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The Obese Kidneys
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ABSTRACT

A high incidence of metabolic diseases such as type 2 diabetes mellitus and hypertension, which are well-known as a cause
of chronic kidney disease (CKD), is seen in people who are overweight or obese. This has been extensively studied and
documented when it comes to how ectopic fat affects different organs for example, the liver. Recently, obesity has also
emerged as an independent risk factor for renal disease in individuals with diabetes as well as those without diabetes.
When visceral fat accumulates in the kidneys, it causes structural alterations in the kidney along with functional damage
leading to the condition referred to as fatty kidney disease (FKD). With this review, we aim to elucidate pathophysiology,
diagnostics challenges, and available treatments for the prevention and management of FKD. This knowledge is important
for prevention and early diagnosis of CKD, guiding research and improving patient care.
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chronic kidney disease

he term “Fatty Kidney”, first used by E Richards

in 1883, refers to the accumulation of visceral fat

within the kidney, leading to various mechanical
and physiological changes that result in fatty kidney
disease (FKD)!. It took a century to recognize that
hyperlipidemia is the driving force for lipid accumulation
and injury in the kidneys?’. Numerous studies have
unveiled the complex interplay between lipids and
kidney disease, especially in the context of obesity,
metabolic syndrome, type 2 diabetes mellitus (T2DM),
and hypertension®8. While multiple etiologies can lead
to kidney enlargement, one of the upcoming and least
studied is an obese kidney, or fatty kidney (Table 1).

Ectopic fat deposition refers to the accumulation of
excess fat in nonadipose tissues due to insulin resistance
or deficiencies in adipose tissue function. As a result,
excess energy is stored in organs like the liver, pancreas,
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kidneys, heart, and skeletal muscles. This visceral
adipose tissue (VAT) has significant metabolic implica-
tions, with well-known conditions such as nonalcoholic
fatty liver disease and nonalcoholic fatty pancreas
disease arising from fat deposition in the liver and
pancreas, respectively®!. Ectopic fat tends to accumu-
late in various renal spaces, including perirenal, para-
renal, retroperitoneal areas, the renal hilum, and the
interstitium. This VAT exerts clinicopathological effects
on the kidneys through both mechanical pressure and
biochemical disturbances!!14.

PATHOPHYSIOLOGY OF FKD

FKD is a pathological condition characterized by pro-
gressive kidney injury and systemic manifestations
such as hyperglycemia and hypertension, which
ultimately worsens to kidney failure (Fig. 1).

> Hyperglycemia: In T2DM and metabolic syndrome
with FKD, triglycerides, and free fatty acids accu-
mulate in the renal cortex, aggravating hyper-
glycemia through increased gluconeogenesis and
decreased glucose utilization'!12,

In a healthy state, renal gluconeogenesis accounts for
one-fourth of total gluconeogenesis during fasting
and half of it in the postprandial state. However,
in T2DM and obesity, renal gluconeogenesis is
significantly upregulated due to enzymes like
phosphoenolpyruvate carboxykinase contributing
to hyperglycemia'?!>16. Chronic hyperglycemia is
also known to promote lipid synthesis and visceral



Table 1. Etiologies of Enlarged Kidneys
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Enlarged kidney Infiltrative kidney disorder

* Compensated hypertrophy of ¢ Leukemia
solitary functional kidney

* ADPKD
* HIV nephropathy

¢ Lymphoma
* Amyloidosis

* Glycogen storage disease
* Diabetic nephropathy

* Renal cancers (Primary/
Metastatic)

¢ Granulomatous infiltration

Acute conditions Fatty kidney
* Acute pyelonephritis disease/Obese
kidneys

* Renal abscess
* Acute glomerulonephritis
* Obstructive nephropathy

* Xanthogranulomatous pyelonephritis * Renal vein thrombosis

¢ Other chronic infiltrative disorders

ADPKD = Autosomal dominant polycystic kidney disease; HIV = Human immunodeficiency virus.

triglyceride accumulation'”. On the contrary, excess
lipid deposits interfere with glucose utilization,
leading to insulin resistance. This interference is due
to increased beta-oxidation of free fatty acids and
the upregulation of various transcription factors (like
carbohydrate-response element-binding protein
and sterol regulatory element-binding protein)
in response to hyperglycemia. These transcription
factors create a vicious cycle of increased lipid
accumulation and further impairment of glucose
utilization!216-20,

