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Central Control of Energy 
Metabolism and Hypothalamic 
Obesity

Belma Haliloglu and Abdullah Bereket

�Hypothalamic Regulation of Energy 
Storage and Expenditure

The hypothalamus is the primary center control-
ling energy intake, expenditure, and storage. The 
mission of energy balance is executed via affer-
ent and efferent signals. Afferent signals received 
from peripheral tissues including white adipose, 
pancreas, liver, and the gastrointestinal tract are 
processed and interpreted in the hypothalamus. 
Signals originating in the hypothalamus are 
delivered to organs and tissues via efferent sig-
nals. Earlier studies identified the ventromedial 
hypothalamus (VMH) and the lateral hypotha-
lamic area (LHA) as the satiety and feeding cen-
ters of the brain, respectively. However, recent 
investigations have increased our understanding 
of hypothalamic structure and function and now 
identify major areas for energy regulation in the 
paraventricular nuclei (PVN) and arcuate nucleus 
(ARC) as well as VMH and LHA (Fig. 2.1) [1, 2].

The ARC consists of two groups of neurons: 
the orexigenic neurons that secrete agouti-related 
protein (AgRP) and neuropeptide Y (NPY) and 
the anorexigenic neurons that secrete proopi-
omelanocortin (POMC) and cocaine-
amphetamine-related transcript (CART). AgRP/
NPY and POMC/CART neurons function as sen-
sors of peripheral tissues, responding to nutrient, 
neuronal, and hormonal signals including glu-
cose, amino acids, short-chain fatty acids, adipo-
cytokines (such as leptin), ghrelin, insulin, and 
the gastrointestinal hormones [3, 4].

POMC is cleaved by prohormone conver-
tases (PC1/PC3, PC2) and processed via tissue-
specific posttranslational modification. In the 
hypothalamus, POMC cleavage generates a vari-
ety of peptides including ACTH, melanocyte-
stimulating hormone (MSH), beta-lipotropin, 
endorphins, and corticotropin-like intermedi-
ate lobe peptide (CLIP) [4]. α-MSH binds as 
an agonist to melanocortin receptors 3 and 4 
(MC3R/MC4R) in PVN neurons and inhibits 
food intake. Conversely, AgRP promotes food 
intake by antagonizing MC3R/MC4R signal-
ing and inhibits energy expenditure. NPY also 
stimulates food intake via binding to Y receptors 
in the PVN [4, 5].

Peripheral hormones and cytokines, including 
leptin, ghrelin, insulin, and glucagon-like peptide 
1 (GLP-1), play central roles in this system. 
Ghrelin stimulates appetite and food intake by 
activating NPY neurons in the ARC and mimics 
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the effect of NPY in the PVN [5]. In contrast, 
insulin (administered centrally) and leptin sup-
press the expression of AgRP and NPY [6]. At 
the same time, leptin stimulates the expression of 
POMC and CART and thereby limits the drive to 
feed [2].

Although insulin and leptin receptors are 
localized in a variety of brain areas, the ARC is 
adapted for sensing of additional hormone and 
nutrient signals by virtue of its having a rela-
tively permeable blood-brain barrier [6]. The 
ARC responds to glucose, oleic acid, leucine, 
and GLP-1, which is derived from proglucagon 
in the L cells of the ileum and colon. GLP-1 
reduces food intake through both peripheral 
(vagal) and central mechanisms (see also Chap. 

3 on GI Hormones and the Control of Food 
Intake and Energy Metabolism). In addition to 
mediating the anorexic effect of GLP-1, the 
ARC GLP-1 receptor also binds oxyntomodu-
lin (OXM), another anorexigenic peptide 
derived from proglucagon. Peptide YY (PYY, 
peptide tyrosine-tyrosine), which is also 
released from intestinal L cells, decreases food 
intake through its interaction with NPY recep-
tors in the ARC [6].

While the ARC is the key area for the regu-
lation of energy homeostasis, the VMH, PVN, 
and LHA have important functions as well. The 
VMH contains neurons sensitive to glucose 
and other feeding-related stimuli. The VMH 
also responds to melanocortins, which reduce 
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Fig. 2.1  A simplified scheme of regulation of energy 
homeostasis by the hypothalamus. ARC arcuate nucleus, 
PVN paraventricular nucleus, VMH ventromedial 
hypothalamus, LHA lateral hypothalamic area, AgRP 
agouti-related peptide, NPY neuropeptide Y, CART 
cocaine-amphetamine-related transcript, POMC proopi-

omelanocortin, CLIP corticotropin-like intermediate lobe 
peptide, α-MSH alpha-melanocyte-stimulating hormone, 
BDNF brain-derived neurotrophic factor, MCH melanin-
concentrating hormone, CRH corticotropin-releasing hor-
mone, DMV dorsal motor nucleus of the vagus, LC locus 
coeruleus
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food intake in part through induction of brain-
derived neurotrophic factor (BDNF) [1, 2]. 
Intracerebroventricular injection of BDNF inhib-
its feeding and reduces mesenteric fat mass in 
Goto-Kakizaki rats [7]. The PVN has an anorexi-
genic action that is effected via secretion of CRH 
and oxytocin and expresses both MC3R/MC4R 
and Y receptors [2]. Conversely, the LHA has 
an orexigenic effect and secretes anabolic pep-
tides such as melanin-concentrating hormone and 
orexins [3, 8]. Orexins are induced by fasting and 
promote arousal, feeding behavior, brown adi-
pogenesis, lipogenesis, emotional memory, and 
autonomic nervous system activity [9].

The activity of the autonomic nervous system 
is integrated with hypothalamic signaling to 
modulate energy balance. The PVN and LHA 
send impulses to the dorsal motor nucleus of the 
vagus (DMV) and the locus coeruleus (LC) for 
control of the parasympathetic (PNS) and sympa-
thetic nervous systems (SNS), respectively. 
While anorexigenic signals activate the SNS via 
the LC and increase energy expenditure, orexi-
genic signals send projections to the DMV and 
promote energy deposition [10]. Gastrointestinal 
satiety hormones (including cholecystokinin, 
GLP-1, and PYY) that are secreted in response to 
dietary lipid or protein can activate receptors on 
local sensory nerves in the duodenum and signal 
to the hypothalamus via the vagus nerve [6] (see 
Chap. 3).

