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Comparative Study of the Effect of Various Bariatric Surgery
Methods on Liver Enzymes and Grading of Nonalcoholic
Fatty Liver Based on Ultrasound Scans in Children and Adults
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A b s t r ac t
Introduction: Bariatric surgery is one of the most effective treatments for patients with morbid obesity. Rapid weight loss can accelerate the
process of fibrosis, and weight loss alone can improve the process of steatohepatitis. The conflict has confused the effect of these surgeries on
the severity of the fatty liver disease. This retrospective study aimed to compare the effects of different types of bariatric surgery on the grading
and severity of the nonalcoholic fatty liver disease (NAFLD).
Materials and methods: Using the National Obesity Surgery Database, data were extracted from 900 patients with a body mass index (BMI)
above 35 who underwent sleeve, classic bypass, or mini-bypass surgery or who did not undergo surgery for any reason. Body mass index,
aspartate transaminase (AST), alanine transaminase (ALT), NAFLD fibrosis score, and liver ultrasound were evaluated before and after surgery
in four different groups.
Results: All three surgical procedures effectively reduced BMI. Among the various surgical procedures, the rate of BMI reduction was significantly
higher in the mini-gastric bypass procedure than in the other two methods. The reduction of AST and ALT was significant in all three surgical
methods compared to the nonsurgical group, with the highest reduction in sleeve surgery. Fatty liver based on ultrasound in the nonsurgical
group in the second time got worse but improved significantly in all the operated groups, and all these changes including the development
of fatty liver in the nonsurgical group and its improvement in the operated groups were significant (p <0.05) and NAFLD fibrosis score (NFS)
decreased in all groups. This reduction was small and insignificant for the nonsurgical group while it was significant in the three operated groups.
Keywords: Bariatric surgery, Fatty liver, Liver function test, Nonalcoholic fatty liver disease, Radiologic information, Sonography.
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Introduction

1

Given the increasing prevalence of the Western lifestyle, and its
significant complications such as diabetes, metabolic syndrome,
and obesity, mortality due to the complications of these diseases
constitute a major share of the causes of overall mortality.1 Obviously,
many of these complications can be prevented by early diagnosis and
current effective treatments, as well as the development of preventive
approaches. Along with the increasing prevalence of obesity, the
related diseases also find a special place.2 With a prevalence of about
30% in the general population and about 90% in obese individuals,
NAFLD seems to be the most common cause of cirrhosis and liver
transplantation.3 Obesity surgery, the most effective and lasting
method in weight loss, is currently considered an effective method
in improving the complications of obesity, including metabolic
syndrome and NAFLD.4 Bariatric surgery methods are among
relatively new treatment methods for patients with morbid obesity.5
Despite their relatively short lifespan, such surgeries have been able
to gain a prominent place among the available treatments. However,
due to the lack of long-term studies, the complications of these
surgeries are not yet fully understood.6 Rapid weight loss, which
is one of the known complications of such surgeries, can increase
fibrosis in these patients; on the other hand, weight loss alone can
improve steatohepatitis in obese patients. This conflict has confused
the effect of bariatric surgery on the incidence and severity of fatty
liver disease.7 Many studies have been performed on the effects of
some bariatric surgery methods on liver enzymes, liver steatosis, and
pathological findings of non-alcoholic steatohepatitis (NASH), while
some other methods such as mini-gastric bypass have received very

