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Abstract

Obesity, hypertension, and chronic kidney disease (CKD) constitute the deadly trinity
of modern threats for populations of both developed and developing countries. These
diseases (together with type 2 diabetes) are closely linked in their pathophysiology and
result in increasing cardiovascular (CV) morbidity and premature death from CV causes.
In this review, we focused on the kidney as the target of obesity-related disorders. Obesity-
related glomerulosclerosis (ORG) represents a pattern of renal injury caused solely or
predominantly by obesity; usually, it is superimposed on chronic kidney disease (CKD)
from other causes, such as diabetic kidney disease, hypertensive kidney disease, type 2
cardiorenal syndrome, primary or secondary glomerulopathies, and others. Adipose tissue
contributes to kidney injury in several ways: it releases proinflammatory cytokines and
growth factors, leading to podocyte and mesangial cell injury and glomerulosclerosis. In
particular, perirenal adipose tissue (PRAT), besides exerting paracrine and endocrine effects
on the kidney, modifies its function via compression on renal parenchyma and vessels. The
intrinsic ability of the kidneys in obesity to increase the reabsorption of sodium warrants
intraglomerular hypertension and hyperfiltration, followed by progressive renal injury.
Lifestyle interventions and pharmacological agents, as well as metabolic (bariatric) surgery
resulting in weight reduction, may also be beneficial for the kidneys. Using GLP1 receptor
agonists (with a special focus on subcutaneous semaglutide and tirzepatide) seems to be
the most promising treatment strategy for preventing kidney injury in obese individuals.

Keywords: obesity; obesity-related glomerulosclerosis (ORG); chronic kidney disease
(CKD); proteinuria; albuminuria; focal and segmental glomerulosclerosis (FSGS); hyperfi-
tration; incretine-based therapies; bariatric surgery; weight loss

1. Introduction
Nowadays, obesity is one of the leading worldwide health problems, with preva-

lence steeply increasing in recent decades. Obesity has a multifactorial etiology and is
characterized by the presence of excess fat deposits with adipocyte hyperplasia and hy-
pertrophy, reflected as a body mass index (BMI) greater than 30 kg/m2. The prevalence
of obesity in the USA among the adult population reached 35% in 2015, with more than
600 million adults obese worldwide, and the prevalence was higher among women than
men in most countries [1,2]. The problem will become even more serious: according to the
World Obesity Federation report published in 2019, the estimated number of children and
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adolescents (age 5–19) with obesity will reach 206 million and will increase to 254 million
in 2030 worldwide [3]. Moreover, observational studies show that maternal obesity is
associated with long and short-term health consequences for offspring, including metabolic
disorders (e.g., childhood obesity, insulin resistance and type 2 diabetes, and metabolic
syndrome), cardiovascular diseases (stroke and coronary heart disease), hormonal and
immune dysregulation, and neurodevelopmental disorders [4]. A large proportion of
these individuals will experience obesity-related complications, including obesity-related
glomerulopathy (ORG). It is important to mention that in some studies, ORG may be more
common in males, possibly due to differences in fat distribution, hormonal factors, and
lifestyle behaviors [5]. Mechanisms initiating obesity-related lesions within the kidneys
are not fully understood. Animal models of obesity clearly demonstrate that weight loss
improves kidney function and reverses histological lesions of ORG—these data suggest a
direct link between obesity and advanced renal injury, which might be reversible [6].

In this review, we aimed to discuss the pathophysiological background of kidney injury
associated with obesity and perirenal adipose tissue accumulation. We also discussed recent
clinical trials performed in obese patients with and without type 2 diabetes, addressing
certain renal end-points.