> Hypertension: FKD predisposes to hypertension
through various biomechanical mechanisms. Ectopic
kidney fat, particularly that deposited in the renal
hilum, compresses renal vasculature and nerve
bundles, activating both the renin-angiotensin-
aldosterone system (RAAS) and the sympathetic
nervous system”!l. The raised pressure, which
can reach up to 40 mmHg, is directly transmitted
to the renal medulla via the renal hilum, which is
not covered by the renal capsule and is particularly
sensitive to increased intra-abdominal pressures!!2..
Eventually, there is increased renal tubular sodium
reabsorption, and volume expansion, contributing
to hypertension. Interestingly, the adipocytes of
VAT tend to secrete all RAAS components, further

exacerbating hypertension?2.

FKD is still important but a neglected risk factor for
chronic kidney disease (CKD). Deposition of ectopic fat
in the kidneys leads to mechanical and physiological
changes, which progress to CKD*”. The pathophysiology
underlying FKD and its conversion into CKD and then
end-stage renal disease (ESRD) is described below.

> Mechanical factors: The deposition of fat in the renal
parenchyma as well as around renal sinus leads
to increased renal arterial resistance due to RAAS
activation causing tubulointerstitial damage” 11221,
It causes prolonged decline in glomerular filtration
rate, which is a hallmark of CKD.

=)

(3]

Lipotoxicity: Tubulointerstitial lipid accumulation
plays a pivotal role in kidney injury through a process
known as lipotoxicity, characterized by a triad of
inflammation, apoptosis, and fibrosis. Fatty acid
transporters enable the uptake of lipids, primarily
in the form of free fatty acids and triglycerides from
circulation. These lipids are stored within various
renal cells, including podocytes, mesangial cells,
and proximal tubules!>162324 Excess free fatty acids
in the renal cortex exacerbate insulin resistance by
impairing glucose utilization, further contributing
to kidney damage!®?. Lipotoxicity in tubular cells
leads to mitochondrial dysfunction, oxidative stress,
and the release of toxic cytokines, ultimately driving
the progression of renal fibrogenesis'.

Albuminuria: Obesity, metabolic syndrome, and
T2DM are linked to albuminuria, a key indicator of
kidney damage*®. Several epidemiological studies
have shown a strong correlation between obesity
and the progression of CKD®. Obesity-related
glomerulopathy (ORG) is a recognized condition
that can be considered part of FKD. In ORG,
apart from VAT, fat droplets accumulate in the
renal parenchyma, particularly in podocytes and
interstitium?>?°. ORG comprises of histological
pentad of glomerulomegaly, basement membrane
thickening, mesangial matrix deposition, podocyte
effacement, and focal glomerulosclerosis®?®.

Intrarenal lipid accumulation has already been
implicated in the pathogenesis of diabetic nephro-
pathy, hypertensive nephrosclerosis, focal glomeru-
losclerosis, and various lipid storage disorders!!12%,
Podocyte lipotoxicity, which involves impaired
insulin signaling, is central to the development of
albuminuria in FKD.

Hyperleptinemia: Hyperleptinemia is the key
pathogenic mechanism of obesity and plays a
significant role in the development of FKD'2 Renal
leptin receptors promote sodium reabsorption,
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Figure 1. Pathophysiology of fatty kidney disease.

RAAS = Renin-angiotensin-aldosterone system; SNS = Sympathetic nervous system; BM = Basement membrane; TGF = Transforming growth factor.

stimulate glomerular endothelial cell proliferation,
and contribute to fibrosis through transforming
growth factor (TGF)-beta expression and modula-
tion of nitric oxide and vascular tone. These
processes lead to hypertension, focal glomerular
sclerosis, albuminuria, and CKD?¥?. However,
interpreting serum leptin levels in CKD can be
challenging since the kidneys are responsible for
metabolizing leptin!??2.

DIAGNOSIS

Diagnosing FKD is challenging in the outpatient depart-
ment and usually relies on identifying comorbidities
like obesity, metabolic syndrome, and T2DM, along
with laboratory parameters such as kidney function
tests and urinalysis for albuminuria.

