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Abstract 

Introduction: In the scenario of non-communicable 

chronic diseases, obesity has briefly impacted the global 

population, causing serious public health problems. 

There are approximately 2.0 billion overweight and 

obese people in the world. Brazil ranks fifth in the world 

with approximately 18.0 million people. Research has 

advanced on the physiological role of melatonin (MEL) 

as a therapeutic agent for the treatment of obesity. 

Objective: It was to highlight the main clinical 

outcomes of melatonin regulation in obesity through a 

systematic review of the literature. Methods: The 

present study followed a concise systematic review 

model, following the systematic review rules (PRISMA). 

The literary search process was carried out from 

September to October 2022 and developed based on 

Scopus, PubMed, Science Direct, Scielo, and Google 

Scholar. The low quality of evidence was attributed to 

case reports, editorials, and brief communications, 

according to the GRADE instrument. The risk of bias was 

analyzed according to the Cochrane instrument. 

Results and Conclusion: It was founded 139 studies 

were submitted to the eligibility analysis, then, 46 of the 

54 total studies were selected for this systematic review. 

According to the GRADE instrument, most studies 

showed homogeneity in their results, with I2 =98.4% 

>50%. Studies have shown an important role for 

melatonin in metabolic diseases such as obesity, type 2 

diabetes mellitus, and metabolic syndrome. It is possible 

to define some pathological syndromes related to MEL 

and discuss general guidelines for clinical therapy. 

However, there is still no consensus on the possible role 

of melatonin as an adjuvant in the treatment of 

metabolic diseases. More studies are needed to define 

the possible risks and benefits of melatonin as a 

therapeutic agent. Furthermore, several precautions 

must be taken into account, such as restricting the 

administration of chronic melatonin to the night, 

carefully choosing the time of administration according 

to the desired effect, and adapting the dosage and 

formulation individually to build a melatonin blood 

profile that mimics the physiological and ends early in 

the morning.  

 

Keywords: Obesity. Metabolic syndrome. Type 2 

diabetes mellitus. Melatonin. Regulation. 

 

Introduction 

In the scenario of non-communicable chronic 

diseases, obesity has briefly impacted the global 

population, causing serious public health problems [1]. 

In this scenario, there are about 2.0 billion overweight 

and obese people in the world [1]. Brazil ranks fifth in 

the world with an estimated 18.0 million people [2]. 

In this context, research has advanced on the 

physiological role of melatonin (MEL) and its 

pharmacological analogues as therapeutic agents for the 

treatment of various pathologies, mainly obesity, 

metabolic diseases and diabetes [3-5]. Thus, over the 

last 20 years, solid experimental and some clinical 

evidence has accumulated on the important role of MEL 

in the regulation of energy metabolism [6,7]. 

The sleep-wake cycle is critical for the secretion 

and physiological variations of several hormones, 

including MEL [8]. Indolaminergic melatonin (N-acetyl-

5-methoxytryptamide) is a hormone produced mainly by 

the pineal gland, but also in the gastrointestinal tract, 

retina, lacrimal glands, skin, erythrocytes, platelets, 

lymphocytes and bone marrow mononuclear cells, 

derived from noradrenergic stimulation of tryptophan 

and serotonin by α1 and β1 adrenoreceptors in 

postsynaptic pinealocytes [9]. 

In this sense, individuals who have absence or 

reduced MEL production may develop insulin resistance, 

D
O

I:
 1

0
.5

4
4

4
8

/m
d

n
t2

3
1

0
1

 

REVIEW ARTICLE 

mailto:darwinmedufcg@gmail.com


Vol 4 Iss 1 Year 2023 MedNEXT Journal of Medical and Health 
Sciences 

MedNEXT J Med Health Sci (2023) Page 2 of 8 

 

 

glucose intolerance, insulin secretion disorders, 

dyslipidemia, energy balance disorders and obesity. 

