucose-body mass index
(TyG-BMI) in predicting new-onset diabetes mellitus (NODM) after distal pancreatectomy (DP). Methods A retrospective
analysis was performed for the clinical data of 161 patients without diabetes before surgery who underwent DP in The First Affiliated
Hospital of Xinjiang Medical University from January 2020 to December 2024, and according to the presence or absence of NODM
after surgery, they were divided into NODM group and non-NODM group. Baseline clinical data were compared between groups. A
multivariate logistic regression analysis was used to investigate the association of TyG and TyG-BMI with NODM, and the restricted
cubic spline model was used to analyze the dose-response relationship between TyG/TyG-BMI and the risk of NODM. The receiver
operating characteristic (ROC) curve was used to assess the performance of TyG and TyG-BMI in predicting NODM. Results
Among the 161 patients included in the analysis, 43 (26.7%) developed NODM after DP. Compared with the non-NODM group,
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the NODM group had significantly higher TyG (8.89 + 0.57 vs 8.54 +0.56, P<0.001) and TyG-BMI [232.18 (195.31—249.68) vs
195.39 (178.92—221.38), P<0.001]. The multivariate logistic regression analysis showed that after adjustment for age, sex, and
hemoglobin Ale, both TyG (odds ratio [OR]=2.78, 95% confidence interval [ CI]: 1.43—5.39, P=0.003) and TyG-BMI (OR=
1.02, 95%CI: 1.01—1.04, P<0.001) remained independent risk factors for NODM after DP. The restricted cubic spline analysis
showed an approximately linear positive correlation between TyG/TyG-BMI and the risk of NODM. The ROC curve analysis showed
that TyG and TyG-BMI had a moderate predictive value for NODM after DP, with an area under the ROC curve of 0.725 (95%CI:
0.683—0.867) and 0.719 (95%CI: 0.610—0.810) , respectively. Conclusion TyG and TyG-BMI are independent predictive

factors for the onset of NODM after DP, with a certain predictive value in the diagnosis of NODM. These two simple metabolic

indicators may become helpful tools for the early identification of patients at a high risk of NODM after DP.
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82 JE 1) S S R PR T LRI TR AR PP A B LA
Jige {5 2R - W OB B e B R S b v B R A R
RHIF, A AR B I PR s AR Pt i S
AESR TS I H I =R L g | K 52 45 28 (body mass
index, BMD) 555 ML S HO 55 00 AR b, anH b =g
%G W8 L (wriglyceride-glucose index, TyG) 1 TyG-BMI Ji
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AWFFE & TEE S 3 B B O B B, R GEVTPAG
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IR X5 . WABRUE : (DAFIE =18 % 5 (2) I R W2 kL 58
B HEBRARE : (1) ARFTC OISR ; (2) &I ™ E=
B OIREA 45 (3) B IF A AL RGOBMEME . s L
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N R I RS BB AR A OCHE AR S SL g0 =
R 45 A N 1 29 AR, B EE - (1) N F2FRRE S
BEAE: b 2 AR M0 BMIT, — 2% 35 J 9 DR 50 s W A
s RIS (2) FR SR A R PR A A P
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Wi 5 (3) S5 & HE b« A0 B L oL 20 A I 218 L
AR IUEF EIRZTE R R AR A B N
SRS RO W 23 I I A A5 0 B £ 8 v
R I R R e AR AR AR AR (4) A%
OB A& TyG 5 TyG-BMI, S X $icdi ke 2 0] B , % 78
R Ab FEBR I« 7 AE B R R >30% , WK% 48 /T LR
B 5 A B R <30% , R I 2 B A A A T A A 3L
1.3 #HHEAX TyG=In[ Hill = (mg/dL) x %5 I 1M1 3%
A (mg/dL)/2]; TyG-BMI=TyG x BMI''?/,

