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Review

Obesity and renal disease: A possible role of leptin
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ABSTRACT

Obesity is one of the most frequently encountered medical problems of our time. Among the
complications of this pathologic entity, renal disease is an important issue and its pathophys-
iologic mechanisms are a challenge for the physician, since a variety of etiologic factors are
implicated in its genesis. For example, hypertension, hyperlipidemia and insulin resistance
affect renal function, each one in a different way. Obesity seems to be a state in which kidneys
demonstrate morphological and functional alterations, while hormonal and growth factors
play a significant role. Among them, leptin, a recently discovered cytokine, has undergone
extended investigation and has proven to be a factor that contributes to renal disease, mainly
through mechanisms that involve activation of the TGF-â system resulting in glomerulopathy
and related clinical symptoms. Experiments in animals have revealed interesting aspects as
far as the role of leptin in kidney function. Understanding the underlying mechanisms of
obesity- related glomerulopathy may become a valuable aid in handling an obese patient with
renal disease and associated problems.
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INTRODUCTION

The prevalence of obesity in the Western world
has dramatically increased over the past two deca-
des, a phenomenon which is mainly attributed to the
change in dietary habits and lifestyle in general. Obe-
sity is defined as BMI (body mass index) >30kg/m²,
while a BMI >25kg/m² characterizes a person as
overweight.

A variety of medical problems develops in obese
patients and is related to many organ systems, in-
cluding the kidneys. Hypertension, for example, has
multiple causes, including absolute weight and its
distribution, high sodium intake, hyperinsulinemia,
increased sympathetic activity, hemodynamic chang-
es, increase in plasma catecholamines, renin and al-
dosterone and rise in T3, due to the consumption of
carbohydrates, which in turn stimulate b-adrener-
gic receptors, increasing the vascular sensitivity to
catecholamines. Insulin resistance and diabetes
mellitus are frequently encountered in obese pa-
tients and are responsible for kidney damage, known
as diabetic nephropathy. Hyperlipidemia and coro-
nary artery disease are also well known sequela of
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manifestation of ORG without co-existing FSGS
and, along with renal hypertrophy, is responsible for
increased kidney weight observed at autopsy in
obese patients. Another entity under the term ORG
is focal glomerular basement membrane thickening
or focal mesangial sclerosis. Despite the co-exist-
ence of DM or glucose intolerance in some patients
with the above morphological changes, the cases are
distinguishable from typical diabetic nephropathy,
which demonstrates both diffuse mesangial sclero-
sis and glomerular basement membrane thickening.
Additionally, juxtaglomerular apparatus hyperpla-
sia has been observed histologically in obese patients
with renal involvement, even without a history of
hypertension.3

Functional changes: Experiments in obese ani-
mals showed significant glomerular hyperfiltration
and a rise in renal plasma flow (RPF), blood pres-
sure, plasma renin and insulin levels. The function-
al changes that occur in the kidneys of obese pa-
tients include increase in GFR, RPF, nephritic range
proteinuria or sub-nephrotic proteinuria. Their
course of progression is indolent and less frequent-
ly progresses to end-stage renal disease.2

In contrast to idiopathic FSGS, obese patients
have a lower incidence of nephrotic syndrome, high-
er serum albumin, lower serum cholesterol and less
edema. The above are mainly attributed to the pres-
ervation of tubular function in reabsorbing and
catabolizing the filtered protein and to the less se-
vere podocyte injury observed in ORG.3

THE ROLE OF HORMONES

In the pathophysiology of renal disease in obesi-
ty, hormonal and growth factors play important
roles. The increase in GFR and RPF in obese pa-
tients has a complex etiology. Apart from the in-
creased protein consumption that results in a rise in
GFR, insulin resistance increases efferent arteriolar
pressure since insulin directly reduces noradrena-
line-induced efferent arteriolar constriction. Subse-
quently, the transcapillary pressure gradient increas-
es causing hyperfiltration. Additionally, the role of
insulin is mediated through stimulation of synthesis
of IGF-1 and IGF-2, both of which promote glom-
erular hypertrophy.3

obesity which, through a cascade of biochemical,
mechanical and hemodynamic reactions, dysregu-
late normal kidney functions.1 Finally, in obesity-
induced sleep apnea, hypoxemia, hypercapnia and
systemic venous hypertension activate the sympa-
thetic nervous system, increasing the tone of the
glomerular efferent arterioles and the secretion of
renin and angiotensin. The resulting hypertension
leads to imbalanced capillary hemodynamics and
disrupts the function of the kidneys of obese pa-
tients.2 It is evident that obesity can result in renal
disease through mechanisms such as those described
above. Yet obesity per se, even in the absence or
elimination of related pathophysiologic processes,
does have an impact on the kidney and recent data
support this view.1,3

RENAL EFFECTS OF OBESITY

The renal effects of obesity are divided into two
categories, morphological and functional.

