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Leptin in pediatrics: A hormone from adipocyte 
that wheels several functions in children
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A B S T R A C T

The protein leptin, a pleiotropic hormone regulates appetite and energy balance of the body and plays important roles in controlling 
linear growth, pubertal development, cardiovascular function, and immunity. Recent fi ndings in the understanding of the structure, 
functional roles, and clinical signifi cance of conditions with increased and decreased leptin secretion are summarized. Balance 
between leptin and other hormones is signifi cantly regulated by nutritional status. This balance infl uences many organ systems, 
including the brain, liver, and skeletal muscle, to mediate the essential adaptation process. The aim of this review is to summarize 
the possible physiological functions of leptin and its signaling pathways during childhood and adolescence including control of food 
intake, energy regulation, growth and puberty, and immunity. Moreover, its secretion and possible roles in the adaptation process 
during different disease states (obesity, malnutrition, eating disorders, delayed puberty, congenital heart diseases and hepatic 
disorders) are discussed. The clinical manifestations and the successful management of patients with genetic leptin defi ciency 
and the application of leptin therapy in other diseases including lipodystrophy, states with severe insulin resistance, and diabetes 
mellitus are discussed.
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INTRODUCTION 

Leptin: structure and synthesis
Leptin, the product of  the ob gene, is a single-chain 
proteohormone produced by adipose tissue, but also by 
placenta (syncytiotrophoblasts), ovaries, skeletal muscle, 
stomach, mammary epithelial cells, bone marrow, pituitary, 
and liver, with multiple functions through various receptors 
located centrally and peripherally.[1,2] Centrally, leptin acts 
particularly on the hypothalamus to suppress food intake 
and stimulate energy expenditure.[3] Leptin receptors belong 
to the cytokine class I receptor family[4] and are found 
all over the body,[5] indicating a general role of  leptin. A 

circulating form of  the leptin receptor exists, which acts as 
one of  several leptin-binding proteins.[6] Several alternatively 
spliced isoforms of  the leptin receptor have been identifi ed 
(Ob-Ra, Ob-Rb, Ob-Rc, Ob-Rd, and Ob-Re).[7,8]

Functions and control of secretion
Leptin is an important member of  several keys that 
controls food intake and energy metabolism. The feeling 
of  satiety and regulation of  food intake is a complex 
system including several orexigenic and anorexigenic 
factors that act on the central nervous system and 
interplay with leptin. Many of  them originate from the 
gastrointestinal track such as cholecystokinin, GLP-1, 
PYY, ghrelin, insulin, leptin, and adiponectin. In the 
adipose tissue when secretion of  leptin is stimulated, it 
takes at least 60 min for the cells to respond by increasing 
levels of  leptin synthesis and discharge. Adipocytes also 
synthesize several of  the leptin receptors, the membrane-
bound as well as the soluble ones and leptin is always 
secreted complexed to its receptor. This complexed form 
increases its half  life in circulation. The gastric mucosa 
contributes for a large part to the levels of  circulating 
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leptin, particularly at time of  food intake. Gastric leptin 
secretion is faster when compared to adipocytes secretion. 
Thus, gastric leptin acts rapidly and transiently to food 
intake to trigger in the short term the feeling of  satiety, 
whereas adipose tissue leptin may in turn act on the long-
term regulating energy expenditure. In addition, gastric 
leptin exerts a regulatory function on the digestive tract. 
Intestinal epithelial cells express leptin receptors on their 
luminal brush border and baso-lateral membranes. Thus, 
leptin either originating from the gastric juice or from the 
blood circulation can act on the intestinal cells to regulate 
digestion of  nutrients.[9,10]

Under conditions of  weight maintenance, the most 
important variables that determines circulating leptin 
concentrations is the body fat mass and body mass index 
(BMI).[11,12] However, in conditions of  negative (weight-
loss) and positive (weight-gain) energy balances, the 
changes in leptin concentrations function as a sensor 
of  energy imbalance. Within 24 h of  fasting, leptin 
concentrations decrease to 30% of  initial basal values. 
However, massive overfeeding over a 12-h period increases 
leptin concentrations by 50% of  initial basal values. A few 
studies have shown a modest increase in leptin secretion at 
supraphysiologic insulin concentrations 4-6 h after insulin 
infusion.[13,14]

