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Abstract

Introduction: Chronic kidney disease associated with obesity (CKD-WO) has increased
in prevalence in recent decades. It is characterized by excess adipocytic hormonal im-
balances (adipokines), deregulation of the energy balance system, and imbalances in
metabolic homeostasis.

Purpose of the review: The objective of the review is to outline the different pathophys-
iological mechanisms' role in developing functional or anatomical kidney disease in pa-
tients with obesity. We look for updated reports that include the best survival results for
patients with CKD.

Recent findings: We currently know that CKD-WO has a chronic pro-inflammatory be-
havior. Obesity and overweight are associated with hemodynamic, structural, and his-
topathological alterations in the kidney and metabolic and biochemical alterations that
predispose to kidney disease, even when renal function and conventional tests are nor-
mal.

Conclusions: We classify CKD-WO in Type 1: Obesity and potentially reversible func-
tional alterations. Type 2: Obesity and potentially non-reversible histopathological struc-
tural alterations (includes glomerulopathy associated with obesity and focal segmental
glomerulosclerosis). Type 3: Obesity-related to chronic diseases (diabetes, hyperten-
sion, pulmonary hypertension, heart failure). Type 4: Obesity in the patient with renal
function replacement therapy.

Keywords:

MESH: Obesity; Overweight; Renal Insufficiency, Chronic; Glomerular Filtration Rate; Albuminuria;
Adiponectin.
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besity is a growing disease with an increased
Oprevalence in recent decades. It is associated with a
high care and economic burden for health systems
derived from its relationship with cardiovascular, endocrine,
psychological, and renal diseases, among others [1, 2]. The
increase in obesity rates in different age groups, from children
to young adults, leads us to assume that we will see more
obesity-related kidney disease in the general population, with
relevant implications for care systems [3]. Therefore, the
knowledge and understanding of this interaction could have
implications for preventing and treating kidney diseases.
Within the general population, obesity is associated with
an increased risk of various pathological conditions, such as
chronic arterial hypertension, chronic kidney disease (CKD),
osteoarthritis, infections, obstructive sleep apnea-hypopnea
syndrome (OSAHS), and diabetes mellitus, among others [3].
However, in the CKD scenario, obesity plays a dual and parallel
role in the development of the disease, traditionally called the
"obesity paradox," where, on the one hand, it acts as a
modifiable risk factor for the development of chronic kidney
disease (CKD) and on the other hand, it has been consistently
associated with better survival outcomes in patients with end-
stage kidney disease [1]. Therefore, in the following pages, we
describe pathophysiological aspects that involve obesity in the
development of chronic kidney disease.

Definition and epidemiology

Obesity is a condition characterized by abnormal or excessive
adipose tissue accumulation with adverse pathological conse-
quences and increased cardiovascular risk [4]. For its definition
and diagnosis, a simple indicator, such as the relationship be-
tween weight and height, called body mass index (BMI), is cal-
culated by dividing a person's weight in kilograms by the square
of their height in meters (kg/m 2). A BMI between 18.5 and 25
ks/m2 jg considered by the World Health Organization (WHO) as
average weight, a BMI between 25 and 30 kg/m? as overweight,
and a BMI > 30 kg/m? as obesity [ 5-7]. Furthermore, obesity
can be classified into three levels of severity: class I (BMI 30.0 —
34.9), class IT (BMI 35.0 — 39.9), and class III (BMI > 40) [8].
Opver the past three decades, the prevalence of overweight
and obese adults (BMI > 25 kg/m?) worldwide has increased
substantially, making obesity an epidemic. Its prevalence will
grow by 40% worldwide in the next decade [6]. Currently, the
problem of obesity has seen a greater increase due to the increase
in the affectation in children, which causes a higher prevalence
of pathologies at an early age. In 2016, according to WHO es-
timates, some 41 million children under five were overweight or
obese [7]. Obesity affects all countries, regardless of income level

[Z].

