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Abstract

Purpose The aim of this study was to explore risk factors of NASH and then develop a non-invasive scoring model in Chinese
patients with obesity. A scoring system was then applied to assess the effect of sleeve gastrectomy on NASH.

Methods A total of 243 patients with obesity were included and divided into NASH group and non-NASH group according
to the pathological results of liver biopsy. Logistic regression was used to determine risk factors of NASH. A scoring model
was derived by risk factors of NASH. Then, postoperative follow-up was performed in 70 patients.

Results Among the 243 patients, 118 (48.56%) patients showed NASH. Multivariate logistic regression identified aspartate
aminotransferase (AST) (>21.50 IU/L), high-density lipoprotein cholesterol (HDL-C) (<1.155mmol/L), and homeostasis
model assessment (HOMA-IR) (>9.368) as independent risk factors of NASH. The model included above risk factors showed
a negative predictive value (NPV) of 70.38% in the low-risk category and a positive predictive value (PPV) of 85.71% in
the high-risk category, with the area under the receiver operator curve (AUROC) of 0.737. Bariatric surgery resulted in a
sharp decline in AST and HOMA-IR and a significant increase of HDL-C. The points of scoring model were improved at
6 months after surgery.

Conclusion A non-invasive scoring model was derived by the risk factors of NASH included AST, HDL-C, and HOMA-IR
and applied to the postoperative follow-up. After sleeve gastrectomy, the above risk factors and points of scoring model
were significantly improved.
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Introduction

The latest national statistics (2015-2019) show that the over-
weight rate of adults according to the Chinese standard is
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hepatocyte ballooning, and intralobular inflammation, pres-
ence or absence fibrosis [5]. Obesity, one of the most criti-
cal risk factors for metabolic syndrome, has a prevalence of
NAFLD and NASH as high as 91% and 37% [6]. Because
most NASH patients are asymptomatic or only have atypical
symptoms such as fatigue or vague abdominal pain, it is not
easy to attract attention in time. But over time, NASH can
develop into cirrhosis, end-stage liver disease, and even a
liver transplant [7]. Therefore, early identification and treat-
ment of patients with NASH are essential.

The gold standard for NASH diagnosis is liver biopsy,
but an invasive intervention limits its widespread use as a
screening and follow-up method [8]. With the surge in obe-
sity, given the severity and the high prevalence of NASH
among the obese population, identifying risk factors for
NASH development to drive a non-invasive scoring system
is essential. Previous studies have identified several biologi-
cal and clinical risk factors for NAFLD or NASH in patients
with obesity. Older age [9], abnormal liver function tests
[10], body mass index (BMI) [10], systemic hypertension
[11], insulin resistance [12], or type 2 diabetes mellitus
(T2DM) [13] have been considered as risk factors associ-
ated with NASH or fibrosis.

Lifestyle changes have little effect on improving NASH,
and there are no effective drugs for the clinical treatment
of NASH [14]. Currently, the most effective treatment for
improving metabolic syndrome in patients with severe obe-
sity is bariatric surgery [15]. Therefore, bariatric surgery is
considered one of the most promising treatment strategies
for the treatment of metabolic syndrome, including NASH.
The 1-year follow-up study confirmed that nearly 85% of
patients with NASH had significant improvement [16]. Thus,
bariatric surgery not only improves the histopathological
manifestations of NASH, but also provides the opportunity
for laparoscopic liver biopsy for NASH screening.

Despite NASH’s high prevalence and prone to progress to
liver cirrhosis and liver cancer, it is under attention in clini-
cal practice. Therefore, the aim of this study was to investi-
gate risk factors of NASH to develop a scoring system in a
cohort of Chinese patients with severe obesity. Furthermore,
the effects of sleeve gastrectomy on NASH were assessed in
6 months after the surgery by the changes of risk factors and
points of scoring model.

Patients and Methods
Study Design

This study included patients with obesity undergoing
bariatric surgery at the General Surgery Department of
Tianjin Medical University General Hospital. The same
surgical team performs all surgeries. This study was

conducted following the principles of the Declaration of
Helsinki. The Tianjin Medical University General Hospi-
tal Institutional Review Board approved the study protocol
(IRB2020-YX-029-01).

