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ABSTRACT

Objectives This study aimed to evaluate the performance
of the triglyceride glucose (TyG) index and its related
markers in predicting metabolic-associated fatty liver
disease (MAFLD) in healthy Chinese participants.

Design This was a cross-sectional study.

Setting The study was conducted at Health Management
Department of the Affiliated Hospital of Xuzhou Medical
University.

Participants A total of 20922 asymptomatic Chinese
participants (56% men) were enrolled.

Outcome measures Hepatic ultrasonography was
performed to diagnose MAFLD based on the latest
diagnostic criteria. The TyG, TyG-body mass (TyG-BMI)

and TyG-waist circumference indices were calculated and
analysed.

Results Compared with the lowest quartile of the TyG-
BMI, the adjusted ORs and 95% Cls for MAFLD were
20.76 (14.54 t0 29.65), 92.33 (64.61 to 131.95) and
380.87 (263.25 to 551.05) in the second, third and

fourth quartiles, respectively. According to the subgroup
analysis, the TyG-BMI in the female and the lean groups
(BMI<23 kg/m?) showed the strongest predictive value,
with optimal cut-off values for MAFLD of 162.05 and
156.31, respectively. The areas under the receiver
operating characteristic curves in female and lean groups
were 0.933 (95% Cl 0.927 to 0.938) and 0.928 (95% Cl
0.914 to 0.943), respectively, with 90.7% sensitivity and
81.2% specificity in female participants with MAFLD and
87.2% sensitivity and 87.1% specificity in lean participants
with MAFLD. The TyG-BMI index demonstrated superior
predictive ability for MAFLD compared with other markers.
Conclusions The TyG-BMI is an effective, simple and
promising tool for predicting MAFLD, especially in lean and
female participants.

INTRODUCTION

The global prevalence of metabolic-associated
fatty liver disease (MAFLD), formerly known
as non-alcoholic fatty liver disease (NAFLD),
has dramatically increased to up to 25%.
Furthermore, studies have associated MAFLD
with a variety of adverse clinical sequelae that
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STRENGTHS AND LIMITATIONS OF THIS STUDY

= To our knowledge, this is the first study to compre-
hensively evaluate the predictive performance of the
triglyceride glucose index and its related markers
for metabolic-associated fatty liver disease (MAFLD)
in healthy Chinese participants.

= A limitation was that the diagnosis of MAFLD was
based primarily on ultrasonography, which may
have underestimated the true prevalence of MAFLD.

= Another limitation was the lack of liver biopsy data
and the controlled attenuation parameter and liver
stiffness measurement from the FibroScan Test.

= Results should be interpreted carefully due to the
study’s observational design and further studies are
warranted to validate our findings in larger and more
diverse populations.

may eventually result in increased mortality,
including severe liver inflammation and
fibrosis, metabolic and cardiovascular diseases
and extra-hepatic cancer such as bladder
cancer.”” Early identification of MAFLD is
therefore critical. However, a simple, effec-
tive, non-invasive tool for MAFLD screening
is unavailable.

MAFLD develops through complex interac-
tions between obesity and insulin resistance
(IR).° Traditional obesity indicators, including
body mass index (BMI) and waist circumfer-
ence (WC) are strongly associated with fatty
liver and metabolic disorders.” ® However,
some studies have shown that 5%-26% of
patients with MAFLD have a BMI within the
normal ramge.9 Thus, these individuals and
those who exhibit pre-MAFLD are often disre-
garded during MALFD screening. Moreover,
relying solely on BMI and WC as a compre-
hensive reflection of MAFLD is unreliable
due to their omission of IR. The triglyceride
glucose (TyG) index is a newly proposed
index that is simpler and more reliable for
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evaluating IR than the homeostasis model assessment of
IR index. Furthermore, Gastaldelli et al found that the
TyG index was well correlated with hepatic fat content in
the San Antonio Metabolism study, indicating the poten-
tial significance of this index."