1.4 R iei Bbeyml 2 BT ARR ARG AL
JZ W% (computed tomography , CT) , AW 57 [0 Ji 4 0 5
JERRDIBR & b BRI AR e TR CT BRI
) 54 J B B2, B S YR IBOR 5 CT BTG Hh IR R A B A
R 1T, W0 A A R AR A B, IR LU A AU
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1.5 NODM &9 i A7 AW S8 ™ Hs TG 5 [ B PR
22 2017 4F A (R B BRI 12 ks fi % R S5 NODM 3
AW, BAABRIEINT <7 S A AE R g PR AE IR 505
IG5, HEEALIUEE=11.1 mmol/L, BRI #7112 ; 25 A==
ek PRI AR, DU ik FE LA AT — S 2 A (i 7 22 /D A
TR ] s B A AN ) - (1) 25 B I 3R A 455 >7.0 mmol/L;
(2) 1 IR A8 26 W Y 2 300 2 b B >11.1 mmol/L; (3) 44k
ML F26.5%. MAN X5 T AT R 8 AJE I iR
e Z R WIG YT IR AN IR H 0 A NODM .
TEREVTS AR, B AT A JOHE O B B 32 T RS
BEDT , 52 ) AR S 2 S 02 R RS L 12 WK 3
Biky kbR, %5 T 3A M50 T AR5 NODM /Y12 Wr
N 5] 37 1 Jo 58— FR7E , A HFFE AR X NODM f 12 B i 8] ik
BRI

1.6 %57 iE SRAISPSS 23.0 MR 4.4.3 #4361 74K
Pt e FFEIES TR OR Ll 2 + s 278, MZH[H]
FEBER T U 4G 56 s AT 8 IE S0 AT AT BORNL M
(Pys ~ Po) Z7n , B4 (8] L35 R H Mann-Whitney U £ 5
THECRORE 2L 1R] FO R F PR 56 . SR 22 % Logistic
[ 20 Bra% 1T TyG & TyG-BMI 5 NODM #Y B, # TyG
55 TyG-BMI 731l #% U 73 (57 B Ak oA 7 26728 1t Jim 4 A [l
IAAREAY MUK HE ST 3 A AY AR 1 A ] B AT AT D A2
AL 2 P R A I 5P D) s AR 3 AR AR 2 Y kit bt — 2P
PR ML A . ARV SRR 3 AR R A P S
SR BR i 14 37 5 FE 45 23 B TyG 2 TyG-BMI 5 NODM &
o AR 22 1) B 79 - B B S &%, I il T AR A i 2k 0 i
J& o, % il 52k B AR FEAE i 28 (receiver operating
characteristic, ROC {1 £k ) , i i 158 #h &~ 1 FH (area
under curve , AUC)TEAE TyG . TyG-BMI S #5-#571 %F NODM
PIFEMALRE . P<0.05 M 2ZRA G5 L.

2 #HR

2.1 A&FAE ARBERIAN 161 6] T, DP
AR5 BLNODM # 43 1] (26.7%) , A 5 B & 118 i
(73.3%) o FHELFTRF LB R/R , NODM 41 35 i AF % 28
Ji6E 1ML 2 58 Ty G & TyG-BMI ) i3 2 5 T-4E NODM 41,
T R4 TR A AL R Tl /K1 W) 2 B AR (P {44 <0.05) .
¥ TyG 5 TyG-BMI 435l DU 43 K5 Ak Ry 3 A8 o,
HTyG Q1 21<8.09, Q2 41>8.09 H.<8.47,Q3 #41>8.47 H<
8.90, Q04 £ >8.90; Ifif TyG-BMI Q1 £1<179.8,0Q2 41>179.8

H<202.8,0Q341>202.8 H.<228.7, Q4 #1>228.7., T 1R
FR43 2 0050 BT B B 45 TyG 5 TyG-BMI U 43437 %5 1) T
155, NODM 114 & A= AU 2 BB X 1 T34 (P<0.05) . I
b7 S  ALFE N E S REAE AR TS T A 4 5 i gs o 3
AR L) 25 S TR 1238 L (P>0.05) (6 1) .
2.2 TyG.TyG-BMI X NODM 48 % M9 & )2 547 1E5¢
S E B (B RL 3) v, TyG 55 NODM % 2F XU 52 &
FEAH [ H A 1L (odds ratio, OR)=2.78,95% ‘& {5 X [f]
(confidence interval, CI) : 1.43 ~5.39, P=0.003 ] . [&]%¢,
TyG-BMIAE A i 22745 7l 5 NODM & A= AU I 2 4H ¢
(OR=1.02,95%CI:1.01 ~ 1.04,P<0.001) ., LA TyG iKY
QUAENZ IR AL AL 3 v, Q3 4 Fl Q4 4l 8 & & £
NODM 9 JAUBS: &8 3 Tk 57, 4350k Q1 401 3.70 %5 (95%CI -
2.06 ~ 5.66, P=0.004) il 2.61 1% (95%CI: 1.07 ~ 4.80, P<
0.001), 17 Q2 ZHIF AR BB G it W& . X T TyG-
BMI, 1 Q4 4 &7 H 2 2 1) NODM & A= XU T8, i 2
HEZH Y 4.61 £ (95%C1: 2.83 ~ 6.15, P<0.001) , 1M Q2 5
Q3 AL KB 5 2 BT HL , 22 R RG22 L (P1E
¥1>0.05)(F2),