little attention.7 Fewer studies have been performed on the effects of
bariatric surgery, imaging findings and fibrosis based on non-invasive
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indicators. Among the studies, the insufficient number of RCTs plays
an important role in the lack of strong expression of the effects of
obesity surgery as the treatment of choice for NAFLD.
Non-alcoholic fatty liver disease includes a range of diseases
that include simple accumulation of fat in the liver (steatosis without
evidence of inflammation and cell damage) known as non-alcoholic
fatty liver, NASH (evidence of inflammation and cell damage in
the liver), and finally cirrhosis.3 According to global studies, the
prevalence is 25–33%, which varies in different populations. The
prevalence of fatty liver in diabetic patients is 75% and in patients with
morbid obesity is 90–95%.8 One of the primary imaging procedures
for diagnosing liver steatosis is ultrasound scan. Ultrasound scan
measures the echogenicity of the liver compared to the spleen and
kidneys such that increased liver echogenicity indicates fatty liver.
Ultrasound scan sensitivity is reported to be about 60–94%, and
specificity is 84–95%, which increases with increasing liver fat.9 The
NAFLD fibrosis score is one of the most widely used non-invasive
indicators for assessing liver status in this disease.10
Six variables are used in calculating NFS: Age, BMI, hyperglycemia
[impaired fasting glucose (IFG) or diabetes mellitus (DM)], platelet
count, albumin, and AST/ALT ratio. These variables are entered into
the following formula:
NFS = −1.675 + 0.037 (Age in year) + 0.094 × BMI (kg/m2) + 1.13 × IFG
or DM: yes = 0, No = 1 + 0.99ASTALT − 0.013 (Platelet count) 109 L ×
−0.66 × Alb (gm/dL)
The result is categorized as follows: −1.5 >NFS indicates the
absence of fibrosis (low probability) and (high probability) NFS
>0.67 indicates advanced fibrosis and NFS between −1.4 and 0.66
indicates intermediate fibrosis.10
Also, the existence of few studies showing an increase in
fibrosis after bariatric surgery requires further research. Moreover,
the insufficient research on comparing different types of bariatric
surgery methods and their effects on NAFLD and comparing them
with the nonsurgical method became a double motivation that due
to the existence of a robust database in this field—optional and
comprehensive of various dimensions of NAFLD. In this study, an
attempt was made to remove the limitations of previous studies,
such as low sample size and one-dimensional NAFLD study as much
as possible. In this research project, we decided to compare the
effects of different types of bariatric surgeries on the grading and
severity of NAFLD and NASH in a retrospective descriptive study.
Some prospective studies have suggested the possibility of
increased liver fibrosis after bariatric surgery.11 A study conducted
by Ooi et al. in 2016 on 84 patients with NAFLD showed that the fatty
liver in these patients improved shortly after surgery, and weight
loss decreased by 10–15%—becomes significant in ALT levels.12
A 2010 review published by Chavez–Tapia et al. reported that no
clinical trials had been conducted on the effects of bariatric surgery
on NAFLD in obese patients. They reported only 21 retrospective
and prospective studies in which the severity of steatosis and
inflammation improved, and four studies that showed an increase
in postoperative fibrosis.7
A large 2010 study by Karcz et al. on 236 patients who underwent
laparoscopic sleeve surgery and were followed for 3 years showed
that, first, there was a strong association between high levels of
transaminases and NASH based on the pathologic diagnosis. Among
patients with NASH, liver enzymes decreased by more than 50%.13
According to Harrison’s internal medicine textbook, most
studies report obesity surgery to improve hepatic steatosis as

