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Abstract Body mass index has been found to be the second
most important contributor to relative risk for developing end
state renal disease (ESRD), after proteinuria. The impact of
obesity on the kidney includes a wide spectrum, from charac-
teristic pathologic lesions to increment in urinary albumin
excretion (UAE) and proteinuria/or decrease in glomerular
filtration rate (GFR). The cause of renal disease associated
to obesity is not well understood, but two relevant elements
emerge. The first is the presence of obesity-related glomeru-
lopathy, and the second is the fat deposit in the kidney with
impact on renal haemodynamics and intrarenal regulation.
The mechanisms linking obesity and renal damage are com-
plex and include haemodynamic changes, inflammation, oxi-
dative stress, apoptosis, and finally renal scarring. The protec-
tion of kidney damage needs to combine weight reduction
with the proper control of the cardiometabolic risk factors
associated, hypertension, metabolic syndrome, diabetes and
dyslipidaemia. The search for specific treatments merits future
research.

Keywords Obesity . Proteinuria . Chronic kidney disease .

Obesity glomerulopathy . Perivascular fat

Introduction

Overweight [body mass index (BMI)=25.0–29.9 kg/m2] and
obesity (BMI≥30.0 kg/m2), which have reached epidemic
levels worldwide, are a widespread condition with an ever-
increasing prevalence. In Westernised societies, it is currently
estimated that 35 % of the population, and 50 % of those over
50 years of age, are overweight or obese [1•]. These figures
are of great medical concern since obesity is a risk factor for a
wide range of conditions and it is associated with comorbid
diseases. In adults without clinical cardiovascular disease
(CVD), increased BMI constitutes a risk factor attributable
to the clustering of factors such as hypertension, diabetes,
and dyslipidaemia [2]. In the absence of previous CVD, how-
ever, many studies have shown that BMI has less predictive
value for CVD compared with anthropometric indices of ab-
dominal adiposity, such as waist-to-hip ratio (WHipR) or
waist circumference (WC) [3–13]. Likewise, the clustering
of metabolic abnormalities around insulin resistance and/or
abdominal obesity, the so-called metabolic syndrome, is asso-
ciated with high risk of CVD, which results from the impact of
each of the components [14].

Over the last years, besides the importance of obesity in the
prevalence of CVrisk factors and in the risk for cardiovascular
disease, the impact on the kidney has received attention. This
was in part due to the recognition that the presence of chronic
kidney disease (CKD), in which obesity seems to play an
important role, increases morbidity and mortality beyond the
traditional CV risk factors [15, 16]. The impact of obesity on
the kidney includes a wide spectrum, from characteristic path-
ologic lesions to increment in urinary albumin excretion
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(UAE) and proteinuria/or decrease in glomerular filtration rate
(GFR), what today is considered chronic kidney disease
(CKD). The epidemiology, pathologic lesions, mechanisms,
and consequences of overweight and obesity in the kidney are
reviewed.

Epidemiology

The relationship between renal damage and obesity needs to
be considered in the frame of the increased relevance of CKD
as a mortality and cardiovascular risk condition [15]. A pro-
gressive increment of CKD in recent years has been
recognised, although this has not been the case in all countries.
Data from the USA shows that the prevalence of CKD stages
1 to 4 has increased from the 1988–1994 period to the 1999–
2004, 10 % and 13.1 %, respectively [17]. A progressive rise
in the prevalence of diabetes and hypertension has been
claimed as the cause of the increment, in which overweight
and obesity play an important role. In contrast, in the UK, the
prevalence of eGFR<60 ml/min/1–73 m2 decreased within
age and gender groups, except in men aged 65–74 years be-
tween 2003 and 2010 [18]. This reduction occurred despite
the increment of obesity and diabetes in the population, al-
though the prevalence and control of hypertension have
improved.

