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Objective: The steatosis, activity, and fibrosis (SAF) score is a histological scoring
system developed by the European Association for the Study of the Liver to
evaluate liver biopsy samples in cases of non-alcoholic fatty liver disease
(NAFLD). Based on histopathological results and SAF scores, NAFLD patients
were categorized into mild, moderate, and severe groups. We compared the
differences between these groups and identified the risk factors influencing
lesion severity.

Methods: We gathered data from 539 NAFLD patients who underwent
percutaneous liver biopsy confirmation at Beijing Ditan Hospital between
January 2018 and December 2022. All biopsies were graded according to
the SAF scoring system, and the severity of the disease was classified as
mild, moderate, or severe. We compared the differences in gender, age, BMI,
history of diabetes, history of hypertension, aspartate aminotransferase (AST),
alanine aminotransferase (ALT), serum cholesterol levels, and other factors
among NAFLD patients with varying degrees of disease severity. Additionally,
we explored the risk factors that influenced the severity of lesions.

Results: A total of 539 patients were enrolled in this study, with ages ranging
from 6 to 79 years. Among them, there were 325 men and 214 women in an
average age of 39 + 13 years. The patients were divided into three groups based
on disease severity: mild NAFLD group (162 cases), moderate NAFLD group (210
cases), and severe NAFLD group (167 cases). The results showed significant
differences between the three groups in terms of age composition, high-calorie
diet, family history of hypertension, ALT, AST, GGT, total bile acids, cholinesterase,
glycosylated albumin, blood glucose, uric acid, type lll procollagen, serum
human laminin, liver stiffness, and hepatic steatosis.

Conclusion: BMI, uric acid, AST, type Ill procollagen, liver stiffness, and hepatic
steatosis play critical roles in the progression of NAFLD and contribute to high
pathological SAF scores in NAFLD patients.

KEYWORDS

non-alcoholic fatty liver disease (NAFLD), SAF scoring system, liver fibrosis, metabolic
syndrome, risk factors, body mass index (BMI), uric acid, liver stiffness
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1 Introduction

In the 1980s, Ludwig et al. first reported on 20 patients with
unexplained non-alcoholic fatty liver disease (NAFLD), whose liver
biopsy specimens showed significant fat changes accompanied by
lobular hepatitis (1). Since then, the concept of NAFLD has emerged
(2). NAFLD is a common liver disease characterized by the presence
of large vesicular steatosis in >5% of liver cells without a clear cause
for the fat accumulation. It includes non-alcoholic fatty liver (NAFL),
non-alcoholic steatohepatitis (NASH), liver fibrosis, cirrhosis, and
liver cancer that may develop from NAFL (3). NAFLD is one of the
most significant causes of liver disease worldwide, affecting
approximately 24% of the global population, with an estimated
prevalence of 27% in Asia (4). Although simple steatosis is typically
regarded as a benign condition, its association to liver fibrosis can lead
to cirrhosis and hepatocellular carcinoma. Over time, NAFLD may
become a leading cause of end-stage liver disease (5).

The pathogenesis of NAFLD is not fully understood and involves
complex interactions between multiple organs and signaling pathways.
Key drivers include metabolic dysregulation, genetic predisposition,
and lifestyle factors. Currently implicated mechanisms in NAFLD
development include lipid accumulation (6), insulin resistance (7),
oxidative stress (8), endoplasmic reticulum stress (9), and gut-liver
axis dysregulation (10). NAFLD is intricately linked to metabolic
abnormalities, with metabolic syndrome (MetS) representing one of
the most significant risk factors for its development. MetS typically
encompasses increased waist circumference, hyperglycemia, insulin
resistance, dyslipidemia, and hypertension, all of which contribute to
the histological progression of NAFLD. Previous studies have
indicated that the prevalence of non-alcoholic steatohepatitis (NASH)
and advanced fibrosis is notably higher in individuals with both
diabetes and NAFLD compared to those with NAFLD alone (7).
Hypertension is closely related to the progression of fibrosis in
NAFLD. Longitudinal cohort studies involving NAFLD patients (11)
have shown that hypertension increases the risk of fibrosis progression
during follow-up in these individuals. A large cohort study in the
United States revealed that the prevalence of NAFLD continues to rise,
coinciding with increasing rates of diabetes, obesity, dyslipidemia, and
hypertension. This highlights the significant metabolic interplay
between these risk factors and NAFLD (12). These findings emphasize
that metabolic abnormalities, such as diabetes and hypertension, are
closely associated with the severity and progression of NAFLD,
highlighting the critical role of metabolic syndrome in its pathogenesis.
The leading causes of mortality in NAFLD patients are cardiovascular
disease and non-liver malignancies. Studies have shown that NAFLD
is closely associated with increased arterial stiffness, myocardial
remodeling, kidney disease, and heart failure, followed by liver-related
complications, the severity of liver fibrosis, and mortality rates (13).
Therefore, to better reflect the disease process, experts proposed the
concept of metabolic-associated fatty liver disease (MAFLD) in 2020,
which refers to fatty liver diseases associated with systemic metabolic
disorders (14). Furthermore, research has demonstrated that genetic
predisposition plays a critical role in NAFLD susceptibility, with
variants in genes such as MTARCI being closely associated with an
increased risk of NAFLD and its progression to NASH (15).

To further explore the risk factors influencing the severity of
NAFLD, we collected pathological and clinical data from NAFLD
patients diagnosed via liver histopathology. We compared the clinical
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indicators of NAFLD patients with varying degrees of liver disease
severity using the SAF score and analyzed the risk factors influencing
the severity of lesions in these patients. This analysis provides valuable
insights for the clinical management and treatment of NAFLD patients.

2 Materials and methods
2.1 Research objects

NAFLD patients who underwent percutaneous liver biopsy at the
Department of Hepatology Division 2, Beijing Ditan Hospital,
affiliated to Capital Medical University, between January 2018 and
December 2022 were included in this study. Clinical data, including
gender, age, height, weight, sedentary lifestyle, high-calorie diet,
history of hypertension, history of diabetes, and overall lifestyle, were
collected. Additionally, clinical tests, including liver function, renal
function, blood glucose levels, cholesterol, and triglycerides, and
imaging tests such as liver ultrasound and transient elastography were
performed. Information regarding liver histopathological diagnosis
was also recorded, as illustrated in Figure 1.

2.1.1 Inclusion and exclusion criteria

The inclusion and exclusion criteria are as follows: (1) Patients
must be diagnosed with NAFLD through a pathological examination
of liver tissue; (2) they should have complete clinical examination data;
(3) they must have completed the questionnaire survey; (4) Individuals
with alcoholic liver disease (defined as alcohol consumption>30 g/day
for men and > 20 g/day for women) were excluded; and (5) Patients
who had other liver diseases such as chronic viral hepatitis,
autoimmune disorders, drug-induced liver injury, vascular issues,
hereditary hemochromatosis, and Wilson’s disease were also excluded.

This study was approved by the Ethics Committee of Beijing Ditan
Hospital, which is affiliated with Capital Medical University
(Jingdilunke Zi [2018] No. (052-01)). All patients provided written
informed consent before undergoing liver biopsy.