Study Population

In this study, we included a total of 30 patients with obesity
underwent laparoscopic sleeve gastrectomy with intraopera-
tive liver biopsy in the Department of General Surgery, Tian-
jin Medical University General Hospital between January
2020 and April 2022. We further investigated 70 patients
with obesity who had undergone laparoscopic sleeve gas-
trectomy and performed a follow-up visit at 6 months.

Inclusion and Exclusion Criteria

Indications for bariatric surgery followed the standards
established by the Chinese Society of Metabolic and Bari-
atric Surgery [17] as follows: Chinese patients with a BMI
greater than 32.5kg/m? or greater than 27.5kg/m? with obe-
sity-associated comorbidities, non-surgical treatment did not
show any improvement. Inclusion criteria: aged 18 to 60
(including both ends) when signing the informed consent
form; meeting the indications for laparoscopic sleeve gas-
trectomy; being able to comprehend and sign the informed
consent. Exclusion criteria included alcohol intake greater
than 210 g/week in men and 140 g/week in women, taking
hepatotoxic medications; combined with other liver diseases,
such as autoimmune hepatitis, hemochromatosis, Wilson
disease, or alphal-antitrypsin deficiency; and malignant
disease. Due to the effect of exogenous insulin on HOMA-
IR values, we excluded patients receiving insulin therapy.
Figure 1 shows the flow chart of identification of the study
population.

Liver Biopsy and Histologic Examination

A laparoscopic guided wedge-shaped liver biopsy of the
left liver lobe was performed during bariatric surgery with
two experienced surgeons. All patients provided informed
consent for liver biopsy. Intraoperative and postoperative
liver biopsy-related complications were recorded. The liver
tissue sample was stained with hematoxylin-eosin for his-
topathological interpretation. All liver biopsy specimens
were interpreted by an experienced pathologist, unaware of
participants’ clinical and laboratory data. According to the
NASH Clinical Research Network NAFLD Activity Score
(NAS), three key histological features of NAFLD, including
steatosis, hepatocyte ballooning, and lobular inflammation,
were scored and staged [18].

The degree of steatosis <5%, 5-33%, 34-66%, and
>66% was scored as 0, 1, 2, or 3, respectively. Lobular
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Fig. 1 Flowchart of eligible and
available patients in the study.
NAS, non-alcoholic fatty liver
activity score

Patients undergoing bariatric surgery and
intraoperative liver biopsies between January 2020
and April 2022

n=306

A4

Clinical, anthropometric, anthropometrics parameters,

laboratory test, and liver biopsy were collected

Five patients were excluded for younger than 18

14 patients were excluded due to excessive

alcohol consumption

Six patients were excluded due to viral hepatitis

\4

Patients excluded

Nine patients were excluded due to incomplete

laboratory test

n=63 11 patients were excluded due to incomplete

anthropometric indicators

17 patients were excluded due to hypoglycemic

A4

Patients included in the study

therapy with insulin
One patient excluded for hypogonadotropic
n=243 hypogonadism

A4

Steatosis
Grade 0/1/2/3 n=44/61/76/62
Hepatocyte ballooning
Grade 0/1/2
Lobular inflammation
Grade 0/1/2/3  n=112/76/30/25
NAS 4 (2-5)

n=14/163/66

inflammation was scored as 0, 1, 2, or 3 for no inflammation,
<2 lesions, 2—4 lesions, and >4 lesions/X20 fields, respec-
tively. Ballooning was scored as 0, 1, and 2 for no balloon-
ing, few cells, and prominent cells with ballooning, respec-
tively. Add the scores for all three components to obtain the
overall NAS. NAFLD was defined as the presence of grade
1 or more significant steatosis. NASH was diagnosed when
steatosis, ballooning, and lobular inflammation each had at
least one grade [18].

Data Collection

The preoperative assessment included standard clinical
data, demographic information (age, sex), anthropometric
measurements (weight, height, waist circumferences, and
hip circumferences), blood pressure measurements, and
presence of coexisting comorbidities (type 2 diabetes mel-
litus, systemic hypertension, hyperlipidemia). BMI was
calculated as weight (in kilograms) divided by height (in
m?). Waist-height ratio (WHR) was calculated as waist cir-
cumferences (cm) divided by height (cm). Hip-height ratio
(HHR) was calculated as hip circumferences (cm) divided
by height (cm). Waist-hip ratio (WHR) was calculated as

@ Springer

waist circumferences (cm) divided by hip circumferences
(cm). Details of alcohol consumption and use of hepato-
toxic drugs were recorded.