It appears that leptin acts as a “satiety signal” to prevent 
obesity in times of  energy excess, and as a “starvation 
signal” to maintain adequate fat stores for survival during 
times of  energy defi cit. Data suggest that the leptin system 
may be more effi cient in signaling a decrease in fat mass 
and lack of  nutrients (low leptin state) and triggering 
a compensatory increase in food intake and a decrease 
in energy expenditure than as a satiety signal when its 
serum levels are elevated. In addition, recent evidence 
suggests that the neurobiology of  leptin signaling in 
obesity appears to involve central leptin insuffi ciency, as 
opposed to the previously postulated notion of  leptin 
resistance.[15-19]

The arcuate nucleus (ARC), ventromedial (VMH), 
dorsomedial (DMH), and lateral (LH) hypothalamic 
nuclei are important regions regulating food intake and 
energy expenditure. Disrupting lesions in the ARC, VMH, 
and DMH of  rats resulted in hyperphagia and obesity. 
Besides, lesions in the LH result in decreased food intake. 
Binding of  leptin to its hypothalamic receptors activates 
a signaling cascade in the ARC that results in inhibition 
of  orexigenic pathways as indicated by decreased mRNA 
expression of  neuropeptide Y (NPY) and agouti-related 
peptide (AgRP), and stimulation of  anorexigenic 
pathways as suggested by increases in the mRNA levels 

of  alpha-melanocyte-stimulating hormone (α-MSH) and 
cocaine and amphetamine regulated transcript (CART). 
Activation of  POMC/CART-expressing neurons by 
leptin results in release of  α-MSH, which subsequently 
binds to melanocotin receptors (MCRs) and leads to 
anorexia and increased energy expenditure. At the 
same time, leptin inhibits NPY/AgRP neurons, which 
stimulate orexigenic responses and directly inhibits 
POMC neuron expression as indicated by POMC mRNA 
expression.[16-19]

Recent data in mice show that leptin acts solely in the 
hypothalamus to control glucose homeostasis independent 
of  its effects on appetite, by increasing non-thermogenic 
energy expenditure and glucose disposal in peripheral 
tissues by action on POMC neurons.[20]

In humans, decreasing leptin concentrations in response 
to food deprivation are responsible for the starvation-
induced suppression of  the hypothalamic-pituitary-
gonadal axes as well as the malfunction of  several other 
neuroendocrine axes.[19] It seems that leptin may act as 
the link between adipose tissue, hypothalamic centers 
regulating energy homeostasis, and the reproductive 
system.

The human placenta express the leptin and leptin 
receptor gene implying that it is a site production of  
the hormone as well as a target of  its action (autocrine 
effect). During pregnancy, leptin production by the 
fetus and the placenta can signal fetal nutrient status. It 
may also provide a mechanism whereby maternal fuel 
reserves are more readily mobilized, favoring utilization 
by the fetus rather than building maternal reserves. In 
the case where maternal leptin concentrations are low 
owing to limiting nutrition, the proportional importance 
of  fetal and placental leptin in mobilizing fuel for use 
by the fetus may be greater.[21] Neonatal leptin levels are 
higher in females and are associated with adiposity, and 
are independently correlationed with newborn length, 
IGF-I levels and formula feeding. Leptin clearly plays 
an important role in neonatal energy homeostasis and 
metabolism.[22]

Synthesis of  leptin is also modulated by several 
hormonal variables. Stimulators include insulin, 
catecholamines, and glucocorticoids.[23] Studies 
demonstrated that meals and insulin acutely affect 
leptin concentrations.[24] Suppressors include fasting, 
cAMP, and 3-adrenoreceptor agonists.[25] It has been 
demonstrated that leptin production occurs after 
increases in insulin in response to feeding, and a 
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decrease in leptin concentrations follows decreases 
in insulin during fasting [Table 1].

