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Abstract

Background: Metabolic syndrome is a growing twenty-first century pandemic
associated with multiple clinical comorbidities ranging from cardiovascular dis-
eases, non-alcoholic fatty liver disease and polycystic ovary syndrome to kidney
dysfunction. A novel area of research investigates the concept of fatty kidney in
the pathogenesis of chronic kidney disease, especially in patients with diabetes
mellitus or metabolic syndrome.

Aim: To review the most updated literature on fatty kidney and provide future
research, diagnostic and therapeutic perspectives on a disease increasingly affect-
ing the contemporary world.

Materials and Method: We performed an extensive literature search through
three databases including Embase (Elsevier) and the Cochrane Central Register
of Controlled Trials (Wiley) and PubMed/Medline Web of Science in November
2021 by using the following terms and their combinations: ‘fatty kidney’, ‘ectopic
fat’, ‘chronic kidney disease’, ‘cardiovascular event’, ‘cardio-metabolic risk’, ‘al-
buminuria’ and ‘metabolic syndrome’. Each study has been individually assessed
by the authors.

Results: Oxidative stress and inflammation, Klotho deficiency, endoplasmic
reticulum stress, mitochondrial dysfunction and disruption of cellular energy
balance appear to be the main pathophysiological mechanisms leading to tissue
damage following fat accumulation. Despite the lack of large-scale comprehen-
sive studies in this novel field of research, current clinical trials demonstrate fatty
kidney as an independent risk factor for the development of chronic kidney dis-
ease and cardiovascular events.

Conclusion: The requirement for future studies investigating the pathophysiol-
ogy, clinical outcomes and therapeutics of fatty kidney is clear.
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1 | INTRODUCTION

Metabolic syndrome, a growing pandemic leading to sig-
nificant morbidity and mortality, is characterized by high
blood pressure, hypertriglyceridemia, high fasting blood
glucose levels and abdominal obesity characterized by
waist circumference over 88 cm in females and 102 cm
in males."* According to estimations by the International
Diabetes Federation (IDF) and the National Cholesterol
Education Program, the prevalence of metabolic syn-
drome is around 30% in the US adult population.’® Patients
with metabolic syndrome are more likely to develop
non-alcoholic fatty liver disease (NAFLD), atheroscle-
rosis, coronary artery disease, peripheral artery disease,
certain malignancies and kidney dysfunction."* A novel
approach referred as global cardiometabolic risk (CMR),
which includes additional criteria such as age, smoking
status, family history and gender, has been developed
since criteria used to define metabolic syndrome are poor
indicator of global cardiovascular disease (CVD) risk.>® In
this approach, the presence of metabolic syndrome is only
another criterion for the development of CVD rather than
being a direct indicator. Accumulation of adipose tissue in
various tissues including liver, kidney, pancreas and heart
is commonly encountered in overweight or obese patients
and imposes increased risk for CVD. Such association is
linked to dysregulation of adipokines and pro- or anti-
inflammatory cytokines in addition the key pathophysio-
logical contributor, insulin resistance.®’

Fatty kidney is defined as abnormally increased fat
volume in the renal interstitium (encasing renal vascular,
lymphatic, urinary collecting system and nervous struc-
tures).*” Although a higher prevalence of chronic kidney
disease has been reported among patients with metabolic
syndrome, the relationship between these two entities ap-
pears to be bidirectional rather than causal.'®*? Insulin
resistance is the most important link between chronic
kidney disease and metabolic syndrome, as insulin resis-
tance is linked to inflammation, oxidative stress, fibrosis,
mesangial cell proliferation and expansion, podocyte hy-
pertrophy, glomerular basement membrane thickening,
arterial hyalinosis, intimal thickening and adipose tissue
accumulation.'*'*

This report aims to review the most updated literature
on this topic and provide future research, diagnostic and
therapeutic perspectives on a disease increasingly affect-
ing the contemporary world.