The TyG index, combined with obesity markers such
as the TyG-BMI and TyG-WC index, captures both
obesity and IR, thereby more accurately reflecting these
complex pathophysiological features. Several studies
have demonstrated that TyG-related indices outperform
single indicators in identifying metabolic and cardio-
vascular diseases.''™ Therefore, we speculated that the
TyG-related indices were promising markers in predicting
MAFLD. In the present study, we investigated the effec-
tiveness of TyG-related markers in distinguishing MAFLD
in healthy participants and established a better predic-
tion model for MAFLD.

PARTICIPANTS AND METHODS

Study design and populations

This cross-sectional study used data obtained from an
urban population in eastern China who underwent a
health examination at the Affiliated Hospital of Xuzhou
Medical University between January 2021 and December
2021. The inclusion criteria were as follows: age between
18-80 years; and hepatic steatosis diagnosed through
abdominal ultrasound. The exclusion criteria were as
follows: incomplete data; age <18 years or >80 years;
cirrhosis, hepatocellular carcinoma or history of liver
surgery; history of malignant tumours; New York Heart
Association class III or IV heart failure; chronic kidney
disease with an estimated glomerular filtration rate of
<60mL,/min/1.73m? and pregnancy or lactation. Partic-
ipants with missing outcome measures or lost clinical
and biochemical records were also excluded. Figure 1
provides the flowchart of the study design. This study
followed the Transparent Reporting of a multivariable
prediction model for Individual Prognosis or Diagnosis
reporting guidelines.'* To avoid duplication of informa-
tion, we included only the initial physical examination
data of participants who underwent multiple physical
examinations throughout the year, thereby ensuring that
each participant contributed only one set of data to the
study.

Health survey examinations and laboratory measurements
BMI, WC and blood pressure were measured by trained
examiners, and the following laboratory data were
obtained during the health examinations: fasting plasma
glucose (FPG), triglyceride (TG), total cholesterol
(TC), high-density lipoprotein cholesterol (HDL-C) and
low-density lipoprotein cholesterol (LDL-C), alanine
aminotransferase (ALT), aspartate transaminase (AST), y-
glutamyltransferase (GGT), blood urea nitrogen (BUN),
creatinine (Cr) and uric acid (UA) levels. The TyG-
related parameters were calculated using the following
formulae:'” '

59425 attended participants with hepatic steatosis
between January 2021 and December 2021

ﬁxdude for analysis, n=38503 \

- age younger than 18 years or
older than 80 years, n=687

- Incomplete data, n=32660

- Self-reported history ofliver
surgery, hepatic cirrhosis or
cancers, n=2137

- Severe heart or kidney

dysfunction, n=2851
K Pregnant or lactation, n=168 /

[ 20922 participants were included in the final analysis ]

and were grouped

MAFLD cases non-MAFLD controls
(n=8099) (n=12823)

Figure 1 Flowchart of the study design. MAFLD, metabolic-
associated fatty liver disease.

_ 1 [TG(mg/dL) xFPG(mg/dL)]
TyG =1n 5

TyG-BMI = TyG-BMI (kg/m?)
TyG-WC = TyG-WC (cm)

Patient and public involvement

The research question, design and outcome measures of
the study were determined without patient involvement,
and patient contribution was limited to study participa-
tion. Furthermore, there are no plans to involve patients
in the dissemination of study findings.

Diagnosis of MAFLD

In this study, we used novel and positive criteria to diagnose
MAFLD irrespective of other concomitant liver diseases
or alcohol consumption.'” The diagnosis of MAFLD was
based on ultrasonically diagnosed hepatic steatosis with
the presence of at least one of the following three criteria:
overweight or obesity, type 2 diabetes mellitus or clinical
evidence of metabolic dysfunction. The latter was defined
by the presence of at least two metabolic risk abnormal-
ities, listed in figure 2.'® The diagnosis of steatosis was
based on the following ultrasonographic patterns: liver
parenchymal brightness, increased echo contrast between
hepatic and renal parenchyma and vascular blurring or
poor visualisation of diaphragm."’