The prevalence of overweight and obesity in children and
adolescents (5 to 19 years old) has increased dramatically, from
4% in 1975 to more than 18% in 2016. This increase was similar
in both sexes: 18% of girls and 19% of boys were overweight in
2016. While in 1975, less than 1% of children and adolescents
aged 5 to 19 were obese, in 2016, there were 124 million (6%
of girls and 8% of children) [7]. The increasing prevalence of
obesity has implications for cardiovascular diseases (CVDs) and
CKD. A high body mass index (BMI) is one of the most vital
risk factors for new-onset CKD [6].

Epidemiology of chronic kidney disease associated with obe-
sity (CKD-O)
Chronic kidney disease (CKD) is a condition of interest in public
health and is associated with high morbidity and mortality
worldwide. The Kidney Disease: Improving Global Outcomes
(KDIGO) guidelines define CKD as the presence of kidney struc-
ture or function alterations for at least three months and with
health implications [9, 10]. The main classificatory elements to
define the presence of CKD are the estimated glomerular filtra-
tion rate (GFR) (G1 to G5) using a GFR of 60 ml/min/1.73 m?
as the defining threshold and the urinary albumin excretion rate
(A1 to A3) depending on whether the albumin/creatinine ratio
in an isolated urine sample is <30, 30-300, or >300 mg/g, re-
spectively [9, 10]. Although initially, there was some contro-
versy about the use of GFR for the diagnosis of CKD in its early
stages, recent studies have shown that both a GFR < 60
ml/min/1.73 m2 and an albumin/creatinine ratio (ACR) > 1.1
mg/mmol (10 mg/g) are independent predictors of the risk of
mortality and ESRD in the general population [11, 12]. Conse-
quently, we can determine each patient's prognosis due to these
categories. Global data suggest that the prevalence of CKD is
between 10% and 16%, but information on population preva-
lence by category of GFR and ACR is scarce [13].
CKD is associated with high morbidity, mortality, and cardio-
vascular disease (CVD) burdens. As renal function declines, met-
abolic and hemodynamic disorders increase hospitalization
rates, CVD, and death [4]. The known risk factors for CKD pro-
gression are relatively small, and effective therapies and strate-
gies to slow CKD progression are limited [14]. Therefore, it is
necessary to know and understand the different risk factors and
their impact on kidney damage to minimize its progression, es-
pecially in active, evaluable, controllable, and follow-up inter-
ventions that can be carried out continuously, such as obesity.
To date, there is sufficient evidence to associate obesity
with the development and progression of chronic kidney dis-
ease. Granular data on the prevalence of obesity in people with
CKD are limited but consistent across the spectrum of kidney
disease. In the 2011-2014 National Health and Nutrition Ex-
amination Survey, 44.1% of CKD patients in the United States
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were also obese (21.9% obese class 1 [BMI=30 to 34.9 kg/m 2]
and 11.1% each with class 2 [BMI=35 to 39.9 kg/m 2] and class
3 obesity [BMI>40 kg/m 2]), and the global percentage has in-
creased by 5% in the last 12 years [15].

Focal segmental glomerulosclerosis (FSGS) is the type of
glomerulonephritis most often associated with obesity [16]. The
glomerular disease commonly associated with obesity is obesity-
related glomerulopathy (ORG). This condition usually presents
with nephrotic syndrome and progressive loss of kidney func-
tion. With the global obesity epidemic, ORG increased from
0.2% between 1986 and 1990 to 2% between 1996 and 2000,
and it has become an emerging topic in nephrology [15].

Etiology and pathogenesis of
CKD-AO

Obesity is characterized by excess adipocytic hormone imbal-
ances (adipokines), dysregulation of the energy balance system,
and imbalances in metabolic homeostasis [12]. There are two
types of adipose tissue present in humans: white adipose tissue
(WAT) and brown adipose tissue (BAT) [17-19]. Ectopic fat dep-
osition primarily occurs in places where it is not physiologically
stored, such as the liver, pancreas, heart, and skeletal muscle;
secondarily, there is a change in the distribution of visceral adi-
pose tissue with storage of adipose tissue in the intraperitoneal
and retroperitoneal spaces; then comes inflammatory and adi-
pokine dysregulation; and last, insulin resistance [20].

