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Combination of body mass index and the triacylglycerol to high-density lipoprotein
cholesterol ratio predicts the risk of type 2 diabetes mellitus
LEI Qinghua,LI Junhua,HUO Yanfei,GUO Zijing,LI Xia,LI Zonghu
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Abstract Objective To predict the risk of type 2 diabetes mellitus (T2DM) by combination of body mass index (BMI) and the tri-
glyceride to high density lipoprotein cholesterol (TG/HDL-C) ratio in physical examination. Methods Based on the database of the
2010-2016 physical examination population of Rui Ci Medical Group, the effect of baseline TG/HDL-C on the risk of T2DM during the
follow-up period was observed by Cox proportional risk modeling in people with different BMls, and we analyzed whether there was an
interaction between TG/HDL-C and BMI.Results A total of 315 of 13 685 study subjects were ultimately diagnosed with T2DM dur-
ing the follow-up period. All study subjects were divided into two subgroups using a BMI=24 kg/m’. The subgroup with a BMI < 24 kg/
m’ consisted of a total of 8,238 study subjects.96 had T2DM at the end of the follow-up period. Adjusting for potential confounders, the
elevated TG/HDL-C resulted in a higher risk of incident T2DM [HR 95%CI = 1.47 (1.23, 1.74), P < 0.001]. Compared with the lowest
quintile (Q1), elevated TG/HDL-C quintiles (Q2 to Q3) had an increased prevalence of T2DM [HR 95%CI were 0.73 (0.28,1.93), 2.75
(1.29,5.85), 2.81 (1.28,6.20) and 3.91 (1.51,10.11)]. There were 5 447 study subjects in the subgroup with BMI > 24 kg/m*, and 219 de-
veloped T2DM at the end of follow-up. In both subgroups, the risk of developing T2DM increased nonlinearly with increasing TG/HDL-
C, and this change was more pronounced in the subgroup with BMI < 24 kg/m’. When ROC curves were plotted for TG/HDL-C versus
3- and 5-year T2DM incidence in the two subgroups, the areas under the ROC curves were 0.72 and 0.77 in the subgroups with BMI <
24 kg/m’, respectively, and 0.55 and 0.57 in the subgroups with BMI > 24 kg/m’, respectively. Conclusion In the subgroup with
BMI < 24 kg/m’, elevated TG/HDL-C suggests a significant increase in the risk of T2DM.
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VT 4F 2, 2 AUBE IR 9% (type 2 diabetes mellitus,
T2DM) 1Y &9 A 2 BRI ER 2D BT ECH
RZ ,JET2DM IR [, 2017 4 A4 RIS (B A 3 T
11.2%, 31 H.90% & T2DM""'. 5E T2DM i AAH 1L,
T2DM i A A0 I 10487 <4 RIS 908 R PR '
o R JEL A5 1 IRUIS: B FE R B i 2 S i
Il PRI © 2 UE B, AR T 100 AT A 208D B A 22
e fe NP T2DM 9 00 PR, 51 T2DMXURS:
B N, 25 T BB T30, AT DARRAIR BT A | 42
AR . P, 7R RO R EL TR Y
FRFE AT T2DM Y s fi A o

