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Abstract
BACKGROUND 
Abnormalities in the melanocortin receptor 4 (MC4R) gene often lead to obesity, but 
are rarely associated with other conditions such as epilepsy and sleep disorder.

CASE SUMMARY 
Here, we present a case of a male obese child with a heterozygous variant in 
MC4R (c.494G>A, p.Arg165Gln) inherited from his father, who presented with 
disordered sleep and abnormal facial movements. Examination through 
melatonin rhythm testing and electroencephalography led to a diagnosis of sleep 
disorder and epilepsy, as his melatonin rhythm was markedly distorted and the 
electroencephalography revealed epileptic discharges. He received treatment with 
an antiepileptic drug; however, the therapy was ineffective and the sleep disorder 
appeared to be deteriorating. Subsequently, we initiated adjuvant treatment with 
melatonin. Upon re-examination, his body mass index had decreased, the sleep 
disturbance had resolved, and his seizures were well controlled. Electro-
encephalography review was normal, and a typical melatonin rhythm was 
restored.

CONCLUSION 
We concluded that, in addition to causing obesity, abnormalities in the MC4R 
gene may contribute to the development of sleep disorders and epilepsy, and that 
melatonin can be used as an adjuvant therapy to alleviate these symptoms.

Key Words: Melanocortin receptor 4; Obesity; Sleep disorders; Epilepsy; Melatonin; Case 
report
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Core Tip: Numerous reports suggest that abnormalities of the melanocortin receptor 4 
(MC4R) gene may cause obesity, but are rarely associated with other conditions. The 
case presented in our manuscript involved a male obese child with a heterozygous 
variant in MC4R (c.494G>A, p.Arg165Gln) inherited from his father, who presented 
with epilepsy, sleep disordered and his melatonin rhythm was markedly distorted. This 
is the first report of the combination of these symptoms in a patient with an MC4R 
variant. Antiepileptic drug was ineffective and the sleep disorder appeared to be 
deteriorating. The use of melatonin relieved all his symptoms, and even the 
electroencephalography review was normal, and a typical melatonin rhythm was 
restored. We hope that our experience can help the early diagnosis and treatment of this 
condition.

Citation: Ge WR, Wan L, Yang G. Melatonin for an obese child with MC4R gene variant 
showing epilepsy and disordered sleep: A case report. World J Clin Cases 2021; 9(11): 2688-
2695
URL: https://www.wjgnet.com/2307-8960/full/v9/i11/2688.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i11.2688

INTRODUCTION
Melanocortin receptor 4 (MC4R), a key contributor to the regulation of energy balance 
and body weight in mammals, influences energy metabolism by sensing external 
signals that regulating appetite, as well as the activity of the autonomic nervous 
system and nervous endocrine system[1]. Numerous reports suggest that abnormalities 
of the MC4R gene may cause obesity[1-3]. Furthermore, MC4R is the receptor for 
melatonin; some studies have demonstrated that melatonin can act on the MC4R in the 
hypothalamus to generate a physiological sensation of satiety, thereby influencing 
appetite[4]. Melatonin is also involved in sleep and epilepsy; patients with epilepsy are 
characterized by an increased phase shift of melatonin release. Melatonin can improve 
sleep disorder in children with epilepsy, resulting in statistically significant decreases 
in sleep latency and wakefulness after sleep onset[5,6].

Here, we present a case of a clinically obese child with a variant in the MC4R gene, 
who had abnormal melatonin rhythms, sleep disturbances, and seizures.

CASE PRESENTATION
Chief complaints
A 7-year-old male patient with the chief complaint of obesity, seizure, and sleep 
disorder.