Genetic defects in the peptides, enzymes, or 
receptors in these pathways, or damage to their 
neural circuits, can lead to hypothalamic obesity 
(HyOb, Table  2.1) (see a more detailed discus-
sion in Chap. 8 on Monogenic Obesity and Chap. 
9 on Syndromic Obesity).

�Pathophysiologic and Metabolic 
Features of Hypothalamic Obesity

Biochemical features of HyOb include hyperlep-
tinemia, hyperinsulinemia, sympathetic nervous 
system (SNS) dysregulation, enhanced white 
adipose 11β-hydroxysteroid dehydrogenase-1 
(11β-HSD1) activity, and impaired melatonin 
signaling.

�Hyperleptinemia

Leptin levels rise in “exogenous” obesity in pro-
portion to white adipose tissue mass. In response 
to progressive weight gain, the transport of leptin 
into the CSF plateaus, and there is partial inhibi-
tion of central leptin signaling; in combination, 
these blunt the anorectic effect of leptin in severe 
obesity. Patients with hypothalamic damage or 
genetic defects in leptin or the leptin receptor 
have even greater impairment in leptin action; 
this promotes food-seeking behavior and limits 
energy expenditure, leading to massive weight 
gain and fat deposition [3]. Except in patients 
with leptin gene mutations, the levels of leptin in 
children with HyOb are higher than in BMI-
matched patients with common exogenous 
obesity [11].

Table 2.1  Etiology of hypothalamic obesity

Structural causes Functional causes

 — Brain tumors — Genetic causes

    Craniopharyngioma Leptin (LEP)
    Glioma Leptin receptor (LEPR)
    Germinoma MC4R
    Ependymoma POMC
    Meningioma CART
    Hamartoma Prohormone 

convertase-1
    Pinealoma TrkB, NTRK2
    Endothelioma BDNF
    Colloid cysts SIM-1
    Pituitary macroadenoma SH2B1
    Leukemia KSR2
    �Langerhans cell 

histiocytosis
TUB

    Teratoma
    Metastasis

— Syndromes

 — Inflammatory Prader-Willi syndrome
    Sarcoidosis Bardet-Biedl syndrome
    Tuberculosis ROHHAD
    Arachnoiditis
    Encephalitis — Psychotropic drugs

    Histiocytosis X (Antidepressants, mood 
stabilizers, 
antipsychotics)

 — Neurosurgery

 — Cranial radiotherapy
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�Hyperinsulinemia

The hypothalamus controls pancreatic insulin 
release via α-MSH activation of the sympathetic 
system and vagal stimulation [10, 12]. Damage to 
the hypothalamus is associated with hyperinsu-
linemia, weight gain, and glucose intolerance 
[13]. Conversely, insulin acts centrally to sup-
press food intake and weight gain [10, 14]. The 
hyperinsulinemia of HyOb results from defects 
in α-MSH signaling, vagal hyperactivity, and loss 
of central insulin signaling [10]. Although some 
studies showed similar fasting insulin levels in 
HyOb and BMI-matched obese patients [11, 15], 
the insulin secretory response to glucose is exag-
gerated in children with HyOb and is generally 
higher than expected for their BMIs (Table 2.2) 
[11, 13].

Hyperinsulinemia promotes lipogenesis and 
inhibits lipolysis and may thereby induce, or 
exacerbate, weight gain in children with HyOb. 
It has been proposed that hyperinsulinemia 
(and weight gain) may maintain linear growth 

in GH-deficient children following hypotha-
lamic surgery, the so-called growth without 
growth hormone [16].

�Dysregulation of Autonomic Nervous 
System Activity

Experimental and clinical studies establish strong 
and reciprocal links between autonomic nervous 
system activity and HyOb. Lesions of the VMH 
and LHA in experimental animals cause HyOb 
via increased parasympathetic tone, decreased 
sympathetic activity, reduced thermogenesis, and 
decreased mobilization of fatty acids [12]. 
Likewise, post-op craniopharyngioma patients 
with obesity had lower urinary catecholamine 
metabolites (homovanillic acid, HVA, and vanil-
lylmandelic acid, VMA), lower morning heart 
rates, and lower activity scores; those with high-
est BMI had the lowest urinary HVA and VMA 
[17]. ARC neurons expressing CART likely play 
a role in regulation of autonomic activity: central 

Table 2.2  Metabolic features of hypothalamic obese (HyOb), hypothalamic nonobese (HyNOb), and simple obese 
(Ob) children

HyOb HyNOb Ob p

n 23 16 22
Gender (M/F) 11/12 5/11 10/12 NS
Age (years) 10.3 (8–14.6) 11.4 (8.9–14.1) 10.8 (8.9–12.8) NS
BMI-SDS 2.0 (1.5–2.1) 0.18 (−0.5–0.56) 2.1 (1.8–2.3) <0.001 (HyNOb vs. HyOb, Ob)
Leptin (ng/mL) 89.2 (40.7–143.6) 25.3 (13.3–53.3) 66 (48–90) <0.05 (HyNOb vs. HyOb, Ob)
Leptin/BMI 4.0 (1.6–5.2) 1.5 (0.8–3.1) 2.5 (1.8–3.5) <0.05 (HyOb vs. HyNOb, Ob)
sOb-R (ng/mL) 46.3 (36.1–53.5) 44 (36.9–59.8) 40.3 (34.1–51.8) NS
Leptin/sOb-R (FLI) 2.0 (0.8–3.5) 0.6 (0.3–1.2) 1.5 (1–2.3) <0.05 (HyNOb vs. HyOb, Ob)
Resistin (ng/mL) 2.6 (1.9–3.1) 2.8 (1.7–3.4) 3.0 (2.2–3.5) NS
Fasting glucose 
(mmol/L)