Besides the potential impact of these traditional CV risk
factors on the increased risk of CKD, recent epidemiological
studies emphasise the direct role of overweight and obesity in
producing kidney injury. Obesity is not only related to renal
damage, but the kind of obesity is also relevant, as well as the
presence of metabolic syndrome. The relationship between
BMI and CKD has been analysed in several cross-sectional
studies. In general, a positive relationship was observed that
was more evident in men as compared to women, although a
higher prevalence of CKD in very obese women has been
identified. Likewise, a higher rate of GFR decline in obese
women as compared to men has been described [19]. In lon-
gitudinal studies, however, there were more discrepancies in
the results. While some studies have shown that a higher base-
line BMI can predict future CKD [20, 21], others did not
confirm the association [22, 23].

Due to the fact that the incremental renal risk is derived
from mechanisms linked to the presence of visceral fat,
markers of this can give a better risk relationship than BMI
[24]. Waist and hip ratio, and waist circumference and waist-
to-height ratio, an index of visceral adiposity [25], have been
linked to risk of CKD.

In the clinical spectrum of metabolic abnormalities associ-
ated with obesity, the Bmetabolic healthy obese^ (MHO) and
the metabolic syndrome (MetS) are the extremes. The associ-
ation of increased risk for CKD in these two conditions has
been analysed. MHO seems to be a condition in which the risk

for metabolic, vascular, and renal damage is very low, al-
though it probably represents the first stage of the process. If
visceral fat is measured with more precise methods than BMI
or waist circumference, the amount of visceral fat is similar to
the amount observed in subjects with metabolic abnormalities,
and many of these subjects will progress to overt metabolic
abnormalities. Only the presence of some adipokines or
hepatokines allows differentiating those MHOwith more risk.

MetS, the other extreme of the clinical spectrum, as an
independent risk factor for CKD, as has been demonstrated
in cross-sectional, cohort-based studies and in a meta-analysis.
This increment in risk, around 50 %, is present regardless of
age, gender, and other potential confounders. A meta-analysis
of 11 studies reported a 55 % increment in the risk to have
eGFR <60 ml/min/1.73 m2, an increment in risk that was
present even in the absence of diabetes [26, 27••, 28, 29].

The relevance of obesity in renal damage is further rein-
forced when the impact on end-stage renal disease (ESRD) is
evaluated. After proteinuria, body mass index was found to be
the second most important contributor to relative risk for de-
veloping ESRD among all subjects who were registered as
patients and followed for 27–36 years in a large epidemiolog-
ical study [30].

Finally it is worth commenting on the potential overesti-
mation of CKDwhen Cystatin C, and the derived formulas are
used compared to the creatinine-derived equations in obese
subjects. BMI may influence the estimated prevalence of
stages 3 and 4 CKD, overestimating them when the MDRD
equation is compared to cystatin C-derived equation [31].

Pathology

Two relevant elements emerge as central in the pathology of
kidney in the presence of obesity. The first is the presence of a
characteristic lesion in the glomerulus, the obesity-related glo-
merulopathy, and the second is the relevance of fat deposit in
the kidney with impact on the renal haemodynamics and
intrarenal regulation. Likewise, lipid loading of tubular cells
also produces functional alterations and predispose to renal
scarring.

Obesity-Related Glomerulopathy

Described in severely obese subjects with nephrotic syn-
drome, it is characterised by glomerulomegaly and secondary
focal glomeruloesclerosis [32, 33]. Obesity-related glomeru-
lopathy has emerged as a distinct pathologic variant of focal
segmental glomerulosclerosis, increasing the number of sub-
jects diagnosed in parallel with the obesity epidemic. In addi-
tion to the sclerosed glomeruli, glomerulomegaly with
mesangial proliferation, matrix accumulation, and a decreased
density of more focally effaced and hypertrophied podocytes
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with milder foot process fusion are characteristic features
[34••]. Clinically, it can be differentiated from the idiopathic
form by its slower progression of proteinuria and renal insuf-
ficiency and lower incidence of nephrotic syndrome [35].