Furthermore, the usual daily distribution of metabolism 

associated with the sleep-wake cycle and the fasting-

food intake cycle completely disappears [10]. Thus, the 

daily metabolic cycle is characterized by a phase that 

temporally associates increased insulin sensitivity and 

an increase in its secretion stimulated by glucose with 

the large daily bout of eating, and by another phase that 

associates insulin resistance, mainly hepatic, and 

subsequent gluconeogenesis. to the period of sleep or 

rest, it disappears completely, characterizing a picture 

where there is a disturbance of the circadian rhythm, 

called chronorupture [11]. 

Unlike other hormonal axes, MEL secretion is not 

regulated by feedback and, for this reason, its plasma 

concentrations do not depend on its production. The 

secretion of the pineal gland has its control influenced 

by the circadian cycle in the suprachiasmatic nucleus of 

the hypothalamus and, consequently, promotes the 

peak of MEL secretion during the night and during the 

day it decreases due to exposure to light [12]. 

Added to this, MEL has endocrine and paracrine 

actions and binds to three receptors, central and 

peripheral, in various parts of the body [12]. The high 

affinity receptors MT1 and MT2 or MTNR1A and 

MTNR1B belong to the family of membrane-bound 

receptors with G protein activation by PKC and reduced 

cyclic GMP monophosphate (cGMP), respectively. MT3, 

recently discovered nuclear receptor of the retinoic acid 

family (RZR/ROR), has a structure of the quinone 

reductase type with a function that is still not fully 

understood [13]. 

Furthermore, there is a decrease in MEL secretion 

with aging and the presence of various diseases [13]. 

The sleep pattern undergoes changes and this has a 

great impact with advancing age and the development 

of certain diseases such as obesity and diabetes. MEL 

has been recommended for use in cases of sleep 

disorders such as insomnia and jet lag. However, 

pleiotropic actions of MEL such as metabolic functions, 

regulation of obesity and diabetes can be extremely 

useful in various diseases [14]. 

Therefore, the present study aimed to highlight the 

main clinical outcomes of melatonin regulation in obesity 

through a systematic review of the literature 

 

Methods 

Study Design 

The systematic review rules of the PRISMA  

Platform (Transparent reporting of systematic review 

and meta-analysis-HTTP://www.prisma-statement.org/) 

were followed. 

 

Data sources and research strategy 

The search strategies for this systematic review 

were based on the keywords (MeSH Terms): “Obesity. 

Metabolic syndrome. Type 2 diabetes mellitus. 

Melatonin. Regulation”. The research was carried out 

from September to October 2022 in Scopus, PubMed, 

Science Direct, Scielo, and Google Scholar databases. In 

addition, a combination of keywords with the Booleans 

“OR”, “AND” and the operator “NOT” were used to target 

scientific articles of interest. 

 

Study quality and risk of bias 

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 Discussion 

Summary of Findings 

A total of 139 articles were found. Initially, 

duplication of articles was excluded. After this process, 

the abstracts were evaluated and a new exclusion was 

performed, removing the articles that did not include the 

theme of this article, resulting in 76 articles. A total of 

54 articles were evaluated in full and 46 were included 

and developed in this systematic review study (Figure 

1). Considering the Cochrane tool for risk of bias, the 

overall assessment resulted in 22 studies with a high risk 

of bias and 36 studies that did not meet GRADE. Most 

of the selected studies showed homogeneity in their 

results, with I2 =98.4% >50%. 

 

Figure 1. Flowchart showing the article selection 

process. 

 
 

Figure 2 presents the results of the risk of bias of 

the studies through the Funnel Plot (Effect Size 

(Magnitude of the difference) Cohen`Test (d)). The 

sample size was indirectly determined by the inverse of 

the standard error (1/Standard Error). This graph 

showed symmetrical behavior, not suggesting a 
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significant risk of bias, both between studies with small 

sample sizes (lower precision) that are shown at the 

bottom of the graph and in studies with large sample 

sizes that are displayed at the top. 

 

Figure 2. The symmetrical funnel plot does not suggest 

a risk of bias among the small sample size studies that 

are shown at the bottom of the plot. High confidence 

and high recommendation studies are shown above the 

graph (NTotal=46 studies evaluated in full in the 

systematic review). 
 

