
 

 

 

                                     International Journal of Research in Medical Sciences | September 2025 | Vol 13 | Issue 9    Page 3893 

International Journal of Research in Medical Sciences 
James DM et al. Int J Res Med Sci. 2025 Sep;13(9):3893-3903 
www.msjonline.org pISSN 2320-6071 | eISSN 2320-6012 

Review Article 

Peroxisome proliferator-activated receptors in metabolic and renal 

health: a comprehensive review 

 Deepa Maria James1, Meenakshi Reddy Yathindra2, Rahul Sharma3, Gayathri Shyam4*,          

Ajit Sneha Shrikant Panvalkar5, Nazmi Vahora6, Swathi N. L.7 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

INTRODUCTION 

Peroxisome proliferator-activated receptors (PPARs) are 

nuclear transcription factors that heterodimerise with 

retinoid X receptor to bind peroxisome proliferator 

response elements and control genes linked to 

differentiation, metabolism and cancer.1 Three isoforms 

PPARα, PPARγ and PPARβ/δ fine-tune lipid and glucose 
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ABSTRACT 

Peroxisome proliferator-activated receptors (PPARs), including α, β/δ and γ isoforms, play crucial roles in regulating 

metabolic and renal health. This study explores their involvement in lipid metabolism, inflammation, chronic kidney 

disease (CKD) and diabetic nephropathy, emphasizing the therapeutic potential of both synthetic and natural PPAR 

agonists. A comprehensive literature review was conducted using PubMed, Scopus and Google Scholar, with search 

terms such as "Peroxisome proliferator-activated receptors," "PPAR agonists," "lipid metabolism," "chronic kidney 

disease," and "diabetic nephropathy." Boolean operators and MeSH terms were applied and studies from 2000 to 2024 

were included. Eligibility criteria focused on experimental, clinical and review articles detailing PPAR mechanisms, 

physiological roles and therapeutic applications. Findings indicate that PPARs are critical in lipid and glucose 

metabolism, oxidative stress reduction and fibrosis mitigation. Synthetic ligands such as thiazolidinediones and fibrates 

demonstrate therapeutic efficacy in CKD and metabolic syndrome, though challenges such as side effects and variability 

persist. While PPAR-targeted treatments offer promise in metabolic and renal disorders, their clinical application 

requires further refinement through selective modulators, combination therapies and biomarker-guided strategies. 

 

Keywords: Chronic kidney disease, Diabetic nephropathy, Glucose metabolism, Lipid metabolism, PPAR agonists, 
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homeostasis.2 PPARα is highly expressed in liver, heart 

and proximal tubules; it up-regulates fatty acid β-oxidation 

and ketogenesis, preventing steatosis and hyper-

triglyceridaemia.3 Fibrates, selective PPARα agonists, 

safely improve dyslipidaemia even in moderate CKD 

when hepatically cleared agents such as pemafibrate are 

used.4 PPARγ predominates in adipose tissue and renal 

collecting ducts, promoting adipogenesis, insulin 

sensitivity and anti-inflammatory adipokine secretion.5 

Thiazolidinediones activate PPARγ to reduce albuminuria 

and glomerulosclerosis independent of glycaemic 

control^6, although fluid retention limits use in advanced 

CKD.6 PPARβ/δ, widely expressed in muscle and kidney, 

enhances mitochondrial fatty acid oxidation, suppresses 

oxidative stress and prevents lipid accumulation.7 Pre-

clinical agonists improve glucose tolerance and renal 

inflammation, but safety data are incomplete. 

Metabolic syndrome obesity, insulin resistance, 

dyslipidaemia and hypertension drives CKD through 

hyperglycaemic, haemodynamic and lipotoxic injury.13 

Chronic hyperglycaemia, elevated free fatty acids and 

renin-angiotensin activation induce podocyte loss, 

glomerulosclerosis and tubulo-interstitial fibrosis.14 

PPARα and PPARβ/δ agonists counter lipotoxicity by 

increasing fatty acid oxidation and limiting inflammatory 

cytokines, while PPARγ activation mitigates fibrosis via 

TGF-β/Smad inhibition.15 Targeting PPAR pathways with 

lifestyle and pharmacological interventions offers a multi-

level strategy to prevent and slow CKD progression in 

patients with metabolic disorders.16 

MECHANISMS OF PPAR ACTIVATION IN 

KIDNEY HEALTH 

PPARα is most abundant in mitochondrial-dense proximal 

tubules, thick ascending limbs, podocytes and mesangial 

cells, where it governs fatty-acid β-oxidation (FAO) and 

maintains ATP balance. 

Acute kidney injury 

Ischaemia–reperfusion (I/R) or cisplatin lowers PPARα 

and PGC-1α, impairing FAO and precipitating necrosis. 

Knockout models exhibit worse I/R outcomes; 

pharmacological activation (fibrates, pemafibrate) restores 

CPT-1, acyl-CoA oxidase expression, decreases TNF-α, 

IL-6 and limits tubular death and inflammation. CypD 

inhibition sustains PPARα activity and mitochondrial 

integrity during AKI, preserving metabolic homeostasis.2 

Chronic kidney disease and diabetic nephropathy 

Reduced PPARα in DN biopsies amplifies insulin 

resistance and lipid accumulation; fenofibrate up-regulates 

PPARα, reduces TGF-β, IL-1β, IL-6, TNF-α and slows 

fibrosis progression.2 SPPARMα modulators 

(pemafibrate) improve lipid profiles and renal outcomes 

without myotoxicity in CKD patients on statins. 

