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Interaction between triglyceride — glucose index and obesity indicators

on risk of non - alcoholic fatty liver disease among the elderly
CHENG Yun -feng” , XU Hui - qing, HU Cai - hong, LIU Meng —li, ZHANG Xuan, WANG Zhi — yong
" Nanjing Municipal Center for Disease Control and Prevention, Nanjing, Jiangsu 210003, China

Abstract ; Objective To explore the impact of the triglyceride — glucose index (TyG) and obesity indicators on the risk of non
— alcoholic fatty liver disease (NAFLD) among participants aged =60 years, so as to provide evidence for the early prevention
of NAFLD. Methods A stratified random cluster sampling method was used to select 95 932 elderly individuals in 2022 in
Nanjing. These individuals underwent questionnaires, physical examinations, and laboratory tests. A logistic regression model
was used to analyze the effects of the TyG and multiple obesity indicators on the risk of NAFLD, followed by the interaction
analysis between TyG and each obesity indicator. The diagnostic value of the TyG and its combination with obesity indicators
was assessed using receiver operating characteristic curves. Results  In the study, the prevalence of NAFLD was 39. 66% .

After adjusting for confounding factors, logistic regression analysis showed that as the increase of TyG and obesity indicators,
including BMI, Chinese visceral adiposity index, and lipid accumulation product, the risk of NAFLD in the elderly increased,
with odds ratios of 1. 86 (1.80-1.93), 3.69 (3.57-3.80), 3.66 (3.54 -3.79), and 3. 28 (3. 17 —3.39), respectively
(P <0.001). Interaction analysis revealed that compared to low levels of both the TyG and obesity indicator, one variable at a
high level or both at high levels increased the risk of NAFLD, indicating a synergistic effect. The diagnostic ability of the TyG
combined with obesity indicators for NAFLD risk was higher than that of the TyG alone. Conclusion The risk of NAFLD in
individuals aged =60 years increases with higher levels of the TyG and obesity indicators, and they have a combined effect on
NAFLD risk. TyG combined with BMI may be a simple and efficient tool for the early screening of NAFLD in elderly people.
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NAFLD % 5% R H ks fa ke 3 o 0 AR
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JHAE B AR 5 45 £ (body mass index, BMI) \Hp[E AP
Hi:BE Bl 6 %% ( Chinese visceral adiposity index, CVAI)
FiRE 5 & FH4E %4 (lipid accumulation product, LAP) X}
NAFLD JXUB; i AH ELAE H , o B 3 b 2 4 R
(%) NAFLD 12 W[5 7, iy NAFLD K155 £ (AR 4
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L2.1 —BBORMCETTIE AU £ N 3™ 4 1
QIR EEA AL T AR5 M (B8 =R ) BT ML E 1 it
R . TR S IC I ISR — R VOB, AR AR IS |
PRSI SCAEAR BE A8 B AE S WA s R AR
M 22id e — Bl A B 55 N5 fd T 2 e i B 3l B v
AT — ) 2 8] A 0 2 B PR B (kg ) A1EF iR (m) |, B

BMI = &8 (kg) /&5 (m)?, BMI <24 kg/m” 4 {f
1%/ IE% , BMI =24 kg/m’ Sy 8 5/ 0 Ji 5 I FHAEE R
ZEMPEN S T AR E 2 b KSR 1R
R (em) o