White adipose tissue (WAT)

‘White adipose tissue (WAT) is characterized by white or yellow
tissue with less vascularization and innervation than brown tis-
sue. Fat cells are between 20 and 200 pm in size and contain a
single lipid vacuole (unilocular). Lipids are stored in this vacuole
for use when there is energy demand. Of all the lipids compris-
ing the white adipocyte's lipid vacuole, 90 to 99% are triacyl-
glycerols. White adipose tissue generates a large number of adi-
pokines. Adipokines are peptides that act as hormones or mes-
sengers that regulate metabolism. White adipose tissue is in
omental, mesenteric, retroperitoneal, perirenal, gonadal, and
pericardial tissue [19]. This tissue, like adipose tissue elsewhere,
is composed of a variety of cells, including macrophages, neu-
trophils, CD4 and CD8 T cells, B cells, neutrophils, mast cells,
regulatory T cells, and natural killer (NK) T cells [21, 22]. Adi-
pose tissue is responsible for the secretion of many signaling
molecules, including adipokines, hormones, cytokines, and
growth factors, such as leptin, adiponectin, resistin, tumor ne-
crosis factor-a (TNF-a), interleukin 6 (IL-6), monocytes, chemo-
attractant protein-1 (MCP-1), transforming growth factor-8
(TGF-B), and angiotensin II [23].

Brown adipose tissue (BAT)

The brown coloration of adipose tissue is due to its being more
vascularized and having a high mitochondrial content. The fat
cells that comprise brown adipose tissue are multilocular or have
several lipid vacuoles. These cells are polygonal in shape and
measure from 15 to 50 pm. Unlike white adipose tissue, brown
tissue does not store energy but dissipates it through thermogen-
esis. To regulate body temperature, brown adipose tissue is lo-
cated at superficial and deep sites [18].

Classification of CKD-AO

It has been established that obesity is a disease with chronic pro-
inflammatory behavior and multiple associated comorbidities
[19]. Adipose tissue, as previously described, functions as an en-
docrine-active organ and is infiltrated by different cell popula-
tions that include macrophages and other cells with immune ac-
tivity, such as T and B lymphocytes and dendritic cells [19].
Most of the total body fat is considered an endocrine organ sys-
tem, and disturbance of this tissue results in a pathological re-
sponse to positive caloric balance in susceptible individuals who
directly and indirectly contribute to cardiovascular and meta-
bolic disease. Know three main mechanisms of adipose tissue
dysfunction "adiposopathy” [20]. These mechanisms include he-
modynamic, metabolic, and inflammatory alterations, which are
the basis of the obesity-associated CKD classification proposed
in this review (Table 1).

CKD-WO type 1

Obesity produces kidney damage directly through hemody-
namic and inflammatory alterations, dysregulation of growth
factors and adipocytokines, and increased leptin and decreased
adiponectin, even when renal function and conventional tests
are expected [16]. Obesity triggers a series of events, including
insulin resistance, glucose intolerance, hyperlipidemia, athero-
sclerosis, and hypertension, all of which are associated with in-
creased cardiovascular risk [4, 16] (Figure 1).

Obesity leads to an increase in tubular sodium reabsorp-
tion, altering natriuresis and causing extracellular volume expan-
sion due to activation of the sympathetic nervous system (SNS)
and the renin-angiotensin-aldosterone system (RAS) [16]. The
increased tubular reabsorption of sodium and the consequent
expansion of extracellular volume is a significant event in devel-
oping HTN in obesity [4, 16]. Some studies suggest that in-
creased sodium reabsorption occurs in segments other than the
proximal tubule, possibly in the loop of Henle. In addition,
there is an increase in renal blood flow, glomerular filtration rate
(GFR), and filtration fraction [16].