Following an overnight fasting period of 10h, blood
samples were obtained between 08:00 and 10:00 a.m.
before the bariatric surgery. Laboratory testing included
platelets, albumin, alanine aminotransferase (ALT), aspar-
tate aminotransferase (AST), y-glutamyl transpeptidase
(GGT), alkaline phosphatase (ALKP), total cholesterol
(TC), triglycerides (TG), high-density lipoprotein choles-
terol (HDL-C), low-density lipoprotein cholesterol (LDL-
C), uric acid, fasting plasma glucose, fasting blood insulin,
and hemoglobin Alc (HbAlc). Iron studies and hepatitis B
and C serologies were also performed. Insulin resistance
(IR) was assessed using the Homeostasis Model Assess-
ment (HOMA-IR) described by Matthews [19]. The equa-
tion is the following: HOMA-IR=(insulinxglucose)/22.5,
where glucose was expressed in mmol/L and insulin in
uU/mL.

Postoperatively, patients were provided diet and exer-
cise recommendations, postoperative prescriptions, and
outpatient follow-up. In addition, we collected clinical
data and laboratory testing results from 70 patients with
obesity at 6 months after sleeve gastrectomy.
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Statistical Analysis

Descriptive results were expressed as mean+standard devia-
tion and median (interquartile range) for data with normal
and non-normal distribution respectively, and categorical
variables were expressed as proportions. Continuous varia-
bles were compared using the independent #-test (two-tailed)
for normally distributed and the Mann-Whitney U test for
not normally distributed. In contrast, categorical variables
were compared using the chi-square test with the Fisher’s
exact test being used when appropriate. Appropriate cut-
offs for continuous variables at P<0.1 in univariate analysis
were assessed using receiver operating characteristic (ROC)
curves, converted to dichotomous variables and included in
the final multivariate logistic regression with stepwise for-
ward selection to identify risk factors for NASH. A non-
invasive scoring system was derived according to the odds
ratio value of risk factors. The points of scoring system were
divided into three risk categories (low, intermediate, high).
The model calibration degree was evaluated by Homer-
Lemeshow test and calibration curve, and the Bootstrap
resampling method was used for internal model verification
and Calibration curve plotting.

We studied changes in risk factors and points of scoring
system from presurgery baseline to 6 months after bariatric
surgery using the Wilcoxon’s signed rank tests for ordinal
variables or continuous variables when the change was not
normal, or using the paired Student 7 test otherwise. Statisti-
cal analyses were performed using SPSS Statistics version
25.0 (IBM Corp., Armonk, NY) and R software (version
4.2.0, R Foundation). P-value <0.05 was considered sig-
nificant in the study.

Results

Characteristics of Patients Undergoing Bariatric
Surgery

Clinical, demographic, anthropometric, and biochemical
characteristics of the study subjects are provided in Table 1.
A total of 243 subjects were included in the study. There
were 67 (27.57%) males and 176 (72.43%) females. NASH
was diagnosed in 118 of 243 Chinese patients with severe
obesity, with a prevalence of 48.56%. There was no signifi-
cant difference in the prevalence of NASH between men and
women (P=0.200).

The subjects were divided into two groups based on the
presence or absence of NASH. Compared with the non-
NASH group, the level of ALT, AST, GGT, HbAlc, TG,
fasting plasma glucose, fasting blood insulin, HOMA-IR,
and prevalence of type 2 diabetes were markedly elevated
in the NASH group (P<0.05). The level of HDL-C in the

NASH group was substantially lower than that in the non-
NASH group (P<0.05). As compared with the non-NASH
group, the NASH group had slightly higher body weight,
BMLI, waist circumstance, hip circumstance, and WHR, but
the differences were not statistically significant (P>0.05).
However, there was no significant difference between non-
NASH and NASH groups for age, gender, the prevalence of
systemic hypertension, and dyslipidemia.

Multivariate Analysis

The appropriate cutoff for the continuous variables,
including ALT, AST, GGT, TG, HDL-C, HbAlc, fasting
plasma glucose, fasting blood insulin, and HOMA-IR,
was assessed by the ROC curves (supplementary table 1).
From multivariate analysis, the AST (>21.50IU/L), HDL-C
(<1.155mmol/L), and HOMA-IR (>9.368) were inde-
pendent risk factors associated with NASH. A score was
then assigned to each variable according to its odds ratio
(Table 2).

