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Abstract
BACKGROUND
Within the normal range, elevated alanine aminotransferase (ALT) levels are associated

with an increased risk of metabolic dysfunction-associated fatty liver disease (MAFLD).

AIM
To investigate the associations between repeated high-normal ALT measurements and

the risk of new-onset MAFLD prospectively.

METHODS

A cohort of 3553 participants followed for four consecutive health examinations over 4
years was selected. The incidence rate, cumulative times, and equally and unequally
weighted cumulative effects of excess high-normal ALT levels (ehALT) were measured.
Cox proportional hazards regression was used to analyse the association between the

cumulative effects of ehALT and the risk of new-onset MAFLD.

RESULTS

A total of 83.13% of participants with MAFLD had normal ALT levels. The incidence
rate of MAFLD showed a linear increasing trend in the cumulative ehALT group.
Compared with those in the low-normal ALT group, the multivariate adjusted hazard
ratios of the equally and unequally weighted cumulative effects of ehALT were 1.651
[95% confidence interval (CI): 1.199-2.273] and 1.535 (95%CI: 1.119-2.106) in the third
quartile and 1.616 (95%CI: 1.162-2.246) and 1.580 (95%CI: 1.155-2.162) in the fourth

quartile, respectively.

CONCLUSION
Most participants with MAFLD had normal ALT levels. Long-term high-normal ALT

levels were associated with a cumulative increased risk of new-onset MAFLD.
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Core Tip: Limited evidence exists regarding the association between persistently
elevated high-normal alanine transaminase (ALT) levels and the risk of new-onset
metabolic dysfunction-associated fatty liver disease (MAFLD). This cohort study
analysed 3553 participants followed for four consecutive health examinations between
2017 and 2020 and measured the cumulative effects of excess high-normal ALT
(ehALT). Among the participants, the incidence rate of MAFLD showed a linear
increasing trend for the cumulative ehALT group. The hazard ratios of new-onset
MAFLD were significantly increased in the third and fourth quartiles of the equally and
unequally weighted cumulative effects of ehALT. Among Chinese adults, long-term
high-normal ALT levels were related to a cumulative increased risk of new-onset

MAFLD.

INTRODUCTION

Metabolic dysfunction-associated fatty liver disease (MAFLD) is defined as the
combination of nonalcoholic fatty liver disease (NAFLD) and metabolic dysfunction
and includes overweight/obesity, type 2 diabetes, or other metabolic disorders, as
indicated by liver biopsy or imaging examination or even blood biomarker tests
suggesting the pregence of fatty liver»2l, MAFLD has become a growing public health
problem, affectingap to a third of the global population, and its burden has grown in

parallel with rising rates of type 2 diabetes mellitus and obesitylf’:‘ll. The prevalence of
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MAFLD is reportedly 25.0% among adults worldwidel®}, 29.2% in Chinal®l, and 33.9% in
Korea after sex and age standardizationl’l, with an increasing incidence each year.
MAFLD is a multisystemic disease beyond the liver that can increase the risk of heart
failure, obstructive sleep apnoea, and malignancy and can result in an increase in
cancer-related and cardiovascular disease mortalityl®]. Given the high harm and
enormous disease burden of MAFLD, a comprehensive analysis of risk factors is
essentiall’l.

Alanine aminotransferase (ALT) has been recognized globally as a reliable indicator
reflecting the degree of liver cell damage, such as the damage associated with NAFLD,
chronic hepatitis, and cirrhosis/l?. Many studies have suggested that liver damage can
occur in the presence of normal ALT levels['ll. Recently, a growing body of evidence has
indicated that an ALT level that is within the normal range is an important biomarker
for predicting NAFLD; additionally, nonalcoholic steatohepatitis (NASH) or advanced
fibrosis is diagnosed in up to 37.5%-59% of patients with NAFLD who have normal
ALT levels[1213]. Our previous work also indicated that an ALT trajectory at a normal
level is associated with the risk of new-onset MAFLD based on a cohort study(!4. Thus,
we hypothesized that a specific ALT level, particularly a long-term high-normal ALT
level, is associated with the risk of new-onset MAFLD.

