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Original Article

ABSTRACT
BACKGROUND

Non-alcoholic steatohepatitis (NASH) is a serious comorbidity in patients with obesity and because of the high risk of 
cirrhosis and the extreme mortality rate of NASH, approaching effective treatment methods, and improvements are crucial. 
Following few studies comparing the impact of laparoscopic gastric bypass (LGB) and laparoscopic sleeve gastrectomy 
(LSG) surgery on NASH, our study was conducted to assess the effect of these two surgical methods separately in patients 
with NASH through ultrasonography, and concurrently, on other factors such as lipid profiles and blood pressure to reduce 
the complications of complex obesity surgeries on patients and also provide a solution to prevent NASH-related cirrhosis.

METHODS
This study was performed at Imam Khomeini Hospital Complex; Vali-e-Asr Hospital affiliated to Tehran Univer-

sity of Medical Sciences.All patients with obesity who had undergone bariatric surgery at Vali-e-Asr Hospital during 
2017 and 2018 were included in this prospective cohort study. Weight, body mass index (BMI), blood pressure, Alanine 
transaminase(ALT), Aspartate transaminase(AST),lipid profile and Fasting blood sugar(FBS)were evaluated before and 
one year after surgery. The patients underwent an ultrasound examination before surgery to determine the fatty liver grade. 
The type of operation (sleeve or bypass) was governed by the patient him/herself after receiving thorough clarifications 
about the available methods, their complications, and expected outcomes. In addition, by the separation of fatty liver grading 
with ultrasound modality, the correlation between ultrasound grading, laboratory results, and the rate of weight loss in 
patients who undergone both sleeve and bypass surgeries were evaluated and compared during a one-year follow-up.

RESULTS
In this study, 44 patients were included. 22 patients underwent laparoscopic sleeve gastrectomy (LSG), and 22 

patients underwent laparoscopic gastric bypass (LGB) surgery. The mean age of the patients was 40.45 ± 12.01 years. 
35 patients (79.5%) were women, and 9 patients (20.5%) were men. Most patients (81.8%) had grade I and II in terms 
of preoperative liver ultrasonography results. Bariatric surgery (LSG and LGB) greatly enhanced NASH’s hepatic status 
in liver ultrasonography. Since the liver status of patients with preoperative ultrasonography was 
not significantly different between the two groups, there was no substantial distinction among the two groups in 
this regard, postoperatively. Weight and BMI, lipid profile, liver enzymes, FBS, and mean arterial blood pressure (MAP) 
were significantly reduced individually in both groups and all patients one year after surgery. None of the 
postoperative variables and their modifications had a prominent difference between the two groups except for High-
density lipoprotein(HDL)level after surgery. The postoperative HDL was considerably higher in the LGB group (p = 
0.014). However, the changes in HDL were not statistically different between both groups. The levels of AST, ALT, total 

cholesterol, LDL, and FBS were associated with the NASH grade.

CONCLUSION
Both types of LSG and LGB bariatric surgeries have been shown to significantly reduce BMI and improve 

lipid profiles, liver enzymes, and blood glucose levels in patients one year after surgery. The NASH status was also 
ameliorated considerably. The two types of surgery were not remarkably different in these modifications. Besides, 

there was a significant correlation between AST, ALT, total cholesterol, LDL, and FBS levels with the NASH grade. 
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INTRODUCTION
Non-alcoholic fatty liver disease (NAFLD) is a common 

causes of chronic liver disease, which is growing world-
wide. Approximately 30% of the world’s population has 
NAFLD, of whom 5% have non-alcoholic steatohepatitis 
(NASH), and about 20% suffer from liver cirrhosis. The 
main mechanism of NAFLD is insulin resistance, and its 
major risk factors are obesity, diabetes, and arterial hyper-
tension.1 Obesity and metabolic syndrome are increasing 
predictors of fatty liver disease, and then the NAFLD/
NASH pervasiveness and associated complications are 
anticipated to expand in the future.2 Based on a recent 
investigation, the prevalence of NAFLD in Iran has been 
2.09% to 2.9%.3 Ultrasonography is used for the diagnosis 
and identification of fatty liver as the primary imaging 
and for screening asymptomatic patients with excessive 
liver enzymes that are suspected of having NASH. This 
method does not require radiation and costs much for patients. 
Thus, it is a non-invasive and effective diagnostic method 
for fatty liver disease.4  