History of present illness
The case was a 7-year-old male patient, who presented in June 2018 with pain in both 
lower extremities, with no obvious cause. On presentation, the pain in the extremities 
was dull, mainly in the patient’s calves, and did not significantly differ before and 
after exercise. He did not have walking difficulties and his gait was normal. He 
attended his local hospital, where he was diagnosed with “growth pain; malnutrition,” 
and was prescribed an orally administered live Bifidobacterium preparation and 
calcium. His food intake increased substantially, accompanied by a marked increase in 
weight. Nighttime sleep, characterized by ease of waking and nightmares (2-3 
times/night) and accompanied by physical movements, was simultaneously 
disordered. Moreover, he did not fall asleep until late at night (23:00 h) and awoke 
early in the morning (06:00 h), and took excessive naps during the daytime (4-5 
times/d). Nevertheless, the lower extremity pain had improved, whereas he 
complained of gradual weakness of both lower limbs, fatigue, and activity intolerance, 
which was noticeable when he descended the stairs. He also had intermittent 
dizziness, with oculogyric crisis and tongue extension, which subsided after 
approximately 1-2 min, without losing consciousness. The patient was unaware of the 
oculogyric crisis and tongue extension. His cognition did not show an abnormality, 

http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
http://creativecommons.org/Licenses/by-nc/4.0/
https://www.wjgnet.com/2307-8960/full/v9/i11/2688.htm
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tests of Wechsler Intelligence Scale for Children were normal (IQ: 103) and he 
continued to attend school normally.

He was first admitted to our hospital in August 2018. Examination through 
electroencephalography (EEG) revealed a small number of paroxysmal high-wave 
amplitude (4-5 Hz) slow waves during waking and sleep periods; spikes were visible 
in the left front and central areas (Figure 1A). Magnetic resonance imaging of the brain 
showed normal findings. His height and weight were 125 cm and 36.4 kg, respectively, 
with a Rohrer index of 186.37 (Rohrer index > 156 indicates obesity; 140-156 is 
overweight); he was diagnosed with obesity and epilepsy. Levetiracetam was 
administered orally and the dose was gradually increased to 1000 mg (41.1 mg/kg). 
Treatment significantly relieved the weakness of both lower limbs. However, 
occasional dizziness, binocular oculogyric crisis, and involuntary tongue extension 
continued. EEG re-examination at our hospital in January 2019 revealed occasional, 
sporadic, moderate amplitude spikes in the left frontal area during sleep (Figure 1B). 
The parents of the patient reported that his weight remained significantly increased 
and his sleep disorder had deteriorated; he fell asleep at 00:00 h and awoke at 06:00 h, 
had nightmares (3-4 times/night) accompanied by involuntary limb movements, and 
napped 5-6 times/d. He was subsequently admitted to our department.

History of past illness
The case had an unremarkable medical history.

Personal and family history
The patient was born at term, with a birth weight of 3 kg. Growth and development 
prior to the onset of symptoms were normal and there was no obvious obesity. The 
patient was born through spontaneous delivery and had a normal Apgar score. There 
were no abnormalities noted during the perinatal period. His father was also obese, 
with height, weight, and body mass index of 173 cm, 88 kg, and 29 (> 97th percentile), 
respectively. However, he had no history or family history of sleep disorder or 
epilepsy.

Physical examination
At admission, his height, weight, and Rohrer index were 127 cm, 38.3 kg, and 186.98, 
respectively.

Laboratory examinations
Saliva samples were collected at 8:00, 12:00, 16:00 and 22:00 respectively, using non-
cotton collection devices to avoid any interference with the assay result of salivary 
melatonin. Melatonin analyses were carried out using liquid chromatography tandem 
mass spectrometry as previously described[7]. Peripheral blood samples were collected 
at 0:00, 8:00 and 16:00, and plasma adrenocorticotropic hormone (ACTH) and cortisol 
levels were detected by using radioimmunological methods.

Testing showed that the melatonin secretion rhythm was reversed. There were no 
significant abnormalities in adrenocorticotropic hormone (ACTH), cortisol 
concentration and rhythm, blood biochemistry, or thyroid hormones (Table 1).

Sequencing was conducted by Findrare genetic-testing companies, Briefly, 
peripheral blood samples of the proband and his parents were prepared using the IDT 
xGenExomeResearchPanel V1.0 (Integrated DNA Technologies, Coralville, IA, United 
States). Sequencing was performed using paired-end, 100-cycle chemistry on the 
Illumina HiSeq or NextSeq (Illumina, San Diego, CA, United States). The original data 
of genome sequencing were mapped to the human genome (UCSC h19 human 
genome assembly), the acquired variation was annotated, and the genetic variation 
was further screened according to the clinical phenotype. We used the American 
College of Medical Genetics guidelines for variant interpretation in order to classify 
the variants. The pathogenic or suspected pathogenic variants associated with clinical 
phenotypes were verified by Sanger sequencing. Based on the American College of 
Medical Genetics guidelines, we revealed a heterozygous likely pathogenic point 
variant, c.494G>A (p.Arg165Gln) in the MC4R gene, originating from the father. 
Sorting intolerant from tolerant and polymorphism phenotyping analysis predicted 
that the variant was harmful and associated with obesity (Figure 2).
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Table 1 Laboratory test results before and after melatonin treatment

