
Advances in Hygiene and Experimental Medicine
Postępy Higieny i Medycyny Doświadczalnej

1.	 Introduction
The components of metabolic syndrome are currently becom-
ing important public health issues in developed countries. Meta-
bolic syndrome includes abdominal obesity, hypertension, type 
2 diabetes (T2DM), atherogenic dyslipidemia, and, according to 
the latest concepts, also nonalcoholic fatty liver disease (NAFLD). 
A common pathogenetic factor in obesity, NAFLD, and T2DM is 
insulin resistance and its effects. All components of metabolic 
syndrome usually coincide, although in some cases obesity is 
accompanied by NAFLD but diabetes does not occur, or T2DM 
along with nonalcoholic fatty liver develops in slim subjects; 
these may be individuals with greater deposition of visceral fat, 
even though body mass index (BMI) does not indicate obesity [1]. 
Two major European studies reported NAFLD prevalence rates of 
42.6% to 69.5% in large samples of T2DM patients [2].

According to the 2021 World Health Organization (WHO) 
data, 14% of the population suffers from obesity worldwide 
and 39% are overweight. In 2013, 382 million people suffered 
from T2DM. It is estimated that NAFLD could affect up to 25% of 

the world’s population, and in highly developed countries 17% 
to 46% of the population suffers from it. According to a meta-
analysis conducted in 2019, the prevalence of NAFLD in patients 
with diabetes reaches 55.5%. The highest percentage of co-oc-
currence of these two entities—68.0%—has been recorded in 
European countries [3]. Research on drugs used in the treatment 
of metabolic syndrome is focused on groups of drugs that would 
be effective in treating obesity, insulin resistance, diabetes, and 
NAFLD. The group that probably meets these conditions most 
closely are GLP-1 analogues. Originally, these drugs were intro-
duced for the treatment of T2DM. Recent studies indicate their 
effectiveness also in the treatment of obesity and NAFLD. The 
aim of the presented paper is to review the literature on the pos-
sible importance of GLP-1 analogue therapy in the treatment of 
obesity and NAFLD. 

2.	 Mechanism of action of GLP-1 analogues 
The concept of the so-called incretin axis (entero-pancreatic 
axis) was created by Crutzfeldt and developed for the purposes 
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of pharmacotherapy of T2DM by Drucker and Nauck [4]. The sub-
stances contained in food, such as carbohydrates, amino acids, 
and fatty acids, interact with specific cells of the epithelium of 
the ileum and colon: L and K cells. As a result of this interaction, 
L cells of the epithelium secrete glucagon-like peptide 1 (GLP-1), 
and K cells (in response to glucose) secrete insulin-stimulating 
glucose-dependent insulinotropic polypeptide (GIP). They con-
stitute a humoral pathway of influence on pancreatic islet cells, 
which, in addition to the neuronal and metabolic pathway, af-
fects the postprandial secretion of insulin. GLP-1 is a stronger 
stimulator of beta cells than GIP, inhibiting glucagon secretion at 
the same time. Intestinal peptides act on Langerhans islet cells 
through specific receptors and are rapidly degraded by pepti-
dases, especially dipeptidyl peptidase-4 (DPP-4) [EC 3.4.14.4] [4].

The literature emphasizes a number of additional activities 
of GLP-1, such as: slowing gastric motility, lowering blood pres-
sure (also by acting on the myocardium), stimulating the satiety 
center, and a neuroprotective effect [5]. According to some au-
thors, GLP-1 also exerts regenerative and protective effects on 
pancreatic islet beta cells, however, these views have not been 
fully documented experimentally and clinically.

