CN 43-1262/R " [E Sl ki 44 & 2026 4F55 34 455 8 M 771

ARG Bt , BKIF, ERIE, 5. TyG-BMI ARfb 55 U Ui IR S T R 45 R 1 56 R . —TUAE T NHANES 30418 2 i s
A WEPERFSE ()], T E S kbR, 2026, 34(8) : 771-780. DOI; 10.20039/j. cnki. 1007-3949. 2026. 08. 008.

[XEHS] 1007-3949(2026)34-08-0771-10 - IRRAFE -

TyG-BMI 284k 5 I U b Dk s e IEE- 685 Sy 1) 0% & . — I 2k T
NHANES £ 3 132 5 52 530 0y o Josi P i 5

O, BKE, EAME, BRELD
1. R T i R IR B SR ISR 4, B 4 A8 721000;2. W5 dkda 4 L& B~ A,
B K B4 710061 ;3. £ F da s ARt 2 A @ g £ 721000

[ ZE] [BrI] HiTH o =85-3 Z 4835 8K T I5H(TyG-BMI) AL 5 424k 48 /% (GDM) £ 9% B R R HE4k
R R BRA £ RS & H 4 (NHANES) £ 3% FE 124k 5 A 5w Rk ) 3048, 4 GDM 89 710 5 & |
WK 5 B B P E IR 4 By s AR YE , [ 3R] ABFR R A ARG R A I A A 2 s R I8 JE 09 7 -
& A sk, & T NHANES 2007—2020 473t 6 AN 4169 8048 | s\ 153 ) & #b etk dotd | i@ it % 7T Logistic B2 54
TyG-BMI 7K-F 5 GDM 5% K% 69 K BE | A A PG 27 AR o = H 69 0 B-R B X & UG BB MR 4 £ 28
43 S ARAE TR 486 ) GDM F-daef s R Tt R R A T AR a9 % & 238 K AL A (LGMM) 12 5| B 41 £ 3 #149 TyG-
BMI % Abshit , @i £ B % % B & Logistic )3 547 TyG-BMI 45 R R bR 4 B 4 £ %, R JA ROC W & %1%
H IR LA, ABFR A CDM K Jam FH £ B2 B 547, Ak & i Bk Ja 38 F 5 L6 R RIEIRE B h R B4
BigAF, [&ER] NHANES %45 & 5474 £ 27, GDM 2449 BMI, TyG-BMI & -F 2 3 & F 4k GDM #8(P<0.05),
¥ B % Logistic B2 2745 £ 2 %, TyG-BMI 438 4 1 A~ %45 GDM &% R [&F 5 0. 7% (OR=1.007,95% CI:1.001 ~
1.013,P=0.015) ;A £ Fo BMI J& , 3% X B R B LA 43T 5 & SL(P>0.05) , FR4M 5 # 5 5HriE 52, TyG-
BMI 5 GDM Z &M EARK (EARKIK P=0.043) , RA ALY oG R BRER A5 5, 16 ARAI]BBIE 5] & 3 AR
Bl &9 TyG-BMI ZALE R 53 A E 4 (n=125) P B LA (n=293) Fo ik LH20(n=68) ;L ¥ Heik L4048
JeER%EE R EZHTHIHA(P=0.028), ZAF R F 58 F49 BMI B R4+ 5 £ 7 (P>0.05), £
486 ] GDM F4aF A AR RAEIRZE B B R A F K 65.8% , LA A R TyG-BMI K84 Lt 234 BE
gl b R Beik B SHIRAG L A F 5 F] K 56.00% (66.89% \79.41% (P<0.05) , & E F ERILEE—RRE 4
IRERLEILRANR M TS, $EE Logistic DEASWER I T, WRTAESAR REREB LG, PE
tAmE R P ABEETL SRR EIRE B REH H 3 w57 1% (OR=1.571,95% CI:1.018 ~2.423) F=
195.7% (OR=2.957,95% CI ;1. 514 ~6.064) , ROC ¥ &5 4R KW | TyG-BMI T3 A &R R EREH LA R
4 49 FRM 2L 48 (AUC=0. 898 ,95% CI;0. 863 ~0.932) , Fml kR B 4k F 3 F# (AUC=0.566) 5 Z ¥+ 8 (AUC =
0.614) # 3% TyG-BMI #0l ( P<0.05) , 5 ATyG-BMI(AUC=0.905) # Ml %48 % (P=0.460) ; f£ #3 2 TyG-BMI
TACTE A8 B AT BMI S 3547 69 AR AL AL G L AUC T34 0. 872(95% CI:0. 832 ~0.912) , R AE Fe b 5+ 34 T £
— 3647, [4518] TyG-BMI ¢ P A ik EA# B AsOIR B IER KMt 5 R T o948 AT 4, 2 GDM % 1 R 4edk
25 By 0y ik AR & B A TR A AR AR TS B 5 35 AR & NHANES AR 37 @ 547 27, 30k TyG-BMI 4 A 315 A&
iEBMI 55 GDM ik 3 £ 8, ZM3h A% M TyG-BMI ZALA R A B T F IR A RMAE S LB 00 5 EARE, A K
E ARk 4 B ARAR AT 0 T 8