4.3 (3.7–4.6) 4.4 (4–4.9) 5 (4.7–5.3) <0.05 (Ob vs. HyOb, HyNOb)

120 min glucose in 
OGTT (mmol/L)

6.1 (5.1–6.5) 5.8 (4.8–6.1) 6.0 (5.6–6.9) NS

Fasting insulin (mU/L) 16 (9–23) 10 (6.6–16) 28 (19–39) <0.05 (Ob vs. HyOb, HyNOb)
120 min insulin in 
OGTT (mU/L)

58.5 (42–70) 33 (12–49.5) 78 (51–92) <0.05 (Ob vs. HyNOb)

% change of insulin 
during OGTT

259 (162–411.5) 152 (50–327.5) 161 
(79.5–221.5)

<0.05 (Ob vs. HyOb)

HOMA-IR 2.8 (2–4.3) 1.8 (1.2–3) 6.5 (3.9–8.5) <0.05 (Ob vs. HyOb, HyNOb)

sOb-R (soluble leptin receptor) and FLI (free leptin index)
Used with permission of Springer Science from Guran T, Turan S, Bereket A et al. The role of leptin, soluble leptin 
receptor, resistin, and insulin secretory dynamics in the pathogenesis of hypothalamic obesity in children. Eur J Pediatr 
2009; 168: 1043–1048
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administration of CART increases uncoupling 
protein levels and thermogenesis in brown adi-
pose tissue via the sympathetic nervous system 
(SNS) [18].

�Melatonin Dysregulation

Through release of norepinephrine, the SNS con-
trols the release of melatonin from the pineal 
gland. In one study HyOb patients had lower 
morning and nighttime salivary melatonin levels, 
which were related inversely to BMI [19]. In ani-
mal studies, melatonin administration has been 
shown to decrease adiposity, leptin levels, and 
body weight and to reduce insulin secretion via 
pancreatic melatonin receptors (MT1 and MT2) 
[20, 21]. Spontaneous physical activity and core 
body temperature are increased and the relative 
weight of intra-abdominal fat is reduced. Thus 
decreases in melatonin secretion may contribute 
to, or exacerbate, the hyperinsulinemia and 
weight gain of patients with HyOb.

�11β-Hydroxysteroid 
Dehydrogenase-1 (11β-HSD1)

After extensive suprasellar operations for resec-
tion of hypothalamic tumors, some patients 
develop Cushing-like morbid obesity, while they 
receive replacement doses of glucocorticoids. It 
was hypothesized that target tissue conversion of 
inactive 11-ketosteroids to active 11β-OH gluco-
corticoids might explain the obesity of some 
patients with hypothalamic lesions. 11β-HSD1 
catalyzes the transformation of inactive cortisone 
to active cortisol in white adipose tissue, liver, 
and skeletal muscle. Overexpression of 11β-
HSD1 in white adipose tissue is accompanied by 
abdominal adiposity and features of the meta-
bolic syndrome. Tiosano and colleagues studied 
ten patients with hypothalamic obesity and sec-
ondary adrenal insufficiency and six control 
Addisonian patients while they were on gluco-
corticoid replacement therapy. They found 
increased 24 h urine-free cortisol to cortisone 
ratio in HyOb patients after a single oral dose of 

12 mg/m2 hydrocortisone acetate, with a positive 
correlation between urine cortisol/cortisone and 
the ratio of visceral fat to subcutaneous fat [22]. 
The authors proposed that a deficiency of hypo-
thalamic messengers after surgical injury 
enhances glucocorticoid activity in visceral white 
adipose via upregulation of 11β-HSD1 activity. 
The exact mechanism by which hypothalamic 
obesity upregulates visceral 11β-HSD1 activity 
is not well understood. However, ACTH, CRH, 
and α2-adrenergic stimulation diminish 11β-
HSD1 activity in human adipocyte cultures, 
whereas β2-adrenergic stimulation and inflam-
matory cytokines (such as TNFα and IL-1β) 
upregulate 11β-HSD-1 activity [23].

�Etiology of Hypothalamic Obesity

The causes of HyOb may be classified in two 
broad categories. Damage causing disruption of 
hypothalamic pathways can be structural, as seen 
in hypothalamic tumors prior to, and more com-
monly after, neurosurgery, inflammatory disor-
ders, radiotherapy, or trauma. Alternatively, it 
can represent a genetic or syndromic disorder 
such as rapid-onset obesity with hypothalamic 
dysfunction, hypoventilation, and autonomic 
dysregulation (ROHHAD) syndrome or the 
Prader-Willi syndrome (Table 2.1).

�Craniopharyngioma (CF)

The most common cause of HyOb is acquired 
structural hypothalamic damage; among its 
causes, the best known and most extensively stud-
ied is craniopharyngioma. The diagnosis of cra-
niopharyngioma in children is often delayed, so 
the major manifestations are visual impairment 
(62–84%) and neuroendocrine deficits (52–87%) 
[24]. Detailed assessment of the initial MRI can 
delineate the extent of hypothalamic involve-
ment and predict the likelihood of subsequent 
HyOb (see below). The prevalence of HyOb has 
been reported to be as high as 55% after surgi-
cal treatment of craniopharyngioma [24, 25]. 
Suprachiasmatic lesions are associated with even 

2  Central Control of Energy Metabolism and Hypothalamic Obesity
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higher morbidity rates; surgical removal of tumors 
beyond the mammillary bodies places the child at 
very high risk of HyOb [26].

HyOb is associated with rapid weight gain 
during the first 6  months after surgery; this is 
commonly followed . by stabilization of weight 
[25, 27] (Fig. 2.2). Factors predicting the devel-
opment of HyOb include age <5–6 year at diag-
nosis, tumor histology (craniopharyngioma, optic 
glioma), hypothalamic tumor involvement, radio-
therapy (>51 Gy), third ventricle hydrocephalus, 
and the presence of hypothalamic endocrinopa-
thy [25, 27, 28] (Table  2.3). Weight gain often 
persists or progresses despite hormone replace-
ment therapy.

