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Background: Nonalcoholic fatty liver disease (NAFLD) is a serious and widespread disease
worldwide. Bariatric surgery is one of the treatments for NAFLD. Nesfatin-1 is located in the
brain, periphery and plasma. We studied the relationship between nesfatin-1 changes after
laparoscopic sleeve gastrectomy (LSG) and NAFLD remission.

Methods: A total of 29 patients participated in the study, which collected clinical informa-
tion on the patients and indicators of liver function, hepatic steatosis score and nesfatin-1
level before and after LSG.

Results: The average BMI of the patients before surgery was 42.63+8.91 kg/m? and the
average BMI was 28.54+5.63 kg/m> one year after surgery (p < 0.05). One year after LSG,
the total weight loss percentage (TWL%) was 32.11+7.10%. The mean value of nesfatin-1
before surgery was 3.04+0.81 ng/mL, and the mean value of nesfatin-1 was 5.52+1.55 ng/mL
at one year after surgery (p < 0.05). The average preoperative hepatic steatosis index (HSI)
score of the patients was 52.55+9.17, and the average postoperative HSI score was 38.84
+5.82 (p < 0.05). Before LSG (p < 0.05, = —0.81) and 1 year after surgery (p < 0.05,
r = —0.58), HSI and nesfatin-1 were significantly negatively correlated. Percentage of
increased nesfatin-1 and percentage of decreased HSI showed positive correlation after LSG.
Conclusion: There was a negative correlation between HSI and nesfatin-1 before and after
LSG, which may suggest that nesfatin-1 plays a role in NAFLD.
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Introduction

The prevalence of obesity is increasing rapidly. In the past, obesity and related
diseases were considered important problems in Western countries. However, over
the past two decades, with the urbanization of Asian countries, sedentary lifestyles
and excess nutrition have created a hidden danger for the prevalence of obesity in
Asia. Similar to many Western countries, the prevalence of nonalcoholic fatty liver
disease (NAFLD) in Asia is approximately 25%.' Obesity has become a top risk
factor for NAFLD.? The problems caused by NAFLD are not limited to liver
diseases such as cirrhosis and liver cancer; NAFLD is also closely related to
atherosclerotic cardiovascular events and abnormal glucose metabolism caused by
metabolic abnormalities, which require active treatment and intervention.® NAFLD
is also a multiple pathogenesis disease.” Intestinal hormones, such as glp-1, GIP
and leptin, are closely related to the occurrence and development of NAFLD. These
intestinal hormones may affect glucose metabolism and insulin resistance and may
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also directly affect NAFLD by acting on the liver.>®
Nesfatin-1 is a multifunctional metabolism-related hor-
mone and satiety molecule that is distributed in the central
nervous systems and peripheral tissue. Nesfatin-1 is found
in the hypothalamus, adipose tissue, stomach, pancreas,
and liver. Oh S et al first identified nesfatin-1 in 2006.”
Nesfatin-1 can effectively reduce food intake, cause loss of
appetite, relieve hunger, and provide a sense of fullness.®
In addition, nesfatin-1 is involved in glucose regulation
and potentiates glucose-induced insulin secretion.” It is
also related to cardiac function regulation, anxiety, depres-
sion, anti-inflammation and antiapoptosis.'®!" In recent
years, the field of bariatric and metabolic surgery has
developed rapidly, becoming important means of treating
morbid obesity and related complications.'? Bariatric and
metabolic surgery provides a new direction for the treat-
ment of obese patients with NAFLD. At present, laparo-
scopic sleeve gastrectomy (LSG) is still the most widely
performed method, accounting for more than 50% of all
operations.'* LSG is a mechanism not only for restricting
food
metabolism.'* In this study, we aimed to explore the effect
of LSG on NAFLD and serum nesfatin-1 in patients with
obesity in order to provide a new possible target for the

intake but also for directly regulating lipid

treatment of NAFLD and determine the mechanism by
which LSG exerts its effect on NAFLD.

Patients and Methods

Participants

From January 2018 to June 2018, a total of 68 patients with
obesity underwent LSG at the General Surgery of the Fourth
Affiliated Hospital of China Medical University. Patients
with a diagnosis of NAFLD by semiquantitative ultrasound
score (Ballestri’s Ultrasonographic Fatty Liver Indicator
(US-FLI) score >2 and Hamaguchi Steatosis Score (HSS)
>1 indicated NAFLD)'®> were included. Patient exclusion
criteria were as follows: diabetes and impaired glucose tol-
erance, serious chronic diseases (such as severe autoimmune
diseases or cancer), excessive alcohol consumption (higher
than 20 g/day for women and 30 g/day for men),'® and
hepatitis or other chronic liver diseases. All the patients in
the study met the diagnostic criteria for obesity. WHO
defines overweight as a BMI (body mass index) equal to or
more than 25, and obesity as a BMI equal to or more than 30.
A total of 38 patients diagnosed with NAFLD met the cri-
teria, of whom 29 completed a one-year follow-up (dropout
rate of 23.7%).