Therefore, the effect on the incretin axis for glycemic control 
is very attractive from a theoretical point of view. For therapeutic 
purposes, however, it is necessary to synthesize peptides resis-
tant to DPP-4, or to use substances inhibiting this enzyme, while 
prolonging the duration of action of endogenous intestinal pep-
tides. In metabolic syndrome and T2DM, the incretin effect is re-
duced mainly by weakening the secretion of GLP-1, which causes 
a decrease in insulin secretion. The drugs that affect the activity 
of the incretin axis are currently important in the treatment of 
diabetes and the components of metabolic syndrome [6]. 

The first of the drugs belonging to the group of GLP-1 ana-
logues was exenatide, introduced in 2005. In the following years, 
liraglutide, semaglutide, lixisenatide, dulaglutide, and albliglu-
tide were included in the therapy. Their action, like the effect of 
endogenous GLP-1, is based on glucose-dependent stimulation 
of insulin secretion with inhibition of glucagon secretion.

3.	 The use of GLP-1 analogues in the treatment of 
obesity – literature review
The SCALE study, the results of which were published in 2013, 
demonstrated that in a 12-month follow-up of non-diabetic 
patients using 3.0 mg liraglutide doses in combination with a 
reduced-calorie diet and increased physical activity, the patients 
taking liraglutide achieved statistically greater weight reduction 
than those in the placebo group [7]. In a meta-analysis by Mon-
ami et al., liraglutide compared to placebo was shown to bring 
statistically significant improvements in BMI in both diabetic and 
non-diabetic patients. The authors also point out that extending 
liraglutide therapy from 6 to 12 months also has a beneficial ef-

fect on the BMI and metabolic parameters in patients with obe-
sity [8].

To confirm the effectiveness of semaglutide in supporting 
the treatment of obesity, randomized, double-blind, multicenter 
and international clinical studies referred to in the literature as 
STEP (Semaglutide Treatment Effect in People with obesity) were 
conducted. By the time of publication of this paper, the results of 
7 studies (STEP 1-6, STEP 8) have been published, in which a total 
of 5727 subjects took part [9–14]. Each compared the effects of 
2.4 mg dose of semaglutide, administered subcutaneously once 
a week, to placebo or another obesity treatment drug. The study 
group consisted of adults suffering from obesity or overweight, 
with or without concomitant T2DM. In each study, all groups 
were treated for obesity using non-pharmacological methods: a 
low-calorie diet (energy supply reduced by 500 kcal/day) and an 
increase in moderate-intensity exercise by 150 min/week. 

In STEP 1, the mean change in the patients’ body weight from 
the baseline to week 68 was -14.9% in the semaglutide group 
compared to -2.4% in the placebo group. In absolute terms, this 
corresponds to a change in body weight of -15.3 kg in the sema-
glutide group versus -2.6 kg in the placebo group [9].

The STEP 2 study was the only one conducted on obese pa-
tients with concomitant T2DM. Adults with a body mass index of 
at least 27 kg/m2 and glycated hemoglobin of 7-10% who had 
been diagnosed with T2DM at least 180 days before screening 
were included in the trial. The patients were randomly assigned 
to one of 3 groups: with subcutaneous application of 2.4 mg 
semaglutide or 1.0 mg semaglutide once weekly, or to the pla-
cebo group. The duration of the study was 68 weeks. The ap-
proximate change in mean body weight from the baseline to 
week 68 was -9.6% for 2.4 mg semaglutide compared with -3.4% 
for placebo [10]. 

The STEP 3 study was a withdrawal trial project to assess the 
change in body weight after switching from semaglutide to pla-
cebo. At week 68, the estimated mean change in body weight 
from the baseline was -16.0% for semaglutide versus -5.7% for 
placebo. More participants treated with semaglutide compared 
to placebo lost at least 5% of their baseline body weight (86.6% 

GLP-1 receptor 
agonist

Dosing
frequency

Registration in 
monotherapy

Trade name of 
the product

Exenatide LAR 1 x week no Bydureon

Dulaglutide 1 x week yes Trulicity

Lixisenatide 1 x day no Lyxumia

Liraglutide 1 x day yes Victoza

Semaglutide 1 x week yes Ozempic

Table 1. Comparison of the dosage and the possibility of using the individual GLP-1 receptor 
agonists available on the Polish market as monotherapy, including the trade names of the 
products. LAR: a form of long-acting release preparation 
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vs. 47.6%, respectively). A higher percentage of participants in 
the semaglutide group compared to placebo achieved a weight 
loss of at least 10% or 15% [15]. 

