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Aim: This study aimed to explore the effects of the triglyceride-glucose (TyG) index on hepatocellular carcinoma (HCC) development
in patients with hepatitis B virus (HBV)-related liver cirrhosis (LC).

Methods: A total of 242 patients with HBV-related LC were enrolled and followed-up. Logistic regression analysis was performed to
investigate risk factors for HCC.

Results: The median follow-up time was 37 months (range: 6—123 months). At the end of the follow-up, 11 (11.3%) patients with
compensated cirrhosis (CC) and 45 (31.0%) with decompensated cirrhosis (DC) developed HCC. The TyG index was higher in the
HCC group than in the non-HCC group (P=0.05). Univariate analysis showed that age (P<0.01), DC (P<0.01), TyG index (P=0.08),
albumin (ALB) level (P=0.05), platelet (PLT) count (P<0.01), and HBV DNA positivity (P<0.01) were associated with HCC
development. Multivariate analysis revealed that age, DC, TyG index, PLT count, and HBV DNA positivity were independent risk
factors for HCC development (P=0.01, 0.01, <0.01, 0.05, and <0.01, respectively). For patients with DC, multivariate logistic
regression analysis revealed that age, TyG index, and HBV DNA positivity were independent risk factors for HCC development
(all P<0.05). A new model encompassing age, DC, TyG, PLT, and positive HBV DNA had optimal predictive accuracy in patients with
DC or CC, with a cutoff value of 0.197. The areas under the receiver operating characteristic curves (AUROCs) of the model for
predicting HCC development in patients with LC, DC, and CC were 0.778, 0.721, and 0.783, respectively.

Conclusion: TyG index was identified as an independent risk factor for HCC development in patients with LC.
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Introduction
In China, liver cancer is one of the most common malignant tumors and the second leading cause of cancer-related deaths.'
Hepatocellular carcinoma (HCC), which accounts for 75-85% of primary liver cancers, is a public health burden.?
Hepatitis B virus (HBV)- or hepatitis C virus (HCV)-related liver cirrhosis (LC) is a major risk factor for HCC in the Asia-
Pacific region.' LC is a pathological stage characterized by diffuse fibrosis, pseudolobule formation, and the proliferation of
blood vessels inside and outside the liver. In contrast to compensated cirrhosis (CC), decompensated cirrhosis (DC) is
characterized by obvious portal hypertension and complications such as ascites, gastrointestinal bleeding, hepatic encephalo-
pathy, and hepatorenal syndrome. Owing to serious liver damage, patients with DC have a high Child-Pugh score and are
ineligible to undergo partial hepatectomy. Approximately 31.8% of patients with HBV-related DC develop HCC during the
5-year follow-up.’ Patients with CC and DC have different physical status. In a previous study, we showed that the prediction
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accuracy of noninvasive models was not potent in patients with DC.* Considering that the HCC incidence is high and the
prognosis is poor in patients with DC, additional accuracy prediction models are essential.

Insulin resistance (IR) is a condition in which insulin is less effective in promoting glucose uptake and utilization. This
results in the secretion of excessive insulin by the body, which causes hyperinsulinemia to maintain stable blood sugar levels.
These conditions play crucial roles in chronic metabolic diseases.” The euglycemic insulin clamp technique is the gold
standard for diagnosing IR,® it is expensive and cumbersome. Some studies have shown that the homeostasis model
assessment of IR (HOMAZ2-IR) is a simple and indirect IR evaluation method that can predict the occurrence and recurrence
of HCC.”® HOMA2-IR is calculated by fasting insulin and fasting blood glucose. However, it is not convenient to detect
fasting insulin in clinical practice. The TyG index is a new surrogate marker for IR and has gained increasing attention in
recent years. The calculation is based on fasting blood glucose and triglycerides, which are relatively easy to detect.
Nonetheless, research on the TyG index mainly focuses on cardiovascular diseases,” acute severe pancreatitis,'® and metabolic
diseases such as nonalcoholic fatty liver disease (NAFLD).'! The TyG index is also associated with the occurrence of certain
cancers.'? ' However, the correlation between the TyG index and HCC remains elusive.

The present study aimed to evaluate the accuracy of TyG index in predicting HCC development in patients with HBV-
related LC.

