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Introduction
The prevalence of obesity (body mass index, BMI ≥ 30 kg/m2) has risen to epidemic
proportions and continues to be a major health problem worldwide 1–3. The high prevalence
of obesity is closely linked to the increased incidence of a number of chronic diseases,
including type 2 diabetes, hypertension and cardiovascular disease 2, 4–8. Obesity, as well as
type 2 diabetes, hypertension and cardiovascular disease are all risk factors for chronic
kidney disease (CKD) and end-stage renal disease (ESRD) 9–13, inasmuch as the presence of
one or more of these risk factors multiplies the overall risk for disease development and
progression (Figure 1). In addition, evidence suggests that obesity may also increase the risk
of and ESRD independent of type 2 diabetes and hypertension 14–1616. However, the precise
mechanisms by which obesity independently, or in concert with type 2 diabetes and
hypertension contributes to the development and/or progression of CKD and ESRD are not
completely understood.

The two leading causes of ESRD are type 2 diabetes and hypertension, which together
account for over 70% of patients with ESRD 17–18. Since the growing prevalence of obesity
is a major driving force for the continued increase in the prevalence of type 2 diabetes 7, 19,
it is often difficult to dissect out the individual contribution of either obesity, type 2 diabetes
or hypertension to the development of ESRD. In fact, the pathophysiology of type 2
diabetes-related renal disease (i.e. diabetic nephropathy) and obesity-related renal disease
are almost identical. Indeed, they both evolve in a sequence of stages beginning with initial
increases in glomerular filtration rate (GFR) and intraglomerular capillary pressure (PGc),
glomerular hypertrophy and microalbuminuria 20–21. Elevated systolic blood pressure
further exacerbates the disease progression to proteinuria, nodular glomerulosclerosis and
tubulointerstitial injury and a decline in GFR leading to ESRD 22–23. Diabetes- and obesity-
related renal disease also have common initiating events which include interactions among
multiple metabolic and hemodynamic factors which activate common intracellular signaling
pathways that in turn trigger the production of cytokines and growth factors, leading to renal
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disease. The purpose of this review is to provide perspectives regarding the mechanisms by
which obesity may lead to ESRD and to discuss prevention strategies and treatment for
obesity-related renal disease.

Epidemiology of obesity and diabetes-related kidney disease
Prevalence of Obesity and type 2 diabetes

Based on the most recent report from the National Health and Nutrition Examination Survey
(NHANES) examining obesity prevalence among U.S. adults, adolescents, and children,
more than one-third of adults and almost 17% of children and adolescents were obese in
2009–2010 24–25. Interestingly, while there has been a significant increase in obesity
prevalence among men and boys over the last decade, no changes were seen among women
and girls. With the prevalence of obesity being 35.5% among adult men, 35.8% among adult
women and 16.9% amongst children and adolescents of both sexes, the Healthy People 2010
goals of 15% obesity among adults and 5% obesity among children are far from being met.

Similar to obesity, the global prevalence of type 2 diabetes has more than doubled in the last
30 years and is predicted to continue to rise at an alarming rate. According to the World
Health Organization, in 2008, almost 350 million people worldwide have diabetes, 90% of
which are type 2 diabetic 26. While the major driving force for the increase in the prevalence
of type 2 diabetes is obesity, other factors, including genetic and environmental are also
important contributors to the development of type 2 diabetes. Accumulating evidence
suggests that this markedly high prevalence of both obesity and type 2 diabetes contribute to
the increased incidence of chronic diseases, including CKD and ESRD 9–13.

Obesity, diabetes and chronic kidney disease
Obesity is a well recognized risk factor for both type 2 diabetes and hypertension, which are
leading causes of both CKD and ESRD 27. Analysis of data from the Framingham Heart
study which included over 2,600 patients with no CKD at baseline showed an increased risk
of developing stage 3 CKD in obese (BMI ≥ 30 kg/m2), but not overweight (BMI 25–30 kg/
m2) patients after 18.5 years of follow-up 9. However, this relationship was no longer
significant after adjustment for known cardiovascular disease risk factors, including diabetes
and hypertension. Numerous other studies have also demonstrated that the association
between obesity and CKD is mediated though risk factors including diabetes, hypertension
and other elements of the metabolic syndrome 10, 16, 28–30.

