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glucose-waist circumference index, fa1 PR TyG-WC) S ESE PR, AH DS R R By P A B AR
FHik i E R T AR T 1 57201 12~18 % 75 /DAE BEAT IR 48 04 . PRAS I A S BG 20,
1 logistic [F1Y /3 MR B 485 BRGIPE ST 5 RE S0 MF R D AE TYG . TyG-BMI, TyG-WC SIMJESH IR, R £
[H % logistic [MH3 T Bon, BIEIRZEZ G, TyG. TyG-BMI, TyG-WC it i UM 52 & Az i s S8 18 KU 23
591 g T ARG D 21 B2 4 1.48 4% (95%CT: 1.07~2.04) . 3.714% (95%CI: 2.67~5.15) F14.071% (95%CI: 2.89~
5.73); HBEE TyG. TyG-BMIUA TyG-WC K N-Fhdr, MRS F K2 @i (P<0.05) . TyG-BMI 5 il 54 KUK
ZIAF AR AE R B - R K R (P <0.001, Puu,=0.002) 5 TyG (P, <0.001, P..,=0232) . TyG-WC
(Py<0.001, P, =0.224) 5100055 XU Z AFFELRMER - RV R . 18 TyG M HAT AT EUK- T+
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Relationship of triglyceride-glucose index and its derivatives with blood pressure
abnormalities in adolescents: an analysis based on a restricted cubic spline model

TIAN Mei, MA Xiao-Yan, TONG Ling-Ling, JIA Lei-Na, DING Wen-Qing. School of Public Health, Ningxia Medical
University/Key Laboratory of Environmental Factors and Chronic Disease Control of Ningxia, Yinchuan 750004, China
(Ding W-Q, Email: dwqdz@163.com)

Abstract: Objective To explore the relationship of triglyceride-glucose index (TyG), triglyceride-glucose-body
mass index (TyG-BMI), and triglyceride-glucose-waist circumference index (TyG-WC) with blood pressure
abnormalities in adolescents, providing theoretical basis for the prevention and control of hypertension in adolescents.
Methods A stratified cluster sampling method was used to select 1 572 adolescents aged 12 to 18 years in Yinchuan
City for questionnaire surveys, physical measurements, and laboratory tests. Logistic regression analysis and restricted
cubic spline analysis were employed to examine the relationship of TyG, TyG-BMI, and TyG-WC with blood pressure
abnormalities in adolescents. Results Multivariable logistic regression analysis revealed that after adjusting for
confounding factors, the groups with the highest quartile of TyG, TyG-BMI, and TyG-WC had 1.48 times (95%CI: 1.07-
2.04), 3.71 times (95%CI: 2.67-5.15), and 4.07 times (95%CI: 2.89-5.73) higher risks of blood pressure abnormalities
compared to the groups with the lowest quartile, respectively. Moreover, as the levels of TyG, TyG-BMI, and TyG-WC
increased, the risk of blood pressure abnormalities gradually increased (P<0.05). A non-linear dose-response relationship
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was observed between TyG-BMI and the risk of blood pressure abnormalities (P, end<0-001, P, i1 =0.002). Linear

dose-response relationships were found between TyG and the risk of blood pressure abnormalities (P, .,c<0.001,
P iinears =0-232), and between TyG-WC and the risk of blood pressure abnormalities (P, uen<0-001, P ;i =0.224).

Conclusions

Higher levels of TyG and its derivatives are associated with an increased risk of blood pressure

abnormalities in adolescents, with linear or non-linear dose-response relationships.
[Chinese Journal of Contemporary Pediatrics, 2024, 26(1): 54-61]
Key words: Triglyceride-glucose index; Triglyceride-glucose-body mass index; Triglyceride-glucose-waist

circumference index; Blood pressure; Adolescent
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JE Rl BE P2 B A =, 8 s AR 3O il A
FAF R AR RS L BRI, PR D AR I
JERAHEEE L,

