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ROHHAD Syndrome: Reasons for Diagnostic 
Difficulties in Obesity
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ABSTRACT
A very rare syndrome of rapid-onset obesity with hypoventilation, 
hypothalamic dysfunction and autonomic dysregulation (ROHHAD) has been 
recently described as causing morbidity due to hypothalamic dysfunction 
and respiratory arrest. Its prognosis is poor and often cardiac arrest occurs 
due to alveolar hypoventilation. This disorder can mimic genetic obesity 
syndromes and several endocrine disorders. We present a 13-year-old 
female patient who was reported to be healthy until the age of 3 years. She 
was admitted to our emergency department, presenting with respiratory 
distress. Features matching ROHHAD syndrome such as rapid-onset obesity, 
alveolar hypoventilation, central hypothyroidism, hyperprolactinemia, 
Raynaud phenomenon and hypothalamic hypernatremia were detected 
in the patient. In addition to these features, the patient was found to have 
hypergonadotropic hypogonadism and megaloblastic anemia. Because of its 
high mortality and morbidity, the possibility of ROHHAD syndrome needs to be 
considered in all pediatric cases of early- and rapid-onset obesity associated 
with hypothalamic-pituitary endocrine dysfunction.
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Introduction

Identified in 78 patients to date, rapid-onset obesity with 
hypoventilation, hypothalamic dysfunction and autonomic 
dysregulation (ROHHAD) syndrome is a very rare disease 
characterized by ROHHAD (1,2,3,4,5,6,7). The disease is now 
also called ROHHAD-neuroendocrine tumors (ROHHADNET) 
because it is accompanied by ganglioneuroma located in the 
abdomen and lungs and NET such as ganglioneuroblastoma in 
about 40% of the patients (8).

Patients with ROHHAD syndrome usually present at 
ages between 2 and 4 years with hyperphagia and dramatic 
weight gain (2,4,7). They are reported to be healthy prior to 
the appearance of these symptoms. During the subsequent 
months and years, the following disorders can be encountered: 
hypothalamic dysfunction, hypernatremia or hyponatremia 
manifested by thirst and antidiuretic hormone secretion 
abnormalities, hyperprolactinemia, central hypothyroidism, 
precocious or delayed puberty, growth hormone (GH) deficiency, 
adrenocorticotropic hormone (ACTH) deficiency and in parallel 
autonomic dysfunction, light-nonresponsive pupils, impaired 
gastro-intestinal motility (constipation), body temperature 
disorders (hypothermia, hyperthermia), sweating disorders, 
reduced pain sensation and alveolar hypoventilation (9). Since 
these cases are rare and there are other disorders that present 
with obesity, the diagnosis becomes rather difficult.

In this article, we present the complex case of a patient 
with ROHHAD syndrome whose symptoms developed at 
different ages and whose diagnosis took a long time since each 
symptom was evaluated separately at different medical centers.

Case Report

A thirteen-year-old female patient who presented with 
respiratory distress and cyanosis was admitted to the 
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emergency department of a different medical center one week 
ago. The patient’s condition was reported to deteriorate with 
development of pneumonia and respiratory failure and she 
was referred to our hospital because of increasing respiratory 
distress. At admission to our intensive care unit (ICU), the 
patient was in a drowsy state. The breathing was shallow and 
she was cyanotic. Respiratory acidosis was determined in the 
blood gas analysis. She was intubated with assisted ventilation. 

The medical history of the patient revealed that her parents 
were unrelated and healthy, that she was born at term and 
weighed 3500 grams at birth and that she had two healthy 
siblings. We were informed that she had started overeating 
at age 3 years, had gained weight rapidly after that age and 
had been referred to different medical centers with these 
complaints. She was reported to have her first menstruation 
at age 12 years. According to her record at another hospital 
where she was seen at age 10 years, her body measurements 
were as follows: body weight: 51 kg, relative body mass index 
(RBMI) 166%, BMI: 31.62 kg/m2, height: 127 cm and height 
standard deviation score (SDS): -3.04. She was reported to 
be obese in appearance and her puberty rating was at Tanner 
Stage 2. Acanthosis nigricans was identified in the axilla and 
neck and coldness in hands and feet suggestive of Raynaud 