Physiological and developmental changes in leptin during 
life
Serum leptin concentrations show a moderate circadian 
variation with a peak during the night at 0200(30-100%) 
higher than the concentrations measured in the morning or 
early afternoon.[26] This variation, together with the infl uence 
of  food intake, needs to be taken into account when blood 
samples are collected. Because body fat mass is the major 
confounding variable, these ranges should be referred to 
measures of  the percentage body fat such as BMI.[27]

Leptin levels exhibit signifi cant changes during progressive 
pubertal stages, with a distinct dimorphism between boys 
and girls. In boys, there is a pre-pubertal peak of  serum 
leptin levels preceding the rise of  free testosterone, growth 
hormone (GH), and insulin-like growth factor (IGF-1). 
Thereafter, about 3 years after the rise in serum testosterone 
levels, leptin levels fall to baseline concentrations.[28] Girls 
have higher serum leptin levels than males and their leptin 
levels rise throughout puberty, concomitant with the rise 
in estrogen levels.[29,30] This sexual dimorphism is related 
higher pulse amplitude of  leptin secretion from adipose 
tissue in females, higher subcutaneous/visceral fat ratio 
in and lower leptin-binding protein levels and higher free 
leptin levels in females.[31-34] Reference intervals referring 
to measures of  body fat should therefore be stratifi ed 
according to gender and pubertal development.[34,35]

Clinical signifi cance of leptin in Obesity, Linear Growth, 
and Insulin Resistance Syndrome
In the majority of  obese individuals, serum leptin 
concentrations are increased,[36] and leptin administration 
shows only very limited effects[37] due to leptin resistance. 
Low soluble receptor concentrations and a high fraction 
of  free to bound leptin are markers of  leptin resistance. 

Leptin resistance is associated with insulin resistance 
and abdominal obesity and constitutes an additional 
component of  the metabolic syndrome.[38] When free-
leptin concentrations are compared between lean and 
obese individuals, even more pronounced hyperleptinemia 
in obesity is observed than that reported by measuring 
total leptin concentrations. Recent evidence suggests that 
the neurobiology of  leptin signaling in obesity appears 
to involve central leptin insuffi ciency, as opposed to the 
previously postulated notion of  leptin resistance.[15-19]

Apart from leptin’s mandatory regulatory role in energy 
intake and expenditure, independent participation of  
leptin in the hypothalamic integration of  insulin–glucose 
homeostasis has been documented. Various lines of  
evidence show that (a) under the direction of  leptin two 
independent relays emanating from the hypothalamus 
restrain insulin secretion from the pancreas and mobilize 
peripheral organs---liver, skeletal muscle and brown adipose 
tissue---to upregulate glucose disposal, and (b) leptin 
insuffi ciency in the hypothalamus produced by either 
leptinopenia or restriction of  leptin transport across the 
blood brain barrier due to hyperleptinemia of  obesity 
initiates antecedent pathophysiological sequalae of  
diabetes type 1 and 2. The effi cacy and preclinical safety 
of  leptin replenishment in vivo, especially by supplying 
it to the hypothalamus with the aid of  gene therapy, in 
preventing the antecedent pathophysiological sequalae---
hyperinsulinemia, insulin resistance and hyperglycemia---in 
various animal models and clinical paradigms of  diabetes 
type 1 and 2 with or without attendant obesity have been 
documented[15,39] [Figure 1].

In support of  this view, in leptin-defi cient (ob/ob) mice, 
leptin injections led to dose-dependent reductions in 

Figure 1: Leptin effects during obesity Central leptin insuffi ciency in obesity 
for extended periods of time results in increased fat accrual, decreased 
energy expenditure, hyperinsulinemia, hyperglycemia. Hyperleptinemia 
may increase bone growth and accelerate maturation

Table 1: Conditions with Changes of Serum Leptin 
Concentrations
Conditions with increased 
Leptin secretion

Conditions with decreased 
Leptin secretion

Obesity Congenital leptin defi ciency

Overfeeding Lipodystrophy

Emotional stress Protein energy malnutrition

Chronic hepatitis- cirrhosis Short-term fasting ( 24– 72 h)

Congestive heart failure Sleep deprivation

Rheumatoid arthritis Physical exercise training

Insulin – Testosterone

Estrogen- Growth hormone

glucocorticoids

TNF-alpha
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serum glucose levels compared to fed ob/ob controls, 
before any signifi cant change in body weight occurred.[15,39] 

Approximately 3-5% of  human obese populations can be 
regarded as “relatively” leptin defi cient and could benefi t 
from leptin therapy. Individuals with heterozygous leptin 
gene mutations have low circulating concentrations of  
leptin and increased body adiposity.[40]