PPARβ/δ–tubular repair and immune balance 

Renal expression and acute kidney injury response 

Lower PPARβ/δ after I/R injury correlates with worse 

tubular damage; agonists activate Akt signalling, enhance 

repair and suppress TNF-α/IL-6.2 

Chronic kidney disease and Autoimmunity 

Deficiency in type-1 diabetes causes excessive FAO and 

triglyceride accumulation, while overexpression protects 

against hypertonic stress and lipid-induced injury. TAK1–

NF-κB pathway inhibition by PPARβ/δ agonists reduces 

macrophage infiltration, glomerulosclerosis and 

hypertension in lupus nephritis.2 

PPARγ-Anti-fibrotic & metabolic gatekeeper 

Structure and splice variants 

Chromosome 3p25.2 encodes four isoforms (γ1–γ4); γ2 is 

adipose-specific, γ1 ubiquitous. Both heterodimerise with 

RXR to bind PPREs and recruit co-activators PGC-1α, 

SRC-2 or co-repressors NCOR1/2.3 

Renal protection mechanisms 

Anti-proliferation and Anti-apoptosis 

Pioglitazone down-regulates p27, Bcl-2 and MAPK, 

inhibiting mesangial proliferation and proteinuria. 

Rosiglitazone prevents mesangial hypertrophy, up-

regulates Bcl-xl and blocks caspase-3 in PAN nephrosis3. 

Anti-inflammation 

15d-PGJ₂, TZDs suppress NF-κB, AP-1 and JAK/STAT1, 

lowering TNF-α, IL-6, MCP-1 release.3 

Anti-fibrosis 

Blocks TGF-β/SMAD signalling, up-regulates HGF, 

down-regulates CTGF and PAI-1, reducing extracellular 

matrix deposition.3 

Epigenetic and metabolic control 

miR-27a targets PPARγ, promoting β-catenin/Snail1 and 

podocyte injury; lncRNA TUG1 modulates miR-377 to 

influence ECM accumulation in DN.3 

Integrated renal outcomes 

PPARα/γ dual agonists (tesaglitazar) simultaneously 

correct lipid dysregulation and suppress fibrosis in diabetic 

kidneys. Nrf2 and eNOS up-regulation by PPARγ lowers 

oxidative stress, preserving mitochondrial and podocyte 

function. Next-generation SPPARMs aim to maximise 
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renal protection while minimising systemic side-effects 

17. 

PPAR-γ AGONISTS IN DIABETES-ASSOCIATED 

KIDNEY DISEASE 

The incidence of diabetes mellitus (DM) is rising globally. 

Expected to grow over 50% by 2045 compared to 2017, 

DM is predicted to be the 7th leading cause of mortality 

worldwide by 2030.18 Diabetic Kidney Disease (DKD) 

cases are projected to rise nearly 50% (from 537 to 783 

million people) over the next 24 years. There is an urgent 

need to improve DKD diagnosis and management, with 

therapies targeting disease mechanisms to slow kidney 

failure progression and reduce related high cardiovascular 

(CV) risk.19 

Pathophysiology of diabetic nephropathy 

Diabetic Nephropathy's pathogenesis develops via 

multifactorial pathways, initiated by elevated renal 

glucose, enhanced by metabolic factors (excess fatty acids, 

carbonyl, oxidative stress) and hemodynamic factors 

(shear stress from systemic hypertension, impaired 

autoregulation, hyperperfusion, hypoperfusion, renin-

angiotensin-aldosterone system (RAAS) activation). Each 

damages via multiple mediators or pathway interactions. 

Renal fibrosis is the final common pathway leading to 

Diabetic Nephropathy.19 

High glucose stimulates miR-27a expression, negatively 

targeting PPARγ and activating β-catenin signaling. This 

is shown by upregulated β-catenin target genes (snail1, α-

smooth muscle actin (α-SMA)) and downregulated 

podocyte-specific markers (podocin, synaptopodin). 

These changes cause podocyte injury: increased podocyte 

mesenchymal transition, disrupted podocyte architectural 

integrity and increased podocyte apoptosis.3 miR-27a thus 

contributes to unfavorable renal function and increased 

podocyte injury in diabetic rats.19 

Mechanisms of kidney protection: PPAR-γ improves 

insulin sensitivity, reduces inflammation and combats 

renal fibrosis in diabetes. 

PPAR-γ regulates renal physiological processes, 

maintaining normal function. It is expressed in podocytes, 

glomerular endothelial cells, mesangial cells, proximal 

convoluted tubules and inner medullary collecting ducts. 

PPAR-γ (especially PPAR-γ2) is vital for renal lipid 

metabolism (including free fatty acids (FFAs)) and insulin 

sensitivity. It controls glomerular filtration and 

fibrotic/inflammatory factor proliferation in glomeruli. 

PPAR-γ also regulates adipokine expression, 

renoprotective by improving insulin sensitivity and 

inhibiting inflammation. Juxtaglomerular apparatus cells 

express PPAR-γ, regulating renin 

expression/transcription, a key RAAS element. As a 

negative angiotensin II receptor 1 transcription regulator, 

PPAR-γ activation reduces proteinuria and inflammation 

in diabetes and hypertension.20 

Emerging research highlights peroxisome proliferator-

activated receptor-γ (PPAR-γ)'s role in cell cycle 

regulation; its agonists protect against high glucose, 

proteinuria and tissue fibrosis. In UUO mice, oral 

curcumin (50 mg/kg and 100 mg/kg for 14 days) enhanced 

PPAR-γ expression and reduced phosphorylated Smad 2/3 

levels. Similar effects occurred in TGF-β1-stimulated 

proximal tubular epithelial HK-2 cells and 5/6 

nephrectomized rats. Given PPAR-γ's established 

connection with angiotensin-converting enzyme (ACE), 

further curcumin research on ACE expression in renal 

diseases is warranted.21 

Role Ppar- γ agonist in therapeutics 

 Peroxisome proliferator-activated receptors (PPARs) 

regulate metabolic lipid/lipoprotein levels (e.g., 

triglycerides (TGs)), blood glucose and abdominal 

adiposity. PPARs classify into α, β/δ and γ subtypes. 

