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Abstract

Objective: To analyze the efficacy of the triglyceride-glucose (TyG) index as an independent pre-
dictive marker for colorectal polyps in patients with non-alcoholic fatty liver disease (NAFLD). Me-
thods: The study involved 910 NAFLD patients, including 674 with colorectal polyps and 236 without.
The least absolute shrinkage and selection operator (LASSO) regression was utilized to evaluate
the correlation between the TyG index and the risk of colorectal polyps. A restricted cubic spline
(RCS) test was employed to examine the linear relationship between the TyG index and colorectal
polyps. Receiver operating characteristic (ROC) curve analysis was conducted to assess the pre-
dictive value of the TyG index for colorectal polyps. Results: LASSO regression analysis indicated a
significant correlation between the TyG index and the risk of colorectal polyps. RCS demonstrated
a linear increase in the risk of colorectal polyps across the entire range of the TyG index. Further-
more, ROC curve analysis showed that combining TyG levels with traditional risk factors enhanced
the predictive value for colorectal polyps. Conclusion: The TyG index aids in assessing the risk of
colorectal polyps in patients with non-alcoholic fatty liver disease. Patients with NAFLD and ele-
vated TyG indices have a higher risk of developing colorectal polyps. Therefore, the TyG index
should be evaluated in the management of NAFLD patients.
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1. 518

SiEm R AR R TS BRI R MY, AT o RV 3G AR R DL S L IR R
(colorectal adenomas, CRA), H:H1%) 85%/1] CRA £ 5~15 £ N MR - i 751 % JiE N &5 B (colorectal
cancer, CRC) [1]. fHfHEREMZ, CRC &8 = KB Me, 2 5] i iE A A0 T 28 — K A
[2]. AEIHKS 8 7 T (non-alcoholic fatty liver disease, NAFLD) 2 {H: % v Bl A % # 0  BF JRERA S5 42k 55
AEREN B L) 32% [3]. B 7T K I, NAFLD B35 45 B B A & CRC 1 RAR B #6355 T I NAFLD
B[4, JE S ZHCPi(insulin resistance, IR)-5 45 B 117 B I AL A ¢ [5]- IR /& NALFD A HLi i —
AL 73 (6] A T B, NAFLD F8 5 R B0 A IR CIRZS I iy J5R B 38 MUAE , 5 35056 8 A A K A1 (insulinlike
growth factor 1, IGF-1)/K-F-Fhiy, w2 @EA g sa . #I40 s, MR AEZS B SR ITE (7], Hil
— i - 78 %] ¥ (triglycerides glucose index, TyG)f& & — i) IR AHCFR 2L, 78— LLmif 5 b 0l 1 mp
SEPER R T RS AR YU S B PE5 (homeostatic model assessment for Insulin resistance, HOMA-IR) [8].
WHARIE, TyG 1845 NAFLD B 2 oM™ SRR AR OC[9]. 5 — IR e th, KIL TyG faEuK-Frt &
1328 # R I H T = CRC AWK [10]. % THARRREMERE I . &5 EL A B R 2 TyG fr BB Y],
I H CRC KZHCRIE T 45 E i SR, W HET B & 45 Bl S WA B T 1l CRC &R 4E[11]
[12]. DMk, TEEIFR AR EABAIERNEEY bR, DUESR IR BLEE B 5w A 0 B,
SR B RS ) SR AT S B R A
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2. NMREFHE
2.1 HRMR

12017 47 H~2023 4£ 10 HfE =/ 8 58 = N R EE Be il Ak W RHE 32 7 S5 I B 2 1) 910 45 NAFLD
g, Hob 674 P4 E I BB E AR, A 236 FIAELE B SR B E AR . GINbRE: O HRYE
RS VE ST 2 bR [ 18], WIAA NAFLD: @ B XSE A IS MR B SR e 83 @) R T
18 % . HEBRbrdE: © BRI M S EARE SR 30 e, M HRIEEEE 20 70 @ A
BEVEIF 2 Z9MVEIF . B S B T . SO AR B AL S AR s L R @ B RE
eI . ZRVERRIREE S . SR MR @ A SR ECE R e SR R, © BT
PRI GRS . fFE (R FERE T ) BIAHCHUE