Statistical analysis
Statistical analysis was conducted using SPSS V.22.0 (IBM
Corp) and MedCalc V.16.2 (MedCalc Software, Ostend,
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Overweight or obesity Lean/normal weight Diabetes mellitus

(defined as BMI > 25 kg/m2 in (defined as BMI <25 kg/m2 in (Acchrdims tolwidel Thccented
Caucasians or BMI > 23 kg/m2 in Caucasians or BMI <23 kg/m2 in ; B Y aceen
Asians) Asians) international criteria)

Presence of at least two metabolic risk abnormalities

men
and women).

mmol/L)
for women or specific drug treatment.

6.4% (39 to 47mmol/mol)).

-Waist circumference >102/88 cm in Caucasian men and women or >90/80 cm in AsiaN

-Blood pressure >130/85 mmHg or specific drug treatment.
-Plasma triglycerides >150 mg/dL ( >1.70 mmol/l) or specific drug treatment.
-Plasma HDL-cholesterol <40 mg/dL (<1.0 mmol/L) for men and <50 mg/dL (<1.3

-Prediabetes (i.e., fasting glucose levels 100 to 125 mg/dL (5.6 to 6.9 mmol/L), or 2-
hour postload glucose levels 140 to 199 mg/dL (7.8 to 11.0 mmol) or HbAlc 5.7% to

-Homeostasis model assessment (HOMA )-insulin resistance score >2.5.

/

2 -Plasma high-sensitivity C-reactive protein (hs-CRP) level >2 mg/L v

[ MAFLD J

Figure 2 Flowchart of diagnostic criteria for MAFLD. BMI, body mass index; HDL, high-density lipoprotein; MAFLD, metabolic-

associated fatty liver disease.

Belgium). Descriptive statistics are presented as mean+SD or
medians IQRs for continuous variables and frequencies or
percentage (%) for categorical variables. The differences
between individuals with MAFLD and non-MAFLD were
assessed using the Student’s t-test or the Mann-Whitney U test
for continuous variables and the ¥” test for categorical vari-
ables. Multiple logistic regression models were constructed
to explore correlations between indicators and MAFLD
after adjusting for sociodemographic and laboratory data,
including age, sex, blood pressure, fasting glucose serum lipid
levels and liver and kidney function. The targeted parame-
ters were categorised into quartiles to further explore these
relationships. The predictive value of TyGrelated indices for
MAFLD was assessed using a receiver operating characteristic
(ROC) curve and the area under the ROC curve (AUC).
The subgroup analyses were performed according to sex and
BMI, and the AUC differences of TyGrelated indices were
compared with the non-parametric DelL.ong test. A two-tailed
p value <0.05 was considered statistically significant.

RESULTS

Clinical and biochemical characteristics of the participants

In total, 20922 participants were included in the final anal-
ysis. The baseline characteristics of the study participants
are shown in table 1. Among the 20922 participants, 8099
(38.71%) were diagnosed with MAFLD while there were
12823 non-MAFLD controls. The prevalence of MAFLD

was significantly higher in men (n=6152, 75.96%) than in
women (n=1947, 24.04%) (p<0.0001). In all three BMI
subgroups, the incidence of MAFLD gradually increased with
BMI, with increases of 3.5%, 33.3% and 71.4%, respectively.
Compared with those in the non-MAFLD group, individ-
uals in the MAFLD group were significantly older, and had
higher blood pressure, and levels of ALT, AST, GGT, BUN,
UA, FPG, TC, TG and LDL-C (all p<0.0001). Notably, the
BMI, WC and TyGrelated indices were significantly higher
in the MAFLD participants than in the non-MAFLD partici-
pants (all p<0.0001). In addition, we also found that men had
significantly higher WC and TyG-WC values than women in
both the MAFLD and non-MAFLD groups (p<0.0001).