BLAR I B 20 i 2y 158 B % 1B £ 3R H1KHC (insulin
resistance,, IR) ¥4 5 T2DM 1) & A HHE LK. I
Hh,EAWFIERB, MRS, B0 =t H i (riglye-
eride, TG ) J} i B /5 5 B2 g 4 1 IE [ % Chigh density
lipoprotein cholesterol , HDL-C ) KX #F g 5 2 i
SRS H I =R IRE AT SR R )
PRI G R b AR e JBR B 3R 100 A IR 7] 3 — 20
g s Hh = EE RS o O — O T, — LR ROV R
F U], HDL-C 515 R XU 52 AR 5T . H A F
FEAE ] =Bt H I 5 s 8 2 IR 2 1 BE I A (TG/HDL-
C) Y HLAE SR U T2DM 14 & AE , FRATTHE I IR A
&I, B K 45 50 (body mass index, BMI) 2% 5 i
TG/HDL-C 5 T2DM Ry K 5 o JIr LA WF5E 73 #r BMI
XA TG/HDL-C X T2DM (19 FAE
1 #REAE
11 —RFER PR BT 8 M 2010—2016 4F
TR AT IR B 2, B N A5 B A 2
DR BT, LR U5 E B T 2 4F o HEBR B A
Bl JRAE | FE L2 2 W Sy R DR | B 7 IR R i
RBARRIENZS5E . &G, WA S
13 685 19 . ¥HIRIKIZ Wi bn v 2 DL [ 2 BOWE DR
BiivA 4 R (2020 4F R0 ) o AR ZIS WibR U, BV 4S
WA 315 B2 Wik T2DM. s Al 3T 5% & 1
15 6 28, AT G (BB 2 23 R E 5D
FHRER
1.2 A WATCHW T B ARR M BMI,
TG HDL-C . Ifil s \ KA MR M (AST) (N & IR e
I (ALT) | 1 JR 2 & (blood urea nitrogen, BUN) L
[ (creatinine, Cr) . &l JH &% (total cholesterol, TC) .
IR %% Ji g £ 1 BH [5 B (low-density lipoprotein choles-
terol, LDL-C) . %5 i€ Ifil ¥# (fasting blood glucose,
FPG) W MR s RIS T2DM S5 s Fbiti 15 45 S (&
THT2DM) . DL BMI=24 kg/m* {73 505 4 il
99T RS NHE 5 A E4H - BMI<24 kg/m® .21
FIBMI>24 kg/m* W2 . o BMI<24 kg/m* V41 2L 47

8 238 4] , 96 IR 5T XF G 7 Bt 1 45 PR £ T2DM ; BMI
>24 kg/m’ WAL IEAT 5 447 5], 219 BB 58 % G2 Bt 15 45
O T2DM . M4 TG/HDL-C 1Y o435 B0k iF 5%
ANBE AL BIQ1.Q2.Q3.Q4 F1Q5 41 #F5EHY
L ANTE AERE DT I , BFFEAT 42 W7 T2DM
ol B T4 AT A L s e . T2DM 441
bR ES DL [ 2 OB R R B iR e R )

1.3 SEitZEAE W REA (4.0 A #1748
o0 BdE 53 R i B AE YRR L IR AR S A
18 AU H & £ s R FR AR IES /i H R BERER
FHH R (55 25 75 H AL EO B M(Ps, Poy) F0R
PEECHE FH G (%) R o 53 3 SRR 5 22 40 #r
Kruskal-Wallis Fk F1 £ 56 | Pearson y* £ 56 > 43 M7 &
A2 IR B A G F R L Cox Ho XU #5578
FH T8 5% AS [ W25 [3] TG/HDL-C % T2DM % & KUK
FI 2R, TG/HDL-C 43531 DA i 252 78 Ht il 43 20 78 8 7
PO AR A A ES 53 S AN I8 3 AT Ao A
R URGRBIAY) PR AR (BIAL [ ) A e v
i) AR AR e AR YR A A LI (LAY IT ) et
3R, 220 Kaplan—Meier A= 77 #l 28 DL B[R]
7.2 (8] 2 AR T2DM & 9% 3, I ELi i FR il 14 57 05+
SRMERIPEAL N [A] 41 (8] TG/HDL-C 5 T2DM & 9% %
ZIHELMC R .

2 #£B

21 —MEBILE FEREYP AN 13 685 17
TR T, BB UTAE R 315 61 (2.3%) 2 Wi
T2DM . Ui 1 fioR, 763X 13 685 il 2 ik # v, J Pk
7 396 4] (54.0%) , L& P 6 289 il (46.0%) , 4F #
44.06 % , TG/HDL-C 4 1.06, # 4 TG/HDL-C i 1o
I3 LB, W WS NHE 43 T4 - Q1 41, TG/HDL-C
4 0.37+0.07 (n=2 737) , Q2 41 , TG/HDL-C 4 0.58+
0.06 (n=2 735) , Q3 41 1 TG/HDL-C A 0.82+0.08
(n=2 736) , Q4 4l ) TG/HDL-C &y 1.20+0.15 (n=2
740) , Q5 #H i TG/HDL-C Jy 2.35+1.01 (n=2 737) ,
W1,