2.2. —REFIRIIER

I T A AR AR, Brasmaas i, Hal. SR, E. RE. Mk, L.
2y, i DA RORE R . BEAh, BRBCEIIRAS R RIAIR R, N RE A (ALT). RARIRY:
ZME(AST). A A(ALB). IMiENLEF(Scr)s SABRREEL(TC) Hl =HR(TG). =% i g & [ iH [ % (HDL-C)
VI 2 2 i 2% A RE & §% (LD L-C) 5 25 IS I (GLU) A% . AU T I IRAR 7, A4 I /MR (PLT). Ak
LA THE(NEV) bk EL A THE (LY M) R RAZ A0 B TS0 (MONO), - LA K I Th RE 48 AR T 4E 25 11 5 (FIB) o
HEAR: © TyG % = Ln(TG [mg/dL] x GLU [mg/dL]/2); @ TyG-BMI = TyG x BMI; @ METS-IR =
Ln[2 x GLU (mg/dL) + TG (mg/dL)] x BMI (kg/m?)/Ln[HDL-C (mg/dL)]: @ TG/HDL-C JyH i =Hs 5 =%
FEREE AR LA © MHR AEZ4IH Y m 2 EARE A LE: © PLR M/ E0k EL 40 A
SR

2.3. Gt o

fEHH R UA 4.2.2 #A7G00H0 T IEGARELDSFE(M) + btz (SD)E A 3 (MU 4 h2RlfE, 1QR)
KFm. HIBRUIE(E I, %) kFoR. WEFEGA S EWE S WEAT T R . MR
A t BB Mann-Whitney U #8566 7 4 A8 Bk A7 LU . 40 FAR B A8 FH U7 22 /3 T Bk Fisher KA 56 . Pi4
HH P BT A A8 B E A N /N 2 P WAL R i 4 5 (LASSO) [ IH A vk, 5 B B AE NS /AR &, il
XA, Ve /MY 5 1% % (Mean squared error, MSE) X N —ANbruEZE ) IE L S8, ik R 80E
F b AT Z 2 0t logistic [F1V4 7041, M523 # T/ERFIE (Receiver operating characteristic, ROC)
ek, VY TyG feE0 Bl B BUNE . KA Kruskal-Wallis #8580 %F £ 41 75 4L Rk 7 1. K
AR IR T 2 4 KA R . TyG 18505 45 B B A Z IR A S MR = AN95 s (36 10, 50 F1 90
4358 B R 1) 14 3775 FE 2% (Restricted cubic splines, RCS)#EATITAY . MRIEMER]. 2. BMIL WUHE. #E IR
93 K e ML S AT WAL A3, ARG TyG RS 45 Bl B A 2 A St I Aa e k. XU P < 0.05 &R
ZERA G FE .

3. R
3.1. £EBEASIEGEREANESHHE

X 910 44 AETRE M M i AT & AT T 0, Horb 674 LB TR S EMEN, 236 4R KIS
B PHAAERS . PER). SR S, UR4E/E. TG. HDL-C. PLT. LYM. MHR. PLR. TyG-BMI.
TG/HDL-C. METS-IR HAA 4157 (P < 0.05) (W4 1). TyG fa#/EH B N4 (9.26) % = T L B
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(9.03), ZRA G R (P <0.001) (WA 1), TIPRHMBME L FERRE L. 2545 . BMI. DBP. ALT.
AST. ALB. ALP. AKP. y-GGT. Scr. UA. GLU. TC. LDL-C. NEU. MONO. FIB ¥ E4iit#% 57

(P > 0.05).