�Acute Lymphoblastic Leukemia (ALL)

Although obesity is a common complication of 
childhood ALL, with a prevalence ranging from 9 
to 48%, HyOb is not common [29]. Factors con-
tributing to obesity in ALL include sedentary 
behavior, radiotherapy-induced hypothalamic 
damage, chemotherapy, growth hormone defi-
ciency, and corticosteroid therapy [14, 29]. 
Cranial irradiation and intrathecal chemotherapy 
can cause hypothalamic damage, leading to hor-
monal deficiencies and hypothalamic dysregula-
tion of food intake. Increases in fat deposition 

usually emerge during the first year of therapy 
and often persist during subsequent years. Female 
gender and ≥20  Gy cranial radiation therapy 
seem to be risk factors for BMI ≥ 30 in several 
studies [29].

�Monogenic and Syndromic Forms 
of HyOb

A variety of mutations in genes controlling appe-
tite, energy expenditure, and weight gain can 
cause early-onset obesity in children. These are 
described in detail in Chap. 8 on Monogenic 
Obesity by David Meyre and Marie Pigeyre. 
Likewise, a number of genetic syndromes asso-
ciated with hypothalamic dysfunction cause 
early- or late-onset childhood obesity; these are 
discussed in Chap. 9 on Syndromic Obesity by 
Krystal Irizarry and Andrea Haqq. In Table 2.4 
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Fig. 2.2  Mean 
BMI-SDS during 7 years 
of follow-up in patients 
with hypothalamic 
obesity. The boxes 
represent interquartile 
range (25–75%) (Used 
with permission of John 
Wiley and Sons from 
Haliloglu B, Atay Z, 
Guran T, Abali S, Bas S, 
Turan S, Bereket 
A. Risk factors for 
mortality caused by 
hypothalamic obesity in 
children with 
hypothalamic tumours. 
Pediatric Obesity 2016 
11(5):383–8)

Table 2.3  Predictive factors for the development of 
HyOb

Predictive factors for the development of HyOb

 — Hypothalamic involvement
 — Young age (<5–6 years) at diagnosis
 — Histology of tumor
 — Radiotherapy (>51 Gy)
 — Presence of hypothalamic endocrinopathology
 — Hydrocephalus requiring ventriculoperitoneal shunt

B. Haliloglu and A. Bereket

https://doi.org/10.1007/978-3-319-68192-4_8
https://doi.org/10.1007/978-3-319-68192-4_9


33

Table 2.4  Genetic causes of HyOb and clinical features

Gene Function Phenotype

LEPa Anorexigenic effect Severe obesity, hyperphagia, hypogonadism, normal height 
until puberty but short stature after puberty

LEPRb Leptin signaling Severe obesity, hyperphagia, hypogonadism hypothyroidism, 
growth retardation (low IGF1, IGFBP3)

MC4Rc α-MSH signaling Severe obesity, increased linear growth, hyperphagia, severe 
hyperinsulinemia

POMCd Precursor of α-MSH Early-onset obesity, red hair, central adrenal insufficiency
CARTe Anorexigenic effect Childhood and adult obesity in heterozygotes
PCSK1f Cleaving of POMC to α-MSH Obesity, central adrenal insufficiency, hypogonadism, 

impaired glucose tolerance, postprandial hypoglycemia, 
severe malabsorptive neonatal diarrhea

TrkB and 
NTRK2g

TrkB is the receptor for BDNF, 
NTRK2 codes a subunit for TrkB

Obesity, hypotonia, developmental delay, impaired short-term 
memory and decreased nociception

BDNFh Regulation of MC4R signaling Haploinsufficiency of BDNF detected in WAGRO syndrome
SIM-1i Formation of PVN Obesity, hyperphagia, developmental delay
SH2B1j Modulation of tyrosine kinases or 

JAK-associated cytokine receptors
Early-onset obesity, hyperphagia, disproportionate insulin 
resistance, reduced final height, behavioral abnormalities

KSR2k Intracellular protein involved in 
multiple signaling pathways

Hyperphagia, obesity, low heart rate, reduced basal metabolic 
rate, severe insulin resistance

TUBl Control in insulin and leptin 
signaling and action in vivo 
hypothalamic nuclei

Obesity, retinal dystrophy

ch15q11–13 
(PWS)m

Lack of paternally imprinted genes 
on ch15q11–13

Hyperphagia, severe obesity, short stature, hypogonadism 
hypotonia, hyperghrelinemia

Several genesn 
(BBS)o

Cilia function, intracellular protein 
trafficking, hypothalamic leptin 
receptor signaling

Obesity, retinitis pigmentosa, polydactyly, hypogonadism

Unknown 
(ROHHAD)p

Rapid-onset obesity, hypothalamic dysfunction, 
hypoventilation, autonomic dysfunction, and neural tumor