2.1.2 Diagnostic criteria for liver tissue biopsy and
histopathology

After the subjects signed the informed consent, a 16G liver
puncture needle was used under ultrasound guidance to obtain liver
tissue. The length of the tissue specimen collected had to be at least
1.0 cm (1.5-2.5 cm). Liver biopsy specimens were sliced consecutively
and subjected to routine H&E staining, reticulin staining, and/or
Masson staining. The Scheuer scoring system was used to evaluate the
stages of liver fibrosis (S0-S4) and inflammation grading (G0-G4),
with $3-S4 indicating advanced liver fibrosis. According to the Brunt
grading system, fat degeneration was evaluated and divided into four
levels: FO (<5%), F1 (5% ~ 33%), F2 (33% ~ 66%), and F3 (> 66%). All
pathological sections were independently observed and evaluated by
two experienced pathologists. In the event of any disagreement, a
third pathologist would serve as an arbitrator.

According to the histological severity of NAFLD, patients were
divided into three groups using the SAF score (16, 17): mild NAFLD
group, with SAF fibrosis and/or activity scores not exceeding one
point; moderate NAFLD group, with SAF fibrosis and/or activity
scores equal to two points; and severe NAFLD group, with SAF
fibrosis and/or activity scores of three points or higher.
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patients diagnosed with fatty
liver by liver ultrasound
S excluding patients who refuse percutaneous liver
biopsy for pathological diagnosis
signing the informed consent form and
undergoing percutaneous liver biopsy for
pathological diagnosis
excluding pathological diagnosis
of other types of liver diseases
pathological diagnosis of NAFLD
539 subjects
FIGURE 1
Patient enrollment flowchart.

2.2 Test method

2.2.1 Biochemical testing

All subjects were required to fast overnight before the blood
draw, which involved an 8 h fast. This fasting was necessary to collect
blood samples for routine testing of various parameters, including
aspartate aminotransferase (AST), alanine aminotransferase (ALT),
gamma-glutamyl transferase (GGT), bilirubin, total bile acids,
cholesterol, creatinine, uric acid, fasting blood glucose, glycated
hemoglobin, glycated albumin, C-peptide, insulin levels,
homocysteine, alpha-fetoprotein (AFP), type III procollagen, and

serum human laminin.

2.2.2 Detection of liver transient elastography
technology

All participants were required to fast for at least 3 h prior to the
examination. During the procedure, patients were in a supine position
with their right arm fully extended. The right hepatic lobe was scanned
through the intercostal space to gather measurements. Utilizing
ultrasound imaging, the operator placed the probe on a liver segment
with a thickness of at least 6 cm, ensuring that it was free from large
vascular structures and the gallbladder. The probe button was pressed
to initiate the measurement, and 10 valid measurements were obtained.
The median of these 10 measurements was recorded as the liver
elasticity value. The liver fat attenuation parameter, expressed in dB/m,
represents the average estimated value of ultrasound attenuation at a
frequency of 3.5 MHz. The liver stiffness value, expressed in kPa, is the
average estimate of Young’s modulus at a shear wave frequency
of 50 Hz.
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3 Definition of relevant indicators

3.1 Diabetes

Diabetes is defined as a condition based on the diagnostic criteria
outlined in the 2020 version of the Guidelines for the Prevention and
Treatment of Type 2 Diabetes in China, issued by the Diabetes Branch
of the Chinese Medical Association (18, 19). It is characterized by a
fasting blood glucose level of >7.0 mmol/L and includes patients who
have previously been diagnosed with diabetes.

3.2 Hypertension

According to the 2018 revised version of the “Guidelines for the
Prevention and Treatment of Hypertension in China,” released by the
Hypertension Professional Committee of the Chinese Medical
Association, patients with systolic blood pressure (SBP) of >140 mm
Hg and/or diastolic blood pressure (DBP) of >90 mm Hg, as well as
those previously diagnosed with hypertension, are defined as having
hypertension (20).

3.3 Hyperlipidemia

According to the diagnostic criteria in the 2023 edition of the
Chinese Blood Lipid Management Guidelines published by the Joint
Expert Committee on the Revision of Chinese Blood Lipid
Management Guidelines, hyperlipidemia is diagnosed when one or
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more of the following conditions are met: total cholesterol (TC) of
240 mg/dL (6.2 mmol/L) or higher, low-density lipoprotein cholesterol
(LDL) of 160 mg/dL (4.1 mmol/L) or higher, high-density lipoprotein
cholesterol (HDL) lower than 40 mg/dL (1.0 mmol/L), or triglycerides
(TG) of 200 mg/dL (2.3 mmol/L) or higher (21).

3.4 BMI

The overweight and obesity limits recommended by the Chinese
Obesity Working Group of the International Society for Life Sciences
in 2002 are as follows: BMI < 18.5 kg/m2 indicates underweight,
18.5 kg/m?2 < BMI < 23.9 kg/m?2 indicates normal weight, 24.0 kg/
m2 < BMI < 27.9 kg/m2 indicates overweight, and BMI > 28.0 kg/m2
indicates obesity (22).

3.5 A sedentary lifestyle

A sedentary lifestyle refers to a person’s lack of sufficient physical
activity in daily life, typically involving more than 8 h of sitting or
lying down each day.

3.6 A high-calorie diet

A high-calorie diet typically refers to a dietary pattern in which
the total energy intake (calories) exceeds an individual’s daily energy
expenditure and basal metabolic needs.

4 Statistical method

All data were analyzed using IBM SPSS Statistics 25. Count data
are expressed as percentages (%) using the chi-squared test.
Measurement data that follow a normal distribution are expressed as
means + standard deviations. A t-test is conducted, and a one-way
analysis of variance is performed for comparisons between multiple
groups. Quantitative data that do not have a normal distribution are
represented as quartiles, and independent sample non-parametric
tests are performed. Pearson or Spearman correlation analyses were
performed to identify factors related to the severity of NAFLD in
patients. Regression analysis was performed to identify potential
influencing factors, incorporating meaningful variables into logistic
regression analysis to explore independent risk factors for the severity
of NAFLD. A p-value of <0.05 indicates statistical significance.

TABLE 1 General demographic data of study subjects.

10.3389/fmed.2025.1510679

5 Results

5.1 General demographic information of
the research subjects

This study included a total of 539 research subjects, aged 6 to
79 years, comprising 325 men and 214 women who met the inclusion
and exclusion criteria. There were 162 cases in the mild NAFLD
group, with an average age of 41.39 + 12.15 years, including 110 men
(67.90%) and 52 women (32.10%). There were 210 cases in the
moderate NAFLD group, with an average age of 39.84 + 12.78 years,
comprising 119 men (56.67%) and 91 women (43.33%). There were
167 cases in the severe NAFLD group, with an average age of
37.43 £ 14.12 years, including 96 men (57.49%) and 71 women
(42.51%). According to non-parametric testing, there was a statistically
significant difference in age between the three groups (H = 7.250,
p = 0.027) but there was no statistically significant difference in gender
(r*=5.621, p = 0.06), as shown in Table 1. Subsequently, Dunn’s t-test
was conducted to compare the ages between the three groups of
patients pairwise, indicating a difference in age between the mild
(median 41.5) and severe (median 35) groups (p = 0.007).

5.2 Comparison of dietary and lifestyle
habits between the three groups

Comparing the distribution of dietary preferences and lifestyle
habits, the results demonstrated a statistically significant difference in
high-calorie diets between these groups (p < 0.05), as shown in
Table 2. Furthermore, pairwise comparisons of high-calorie diets
indicated significant differences between the mild and severe groups
(r* = 36.497, p < 0.001), as well as between the mild and moderate
groups (y2 = 25.588, p < 0.001). Patients in the severe group exhibited
the highest proportion of high-calorie diets.