2 | LITERATURE SEARCH
STRATEGY

We performed an extensive literature search through three
databases including Embase (Elsevier) and the Cochrane

Central Register of Controlled Trials (Wiley) and PubMed/
Medline Web of Science in November 2021 by using the
following terms and their combinations: ‘fatty kidney’, ‘ec-
topic fat’, ‘chronic kidney disease’, ‘cardiovascular event’,
‘cardio-metabolic risk’, ‘albuminuria’ and ‘metabolic syn-
drome’. Each study has been individually assessed by the
authors. Reference lists of each study have been evaluated
manually in order not to miss any relevant study. After
preliminary elimination of the studies with evaluation of
the titles and abstracts, full-text studies are evaluated by
the authors independently. All clinical trials including
prospective or retrospective cohort studies, case—control
studies and cross-sectional studies investigating the ef-
fects of ectopic fat accumulation in renal tissue on renal
or cardiovascular consequences and published in a peer-
reviewed journal in English until November 2021 have
been included in this narrative review. Additionally, stud-
ies investigating the pathophysiology underlying the ec-
topic fat accumulation in renal tissue have been reviewed.

3 | LIPID METABOLISM IN THE
KIDNEYS

Hypertriglyceridemia and hypercholesterolemia predis-
pose to developing lipid deposits in most cell types of the
kidneys including tubular epithelium, podocytes and me-
sangial cells as shown in mouse and rat models of meta-
bolic syndrome and diabetes, as well as in human biopsy
specimens.’>'? Although studies in humans are limited in
number and extent, there is a growing preclinical litera-
ture on the subject via studies performed in rodent models
and potentially shared mechanisms with NAFLD. CD36,
along with soluble lipid carriers (SLC27A1-6), is the main
cellular transporter of lipids, predominantly oxidized low-
density lipoprotein cholesterol (LDL-C). CD36 is found
on almost all types of renal cells.*>** CD36 knockout
mice are less likely to develop fatty kidney and chronic
kidney disease in response to hyperlipidaemia and hyper-
triglyceridemia, but no studies have been performed in
human subjects.zs’26 However, Mendelian randomization
studies would be possible, given that several loss of func-
tion genetic variants are found at a frequency of around
1 in 1000.%” The role of CD36 in lipid transport has been
demonstrated in other cell types including hepatocytes,
endothelial cells and malignant cells.*>**** Metabolites
of oxidized LDL-C, namely 9-hydroxyoctadecanoic acid
and 13-octadecenoic acid, activate transcription fac-
tors involved in adipogenesis including the peroxisome
proliferator-activated receptor y (PPARY) and exert a posi-
tive feedback on CD36 expression.”’ Binding of fatty acids
to CD36 induces upregulation of CD36 and translocation
of CD36 from cytoplasm to plasma membrane and thus
over-uptake of lipids into renal cells.”>*’ Binding of fatty
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acids or LDL-C to CD36 leads to apoptosis of podocytes
and renal tubular epithelial cells via formation of reac-
tive oxygen species and production of thrombospondin-
1.2 An alternative theoretical mechanism for renal fat
accumulation is the differentiation of multipotent mes-
enchymal progenitor cells; however, no studies have yet
demonstrated such differentiation (Figure 1).

3.1 | Cholesterol

The primary functional role of cholesterol in podocytes is
the proper localization and function of the slit diaphragm
in the filtration barrier.>* Although the main factor con-
tributing to excess cholesterol accumulation is the defec-
tive efflux of cholesterol from podocytes, serum cholesterol
levels also contribute, as inferred by the beneficial effects
of statin administration which in turn activates the phos-
phatidylinositol 3-kinase/AKT-signalling pathway.****
Of note, statins have not been shown to impact kidney
function positively or negatively in clinical trials.**>¢ In
contrast, depletion of cholesterol via cyclodextrin (which
sequesters cholesterol) restores podocyte function and
prevents podocyte apoptosis in mice with Niemann-Pick
type C1, a disease caused by mutation in the NPC1 gene
and characterized by lysosomal cholesterol accumulation
in cells of various tissues, including liver and kidney.*’
NPC1 is a membrane receptor that allows intracellular
trafficking of cholesterol and cholesterol exit from lys-
osomes. LDL-C is uptaken into podocytes via the LDL-C
receptor CXCL16, and high intracellular levels of LDL-C
along with triglycerides and free fatty acids (FFA) may
cause oxidative and endoplasmic reticulum (ER) stress.*®
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FIGURE 1
leading to renal fat accumulation
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3.2 | Free fatty acids