well as necrosis and inflammation of the liver, but there are
variable results about its effect on the rate of liver fibrosis. Kafi
has not recommended obesity surgery as a primary treatment
for fatty liver.14
In the first phase of a study by Aldoheyan et al. published in
March 2017, it states that fibrosis, steatosis, and NASH improved in
varying degrees at the end of 3 months in 27 patients undergoing
obesity surgery.15
Furthermore, few studies compared the effects of various
surgical procedures on liver and LFT tests. For example, a study by
Kalinowski et al. in 2017 found that LFT worsens shortly after Rouxen-Y gastric bypass (RYGB) surgery and returns to baseline after
1 year and that this increase in liver tests after sleeve surgery is less.16
There are a number of separate surgical procedures in this
area. For example, a study conducted in 2017 by Ruiz–Tovar J et al.
showed that liver steatosis assessed by ultrasound showed 90%
complete recovery after sleeve surgery.17
Another study by Manco et al. in 2017 showed that sleeve
surgery was able to eliminate NASH in all patients in general. It also
reversed stage 2 fibrosis in 90% of patients. They lost significantly
less weight using a gastric balloon, and it was almost insignificant
in people who lost weight by nonsurgical methods.18
In a study on 40 patients by Nascimento et al. in 2015, it was
found that the degree of liver fibrosis measured by the NFS ranged
0–7.1% in patients undergoing surgery in private centers and in
patients undergoing surgery. Surgery in government centers
decreased from 30.8 to 23%.19
In a 2017 review by Keneally S et al. eight RCTs examining the
combined effects of diet and exercise showed improved NAFLD
activity based on pathology, BMI and liver enzymes, particularly ALT.20
Among the few studies with different results, there is a 2004 study
by Kral et al. on 104 patients who underwent BPD surgery. According
to this study, severe fibrosis decreased in 27% of patients after surgery,
but mild fibrosis appeared in 40% of patients after surgery.21
Few studies have examined imaging findings, among which is a
study by Major et al. in 2017 on 20 patients. In this study, ultrasound
findings and liver enzymes were evaluated before and 12 months
after surgery. It was found that the amount of fatty liver decreased
after surgery compared to before, based on ultrasound findings
using the Sheriff–Saadeh criterion. The ALT also changed from 64.5
to 27.95 and the AST from 54.4 to 27.2.22
Few studies have compared the effects of different surgical
procedures on NAFLD. Among them is a 2016 study by Nickel et al.
on 100 patients who underwent classic sleeve and bypass surgery.
This study compared non-invasive factors of liver fibrosis including
NFS and showed that this index decreases significantly after
surgery. Furthermore, they mentioned this reduction is higher after
classical bypass surgery than that after sleeve surgery, although the
difference disappeared 18 months after surgery.23

M at e r ia l s

and

Methods

This study was performed using the Iranian National Obesity
Surgery Database (www.obesitysurgery.ir) (INOSD). Iranian National
Obesity Surgery Database includes a computerized medical record
of obese patients. This database provides detailed information
on demographics, prescribed drugs, clinical events, professional
referrals, and hospital admissions. This study was a retrospective
cohort in the period 2010–2017, and the study population was
obese patients who had undergone obstructive surgeries or were
not surgically diagnosed for various reasons. Inclusion criteria were
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patients undergoing one of the following surgeries: classical bypass,
sleeve, and gastric bypasses with anastomosis, or not undergoing
surgery for any reason and receiving diet and exercise regimen for
weight loss despite the indication for surgery. Exclusion criteria
included alcohol intake or consumption of one of the drugs,
including amiodarone, methotrexate, tamoxifen, prednisolone,
dexamethasone, haloperidol, chlorpromazine, fluphenazine,
perphenazine, terclooperazine, aripiprazole, clozapine, olanzapine,
quiathiazin, risperidone at any time before surgery, or being
suspected of autoimmune hepatitis, viral hepatitis, Wilson’s disease,
or hemochromatosis.
Data from each patient, including age, sex, BMI, type of surgery,
presence or absence of IFG or diabetes, laboratory parameters (AST,
ALT, AlP, Alb, Plt), and liver ultrasound, preoperative and 6 months
after the operation were obtained from the above-mentioned
database.
After examining the patients, 900 patients were finally enrolled
in the study, 750 of whom underwent surgery with three surgical
ways, and 150 received diet and exercise recommendations.
Then, the patients were divided into four groups: classical bypass
surgery group, sleeve surgery group, gastric bypass surgery with
anastomosis group, and nonsurgical group. In each group, age, sex,
BMI, AST, ALT, fatty liver grade, and NFS were evaluated before and
6 months after the intervention. The NFS was calculated to predict
the presence or absence of advanced fibrosis in patients with NAFLD
according to the following formula, where −1.455 >NFS indicates
a lack of fibrosis, and NFS >0.676 represents advanced fibrosis.1

Fig. 1: Comparison of mean NSF score in the gastric sleeve group during
follow-up