PPAR-α agonists (fibrates, omega-3 fatty acids) 

effectively lower TGs via catabolism, with fibrates 

increasing high-density lipoprotein cholesterol (HDL-C). 

PPAR-γ agonists, primarily glitazones, are powerful 

glucose-lowering agents, despite lower TG activity. Newer 

PPAR-α/δ agonists (e.g., elafibranor) combine TG-

lowering, HDL-C-raising, insulin-sensitizing and 

antihyperglycemic effects, promising for non-alcoholic 

fatty liver disease (NAFLD) management (linked to 

MetS). The PPAR system offers significant potential for 

treating atherogenic dyslipidaemias.22 

PPARγ is highly expressed in adipose tissue; its activation 

stimulates preadipocyte differentiation. PPARγ agonists 

improve insulin sensitivity and glucose homeostasis by 

promoting free fatty acid uptake/storage in adipose tissue 

and modifying adipocyte-derived signaling molecules 

(adipocytokines). They decrease pro-diabetic 

adipocytokines (tumor necrosis factor-α (TNF-α), 

interleukin (IL)-6, leptin, resistin) and increase anti-

diabetic adiponectin. However, PPARγ agonists' anti-

diabetic effects are often with approximately 2 kg weight 

gain, edema, fluid retention and lower blood pressure. In 

renal tissue, PPARγ is predominantly expressed in 

collecting ducts, less so in glomeruli, mesangial cells, 

proximal tubules and the renal microvasculature.23 

Synthetic PPAR-γ agonists show therapeutic potential 

improving diabetic nephropathy via multiple mechanisms, 

activating PPARgamma in kidneys and other tissues. They 

are renoprotective in polycystic kidney disease, 

chemotherapy-associated nephropathy, IgA nephropathy 

and renal ischemia-reperfusion injury.24  

Thiazolidinediones (TZDs), initially insulin-sensitizing 

drugs, found in 1995 to bind and activate PPARγ. As 

PPARγ agonists, TZDs improve insulin sensitivity in liver, 

muscles and adipocytes, enhancing insulin signaling by 
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stimulating inhibiting the MAPK pathway and insulin 