While studies clearly indicate that the high risk of obesity-related CKD is driven by diabetes
and hypertension, there are a number of other studies that suggest that obesity can lead to the
development of CKD independently of either diabetes or hypertension. Specifically, the data
from the Hypertension Detection and Follow-Up Program show that the incidence of CKD
after a 5 year follow-up, in a cohort of 5897 patients with hypertension and no CKD at
baseline, was 28% in patients with normal BMI, 31% in overweight patients and 34% in
obese patients 16. This risk for CKD persisted in the overweight and obese patients even
after adjustment for covariates, including type 2 diabetes, suggesting that obesity increases
the risk of CKD independent of type 2 diabetes. Further supporting the notion that obesity
increases the risk of CKD independent of diabetes and hypertension is the Physician’s
Health Study, a large cohort of initially healthy men, in which BMI was associated with
increased risk for CKD over 14 years 31. Furthermore, in 74,986 prehypertensive individuals
participating in the first Health Study in Nord-Trøndelag study in Norway, the risk of CKD
over 21 years was shown to increase dramatically with obesity 32. In addition to increasing
the risk of CKD, obesity has also been suggested to have a higher rate of decline of GFR and
progress faster to ESRD 33.
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Obesity, diabetes and ESRD
Several studies have shown that increased BMI is an independent risk factor for ESRD. In a
cohort of 320,252 adult patients of Kaiser Permanente that were followed for 15–35 years,
BMI was found to be a strong and common risk factor for ESRD 10. This relationship
between BMI and ESRD persisted even after controlling for baseline blood pressure and
diabetes. Similarly, in a population-based, case-control study in Sweden, obesity was shown
to be an important and potentially preventable-risk factor for ESRD 11. This study also
showed that the coexistence of obesity and diabetes doubled the risk of new onset kidney
disease. One study compared the temporal trends in mean BMI and obesity prevalence
among incident ESRD by year of dialysis initiated between 1995 and 2002, and these trends
were compared with those in the US population during this same period 34. This study found
that among incident patients with ESRD, mean BMI at the start of dialysis increased from
25.7 to 27.5 kg/m2, and total obesity and stage 2 obesity increased by 33 and 63%,
respectively. The slope of mean BMI at initiation of dialysis over the 8 years of follow-up
was ~2-fold higher in the incident ESRD population compared with the US population for
all age groups 34.

In contrast to the vast majority of studies suggesting that obesity is a risk factor for CKD and
ESRD, some studies have reported that high BMI is associated with greater survival in
patients on maintenance hemodialysis 35–36. This phenomenon, commonly referred to as the
“obesity paradox” reasons that in patients receiving long-term hemodialysis, larger body
size (i.e. larger BMI) with more muscle mass (i.e. higher serum creatinine concentration) is
associated with greater survival. These observations indicate that it’s the increase in muscle
mass, rather than increase in total body weight that confers protection, suggesting that BMI
may not always be the most reliable index of CKD risk, at least in certain patient
populations. Indeed, other studies indicate that visceral or central obesity, but not BMI is
associated with incident CKD 37 and increased cardiovascular disease in CKD patients 38.
Thus, it is conceivable that overall weight loss with a concomitant increase in muscle mass
may be an effective treatment strategy in preventing obesity-associated CKD and ESRD.

Pathophysiology of obesity and diabetes-related kidney disease
Obesity-related, similar to diabetes-related renal disease, is associated with physiological,
anatomical and pathological changes in the kidney (Figure 2). Both obesity and diabetes
renal disease evolve in a sequence of stages beginning with initial increases in GFR and PGc,
glomerular hypertrophy and microalbuminuria 20–21. Elevated systolic blood pressure
further exacerbates the disease progression to proteinuria, nodular glomerulosclerosis and
tubulointerstitial injury and a decline in GFR leading to ESRD 22–23. Furthermore, both
obesity- and diabetes-related renal disease also share common initiating events which
include interactions among multiple metabolic and hemodynamic factors which activate
common intracellular signaling pathways that in turn trigger the production of cytokines and
growth factors, leading to renal disease (Figure 3).