1.2.2 AEApdRbricfE s SR ERNR 4 A 3
Ak A3 B A I 23 jE 1L 4 ( fasting plasma glucose,
FPG) . H il =g (triglyceride, TG) . & JH [&E B ( total
cholesterol, TC ) | Ifil ¥ /&1 %5 J£ i £ 11 JIH [ P ( high
density lipoprotein — cholesterol, HDL - C) X% & g &
H HH[E % (low density lipoprotein — cholesterol , LDL —
C) A KL%: & B ( aspartate aminotransferase, AST) | %+
N %% % B ( alanine aminotransferase, ALT ) 1 JJl BT
(creatinine, Cr) 7K, B DOTyG #8544 = In [ FPG
(mmol/L) x TG(mmol/L) +2], QLAP(BE) =[ &
Fil(em) = 65] x TG (mmol/L) ; LAP (4 #t) = [ &
(em) =581 x TG (mmol/L), @CVAI( B E) = -
267.93 +0. 68 x 4E M (%) +0.03 x BMI(ke/m?) +4
x JEF (em) +22 X log,, TG ( mmol/L) - 16.32 x HDL
—C(mmol/L) ; CVAI (&) = —187.32 + 1. 71 x 4F
(%) +4.23 x BMI(kg/m*) +1. 12 x [ (em) +
39.76 x log,, TG ( mmol/L.) —11. 66 x HDL - C ( mmol/
L)o

1.2.3 NAFLD [i2l; NAFLD i2WikrifZ IR
KEVERR WA B 1615 7 (2010 4R TTRR) ) , 44 AT
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JEL A ] LA B A 2 SRR 3f 7E  NAFLD J3%
L3 itz (HH] SPSS 23. 0 #7481t 45
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FIRE 0 THECTORHT 1) (% ) i 3& , 21 18] be 8RR 5
U o SR AR B R AR SR KO logistic
WAL, 434 TyG (AR P8 th AL %02 2 41, TyG <
1.40 JA% TyG 41, > 1. 40 A TyG 41) BMI(HR ¥+
ES DN A i (WY R T A B o RS
H/LREA ) CVAT (AR I A2 % o 2 21, CVAL <
32.87 Mk CVAI £, >32.87 A7 CVAL 44) & LAP
(HRYEP O M2 4, LAP<114. 81 [k LAP 41, >
114. 81 1 LAP 2H) X NAFLD g XU 52 m . 49
) R T AH 3 | AR A AL, 43 A TyG R RE JBE 4 B %t
NAFLD /YA HAE N o AHfe 58 B AR BRI A —
JC logistic [A1 T4 B 534 5 A0 0 58 E.AE I A1 U >R
JH Andersson 45" 4 fil () Excel 5732, JLPEH 45 b5
G HE AE T 8 45 15 [ JF L ( relative excess risk due to
interaction, RERI) | T X f& [ B (attributable proportion
due to interaction, API) . 3% H {E JH 45 % ( synergy



- 2678 -

PRAR T BT 2 2% 2025 4456 52 %5 14 #]  Modern Preventive Medicine, 2025, Vol. 52, NO. 14

index, SI) ; #7776 AH M 22 H.AE M, W] RERI, API fiy
95% CI 335 0,8 1 95% CI RudE 1 s, Fl
7R #F TAEH1F (receiver operating characteristic
curve, ROC) M1 & PFAl TyG K H 3K & AE I 4 5 X
NAFLD XU B2 Wil BE . £24d Bonferroni A 1E )5 , #6:
B KHE «=0.0125[0.05 + (4 Fp2aE « 1 Fp%sE) 1.

2 &% R

2.1 Bt —fEaiE AR ILGA =60 &%

4E N 95 932 ], Hrh B 1 40 387 ] (42. 10% ) , Pk
55 545 {4 (57.90% ) , 544 60 ~ 108 %, F-44(70. 40 +
6.53) %, Hr 38 049 |2 Wi NAFLD, NAFLD 5
FH39.66% . 5AE NAFLD 4 4 v, NAFLD 4 & &%
AIAEWS PR Al R s R DL & TG TC
HDL - C .LDL — C  ALT ., Cr .FPG ,TyG .BMI, CVAI #
LAP K V-2 R BEA G4 E L (P <0.001), &1,

&1 NAFLD 415 NAFLD 21— Ak gk
Table 1 Basic characteristicsof NAFLD and Non — NAFLD groups

HHE 4 NAFLD 41 NAFLD 41 ST P
SRR 2, M(Pys, Prs) ] 70.00(66.00, 75.00) 69.00(65.00, 73.00) Z=-27.47 <0.001
S [1(% ) ] X} =2013.16 <0.001