Some studies in patients with obesity have shown 
that bariatric surgery has improved hepatic steatosis, 
inflammation, fibrosis scores, and complete recovery 
from non-alcoholic steatohepatitis.5 Bariatric surgery, in 
which the structure of the gastrointestinal tract is modi-
fied to treat overweight, is considered to be one of the 
most successful treatments in recent years.the effective-
ness of such operations to decrease weight-related co-
morbidity and the overall reduction of excess weight by 
more than 60% have been proven.6,7 Surgical procedures 
used to treat obesity include sleeve gastrectomy (SG), 
laparoscopic adjustable gastric banding (LAGB), Roux-
en-Y gastric bypass (RYGB), biliopancreatic diversion 
(BPD), and one of the most popular one (65.1% of all 
surgeries), which is the mini-gastric bypass (MGB).8,9 
LSG is currently considered to be a prominent bariatric 
surgery method for long-term weight loss and reduction of 
associated comorbidities, which is comparable to RYGB. 
Various factors affect the occurrence of complications in 
obesity surgeries; some of these factors are the type of 
operation and skill of the surgeon.10 Studies have shown 
that having underlying diseases also plays a major role 
in the development of postoperative complications. For 
instance, diabetes, sex, age, gastroesophageal reflux disease, 
family history of cancers, and finally, the findings of lab-

oratory tests and patient’s endoscopy are useful in determin-
ing the type of procedure and avoiding complications.11,12 
Due to its substantial improvements, bariatric surgery is 
regarded as one of the key therapies for obesity. In this 
study we aimed to evaluate and compare the impact of 
two common bariatric surgeries (LSG, LGB) on NASH 
via ultrasound diagnosis and biochemical assessment in 
1-year follow-up.

MATERIALS AND METHODS

Study Design and Patients
This study was conducted at Imam Khomeini Hospital 

Complex, Vali-e-Asr Hospital affiliated to Tehran University 
of Medical Sciences during 2017 and 2018. In this prospective 
cohort study, all patients with obesity who underwent 
bariatric surgery in the Vali-e-Asr Hospital surgery center and 
met the following criteria were included in our study: 
1) Body mass index (BMI) ≥ 40 or BMI ≥ 35 with a 
comorbid disease (hypertension or DM) 2) No medical 
or physiological contraindications for bariatric surgery 
3) At the time of the study, they did not drink too much 
alcohol (at least 20 gr/d for women and 30 gr/d for men) 
and during their lifetime, at no point in the last 20 years, 
consumed high alcohol for more than 2 years (according to 
the above criteria) 4) No long history of taking hepatotoxic 
drugs 5) Absence of chronic liver disease (such as hepatitis 
B and C, and hemochromatosis) and 6) Age over 18 years. 

Indications for surgeries were assessed based on 
the inclusion criteria as well as dietary period. The 
type of surgery (sleeve or bypass) was determined by the 
patient himself after receiving a full explanation about 
the available methods, risks, and predictable outcomes. 
The following criteria that were evaluated before and 
one year after surgery included: Weight, BMI, blood 
pressure,ALT,AST,lipid profile, and FBS. Before surgery, 
the patients underwent ultrasonography to examine the 
degree of fatty liver. In this study, ultrasonography was 
performed as the first step of imaging by the by a single 
radiologist, and the fatty liver was graded (0-III). After 
one year, the patients underwent ultrasound examination again. 
In addition to categorizing the grade of fatty liver with 
ultrasound modality, the correlation between ultrasound 
gradation, laboratory data, and weight loss rate in patients 
in both sleeve and bypass groups were assessed and also 
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compared during the one-year follow-up. Since a similar 
former study comparing the reduction of NASH in LSG 
and RYGB surgeries was not reported, the sample size 
determination method was used as a pilot study. Previous 
studies have shown that through bariatric surgery, the 
decline in NASH is approximately 85% (considering Z 
equals 1.96, d equals 0.165, and alpha 0.05) [-N = Z2 1- 
α/2P (1-P)/d2 = 19)] the sample size for the initial study 
(plus 10% loss-withdrawal) were 20 patients in each 
group and then due to the significant difference in liver 
grade after one year, it was shown that the same sample 
size was sufficient. 