receptor substrate 1 (IRS-1). In adipose tissue, TZDs 

increase adiponectin secretion while inhibiting lipolysis 

and inflammatory cytokine release (e.g., transforming 

growth factor β (TGF-β)). Spiegelman et al, proposed 

TZDs prevent insulin resistance via Cdk5-mediated 

PPARγ Ser273 phosphorylation inhibition.8 MEK/ERK 

inhibition also blocked PPARγ phosphorylation; Cdk5 

suppressing the MEK/ERK cascade indicates Cdk5 

controls PPARγ function.25 

Evidence suggests TZDs reduce early diabetic 

nephropathy progression; PPAR-gamma agonists 

significantly attenuate typical glomerular and tubular 

changes. This effect is independent of insulin, glucose or 

blood pressure changes. TZDs increase PPAR-γ 

expression in podocytes and other glomerular/tubular cells 

(mRNA and protein levels). TZDs are also podocyte-

protective in rodent nephropathy models (e.g., aldosterone, 

adriamycin, puromycin aminonucleoside) and glomerular 

capillary hypertension. PPAR-γ activation in podocytes 

appears a key protective response to injury, its 

upregulation observed in various kidney diseases.26 

TZDs also exhibit anti-cancer effects, dependent or 

independent of PPAR-γ activation, at transcriptional and 

protein levels. Mechanisms involve cell cycle, apoptosis, 

hormonal reactions and stromal regulation. These include 

partial intracellular Ca2+ depletion, proteasomal 

degradation of proteins inducing cell cycle 

arrest/apoptosis, transcriptional repression of sex hormone 

receptors and decreased macrophage activation.18,19 

PPAR-Α AND LIPID METABOLISM IN CHRONIC 

KIDNEY DISEASE PREVENTION 

Patients with chronic kidney disease (CKD) frequently 

present with atherogenic dyslipidemia, including elevated 

triglyceride-rich lipoproteins and reduced high-density 

lipoprotein cholesterol (HDL-C).27,28 This lipid profile 

marked by high LDL-C, elevated triglycerides, low HDL-

C and small dense LDL particles contributes to renal injury 

through mechanisms involving oxidative stress, 

lipotoxicity and inflammation.28 These effects stem from 

dysregulation in nuclear receptors, including PPARα, 

PPARγ, PPARδ, SREBP-2 and Farnesoid X Receptor 

(FXR).29 Disrupted lipid metabolism causes energy 

depletion, cell apoptosis and fibrosis, worsening CKD.30 

Excess lipids within renal tubular cells surpass their 

metabolic capacity, promoting breakdown of triglycerides 

and accumulation of free fatty acids (FFAs), resulting in 

oxidative and ER stress and ultimately tubular apoptosis.31 

CKD shares overlapping molecular pathways with non-

alcoholic fatty liver disease (NAFLD), including SREBP-

2 activation and dysregulation of microRNA-21 (miR-21), 

suggesting shared lipid-mediated pathology.32,33 ATF6α, a 

key transcription factor in the Unfolded Protein Response 

(UPR), suppresses mitochondrial fatty acid oxidation 

(FAO) by downregulating PPARα, aggravating lipid 

accumulation, lipotoxicity and tubular interstitial fibrosis 

(TIF).34 

PPAR-α agonists in renal protection 

PPARα is a ligand-activated nuclear receptor regulating 

genes for FAO, making it a valuable therapeutic target in 

CKD⁷⁸. Among available agents, pemafibrate, a selective 

PPARα modulator (SPPARMα), offers significant 

promise. It improves lipid profiles regardless of renal 

impairment and is hepatically cleared, minimizing 

nephrotoxicy.35 Unlike conventional fibrates, pemafibrate 

does not elevate serum ALT, creatinine or γ-glutamyl 

transferase (γ-GT).36 Tanaka et al demonstrated that low-

dose pemafibrate reduced proteinuria in IgA nephropathy 

without impairing kidney function. In addition, it 

mitigated ATF6α-induced lipotoxicity and renal fibrosis in 

ischemia-reperfusion injury models. Fenofibrate, another 

PPARα agonist, has shown renoprotective effects in 

murine diabetic nephropathy by enhancing FAO, reducing 

lipotoxicity, glomerular injury and albuminur. However, 

due to renal excretion and the potential for rhabdomyolysis 

(particularly in combination with statins), its use in 

advanced CKD is restricted.32 

Aleglitazar, a dual PPAR-α/γ agonist, initially showed 

improved lipid control compared to pioglitazone but was 

linked to transient declines in estimated glomerular 

filtration rate (eGFR), increased serum creatinine, edema 

and cardiovascular complications. These concerns 

ultimately halted its clinical development.37 

Clinical evidence 

In a phase III trial by Yokote et al involving 295 

hypertriglyceridemic patients, pemafibrate significantly 

reduced triglyceride levels over 52 weeks, with consistent 

efficacy across all eGFR strata including dialysis patients. 

Of these, 170 completed treatment. Adverse drug reactions 

occurred in 31.7% of patients, while the overall adverse 

event rate was 82.0%, indicating good tolerability even in 

patients with renal impairment.28 Ruilope et al conducted 

a randomized, double-blind, phase IIb study comparing 

aleglitazar and pioglitazone in 118 CKD patients with type 

2 diabetes. Aleglitazar led to a greater eGFR decline 

(−15%) than pioglitazone (−5.4%) by the end of treatment; 

however, eGFR values reverted to baseline levels after 

discontinuation. Adverse events occurred at comparable 

rates (67% vs. 68%), suggesting both drugs were similarly 

tolerated despite transient renal effects.37 

Komatsu et al conducted a real-world retrospective study 

involving 126 hypertriglyceridemic patients, including 54 

with CKD. Pemafibrate effectively lowered triglycerides 

in both CKD and non-CKD subgroups without significant 

changes in renal, hepatic or muscle enzyme levels. These 

findings affirmed its safety and efficacy in routine clinical 

practice. Lipid dysregulation drives renal inflammation 

and fibrosis, making it a pivotal contributor to CKD 

progression. While older fibrates such as fenofibrate have 
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proven efficacy, their renal excretion poses a toxicity risk 

in CKD. Among newer therapies, pemafibrate stands out 

for its potent lipid-lowering effects and favorable renal 

safety profile. Dual PPAR-α/γ agonists like aleglitazar, 

despite initial promise, have been limited by adverse 

outcomes. Future studies are warranted to confirm the 

long-term benefits and safety of PPAR agonists in CKD 

populations.36 

 

Figure 1: Introduction into types of PPARs and their functions. 

 

Figure 2:  Illustrates chronic kidney disease risk factors. 
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Figure 3:  Nuclear transcription factors in pathogenesis of Nash and CKD PPAR gamma. 

 

PPAR-DELTA AND METABOLIC HEALTH 

PPAR-delta overview 

PPAR-Delta plays a vital role in maintaining metabolic 

homeostasis. Its activation promotes fatty acid oxidation 

and improves insulin sensitivity, making it a valuable 

target in metabolic syndrome a condition encompassing 

obesity, dyslipidemia, hypertension and insulin resistance. 

In animal studies involving obese rhesus monkeys, PPAR-

δ agonists improved glucose tolerance and reduced body 

fat, emphasizing its anti-obesity potential.38 

Furthermore, PPAR-δ modulates inflammation through its 

effects on macrophages and adipocytes, reducing the 

expression of pro-inflammatory cytokines such as TNF-α 

and IL-6. These effects attenuate the chronic low-grade 

inflammation linked to insulin resistance, cardiovascular 

disease and obesity. Seldadelpar (MBX-8025), a selective 

PPAR-δ agonist, has shown promise in patients with 

primary biliary cholangitis (PBC) who were intolerant to 

ursodeoxycholic acid (UDCA), improving liver 

biochemistry and pruritus. Similarly, elafibranor, a dual 

PPAR-α/δ agonist, has demonstrated potential in treating 

non-alcoholic steatohepatitis (NASH).39,40 PPAR-δ 

agonists including GW501516, MBX-8025, GW0742, 

Telmisartan, Tetradecylthioacetic Acid (TTA) and 

fenofibrate demonstrate beneficial effects on lipid 

metabolism, glucose regulation, inflammation and fatty 

acid oxidation, making them attractive for managing 

obesity-linked disorders. 

PPAR-delta activation and kidney protection 

PPAR-δ activation confers renal protection via multiple 

mechanisms. 

Reducing inflammation 

PPAR-δ decreases expression of TNF-α and IL-6, 

mitigates oxidative stress and reduces macrophage 

infiltration in renal tissue, thereby protecting against 

obesity-related renal injury.40 

Enhancing fatty acid oxidation 

By facilitating lipid utilization, PPAR-δ prevents ectopic 

lipid accumulation in renal tubular cells. Animal studies 

support its role in reducing renal lipotoxicity and 

improving kidney function in diet-induced obesity.41 

Preserving glomerular structure 

PPAR-δ agonists have been shown to maintain podocyte 

architecture and prevent glomerulosclerosis in CKD 

models.42 

Future directions: therapeutic uses and challenges 

Clinical trials 

Although preclinical studies are promising, human trials 

are needed to validate the efficacy and safety of PPAR-δ 

agonists. GW1516 (cardarine) improved endurance in 

mice by 60–75% but is restricted due to insufficient human 

safety data.43 

Combination therapies 

Preclinical data suggest synergistic effects when 

combining PPAR-δ agonists like L165,041 with 

metformin or SGLT2 inhibitors in managing type 2 

diabetes mellitus.44 
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Biomarker identification 