22 BMI<24 kg/m’ L HH TG S HDL-C [k B S
T2DM &R EZ EHIXFR £ BMI<24 kg/m’ I AHFE
1, TG 5 HDL-C HAH , 55 T2DM & 5 R 2 [6] f) & &
W2, FEREEAT )AL 8 AR T2DM &R
bt & TG 5 HDL-C e AE /9 FH v 17 & 3% 34 i [ HR=
1.67;95%CI: (1.48,1.89) ; P<0.01] . ¥ TG/HDL-C
ST, DL — o S R BE A A T
T2DM A i XU 52 E a3 (a3 P<0.01) . Jihh
RERLAR P BATATIR e PR 3R Y T 1 M A 4E
W, B I AERE A T A JERE R TR R AN
S AL, 3 MECRI A 25 SR, L3R 2.
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R1 WEPRIE 13 685 Il — 7Rt s
. 5% TG/HDL-C T4 FOM[Z] Pl
Af
(n=13685) Q1(n=2737) Q2(n=2735) Q3(n=2736) Q4(n=2740)  Q5(n=2737) 8
AR (% xxs) 44.06+13.00 39.04+10.75 41.92+12.37  44.98+13.60  46.51+13.25 47.84+12.86 846.31  <0.001
(TG/HDL-C) /s 1.060.84 0.37+0.07 0.58+0.06 0.82+0.08 1.20+0.15 2.35+1.01 20392.00 <0.001
BRGNS (%) 315(2.3) 17(0.6) 27(1.0) 55(2.0) 90(3.3) 126(4.6) (132.68) <0.001
W4/ (mmHg,x+s)  118.72+13.25 113.40£12.30 116.35+12.89  119.43+13.10  120.95+13.04  123.47+12.52 102546 <0.001
&3k I/ (mmHg, X+s) 74.28+8.84  70.76£7.99  72.56+8.60 74.50+8.61 75.84+8.63 77.72+8.63 1121.24  <0.001
L b
= ﬁgﬁ*;‘j/ 23.30+3.28  21.19+2.47  22.19+2.87 23.2423.07 24.3623.07 25.51+2.99 3800.10 <0.001
T TR 2 ity 18.00(13.20, 14.00(11.30, 15.60(12.00, 18.00(13.70, 21.00(15.10,  25.80(18.40, [2442.68] <0.001
[mmol/L,M(P,,,P.,)] 26.40) 18.30) 21.75) 25.00) 29.50) 36.00) ) )
KA WA o Wy 22.00(18.70, 20.00(17.30, 21.00(18.00, 22.00(18.60,  23.00(19.48,  25.00(20.80, [315.45] <0.001
[mmol/LM(P,,,P,)] 26.60) 23.70) 24.95) 26.00) 28.00) 30.70) ’ )
SO
)’T‘ifnhé VL. 5es) 4.64+0.92 4.54+0.93 4.56+0.91 4.68+0.93 4.70+0.91 4.71+0.89 76.28  <0.001
WLEF/(mmol/L , x+s) 69.89+12.77 63.91+11.41 67.73£12.49  70.46+12.75  72.81+12.55 74.54211.79 1271.82  <0.001
=YilE|
o ELE?/L Fas) 4.75+0.72 4.50+0.64 4.64+0.70 4.73+0.72 4.86+0.72 5.03+0.72 946.11  <0.001
= H 1.36+0.94 0.5620.12 0.84+0.14 1.13+0.20 1.53+0.29 2.75£1.17 18 656.64  <0.001
(mmol/L, %+s) OO U O SO O SOE : :
R=2n7d b =g
'ﬁ’&gﬂﬂﬁﬁﬂﬁ[ﬁ% 1.37+0.24 1.54+0.20 1.45£0.21 1.37+0.21 1.28+0.21 1.19+0.19 4929.18  <0.001
(mmol/L,x+s)
bradicali=] Ty
1&(&&%}4&5?@?/ 2.74+0.53) 2.54+0.47 2.67+0.51 2.77+0.53 2.87+0.54 2.87+0.54 717.36  <0.001
*Egﬁ’ (mmol/L, 4.94+0.47 4.82+0.44 4.89+0.45 4.95+0.46 5.00+0.46 5.05+0.48 58221  <0.001
PR (% ) (1960.37) <0.001
Bk 7396(54.0)  694(25.4) 1145(41.9) 1534(56.1) 1.876(68.5) 2147(78.4)
L 6289(46.0) 2043(74.6) 1590(58.1) 1202(43.9) 864(31.5) 590(21.6)
w5 (% ) (837.17) <0.001
ANHlAE 2364(17.3) 156(5.7) 314(11.5) 436(15.9) 628(22.9) 830(30.3)
/R A4 457(3.3) 38(1.4) 63(2.3) 100(3.7) 110(4.0) 146(5.3)
B KA 10864(79.4) 2543(92.9) 2358(86.2)  2200(80.4) 2002(73.1) 1761(64.3)
I (% ) (220.16) <0.001
AR 292(2.1) 32(1.2) 40(1.5) 58(2.1) 64(2.3) 98(3.6)
(el 1939(14.2) 230(8.4) 319(11.7) 409(14.9) 450(16.4) 531(19.4)
(Eankv i) 11454(83.7) 2475(90.4) 2376(86.9)  2269(82.9) 2226(81.2) 2108(77.0)
T2DM FEJ% L1611 (%) 318(2.3) 59(2.2) 65(2.4) 68(2.5) 64(2.3) 62(2.3) (0.73)  0.947