Patients and Methods

Patients
The study was prospective and non-interventional, and written consents were obtained from all the patients. A total of 252
patients diagnosed with HBV-related LC who received antiviral therapy between September 2010 and June 2020 were
enrolled in this prospective study and divided into CC and DC groups according to complications at the time of admission.
According to the Chinese Guidelines for the Prevention and Treatment of Chronic Hepatitis B,'> patients with ascites,
spontaneous bacterial peritonitis, hepatic encephalopathy, or upper gastrointestinal bleeding were diagnosed with DC. HCC
was diagnosed based on pathological evidence, alpha-fetoprotein (AFP) levels, contrast-enhanced ultrasound or computed
tomography (CT), or magnetic resonance imaging (MRI). The TyG index was calculated as follows: In [fasting triglycerides
(mg/dL) x fasting plasma glucose (FPG) (mg/dL)/2]. Patients with coexisting malignant tumors, other viral hepatitis, human
immunodeficiency virus (HIV) infection, cardiopulmonary insufficiency, or hypolipidemic drug administration were excluded
during follow-up.

All patients were followed-up every 3—6 months. Patients who developed HCC within 6 months of follow-up or were
lost to follow-up were excluded. The endpoint of this study was HCC development or death.

Statistical Analysis

SPSS 26.0 software (IBM Corp., Armonk, NY, USA) was used for statistical analysis. Continuous variables are
expressed as median (interquartile range [IQR]) and compared using the Mann—Whitney U-test. Categorical variables
were expressed as frequencies and compared using the chi-squared test or Fisher’s exact test. Baseline variables with
a significance level of P<0.1 in univariate analysis were included in the binary logistic model, through multivariate
stepwise LR to identify the variables that were independent risk factors for HCC development. Then, according to the
multivariate logistic regression analysis, a new prediction model was constructed. The receiver operating characteristic
(ROC) curve was drawn using the MedCalc version 15.2.2 software (MedCalc Software, Mariakerke, Belgium).
Statistical significance was set at P<0.05.

Results

Baseline Clinical Characteristics
Among the 252 patients, 7 with other malignant tumors and 3 who developed HCC within 6 months of follow-up were
excluded. Data from 242 patients were analyzed (Figure 1).

At the last follow-up, 145/242 patients were diagnosed with DC, while the remaining 97 were diagnosed with CC.
The median follow-up time was 37 months (range: 6—123 months). At the end of follow-up, 23.1% (56/242) of the
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252 patients with HBV related liver cirrhosis

Excluded (n = 10):
1 coexistence with lung cancer;
1 coexistence with endometrial carcinoma;
2 coexistence with cholangiocarcinoma;

2 coexistence with gastric carcinoma;

1 coexistence with cervical carcinoma.

3 the time of HCC < 6 months

242 patients analyzed

‘ 97 patients with compensated LC ‘

‘ 145 patients with decompensated LC |

| 86 patients without HCC | | 11 patients with HCC |

| 100 patients without HCC |

| 45 patients with HCC |

Figure | Screening of patients with HBV-related LC.

Abbreviations: HBV, hepatitis B virus; LC, liver cirrhosis; HCC, hepatocellular carcinoma.

patients with HBV-related LC developed HCC. Among them, 11.3% (11/97) of the patients with CC developed HCC,
while 31.0% (45/145) of the patients with DC developed HCC (Figure 1). The incidence of HCC in patients with DC was
higher than that in patients with CC (3°=12.675, P<0.01) (Table 1). The median time from LC diagnosis to HCC
development was 30 months (range: 697 months).

Patients who developed HCC were older and had a lower platelet (PLT) count than those who did not (Z=—3.274 and
—2.511, P<0.01, and P=0.01, respectively) (Table 1). No significant difference was observed in the development of HCC