GW501516 has reduced fibrosis markers in bronchial 

fibroblasts from asthma patients, indicating PPAR-δ’s 

utility in respiratory conditions and its potential 

biomarkers.45 

Mechanistic studies 

In lupus-prone mice, PPARβ/δ agonists decreased renal 

inflammation, hypertension and anti-dsDNA antibodies, 

providing mechanistic insights into its immunomodulatory 

effects.46 

 

Population diversity 

Studies in diseases like Duchenne muscular dystrophy and 

primary mitochondrial myopathy (e.g., ASP0367) are 

needed to understand demographic variability in 

response.47 

Safety concerns 

Trials on GW501516 were halted due to carcinogenicity in 

animal studies. A case of rhabdomyolysis and liver 

dysfunction from its misuse (combined with MK2866) 

highlights the need for caution.48 PPAR-δ’s roles in lipid 

regulation, anti-inflammation and renal protection make it 

a promising therapeutic target across metabolic and kidney 

disorders.49

Table 1: Comparative analysis of PPAR agonists: efficacy, safety, and clinical applications. 

Drug 
Target 

receptor 
Key efficacy Renal effects Adverse effects References 

Saroglitazar Dual α/γ 

Improves cholesterol, 

LDL, HDL; reduces TG 

in diabetics; lowers ALP 

at Week 16. 

No specific 

data. 

Diarrhea, cough, 

abdominal pain, 

bronchitis; elevated liver 

enzymes (4 mg dose). 

58, 59 

Fenofibrate PPAR-α 

Long-term reduction in 

macroalbuminuria; 

improves dyslipidemia. 

Increases risk 

of adverse 

kidney events. 

Creatinine doubling 

affected. 
60 

Pioglitazone PPAR-γ 

Enhances insulin 

sensitivity; improves 

metabolic syndrome 

parameters. 

No specific 

data. 

Weight gain, increased 

fat mass; reduces TGF-

β1-driven renal fibrosis 

in mice. 

61, 62 

Rosiglitazone PPAR-γ 
Improves insulin 

sensitivity. 

No specific 

data. 
NA 63 

Chiglitazar Pan-agonist NA NA 

Well-tolerated; no age-

based dose adjustment 

needed. 

64 

Seladelpar PPAR-δ 

Promising in managing 

metabolic markers in 

PBC. 

No specific 

data. 

Gastrointestinal side 

effects (abdominal pain, 

distension, nausea). 

39 

FUTURE DIRECTIONS AND THERAPEUTIC 

POTENTIAL OF PPARS IN KIDNEY DISEASE 

PPARs (α, β/δ, γ) orchestrate crucial physiological 

processes, including metabolism, inflammation and renal 

function. However, systemic activation may also induce 

adverse effects due to receptor expression across various 

tissues.50 

PPAR subtypes and related risks 

PPAR-α 

Used for dyslipidemia; risks include myopathy, 

thrombosis and gallstones.51 

 

PPAR-γ 

Offers renoprotective benefits; concerns involve 

hepatotoxicity, fluid retention and cardiovascular events.20 

PPAR-β/δ 

Promising in renal/metabolic health, but animal data 

suggest potential tumorigenicity.50 

Advances in modulator development 

Selective PPARγ modulators 

Designed as partial agonists to improve metabolic profiles 

while minimizing side effects.29 
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K-877 (Pemafibrate) 

A selective PPAR-α modulator (SPPARM) with efficacy 

in reducing macrovascular/microvascular complications in 

diabetes/metabolic syndrome.52 

Dual agonists 

Compounds like Aleglitazar (PPAR-α/γ) and GFT505 

(PPAR-α/δ) are in advanced clinical testing.29 

Innovative therapeutic strategies 

Combination therapies 

Lobeglitazone+Empagliflozin 

Synergistically manage hyperglycemia and early diabetic 

nephropathy without dose modification.53 

Bezafibrate+Statins 

Enhance lipid regulation, reduce cardiovascular risk and 

mitigate statin-induced diabetogenicity.54 

ARBs with PPAR activity 

Telmisartan derivatives combine AT1 receptor blockade 

and PPARγ activity to benefit patients with hypertension 

and insulin resistance.55 

Nutraceutical approaches 

Natural PPARγ agonists (e.g., polyunsaturated fatty acids, 

flavonoids, amorfrutins) show promise in managing renal 

disease without side effects like weight gain or edema.56 

Understanding gene variants, isoforms and post-

translational modifications of PPARs, especially PPARG, 

may enable personalized therapies.57 

CONCLUSION 

This review highlights the essential regulatory roles of 

PPARs in metabolism and renal health. The three isoforms 

(α, β/δ, γ) function through distinct yet complementary 

pathways involving inflammation modulation, lipid 

metabolism and fibrosis prevention especially relevant in 

CKD and diabetes-related complications. Despite the 

therapeutic promise of fibrates and TZDs, concerns about 

adverse effects, variability in response and long-term 

safety have limited their widespread clinical adoption. 

Future success in PPAR-targeted therapies will rely on 

advances in selective modulation, combination regimens 

and biomarker-driven strategies. Greater mechanistic 

insights and drug design innovations are imperative to 

realize the full potential of PPARs in renal and metabolic 

medicine. 

 

Funding: No funding sources 

Conflict of interest: None declared 

Ethical approval: Not required 

REFERENCES 

1. Michalik L, Auwerx J, Berger JP, Chatterjee VK, 

Glass CK, Gonzalez FJ, et al. International Union of 

Pharmacology. LXI. Peroxisome Proliferator-

Activated Receptors. Pharmacol Rev. 

2006;58(4):726–41. 

2. Berger J, Moller DE. The mechanisms of action of 

PPARs. Annu Rev Med. 2002;53(1):409–35. 

3. Neschen S, Morino K, Dong J, Wang-Fischer Y, Cline 

GW, Romanelli AJ, et al. N-3 Fatty Acids Preserve 

Insulin Sensitivity In Vivo in a Peroxisome 

Proliferator–Activated Receptor-α–Dependent 

Manner. Diabetes. 2007;56(4):1034–41. 