 
 

Clinical Findings 

Based on literary findings, despite the importance 

of the genetic role in energy metabolism, environmental 

variables have a strong impact on the global obesity 

epidemic. Although the greater emphasis is given to 

poor diet and physical inactivity, other causes have been 

linked, such as sleep deprivation [13]. In recent years, 

there has been a significant reduction in hours of sleep 

and recent epidemiological studies show the relationship 

between short hours of sleep and increased body mass 

index. Several studies point to a greater risk of 

developing obesity in people who sleep less than six 

hours a day [14-16]. 

Studies suggest a direct and indirect action of MEL 

in important stages of the biological cycle of adipocytes 

such as lipolysis, lipogenesis, adipocyte differentiation, 

and uptake of free fatty acids and insulin action in these 

adipose cells through MT1 and MT2 receptors [15,16]. 

Although the main stimulus for the noradrenergic pineal 

gland is activated by the absence of light, other peptides 

can modulate MEL secretion, such as a vasoactive 

intestinal polypeptide, neuropeptide Y, glutamate, 

angiotensin, insulin, and leptin, showing once again the 

important relationship of this hormone with other 

substances essential to metabolism and body 

homeostasis [17]. 

In this context, the increase in appetite after sleep 

deprivation in people who work the night shift is 

remarkable [18]. The hormonal changes that occur 

during sleep deprivation may explain the increase in 

caloric intake and decrease in leptin (anorectic 

hormone) and increase in ghrelin and peptide YY 

(orexigenic hormones). In addition, the reduction in 

sleep time seems to change the preference for high-

calorie foods and reduce energy expenditure. Seasonal 

changes are also related to sleep, MEL levels, and 

weight gain [19]. 

In addition to regulating body weight, MEL 

regulates energy balance. Thus, all energy ingested 

through food is used or stored in energy stores for 

future use. There is solid experimental evidence 

showing that MEL acts by regulating each of the energy 

balance steps [19]. In this sense, MEL is a hormone that, 

mainly through central action, regulates food intake, 

regulating the production and secretion of insulin, 

glucagon, and cortisol, thus organizing the flow of 

energy reserves to and from stocks and also increasing 

energy expenditure, increasing the mass and activity of 

brown adipose tissue and increasing the browning of 

white adipose tissue. It can, therefore, be seen as 

another anti-obesogenic hormonal factor [20]. 

Thus, as a chronobiotic and cytoprotective agent, 

MEL occupies a special place in the prevention and 

treatment of metabolic syndrome. As mitochondrial 

activity is modulated by energy availability in cells, 

disruption of key metabolism regulators in MS affects 

not only mitochondrial activity but also their dynamics 

and turnover. Thus, MEL levels are reduced in diseases 

associated with insulin resistance, such as metabolic 

syndrome. Furthermore, MEL improves sleep efficiency 

and has antioxidant and anti-inflammatory properties, in 

part due to its role as a metabolic regulator and 

mitochondrial protector [12]. 

 

Analytical Studies of Melatonin in Obesity and 

Type 2 Diabetes Mellitus 

With the increase in obesity, consequently, there is 

an increase in complications such as type 2 diabetes 

mellitus (T2DM) [17]. As we previously reported, MEL 

plays an important role in insulin signaling and its lack 

has diabetogenic effects [18-20]. Epidemiological 

studies also show a link between sleep deprivation, 

insulin resistance, and T2DM. Nurses' Health Study 

cohort analysis showed that lower levels of 6-

sulfatoxymelatonin, a urinary metabolite of MEL, are 

related to the incidence of T2DM, and low secretion of 

this hormone is a strong independent risk factor for the 

development of this disease [17]. The same urinary 

metabolite is also decreased in diabetic patients with 

diabetic retinopathy compared to patients without this 

microvascular complication [17]. 

Besides, MEL is an important player in the 

regulation of energy metabolism, including body weight, 
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insulin sensitivity, and glucose tolerance [21]. In this 

sense, MEL regulates energy metabolism, acting at all 

stages of energy balance, including energy 

consumption, the energy flow to and from stores, and 

energy expenditure. Furthermore, MEL, through its 

chronobiotic and seasonal effects, synchronizes energy 

metabolism requirements with daily and annual rhythms 

[22, 23]. 