Morphological changes: Experiments in obese
animals indicated expansion of Bowman�s capsule,
cell proliferation in the glomeruli, thickening of
glomerular and tubular basement membrane and
increase in the mesangial matrix in many glomeruli
as well as the kidney size. Studies of renal structure
in obese patients have indicated either normal find-
ings or obesity related glomerulopathy (ORG),
which includes focal segmental glomerulosclerosis
(FSGS), glomerulomegaly, mesangial hyperplasia
and minimal foot process fusion, with FSGS and
glomerulomegaly being most often encountered.
Changes that resemble diabetic nephropathy, such
as focal mesangial sclerosis or focal glomeruli and
tubular basement membrane thickening, are also
observed, probably reflecting preexisting DM or glu-
cose intolerance, though most patients reported with
ORG have no other underlying conditions.2,3

Compared with idiopathic FSGS, ORG has a
lower percentage of glomeruli affected by segmen-
tal sclerosis, mainly in perihilar regions, reflecting
milder and more slowly evolving disease. Addition-
ally, ORG has a milder foot process effacement,
probably suggesting a different mechanism of
podocyte injury and almost 100% incidence of glom-
erulomegaly. Glomerulomegaly may be the only
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and proteinuria. Furthermore, leptin is associated
with adrenergic activation, rise in arterial pressure
and tachycardia, contributing to obesity related hy-
pertension and indirect kidney damage.2,5

The leptin receptor is a member of the gp130
family of cytokine receptors. It has a large extra-
celleular domain, a single transmembrane domain
and a cytoplasmic tail, varying in length in the dif-
ferent isoforms. There are at least 6 slice variant
ob-receptors[R(a-f)]. Among them, the ob-Ra vari-
ant transports leptin across the blood brain barrier
and the ob-Rb variant represents a receptor with a
long intracellular domain, necessary for intracellu-
lar signal transduction. The long isoform of the ob-
receptor is expressed in the brain, particularly in the
arcuate hypothalamic nuclei. In the peripheral tis-
sues, the long splice variant ob-Rb has been detect-
ed only in the adrenals and kidneys. In the kidneys,
ob-Rb has been found in the inner zone of the me-
dulla and the pyramid, in association with collect-
ing tubules and ducts.6,7

Experimental data: Two models in mice have been
studied with regard to serum leptin concentration
and response to exogenous leptin administration,
both of which have significantly increased amount
of fat. The first is the obese diabetic db/db mouse
which lacks the functional full-length ob-Rb recep-
tor of leptin because of gene insertion and point
mutation and which demonstrates resistance to the
action of leptin and marked hyperleptinemia. The
second is the obese ob/ob mouse which has unde-
tectable leptin levels because of mutation in the ob
gene.

Db/db mice do not respond to exogenous leptin
administration, while ob/ob mice normalize their
metabolic status after injection of leptin. They re-
duce food intake, increase energy expenditure, cor-
rect hyperinsulinemia and abnormal glucose toler-
ance, reduce NPY and increase MSH.

Obese mice of the db/db congenic strain show
long-term hyperglycemia due to severe insulin re-
sistance. The hyperglycemia in the fed state persists
despite secretion of insulin and increase in pancre-
atic b-cells. There is also evidence of mesangial
matrix expansion, a hallmark of diabetic nephropa-
thy. Mice deficient in leptin (ob/ob) have variable

The contribution of leptin: Leptin, the product of
the obesity (ob) gene, is a recently discovered cy-
tokine produced by adipocytes. In lean humans lep-
tin circulates in the blood mostly in the bound form,
while it is free in obese humans. Leptin reaches the
hypothalamus through the blood brain barrier and
exerts its actions, by decreasing appetite and increas-
ing metabolism. Although the short-length variant
receptor of this cytokine exists in all tissues, only
the full-length variant receptor in the hypothalamus
has been found to mediate the actions of leptin. The
signal transduction which takes place after leptin
binds to the hypothalamic receptors includes a de-
crease in neuropeptide Y (NPY) and alterations in
melanocortin release that affect feeding behavior
and cause satiety. The cytokine levels demonstrate
diurnal variation, rising during the night and caus-
ing less desire to eat.4

Obese patients have markedly elevated leptin
mRNA expression in subcutaneous tissue. They
show resistance to endogenous leptin because of
defective transport across the blood brain barrier,
resulting in hyperleptinemia. Consequently, appe-
tite and body weight increase. The high insulin lev-
els of obese patients directly stimulate the produc-
tion of leptin mRNA. Other factors, such as puber-
ty, female gender, IL-1, TNF-a and corticosteroids,
increase leptin secretion, while menopause, senes-
cence, fasting and exercise decrease it. On the oth-
er hand, leptin reduces insulin secretion and enhanc-
es hematopoiesis, angiogenesis, thermogenesis, di-
uresis and natriuresis. Leptin is mainly cleared by
the kidney. In end-stage renal disease, leptin levels
rise because of impaired clearance and/or increased
synthesis. Particularly when co-existent with the
abovementioned factors, like obesity, inflammation
and steroid treatment, renal failure is characterized
by hyperleptinemia that is probably responsible for
the low eating drive observed in these patients.4 In
obese patients who are at risk for developing glom-
erulosclerosis, leptin levels are elevated and possi-
bly play a role in the genesis of ORG. Animal test-
ing showed that leptin induces proliferation of glom-
erular endothelial cells, enhances glomerular TGF-
â1 expression and increases collagen type IV mRNA
production. These factors result in focal glomerulo-
sclerosis, glomerular and mesangial glucose uptake
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obesity-diabetes. Those with high insulin (>10 IU/
L) are markedly obese and have a greatly increased
number of b-cells. Those with low insulin (<1 IU/L)
have diminished adiposity, show atrophy of the is-
lets and evidence of increased b-cell neogenesis from
the ductal epithelium.8-10