Obesity, diabetes and glomerular hemodynamics
Experimental studies in diet-induced obese dogs and genetically-induced obese rats show
that one of the earliest changes in renal hemodynamics in response to the obese state is
glomerular hyperfiltration. Specifically, dogs fed a high fat diet for only 5–6 weeks and
obese Zucker rats show an increase in GFR 39–40. These changes in GFR are reversible, at
least in the obese Zucker rats, in which food restriction and was associated with attenuation
of glomerular hyperfiltration, possibly due to decreased protein intake or overall weight
loss 40. These observations in experimental models have also been confirmed in obese
humans. Studies have shown that obese individuals exhibit around 50% higher GFR
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compared with lean individuals 41. While there is still some debate as to the mechanisms
underlying obesity-related glomerular hyperfiltration, the most likely explanation is
increased sodium reabsorption by the proximal tubule or loop of Henle, leading to
tubuloglomerular feedback (TGF)-mediated reduction in afferent arteriolar resistance,
increased PGc and thus increased GFR 42. This TGF-driven dilation of afferent arterioles and
resultant impairment of renal autoregulation, in turn, allows increases in blood pressure to be
transmitted to the glomerulus causing further increases in PGc and subsequent glomerular
injury 43. This may especially be important in individuals with reduced nephron number in
which there is a greater risk of enhanced glomerular blood pressure transmission due to the
substantially greater preglomerular vasodilation 43. There is also evidence for the increased
activation of the renin-angiotensin-aldosterone system (RAAS) and increased renal
sympathetic tone as important stimuli for increased sodium reabsorption exacerbating the
renal hemodynamic changes associated with obesity 44–46.

It is generally thought that the initial increase in GFR associated with obesity likely serves
as an early compensatory response that allows for restoration of salt balance despite
continued increases in tubular reabsorption. However, over long-term, glomerular
hyperfiltration may contribute to the development of renal injury, especially if combined
with hypertension. Supporting this notion are studies showing that weight loss reduces
glomerular hyperfiltration and subsequent renal injury 41, 47.

Similar to obesity-associated glomerular hyperfiltration, renal vasodilation and increases in
GFR and PGc also characterize early stages of diabetes-associated renal disease 48. Although
the precise mechanisms underlying diabetes-associated glomerular hyperfiltration remain
inconclusive, it is thought that mechanisms similar to those occurring in obesity drive the
initial increase in GFR. Specifically, reduced delivery of salt to the macula densa, as a
consequence of increased proximal reabsorption of glucose and sodium, reduces afferent
arteriolar resistance leading to increased PGc and GFR via attenuated TGF 49–51. In addition,
afferent vasodilation and efferent vasoconstriction in response to circulating or locally
formed vasoactive factors (e.g. angiotensin II (Ang II) and endothelin) produced in response
to hyperglycemia or shear stress are also believed to contribute to the development of
diabetes-associated glomerular hyperfiltration 52–53.

Interestingly, while the majority of studies suggest that the mechanisms underlying
glomerular hyperfiltration due to obesity and diabetes are similar, there is some evidence to
suggest that hyperglycemia and obesity may have at least partially additive effects on
glomerular hemodynamics. Since both obesity and diabetes co-exist with elements of the
metabolic syndrome, including hypertension, it is often difficult to separate the effects of
each element on glomerular hemodynamics and progression of renal injury, at least in
humans. Experimental studies however provide some mechanistic insights. Specifically,
mice lacking the gene for the melanocortin-4 receptor are obese, hyperinsulinemic and
hyperleptinemic but normotensive at 55 weeks of age and exhibit moderately increased GFR
compared with their wild-type counterparts 54. However, when rendered hypertensive via
treatment with N(G)-nitro-L-arginine methyl ester (L-NAME), they develop prominent
glomerular hyperfiltration, suggesting that increases in blood pressure may exacerbate
obesity-related increases in GFR. These data support the concept of a synergistic effect of
various components of obesity, metabolic syndrome, diabetes and hypertension on
glomerular hemodynamics.