LE 27 725(47.90) 12 662(33.28)

’s 30 158(52.10) 25 387(66.72)
JafEH [H(% ) ] X =50.59 <0.001

X 20 172(34.85) 12 414(32.63)

RBIX 37 711(65.15) 25 635(67.37)
WK [ (%) ] x> =1032.57 <0.001

AR AR 49 310(85.23) 35 077(92.12)

A 1205(2.08) 394(1.03)

IRAEN I 7 341(12.69) 2 605(6.84)
R [(F1(%) ] X* =36.35 <0.001

R 55 130(95.29) 36 585(96.08)

WERE 455(0.79) 225(0.59)

EERE 2271(3.93) 1266(3.33)
FPG[ mmol/L,M( Py, P5) ] 5.68(5.18, 6.40) 5.90(5.35, 6.85) Z=-42.31 <0.001
TG[ mmol/L,M(P,s, Pys5) ] 1.22(0.90, 1.71) 1.64(1.21,2.27) Z = -90.08 <0.001
TCL mmol/L,M(Pys , Ps5) ] 4.87(4.13,5.58) 5.08(4.36, 5.80) 7= -28.01 <0.001
HDL - C[ mmol/L,M( Py, Pss) ] 1.44(1.22, 1.74) 1.30(1.10, 1.52) Z=-62.08 <0.001
LDL - C[ mmol/L,M( Py, Pys) ] 2.67(2.10, 3.22) 2.82(2.27, 3.36) Z=-25.56 <0.001
AST[U/L,M( Py, Ps5) ] 22.00(19.00, 27.00) 22.00(18.40, 27.00) Z=-0.78 0.438
ALT[ U/L,M( Py, Pss) ] 17.10(13.00, 22.90) 20.86(15.70, 29.00) Z=-64.12 <0.001
Cr[ mmol/L,M( Py, Pss) ] 73.00(62.13, 86.00) 68.00(59.00, 80.00) Z=-35.46 <0.001
TYGLM( Py, Pys5) ] 1.26(0.93, 1.65) 1.62(1.27,1.99) Z=-124.81 <0.001
BMI[ kg/m? ,M( Py, Pys) ] 23.51(21.72, 25.46) 26.00(24.12, 28.07) Z=-125.82 <0.001
CVAI[M( Py, Pss5) ] 104.23(83.71, 124.34) 130.54(111.63, 150.44) 7= -42.31 <0.001
LAP[M(P,5, P35) ] 25.56(25.96, 40.80) 45.31(31.00, 66.96) 7= -128.46 <0.001

2.2 TyG.BMI.CVAI % LAP 5 NAFLD %55 X %
%89 logistic © )2 547 LUER B NAFLD 2 [ A8
B(H=0,2=1),% TyG.BMI,CVAI & LAP W4
(fik TyG .BMI IE# /IR Ik CVAT Jfik LAP =0, 7%
TyG /B 5 CVAT & LAP = 1) 53 5I4E
HAE B HEAT logistic [BIJH 34, HEIAY 1 Sy PR 22 A5 AL
R R R B 2 S Z IR, AT
AR ) R AT TR B R AT 5 TG TC  HDL
—-C.LDL - C ALT Cr . FPG %5 7E Up A2t AT AL IE
I3