BETEMT IR, 9 5 R AIRPTR IV 250 %
SEMLE], anw i s SE o (HR RSB R R
HRHTTE BO e 5 R ARPT AT VAN 5 52 J0 8% 2= D o
HERR TR S, AR S Y I, R =
i -5 A 45 20 (triglyceride-glucose index, fiij #%
TyG) MHEATAFEE, B =BEH -2 -k 45
B (triglyceride glucose-body mass index, fi] #% TyG-
BMI) =55 Tyl — 7 2 4 - I R 48 8 (riglyceride
glucose-waist circumference index, i FR TyG-WC ),
X LATR IR & 22 S Bt i B A A T RE S SE T 8
SLRMETTRITE . — WO T3 AR B itT
WFI A IR, TyG M HATAFRECS mi U Z [l A
TESCHE o RN, TEFRE T 4R h —H RGP
XFPOCHR M ANTERE . B, AR LRI 12~18
B H DRI S, R D TyG AT AT
B S R OC R, TR R BR M 7 5 R AR
TIPS R - B &, i AT s L 9 40
BTy B AT B S
1 #ARERE
1.1 HRMK
F2017 459 H—2020 479 H il il /2 BHLEE B
TR IR T M b i 12~18 5 3 /b
ERPTER G EEME A, RIGHRIEER T
J2 ., A R RN 7 305 DN B4R GO il
PR, R R A AR S, WEEEAHLR
PR A, B 5 3 BT IR 134 B, 3
Jr e v B 22 SRS, R IR BESR Y BT A )
SN

MAFRUE: (1) W) R, sS7Em) s
BF A >14F 5 (2) 12~18 8 5 4 o HEBR AR ifE

(1) A bR B & W9 AN A TR 2 2 A Bk 525
(2) BRI . A2 5 HA 2R H
KA A E BB RE S . AR E RS T
HBERE R A B2 02 iy W A A e (2021-
G053) .

12 [EBFEE

P AT N AL HE BT X G A 23 N H SRR
ATEAT T R IR S s S BRSO S (1
TR M . IR BRSO S, LA
L HHTRBRYNEST) SFEEAE
1.3 FENE

A HX R AN LA T R G, IR A
AR AT HE . PR R A N XTI S8k AT
MR, AR B AR R RS
IR ATEI TN RIEREBORET (8h L ER
HEE) AT,

Bf e A H 43 31K FH ZH7082 H0 B e Ak g 1A
RGT-140 BIATFF AR AL HEATIA 70 A o
A, SAERRBGETE S mARETE ., RIBOR DG
AR B em N BAAL, FESEIN 2 W
WY, Z5RREHE0.1 em, 2RI IRIE AT
0.5 cm; MH BRI kg J AL, HORKEHAIE] 0.1 kg,
2K IR ZE A AT 0.5 ke, FRIT IR E $5 4L
(body mass index, BMI) Y/ NGy (kg) / [BE (m) ]2

JEEFEL >R FJE ety ROFEAT I o A2 K 5 il ST Ao
MURGFIFZI 1 em, fEFHEO, PRS0 18K
L, Dhem SHEALT, EESEN 2 5 U MH, 45
AEHZE 0.1 em, 2SR 2241581 0.5 em.

IR 28 M v i ) D) e Pl 1 i P (Y
5. HEM-7012) #EATIN &R, 524G 2 DU 4 A Rk 5
15 min, ¥0AT FREOMAE, PLmmHg 57, Wd
J& (systolic blood pressure, SBP) F1 4} 5k J&
(diastolic blood pressure, DBP) #Z2ill 8 31K, AHAB
2YIMET4Z2/NT 10 mmHg (1 mmHg=0.133 kPa),
HfE s
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RAESZIXE M 12 Wk, (4 A A4
SEHTA (RS . H 3z 7060C) #4745 IR i
(fasting plasma glucose, FPG) . = Wt H
(triglyceride, TG) . 2\ JH [#H B (total cholesterol,
TC) . & % JE I8 & 1 JH [ B (high-density
lipoprotein cholesterol, HDL-C) FII§ %5 & g & 1 JIH
[ % (low-density lipoprotein cholesterol, LDL-C) [
Lioalll 8
1.5 iSHitRkE

K E L EE T DA R 2 BiARiE ', R SBP
o DBP2[FIAFRS | (R  L [7] B R 955 90 11 23
By i s 5

TyG=In [TG (mg/dL) xFPG (mgdL) /2] "";
TyG-BMI=TyG x BMI (kg/m®) ""; TyG-WC=TyG x
WC (em) "',
1.6 FIHESH