[RER] HWw=m-F HBIE8; ARTH; BIRBRA; BIRZA; NHANES #3EE; AFH#HRHR
[HESES] RS [ XERFRIZE] A

Association between TyG-BMI trajectories and gestational diabetes mellitus and pregnancy
outcomes: a retrospective study based on the NHANES database and real-world data

[WFsBH]  2026-04-09 [fEEIHEI] 2026-07-16

[EETIE] X1 2024 4F R 37 008 (2024-069)

[MEE®N]  Snuil, 8t s IRIm, EZRIG 7 1 a2 JLZE R DL o5 Aiig e A 1 e 998 19 8 2 94 RN T30, E-
mail ; majingjieer@ 163. com, il 15 1 & B& A AT, &) AT BE R, F B HF 5505 10 R 13 72 B A 2 508 1912 B 51897, E-mail .
Sxbj19790820@ 126. com,,



772 ISSN 1007-3949 Chin J Arterioscler, Vol. 34, No. 8 ,2026

Ma Jingjie' , Huang Changfang®, Tang Qiuni’ , Chen Jianhong’

1. Department of Nuirition and Dietary Guidance, Baoji Maternal and Child Health Hospital, Baoji, Shaanxi 721000, China;
2. Department of Obstetrics, Northwest Women’s and Children’s Hospital, Xi‘an, Shaanxi 710061, China; 3. Department of
Obstetrics, Baoji Maternal and Child Health Care Hospital, Baoji, Shaanxi 721000, China