NFS = −1.675 + 0.037 (Age in year) + 0.094 × BMI (kg/m2) + 1.13 × IFG
or DM: yes = 0, No = 1 + 0.99ASTALT − 0.013 Platelet count 109 L ×
−0.66 × Alb (gm/dL)
The Shapiro–Wilk test was used to check the normality of the data.
Continuous variables are described as mean ± standard deviation
(SD) and categorical variables by frequency and percentage.
Normal continuous variables were analyzed with t-test, non-normal
continuous variables were analyzed with Wilcoxon signed ranks
test and Kruskal–Wallis test. Random variables were analyzed with
Pearson’s Chi-squared test. The significance level was set at p <0.05
and SPSS, version 23, was used for statistical analyses.

Fig. 2: Comparison of mean NSF score in mini-gastric bypass group
during follow-up

R e s u lt
A total of 1,000 patients were enrolled in the study, with 250 patients
in the control group (nonsurgical), 250 patients in the gastric sleeve
surgical group, 250 patients in the mini-gastric bypass group, and
250 patients in the RY surgical group.
The frequency of males and females in different groups is
shown in Figures 1 to 8. Chi-squared test showed a significantly
higher proportion of female patients in all groups (p <0.001).
The frequency of female gender in patients in the control group
(nonsurgical), gastric sleeve surgery, mini-gastric bypass surgery,
and RY gastric bypass surgery were 77.1, 80.2, 80.5, and 91.2%,
respectively. According to the Kolmogorov–Smirnov test, age had
a normal distribution in all four groups (p >0.05). The results of the
analysis of variance (ANOVA) test showed a significant difference in
the mean age of patients in different groups (p <0.001). The lowest
mean age was observed in the gastric sleeve surgery group with
a mean of 23.62 years, and the highest mean age was observed in
the mini-gastric bypass group with 23.9 years.
According to the Kolmogorov–Smirnov test, BMI had a normal
distribution in all four groups (p >0.05). The results of ANOVA test
110

Fig. 3: Comparison of mean NSF score in RY gastric bypass group during
follow-up
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Fig. 4: Comparison of mean NSF score in control group during follow-up

Fig. 7: Comparison of the frequency of fatty liver grade in the RY gastric
bypass group during follow-up

Fig. 5: Comparison of the frequency of fatty liver grade in the gastric
sleeve group during follow-up

Fig. 8: Comparison of the frequency of fatty liver grade in the control
group during follow-up

Fig. 6: Comparison of the frequency of fatty liver grade in the mini-gastric
bypass group during follow-up