5.3 Comparison of metabolic diseases and
BMI between the three groups

The distribution of BMI and related medical history (diabetes,
hypertension, hyperlipidemia, and current use of lipid-lowering
drugs), as well as family history (diabetes, hypertension, and liver
cancer) among the three groups were compared. The results indicated
no significant differences between the groups regarding diabetes, high
blood pressure, hyperlipidemia, current use of lipid-lowering drugs,
and family history of diabetes and liver cancer, as shown in Table 2.

Project Total (n = 539) Mild NAFLD Moderate Severe NAFLD

group (n = 162) NAFLD group group (n = 167)

(n = 210)
Age (years) 41.39 £12.15 39.84 £12.78 37.43 +14.12 7.25 0.027
Gender (men, %) 325 (60) 110 (68) 119 (57) 96 (57) 5.621 0.06
High calorie diet (%) 415 (77) 95 (59) 173 (82) 147 (88) 45.713 <0.001
Sedentary lifestyle
%) 512 (95) 152 (94) 200 (95) 160 (96) 0.723 0.697
Frontiers in Medicine 04 frontiersin.org
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TABLE 2 History of metabolic diseases, family history, and BMI data in three groups.

Project Total (n = 539) Mild NAFLD Moderate Severe NAFLD
group (n = 162) NAFLD group group (n = 167)
(n = 210)
Diabetes (%) 51(9) 11(7) 25 (12) 15 (9) 2.858 0.24
Hypertension (%) 62 (12) 18 (11) 22 (10) 22(13) 4.284 0.369
Hyperlipidemia (%) 275 (51) 71 (44) 113 (54) 91 (54) 4813 0.09
Lipid-lowering drugs (%) 17 (3) 6(4) 6(3) 5(3) 0.235 0.889
Family history of diabetes
%) 119 (22) 33 (20) 44 (21) 42 (25) 1.345 0.51
Family history of
111 (21) 37 (23) 32(12) 42 (25) 6.303 0.043
hypertension (%)
Family history of liver
24 (4) 7 (4) 11 (5) 6(4) 0.601 0.74
cancer (%)
Normal weight (%) 43 (8) 26 (16) 10 (5) 7 (4)
80.593
Overweight (%) 197 (37) 92 (57) 65 (31) 40 (24)
Obesity (%) 229 (55) 44 (27) 135 (62) 120 (72) <0.001

Compared to the mild group, the moderate NAFLD group exhibited
a higher BMI (H = 67.573, p < 0.001) and a higher obesity rate (62%
vs. 27%), while the severe NAFLD group also showed a higher BMI
and a higher obesity rate (H =88.922, p < 0.001). There was no
significant difference in BMI between the moderate and severe groups
(H=3.402, p=0.065). Our findings also suggested that the
proportion of patients with a family history of hypertension in the
severe group was higher than that in the moderate group (y* = 5.793,
p=0.016).

5.4 Comparison of biochemical indicators
between the three groups

The results indicated statistically significant differences in SLT,
AST, GGT, total bile acids, cholinesterase, glycosylated albumin, blood
glucose, and uric acid between the three groups (p < 0.05).
Additionally, the differences in type III procollagen, serum human
laminin, liver stiffness, and liver steatosis—reflected as indicators of
liver fibrosis—were also statistically significant among these groups.
Dunn’s ¢-test pairwise comparisons revealed that the levels of alanine
aminotransferase (118 > 90 > 55.5) and aspartate aminotransferase
(59 > 51 > 30) in the severe and moderate groups exceeded those in
the mild group, with patients in the severe group exhibiting the
highest transaminase levels. Significant differences were observed in
cholinesterase, total bile acids, glutamyl transpeptidase, blood glucose,
and uric acid between the severe and mild groups, while no significant
difference was found in glycosylated albumin between the moderate
and severe groups. The degree of liver stiffness (9.35> 7.4 > 6.2) and
hepatic steatosis (285 > 267.5 > 217.5) in the severe group was more
pronounced than in the moderate and mild groups. No significant
difference was observed in type III procollagen and serum laminin
between the moderate and severe groups. The three groups showed
consistency in glycated hemoglobin, insulin levels, C-peptide, total
bilirubin, alpha-fetoprotein, ApoA1, homocysteine, direct bilirubin,
lipoprotein, ApoB, LDL, HDL, triglycerides, cholesterol, urea nitrogen,
albumin, creatinine, and alkaline phosphatase, as shown in Tables 3, 4.
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6 Correlation analysis of factors
affecting the severity of NAFLD

To further investigate the factors affecting the SAF grading of
NAFLD patients, we conducted a correlation analysis between various
independent variables and the dependent variable (SAF grading).
First, indicators reflecting liver fibrosis—type III procollagen, liver
stiffness, and hepatic steatosis—were used as independent variables in
a stepwise regression analysis. The resulting model was
SAF =0.705 + 0.005 * type III procollagen +0.028 * liver stiffness
+0.004 * hepatic steatosis (F = 31.909, p < 0.05). The model’s R* was
0.174, indicating that it explains 17.4% of the variation in SAFE. The
analysis revealed that type III procollagen (95% CI: 0.002-0.009), liver
stiffness (95% CI: 0.018-0.037), and hepatic steatosis (95% CI: 0.002-
0.005) positively influenced SAF grading. Subsequently, we performed
a stepwise regression analysis using indicators of liver inflammation
(alanine aminotransferase and aspartate aminotransferase) along with
the remaining variables as independent predictors. The model was
SAF = —0.844-0.001 * glutamyl transpeptidase +0.003 * aspartate
aminotransferase +0.001 * uric acid — 0.009 * creatinine — 0.000 *
urea nitrogen +0.103 * BMIL, with an R* of 0.256 (F = 26.100, p < 0.05).
The results demonstrated that uric acid, aspartate aminotransferase,
and BMI had a significantly positive impact on SAF, while glutamyl
transpeptidase, creatinine, and urea nitrogen exhibited a significantly
negative influence.

7 Discussion

In this study, data were gathered from 539 NAFLD patients,
revealing differences in demographic characteristics, dietary and
lifestyle habits, metabolic diseases, family history, and laboratory
indicators among patients with varying degrees of severity. The key
factors affecting the severity of NAFLD were also explored. This study
showed that BMI, uric acid, AST, type III procollagen, liver stiffness,
and hepatic steatosis indicators play important roles in the progression
of NAFLD, suggesting that clinical monitoring and management of
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TABLE 3 Comparison of laboratory indicators between the three groups.