Table 1. Demographic and clinical characteristics of subjects based on the presence of colorectal polyps
= 1. RIBSEMERAFENZIRERT A OSITEMIRKREFHE

FEAIF EAE(N = 910) AR
No (N = 236) Yes (N =674) P

FW(5) 58.13 (11.79) 54.76 (13.42) 59.31 (10.93) <0.001
PERI(5) 413 (45.4) 87 (36.9) 326 (48.4) 0.003
WA 52 [(15119%)] 143 (15.7) 30 (12.7) 113 (16.8) 0.171
e ML S [(1511%)] 349 (38.4) 72 (30.5) 277 (41.1) 0.005
W5 R S [(11%)] 147 (16.2) 29 (12.3) 118 (17.5) 0.076
R0 24 52 [(1511%)] 106 (11.6) 19 (8.1) 87 (12.9) 0.06
R MR 244 S [(n%)] 46 (5.1) 11 (4.7) 35 (5.2) 0.882
BMI (Kg/m?) 25.48 (3.03) 25.37 (2.97) 25.53 (3.06) 0.483
SBP (mmHg) 127.02 (16.19) 125.06 (16.30) 127.70 (16.11) 0.031
DBP (mmHg) 81.33 (10.39) 80.43 (9.57) 81.64 (10.65) 0.123
ALT (U/L) 28.77 (25.39) 30.68 (34.96) 28.10 (21.04) 0.179
AST (U/L) 24.25 (15.08) 24.43 (16.82) 24.19 (14.43) 0.831
ALB (g/L) 45.90 (3.70) 45,53 (3.98) 46.03 (3.58) 0.074
AKP (U/L) 85.14 (26.97) 85.19 (24.05) 85.12 (27.93) 0.974
»-GGT (U/L) 48.75 (85.16) 43.27 (36.60) 50.67 (96.51) 0.251
Scr (mmol/L) 76.28 (20.72) 74.17 (26.06) 77.03 (18.45) 0.068
UA (umol/L) 380.22 (98.10) 374.58 (94.81) 382.19 (99.22) 0.305
NEU (10%L) 3.87 (1.66) 3.94 (2.05) 3.85 (1.50) 0.435
PLT (10%/L) 234.71 (59.88) 242.17 (57.02) 232.09 (60.67) 0.026
LYM (10%L) 1.98 (0.63) 1.89 (0.58) 2.01 (0.65) 0.009
MONO (10%/L) 0.35 (0.13) 0.34 (0.14) 0.35 (0.12) 0.183
FIB (g/L) 2.96 (0.80) 2.96 (0.74) 2.96 (0.82) 0.958
GLU (mmol/L) 6.05 (2.45) 5.79 (1.68) 6.14 (2.66) 0.057
TG (mmol/L) 2.50 (1.81) 2.11 (1.28) 2.63 (1.95) <0.001
TC (mmol/L) 4.90 (1.04) 4.82 (0.96) 4.93 (1.06) 0.133
HDL-C (mmol/L) 1.16 (0.30) 1.20 (0.33) 1.15 (0.29) 0.014
LDL-C (mmol/L) 3.02 (0.88) 3.03 (0.84) 3.02 (0.89) 0.875
MHR 0.33(0.17) 0.31 (0.16) 0.33(0.17) 0.029
PLR 129.06 (52.91) 141.59 (64.50) 124.67 (47.48) <0.001
TyG 9.20 (0.60) 9.03 (0.53) 9.26 (0.61) <0.001
TyG-BMI 234.70 (32.88) 229.14 (30.75) 236.65 (33.39) 0.002
TG/HDL-C 2.47 (2.68) 1.98 (1.94) 2.64 (2.88) 0.001
METS-IR 40.99 (6.97) 39.80 (6.42) 41.41 (7.12) 0.002

455 MHR, SZ4ifit-5 a2 NG E A E R, PLR, M /MR aniit-4, TyG, Hh =g - & sids 5,
TyG-BMI, TyG e 5IAEIEHERIN; TG/HDL-C, Hih =M/ AR E A HE R, METS-IR, B RIEFUCHHED .