1.1. Obesity-Related Glomerulosclerosis (ORG)—Kidney as a Victim of Adipose Tissue

Obesity seems to be one of the most important (following diabetes) causes of chronic
kidney disease (CKD) and is an independent factor contributing to this condition [7]. Based
on analysis of the Framingham Health Study cohort, obese participants had a 68% higher
risk of reaching CKD stage 3 [8]. Overweight/obesity or central fat distribution were
shown to be risk factors for renal impairment even after adjustment for the confounding
variables [9]. Kidney biopsy remains the gold standard for the diagnosis of glomerular
disease. Not so long ago, pathologic reports describing ORG were limited only to autopsy
studies, based on which an association between obesity and glomerulomegaly was estab-
lished [10]. The evaluation of kidney biopsy samples obtained at Columbia University
revealed about a 10-fold increase in the incidence of ORG between the end of the 1980s and
1990s (indications for kidney biopsies were routine for clinical practice). The key criteria
for making a diagnosis of ORG were the presence of glomerulomegaly with or without
the coexistence of focal segmental glomerulosclerosis (FSGS) and a BMI ≥ 30 kg/m2. In
the analyzed group, the most common pathological findings were glomerulomegaly and
FSGS; the glomerular size (diameter) was, on average, 1.34-fold greater when compared to
patients without obesity [5]. Similar data were published by Chen et al., who enrolled 46 pa-
tients with obesity in the biopsy study and compared them with 10 non-obese, otherwise
healthy controls. The volume of glomeruli was increased, and the podocyte density was
decreased in obese patients, with differences statistically significant when compared to con-
trols. Moreover, the severity of proteinuria correlated inversely with podocyte density and
number [11]. The clinical presentation of ORG may vary from mild to severe proteinuria
with or without renal impairment; commonly, nephrotic range proteinuria is present, but
without signs of nephrotic syndrome, such as peripheral edema or low serum albumin. This
clinical manifestation is strikingly different from primary FSGS, minimal change disease,
membranous nephropathy, and advanced diabetic kidney disease—proteinuric glomerular
diseases manifesting with fully symptomatic nephrotic syndrome. The prognosis of ORG
is rather good (especially when compared to primary FSGS and if not superimposed on
CKD from other causes), and typically, proteinuria remains stable or progresses slowly. It
is estimated that between 10 and 33% of patients may progress to advanced stages of CKD
and ultimately to end-stage kidney disease [12]. Previously, ORG has been thought to be a
consequence of hemodynamic changes alone, but the pattern of injury present in histologic
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assessment cannot be explained only by disturbed flow. Hyperfiltration secondary to
afferent arteriole dilatation (driven by decreased tubuloglomerular feedback secondary to
the increased proximal tubule sodium reabsorption and decreased sodium load reaching
macula densa) still remains the important mechanism of injury (sometimes even called
‘glomerular barotrauma’). Nevertheless, now it seems obvious that circulating factors
(cytokines, hormones, growth factors) synthetized and released from adipose tissue are the
culprits of kidney injury. In the histologic evaluation ORG more often presents as perihilar
variant FSGS, probably because of increased pressure at the afferent arteriole. Moreover,
hyalinosis and mesangial lesions, especially increased cellularity followed by mesangial
matrix are present. Podocytes may be detached from the glomerular basement membrane,
in non-sclerosed portions of glomeruli swollen podocytes with vacuolated cytoplasms
can be seen [13–15]. Focal intracellular lipid vacuoles accumulated in proximal tubular
epithelial cells and in glomeruli may also be present [16]. The immunofluorescence findings
are nonspecific in the area of glomerulosclerosis, mostly consisting of immunoglobulins
and complement components (IgG, IgM, C3) [5]. Images of lesions representative for ORG
are shown in Figure 1A–E.

In obesity, several angiogenic and proinflammatory adipokines are secreted from
adipose tissue (i.a. angiopoietins, vascular endothelial growth factor [VEGF], cathepsins,
cystatin C) [5,17]. Berfield et al. evaluated the influence of insulin-like growth factor-1
(IGF-1) on intracellular lipid accumulation in mesangial cells; those cells later transform into
the foam cells. They demonstrated that IGF-1 causes accumulation of lipids in mesangial
cells decreasing their ability to respond to specific migratory and contractile stimuli [18].
In addition, lipid accumulation in mesangial cells can be promoted by LDL-feedback
regulation stimulated by inflammation [19]. Coimbra et al. tracked changes in the kidneys
of obese Zucker rats (fa/fa rats) between weeks 6 to 60 following birth. By week 6, the
animals developed hyperinsulinemia and hyperlipidemia and after 14 weeks, diabetes. In
18 week old fa/fa rats, FSGS was seen, and in 40 week old rats tubulointerstitial damage
and proteinuria were detected. A 1.8-fold increase in glomerular monocyte/macrophage
counts in fa/fa rats was observed when compared to controls and an increase in de novo
desmin expression in podocytes was demonstrated, which correlated with damage in
adjacent tubular cells. Moreover, increase in the number of mitochondria, intracytoplasmic
proteins and fat droplets were seen in podocytes [20].

Adipose tissue producing and secreting adipokines is now recognized as an active
endocrine tissue. Studies show that the level of adiponectin concentration is low in obesity,
and there is an inverse correlation between its serum level and increased cardiovascu-
lar mortality [21]. The same correlation is observed in patient with stage 4 and 5 CKD
with metabolic syndrome [22]. Ohashi et al. performed subtotal (5/6) nephrectomy in
adiponectin-knockout and wild-type mice. In kidney biopsies from adiponectin-knockout
mice, podocyte foot process effacement was noticed in electron microscopy of remnant
kidneys, and treatment with recombinant adiponectin reversed proteinuria and histopatho-
logic lesions; it also decreased urinary hydrogen peroxide (reflecting the degree of an
oxidative stress) [23]. Adiponectin directly influences kidney structure and function, and
its reduced concentration is associated with the development of metabolic syndrome, obe-
sity, diabetes type 2 and hyperlipidemia [24,25]. Meyvis et al. in the study conducted
in overweight and obese nondiabetic patients noticed inverse correlation between serum
adiponectin and albuminuria [26]. Adiponectin has anti-inflammatory properties executed
by the suppression of M1 macrophages and promotion of macrophage differentiation into
the M2 phenotype. These actions decrease synthesis of proinflammatory cytokines (e.g.,
TNF-α and Il-6), and their reduced signaling at the level of mesangial and tubular cells,
and podocytes [27]. Moreover, the anti-inflammatory effect of adiponectin on mesangial
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cells can also be exercised by the reduced NF-κB signaling (the master transcription factor
that governs the expression of ‘proinflammatory’ genes [28]. Some authors suggest that
high serum adiponectin concentration may be a novel and clinically useful biomarker of
renal dysfunction [29]. Sharma et al. in their study comprising a cohort of patients at high
risk for developing diabetes and kidney disease as well as in the model of adiponectin
gene-knockout (Ad(-/-)) mice showed that adiponectin may have renoprotective effects on
podocytes, by reducing their apoptosis through activating AMP-activated protein kinase
(AMPK) and suppressing oxidative stress [30]. Another important study on an experimen-
tal model was conducted by Rutkowski et al.—they suggested that adiponectin may help
to maintain the slit diaphragm structure by reducing mitochondrial dysfunction and endo-
plasmic reticulum stress in podocytes [31]. Adiponectin exerts effect also on mesangial cells
by reducing platelet-derived growth factor (PDGF)-induced mesangial cell proliferation
by blocking mTOR pathway and decreasing fibronectin and collagen type IV deposition,
thus preventing glomerulosclerosis [32]. Leptin is another adipokine produced mainly
by white adipose tissue, cleared predominantly by the kidneys—its serum concentration
is increased in patients with CKD [33]. Leptin among other effects stimulates oxidative
stress causing endothelial dysfunction and platelet aggregation [34,35]. Moreover, leptin
can promote glomerulosclerosis and interstitial fibrosis [36]. Another important factor
contributing to the development and progression of ORG is inflammation. The influence of
inflammation on progression of CKD is crucial; proinflammatory cytokines can exacerbate
kidney fibrosis, endothelial dysfunction, and activation of glomerular and endothelial
cells [37]. Recent studies demonstrate that visceral adipose tissue is responsible for syn-
thesis of cytokines other than leptin and adiponectin—it can also produce tumor necrosis
factor (TNF), transforming growth factor (TGF) or monocyte chemoattractant protein-1
(MCP-1) [38].