Project

Mild NAFLD group
(n = 162)

Moderate NAFLD
group (n = 210)

Severe NAFLD
group (n = 167)

10.3389/fmed.2025.1510679

ALT (U/L) 55.5(29.8, 89.8) 90 (55.8, 146) 118 (69, 164) 59.823 <0.001
AST (U/L) 30 (23, 45.3) 51 (30, 79) 59 (41, 96) 76.232 <0.001
GGT (U/L) 61 (29.8,122.3) 68 (37.8,112) 77 (49, 123) 6.568 0.037
Alkaline phosphatase 77 (65, 97.3) 81 (67,107.3) 81.7 (66, 107) 2.461 0.292
Cholinesterase (U/L) 9272.5 (7,952, 10875.8) 9,774 (8378.8,11138.3) 9,849 (8,548, 11,225) 6.023 0.049
Total bilirubin (umol/L) 12 (9.9,17) 13 (9.7, 17) 12 (9.5, 16) 1.689 0.43

Direct bilirubin (umol/L) 3.95(2.9,6) 4.3 (3,5.7) 3.900 (3.1, 5.4) 1.243 0.537
Total bile acid (umol/L) 43(27,6.8) 45(2.8,8.3) 53(3.1,9.3) 6.525 0.038
Cholesterol (mmol/L) 4.7 (4.1,5.4) 4.78 (4.2,5.5) 4.885 (4.1, 5.6) 1.439 0.487
Triglycerides (mmol/L) 1.725(1.2,2.3) 1.76 (1.3, 2.6) 1.695 (1.2,2.5) 0.849 0.654
HDL (mmol/L) 1.03 (0.9, 1.2) 1.03 (0.9, 1.2) 1.04 (0.9, 1.2) 0.257 0.879
LDL (mmol/L) 2.73(2.2,3.2) 2.86 (2.4,3.4) 2.985(2.2,3.4) 4.257 0.119
ApoAl (g/L) 1.305 (1.1, 1.5) 1.32(1.2,1.5) 1.34(1.2,1.5) 2.565 0.277
ApoB (g/L) 0.875 (0.7, 1.1) 0.89 (0.7, 1.1) 0.91 (0.7, 1.1) 2.12 0.346
Lipoprotein (mg/dl) 7.45 (3.8, 14) 6.8 (3.1,15.4) 7.05 (3.8, 21.6) 1.42 0.492
Albumin (g/L) 46 (44, 48) 46 (43, 49) 47 (43, 48) 0.232 0.891

Blood glucose (mmol/L) 5.63 (5.2, 6.2) 5.84 (5.3, 6.6) 5.775 (5.4, 6.8) 6.224 0.045
Glycated hemoglobin (%) 5.3 (4.8,5.8) 5.4(4.8,6.2) 5.5(4.9,6.5) 5.583 0.061

Glycosylated albumin (%) 12.4 (104, 13.9) 12.8 (11.6, 15.3) 12.835 (11.4, 15.9) 8.595 0.014
Insulin levels (mU/L) 11.7 (6.2, 17.4) 13.03 (6.8, 18.3) 13.855 (7.6, 18.6) 5.127 0.077
C-peptide (ng/mL) 3.6 (2.9,4.6) 3.6(2.9,4.9) 3.865 (3.2,5.2) 4.393 0.111

Urea nitrogen (mmol/L) 4.79 (4,5.5) 4.645 (4.1, 5.5) 4.545 (3.7, 5.5) 2.823 0.244
Creatinine (umol/L) 66 (57, 76) 63 (53.8,75) 63 (52,72.3) 5.813 0.055
Uric acid (umol/L) 339 (292, 412.5) 366 (282.5, 452.3) 386 (315, 464) 11.457 0.003
Homocysteine (umol/L) 12.6 (9.9, 16) 12 (8.9, 15.7) 12.245 (9.1, 16.8) 0.425 0.808
AFP (ng/ml) 3.2(2.2,4.8) 3.1(2.2,5.1) 3.1(24,5.8) 0.842 0.656
Type III procollagen (ug/L) 15.315 (9.8, 23) 18.35 (12, 35.1) 17.42 (12.8,41.4) 11.48 0.003
Serum human laminin

(ugh) 76.36 (60.4, 106.3) 92.245 (71.8,112.9) 86.16 (70.5, 112.6) 8.871 0.012
Liver stiffness (kPa) 6.2 (5.3,7.5) 7.4 (5.9,10.1) 9.35 (6.8, 15.6) 76.501 <0.001
Liver steatosis (dB/m) 217.5 (180, 276.8) 267.5 (245, 290.5) 285 (255.8,309.3) 65.524 <0.001

The laboratory indicator data above are all non-normally distributed quantitative data, expressed as M (Q1, Q3).

these indicators should be enhanced to improve the prognosis for
NAFLD patients.

Our results showed that there were significant differences in the
age composition of patients with mild, moderate, and severe NAFLD
(p = 0.027), suggesting that age may be an important factor influencing
the severity of NAFLD. As NAFLD severity increases, the average age
of patients showed a decreasing trend, which contradicts the findings
of previous research on the relationship between NAFLD and age (22,
23). In this study, the severe NAFLD group included eight underage
patients (aged <18 years) with a BMI of >28 kg/m? and liver biopsy
results that met the criteria for severe NAFLD. While previous
research has predominantly focused on adult populations, recent data
indicate a significant rise in NAFLD prevalence among adolescents,
closely associated with metabolic syndrome (24, 25). To validate the
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robustness of our findings, we conducted sensitivity analyses by
repeating the regression models after excluding the underage patients.
The results showed that the effect sizes of key risk factors, such as BMI,
uric acid, and AST, changed by less than 5%, suggesting that the
inclusion of underage patients did not significantly impact our
findings. A study focused on adolescents also showed that the
incidence and severity of NAFLD were notable among young
people (26).

After excluding the underage patients, the impact of BMI on SAF
scores decreased from = 0.103 to 0.098 (A = 4.9%), and uric acid
decreased from f = 0.001 to 0.0009 (A = 10%). These changes did not
reach statistical significance (all p > 0.05). This study is the first to
delineate the clinical characteristics of adolescent NAFLD patients
within the SAF scoring framework, revealing that their high-risk
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TABLE 4 Pairwise comparison results using Dunn'’s test.

10.3389/fmed.2025.1510679

(lname (J)name
ALT (U/L) Mild Moderate 55.5 90 —34.5 0.000
Mild Severe 55.5 118 —62.5 0.000
Moderate Severe 90 118 —28 0.003
AST (U/L) Mild Moderate 30 51 -21 0.000
Mild Severe 30 59 -29 0.000
Moderate Severe 51 59 -8 0.002
GGT (U/L) Mild Moderate 61 68 -7 0.252
Mild Severe 61 77 —-16 0.011
Moderate Severe 68 77 -9 0.12
Cholinesterase (U/L) Mild Moderate 9272.5 9,774 —501.5 0.068
Mild Severe 9272.5 9,849 —576.5 0.018
Moderate Severe 9,774 9,849 =75 0.503
Total bile acid (umol/L) Mild Moderate 4.3 4.5 -0.2 0.487
Mild Severe 4.3 53 -1 0.014
Moderate Severe 4.5 5.3 -0.8 0.057
Glycosylated albumin (%) | Mild Moderate 124 12.8 —0.4 0.012
Mild Severe 12.4 12.835 —0.435 0.008
Moderate Severe 12.8 12.835 —0.035 0.781
Blood glucose (mmol/L) Mild Moderate 5.63 5.84 —0.21 0.052
Mild Severe 5.63 5.775 —0.145 0.018
Moderate Severe 5.84 5.775 0.065 0.575
Uric acid (umol/L) Mild Moderate 339 366.5 -27.5 0.076
Mild Severe 339 386.5 —47.5 0.001
Moderate Severe 366.5 386.5 —20 0.07
Type III procollagen
(ug/L) Mild Moderate 15.315 18.35 —3.035 0.015
Mild Severe 15315 17.42 —2.105 0.001
Moderate Severe 18.35 17.42 0.93 0.284
Serum human laminin
(ug/L) Mild Moderate 76.36 92.245 —15.885 0.005
Mild Severe 76.36 86.16 -9.8 0.020
Moderate Severe 92.245 86.16 6.085 0.693
Liver stiffness (kPa) Mild Moderate 6.2 7.4 -1.2 0.000
Mild Severe 6.2 9.35 -3.15 0.000
Moderate Severe 7.4 9.35 -1.95 0.000
Liver steatosis (dB/m) Mild Moderate 217.5 267.5 -50 0.000
Mild Severe 217.5 285 —67.5 0.000
Moderate Severe 267.5 285 -17.5 0.008
Moderate Severe 267.5 285 -17.5 0.008

metabolic phenotypes (e.g., severe obesity and hyperuricemia) align
with those observed in adult populations. Although the limited
sample size may constrain the power of subgroup analyses, sensitivity
analyses support the robustness of the primary findings (Table 5).
Given that young patients may be more inclined toward high-calorie
diets and more susceptible to insulin resistance and metabolic
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syndrome, this suggests they may be more likely to develop severe
NAFLD. This study identified key factors influencing the severity of
NAFLD, including BMI, uric acid, AST, liver fibrosis markers, and
hepatic steatosis. Notably, the gender distribution among severity
groups approached statistical significance (y* =5.621, p =0.06).
Although this result did not meet the conventional significance
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TABLE 5 Sensitivity analysis results of regression models before and after excluding underage patients.