A Non-invasive Scoring Model Development
and Validation

We developed a scoring system ranging of 0-9 and defined
0-3 as low risk, 4-6 as intermediate risk, and 7-9 as high
risk of NASH. As shown in Table 3, prevalence of NASH at
each level of risk represented the positive predictive value
(PPV), while its complement represented the negative pre-
dictive value (NPV). Therefore, the NPV of the low-risk
category was 70.38% and the PPV of the very high-risk cat-
egory was 85.71%. The AUROC for the model was 0.737
(95%C1 0.675-0.800).

Plot the calibration curve with 1000 bootstrap resampling
to evaluate the calibration of the scoring system and perform
a Hosmer-Lemeshow test. The calibration curve shows that
the probability estimates for NASH are in good agreement
with those for a histopathological diagnosis (Fig. 2). The
Hosmer-Lemeshow test was not statistically significant (P
= 0.857), indicating a good fit and no deviation from the
perfect fit.

Application of Non-invasive Scoring Model
in Follow-up After Sleeve Gastrectomy

Comparison of risk factors and points of scoring model of
70 (21 men and 49 women, mean age was 31.21 + 6.81
years) patients with obesity between preoperative and 6
months after sleeve gastrectomy was conducted (supple-
ment table 2). AST level was significantly declined 6 months
after surgery (25.00 (17.00-50.25) vs 16.00 (13.75-18.25),
P=0.000, Fig. 3A). The percentage of AST >21.50IU/L
decreased from 64.3 to 8.6% at postsurgery (Fig. 4A).
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Table 1 Demographic, clinical, and biochemical characteristics of the study population

Variables Total (n=243) NASH group (n=118) Non-NASH group (n=125) P-value
Clinical characteristics
Age (years) 31 (26-35) 31 (27-36) 31 (26-35) 0.270
Sex 0.200
Male (n, %) 67 (27.57%) 37 (31.36%) 30 (24.00%)
Female (n, %) 176 (72.43%) 81 (68.64%) 95 (76.00%)
Current smoking (n, %) 36 (14.81%) 22 (18.64%) 14 (11.20%) 0.262
Anthropometric indicators
Body weight (kg) 115.00 (99.00-130.00) 115.00 (101.35-136.15) 114.00 (98.60-124.50) 0.230
Body mass index (kg/m?) 39.50 (35.60-44.50) 39.75 (35.27-45.30) 39.00 (36.00—43.50) 0.403
Waist circumstance (cm) 120.25+15.36 121.40+15.82 119.15+14.89 0.254
Waist-height ratio 0.70 (0.65-0.76) 0.71 (0.65-0.76) 0.69 (0.65-0.75) 0.372
Hip circumstance (cm) 126.00 (118.00-135.00) 126.50 (118.75-136.00) 125.00 (117.00-134.50) 0.297
Hip-height ratio 0.75+0.08 0.76+0.07 0.75+0.08 0.390
Waist-hip ratio 0.93 (0.90-1.00) 0.94 (0.90-1.00) 0.93 (0.89-0.99) 0.460
Obesity-related comorbidity
Type 2 diabetes mellitus (r, %) 81 (33.33%) 47 (39.83%) 34 (27.20%) 0.037
Systemic hypertension (n, %) 74 (30.45%) 36 (30.51%) 38 (30.40%) 0.985
Dyslipidemia (n, %) 148 (60.91%) 75 (63.56%) 73 (58.40%) 0.410
Biochemistry
Platelets (x10%/L) 294.81+67.47 291.91+70.00 297.54+65.15 0.517
ALB (g/L) 40 (38-42) 40 (38-42) 40 (38-42) 0.899
ALT (U/L) 40.00 (25.00-75.00) 53.00 (29.75-86.00) 33 (20-56) 0.000
AST (U/L) 24.00 (17.00-42.00) 31.50 (19.75-49.25) 20.00 (16.00-31.50) 0.000
ALKP (U/L) 69.00 (58.00-80.00) 69.00 (61.00-81.25) 69.00 (54.00-79.00) 0.135
GGT (U/L) 39.00 (25.00-54.00) 44.50 (29.00-60.75) 33.00 (21.50-53.50) 0.004
Uric acid (mmol/L) 435.00 (363.00-505.00) 421.00 (361.00-515.00) 444.00 (373.00-485.00) 0.523
TC (mmol/L) 4.92 (4.44-5.45) 4.96 (4.47-5.45) 4.92 (4.41-5.47) 0.536
TG (mmol/L) 1.84 (1.42-2.51) 2.06 (1.55-2.85) 1.67 (1.35-2.37) 0.003
HDL-C (mmol/L) 1.07 (0.94-1.20) 1.04 (0.94-1.12) 1.11 (0.97-1.26) 0.003
LDL-C (mmol/L) 3.21 (2.84-3.67) 3.22 (2.84-3.72) 3.20 (2.83-3.60) 0.751
HbAlc (%) 6.10 (5.70-6.80) 6.20 (5.80-7.10) 5.90 (5.60-6.58) 0.002
Fasting plasma glucose (mmol/L) 5.42 (4.90-6.62) 5.66 (5.07-7.11) 5.22 (4.82-6.28) 0.003
Fasting blood insulin (uIU/mL) 22.20 (16.60-31.20) 23.65 (17.58-35.63) 20.55 (15.00-28.10) 0.008
HOMA-IR 5.58 (4.16-7.98) 6.00 (4.55-10.83) 5.08 (3.57-7.16) 0.003