Some evidence has suggested that the Youden index, a popular summary statistic for
receiver-operating characteristic (ROC) curves, provides the optimal cut-off point for a
biomarker to distinguish diseased and healthy individuals!'®l. In a study of adolescents
with obesity, the optimal ALT cut-off points for diagnosing NAFLD were 36 U/L for
males and 33 U/L for females!'l. However, limited evidence exists on the
determination of optimal ALT cut-off points for diagnosing MAFLD and on the
associations between repeated high-normal ALT measurements and both the incidence
of MAFLD and risk of new-onset MAFLD. In light of the public health burden of
MAFLD in China, we investigated the association between repeated ALT levels that are
high-normal and new-onset MAFLD using an ambispective cohort from a health

examination population.

4/15




MATERIALS AND METHODS

Data sources and recruitment

This retrospective and prospective population-based cohort study was based on data
from an ambispective cohort from a health examination population in Henan Province.
All eligible participants were interviewed by uniformly trained medical staff to gather
information about common chronic diseases and factors influencing health. Participants
aged = 18 years who underwent a health examination at the First Affiliated Hospital of
Zhengzhou University over a period of 3 consecutive years from January 2017 to
December 2019 were retrospectively selected. We identified a total of 7817 participants
(4975 male and 2842 female individuals); 4521 had no diagnosis of MAFLD according to
three consecutive health examinations and were followed up at their fourth health
examination in 2020. During the follow-up period, 738 participants did not participate
in the health examination for various reasons or had missing information on some of
the studied factors; we also excluded 230 participants with viral hepatitis, alcoholic
hepatitis, autoimmune hepatitis, severe cardiovascular and cerebrovascular diseases, or
malignant tumours. Finally, 3553 eligible participants (1741 male and 1812 female

individuals) were selected from the pool of 7817 participants.

Data collection

The data collected included physical measurements, laboratory test results, abdominal
colour Doppler ultrasound results, and diagnostic criteria for MAFLD, as described
below: (1) Physical measurements. Participants’ body mass index (BMI), systolic blood
pressure (SBP), diastolic blood pressure (DBP), and waist circumference (WC) were
measured by clinicians using a uniform measurement instrument; (2) Laboratory tests.
An automatic biochemical analyser was used to measure fasting plasma glucose (FPG),
glycated haemoglobin (HbAlc), total cholesterol, triglyceride (TG), high-density
lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol (LDL-C), serum
uric acid (SUA), and ALT levels!®; (3) Abdominal colour Doppler ultrasound.
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Ultrasound was used to determine the presence of diffuse echogenic changes in the
liver; and (4) Diagnostic criteria for MAFLD. These findings included diffuse echogenic
changes in the liver as revealed by abdominal colour Doppler ultrasonography and
were accompanied by at least one of the following conditions: (1) Overweight/obese
(BMI > 23 kg/m?); (2) Type 2 diabetes; and (3) Metabolic dysfunction, defined as the
presence of at least two of the following conditions: (1) WC = 90 cm for men and WC =
80 cm for women; (2) Hypertension or use of blood pressure-lowering medication or
SBP 2 130 mmHg and/or DBP = 85 mmHg; (3) FPG = 5.6 mmol /L or 2-h postprandial
glucose = 7.8 mmol/L or HbAlc 2 5.7%; (4) TG 2 1.7 mmol/L or use of lipid-lowering
drugs; and (5) HDL-C < 1.0 mmol/L in men and HDL-C < 1.3 mmol/L in women or use

of lipid-lowering medication['®l.

Study design and measurements

In total, 7817 participants with three consecutive health examinations from 2017 to 2019
were analysed to determine the optimal ALT cut-off points for the diagnosis of MAFLD,
with ALT within the normal range (0-40 U/L). The participants were divided into three
groups: Those with a low-normal ALT (IALT) level, those with a high ALT (hALT)
level, and those with an abnormal ALT (aALT) level. A follow-up cohort of 3553
participants who completed their fourth health examination in 2020 was subsequently
analysed to calculate the cumulative effects of excess hALT (ehALT) and explore its
association with the risk of new-onset MAFLD. In this study, the cumulative effects of
ehALT were classified into the following three categories: (1) Cumulative number of
ehALT occurrences; (2) Equally weighted cumulative effects of ehALT; and (3)
Unequally weighted cumulative effects of ehALT!'. Finally, a single ehALT occurrence
(noncumulative ehALT) was also included as a control for the cumulative effects of

ehALT. The study design is shown in Figure 1, and some terms are defined in Table 1.