The STEP 4 phase was preceded by a 20-week preparatory 
period in which the patients had to demonstrate weight loss 
(10.6%, on the average). Then, they were randomly assigned to 
two groups. Over the 48 weeks of continuous use of semaglu-
tide, the mean change in body weight from week 20 to week 68 
was -7.9% compared with +6.9% after switching to placebo [11]. 

The longest-running study was the STEP 5 phase. Over a 104-
week period, the average weight loss of patients on continuous 
treatment with 2.4 mg semaglutide reached 15.2% compared 
with 2.6% for placebo [14]. 

The STEP 6 study was conducted entirely on Asian popula-
tions from Japan and South Korea. The estimated mean change 
in body weight from the baseline to week 68 was -13.2% in the 
2.4 mg semaglutide group and -9.6% in the 1.7 mg semaglutide 
group compared with -2.1% in the placebo group. The area of 
visceral abdominal fat was reduced by 40.0% among the 2.4 mg 
semaglutide group participants and 22.2% among the partici-
pants in the 1.7 mg semaglutide group compared with 6.9% in 
the placebo group [12].

The STEP 7 study was completed in January 2022, but its re-
sults have not yet been published. 

The STEP 8 study was the only one to compare the effective-
ness of weight-loss treatment in patients using liraglutide and 
semaglutide in the adopted strict dosage regimen. Among over-
weight or obese adults without diabetes, weekly subcutaneous 
semaglutide versus once daily subcutaneous liraglutide, added 
to dietary and physical activity recommendations, resulted in a 
significantly greater weight loss at week 68. (The mean weight 
change from the baseline was -15.8% for semaglutide vs. -6.4% 
for liraglutide) [13]. 

The most common adverse reactions to subcutaneous sema-
glutide 2.4 mg/week were transient gastrointestinal disorders: 
nausea, vomiting, flatulence. They ranged from mild to moder-
ate and resolved with time during the therapy. Acute pancre-
atitis as a severe complication of semaglutide therapy was rare, 
whereas it was found to be more common in the semaglutide 
groups than in the placebo group (STEP 1: 3 patients, STEP 2: 1, 
STEP 3: 0, and STEP 4: 1).

In 2019, Jabbour et al. conducted an analysis of the effective-
ness of treatment and the effect on body weight of exenatide, 
the combination of exenatide with dapagliflozin, exenatide 
with metformin and dapagliflozin with metformin. The research 
demonstrated that the greatest degree of weight reduction was 
obtained with the combination of exenatide and dapagliflozin. 
Interestingly, the highest percentage of body weight reduction 
and the highest numerical value of weight loss were obtained 
in patients with a high baseline BMI, and the reduction values 
decreased the lower the baseline body weight was [16].

Thus, it seems that supporting weight reduction in patients 
suffering from obesity with drugs from the GLP-1 analogues 
group is both effective and safe. It is therefore reasonable to 
consider the use of semaglutide for weight control in obese pa-
tients without concomitant T2DM. 

4.	 GLP-1 analogues for the treatment of non-alco-
holic fatty liver disease
The term non-alcoholic fatty liver describes degenerative and in-
flammatory changes in the liver caused by metabolic diseases 
involving histological changes typical of alcoholic disease. The 
histopathological changes include degenerative changes in the 
hepatocytes (hydrocele and steatosis) and the occurrence of 
Mallory corpuscles. In the case of disease progression, inflam-
matory changes (histopathological neutrophil infiltration) with 
subsequent parenchymal fibrosis of the liver may intensify. 