Table | Baseline Characteristics of Patients with HBV-Related LC

Patients with HCC | Patients without HCC | Z or 3? value | P-value

(N=56) (N=186)
Age, years 57 (51,64) 51 (45,59) -3.274 <0.01
Male, n (%) 41 (73.2) 122 (65.6) 1.137 0.29
DC, n (%) 45 (80.4) 100 (53.8) 12.657 <0.01
ALT, U/L 35 (23,53) 33 (21,65) —-0.210 0.83
AST, U/L 43 (32,55) 35 (25,52) —1.669 0.10
TBil, umol/L 22.1 (14.9,30.9) 22.1 (14.8,34.3) —0.058 0.95
CHOL, mmol/L 3.57 (2.94,4.55) 3.71 (3.03,4.20) —0.668 0.50
TG, mmol/L 0.86 (0.63,1.19) 0.78 (0.59,1.17) —0.881 0.38
FPG, mmol/L 5.7 (4.8,7.4) 5.4 (4.9,6.5) —-1.092 0.28
TyG 8.32 (8.01,8.79) 8.19 (7.83,8.58) -1.992 0.05
ALB, g/L 34.4 (30.2,41.8) 38.5 (32.8,42.7) —1.691 0.09
WBC, x10°/L 3.79 (2.75,5.33) 4.19 (3.10,6.00) —1.400 0.16
PLT, x10°/L 70 (52,108) 94 (55,144) -2.511 0.01
INR 1.21 (1.07,1.36) 1.15 (1.05,1.33) —0.824 0.41
AFP, ng/mL 6.97 (3.33,27.14) 4.52 (2.29,10.08) —2.404 0.02
Positive HBY DNA, n (%) | 8 (14.3) 57 11.389 <0.01

Note: Data are presented as median (IQR) or number (%).

Abbreviations: HCC, hepatocellular carcinoma; DC, decompensated cirrhosis; ALT, alanine aminotransferase; AST, aspartate
aminotransferase; TBil, total bilirubin; CHOL, total cholesterol; TG, triglyceride; FPG, fasting plasma glucose; TyG, triglyceride—
glucose; ALB, albumin; WBC, white blood cell; PLT, platelet; INR, international normalized ratio; AFP, alpha-fetoprotein.
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between male patients (41/163, 25.2%) and females (15/79, 19.0%) (x*=1.137, P=0.29) (Table 1). The TyG index in the HCC
group was higher than that in the non-HCC group (Z=—1.992, P=0.05). Notably, at the last follow-up, patients with positive
HBV DNA (>100 IU/mL) were more common in the HCC group than in the non-HCC group(14.3% vs 2.7%, x*=11.389,
P<0.01) (Table 1).

Patients in the DC group were older in the HCC group than in the non-HCC group (Z=-2.155, P=0.03) (Table 2).
Moreover, patients who developed HCC had a higher TyG index than those who did not (Z=-2.220, P=0.03) (Table 2).
Additionally, at the last follow-up, HBV DNA positivity were more common in the HCC group than in the HCC group
(13.3% vs 3.0%, x*=4.210, P=0.04).

For patients with CC, no significant differences were noted in age, ALT, WBC, PLT, and TyG index between the two
groups (all P>0.05). HBV DNA positivity was more common in the HCC group than in the non-HCC group (18.2% vs
1.2%, P=0.03) (Table 3).

Risk Factors for HCC Development in Patients with HBV-Related LC

Univariate analysis showed that age (P<0.01), DC (P<0.01), TyG index (P=0.08), albumin (ALB) (P=0.05), PLT count
(P<0.01), and HBV DNA positivity (P<0.01) were associated with HCC development (Table 4). Multivariate logistic
regression analysis revealed that age, DC, TyG, PLT count, and positive HBV DNA were independent risk factors for
HCC development [odds ratio (OR)=1.043, 2.882, 2.602, 0.994, and 13.096; 95% confidence interval (CI):1.009—1.079,
1.253-6.353, 1.439-4.704, 0.988-1.000) and 3.108-55.180; P=0.01, 0.01, <0.01, 0.05, and <0.01, respectively]. In
addition, a model incorporating age, DC, TyG, PLT, and HBV DNA positivity was developed. The areas under the
receiver operating characteristic curves (AUROC) of the new model for predicting HCC development was 0.778
(Figure 2). No multicollinearity was detected among these variables (all variance inflation factors were <10, and all
tolerances were >0.1).

Multivariate logistic regression analysis showed that age, TyG index, and HBV DNA positivity were independent risk
factors for HCC development (OR=1.045, 2.620, and 6.081; 95% CI:1.007—1.085, 1.320-5.200, and 1.438-25.720;
P=0.02, <0.01, and 0.01, respectively) (Table 5).