Compliance with Ethical Standards:

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the 1964 Helsinki declaration and its later amend-
ments or comparable ethical standards.

This study was approved by the institutional research ethics
committee of The Fourth Affiliated Hospital of China Medical
University. We have provided written informed consent to all
patients.

Surgical Method

All operations were performed by the same surgeon at the
center. Technical points: (1) Sharp separation of the
greater curvature of the stomach was performed starting
at the avascular zone of the gastrocolic ligament until the
left edge of the esophagus was fully exposed. An ultra-
sound scalpel was used to free the adhesion of the poster-
ior gastric wall to the pancreas. (2) A 36F bougie was
inserted. Using the Endo-GIA Stapler, the incision was
started 3—6 c¢cm from the pylorus until the gastric fundus
was completely removed. (3) Intermittent suturing of gas-
tric resection margin and omentum with 4-0 absorbable
line was performed taking care not to twist the stomach.

Clinical and Laboratory Data

Patients were provided with detailed written materials
informing them that their clinical data including age,
weight, BMI (body mass index, BMI=body weight (kg)/
height squared (m?)), and percent total body weight loss
(TWL%) would be collected.

Morning fasting blood samples were collected for testing.
The collected blood samples were immediately centrifuged,
and then the separated plasma was frozen at —80°C for sub-
sequent purposes. Serum nesfatin-1 concentrations were ana-
lyzed with ELISA kits (USCN Life Science, Wuhan, China).
In this assay system, the intra-assay and interassay coefficients
of variation were always below 10%. A competitive inhibition
enzyme immunoassay was used in this study. Monoclonal
antibodies against human nesfatin-1 were precoated on the
microplate. A competitive inhibition reaction was performed
between the biotinylated human nesfatin-1 and unlabeled
human nesfatin-1 (standards or samples) with the precoated
antibody specific for human nesfatin-1. After incubation, the
unbound conjugate was washed off. Next, avidin conjugated
to horseradish peroxidase (HRP) was added to each microplate
well and incubated. The amount of bound HRP conjugate was
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inversely proportional to the concentration of nesfatin-1 in the
sample. After addition of the substrate solution, the intensity of
the color developed was inversely proportional to the concen-
tration of nesfatin-1 in the sample. Testing was performed by
a laboratory assistant who did not know the grouping of blood
samples. Alanine aminotransferase (ALT) and aspartate ami-
notransferase (AST) were detected by an Olympus automatic
biochemical analyzer.

Noninvasive Evaluation of NAFLD
Noninvasive evaluation of NAFLD was performed with
fully validated indicators. The hepatic steatosis index
(HSI) and fatty liver index are commonly used indicators.
HSI=8%(ALT/AST)+BMI (+2, if diabetes mellitus; +2, if
female). HSI was developed in South Korea.!” Fatty liver
index (FLI)=(e0.953*loge (triglycerides) + 0.139*BMI +
0.718*1oge(GGT) + 0.053*waist circumference - 15.745)/
(1 +¢0.953*1oge (triglycerides) + 0.139*BMI + 0.718*loge
(GGT) + 0.053*waist circumference - 15.745)*100. FLI
was developed in Italy.'® Considering that the participants
were from Asia, we used HSI as the evaluation method.

Statistical Analysis

SPSS (version 25.0) and GraphPad Prism (version 8.0)
were used for data analysis. P values less than 0.05 were
considered indicative of statistical significance for all sta-
tistical analyses. The data for continuous variables are
presented as the mean+SD. Student’s ¢-test or the Mann—
Whitney test were employed to compare the differences
between groups. Relationships between variables were
evaluated by Pearson’s and Spearman correlation coeffi-
cients (data presented as r [95% CI (confidence interval)]).

Results
Impact of LSG on Weight Loss, Nesfatin-|

and Hepatic Steatosis

The mean age of the patients in this study was 33.52+7.52
years. The age range from 22 to 54 years. This study involved
18 women and 11 men. One year after LSG, the TWL% was
32.11£7.10%. The average BMI of the patients before surgery
was 42.63x8.91 kg/m?, and the average BMI was 28.54
+5.63 kg/m?® one year after surgery (p <0.05). The mean
value of nesfatin-1 before surgery was 3.04+0.81 ng/mL, and
the mean value of nesfatin-1 was 5.52+1.55 ng/mL one year
after surgery (p <0.05) (Figure 1). Before LSG (p < 0.05,
r=—0.81;) and 1 year after surgery (p <0.05, r =—0.58;), HSI
and nesfatin-1 were significantly negatively correlated
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Figure | Preoperation vs | year postoperation in BMI and nesfatin-1.