Obesity is related to overfeeding and results in insulin resistance. Insulin resistance in-
duces glomerulosclerosis by several pathways. It influences glomerular hemodynamics by
means of afferent arteriole dilatation and efferent arteriole constriction. Hyperinsulinemia
leads direct podocyte injury and may contribute to podocyte loss, inducing lipotoxicity and
activating proinflammatory pathways [39,40]. Excess consumption of fructose—rich prod-
ucts induces systemic blood pressure increase, promotes inflammation and oxidative stress
within glomerulus, may induce iron-dependent podocyte damage and mesangial injury [41].
Altogether fructose promotes extracellular matrix accumulation, i.e., glomerulosclerosis.
Advanced glycation end products—receptor for advanced glycation end products (AGE-
RAGE) signaling is well-recognized pathway of tissue injury in obesity (and may result
from glycation of endogenous proteins and intake of AGE-modified products) and plays
important role in development of glomerular injury in diabetes and beyond [42,43].

To the best of our knowledge, certain gene polymorphisms or gene expression were
not studied specifically regarding ORG and differentiating genetic background of ORG vs.
obesity in general. Nevertheless, since the expression and activity of several adipokines and
cytokines depends on certain gene expression, such a difference cannot be excluded [44].
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Figure 1. Pathologic lesions typical for obesity-related glomerulosclerosis (A). Glomerulomegaly, PAS
stain; (B). Glomerulomegaly, silver methamine; (C). Focal GS, small foci of fibrosis and tubular atrophy,
AFOG stain; (D). Focal GS, small foci of fibrosis and tubular atrophy, silver methamine; (E). ORG,
mild thickening of GBM_X2500]. The most characteristic finding is a triad of lesions, encompassing
glomerulomegaly and focal segmental glomerulosclerosis on light microscopy, along with normal
or only mildly increased thickness of the glomerular basement membrane (GBM) on ultrastructural
examination. Occasionally, mild mesangial widening and focal effacement of podocyte foot processes
may also be seen.
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1.2. Hyperfiltration—Phenomenon of ORG