Other features that can be observed associated to MetS are
higher prevalence of tubular atrophy, interstitial fibrosis, and
arterial sclerosis [36].

Podocyte Damage

When weight is gained, the renal mass and glomerular diam-
eter increase. This produces the necessity for podocytes to
enlarge their processes in order to cover the expanded area.
The expansion can cause podocyte detachment and the con-
sequent loss in protein selectivity as well as formation of de-
nuded areas, which trigger matrix deposition and more
podocyte damage with the final result of glomerulosclerosis
[37, 38].

Perivascular Fat Deposits

The perivascular and intracellular fat deposit in the kidney
related to obesity and the metabolic abnormalities have
different significance and clinical relevance. Perivascular
fat in the renal sinus appears to participate in vascular
function, modifying the blood flow in the underlying ar-
teries. Some studies have demonstrated that the accumu-
lation of perivascular fat is associated with exercise-
induced albuminuria, independent of visceral fat [39]. In
the same sense, the renal data of the Framingham Heart
Study identifies a relationship between the renal sinus fat
and the risk of CKD [40••].

Intracellular Lipid Load

Renal samples from patients with obesity-related
glomerulosclerosis demonstrated the presence of intracellular
lipid deposits in mesangial, podocytes, and tubular cells. In
the mesangial cells, the lipid load produces structural damage
and loss of function in maintaining the integrity of the capil-
lary loops. In the podocytes, lipid loading produces metabolic
abnormalities of insulin and apoptosis, while in the tubular
cells, accumulation of NEFA-bound albumin leads to atrophy
and interstitial fibrosis [41].

Mechanisms

The mechanisms leading to the structural abnormalities de-
scribed above, the high prevalence of CKD or the increment
in the rate of GFR decline in obesity, are complex and are in
part related to the effect of obesity-associated cardiometabolic
risk factors and their final effector mechanisms. Hypertension,

diabetes, dyslipidaemia, and insulin resistance, alone or in
clusters, largely contribute to renal damage through multiple
effectors, adipokines, lipids, RAAS, SNS, inflammation, oxi-
dative stress, apoptosis, and finally renal scarring [42•]
(Fig. 1).

Haemodynamic Changes

The haemodynamics of kidneys in humans have been
analysed indirectly by the assessment of GFR and estimated
renal plasma flow (ERPF) and the derived filtration fraction
(FF). GFR can be assessed by applying equations or by the
calculation of creatinine clearance but overestimates the
values in the highest BMI ranges as compared to 125I-
iodothalamate, a direct reliable method to assess GFR. Esti-
mated renal plasma flow is calculated using para-amino-
hippuric acid or hippuran. Several studies have demonstrated
that the FF was increased in proportion to BMI due to the
hyperperfusion associated to obesity. The increase in FF is
related not only to BMI but also to the body fat distribution,
with a higher impact of the waist-hip ratio at the same BMI.
Whether the increment in the FF occurs only in the presence of
hypertension is a matter of discussion [43]. The increment in
FF can be reverted by losing weight, dietary salt restriction,
and blockade of the renin-angiotensin system [44–46].

The haemodynamic changes can affect sodium and volume
management and contribute to renal damage. The high FF
increases tubular sodium reabsorption with the consequent
volume expansion and a salt-sensitive state. Whether or not
this contributes to accelerate the rate of GFR decline is not
well established.