In patients with CC, positive HBV DNA was associated with HCC development in the univariate analysis
(OR=18.889, 95% CI:1.555-229.388, P=0.02) (Table 6).

Table 2 Baseline Characteristics of Patients with HBV-Related DC

Patients with HCC Patients without HCC Z or xz P-value

(N=45) (N=100) value
Age, years 57 (52,65) 55 (45,62) —2.155 0.03
Male, n (%) 32 (71.1) 62 (62.0) 1.130 0.29
ALT, U/L 30 (24,53) 29 (21,43) -1.210 0.23
AST, U/L 43 (32,54) 36 (28,52) —-1.394 0.16
TBil, umol/L 23.6 (15.6,33.5) 29.0 (17.5,41.4) —-1.071 0.28
CHOL, mmol/L 3.39 (2.80,4.54) 3.35 (2.70,4.00) —1.056 0.29
TG, mmol/L 0.79 (0.60,1.16) 0.70 (0.51,1.02) —-1.738 0.08
FPG, mmol/L 5.9 (4.8,7.6) 5.5 (49,7.1) —0.346 0.73
TyG 8.26 (7.98,8.79) 8.08 (7.75,8.47) —2.220 0.03
ALB, g/L 31.9 (29.6,40.8) 33.8 (29.5,38.5) —0.361 0.72
WBC, x10%/L 3.46 (2.72,4.85) 3.85 (2.78,5.56) —0.699 0.49
PLT, x10°/L 63 (41,89) 65 (45,113) —0.782 0.43
INR 1.23 (1.09,1.37) 1.29 (1.13,1.46) —-1.203 0.23
HBeAg, % 25.0 15.7 1.566 0.21
Positive HBY DNA, n (%) | 6 (13.3) 4 (4.0 4210 0.04

Note: Data are presented as median (IQR) or number (%).
Abbreviations: HCC, hepatocellular carcinoma; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBil, total
bilirubin; CHOL, total cholesterol; TG, triglyceride; FPG, fasting plasma glucose; TyG, triglyceride—glucose; ALB, albumin; WBC,
white blood cell; PLT, platelet; INR, international normalized ratio; AFP, alpha-fetoprotein.
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Table 3 Baseline Characteristics of Patients with HBV-Related CC

Patients with HCC Patients without HCC Zor y* P-value

(N=11) (N=86) value
Age, years 51 (44,61) 50 (43,56) —0.866 0.39
Male, n (%) 9 (81.8) 60 (69.8) 0.228 0.63
ALT, U/L 48 (22,117) 42 (22,102) —0.023 0.98
AST, U/L 39 (24,103) 32 (25,54) —0.649 0.52
TBil, pmol/L 18.8 (13.1,26.7) 19.2 (13.9,23.9) —0.375 0.71
CHOL, mmol/L 428 (3.944.71) 391 (3.41,4.46) —1.758 0.08
TG, mmol/L 1.05 (0.83,1.42) 0.97 (0.71,1.35) —0.950 0.34
FPG, mmol/L 5.7 (4.6,7.4) 5.3 (4.9,5.8) —0.826 0.41
TyG 8.49 (8.21,8.96) 8.33 (7.93,8.70) —1.331 0.18
ALB, g/L 43.0 (40.2,46.1) 42.2 (39.1,44.9) —0.745 0.46
WBC, x10°/L 5.47 (3.29,6.15) 4.82 (3.55,6.11) —0.307 0.76
PLT, x10°/L 109 (73,155) 115 (86,157) -0.518 0.61
INR 1.07 (1.00,1.16) 1.07 (1.00,1.15) —0.154 0.88
AFP, ng/mL 6.16 (3.40,58.15) 4.81 (2.32,10.09) —0.762 0.45
Positive HBY DNA, n (%) | 2 (18.2) 1 (1.2) 0.03

Note: Data are presented as median (IQR) or number (%).

Abbreviations: HCC, hepatocellular carcinoma; ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBil, total
bilirubin; CHOL, total cholesterol; TG, triglyceride; FPG, fasting plasma glucose; TyG, triglyceride—glucose; ALB, albumin; WBC,
white blood cell; PLT, platelet; INR, international normalized ratio; AFP, alpha-fetoprotein.