NAFLD complications may include the development of non-
alcoholic steatohepatitis, cirrhosis, or hepatocellular carcinoma. 

The reported most common causes of NAFLD include obesi-
ty, diabetes, surgical procedures performed to support the treat-
ment of obesity, extensive resection of the small intestine, and 
abetalipoproteinemia. Patients with fatty liver disease, which is 
a consequence of the use of drugs such as perhexillin, amioda-
rone, glucocorticosteroids, synthetic estrogens, and many oth-
ers, also qualify for this group [1,17].

There is no effective causal treatment for fatty liver. There are 
attempts to treat it with pioglitazone, alpha-tocopherol, statins, 
or ursodeoxycholic acid, but they do not resolve the disease [18].

Clinical studies of the role of incretin drugs in the therapy 
of fatty liver disease are currently underway. The results of mul-
ticenter randomized controlled trials to date show that liraglu-
tide reduces fatty liver disease and improves insulin sensitivity 
as well as the results of histopathological investigations in pa-
tients with non-alcoholic steatohepatitis (NASH). In addition, it 
reduces chronically elevated levels of alanine aminotransferase 
and promotes weight reduction (reducing the feeling of hunger 
and increasing the feeling of satiety) [19]. 

A 2021 meta-analysis carried out by Gostal et al. demon-
strated that the use of GLP-1 analogues significantly affects the 
level of lipid content in the liver cells. The study included eight 
randomized clinical trials, giving a total population of 615 pa-
tients with T2DM and NAFLD. In addition, patients using GLP-1 
analogues demonstrated a reduction in the levels of alanine 
aminotransferase, aspartate aminotransferase, and gamma-
glutamyl transpeptidase, which is associated with a reduction in 
the level of inflammation within the liver and an improvement 
of hepatic function. This is probably the first meta-analysis con-
ducted exclusively in patients with T2D and NAFLD, which gives 
a strong signal that GLP-1 analogues improve liver function and 
histopathological image [20].
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Almost all human studies with exenatide twice daily, evaluat-
ing the endpoints associated with NAFLD, include patients with 
T2D. Several case series and open-label studies suggest that ex-
enatide treatment alone or in addition to standard diabetes ther-
apies may lead to improved liver biomarkers and liver fat reduc-
tion in T2D patients [21]. However, it has not been investigated 
by biopsies whether exenatide is able to alleviate the histologi-
cal characteristics of NAFLD/NASH, so it remains in the realm of 
conjecture whether it is the result of beneficial metabolic effects, 
or beneficial effects on the liver in general.

In the second study from the Liraglutide Efficacy and Action 
in Diabetes (LEAD) program, a total of 154 patients with T2D 
participated in a sub-study to assess liver fat content with com-
puted tomography (CT) using the liver-to-spleen attenuation 
index. This ratio increased significantly from the baseline after 
26 weeks of treatment with liraglutide 1.8 mg/day, indicating a 
reduction in hepatic steatosis. It did not change in the patients 
treated with lower doses of liraglutide, glimepiride, or placebo 
[22,23]. In another study, 6 months of treatment with liraglutide 
1.2 mg/day significantly reduced liver fat content in patients with 
poorly controlled T2D, as assessed by 1H magnetic resonance 
spectroscopy [24]. 

The LEAN study later became the first study to evaluate the 
effects of liraglutide on liver function. Fifty-two patients with 
NASH were randomized to 48 weeks of treatment with lira-
glutide (1.8 mg/day) or placebo. In that study, 39% of patients 
treated with liraglutide achieved histological resolution of NASH, 
compared with 9% in the placebo control group; a reduction in 
fibrosis was also observed in patients using liraglutide [25]. The 
latter study had greater methodological advantages than the 
previously mentioned study, resulting from the availability of 
liver biopsies at the baseline and after treatment, in addition to 
the imaging methods, which are burdened with greater error.