10.3389/fmed.2025.1510679

Variables Total sample After excluding
(n = 539) underage
patients (n = 531)
p (95% Cl) p (95% Cl)
BMI (kg/m?) 0.103 (0.078-0.128) <0.001 0.098 (0.073-0.123) <0.001 —4.90% 0.32
Uric acid (umol/L) 0.001 (0.0005-0.0015) 0.003 0.0009 (0.0004-0.0014) 0.005 —10.00% 0.45
AST (U/L) 0.003 (0.002-0.004) <0.001 0.003 (0.002-0.004) <0.001 0% 0.89
Liver stiffness (kPa) 0.028 (0.022-0.034) <0.001 0.027 (0.021-0.033) <0.001 —3.60% 0.51
Liver steatosis (dB/m) 0.004 (0.003-0.005) <0.001 0.004 (0.003-0.005) <0.001 0% 0.95

A multiple linear regression model was employed, with the SAF score as the dependent variable and adjusted variables including age, gender, diabetes history, and history of hypertension. A%:
Percentage change in regression coefficients after excluding underage patients, calculated as (B_excluded — B_full) /B_full x 100%. p-value change: The significance of differences in p-values

before and after exclusion was tested using the bootstrap method with 1,000 resampling iterations. Data format: § values are standardized regression coefficients, 95% CI represents the
confidence interval, p-values are retained to three decimal places, and values less than 0.001 are labeled as extremely significant.

threshold, its potential clinical and biological implications warrant
further investigation. The observed gender trend aligns with recent
evidence suggesting gender-specific pathways in NAFLD progression.
Men are more susceptible to visceral adiposity and insulin resistance,
which may accelerate hepatic lipid accumulation and fibrosis (27),
while premenopausal women may benefit from estrogen-mediated
lipid metabolism regulation and an anti-inflammatory effect (28, 29).
However, including adolescent patients in this study complicates this
interpretation, as their hormonal environment differs from that of
adults. To assess the robustness of the gender trend, we conducted
sensitivity analyses by excluding underage patients (n =8) and
adjusting for age and BMI. After exclusion, the gender difference
remained non-significant (y*> = 4.872, p = 0.09), indicating that the
trend was not driven by the pediatric subgroup. However, when
stratified by BMI categories (normal, overweight, obese), obese men
exhibited a higher proportion of severe NAFLD compared to women
(65% vs. 48%, p = 0.08), suggesting that gender differences may
interact with metabolic risk factors. The effect size for gender
differences, calculated using Cramer’s V (V = 0.07), indicated a weak
association. Although statistically modest, this finding is consistent
with population-based studies reporting a 10-15% higher NAFLD
prevalence in men compared to women. The clinical relevance of this
trend lies in its potential to inform personalized screening strategies,
particularly for obese men who may benefit from earlier intervention.
These findings underscore the importance of considering gender-
specific risk profiles in NAFLD management and highlight the need
for further research to elucidate the underlying mechanisms.

The results of the three groups indicated that patients in the
moderate to severe groups were more inclined toward a high-calorie
diet. The structure of this high-calorie diet, rich in saturated fatty acids
and fructose, closely related to obesity, may lead to an energy surplus
and fat accumulation, which could be one of the key mechanisms in
the development of NAFLD. This aligns with the opinions in the
“Diagnosis and Treatment Guidelines for Non-Alcoholic Fatty Liver
Disease,” formulated by the Fatty Liver and Alcoholic Liver Disease
Group of the Hepatology Branch of the Chinese Medical Association
in 2018 (30). Clinical attention should focus on the dietary
management of NAFLD patients, and early intervention in their diet
and lifestyle habits should be implemented to prevent further disease
progression. A sedentary lifestyle is also a risk factor for NAFLD;
however, our research did not find a significant correlation with the
SAF grading of NAFLD. We consider that a sedentary lifestyle does
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not directly contribute to MetS, such as hypertension, hyperglycemia,
and obesity.

Our results also showed that the moderate and severe NAFLD
groups had higher BMI and obesity rates compared to the mild group,
while the severe group had a greater proportion of patients with a
family history of hypertension than the moderate group.

Among the three groups, our research indicated that the ALT and
AST levels in the severe and moderate groups were higher than those
in the mild group, with the highest transaminase levels observed in
the severe group. Additionally, levels of cholinesterase, total bile acids,
GGT, blood glucose, uric acid, liver stiffness, and hepatic steatosis in
the severe group were higher than those in the mild group, consistent
with the progression of NAFLD. However, there were no significant
differences in glycated hemoglobin, insulin levels, C-peptide, total
bilirubin, alpha-fetoprotein, ApoA1, homocysteine, direct bilirubin,
lipoprotein, ApoB, LDL, HDL, triglycerides, cholesterol, urea nitrogen,
albumin, creatinine, and alkaline phosphatase among the three patient
groups. This may be due to patients potentially having taken
hypoglycemic or lipid-lowering medications in the past or recently
altering their lifestyle habits through diet and exercise, which could
affect their blood sugar and lipid levels. We only accounted for the
current medication history and did not consider previous medication
history or details related to blood glucose and lipid levels. Furthermore,
some patients may not have monitored their blood glucose and lipid
levels or may not have taken them seriously, leaving it unclear whether
they had abnormal levels. Due to these interfering factors and the lack
of important information, we believe that this part of the analysis does
not accurately reflect the true results.

To further explore the factors affecting SAF grading in NAFLD
patients, we conducted a correlation analysis between these factors
and SAF grading. Stepwise regression analysis revealed that the
fibrosis-related model (R* = 0.174, p < 0.001) and the inflammation-
metabolism model (R? = 0.256, p < 0.001) explained 17.4 and 25.6%
of the variation in SAF scores, respectively. For every 1 kg/m” increase
in BMI, the SAF score increased by 0.103 units (95% CI: 0.078-0.128),
consistent with the 2023 American Association for the Study of Liver
Diseases guidelines, which identify obesity as a key driver of NAFLD
progression (3). Elevated uric acid levels promote hepatic steatosis by
activating the NLRP3 inflammasome (31), while AST, reflecting
mitochondrial dysfunction and hepatocyte injury, showed a positive
association with SAF (# = 0.003), supporting its role as a marker of
disease activity.
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The results showed that BMI, uric acid, AST, type III procollagen,
liver stiffness, and hepatic steatosis exhibited a positive impact on SAF
grading, while GGT, creatinine, and urea nitrogen had a significant
negative impact on SAF grading. Research suggests a correlation
between high levels of uric acid and lipid accumulation or steatosis in
liver cells. Elevated uric acid levels may increase oxidative stress and
activate pro-inflammatory and pro-fibrotic cytokines, leading to fat
accumulation, cellular damage, and inflammation in the liver (32, 33).
Interestingly, GGT showed a negative correlation with the pathological
SAF score in NAFLD, which appears counterintuitive, given its role as
a marker of liver injury (34). We hypothesize that this may be due to
several factors: the study sample, which included one-third of mild
NAFLD patients, exhibited higher GGT levels but lower SAF scores,
potentially introducing selection bias; GGT levels might be affected
by uncontrolled factors such as medications and lifestyle choices,
which were not adequately controlled in this study; and the liver may
react to early fatty degeneration and inflammation through
compensatory mechanisms, leading to elevated GGT levels that could
decrease as the disease progresses to more severe stages (35).