% H] EpiData 3.1 8 {5 A B4l SPSS 26.0 4%
PEFIRA3.0 AT G b . AP IEAS ARy

THEGRHBIME + fiE2E (x+s) o, FFIED
Sy AR TR R T A (A Rk R ) [ M
(P, Py) | Fome THEBTRUHBIIERI T 733 (%)
Frn o AN 1] 1) 22 S O BER FH L, 462 56 5
Wilcoxon BRI L o TyG S HAT A= 5 B4 AR U5 1U 43
PLBCHAT 0, DL 217 i v B D e 2
T LR PR T S ARG, IR0 T BR i
NI FE SR A5G logistic [71H 43 A AL 438 Ty G J
A A EC S s S8 AR - O G R . P<0.05 2K
ZRAGIFE L

2 #R

2.1 MRITRIERSFE

gy A 1572 B AF 5N 4, FIEAER N
(148 +1.5) %, HiHA 9694 (61.64%), L/
603 15| (38.36%). W H PEMFR . . 1K
& . SBP. DBP. FPG, HDL-C., TG, TyG-BMI &
TyG-WC R 22 R A it 27 L (34 P<0.05),
W1,

F1 WARIROERFME

Eiztay FE (n=969) 4 (n=603) JEUEN HZIE" PE’
A (%) 150+1.4 14415 14815 6.97 <0.001
B (em) 171 £8 1626 168 +8 23.22 <0.001
1K (kg) 6114 55+ 11 58+ 13 9.11 <0.001
BMI (kg/m?) 20.6+3.9 20.7 +3.6 20.6 +3.8 -0.36 0.720
WC (cm) 74211 75+9 74+ 10 -0.98 0.329
SBP (mmHg) 114 +12 109 11 112+11 7.60 <0.001
DBP (mmHg) 67+8 69 + 8 68 + 8 -497 <0.001
FPG (mmol/L) 48+0.7 47+0.6 48+0.7 221 0.027
TC (mmol/L) 39209 40+1.0 40+1.0 -1.78 0.076
HDL-C (mmol/L) 14+04 15+04 14+04 -4.11 <0.001
LDL-C (mmol/L) 22108 2.1+0.7 21038 1.21 0.227
TG (mmol/L)* 0.90(0.71, 1.17) 0.92(0.74, 1.21) 0.91(0.72, 1.18) -2.17 0.030
TyG* 8.1(7.8,8.4) 8.2(7.9, 8.4) 8.1(7.9, 8.4) -1.37 0.171
TyG-BMI* 157.6(142.8,184.8)  161.5(147.4,184.8)  159.5(144.3, 184.8) -2.18 0.030
TyG-WC* 574.5(531.2,646.0)  593.1(547.5,652.4)  580.6(536.9, 648.1) -3.57 <0.001

Vi [BMI) (AFRSHG [WC) BB [SBP) ICHIE; [DBP] 4F3KIE: [FPG 2Hib: [TC] SIREIRE, [HDL-C] 358l i
B [LDL-C] R NS (MRS [T6] =il [Tyc] =BEH M- ARHEEG [TyC-BMI) =t H - A — K E 4 [TyC-WC]
SRR TEEEA. M (P, P,) o7, HASFRILIT + s75%. | mmHg=0.133 kPa. “BALAILHEAHFRIISHE LA .

22 FLETYGRHEMEEBHARKETLES
EHIXBE
DLl H 51 A AR i, TyG X HATAHE 8O A

AR AT Z R 2K logistic PIH T, 25 R EBR:
VEERAEWS PRS0 L WROKR L AT A I R S
AR, TyG e P54 . TyG-BMI f e P9 4
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PEECLH B TyG-W C f5e o WU 4o B4 2% A i e S 1
DA 247 8 T AR e AR DU 3 (3 5 2H (P<0.05) o [m]i,
B TyG. TyG-BMI, TyG-WC B FH&:, /4RI
JESHH B RS2 HT I (P.,<0.05) . W2,