Accumulation of FFA is mediated via uptake through
CD36, especially if associated with decreased fatty acid
beta oxidation. The majority of FFA accumulates in
lipid droplets or in the mitochondrial matrix, leading
to formation of reactive oxygen species and lipid per-
oxidation.*>*® Moreover, LDL-C receptor regulation is
disrupted in pre-diabetic and diabetic patients, which
may be due to induction of an enzyme involved in de-
saturation of free fatty acids, stearoyl-CoA desaturase 1
and decreased expression of ATP-binding cassette trans-
porter (ABCA1).4142

3.3 | Genetic abnormalities

Mutations in the gene encoding APOL1, a particle local-
ized in high-density lipoprotein (HDL-C) and involved in
the efflux of cholesterol, which is a principal mechanism of
cholesterol accumulation in podocytes and renal tissue, or
ABCA1, which is involved in the efflux of cholesterol, are
associated with increased risk for chronic kidney disease
if two mutated alleles are present.*****® APOLI1 is also ex-
pressed in podocytes and vascular cells and risk variants
of APOL1 protect from trypanosomiasis but are associated
with chronic kidney disease in African American in re-
sponse to diverse triggers, including HIV or SARS-CoV-2
infection.*”** Over-expression of APOE and deficiency of
lecithin-cholesterol acyltransferase (LCAT) (involved in
the esterification of free cholesterol in plasma or APOA1)
is linked to nephrotic-range proteinuria and focal segmen-
tal glomerulosclerosis.**~>

Mutations ¢
fatty acid; LCAT, lecithin:cholesterol of APOL1 ; §
acyltransferase; LDL, low-density Mutations =~ My —> ﬁ
lipoprotein; ROS, reactive oxygen species; of ABCAT
SREBF1, sterol regulatory element Genetic trenal lipid Kldney
binding transcription factor 1 Abnormalities accumulation Disease
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3.4 | Glucose

High plasma glucose levels lead to increased renal lipid
accumulation through alteration of transcription factors
such as the over-expression of sterol regulatory element-
binding transcription factor 1 (SREBF1) and suppression
of adipocyte triglyceride lipase, among others.>*™* In pa-
tients with type 2 diabetes mellitus, pararenal and perire-
nal adipose tissue thickness is an independent risk factor
for low estimated glomerular filtration rate (eGFR) and
increased renal arterial resistance.’®*’ Chronic hypergly-
caemia leads to lipogenesis and disrupts the FFA entry
into the mitochondrial citric acid cycle (Krebs cycle), thus
inhibiting the lipolysis.

4 | PATHOGENESIS OF KIDNEY
INJURY IN FATTY KIDNEY

Perirenal adipose tissue is the retroperitoneal fat that sur-
rounds the kidneys.58 The renal sinus fat is considered
part of the perirenal adipose tissue even though it is tech-
nically inside the kidney. High-serum total cholesterol,
high very low-density lipoprotein cholesterol (VLDL-C),
high LDL-C, high fasting plasma glucose or HbAlc, high
gamma-glutamyl transferase and low HDL-C levels are
the major variables that associate with greater renal sinus
fat accumulation along with certain medical conditions
including hypertension, diabetes mellitus and metabolic
syndrome (Figure 2).%

There are two hypotheses regarding how fat accumu-
lation in the kidneys may cause kidney disease. The first,
based on work by Moorhead and colleagues, assumes that
renal parenchymal fat accumulation leads to inflamma-
tion and oxidative stress with pro-inflammatory cyto-
kines that damage the renal vasculature, mesangial cells,
proximal tubule epithelium and podocytes, thus creating
a local environment of electrical insulation, possibly im-
pairing cross-talk between the kidney and other organs.*
The second hypothesis is that renal sinus fat accumula-
tion in a confined space leads to compression of the renal
vasculature, or even a compressive depolarization of the
nerves lining the vessels, thereby activating the renin-
angiotensin-aldosterone system.®"®>