aDoche ME, Bochukova EG, Su HW, Pearce LR, Keogh JM, Henning E, et al. Human SH2B1 mutations are associated 
with maladaptive behaviors and obesity. J Clin Invest. 2012; 122(11): 4732–6
bPearce LR, Atanassova N, Banton MC, Bottomley B, van der Klaauw AA, Revelli JP, et al. KSR2 mutations are associ-
ated with obesity, insulin resistance, and impaired cellular fuel oxidation. Cell. 2013; 155(3): 765–77
cBorman AD, Pearce LR, Mackay DS, Nagel-Wolfrum K, Davidson AE, Henderson R, et al. A homozygous mutation 
in the TUB gene associated with retinal dystrophy and obesity. Hum Mutat. 2014; 35(2): 289–93
dGoldstone AP, Holland AJ, Hauffa BP, Hokken-Koelega AC, Tauber M. Recommendations for the diagnosis and man-
agement of Prader-Willi syndrome. J Clin Endocrinol Metab 2008; 93: 4183–4197
eSeo S, Guo DF, Bugge K, Morgan DA, Rahmouni K, Sheffield VC. Requirement of Bardet-Biedl syndrome proteins 
for leptin receptor signaling. Hum Mol Genet 2009; 18: 1323–1331
fPatwari PP, Wolfe LF. Rapid-onset obesity with hypothalamic dysfunction, hypoventilation, and autonomic dysregula-
tion: review and update. Curr Opin Pediatr 2014; 26(3): 487–92
gFarooqi IS. Monogenic human obesity. Front Horm Res 2008; 36: 1–11
hManzardo AM, Johnson L, Miller JL, Driscoll DJ, Butler MG. Higher plasma orexin A levels in children with Prader-
Willi syndrome compared with healthy unrelated sibling controls. Am J Med Genet A. 2016 Aug;170(7):2097–102
iGoldstone AP, Patterson M, Kalingag N et al. Fasting and post-prandial hyperghrelinemia in Prader-Willi syndrome is 
partially explained by hypoinsulinemia, and is not due to peptide YY 3–36 deficiency or seen in hypothalamic obesity 
due to craniopharyngioma. J Clin Endocrinol Metab 2005; 90: 2681–2690
jDhondt K, Verloo P, Verhelst H, Van Coster R, Overeem S. Hypocretin-1 deficiency in a girl with ROHHAD syndrome. 
Pediatrics. 2013; 132(2): e788–92
kJacobson LA, Rane S, McReynolds LJ, Steppan DA, Chen AR, Paz-Priel I. Improved Behavior and Neuropsychological 
Function in Children With ROHHAD After High-Dose Cyclophosphamide. Pediatrics. 2016 Jul;138(1)
lRoth CL, Eslamy H, Werny D, Elfers C, Shaffer ML, Pihoker C, Ojemann J, Dobyns WB. Semiquantitative analysis of 
hypothalamic damage on MRI predicts risk for hypothalamic obesity. Obesity (Silver Spring). 2015 
Jun;23(5):1226–33
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we provide a list of genetic and syndromic 
causes of obesity associated with hypothalamic 
dysfunction.

�Clinical Features

Accelerated weight gain and severe obesity are 
the most striking features of HyOb; they are 
caused by hyperphagia, reduced basal metabolic 
rate (BMR), and decreased physical activity. The 
accumulation of fat is usually very rapid; follow-
ing surgery for craniopharyngioma, there is often 
a dramatic and progressive increment in BMI 
during the first 6  months. This is typically fol-
lowed by a stabilization period with no reduction 
in BMI [25, 27].

Children with craniopharyngioma have 
greater risks for metabolic syndrome due to 
increased abdominal adiposity, higher fasting tri-
glycerides, and lower HDL compared with 
healthy age-, sex-, BMI-, and pubertal stage-
matched controls [30]. Nonalcoholic fatty liver 
disease (NAFLD) develops in about 50% of 
patients; the use of stimulants (such as modafinil) 
for treatment of daytime sleepiness may exacer-
bate hepatic dysfunction [31].

Interestingly, HyOb may exist in the absence 
of hyperphagia. Studies comparing children 
with craniopharyngioma and BMI-matched 
controls found no differences in eating behavior 
or the frequency of eating disorders [26]. It 
should be noted, however, that these studies 
were conducted months or years after surgical 
treatment. It is possible that initial weight gain 
is driven by hyperphagia resulting from hypo-
thalamic damage and high-dose glucocorticoid 
therapy. Subsequently, obesity may be main-
tained by a reduction in energy expenditure 
(BMR and physical activity).

Indeed, physical activity is reduced to a far 
greater degree in hypothalamic obese patients than 
in simple obese patients and age-matched controls 
[3, 24]. It is exacerbated by concomitant visual or 
neurological problems, increased daytime sleepi-
ness, and disturbances of circadian rhythms. The 
hypothalamic disturbance in sleep regulation 
results in low nocturnal and early morning melato-
nin levels. Based on this information, melatonin 
administration in children with craniopharyngi-
oma has been suggested to improve physical activ-
ity and daytime sleepiness [32]. However, 
long-term studies are needed to evaluate the effect 
of the hormone in controlling BMI.

Patients with hypothalamic obesity often have 
sleep-disordered breathing (SDB), which may be 
associated with decreased melatonin production, 
disruption of circadian rhythms, and endocrine 
dysfunction [19] (see Chap. 28 on Sleep-
Disordered Breathing and Sleep Duration in 
Child Obesity by Drs. Van Eyck and Verhulst). In 
one study 46% of children with central nervous 
system neoplasms involving the hypothalamus or 
thalamus had SDB [33]. Excessive daytime 
sleepiness and SDB are also common in Prader-
Willi syndrome. Thus, routine polysomnography 
should be considered in children with hypotha-
lamic obesity. Central stimulating agents (dextro-
amphetamine, methylphenidate) could be 
beneficial in these patients [34].

