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Abstract 

Introduction: There are more than 2.3 billion 

overweight and obese people in the world. One of the 

important neurohormones responsible for adipose 

tissue metabolism is melatonin (N-acetyl-5-

methoxytryptamine) (MEL), which can modulate 

inflammatory processes by eliminating nitric oxide, 

reducing synthesis or inhibiting other pro-inflammatory 

mediators, including tumor necrosis factor-alpha (TNF-

a), interleukin 6 (IL-6) and interleukin 8 (IL-8). 

Objective: It was to highlight the main considerations 

and clinical evidence of the importance of melatonin 

and its supplementation in the treatment of obesity, 

inflammatory processes, non-alcoholic fatty liver 

disease, and hepatocellular carcinoma. Methods: The 

systematic review rules of the PRISMA Platform were 

followed. The search was carried out from May to July 

2024 in the Scopus, PubMed, Science Direct, Scielo, and 

Google Scholar databases. The quality of the studies 

was based on the GRADE instrument and the risk of bias 

was analyzed according to the Cochrane instrument. 

Results and Conclusion: A total of 115 articles were 

found. A total of 28 articles were evaluated and 25 were 

included in this systematic review. Considering the 

Cochrane tool for risk of bias, the overall assessment 

resulted in 18 studies with a high risk of bias and 25 

studies that did not meet the GRADE. Most studies 

presented homogeneity in their results, with 

X2=85.7%>50%. It was concluded that obesity-related 

inflammation is related to a state of oxidative stress with 

high production of reactive oxygen species. Melatonin 

has been highlighted for its antioxidant and anti-

inflammatory properties. The high prevalence of obesity 

in the world population also confers an increased risk for 

the development of non-alcoholic fatty liver disease 

(NAFLD), as well as other liver diseases including 

hepatocellular carcinoma (HCC). Studies involving drug 

and molecular therapies are proposed to control the 

progression of these diseases. It is necessary to perform 

a molecular analysis involving epigenetic, biochemical, 
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and inflammatory aspects related to melatonin 

supplementation, clarifying the effect of melatonin 

supplementation on obesity and liver diseases, including 

NAFLD and HCC. Thus, it is highlighted that the 

antioxidant and anti-inflammatory effect of melatonin is 

essential as a synergistic agent in weight loss and as 

prophylaxis and/or treatment of liver diseases. 
 

Keywords: Obesity. Inflammatory processes. Melatonin. 

Non-alcoholic fatty liver disease. Hepatocellular carcinoma. 

 

Introduction  

In the scenario of chronic non-communicable 

diseases, there are more than 2.3 billion people who are 

overweight or obese in the world. Brazil has an 

estimated number of over 20.0 million people by 2025. 

Studies indicate that a reduction of approximately 

10.0% in weight also favors the reduction of type 2 

diabetes mellitus (DM2) [1]. In this scenario, one of the 

important neurohormones responsible for fatty tissue 

metabolism is melatonin (N-acetyl-5-

methoxytryptamine) (MEL), produced by the pineal 

gland.  

MEL is synthesized from serotonin by the initial 

conversion of tryptophan into serotonin, which produces 

N-acetylserotonin, whose molecule will then be 

converted into melatonin. This hormone acts as a 

regulator of the circadian rhythm and is also a potent 

antioxidant and anti-inflammatory. Melatonin secretion 

decreases with age and influences seasonal and 

circadian rhythms, the sleep-wake cycle, and 

reproduction, and presents a day/night secretion 

pattern sensitive to light, with an increase in the early 

evening and a decrease at the end of this period. In 

addition, it participates in several other biological 

functions, including the control of energy balance with a 

modulating effect on insulin secretion and action, as well 

as on lipid metabolism [2,3].  

In this regard, melatonin is considered an 

important chronobiotic that influences the circadian 

distribution of metabolic processes, synchronizing them 

with the cycle of feeding, resting, and fasting. In this 

case, it stands out in the regulation of energy flow and 

expenditure through the activation of brown adipose 

tissue. It is also worth noting that melatonin can cause 

the darkening of white adipose tissue, thus helping to 

regulate body weight. However, this process can be 

impaired during aging, as well as when shift work and 

night work (due to lighting). In this context, there is a 

reference to its association with insulin resistance, 

glucose intolerance, sleep disorders, and circadian 

metabolic disorganization, characterizing a state of 

chronological interruption and metabolic diseases that 

worsen general health. Thus, melatonin replacement 

may be an important factor in controlling these diseases, 

as well as in the inflammatory process [4,5].  