1 TG/HDL-C A — P H /8 2% B2 G 25 1 I B, T2DM S 2 RO DRI , Q1 5 —21, Q2 A5 41, Q3 M4 —41,Q4 W5 IU4L, Q5 M Hdl.

23 BMI>24 kgm’FZAH TG 5 HDL-C LS
T2DM X fREZ BHIXFE £ BMI>24 kg/m’ 1) A H¥
o1, TG 5 HDL-C HfH , 55 T2DM &5 % 2 [i] ) 56 &
L% 3. TEARVHAEAT Ml A48 f A AR T2DM & 5 %
Wi & TG 5 HDL-C Lk A i FH & i o 3 35 hn [HR=
1.84;95%CI: (1.07,1.31) ; P<0.01] . ¥ TG/HDL-C
ST, DL — 4o S R BE A AL R T
T2DM A= (AU 522 E i (a9 P<0.01) . J5ilh
BT R AR AEAT AR A P 2 B T P 1 M B RN AR
I BRI AERE RS T B 3ERE VRS TR R AT
A AL, 25 WAL %S TG/HDL-C 1)
BN, T2DM KRR EF G L. WK 3.

24 WMIAMNZEER I BMI=24 kg/m* 1y Y]

JE ¥ BMIZY AP 4H , TG/HDL-C 5 BMI (%8
HAEH P<0.01,

25 FHIVLHT2DM BRFEERLLE ARG LA
3156 (2.3% ) W5 X 4L L T2DM. Q1.Q2.Q3.Q4 Fl1
Q5 4 T2DM 435114 0.6% (n=17) ,1.0% (n=27) , 2.0%
(n=55),3.3%(n=90) F1 4.6% (n=126) . i 5 i} [a] 7
K, BMI<24 kg/m*Fll BMI>24 kg/m* [V 2H H T2DM 1Y
NEHE I, H Q1.Q2.0Q3.Q4 1 Q5 fi4H  T2DM
[ R8N BSOS I 34 22 B e 12 5 (a0l ok P<
0.001 1 P=0.013)., WK1,

26 TG/HDL-C5T2DMEZmZHHWMEXE
7038 3 {687 FH B 57 5 4% 23 BT Pl T TG/HDL-C
5 T2DM B Z M A AR RRAE . 72X 1) A
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R2 BMI<24 kg/m*W.4H 8 238 5] TG/HDL-C 5 T2DM k& i

