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Abstract

Background: Non-alcoholic fatty liver disease (NAFLD) prevalence is increasing, concomitant
with the global obesity epidemic in many nations. Obesity, and other components of metabolic
syndrome are all strongly correlated with NAFLD. Bariatric surgery is a highly reproducible and
reliable management procedure for clinically severe obesity and its associated comorbidities. The
aim of the current work was to assess the effect of Laparoscopic sleeve gastrectomy (LSG) on
hepatic steatosis and fibrosis in patients with NAFLD. Patients and methods: This is a
prospective observational study that was conducted on patients with obesity who were scheduled
for LSG with fibroscan-proven NAFLD. Fibroscan-based steatosis (controlled attenuation
parameter; CAP) and fibrosis (Liver stiffness measurement; LSM) measures were assessed
preoperatively and 6-months postoperatively. Results: This study included 76 patients with
NAFLD. At the Six-month post-surgery follow up, the patients showed significantly lower LSM
and CAP than the baseline levels (p<0.001). The percentage of excess body weight loss (EBWL%)
and the percentage of change in HDL (AHDL %) were significant predictors of the percentage of
change in CAP scores (ACAP %) (p=0.049 and 0.05, respectively), which was the only significant
predictor of the percentage of change in LSM scores (ALSM %) (p<0.001). Conclusion: Our
findings emphasize the role of bariatric surgery as a successful management procedure for
NAFLD. Whatever the factors determining hepatic steatosis in patients with NAFLD, it seems that
the change in fibrosis scores is only influenced by the hepatic steatosis state.

Keywords: Non-alcoholic fatty liver disease (NAFLD), Obesity, Laparoscopic sleeve gastrectomy (LSG),
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Introduction
Non-alcoholic fatty liver disease (NAFLD) is defined as the build-up of extra fat (greater than 5%) in the
liver parenchyma in individuals who do not consume large amounts of alcohol or have secondary causes of
hepatic steatosis [1]. NAFLD prevalence is increasing, concomitant with the global obesity epidemic in many
nations. The Middle East (32%), North Africa (31%), and Asia (27%), respectively, have the highest
incidence of NAFLD reported [2].
Non-alcoholic steatohepatitis (NASH) is at the more severe end of the spectrum and falls after non-alcoholic
fatty liver (NAFL) and NAFLD, which are more benign disorders [3]. Hepatic fibrosis and cirrhosis, which
are documented risk factors for developing hepatocellular carcinoma, can occur as consequences of NAFLD
and NASH [4,5].
Modifiable risk factors for NAFLD include obesity, high-calorie intake, and a sedentary lifestyle. The most
important modifiable risk factor for this disease, which is caused by an energy imbalance, is probably central
obesity [6].
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Obesity, type 2 diabetes mellitus (T2DM), and other components of metabolic syndrome are all strongly
correlated with NAFLD. Bariatric surgery is a highly reproducible and reliable management procedure for
clinically severe obesity and its associated comorbidities [7]. All mechanisms that contribute to the reduction
of obesity and type 2 diabetes (T2DM) following bariatric surgery appear to be essential for the amelioration
or resolution of NAFLD. By reducing body weight, bariatric surgery may also reduce hepatic fibrosis, fat
build-up, and inflammation [8].

Laparoscopic sleeve gastrectomy (LSG) is one of the bariatric procedures that has been considered to improve
the course of NAFLD [9]. It has been demonstrated that LSG leads to improved liver functions that were
attributed to pathophysiologic mechanisms involved in the alleviation of inflammation and oxidative stress
[10-12].

Transient elastography (fibroscan) is an ultrasound-based imaging modality used to assess the degree of
steatosis and fibrosis in patients with NAFLD and NASH with high sensitivity and specificity [13]. The
fibroscan probe induces vibrations of low frequency and mild amplitude that elicit elastic shear waves, which
proceed through the parenchyma of the liver. Pulse-echo ultrasound acquisition is used to trail the shear wave
propagation and to estimate its velocity that directly correlates with the tissue stiffness [14].

The aim of the current work was to assess the effect of LSG on hepatic steatosis and fibrosis in patients with
NAFLD.