Statistical analyses
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The ROC curve with the maximum value of the Youden index (sensitivity + specificity-
1) was used to determine the ALT cut-off points for the diagnosis of MAFLD using ALT
in 7817 participants from 2017 to 2019. Normally distributed continuous data are
presented as the means (SD); comparisons among groups were performed using one-
way analysis of variance (ANOVA) along with pairwise comparisons, the least
significant difference test for homogeneous variance, and Dunnett’s T3 test for
nonhomogeneous variance. Continuous data with a skewed distribution are presented
as medians [interquartile ranges (IQRs)], and comparisons were performed using
nonparametric tests. Categorical data are described as counts (percentages), and
comparisons of rates were performed using Pearson’s y? test.

A total of 3553 participants who were followed up in 2020 were used to analyse the
association between the cumulative effects of ehALT and new-onset MAFLD via a Cox
proportional hazards regression model. MAFLD and follow-up time were regarded as
dependent variables, and the cumulative number of ehALT occurrences (four groups: 0,
1, 2, 3 occurrences, with 0 occurrences regarded as the reference group), equally
weighted cumulative effect, unequally weighted cumulative effect, and single ehALT
occurrence [continuous variable, analysed with the per-SD increase after Z score
standardization; discrete variable, five groups, a cumulative effect of 0 as the reference
group; more than 0 was divided into four quartile groups (Q1, Q2 Qs, Q)] were the
independent variables. Hazard ratios (HRs) and 95% confidence intervals (Cls) were
calculated, and trend tests were also conducted. Furthermore, we used restricted cubic
splines with five knots at the 5th, 35t, 65th, and 95t percentiles to flexibly model the
associations of the equally or unequally weighted effects of ehALT with new-onset
MAFLD and adopted variance analysis to verify whether there was a nonlinear
correlation (12). All the data management and statistical analyses were performed using
the statistical software R version 4.2.0 (The R Project for Statistical Computing, Vienna,

Austria). P <0.05 was considered to indicate statistical significance.

RESULTS
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Prevalence of MAFLD in participants

The results of 7817 participants at baseline in 2017 showed that the prevalence of
MAFLD was 34.27% (2679/7817), and 83.13% (36.36% + 46.77%) of participants with
MAFLD had normal ALT levels (< 40 U/L) (Figure 2A). Analysis of differences based
on nonparametric tests indicated that ALT levels were significantly greater in MAFLD
patients than in healthy individuals (P <0.001), with median (IQR) ALT levels of 24 (18,
35)U/Land 17 (13, 23) U/L (Figure 2B).

The optimal ALT cut-off points for the diagnosis of MAFLD

The ROC curve was obtained for the annual and 3-year health examination data of the
7817 participants from 2017 to 2019. The optimal ALT cut-off points and corresponding
sensitivity and specificity for diagnosing MAFLD were determined according to the
maximum Youden index. The results showed that the optimal ALT cut-off points were
18.5 U/L in 2017, 18.5 U/L in 2018, 17.5 U/L in 2019, and 18.5 U/L in 2017-2019, as
shown in Figure 3. Therefore, the optimal ALT cut-off point was 18.5 U/L based on
ROC curve and Youden index, and the cut-off point for hRALT was 18.6-40 U/L.

Baseline characteristics of follow-up participants

According to the definition of hALT (18.6-40 U/L), 3553 participants who were eligible
for follow-up were included in the baseline analysis in 2017; their mean age was 48.39
(15.13) years, and 49% were male. The baseline characteristics of the 3553 participants
according to hALT level are shown in Table 2. Compared with those in the IALT group,
participants in the hALT and aALT groups were significantly more likely to have a
higher DBP, BMI, SUA, and TG and lower HDL-C levels (P < 0.001). Compared with
those in the hALT group, participants in the aALT group were more likely to be
younger and to have lower FPG and HbA1c values.