During the phase of  normal or accelerated height velocity 
in obese children, plasma GH levels remain low and 
measurements performed during sleep and following 
pharmacological stimulation as well as spontaneous 
24 h of  GH secretion are reduced.[41,42] Despite the 
reduction in GH levels, obese children may have normal, 
increased or reduced, plasma IGF-I and GH-binding 
protein levels. [43] The mechanism whereby obese children 
continue to grow despite the low levels of  GH is not 
known. Several explanations have been postulated.[43-46] 

Maor et al.[47] reported the presence of  leptin receptors 
in growth plates. Leptin induces both proliferation and 
differentiation of  chondrocytes. It stimulates the width 
of  the proliferative zone of  the epiphysial growth plate 
and increases the expression of  chondroitin sulfate within 
the cartilaginous matrix. Apparently, leptin acts as a direct 
skeletal growth factor in obese children. It is suggested 
that in humans, obesity is associated with differential 
sensitivity to circulating leptin with central resistance 
and peripheral sensitivity (epiphysial growth plate) to the 
effect of  leptin.

Both leptin and insulin resistance are strongly related 
to adiposity and other cardiovascular risk factors.[48-50] 
Studying these relations in childhood may help clarify 
some aspects in the development of  the insulin resistance 
syndrome. However, confl icting results are published 
about the dependent versus independent associations 
between body fatness, leptin levels, and insulin resistance in 
obese children. [51-53] A clearer understanding of  the leptin-
obesity–insulin resistance relationship is still required during 
childhood and adolescence relative to the development of  
risk factors and type 2 diabetes.

Leptin, Malnutrition, and Adaptation to Prolonged 
Nutritional Defi ciency
In two studies on infants and children with mild and 
severe forms of  protein energy malnutrition (PEM), 
leptin concentrations are significantly decreased and 
positively correlated with triceps, scapular, and abdominal 
fat thickness.[54,55] In severe PEM cases, concentrations 
of  IGF-I are signifi cantly low, whereas basal cortisol and 
GH concentrations are signifi cantly high versus normal 
children. The BMI is correlated signifi cantly with leptin, 
insulin and IGF-I. These fi ndings suggest that during 

prolonged nutritional deprivation, the decreased energy 
intake, diminished fat mass, and declining insulin (and 
possibly IGF-I) concentrations suppress leptin production.

Leptin appears to be an important signal in the process 
of  metabolic/endocrine adaptation to prolonged 
nutritional deprivation. Low leptin levels decrease leptin 
inhibition on NPY that affects the regulation of  pituitary 
growth and pituitary adrenal axes. Stimulation of  the 
hypothalamic-pituitary-adrenal (HPA) axis and possibly 
the hypothalamic-pituitary-GH axis to maintain the 
high cortisol and GH levels necessary for effective 
gluconeogenesis and lipolysis to ensure a fuel (glucose 
and fatty acids) supply for the metabolism of  brain and 
peripheral tissue during nutritional deprivation. The 
decreased synthesis of  IGF-I and the low level of  insulin 
and/or its diminished effect due to an insulin-resistant 
status in the presence of  high circulating GH and cortisol 
levels ensure substrate diversion away from growth toward 
metabolic homeostasis[5] [Figure 2].

On the other hand, during recovery from malnutrition, 
leptin concentrations increase in relation to fat mass. 
During recovery from severe PEM, an increase in leptin 
concentration was observed only in children who showed 
catch-up growth. More interestingly, malnourished 
children with catch-up growth had higher serum leptin 
concentrations compared to healthy children. This 
suggested that leptin affects nutritional status during 

Figure 2: Adaptation to prolonged protein energy malnutrition (PEM). 
During prolonged malnutrition, low leptin levels, decreases leptin inhibition 
on NPY that affects the regulation of pituitary growth and pituitary adrenal 
axes and insulin/glucose homeostasis. Stimulation of the hypothalamic-
pituitary-adrenal (HPA) axis and possibly the hypothalamic-pituitary-GH axis 
occurs to maintain the high cortisol and GH levels necessary for effective 
gluconeogenesis and lipolysis to ensure a fuel (glucose and fatty acids) 
supply for the metabolism of brain and peripheral tissue during nutritional 
deprivation. The decreased synthesis of IGF-I and the low level of insulin 
and/or its diminished effect due to an insulin-resistant status in the presence 
of high circulating GH and cortisol levels ensure substrate diversion away 
from growth toward metabolic homeostasis
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catch-up growth as a dynamic process, rather than merely 
being an index of  body fat content.[55]