IRUBSE ) 5 2
HR 95%CI 5 P
T A 6Cl 55 PE
JR LR AR A T LT
. . 1.67(1.48,1.89), 1.63(1.40,1.89), 1.47(1.23,1.74),
TG/HDL-C <0.001 <0.001 <0.001
TG/HDL-C
o
01 1 1 1
0 0.86(0.33,2.27), 0.69(0.26,1.84),  0.73(0.28,1.93),
0.765 0.465 0.523
03 3.84(1.84,7.99),< 2.28(1.08,4.81), 2.75(1.29,5.85),
0.001 0.030 0.001
04 4.44(2.13,9.24),< 2.35(1.11,4.97), 2.81(1.28,6.20),
0.001 0.025 0.010
05 9.15(4.46,18.78), 4.62(2.22,9.64), 3.91(1.51,10.11),
<0.001 <0.001 <0.001
Hah Pl <0.001 <0.001 <0.001

11 - TG/HDL-C >y = B H i/ 2 B G 76 1 AR 1, Q1 A 38 —4l,
Q2 W 4 ,Q3 A =41,Q4 HEE VUL, Q5 M Hdl,

Fz3 BMI>24 kg/m’ 4 5 447 ) TG/HDL-C 5 T2DM %55

AU 1) 26 21
HR 95%CI 5 P
i H - R
SRR BT AL T AT
1.191.07,1.31), 1.16(1.05,1.29), 1.11(0.99,1.25),
TG/HDL-C <0.001 <0.001 0.054
TG/HDL-C
T
01 1.00 1.00 1.00
gr  1A0059.3.12), 13700.58,3.25), 141(0.59.334),
0.443 0471 0.440
03 14100623200 121053,276),  1.09(0.48.2.50),
0.418 0.649 0.834
s 22401.03488). 2020092.414),  1580.71349),
0.043 0.078 0.263
05 229(106494), 195(0.02.4.29), 1300.553.09),
0.034 0.081 0.545
P 0.003 0.012 0.146

1 : TG/HDL-C b =t Hih/ s 2% BN 85 I IR s, Q1 A 3f— 4,

Q2 M5, Q3 %3 =41, Q4 A MU, Q5 Jsf Hdl.

% s R A T s AU SR TR S R AT AT
PLE ] : Bl TG/HDL-C [ F+ &5, T2DM & 95 114 XU
W T v 9T S 0 i 2 A O 1 (BMI<24 kg/m? 721 3
KA, BMI=24 kg/m® W 2038 K 4008 ) . ILIK 2.
27 BWALAFROCHLZL AL 7L
t, L TG/HDL-C 43 5 350 3 4= 5 4F T2DM A3 1
ROC fh £k  # W {H (BMI<24 kg/m®: 34>~ 0.72.0.90;
54E40.77.0.71, BMI>24 kg/m*: 3 4E % 0.55.1.08;5
4E40.57.1.05) .
3 iTig

TG/HDL-C 75 Tl T2DM % 5 275 1 4 7 A4
MR HUBPE IR SR . ARFTOR I8 AREAR B
BMI 43 R4, 435 BMIEX A TG/HDL-C Hiiill T2DM

Ko RS, 25 5 B AL N\ JE b, B %5 TG/HDL-C
FRIBE TN, T2DM o AU Y5 B AR LR PRI N, 3X — A8k
TE BMI<24 kg/m” ) N o g 2%

MG 575 %) T2DM & & 5% 1 4 7F 2 11 AT 5%
ISR/ IESS . B4 KM TG/HDL-C HAE 28
FHCYUR B 40 M T BE R i p VR e TN AR B . A
BT R AR S SR R A VA OC . B
1 19 TG/HDL-C , TG A% 9 HDL-C 7] il # T2DM
() R AR, FE WA 12T HE T2DM ) {1k
Hh TR T B e TOBRS I nT E S 2k B 40 i T e
g am Y AR = BEH A A7 A 0D T B BT
T2DM H B 4 A D) e F R & 22 U IEH L. &
g 0L 38 3 i S P B A M R T R R R S R A
W £ WA 0 I LA BB A I 5 4 A2 9F T2DM 1Y &
J o ik e gh B s 1 R AR 5 A G AL S IR T T
DT D 98 S R I GRS A S
1 HE , AT EB AN B A T M
HDL-C & #E W2 —FP i 78 B9 0B IR R, 7T ek
SR B RICHUR B AN T REREAS . 53—y L 7E
g £ 28 HE BT o = 5 2 IUAE Y T2DM g A, 3 i
14 1 55 3% 43 b T AR B B 11 g s il R 40 AR
4 77 A A R I ] P 5 2 s 2 1 ) D g, DA i — 26
PR FEHE RIS IR S8 g k. BRI, IR LB i A T
RERENS (TG A1 HDL-C (3% P46 248 1] 1 23 in T2DM
9 R J 118 XS