�Risk Factors and Prevention 
for HyOb in Craniopharyngioma

As the currently available options are not very 
successful in treatment of HyOb, determination 
of risk factors and prevention of obesity are of 
prime importance. The first 6 postoperative 
months are crucial for preventing HyOb in 

Table 2.4  (continued)
mGeffner M, Lundberg M, Koltowska-Häggström M, Abs R, Verhelst J, Erfurth EM et al. Changes in height, weight, 
and body mass index in children with craniopharyngioma after three years of growth hormone therapy: analysis of 
KIGS (Pfizer International Growth Database). J Clin Endocrinol Metab 2004 Nov; 89(10): 5435–5440
nAt least 20 BBS genes have been defined and all acts in primary cilia functioning
oSrinivasan S, Ogle GD, Garnett SP, Briody JN, Lee JW, Cowell CT. Features of the metabolic syndrome after child-
hood craniopharyngioma. J Clin Endocrinol Metab 2004; 89: 81–86
pMüller HL, Handwerker G, Gebhardt U, et al. Melatonin treatment in obese patients with childhood craniopharyngi-
oma and increased daytime sleepiness. Cancer Causes Control 2006; 17: 583–589
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patients undergoing brain tumor surgery 
(Fig. 2.2). Factors predicting the development of 
HyOb in children with brain tumors are listed in 
Table 2.3. Hypothalamic involvement and hence, 
disturbance in energy balance contribute to the 
development of severe obesity and might explain 
why 12–19% of patients with craniopharyngioma 

develop obesity even before diagnosis. MRI find-
ings at diagnosis can also provide postoperative 
risk assessment: patients who develop HyOb fre-
quently have lesions involving the third ventricu-
lar floor, mammillary bodies, and anterior, 
medial, and most importantly posterior hypothal-
amus (Fig.  2.3a–d) [35] The development of 

a bc

d

Fig. 2.3  (a–d) Development of obesity and local-
ization of craniopharyngioma. Postoperatively, both 
patients had panhypopituitarism. The patient seen in 
(a) had a small tumor revealed by magnetic resonance 
imaging (MRI) (d), which was removed transsphenoi-
dally. Postoperatively, the patient continued to have 
normal eating behavior, and her weight developed nor-
mally (body mass index [BMI]: +1.0 standard deviation 

[SD]). The patient whose preoperative MRI (b) showed 
a large tumor extending to the suprasellar region and 
infiltrating the hypothalamus went on to develop an 
eating disorder and, consequently, obesity (BMI, +14.0 
SD) (c) (Used with permission of Springer Science 
from Müller HL et al. Kraniopharyngeom im Kindes- 
und Jugendalter. Monatsschr Kinderheilkd 2003; 151: 
1056–1063)
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central diabetes insipidus may serve as a marker 
of hypothalamic damage or dysfunction. Children 
who have hypothalamic tumor involvement have 
higher leptin levels than those without hypotha-
lamic involvement (Table  2.5). Younger age at 
diagnosis is a risk factor unrelated to hypotha-
lamic involvement; some authors argue that it is 
related to ongoing brain growth and myeliniza-
tion until 4 years of age [28]. The dose of radia-
tion (>51  Gy) is important for development of 
HyOb in older as well as younger children; it 
may be associated with cognitive dysfunction, 
fatigue, and attention deficits [28].

Multiple hormone deficiencies are common in 
craniopharyngioma, with frequencies ranging 
from 40 to 87% [24]. GH deficiency, hypothy-
roidism, hypogonadism, and hyperprolactinemia 
may contribute to weight gain in some patients 
(see Chap. 19 by Dr. Freemark on the Pathogenesis 
of Weight Gain in Endocrine and Metabolic 
Disorders).  High-dose glucocorticoid treatment 
in the immediate postoperative period can exac-
erbate hyperphagia, but chronic replacement of 
hydrocortisone at physiologic replacement doses 
(5–8  mg/m2/day) should not promote excess 
weight gain. As noted above, a recent study found 
diabetes insipidus to be an endocrine marker for 
HyOb risk [28, 35]. This may reflect disruption 
of the hypothalamic pituitary stalk and/or more 
severe hypothalamic damage or dysfunction. GH 
treatment of children with HyOb may reduce 
BMI in some cases. However, one study found 
that GH treatment had only a slight beneficial 
effect on the rate of gain in body weight [36].

Imaging studies indicate that the degree of 
obesity correlates with the degree and extent of 
hypothalamic damage. Reducing hypothalamic 
damage is therefore a major objective of neuro-
surgery. For unfavorably localized tumors, lim-
ited resection should be performed to preserve 
neural and vascular integrity and to avoid fur-
ther damage to hypothalamic and optic struc-
tures [26]. Although there is no consensus about 
the optimal and standard therapeutic approach 
for pediatric craniopharyngioma, current strate-
gies favor subtotal resection combined with 
postoperative adjuvant focal radiotherapy [24, 
26]. Elowe-Gruau and colleagues found that this 
approach reduced the frequency of severe obe-
sity and was associated with similar local recur-
rence rates when compared with complete 
resection [37]. Mallucci and colleagues sug-
gested that comorbidities could be reduced in 
appropriate cases by drainage of tumor cysts 
followed by surgical resection [38]. In light of 
these findings, it seems that hypothalamus-spar-
ing surgery combined with focal radiotherapy 
may limit the prevalence and severity of postop-
erative HyOb.

�Mortality in Hypothalamic Obesity

As a well-known cause of HyOb, craniopharyn-
gioma has the highest mortality rate in cases of 
tumors in the sellar region. The standardized 
mortality ratio in childhood-onset craniopharyn-
gioma is 17 (95% Cl 6.3–37), which is higher 

Table 2.5  Fasting insulin, fasting glucose, resistin, and leptin levels in relation to hypothalamic involvement in HyOb 
and HyNOb patients

HyOb HyNOb

With 
hypothalamic Without hypothalamic

With 
hypothalamic Without hypothalamic

involvement 
(n = 17)

involvement 
(n = 6) p

involvement 
(n = 4)

involvement 
(n = 12) p

Fasting insulin (mU/L) 16.7 (9.1–24) 13.8 (9.6–16) 0.34 15.1 (10.3–20.2) 9.3 (6.1–13) 0.21
Fasting glucose (mmol/L) 4.3 (3.7–4.4) 4.3 (4–4.7) 0.98 4.4 (4.1–5.3) 4.3 (4–4.7) 0.30
Resistin (ng/mL) 2.8 (2.2–3.1) 1.9 (1.6–2.9) 0.21 2.2 (1.7–2.7) 3 (1.7–3.8) 0.24
Leptin (ng/mL) 119 (73–155) 35.2 (23–67) 0.02 75.7 (25.5–91.6) 17.7 (13–43.5) 0.01

Used with permission of Springer Science from Guran T, Turan S, Bereket A et al. The role of leptin, soluble leptin 
receptor, resistin, and insulin secretory dynamics in the pathogenesis of hypothalamic obesity in children. Eur J Pediatr 
2009; 168: 1043–1048
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than observed in both adult-onset craniopharyn-
gioma and other childhood central nervous sys-
tem malignancies [39]. Increases in BMI-SDS >1 
SDS after 6 months of tumor therapy are associ-
ated with higher mortality rates [27].