Statistical Analysis
Mean ± standard deviations (SD) were used to display 

quantitative variables with normal distribution and frequency 
(%) to show qualitative variables. Qualitative variables 
were analyzed using the Chi-squared test, and quantitative 
variables with normal distribution were analyzed using 
Student’s t test. ANOVA was used to compare data of 
more than two groups. Quantitative variables with abnor-
mal distribution were also measured by Mann-Whitney 
test. A comparison of quantitatively abnormal variables 
before and after surgery was performed by Wilcoxon 
Signed Ranks test. The normality of the distribution of 
the variables was measured using the Shapiro-Wilk test. 
The relationship between NASH grade in ultrasonography 
and other slightly abnormal variables was measured by 
the Kruskal-Wallis test. The correlation between NASH 
grade in ultrasonography before and after surgery with 
other variables was determined by the Pearson correlation 
coefficient. In all analyzes, the results were significant at 

p value < 0.05.

RESULTS
This study included a total of 44 patients, 22 of whom 

underwent LSG and the remaining 22 patients underwent 
LGB. The mean age of the patients was 40.45 ± 12.01 
years. 35 (79.5%) patients were women, and 9 (20.5%) 
were men. Other demographic and preoperative features 
of the patients are shown in tables 1& 2. As can be seen, 
none of the patients’ preoperative characteristics were 
substantially different between the two surgical groups. 
Based on preoperative liver ultrasonography results, most 
patients (81.8%) had grade I and grade II. In this respect, 
the two groups of surgery had no difference.

The results of the ultrasonography were compared before 
and one year after surgery. Bariatric surgeries (LSG and 
LGB) significantly improved the patient’s liver status on 
liver ultrasonography concerning to non-alcoholic 
steatohepatitis. 72.7% of the patients had no NASH 
signs on ultrasonography one year after surgery. The ef-
fects of NASH on liver ultrasonography had also improved 
for each of the two types of surgeries (Figure 1). The liver 
status of the patients with preoperative and also postop-
erative ultrasonography was not significantly different in 
this regard (Figure 2). As it is shown in table 2, one year 
after surgery, weight (p < 0.001) and BMI (p < 0.001) 
had a noticeable decrease in the two groups separately 
and in all patients. In each LSG and LGB patients, and all 
patients, there was no significant change in the lipid pro-
file after one year. LDL level was also not significantly 
reduced in patients with LSG, but remarkably decreased 
in patients with LGB and all patients. Other factors of 
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Fig. 1: Changes in ultrasonography results in LSG (a) and LGB (b) patients after one-year follow-up
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patients’ lipid profile had a significant fall one year after 
surgery. The parameters of AST, ALT, FBS, and mean 
arterial pressure (MAP) substantially declined in the two 
groups as well as all patients. None of the postoperative 
variables and their changes was significantly different 
between the two groups except the level of postoperative 
HDL. The LGB group had a significantly higher post-
operative HDL level (p = 0.014). In the following, we 
examined the factors related to the preoperative NASH 
ultrasound grade. As shown in table 3, before surgery, 
BMI, AST, ALT, LDL, FBS, and total cholesterol were 
significantly correlated with the grade of NASH, and as 
they increased, the severity of the disease increased. Af-
ter surgery, only weight and weight loss were significant-

Table 1: Comparison of demographic characteristics of the patients between the two surgical groups

Group LSG (N= %) LGB (N= %) Total (N= %) P value

Sex (female) 18 (81) 17 (77.3) 35 (79.5) 0.709

Sex (male) 4 (18.2) 5 (22.7) 9 (20.5)