Glomerular hyperfiltration represents a response to increased metabolic needs in
obesity. There is a correlation between BMI and podocyte and glomerular hypertrophy in
obese patients without renal disease [45]. Some experimental studies were conducted to
evaluate response of the podocytes to mechanical stress generated by glomerular pulsation
(as a result of an afferent arteriole dilatation). Endlich et al. in their study cultured differen-
tiated mouse podocytes on stretchable silicone membranes and analyzed their structure
following mechanical stress application. This experiments showed proof that the podocyte
cytoskeleton becomes reorganized as an adaptive response to pulsatile strain. This response
promotes podocyte swelling and widening of foot processes that may result in podocyte
detachment and the direct adherence of glomerular tuft to Bowman’s capsule (glomerular
tuft adhesion) [46]. Only a few publications are available that directly address glomerular
filtration in obese patients. In most of them, GFR without correction to body surface was
higher when compared to controls (i.e., those with normal body weight) [47]. Chagnac et al.
analyzed clearances of several substances to estimate glomerular filtration in nondiabetic
patients with severe obesity. Compared to healthy controls, glomerular filtration rate (GFR)
and renal plasma flow (RPF) in the studied group were increased by 51 and 31%, respec-
tively. Authors concluded that renal vasodilatation contributing to hyperfiltration involves
mainly or solely the afferent arteriole [14]. In fact, several factors may induce hyperfiltra-
tion, but afferent/efferent arteriole seems crucial. Hyperfiltration is more likely to occur in
patients who experience a low nephron number, have acquired nephron loss, have an AGE-
modified structure of arterioles, and those who eat high-protein diet. All substances that
modify afferent/efferent arteriole balance that pose vasoconstrictive or vasodilating poten-
tial may be involved in development of hyperfiltration and include (among others): renin,
angiotensin II, aldosterone, endothelin, nitric oxide, adenosine, osmotic agents in urine, etc.
Hyperfiltration may also depend on hydration status and diuretic use. All these factors
may contribute to hyperfiltration in obese patients, who otherwise are predisposed to this
phenomenon [48]. In addition, high GFR in studied group may be caused by transcapillary
hydraulic pressure gradient, mainly associated with increased arterial pressure in capillar-
ies due to dilated afferent arteriole [14]. These findings suggest that systemic hypertension
may play a role in pathogenesis of hyperfiltration. The renin–angiotensin–aldosterone
system (RAAS) is overactivated probably as a result of increased number of adipocytes
that synthesize RAAS components [49]. The ability of angiotensin II to increase sodium
reabsorption in proximal tubules by stimulating the Na+-H+ changer, Na+-K+-ATPase, and
Na+ channel (ENaC) is well recognized [50]. In addition, the renal sympathetic nervous
system (RSNS) overactivated in obesity and also promotes sodium reabsorption. Leptin
and adiponectin levels are known factors to activate RSNS [51,52]. Another theory explain-
ing hemodynamic changes in ORG is the ‘tubular’ hypothesis. Increases filtered sodium
reabsorption in proximal tubules results decreased concentration of sodium in the filtrate
reaching the macula densa. activating a negative tubule–glomerular feedback loop and
vasodilation of the afferent arteriole [53]. An increased filtration fraction as a consequence
of obesity-related hyperfiltration causes hemoconcentration in postglomerular vessels and
increased oncotic pressure in peritubular capillaries that is expected to promote proximal
tubular sodium reabsorption [54]. Glomerular hypertension is associated with increased
capillary wall stress, which may cause hyperfiltration and structural abnormalities such as
glomerulomegaly or basement membrane thickening [55]. Fluid flow shear stress exerted
on podocytes leads to their detachment and activates mediators that promote glomerular
injury and sclerosis (angiotensin II, angiotensin II type 1 receptor, transforming growth
factor β—TGB β, transforming growth factor β receptor, and phospholipase D). Those
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factors may promote apoptosis, decreased adhesion, and detachment of podocytes, as well
as their hypertrophy [56–58].

1.3. The Potential Role of Adipose Tissue Surrounding the Kidneys in Development of ORG

Several recent papers show that obesity and increase in mass of adipose tissue is corre-
lated with metabolically active peri-renal adipose tissue (PRAT). PRAT is a part of visceral
adipose tissue (mixed brown and white) surrounding the kidney, in the past thought to
play a role as a mechanical support for this organ, now known to influence kidney and
cardiovascular system function. The association between PRAT, glucose concentration,
and metabolic syndrome has been discovered; PRAT contributes to the increased cardio-
vascular risk, insulin resistance and proatherogenic dyslipidemia [59,60]. The association
between visceral adipose tissue (VAT) and renal and cardiovascular system disorders is
recognized for decades, but now it seems that such association is even stronger for PRAT.
PRAT synthesizing and releasing adipocytes functions as an endocrine and paracrine tissue
influencing lipid and carbohydrate metabolism and governing inflammatory processes [61].
PRAT can release the potent proinflammatory mediators (including IL-1β, IL6, TNF-α,
leptin, lipocalin, vimentin, and resistin), which may promote injury of a kidney tissue on
a paracrine and endocrine manner and may also contribute to damage of remote organs,
such as the heart and liver [62,63]. PRAT is also a source of free fatty acid supply to the
kidney, thus promoting lipotoxicity, one of the key mechanisms of kidney injury in diabetic
and non-diabetic kidney disease. Free fatty acids released by PRAT may impair endothelial
function [64]. Inflammatory agents can affect renal function in a paracrine way through
leptin, interleukin-1β or TNF [65]. Autonomic nervous system abundantly innervates
PRAT, and in obesity its overactivation is common. Autonomic nerve stimulation enhanced
by PRAT may contribute to hypertension [66]. Cao et al. performed a study in the Sprague
Dawley rats that were randomized into three groups: control rats receiving sham operation
(implantation of carotid baroreceptor stimulating device, without stimulation), obese rats
receiving sham operation (like previous group), and obese rats receiving carotid barorecep-
tor stimulation device. The result was reduced metabolic disorders and insulin resistance
(including decrease in PRAT mass and adipocyte hypertrophy) in obese rats receiving
stimulation of baroreceptors and, thus, inhibiting the sympathetic nervous system [67].
PRAT has a unique feature differentiating it from VAT in other locations, namely it is sur-
rounded by a tight fibrous membrane—renal fascia. This anatomical condition implicates
the special feature of PRAT—its accumulation may have a direct mechanical impact on
the kidney causing compression of renal parenchyma and vessels and in consequence
impact on renal hemodynamics, GFR, sodium reabsorption and blood pressure. Excess
adipose tissue localized in the region of renal sinus (also belonging to PRAT) may exert
direct pressure on renal vein and lymphatic vessels, thus increasing intrarenal pressure and
impairing GFR [62]. Chen et al. evaluated the association between PRAT measured using
magnetic resonance imaging (MRI) and several parameters characterizing renal hemody-
namics. They found that patients in the highest tertile of PRAT were characterized by the
lowest values GFR, renal plasma flow and glomerular hydrostatic pressure as compared to
patients in the lowest tertile of PRAT. On the contrary, in patients with the highest values
of PRAT, the highest values of renal vascular resistance and afferent arteriole resistance
were found [68]. Several trials, both cross-sectional and prospective, have demonstrated
that PRAT thickness (evaluated usually by using ultrasound and less frequently by MRI or
computed tomography (CT)) correlates with albuminuria and lowered eGFR and predicts
the risk of developing CKD, mostly in patients with diabetes and/or obesity but also those
with hypertension [68,69]. Certain thresholds of PRAT thickness that differentiate low
vs. high risk patients were defined by several authors (these threshold values as well as
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PRAT thickness considered as ‘normal’ differ between studies due to different techniques of
assessment). Hu et al. published a study of special interest for the nephrologist, apparently
not directly related to the topic of this review, but very important for documenting the
importance of PRAT in the development of renal injury. Namely, they measured perirenal
fat thickness (PFT) in patients with biopsy-proven IgA nephropathy (IgAN) and demon-
strated that high PFT discriminates the high risk of progression to renal events (doubling
of baseline serum creatinine or end-stage renal disease) in IgAN patients. This study has
been performed in the group of slim patients with very low prevalence of diabetes and still
PFT was the key independent factor of progression to advanced stages of CKD [70].