B T 7R, B8 TyG 41 i NAFLD Z8 5 XU 2

Ik TyG 411 2.98 1% (95% CI:2.90 ~3.06) ; # i
CVAIL 20 /) NAFLD Hp RS 26 CVAL 4110 4. 37 %
(95% CI:4.25 ~4.50) ; % 5 LAP 411 NAFLD g5
XU A LAP 4111 4. 57 £%(95% CI.4. 44 ~4.70) ;48
T/ A2 % A2 NAFLD f4 XURS: 2 BMI IE %/ I 4H 1)
4.31 ££(95% CI:4.19 ~4.44) (¥ P <0.001) , FE%#I
2 EET AR R BBV E RS R 1) TYG
CVAI Fl LAP D) K 8 ¥/ A ik 35 25 35 i NAFLD ) &2
S5 KL, OR A B 1 95% CI 4y 32k 1.86 (1.80 ~
1.93) 3.66 (3.54 ~3.79) .3.28 (3.17 ~3.39)
3.69 (3.57 ~3.80) () P <0.001), W32,
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&2 TyG.BMI,CVAI & LAP 5 NAFLD XU Y logistic [/1J3 43
Table 2 Logistic regression analysis of the association between TyG, BMI, CVAI, LAP and the risk of NAFLD

FELH HE DI BiEL B S. E. Wald x* P OR(95% CI)
1 TyG S 47 964 - - - - 1.00
=) 47 968 1.09 0.01 6282.11 <0.001 2.98(2.90 ~3.06)
BMI TEH# /% 42 089 - - - - 1.00
HE/ L 53 843 1.46 0.01 9 881.17 <0.001 4.31(4.19 ~4.44)
CVAI S 47 966 - - - - 1.00
=) 47 966 1.48 0.01 10 726.75 <0.001 4.37(4.25 ~4.50)
LAP 1% 47 978 - - - - 1.00
=) 47 954 1.52 0.01 11 266. 67 <0.001 4.57(4.44 ~4.70)
2 TyG S 47 964 - - - - 1.00
=2 47 968 0.62 0.02 1199.79 <0.001 1.86(1.80~1.93)
BMI TEH# /% 42 089 - - - - 1.00
HE/ A 53 843 1.30 0.02 6 907. 14 <0.001 3.69(3.57 ~3.80)
CVAI & 47 966 - - - - 1.00
= 47 966 1.30 0.02 5 860. 10 <0.001 3.66(3.54~3.79)
LAP 1% 47 978 - - - - 1.00
=) 47 954 1.19 0.02 4 629.94 <0.001 3.28(3.17 ~3.39)

TE AR 1 Oy B R AR R PR REIR A R 28 1580 2y 22 R R A Y, YA AR I P A A S B > 8%\ TG\ TC \HDL - C \LDL - C|

ALT .Cr.FPG,

2.3 TyG .BMI,CVAI % LAP 5 % 4§ | s+ NAFLD %
R o E—L 0 TyG 5 ACESE bR Z 18] 1)
S HAE X NAFLD s KUK (952 e, UL3E 3. 4%
Won EHNR AN R T, AR TyG H BMI IE # /i (%
Y12, TyG R /B [ s A7 7R i £ NAFLD
AR S H: 17, 51 55 LUK TyG HAIK CVAT 204 2
MR, TyG s CVAL [A] A7 7E I A NAFLD 1 XK
JeH 10, 04 i ; [ FE7E & TyG 57 LAP JR 23
H# NAFLD (% XU , OR {& ) 7. 40 (34 P <0.001) ,
PR A4 N R 5, AH I A A B 45 2R W, &
TyG MG/ LR & TyG FilE CVAL, LK & TyG il
= LAP XF NAFLD F85%5 A7 A 3f 2 B AR (3 P <

0.001) . /AR FHBEAIZE R B 7%, RERI AP # >0
MSI>1, HASGIH%E X, XEKH TyG 5 BMI, TyG
5 CVAL LA TyG 5 LAP i) % NAFLD S5 34
IME AR BEAEH . BAARCKGE, TyG 5 BMI Z [a] ()
RERI 2y 7. 24, 3K 7R & TyG 5 5/ 08 bk 09 22 BAE H]
Lo VR 22 LR 724% 5 APT Hy 0. 41, R 5
TyG S5/ L ,41% By NAFLD %5 {5 2 i T 7%
HBE H AN 1 LAY 5 ST 178, Bl iy TG 58
T/ JEH Y SR IXURS: b 38 i a7 RURS: A FIR 1. 78
F o FCAMAE AR AR 04 AH 0 28 B AE F VEAR o 45 A 4B
g5