Subjects and Methods:

This is a prospective observational study that was conducted in the General Surgery Department of our
institution. The study protocol was reviewed and permitted by the regional institutional research and ethics
committee. The study was conducted per the Declaration of Helsinki.

Based on the study of Agarwal et al. [15] who used fibroscan to assess the impact of bariatric surgery on
NAFLD, and assuming an alpha risk of 5% and a power of 80%, the minimum sample size needed was 77
patients.

Patients with obesity who were scheduled for LSG according to the institution strategy and per 2020 update
of the Clinical practice guidelines of the European Association for Endoscopic Surgery (EAES), endorsed by
the International Federation for the Surgery of Obesity and Metabolic Disorders (IFSO) [16] during the period
from March 2020 to November 2021, underwent complete history taking, clinical and laboratory
examination, and fibroscan assessment. Consecutive adult patients with fibroscan-proven NAFLD or NASH
were eligible for the study. Patients with a history of alcohol or hepatotoxic drug intake, fatty liver or insulin
sensitization-inducing drug intake such as amiodarone, estrogens, or methotrexate, more than three-fold
elevated liver enzymes, seropositive tests of viral hepatitis, or any metabolic or auto-immune disease affecting
the liver were excluded from the study. Informed written consent was obtained from each included patient.
Data concerning the patients’ demographics, anthropometric measures, comorbidities, laboratory
investigations (liver function tests and lipid profile), abdominal ultrasound examination, and fibroscan were
registered.

Fibroscan assessment was performed using FibroScantouch 502 (Echosens, Paris, France) machine. Liver
stiffness measurement (LSM) between 2 and 6 kPa is considered normal. Fibrosis was staged from 0 to 4: FO
(absence of fibrosis), F1 (perisinusoidal or portal), F2 (perisinusoidal and portal/periportal), F3 (septal or
bridging fibrosis), and F4 (cirrhosis) [17].

Using the fibroscan, ultrasound-based controlled attenuation parameter (CAP) was measured to determine
the degree of steatosis with stages of SO (no steatosis); a median CAP value of 205 dB/m (180-227 dB/m),
which corresponds to a percentage of <5% hepatic steatosis, S1 (mild steatosis); a median cap value of 245
dB/m (231- 268 dB/m), which corresponds to a percentage of 5-33% hepatic steatosis, S2 (moderate
steatosis); a median cap value of 299 dB/m (268-323 dB/m), which corresponds to a percentage of 34-66%
hepatic steatosis, and S3 (severe steatosis); a median cap value of 321 dB/m (301-346 dB/m), which
corresponds to a percentage of >67% hepatic steatosis [18].

Laparoscopic sleeve gastrectomy was performed as standardized over 36Fr bougie with resection from the
His angle to about 3-4 cm proximal to the pylorus. No stable line reinforcement was performed [19].
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After routine postoperative care, the study patients received follow-up schedules at 3 and 6 months
postoperatively, during which they were subjected to complete clinical, laboratory, and fibroscan
assessments.

The percentage of total weight loss (TWL%) and excess body weight loss (EBWL%) were calculated as
previously described [20]. Comorbidity remission was judged per the standardized outcome reporting
published by the American Society for Metabolic and Bariatric Surgery [21].

Study outcomes

The primary outcome of our study was the effect of LSG on hepatic steatosis and fibrosis, as shown by
fibroscan assessment, in patients with NAFLD. The secondary outcome was the potential predictors of this
effect.

Statistical analysis

The analysis of patients’ data was performed using the SPSS statistical software (IBM Corp., Armonk, NY,
USA), version 28. Categorical values were presented as frequencies and percentages. Cochran’s Q test was
used for paired categorical comparisons. Numerical values were tested for normality, and a paired t- was
performed accordingly. Linear regression analysis was performed to assess change in fibrosis scores. A p-
value less than 0.05 was considered statistically significant.

Results

This prospective study included 76 patients who were scheduled for LSG and had NAFLD as shown in
abdominal ultrasound and proven by fibroscan. The patient’s ages ranged from 19 to 50 years with a mean of
36 £ 7.21 years. Males constituted 59.2% of the study patients (n=45). The baseline BMI ranged from 37 to
58.6 kg/m? with a mean of 45.44 + 4.43 kg/m?. The excess body weight (EBW) ranged from 56.25 to 81 kg,
with a mean of 71.1 + 5.46 kg.