DOI: 10.12677/acm.2024.1472087 844 e R 2= 273k e


https://doi.org/10.12677/acm.2024.1472087

P<0.0001
14 4

—_
N
1

TyG index

Non—CoIoréctaI polyps Colorect'al polyps

Figure 1. TyG levels in patients with colorectal polyps and non-colorectal
polyps
1. FEBRRMELSEREREE TyG kFE

3.2. LASSO [E)AfFE4ER

FEFA IR, 242 = 0.0128 i, il LASSO [R[H& LM Fid 33 M E ik I 54 i E W
MRIAERRECN: F#k, WA, &5kE, AEA, p-BAREEKE, SIEER, #MEgEITHE, PLR,
METS-IR (W&l 2, & 3).
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Figure 2. Regularization parameter A selection process
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Figure 3. Coefficient changes of 33 variables as regularization parameter A varies
3. ENMLSH A TR, BN TEMRYEN

3.3.NAFLD hZ&HBFERM TYGC WEARRZEMSER S

LASSO [EIA5 T ion, TyG 545 E g S AR B 3 WA G A RENEN T, TyG &N
— AN, S5 g B A XS 38 2.13 £ (HUE EL[OR] = 2.13, 95% 1] {5 [X [A][CI] 1.60~2.86, P < 0.0001).
R 1 ETRRE TV, RS, BMI S, TyG #n—Nhr, 45 Bl S X35 0 1.93 (OR = 1.93, 95% ClI
1.44~2.62, P < 0.0001). 157 2 7 1 % 7 it LASSO [B VA 5Lk A8 2 (P71 . 4Ei#% . SBP. ALB. GGT.
TC.ALC.PLR.METS-IR)J5 , TyG 34—/ .47, 45 B 2. P XU n 1.47 (OR = 1.47, 95% CI 1.02~2.13,
P < 0.0001). FrF&AEST TyG FaE A 4U(TYG L1EASHU, TyG 2. TyG 3 Al TyG 4 43 HI4%
RAFN TyG 18EUKF) R T 54 BB R ARF . BE TyG 85 4im, 4EBE AT
R BN e nl R AEAR G TR, TyG 4 A 5455 Bl B WAL OR i fm, v 5.69,
BSX A4 2.77 % 12,54, P {H/MT 0.0001 (W3 2). Bboh, ABFFCEKBL, TyG gk B 5 R [ A
SN B Sl 5 T HAR I R A 2 (U0 4).

Table 2. LASSO logistic regression assessing the correlation between TyG and colorectal polyp incidence
2 2. LASSO B4 E)ATE T TyC SEEMBRALER 2 EMHEXM

PNk B 1 B 2
OR (95% ClI) P OR (95% CI) P OR (99% ClI) P
TyG 2.13 (1.602.86) <0.0001 1.93 (1.442.62) <0.0001 1.47 (1.022.13) 0.0426
TyG 1 Ref. Ref. Ref.
TyG 2 1.87 (1.182.98) 0.008 1.70 (1.052.74) 0.03 1.44 (0.872.36) 0.16
TyG 3 3.01(1.874.86) <0.0001 2.68 (1.634.41) <0.0001 1.90 (1.093.31) 0.02
TyG 4 5.69 (2.7712.54) <0.0001 4.42 (2.109.90) 0.0002 2.77 (1.166.96) 0.02
P for trend <0.0001 <0.0001 0.0107

VE: AL LR T R, BMI B 2 R TR RS, WRgEE. AEA. - E B KEE. SAEEEE. Ak
Cgifit%k. PLR. METS-IR.
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Characteristics OR 95% CI P value