ALB, albumin; ALT, alanine aminotransferase; AST, aspartate aminotransferase; ALKP, alkaline phosphatase; GGT, gamma-glutamyltransferase;
TC, total cholesterol; TG, triglycerides; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; HOMA-IR,
homeostasis model assessment of insulin resistance

Bold results are statistically significant

Table 2 Results of the
multivariate analysis of the risk
factors for NASH and assigned
scores

@ Springer

Variable Value p coefficient P-value Odds ratio 95%CI Score
AST (IU/L) >21.50 0.866 0.003 2.376 1.331-4.242 2
HDL-C (mmol/L) <1.155 1.109 0.001 3.030 1.613-5.693 3
HOMA-IR >9.368 1.275 0.002 3.578 1.607-7.964 4

AST, aspartate aminotransferase; HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeostasis
model assessment of insulin resistance

Bold results are statistically significant
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Table 3 Scoring system for NASH: prevalence of NASH in study
population according to scoring system points

Points Risk category NASH (n) Non- Prevalence
NASH of NASH
@™ (%)

0-3 Low 35 85 29.17

4-6 Intermediate 54 35 60.67

7-9 High 30 5 85.71

NASH, non-alcoholic steatohepatitis

However, HDL-C level was markedly increased from to
1.08 +0.19 to 1.27+0.21 (P=0.000, Fig. 3B), accompany-
ing with the increased percentage of HDL-C<1.155mmol/L
from 65.7 to 30.0% (Fig. 4B).

HOMA-IR improved 6 months after surgery (5.65
(4.55-9.19) vs 2.09 (1.35-2.76), P=0.000, Fig. 3C), and the
percentage of HOMA-IR >9.368 was significantly reduced
from 22.9 to 0% (Fig. 4C).

The points of scoring model were significantly decreased
(2.50 (2.00-5.00) at preoperative vs 0.00 (0.00-3.00) at 6

months postoperative, P=0.000, Fig. 3D). The percentage
of low risk (0-3) increased from 62.9 to 95.7% at postop-
erative, while the percentage of intermediate risk (4-6)
decreased from 30.0 to 4.3%. The proportion of high risk
(7-9) decreased from 7.16% before surgery to 0% after sur-
gery (Fig. 4D).

Discussion

The present study reported the prevalence and risk factors of
NASH in the severely obese Chinese population undergoing
bariatric surgery. Then we investigated a non-invasive scor-
ing model using the risk factors of NASH and observed the
effect of sleeve gastrectomy on it. The prevalence of NASH
in this study was 48.56%, similar to the data reported in
Taiwan, China (50.5%) [10], and the same pathological diag-
nosis criteria of NASH were used in both studies. Yosuke
Seki et al. reported the prevalence of NASH was 77.5% in
Japanese patients with obesity undergoing bariatric surgery
[12]. Similar studies have confirmed that 45 (33.6%) showed
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Fig.3 AST (A), HDL-C (B), and HOMA-IR (C) levels and points of
scoring model (D) before and 6 months after bariatric surgery. This
figure shows a significant decrease in AST, HOMA-IR, and points
of scoring model, while HDL-C levels increased significantly after

bariatric surgery (both P<0.001). AST, aspartate aminotransferase;
HDL-C, high-density lipoprotein cholesterol; HOMA-IR, homeosta-
sis model assessment of insulin resistance
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Fig.4 Percentage of AST A
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percentage of AST >21.50IU/L, 20
HDL-C<1.155mmol/L, and
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aspartate aminotransferase;