showed a significant difference in the mean BMI of patients in
different groups before and after surgery (p <0.001). The mean BMI
of patients in all three groups decreased significantly 12 months
after surgery compared to before surgery (p <0.001). The percentage
of decrease in patients’ BMI from before surgery to 12 months after
surgery was 33.53, 34.95, and 32.77% in the gastric sleeve, minigastric bypass, and RY gastric bypass groups, respectively. However,
in the nonsurgical group, the baseline BMI increased by 6.20% until
12 months later. Therefore, the highest decrease in patients’ BMI
was observed in the mini-gastric bypass group with 34.95%.
According to the Kolmogorov–Smirnov test, AST had a normal
distribution in all four groups (p >0.05). The results of ANOVA test
showed a significant difference in the mean AST of patients in
different groups before and after surgery. The mean AST of patients
in all three groups had an insignificant decrease 12 months after
surgery compared to before surgery. The percentage of reduction
in AST of patients from 12 months after surgery compared to before
surgery was 8.69, 2.24, and 0.81% in gastric sleeve, mini-gastric
bypass, and RY gastric bypass groups, respectively. However, in the
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nonsurgical group, baseline AST levels increased up to 36.20%, 12
months after surgery. Therefore, the highest decrease in patients’
AST was observed in the gastric sleeve group with 34.95%.
According to Kolmogorov–Smirnov test, ALT had a normal
distribution in all four groups (p >0.05). The results of ANOVA test
showed a significant difference in the mean ALT of patients in
different groups before and after surgery. Mean ALT in patients
significantly decreased from 19.58 to 18.9% in the gastric sleeve
group 12 months after surgery compared to before surgery
(p = 0.017). The percentage of ALT reduction was 19.58, 18.9 in
patients 12 months after surgery compared to before surgery in
the gastric sleeve and mini-gastric bypass groups, respectively. The
ALT levels in patients receiving RY gastric bypass surgery decreased
by 15.18%, 12 months after surgery compared to before surgery.
However, in the nonsurgical group, baseline ALT levels increased
up to 12.51%, 12 months after surgery compared to before surgery.
Therefore, the highest decrease in patients’ AST was observed in
the gastric sleeve group with 19.58%.
Chi-squared test showed that gastric sleeve surgery significantly
reduced NSF score 12 months after surgery compared to before
surgery. While 27.6% of patients in this group were considered
high-risk, 12 months after surgery, the percentage of these people
decreased to 13.8%. In other words, it reduced 13.8% of high-risk
patients with NSF (or NSF above 0.67). On the other hand, the rate
of patients with low-risk or NSF below −1.5 after 6 months and 12
months of gastric sleeve surgery increased from 13.8 to 81.4%. In
other words, it resulted in an increase of 67.6% of patients with NSF
in the low-risk or normal range.
Chi-squared test showed that mini-gastric bypass surgery
significantly reduced the NSF score 12 months after surgery
compared to before. While 33.6% of patients in this group were
considered high-risk at the beginning of the study, this percentage
decreased to 9.1%, 12 months after surgery. In other words, it
resulted in a 24.5% reduction in patients with NSF in the high-risk
range (or NSF above 0.67). On the other hand, the rate of patients
with low-risk or NSF lower than −1.5, 12 months after mini-gastric
bypass surgery increased from 11.0% at the beginning of the study
to 76.6%. In other words, it resulted in a 65% increase in patients
with NSF in the low-risk or normal range.
Chi-square test showed that RY gastric bypass surgery
significantly reduced the NSF score 12 months after surgery
compared to before. While 26.1% of patients in this group were
considered high-risk at the beginning of the study, this percentage
decreased to 6.5%, 12 months after surgery. In other words, it
reduced 19.6% of patients with NSF in the high-risk range (or NSF
above 0.67). On the other hand, the rate of patients with low-risk
or NSF below −1.5 after 12 months of RY gastric bypass surgery
increased from 10.0% at the beginning of the study to 84.4%. In
other words, it resulted in an increase of 74.4% of patients with NSF
in the low-risk or normal range.
The Chi-squared test showed that a significant increase was
observed in the percentage of high-risk patients during follow-up.
While 16.2% of patients in this group were considered high-risk at
the beginning of the study, 12 months after surgery, this percentage
increased to 54.7%. In other words, it increased 38.5% of patients
with NSF in the high-risk range (or NSF above 0.67). On the other
hand, the rate of patients with low-risk or NSF below −1.5 decreased
from 24.0% at the beginning of the study to 9.3% after 12 months.
In other words, it resulted in a reduction of 14.7% of patients with
NSF in the low-risk or normal range.

112

The Chi-squared test showed that mini-gastric bypass surgery
significantly reduced grade III fatty liver 12 months after surgery
compared to before. While 21.6% of patients in this group had
grade III fatty liver, 12 months after surgery, the percentage of these
patients decreased to zero. In other words, it led to a 21.6% reduction
in patients with grade III fatty liver. On the other hand, the rate of
patients with low-risk or grade I fatty liver increased from 32.8 to
91.2%, 12 months after mini-gastric bypass surgery. In other words,
it increased 58.4% of patients with grade I fatty liver.
The Chi-squared test showed that RY gastric bypass surgery
significantly reduced grade III fatty liver 12 months after surgery
compared to before. While 17.5% of patients in this group had
grade III fatty liver, 12 months after surgery, this percentage
decreased to zero. In other words, it reduced 17.5% of patients with
grade III fatty liver. On the other hand, the rate of patients with lowrisk or grade I fatty liver increased from 39.8 to 100.0%, 12 months
after RY gastric bypass surgery. In other words, it increased 61.0%
of patients with grade I fatty liver.
While 16.9% of patients in this group had grade III fatty liver
at the beginning of the study, 12 months later the percentage
increased to 58%. In other words, it led to an increase of 41.1% in
patients with grade III fatty liver. On the other hand, the rate of
patients with low-risk or grade I fatty liver decreased from 34.9 to
12.7% after 12 months. In other words, it resulted in a reduction of
22.0% of patients with grade I fatty liver in this group.