Incidence rate of MAFLD under the cumulative effects of ehALT
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Taking the date of the participants’ health examinations in 2019 as the starting point of
follow-up and the occurrence of MAFLD (no = 0, yes = 1) in the health examinations of
participants in 2020 as the outcome, we calculated the incidence rate of MAFLD under
the cumulative effects of ehALT in different groups and analysed the linear
associations, as shown in Figure 4. For the cumulative number of ehALT occurrences of
0,1, 2, and 3 times before the end of follow-up (by 2020), the incidence rates of MAFLD
were 5.81%, 9.64%, 13.67%, and 18.36%, respectively. For the equally weighted
cumulative effects of ehALT, the incidence rates of MAFLD in group 0 (reference), Qi,
Q, Qs, and Qs were 5.81%, 8.47%, 11.11%, 14.91%, and 17.62%, respectively. For the
unequally weighted cumulative effects of ehALT, the incidence rates of MAFLD in
group 0 (reference), Q1, Q2, Qs, and Qswere 5.81%, 9.85%, 10.67%, 13.47%, and 17.84%,
respectively. Furthermore, P < 0.001 for both the y? test and linear association test of the
abovementioned cumulative effects, indicating that the incidence rates of MAFLD in the
different groups were significantly different, with a linear increasing trend. For a single
ehALT occurrence (control group), the incidence rates of MAFLD in group 0 (reference),
Q1, Q2, Qs, and Q4 were 5.81%, 4.11%, 3.92%, 7.27%, and 9.62%, respectively. The y? test
and linear association test showed P = 0.682 and P = 0.434, respectively, indicating that
no significant difference existed in the incidence rate of MAFLD among the five groups

and that no linear increasing trend was shown.

Cox regression analysis of the cumulative effects of ehALT and risk of new-onset
MAFLD

Taking the cumulative effects of ehALT in different groups and confounders such as
age, sex, and WC as independent variables and new-onset MAFLD (no = 0, yes = 1) in
the health examinations of participants in 2020 as the outcome, we used a Cox
proportional hazard regression model to analyse the association between the
cumulative effects of ehALT in different groups and the risk of new-onset MAFLD. The
univariate Cox proportional hazards regression model revealed that sex, WC, SBP, DBP,

BMI, SUA, TG, LDL-C, FPG, and HbA1lc were risk factors for new-onset MAFLD, with
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an HR > 1 (P < 0.05). HDL-C was a protective factor against new-onset MAFLD, with an
HR <1 (P <0.05).

The results of a multivariate Cox proportional hazards regression model showed the
following: (1) Cumulative number of ehALT occurrences: After adjustment for relevant
confounding factors, the risk of new-onset MAFLD in the group of patients with 2 and 3
cumulative episodes of ehALT was 1.443 (95%CI: 1.050-1.982) and 1.551 (95%CI: 1.135-
2.119), respectively, higher than that in the group with 0.82% ehALT. Furthermore, the
trend test indicated that the risk of new-onset MAFLD showed an increasing trend; (2)
Equal and unequally weighted cumulative effects of ehALT: After adjustment for the
relevant confounding factors, the risk of new-onset MAFLD increased by 8.8% (95%Cl:
0.3%-17.9%) and 9.8% (95%CIL: 1.7%-18.5%), respectively, per SD increase in the
cumulative effect. For the five grouping variables, compared with those in group 0
(reference), the HRs of new-onset MAFLD in the Qs and Qi groups for the equally
weighted cumulative effects of ehALT were 1.651 (95%CI: 1.199-2.273) and 1.535
(95%ClI: 1.119-2.106), respectively. For the unequally weighted cumulative effects of
ehALT, the HRs of new-onset MAFLD in the Qs and Qi groups were 1.616 (95%Cl:
1.162-2.246) and 1.580 (95%CI: 1.155-2.162), respectively; Q1 and Q2 were not
significantly different from those in the reference group. Additionally, the trend test
indicated that the risk of new-onset MAFLD showed an increasing trend for all
cumulative occurrences of ehALT; and (3) Single ehALT (control group): Compared
with those of the reference group, the univariate and multivariate models did not differ
significantly for the continuous or categorical variable of a single ehALT occurrence.
Additionally, the trend test showed that the risk of new-onset MAFLD did not increase
(Table 3).