The baseline patients’ comorbidities were dyslipidemia in 100% of patients, diabetes mellitus in 46.05% of
patients (n=35), and hypertension in 31.6% of patients (n=24).

The fibroscan assessment revealed a baseline LSM ranging from 1.55 to 12.00 kPa, with a mean of 6.87 +
1.55 kPa, and CAP ranging from 235.00 to 400.00 dB/m, with a mean of 332.17 + 51.37 dB/m. According to
the patients' LSM, four patients (5.3%) were in S1, twenty-one patients (27.6%) were in S2, and the remaining
fifty-one patients (67.1%) were in S3. As for the CAP measures, forty-five patients (59.2%) had an F1 grade,
thirty-one patients (39.5%) had an F2 grade, and one patient (1.3%) had an F3 grade (Table 2).

Six-month post-surgery follow up

At the end of the follow-up, the mean patients’ BMI was 33.34 + 2.92 kg/m2, with a statistically significant
reduction compared to the baseline measures (p<0.001). The percentage of excess body weight loss
(EBWL%) ranged from 48.5 to 97.9%, with a mean of 79.13 + 15.93%. the percentage of total weight loss
(TWL%) ranged from 21.05 to 46.24% with a mean of 34.73 + 6.19% (Table 2).

Concerning patients’ comorbidities, there was complete resolution in 95.6% of patients with dyslipidemia
(n=66), 74.3% of patients with diabetes mellitus (n=26), and 69.2% of patients with hypertension (n=18).
Improvement was shown in 5 patients with diabetes mellitus (14.3%) and all the remaining patients with
hypertension (31.8%).

Fibroscan assessment demonstrated significantly lower LSM and CAP (p<0.001), with a mean LSM of 4.77
+ 0.93 kPa and a mean CAP of 262.45 + 41.65 dB/m. This significant improvement was also manifested in
statistically significant changes in the S (p<0.001) and F (p=0.001) categories, with twenty patients (26.3%)
reversed to SO grade, sixteen patients (21.1%) in S1 grade, twenty-nine patients (38.2%) in S2 grade, and
eleven patients (14.5%) in S3 grade. The number of patients having F1 grade increased to 75 (98.7%), while
only one patient (1.3%) was of F2 grade, and no patients remained of F3 grade (0%) (Table 2).

No statistically significant changes were shown in the liver function tests, while there was a statistically
significant improvement in the lipid profile parameters (p<0.001).
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Multivariate linear regression analysis showed that the EBWL% and the percentage of change in HDL (AHDL
%) were significant predictors of the percentage of change in CAP scores (ACAP %) (p=0.049 and 0.05,

respectively), which was the only significant predictor of the percentage of change in LSM scores (ALSM %)
(p<0.001) (Figure 1).

During the follow-up period, no cases of major complications or mortality were encountered.

Table 1: Baseline demographic data of the study patients

Study patients (n=76)
Mean = SD Range
Age (year) 36+7.21 19-50
Baseline weight (Kg) 129.08 + 10.6 110-152
Baseline Height (cm) 168.51 £ 6.6 150 - 180
Baseline BMI (Kg/m?) 48.80+7.83 37-58.6
EBW(Kg) 71.1+5.46 56.25 - 81
Count %
Sex Male 45 59.2%
Female 31 40.8%
Comorbidities
Type 2 diabetes mellitus 35 46.05%
Hypertension 24 31.6%
Dyslipidemia 69 90.8%
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Table 2: Laboratory and fibroscan data of the study patients (n=76)