4.1 | Inflammation and oxidative stress

Accumulation oflipids including VLDL-C, LDL-C, FFAs and
cholesterol crystals in nephrons, especially proximal tubular
epithelium and podocytes, plays a crucial role in the patho-
genesis of fatty kidney. Such molecules are prone to various
degrees of oxidation with formation of lipid peroxides that

promote the release of pro-inflammatory cytokines includ-
ing IL-1, IL-6, IL-8 and TNF-alpha from monocytes, mac-
rophages and mesangial cells.***** Even in the absence of
lipid peroxidation, renal sinus fat may be a source of adi-
pokines, leptin, chemokines and cytokines comparable to
adipose tissue elsewhere.®**> Disruption of the balance be-
tween pro-inflammatory and anti-inflammatory cytokines
in the renal tissue leads to accumulation of inflammatory
cells, tissue damage, cell death, formation of reactive oxy-
gen species and defective energy homeostasis, all of which
contribute to further progression of CKD. Regardless of ae-
tiology, the result is post-inflammatory fibrosis, histologi-
cally characterized by defective fatty acid oxidation in renal
tissue or hyperlipidaemia. Defective fatty acid oxidation
may be attributable to inhibition of AMP-activated protein
kinase (AMPK), PPAR-alpha or PPAR-gamma pathways,
disrupted mitochondrial function due to enzyme or cofactor
deficiency or mitochondrial damage and defective cellular
trafficking of lipids.®”~*

4.2 | Mitochondrial dysfunction

The mitochondria metabolize key molecules in this do-
main, including beta oxidation of fatty acids, urea cycle,
synthesis of porphyria and performance of the Krebs
cycle.” After being transported into cells, free fatty acids
undergo an acylation process, in which coenzyme is linked
to the fatty acid structure followed by transport into the
mitochondrial matrix via carnitine palmitoyltransferase
1 and 2 enzymes.”! Accumulation of fatty acids in the
mitochondria of renal tubular cells, especially proximal
tubular cells, is a common pathological finding in either
ischaemic, toxic or septic renal injuries due to disruption
between lipolysis-to-lipogenesis ratio.”””* Accumulation
of non-esterified fatty acids has been hypothesized to be
a major contributor of mitochondrial dysfunction.”*’®
Accumulation of such molecules in mitochondrial ma-
trices inhibits essential functions of mitochondria, which
may further worsen cellular injury.

4.3 | Klotho deficiency

Klotho is a protein produced mainly by the kidney, which
has anti-ageing, anti-inflammatory, antioxidant and anti-
fibrotic properties.”” Acute and chronic kidney disease are
conditions of acquired Klotho deficiency associated with
accelerated tissue ageing, as is the case for genetic Klotho
deficiency. Hyperlipidaemia-associated renal damage was
characterized by decreased kidney Klotho in ApoE knock-
out mice.” The antioxidant properties of Klotho are evi-
dent in a uremic milieu.”
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FIGURE 2 Overview of perirenal
adipose tissue including its associated
factors, assessment and possible
contribution to pathogenesis. CT,
computed Tomography; GGT,
Gamma-glutamyl transferase; HbAlc,
haemoglobin Alc; HDL, high-density
lipoprotein; LDL, low-density lipoprotein;
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4.4 | Other potential shared mechanisms
with fatty liver

Other pathophysiological mechanisms have been de-
scribed for NAFLD that may be relevant for fatty kid-
neys, such as ER stress, mainly referring to the unfolded
protein response, mediated by accumulation of palmitic
acid, may lead to protein degradation, disruption of pro-
tein synthesis and JNK-mediated apoptosis.****' Two
major hormones secreted by the adipose tissue, namely
leptin, which inhibits food intake and induces energy
expenditure and adiponectin which increases insulin
sensitivity, play crucial roles in fatty liver pathophysi-
ology, in which low serum levels of adiponectin and
significant resistance to leptin along with high-serum
leptin concentration have been documented.®*®® An
altered gut microbiome also influences both liver and
kidney function and injury.?”-%

Certain genetic variations have been linked to both
NAFLD and fatty kidney among which the patatin-like
phospholipase domain-containing protein-3 (PNPLA3)
1148 M gene variant constitutes the greater proportion
of genetic variability among patients with NAFLD along
with the incidence of CKD assessed via decline in eGFR,
fatty kidney and albuminuria in children and adults.”*’
Although exact mechanism underlying the role of
PNPLA3 gene polymorphism on NAFLD and fatty kid-
ney has not been fully understood, it is mainly expressed
in hepatic stellate cells and renal podocytes and leads to

inflammation and fibrosis in response to fat droplet for-
mation. Major importance of this genetic polymorphism
in addition to its’ high prevalence in that population is the
potential treatability with retinoic acid receptor agonists.”