Figure 5 shows the dose-response relationship between the cumulative effects of
ehALT and the risk of new-onset MAFLD using restricted cubic splines. After
adjustment for sex, WC, SBP, DBP, BMI, SUA, TG, HDL-C, LDL-C, FPG, and HbAlc,
the equally and unequally weighted cumulative effects of ehALT had a positive

nonlinear relationship with the risk of new-onset MAFLD in approximately 95% of the
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enrolled participants (i.e., total association P = 0.005 and nonlinearity P = 0.011; total
association P = 0.006 and nonlinearity P = 0.029). Specifically, for the equally weighted
cumulative effects of ehALT (Figure 5A), the HR increased rapidly to 1.5 with a
cumulative effect of 10 U/L and then maintained a steady value thereafter, to a
cumulative effect of 38.5 U/L. For the unequally weighted cumulative effects of ehALT
(Figure 5B), the HR increased rapidly to 1.5 with a cumulative effect of 20 U/L and then

maintained a steady value thereafter, with a cumulative effect of 82.0 U/L.

DISCUSSION
In this study, a large-scale, longitudinal population-based cohort of 7817 participants in
China had a prevalence of MAFLD of 34.27%, and 83.13% of participants with MAFLD
had normal ALT levels. The optimal ALT cut-off point for the diagnosis of MAFLD was
18.5 U/L. Our findings indicate that MAFLD has become one of the most common
chronic liver diseases and is a growing public health problem. According to a
systematic review and meta-analysis, NAFLD and normal ALT levels are closely related
to diabetes, hypertension, and metabolic syndromel'8l. Additionally, the highest ALT
cut-off points among 526641 participaﬁs without excessive alcohol consumption or
known liver disease were 32 U/L, 37 U/L for men; 31 U/L for women; 39 U/L for
overweight people; and 36 U/L for patients with diabetes, all of which were lower than
the upper limit for ALT (40 U/L)[*%l. According to the Liver-Bible-2020 cohort study, the
best ALT cut-off for steatosis detection was 35 U/L in males and 22 U/L in females, and
the best cut-off for fibrosis detection was 27 U/L in males?l. Wahlang et all*!l reported
that elevated ALT within the normal range was a substitute biomarker of NAFLD.
However, there is no scientific evidence for whether the long-term, dynamic, or
continuous accumulation of ehALT affects new-onset MAFLD (NAFLD accompanied
by metabolic disorders).

The incidence rate of MAFLD was significantly different and showed a linear growth
trend with the cumulative effects of ehALT in the different groups, whereas there was

no such relationship for a single ehALT occurrence (control group). After adjustment
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for confounding factors, compared with those in the IALT group, the cumulative ehALT
level was significantly associated with new-onset MAFLD according to three factors:
The cumulative frequency of ehALT and both the equally and unequally weighted
cumulative effects of ehALT. Moreover, there was no such relationship for a single
ehALT occurrence (control group). This finding suggested that the cumulative effects of
ehALT within the long-term normal range will significantly increase the risk of new-
onset MAFLD. A prospective study conducted by Gawrieh et all22l revealed that the
histological characteristics of NAFLD, advanced fibrosis, and the frequency and
severity of NASH gradually increase when ALT levels increase gradually from < 20
U/L to 20-39 U/L, within the normal range. Our previous study showed that,
compared with those in the stable low-ALT subgroup (13.10-13.92 U/L for 3
consecutive years), the stable middle-ALT (22.65-24.08 U/L) and stable high-ALT
(32.50-39.78 U/L) groups had a significantly increased risk of MAFLD among men and
women in the general populationl!4l. Thus, long-term hALT intake can increase the risk
of developing MAFLD and aggravate the severity of NASH and advanced fibrosis.
However, in-depth studies are presently lacking regarding the cumulative effects of and
dynamic changes in hALT and the risk of new-onset MAFLD.

With lifestyle changes, a growing number of patients with MAFLD (dominated by
NAFLD with metabolic disorders) who were physically asymptomatic had fluctuating
ALT levels mostly within the normal range, although liver biopsy results revealed
marked inflammation or fibrosis in some patients/®l. ALT is an enzyme that exists
widely in the cytoplasm of liver cells. Once hepatocyte apoptosis and damage occur, the
serum ALT concentration increases significantly. Therefore, ALT is the most sensitive
detection indicator reflecting liver function damage and liver inflammation and is an
important marker for detecting steatosis, diagnosing NASH, evaluating NASH-related
fibrosis stages, and detecting liver cirrhosis?4. Clinically, most physicians assess the
hepatic risk of NAFLD based on changes in ALT levels, which are often overlooked in
patients with MAFLD who have long-standing normal ALT levels, leading to

aggravation of the degree of hepatic inflammatory response with insulin resistance and
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multi-hit pathogenesis, and further resulting in NASH, liver fibrosis, and eventually the
development of cirrhosis and even hepatocellular carcinomal®l.

