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Abstract: Objective  To explore the association between Triglyceride Glucose — Body Mass Index (TyG — BMI) and the risk
of developing type 2 diabetes mellitus (T2DM ). Methods The data were obtained from the natural population cohort of
Shanghai suburbs established from April 2016 to September 2017 ( Songjiang subcohort). 29,351 nondiabetic subjects with
normal blood glucose levels aged 20 — 74 years at baseline were included in the analysis. The association and dose — response
relationship between baseline TyG — BMI level and the risk of developing T2DM were assessed by Cox proportional risk
regression model and restricted cubic spline model. Covariates such as gender and age were stratified according to their
covariates and their interaction with TyG — BMI was analyzed. Results A total of 584 men and 777 women were initially
diagnosed with T2DM after a median follow — up time of 6. 98 years. After correcting for confounders, the Cox regression model
showed a 58% increase in the risk of T2DM incidence for every 1 SD increase in TyG — BMI (HR =1.58, 95% CI. 1.50 —
1.66). After grouping TyG — BMI by quartiles and then including it as a categorical variable in the Cox regression model
analysis, the risk of T2DM incidence increased progressively in the Q2, Q3, and Q4 groups with HR (95% CI) of 1.42
(1.15-1.75),2.02(1.66 -2.46) , and 3.47(2.88 —4.19), respectively ( P, <0.001), using the Q1 group as the
control. Restricted cubic spline plots showed a nonlinear association between TyG — BMI and the risk of T2DM incidence
(P

=0.048). In addition, subgroup analyses showed that the association between TyG — BMI and the risk of developing
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T2DM was significantly higher in young and middle — aged (less than 60 years old) residents than in older residents ( P, oction

< 0.05). Conclusion

Under normal blood glucose levels, baseline TyG — BMI was positively associated with the risk of

developing T2DM, and this association was more significant in the young and middle — aged groups.
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Fig.1 Flowchart for screening research subjects

(A58 A R AR HEAL IR 45, B 220 ok 48— 3%
YIH A PN B FEF 58 5 5 @ Ak X 10
RS DN BT — X —H . RN AR A O
25 B ARG O 2 e S R A

P& KA - FR A DX B 55 A SR B A v Ty 32 DU F
FERT I B i AREE F R R (BRI T (SBP) I
&5k H (DBP) ) 4, Ho B 24 58 X 52 1) B w5 Rl B
TN T BT 24 1 0 %, i, R 0 = R BG4 i
o

A ARG« SRAE 5T X G2 25 JE bk L 2 ml, 2% &

M B 2E R I oG, iRl A SR FPG  HbAlc
TG, SB[ B (TC) | i %% B2 22 (A [ B ( HDL -
C) L% FE AR H R (LDL - C) S84 fb 465 .
1.3 A LR HEaR W B R E D — 0
FELEME 6 A H LA L, AR IR AR A 43 Ry B0 AE IR
1k 2 IR I A IR AR 5 TG < S 2 /0 3 R i L T
6 > H UL L, AR HE IR 25 2 A IR AE TR | 2k 25k
FAASRI

BMI = 5 (kg) /& (m)?; TyG = Ln[ FPG (mg/
dl) x TG (mg/dl) /21", TyG - BMI = TyG x BMI'" |
FPG,1 mg/dl =0.055 5 mmol/1; TG, 1 mg/dl =0.011
29 mmol/1,

1.4 T2DM ##4& % Riar I LRl R A BT &
(Y BT {5 S 22 8 IR VT DX 95 9 T Iy 4 il v O 4 PR s
BICHE RGEWCRBE DR . T 28 R PR i
4325 (ICD - 10) , 465 E11 5 Xk T2DM, 78 345 it
R 2 B PR s SR FPG =7.0 mmol/L 5,
HbAle=6.5% ') ¥eis Wi o4 R A i PR I 1 12 1
(B FE B LR A < 180 RIS 5 H Wi HERR . fE)a 4k



BUCHIPT L5 2024 AR5 51 54

24 ]  Modern Preventive Medicine, 2024, Vol. 51, NO. 24

- 4593 -

(IR, B UGS T2DM A0 5% 3 &k o BTk i
]k 2023 45 12 A 31 H.,
L5 %itE o (i SPSS 19.0 #f4F1 R 4.2. 1
BAF AT R AL BRI GE 3T 08 o R FH X K 56 B oy
HRAF A 2255, 7 220 M Al Kruskal — Wallis H #5565
WWEGES A A W 22 5. RIIZHE Cox LI XU
IR AL TyG — BMI ZKSF- 5 T2DM &3 XU 2
(1] B IR 5 B il 14 37 5 #F 2% (RCS) R AL IPAL TyG -
BMI 7K1 T2DM % 9 JRUBS: =22 1] (R 57 8 — S 1 56 &R o
K K HE « =0. 05,

