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Obstructive sleep apnea (OSA) is a highly prevalent medical 
condition in obese children and is associated with signifi cant 
neurocognitive, cardiovascular and metabolic derangements. 
Monogenic forms of obesity resulting from disruption of the 
leptin-melanocortin pathways have become more notable 
in recent years and distinguish between various obese 
phenotypes. However, the association of such disorders with 
OSA is not well established in children or adults. In this report, we 
describe a 23-month-old female with morbid obesity and OSA, 

who was found to carry a defect in the melanocortin-4 receptor 
(MC4R) pathway. This report emphasizes the genetic basis of 
obesity related to MC4R defi ciency and OSA in children.
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Monogenic forms of obesity could result from disruptions 
of the leptin-melanocortin pathway. The most common 

causes are those associated with mutations in the melano-
cortin-4 receptor (MC4R). These are found in 2.5% of children 
with early onset obesity and in 6% of obese adults.1 The MC4R 
is expressed largely in the hypothalamus and closely involved 
in appetite regulation, autonomic and endocrine functions, and 
insulin resistance.

Obstructive sleep apnea (OSA) is one of the most delete-
rious consequences of childhood obesity and carries signifi cant 
cardiovascular, neurocognitive, and metabolic morbidities. 
However, the association of MC4R defi ciency and OSA in chil-
dren is not well established, and may possibly affect a signifi -
cant number of children with obesity in our society.

REPORT OF CASE

A 23-month-old obese Hispanic female presented to the 
Sleep Disorders Center at The Children’s Hospital at Monte-
fi ore in April 2012 for evaluation of OSA. She was born at 
term weighing 2.7 kg (10th centile) to non-consanguineous 
parents. At 4 months, she was noted to have excessive appetite. 
At 6 months her weight was 13.6 kg (>> 97th centile), and by 
13 months she weighed 28 kg (>> 97th centile). Other diagnoses 
included: asthma, chronic rhino-sinusitis, anemia, hypertension 
(treated with amlodipine), and mild pulmonary hypertension. 
Developmental milestones were appropriate for age.

Family history was signifi cant for obesity in her siblings, 
parents, uncles and grandparents. In addition, there was a 
strong family history of diabetes mellitus, hypertension, stroke, 
and early deaths secondary to cardiovascular disease.

On examination her vital signs were normal. Her weight 
was 37 kg and height was 94 cm with a BMI of 41.8 and 
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BMI Z-score of 7.1 (Figure 1). She was noted to have noisy, 
heavy breathing when awake, with 2+/4 tonsils and a crowded 
oropharynx. Laboratory tests were signifi cant for HbA1C of 
5.7% (normal = 4.7-6.4), elevated triglycerides 190 mg/dL 
(normal = 35-110) and elevated fasting insulin of 169 IU/mL 
(normal = 2.7-24.9). Thyroid profi le and cortisol levels were 

Figure 1—Subject propped up in sleeping position prior to 
adentonsillectomy due to severe OSA in supine posture
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Figure 2—Hypnogram of the overnight sleep study demonstrating severe REM (red horizontal bars) related obstructive events 
(green vertical lines) with severe desaturations to 60% (red line)
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normal. Leptin levels were high (47 ng/mL (normal = 27-30]), 
ruling out leptin deficiency. DNA sequencing for genes 
involved in early onset obesity (Athena Laboratories) showed 
homozygous mutations of the MC4R gene within codon 299 
(Pro299his). Notably, there were no mutations in the leptin 
receptor gene. Overnight polysomnography was significant for 
severe OSA with an apnea-hypopnea index of 36 events/h and 
oxygen saturation nadir of 50% (Figure 2). Lateral neck x-ray 
confirmed enlarged adenoid and tonsils. Subsequently, she 
underwent adenotonsillectomy; however, she required nonin-
vasive ventilation of 6 cm H2O to control residual symptoms 
of OSA.

DISCUSSION

To our knowledge this is the first report of OSA confirmed by 
polysomnography in a child or an adult identified to be homo-
zygous for MC4R deficiency. We did find a single report in the 
form of “letter to the editor” describing anesthetic management 
of a child with MC4R deficiency undergoing adenotonsillec-
tomy.2 Considering the prevalence of MC4R gene mutations, 
it is possible that the association with OSA is under reported, 
especially since genetic testing for MC4R is seldom performed 
in these patients.

The association between early onset obesity and mutations in 
the MC4R gene was first described in 1998.3 The prevalence of 
MC4R deficiency in the general population is high and is esti-
mated to be 1:2000.1 Homozygous individuals develop early 
onset symptoms that include: hyperphagia, morbid obesity, 
tall stature, increased lean body mass, and hyperinsulinemia.1 
History of consanguinity increases the risk of homozygous 
MC4R mutations, and the earlier reports of MC4R deficiency 
are mostly from consanguineous parents.

Obesity increases the risk of OSA in children by more than 
fourfold.4 Previous studies have reported a 12% increase in 
severity of OSA for every unit increase in BMI above the mean 
for age and gender.5 Though it is likely that the morbid obesity 
in our patient contributed to the severity of the OSA, what is not 
clear is the role (if any) of melanocortin in the pathogenesis of 
OSA. It has been postulated that high leptin levels may serve as 
an adaptive mechanism to provide ventilatory stimulation that is 
suppressed in obese individuals.6 The high insulin levels in the 
patient in discussion could have resulted from a combination of 
morbid obesity, severe OSA,7 and mutation of MC4R pathway.8

A recent study reports a high prevalence of ADHD in subjects 
with MC4R deficiency.9 Obesity and ADHD are highly heri-
table conditions, possibly sharing a common link involving the 
dopamine receptor. Even though the mechanisms of association 

between MC4R related obesity and ADHD are unclear it could 
very well be related to underlying, untreated OSA.

Currently, there are no specific treatment guidelines for 
MC4R deficiency other than weight management, exercise, and 
lifestyle modifications. In addition, we treated our patient with 
adentonsillectomy and noninvasive ventilation during sleep to 
address the important morbidities associated with OSA.

In summary, this report emphasizes that early obesity may 
not only be linked to OSA but could suggest a specific mutation 
in the MC4R gene. With the growing epidemic of obesity, it is 
important that pediatricians and sleep physicians be aware of 
this genetic disorder. Finally, future research may provide more 
information on the possible links between MC4R and OSA.
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