Leptin and eating disorders
In normal-weight subjects with Bulemia nervosa 
(BN), circulating leptin has been reported to be either 
decreased, normal, or increased. The reasons for such a 
discrepancy among the studies may be primarily due to the 
heterogeneous composition of  the patient samples, while 
patients with anorexia nervosa (AN) have almost uniformly 
low plasma leptin concentrations, bulimic women exhibit 
variable levels of  plasma leptin with increased, normal, or 
decreased values are reported. In AN, the level of  leptin 
correlates signifi cantly and positively with the BMI and 
fat mass of  patients. However, although leptin changes in 
eating disorder patients likely refl ect adaptive mechanisms 
to chronic malnutrition and starvation, it is plausible that, 
when instated, sustain certain clinical symptoms, since 
leptin unequivocally acts not only as a hunger suppressant 
factor but also as a modulator of  reproduction, physical 
activity, immune system and other endocrine functions. 
Therefore, changes in leptin production, although not 
directly involved in the etiology of  AN and BN, they may 
have an impact on the course and prognosis of  these 
disorders.[56-59] One of  the most exciting research area 
for the future will be to assess whether pharmacologic 
and/ or nutritional manipulations of  leptin physiology may 
ameliorate the outcome of  AN and BN.

Leptin, Puberty, and Constitutional delay of growth and 
puberty
Leptin receptors have been identifi ed in the hypothalamus, 
the gonadotrope cells of  the anterior pituitary, and 
gonads of  higher primates and human.[60,61] Leptin 
administration increased serum concentrations of  
luteinizing hormone (LH) and growth hormone (GH) in 
the rodent. Intracerebroventricular (ICV) administration 
of  leptin suppressed feed intake, increased serum GH 
concentrations, and stimulated hypothalamic gonadotropin 
releasing hormone (GnRH) release in the rat.[62]

In vitro, leptin has a direct stimulatory effect on the 
hypothalamic-pituitary-gonadal (HPG) axis by accelerating 
GnRH secretion through decreasing the expression of  
NPY in the arcuate hypothalamic neurons.[61-65] Leptin 
directly stimulates the release of  LH and, to a lesser 
extent, FSH via nitric oxide synthase activation in the 
gonadotropes.[62-65] Leptin administration has been shown 
to decrease the expression of  NPY in the arcuate nucleus 
and consequently to remove the inhibitory action of  NPY 
on pulsatile GnRH release.[65] The endocrine and direct 
paracrine effects of  leptin on the gonads are implied by 
the expression of  functional leptin receptors on the surface 

of  ovarian follicular cells, including granulose, theca, and 
interstitial cells,[64] as well as Leydig cells.

Humans and mice lacking leptin (ob/ob) or leptin receptor 
(LepR, db/db) are infertile. Leptin administration to 
leptin-defi cient subjects and ob/ob mice induces puberty 
and restores fertility. Recently, it has been made clear that 
leptin acts indirectly on gonadotropin-releasing hormone 
(GnRH)-secreting cells via actions on interneurons.[65-69] 

Data from two longitudinal cohorts suggest a role for 
leptin in the normal regulation of  childhood weight gain, 
maturation, and the development of  secondary sexual 
features and body composition.[67]

Serum leptin concentrations are higher in early adolescence 
compared with childhood and may play a facilitator role 
in pubertal development. Constitutional delay in growth 
and puberty (CDGP) is a disorder of  the tempo of  
physical maturation and may be associated with relative 
hypoleptinemia. In adolescent boys, after controlling for 
pubertal status, age and BMI, leptin concentrations are 
higher in early puberty compared with pre-puberty in normal 
boys but are not signifi cantly elevated in pubertal boys 
with CDGP. In boys with CDGP, leptin SDS is negatively 
correlated with both chronological age and bone age, 
indicating that older boys with CDGP had lower leptin levels 
than expected given their age and BMI-SDS. Therefore, 
absence of  physiological increases of  leptin concentrations 
may be associated with delayed puberty in boys.[70]