*2 BOETYGEREMEEHSME
S% 1 logistic EYA4>#7
HRA 1 HRAY 2

At

OR(95%CI) P OR(95%CI) P
TyG
Q, 1.00 1.00
0, 1.040.75~1.46)  0.799 1.01(0.72~1.42)  0.943
0, 1.12(0.80~1.56)  0.503 1.10(0.79~1.54)  0.562
Q, 1.47(1.07~2.03)  0.018 1.48(1.07~2.04)  0.018
Py 0.014 0.009
TyG-BMI
0, 1.00 1.00
0, 0.73(0.50~1.07)  0.107 0.73(0.50~1.08)  0.112
0, 1.29(0.91~1.83)  0.152 1.32(0.93~1.90)  0.124
0, 3.59(2.60~4.96) <0.001 3.71(2.67~5.15) <0.001
Py <0.001 <0.001
TyG-WC
0, 1.00 1.00
0, 1.090.76~1.58)  0.638 1.18(0.81~1.72)  0.388
0, 1.33(0.93~1.90)  0.123 1.40(0.97~2.03)  0.074
0, 3.78(2.71~5.26) <0.001 4.07(2.89~5.73) <0.001
Py <0.001 <0.001

T BRI S BOEL 2R PE S AE . O, TR
W SMERBELEER . Q. 0 Oy QM N E AR %L
oA SR B A [(TyG] =mEHm-
WAPRHREG [TyG-BMI] =Bt H M- A A A S5 4G [TyG-wC]
e - -

2.3 TyGREMTEEHSNERERKK LSS
=R

PER AT IZ AT A R o, T3 AE TyG S i DU 4ir
40 . TyG-BMI Hx fmy VU433 20 2H F TyG-W C e e P
3N RO R A I SR 1 DRI 249 7 T A 5 {1 P
IR (P<0.05) . oA TyG-BMI iz iy 4 4337 %X
ZH AN TyG-W C S5 e P9 5357 BUEH 2 ML 5 3 18 XSS
I T AR AR DU i 54l (P<0.05) . A TYG .
TyG-BMI 1 TyG-WC 5 Ifil Hs 5 5 KU 52 326 4 i 34
(P,<0.05); 24 TyG-BMIFI TyG-WC 5 IfiL [T 533
RS S IR (Py<0.05), W.3e3~4,

#3 BAETYGRELTEIEHS ESRER logistic B354

- 0 1 (Xl
OR(95%Cl) P OR(95%ClI) P

TyG

0, 1.00 1.00

0, 1.13(0.72~1.78) 0589 1.15(0.73~1.82)  0.542
0, 143(0.93~222)  0.107 1.51(0.97~2.35)  0.067
0, 1.55(1.01~2.39)  <0.001 1.60(1.03~2.47)  0.035
Py 0.029 0.019
TyG-BMI

0, 1.00 1.00

0, 0.86(0.52~1.41)  0.546 0.89(0.54~1.47)  0.641
0, 1.23(0.76~1.99) 0399 1.32(0.81~2.16)  0.260
0, 3.78(2.48~5.77) <0.001 3.76(2.46~5.76) <0.001
Py <0.001 <0.001
TyG-WC

0, 1.00 1.00

0, 1.55(0.97~2.49)  0.070 1.82(1.12~2.96)  0.016
0, 1.40(0.85~2.33)  0.188 1.61(0.96~2.69)  0.069
0, 4202.71~6.49) <0.001 4.63(2.97~7.23) <0.001
Py <0.001 <0.001
e BRI AR G AR 2 HAR G AR TR IR

W, SIERBELESE, Q. Q. Q. QBN EARIUIIEL
UM B AR B g [TyG] =EEHh-
ISR [TyG-BMI] =Bt H - 45— RE a4 [TyG-w]
I H A - AL

F4 TETYGRELTEIEHS IERFER logistic EF5 1

zigl BRI 2
At
OR(95%ClI) P OR(95%CI) P

TyG

0, 1.00 1.00

0, 0.87(0.53~1.43)  0.580 0.82(0.49~136) 0.436
0, 0.76(045~127) 0293 0.77(0.46~1.29) 0317
0, 131(0.80~2.13) 0287 131(0.80~2.15)  0.286
P 0.247 0.228
TyG-BMI