[ ABSTRACT ] Aim To investigate the association of triglyceride-glucose index-body mass index ( TyG-BMI) trajec-
tories with the incidence of gestational diabetes mellitus (GDM) and adverse pregnancy outcomes, integrating data mining
from the National Health and Nutrition Examination Survey (NHANES) database with real-world case validation, to provide
a clinical basis for early screening, risk stratification of GDM, and improvement of pregnancy outcomes. Methods
This study employed a two-stage design combining public database mining with real-world clinical validation: first, data
from six cycles of the NHANES from 2007 to 2020 were extracted, including 153 reproductive-age pregnant women.  Mult-
ivariate Logistic regression was used to analyze the association between TyG-BMI levels and the risk of GDM, and restricted
cubic spline was employed to assess the dose-response relationship. ~ Subsequently, clinical data were retrospectively col-
lected from 486 pregnant women with GDM at Baoji Maternal and Child Health Hospital. = Group-based latent growth mix-
ture model (LGMM) was used to identify TyG-BMI trajectories from early to mid-pregnancy.  Univariate and multivariate
Logistic regression analyses were performed to examine the association between these trajectories and adverse pregnancy out-
comes, and ROC curves were used to evaluate predictive performance. The primary outcome was the incidence of GDM,
and secondary outcomes were composite adverse pregnancy outcomes, including hypertensive disorders of pregnancy and ce-
sarean section. Results The analysis results of the NHANES database showed that the BMI and TyG-BMI levels in
the GDM group were significantly higher than those in the non-GDM group ( P<0.05). The results of univariate Logistic
regression analysis showed that for every 1 unit increase in TyG-BMI, the risk of GDM increased by 0. 7% (OR=1.007,
95% CI. 1.001 ~1.013, P=0.015) ; after adjusting for age and BMI, the association was no longer statistically significant
(P>0.05). Restricted cubic spline analysis confirmed a linear positive correlation between TyG-BMI and GDM (overall
correlation P=0. 043 ) , with no clear risk threshold or inflection point.  Clinical cohort validation identified three distinct
TyG-BMI trajectory patterns; the stable group (n=125), the moderate-increase group (n=293), and the rapid-increase
group (n=68). The proportion of family history of obesity was significantly higher in the rapid-increase group compared
to the other two groups (P=0.028), while there were no significant differences in age or pre-pregnancy BMI among the
three groups (P>0.05). Among the 486 GDM women, the overall incidence of composite adverse pregnancy outcomes
was 65. 8% , and which increased across the three TyG-BMI trajectory groups, being 56.00% , 66. 89% and 79.41% in
the stable, moderate-increase, and rapid-increase groups, respectively ( P<0.05). Similar trends were observed for indi-
vidual adverse outcomes such as cesarean section and macrosomia.  The results of multiple Logistic regression analysis
showed that, with the stable group as a reference and after adjusting for confounders, the risk of composite adverse pregnan-
cy outcomes increased by 57. 1% (OR=1.571, 95% CI; 1.018 ~2.423) and 195.7% (OR=2.957, 95% CI; 1.514 ~
6.064) in the moderate-increase group and rapid-increase group, respectively.  ROC curve analysis indicated that the
TyG-BMI trajectory had good predictive performance for composite adverse pregnancy outcomes (AUC =0.898, 95% CI .
0.863 ~0.932) , significantly better than single TyG-BMI measurements in early pregnancy (AUC=0.566) and mid-preg-
nancy (AUC=0.614, P<0.05), and comparable to ATyG-BMI (AUC=0.905, P=0.460). After constructing a predic-
tive model combining TyG-BMI trajectory with indicators such as age and pre-pregnancy BMI, the AUC reached 0. 872
(95% CI; 0.832 ~0.912) , with sensitivity and specificity superior to single indicators. Conclusions The moderate
and rapid increasing trends of TyG-BMI can disrupt the homeostasis of glucose and lipid metabolism as well as body weight
during pregnancy, and are independently associated with adverse pregnancy outcomes in women with GDM. As a
reflection of these metabolic changes, the TyG-BMI dynamic trajectory demonstrates predictive performance superior to single-
point measurements.  Dynamic monitoring of TyG-BMI trends during pregnancy can facilitate early identification of high-risk
populations with metabolic homeostasis imbalance, providing a novel intervention target for improving pregnancy outcomes.
[KEY WORDS] triglyceride-glucose index; body mass index; gestational diabetes mellitus; pregnancy outcome;
NHANES database; real-world study
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Table 1. Baseline characteristics of pregnant women and Logistic regression analysis of factors associated with GDM

2t B (n=153) 5|('E n(iDllgj)ﬂ (G r]L) iwsf)ﬁ) TE%E C(I))R 1?9%0? c(l))R

AR % 28.97+6.38  28.50+6.35  29.92+6.41  0.199 1.045(0.989 ~1.106)
BMI/(kg/m*)  28.87+6.68  27.735.52  31.23x8.21  0.002 1.251(1.031 ~1.538)
G 8.4420.62  8.47+0.59  8.40+0.67  0.457

TyG-BMI 245.08+63.73 235.99+54.05 263.35+76.12 0.012 1.007(1.001 ~1.013)  0.985(0.964 ~1.005)
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Figure 1. Restricted cubic spline analysis of the association
between TyG-BMI and GDM risk

2.2 I ARBA 5 TG E

2.2.1 TyG-BMI % 4t % & 42 5] it — 2 Ik
LIRSS R TyG-BMI A9 3h 25 A8 (LR 1E , AR B 5%
FT 486 Bl RBAIIBEFERT 4, 2K HI LGMM 437 22
R 2 2 ) TyG-BMI 2h 828 4k, 345 & BIC |
AIC JHME (>0.8) FH I3 (>0. 7) 5583 & b
HE, B 2R 3 F TyG-BMI A8 k2681, DR 5 21
(n=125) . 221 2 25 tp ) TyG-BMI 25 7E 24K
S ARAR IR EE /N ( ATyG-BMI=9. 40+2. 53 ) ; @+ JiF
T (n=293)  Z2 R ] TyG-BMI ik T 457K
ZE LB T (ATYG-BMI=28. 03+4.27) ;
@PE FTHH (n=68) : Z2 B4 TyG-BMI 4b T4
KV, 2 T 3 b T R B (ATYG-BMI = 49.29 +
7.00) .