Glomerular hyperfiltration, associated with increased
blood pressure and other metabolic disturbances, such as insulin
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resistance and diabetes mellitus (DM), ultimately results in kid-
ney damage and decreased glomerular filtration [16]. On the
other hand, activation of the sympathetic nervous system (SNS)
also contributes to obesity-related hypertension [4]. There is ev-
idence that renal denervation reduces sodium retention and hy-
pertension in obesity, suggesting that obesity-induced SNS acti-
vation increases blood pressure primarily due to the stimulation
of sodium retention rather than vasoconstriction [16].

The mechanisms that lead to the activation of the SNS in
obesity are not yet fully understood, but several factors have
been proposed as triggers of this stimulus, including hyperinsu-
linemia, hyperleptinemia, increased levels of fatty acids, angio-
tensin II, and alterations of the baroreceptor reflex.

Table 1. Classification of chronic kidney disease associated with
obesity (CKD-WO)
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Figure 1 Functional and structural effects of obesity on the kidney

The increase in leptin levels is associated with the activation of
the SNS, and its effect on increased blood pressure levels also
includes inhibiting nitric oxide synthesis (a potent vasodilator)
[16, 24, 25]. An increase in the production of endothelin-1 has
been described in obese subjects, which further contributes to
the elevation of blood pressure levels and, consequently, to renal
dysfunction. Recent studies have shown that endothelin-1 is in-
creased in patients with intradialytic hypertension, suggesting
that this substance plays a key role in the genesis of hypertension
in CKD patients and is possibly associated with hypertension in
obese patients [16, 25]. Therefore, hemodynamic alterations in
obese patients lead to CKD progression and increased cardio-
vascular risk from developing other diseases, such as chronic
HTN. These changes are potentially reversible with obesity con-
trol.

CKD-AO Type 2

Maintaining the state of obesity beyond the functional renal ef-
fects produces irreversible structural changes at the glomerular
level [25]. The study of patients with CKD and obesity has made
it possible to identify glomerular disease associated with obesity,
called obesity-related glomerulopathy (ORG). In this condition,
glomerular hypertrophy appears to be the initial injury that stim-
ulates podocyte effacement and triggers the local inflammatory
response [25, 26]. It is relevant to mention that profibrogenic
signals induce the formation of deposits in the extracellular ma-
trix of nephrons, which leads to the thickening of the basement
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membrane glomerulosclerosis and tubulointerstitial fibrosis
[26]. Within the pathogenic course of the disease, the expansion
of the glomerular surface leads to the podocytes being unable to
cover it; this leads to their dysfunction and effacement, generat-
ing rupture of the glomerular filtration barrier with an overload
of the remaining cells, which ultimately leads to hyperfiltration
and proteinuria [25, 26]. However, not all patients with obesity
or increased BMI develop CKD, which suggests that the increase
in BMI by itself does not generate an increase in the incidence
or progression of CKD, requiring additional metabolic altera-
tions; in the following sections, some of these are described of
these pathophysiological pathways common to all types of
CKD.

CKD-WO Type 3

Obesity produces secondary kidney damage since it increases
the risk of diabetes mellitus, hypertension, and cardiovascular
damage; these pathologies cause diabetic nephropathy,
nephroangiosclerosis, and glomerulopathy associated with pul-
monary hypertension and heart failure. Mortality is affected by
the presence of obesity and type 2 diabetes, high blood pressure,
pulmonary hypertension, and heart failure. Patients with heart
failure, obesity, and kidney failure suffer the worst results in sur-
vival.

CKD-WO Type 4

Higher levels of adiponectin are paradoxically associated with a
threefold increased risk of death in hemodialysis patients [24].
Obesity is associated with shallow levels of adiponectin, so obe-
sity in the hemodialysis population is a solid protective factor,
with better 3-year survival results compared with patients with
a standard or low body mass index.

Common  pathophysiological
mechanisms in CKD-AO

Lipotoxicity derived from adipose tissue.