Leptin and bone growth
Leptin possibly signals to bone on multiple levels, with local 
and systemic effects. Leptin after crossing the blood–brain 
barrier and binding to its receptors in the brain can act 
through the sympathetic nervous system to regulate bone 
metabolism. It is also possible that, in addition to its effects 
through the brain, leptin may act directly on cells in the 
bone to regulate bone metabolism. Leptin acts to reduce 
cancellous bone but conversely increases cortical bone. A 
recent theory suggests that increased leptin during obesity 
may represent a mechanism for enlarging cortical bone size to 
cope with increased body weight, and decreased leptin during 
malnutrition may contribute to decreased bone growth.[71-73]

Leptin in thyroid diseases and during glucocorticoid 
excess
In hypothyroid patients treated with L-T4 and hyperthyroid 
patients with methimazole, no correlation has been detected 
between serum leptin and thyroid hormone (free thyroxine, 
thyrotrophin and T3) levels at any stage.[74,75]

In humans, glucocorticoids stimulate leptin gene expression 
and secretion independently of  effects on food intake. [76,77] 
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Leptin infusion (0.5 mg/h) signifi cantly decreased food 
intake and body weight in adrenalectomized mice.[78] 

Glucocorticoid replacement increased food intake without 
reversing leptin inhibition of  hypothalamic neuropeptide 
Y (NPY) mRNA levels. These investigators indicate that 
glucocorticoid levels within the physiological range interfere 
with leptin action and that glucocorticoid effects are at least 
partly independent of  NPY. In obese adults and children, 
dexamethasone administration (10 mg/day) caused 
increases in leptin levels after 5 days of  treatment. [76,79] 
The mechanism(s) of  glucocorticoid stimulation of  plasma 
leptin is still unknown.

Leptin and immunity
The overall leptin action in the immune system is a 
proinflammatory effect, activating proinflammatory 
cells, promoting T-helper 1 responses, and mediating 
the production of  the other proinfl ammatory cytokines. 
Leptin receptor is also upregulated by proinfl ammatory 
signals. Human leptin was found to stimulate proliferation 
and activation of  human circulating monocytes in vitro, 
promoting the expression of  activation markers: CD69, 
CD25, CD38, and CD71, in addition to increasing 
the expression of  monocytes surface markers, such as 
HLA- DR, CD11b, and CD11c.[80] Leptin dose dependently 
stimulates the production of  proinfl ammatory cytokines 
by monocytes, that is, TNF-α and IL-6.[81] Moreover, leptin 
promotes neutrophils chemotaxis and has a stimulating 
effect on intracellular hydrogen peroxide production in 
neutrophils and monocytes.[82,83] It enhances both the 
development and the activation of  NK cells, increasing 
IL-12 and reducing the expression of  IL-15. Besides, 
leptin mediates the activation of  NK cells indirectly by 
modulation of  IL-1, IL-6, and TNF-α by monocytes and 
macrophages.[84] On the other hand, leptin promotes T-cell 
survival[85] by modulating the expression of  antiapoptotic 
proteins, such as Bcl-xL in stress-induced apoptosis.[86]

In human obesity due to congenital leptin defi ciency, 
there is a T-cell hypo-responsiveness and not only leptin 
treatment in these patients is effective lowering body weight 
but it can also revert T-cell response to mitogen activation 
in vitro.[87] Acute starvation reduces serum leptin levels, 
resulting in an impaired cellular immune response. The 
pro-infl ammatory immune response, mediated by the low 
leptin levels, is also impaired during starvation.

Leptin has also been shown to enhance immune reactions 
in autoimmune diseases that are commonly associated with 
infl ammatory responses. Recent evidence indicates that 
increased leptin is involved in the dysregulated balance 
between Th1 and Th2 cytokines and contributes to the 
pathogenesis of  rheumatoid arthritis (RA).[88] In contrast, 

leptin defi ciency has a protective effect on autoimmune 
diseases by altering the balance of  Th1:Th2 cytokine 
production and promoting a Th2 response. This is shown 
in fasting patients with RA exhibiting signifi cantly improved 
clinical disease activity correlated with a marked reduction in 
serum leptin and a shift toward Th2 cytokine production.[89] 

The application of  leptin antagonist therapy for prevention 
and treatment of  immunity-related disorders is in progress.[88]

Leptin in chronic liver diseases: Possible carcinogenesis 
potential
The data on leptin in human studies show elevated 
peripheral leptin with hepatitis, liver cirrhosis and fi brosis. 
In patients with chronic hepatitis C, the severity of  liver 
fi brosis is associated with higher serum leptin.[90,38]

Angiogenesis has been shown to play an important 
role in the progression of  chronic liver disease. Animal 
studies illustrate that leptin-mediated neovascularization 
in the liver, which takes place only in the presence of  
vascular endothelial growth factor (VEGF), signifi cantly 
increases in parallel with the progression of  non-alcoholic 
steatohepatitis (NASH). These results suggest that leptin-
mediated neovascularization, which coordinates with 
VEGF, plays a pivotal role in the progression of  liver 
fi brosis and hepatocellular carcinoma (HCC) in NASH.[91,92] 

The carcinogenic potential of  leptin in the development 
prostate and breast cancer is not in the scope of  this review.