(Figure 2). One year after LSG, the hepatic function indicators
ALT, AST and NAFLD scores of the patients improved sig-
nificantly. ALT and AST levels were significantly lower than
those before surgery (p < 0.05). The average preoperative HSI
score of the patients was 52.55+9.17, and the average post-
operative HSI score was 38.84+5.82 (p < 0.05). One year after
LSQG, the fasting plasma glucose (FPG) was 4.9+0.3 (mmol/1).
The triglyceride was 1.30.4 (mmol/l). The basic clinical data,
statistical results and NAFLD score results of the patients are
summarized in Table 1.

Correlation between percentage of decreased HSI and
percentage of increased nesfatin-1 after LSG (Figure 3).

Percentage of increased nesfatin-1 and percentage of
decreased HSI were positive correlation after LSG (p < 0.05,
r =0.44;).

Discussion

This study found that bariatric surgery has a good thera-
peutic effect on NAFLD and that the preoperative and
postoperative serum nesfatin-1 levels are correlated with
the noninvasive HSI score of NAFLD steatosis. This

80
. ® HSI and nesfatin-1 preoperation
e A HSI and nesfatin-1 postoperation
“1 %g
°
z ot
£ 40 LS A a
A A A £‘A A R
20
0 T T T T 1
0 2 4 6 8 10

Nesfatin-1 (ng/ml)

Figure 2 Correlation analysis of HSI and nesfatin-1 preoperation vs | year.
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Table | Basic Clinical Data and NAFLD Score Results

Preoperation | Postoperation P

Weight (kg) 124.8+28.77 83.65+16.34 p<0.05
BMI (kg/m2) 42.63+£891 28.54+5.63 p<0.05
Nesfatin-1 (ng/mL) | 3.04+0.81 5.52+1.55 p<0.05
ALT (U/L) 86.55+29.65 29.97+10.33 p<0.05
AST (U/L) 79.93+26.41 26.69+9.58 p<0.05
HSI 52.55%9.17 38.84+5.82 p<0.05
FPG (mmol/l) 5.8+0.8 4.9+0.3 p<0.05
TG (mmol/l) 2.0+0.6 1.3+0.4 p<0.05
TWL% 32.11£7.10

Age (years) 33.52+7.52

finding may help further study the mechanism of bariatric
surgery for NAFLD.

NAFLD is a growing health problem globally, with an
estimated global prevalence of approximately 25%."
NAFLD is strongly associated with obesity, insulin resis-
tance or type 2 diabetes and other metabolic abnormalities.
Bariatric surgery is an important treatment for a series of
metabolic syndromes, including NAFLD. Nearly 85% of
patients with nonalcoholic steatohepatitis (NASH) improved
after bariatric surgery; during the 1-year follow-up, bariatric
surgery significantly reduced the pathological features of the
disease.?® In our study, we also demonstrated that LSG can
effectively improve liver function and hepatic fatty degen-
eration. Although LSG is often classified as restrictive sur-
gery, this is not its only effect. It can directly improve

NAFLD by affecting liver glucose metabolism and bile

0.5

percentage of decreased HSI

I T T T T 1
0.5 0.0 0.5 1.0 156 20 25
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Figure 3 Correlation analysis of percentage of increased nesfatin-1 and percentage
of decreased HSI after surgery.

acid metabolism.>' In addition, changes in gastrointestinal
hormones, appetite, intestinal flora composition and metabo-
lites have been reported. The nesfatin-1-related changes
found in our study following LSG for NAFLD may also be
the mechanism.

There are differences in the distribution of nesfatin-1 in
different species. Nesfatin-1 is distributed in the central ner-
vous systems and peripheral tissue; it is found in the paraven-
tricular nucleus, arcuate nucleus, supraoptic nucleus and
neurons in the lateral hypothalamus of the hypothalamus of
rats.” In mouse and human studies, nesfatin-1 was found to be
distributed in subcutaneous fat cells and viscera, and its
expression in adipose tissue was higher than that in
viscera.”? Nesfatin-1 is also highly expressed in the stomach,
pancreas and bladder of dogs.”> These results suggest that
nesfatin-1 may play an important role in glucose and lipid
metabolism in central and peripheral regions. However,
because nesfatin-1 can cross the blood-brain barrier in both
directions,”* we have not been able to confirm whether the
changes in serum nesfatin-1 are due to increased peripheral or
central secretion after LSG.