In obese patients, excess energy leads to a chronically stressed
microenvironment, which results in adipose tissue hypertrophy
until adipocytes reach their growth limit [25]. At that time, the
excess of toxic lipid species accumulates ectopically in different
organs, inducing a harmful effect known as lipotoxicity, espe-
cially at the renal level [27]. Lipotoxicity is associated with struc-
tural and functional changes in mesangial, podocytes, and prox-
imal tubular cells [28]. This would interfere with the insulin
pathway in podocytes, which is critical for podocyte survival
and structure maintenance, leading to podocyte apoptosis and
inducing a compensatory hypertrophic response in the remain-
ing podocytes [25].

Ectopic lipid deposits in the kidney contribute to local in-

flammation and oxidative stress [27]. In diabetic kidney disease
and diabetic nephropathy models, dyslipidemia can favor the
accumulation of ectopic lipids and lipid intermediates in the kid-
ney and extrarenal tissues such as the liver, pancreas, and heart
[27]. The accumulation of lipids in the renal parenchyma gener-
ates damage in various cell populations, including podocytes,
proximal tubular epithelial cells, and tubulointerstitial tissue,
through different mechanisms described in the following sec-
tions. It may generate long-term compromise of renal function
(27].
Adipose tissue is an essential source of the production of differ-
ent active protein factors, known as adipocytokines, which par-
ticipate in different metabolic processes. Alterations in the secre-
tion and signaling of adipose-derived molecules during obesity
may predominantly mediate the pathogenesis of metabolic dis-
orders [25]. The role of adipokines in the pathogenesis of CKD
and obesity is described below.

Adiponectin

Adiponectin is a protein secreted mainly by WAT adipocytes;
the main biological functions of adiponectin include increased
fatty acid biosynthesis and inhibition of hepatic gluconeogenesis
[17]. It is probably the most abundantly secreted adipokine; it
forms approximately 0.05% of serum proteins and measures
from 3 to 30 mg/ml in humans; for its activation, it uses two
isoforms of the receptor (AdipoR1 and AdipoR2), which are
seven transmembrane receptors and have a homology of 66.7%
in their structure [17]. However, AdipoR1 and AdipoR2 are
structurally and functionally distinct from G protein-coupled re-
ceptors because their N-terminus is intracellular, while the C-ter-
minus is extracellular [29,30].

Adiponectin signaling is mainly based on receptor-ligand
type interactions, in which adiponectin binds to its cognate re-
ceptors and initiates the activation of various intracellular signal-
ing cascades through AMPK, mTOR, NF-kB, STAT3, and JNK
[17]. Adiponectin initiates the activation of AMPK signaling me-
diated by the adapter protein APPL1, which binds to the intra-
cellular domain of AdipoR. This signaling activates the biosyn-
thesis of molecules, other regulatory proteins, and essential tran-
scription factors. AMPK is a regulator mainly involved in cell
proliferation [17].

There are two types of macrophages: M1 macrophages partici-
pate in stimulating proinflammatory factors and induce insulin
resistance, and M2 macrophages block an inflammatory re-
sponse and promote oxidative metabolism. In macrophages, ad-
iponectin promotes monocyte cell differentiation to M2 macro-
phages and suppresses their differentiation to M1 macrophages,
showing proinflammatory and anti-inflammatory effects. Fur-
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thermore, it activates the anti-inflammatory factor IL-10 but re-
duces proinflammatory cytokines such as IFN-y, IL-6, and TNF-
a in human macrophages [17].

CKD patients show elevated levels of C-reactive protein
(CRP), IL-6, and TNF-a and have aberrant activation of toll-like
receptor (TLR)-4 [25]. In a study conducted in 2005 in 29
nondiabetic stage 5 CKD patients and 14 healthy controls, it
was identified that CKD patients had elevated expression of the
TLR4 gene and protein, and stimulation of TLR-4 in vitro in-
duced the activation of TNF-a and NF-kB in C2C12 cells. This
activation indirectly suggests that TLR-4 might promote muscle
inflammation in CKD patients [31].

Adiponectin levels are considered predictive of CKD since
they are increased in predialysis patients with ESRD [17. 2. 9,
32]. Additionally, a 2008 prospective study in nondiabetic pri-
mary CKD patients identified elevated adiponectin levels as a
novel predictor of CKD progression in men [33]. Animal studies
(mice) show that adiponectin deficiency is related to several his-
tological alterations, including segmental fusion podocyte pro-
cesses, albuminuria, and increased kidney oxidative stress [34].