£33 TyG SALHARRRTE NAFLD g KUK 9 52 LA

Table 3 Interaction between TyG and obesity on NAFLD risk
TyG 43)z RO S8 A NERESE bR 2 FEN ik NAFLD /% OR(95%CI) * p
fi% BMI 1EH /S 25 561 3221 1.00 -
=] EH# /T 16 528 5774 3.75(3.36 ~4.19) <0.001
1% feivg Wi 22 403 9712 7.52(6.79 ~8.33) <0.001
=1 BT/ A 31 440 19 342 17.51(16.89 ~18.16) <0.001
HHIRALHY ;. OR {8(95% CI)* =0.62(0.58 ~0.66) ,P <0.001
AHINAEEL . RERI(95% CI)® =7.24(6.61 ~7.87) ,API(95% CI)* =0.41(0.39 ~0.44) ,SI(95% CI)* =1.78(1.70 ~1.87)
s CVAI s 31 863 5577 1.00 -
=] fi% 16 103 5391 2.48(2.24 ~2.74) <0.001
fi% = 16 101 7 356 5.36(4.86 ~5.91) <0.001
=] =] 31 865 19 725 10.04(9.64 ~10.45) <0.001
HHIRALAL . OR {H(95% CI)* =0.76(0.71 ~0.80) ,P <0.001
AHAARE S . RERI(95% CI)* =3.20(2.81 ~3.59) ,API(95% CI)* =0.32(0.29 ~0.35) ,SI(95% CI)* =1.55(1.47 ~1.63)
fi& LAP fi& 39 179 8 139 1.00 -
1= iis 8 799 2 620 2.01(1.79 ~2.27) <0.001
1% =1 8 785 4794 5.33(4.76 ~5.97) <0.001
B =] 39 169 22 496 7.40(7.10 ~7.72) <0.001
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TyG 432 REJESE B NERESE b = hsgikie

NAFLD {5 %

OR(95%CI) * P

FEFAEHY . OR {.(95% CI) * =0.69(0. 64 ~0.74) ,P <0. 001

FINAEAL . RERI(95% CI) * =1.06(0.74 ~1.38) ,API(95% CI)* =0. 14(0. 10 ~0. 18) ,SI(95% CI) * =1.20(1.13 ~1.27)

T o FOR RS AL AR AR IS PR A AR s BRI 5 TG\ TC \HDL ~ C \LDL - C | ALT .Cr ,FPG,,

2.4 TyG R H Bt A e 35 47 2 NAFLD % 9% #9587
Ak R4 BT TyG KILER S LRI bn 2 Al
NAFLD 55 1Y) 0T 8 R R 5 JE L 2 8 48 S
£k F i FH (area under the curve, AUC) . RIDAFHH,
5 TyG H—38FRr12 W NAFLD R XY AUC A L,
TyG + BMI . TyG + CVAL.TyG + LAP % TyG + BMI +

CVAI + LAP 12 NAFLD f AUC 5, 22 B A 44t
SR (¥P<0.001), IfFH AT PR TyG + BMI +
CVAI + LAP HA £ K9 AUC( AUC =0.774,95% CI
=0.771 ~0.777) , H:¥k & TyG + BMI( AUC =0. 773,

N

95% CI =0.770 ~0.776)

R4V TyG Sl KIS HE AR FRxT NAFLD f855 (912 Wi i (.