Relationships between different indicators and MAFLD

Our findings indicated that elevated BMI, WC, TyG, TyG-BMI
and TyG-WC were all independent predictors of MAFLD
even after adjustment (all p<0.0001) (table 2). Furthermore,
after categorising the parameters into quartiles, we observed
a dose—response relationship between all the parameters and
the risk of MAFLD (all p<0.0001) (figure 3).

The ORs for MAFLD increased with higher quartiles of
the parameters and was particularly more pronounced for
the TyG-BMI. The adjusted ORs and 95% CIs for MAFLD
were 20.76 (14.54 to 29.65), 92.33 (64.61 to 131.95) and
380.87 (263.25 to 551.05) in the second, third and fourth
quartiles of the TyG-BMI, respectively, compared with that
in the first quartile. The multivariable-adjusted ORs (95%
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Table 1 Clinical and biochemical characteristics of the MAFLD and non-MAFLD groups
MAFLD Non-MAFLD P value
N (%) 8099 (38.71%) 12823 (61.29%) <0.0001
Male (%) 6152 (75.96%) 6191 (48.29%) <0.0001
Age (years) 46.91+12.57 42.16+12.65 <0.0001
SBP (mm Hg) 131.97£17.47 120.11+£16.60 <0.0001
DBP (mm Hg) 81.53+11.90 73.51£10.97 <0.0001
BMI (kg/m?) 27.14+2.90 22.69+2.65 <0.0001
BMI<23 (%) 258 (3.50%) 7119 (96.50%) <0.0001
23<BMI<25 (%) 1598 (33.30%) 3201 (66.70%) <0.0001
BMI>25 (%) 6244 (71.40%) 2502 (28.60%) <0.0001
WC (cm) 90.44+8.46 77.16+9.06 <0.0001
WC_ . 92.38+7.73 82.84+7.46 <0.0001
WC, .. 84.06+7.62 71.85+6.98 <0.0001
TyG 7.44+0.61 6.77+0.53 <0.0001
TyG-BMI 202.04+28.85 154.16+24.91 <0.0001
TyG-WC 673.57+90.67 524.59+87.49 <0.0001
TyG-WC_ . 692.52+86.67 577.04+77.69 <0.0001
TyG-WC,_ . 612.49+76.61 475.47+64.79 <0.0001
ALT (U/L) 26 (18,38) 15 (11,21) <0.0001
AST (U/L) 22 (18,27) 18 (16,22) <0.0001
GGT (U/L) 32 (22,49) 17 (13,25) <0.0001
BUN (mmol/I) 5.156+1.24 4.84+1.26 <0.0001
Cr (umol/l) 66.43+13.07 66.49+13.07 0.731
UA (umol/l) 354.36+84.81 290.96+76.54 <0.0001
FPG (mmol/l) 5.29 (4.93,5.78) 4.98 (4.71,5.29) <0.0001
TG (mmol/l) 4.78+0.96 4.45+0.87 <0.0001
TC (mmol/l) 1.83 (1.31,2.63) 1.08 (0.76,1.43) <0.0001
HDL-C (mmol/l) 1.19+0.26 1.38+0.30 <0.0001
LDL-C (mmol/l) 3.13+0.73 2.84+0.69 <0.0001

Data are expressed as mean+SD or medians (IQRs) for skewed variables or numbers (proportions) for categorical variables.
ALT, alanine aminotransferase; AST, aspartate transaminase; BMI, body mass index; BUN, blood urea nitrogen; Cr, creatinine; DBP, diastolic
blood pressure; FPG, fasting plasma glucose; GGT, y-glutamyltransferase; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density

lipoprotein cholesterol; MAFLD, metabolic-associated fatty liver disease; SBP, systolic blood pressure; TC, total cholesterol; TG, triglyceride;

TyG, triglyceride glucose; UA, uric acid; WC, waist circumference.