Preoperative 6-months Postoperative p-value
Mean * SD Range Mean * SD Range
Total bilirubin (mg/dL) 0.51+0.18 0.1-0.96 0.48£0.1 0.1-0.9 0.08
AST (U/L) 30.79+11.6 10-52 29.01 £9.99 10-45 0.29
ALT (U/L) 35.58+9.7 10-70 32.58+9.26 8-62 0.072
TG (mg/dL) 184.55 + 38.9 98 - 287 127.46 £31.3 79 -200 <0.001*
A TG% (Mean * SD) -30.6t10.1
LDL (mg/dL) 133.82 £ 25.03 81-206 104.41 £ 19.08 62 -142 <0.001*
A LDL% (Mean £ SD) -21.7+6.7
HDL (mg/dL) 40.76 +9.33 23-61 63.29 + 8.81 34-79 <0.001*
A HDL% (Mean + SD) 61.3+34.9
CAP (dB/m) 332.17+51.4 235 -400 262.45+41.7 150 - 385 <0.001*
A CAP% (Mean + SD) -20.5+9.3
LSM (kPa) 6.87 £ 1.55 4.2 -12 4.77 +0.39 3.1-73 <0.001*
A LSM% (Mean + SD) -29.3+11.3
Count % Count %
Steatosis categories
S0 0 0.0% 20 26.3%
s1 4 5.3% 16 21.1%
<0.001*
S2 21 27.6% 29 38.2%
S3 51 67.1% 11 14.5%
Fibrosis categories
F1 45 59.2% 75 98.7%
F2 30 39.5% 1 1.3% 0.001*
F3 1 1.3% 0 0.0%
*: statistically significant
Eur. Chem. Bull. 2023,12(1),3313-3322 3317
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Figure 1: Multivariate linear regression analysis

Discussion

Non-alcoholic fatty liver (NAFL), non-alcoholic steatohepatitis (NASH), NASH-related cirrhosis, and
hepatocellular carcinoma are the four clinical-pathological characteristics that often follow the course of
NAFLD. Obesity has been connected to both the early stages of these conditions as well as their advancement,
which propose a higher mortality risk [22]. Bariatric surgery can reduce hepatic fat deposition as a
consequence of its resultant weight loss, metabolic effect, and chronic inflammation reduction [23].

This study aimed to determine the effect of LSG on nonalcoholic fatty liver disease. There is numerous
research addressing the effect of bariatric surgery on patients with NAFLD. However, a few of them were
prospective studies that assessed patients undergoing LSG and adopted the use of fibroscan in determining
hepatic steatosis and fibrosis, more particularly in our geographical region.

Liver biopsy has not been implemented as a routine approach during bariatric surgery in our institution.
Hence, fibroscan was used in this study. Although the gold standard for NAFLD diagnosis is liver biopsy, it
is limited by being an invasive procedure. In addition, it is impacted by the small size of the obtained sample
and the restricted biopsy region, which lead to sampling variability [24]. Moreover, it is not feasible to
perform repeated biopsies to depict the changes in hepatic steatosis and/or fibrosis. Numerous non-invasive
approaches have been proposed for the assessment of liver fibrosis, such as laboratory indices, NAFLD and
BARD scores, and elastography methods including magnetic resonance elastography (MRE) and transient
elastography (FibroScan). Fibroscan has been demonstrated to be a reliable technique to diagnose hepatic
steatosis and fibrosis [25-28]. Garg et al. [29] compared fibroscan to liver biopsy and reported that fibroscan-
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based assessment of hepatic steatosis and fibrosis in patients with morbid obesity has shown feasibility and
accuracy.

This prospective study showed that 6 months after LSG, there was a significant reduction in the hepatic
steatosis and fibrosis parameters that coincided with the comorbidities' remission and lipid profile
improvement.

In accordance with our findings, the recent meta-analysis conducted by Lee et al. [30] to investigate the effect
of bariatric surgery on patients with biopsy-diagnosed NAFLD revealed the resolution of steatosis and
fibrosis in 66% and 40% of patients, respectively. Algooneh et al. [31], in their retrospective study, reported
complete resolution of NAFLD, as diagnosed by abdominal ultrasound, in 56% of the studied cases after
LSG. Concerning using fibroscan for patients’assessment, in similarity with our findings, Jimenez et al. [32],
Nickel et al. [33], and Cazzo et al. [34] found a reduction in fibrosis scores after bariatric surgery in patients
with NAFLD. This was confirmed in the study of Garg et al. [29] who reported a decline in LSM from 8.6 to
6.0 kPa and CAP values from 322 dB/m to 251 dB/m one year after bariatric surgery. Reduction of LSM one-
year after surgery was also shown in the study of Naveau et al. [35] to be 5.37 after a mean baseline value of
6.95. These values are comparable with the current study figures, where the mean LSM declined from 6.87
to 4.77 kPa and the mean CAP reduced from 332.17 to 262.45 dB/m.