Nesfatin-1 may be involved in lipid metabolism
through a variety of central and peripheral pathways.
Continuous peripheral infusion of nesfatin-1 reduced
plasma triglyceride and cholesterol levels in mice and
significantly improved hepatic steatosis in mice fed a high-
fat diet. Processing liver cells using different doses of
nesfatin-1 resulted in nesfatin-1 affecting liver cell lipid
accumulation via an AMPK-dependent mechanism.?
Nesfatin-1 affects adipose tissue, it can strengthen adipose
triglyceride lipase (ATGI) expression and reduce fat for-
CoA-carboxylase (ACC)
expression. Nesfatin-1 may promote brown fat cell differ-

mation-related gene acetyl

entiation through an mTOR-dependent mechanism.?® In
terms of the role of the central system, by knocking out
nesfatin-1 in the hypothalamus of rats, significant changes
in hepatic glycogen were observed. At the same time,
mTOR phosphorylation levels and signal transduction
transcriptional activator activity were decreased, followed
by suppression of cytokine signaling 3 levels. Nesfatin-1
in the hypothalamus plays a role in glucose homeostasis
and hepatic insulin sensitivity by activating the mTOR-
STAT3 related signaling pathway.?’

Nesfatin-1 is also involved in glucose metabolism,
animal studies have found that nesfatin-1 colocalizes
with insulin in islet cells and that elevated peripheral
blood glucose can promote an increase in nesfatin-1
expression in the islets of rats.”® Nesfain-1 can increase
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glucose-induced insulin secretion by promoting Ca(2+)
influx through L-type Ca(2+) channels in mouse islet -
cells.” Another study found that nesfatin-1 can enhance
glucose-stimulated insulin secretion (GSIS). Using nesfa-
tin-1 to manipulate mouse primary beta cells, we measured
changes in the ATP-sensitive K+ (KATP) channel current,
the voltage-gated K+ (Kv) channel current, and insulin
secretion. Nesfatin-1 inhibited the Kv channel, but KATP
channel activity was unaffected. Nesfatin-1 may enhance
GSIS through the regulation of ion channels rather than its
unidentified receptor.?’

In previous studies, the changes of nesfatin-1 after LSG
show different results. Lee et al found that levels of nesfatin-1
decreased after LSG. They chose 6 non-morbidly obese (BMI
between 25 and 35 kg/m2) undergoing LSG. All the partici-
pants involved had poor-controlled T2DM (glycated hemo-
globin, HbA 1¢ >7.5%).** Nesfatin-1 may have a diverse effect
on glucose and lipid metabolism, showing different manifesta-
tions in obese patients with NAFLD or diabetes. With this in
mind, in our study, we included patients with obesity and
NAFLD and excluded patients with severe abnormal glucose
metabolism. Differences in participant selection principles
may be responsible for the different results of these studies.

Nesfatin-1 is an adipokine. Leptin is an adipokine that
has a functional similarity to nesfatin-1. The research on
Leptin will help us to have a better understanding of
nesfatin-1. Leptin is secreted by white fat cells, and
serum leptin levels are associated with adipose tissue.
Moreover, leptin was first described to act on the satiety
center of the hypothalamus through specific receptors
(leptin receptors [ObR]), thereby limiting food intake and
increasing energy expenditure. It plays an important neu-
roendocrine role in regulating energy balance, metabolism
and reproduction.*® Although leptin has a weight-reducing
effect, most obese patients with type 2 diabetes mellitus
and NAFLD present with hyperleptinemia, which may be
weakened by leptin resistance or tolerance.*’ Leptin inter-
acts with the adipoinsular axis.*® Furthermore, leptin inhi-
bits insulin secretion, and desensitization of leptin in the
hypothalamus and somatic cells may be an important
factor in obesity-related diabetes.>® However, nesfatin-1
was not found to have such characteristics in obese
patients with NAFLD or type 2 diabetes.

LSG successfully treats obesity and improves many com-
ponents of metabolic syndrome, including NAFLD. As bar-
iatric and metabolic surgery for weight loss is invasive and
complex, we urgently need to understand the mechanism
behind it. Studies have shown that the triglyceride-lowering

effects of LSG are far greater than those of weight loss
through restricted diets.** The nesfatin-1 changes found in
our study may be one of the mechanisms. Identification of
more possible mechanisms will help provide better treatment
plans for a wider range of patients at a lower cost with
a lower risk of complications.

There are still some limitations in this study: (1) This
study is a retrospective study, with a small number of
included cases and a relatively short duration, followed
up at a single time point after 1 year, and the strength of
evidence needs to be further improved. (2) In this study,
liver function indicators and a hepatic steatosis scale were
used as the evaluation criteria for the effect of LSG on
NAFLD, and pathological evidence was lacking.
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