The measurement of renal function in obese patients is
challenging due to inaccuracies in estimated glomerular
filtration rate (eGFR) equations, which depend on
weight and height. Lopez-Martinez et al identified

significant errors across 56 serum creatinine or serum
cystatin C-based formulas, recommending inulin plasma
clearance for precision, although these are impractical
for routine use®. Early detection of FKD is possible
using biomarkers like urinary kidney injury molecule 1,
neutrophil gelatinase-associated lipocalin, cystatin C,
N-acetyl beta glucosaminidase, podocin, nephrin,
podocalyxin, osteopontin, and netrin-1. A urinary
proteome classifier, BMI150, has also shown potential
in detecting ORG in obese nondiabetic patients, but
further validation in large studies is needed.

Radiological investigations such as renal ultrasound and
elastography, computed tomography (CT) scans, and
magnetic resonance imaging (MRI) are utilized to detect
renal ectopic fat, but can only delineate perirenal fat,
hilar fat, and renal sinus fat''2. A Doppler ultrasound
scan can identify early alterations in vascular flow, while
pararenal and perirenal ultrasonographic fat thickness
measures visceral fat, showing a stronger correlation
with renal dysfunction than traditional anthropometric
indicators®32. Ultrasound elastography shows potential
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but requires further validation. CT scans offer precise,
noninvasive evaluations of kidney structure and fat
deposition, while MRI measures fat content without
risk of radiation exposure, though it is generally more
costly. Renal cortical fat deposits can only be detected
by proton magnetic resonance spectroscopy>>3.

MANAGEMENT

The primary goal in managing FKD is reducing pro-
teinuria, which provides renoprotective benefits. This
can be achieved through both nonpharmacological
and pharmacological strategies. Nonpharmacological
methods include weight reduction through diet and
exercise. Pharmacological treatments involve the use
of RAAS inhibitors/antagonists, sodium-glucose co-
transporter-2 (SGLT2) inhibitors, glucagon-like peptide-1
(GLP-1) receptor agonists, nonsteroidal mineralocorti-
coid receptor antagonists, and emerging adjunct thera-
pies. These approaches are crucial in preventing the
progression of ORG to ESRD (Fig. 2).

Nonpharmacological management focuses on weight
reduction, which significantly lowers proteinuria. A
6%-10% weight loss can reduce proteinuria by up to 70%.
Strategies like dietary changes, exercise, and bariatric
surgery improve renal function long-term. However,
bariatric surgery carries risks, including nephrolithiasis
and acute kidney injury. Although weight loss enhances
renal outcomes, its benefits are less effective in advanced
kidney disease, emphasizing early intervention®.

In the pharmacological management, RAAS blockade
is crucial in managing FKD/ORG, with angiotensin-
converting enzyme (ACE) inhibitors and aldosterone

Pharmacological
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Figure 2. Management of fatty kidney disease.

RAAS = Renin-angiotensin-aldosterone system; ACE = Angiotensin-converting enzyme;
SGLT2 = Sodium-glucose co-transporter 2; GLP-1 = Glucagon-like peptide-1; MRA =
Mineralocorticoid receptor antagonist.
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antagonists effectively slowing the progression to ESRD.
Finerenone, a nonsteroidal mineralocorticoid receptor
antagonist, has also shown promising results. SGLT2
inhibitors, beyond glucose control, offer significant
renoprotective effects by reducing inflammation, ectopic
fat, and proteinuria. Though proven effective in diabetic
kidney disease, more studies are needed. GLP-1 receptor
agonists also provide renal benefits through weight
reduction and anti-inflammatory actions, making them
suitable even in CKD and dialysis settings. Combining
SGLT2 inhibitors with GLP-1 agonists enhances their
protective effects. As these primarily works with
weight reduction and other pleiotropic effects, targeted
randomized controlled trials are required for definite
treatment of FKD?>36-38,

Bariatric surgery is another viable option, as studies
have shown it can normalize glomerular hyperfiltration,
improve hypertension, and reduce albuminuria. Long-
term research on bariatric surgery has also demonstrated
a decrease in CKD incidence?%3940,

CONCLUSIONS

Early detection and tailored management strategies are
essential in addressing FKD. Advances in biomarkers,
imaging, and personalized therapies hold promise for
improving outcomes. Timely interventions can slow
disease progression, ultimately reducing the risk of
CKD and ESRD.
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