Insulin Resistance

Insulin resistance produces renal damage through changes in
renal haemodynamics, releasing inflammatory cytokines and
increasing renal endoplasmic reticulum stress. Kidney

Fig. 1 Mechanisms of renal damage in obesity
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damage includes glomerular hyperfiltration, endothelial dys-
function, increased vascular permeability, increased glomeru-
lar capillary pressure, protein traffic, mesangial hyperplasia,
renal hypertrophy, and increased endothelial cell proliferation
[47, 48]. Furthermore, the role of insulin in the podocytes has
been emphasised in the last years. Recent data strongly sug-
gest that insulin action in podocytes is important for the glo-
merular function as well as for the morphology, cytoskeleton
remodelling, and survival [47]. The constellation of abnormal-
ities related to insulin resistance clustering in the metabolic
syndrome (hypertension, dyslipidaemia, diabetes),
adipocytokine dysregulation, hyperinsulinaemia, and low-
grade inflammation are all involved in worsening kidney
function.

Inflammation

A chronic low-grade inflammation is observed in obesity and
CKD with the origin in the visceral fat, where a cycle of
inflammation between adypocites and recruited proinflamma-
tory monocyte-macrophage M1 cells results in local and re-
mote insulin resistance and inflammation. Secretion of
adipokines, which include leptin, adiponectin, TNF-alpha, in-
terleukins 6 and 10, monocyte chemoattracting protein-1,
plasminogen activator inhibitor-1, and resistin and lipid medi-
ators of inflammation, impacts on the renal structures contrib-
uting to the functional and structural changes associated with
obesity [49]. Chronic adipose inflammation, as a result of an
imbalance between proinflammatory and anti-inflammatory
adipokines, mononuclear cells, and lipid mediators, seems to
be a relevant factor in producing the obesity-related
glomerulosclerosis [50].

Leptin, which increases the circulating levels in obese sub-
jects, influences kidney function by binding to specific recep-
tors in the mesangial cells, upregulating pro-fibrotic
transforming growth factor-beta (TGF-beta) and the TGF-
beta receptor II with an increment of type I and type IV col-
lagen fibres in the mesangium [51]. Besides the direct effect,
leptin also facilitates renal damage by increasing BP values as
a consequence of overactivity of the sympathetic nervous sys-
tem, through leptin binding to the obRb receptor in the hypo-
thalamus [52]. In contrast, obesity is linked to a reduction of
the anti-inflammatory and insulin-sensitising adiponectin. Di-
rectly in the kidney, adiponectin influences the function and
structure of podocytes through an increment in the AMPK
activity, reducing podocyte permeability [53].

Other cytokines have been implicated in the renal damage
associated with obesity. Resistin, an adipokine with inflam-
matory property produced in humans by the monocyte-
macrophage cells, appears to increase insulin resistance.
Levels of resistin have been found to be related to levels of
inflammatory biomarkers and increased in patients with low
GFR [54]. Vistafin is an adipokine produced in the adipose

tissue and in the kidney with profibrotic and proinflammatory
properties. Levels of vistafin are related to the GFR, the lower
the GFR, the higher the vistafin [55]. Finally, the role of
Fetuin-A should be considered. Fetuin-A [56] is a molecule
produced in the liver and in the adipose tissue, which is ele-
vated in obesity and related disorders such as diabetes, meta-
bolic syndrome, and nonalcoholic fatty liver disease. Associ-
ated with insulin resistance, it has been implicated in trigger-
ing inflammation and fibrosis in the liver and in the kidney.
An inverse relationship between fetuin-A levels and
adiponectin has been found, since fetuin-A leads to suppres-
sion of adiponectin transcription in adipocytes. Both fetuin-A
and adiponectin are key proteins contributing to the crosstalk
between the liver, adipose tissue, and the kidney.

Overactivity of the Renin-Angiotensin-Aldosterone
System

All the major components of the renin-angiotensin-
aldosterone system (RAAS) are present in both the kidney
and the adipose tissue. In the kidney, it plays a key role in
the regulation of blood pressure as well as pressure natriuresis,
among others. Adipose tissue produces angiotensinogen, the
first piece in the RAAS cascade increasing the activity of the
system. Overactivity of the RAAS through the increment in
Angiotensin II increases the efferent arteriole tone in the glo-
merulus and the production of TGF-beta. Likewise, angioten-
sin II increases fibrosis and nephrin dephosphorilation pro-
moting apoptosis of podocytes [42•].