While early stages of both obesity- and diabetes-related renal disease are characterized by
glomerular hyperfiltration, one of the hallmarks of advanced stages of the disease is the
decline in GFR. Unlike studies examining the mechanisms underlying glomerular
hyperfiltration, much less is known about the mechanisms underlying the decline in GFR
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characteristic of advanced diabetic and obesity-related nephropathy. The main reason for
this lack of knowledge is the lack of appropriate experimental models that mimic the
advanced stages of the disease: the majority of experimental models of obesity- or diabetes-
related renal injury never really develop overt nephropathy and are in a permanent state of
glomerular hyperfiltration. However, the existing evidence suggests that obesity and
diabetes are states of low-grade inflammation and oxidative stress, both of which may lead
to kidney damage, progressive loss of nephrons and decline in GFR over time. In addition,
hyperlipidemia has been linked to reduced GFR associated with advanced diabetic
nephropathy. Several clinical studies have demonstrated the importance of lipid control in
preserving GFR in patients with diabetes 55. However, additional studies are warranted to
examine whether beneficial effects of lipid lowering in diabetes- and obesity-related
nephropathy are due to improvement in the lipid profile or more direct renoprotection.

Hypertension as a driving force for obesity- and diabetes-related kidney disease
The nearly linear relationship between BMI and blood pressure in diverse populations
throughout the world 35, 56–58 has led to the notion that obesity contributes to the
development of hypertension. Indeed, numerous clinical, population and basic research
studies have shown that visceral obesity, the main driver of type 2 diabetes, raises blood
pressure 59–60. Data from the Framingham Heart Study as well as other population-based
studies indicate that excess weight gain may account for as much as 78 percent of primary
(essential) hypertension in men and 65 percent in women 61–62. In addition, obese
individuals have a 3.5-fold increase in the risk for developing hypertension 56, 63.
Furthermore, clinical studies also indicate that weight loss reduces blood pressure in most
hypertensive subjects and is effective in primary prevention of hypertension 60. Discussing
the mechanisms underlying obesity-driven hypertension is beyond the scope of this review,
but accumulating evidence suggest that physiological, environmental as well as genetic
factors all contribute to obesity-related hypertension 64. Given that the focus of this review
is contribution of obesity to development of renal disease, the question that will be asked is
how does obesity-related hypertension lead to the development of renal disease?

Several studies have suggested that visceral (but not subcutaneous) obesity induces
hypertension, initially by increasing renal tubular sodium reabsorption and causing a
hypertensive shift of renal-pressure natriuresis via activation of multiple pathways including
the sympathetic nervous system and the RAAS 39, 64–65. In addition, physical compression
of the kidneys due to visceral obesity has also been suggested to contribute to the increase in
blood pressure, at least in some experimental models 39. This increase in blood pressure,
alongside increases in PG, and GFR (discussed below), and other metabolic abnormalities
(e.g. dyslipidemia, hyperglycemia) all likely interact to contribute to the initial renal insult.
Interestingly, a similar sequence of events has been proposed to contribute to renal injury in
the setting of type 2 diabetes, independent of obesity, suggesting that hypertension plays a
major role in obesity as well as diabetes-associated renal disease. Hypertension, in addition
to contributing to the initial development of renal injury is also an important factor in the
disease progression. Indeed, progressive renal injury only occurs when hypertension is
superimposed on obesity or diabetes 54. The importance of tight blood pressure control for
treating diabetic nephropathy is recognized in current guidelines, with a recommended target
of blood pressure less than 130/80 mmHg 66. Finally, several studies have shown clear
renoprotection with respect to slowing progression of nephropathy in patients with type 2
diabetes via blood pressure lowering 67–71.