Factor Time (normal as reference) Before melatonin treatment After melatonin treatment (7 mo later)

Melatonin (pg/mL) 8:00 (< 5) 10.56a ↑ 23.414a ↑

12:00 (< 5) 2.86 10.677a ↑

16:00 (< 5) 3.935 4.261

22:00 (> 10) 4.107a ↓ 464.298

ACTH (pmol/L) 0:00 (0-8.7) 3.04 1.46

8:00 (2.31-18) 8.75 2.66

16:00 (1.7-16.7) 4.35 4.08

Cortisol (nmol/L) 0:00 (0-165.7) 25.7 82.66

8:00 (98.7-797.5) 431.52 101.28

16:00 (85.3-495.6) 223.87 131.95

Triglyceride (mmol/L) 0.79 0.95

Total triiodothyronine (pmol/L) 6.11 6.14

Total tetraiodothyronine (pmol/L) 13.74 14.54

Thyroid-stimulating hormone (mU/L) 3.13 3.05

Cholesterol (mmol/L) 4.54 2.97

Blood glucose (mmol/L) 4.5 4.22

Rorher index 186.98a ↑ 186.52a ↑

ACTH: Adrenocorticotropic hormone.
aP < 0.05.

FINAL DIAGNOSIS
The final diagnosis was obesity, epilepsy and sleep disorder, which was based on 
physical, imaging, and laboratory examinations.

TREATMENT
Based on this result, we added oral melatonin (Puritan’s Pride, Inc., Oakdale, NY, 
United States) 3 mg, once per night to the treatment.

OUTCOME AND FOLLOW-UP
Upon re-examination in August 2019 (following 7 mo of treatment with melatonin), 
his food intake had decreased, and the sleep disorder was relieved. He fell asleep at 
21:00 h and awoke at 07:00 h, and the occurrence of nightmares with involuntary limb 
movement was decreased to approximately once per night, with daytime naps 
reduced to 2-3 times/d. Height and weight were 132 cm and 42.9 kg, respectively, with 
a Rohrer index of 186.52. Furthermore, his melatonin rhythm was significantly 
improved compared with the previous results (Figure 3). There were no abnormalities 
in ACTH, cortisol concentration and rhythm, blood biochemistry, or thyroid hormones 
(Table 1), and the EEG showed the absence of epileptic discharges (Figure 1C).

DISCUSSION
The MC4R gene is associated with energy metabolism. Abnormalities in MC4R can 
cause severe obesity in humans and animals, with variants in this gene being one of 
the most common monogenic causes of obesity[4]. Farooqi et al[8] detected this mutation 
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Figure 1 Electroencephalography results. A: First visit; B: After treatment with levetiracetam for 4 mo; C: After combined treatment with levetiracetam and 
melatonin for 7 mo.

when they sequenced the MC4R gene of 243 unrelated American patients with severe 
early-onset obesity (all patients developed severe obesity before the age of 10 years). In 
addition, Thearle et al[9] found that 40 of 4537 American obese children of Indian origin 
carried a MC4R (c.494G>A, p.Arg165Gln) heterozygous mutation, and in vitro 
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Figure 2 Pedigree of family and sequencing results of the pathogenic variant in the melanocortin receptor 4 gene. A: Pedigree of family with 
pathogenic variant in the melanocortin receptor 4 (MC4R) gene; B: Gene variant site. Chromatogram generated by Sanger sequencing (MC4R) c.494G>A 
(p.Arg165Gln); heterozygous variation, paternal.

investigation showed that all the above variations could lead to partial loss of 
function[9]. Of note, the association of this pathogenic variant with obesity has been 
recorded in the Human Gene Mutation Database; the population frequency of the 
Genome Aggregation Database was 7/246068, while that of the East Asian population 
of the Genome Aggregation Database was 1/17234.