The causes of mortality in adults with HyOb 
include hypothalamic insufficiency (ACTH and 
ADH deficiencies), cardiovascular disease, myo-
cardial infarction, type 2 diabetes mellitus, cere-
brovascular disease, and sleep apnea [39]. In 
children, obstructive sleep apnea and central 
sleep apnea seem to be the predominant causes of 
death [27]. However, decreased sympathetic ner-
vous system activity and increased parasympa-
thetic nervous system activity play important 
roles: cardiac arrhythmias and severe sleep-
disordered breathing (SDB) may increase the risk 
of sudden death [27]. The treatment of SDB 
requires a multidisciplinary approach involving a 
pediatric sleep physician, pediatric endocrinolo-
gist, exercise physiologist, and otolaryngologist. 
An evaluation for SDB via polysomnography 
should be performed during the early stages of 
HyOb, and noninvasive ventilation begun in 
those affected as soon as possible.

�Treatment

We now have a greater understanding of the path-
ways regulating appetite and satiety and the 
mechanisms of HyOb development, yet there is 
still no curative therapy for HyOb. As in simple 
“exogenous” obesity, the first-line treatment is 
lifestyle modification. HyOb is often unrespon-
sive to diet and exercise, but patients should be 
encouraged to adopt a healthy diet and to main-
tain regular physical activity to the extent possi-
ble. A multidisciplinary approach involving the 
parents and school may assist the child in con-
trolling weight gain. Rakhshani and colleagues 
compared a comprehensive care clinic (CCC) 
model, which includes medical, behavioral, 
dietary, and exercise support and with a standard 
care model in post-op children with brain tumors. 
They found that percent weight gain, percent of 
ideal body weight, and increment in BMI were 
lower in the CCC model; children also reported 

improved quality of life, physical functioning, 
and school performance [40].

�Pharmacological Treatment

Patients with HyOb have impaired sympathoad-
renal activation, so treatment with sympathomi-
metic agents has been recommended to decrease 
weight gain. The use of dextroamphetamine in 
five children with HyOb following surgery for 
craniopharyngioma reduced the rate of weight 
gain and stabilized BMI during a 24-month treat-
ment protocol. Caloric intake did not change dur-
ing treatment, but spontaneous physical activity 
increased significantly [34]. Another study 
showed similar effects, with weight stabilization 
and improvements in daytime wakefulness 
observed in 12 hypothalamic obese children 
treated with dextroamphetamine [41]. 
Additionally, caffeine and ephedrine administra-
tion in three children with HyOb resulted in 
weight loss in two of them [42]. Larger studies of 
efficacy are needed before suggesting dextroam-
phetamine for HyOb treatment. Moreover, 
chronic sympathomimetic therapy can increase 
heart rate and blood pressure and may thereby 
increase long-term cardiovascular risk.

Parasympathetic hyperactivity causes hyper-
insulinemia, which has a critical role in weight 
gain associated with hypothalamic disease. 
Hence, inhibition of insulin secretion with soma-
tostatin analogs was attempted as a means for 
treating HyOb. In a double-blind, randomized 
controlled study, octreotide caused significant 
reduction in weight gain in children with HyOb 
due to brain tumors or radiotherapy [43]. 
However, a larger multinational study with 
octreotide-LAR in 60 patients with HyOb was 
terminated because of ineffectiveness in reducing 
BMI [44]. In addition, serious side effects includ-
ing gallstones, abdominal discomfort, and flatu-
lence were reported in these studies [43, 44]. A 
pilot study treating adolescents with HyOb with a 
combination of diazoxide (which inhibits insulin 
secretion) and metformin showed reductions in 
weight gain and BMI [45]. However, a follow-up 
placebo-controlled investigation found that 
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diazoxide alone had no effect on weight gain 
after 2 months of treatment [46].

Decreased sympathetic nervous system acti-
vation and a possible reduction in type 2 deio-
dinase activity in HyOb [47] have stimulated 
interest in clinical trials using triiodothyronine 
(T3). In three patients, significant weight loss 
was reported with no symptoms of hyperthyroid-
ism [47]. Inhibitors of 11β-HSD1 are potential 
therapeutic agents, but their use has not yet been 
explored.

A possible alternative approach could entail 
the use of analogs of glucagon-like peptide-1 
(GLP-1). GLP-1 reduces food intake and body 
weight via direct effects in arcuate nucleus [6]. 
In a recent study, the GLP-1 analog liraglutide 
3.0  mg caused loss of more than 10% of body 
weight in one-third of 3731 obese adults; how-
ever, adverse events (nausea, vomiting, diarrhea) 
were common, and gallbladder disease and/
or pancreatitis occurred in 6.2% of the patients 
[48]. Zoicas and coworkers used a GLP-1 
analog in nine (eight exenatide, one liraglu-
tide) adult patients with HyOb; eight also had 
T2DM.  Although one patient withdrew quickly 
because of intolerable nausea and vomiting, 
there was substantial weight loss in the remain-
ing eight patients (−13.1  ±  5.1  kg (range −9 
to −22). Insulin resistance and HbA1c levels 
also improved [49]. Substantial and sustained 
weight loss with exenatide or liraglutide was 
observed in other cases of HyOb (one patient was 
17 years old), with no severe side effects [50, 51]. 
Additional trials seem warranted.