Obesity, diabetes and albuminuria
The earliest clinical manifestation of obesity- and diabetes-related renal injury is
microalbuminuria (30–300 mg/day) which, over time, can progresses to overt proteinuria
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(300–3000 mg/day) 72–74. Microalbuminuria, in turn, signifies increased risk of progression
to ESRD and cardiovascular disease 74. Studies in both non-diabetic and diabetic overweight
individuals have shown that increases in urine albumin excretion strongly correlate with
increases in body weight and other markers of obesity, including BMI, waist circumference
and waist-to-hip ratio 75–78. In the Prevention of Renal and Vascular End stage Disease
(PREVEND) study the prevalence of microalbuminuria, in both lean and obese individuals,
correlated with central obesity even after correction for confounding variables 79. Further
supporting the notion of a direct correlation between BMI and microalbuminuria is the
retrospective analysis of the database of a population study showing that the prevalence of
microalbuminuria increased from 9.5% in men with normal BMI to 18.3% in overweight
and 29.3% in obese men 77. In a cross-sectional study in a cohort of African-Americans,
microalbuminuria was most prevalent in patients with newly diagnosed type 2 diabetes and
was independently associated with BMI 78. Others have shown that even moderate weight
reduction in patients with type 2 diabetes with proteinuria, reduces urine protein excretion
by approximately 30% 80. Furthermore, weight reduction achieved through either dietary
caloric restriction or bariatric surgery has been shown to attenuate progression of proteinuria
in obese non-diabetic individuals 81–82.

The development of microalbuminuria, in either non-diabetic or diabetic subjects was
traditionally thought to result from damage to the glomerular filtration barrier as a
consequence of increases in blood pressure which is transmitted to the glomeruli, raising
PGc and GFR. In addition, in the setting of diabetes, hyperglycemia-associated inflammation
and oxidative stress have all been shown to contribute to the damage of the glomerular
filtration barrier, contributing to the increased leakage of protein across the membrane
leading to the development of albuminuria 72. In the setting of obesity, cytokines including
adiponectin have been suggested to play a role in the development of albuminuria.
Specifically, the adiponectin knockout mouse exhibits increased baseline albuminuria and
podocyte foot process effacement, suggesting that adiponectin regulates podocyte function
and thus contribute to the initial development of albuminuria 83. Apart from the
“glomerulocentric” view of the origin of albuminuria, a more recent theory on the
mechanisms of albuminuria, especially in the setting of diabetes is that the diabetic milieu
also impairs proximal tubular reabsorption of albumin leading to increased urine albumin
excretion 84.

Obesity, diabetes and glomerulopathy
Accompanying the hemodynamic changes, the early stage of obesity is associated with up to
a 40% increase in kidney weight 39, 85. Histologically, the “obese” kidney is characterized
by glomerulomegaly, mesangial expansion and podocytopenia leading to focal segmental
glomerulosclerosis 43, 86–87. These features, which precede overt renal insufficiency, have
been observed in biopsies from obese humans 88 and experimental models of obesity-related
kidney disease, namely the obese Zucker rat 89–90 and the high-fat fed dogs 39. However, the
degree of glomerulosclerosis appears to be highly variable amongst different experimental
models and obese individuals 91 and some studies indicate that some obese individuals do
not even develop glomerulosclerosis, despite the glomerulomegaly 87. A review of native
6818 renal biopsies indicate that obesity-related glomerulopathy is characterized by lesser
segmental sclerosis, less podocyte effacement but more glomerulomegaly compared with
idiopathic glomerulosclerosis 91. However, despite the less pronounced glomerular lesions
in obesity-related glomerulopathy, the long-term prognosis of the disease is just as poor. It
has been reported that the probabilities of renal survival are 77 and 51% at 5 and 10 years,
respectively 92 and that nephron number may play a significant role in the renal
prognosis 93. Specifically, in patients with unilateral renal agenesis, the decline in renal
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function is most pronounced in obese patients, suggesting that obesity accelerates renal
dysfunction in patients with severe reductions in renal mass 93.