0 1.00 1.00

0, 0.55(0.30~1.00)  0.048 0.55(0.30~1.00)  0.050
0, 1.17(0.69~1.96) 0560 1.17(0.69~1.98)  0.555
0, 3.21(1.92~5.35) <0.001 3.35(2.00~5.62) <0.001
Py <0.001 <0.001
TyG-WC

0, 1.00 1.00

0, 0.57(0.31~1.04)  0.068 0.60(0.33~1.10)  0.100
Q, 0.94(0.55~1.60)  0.825 0.98(0.58~1.68)  0.953
0, 2.88(1.70-4.85) <0.001 3.05(1.80~5.19) <0.001
P <0.001 <0.001

A
e AR L ORI AR R AR 2 RS SRR . R . R
W, SIMERELRFS R, Q. Q. Q. QBN IEARIUIIEL
UM, B AR B o ig [TyG] =BEHh-
HIRIBEHEEG [TyG-BML) =Bt H AR E IR 5 [TyG-WC
X SR e U S 88
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24 TYGREMEBHENESENFE-RE 0002, P, =0929) . TyG-BMI (P, <0.001,

*7 P s=0.126, TyG-WC (P,.,<0.001, P,.,,=0.843)
PRASCRA ARG, TyG-BMI S MRS A 25 1 5 i KU 22 [B) A7 A L M) - S B G &R

B 2 BAFFEAE R PE T - R (Pupy<0.001, oA rp 3G TyG T I S5 ARG 52 28 P 348 Jin

P =0.002) , TyG (P,u,<0.001, P,,,=0232).  (P.,=0.040, P,.,=0.107), i TyG-BMI (P,,,

TyG-WC (P,,,,<0.001, P,,.,=0224) H5IMES  <0.001, P, =0.010) . TyG-WC (P, <0.001,

B Z R PR - e R . WL 1. P =0.022) 155 1ML 55 KUK =2 18 47 7E S 26 1
PEGN Ay 20T B s BAR TG (Puu,=  FIHE-RNER, WK 2~3,

A s B 25 c 30

4 20

[
8]
=]

OR (95%CD)

S

OR (95%CD
— )
T
1
K
1
OR (95%CD
w_ S

75 80 85 90 95 150 200 250 300
TYG TyG-BMI

B1 SLETYWGREMEEHSESNERENFE-REXR Az TyG 5 ifin 5 KU 22 [7] 5 2 P30~ S
KFR; B: TyG-BMI IR 578 WU 2 B R AR MR - R R C: TyG-WC 5 i 5 KU 2 [R] S 2 Ml i -l W e &R
[TyG] =Mt Hh-—H 24 [TyG-BML] =@t Fh -2 482G [TyG-WC] =BEH il 2 - e 4

A 4 B 20

C1s
3 15
~ ~ Q10
3 S 3
X X X
S S S
S 3 E
0 0
7.5 8.0 8.5 9.0 150 200 250 500 600 700 800 900
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B2 BETWGREMEBEHELERENNE-REXR FA, B, C/HMMZFERTYG. TyG-BMI, TyG-WC 15
I 5 AU Z ) SR M - R W DG R o [TyG) =k H - 4 W48 80 [TyG-BMIL] =Wk H b - 4 - 8 55 [TyG-
WC] =B H - A -2 8 4L

o=

=N

=]
w
S
@)
%)
S

4
o4 20 o
S 5 g
5 : 2
o wv w
< 2 2
& 3 &
Q S QS

\
&

7.5 8.0 8.5 9.0 120 160 200 240 500 600 700 800
TyG TyG-BMI TyG-WC

B3 ZATYCGREMEBHSNERENFE-RMXE  A: TyG SRS MR 2 (] 2L - 6
£ B: TyG-BMIF LR 57 3 UK 2 0] RARLEME )t - W OC R 5 Cr TyG-WC 5 L St 3 AU =2 [ S A 2 ) - 2 W DG R o
[(TyG] =Bt HM-FAHHEEG [TyG-BMIL] =BE - M- I8 4 [TyC-WC ] =B H- -4 - Fle 4
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3 itig Jige & AL, AT Rl T R A — I R 3R T [