Furthermore, melatonin can modulate 

inflammatory processes by eliminating nitric oxide, a 

molecule involved in tissue damage as a secondary 

inflammatory mediator. There are reports that 

melatonin can reduce the synthesis or inhibit other pro-

inflammatory mediators, including tumor necrosis 

factor-alpha (TNF-a), interleukin 6 (IL-6), and 

interleukin 8 (IL-8). In this sense, metabolic and liver 

diseases become targets of studies with melatonin, 

aiming to clarify its association with molecular 

mechanisms, and possible use in clinical practice [2-4].  

In this sense, the present study carried out a 

systematic review to highlight the main considerations 

and clinical evidence of the importance of melatonin and 

its supplementation in the treatment of obesity, 

inflammatory processes, non-alcoholic fatty liver 

disease, and hepatocellular carcinoma.  

 

Methods  

Study Design  

This study followed the international systematic 

review model, following the PRISMA (preferred 

reporting items for systematic reviews and meta-

analysis) rules. Available at: http://www.prisma-

statement.org/?AspxAutoDetectCookieSupport=1. It 

was accessed on: 06/17/2024. The AMSTAR 2 

(Assessing the methodological quality of systematic 

reviews) methodological quality standards were also 

followed. Available at: https://amstar.ca/. It was 

accessed on: 06/17/2024.  

 

Search Strategy and Search Sources  

The literature search process was carried out from 

May to July 2024 and developed based on Scopus, 

PubMed, Science Direct, Scielo, and Google Scholar, 

covering scientific articles from various periods to the 

present day. The following health science descriptors 

(DeCS/MeSH Terms) were used: “Obesity. Inflammatory 

processes. Melatonin. Non-alcoholic fatty liver disease. 

Hepatocellular carcinoma”, and using the Boolean "and" 

between MeSH terms and "or" between historical 

findings.  

 

Study Quality and Risk of Bias  

The quality was classified as high, moderate, low, 

or very low regarding the risk of bias, clarity of 

comparisons, precision, and consistency of analyses. 

The most evident emphasis was on systematic review 

articles or meta-analysis of randomized clinical trials, 

followed by randomized clinical trials. Low quality of 

evidence was attributed to case reports, editorials, and 
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brief communications, according to the GRADE 

instrument. The risk of bias was analyzed according to 

the Cochrane instrument by analyzing the Funnel Plot 

graph (Sample size versus Effect size), using Cohen's d 

test.  

  

Results and Discussion  

Summary of Findings  

As a corollary of the literature search system, a 

total of 115 articles were found that were submitted to 

eligibility analysis and, subsequently, 25 of the 28 final 

studies were selected to compose the results of this 

systematic review. The listed studies presented medium 

to high quality (Figure 1), considering in the first 

instance the level of scientific evidence of studies in 

study types such as meta-analysis, consensus, 

randomized clinical, prospective, and observational. 

Biases did not compromise the scientific basis of the 

studies. According to the GRADE instrument, most 

studies presented homogeneity in their results, with 

X2=85.7%>50%. Considering the Cochrane tool for risk 

of bias, the overall assessment resulted in 18 studies 

with a high risk of bias and 25 studies that did not meet 

GRADE.  

   

Figure 1. Flowchart of the articles selections.  

 
Source: Own Authorship. 

 

Figure 2 presents the results of the risk of bias of 

the studies using the Funnel Plot, showing the 

calculation of the Effect Size (Magnitude of the 

difference) using Cohen's Test (d). Precision (sample 

size) was determined indirectly by the inverse of the 

standard error (1/Standard Error). This graph had a 

symmetrical behavior, not suggesting a significant risk 

of bias, both among studies with small sample sizes 

(lower precision) that are shown at the base of the 

graph and in studies with large sample sizes that are 

presented at the top.  

Figure 2. The symmetrical funnel plot suggests no risk 

of bias among the studies with small sample sizes that 

are shown at the bottom of the graph. Studies with high 

confidence and high recommendation are shown above 

the graph (n=25 studies).  

 

 
 Source: Own Authorship. 

  

Major Clinical Findings   

Obesity is a chronic disease resulting from an 

imbalance between caloric intake and energy 

expenditure, triggering excessive accumulation of body 

fat. It is noted that the global incidence of obesity has 

increased since 1980, as almost a third of the world's 

population has this type of dysfunction [1]. In Brazil, 

data from the latest Surveillance of Risk and Protective 

Factors for Chronic Diseases by Telephone Survey 

(VIGITEL, 2018) [6] showed that excess weight 

increased by 26.3% in 10 years, affecting 57.7% of men 

and 50.5% of women. Regarding the condition of 

obesity, an estimated prevalence of 18.9% was 

calculated in the entire Brazilian population, being 

present in 18.1% of male adults and 19.6% of female 

adults (VIGITEL, 2018) [6]. Furthermore, obesity is 

considered one of the most serious public health 

problems in today's society, being a multifactorial 

condition that involves genetic, behavioral, and 

environmental factors. It is associated with an increased 

risk of chronic diseases, including type II diabetes 

mellitus, dyslipidemia, systemic arterial hypertension, 

cardiovascular diseases, and some types of cancer. It is 

worth noting the association of obesity with low-grade 

chronic inflammation, which contributes to the 

development of these systemic metabolic disorders 

[3,7].  