Similar to obesity-related glomerulopathy, early diabetic nephropathy is accompanied by
hyperfiltration and microalbuminuria. Histologically, the diabetic kidney exhibits
glomerular hypertrophy, widening of the glomerular basement membrane, mesangial
expansion, podocytopenia leading to nodular (Kimmelstiel-Wilson) glomerulosclerosis and
tubulointerstitial fibrosis 22. Thus, given the similarities in the histological appearance of the
renal lesions from diabetic and obese subjects, it is not surprising that the mechanisms
underlying these changes bare many similarities.

Mechanisms of obesity- and diabetes-related glomerulopathy
Obesity (i.e. visceral adiposity) and diabetes (hyperglycemia) both promote a low grade
inflammatory state and are associated with infiltration of macrophages into the kidney. The
infiltrated macrophages, in turn, become a source of a whole host of proinflammatory
mediators such as tumor necrosis factor-α (TNF-α), interleukin-6 (IL-6), C-reactive protein
(CRP), monocyte chemoattractant protein-1 (MCP-1) and macrophage migration inhibitory
factor 94–95. In addition, visceral fat releases adipokines such as adiponectin and leptin into
the circulation which also play a role in the pathophysiology of renal injury 95. Apart from
adipokines and inflammatory mediators, vasoactive peptides, such as angiotensin II (Ang II)
also contribute to obesity- and diabetes-associated glomerulopathy.

Adiponectin—Obese humans are characterized by consistently low circulating adiponectin
levels. However, in patients with CKD and ESRD due to obesity or diabetes, adiponectin
levels are increased, possibly due to impaired renal function 96–97. Experimental studies
have shown that genetic deletion of adiponectin is associated with albuminuria and podocyte
effacement, which were further exacerbated by diabetes 98. Treatment of these mice with
exogenous adiponectin results in normalization of albuminuria, improvement of podocyte
foot process effacement, increased glomerular AMPK activation, and reduced urinary and
glomerular markers of oxidative stress 83. These observations suggest that adiponectin may
have a renoprotective effect.

Leptin—While the primary action of leptin is to act on the satiety center to limit food
intake, leptin has also been linked to renal disease. Circulating leptin levels are increased in
CKD and in patients on hemodialysis 99–100. Leptin levels are also typically elevated in
obese individuals. Mice overexpressing leptin have more renal disease than leptin deficient
mice 101. Long-term infusion of recombinant leptin in rats is associated with proteinuria,
increased expression of extracellular matrix proteins (collagen type IV), transforming
growth factor-beta (TGF-β) and other pro-inflammatory cytokines, macrophage infiltration
and glomerulosclerosis 102. These observations suggest that, unlike adiponectin, leptin
promotes the development of renal injury in both obese and lean subjects.

Inflammatory markers—Both obesity and diabetes are characterized by increased levels
of circulating cytokines, including TNF-α and IL-6 103–104, and markers of inflammation
are inversely associated with measures of kidney function and positively with albuminuria.
It is thought that the major source of pro-inflammatory cytokines in obese and diabetic
subjects that directly contribute to renal injury are infiltrated macrophages 101. In addition,
renal parenchyma has also been shown to release proinflammatory cytokines in response to
hyperglycemia or locally active vasoactive peptides, such as Ang II 105. Once released, these
pro-inflammatory mediators contribute to a low grade chronic inflammatory state that
contributes to obesity- and diabetes-associated glomerulopathy. In particular, TNF-α has
been shown to reduce the expression of key components of the slit diaphragm, nephrin and
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podocin, thus contributing to podocytopathy 106. Similarly, IL-6 promotes the expression of
adhesion molecules and subsequent oxidative stress 107, while blocking the IL-6 receptor
prevents progression of proteinuria, renal lipid deposition as well as mesangial cell
proliferation associated with severe hyperlipoproteinemia 108. Thus, there is strong evidence
for the contribution of inflammation in obesity- and diabetes-associated renal disease.