The contribution of various adipose tissue-related factors in kidney injury in over-
weight/obesity are summarized on Figure 2.

Figure 2. Cross-talk between PRAT, VAT, central nervous system, and sympathetic activity that
contributes to renal injury in overweight/obesity [VAT, visceral adipose tissue; GFAT, gluteal-femoral
adipose tissue; SAT, subcutaneous adipose tissue; AT II, angiotensin II; TNF, tumor necrosis factor;
FFA, free fatty acids; PRAT, perirenal adipose tissue].

2. Treatment of ORG
2.1. Weight Loss

Since obesity is a trigger of ORG weight loss should be the first therapeutic option in
preventing obesity-related organ damage. Even though large, randomized control trials are
lacking, data from observational studies prove that weight loss is associated with significant
reduction in proteinuria and stabilization of eGFR. Navaneethan et al. analyzed 13 trials,
including 11 observational and 2 randomized control trials, describing nonsurgical inter-
ventions (diet, exercise and/or medications promoting weight loss; 174 patients in total)
and bariatric surgery (including gastric bypass, gastroplasty, and biliopancreatic diversion;
332 patients in total) in patients with preexisting CKD. Trials included in this analysis
comprised of obese patients with different types of CKD, i.e., diabetic kidney disease,
hypertensive nephrosclerosis, glomerulonephritis, ORG, or proteinuria of unknown origin
(in most cases CKD diagnoses were established based on clinical criteria, without biopsy
confirmation). Weight reduction in the first group (nonsurgical intervention) resulted in the
reduction in proteinuria and decrease in blood pressure and serum cholesterol concentra-
tion but without a statistically significant change in eGFR. Bariatric surgery in patients with
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hyperfiltration leads to normalization of eGFR and similarly to a previous group—to the
reduction in proteinuria and better control of hypertension [71]. One can suspect that this
effect was due to greater and more sustained weight loss following surgery as compared to
non-surgical interventions. With regard to this treatment approach, it is worth mention-
ing the Swedish Obese Subjects (SOS) study results. It was a non-randomized, matched,
prospective intervention study with 4047 participants (2010 patients were included in the
bariatric surgery group, and 2037 patients were enrolled in the matched control group).
The long-term incidence of ESRD was reduced by more than 70% and the incidence of
CKD4/ESRD by 65% in the surgery group compared to the control population receiving
non-surgical usual care [72].

The primary goal of obesity treatment is not to reduce proteinuria or postpone pro-
gression of CKD to end-stage renal failure. First of all, we want to keep our obese patients
alive and bariatric surgery allows to do so. Conley et al. published results of their ret-
rospective cohort study that investigated the association between surgical treatment of
obesity and risk of mortality for up to 5 years in patients with CKD G3-5. CKD patients
who underwent bariatric surgery (n = 802) were matched to controls (n = 4933). Results
were spectacular—bariatric surgery was associated with a 79% lower 5-year mortality risk
as compared to matched controls. Optimistic message from this trial was unfortunately not
confirmed by the Cochrane Library analysis. It included 17 RCTs enrolling 988 overweight
or obese adults with CKD. Weight loss was achieved by lifestyle modification (exercise,
diet), appetite suppressing agents or bariatric surgery. Weight loss appeared to impact
significantly only on the reduction in LDL cholesterol while effects on eGFR, proteinuria,
SBP, DBP, blood glucose, HbA1C remained uncertain [73]. Unfortunately, none of the trials
evaluated risk of cardiovascular events or death. Nevertheless, lifestyle modifications as
the cornerstone of therapy cannot be abandoned. Healthy lifestyle should be applied as an
upfront intervention also as the key prevention strategy and treatment of ORG, nowadays
preferably followed by incretin-based therapies and bariatric surgery. This sequence of
interventions is based mainly on safety reasons since bariatric surgery caries 17% risk of
complication and 7% risk of reoperation [74].