Obesity causes several intrinsic and extrinsic 

signals capable of triggering an inflammatory response 

in adipose tissue. These mechanisms are usually 

considered the link between chronic excess calories and 

inflammation of adipose tissue. Some of these 

mechanisms include dysregulation of fatty acid 

homeostasis, local hypoxia, mitochondrial dysfunction, 
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increased size and death of adipose cells, and 

mechanical stress [8,9]. It is known that inflammation 

is related to a state of oxidative stress with a high 

production of reactive oxygen species, compared to the 

levels of antioxidants, allowing their action and 

compromising the natural defense systems. In this 

context, melatonin has been highlighted for its 

antioxidant and anti-inflammatory properties. 

Considering that melatonin modulates several processes 

involved in obesity, there is a reference to the possibility 

of acquiring benefits from its use in various treatments. 

It is also noteworthy that the high prevalence of obesity 

in the world population also confers an increased risk for 

the development of non-alcoholic fatty liver disease 

(NAFLD), as well as other liver diseases including 

hepatocellular carcinoma (HCC) [10,11].  

Non-alcoholic fatty liver disease (NAFLD) is 

characterized by the deposition of triglycerides (TG) in 

hepatocytes, exceeding 5-10% of the total weight of the 

organ, even without continuous intake of significant 

amounts of alcohol (>20 g/day). NAFLD is one of the 

main causes of chronic liver disease, with a worldwide 

prevalence of approximately 20 to 30%, becoming a 

target of growing public health concern [12]. In Brazil, 

this rate is still unknown; however, the Brazilian Society 

of Hepatology highlights high frequencies of steatosis 

(48%), nonalcoholic steatohepatitis (37%), and 

cirrhosis (5%). NAFLD is also considered a component 

of metabolic syndrome, due to the close association 

between these conditions. Approximately 90% of 

individuals with NAFLD have at least one characteristic 

of metabolic syndrome, in addition to the risk for 

cardiovascular disease (CVD), HCC, and type 2 diabetes 

mellitus in long-term follow-up [1,6]. In this context, 

melatonin stands out as an effective action against 

metabolic syndrome, reversing the harmful effect of 

dietary fructose in animal models, and modulating 

metabolic pathways such as lipogenesis, lipolysis, beta-

oxidation, and gluconeogenesis. Furthermore, lipophilic 

melatonin passes freely through all biological 

membranes and accumulates mainly in mitochondria, 

where it influences mitochondrial structure and function 

via the peroxisome proliferatoractivated receptor 

gamma coactivator 1-alpha (PGC1) signal. Melatonin 

can be taken up in the liver, also by specific cellular and 

nuclear receptors in a dose-dependent manner 

[13,14].  

The oral administration of circulating melatonin in 

humans has a half-life ranging from 25 to 65 min. 

Melatonin is rapidly metabolized by enzymatic and non-

enzymatic processes. Cytochrome P450 (CYP450) is the 

main enzyme for melatonin metabolism in animals and 

is mainly located in the liver. The main and secondary 

products of CYP450 are 6-hydroxy melatonin and N1-

acetyl-N2-formyl-5methoxykynuramine (AFMK), 

respectively. The non-enzymatic process of melatonin 

metabolism is mediated by its interaction with reactive 

oxygen species (ROS) and nitric oxide synthase (NOS) 

during oxidative stress [2]. In vivo, studies have 

demonstrated the efficacy of melatonin to reduce the 

accumulation of intrahepatic lipid levels. A study by 

Stacchiotti et al. (2019) [13] indicates that the use of 

dietary melatonin may be promising for preventing and 

treating obesity in patients. Ou et al. (2019) [14] 

observed that chronic administration of melatonin 

reduces high-fat diet-induced dyslipidemia and hepatic 

lipid accumulation in an experimental model. However, 

studies are needed to elucidate the effect of melatonin 

as a treatment for NAFLD.  

Investigation of epigenetic markers that predispose 

to NAFLD may contribute to new biomarkers for early 

diagnosis of the disease and allow preventive or 

therapeutic strategies to be developed for individuals at 

high risk of isolated NAFLD or associated with HCC [15]. 