Hypertension 5 (22.7) 2 (9.1) 7 (15.9) 0.216

Diabetes mellitus 5 (22.7) 7 (31.8) 12 (27.3) 0.498

Asthma 0 (0) 1 (4.5) 1 (2.3) 0.312

Fatty liver 10 (45.5) 9 (40.9) 19 (43.2) 0.761

Fatty liver grade

Grade I 9 (40.9) 8 (36.4) 17 (38.6) 0.772

Grade II 9 (40.9) 8 (36.4) 17 (38.6)

Grade III 4 (18.2) 6 (27.3) 10 (22.7)

Hepatitis 0 (0) 0 (0) 0 (0)

Perioperative surgical history 7 (31.8) 10 (45.5) 17 (38.6) 0.354

Table 2: Comparison of preoperative and postoperative quantitative variables and their changes between the two surgical groups

Variables Preoperative P value Postoperative P value P value

LSG (N = 22) LGB (N = 22) LSG (N = 22) LGB (N = 22) shifts

Weight (kg) 114.3 ± 17.5 122 ± 18.5 0.136* 87.9 ± 17.5 92.8 ± 18.5 0.331 1.000*

BMI (kg/m2) 43.7 ± 4 43 ± 4.6 0.548* 33.8 ± 11.6 32.7 ± 15.9 0.557 0.733

AST (U/L) 31.6 ± 14.3 28.7 ± 13.6 0.549* 26.9 ± 4.6 23 ± 6.8 0.069* 0.732*

ALT (U/L) 26.5 ± 10.2 22.4 ± 9.7 0.196* 22.8 ± 14.3 18.7 ± 13.6 0.117* 0.897*

TG (mg/dL) 109.8 ± 30.5 95.2 ± 23.5 0.083 95.7 ± 5.8 89 ± 7.1 0.149 0.221*

Cholesterol (mg/dL) 157.4 ± 42.1 159.1 ± 39.2 0.892 136 ± 8.6 150.6 ± 6.9 0.186 0.226*

LDL (mg/dl) 99.1 ± 19 97.1 ± 26.8 0.613* 90.5 ± 30.5 91.9 ± 23.5 0.991* 0.842*

HDL (mg/dl) 42.2 ± 5.7 46.1 ± 4.8 0.059* 42 ± 20.5 46.6 ± 15.7 0.014* 0.685

FBS (mg/dl) 117.7 ± 30.5 107.4 ± 22.5 0.278* 100.2 ± 40.2 93 ± 31.3 0.09 0.566

MAP (mmHg) 98.3 ± 11.2 94.2 ± 8.4 0.178 92.5 ± 19 88.8 ± 26.8 0.299* 0.89

Data are presented as mean ± SD. *Mann-Whitney U test
SG, sleeve gastrectomy; GB, gastric bypass; BMI, body mass index; FBS, fasting blood sugar; TG, triglyceride; HDL, high-density lipoprotein; 
LDL, low-density lipoprotein; AST, aspartate transaminase; ALT, alanine transaminase; MAP, mean arterial pressure 

Fig. 2: Comparison of liver ultrasonography results of patients 
in the two surgical groups
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ly related to the NASH grade, and patients with greater 
weight loss had lower NASH grade.

DISCUSSION
According to previous studies, the prevalence of 

NASH has been high in patients with obesity (2.6% to 
91%).13 NASH appears to be an obesity-related disorder, 
with approximately half of the asymptomatic morbidly 
patients having histological NASH features.14 Aldoheyan 
and colleagues investigated the histological and biochemi-
cal effects of bariatric surgery on non-alcoholic fatty 
liver 3 months after surgery and reported a significant im-
provement in steatosis in more than half of the patients 
who had steatosis before surgery.15 Similarly, Clark and 
co-workers evaluated the histology of liver before and 
after gastric bypass surgery and demonstrated an en-
hancement in the histological features of NAFLD and 
steatosis in 81% of patients.16 Additionally, Furuya and 
others in their prospective study reported that steatosis 