Weight loss may be especially beneficial for patient with co-occurrence of obesity and
diabetes because many studies proved that it may induce the remission of T2DM (losing 15
kg lead to remission of diabetes in up to 70% of individuals) [75]. The sooner the patient
implements elements of a healthy lifestyle, the better the results. In the look-AHEAD trial,
which also demonstrated correlation between degree of weight loss and DM remission, the
likelihood of remission was inversely correlated with the duration of diabetes [76].

2.2. RAAS Blockade

Despite significant progress in pharmacological nephroprotection, angiotensin-
converting enzyme inhibitors (ACEi) or angiotensin receptor blockers (ARB) remain the
cornerstone treatment of ORG. It is not surprising since over-activation of RAAS plays a
central role in pathogenesis and progression of ORG. The effectiveness of RAAS blockade
is undisputable among patients with CKD regardless of etiology. Interestingly, these drugs
actually may be even more effective in obese patients than in those with normal BMI. In the
Ramipril Efficacy In Nephropathy (REIN) trial among 337 participants, 105 (31.1%) were
overweight and 49 (14.5%) were obese. In post hoc analysis, tge effect of ramipril on renal
events (defined as ESRD or doubling of serum creatinine) and reduction in proteinuria was
more pronounced in obese as compared to the overweight patient (86% decrease for ESRD
and 79% for the combined endpoint versus 45 and 48%, respectively) and overweighted
compared to those with normal body mass (incidence rate reduction of 42 and 45%, re-
spectively) [77]. Although cited data are very optimistic, effect of RAAS blockade in obese
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patients but without proteinuria remains uncertain in terms of reducing the rate of GFR
loss [78].

Obesity is also associated with excessive adipocyte-derived aldosterone secretion, inde-
pendent of the classical renin–angiotensin–aldosterone cascade [79,80]. Adding the miner-
alocorticoid receptor antagonist (MRA)—spironolactone—to the RAAS blocker may result
in a significant reduction in proteinuria, without increasing the risk of hyperkalemia [81].
Another drug in nephrologist armamentarium is finerenone. The FIDELIO-DKD trial
proved that in patients with CKD and type 2 diabetes treatment with finerenone lowered
the risks of CKD progression (and also number of cardiovascular events). All end-points
defined in this trail were independent from presence and advancement of obesity [82].

2.3. Sodium-Glucose Cotransporter 2 Inhibitors (SGLT2i)

SGLT2i are undeniable breakthrough in renoprotection. Several trials convince that
these drugs reduce the risk of renal adverse events [83–85]. Of importance, SGLT2i may
be particularly beneficial for patients with ORG. First, they promote weight loss through
excreting approximately 60–100 g of glucose per day with urine allowing for small but
significant and sustained weight loss [86,87]. Second, they can reduce accumulation of
visceral adipose tissue. Empagliflozin was proven to significantly reduce peri-hepatic fat
and reduce ALT activity in patients with nonalcoholic fatty liver disease (NAFLD) [88].
Dapagliflozin compared to placebo showed statistically significant reduction in waist
circumference, total body fat mass, visceral adipose tissue, and subcutaneous adipose
tissue deposits [87]. Canagliflozin reduces epicardial fat [89]. SGLT2i also reduce serum
leptin, increase adiponectin, and reduce insulin resistance [90].

2.4. GLP-1 Receptor Agonists

Following the undeniable success of SGLT2 inhibitorsm we witnessed another break-
through, FDA-approved liraglutide and semaglutide for weight loss. In a double-blind
trial, which enrolled 1961 overweight or obese adults, participants were randomized to
once-weekly subcutaneous semaglutide (at the maximum dose of 2.4 mg) or placebo, plus
lifestyle intervention. The results were spectacular. There was a change in body weight
from baseline to week 68 was 15.3 kg in the semaglutide group as compared to 2.6 kg
in the placebo group. In the series of STEP trials (STEP 1–3) semaglutide was demon-
strated to reduce baseline urine albumin–creatinine ratio (UACR) without significant effect
on eGFR [91,92]. The nephroprotective and life-saving properties of subcutaneous once-
weekly semaglutide in patients with established and advanced CKD were demonstrated
in the FLOW trial. In this trial, 3533 participants with type 2 diabetes and chronic kidney
disease were included and randomized to semaglutide and the placebo (with standard
of care). The primary outcome was major kidney disease events, a composite of the on-
set of kidney failure (dialysis, transplantation, or an eGFR of <15 mL per minute per
1.73 m2), at least a 50% reduction in the eGFR from baseline, or death from kidney-related
or cardiovascular causes. Even more importantly, semaglutide significantly reduced the
all-cause mortality in this high-risk group of patients. The trial was stopped after interim
analysis because the risk of a primary outcome event was 24% lower in the semaglutide
group than in the placebo [93]. Also, post hoc analysis of SUSTAIN 6 and PIONEER 6
showed clinically meaningful reduction in risk of chronic kidney disease regardless of
HbA1c, BP, BMI, and UACR levels [94]. The SELECT trial that included obese patients
without diabetes, but having high prevalence of cardiovascular and/or cerebrovascular
disease randomized to subcutaneous once-weekly semaglutide or placebo demonstrated
that semaglutide decreased primary cardiovascular composite end-point by 20% and
heart failure composite end-point by 18%, and it prolonged life of those high risk pa-
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tients (reduction in risk of death for any cause by 19% [95]. The onset of composite renal
end-points that included renal death, the need of renal replacement therapy, decrease in
GFR below 15 mL/min./1.73 m2, decrease in GFR by ≥50% from baseline, or de novo
persistent macroalbuminuria, was also significantly reduced (22% reduction) in patients
on semaglutide. This reduction was mainly driven by a significantly lower incidence of
macroalbuminuria in semaglutide-treated patients. The rate of GFR reduction was lower in
patients receiving semaglutide by statistically significant and clinically meaningful value
of 0.39 mL/min./1.73 m2 per year, being slower by 2.19 mL/min./1.73 m2 per year among
patients with baseline eGFR < 60 mL/min./1.73 m2. It must be kept in mind while inter-
preting these results that the mean baseline eGFR was normal in the whole study cohort
(mean 82.4 ± 17.5 mL/min./1.73 m2) with a low percentage of patients with CKD stage 3
(i.e., eGFR < 60 mL/min./1.73 m2) [96].