5 | FATTY KIDNEY AND KIDNEY
AND CARDIOVASCULAR DISEASE

The Framingham Heart Study reported a high incidence
of imaging consistent with fatty kidney, 30%, which is
assessed via 8-slice Multi-Detector CT imaging.” This
and other studies have shown an association between
fatty kidneys and kidney and cardiovascular outcomes.
In 2923 subjects from the Framingham Heart Study,
fatty kidney was associated with the incidence of hy-
pertension and chronic kidney disease after adjust-
ment for body mass index and gender.”” One major
limitation of this study is the utilization of cystatin C
for chronic kidney disease and eGFR evaluation, which
may itself be increased by obesity. Therefore, results
of the Framingham Heart Study in terms of the asso-
ciation between fatty kidney and chronic kidney disease
may be misleading since a similar relationship has not
been documented when creatinine has been used as the
marker for eGFR evaluation. In fifty-one patients with
type 2 diabetes, renal sinus fat was negatively correlated
with GFR and effective renal plasma flow and posi-
tively correlated with effective renal vascular resistance
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and mean arterial pressure mellitus after adjustments
for body mass index, visceral adipose tissue and gen-
der.’® Perirenal adipose tissue has been linked to ca-
rotid intima-media thickness, vascular calcifications,
visceral adiposity, hypertension and number of medi-
cations used in the treatment of hypertension, athero-
sclerosis, cardiovascular events, microalbuminuria and
progression of chronic kidney disease in multiple large-
scale studies.®*'°'1%7 Although most studies, especially
the cross-sectional studies, do not consider perirenal fat
thickness or renal sinus fat as an individual risk factor
for the development of CKD, a few studies demonstrate
that both are individual risk factors independent from
other traditional risk factors. General characteristics of
the major studies investigating such relationships have
been reviewed at Table 1.

Another important issue to be addressed is the poten-
tial effects of fat accumulation in other tissues includ-
ing epicardium on cardio-renal outcomes. Epicardial
fat accumulation has been linked to poor consequences
including albuminuria, decline in eGFR, atherosclerosis
and worse prognosis in CKD patients.'® " Exact phys-
iological role of epicardial fat accumulation is currently
unclear; nevertheless, it is involved in the secretion of
many cytokines such as leptin, adiponectin, resistin,
omentin and others. Under physiological conditions, the
balance of these cytokines supports anti-inflammatory
and anti-atherogenic effects while excess accumulation
of epicardial fat accumulation leads to contradictory
outcomes like fat accumulation in many other tissues
including liver, kidney and subcutaneous tissues, %113
Additionally, epicardial fat accumulation supports myo-
cardial tissue, which primarily utilizes free fatty acids
as energy source. Although studies investigating the
cardio-renal effects of fatty accumulation in other tis-
sues are scarce, similar pathophysiological effects are
possible.

6 | IMAGING OF FATTY KIDNEY
Ultrasound is a noninvasive, inexpensive modality that
is widely available. Unfortunately, the detection of fat
is a major limitation of ultrasound imaging and image
quality, as fat disrupts the sound waves and reduces
image quality.""*'"> Therefore, evaluation of a deep
organ in overweight individuals can be challenging and
require technical skill. Nevertheless, ultrasound deliv-
ers no ionizing radiation and provides real-time point
of care analysis; therefore, it is worth considering this
option. This assessment will usually implement lower-
frequency curved transducers, which are suited for deep
penetration.

One objective imaging biomarker is the thickness of
the abdominal subcutaneous fat layer (defined as the dis-
tance between the dermis and abdominal musculature)
and thickness of the visceral fat (defined as the distance
from the peritoneum to the transverse process of the lum-
bar spine). Of note, since fat is compressible, these mea-
surements are fraught with random and systematic error
based on how heavily the operator presses on the patient's
tissue and fat thickness differences of 1-2 cm in the sub-
cutaneous fat layer can be created simply by pressing too
hard on the skin to achieve a more optimal image qual-
ity."'® Despite being used in multiple studies, ultrasound
has not yet been recommended in the assessment of renal
sinus or parenchymal fat content.”'”''® One of the rea-
sons may be that the kidney is inconsistently visualized
by ultrasound, especially in overweight individuals, due to
such variables as bowel gas and visceral adiposity limiting
image quality.