TG | —e———  1.99(1.48-2.72) <0.001

Age " 1.03 (1.02-1.05) <0.001

BMI [ 1.03 (0.98-1.09) 0.204

TC [ 1.05 (0.89-1.23) 0.582

Ser ' 1.01 (1.00-1.02) 0.254
05 1 15 2 25 3

Figure 4. Forest plot of independent factors related to colorectal polyps in NAFLD patients
[l 4. NAFLD BE 45 E I B PIHE XIS E R AR KE

4351129 8.37 £ 0.21. 8.87 +0.16. 9.45 + 0.21 1

¥ TyG /KP4 AU . DA B E T34 TyG 154

10.47 £0.54. DUZLEH L E SRR AR PERI WL BEARZGY L mf o s BRI 52 BMIL,
ALT. AKP. »-GGT. Scr. UA, GLU. TC. TG. HDL-C. LDL-C. NEU. LYM. MONO. MHR. PLR.
TyG-BMI. TG/HDL-C. METS-IR #5545 4iit 223 (P < 0.05) (.% 3).

Table 3. Demographic and clinical characteristics of TyG trial participants

F 3. TyG ZIXEM A O G F MG ARFFHE

TyG1 TyG 2 TyG3 TyG 4 P value
(D) 56.29 (12.37) 58.49 (11.66) 57.88 (12.03) 59.66 (10.53) 0.231
T (59) 34 (35.8) 148 (41.1) 176 (48.2) 55 (61.1) 0.001
45 H g B A[(11%)] 53 (55.8) 253 (70.3) 289 (79.2) 79 (87.8) <0.001
R 52 [(1119%)] 8(8.4) 48 (13.3) 67 (18.4) 20 (22.2) 0.017
e ML 52 [(15119%)] 19 (20.0) 127 (35.3) 150 (41.1) 53 (58.9) <0.001
B PRI L [(1519%)] 4(4.2) 33(9.2) 68 (18.6) 42 (46.7) <0.001
Bee 1% 24 S [(16196)] 4(4.2) 21(5.8) 52 (14.2) 29 (32.2) <0.001
R 25 S2 [(119%)] 5(5.3) 13 (3.6) 21(5.8) 7(7.8) 0.343
BMI (Kg/m?) 25.08 (2.85) 25.21 (3.02) 25.77 (3.09) 25.83 (2.94) 0.028
Wi (mmHg) 124.02 (14.46) 126.92 (16.35) 127.69 (15.93) 127.81 (18.08) 0.250
#FikE (mmHg) 79.96 (8.93) 81.18 (10.26) 81.93 (10.51) 80.91 (11.78) 0.380
ALT (U/L) 26.38 (25.61) 26.37 (17.51) 31.18 (28.93) 31.11 (34.26) 0.044
AST (U/L) 23.39 (14.94) 23.80 (13.12) 24.86 (15.49) 24.52 (20.20) 0.740
ALB (g/L) 45.39 (4.20) 45.73 (3.63) 46.22 (3.66) 45.82 (3.48) 0.154
AKP (U/L) 83.64 (22.07) 82.66 (23.67) 86.05 (26.98) 92.97 (39.79) 0.010
»-GGT (U/L) 30.36 (21.04) 43.42 (46.47) 51.64 (105.51) 77.76 (134.18) 0.001
Scr (mmol/L) 71.25 (13.59) 74.50 (17.73) 78.93 (24.39) 78.01 (20.41) 0.002
UA (umol/L) 352.87 (91.07) 371.79 (97.89) 392.37 (98.36) 393.52 (97.17) 0.001
GLU (mmol/L) 4.98 (0.62) 5.45 (1.05) 6.07 (1.64) 9.45 (5.56) <0.001
TG (mmol/L) 1.08 (0.18) 1.69 (0.34) 2.82 (0.77) 5.93 (3.67) <0.001
TC (mmol/L) 4.48 (0.89) 4.81 (0.98) 4.97 (1.02) 5.45 (1.23) <0.001
HDL-C (mmol/L) 1.33 (0.31) 1.25 (0.33) 1.09 (0.24) 0.96 (0.25) <0.001
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5%