One year after approval of subcutaneous semaglutide, another milestone therapy has
been introduced. The FDA approved the use of tirzepatide for obesity treatment. It is the
novel drug, first-in-class once-weekly subcutaneous gastric inhibitory polypeptide analog
and glucagon-like peptide-1 receptor. The SURMOUNT-1 trial (Tirzepatide for Weight
Reduction in Chinese Adults With Obesity) recruited 2539 participants with obesity, of
whom 1032 also had prediabetes. Mean percent change in body weight at week 52 was
−13.6% and −17.5% with tirzepatide 10 mg and 15 mg, respectively, compared with −2.3%
with the placebo [97]. The drug also demonstrated positive results in the spectrum of
obesity-related diseases like hypertension, steatohepatitis with liver fibrosis, or obstructive
sleep apnea [98,99]. Randomized control trials are necessary to determine its effect in
patients with CKD, although meta analysis of 15 RCTs suggests that tirzepatide positively
impacts UACR without detrimental effects on eGFR in subjects with T2D and obesity
without T2D [100]. The series of SURPASS trials performed in T2D patients, with significant
proportion of overweight or obese (SURPASS-1, tirzepatide vs. placebo, SURPASS-2,
tirzepatide vs. subcutaneous semaglutide, SURPASS-3, tirzepatide vs. insulin degludec,
SURPASS-4, tirzepatide vs. insulin glargine, SURPASS-5, tirzepatide vs. placebo; in
each trial placebo, active comparator or tirzepatide was added to different background
therapies) was a subject of renal end-point-oriented meta-analysis. Follow-ups in the
SURPASS trials lasted 40–42 weeks, and 5, 10, and 15 mg weekly doses were analyzed.
The drug significantly reduced UACR, and the reduction was dose-dependent (−19.3%
for 5 mg, −22% for 10 mg, and −26.3% for 15 mg). UACR reduction following tirzepatide
was independent from background treatment with SGLT2i or drugs inhibiting the renin–
angiotensin–aldosterone system. In a trial directly comparing tirzepatide and semaglutide
(SURPASS-2), the rate of UACR reduction was equal for both drugs. Tirzepatide had a
neutral effect on eGFR. Interpretation of the impact of tirzepatide on renal end-points needs
caution since patients included in the SURPASS trials had normal kidney function (median
UACR 11 mg/g, less than 7% with UACR > 300 mg/g mean eGFR ranging between 89 and
97 mL/min./1.73 m2 with only 5–8% of patients with eGFR < 60 mL/min./1.73 m2 [101].
In contrast to semaglutide, outcome trial results (analyzing cardiovascular and renal end-
points in high-risk patients) are not yet available. An overview of the most important
clinical trials is presented in Table 1.
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Table 1. Comparison of renal effects of tirzepatide and semaglutide in obese patients.

Name of the
Trial

Study Drug
and Dose N Concomitant

Therapy Comparator BMI
[kg/m2] BMI ≥ 35 kg/m2 Reduction in

UACR [%]

SURPASS-1
[101,102]

Tirzepatide
5 mg
10 mg
15 mg

478 diet and
exercise placebo 31.9 (6.6) 131 (27.4%)

−43.4
−43
−31.3

SURPASS-2
[101,102]

Tirzepatide
5 mg
10 mg
15 mg

1878 metformin semaglutide 1
mg 34.2 (6.9) 690 (36.7%)

−4.8
2.8
−11.1

SURPASS-3
[101,102]

Tirzepatide
5 mg
10 mg
15 mg

1437

metformin
with or
without
SGLT2i

insulin
degludec 33.5 (6.1) 495 (34.4%)

−12.7
−14.9
−23.3

SURPASS-4
[101,102]

Tirzepatide
5 mg
10 mg
15 mg

1995
metformin or
sulfonylurea or
SGLT2i

insulin
glargine 32.6 (5.5) 556 (27.9%)

−23.3
−32.3
−35.2

SURPASS-5
[101,102]

Tirzepatide
5 mg
10 mg
15 mg

475

insulin
glargine with
or without
metformin

placebo 33.4 (6.1) 180 (37.9%)
−10.7
−33.8
−29.4

SURMOUNT-1
[102]