2.3 TyG.TyG-BMI 5 NODM # & bk % 2 J# A AL 3
P RS i, T R M T R SR A R B, TyG
NODM A= JRU: 22 18] 3 B A S AL Ze M Y 301 - S G 3% 5
TyG-BMIJR 2 LI b #5, W I0$5 A 7E L5530
RN Be b =g FC R O R 2 A o VT R T
TyG )4 8.58 . TyG-BMI £k 202.74 I}, Al /2 NODM X,
W T e (0 B B R 2% 5 (1) o

2.4 TyG.TyG-BMI*f DP RJG NODM &9 Fml #14  >RH]
ROC #H£E3FAS TyG . TyG-BMI X} DP A 5 NODM H Fit i &%
fie , 45 R %, TyG. TyG-BMI i AUC 43 %] & 0.725
(95%CI:0.683 ~ 0.867,P<0.001) 5 0.719(95%CI:0.610 ~
0.810,P<0.001) , #4235 3¢ 4L H Hp 45 LI 35 100 S0 411
TEF AL (TyG=8.790, TyG-BMI1=239.81) F , B $& 45
R T 0 4 R A AR 25 5 2 TyG B AT M R 5 v Y R
(0.628) 5 H 2545 S 8 (0.703) 5 i TyG-BMI W) Ji& 3 i 5
R EE(0.907) , {HH: R A AIXT 3K (0.488) (K1 2) .

3 itig

A5 38 1o [0 B 2 A 161 461 DP AR S5 £ (1l R
TR, R IR AT TyG K H AT A 48 75 TyG-BMI 5 R 5
NODM ) & Az XU 5k 3 AH G . X Bl OCIR7F 2 T R R
S IR FREAEAE . BRI, TyG 4b T U437 (Q3 41
Q4 41) I B A6 3/ 1 F PR A B AR v 2 R R A I
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Table 1 Comparison of baseline characteristics between the NODM group and non-NODM group

%1 NODMIENODM A EHZF R L

A JENODM 4H (n=118) NODM 4 (n=43) FiHE P{H
AW () 50.69 + 14.59 56.16 + 14.73 =-2.10 0.037
1% BE R 2 1 (mmol/L) 2.55+0.83 2.61+0.72 1=-0.39 0.697
TyG 8.54+0.56 8.89+0.57 t=-3.49 <0.001
BMI(kg/m?) 23.00(21.00 ~ 26.00) 25.00(21.00 ~ 28.00) Z=-1.60 0.110
HAIMI( x 10°/L) 5.62(4.50 ~7.03) 5.69(4.77 ~ 7.49) 7=-0.88 0.380
rRMERE AN ( < 10°/1) 3.34(2.72 ~ 4.49) 3.54(2.91 ~ 4.58) 7=-0.83 0.408
ML2LEE A (g/L) 132.50(123.00 ~ 142.75) 131.00(116.50 ~ 141.50) Z=-0.61 0.540
JBZT Z (wmmol/L) 14.23(10.99 ~ 18.47) 14.38(11.62 ~ 19.33) 7=-0.29 0.770
HEH (¢/L) 41.95(39.19 ~ 43.90) 41.84(37.21 ~45.20) 7=-0.09 0.928
RAFMRAHRFAME(U/L) 26.11(22.27 ~33.97) 24.03(20.73 ~ 27.70) Z=-2.10 0.036
W IR A S0 (U/L) 22.97(17.79 ~ 32.40) 21.08(17.98 ~29.29) Z=-0.92 0.355
23 1 10 A5 2 B (mmol/LL) 4.88(4.50 ~ 5.57) 5.22(4.91 ~ 6.62) Z=-321 0.001
BT (%) 5.70(5.12 ~ 5.90) 5.70(5.35 ~ 6.12) Z=-1.02 0.308
H il = g (mmol/L) 1.14(0.88 ~ 1.70) 1.38(0.98 ~ 1.97) 7=-1.30 0.193
SSIE [ (mmol/L) 4.18(3.45 ~ 4.96) 4.32(3.59~5.18) 7=-0.86 0.391
1= % BE g A (mmol/L) 1.01(0.79 ~ 1.21) 0.94(0.74 ~ 1.23) 7=-0.29 0.773
FARMFE] (h) 6.12(4.67 ~ 8.40) 6.25(5.28 ~7.82) 7=-0.85 0.397
A I (mL) 500.0(300.0 ~ 775.0) 500.0(400.0 ~ 750.0) 7=-0.26 0.796
TyG-BMI 195.39(178.92 ~ 221.38) 232.18(195.31 ~ 249.68) Z=-4.07 <0.001
P [ (%) ] xY=0.22 0.639