CT uses ionizing radiation to create cross-sectional
images of the abdomen and provides reproducible, ob-
jective imaging of the abdominal subcutaneous and vis-
ceral fat layers with high sensitivity and specificity.''®
However, it delivers a radiation dose to the patient that
limits its value as a screening modality. Intravenous
contrast is not needed to assess fat content and actually
non-contrast assessment may be preferred as it allows
accurate measurement of the native tissue density (mea-
sured in Hounsfield units), which will be in the negative
range for fatty tissue. However, exact delineation of in-
trarenal fat content is difficult without contrast since the
papillae, collecting system, vessels and sinus fat all have
similar densities, are crowded and often not best seen
in the routine axial/sagittal/coronal planes. Addition of
contrast (especially in the context of patients at risk of
contrast induced nephropathy) is unlikely to help sub-
stantially, but if performed, would be most useful with
a split phase contrast technique: in the nephrographic
phase, the enhancing tissue (nephrons, vessels, collect-
ing system) can all be volumetrically subtracted from
the non-enhancing tissue (presumed to be fat and inter-
stitial tissue, though the measurement of these densities
can be inaccurate as the enhancing tissue would make
the fat pixels measure brighter on average). In addition,
perirenal fat thickness measured manually via CT is bet-
ter correlated with the perirenal adipose area than the
adipose area of the renal sinus.™"’

The best modality to measure fatin a crowded organ like
the kidney is magnetic resonance imaging (MRI).'?*"*%
MRI images protons that are in a fat environment and
can be selected and enhanced accurately, and even se-
lectively deactivated (fat saturation sequences). MRI and
proton magnetic resonance spectroscopy have been used
to assess renal fat content in various studies in addition to
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the assessment of lipid content of liver and pancreas all
of which are correlated with the lipid content determined
on biopsy specimens.!!®!2*123124 Eyrthermore, renal
sinus lipid content is increased in pre-diabetic subjects
compared to normoglycaemic subjects and is associated
with a decline in eGFR. Nonetheless, no consensus has
been reached in terms of protocol to be implemented in
these cases and there is need for further validation stud-
ies. Sequences like spectroscopy sequences require special
technical skills and additional hardware and software ca-
pabilities. Not all patients fit into MRI scanners, and many
have claustrophobia. Traditional Gadolinium-based con-
trast agents, if indicated in a scan, is specifically contra-
indicated with poor GFR (typically <30 ml/min/1.73 m?),
although newer ones are safer. Many patients have legacy
metal instrumentation that is ferromagnetic and would
not be MRI-compatible, such as pacemakers. Even if com-
patible, small metallic surgical clips or other instrumenta-
tions such as lumbar spine screws can all cause artefacts
that make analysis of the retroperitoneum difficult and
unreliable. However, MRI has no ionizing radiation and
remains of high interest for this reason. The optimal pa-
tient selection and protocols for this modality remain to

be seen. Major advantages and disadvantages of each im-
aging method have been reviewed at Table 2.

7 | THERAPEUTIC
IMPLICATIONS

However, statistically significant associations between
fatty kidney and chronic kidney disease or cardio-renal
outcomes do not establish causality nor guarantee the effi-
cacy of therapeutic interventions. There is a limited num-
ber of small heterogeneous studies in human subjects that
have tested lifestyle modifications. Additionally, PPAR-
alpha agonists, CD36 antagonists, statins, GLP-1 receptor
agonists and SGLT-2 inhibitors are potential drugs of in-
terest at diverse stages of clinical development.