LDL-C (mmol/L) 2.82 (0.80) 3.09 (0.88) 3.07 (0.88) 2.71 (0.89) <0.001
PLT (10°/L) 242.65 (56.29) 237.28 (64.69) 233.04 (56.39) 222.80 (56.01) 0.103
NEU (10°/L) 3.53 (1.36) 3.80 (1.69) 3.94 (1.63) 4.22 (1.88) 0.025
LYM (10°L) 1.83 (0.53) 1.94 (0.61) 2.07 (0.68) 1.93 (0.59) 0.003

MONO (10°%/L) 0.32 (0.11) 034 (0.12) 0.36 (0.14) 0.36 (0.13) 0.016
FIB (g/L) 2.99 (0.82) 2.95 (0.76) 2.97 (0.84) 2.89 (0.81) 0.836
MHR 0.26 (0.12) 0.29 (0.14) 0.36 (0.19) 0.40 (0.18) <0.001
PLR 141.90 (50.51) 132.69 (57.55) 123.10 (48.64) 125.10 (49.71) 0.006

TyG 8.34 (0.20) 8.86 (0.16) 9.46 (0.22) 10.45 (0.52) <0.001
TyG-BMI 209.34 (24.43) 223.46 (27.12) 243.73 (29.62) 269.86 (32.72)  <0.001
TG/HDL-C 0.86 (0.28) 1.45 (0.52) 2.76 (1.12) 7.07 (6.20) <0.001
METS-IR 36.13 (5.01) 38.50 (5.70) 42.81 (6.25) 48.73 (7.38) <0.001

T HATHE— 2 1 logistic B3 HT, 4 TyG 7KFor NIUANH, FEH 258 — 2411 TyG /KPR Xt B4 .
VUZH 5B 1045 TyG H6 %093 %A 8.37 £0.21. 8.87 £0.16. 9.45+0.21 Al 10.47 + 0.54. LASSO logistic [7]
AR ER, EERE TR . BMI 25, 55 . B IUA BUR A 25 B 2 P XU 2 58—
I 1.70 £%(OR = 1.70, 95% CI 1.052.74).2.68 £i5(OR = 2.68, 95% CI 1.634.41) A1 4.42 {%(OR = 4.42, 95%
Cl 2.109.90). Ut7k, BIfSE7E A% 1 i LASSO [R50 fL AR & (1) . 4. SBP. ALB. »-GGT.
TC. ALC. PLR. METS-IR)J&, ZE=. ZDU5hrHk 45 E 2 A B AR AT 4R 2 55 — D9 4 A £ 1.90
f%(OR = 1.90, 95% CI 1.093.31)F1 2.77 f(OR = 2.77, 95% CI 1.166.96). #R1fj, 5 —PU/rfArif) OR MHEH
it X (OR = 1.44, 95% C1 0.872.36, P = 0.16) . H:¥k, A ER TyG MU ahi Hiz )4 B g B A A
I R A AR A4 (P for trend < 0.0001) (JLIE 5). &2, TyG /K75 45 B b 5 RS (3 e 5% . bk
Gb, FEFEME AT B, RS To Gt 2 2% R (P > 0.05) (WL 6).

50% - P for trend<0.0001

40% A

30% 1

20% A
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Figure 5. Colorectal polyp incidence in NAFLD patients across different quartiles of TyG index
5.NAFLD BE7E TyG B A EN S U THEEBERRABRE
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Figure 6. Colorectal polyp incidence based on quartiles of TyG index within gender subgroups
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Figure 7. Restricted cubic splines (RCS) demonstrate the association between TyG index and colorectal polyps
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Figure 8. Subgroup analysis of the relationship between TyG index and colorectal polyps
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Figure 9. Receiver Operating Characteristic (ROC) curve analysis of TyG index for pre-
dicting colorectal polyps. TyG model adjusted for gender, age, BMI, DM, TC, and Scr
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