Patients with NAFLD typically do not exhibit cholestasis; however,
insulin resistance significantly enhances lipid mobilization in adipose
tissue and the uptake and synthesis of triglycerides in hepatocytes,
leading to lipid metabolism disorders and lipid peroxidation.
Glutathione (GSH), the primary cellular thiol antioxidant, plays a
crucial role in mitigating oxidative stress, while GGT is integral to
GSH metabolism. Elevated GGT levels promote the hydrolysis of GSH
to cysteinylglycine, which can be oxidized to generate reactive oxygen
species (ROS), further triggering hepatic inflammation (36). This
mechanism explains the increase in GGT levels during the early stages
of NAFLD (F0-F1), which is associated with enhanced oxidative
stress. However, as the disease progresses to advanced fibrosis (F3-
F4), the reduction in hepatocyte number and function—along with
miR-122 overexpression targeting GGT1 mRNA to inhibit its
translation—may lead to decreased GGT release (37). Thus, the
dynamic changes in GGT not only reflect the oxidative stress status in
NAFLD but also serve as potential biomarkers for disease progression.

A study on obese Chinese people suggests that the GGT/HDL-c
ratio may be associated with NAFLD (38). In recent years, numerous
studies have explored the connection between the GGT/HDL-C ratio
and NAFLD, demonstrating that this ratio is significantly correlated
with the occurrence of NAFLD and exhibits superior diagnostic
performance compared to GGT or HDL-C alone. However, research
on the underlying mechanisms remains limited. It is hypothesized that
elevated GGT levels indicate increased oxidative stress and hepatic
inflammation, while decreased HDL-C levels are associated with lipid
metabolism disorders and an elevated risk of atherosclerosis. The
GGT/HDL-C ratio amalgamates these two pathophysiological
processes, potentially providing a more comprehensive biomarker for
NAFLD (39-41). In clinical practice, monitoring GGT levels may aid
in assessing the degree of oxidative stress and the risk of disease
progression in NAFLD patients, particularly when liver biopsy is not
feasible. Future research should explore the combined application of
GGT with other non-invasive markers (e.g., FIB-4, NES) to improve
the accuracy of NAFLD diagnosis and staging.

This study confirms the central role of BMI, uric acid, and AST in
the progression of NAFLD, providing potential targets for
individualized treatment. BMI, a core metabolic risk factor, has been
shown to correlate with hepatic fat deposition and fibrosis. The 2023
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AASLD guidelines emphasize that a 5-10% weight reduction can
significantly improve hepatic steatosis and inflammation and even
reverse early fibrosis (3). The positive effect of BMI on SAF scores
(= 0.103) in this study further underscores the central role of weight
management in NAFLD treatment.

The association between hyperuricemia and NAFLD severity may
be mediated by NLRP3 inflammasome activation. Recent animal
studies suggest that uric acid promotes hepatic lipid accumulation
through the ROS/JNK pathway (33). In this study, uric acid levels were
significantly elevated in the severe group, highlighting the need for
clinical attention to uric acid regulation, particularly in patients with
comorbid metabolic syndrome. In clinical practice, a multidisciplinary
approach is recommended for comprehensive metabolic risk
management, combined with dynamic assessment of disease
progression using non-invasive markers such as liver stiffness and the
GGT/HDL-C ratio.

This study also has a few limitations. First, it is a single-center
retrospective study with a limited sample size, which may result in
selection bias. Second, it failed to comprehensively evaluate all factors
that may affect the severity of NAFLD, such as genetic and
environmental factors. Differences in alcohol and food consumption,
physical activity, and medication use could not be statistically
accounted for, and these factors cannot be dismissed as potential
influences on the observed changes in fatty liver across groups. Finally,
the use of questionnaires to assess participants’ medical histories of
hypertension, hyperlipidemia, or diabetes failed to capture details
such as disease duration, medications taken, and disease control.
Future research should aim to expand the sample size and incorporate
multicenter data to enhance the generalizability and reliability of
the findings.

Data availability statement

The raw data supporting the conclusions of this article will
be made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Ethics Committee
of Beijing Ditan Hospital, Capital Medical University. The studies were
conducted in accordance with the local legislation and institutional
requirements. Written informed consent for participation in this study
was provided by the participants' legal guardians/next of kin. Written
informed consent was obtained from the minor(s)' legal guardian/
next of kin for the publication of any potentially identifiable images or
data included in this article.

Author contributions

XL: Writing - original draft. ShiW: Writing - original draft. ZZ:
Writing - original draft. WD: Writing - original draft. YZ: Writing -
original draft. WC: Writing — original draft. XW: Writing - original
draft. ZG: Writing - original draft. LY: Writing - original draft.
ShuoW: Writing - original draft. WY: Writing - review & editing. YX:
Writing - review & editing. ML: Writing - review & editing.

frontiersin.org


https://doi.org/10.3389/fmed.2025.1510679
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org

Lietal.

Funding

The author(s) declare that financial support was received for
the research and/or publication of this article. This work was
supported by the National Key Research and Development
(2022YFC2603500, 2022YFC2603505);
Hospitals Authority Clinical medicine Development of special
funding support (XMLX 202127); The Digestive Medical
Coordinated Development Center of Beijing Hospitals Authority
(XXZ0302); The capital health research and development of
special public health project (2022-1-2172); Beijing Municipal
health
personnel construction project, discipline leader -03-26; Beijing

Program Beijing

Health Commission high-level public technical

Hospitals Authority Clinical medicine Development of special
funding support; Beijing Hospitals Authority "peak" talent
training program (DFL20241803); The National Key Research
and Development Program (2023YFC2306901,
2023YFC2308105); and the Capital Health Development and
Scientific Research of special public health project (BRWEP2024
W102170101).

References

1. Ludwig J, Viggiano TR, McGill DB, Oh BJ. Non-alcoholic steatohepatitis: Mayo
Clinic experiences with a hitherto unnamed disease. Mayo Clin Proc. (1980) 55:434-8.
doi: 10.1016/S0025-6196(24)00530-5

2. Jiang T, Sun F, Zeng Z, Li M, Xie Y. Research advances in metabolic-associated fatty
liver disease-related hepatocellular carcinoma. Chin J Liver Dis. (2022) 14:14-7.