Tirzepatide
5 mg
10 mg
15 mg

1032 placebo 38.8 (7.10) 674 (65.3%)
6.2
−9.5
−13.9

FLOW [93,102] Semaglutide 3533
RAASi with or
without
SGLT2i

placebo 32.0 (6.3) 957 (27%) −40

SELECT [96] Semaglutide
2.4 mg 17,605

local clinical
practice of CV
risk factors
management

placebo 33.34 (5.04) 5106 (29%) −10.7

STEP 1 [91] semaglutide
2.4 mg 1961 lifestyle

intervention placebo 37.9 (6.6) 1201 (61.2%) No data
available

STEP 2 [91]
semaglutide
1 mg
2.4 mg

1210 lifestyle
intervention placebo 35.7 (6.3) 561 (46.3%) −14.8

−20.6

STEP 3 [91] semaglutide
2.4 mg 611

intensive
behavioral
therapy

placebo 38.0 (6.7) 389 (63.7%) No data
available

2.5. Cagrilintide

Cagrilintide is a long-acting amylin analog. Amylin, released with insulin from beta
cells in the pancreas, induces a satiating effect via both the homoeostatic and hedonic
regions of the brain. The trial tested the hypothesis that cagrilintide added to semaglutide
as a standard of care vs. semaglutide plus placebo would be more effective in metabolic
control of diabetes and body mass reduction in diabetic patients. It has been demonstrated
in this randomized clinical trial that treatment with cagrilintide added to semagluted
resulted in relevant improvement in glycemic control and significantly greater weight loss
when compared to semaglutide alone. Cagrilintide was also well tolerated [103]. There is an
ongoing, actively recruiting clinical trial with combination of semaglutide and cagrilintide
investigating if kidney damage in obese patients with CKD and type 2 diabetes can be
reduced by this combination of drugs (NCT06131372).

2.6. Gut Microbiota Manipulation

Gut microbiota have been identified as an important player in regulation of metabolism
and—when abnormal—as a contributor to metabolic disorders. For these reasons, mod-
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ifying gut microbiota has been identified as a promising approach in the treatment of
obesity-related conditions. Gut microbiota is a subject of substantial quantitative and
qualitative abnormalities in CKD and end stage kidney disease; thus, it became an obvious
object of interest [104].

It was proven in animal model, that gut microbiota plays a role in weight gain.
Transplantation of microbiota from obese mice to germ-free mice led to 60% increase
in body fat content and insulin resistance within 14 days, despite reduced food intake [105].

Recently, the role of prebiotics (non-digestible food ingredients that selectively stimu-
late the growth and activity of a limited number of bacteria in the digestive tract), probiotics
(beneficial microorganisms), and synbiotics (combination of two mentioned above) may
become the treatment options for obese patients with diabetes mellitus. Supplementa-
tion of Bifidobacterium lactis and Lactobacillus rhamnosus was proven to upregulate PPARγ
and lipoprotein lipase expression and to enhance insulin sensitivity and triglycerides
clearance [106]. Bifidobacterium longum and Ligilactobacillus salivarius upregulates GLP-1
expression [107]. Probiotics, prebiotics, synbiotics, and postbiotics (PPSP) are beneficial
for weight loss, improving blood lipids and inflammatory markers such as TNF-α and
IL-6, decreasing HbA1c level [108]. As for today, data on the impact of gut microbiota
manipulation on ORG are lacking.

2.7. Melatonin

Melatonin is a pleiotropic indoleamine hormone produced mostly by the pineal gland.
Several animal studies have shown that it modulates lipid metabolism, and it can signifi-
cantly reduce the levels of serum triglyceride, total cholesterol, and low-density lipoprotein-
cholesterol in rodents fed by high-fat diet [109]. Melatonin has been confirmed to improve
insulin sensitivity, induce β-cell regeneration in the pancreas, and promote hepatic glyco-
gen synthesis, thus reducing hyperglycemia in rodents [110]. Higher levels of endogenous
nocturnal melatonin secretion are negatively related to the insulin level and onset of insulin
resistance [111]. It has been reported that melatonin can regulate levels of leptin and
adiponectin, fat deposition, brown adipose tissue growth, adipogenesis, and white adipose
tissue browning, which in turn affects energy consumption. Because of its antioxidant and
anti-inflammatory effects, melatonin has been investigated in different types of kidney
injury. Positive effects of melatonin supplementation were proven in lupus nephritis, mem-
branous nephropathy, contrast-induced acute kidney injury, or drug-related AKI [112–116].
It was also beneficial in patients with diabetes [117]. In numerous studies on animal models
(mostly in Zucker Diabetic Fatty rats), melatonin improves kidney function by reducing
urine albumin/creatinine ratio, BUN, serum creatinine level and also kidney morphology
by limiting basement membrane thickening, inflammatory cell infiltration, vacuolization in
tubular cells, and deposition of extracellular matrix [118]. All of the above make melatonin
a possible therapeutic option.

3. Conclusions
The kidneys belong to several victims of obesity. CKD developing as a consequence

of obesity turns into the risk factor of accelerated atherogenic cardiovascular morbidity
and heart failure. Both increasing albuminuria and decreasing GFR are well established
and independent risk factors for adverse outcome and mortality in obese patients. Modern
interventions (including bariatric surgery and lifestyle changes and pharmacological treat-
ment) can be effective in weight reduction but also in kidney protection. The GLP1 receptor
agonist semaglutide remains the key pharmacological intervention protecting kidneys and
saving lives in obese patients with diabetes and established CKD. Both semaglutide and the
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GLP1/GIP receptor agonist tirzepatide demonstrated several nephroprotective properties
in patients with obesity regardless of diabetes.
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