Although an effect of melatonin on weight 
gain in humans with HyOb has not yet been dem-
onstrated, studies in rats observed that adminis-
tration of a melatonin agonist (NEU-P11) or a 
MT1/MT2 receptor agonist (ramelteon) 
decreased body weight and increased insulin sen-
sitivity in rats [52, 53]. These studies suggest 
potential new options for treatment of HyOb.

Finally, a recent study showed that a pharma-
cologic agonist (setmelanotide) for the melano-
cortin 4 receptor (MCR4) reversed hyperphagia 
and caused impressive weight loss (51  kg after 
42  weeks and 20.5  kg after 12  weeks) in two 
patients with mutations in POMC [54]. Whether 

or not MCR4 agonists would reduce body weight 
in patients with postsurgical HyOb is currently 
unclear.

�Surgical Treatment

Bariatric surgery has proved effective in the treat-
ment of patients with severe obesity and comor-
bidities. The number of adolescent patients who 
have undergone bariatric surgery is increasing, 
and the outcomes thus far are comparable or bet-
ter than those seen in adults [55, 56].

As recommended by the ASMBS (American 
Society for Metabolic and Bariatric Surgery) 
pediatric guidelines in 2012, the selection criteria 
for bariatric procedures in adolescents should 
include a BMI ≥35 kg/m2 with major comorbidi-
ties (type 2 diabetes mellitus, moderate to severe 
sleep apnea, pseudotumor cerebri, or severe non-
alcoholic steatohepatitis) or a BMI ≥40  kg/m2 
with other comorbidities (hypertension, insulin 
resistance, glucose intolerance, substantially 
impaired quality of life or activities of daily liv-
ing, dyslipidemia, and mild sleep apnea) [55]. 
Furthermore, the teenager should have completed 
or nearly completed skeletal and sexual develop-
mental (95% of linear growth or Tanner IV). 
Nevertheless, the severity of the weight gain in 
HyOb places even a young teenager at risk of 
life-threatening complications that may outweigh 
the theoretical risk of growth impairment follow-
ing surgery [56].

There is as yet no randomized controlled study 
of bariatric surgery in adolescents with postsurgi-
cal HyOb and very limited experience with surgi-
cal procedures in the prepubertal period. On the 
other hand, a recent study demonstrated signifi-
cant weight loss in 24 children (4.9–18  years, 
mean age 10.7) with Prader-Willi syndrome who 
underwent laparoscopic sleeve gastrectomy. 
Patients lost 14.7% (n = 22) and 10.7% (n = 7) of 
body weight by the first and fifth annual visits, 
respectively; 95% of comorbidities remitted or 
improved with no postoperative complications 
[57]. A meta-analysis of the effects of bariatric 
surgery in postsurgical adolescents and adults 
with craniopharyngioma found net weight loss of 
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6.1% after 12 months (n = 6) in the group receiv-
ing adjustable gastric bands, 20.2% (n = 6) in the 
group undergoing Roux-en-Y gastric bypass, 
19.6% (n = 8) in the patients subjected to vertical 
sleeve gastrectomy, and 24.8% in the single 
patient undergoing biliopancreatic diversion. 
Long-term studies are needed to define appropri-
ate selection criteria and the optimal procedure(s) 
for bariatric surgery in HyOb [58].

�Conclusion

Hypothalamic obesity (HyOb) is a complex 
neuroendocrine disorder caused by damage to 
the hypothalamus, which results in disruption 
of energy regulation. This devastating prob-
lem can have profound effects on morbidity 
and mortality. Conventional lifestyle modifi-
cation usually fails, and there is at present no 
curative pharmacologic treatment. Although 
several agents have been used to treat HyOb, 
the results are inconclusive and generally 
unsatisfactory. Thus, the clinician should be 
alert and vigilant in patients at risk for devel-
opment of HyOb; prevention and management 
of HyOb should begin before neurosurgery 
and should provide an intensive and com-
prehensive multidisciplinary approach when 
weight gain begins.

Editor’s Comments and Questions

	1.	 Hypothalamic obesity is an intractable 
problem resulting from defects in 
α-MSH signaling, central resistance to 
the actions of leptin and insulin, vagal 
hyperactivity, glucocorticoid therapy, 
and reductions in resting and physical 
activity energy expenditure. Untreated 
GH deficiency, central hypothyroidism, 
hypogonadism, and hyperprolactinemia 
may exacerbate weight gain in postsur-
gical patients.

Once established, severe adiposity is 
difficult or impossible to reverse without 
bariatric surgery. Ideally this might be 

avoided if excess weight gain could be pre-
vented. I generally warn families from the 
outset about the risks for hypothalamic 
obesity and suggest that they begin to limit 
the child’s intake of sugary drinks, fast 
foods, and starches even before tumor 
resection. I also consider pharmacologic 
intervention prior to obvious weight gain 
in those at high risk, as defined by the size 
and locale of the lesion, the surgical out-
come, and the feeding behavior in the post-
operative period. For that purpose I have 
used metformin, with variable (and some-
what limited) success. I do not begin phar-
macotherapy prior to hospital discharge 
and strongly encourage ongoing compli-
ance with dietary restriction. What are your 
thoughts about this approach?

	2.	 While initial responses to GLP-1 ana-
logs are promising, their use may be 
problematic in perioperative patients 
treated with high-dose glucocorticoids, 
which can exacerbate gastritis and 
potentiate the risks of pancreatitisa. The 
initial response to setmelanotide was 
dramatic in two adults with POMC 
mutationsb. In theory, postsurgical 
patients with hypothalamic obesity 
would fail to respond to MCR4 agonists 
because of structural damage to α-MSH-
responsive centers. However, there 
might be gradations of hypothalamic 
damage and dysfunction among chil-
dren undergoing hypothalamic surgery, 
such that some response to agonist 
might be retained in some patients. This 
possibility awaits formal investigation; 
nevertheless, do you agree with the gen-
eral concept?

Authors’ Responses
	1.	 We completely agree with you. From 

the beginning, families should be 
informed about the risk of development 
of HyOb and the changing of eating 
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