Table 2 Binary logistic regression analysis of five markers for predicting metabolic-associated fatty liver disease

Unadjusted Model 1 Model 2
Variable OR (95% Cl) P value OR (95% Cl) P value OR (95% Cl) P value
BMI 1.867 (1.835 to 1.899) <0.0001 1.831 (1.799 to 1.864) <0.0001 1.668 (1.636 to 1.700) <0.0001
wC 1.184 (1.178 to 1.189) <0.0001 1.209 (1.202 to 1.216) <0.0001 1.164 (1.156 to 1.171) <0.0001
TyG 8.270 (7.750 to 8.826) <0.0001 6.789 (6.349 to 7.261) <0.0001 4.366 (3.827 to 4.981) <0.0001
TyG-BMI 1.074 (1.072 to 1.076) <0.0001 1.074 (1.072 to 1.076) <0.0001 1.073 (1.070 to 1.075) <0.0001
TyG-WC 1.019 (1.018 to 1.019) <0.0001 1.021 (1.021 to 1.022) <0.0001 1.020 (1.020 to 1.021) <0.0001

Model 1: adjusted for age and sex; model 2: adjusted for age, sex, blood pressure, fasting glucose, blood lipids and liver and kidney function.
BMI, body mass index; TyG, triglyceride glucose; WC, waist circumference.
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Qs o 29.00(22.96-36.63)  <0.0001
ud 34— 88.86(69.93-112.91)  <0.0001
wcH
Q1 1
a2} 7.08(5.94-8.45) <0.0001
1R 20.53(17.08-24.67 0.0001
. .06-24. <0.
I — ‘ ’
Ty6 62.44(51.28-76.02)  <0.0001
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380.87(263.25-551.05) <0.0001
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Qi- 1
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Figure 3 Metabolic-associated fatty liver disease ORs and Cls according to the quartiles of BMI, WC, TyG, TyG-BMI and TyG-
WC in the total population. BMI, body mass index; TyG, triglyceride glucose; WC, waist circumference.

ClIs) for the fourth quartile compared with the first quar-
tile of the BMI, WC, TyG and TyG-WC were 88.86 (69.93
to 112.91), 62.44 (51.28 to 76.02), 3.60 (3.02 to 4.29) and
145.91 (112.79 to 188.76), respectively.

Predictive values of different indicators for MAFLD according
to subgroup analyses

Predictive values of different indicators for MAFLD according to sex
As shown in table 3 and figure 4, the highest AUC was
demonstrated by the TyG-BMI in both men and women
(AUC=0.870and 0.933, respectively). The TyG-BMI had
significantly higher AUC values than the traditional meta-
bolic parameters (BMI and WC) and other TyGrelated
indices (all p<0.0001). A TyG-BMI cut-off of 162.05 in females
showed the best overall test performance, with a sensitivity
of 90.7% and a specificity of 81.2%. However, the TyG index
showed the worst performance both in men and women

among different indicators (AUC=0.753and 0.830, respec-
tively) (table 2 and figure 4).

Predictive values of different indicators for MAFLD according to
BMI

As shown in table 4 and figure 5, the performance of
the TyG-BMI was particularly noteworthy in the lean
group (BMI<23kg/m?* AUC of 0.928), followed by the
performance of TyG (AUC of 0.924) and TyG-WC (AUC
of 0.918) indices. A TyG-BMI cut-off value of 156.31 in
the lean group showed the best overall performance,
with a sensitivity of 87.2% and a specificity of 87.1%. In
contrast to the previous analyses, BMI and WC exhibited
the worst performances across all three groups (AUC
(BMI), 0.763, 0.600, 0.709; AUC (WC), 0.794, 0.635,
0.695, respectively).
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Table 3 Cut-off values and AUCs (95% CI) of each parameter for predicting metabolic-associated fatty liver disease

according to sex

AUC (95% Cl) Cut-off value Sensitivity (%) Specificity (%)

Male (n=12343)