2.2.2 RF TyG-BMI e K &4 4E i £
FELL P b T R B T AR S A2 T BMI
Z TG L (P>0. 05) 5 Peid b T+4H i 5 i
FEZR S BB S0 50 o7 b3 o = A fe v, L
JEZRWE S b 22 R B A Gt B L (P =
0.028) ; HAm 2 e 3G Rk e B R MR
FER, 225 = HIAITCGE 2 aa L(P>0.05;4 2) .

% 2. 7F TyG-BMI Z L 4H GDM Z A E L4 ELL B

Table 2. Comparison of baseline characteristics of pregnant women with GDM among different TyG-BMI trajectory groups

it H RBEMH(n=125)  HELAH(n=293) Pl LT (n=68) x/F P
68787 29.30+4.43 29.78+4.23 30.12+4.35 0.917 0.406
225 BMI/ (kg/m®) 22.70+3.36 22.61+3.04 22.08%3.09 0.961 0.379
JEAEH/ [ ](% ) ] 4.342 0.114
Wi 98(78.40) 210(71.67) 44(64.71)
i) 27(21.60) 83(28.33) 24(35.29)
HEBRE/[H(%)] 3.890 0.857
I K LU 55(44.00) 127(43.34) 32(47.06)
L 70(56.00) 166(56. 66) 36(52.94)
WEIRIG R L /[ (% ) ] 2.380 0.696
¥ 96(76.80) 235(80.20) 55(80.88)
H 29(23.20) 58(19.80) 13(19.12)
MR G/ 6% ) ] 5.206 0.074
7 92(73.60) 210(71.67) 40(58.82)
H 33(26.40) 83(28.33) 28(41.18)
RE SR L/ [ (% ) ] 7.152 0.028
G 109(87.20) 223(76.11) 51(75.00)
H 16(12.80) 70(23.89) 17(25.00)

2.2.3  RF] TyG-BMI TALLLR Bk 45 By bb it
486 il GDM 221 R [A] TyG-BMI AZ L AL (AN

RAERES )i K A R A AR 5 22 5 A AN R AL R4S
JRI K HE AR B TyG-BMI b T B2 38 B v, A2
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SEAL R AL Pl T2 4 B 56, 00% |
66. 89% .79. 41% ,Peid b FHAIAHAE: THa 5 L 46 %5 X
SN 23. 4% (P<0.05) , TE45 M — R RATIRES )R
i RIE R AR R R AR B RILE AR N
TREWS LA A 2 B AR LA RS A& 2B R B A L&

ARZT 2 IfRE & A R Bl TyG-BMI 28 £k I 2 1 K 52
R AR 22 R BA G4 L (3 P<0.05)
O 4R 99 v 0l R & A R 5 R 6.40% | 10.92% |
16. 18% , A0 2 F TG 1T L (P=0.099; % 3) .

£ 3. AE TyG-BMI £ 42 GDM Z{3F B IFIRE B LR

Table 3. Comparison of adverse pregnancy outcomes in pregnant women with GDM among different

TyG-BMI trajectory groups B A5 (% )
I H REM (n=125)  HELETHH(n=293) Pl BT (n=68) X P
T W v 0l 8(6.40) 32(10.92) 11(16.18) 4.623 0.099
TR 4(3.20) 14(4.78) 5(7.35) 1.688 0.430
e 19(15.20) 87(29.69) 36(52.94) 30.405 <0.001
3 b L 8(6.40) 24(8.19) 6(8.82) 0.501 0.779
77 Hh i 3(2.40) 11(3.75) 5(7.35) 2.924 0.232
Ry 8(6.40) 20(6.83) 12(17.65) 9.304 0.010
E AL 9(7.20) 26(8.87) 16(23.53) 14.563 0.001
NT RIS L 2(1.60) 10(3.41) 8(11.76) 12.461 0.002
Bk LA I pE 4(3.20) 21(7.17) 12(17.65) 13.276 0.001
B L IR AT e 6(4.80) 38(12.97) 16(23.53) 14.543 0.001
BEARNRITIRSS )R 70(56.00) 196 (66.89) 54(79.41) 11.099 0.004