4. Willson TM, Brown PJ, Sternbach DD, Henke BR. 

The PPARs: from orphan receptors to drug discovery. 

J Med Chem. 2000;43(4):527–50. 

5. Medina-Gomez G, Gray SL, Yetukuri L, Shimomura 

K, Virtue S, Campbell M, et al. PPAR gamma 2 

prevents lipotoxicity by controlling adipose tissue 

expandability and peripheral lipid metabolism. Barsh 

GS, editor. PLoS Genet. 2007;3(4):64. 

6. Kliewer SA, Sundseth SS, Jones SA, Brown PJ, 

Wisely GB, Koble CS, et al. Fatty acids and 

eicosanoids regulate gene expression through direct 

interactions with peroxisome proliferator-activated 

receptors α and γ. Proceedings of the National Acad 

Sci. 1997;94(9):4318–23.  

7. Tyagi S, Gupta P, Saini A, Kaushal C, Sharma S. The 

peroxisome proliferator-activated receptor: A family 

of nuclear receptors role in various diseases. J Adv 

Pharm Technol Res. 2011;2(4):236. 

8. Zhang L, Liu J, Zhou F, Wang W, Chen N. PGC-1α 

ameliorates kidney fibrosis in mice with diabetic 

kidney disease through an antioxidative mechanism. 

Mol Med Rep. 2018;17(3):4490-8. 

9. Artunc F, Schleicher E, Weigert C, Fritsche A, Stefan 

N, Häring HU. The impact of insulin resistance on the 

kidney and vasculature. Nat Rev Nephrol. 

2016;12(12):721–37. 

10. Desvergne B, Wahli W. Peroxisome Proliferator-

Activated Receptors: Nuclear Control of Metabolism. 

Endocr Rev. 1999;20(5):649–88. 

11. Libby AE, Jones B, Lopez-Santiago I, Rowland E, 

Levi M. Nuclear receptors in the kidney during health 

and disease. Mol Aspects Med. 2021;78:100935. 

12. Kostadinova R, Wahli W, Michalik L. PPARs in 

Diseases: Control Mechanisms of Inflammation. Curr 

Med Chem. 2005;12(25):2995–3009. 

13. Schwimmer JB, Behling C, Newbury R, Deutsch R, 

Nievergelt C, Schork NJ, et al. Histopathology of 

pediatric nonalcoholic fatty liver disease. Hepatology. 

2005;42(3):641–9. 

 



James DM et al. Int J Res Med Sci. 2025 Sep;13(9):3893-3903 

                                     International Journal of Research in Medical Sciences | September 2025 | Vol 13 | Issue 9    Page 3901 

14. Stephen RL, Gustafsson MCU, Jarvis M, Tatoud R, 

Marshall BR, Knight D, et al. Activation of 

Peroxisome Proliferator-Activated Receptor δ 

stimulates the proliferation of human breast and 

prostate cancer cell lines. Cancer Res. 

2004;64(9):3162–70. 

15. Antza C, Grassi G, Weber T, Persu A, Jordan J, 

Nilsson PM, et al. Assessment and management of 

patients with obesity and hypertension in European 

society of hypertension excellence centres. a survey 

from the esh working group on diabetes and metabolic 

risk factors. Blood Press. 2024;33(1):2317256. 

16. Cervantes J, Koska J, Kramer F, Akilesh S, Alpers 

CE, Mullick AE, et al. Elevated apolipoprotein C3 

augments diabetic kidney disease and associated 

atherosclerosis in type 2 diabetes. JCI Insight. 

2024;9(12):177268. 

17. Bakris G, Viberti G, Weston WM, Heise M, Porter 

LE, Freed MI. Rosiglitazone reduces urinary albumin 

excretion in type II diabetes. J Hum Hypertens. 

2003;17(1):7–12. 

18. Yang J, Liu Z. Mechanistic Pathogenesis of 

Endothelial Dysfunction in Diabetic Nephropathy and 

Retinopathy. Front Endocrinol (Lausanne). 

2022;13:816400. 

19. Tuttle KR, Agarwal R, Alpers CE, Bakris GL, Brosius 

FC, Kolkhof P, et al. Molecular mechanisms and 

therapeutic targets for diabetic kidney disease. Kidney 

Int. 2022;102(2):248–60. 

20. Sharma V, Patial V. Peroxisome proliferator-activated 

receptor gamma and its natural agonists in the 

treatment of kidney diseases. Front Pharmacol. 

2022;13:991059. 

21. Sun X, Liu Y, Li C, Wang X, Zhu R, Liu C, et al. 

Recent Advances of Curcumin in the Prevention and 

Treatment of Renal Fibrosis. Biomed Res Int. 

2017;2017:1–9. 

22. Botta M, Audano M, Sahebkar A, Sirtori C, Mitro N, 

Ruscica M. PPAR Agonists and Metabolic Syndrome: 

An Established Role? Int J Mol Sci. 2018;19(4):1197. 

23. Boulanger H, Mansouri R, Gautier JF, Glotz D. Are 

peroxisome proliferator-activated receptors new 

therapeutic targets in diabetic and non-diabetic 

nephropathies. Nephrol Dialysis Transplant. 

2006;21(10):2696–702. 

24. Mackenzie LS, Lione L. Harnessing the benefits of 

PPARβ/δ agonists. Life Sci. 2013;93(26):963–7. 

25. Horita S, Nakamura M, Satoh N, Suzuki M, Seki G. 

Thiazolidinediones and Edema: Recent Advances in 

the Pathogenesis of Thiazolidinediones-Induced 

Renal Sodium Retention. PPAR Res. 2015;2015:1–7.  

26. Chi T, Wang M, Wang X, Yang K, Xie F, Liao Z, et 

al. PPAR-γ Modulators as Current and Potential 

Cancer Treatments. Front Oncol. 2021;11:737776. 