phenomenon was noted. The other system findings were 
found to be normal. These previous records included presence 
of hypernatremia in the laboratory tests and a diagnosis 
of diabetes insipidus (DI) despite absence of polyuria and 
polydipsia. No medication for DI was given, but levothyroxine 
treatment was started due to primary hypothyroidism. Although 
cranial magnetic resonance imaging (MRI) findings were 
reported as normal, bromocriptine treatment was started 
(dose not recorded) to control hyperprolactinemia. Metformin 
was started to treat the euglycemic hyperinsulinism noted in 
the oral glucose tolerance test. The patient was also reported 
to have cold hands and feet and discoloration, especially 
increasing in the cold. Presence of Raynaud phenomenon was 
mentioned also in the follow-up records of different centers. 
The obese state of the patient could not be brought under 
control during the follow-up.

Until two years before the patient was admitted to our clinic, 
her school performance had been satisfactory. Subsequently, a 
decrease in concentration and decline in school performance 
were noted. In the past 10 days, these complaints became 
more evident and drowsiness started.

The patient was admitted to our ICU and was intubated. Her 
body temperature was 39.2 ˚C, heart rate was 117/min, blood 

Table 1. Clinical and laboratory findings of the patient

Age at diagnosis (years) Diagnostic criteria

 Obesity 3 RBMI: 159%

Short height 8 Height SDS: -3.04

Metabolic syndrome 10

Triglycerides: 1140 mg/dL

HDL: 12 mg/dL

Fasting blood glucose: 74 mg/dL 

Fasting insulin level: 47 mU/mL

Central hypothyroidism 10
fT4: 8.8 pmol/L (n: 7-16), 

TSH: 0.75 mIU/mL (n: 0.34-5.6)

Hyperprolactinemia 10 104.4 ng/dL (n: 3.3-26.7)

Hypernatremia 10 Na: 149.0 to 151.0 mEq/L ( n: 135-145)

Raynaud phenomenon 10 Coldness and discoloration in hands and feet

Personality changes 11
Social withdrawal, disruption of peer 

relationships (family’s evaluation) 

Sweating disorders, central fewer 12

Hypergonadotropic hypogonadism 13

LH: 14.67 mIU/mL, FSH: 35.5 mIU/mL, 

E2: 20 pg/mL 

In pelvic ultrasound no follicle structures observed 

Hypoventilation 13 pH: 7.24, PCO2: 57, PO2: 86, HCO3: 21 mEq/L 

Megaloblastic anemia 15
Hb: 12.6 g/dL, MCV: 104 fL, B12: 131 pg/mL (191-663), 
Folic acid: 5.3 ng/dL (4.6-18.7)

RBMI: relative body mass index, SDS: standard deviation score, HDL: high density lipoprotein, fT4: free thyroxine, TSH: thyroid stimulating hormone, LH: luteinizing hormone, 

FSH: follicle stimulating hormone, E2: estradiol
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pressure 105/60 mmHg. Her body weight was 69 kg. Height 
was 145 cm (height SDS -2.28). BMI was calculated as 32.82 
kg/m2 and RBMI as 159%. The patient had a round plethoric face, 
buffalo neck, umbilical hernia. Mild acanthosis nigricans in the 
neck and armpits was present. By Tanner staging, pubertal stage 
was at stage 4 and other system examinations were normal. 

During the follow-up, the patient’s general condition gradually 
improved and on the 10th day of hospitalization, she was 
extubed. After extubation, the patient did not have acidosis, but 
her PCO2 level continued to remain high. Acute phase reactants 
were negative, but the feverish state continued. The cause of 
the fever origin could not be found. Blood and tracheal aspirate 
cultures were negative. The patient continued to be feverish 
during her stay in the ICU and after. This fever of unknown cause 
was thought to be of central origin. The patient’s complete blood 
count values, renal and hepatic function tests were normal, but 
hypernatremia was detected (Na: 151 mmol/L). Urine density 
varied between 1015 and 1017, serum osmolality was normal 
and no polyuria was observed. During her stay in the ICU, 
megaloblastic changes were found in her peripheral blood smear 
and vitamin B12 deficiency was detected.