7.1 | Lifestyle modifications

In a randomized clinical trial involving 278 participants
undergoing 18-months of dietary intervention with or
without exercise, a statistically significant decline in renal

TABLE 2 Major advantages and disadvantages of the imaging methods for the assessment of fatty kidney

Method of choice Advantages

Ultrasonography « Widely available
« Inexpensive
« Rapid assessment

Disadvantages

« Operator dependent method
« Poor resolution of the image
« Poor imaging quality in the presence of

Computed tomography

Magnetic resonance imaging

Magnetic resonance spectroscopy

Real-time point imaging option
Lack of ionizing radiation
Suitable for pregnant patients

High specificity and sensitivity for adipose tissue
High resolution of the image

Rapid assessment

Not operator dependent

High specificity and sensitivity for adipose tissue
Lack of ionizing radiation

High resolution of the image

Not operator dependent

Suitable for pregnant patients

Highest sensitivity and specificity for fat
quantification in a tissue

Lack of ionizing radiation or radiocontrast agent
Not operator dependent

High resolution of the image

air, bone and fat

High risk for false negative results
No clear guideline for fatty kidney
assessment

Use of ionizing radiation

Need for radiocontrast agent in certain
methods

High cost

Not suitable for pregnant patients

No clear guideline for fatty kidney
assessment

Slow assessment

Need for radiocontrast agent in certain
methods

Potential need for sedation

High cost

Poor availability

No clear guideline for fatty kidney
assessment

High cost

Poor availability

No clear guideline for fatty kidney
assessment
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sinus fat was documented and correlated with decrease in
pericardial and hepatic adipose content and improvement
in hepatic functions, whereas there was no significant im-
provement in renal function or blood pressure.'*

7.2 | PPAR-alpha agonists

PPAR-alpha is involved in lipolysis and beta oxidation
in renal tubular epithelium and podocytes. Significant
improvement in renal oxidative stress, renal function
and proteinuria has been recorded with fenofibrate in
mice, but no clinical studies have yet investigated the ef-
fects of PPAR-alpha agonists on renal lipid deposition.'*®
However, there is evidence supporting kidney protection
by fenofibrate from large observational studies and post
hoc analysis of randomized clinical trials."*”'*® In the
national cohort of Taiwan's National Health Insurance
Research Database, the fenofibrate group exhibited the
lowest incidence of permanent dialysis (fenofibrate vs
nonuser: subdistribution HR [SHR]: 0.78; 95% CI, 0.77-
0.80; statins vs fenofibrate: SHR: 1.27; 95% CI, 1.26-1.29;
statin-fenofibrate combination vs fenofibrate: SHR: 1.15;
95% CI, 1.13-1.17)."® A post hoc analysis of 2636 partici-
pants in the fenofibrate arm and 2632 in the placebo arm
in the ACCORD Lipid Trial disclosed that during a me-
dian follow-up of 4 years, treatment with fenofibrate was
associated with lower rate of eGFR decline (—0.28 ml/min
per 1.73 m? per year in the fenofibrate group vs. —1.25 ml/
min per 1.73 m? per year in the placebo group, p < 0.01)
and with lower incidence of microalbuminuria (hazard
ratio [HR] 0.56, 95% confidence interval [CI] 0.43-0.72,
p < 0.001) and macroalbuminuria (HR 0.72, 95% CI 0.57-
0.91, p < 0.001), although there was no difference in inci-
dence of CKD (HR 0.92, 95% CI 0.74-1.15, p = 0.46) and/
or kidney failure (HR 0.95, 95% CI 0.68-1.33, p = 0.76)."*’
The literature on fenofibrate is confusing, as it results in
an early, transient increase in serum creatinine. Although
initially thought to be related to changes in tubular cre-
atinine secretion, it is also associated with increased
serum cystatin; thus, it likely represents a haemodynamic
decrease in eGFR,'? similar to that observed with other
nephroprotective drugs such as RAS blockers, SGLT-2 in-
hibitors, tolvaptan and finerenone.'*

7.3 | CD36 antagonists

No studies have yet investigated the effects of CD36 an-
tagonists in human subjects. However, CD36 is involved
in the uptake of cholesterol and lipoproteins into renal
tissue and CD36 antagonists had positive effects on renal
inflammation and fibrosis in mice."*"'**

7.4 | Statins

Statins are competitive inhibitors of rate-limiting steps
of in vivo cholesterol synthesis, HMG-CoA reductase
and decrease serum cholesterol and triglyceride levels.'*®
Simvastatin in combination with ezetimibe did not im-
prove renal function in the SHARP trial conducted over
nine thousand subjects, whereas in smaller studies use of
statins in patients with chronic kidney disease was asso-
ciated with improved proteinuria.*®!** Therefore, studies
addressing the effects of statins on renal adipose accumu-
lation, although, despite numerous clinical trials and ob-
servational studies, there is not yet convincing evidence of
an impact on renal function.