2 &% R

2.1 AT TyG - BMI v9 545 oG ML AT F 0 I &

£1 R TG -

b BAYIA 29 351 AT A AN . H
H B PE 11 804 4 FI4cE 17 547 4, th i 4F 4% 4 57. 00
(49.00, 64.00) %, F- ¥ TyG — BMI 3k 206. 64 +
34,17, MRIWZEXSRH) TyG — BMI P4 5303 £ A7 53
ZH(Q1:TyG - BMI<182.19;Q2:182. 19 < TyG - BMI
<204.43; Q3.204.43 < TyG — BMI < 228.46; Q4.
228.46 <TyG — BMI) , 4559 W or, M T Q1 41,04
HFE ORI RLUT W R B A W R
FNE LI NES TS, 4R . BMI SBP . DBP [ FPG |
HbAlc TG . TC 1 LDL - C %l % &5 , HDL — C %l
fiR(P{EH <0.05), WK1,

BMI 7K -4 — i 2 Bl b gt

Table 1 Comparison of general baseline information for subgroups with different TyG — BMI levels

TyG - BMI A

e Q1(n=7338) 02(n=72337) Q3(n=7338) Q4(n=7338) RREHE PE
AR (% 53.00(42.00,62.00) 57.00(50.00,64.00) 59.00(51.00,65.00) 58.00(51.00,65.00) 691.993*  <0.001
ti;ﬁ"l(%) 327.831"  <0.001
L 2 424(33.03) 2776(37.84) 3 193(43.51) 3411(46.48)
7 4914(66.97) 4 561(62.16) 4 145(56.49) 3927(53.52)
SCALFREE (%) 706.359"  <0.001
AN R AR 2 642(36.00) 3 341(45.54) 3451(47.03) 3 545(48.31)
FILE 2 668(36.36) 2720(37.07) 2727(37.16) 2592(35.32)
B Kot 1 020(13.90) 842(11.48) 785(10.70) 812(11.07)
R L KL 1 008(13.74) 434(5.92) 375(5.11) 389(5.30)
W2 46 (% ) 110.245>  <0.001
IAE R A 1312(17.88) 1 344(18.32) 1481(20.18) 1 660(22.62)
fuP R3] 185(2.52) 246(3.35) 300(4.09) 302(4.12)
N2 5 841(79.60) 5 747(78.33) 5557(75.73) 5376(73.26)
A (% ) 153.169"  <0.001
PRAE I 702(9.57) 811(11.05) 971(13.23) 1 114(15.18)
FuE Y eli] 47(0.64) 60(0.82) 101(1.38) 88(1.20)
AR 6 589(89.79) 6 466(88.13) 6 266(85.39) 6 136(83.62)
WHIRIG S (% ) 20.532"  <0.001
2 607(8.27) 719(9.80) 712(9.70) 762(10.38)
& 6 731(91.73) 6 618(90.20) 6 626(90.30) 6 576(89.62)
FPG( mmol/L) 4.49(4.16,4.86) 4.58(4.20,5.02) 4.65(4.24,5.18) 4.81(4.32,5.41) 892.302* <0.001
HAle( mmol/L) 5.40(5.20,5.70) 5.50(5.30,5.80) 5.60(5.30,5.90) 5.70(5.40,6.00) 1492.853* <0.001
TG ( mmol/L) 0.91(0.73,1.16) 1.18(0.93,1.51) 1.48(1.14,1.93) 1.98(1.47,2.75) 10 455.240° <0.001
BMI(kg/m?) 20.39 £1.52 23.08+1.19 25.03 =1.33 28.05 +2.40 27 148.636° <0.001
SBP( mm Hg) 123.71 +17.60 130.85 +18.27 135.04 +18.19 138.85 +18.44 937.430°  <0.001
DBP(mm Hg) 75.25£9.93 78.75 £9.93 81.10 +10.05 83.62 +10.32 918.307° <0.001
TC( mmol/L) 4.67 +0.85 4.90 +0.88 4.97 +0.90 5.11 £1.00 302.948¢  <0.001
LDL - C( mmol/L) 2.60 £0.76 2.83 £0.79 2.86 +0.82 2.80 +0.91 155.474°  <0.001
HDL - C( mmol/L) 1.62 +£0.35 1.48 +0.31 1.36 +0.30 1.23£0.34 1916.213° <0.001
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T2DM Sy P As it @57 Cox [AIARERY , A2 IE T 1 iR AH
KINZEJG, 5 Q1 414 H, Q2.Q3 Al Q4 41 T2DM &