Simpler, less invasive, more accessible, and accurate 

screening tools are needed for the diagnosis, treatment, 

and prognosis of NAFLD. However, existing approaches 

are not sufficiently sensitive or specific to act as robust 

predictors of this disease alone. High-throughput 

methods such as Genome-Wide Association Studies 

(GWAS), epigenome, and proteome would facilitate the 

identification of specific markers to distinguish different 

phenotypes of hepatic steatosis. There is great interest 

in identifying genetic biomarkers as a means for the 

prevention of NAFLD [15].  

In addition, HCC is the most frequent type 

observed in 85-90% of primary liver tumors, with 

approximately 782,000 new cases diagnosed per year. 

Globally, it is the second leading cause of cancerrelated 

death, with approximately 746,000 deaths/year. In 

general, most risk factors lead to the formation and 

progression of cirrhosis, with an incidence of 80-90%, 

whose association with HCC is well established. 

However, there is an increasing proportion of patients 

with NAFLD who are at high risk of HCC in the absence 

of cirrhosis [16].  

 The high mortality associated with this type of 

cancer is mainly attributed to the difficulty in diagnosing 

patients at an early stage. The diagnosis of HCC is 

obtained through imaging tests, such as computed 

tomography, magnetic resonance imaging, and 

ultrasound, and also with the aid of biochemical 

markers, such as alpha-fetoprotein. In cases where 

radiological tests are inconclusive, histology remains the 

gold standard [17].  

 The gradual accumulation of mutations in 

oncogenes and chromosomal alterations are involved in 

human carcinogenesis [18]. HCC results from a 
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complex and heterogeneous malignancy process 

characterized by progressive differentiation of 

phenotypically abnormal nodular lesions in the liver. 

Continuous and chronic inflammation causes damage to 

liver cells and regeneration of the affected tissue. These 

events, considered underlying causes of HCC, promote 

the accumulation of genetic and epigenetic alterations 

and dysregulation of several signaling pathways, 

including Hedgehog (Hh), angiogenesis, and Wnt/β-

catenin [19].  

 It is known that obesity is related to a risk factor 

for several types of cancer, especially HCC. Obesity, 

metabolic syndrome, and NAFLD are responsible for 30 

to 40% of the increase in HCC in developed countries, 

and the risk of mortality from HCC in men with a BMI of 

35-40 kg/m2 is 4.5 times higher than in patients with 

normal body weight [2,20-22]. Maintaining circadian 

rhythms may be a critical point for cancer development, 

and dysregulation of circadian clock genes has been 

implicated in the loss of cell cycle control and tumor 

formation. Thus, pharmacological targeting of circadian 

regulators may be an essential strategy in the fight 

against cancer. In this case, melatonin stands out, 

responsible for a variety of physiological functions [23], 

including anti-apoptotic and pro-apoptotic activities. It 

is the only chronobiotic hormone known for regulating 

the growth of neoplastic cells. Supplemental melatonin 

has been reported in clinical trials to decrease 

chemotherapy-related side effects and improve patient 

survival, combating several types of malignant tumors. 

Melatonin induces apoptosis, promotes cell cycle arrest, 

and suppresses angiogenesis and metastasis, without 

causing toxicity to normal cells [24].  

 Melatonin possibly disrupts the stability of the 

transcriptional complex between some angiogenic 

transcription factors. Application of melatonin (1 mM) 

for 24 hours reduced the levels of HIF-1α (hypoxia-

inducible factor 1-alpha), STAT3 (signal transducer and 

activator of transcription 3), and VEGF (vascular 

endothelial growth factor) proteins in HepG2 cells 

(human hepatocarcinoma cell line). Melatonin inhibits 

the nuclear translocation of HIF-1α but does not affect 

HIF-1α mRNA, indicating that its effects occur at a post-

transcriptional level [25-28].  

  

Conclusion  

 It was concluded that obesity-related inflammation 

is related to a state of oxidative stress with high 

production of reactive oxygen species. Melatonin has 

been highlighted for its antioxidant and anti-

inflammatory properties. The high prevalence of obesity 

in the world population also confers an increased risk for 

the development of non-alcoholic fatty liver disease 

(NAFLD), as well as other liver diseases including 

hepatocellular carcinoma. Studies involving drug and 

molecular therapies are proposed to control the 

progression of these diseases. It is necessary to perform 

a molecular analysis involving epigenetic, biochemical, 

and inflammatory aspects related to melatonin 

supplementation, clarifying the effect of melatonin 

supplementation on obesity and liver diseases, including 

NAFLD and HCC. Thus, it is highlighted that the 

antioxidant and anti-inflammatory effect of melatonin is 

fundamental as a synergistic agent in weight loss and as 

a prophylaxis and/or treatment of liver diseases. 
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