BMI 0.844 (0.837 to 0.851) 25.35 75.4 75.7
WC 0.818 (0.810 to 0.825) 87.50 73.7 73.5
TG 0.753 (0.744 to 0.761) 7.10 73.3 64.4
TyG-BMI 0.870 (0.864 to 0.876) 181.22 79.9 76.3
TyG-WC 0.847 (0.841 to 0.854) 625.58 78.0 74.5
Female (n=8579)

BMI 0.900 (0.893 to 0.907) 23.05 92.2 73.1
WC 0.890 (0.883 to 0.897) 76.50 84.9 76.8
TG 0.830 (0.820 to 0.841) 6.86 77.6 73.8
TyG-BMI 0.933 (0.927 to 0.938) 162.05 90.7 81.2
TyG-WC 0.922 (0.915 to 0.928) 529.41 87.9 80.9

AUC, area under the receiver operating characteristic curve; BMI, body mass index; TyG, triglyceride glucose; WC, waist circumference.

DISCUSSION

In this cross-sectional study, we identified the relation-
ships between TyG-related indices and the risk of MAFLD.
We discovered that individuals with higher values of
TyGrelated indices were more likely to have MAFLD.
Furthermore, these parameters followed a dose-response
relationship across the quartiles even after adjustment. In
particular, the TyG-BMI exhibited the strongest predic-
tive performance among the indices, and participants in
the highest TyG-BMI quartile group were 380.87 times
more likely to have MAFLD than those in the lowest
quartile group. Subgroup analysis further verified the
validity of the TyG-BMI for detecting MAFLD in healthy
participants. Therefore, the TyG-BMI may be the most
reliable indicator for MAFLD among other traditional
parameters, as evidenced by its high discriminatory
power in both the sex and BMI subgroups. Notably, this
index performed exceptionally in the lean and female
subgroups. Although the TyG and TyG-WC indices also
presented some predictive value for MAFLD, we observed
that they were not quite stable and fluctuated in different
subgroups. The above-mentioned study findings support

Male Female

—— TyG-BMI(AUC:0.870)

Sensitivity%
Sensitivity%

40 5 —— TyG-BMI(AUC:0.933)
. — TyG-WC(AUC:0.847)
—— BMI(AUC:0.844)

— TyG-WC(AUC:0.922)

2 — BMI(AUC:0.900)
, —— WC(AUC:0.818) . —— WC(AUC:0.890)

—— TyG(AUC:0.753) ks —— TYG(AUC:0.830)

0o 20 40 60 s 10 o 20 4 6 s 100
100% - Specificity% 100% - Specificity%

Figure 4 Receiver operating characteristic curve of each
parameter for predicting metabolic-associated fatty liver
disease according to sex. AUC, area under the receiver
operating characteristic curve; BMI, body mass index; TyG,
triglyceride glucose; WC, waist circumference.

the adoption of the TyG-BMI as an alternative screening
instrument for MAFLD.

To date, there have only been a few investigations on
the diagnostic effectiveness of TyG-related indices for
MAFLD.*™™ Taheri et al first evaluated the association
between the TyGindexand MAFLD riskin an Iranian popu-
lation. Among those in the highest, relative to the lowest
TyG tertile, the multivariable-adjusted ORs (95% CI) were
12.01 (9.03 to 15.98) and 10.89 (7.66 to 15.48), respec-
tively. Their results demonstrated that a TyG index cut-
off of 8.62 had 81.66% sensitivity and 75.36% specificity.*’
However, that study used the fatty liver index to define
MAFLD rather than ultrasonography or liver biopsies,
and it did not assess the performance of the TyG-BMI
or the TyG-WC index. Similarly, a Chinese study, while
reporting results consistent with Taheri’s findings, found
that a combination of TyG, BMI and ALT improved the
diagnostic capability for MAFLD. The combined model
demonstrated an AUC of 0.985 (95% CI 0.973 to 0.998)
which outperformed the TyG alone (AUC=0.943; 95% CI
0.912 to 0.973) and TyG-BMI (AUC=0.956; 95% CI 0.933
to 0.980). This study exhibited a higher diagnostic accu-
racy than that of the present study; however, it included
a small sample size of 229 patients.”’ Xue et al provided
evidence for TyG-related indices as better predictive
indicators for MAFLD than NAFLD. The TyG-WC index
had the strongest performance, with an AUC (95% CI)
of 0.815 (0.796 to 0.833) for predicting NAFLD and
0.832 (0.814 to 0.850) for predicting MAFLD.** However,
unlike previous studies, our study provided a comprehen-
sive assessment of the TyG-related indices, including TyG,
TyG-BMI and TyG-WC, for their ability to screen for and
identify MAFLD in healthy Chinese participants.