Although several studies have shown that bariatric surgery improves fibrosis, the evidence is still
inconclusive; a meta-analysis study conducted by Laursen et al. [36] reported that numerous studies showed
fibrosis improvement after bariatric surgery, whereas others found worsened fibrosis. The recent study by
Seeberg and colleagues [37] demonstrated worsened fibrosis scores. These contradictory results could be
attributed to the variation in study design, methods to assess fibrosis, and follow-up time.

The promising effect of bariatric surgery on NAFLD could be presumed when an in-depth look at the
pathogenetic mechanisms involved in the development of NAFLD is taken. Indeed, these mechanisms are
not completely understood, in spite of the considerable evolution that has occurred recently. It has been
proposed that the injury of the hepatic tissue is initiated by the accumulation of triglycerides, which trigger
inflammatory mediators and oxidative stress. This disruption would be followed by steatohepatitis and
fibrosis [38]. Moreover, free fatty acids (FFASs), which show greater influx to the liver as a consequence of
insulin resistance, are a mainstay in promoting liver damage [39]. Thus, it is plausible that bariatric surgery
causes NAFLD resolution not only via weight loss but also through mechanisms involved in the improvement
of glucose homeostasis, lipid metabolism, and reduced inflammatory activity, all involved in NAFLD
pathophysiology [36]. In the context of LSG, Cabré et al. [40] illustrated that LSG led to a significant
elevation in the hepatic levels of STAT-3, a cytoplasmic protein that, upon phosphorylation, initiates
transcription of genes that promote cellular proliferation and protective effects. Furthermore, Salman et al.
[12] found that LSG-induced weight loss was paralleled with an elevation in serum adiponectin levels, which
is documented to enhance fatty acid oxidation and glucose uptake in skeletal muscles. It inhibits
gluconeogenesis, lipogenesis, and hepatic steatosis [41].

Notably, this study showed significant comorbidity remission and lipid profile improvement after LSG. This
aligns with most previous studies [29,42-44]. The current study, however, demonstrated a non-significant
difference in the hepatic function markers. The plausible explanation is that most of our patients had normal
baseline levels of liver enzymes. This is consistent with Seeberg et al. [37] who assumed that the levels of
liver enzymes might not be sufficient to evaluate the alteration in hepatic steatosis after bariatric surgery and
Laursen et al. [36] who found that transaminases exhibit limited accuracy for the prediction of NASH severity.
Abelson et al. [45] and Matter et al. [46] also found non-significant changes in ALT and AST levels at
different follow-up periods.

Interestingly, the present work demonstrated that the EBWL% and the A HDL% were significant predictors
of the changes in hepatic steatosis (A CAP%), which was the only significant predictor of A LSM%. Other
studies identified predictors of the NAFLD course. The study of Algooneh et al. [31] reported a significant
resolution of NAFLD among the patients who attained > 50% excess weight loss. Salman et al. [47] found
that weight loss amount was a predictor of fibrosis reversal in patients with NASH-related cirrhosis.
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Regarding A HDL%, our findings are consistent with the fact that HDL has a documented role in the

prevention of inflammation, platelet activation, oxidation, and crucially, the transport of cholesterol from

peripheral tissues to the liver to be excreted in bile via the reverse cholesterol transport pathway. Altered

HDL levels are seen in disorders associated with systematic inflammation or insulin resistance characterized

by altered HDL functions [48]. Thus, the overt alleviation of the inflammatory status and insulin resistance

after bariatric surgery should have an effect on HDL levels as well as hepatic steatosis. Our findings denote

that, whatever the factors determining hepatic steatosis, it seems that, in patients with NAFLD, the change in

fibrosis scores is only influenced by the hepatic steatosis state.

The current study findings need to be validated in a large sample study with a longer period of follow-up.

CONCLUSION

This study adds new evidence concerning the ameliorating effect of LSG on steatosis and fibrosis in patients

with NAFLD as well as remission of comorbidities and resolution of the dyslipidemic state. Our findings

emphasize the role of bariatric surgery as a successful management procedure for NAFLD. Whatever the

factors determining hepatic steatosis in patients with NAFLD, it seems that the change in fibrosis scores is

only influenced by the hepatic steatosis state.
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