and fibrosis disappeared in 89% of patients and 75% of 
patients, respectively, with 60% weight loss after RYGB 
surgery. As at the initial biopsy, liver biochemical variables 
such as lipid profile and blood glucose plasma concen-
tration had been found within normal limits in 92.3% 
of the patients, and no difference was observed 2 years 
later.17 However, Mathurin and colleagues reported that 
NAFLD levels decreased in 95.7% of the patients with 
obesity, while fibrosis was slightly increased 5 years after 
bariatric surgery.18 In our research, bariatric surgery had 
a major impact on the liver status of patients, and 72% 
of the patients had no symptoms of NASH on liver ul-
trasonography 1 year after surgery. In this way, the two 
forms of gastric bypass and sleeve surgery were also not 
substantially different. 

We may presume that the weight loss process after 
RYGB and MGB surgeries is indistinguishable; thus, 
there should be no contrasting outcomes for the surgical 
procedure. The mini-gastric bypass has been identified 

Table 3: Relationship between preoperative and postoperative NASH grade in ultrasonography with quantitative variables and their changes

Variables Preoperative
p Value

Postoperative
p ValueGrade 

(NASH) I (n=17) II (n=17) III (n=10) 0 (n=32) I (n=7) II (n=4) III 
(n=1)

Weight 
(kg)

115.9 ± 
19.9

114.9 ± 
15.9

127.6 ± 
17.5 0.151* 86.1 ± 15.8 96.2 ± 10 109.2 ± 

15.3 107 0.02

BMI 
(kg/m2) 42.9 ± 4.3 42 ± 3.7 46.5 ± 3.6 0.017* 31.9 ± 6.1 36.8 ± 2.1 37 ± 1.5 38.9 0.066

AST 
(U/L) 23.4 ± 11 27 ± 9.1 47.2 ± 11.2 <0.001* 22.4 ± 9.1 26.1 ± 10.2 37.7 ± 

23.8 47 0.079*

ALT (U/L) 18.7 ± 7.8 23.9 ± 9 35 ± 6.9 <0.001* 18.9 ± 6.5 23.1 ± 6.7 26.5 ± 
12.6 40 0.056*

TG 
(mg/dl)

95.7 ± 
11.7

105.5 ± 
36.7 109 ± 30.5 0.686* 90.9 ± 15.8 93.2 ± 13.9 100.5 ± 

17.8 100 0.664

Cholesterol 
(mg/dl)

141.2 ± 
29.2

161.5 ± 
42.6

181.7 ± 
42.3 0.034 141 ± 34.5 128.4 ± 33.9 171.2 ± 

36.6 210 0.066

LDL 
(mg/dl)

89.3 ± 
14.8

101.1 ± 
21.3

108.1 ± 
32.6 0.078* 92.5 ± 22.6 75.8 ± 18.9 105.2 ± 

17.8 100 0.143*

HDL (mg/
dl) 43.2 ± 4.8 45 ± 6.4 44.5 ± 5.6 0.641 44 ± 6.7 45.4 ± 5.2 42.7 ± 6 52 0.366*

FBS 
(mg/dl)

102.1 ± 
17.4

115.2 ± 
32.9

125.9 ± 
24.5 0.065* 95.4 ± 13.8 95.5 ± 11.2 98.7 ± 

10.3 134 0.325*

MAP 
(mg/dl) 93.8 ± 9.4 97.6 ± 9.9 98.1 ± 11.2 0.438 90.7 ± 9.8 89.7 ± 10.3 88.3 ± 