The db/db mouse is characterized by hyperin-
sulinemia, hyperglycemia, increased corticosterone
and extreme obesity. It is a model of genetic diabe-
tes that develops abnormalities in renal morpholo-
gy and function that resemble those of human dia-
betic nephropathy. Since it exhibits increase in al-
buminuria and mesangial matrix production, it has
been used to study progressive diabetic renal dis-
ease.11 A short form of the leptin receptor has been
found by reverse transcription PCR in the kidney
and mesangial cells of db/db mice that lack the long
isoform of the receptor. The rise in leptin levels, as
occurs in db/db mice, may transmit a signal through
the short form of the leptin receptor, which activates
the intraglomerular TGF-â system and contributes
to the glomerulosclerosis of obesity or type II dia-
betes. Both cultured glomerular endothelial cells
and mesangial cells from db/db mice possess the Ob-
Ra receptor. In glomerular endothelial cells, leptin
stimulates cell proliferation, TGFâ1 synthesis and
type IV collagen production. In mesangial cells, lep-
tin up-regulates the synthesis of TGF-â type II re-
ceptor and increases 2-deoxy-D-glucose uptake and
type I collagen production in the renal cortex, via
phosphatidylinositol 3-kinase dependent pathways.
It appears that a paracrine interaction takes place
in which glomerular endothelial cells secrete TGF-
â, which evokes a response from mesangial cells.12

The up-regulation of TGF-â type II receptors oc-
curs as a consequence of hyperglycemia in the hy-
perinsulinemic diabetic mouse and leads to in-
creased gene expression and subsequent production
of the extracellular matrix proteins fibronectin and
type IV collagen.11

The db/db mouse shows mesangial matrix expan-
sion and glomerular basement membrane thicken-
ing as occurs in human disease. The mouse becomes
hyperglycemic by 8 weeks of age and develops overt
proteinuria by 16 weeks. When compared with the
non-diabetic model, db/db shows increased kidney
weight, mesangial matrix fraction in both inner and

outer cortices, thickening of glomerular basement
membrane with irregular distortions and multifïcal
foot process effacement of podocytes, slightly in-
creased size of mesangial cells and no difference in
the number of mesangial cells in the glomerulus.
Furthermore, db/db mice demonstrate elevated
TGF-â1 mRNA expression in glomerular and tu-
bular compartments, not in the medulla, but the frac-
tional expression of TGF-â1 protein is less than that
of the mRNA in the glomerulus, probably because
hyperinsulinemia inhibits translation of TGF-â1
mRNA to protein. In contrast, type I diabetic ani-
mals show an increase in both TGF-â1 mRNA and
protein in the glomerulus.10,11,13

Another protein, Smad 3, is found in the nuclei
of glomerular and tubular cells in diabetic mice.
When TGF�â binds to its receptors, Smad 3 is phos-
phorylated and translocates into the nucleus where
it regulates the transcription of TGF-â target genes,
like plasminogen activator inhibitor PAI-1 and type
I collagen, as well as other extracellular matrix pro-
teins. The nuclear accumulation of Smad 3 and the
nuclear protein binding to the Smad binding element
(SBE) increase in parallel with the mesangial ma-
trix expansion and glomerular hypertrophy in the
db/db mouse.14

It is significant that leptin deficiency in ob/ob mice
increases their susceptibility to endotoxic shock,
while hyperleptinemic db/db mice are more resis-
tant to lipopolysacharide toxicity and show reduced
levels of TNF-a, something that may be attributed
to high levels of free leptin cross reacting with other
cytokine receptors.15,16 Additionally, ob/ob mice show
phenotypic abnormalities in macrophages, such as
elevated mitochondrial production of superoxide
and hydrogen peroxide, increased expression of IL-
6 and COX-2 and increased COX-2 dependent pro-
duction of PGE-2, while db/db mice show impaired
NK cell function and production of IL-2.17 The above
may contribute to obesity related pathophysiology.

Leptin adminstered I.V. increases noradrenaline
turnover and sympathetic nervous system activity to
thermogenic brown adipose tissue, as well as in the
kidney and adrenals. The effects include natriure-
sis, insulin sensitization, vascular vasodilatation and
angiogenesis. Leptin given to normotensive animals
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body, including the renal system. The best thera-
peutic approach is weight reduction and correction
of the underlying pathology before irreversible dam-
age is established. Therapy with ACE inhibitors has
proven to be effective, while leptin remains a prom-
ising field for investigation. Today the proper phys-
ical and psychological approach remains the key that
will help an obese patient to achieve health balance.
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