The patient was referred to our Pediatric Endocrinology 
Department for reevaluation. Some of the laboratory results 
are given in Table 1. Serum ACTH (21.01 pg/mL) and cortisol 
(14.07 µg/dL) levels were normal in the patient, findings which 
excluded Cushing’s syndrome. Prolactin levels were found to be 
moderately high. Serum insulin-like growth factor-1 (IGF-1) level 
was 32.4 ng/mL (-7.92 SD) and IGF binding protein-3 (IGFBP-
3) level was 1500 ng/mL (-6.54 SD). These findings and an 
inadequate response to GH in the GH stimulation test (L-DOPA-
induced peak GH response: 0.08 ng/mL) were consistent with 
GH deficiency. The epiphysis was closed in the left hand-wrist 
X-ray and the bone age was evaluated as 15 years. 

Metformin therapy was discontinued due to normal blood 
glucose and insulin levels. The patient, who had menarche 
a year before the application, had secondary amenorrhea. 
Hypergonadotropic hypogonadism was diagnosed in the 
laboratory and imaging tests and sex hormone replacement 
therapy was started. On cranial MRI, cerebral atrophy secondary 
to the dilatation in second, third and lateral ventricles was 
detected. The pituitary gland was of normal appearance. Genetic 
analysis was performed and fluorescence in situ hybridization 
(FISH) test was negative for Prader-Willi syndrome (PWS).

All these findings indicated the presence of ROHHAD 
syndrome in our patient. No pathology was found in the 
abdomen and thorax MRI performed due to the possibility of 
a NET.

Discussion

ROHHAD syndrome, which is a rare cause of rapid-onset 
obesity, may lead to morbidity due to hypothalamic dysfunction 
and respiratory failure. Its prognosis is poor and often cardiac 

arrest occurs due to alveolar hypoventilation (10). In this patient, 
serious episodes of hypoventilation were seen that required 
assisted ventilation. Therefore, the patient was monitored 
in the ICU. Alveolar hypoventilation can be associated with 
different diseases, the most common ones being respiratory 
and cardiac disorders. In order to mention the existence of 
central hypoventilation, after ruling out lung and heart diseases, 
it must also be shown that the patient has no neurological or 
metabolic diseases (11). In this patient, the chest X-ray was 
normal and echocardiography showed no cardiac disease. There 
were no findings of a disease in the metabolic screening. Due to 
the progression and the clinical findings of the disease, muscle 
disease was not considered. Genetically, PHOX2B mutation in 
congenital central hypoventilation syndrome can be a cause of 
hypoventilation. However, in our patient, the detection of clinically 
accompanying findings of ROHHAD syndrome enabled us to 
make a differential diagnosis between these two syndromes (1,7).

 Difficulties may be encountered in the diagnosis of 
ROHHAD syndrome due to the frequency of hyperphagia as a 
cause of obesity. ROHHAD cases show a normal development 
up to ages 2 to 4 years, at which time hyperphagia and 
rapid weight gain are noted. Most findings of ROHHAD 
syndrome and PWS can overlap (hyperphagia, morbid obesity, 
hypotonia, mental retardation, short stature, GH deficiency, 
hypogonadotropic hypogonadism, sleep apnea), thus, PWS 
must be considered in the differential diagnosis (11). PWS was 
excluded genetically by the FISH test in our patient.