Overactivity of the RAAS in obesity is not only a conse-
quence of the cascade activation. An increment of aldosterone
synthesis has been identified through a direct stimulation in
the adrenal gland by adipose derived molecules. Aldosterone
levels, by stimulating the mineralocorticoid receptor, promote
endothelial dysfunction, inflammation, and fibrosis [57]. Both
angiotensin II and aldosterone seem to be key players in the
renal damage associated to obesity.

Oxidative Stress and AMPK

Oxidative stress-related mechanisms of kidney damage seem
to be linked to the activity of the AMPK, a serine/threonine
kinase, through a key role in regulating the NADPH oxydase
system, mainly Nox 4 [58]. Other important mechanisms
linked to AMPK activity are both the key role in the mito-
chondrial biogenesis and the role in renal fibrosis.
AMPK activation is able to reduce mesangial matrix ex-
pansion and reduced TGF-beta 1 excretion [59••]. Like-
wise, a reduction in glomerular TGF-1beta, collagen, and
fibrinonectin accumulation has been observed in several
experimental models, increasing AMPK levels. Mito-
chondrial biogenesis is affected through its effect in the
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PGC-1alpha, a coactivator of many mitochondrial pro-
teins increasing the mitochondrial content [60].

Recently, the role of AMPK on kidney function has been
emphasised. Suppression of AMPK produces cellular hyper-
trophy, with changes in podocyte morphology, accumulation
of matrix molecules, and mesangial expansion [56].

Clinical Consequences

Obesity has been associated with a higher prevalence of uri-
nary albumin excretion, CKD, and higher risk to develop
ESRD. Other relevant issues are the impact of losing weight
by diet, drugs, or after bariatric procedures in renal function.

Urinary Albumin Excretion and Proteinuria

Microalbuminuria is much more common among obese indi-
viduals [61], and several studies have revealed a significant
association of microalbuminuria with either obesity or central
obesity [62, 63]. The prevalence of microalbuminuria is
higher in the presence of central obesity [64]. The presence
of a cluster of cardiovascular risk factors such as MetS largely
increases the risk.

The increment of UAE associated to obesity is observed
early in life. Goknar et al. [65] reported that severe obese
children had higher urinary N-acetyl-beta-D-glucosaminidase
(NAG) and kidney injury molecule (KIM)-1 levels than
healthy controls. In severe obese adolescents, 3 % have
proteinuria, 14 % microalbuminuria, and 3 % GFR
<60 ml/min/1.73 m2 [66]. In less severe, the prevalence
was lower, 2.4 % [67].

Development of heavy proteinuria is not commonly
associated to obesity. When present, a focal segmental
glomerulosclerosis is observed with relative preservation
of foot process morphology and absence of inflammation
or traces of immune-mediated mechanisms [68].

Reduced Glomerular Filtration Rate and End-Stage
Renal Disease

Obesity has been associated with a higher incidence of CKD
defined by the presence of proteinuria and/or a GFR <60 ml/
min/1.73 m2 as compared to the nonobese population. There
have been several cohort studies of native populations in
which the increment of risk induced by obesity has been
established [69–71], and in postmenopausal women [72].
Whether or not the risk is only present in those with obesity-
induced metabolic abnormalities has been a matter of discus-
sion. While some studies support that the obese metabolically
healthy (MHO) do not have increased risk [28, 73–75], or
even a reduction in risk [76], other studies are more in favour
that the obese MHO is a first stage of obesity and that it is

question of time to develop metabolic abnormalities and con-
sequently an increased risk to develop renal dysfunction.