In the present case, both father and son were obese and had a mutated MC4R gene. 
In the last examination, the Rohrer index of the patient was 186.52 and the body mass 
index of his father was 29. The father did not have epilepsy or sleep disorder. 
However, we think that these conditions were caused by incomplete penetrance of the 
epilepsy/disordered sleep phenotypes and/or possible other genetic variants, present 
in the son but not in the father, that may influence the effects of the MC4R variant. The 
melatonin rhythm was also clearly disrupted in this child, with low melatonin levels at 
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Figure 3  Chart showing melatonin concentration rhythms.

night, which increased during daytime. This was accompanied by multiple naps 
during daytime, difficulty in sleeping at night, early awakening in the morning, and 
other obvious sleep disorders. His epilepsy occurred as focal episodes, with abnormal 
EEG findings. Hence, the diagnosis of the patient was clear; however, he continued to 
experience seizures after 6 mo of treatment with simple antiepileptic drugs. EEG 
review showed that waves associated with epilepsy remained, and there was no 
noticeable improvement in sleep disturbance.

A MC4R gene defect was previously reported in only one case of a child with a 
marked sleep disorder and obesity[10], suggesting that sleep disorder in that child was 
caused by a narrowing of the airway due to obesity. However, our findings indicate 
that the symptoms observed in the present case more closely resembled those of a 
rapid eye movement sleep disorder, described as frequent nightmares and associated 
body movements, which may have been caused by abnormal levels of melatonin[11]. In 
addition, the study conducted by Goni et al[12] showed that the MC4R gene and the 
melatonin receptor 1B gene had a clear interaction. Therefore, we hypothesized that the 
sleep disorders of the patient were related to abnormalities in the MC4R gene. 
Moreover, there is evidence of an association of abnormal MC4R gene expression and 
refractory epilepsy[13]. Furthermore, MC4R can act on Kir7.1, a potassium export 
channel, which is normally expressed as an inhibitor of potassium influx. This 
potassium channel can act on hypothalamic neurons, and its abnormal function may 
cause epilepsy[14]; however, there are no cases reported thus far.

Ayça et al[15] confirmed the role of melatonin in regulating circadian rhythms and 
sleep-waking patterns. Moreover, melatonin can also act on MC4R. For example, one 
study found that zebrafish fed with different concentrations of melatonin showed a 
significant increase in the expression of MC4R after 10 d compared with untreated 
zebrafish[4]. Numerous experimental reports demonstrated that melatonin is closely 
associated with epilepsy, and abnormal levels of melatonin can lead to epilepsy[5,6]. The 
anti-convulsive effects of melatonin have been demonstrated in numerous animal 
experiments[16]. Nevertheless, at present, it is mainly used for the treatment of sleep 
disorders, with only a few studies administering it as adjuvant treatment along with 
antiepileptic drugs.

Previous studies have shown that sleep disorders, abnormal melatonin rhythm, and 
abnormality in Kir7.1 may contribute to epilepsy. Whether the combination of these 
three factors exacerbates the condition is unclear. However, according to previous 
literature[5,14], melatonin exerts a positive effect in the regulation of sleep disorders and 
epilepsy; hence, we administered melatonin in this patient. Fortunately, following the 
administration of melatonin, his epilepsy resolved, the sleep disorder was corrected, 
and the abnormal melatonin rhythm was rectified. Furthermore, his Rohrer index was 
slightly reduced. Nevertheless, considering the severe obesity of this patient, we 
concluded that treatment with melatonin contributed to the control of his obesity.

CONCLUSION
In conclusion, we hypothesized that the occurrence of obesity and abnormal melatonin 
in this patient was associated with the MC4R gene variant, and these abnormalities led 
to disordered sleep and epilepsy. This is the first report of the combination of these 
symptoms in a patient with an MC4R variant. Furthermore, in our patient, adjuvant 
therapy with melatonin exerted a clear curative effect on these symptoms. Therefore, 
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we propose that it is necessary to conduct genetic examination, particularly of the 
MC4R gene, to identify the etiology in children presenting with obesity, sleep 
disorders, and epilepsy.
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