HDL-C, high-density lipopro- 100
tein cholesterol; HOMA-IR,
homeostasis model assessment
of insulin resistance
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NASH in 134 South Indian patients with obesity undergoing
bariatric surgery [13].

This study found that the prevalence of NASH in Chinese
patients with obesity was much higher than expected, so
early identification and intervention are needed. Although
the gold standard for NASH diagnosis is liver biopsy, its
invasiveness limits its use in clinical work as a routine
screening method for NASH. Therefore, previous studies
have identified BMI [10], insulin resistance [11], TG [6],
hypertension [11], diabetes [20-23], age [9, 24], and abnor-
mal liver function [11, 22, 23] as predictors of NASH. In our
study, we explored the relationship of clinical, anthropomet-
ric, and laboratory characteristics with NASH. Ultimately,
we determined that AST, HDL-C, and HOMA-IR were inde-
pendent predictors of NASH.

Elevated transaminases were thought to result from
hepatocyte damage in patients with NASH. Similar to pre-
vious findings, ALT, AST, and GGT in the NASH group
were significantly higher than those in the non-NASH
group in this study [22, 25]. Although NASH patients
have higher ALT, AST, and GGT levels than non-NASH
patients, the median AST and GGT values were within
the normal range, except for ALT in NASH, which was
elevated out of the normal range. Using the current upper
limit of normal liver enzymes may underestimate the
presence of NASH, so a lower cutoff may be more ben-
eficial for predicting NASH. However, how to determine
the cutoff value of transaminases as a predictor of NASH
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remains controversial [26, 27]. In our study, we found the
cutoff values of liver enzymes for predicting NASH by
ROC curve.

Unlike previous studies [10, 12, 28], AST was an inde-
pendent risk factor for NASH, not ALT, in the multivariate
logistic regression of this study. A possible explanation is
that NASH is a progressive inflammatory from of NAFLD.
In the liver, ALT is located only in the cytoplasm, while AST
is 20% in the cytoplasm and 80% in the mitochondria. Due
to the higher AST concentrations in the liver acinar region
3, damage to this region, either by ischemia or toxicity, may
have resulted in more pronounced changes in AST levels
[29]. Lipid overload, oxidative stress, and inflammation
of hepatocytes act together in NASH progression, leading
to hepatocyte death, which leads to liver damage, further
inflammation, and tissue fibrosis [30]. It is speculated that
AST is an independent risk factor for NASH in this study,
which may be related to the significant increase in AST
caused by severe hepatic cell damage in NASH.

As the hepatic manifestation of metabolic syndrome,
NASH is closely linked to insulin resistance, type 2 diabetes,
and dyslipidemia [7]. Due to the close relationship between
insulin resistance and NASH, insulin resistance-related
indicators may serve as predictors of NASH. Most scoring
systems for predicting NAFLD use serum fasting insulin
levels, serum fasting c-peptide levels, HOMA-IR, or T2DM
[10, 11, 31]. Insulin resistance as an essential mechanism of
NASH development was highlighted by a recent review [32].
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Insulin resistance indicators were also introduced as a pre-
dictor in the non-invasive diagnostic model of NASH [12].

In addition, the incidence of comorbid diabetes is high
in NASH patients [33], so diabetes should be a screening
priority. Glycated hemoglobin, which reflects poor glycemic
control, has also been reported as a predictor of NAFLD
by previous studies [28, 34]. Consistent with the findings
of Alex ulitsky et al. [28], the NASH group subjects had a
higher prevalence of type 2 diabetes but not hypertension
and dyslipidemia compared with subjects without NASH.
In univariate analysis, the levels of fasting blood glucose,
fasting plasm insulin, glycosylated hemoglobin, and HOMA-
IR in the NASH group were significantly higher than those
in the non-NASH group. Furthermore, our study provides
further evidence that HOMA-IR is an independent predictor
of NASH. This was also confirmed by Yosuke Seki et al. that
HOMA-IR may be involved in NASH progression in Japa-
nese patients with severe obesity who underwent bariatric
surgery [12].