1.75) 2.02(95% CI.1.66 ~2.46) il 3.47 (95% CI.
2.88 ~4.19) (P, <0.001), W32,

AU 2% 0 34 0, HR 43 5) Ry 1.42 (95% CI:1.15 ~

F*2 TyG-BMI 5 T2DM % COX [al 474
Table 2 Cox regression analysis of TyG — BMI and T2DM incidence

P 3 HR(95% CI
e BRI ESN P ;ﬁiﬂl : o 1
Per SD 1361 6.96 1.65(1.58 ~1.73) 1.63(1.55~1.71) 1.58(1.50 ~1.66)
Q1 143 2.81 1.00 1.00 1.00
02 240 4.79 1.69(1.38 ~2.08) 1.49(1.21 ~1.83) 1.42(1.15 ~1.75)
03 358 7.24 2.56(2.11 ~3.10) 2.17(1.78 ~2.63) 2.02(1.66 ~2.46)
Q4 620 12.82 4.51(3.76 ~5.41) 3.90(3.25 ~4.67) 3.47(2.88 ~4.19)
Py <0.001 <0.001 <0.001
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B AR SCAERREE (WM PG L SBP . DBP \TC |LDL -
C FIR PRI I L I , 45 3 WoR , TyG - BMI 5 T2DM
RGNS Z TEAFAE AR LR M OC R (x = 287. 583, Py <
0.001 ;> =6. 081, Py, =0.048) , T2DM & %5 KUK
% TyG — BMI /K- himni s m . WL 2,
2.4 TyG-BMI 5 T2DM % 5% R 64 % B2 64 T 20 4
M GEREOR, T AEAITAEARE Q4 41 TyG - BMI &
T2DM % 5 AU 1) G 106 8 3 3 & 48 B (20 ~ 39
% HRy, .. o =6.61;40 ~59 % HR,, . o =4 86;60
~T74 % HRy, . o =2.74), k5 TyG - BMI X}
T2DM &9 M A SE HAEH] (P <0.05) o PR3
WA RIS A TG DRI S5 58 149 S 43 B v oA D,
HEIRLHAEM (Pyy; >0.05) , WLER 3,

HR (95%CI)
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2 TyG - BMI 5 T2DM &5 JXU: =2 [] (4 71 45t 52 g O &

of developing T2DM

Fig.2 Dose — response relationship between TyG — BMI and risk

£33 REFRBAFEH TyG - BMI 5 T2DM 2 [A] (1) ¢k
Table 3  Association between TyG — BMI and T2DM in different phenotypic populations
" HR(95% CI)
il N¢ ol 0 03 o4 Py
el 0.943
5 11 804 1.00 1.51(1.08 ~2.11) 2.18(1.60 ~2.98) 3.69(2.73 ~4.99)
5y 17 547 1.00 1.37(1.05~1.79) 1.92(1.49 ~2.48) 3.37(2.64 ~4.30)
AR (%) 0.031
20 ~39 3 403 1.00 1.83(0.49 ~6.91) 1.24(0.23 ~6.68) 6.61(2.02 ~21.64)
40 ~59 13 759 1.00 2.02(1.42 ~2.88) 2.65(1.88 ~3.75) 4.86(3.47~6.79)
60 ~74 12 189 1.00 1.11(0.85 ~1.45) 1.70(1.33 ~2.17) 2.74(2.17 ~3.46)
] 0.546
IRAE R S 5797 1.00 1.70(1.08 ~2.66) 2.31(1.50 ~3.55) 3.69(2.44 ~5.60)
o LA 1033 1.00 0.81(0.29 ~2.24) 2.05(0.87 ~4.79) 2.52(1.07 ~5.91)
PN 22 521 1.00 1.39(1.09 ~1.77) 1.94(1.54 ~2.44) 3.51(2.82~4.37)
el 0.172
IRAELRI 3 598 1.00 2.75(1.44 ~5.28) 3.09(1.64 ~5.84) 4.75(2.56 ~8.83)
i KK 296 1.00 3.97(0.46 ~34.50) 2.09(0.24 ~18.29) 4.01(0.49 ~33.03)
MR 25 457 1.00 1.27(1.02 ~1.59) 1.92(1.56 ~2.37) 3.36(2.75 ~4.01)
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(8:%)
HR(95% CI)
YA # P..
G| N ol 0 0 ol e
WH PRI K 8 0.486
H 2 800 1.00 1.88(0.90 ~3.92) 3.06(1.52 ~6.15) 5.70(2.90 ~11.19)
X 26 551 1.00 1.39(1.12 ~1.73) 1.94(1.58 ~2.39) 3.30(2.71 ~4.01)
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