I 68(57.63) 23(53.49)

5 50(42.37) 20(46.51)
Wi IR L [ (%) ] 14(11.86) 15(34.88) X'=0.47 0.467
WA sk [ 5] (% ) 30(25.42) 10(23.26) x'=0.08 0.778
s (451 (%) ] 27(22.88) 8(18.60) X'=0.34 0.561
R 5K [1(%) ] 26(22.03) 13(30.23) =115 0.283
ESI R ICAN 40(33.90) 19(44.19) X=144 0.231
Jibya 2145 (%) | x'=0.52 0.470

S iR 29(24.58) 13(30.23)

oA 89(75.42) 30(69.77)
Jirgd R[4 (9% ) ] X'=0.03 0.872

<5 cm 73(61.86) 26(60.47)

>5 cm 45(38.14) 17(39.53)
VIR BRAR 7 L [ (% ) ] Y=1.76 0.185

<50% 109(92.37) 36(83.72)

>50% 9(7.63) 7(16.28)
TyG MU B [ 11 (% ) ] X¥'=20.98 <0.001

Q14 37(31.36) 2(4.65)

Q24 34(28.81) 9(20.93)

Q34 36(30.51) 19(44.19)

Q440 11(9.32) 13(30.23)
TyG-BMI P4 53 %5 [ 5] (%) ] X'=27.45 <0.001

Q14 34(28.81) 6(13.95)

Q24 39(33.05) 6(13.95)

Q34 30(25.42) 9(20.93)

Q44 15(12.71) 22(51.16)

2 NODM, B 2B B 5 Ty G, Hiih = -0 2 B 250 Ty G-BMIL, -l = BR- 18 4 Bl T 15 80 BMIL AR TR K
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Table 2 Logistic regression analysis of TyG and TyG-BMI with NODM
b R 1 FRL 2 A 3
OR(95%CI) PIE OR(95%CI) P{E OR(95%CI) P
TyG 2.85(1.51 ~5.37) <0.001 2.70(1.41 ~5.18) 0.003 2.78(1.43 ~5.39) 0.003
TyG DU 53 %4
Q14 Ref Ref Ref
Q024 2.90(0.99 ~ 4.29) 0.052 2.32(0.86 ~ 4.69) 0.076 2.46(0.88 ~4.48) 0.070
Q34 3.76(2.12 ~ 4.98) 0.003 3.10(1.96 ~ 4.32) 0.005 3.70(2.06 ~ 5.66) 0.004
Q44 2.86(1.27 ~5.01) <0.001 2.12(1.85 ~6.02) <0.001 2.61(1.07 ~ 4.80) <0.001
TyG-BMI 1.02(1.01 ~ 1.04) <0.001 1.02(1.01 ~ 1.04) <0.001 1.02(1.01 ~ 1.04) <0.001
TyG-BMI DU 43 %X
Q14 Ref Ref Ref
Q24 0.87(0.26 ~ 2.96) 0.826 0.87(0.25~3.01) 0.832 0.87(0.25~2.99) 0.821
Q34 1.70(0.54 ~ 5.34) 0.363 1.72(0.54 ~ 5.51) 0.360 1.72(0.54 ~ 5.51) 0.363
Q44 4.31(2.80 ~ 8.67) <0.001 4.56(2.82 ~7.96) <0.001 4.61(2.83 ~6.15) <0.001

TE AR 1 ORI s 5000 2, R B AR s Y 3 TR ) AR MR AL ML 2L 1 o NODM 38 AW I s Ty G, HHM = BR- M A FE 15 5 Ty G-

BMI, Hith = Fg-#i A Wi - (R G H OR, HUAR L C1L B8R X ]