27. Musso G, Cassader M, Cohney S, De Michieli F, 

Pinach S, Saba F, et al. Fatty liver and chronic kidney 

disease: novel mechanistic insights and therapeutic 

opportunities. Diabetes Care. 2016;39(10):1830–45. 

28. Yokote K, Yamashita S, Arai H, Araki E, Suganami 

H, Ishibashi S. Long-term efficacy and safety of 

pemafibrate, a novel selective peroxisome 

Proliferator-Activated Receptor-α Modulator 

(SPPARMα), in Dyslipidemic Patients with Renal 

Impairment. Int J Mol Sci. 2019;20(3):706. 

29. Rubenstrunk A, Hanf R, Hum D, Fruchart J, Staels B. 

Safety issues and prospects for future generations of 

PPAR modulators. Mol Cell Biol Lipids. 

2007;1771(8):1065–81. 

30. Stadler K, Ilatovskaya D V. Renal Epithelial 

Mitochondria: Implications for Hypertensive Kidney 

Disease. In: Prakash YS, editor. Comprehensive 

Physiology. 1st ed. Wiley; 2023: 5225–42. 

31. Sun Y, Liu S, Chen S, Chen J. The Effect of 

Corticosteroid Injection Into Rotator Interval for 

Early Frozen Shoulder: A Randomized Controlled 

Trial. Am J Sports Med. 2018;46(3):663–70.  

32. Tanaka A, Nakamura T, Sato E, Chihara A, Node K. 

Effect of pemafibrate, a novel selective peroxisome 

proliferator-activated receptor-alpha modulator 

(SPPARMα), on urinary protein excretion in IgA 

nephropathy with hypertriglyceridemia. CEN Case 

Rep. 2020;9(2):141–6. 

33. Musso G, Cassader M, Cohney S, De Michieli F, 

Pinach S, Saba F, et al. Fatty liver and chronic kidney 

disease: novel mechanistic insights and therapeutic 

opportunities. Diabetes Care. 2016;39(10):1830–45. 

34. Jao TM, Nangaku M, Wu CH, Sugahara M, Saito H, 

Maekawa H, et al. ATF6α downregulation of PPARα 

promotes lipotoxicity-induced tubulointerstitial 

fibrosis. Kidney Int. 2019;95(3):577–89. 

35. Horita S, Nakamura M, Satoh N, Suzuki M, Seki G. 

Thiazolidinediones and edema: recent advances in the 

pathogenesis of thiazolidinediones-induced renal 

sodium retention. PPAR Res. 2015;2015:1–7. 

36. Komatsu T, Miura T, Joko K, Sunohara D, 

Mochidome T, Kasai T, et al. Real-world Profile of a 

Selective Peroxisome Proliferator-activated Receptor 

α Modulator (SPPARMα) in Japanese Patients with 

Renal Impairment and Dyslipidemia. Internal Med. 

2021;60(17):2741–8. 

37. Ruilope L, Hanefeld M, Lincoff AM, Viberti G, 

Meyer-Reigner S, Mudie N, et al. Effects of the dual 

peroxisome proliferator-activated receptor-α/γ 

agonist aleglitazar on renal function in patients with 

stage 3 chronic kidney disease and type 2 diabetes: a 

Phase IIb, randomized study. BMC Nephrol. 

2014;15(1):180.  

38. Barish GD. PPAR : a dagger in the heart of the 

metabolic syndrome. J Clin Invest. 2006;116(3):590–

7. 

39. Hirschfield GM, Bowlus CL, Mayo MJ, Kremer AE, 

Vierling JM, Kowdley KV, et al. A Phase 3 Trial of 



James DM et al. Int J Res Med Sci. 2025 Sep;13(9):3893-3903 

                                     International Journal of Research in Medical Sciences | September 2025 | Vol 13 | Issue 9    Page 3902 

Seladelpar in Primary Biliary Cholangitis. England J 

Med. 2024;390(9):783–94. 

40. Ratziu V, Harrison SA, Francque S, Bedossa P, Lehert 

P, Serfaty L, et al. Elafibranor, an agonist of the 

peroxisome proliferator−activated receptor−α and −δ, 

induces resolution of nonalcoholic steatohepatitis 

without fibrosis worsening. Gastroenterology. 

2016;150(5):1147-59.  

41. Ke Q, Xiao Y, Liu D, Shi C, Shen R, Qin S, et al. 

PPARα/δ dual agonist H11 alleviates diabetic kidney 

injury by improving the metabolic disorders of tubular 

epithelial cells. Biochem Pharmacol. 

2024;222:116076. 

42. Omachi K, O’Carroll C, Miner JH. PPARδ Agonism 

Ameliorates Renal Fibrosis in an Alport Syndrome 

Mouse Model. Kidney360. 2023;4(3):341–8. 

43. Narkar VA, Downes M, Yu RT, Embler E, Wang YX, 

Banayo E, et al. AMPK and PPARδ agonists are 

exercise mimetics. Cell. 2008;134(3):405–15. 

44. Bhurruth-Alcor Y, Røst T, Jorgensen MR, 

Kontogiorgis C, Skorve J, Cooper RG, et al. Synthesis 

of novel PPARα/γ dual agonists as potential drugs for 

the treatment of the metabolic syndrome and diabetes 

type II designed using a new de novo design program 

PROTOBUILD. Org Biomol Chem. 2011;9(4):1169–

88. 

45. Paw M, Wnuk D, Madeja Z, Michalik M. PPARδ 

Agonist GW501516 Suppresses the TGF-β-Induced 

Profibrotic Response of Human Bronchial Fibroblasts 

from Asthmatic Patients. Int J Mol Sci. 

2023;24(9):7721. 

46. Gao J, Gu Z. The role of peroxisome proliferator-

activated receptors in kidney diseases. Front 

Pharmacol. 2022;13:832732. 