In April 2021, a phase 2 clinical study investigating the ef-
ficacy and safety of three doses of semaglutide administered 
subcutaneously once daily compared to placebo in patients with 
non-alcoholic steatohepatitis was completed. A total of 320 pa-
tients (230 of whom had stage F2 or F3 fibrosis) were randomly 
assigned to receive semaglutide at 0.1 mg, 0.2 mg, and 0.4 mg 
doses, or placebo. The study showed that treatment with sema-
glutide resulted in a significantly higher percentage of patients 
with resolution of hepatitis than placebo. However, the study did 
not show a significant difference between the groups in the im-
provement percentages of patients with fibrosis [26].

5.	 Attempts to explain the beneficial effects of 
GLP-1 analogues on obesity and NAFLD
Under physiological conditions, endogenous GLP-1 produced 
by neurons in the nucleus of the solitary band expressing pre-
proglucagon exhibits anorexigenic activity by proopiomelano-
cortin (POMC) neurons in the arcuate nucleus that express the 

GLP-1R receptor. There are a few data and medical experiments 
in the PubMed database which suggest that in addition to the 
direct excitatory effect on POMC neurons, GLP-1 signaling also 
acts indirectly—presynaptically activating the POMC neurons, 
enhancing the anorexigenic effect. In addition, the research of 
He et al. showed that liraglutide directly activated arcuate POMC 
neurons through TrpC5 channels, activating an analogous intra-
cellular transmission pathway such as adipocyte-derived leptin. 
Liraglutide also indirectly increases the excitatory tension of 
POMC neurons. Thus, these results suggest that the use of GLP-1 
agonists could potentially enhance the long-term anorexigenic 
effect of leptin through direct and indirect central effect on the 
POMC neurons [6,27,28]. 

GLP-1 receptors are widely expressed in the central nervous 
system (CNS) and are present both in cell bodies and neuronal 
fiber endings, as well as in astrocytes and microglia [29]. Treat-
ment with therapeutic GLP-1R agonists, such as exenatide and 
liraglutide, resulted in increased neurogenesis in the dentate 
gyrus, and some data suggest that GLP-1R may exert a protec-
tive effect on the mitochondria of neurons in the CNS mediated 
by activation of the PI3K/Akt pathway and elevated levels of the 
antiapoptotic protein Bcl-2 [30]. Liraglutide treatment was also 
shown to be able to alleviate mitochondrial fragmentation by 
increasing the levels of Mfn-2 and OPA-1, and at the same time 
intensify the phosphorylation of DRP-1, thereby promoting mi-
tochondrial fusion, which prevents the loss of hippocampal neu-
rons in a mouse model of Alzheimer’s disease 5 × FAD (diabetes 
is an independent risk factor for dementias) [31–33].

Neurons in the nucleus of the solitary band with preproglu-
cagon (PPG) expression are the main source of GLP-1 in the CNS. 
They activate areas of the brain involved in the regulation of eat-
ing behaviors [34].

Stimulation of the PPG-secreting neurons is not fully under-
stood. It has been suggested that this may be due to stimula-
tion of the vagus nerve by pancreatic GLP-1 and subsequent 
transport of the signal through interneurons to the appropriate 
neurons. However, there are not enough such connections in the 
brain. It was therefore hypothesized that PPG-secreting neurons 
receive their signal mainly from the neurons that express the 
oxytocin receptor, suggesting that central and peripheral GLP-1 
signaling may facilitate its anorexigenic action through two in-
dependent circuits [35].

In a 2019 study conducted in Boston by Farr et al., brain ac-
tivation in response to food images was not altered by liraglu-
tide compared to placebo. When checked for BMI/body weight, 
liraglutide increased the activation of the right orbitofrontal cor-
tex in response to food signals. A counterregulatory increase in 
reward-associated orbitofrontal cortex activation in response to 
nutritional signals can be observed when neuroimaging data are 
controlled for changes in BMI, indicating changes in the CNS that 
may lead to a subsequent plateau of weight loss [36]. 