Leptin and cardiovascular system
Leptin possesses potent vascular effects and participates 
in the regulation of  sympathetic tone and arterial blood 
pressure through central as well as peripheral actions.[93]

Intra-cerebroventricular administration of  leptin elicits 
an increase in arterial blood pressure consistent with its 
sympatho-excitatory property[94] attributed to a central 
mechanism.[95] Locally, leptin is capable of  regulating cardiac 
and vascular contractility through a local nitric oxide-
dependent mechanism. These fi ndings have prompted 
the speculation that leptin in the physiological range may 
serve as a physiological regulator of  cardiovascular function 
whereas elevated plasma leptin levels due to tissue leptin 
resistance may act as a patho-physiological trigger and/or 
marker for cardiovascular diseases.[90,96,97]

Signifi cantly, higher serum levels of  leptin are detected in 
children with congenital heart disease (CHD), particularly in 
patients with cyanotic CHD. CHD patients with SpO2<90%, 
pulmonary hypertension (PH), severe pulmonary stenosis 
(PS), detectable collaterals, cardiomegaly and/or heart 
failure showed signifi cantly higher levels of  leptin than 
those with higher SpO2 or those without these fi ndings. 
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Elevated plasma leptin levels and its soluble receptor in 
these patients with CHD suggest that leptin may participate 
in the catabolic cardiac cachexia and failure to thrive in these 
patients.[90] It is possible that this catabolic state, affecting 
body fat and muscle, may be useful to secure calories to 
spare the mechanically compromised heart. Moreover, 
elevated leptin may modify the process of  angiogenesis 
that could be essential to enhance renal perfusion in some 
cases of  CHD.[98]

Congenital leptin defi ciency (homozygous for the ∆133G 
mutation)
The absence of  serum leptin is caused by homozygous 
frameshift or missense mutations in the ob gene (7q31.3) 
and is inherited as an autosomal recessive trait. However, 
a similar phenotype has been observed in some individuals 
from one consanguineous family who carried homozygous 
mutations in the gene encoding the leptin receptor (LEPR, 
1p31).[99-101] Congenital leptin deficiency is a form of  
monogenic obesity characterized by severe early-onset 
obesity and marked hyperphagia. Patients with congenital 
leptin defi ciency are severely hyperphagic from early infancy 
and, although birth weight is normal, they rapidly become 
obese during early childhood. An increased susceptibility 
to infections has also been reported in these infants 
and appears to be associated with reduced numbers of  
circulating CD4+ T cells, and impaired T cell proliferation 
and cytokine release. Other features of  the disorder include 
hyper-insulinaemia, advanced bone age, hypothalamic 
hypothyroidism and hypogonadotropic hypogonadism 
leading to a failure to undergo puberty.

Congenital leptin defi ciency can be successfully treated 
with daily subcutaneous injections of  recombinant human 
leptin. Leptin replacement therapy is undertaken at low 
physiological doses, starting at 0.02-0.04 mg/kg/day given 
subcutaneously at 6 pm. The child’s dose is adjusted to 
increase the peak serum leptin to 70 ng/mL. Treatment 
results in sustained weight loss, and reduces appetite, hyper-
insulinaemia, and hyper-lipidemia, and attains appropriate 
pubertal development. In addition, leptin administration 
corrects abnormal thyroid biochemistry and allows the 
withdrawal of  T4 treatment. The white blood cell count 
(lymphocytes, neutrophils, and monocytes) all increase and 
remain elevated for the fi rst 3 months. There is no evidence 
of  concomitant infection at the time of  therapy.[102,103]