3. Rinella ME, Neuschwander-Tetri BA, Siddiqui MS, Abdelmalek ME, Caldwell S, Barb D,
etal. AASLD practice guidance on the clinical assessment and management of non-alcoholic
fatty liver disease. Hepatology. (2023) 77:1797-835. doi: 10.1097/HEP.0000000000000323

4. Younossi Z, Anstee QM, Marietti M, Hardy T, Henry L, Eslam M, et al. Global
burden of NAFLD and NASH: trends, predictions, risk factors and prevention. Nat Rev
Gastroenterol Hepatol. (2018) 15:11-20. doi: 10.1038/nrgastro.2017.109

5. Heeren J, Scheja L. Metabolic-associated fatty liver disease and lipoprotein
metabolism. Mol Metab. (2021) 50:101238. doi: 10.1016/j.molmet.2021.101238

6. Luukkonen PK, Qadri S, Ahlholm N, Porthan K, Mannist6 V, Sammalkorpi H, et al.
Distinct contributions of metabolic dysfunction and genetic risk factors in the
pathogenesis of non-alcoholic fatty liver disease. ] Hepatol. (2022) 76:526-35. doi:
10.1016/j,jhep.2021.10.013

7. Friedman SL, Neuschwander-Tetri BA, Rinella M, Sanyal AJ. Mechanisms of
NAFLD development and therapeutic strategies. Nat Med. (2018) 24:908-22. doi:
10.1038/s41591-018-0104-9

8. Arroyave-Ospina JC, Wu Z, Geng Y, Moshage H. Role of oxidative stress in the
pathogenesis of non-alcoholic fatty liver disease: implications for prevention and
therapy. Antioxidants (Basel). (2021) 10:174. doi: 10.3390/antiox10020174

9. Kim JY, Garcia-Carbonell R, Yamachika S, Zhao P, Dhar D, Loomba R, et al. ER
stress drives lipogenesis and Steatohepatitis via Caspase-2 activation of S1P. Cell. (2018)
175:133-145.¢15. doi: 10.1016/j.cell.2018.08.020

10. Zhang X, Coker OO, Chu ES, Fu K, Lau HCH, Wang Y-X, et al. Dietary cholesterol
drives fatty liver-associated liver cancer by modulating gut microbiota and metabolites.
Gut. (2021) 70:761-74. doi: 10.1136/gutjnl-2019-319664

11. Sorrentino P, Terracciano L, D’Angelo S, Ferbo U, Bracigliano A, Vecchione R.
Predicting fibrosis worsening in obese patients with NASH through parenchymal
fibronectin, HOMA-IR, and hypertension. Am J Gastroenterol. (2010) 105:336-44. doi:
10.1038/2jg.2009.587

12. Harrison SA, Gawrieh S, Roberts K, Lisanti CJ, Schwope RB, Cebe KM, et al.
Prospective evaluation of the prevalence of non-alcoholic fatty liver disease and
steatohepatitis in a large middle-aged US cohort. | Hepatol. (2021) 75:284-91. doi:
10.1016/j.jhep.2021.02.034

13. Chalasani N, Younossi Z, Lavine JE, Charlton M, Cusi K, Rinella M, et al. The
diagnosis and management of non-alcoholic fatty liver disease: practice guidance from
the American Association for the Study of Liver Diseases. Hepatology. (2018) 67:328-57.
doi: 10.1002/hep.29367

14. Eslam M, Newsome PN, Sarin SK, Anstee QM, Targher G, Romero-Gomez M, et al. A
new definition for metabolic dysfunction-associated fatty liver disease: an international expert
consensus statement. ] Hepatol. (2020) 73:202-9. doi: 10.1016/j.jhep.2020.03.039

Frontiers in Medicine

10.3389/fmed.2025.1510679

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Generative Al statement

The authors declare that no Gen Al was used in the creation of
this manuscript.

Publisher’'s note

All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations,
or those of the publisher, the editors and the reviewers. Any product
that may be evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the publisher.

15. Mann JP, Pietzner M, Wittemans LB, Rolfe EDL, Kerrison ND, Imamura E, et al.
Insights into genetic variants associated with NASH-fibrosis from metabolite profiling.
Hum Mol Genet. (2020) 29:3451-63. doi: 10.1093/hmg/ddaal62

16. Nascimbeni F, Bedossa P, Fedchuk L, Pais R, Charlotte F, Lebray P, et al. Clinical
validation of the FLIP algorithm and the SAF score in patients with non-alcoholic fatty
liver disease. ] Hepatol. (2020) 72:828-38. doi: 10.1016/j.jhep.2019.12.008

17. Hagstrom H, Nasr P, Ekstedt M, Kechagias S, Stél P, Bedossa P, et al. SAF score and
mortality in NAFLD after up to 41 years of follow-up. Scand ] Gastroenterol. (2017)
52:87-91. doi: 10.1080/00365521.2016.1230779

18. Chinese Diabetes Society. Chinese guidelines for the prevention and treatment of
type 2 diabetes (2020 edition) (part 2). Chin J Pract Intern Med. (2021) 41:757-84.

19. Chinese Diabetes Society. Chinese guidelines for the prevention and treatment of
type 2 diabetes (2020 edition) (part 1). Chin ] Pract Intern Med. (2021) 41:757-84. doi:
10.19538/j.nk202109

20. Writing Group of 2018 Chinese Guidelines for the Management of Hypertension,
Chinese Hypertension League, Chinese Society of Cardiology, Chinese Medical Doctor
Association Hypertension Committee, Hypertension Branch of China International
Exchange and Promotive Association for Medical and Health Care, Hypertension
Branch of Chinese Geriatric Medical Association. 2018 Chinese guidelines for the
prevention and treatment of hypertension (revised edition). Chin J Cardiovasc Med.
(2019) 24:24-56.

21.Wang Z, Liu J, Li ], Wu N, Lu G, Chen Z, et al. Chinese guidelines for lipid
management (2023). Chin Circ J. (2023) 38:237-71.

22.Angulo P, Kleiner DE, Dam-Larsen S, Adams LA, Bjornsson ES,
Charatcharoenwitthaya P, et al. Liver fibrosis, but no other histologic features, is
associated with long-term outcomes of patients with non-alcoholic fatty
liver disease. Gastroenterology. (2015) 149:389-397.e10. doi:
10.1053/j.gastro.2015.04.043

23. Younossi ZM, Koenig AB, Abdelatif D, Fazel Y, Henry L, Wymer M. Global
epidemiology of non-alcoholic fatty liver disease-Meta-analytic assessment of prevalence,
incidence, and outcomes. Hepatology. (2016) 64:73-84. doi: 10.1002/hep.28431

24. Lin Y-C, Chang P-F, Liu K, Chang M-H, Ni Y-H. Predictors for incidence and
remission of non-alcoholic fatty liver disease in obese children and adolescents. ] Formos
Med Assoc. (2022) 121:36-42. doi: 10.1016/j.jfma.2021.01.004

25.Nairz J, Messner A, Kiechl SJ, Winder B, Hochmayr C, Egger AE, et al.
Determinants of non-alcoholic fatty liver disease in young people: maternal,
neonatal, and adolescent factors. PLoS Omne. (2024) 19:€0298800. doi:
10.1371/journal.pone.0298800

26. Anderson EL, Howe LD, Jones HE, Higgins JPT, Lawlor DA, Fraser A. The prevalence
of non-alcoholic fatty liver disease in children and adolescents: a systematic review and
Meta-analysis. PLoS One. (2015) 10:e0140908. doi: 10.1371/journal.pone.0140908