Interestingly, the present study revealed that the
predictive accuracies of TyGrelated indices varied
among different subgroups. When we stratified MAFLD
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Table 4 Cut-off values and AUCs (95% CI) of each parameter for predicting metabolic-associated fatty liver disease in

different BMI subgroups

AUC (95% Cl) Cut-off value Sensitivity (%) Specificity (%)

BMI<23 (n=7377)

BMI 0.763 (0.739 to 0.788) 21.65 77.5 64.7
WC 0.794 (0.771 t0 0.817) 74.50 79.8 65.4
TG 0.924 (0.908 to 0.940) 7.11 89.1 85.2
TyG-BMI 0.928 (0.914 to 0.943) 156.31 87.2 87.1
TyG-WC 0.918 (0.905 to 0.931) 541.99 88.0 83.0
23<BMI<25 (n=4799)

BMI 0.600 (0.583 to 0.616) 24.05 55.3 59.1
WC 0.635 (0.618 to 0.651) 80.50 70.7 48.0
TyG 0.717 (0.702 to 0.732) 7.10 63.7 68.3
TyG-BMI 0.730 (0.716 to 0.745) 169.67 67.7 66.9
TyG-WC 0.724 (0.709 to 0.739) 572.91 73.1 60.9
BMI>25 (n=8746)

BMI 0.709 (0.698 to 0.720) 27.25 55.7 75.7
WC 0.695 (0.683 to 0.707) 90.50 58.3 69.8
TG 0.715 (0.703 to 0.726) 7.19 65.6 66.0
TyG-BMI 0.778 (0.767 to 0.788) 194.83 69.2 73.5
TyG-WC 0.756 (0.745 to 0.767) 652.43 65.4 72.4

AUC, area under the receiver operating characteristic curve; BMI, body mass index; TyG, triglyceride glucose; WC, waist circumference.

individuals by BMI profile, we found that the TyG-BMI
performed the strongest in the lean population. It is note-
worthy that the incidence of MAFLD has been observed
to increase in tandem with the escalating prevalence of
obesity. However, it should be emphasised that individuals
with a lean body composition may also be susceptible to
the condition. A recent study in China found that among
the non-obese population, the prevalence of MAFLD
was 11.5% (males: 16.4%, females: 6.9%), which was
consistent with Vilarinho et al’s findings.” ** Importantly,
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MAFLD in lean participants was not benign or stable,
contrary to what was initially believed. Numerous studies
have even suggested that compared with those with obese
MAFLD, lean individuals with MAFLD have an increased
risk of diabetes mellitus and cardiovascular and all-cause
mortality.” ** BMI is widely used to evaluate obesity, but
fails to evaluate regional fat distribution. The contribu-
tion of visceral fat to MAFLD has been found to be more
important than that of total body fat.?’ Although Asians
have a lower absolute BMI than Westerners, Asians are
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Figure 5 Receiver operating characteristic curve of each parameter for predicting metabolic-associated fatty liver disease in
different BMI subgroups. AUC, area under the receiver operating characteristic curve; BMI, body mass index; TyG, triglyceride