Discussion
Since NAFLD is the most common chronic liver disease, proper
treatment can prevent its complications, such as cirrhosis or liver
fibrosis. Although diet, exercise, and weight loss are the main
treatment options for NAFLD, diet and exercise for weight loss in
patients with morbid obesity have little success. For this reason,
today, a variety of surgical methods for weight loss and thus
prevention of liver complications is being studied. Therefore, further
studies are necessary because few studies have been conducted
on the effect of obesity surgery as the most effective and lasting
method of weight loss in these patients on the improvement of
NAFLD, and research suggests increased liver fibrosis after obesity
surgery. The background shows there are no significant studies
comparing the effects of different types of obesity surgery on fatty
liver. Therefore, we examined the effect of three types of obesity
surgery methods (including gastric sleeve, mini-gastric bypass, and
RY gastric bypass) on liver enzymes and grading of NAFLD based on
ultrasound in 900 adult and pediatric patients. In this study, most
patients in all four groups were of female gender. The patients
underwent follow-up at the beginning of the study and then 6 and
12 months after surgery. The results of our study showed that all
three types of surgery had a significant effect on BMI reduction 6
and 12 months after the surgery, such that the rate of BMI reduction
in patients were 33.53%, 34.95%, and 32.77%, respectively, in gastric
groups sleeve, mini-gastric bypass and RY gastric bypass12 months
after surgery compared to before. Therefore, the highest decrease
in patients’ BMI was observed in the mini-gastric bypass group
with 34.95%. Conversely, in the control group, a 6.2% increase in
patients’ BMI was observed 12 months after follow-up. These results
indicated that all three of these surgeries had a significant effect
on reducing the BMI of obese patients.
The results of our study also showed that all three types
of surgery significantly reduced AST and ALT enzymes 6 and
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Table 1: Comparison of liver fibrosis scores in different groups before surgery
Groups
NFS

Control

Gastric sleeve

Mini-gastric bypass

RY gastric bypass

High probability

High probability

24
16.2%

69
27.6%

84
33.6%

65
26.1%

NSF1 low probability

Low probability

36
23.8%

34
13.8%

27
11.0%

25
0.0%

Intermediate probability

Intermediate probability

90
60.0%

147
58.6%

139
55.4%

160
63.9%

p

<0.001

Table 2: Comparison of liver fibrosis scores in different groups 12 months after surgery
Groups
NFS