Thus, the circadian distribution of energy allows 

the synchronization of typical behaviors associated with 

the capture of energy that occurs during the 

activity/wake of the day, with physiological and 

metabolic modifications that guarantee the use and 

storage of energy for later use [24]. This fair daily is 

associated with high central and peripheral insulin 

sensitivity and high glucose tolerance, increased insulin 

secretion, high glucose uptake by insulin-sensitive 

tissues, glycogen synthesis and glycolysis (hepatic and 

muscle), blockade of hepatic gluconeogenesis, 

increased adipose tissue lipogenesis and adiponectin 

production [25]. 

The complementary rest/sleep phase of the day is 

characterized by fasting associated with the consequent 

use of stored energy to maintain life [26]. This phase of 

the daily cycle of energy metabolism exhibits glucose 

reduction and pancreatic incretin-induced insulin 

release, insulin resistance, marked hepatic 

gluconeogenesis and glycogenolysis, adipose tissue 

lipolysis, and leptin secretion [27]. The energy 

imbalance in body weight reduction is probably due to 

the action of MEL on hypothalamic food input circuits, 

intensifying anorexigenic signals and decreasing 

orexigenic signals [28]. In postmenopausal overweight 

women, there is a negative correlation between levels 

of the urinary metabolite MEL (6-sulphatoxymelatonin) 

and BMI [28]. 

Furthermore, in a randomized placebo-controlled 

trial, chronic daily administration of MEL in 

postmenopausal women induced a reduction in fat mass 

and an increase in lean mass [24]. In other randomized 

clinical trials, MEL treatment was able to counteract the 

usual metabolic effects of second-generation 

antipsychotic drugs, such as olanzapine and clozapine, 

including agents mitigating weight gain and reducing 

body fat mass, triglycerides, and total cholesterol levels. 

[25-29]. 

The importance of regular daily MEL secretion, 

determining high insulin sensitivity during the day, is 

well demonstrated by several clinical and 

epidemiological studies, showing an association 

between low MEL production and insulin resistance [30-

36]. Thus, despite considerable advances in recent 

years, obesity and T2DM remain two major challenges 

for public health systems around the world. Over the 

past 9 years, genome-wide association studies have 

established an important role for genetic variation within 

the MTNR1B locus in regulating fasting plasma glucose 

levels and T2DM risk [37]. 

Based on this scenario and as literary support, a 

review study discussed the effect of MEL and its 

receptors on glucose homeostasis, obesity, and T2DM 

[6]. Preclinical and clinical evidence of frequent and rare 

variants of the MTNR1B locus confirmed its importance 

in regulating glucose homeostasis and T2DM risk with 

minor effects on obesity. However, these studies have 

not resolved the question of whether MEL is beneficial 

or harmful, an issue that will be discussed in the context 

of the peculiarities of the melatonergic system. 

Therefore, MEL receptors may have therapeutic 

potential, as they belong to the highly druggable G 

protein-coupled receptor superfamily. It is urgent to 

clarify the precise role of MEL and its receptors in 

glucose homeostasis, as MEL is widely used for other 

indications [6]. 

Another study identified associations between 

normal and overweight and/or obese adults between 

circadian timing (onset of MEL in low light; DLMO) and 

circadian misalignment (the interval between DLMO and 

sleep onset) with the risk of metabolic disease. 

Participants aged 18 to 50 years without depression, 

diabetes, or shift work, with sleep duration of 6.5 h or 

more. Analyzes were performed for the entire sample (n 

= 54) and stratified by normal weight (n=36) and 

overweight/obesity (n = 18) groups. The mean age was 

26.4 years (SD = 7.1 years). Mean sleep duration was 

436.2 min (SD = 55.1 min), DLMO was 2250 h 

(SD=01:31), and the interval between DLMO and sleep 

onset was 2 h 18 min (SD = 53 min). The mean BMI 

was 24.3 kg/m2 (SD = 4.5 kg/m2). Circadian time and 

the interval between DLMO and sleep onset were not 

associated with glucose, insulin, or HOMA-IR in the main 

analyses. Among overweight/obese participants, a 

shorter interval between DLMO and sleep onset was 

associated with higher insulin (p = 0.04) and HOMAIR 

(p = 0.04). Therefore, results indicated that among 

overweight/obese participants, insulin was 5.1 pmol/L 

higher and HOMA was 1.3 µU/mL higher with each hour 

closer to sleep onset than DLMO [11]. 