On the other hand, in obese patients, the production of
adiponectin is decreased, which is believed to generate a protec-
tive function in the kidney [29]. However, paradoxically, some
studies show that patients with CKD and chronic kidney disease
on dialysis (CKD) have high levels of adipokines. The explana-
tions for this situation are controversial. It has been suggested
that they could correspond to a compensatory mechanism.
Other considerations suggest a decreased sensitivity to adi-
ponectin or reduced adiponectin clearance [35].

Leptin
Regardless of the presence of obesity, patients with CKD have
high levels of serum leptin. Leptin is a protein of 167 amino
acids, with a molecular mass of approximately 16 kDa, encoded
by the LEP gene [23], secreted mainly by adipocytes; it is a plei-
otropic adipokine. Circulating leptin reaches the target organs,
where it binds to specific receptors (known as ObR, LR, or
LEPR); five isoforms of the leptin receptor are known in humans
(ObRa, ObRb, ObRc, ObRd, and Obie), of which only the
ODbRD isoform (long isoform) is considered a fully active recep-
tor, as it is capable of fully transducing an activation signal in
the cell. This isoform is highly expressed in the central nervous
system (CNS), especially in the hypothalamus, where it regulates
the secretory activity of this organ. Five major signaling path-
ways mediate the effects of leptin. These pathways include the
JAK-STAT, PI3K, MAPK, AMPK, and mTOR signaling path-
ways [23].

For this reason, the main physiological function of leptin is
to transmit information to the hypothalamus about the amount

of energy stored, such as the mass of adipose tissue, and to in-
fluence energy expenditure by reducing appetite. It regulates en-
ergy metabolism, affects food intake, coagulation processes, an-
giogenesis, insulin-related functions, and vascular remodeling,
and is also a molecular proinflammatory [36].

Leptin affects appetite, and hyperleptinemia has been
shown to contribute to obesity-associated hypertension by over-
activation of the sympathetic nervous system [37]. Regarding
the course of CKD, leptin can modulate different signaling path-
ways in the kidney because glomerular and mesangial endothe-
lial cells express abundant leptin receptors [25]. Leptin increases
the expression of profibrotic genes, such as TGF-81 and proin-
flammatory cytokines [25]. The increase in the expression of
TGF-B also contributes to the development of renal fibrosis by
binding to specific receptors at the renal level; it stimulates the
expression of profibrotic factors in a positive feedback loop. In
addition, TGF-B1 is a potent initiator of renal mesangial cell pro-
liferation [25].

Due to its relatively small size, leptin freely crosses the kid-
neys' glomerular filter and is reabsorbed in the proximal convo-
luted tubules [23]. Thus, elevated leptin status may indicate poor
kidney function [36]. It promotes inflammation and lipid disor-
der, which contribute to CKD risk [36]; it is considered a "ure-
mic toxin," being implicated both in the progression of kidney
disease through prehypertensive and profibrotic effects, as well
as in the development of complications related to CKD (chronic
inflammation, protein loss) [38].

As previously mentioned, leptin stimulates the prolifer-
ation of renal glomerular endothelial cells. It increases the ex-
pression of TGF-B1, a key mediator of hydrogenation in these
cells; the increase in leptin levels also contributes to the increase
in the expression of type IV collagen in the kidney and induces
glomerular mesangial cell proliferation by activating the PI3K
pathway. Mesangial cell hypertrophy increases the amount of
filtered protein and albumin reaching proximal tubule cells and,
as a result, activates inflammatory pathways and fibrosis [23].