TG appears to predict NASH and advanced fibrosis
[35], but remains controversial. From a pathophysiological
point of view, peripheral blood insulin resistance leads to
increased adipose tissue lipolysis and de novo adipogenesis
in hepatocytes, resulting in elevated TGs [36]. In a non-
invasive NASH scoring system created by Adrian T. Billeter
et al. [37], TG was the predictor of NASH. In our study,
the NASH group had markedly lower HDL-C and higher
TG levels than the non-NASH group. A counterintuitive
finding in multivariate logistic regression analysis study
suggested that HDL-C but not TG was an independent risk
factor for NASH. Possible explanations could be that in sub-
jects with “metabolic/obese NAFLD,” the liver is insulin
resistant, resulting in overproduction of glucose and VLDL
[38]. In turn, glucose triggers hyperinsulinemia by stimulat-
ing insulin secretion. An increase in VLDL value leads to a
decrease in HDL-C concentration [39]. HDL-C as a predic-
tor of NASH has not been elucidated in previous studies and
requires further study. Regardless, dyslipidemia is inevitably
associated with the occurrence and development of NASH.

Until now, liver biopsy remains the gold standard for
diagnosing NASH, but its invasive nature limits its use
in screening and follow-up for NASH. Therefore, a non-
invasive scoring model for NASH based on the risk factors
is highly desired. Alex Ulitsky et al. [28] derived a non-
invasive clinical scoring model predicts the risk of NASH
in patients with obesity. The scoring model included diabe-
tes, sleep apnea, abnormal ALT, and hypertriglyceridemia,
which showed a NPV of 89.7% in the low-risk category and
a PPV of 75% in the very high-risk category, with AUROC
of 0.76. Similarly, a simple clinical scoring system includ-
ing BMI, ALT, and triglycerides was developed by Tai CM
et al. with AUROC of 0.80 [10]. In our study, we devel-
oped a scoring model including AST >21.50 IU/L, HDL-C

<1.155mmol/L, and HOMA-IR >9.368. This scoring model
showed a NPV of 70.38% in the low-risk category and a
PPV of 85.71% in the high-risk category, with AUROC of
0.737.

There is strong evidence confirmed that bariatric surgery
improved the biochemical and histologic features of NAFLD
and slowed the progression of NASH [40]. The benefits and
harms of bariatric surgery for NASH cannot be assessed at
this time due to insufficient evidence. The invasive nature
of liver biopsy limits it as a routine follow-up method for
NASH after bariatric surgery. However, scoring models
compensate for the shortcomings of liver biopsy with the
advantages of non-invasive, inexpensive, and repeatability.
In our study, we assessed the effect of sleeve gastrectomy on
NASH by a non-invasive model and confirmed risk factors
and points of scoring model were significantly improved
postoperative. Consistent with the results of the Chi-Ming
Tai et al. [41], we conformed that risk factors of NASH were
significantly improved and the points of the scoring system
were markedly reduced after the surgery.

This study developed a non-invasive scoring model for
NASH in patients with severe obesity and applied to assess
the effect of sleeve gastrectomy on NASH. Undoubtedly, our
study had several limitations. First, this study was conducted
by a single-center and conducted in patients with obesity,
who may not be representative of the entire NAFLD patient
population, and obesity is a cause of NAFLD, leading to a
decisive confounding variable. Therefore, a limitation of this
study is that the results only apply to the Chinese population
undergoing bariatric surgery and may not be generalized
to the general population. Another limitation of this study
is that only internal validation of the scoring model was
performed in this study, further external validation of our
scoring model in independent populations is necessary.

Conclusion

In this study, we found a high prevalence of NASH among
severely obesity patients undergoing bariatric surgery in
China and risk factors of NASH including AST, HDL-C,
and HOMA-IR. A new non-invasive scoring system devel-
oped by the risk factors for predicting NASH is a useful
assessment tool for the evaluation of NASH treatment. Bari-
atric surgery is effective in improving risk factors and points
of scoring model of NASH which suggesting remission of
NASH postoperative.
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