Therefore, circadian disruption as a result of shift 

work or jet lag can disrupt this continuity and lead to or 

worsen obesity and metabolic diseases. MEL affects 

pancreatic β-cell insulin secretory activity, hepatic 

glucose metabolism, and insulin sensitivity. Individuals 

with T2DM have lower serum levels of MEL at night and 

a greater risk of sleep disorders compared to healthy 

individuals. Furthermore, reduced levels of MEL and 

mutations and/or genetic polymorphisms of MEL 

receptors are associated with an increased risk of 
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developing T2DM [7]. 

Melatonin and Regulation of Obesity and 
Diabetes 

A review study showed that at the beginning of 

2018, there were 3000 to 4000 clinical studies (1000 in 

the last 5 years) using MEL, among which almost 200 

were randomized clinical trials. Furthermore, from 1996 

to July 2017, there were 195 narrative and systematic 

reviews on the effects of the clinical use of MEL [38]. 

Thus, the time domain is a critical factor to be 

considered in chronic MEL treatments [39], as the 

molecule has the unique characteristic of being a 

hormone that regulates the body's physiology and 

behavior [40]. The physiological production of MEL is 

precisely every day and the initiation of its synthesis 

helps to adjust the circadian time for the central clock, 

concomitantly triggering the night for the CNS and 

peripheral targets [41]. 

In addition to daily and seasonal variation in the 

time domain of the MEL signal, every organism has a 

specific ontogenetic history of the magnitude of the daily 

peak of MEL production [42]. Furthermore, it should be 

considered that the MEL profile is unique for each 

person. For each individual, the timing, amplitude, and 

even details of the MEL profile must be highly 

reproducible from day to day and week to week, both in 

experimental or clinical studies and treatments, as the 

effects of the MEL will depend on the time and route of 

administration, on the concentration and duration of the 

signal, on the regularity of the daily repetition flow and 

the characteristics of the target organ [43]. 

In this sense, adipocytes secrete pro-inflammatory 

cytokines, as well as leptin, and trigger a vicious circle 

that leads to further weight gain mainly as fat [44]. The 

imbalance between inflammatory and anti-inflammatory 

signals is crucial for aging. Healthy aging can benefit 

from MEL, a compound known to possess direct and 

indirect antioxidant properties, to have a significant 

protective effect on mitochondrial function, to increase 

circadian rhythm amplitude, to modulate the immune 

system, and to exhibit neuroprotective actions [45]. MEL 

levels decrease in the course of senescence and are 

more strongly reduced in diseases related to insulin 

resistance. 

Finally, a review article analyzed the multiple 

protective actions of MEL that are relevant to the 

attenuation of inflammatory responses and 

inflammation progression and how MEL is effective in 

reducing hyper adipose metabolic syndrome. As 

attention has been focused on the development of 

potent MEL analogs as noted above and with prolonged 

effects and in clinical trials, these analogs have been 

administered at considerably higher doses than those 

generally employed for MEL, clinical trials on MEL in the 

range 50-100 mg/day are needed to further assess its 

therapeutic value in the metabolic syndrome [46]. 

 

 

Conclusion 

Studies have shown an important role for 

melatonin in metabolic diseases such as obesity, T2DM, 

and metabolic syndrome. It is possible to define some 

pathological syndromes related to MEL and discuss 

general guidelines for clinical therapy. However, there is 

still no consensus on the possible role of melatonin as 

an adjuvant in the treatment of metabolic diseases. 

More studies are needed to define the possible risks and 

benefits of melatonin as a therapeutic agent. 

Furthermore, several precautions must be taken into 

account, such as restricting the administration of chronic 

melatonin to the night, carefully choosing the time of 

administration according to the desired effect, and 

adapting the dosage and formulation individually to 

build a melatonin blood profile that mimics the 

physiological and ends early in the morning. 
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