47. Itoi E, Berglund LJ, Grabowski JJ, Naggar L, Morrey 

BF, An KN. Superior-inferior stability of the 

shoulder: role of the coracohumeral ligament and the 

rotator interval capsule. 2019;73(6):508–15.  

48. Kintz P, Gheddar L, Paradis C, Chinellato M, Ameline 

A, Raul JS, et al. Peroxisome proliferator-activated 

receptor delta agonist (PPAR- δ) and selective 

androgen receptor modulator (SARM) abuse: clinical, 

analytical and biological Data in a Case Involving a 

Poisonous Combination of GW1516 (Cardarine) and 

MK2866 (Ostarine). Toxics. 2021;9(10):67. 

49. Lu W, Huang J, Flores J, Li P, Wang W, Liu S, et al. 

GW0742 reduces mast cells degranulation and 

attenuates neurological impairments via 

PPARβ/δ/CD300a/SHP1 pathway after GMH in 

neonatal rats. Exp Neurol. 2024;372:114615. 

50. Youssef J, Badr M. Peroxisome proliferator-activated 

receptors: features, functions, and future. Nuclear 

Recep Res. 2015;2(1):1-30. 

51. Davidson MH, Armani A, McKenney JM, Jacobson 

TA. Safety Considerations with Fibrate Therapy. Am 

J Cardiol. 2007;99(6):3–18. 

52. Fruchart JC. Selective peroxisome proliferator-

activated receptor α modulators (SPPARMα): the next 

generation of peroxisome proliferator-activated 

receptor α-agonists. Cardiovasc Diabetol. 2013;12:82.  

53. Kim YK, Hwang JG, Park MK. No Relevant 

Pharmacokinetic Drug–Drug Interaction Between the 

Sodium-Glucose Co-Transporter-2 Inhibitor 

Empagliflozin and Lobeglitazone, a Peroxisome 

Proliferator-Activated Receptor-γ Agonist, in Healthy 

Subjects. Drug Des Devel Ther. 2021;15:1725–34.  

54. Tenenbaum A, Fisman EZ. Balanced pan-PPAR 

activator bezafibrate in combination with statin: 

comprehensive lipids control and diabetes prevention. 

Cardiovasc Diabetol. 2012;11:140.  

55. Meyer M, Foulquier S, Dupuis F, Flament S, Grimaud 

L, Henrion D, et al. Synthesis and evaluation of new 

designed multiple ligands directed towards both 

peroxisome proliferator-activated receptor-γ and 

angiotensin II type 1 receptor. Eur J Med Chem. 

2018;158:334–52. 

56. Wang L, Waltenberger B, Pferschy-Wenzig EM, 

Blunder M, Liu X, Malainer C, et al. Natural product 

agonists of peroxisome proliferator-activated receptor 

gamma (PPARγ): a review. Biochem Pharmacol. 

2014;92(1):73–89.  

57. Cataldi S, Costa V, Ciccodicola A, Aprile M. PPARγ 

and Diabetes: Beyond the Genome and Towards 

Personalized Medicine. Curr Diab Rep. 

2021;21(6):18. 

58. Vuppalanchi R, Caldwell SH, Pyrsopoulos N, 

deLemos AS, Rossi S, Levy C, et al. Proof-of-concept 

study to evaluate the safety and efficacy of 

saroglitazar in patients with primary biliary 

cholangitis. J Hepatol. 2022;76(1):75–85. 

59. Gawrieh S, Noureddin M, Loo N, Mohseni R, Awasty 

V, Cusi K, et al. Saroglitazar, a PPAR-α/γ Agonist, for 

Treatment of NAFLD: A Randomized Controlled 

Double-Blind Phase 2 Trial. Hepatology. 

2021;74(4):1809–24.  

60. Mottl AK, Buse JB, Ismail-Beigi F, Sigal RJ, Pedley 

CF, Papademetriou V, et al. Long-Term Effects of 

Intensive Glycemic and Blood Pressure Control and 

Fenofibrate Use on Kidney Outcomes. Clinical J 

American Soc Nephrol. 2018;13(11):1693–702. 

61. Cusi K, Orsak B, Bril F, Lomonaco R, Hecht J, Ortiz-

Lopez C, et al. Long-term pioglitazone treatment for 

patients with nonalcoholic steatohepatitis and 

prediabetes or type 2 diabetes mellitus. Ann Intern 

Med. 2016;165(5):305.  

62. Satirapoj B, Watanakijthavonkul K, Supasyndh O. 

Safety and efficacy of low dose pioglitazone 

compared with standard dose pioglitazone in type 2 

diabetes with chronic kidney disease: A randomized 

controlled trial. PLoS One. 2018;13(10):206722.  

63. Abushamat LA, Schauer IE, Low Wang CC, Mitchell 

S, Herlache L, Bridenstine M, et al. Rosiglitazone 

improves insulin resistance but does not improve 

exercise capacity in individuals with impaired glucose 

tolerance: A randomized clinical study. J Invest Med. 

2024;72(3):294–304.  



James DM et al. Int J Res Med Sci. 2025 Sep;13(9):3893-3903 

                                     International Journal of Research in Medical Sciences | September 2025 | Vol 13 | Issue 9    Page 3903 

64. Li X, Yu J, Wu M, Li Q, Liu J, Zhang H, et al. 

Pharmacokinetics and safety of chiglitazar, a 

peroxisome proliferator‐activated receptor pan‐

agonist, in patients < 65 and ≥ 65 years with type 2 

diabetes. Clin Pharmacol Drug Dev. 2021;10(7):789–

96. 

 

 

 

 

 

 

 

 

Cite this article as: James DM, Yathindra MR, 

Sharma R, Shyam G, Panvalkar ASS, Vahora N, et 

al. Peroxisome proliferator-activated receptors in 

metabolic and renal health: a comprehensive review. 

Int J Res Med Sci 2025;13:3893-903. 