7.5 | GLP-1 receptor agonists

Glucagon-like peptide 1 receptor agonists are widely used
in the treatment of type 2 diabetes mellitus and decrease
body weight."*> Ultrasonographic examination revealed
redistribution of body fat tissue and decline in adiposity
in patients using GLP-1 receptor agonists, namely exena-
tide and liraglutide, for 3 months.'*® Furthermore, GLP-1
receptor agonists decrease the renal lipid accumulation
including triglycerides, FFAs and cholesterol through res-
toration of balance between lipolytic and lipogenic path-
ways and improvement in mitochondrial function through
the Sirt1/AMPK/PGCla pathway."*’"'*° Beneficial effects
of GLP-1 receptor agonists on insulin sensitivity and body
weight may also contribute to such effects. No studies
have yet investigated the effects of GLP-1 receptor ago-
nists on renal adipose tissue in human subjects; however,
studies performed in subjects with non-alcoholic fatty
liver disease treated with GLP-1 receptor agonists indi-
cate that GLP-1 receptor agonists are effective for hepatic
steatosis and inflammation, with the potential to reverse
fibrosis.'**'*? In persons with type 2 diabetes, GLP-1 re-
ceptor agonists, as SGLT-2 inhibitors discussed below, im-
prove both cardiovascular and kidney outcomes, although
kidney protection from the point of view of preservation
of kidney function is not as well established as for SGLT-2
inhibitors."**

7.6 | SGLT-2 inhibitors

Sodium-glucose cotransporter-2 (SGLT-2) inhibitors are
indicated to treat type 2 diabetes mellitus and diabetic and
non-diabetic chronic kidney disease or heat failure.'**"46
Hypoxia-inducible factor alpha (HIF-1-alpha), which
is responsible for the metabolic switch from lipid beta
oxidation to glycolysis as energy source, and thus, lipid
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accumulation, is suppressed by SGLT-2 inhibitors in vitro
in mice and human kidney samples.'**'*"'*® SGLT-2
inhibitors also decrease weight and body mass index.
Additionally, SGLT-2 inhibitors decrease the insulin-to-
glucagon ratio, leading to a favourable shift in lipolysis-
to-lipogenesis and glycolysis-to-gluconeogenesis ratios in
terms of improvement in fatty kidney.'***** Although no
human studies have addressed yet the impact of SGLT-2
inhibitors on fatty kidney, they are well established kid-
ney protective drugs. Additionally, studies conducted
with NAFLD patients suggest promising outcomes in pa-
tients with fatty kidney due to shared pathophysiological
mechanisms.'*

7.7 | Other potential targets

Although almost all components of adipogenesis, signal
transduction and lipid metabolism have a potential to be
used as therapeutic target in fatty kidney and chronic kid-
ney disease, farnesoid X receptor (FXR) activators, anti-
oxidants and sterol regulatory element binding protein 1
(SREBP-1) regulators of which mediate lipid biosynthesis
and fibrosis appear to be the main candidates for future
studies.'>”>'*® Experimental studies showed FXR activa-
tors may protects from obesity-induced kidney injury and
targeting SREBP might be an important pharmacological
strategy to attenuate the progression of kidney diseases.'”"

8 | CONCLUSION

Fat accumulation throughout body including various tis-
sues and organs is commonly encountered, especially in
overweight and obese individuals mainly due to insulin
resistance. Fatty kidney, as an emerging area of neph-
rology research, is a concept with multiple clinical con-
sequences such as albuminuria, decline in eGFR and
increase in the incidence of CKD. Multiple therapeutic
alternatives including lifestyle modifications, PPAR-alpha
agonists, statins, GLP-1 agonists, SGLT-2 inhibitors, CD36
antagonists and FXR agonists have been proposed in the
treatment of fatty kidney without any consensus on the
exact algorithm. The requirement for future studies inves-
tigating the pathophysiology, clinical outcomes and thera-
peutics of fatty kidney is clear.
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