Leptin-deficient POMC gene mutation, MCR4 gene mutation 
need also to be considered among the monogenic causes of early-
onset obesity (11,12,13). In leptin deficiency, obesity occurs in the 
early years of life with immunodeficiency symptoms. The patients 
have red hair. POMC mutations are a distinctive feature of the 
condition (12). In children affected by mutations in MCR4 gene, as 
opposed to our case, rapid growth is seen (13). Since there were 
no distinctive symptoms in the physical and eye examinations, 
syndromic obesity was not considered in the differential diagnosis 
of our patient. On the other hand, early-onset facio-truncal 
obesity with growth retardation, increased urinary free cortisol 
or nocturnal cortisol are findings indicative of Cushing disease 
as well, thus, difficulty may be encountered in the differential 
diagnosis of patients with ROHHAD syndrome who have not yet 
developed hypothalamic dysfunction or respiratory problems and 
Cushing disease patients (7). Urinary free cortisol and midnight 
cortisol levels were found to be normal in our patient.

Hypothalamic dysfunction is a part of ROHHAD syndrome. 
Hyperprolactinemia, hypothyroidism, adrenal insufficiency, 
pubertal development abnormalities and unresponsiveness 
to GH stimulation test may also occur (2,7). Congenital 
malformations, trauma, hypothalamic tumors and Langerhans 
cell histiocytosis could all be etiological factors leading to 
hypothalamic dysfunction in a child. So, radiological imaging 
of the central nervous system is necessary. The MRI of our 
patient revealed no findings other than cerebral atrophy. 
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Central hypothyroidism, hyperprolactinemia, Raynaud 
phenomenon and electrolyte disorders were all findings which 
had been identified three years before the patient’s presentation 
to our clinic, but these findings were not interpreted together to 
reach a diagnosis.

Our patient had developed secondary amenorrhea. Contrary 
to our expectations, the laboratory findings were consistent 
with hypergonadotropic hypogonadism and therefore sex 
hormone replacement therapy was started.

 IGF-1 levels are higher in morbid obesity and these cases 
are often tall. On the other hand, in patients with ROHHAD 
syndrome, IGF-1 levels and response to GH stimulatory tests 
are low (11). Our patient had obesity and short stature. GH tests 
were consistent with GH deficiency. However, the patient’s bone 
age had reached 15 years. Because the epiphyses had fused, GH 
treatment was not considered. The benefit/harm of GH treatment 
in the hypoventilation or respiratory problems of obese patients 
is a controversial issue. The presence of IGF-1 receptors in NET 
may indicate that GH therapy may be risky in such patients (14).

Despite the high serum sodium concentrations in this 
patient, DI was not considered due to the absence of polyuria 
and polydipsia. Urine osmolality and urine density were normal. 

Body temperature changes, pupillary dysfunction, 
gastrointestinal dysmotility, decrease in pain sensation can also 
be observed as types of dysfunction accompanying ROHHAD 
syndrome. Presence of central fever and Raynaud phenomenon 
in our patient were suggestive of autonomic dysfunction.

In patients with ROHHAD syndrome, behavioral problems, 
psychosis, mental retardation, mood and personality changes 
were defined previously. In our case, there was no mental 
retardation, but compliance problems and mood changes were 
reported by the family.

In about 40% of patients, ROHHAD syndrome may be 
accompanied by neural crest tumor and is called ROHHADNET. 
Therefore, cases that are suspected of having ROHHAD 
syndrome should be screened for this possibility as well. No 
pathological findings were revealed in the abdomen and thorax 
MRI in our patient.

The gene responsible for ROHHAD syndrome has not been 
defined as yet. Patwari et al (9) reported monozygotic twins, 
one of whom was diagnosed to have ROHHAD syndrome, 
while the other twin was not affected. This finding suggests 
that autoimmune or epigenetic factors have a role in the 
etiopathogenesis of the syndrome.

In our patient, interestingly, megaloblastic anemia was found. 
This association has not been previously reported. This association 
of megaloblastic anemia with ROHHAD syndrome can be a 
coincidence or a part of the syndrome. Future publications may 
contribute to the explanation of these possibilities.

In conclusion, rapid-onset obesity, presence of 
endocrinological disorders, hypothalamic dysfunction 
and alveolar hypoventilation in a patient should lead to a 
consideration of ROHHAD syndrome in the diagnosis. However, 

different findings starting at different time intervals may create 
difficulties in establishing the diagnosis.
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