1 Y BMI 2 A% BT J) 60 A TRORUS: [ i TR
J& T2DM BB K& ik F rh OCHR 1) — 3R . AN[R] BMI
(4 NI 5 114 ek S AN TRD 1), T P 2 20 ) e e L JBE
THORE AR B3 0800 I 5 38 S A BB A ) 32 400, 3k
AIRE BRI, BRRE I Y & 1A IR Z 0] £7
FEEFEBCER I IR W 220 T T2DM (1) & A R
W HERE o AW R TTN F ) BMLR AT, TG/
HDL-C F1 T2DM fY 56 5 o 45 5 /R 7 BMI<24 kg/m’
(93 20w, BE % TG/HDL-C 34 hn a 28 %) 59 T+ 55
T2DM [ & 955 KU 9388 T, 78 BMI>24 kg/m® #9372
o TR TEREAT R 22 I R AV L T, TG/HDL-C
Th s — A B, T2DM A9 & 9 AU 78 Ry JE R 11 1.84
i o ARTE PR BE W8 A IR 22 I 2 )5, B & TG/HDL-C
() Tt 15, T2DM A9 & 55 AU (R 38 I Jo 4 1122 2 X
WE A2 SCk L i 38 17 S [/ A9 BMI AR A, TG/HDL-C
5 T2DM %95 KBS A AS Tl 1 2 o JHE o g L
FEARBEATH Z R, AT 53 B7 v] REAE =5 BMI YA
b IR 5™ 5, SO R 7K-F- A9 28 A6 T2DM 1) & 9
JRUBSE 5 M FH X 458708 o

FRATT I — 28 FH AR BRI 4 57 7 B AR B 44T
T AR[EH BMI 2320 F TG/HDL-C 5 T2DM & 95 XU
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B AR APEARSCH: . AT AR BAEPIAS W h bl E
TG/HDL-C fy 34 /i, T2DM % 55 KU 35 7+ , 9F BT+
o R B R AR MY, SE S 18 . 7E BMI<24 kg/m®
HYNE AL, T2DM & o5 U 38 i 75 32 B, 78 BMI>24
kg/m* WAL rf SEINAS 5002 . Jemr iR R, — Lt
T PR 04 S, AL I R S .
o 2 N A T LT O Al A R R s
MBE , A5 T2DM il 37 A5 3G, 38 -5 ABB I 4nco ifi
BB I I AR O ) 3 e 5 X S A G
AR FERIE A O™ . FRATZ I 1 7E BMI<24 kg/m’
F1BMI=24 kg/m® P E2H 7, DL TG/HDL-C 43 1] Fl
I 3 4% 1 5 4F T2DM A& 9% 9 ROC 4k, 45 3 & IL7E
BMI<24 kg/m* W41+, ROC #i e T i AL T 0.70,
JEHAES A ROC i erh, 2 F AUk E) 1 0.77,
PR AEIZ 20 ' TG/HDL-C X T2DM 1Y & 95 A AR 1
AT AE . (H 2 7E BMI=24 kg/m* 9 E 24, ROC
28~ AL T 0.60, 278 7E 1% W41 HF TG/HDL-C
55 T2DM 1) % 9 WUBS: SR B 55 - FRATTAE I IR TAE b
TRZ5 5y 349 AR LG , 76 BMI<24 kg/m* Y AFE
BT X 2 A Y TG/HDL-C, IR R 3X 34y N BEA
BT Y R T2DM (1 JRURSS -
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