Leptin and lipodystrophy
Generalized lipodystrophy is a rare disorder characterized 
by a profound defi ciency of  adipose tissue with resultant 
loss of  triglyceride storage capacity and reduced adipokines, 
including leptin. Subjects with generalized lipodystrophy 
and reduced leptin levels often have an increased appetite 

leading to hyperphagia. Excess fuel consumption, coupled 
with a lack of  adipose tissue, contributes to the signifi cant 
ectopic triglyceride accumulation in the muscle and liver 
seen in these subjects. Typical daily replacement doses for 
metreleptin of  0.06 to 0.08 mg/kg for female patients 
and 0.04 mg/kg for male patients are administered by 
subcutaneous injection twice daily. Leptin replacement in 
these subjects treated for 12 months showed signifi cant 
reductions in serum fasting glucose, HbA1c, triglycerides, 
and LDL. Liver volumes were signifi cantly reduced (loss 
of  steatosis) with decreases in total body weight and 
resting energy. Therefore, leptin represents the first 
novel, effective, long-term treatment for severe forms of  
lipodystrophy.[104,105]

Potential therapeutic uses of leptin
Apart from the successful use of  leptin therapy in congenital 
leptin defi ciency and generalized forms of  lipodystrophy, 
animal research suggested potential benefi cial effect of  
leptin in 1 diabetes mellitus. In non-obese diabetic mice 
with uncontrolled type 1 diabetes, leptin therapy alone or 
combined with low-dose insulin reverses the catabolic state 
through suppression of  hyper-glucagonemia. Additionally, 
leptin therapy normalizes the levels of  a wide array of  
hepatic intermediary metabolites in multiple chemical 
classes, including acylcarnitines, organic acids (tricarboxylic 
acid cycle intermediates), amino acids, and acyl CoAs. 
In contrast to insulin monotherapy, however, leptin 
lowers both lipogenic and cholesterologenic transcription 
factors and enzymes and reduces plasma and tissue lipids. 
The results imply that leptin administration may have 
multiple short- and long-term advantages over insulin 
monotherapy for type 1-diabetes.[106] Leptin administration 
in rats, which develop adult-onset polygenic obesity and 
type 2 diabetes, normalized fasting plasma glucose and 
was accompanied by lowered HbA1c, plasma glucagon, 
and triglyceride concentrations and expression of  hepatic 
gluconeogenic enzymes.[107] Additionally, supplying leptin to 
the hypothalamus with the aid of  gene therapy successfully 
prevents the antecedent pathophysiological sequalae--
hyperinsulinemia, insulin resistance and hyperglycemia, 
and type 2 diabetes mellitus in various animal models.[39]

In human, however, short-term treatment with either low-
dose or high-dose r-Met hu leptin does not improve liver, 
skeletal muscle, or adipose tissue insulin sensitivity in weight 
stable, obese subjects with type 2 diabetes. This suggests 
that increasing circulating leptin above normal plasma 
concentrations does not have signifi cant effect, because it 
does not correct the central hypoleptinemia.[15-19,108]

Leptin levels have been found to be low in subjects with 
mutations in the insulin receptor, despite having the 
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most severe degree of  insulin resistance (e.g. Donohue 
syndrome, Rabson Mendenhall syndrome, and type-A 
insulin resistance). These fi ndings propose that leptin 
therapy may be potentially useful in these patients. Up 
till now, no therapeutic trial has been published in these 
syndromes.[109]

SUMMARY

Leptin is an adipocyte-secreted hormone that regulates 
appetite and energy balance of  the body and has an important 
role in adaptation during underfeeding and overfeeding. It 
takes a signifi cant task in controlling hypothalamic-pituitary 
growth, adrenal and gonadal functions. In humans, its roles 
in controlling linear growth, bone metabolism, pubertal 
development, cardiovascular function, and immunity are 
still evolving. During malnutrition (underfeeding), eating 
disorders and other chronic diseases (congenital heart 
diseases, hepatic diseases and autoimmune disorders), it 
seems that it controls adaptation to spare essential functions 
and systems. It is used successfully to treat obese children 
with congenital leptin defi ciency and those with insulin 
resistance and generalized lipodystrophy. Leptin ameliorates 
obesity, insulin resistance, hyperglycemia, hyperinsulinemia, 
dyslipidemia, hepatic steatosis and restores gonadotropin 
secretion.

In mice, gene therapy to increase hypothalamic leptin 
proves successful in preventing and treating diabetes and 
represents a potential therapy for human.
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