This study used a population-based cohort to explore the cumulative effects of ehALT
and the risk of new-onset MAFLD. The main strengths of this study were the
determination of the optimal ALT cut-off points and the use of different measurement
methods for the cumulative effects of ehALT from three perspectives (i.e., cumulative
number of ehALT measurements and equally and unequally weighted cumulative
effects). In contrast, previous studies have investigated the association between a single
ALT measurement or the ALT trajectory and neglected the effects of new-onset MAFLD
by considering the quantitative cumulative effects of ALT on long-term dynamic
changes via a lifespan approach.

This study has several limitations. First, the cohort’s follow-up time was short, and
the proportion of participants with aALT was low, which led to a decrease in the dose-
response relationship and made it difficult to accurately detect a significant difference
between the aALT group (> 40 U/L) and the hALT group (18.6-40 U/L) for the
cumulative effects on the risk of new-onset MAFLD. Additionally, randomized
controlled trials with different lifestyle interventions (including weight loss through
diet and physical exercise) will be conducted to explore whether those interventions can
improve long-term ALT levels in individuals who are high-normal and ultimately

prevent MAFLD.

CONCLUSION

In conclusion, a large-scale population-based study in Henan Province indicated that a
high-normal ALT level was 18.6-40 U/L, that a normal ALT level was common in
patients with MAFLD, and that a long-term change in the ALT level had cumulative
effects on the risk of new-onset MAFLD. We recommend that individuals in this
population, especially those in young adulthood, maintain long-term ALT levels within

the normal range.
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ARTICLE HIGHLIGHTS

Research background

Additional evidence is needed regarding th(—‘ﬁlssociation between repeated high-normal
alanine transaminase (ALT) measurements and metabolic dysfunction-associated fatty
liver disease (MAFLD), and only a few cross-segtional studies have shown that ALT
trajectory is associated with the risk of MAFLD. In light of the public health burden of
MAFLD in China, we investigated the association between persistently elevated high-
normal ALT levels and new-onset MAFLD using an ambispective cohort from a health

examination population.

Research motivation

MAFLD has become a growing public health problem and affects up to one-third of the
global population, with a heavy disease burden. MAFLD can occur in the presence of
normal ALT levels, and a trajectory within the normal range can increase the risk of
MAFLD. However, the link between repeated high-normal ALT measurements and
new-onset MAFLD has not been well studied.

Research objectives
We investigated the optimal ALT cut-off points for diagnosing MAFLD and the
association between repeated high-normal ALT measurements and the risk of new-

onset MAFLD in a population of patients in China.

Research methods

This study used data from an ambispective cohort of individuals from a health
examination population in China. Repeated high-normal ALT measurements were
assessed by considering equally_and unequally weighted cumulative effects of excess
high-normal ALT (ehALT), and participants were categorized into quartile groups. We

performed multivariable Cox proportional hazards regression analysis to evaluate the
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association between cumulative ehALT and the risk of new-onset MAFLD and

calculated the hazard ratios (HRs) and 95% confidence intervals.

Research results

A total of 83.13% of participants with MAFLD had normal ALT levels. The HRs of new-
onset MAFLD in the group of patients with 2 or 3 cumulative episodes of ehALT (Qs
and Qq for the equally and unequally weighted cumulative effects of ehALT) were
greater than those in the group with low-normal ALT levels from 2017 to 2019.
Additionally, the dose-response relationship indicated that the equally and unequally
weighted cumulative effects of ehALT had positive nonlinear relationships with the risk

of new-onset MAFLD.

Research conclusions

A cohort study of the Chinese adult population revealed that persistently elevated high-
normal ALT levels were associated with a dose-dependent increase in the risk of new-
onset MAFLD in all particiﬁmts. The identification and management of high-normal

ALT levels for several years may play a crucial role in preventing MAFLD.

Research perspectives

Long-term prospective cohort or randomized controlled trials are needed to confirm the
relationship between repeated high-normal ALT measurements and new-onset
MAFLD. Future studies should focus on whether a healthy lifestyle can improve ALT
levels and prevent MAFLD.
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