The impact of obesity on dialysis [77] or postransplant
patients [78, 79] has also been demonstrated, although limita-
tion of assessment of GFR by using equations should be con-
sidered in specific conditions such sarcopenic subjects and
postsurgical. Sarcopenia was common in CKD and it may
affect the use of BMI, underestimating obesity in people with
CKD [80]. Therefore, measurement of body composition be-
yond BMI should be used whenever possible.

Other Obesity-Associated Conditions and Renal Damage

Two frequent complications of obesity seem to be that it fur-
ther increases the risk of renal damage in obesity. First, sleep
apnea and nocturnal hipoxaemia have been associated with
loss of kidney function through activation of the renin-
angiotensin system [81] and, second, nonalcoholic fatty liver
disease (NAFLD). In a meta-analysis of 33 studies, NAFLD,
nonalcoholic steatohepatitis, and advanced fibrosis were asso-
ciated with an increased risk of prevalence and incidence of
CKD with a graded risk from the presence to the severity of
NAFLD [82].

It is worthy to comment on the increased risk to develop
proteinuria after unilateral nephrectomy or after renal
transplantation in obese subjects due to the renal mass
reduction [83].

Treatment of Obesity and Renal Damage

The final goal is to reduce the rate of decline of eGFR,
delaying the ESRD and in parallel the reduction in cardiovas-
cular morbidity and mortality associated to CKD. The protec-
tion of kidney damage needs to combine weight reduction
with the proper control of the cardiometabolic risk factors
associated, hypertension, metabolic syndrome, diabetes, and
dyslipidaemia. Additional salt intake reduction should be im-
plemented if proteinuria is present. Even a small reduction in
weight can contribute to achieving control in hyperten-
sion and diabetes. Losing weight reduces the UAE or
proteinuria [84, 85].

Dietary restriction-induced weight loss reduced proteinuria
or microalbuminuria by half, with no significant changes in
the GFR, but no data exist about the impact on the rate of GFR
decline overtime [86]. After bariatric surgery, reduction in
GFR is much higher than in dietary-induced weight loss, re-
ducing the hyperfiltration [86, 87].

The potential role of different classes of drugs in reducing
proteinuria and protecting glomerular filtration decline is far
from being established. The protective effect of drugs
blocking the RAAS, such as angiotensin converting enzyme
inhibitors, angiotensin II receptor blockers, or antialdosterone
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compounds is controversial. Although all of the RAAS
blocker agents reduce albuminuria in the short term beyond
the BP lowering effect, the long-term impact on reducing the
rate of GFR decline is a controversial matter [88, 89].

Experimental studies tried to identify potential drugs that
reduce risk of obesity-induced renal dysfunction. They are
based on interfering with mechanisms that promote intracel-
lular lipid deposits. Among them are the following: (a)
antioxidants, such as lycopene, an antioxidant able to inhibit
nuclear factor kappa B and the TNF-alpha production [90],
and melatonine, an antioxidant and indoleamine that exerts
beneficial effect on mitochondrial morphology and dynamics
[91]; (b) compounds which reduce endoplasmic reticulum
stress such as scetaminophen reduce the lipid deposits in the
tubular cells [92]; and (c) compounds which block the Rac1
activation in mesangial cells [93]. Activation of peroxisome
proliferator-activator gamma (PPAR-gamma) and epoxide hy-
drolase inhibitors, which increases the epoxyeicosatrienoic
acid, administrated together have demonstrated the capacity
to protect renal injury in hypertensive obese rats [94]. All
experimental approaches are still far from having application
in humans.

Pharmacologic treatment of obesity has failed to have suc-
cess due to several reasons, among them the production of
secondary effects, mainly cardiovascular. Up to now, no fur-
ther kidney damage has been described with treatments.

The impact of bariatric surgery on the risk to develop kid-
ney stones has been reported. A decrease in urinary volume
and urinary citrate, and increased urinary oxalate and calcium
oxalate saturation have been claimed as the mechanism un-
derlying the risk. More restrictive procedures of bariatric sur-
gery reduce the risk [95].
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