glucose; WC, waist circumference.
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more vulnerable to visceral fat accumulation and IR.*®
Thus, reduced BMI levels are not necessarily representa-
tive of a metabolically healthy state. Based on the formula
of the TyG-BML,"'®we could reasonably infer that the higher
an individual’s BMI, the higher the TyG-BMI. From this
perspective alone, the TyG-BMI does not appear to be an
ideal predictor for MAFLD. However, our study observed
that increased TyG-BMI values were positively correlated
with the risk of MAFLD in lean individuals. Thus, the
lack of attention to the dynamic changes of various meta-
bolic states may be a reason why the predictive ability of
TyG has often been overlooked. In lean individuals with
MAFLD, the impact of TyG increase may outweigh that
of BMI decrease. That is to say, IR induced by excessive
accumulation of visceral fat may have a more pronounced
role in MAFLD development in lean individuals.” Chen et
al revealed that incidence of metabolic disorders in non-
obese individuals with MAFLD were significantly higher
than that in non-obese individuals without MAFLD.*
Therefore, relying solely on decreased BMI or increased
TyG may not be adequate for predicting lean MAFLD. A
comprehensive consideration of the TyG-BMI is essential
for a better understanding of its predictive value in lean
MAFLD.

The predictive value of TyG-related indices differed
depending on sex classification. Significantly, while the
TyG-BMI demonstrated superior performance in both
men and women, it was more accurate in predicting
MAFLD in women in the present study. Moreover, the
current study and a previous study® came to the same
conclusion that MAFLD has a higher prevalence in men
than in women (p<0.0001). In addition, Chen et alfurther
described the age-related prevalence of MAFLD, with
men being more susceptible at younger ages and after
which it increased only gradually through middle age,
while women showed a slow rise in susceptibility until the
age of 45, after which it accelerated sharply.” This finding
suggests that a decrease in oestrogen may be the primary
cause of the sudden increase in MAFLD prevalence in
older women and thus low oestrogen levels during the
postmenopausal period may be an important risk factor
for MAFLD in women.* Several studies have found that
decreased oestrogen levels are associated with many meta-
bolic disorders, including dyslipidaemia and IR. The lack
of oestrogen availability also decreases hepatic insulin
clearance and allows the development of diet-induced
IR.* ! Notably, in the current study, we observed that
increased TyG-BMI values were closely related to the risk
of MAFLD in female individuals. However, the specific
mechanisms underlying this phenomenon remain to be
elucidated.

Our study had several limitations. First, the diagnosis
of MAFLD was based on ultrasonography, which may
have showed decreased sensitivity when liver steatosis
is below 30%.” Therefore, using ultrasound to screen
for MAFLD may have underestimated the true preva-
lence of MAFLD. Second, certain data were not available
from the health examination, such as the liver biopsy

data or the controlled attenuation parameter and liver
stiffness measurement from the FibroScan Test. Hence,
further studies on the relationships between TyG-related
indices and the severity of MAFLD are needed. Third, we
included asymptomatic individuals from a single centre;
thus, selection bias to a certain extent was inevitable. In
addition, we noticed that the 95% CIs of the quartile
analysis were relatively wide, especially the fourth quar-
tile of the TyG-BMI (263.25 to 551.05), which may be
related to the insufficient sample size. Therefore, multi-
centre and prospective studies with larger and more
diverse populations are required to validate our findings.
Our study had several notable strengths. First and fore-
most, we provide novel evidence regarding the utility of
the TyG-BMI in predicting MAFLD in lean and female
individuals. Moreover, we enrolled participants from
diverse occupations and backgrounds and collected
extensive clinical data to ensure statistical reliability and
to validate our findings from multiple perspectives. In
addition, our study has important clinical implications,
as it is the first to demonstrate that the assessment of the
TyG-BMI could be helpful in identifying individuals with
high risk of MAFLD, especially among those who are
lean and female.

In conclusion, the present study suggested that the
TyG-BMI was a promising predictor for MAFLD. Individ-
uals with BMI values within the normal range but high
TyG-BMI levels should undergo a more detailed assess-
ment for MAFLD. Our findings extended previous inves-
tigations by demonstrating that the TyG-BMI may be an
ideal predictor for the presence of MAFLD in lean and
female individuals.
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