Control

Gastric sleeve

Mini-gastric bypass

RY gastric bypass

NSF3
High probability

High
probability

82
54.7%

21
8.5%

24
9.1%

16
6.5%

Low probability

Low
probability

14
9.3%

204
81.4%

192
76.6%

211
84.4%

Intermediate probability

Intermediate probability

44
29.3%

25
10.2%

35
14.1%

23
9.1%

12 months after surgery, such that the rate of AST reduction in
patients was 8.69, 2.24, and 0.81%, respectively, in the gastric sleeve,
mini-gastric bypass, and RY gastric bypass groups 12 months after
surgery compared to before. Therefore, the highest decrease in
patients’ AST was observed in the gastric sleeve group with 8.69%.
Conversely, in the control group, a 36.2% increase was observed in
patients’ AST 12 months after surgery. Also, the rate of ALT reduction
in patients was equal to 19.58, 18.9, and 15.18%, respectively, in the
gastric sleeve, mini-gastric bypass, and RY gastric bypass groups 12
months after surgery compared to before. Therefore, the highest
decrease in ALT of patients was observed in the gastric sleeve group
with 19.58%. Conversely, in the control group, a 15.51% increase
in patients’ AST was observed 12 months after surgery. Therefore,
these results indicate that performing all three types of surgeries,
especially sleeve surgery, plays an important role in reducing AST
and ALT in obese patients.
In this study, liver fibrosis status was one of the factors that
were evaluated in patients of all four groups at baseline and 6 and
12 months after surgery. Our results showed that all three types of
surgery significantly reduced the risk of liver fibrosis during 6- and
12-months follow-up, such that the rate of reduction of high-risk
NSF (or NSF above 0.67) of patients was 13.8, 24.5, and 19.6%,
respectively, in the gastric sleeve, mini-gastric bypass, and RY gastric
bypass groups 12 months after surgery compared to before. On
the other hand, the increase in patients with low-risk or NSF below
−1.5 was 67.6, 65.0, and 74.4%, respectively, in the gastric sleeve,
mini-gastric bypass, and RY gastric bypass groups 12 months after
surgery compared to before. Conversely, in the control group, a
38.5% increase in the frequency of high-risk NSF was observed in
patients 12 months after surgery. Therefore, these results indicate
that performing all three types of surgery significantly reduces
high-risk NSF in obese patients (Tables 1 and 2).
The ultrasound results of the patients during different time
points showed that all three types of surgery significantly reduced
grade III of fatty liver during 6- and 12-months follow-up such that
the rate of reduction of grade III fatty liver in patients were 17.0, 21.6,
and 39.8% in the gastric sleeve, mini-gastric bypass and RY gastric

p

<0.001

bypass groups, respectively, 12 months after surgery compared to
before. Therefore, the highest decrease in patients’ grade III fatty
liver was observed in the RY gastric bypass group with 38.8%.
Conversely, in the control group, a 41.9% increase in grade III fatty
liver was observed in patients 12 months after surgery. Therefore,
these results indicate that performing all three types of surgeries
significantly reduces the fatty liver grade III in obese patients
(Tables 3 and 4).
Therefore, the results of this study showed that all three types
of surgery have a significant role in the results of ultrasound and
fatty liver grading compared to the nonsurgical group. In this
regard, several studies have examined various parameters such
as the degree and stage of fatty liver, the severity of fibrosis,
liver enzymes, liver steatosis before and after surgery, and their
results are largely in line with our research findings. For example,
a prospective cohort study by Aldoheyan et al. evaluated
surgeon impact bariatric on histological, metabolic, and hepatic
function status of 27 patients for 3 months. 15 Most patients
(75%) were of female gender, which is consistent with our study.
Their results showed that bariatric surgery significantly leads to
histopathological changes in the liver with weight loss, reduction
of liver stasis, liver fibrosis, and NAFLD activity three months after
surgery. These results are largely in line with our research findings.
Although the duration of follow-up varied, in our study, all three
types of surgery significantly reduced BMI, the risk of liver fibrosis,
and grade III fatty liver in patients.
Another study by Ooi et al. on 84 patients with NAFLD showed
that the fatty liver in these patients improved shortly after bariatric
surgery and weight loss (10–15%) and caused a significant decrease
in ALT.12 These results are largely in line with our research findings.
In our study, all three types of surgery significantly reduced BMI,
thereby reducing the risk of hepatic fibrosis and grade III fatty liver
in patients. In our study, the reduction in BMI of patients was 33.53,
34.95, and 32.77%, respectively, in the groups of gastric sleeve,
mini-gastric bypass and RY gastric bypass 12 months after surgery
compared to before, which is almost twice the amount reported
in a study by Ooi et al.
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Table 3: Comparison of fatty liver grade in different groups before surgery
Groups
Fatty liver grade
Grade I
Grade II
Grade III

Control

Gastric sleeve

Mini-gastric bypass

RY gastric bypass

53

94

82

97

34.9%

37.8%

32.8%

39.0%

73

113

114

109

48.2%

45.2%

45.6%

43.5%

26

43

54

44

16.9%

17.0%

21.6%

17.5%

p

0.19

Table 4: Comparison of fatty liver grade in different groups 12 months after surgery
Groups
Fatty liver grade
Grade I
Grade II
Grade III