Postępy Higieny i Medycyny Doświadczalnej

5

Chronic use of GLP-1 receptor agonists is expected to im-
prove insulin sensitivity of tissues, mainly by significant weight 
reduction. However, this effect can be independent of the 
amount of body fat. In 2013, Seghieri et al. demonstrated that 
GLP-1 inhibits endogenous glucose production under condi-
tions where insulin and glucagon in plasma cannot change and 
glucose concentrations are predetermined [37]. A similar ex-
periment, but carried out on people, was conducted in 2016 by 
Gastaldelli et al., showing that administration of exenatide, prior 
to an oral glucose load test, results in an increase in glucose up-
take by hepatocytes, with lower plasma insulin concentrations 
than in the placebo group at the same time [38]. The results of 
the above experiments indicate a direct effect of GLP-1 either on 
the hepatocytes or on the inhibition of glucose production in 
the liver by the neuronal system. The ambiguity is because it has 
not yet been established whether a receptor for GLP-1 is present 
on the surface of hepatocytes [37–42]. 

The study conducted in 2021 by Oliveira et al. focused on 
the interaction of liraglutide with brown adipose tissue. Liraglu-
tide has been shown to have an additive effect to β3-adrenergic 
stimulation in brown adipose tissue, and to increase the activity 
of deiodinase 2 in brown adipose tissue. The above finding in-
dicates the possibility of activating intracellular pathways typi-
cal of thyroid hormones, complementing the currently known 
mechanisms of action of GLP-1 analogues on weight loss [43].

As mentioned above, the GLP-1R receptor has not been 
shown to be present on hepatocytes. Despite this, the in vivo 
and in vitro studies conducted to date have shown that the 
use of GLP-1 analogues has a beneficial effect on reducing lipid 
accumulation and lipogenesis in the liver. One hypothesis ex-
plaining the mechanism of action of GLP-1 analogues in reduc-
ing progression and reducing fatty changes in the liver is as-
sociated with a decrease in the expression of protein tyrosine 
phosphatase 1 (SHP1) with subsequent activation of the AMP-
activated protein kinase (AMPK). SHP1 is widely recognized as a 
modulator of insulin action in hepatocytes and hepatic glucose 
metabolism. Increased expression of this protein is involved in 
the pathogenesis of insulin resistance and NAFLD as a negative 
regulator. In 2019, Yu et al. conducted a study on mice assess-
ing the contribution of liraglutide to the SHP1/AMPK pathway. 
They showed that anti-lipotoxic effects (inhibition of lipid stor-
age, inhibition of hepatic lipogenesis) may result from indirect 

inhibition of SHP1 and activation of AMPK in hepatocytes. It was 
probably the first study of this type in the world [44–47].

Kim et al. conducted in 2021 a study using double long-act-
ing GLP1/2 agonists administered subcutaneously to laboratory 
mice for fatty liver lesions with subsequent transplantation of 
intestinal microflora. The transplantation of intestinal microflora 
had an additive effect on the liver with the parallel use of incretin 
analogues, and thereby on weight reduction, fat accumulation 
in the liver, inflammation, and fibrosis of the liver. This provides 
another example of the multifactorial pathogenesis of fatty liver 
disease [48]. 

6.	 Conclusion 
Body weight and liver cell steatosis are associated with the 
anorexigenic effects of GLP1 analogues, as well as with their 
direct effects on adipose tissue cells and hepatocytes. The ef-
fect of GLP-1 analogues on diabetes-related obesity and NAFLD 
requires further research in the field of clinical sciences, as well 
as basic sciences. It is difficult to develop a model of molecular 
changes explaining the reduction of body fat and steatosis of 
the liver cells by GLP-1 analogues. Numerous studies at the mo-
lecular level do not allow development of a clear model of this 
action at the moment. 
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