TyG S AT A= He B 19 5 = AL a7 s
b, 5 R A A L fE R N R LR
o R TR PRI N D 1 A R T BIE Y
N, BIEIRZBNFEG, 5 TyC MIHATA R E R AR
SPOTERAAR LY, R U o7 B2 R v R XU
BIRom T 2450 geAh, T A A
FIRFFEIGE T TyG K HAT A TR ES i i et e 2 [)
IR, R TYC RHEATEIR BT BURE &
I RS B e, EJR R U, AWFSE Bon, Bl
& TyG M HATAAEEIU S BOKF- T, I 5
B R R T v, R TyG M A48 B Rk
SRS I S AU A OG, 5 R R A
g¢ e g R—EL

FEL P ST R SRR RE S A U HUL & 5 D 4E Ty G
R AT A AR HCS I 55 1 & AR RS, LA A
TyG M HAT AR B S AL S R H R, W
WX AT 6 bR o BEAL B S B AR B AR, 1R
IR LA B ST AE logistic [ AR7RY () SE Atk
07 FH R A 1 ST 7 R SRR AT Ty G B AT A= 485
SRS Rl E- RN R . AV E AT
FELRMESCHE Y WA I B AR
Kl 1 AR TYG . TyG-WC £ 28 4k 5 1 &
SR Z M R MR - RN R . AT Rgd T
TG HIX | A A5 R A (] 3 3088 i o )
BHIr2eR. ARTET TyG M AT A Fe HoaHE s 1
FE AL v A 58 4 B, o] RS R 5 RARPUAIN
FZIRERERSAT . (1) BMI-SIEEE MG i
BRI AR, fE— BRI L R WA i I 2 2L A DL
T 208 BT A 2 B 5 2 2 ) AR 2 L
Z AR WG R 25 LA 3 A — R 20z 1% 2 oAb IR
R B, BIWAFE . WLRSE, dEm S5
PAE B B TR 2 i S AR B TR S RS R
TR YIA O, B AR ARG 5 20 2200 g B iR
516 5 R ARBTZ B A O A AE 22 57, (H2 I IE
SRS E IR T i B ARER S S 6 AR D AL S
RIRPL A O 22 MURIER &Rl 2840
WP IRAE N F o S R AN 751 LML R
N, SFEUCEIEEEL, dE I S R BT
I A & J 20 (2) I AP R 2 1K [
R T e B A A AR A T R A el K 5 | A AL Ak
L SERNE, 3 M U AE A A0 A o s AT N
FOS I, HEM AT R E S S, S

R, WeR{EEEEME, IFES MK DIRERRE,
R MLE

REAE AR 06 Ty G AT AR F8 45 00 45 S50
Z R]SCHR 1 2 e (I FE A5 I 25 SRS — B, il
Gu % ™ LB, Fi#E Ty ATAEFRER I, Lotk
PR ILAE (8 AUS: B 05, T 2 5 ok 8 33X —
PG, Cheng%§ ™ W58 R, TyGHiATRES Bk
I M 0 i I A ) B M T - S R G
Fo BRI, BRZ T ARIMINE DA TyC AT AE TR 5L
A IR ) LR S i o 2 R B MR X R 3
FCHOR 5 10 RS s, BB X Ty G A A 48
B I 22 TR) G AY S R A Bl T R ARG R XL
I N R i e 7% i s 11| a2 TN B N
TyG fiTAE 855 1M 558 22 18] 19 7] £ — S N DG R 7E
ANRIVERNEAFTE 25 . BAET TyG AT A #5405 i
S AU =22 ] R L MR - S W e &, iR
TyG 17 A= 8 505 1 55 1 XU, =2 ] 22 Sl Ze v 5]
H-RN KRR N ZES S, LU JL e
(A= P2 L T DA R M & . — T, Bk
(14 PN JIE B iy A 28 L 613 o e v, N IR R i L 8K
WHETEE R, AR N T Y, R
FECF RS EACPT . MG SR R I SR R
B, —m, B B IR EA T R KE
(R 18 P A E R P Rz DI RE B, k2 e I R S Y
KRR . 75 A PSR TyG AT AR 505 i
S Z R A SR SR, T U PR R E AT
Je D RERERF AR B A, Bk 2 Rl
PR 22 7] BE T BOMER Y Ty G A7 A F5 505 1l 57
BB A PR 22 5 .l SRR BB UE IO
M4 RGEHAT I VER, T A & i A
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