2.2.4 TyG-BMI ALl R R 4edRk 2 Byay % W& %
Bodr DRGNS FERBRAERY 421 BMI
RN ERIG , ZH & Logistic [F1H43HT45 R TN .
W ETHR AT AN RATRIRES R RS F155 (OR =
1.571,95% CI:1.018 ~2.423) Pk b4 &4 B
BN RAERES R B XS A AR 4 2. 957 %5 (OR =
2.957,95% CI.1. 514 ~6.064) , HiZ W 7 T4F
W% 2P BMI PRS2 15 S | 7Pk S 28 B A e

BB G AR J5 | 45 R WoR IR R L 5
BAEN RALIRES Jmy B B AR IR BN e 127 5 L (OR =
2.098,95% CI:0.831 ~5.540,P=0.125) , § % )5
TyG-BMI 72 {653 2H 0 880 s Ak i (AT B A A it . 7
BN RAEIRES Ry rh PRl BT S B (OR =
2.929,95% CI;1.501 ~5.998) F K JL(OR =
3.031,95% CI:1.558 ~6.190) [ & Bk iz H % V]
(£4),

R 4. TYG-BMI ZEUXEE AT RITIRE B XN L EZE Logistic B35 %7

Table 4. Multivariate Logistic regression analysis of the association between TyG-BMI trajectories and

composite adverse pregnancy outcomes

Kt
b

A |
OR(95% CI)

iR 2
OR(95% CI)

A 3
OR(95% CI)

T g

T BT
P b T+
i

27 BMI
PRI SR I
I JH 1 2
FEIR

2 I R

1.000( &%)
1.588(1.033 ~2.438)
3.031(1.558 ~6.190)

1.000( &%)
1.562(1.014 ~2.402)
2.929(1.501 ~5.998)
1.036(0.990 ~1.084)
0.978(0.920 ~1.040)

1.000( &%)
1.571(1.018 ~2.423)
2.957(1.514 ~6.064)
1.036(0.991 ~1.084)
0.976(0.918 ~1.038)
1.335(0.829 ~2.190)
2.098(0.831 ~5.540)
0.983(0.687 ~1.419)
1.003(0.985 ~1.022)

T2 HFR AR,
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2.2.5 ZBFRMIRARA B AR B AR 25 By 69 TR 2L
feirdE ROC M4 Hr 4 R s, TyG-BMI 22 {k
XA AN B AT UR 45 J5) 1 #0020 B 23 1 T 42 0
AR Y B TyG-BMI A& () P<0.05) , il
RS ATyG-BMI #H24 (P =0.460;3 5) . @
A PR AUC 3T+ % 0. 872(95% CI:0. 832 ~
0.912) , RELHEEFRE S B ¥IL T 50— 48 b5, $Eom B
A TN AR AT 0 — 25 $2 T X i 4 R ) XU, 43 J2
J1(El2),

x5 EWNERRERKSEANESARITRESH
o3 Be b B
Table 5. Comparison of the predictive efficacy of each
predictive indicator and the combined model for

composite adverse pregnancy outcomes

RIg fisw 2%

A AVC(95% €y E/% FE/% 1E%K
TyG-BMI 724k 0.898(0.863 ~0.932) 82.4 81.5 0.639
2 TyG-BMI 0.566(0.508 ~0.624) 58.7 52.1 0.108
Zh ] TyG-BMI 0.614(0.556 ~0.672)  63.5 60.3 0.238
ATyG-BMI 0.905(0.862 ~0.948) 85.6 83.2 0.688
BCA TSR 0.872(0.832~0.912) 84.2 80.9 0.651
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Figure 2. The predictive efficacy of prognostic indicators

for composite adverse pregnancy outcomes
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