Other factors—While several vasoactive peptides have been implicated in the
pathogenesis of obesity- and diabetes-associated glomerulopathy, the most prominent, and
certainly the best described vasoactive hormonal pathways is the RAAS, with Ang II being
the most biologically active component. Both obesity and persistent hyperglycemia are
associated with an upregulation in the intrarenal RAAS 109–110. Activation of the RAAS
leads to both hemodynamic and cellular effects. Ang II leads to increases in efferent
arteriolar vasoconstriction and glomerular pressure, sodium retention and cell
proliferation 111–113. On a cellular level, Ang II activates protein kinase C (PKC) and MAP
kinase (MAPK) and transcription factors such as nuclear factor-κB that lead to the alteration
in gene expression of a number of growth factors and cytokines including TGF-β. TGF-β, in
turn, promotes podocyte apoptosis, mesangial cell proliferation and extracellular matrix
synthesis, cellular events that are important in the development of obesity- and diabetes-
associated glomerulopathy 114.

While there are many similarities between the “obese” and “diabetic” kidney, there are some
features unique to obesity in the absence of diabetes. Kidneys of obese individuals
frequently exhibit glomerular/mesangial lipid deposits (foam cells), supporting the concept
of lipotoxicity, i.e. lipid-induced renal injury. This lipid accumulation in the glomerulus then
leads to the upregulation of sterol-regulatory element-binding proteins (SREBP-1 and 2),
which, in turn, promote podocyte apoptosis and mesangial cell proliferation and cytokine
synthesis 115.

Conclusions
Obesity and diabetes are major causes of CKD and ESRD, and are thus enormous health
concerns worldwide. Both obesity and diabetes, along with other elements of the metabolic
syndrome including hypertension are highly interrelated and contribute to the development
and progression of renal disease. Studies show that multiple factors act in concert to initially
cause renal vasodilation, glomerular hyperfiltration and albuminuria, leading to the
development of glomerulopathy. The co-existence of hypertension contributes to the disease
progression, which, if not treated, may lead to ESRD. While early intervention and
management of body weight, hyperglycemia and hypertension are imperative, novel
therapeutic approaches are also necessary to reduce the high morbidity and mortality
associated with both obesity- and diabetes-related renal disease.
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Key Points

• The prevalence of obesity has risen to epidemic proportions and continues to be
a major health problem worldwide.

• The high prevalence of obesity is closely linked to the increased incidence of a
number of chronic diseases, including type 2 diabetes, hypertension and
cardiovascular disease.

• Obesity, as well as type 2 diabetes, hypertension and cardiovascular disease are
all risk factors for chronic kidney disease (CKD) and end-stage renal disease
(ESRD).

• The mechanisms by which obesity independently, or in concert with type 2
diabetes and hypertension contributes to the development and/or progression of
ESRD are not completely understood.
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Figure 1. Clustering of risk factors for obesity-related renal disease
Obesity, type 2 diabetes (T2DM), hypertension (HT) and cardiovascular disease (CVD) are
all risk factors for chronic kidney disease (CKD) and end-stage renal disease (ESRD). The
presence of one or more of these risk factors multiplies the overall risk for disease
development and progression.
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Figure 2. Interaction between metabolic and hemodynamic pathways in the pathophysiology of
obesity-and diabetes-related renal disease
Abbreviations: SNS: sympathetic nervous system; RAAS, renin angiotensin aldosterone
system; PGc, intraglomerular capillary pressure.
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Figure 3. Mechanisms of obesity-related glomerulopathy
Abbreviations: TNF-α: tumor necrosis facor-α; IL-6, interleukin-6 system; CRP, C-reactive
protein; CRP, MCP-1, monocyte chemoattractant protein-1; RAAS, renin angiotensin
aldosterone system.

Maric-Bilkan Page 18

Med Clin North Am. Author manuscript; available in PMC 2014 January 01.

$w
aterm

ark-text
$w

aterm
ark-text

$w
aterm

ark-text