Pfor overall=0.011
Pfor nonlinear=0.493

7.5 8.0 8.5 9.0 9.5 10.0

TyG @

25

Pfor overall <0.001
Pfor nonlinear=0.078

0
160 180 200 220 240 260 280

E:a, TyG 5 NODM &A= XKL 3 b, TyG-BMI5 NODM & /E KB . NODM , B &AM BRI s TyG , Hl = T- A 406 50 Ty G-BMI, H il = -4 -7k
BHGOR, ILE L CL B AR XA,
1 TyG.TyG-BMI 5 NODM X\ K f BR I 14 32 75 19 5% # 2%
Figure 1 Restricted cubic spline curves for the association between TyG, TyG-BMI, and the risk of NODM

100 -
80 -
g 60
P
E
2 — TyG-BMI (AUC=0.719)
— TyG (AUC=0.725)
0 . : .
0 20 40 60 80 100

1004552 E(%)

HEAUC, T BT NODM, B AR 5 Ty G , Hrl — e - b
B TyG-BMI, T = BE- 408 - IR G EG DP, BK R UIBR AR .
B2 TyG.TyG-BMIFiill DP & /5 NODM i ROC £
Figure 2 ROC curves of TyG and TyG-BMI for predicting
NODM after DP

Th 5 B9 NODM %& A XUBS: 5 i TyG-BMI AN 7E f5z /55 PU 4337
(QAZH) v S s Hy WA 9 IXURS: T o BRI N7 7 A 245 40
Mr ik —HAE 5L, TyG . TyG-BMI 5 NODM % A& XU 22 181 17
FEIT AL PE 19 TE ) - S K &R . ROC 4B ko
TyG . TyG-BMI 4 5 A fp 45 H @ 35 A W sk e . 1k gs
RILFEFE W, TyG 5 TyG-BMIAE A i {8 5 15 A A i A 56
Far, 7RG R _LRTVE R DP AR J5 NODM 1 25 5 KUK
YRR T H A BTN R e A R T R
T

P WA T RE AN 4 2 IR R VI BR A J5 822 1 K O &
JiE 22— R A IR R A TR R R, DP R
NODM [ % 95 ZE R 8 1w , 3 ] RE 55 [ & 240 7 e i P
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4 1 45 PR A 1) L I T AT S0 T R g —
T Meta 53 M7 .75 , DP AR J5 NODM 35 K 7 4~ 45138k ) 23
TSRS R 2R oA i AR A DGR R (A48 M50 . BMID) .
ARAHDEH Z (W2 AR BEA BRI DI bR AR ) L R A=
7 25 A R (A R R A )
Belyaev 2 T BF T — 2548 1, RS B0 N 4300 5 o1
ST REA A (B L B A AR G ARV T B N
. PR, %) DP AR J5 835 #£47 NODM Ay 5 U0 5 1+
i, FLA FE B I R S

ARk AR 56 52 A5 18 bR e DR s B At AR i 1
PIF SR I AF 5% vh 32 )32 O . TyG AR M PFAR IR 1
fa] S FHr , T 2008 4F 5 YCTE— T 94 A gt BRE AT Y OREAR
VBT TR 9 Fh gl B8 1R O 1 J Sk 2 TR 5 L S AR
PR IR J7 T A 25k 5 FRE, TyG A SE RS B4R
O LA 1 U R At A s A
Ha 20220 A Ty G AR B T A4t 6 ) A R
SRR RGBT IR 22 B, TyG-BMI A] g HA7 5 )t
0 A2 . TyG 15 TyG-BMI B FH 5 B e 7 1% A
SR L S W RR S A = [R]  P [RI 8% . — T4 3 195
151 T2DM £ 1 [ B 73 8, 5 18 5 R > AR
Ee, T2DM S5 19 TyG B T &, HAaZ A8 506 T2DM 2 A7
BL AT (992 T fE L AUC 35 0.9342% | AR BF5E  , TyG.,
TyG-BMI [Al £ 5 DP AR J5 NODM % A= KUK 5 2 4H ¢, —
HXNODM HA R AE N GE /) . % T TyG . TyG-BMI 5
IR B YIAHSC , FTb 8 v] BE3E A A i 22 2k o8 5 4L A Rz 3
HOSRAEHL 2 SR ERE IS i B AR 22

I 105 2L 28008 AR B 6 i 2 M fre S B30 R 3L 110 56
SRERS , RO ML B W R A e T IR
TREARS T, I 7 440 A M2 BRI 48 e 4 it g 3, 3
WHBEEE A E 4R A 10 24 R
T8 R AR EIR A 7 40 AT K 5 8 i oA A 2
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