27.Lonardo A, Nascimbeni F, Ballestri S, Fairweather D, Win S, Than TA, et al. Sex
differences in non-alcoholic fatty liver disease: state of the art and identification of
research gaps. Hepatology. (2019) 70:1457-69. doi: 10.1002/hep.30626

frontiersin.org


https://doi.org/10.3389/fmed.2025.1510679
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/S0025-6196(24)00530-5
https://doi.org/10.1097/HEP.0000000000000323
https://doi.org/10.1038/nrgastro.2017.109
https://doi.org/10.1016/j.molmet.2021.101238
https://doi.org/10.1016/j.jhep.2021.10.013
https://doi.org/10.1038/s41591-018-0104-9
https://doi.org/10.3390/antiox10020174
https://doi.org/10.1016/j.cell.2018.08.020
https://doi.org/10.1136/gutjnl-2019-319664
https://doi.org/10.1038/ajg.2009.587
https://doi.org/10.1016/j.jhep.2021.02.034
https://doi.org/10.1002/hep.29367
https://doi.org/10.1016/j.jhep.2020.03.039
https://doi.org/10.1093/hmg/ddaa162
https://doi.org/10.1016/j.jhep.2019.12.008
https://doi.org/10.1080/00365521.2016.1230779
https://doi.org/10.19538/j.nk202109
https://doi.org/10.1053/j.gastro.2015.04.043
https://doi.org/10.1002/hep.28431
https://doi.org/10.1016/j.jfma.2021.01.004
https://doi.org/10.1371/journal.pone.0298800
https://doi.org/10.1371/journal.pone.0140908
https://doi.org/10.1002/hep.30626

Lietal.

28. Moran-Costoya A, Proenza AM, Gianotti M, Llad6 I, Valle A. Sex differences in
non-alcoholic fatty liver disease: estrogen influence on the liver-adipose tissue crosstalk.
Antioxid Redox Signal. (2021) 35:753-74. doi: 10.1089/ars.2021.0044

29.Lee C, Kim J, Han J, Oh D, Kim M, Jeong H, et al. Formyl peptide receptor 2
determines sex-specific differences in the progression of non-alcoholic fatty liver
disease and steatohepatitis. Nat Commun. (2022) 13:578. doi: 10.1038/s41467-
022-28138-6

30. National Workshop on Fatty Liver and Alcoholic Liver Disease, Chinese Society of
Hepatology, Chinese Medical Association, and Fatty Liver Expert Committee, Chinese
Medical Doctor Association. Guidelines for the prevention and treatment of non-alcoholic
fatty liver disease (2018 updated edition). J Clin Hepatol. (2018) 34:947-57.

31.Ramos-Tovar E, Muriel P. NLRP3 inflammasome in hepatic diseases: a
pharmacological target. Biochem Pharmacol. (2023) 217:115861. doi: 10.1016/j.bcp.
2023.115861

32.Wan X, Xu G, Lin Y, Lu C, Li D, Sang J, et al. Uric acid regulates hepatic steatosis
and insulin resistance through the NLRP3 inflammasome-dependent mechanism. J
Hepatol. (2016) 64:925-32. doi: 10.1016/j.jhep.2015.11.022

33.Xie D, Zhao H, Lu J, He E Liu W, Yu W, et al. High uric acid induces liver fat
accumulation via ROS/JNK/AP-1 signaling. Am ] Physiol Endocrinol Metab. (2021)
320:E1032-43. doi: 10.1152/ajpendo.00518.2020

34, Cruz MAE Cruz JE Macena LB, de Santana DS, da Cunha Oliveira CC, Lima SO,
et al. Association of the non-alcoholic Hepatic Steatosis and its Degrees with the values
of liver enzymes and homeostasis model assessment-insulin resistance index.
Gastroenterol Res. (2015) 8:260-4. doi: 10.14740/gr685w

Frontiers in Medicine

11

10.3389/fmed.2025.1510679

35.Xing M, Gao M, Li J, Han P, Mei L, Zhao L. Characteristics of peripheral blood
gamma-glutamyl transferase in different liver diseases. Medicine (Baltimore). (2022)
101:€28443. doi: 10.1097/MD.0000000000028443

36. Bai C, Zhang M, Zhang Y, He Y, Dou H, Wang Z, et al. Gamma-Glutamyltransferase
activity (GGT) is a long-sought biomarker of redox status in blood circulation: a
retrospective clinical study of 44 types of human diseases. Oxidative Med Cell Longev.
(2022) 2022:8494076-12. doi: 10.1155/2022/8494076

37.Beals JW, Smith GI, Shankaran M, Fuchs A, Schweitzer GG, Yoshino J, et al.
Increased adipose tissue fibrogenesis, not impaired expandability, is associated with
non-alcoholic fatty liver disease. Hepatology. (2021) 74:1287-99. doi: 10.1002/hep.31822

38.Li Q Han Y, Hu H, Zhuge Y. Gamma-glutamyl transferase to high-density
lipoprotein cholesterol ratio has a non-linear association with non-alcoholic fatty liver
disease: a secondary prospective cohort study in non-obese Chinese adults. Front Med.
(2022) 9:995749. doi: 10.3389/fmed.2022.995749

39.Xie Q, Lu S, Kuang M, He S, Yu C, Hu C, et al. Assessing the longitudinal
association between the GGT/HDL-C ratio and NAFLD: a cohort study in a non-obese
Chinese population. BMC Gastroenterol. (2022) 22:500. doi: 10.1186/s12876-022-02598-y

40. Feng G, Feng L, Zhao Y. Association between ratio of y-glutamyl transpeptidase
to high-density lipoprotein cholesterol and prevalence of non-alcoholic fatty liver
disease and metabolic syndrome: a cross-sectional study. Ann Transl Med. (2020) 8:634.
doi: 10.21037/atm-19-4516

41.Xing Y, Chen J, Liu J, Ma H. Associations between GGT/HDL and MAFLD: a
cross-sectional study. Diabetes Metab Syndr Obes. (2022) 15:383-94. doi:
10.2147/DMS0.S342505

frontiersin.org


https://doi.org/10.3389/fmed.2025.1510679
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1089/ars.2021.0044
https://doi.org/10.1038/s41467-022-28138-6
https://doi.org/10.1038/s41467-022-28138-6
https://doi.org/10.1016/j.bcp.2023.115861
https://doi.org/10.1016/j.bcp.2023.115861
https://doi.org/10.1016/j.jhep.2015.11.022
https://doi.org/10.1152/ajpendo.00518.2020
https://doi.org/10.14740/gr685w
https://doi.org/10.1097/MD.0000000000028443
https://doi.org/10.1155/2022/8494076
https://doi.org/10.1002/hep.31822
https://doi.org/10.3389/fmed.2022.995749
https://doi.org/10.1186/s12876-022-02598-y
https://doi.org/10.21037/atm-19-4516
https://doi.org/10.2147/DMSO.S342505

	Exploring the severity and risk factors of non-alcoholic fatty liver disease using the SAF scoring system
	1 Introduction
	2 Materials and methods
	2.1 Research objects
	2.1.1 Inclusion and exclusion criteria
	2.1.2 Diagnostic criteria for liver tissue biopsy and histopathology
	2.2 Test method
	2.2.1 Biochemical testing
	2.2.2 Detection of liver transient elastography technology

	3 Definition of relevant indicators
	3.1 Diabetes
	3.2 Hypertension
	3.3 Hyperlipidemia
	3.4 BMI
	3.5 A sedentary lifestyle
	3.6 A high-calorie diet

	4 Statistical method
	5 Results
	5.1 General demographic information of the research subjects
	5.2 Comparison of dietary and lifestyle habits between the three groups
	5.3 Comparison of metabolic diseases and BMI between the three groups
	5.4 Comparison of biochemical indicators between the three groups

	6 Correlation analysis of factors affecting the severity of NAFLD
	7 Discussion

	References