Table 4 Risk Factors for HCC Development in Patients with HBV-Related LC

Variables Univariate analysis Multivariate analysis
OR 95% ClI P-value | OR 95% ClI P-value

Age 1.046 | 1.015-1.078 <0.01 1.043 1.009-1.079 0.0l
Male 1.434 | 0.738-2.786 0.29

DC 3518 | 1.713-7.224 <0.01 2.882 1.253-6.353 0.0l
ALT 0.999 | 0.996-1.001 0.33

AST 0.999 | 0.996-1.002 0.54

TBil 1.001 | 0.985-1.018 0.88

CHOL 1.132 | 0.831-1.542 0.43

TG 1.587 | 0.954-2.640 0.08 2.602 1.439-4.704 <0.01
ALB 0.959 | 0.918-1.001 0.05

WBC 0.930 | 0.806-1.074 0.32

PLT 0.992 | 0.986-0.998 <0.01 0.994 | 0.988-1.000 0.05
INR 1.324 | 0.377-4.652 0.66

AFP 1.001 | 0.998-1.004 0.70

Positive HBY DNA | 6.033 | 1.888-19.280 | <0.01 13.096 | 3.108-55.180 | <0.0l

Abbreviations: HCC, hepatocellular carcinoma; DC, decompensated cirrhosis; ALT, alanine aminotransferase;
AST, aspartate aminotransferase; TBil, total bilirubin; CHOL, total cholesterol; TyG, triglyceride-glucose; ALB,
albumin; WBC, white blood cell; PLT, platelet; INR, international normalized ratio; AFP, alpha-fetoprotein.

Stratification of Patients at a High Risk of HCC

According to the results of the multivariate logistic regression analysis, model (Age DC TyG_ PLT positive HBV
DNA) = Texp[—( —]1.803+0‘042*age+]A037*DC+0A9516*TyG—0A006*PLT+2A572*p0sitiveHBVDNA)]' The AUROC:s of the model for predict-
ing HCC development in patients with DC and CC were 0.721 and 0.783, respectively. The cutoff value of the model was

0.197 according to the DeLong test.'® Based on the Kaplan—Meier curve, patients were stratified into high- and low-risk

groups (all P<0.01), and the model showed optimal predictive accuracy in patients with DC or CC (Figure 3).
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Figure 2 ROC curve of Model (Age_DC_TyG_PLT_positive HBY DNA).

Discussion

In the present study, we explored the correlation between the TyG index and HCC development in patients with LC. In
addition, the TyG index is an independent risk factor for the development of HCC in patients with LC. Furthermore,
a new model incorporating the TyG index was developed with high accuracy for predicting HCC development in patients

with both DC and CC.

Typically, IR is one of the mechanisms underlying HCC development. IR increases the production of reactive oxygen
species and oxidative stress in the liver. This may promote DNA damage and subsequent chromosomal instability, which can

trigger liver cancer.'” In the immune microenvironment, HCC tumor cells also regulate the surrounding microenvironment by

Table 5 Risk Factors for HCC Development in Patients with HBV-Related DC

Variables Univariate Analysis Multivariate Analysis
OR 95% CI P-value | OR 95% CI P-value

Age 1.035 | 1.000-1.071 <0.05 1.045 | 1.007-1.085 0.02
Male 1.509 | 0.705-3.228 0.29

ALT 0.999 | 0.995-1.002 0.45

AST 0.999 | 0.995-1.002 0.43

TBIl 0.993 | 0.974-1.011 0.44

CHOL 1.288 | 0913-1.817 0.15

TyG 1.907 | 1.030-3.534 0.04 2,620 | 1.320-5.200 <0.01
ALB 0.993 | 0.941-1.048 0.80

WBC 0.951 | 0.816-1.108 0.52

PLT 0.995 | 0.989-1.001 0.10

INR 0.345 | 0.073-1.638 0.18

AFP 1.001 | 0.997-1.004 0.76

Positive HBY DNA | 3.692 | 0.988-13.805 0.05 6.081 | 1.438-25.720 0.01

Abbreviations: HCC, hepatocellular carcinoma; ALT, alanine aminotransferase; AST, aspartate aminotransfer-
ase; TBil, total bilirubin; CHOL, total cholesterol; TyG, triglyceride-glucose; ALB, albumin; WBC, white blood
cell; PLT, platelet; INR, international normalized ratio; AFP, alpha-fetoprotein.
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Table 6 Risk Factors for HCC Development in Patients with HBV-Related CC