7.9 106.6 0.459*

Weight
Loss (kg) 30.3 ± 14.4 25.7 ± 7.2 10.9 ± 

6.2 30 0.037*

Data are presented as mean ± SD. *Kruskal-Wallis Test

SG, sleeve gastrectomy; GB, gastric bypass; NASH, non-alcoholic steatohepatitis; BMI, body mass index; FBS, fasting blood sugar; TG, triglyceride; HDL, high-density lipoprotein; LDL, 
low-density lipoprotein; AST, aspartate transaminase; ALT, alanine transaminase; MAP, mean arterial pressure, 0 (normal), I (mild), II (moderate), III (severe)
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as a safe alternative to RYGB and has a good effect on 
weight loss and metabolic effects improvement.19,20 Lap-
aroscopic sleeve gastrectomy and gastric bypass have 
been reported to be equally effective in terms of weight 
loss, quality of life, and complications 3 years after sur-
gery.21 Nevertheless, in Milone and others’ investigation, 
at 3-6 months follow-up, MGB was associated with a 
higher reduction in BMI compared with sleeve gastrectomy. 
The reduction of total cholesterol and triglycerides was 
also greater in MGB than SG. This indicates a correlation 
between BMI and changes in lipid profiles.22 In accordance 
with this, a prospective randomized study revealed 
RYGB had attained better-improved lipid profile in 
comparison with SG.23, 24,25 Notwithstanding, Milone and 
colleagues demonstrated that during a 12-month follow-
up, MGB and SG were completely comparable with im-
provements in lipid profile except for HDLc, which was 
higher in SG patients; this has been confirmed in other 
studies.22, 25, 26,27,28 In line with that, in our study, weight, 
and BMI noticeably reduced one year after surgery. Tri-
glycerides and total cholesterol had decreased considerably, 
but there was no substantial difference in both LDL and 
HDL levels. Only postoperative HDL was different between 
the two types of surgery and was higher in LGB; however, 
it was shown that changes in HDL levels in both surgeries 
were not significant.

Other clinical and biological characteristics, such as 
diabetes and sex, have also been shown to be signifi-
cantly associated with NASH,29 although some studies 
indicate that the male sex, AST, ALT, and type 2 diabetes 
mellitus were independently correlated with NASH and 
advanced fibrosis.30,31 Likewise, Uslusoy and colleagues 
reported no association between ALT and AST levels, 
and hepatic fibrosis.32 On the contrary, it has been shown 
in our research that before surgery AST, ALT, and FBS 
had a significant relationship with the NASH grade. One 
year after surgery, liver enzymes decreased substantially 
in both groups, but there was no disparity among them 
in this regard. While liver enzymes are not ideal for accurate 
NAFLD status reflection, in most studies AST and ALT 
parameters have been used to determine the liver status 
before and after bariatric surgery. In a prospective con-
trolled study, the long-term effect of bariatric surgery 
on transaminase levels was investigated, and significant 

changes in ALT levels and their correlation with weight 
loss at 2 and 10 years postoperatively were demon-
strated.33 Moreover, Poppy and co-workers investigated 
the risk factors of BDP due to acute postoperative liver 
injury and AST level, which had been elevated after 2 
months, decreased substantially 10 months after surgery.34 
Similarly, Keshishian and others reported an increase 
in AST (130%) and ALT (160%) levels 6 months after 
(BPD/DS). Nonetheless, these values returned to normal 
level after one year and did not change for 3 years.35 

The main limitation of the present study derives from 
its design. This study was conducted as a prospective 
cohort, but if it was done randomly and blind, it would 
be more valid. However, we revealed that the two groups 
in terms of preoperative factors were quite similar and 
did not differ significantly. Another limitation is the lack 
of histological follow-up, which could show the actual 
alterations in the intensity of NASH. 

CONCLUSION
Both bariatric surgeries (LSG and LGB) have been 

shown to substantially reduce BMI and improve the 
lipid profile, liver enzymes, and blood sugar in patients 
one year after surgery. The liver status in patients with 
NASH was also significantly enhanced on ultrasonography. 
Despite these modifications and enhancements, there is 
no substantial difference between the two types of surgery. 
Besides, total cholesterol, AST, ALT, LDL, and FBS 
were significantly associated with NASH grade in our 
study. It is suggested that further multicenter studies be 
conducted in the future with a greater sample size and 
as a randomized clinical trial with longer follow-ups to 
confirm the findings of this research and demonstrate 
their stability.
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