There may be an increase in the synthesis of the TGF -1
receptor secreted by endothelial cells, which acts in a paracrine
manner on the mesangium by binding to its receptor and acti-
vating the synthesis of extracellular matrix (ECM) proteins, in-
cluding collagen, fibronectin, tenazine, and proteoglycans; an
increase in the level of TGF B-1 leads to the accumulation of
ECM and, consequently, to glomerular fibrosis and glomerulo-
sclerosis. In podocytes, leptin contributes to downregulating
proteins responsible for proper glomerular filtration, including
podocin, nephrin, podoplanin, and podocalyxin. In proximal
convoluted tubule (PTC) cells, leptin reduces the cells' metabolic
activity by activating the mTOR signaling pathway [23].

On the other hand, leptin inhibits appetite and increases
energy expenditure, leading to anorexia and malnutrition in
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CKD patients, particularly in cases of maintenance hemodialysis
[36]. Therefore, an elevation of leptin would indicate not only
kidney damage but also a more significant progression of sec-
ondary complications [39].

Obesity increases the load on the kidneys, is a risk factor for
kidney injury, and contributes to associated metabolic disorders.
Therefore, taking into account the inhibitory effects of leptin on
obesity, it can be considered that it can protect against kidney
injury [39, 40]. An experimental study published in 2017
showed that leptin decreased caloric intake and glucose levels in
diabetic rats [41], and a retrospective study was published that
same year showing that meterleptin, a recombinant human me-
thionyl leptin, reduces the body weight and daily insulin dose in
type 1 diabetes mellitus [42]. Meterleptin exerts therapeutic ef-
fects in lipodystrophy [43], indicating that leptin is likely to ap-
ply in metabolic disorders [36].

Other adipokines

The main adipokines correspond to adiponectin and leptin, as
previously described. In addition, visfatin and resistin activity
are distinguished, showing proinflammatory properties and ath-
erogenic effects [25]. Visfatin stimulates the expression of TGF-
B1, plasmin activator inhibitor or gene-1 (PAI-1), and type I col-
lagen, which has been shown to play an important role as a
profibrotic agent. However, resistin stimulates the production of
adhesion molecules such as intracellular adhesion molecule 1
(ICAM-1) and vascular cell adhesion protein 1 (VCAM-1). It pro-
motes the activation of the renal sympathetic system. The levels
of these adipokines are markedly elevated in obesity and CKD,
correlating with proinflammatory parameters and a decreased
glomerular filtration rate (GFR) [25, 37].

During obesity, the renin-angiotensin-aldosterone system
(RAS) is overactivated, and adipose tissue produces or stimu-
lates some of its components. Therefore, overstimulation of the
RAS in obese patients, associated with glomerulomegaly and
dysregulation of sodium/glucose reabsorption, generally leads
to glomerular hypertension and hyperfiltration [25].

Another adipokine to consider is the activity of the proinflam-
matory adipokine lipocalin 2 (LCNZ2), also called neutrophil
gelatinase-associated lipocalin (NGAL), which has been studied
as a functional biomarker for both acute kidney disease and
CKD(25). LCN2 is known for its role in the innate immune re-
sponse by binding to siderophores derived from bacterial infec-
tion. However, LCN2 is secreted not only by neutrophils but
also by other tissues, such as the liver, lungs, and, of interest for
this article, the kidney [25]. Elevated serum and urine LCN2 lev-
els have been reported in kidney injury due to increased expres-
sion of LCN2 in the distal renal tubule and impaired reabsorp-
tion in the proximal tubule [44]. Adipose tissue can also produce
angiogenic factors such as vascular endothelial growth factor

(VEGF). This element could induce the de novo formation of
largely defective glomerular capillaries within the kidney, con-
tributing to the glomerular hypertrophy characteristic of ORG
(25) (Figure 2).

Lipotoxicity
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Figure 2. Lipotoxicity and its effect on the kidney

Conclusions

Obesity and overweight are associated with hemodynamic,
structural, and histopathological alterations in the kidney and
metabolic and biochemical alterations that predispose to kidney
disease, even when renal function and conventional tests are
normal. Therefore, the renal effects of obesity are structural and
functional. Several mechanisms involving obesity as a generator
of renal alterations have been described. Considering the path-
ophysiological bases, we propose a classification of CKD-AO
based on four types.
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