Variables Univariate Analysis Multivariate Analysis
OR 95% ClI P-value | OR | 95% CI | P-value

Age 1.033 0.964-1.106 0.36

Male 1.950 0.394-9.656 0.41

ALT 1.000 0.997-1.003 0.89

AST 1.001 0.996-1.007 0.61

TBil 0.977 0.909-1.050 0.53

CHOL 1.835 0.783—4.303 0.16

TyG 1.957 0.682-5.613 0.212

ALB 1.050 0.909-1.214 0.51

WBC 1.035 0.744-1.441 0.84

PLT 0.995 0.983-1.008 0.47

INR 0.975 | 0.003-279.223 0.99

AFP 1.001 0.994-1.007 0.86

Positive HBVY DNA | 18.889 | 1.555-229.388 0.02

Abbreviations: HCC, hepatocellular carcinoma; ALT, alanine aminotransferase; AST, aspartate amino-
transferase; TBil, total bilirubin; CHOL, total cholesterol; TyG, triglyceride-glucose; ALB, albumin; WBC,
white blood cell; PLT, platelet; INR, international normalized ratio; AFP, alpha-fetoprotein.

recruiting regulatory T cells and myeloid-derived suppressor cells and up-regulating immune checkpoints to induce immu-
nosuppressive states.'® It is interesting to investigate the immune microenvironment in patients with and without IR. In
previous studies, HOMA2-IR was found to be a reliable indicator of IR and was associated with the development and post-
treatment recurrence of HCC.'” In the present study, the TyG index was a surrogate marker of IR and proved to be an
independent risk factor for HCC in patients with LC. The TyG index is more convenient and easier to calculate than HOMA2-
IR. Moreover, exercise is the major treatment for IR that reduces the occurrence of HCC.?® Whether exercise is an effective
strategy to decrease HCC development in patients with DC remains a major concern.

The liver is a key organ for lipid metabolism and is involved in the synthesis of various lipoproteins, endogenous
cholesterol, triglycerides, and apolipoproteins. Lipid and lipoprotein metabolism is impaired in patients with severe liver
diseases such as DC and HCC.?' Changes in TG in HCC patients have been widely reported in patients with HCC.
A recent study of HBV patients in a Korean population showed a negative association between HCC and elevated TG
levels.?” In a large Korean study, TG was inversely associated with high HCC risk in patients with chronic viral hepatitis
or LC,” whereas another study reported that high TG levels were associated with high HCC risk in patients with HBV
infection.* Zhang et al reported that malic enzyme 2 (ME2) promoted HCC cell growth and migration by increasing TG
levels.?® The role of TG levels in the HCC development remains controversial. We found no significant difference in TG
levels between the HCC group and non-HCC group, suggesting that TG levels alone may not be a reliable indicator of
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Figure 3 Incidence of HCC development in patients with LC (A), DC (B), or CC (C).
Abbreviations: LC, liver cirrhosis; CC, compensated cirrhosis; DC, decompensated cirrhosis; HCC, hepatocellular carcinoma.
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HCC development in patients with LC. Our study demonstrated that the TyG index, which is a marker for insulin
resistance, could well predict HCC development in patients with LC.

Accumulating evidence has shown that diabetes mellitus (DM) is a risk factor for hepatocellular carcinoma (HCC)
development, recurrence, and death. Drugs for DM, such as metformin, can suppress carcinogenesis and improve HCC
prognosis.’®*” Nonetheless, studies focusing on the interaction between DM and the different etiologies of HCC are
warranted. Thus, based on the present study, the effects of hypoglycemic drugs on TyG index and HBV-related HCC
should be explored further.

Nevertheless, this study had several limitations. First, this was a single-center study with a small sample size.
Second, family history of HCC, baseline HBV DNA levels, and antiviral agents were not analyzed. Third, the TyG
index is an independent risk factor for HCC development in patients with DC, but not in those with CC, indicating
the importance of metabolic factors in patients at a high risk of HCC; however, the underlying mechanisms warrant
further studies.

Conclusions
Patients with decompensated cirrhosis have a high risk of developing HCC, and the TyG index is an independent risk
factor for HCC development.
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