Control

Gastric sleeve

Mini-gastric bypass

RY gastric bypass

19

11

103

32

12.7%

91.7%

91.2%

100.0%

44

1

10

0

29.3%

8.3%

8.8%

  0.0%

87

0

0

0

58%

0

0

0

A review by Chavez–Tapia et al. showed that to date, no clinical
trials have been conducted on the effect of obesity surgery on
NAFLD in obese patients. Only 21 retrospective and prospective
studies were performed in which the severity of steatosis and
inflammation improved, and four studies showed an increase in
postoperative fibrosis.7
In a study by Karcz et al. 236 obese patients underwent
laparoscopic sleeve surgery and were followed up for 3 years.13 The
results of this study showed that, firstly, there is a strong association
between high levels of transaminases and NASH diagnosed based
on pathology. Among the patients with NASH, the amount of liver
enzymes decreased by more than 50% after surgery. The results of
this study are somewhat consistent with the findings of our study.
However, in our study, the rate of decrease in the level of liver enzymes
after surgery was less than this report, which probably affects the
baseline levels of these enzymes and the disease grade, and the
number of patients. In our study, all three types of surgery significantly
reduced AST and ALT enzymes during 6 and 12 months follow-up,
such that the rate of AST reduction in patients were equal to 8.69,
2.24, and 0.81%, respectively, in gastric sleeve, mini-gastric bypass,
and RY gastric bypass groups 12 months after surgery compared to
before, and the rate of ALT reduction in patients were 19.58, 18.9, and
15.18%, respectively, in gastric sleeve, mini-gastric bypass, and RY
gastric bypass 12 months after surgery compared to before.
In another study, Aldoheyan et al. reported that fibrosis,
steatosis, and NASH improved to varying degrees at the end of 3
months in 27 patients undergoing obesity surgery.15 The findings
of this study are largely in line with the results of our research.
Also, few studies have compared the effects of various surgical
procedures on liver and LFT tests. For example, Kalinowski et al.
reported that LFT worsens shortly after RYGB surgery and returns
to baseline after 1 year, and this increase in liver tests is less after
sleeve surgery.16 In another study, Ruiz–Tovar et al. reported that
hepatic steatosis evaluated by ultrasound completely improved
by up to 90% after sleeve surgery.17 In another study, Manco et al.
showed that sleeve surgery was able to completely eliminate
NASH in all patients. It also reversed stage 2 fibrosis in 90% of
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p

<0.001

patients, while these two findings were found in people who
used the gastric balloon had lost significantly less weight and was
almost insignificant in people who had lost weight by nonsurgical
methods.18 Also, in another study conducted by Nascimento
et al. on 40 people, it was shown that the degree of liver fibrosis
measured by NFS in patients undergoing surgery in private centers
from 7.1 to 0% and in patients undergoing surgery in governmental
centers decreased from 30.8 to 23%.24 Therefore, the results of these
studies indicate the positive effect of surgery on the improvement
of NFS, which is largely in line with our research findings. In our
study, all three types of surgery significantly reduced the risk of
liver fibrosis during 6 and 12 months of follow-up in patients, such
that the rate of reduction of high-risk NSF (or NSF above 0.67)
of patients was 13.8, 24.5, and 19.6%, respectively, in the gastric
sleeve, mini-gastric bypass and RY gastric bypass groups 12 months
after surgery compared to before. On the other hand, the increase
in patients with low-risk or NSF below –1.5 was 67.6, 65.0, and
74.4%, respectively, 12 months after surgery in the gastric sleeve,
mini-gastric bypass and RY gastric bypass groups. Conversely, in
the control group, a 38.5% increase in the frequency of high-risk
NSF was observed in patients 12 months after surgery. So, these
results indicate that performing all three types of surgeries have
a significant effect on reducing high-risk NSF in obese patients.
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