Table 4 Diagnostic valueevaluation of the TyG and its combination with obesity indicators

L2 HWTE  RE(%) RHRE(%) AR AUC (95% CT) z P
TyG 1.36 0.69 0.58 0.27 0.680 (0.677 ~0.684) -

TyG + BMI - 0.77 0. 63 0.40 0.773 (0.770 ~0.776) -62.26 <0.001
TyG + CVAI - 0.70 0.67 0.37 0.751 (0.748 ~0.754) -51.86 <0.001
TyG + LAP - 0.71 0. 64 0.35 0.738 (0.734 ~0.741) - 65.40 <0.001
TyG + BMI + CVAI + LAP - 0.77 0.63 0.40 0.774 (0.771 ~0.777) - 62.98 <0.001

TEa L TyG 1) AUCHE SR

3 i i

VLA, e T8 1 R A 16 7K F R AN W i v I A 7
2 H R R E S AW AR 4, NAFLD (7 80 A
BB 5 LT, OO 3R E S — K A,
P AH OC 4 A £ ¥ W, 3R B NAFLD 9 8% % i
30% 1 HAEBAE NP R R TR E R I S 2
4, AR FET R mt ik X AARRE AT R 2, 45 R i
7R =60 % 4 A NAFLD MR 39. 66% , (% T it
W (44.43% )" AT F 1 (24.59% ) L 5T
(25.58% )P URIE R (32. 15% ) ™) $7% m 5T =60
A ZAEN NAFLD [i 438 O 28 55 00, 7T e 5 A [A] [
K AT ZBIP25F & K s R A > 15 R JE 4
A TE) AN R 56, 07 B8 i B A NAFLD (1) 536 TAE

HHKWF R R, i TG F1 FPG LR 1) TyG
FEBCAEVEAN g 5 AR A 7 T HA 3 1 R AU
S BRI TG 1 FPG 384 F {8 , 7] %f
A XN R 2 AR BRI T KA 2, DAL 1T B A
SRR S R AL A AT vk, DL it 5 NAFLD
ZIaEZ . WFoE £, NAFLD 5 1 5 R4 % )
G TR By R AR FEAE P2 B Be 7 A8 M AR RS 1
WM PEIT % S WP £F 4 fb it % AR 15 R Bt Rt 4T
XA NBESEA T 5 2R AP UIRAS A P4l & NAFLD iy
TETEBHIG RS o AT AE TR 22N K5 |, logistic [A]
AT a5 3 o, & TyG K F-J& NAFLD f85 (1 0 7
fER N2, X 5 4N IR Mo 4 R —

o Bk, IR AT LU TyG $8800E R 24 0 H AT
B PP SR Y NAFLD (32 i35 45 o

B4R, BERE 2 NAFLD (1955 — Bl fa %, =
A WE7E LB, NAFLD 4 & A 7E BMI IE & B9 9E L B
AR, BMIAE RS & & 005 B TE b, (HANRE
SBARRG A o ST IARSAIEIE R, g oA i AE AR B
B, AT REAEA I ) 2 R a4 R AE T R v it
SEREVER T . CVAL I LAP J&: i 4F SR 35 H 4
i £ ENR I TR A, nTAE A X A& GENE e H8 AR Y
TS, X RS2 WA A B L, ARSI
FIRARN KT , logistic [B]IH 4347 45 5 8w , Bl & ALk
FaFr BMI CVAL F1 LAP fy¥8hn, 24 AHf NAFLD i
X b TF, 5 Sheng 2 ARIRFFESE R —57 . A0
T AR T &I, TyG $5 505 45 NEBEF5 b 0 2 4F
NHE NAFLD £855 () 52 i A7 78 AH 7 A1 AH i 28 B4R .
FAFAE BAE R G it L 2 B AR A2 HAE
O HAT NS T A 2R X, T L AE A FH ARG SR PR A
Wt Kol pR 2 S PRk, T I D AR TR
TyG 58 /AL | R B 7E = TyG 55 CVAIL Al
IS FETE R TyG 575 LAP ¥4 NAFLD [y XURS: o
ARV F-45 22 S A BT R B, 5 TyG Al
F B RS bR A AE DM Rl A8 BAE R o AL 7T 68 2 A5 i
1 = A 1 i 4 P R R S 2 BB DA R
22 1 5 40 M 2 i A8 P S S

AR AEH ROC £ 1Tl TyG 58 S LKA R
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