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• MetS called “Syndrome X” at first, it refers to a pathological state of metabolic 
disorders of proteins, fats, carbohydrates, and other substances in humans.

• It includes hypertension, hyperlipidemia, hyperuricemia, hyperglycemia, central 
obesity, and insulin resistance.

• A common risk factor for the morbidity and mortality of cardiovascular events.

• An important cause of new-onset CKD and progression of CKD.



Diagnostic criteria of MetS

FPG≥110mg/dl
BG 2h after 
glucose load 
≥140mg/dl

M≥90cm
F≥85 cm

BP≥  130/85mmHg

HDL<40mg/dl

TG≥150mg/dl



• It is estimated that the worldwide prevalence of MetS is 20 –25%.

• This may be due to different gender, age, racial, eating habits, education, 

medical security, nature of work, and living environments. 

• The older the age, the higher the prevalence of MetS. 

• The prevalence of MetS in aged ≥60 was 2.33 times higher than those 

in aged 15-39 (32.4% vs. 13.9%).



• MetS is also common in South Asian countries, including 

Afghanistan, Bangladesh, India, Maldives, Nepal, Pakistan,

and Sri Lanka.



ASSOCIATION BETWEEN METS AND CKD

• MetS and CKD are causal and influence each other.

• MetS can lead to changes in renal structure and function, such as 

a decreased (GFR) and increased urinary microalbumin.



• A meta-analysis showed that the risk of CKD in MetS was

1.34 times higher than those without MetS (28). 

• Another meta-analysis showed that MetS increased the risk of CKD 
by 50%.



• Many studies found that each component of MetS was

associated with CKD. 

• The more components there were, the higher the risk of CKD 

(odds ratio, 1.96; 95%: 1.71,2.34).



• Similarly, due to impaired renal function, microenvironment changes  and 

disorder of glucose and lipid metabolism in patients with CKD, the incidence 

of MetS patients with CKD is significantly higher than that in the general 

population.

• With the progress of CKD, the incidence of MetS gradually increases.

• A study in Thailand found that the prevalence of MetS in patients with CKD was 
71.3%

• Prevalence of MetS in patients with ckd3a to 5 was 70.1%, 72.3%, 73.4% and 

72.7% respectively.



• Recently, after using the “MetS score” and the “MetS factor” to refine MetS

and its components.

• Regardless of gender and race, the higher the score of MetS, 

higher prevalence of CKD.



THE PATHOGENESIS OF METS RELATED
RENAL INJURY

• Insulin resistance

• Obesity

• Hypertension

• Dyslipidemia

• Inflammation

• Oxidative stress 

• Endothelial dysfunction.





• Adiponectin, leptin, chemerin, resistin, IL-6, and TNF-a,other
adipokines are abnormally secreted and released, or dysfunctional,

• which induces  

• oxidative stress, 

• endothelial dysfunction, 

• Inflammatory effects,

• increased sympathetic activity

and finally lead to changes in renal function and structure.



• During Mets, adipose tissue secretion of pro-inflammatory factors

increased, including

(MCP-1), macrophage chemoattractant protein-1

macrophage migration inhibitory factor,

chemokine ligand 5, 

macrophage colony-stimulating factor.



• The production of reactive oxygen species (ROS) in renal tissue

increases due to inflammatory cell infiltration. 

• ROS can also induce TGF-b1 and fibrinolysis through the activation 

of the nuclear factor-k light chain enhancer and nicotinamide adenine

dinucleotide phosphate oxidase (NADPH) pathways of activated

B cells.



• The expression of pro-fibrotic molecules, such as zymogen activator 
inhibitor 1, thus aggravates the progress of renal fibrosis.

• Podocyte foot loss causes partial shedding of the glomerular filtration 
barrier (GFB), resulting in macromolecular leakage and proteinuria.



• The adipose tissue secretes all components of the RAAS. 

• During Mets, excessive activation of RAAS will lead to increased 

renal volume load and hyperfiltration.

• Thus damaging the GFB, including endothelial cells, basement

• membrane, especially the podocytes.



• In obese patients, a large number of lipid droplets can be found in 

renal innate cells, especially in podocytes. 

• The deposition of lipid droplets leads to the depletion of renal cell 
energy, and ultimately the apoptosis of intrinsic renal cells, resulting 

in CKD and even ESRD.



Cardiovasc Res. 2021 Jul 1; 117(8): 1859–1876.

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8262632/


Obesity, inflammation, and insulin resistance

• Immune cells also respond to changes in their nutrient environment and 
energy supply in various ways, including release of inflammatory 
cytokines. 

• Some of these cytokines circulate in the blood and influence metabolism 
in other tissues and in tissues that release them.



• Immunometabolic pathways, including

• glycolysis

• oxidative phosphorylation,

• are critical for phenotypic switching of various immune cells.



• Excess energy is stored mainly as fat in adipocytes which undergo 
hypertrophy and hyperplasia.

• Visceral adipocytes have limited hyperplastic potential and undergo 
hypertrophy when storing additional lipids.

• As these cells enlarge, they become inadequately vascularized and hypoxic, 
leading to

• cell stress,
• apoptosis,
• immune cell infiltration
• increased secretion of inflammatory cytokines





• Hypertrophied VAT secretes:

• pro-inflammatory cytokines such as IL-1ß and TNF-α

• chemokines that attract circulating monocytes into adipose tissue where 
they become activated macrophages. 



• The hypoxic environment and exposure to other factors, such 
hyperglycemia, impair macrophage and T lymphocyte oxidative 
metabolism and promote glycolytic metabolism via hypoxia-inducible 
factor 1a activation,

• Thus polarizing macrophages to a pro-inflammatory M1-like phenotype 
and T lymphocytes to a pro-inflammatory Th17 phenotype, and causing 
systemic low-grade inflammation.



Cardiovascular Research 
(2021) 117, 1859–1876



Immunomodulators involved in
DN pathogenesis



Adhesion molecules
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Hypertensive Kidney Disease

• Clinical trials have shown that serumC3 is paralleled with

systolic blood pressure .

• In renal biopsy, studies have found C3c and C5b-9 activated in 

hypertension-associated TMA, with disordered levels of factor B, D, P,
and H, while normal C4 level in those patients. 



• kidney-specific enzyme, cleaves C3 into C3a and C3b in a manner identical to 
the C3 convertase, thus triggering the alternative pathway..

.Factor H is an important negative regulator of AP and can bind to heparin 
sulfate (HS). 

• In the GBM to protect host cells from complement attack.

• In patients with hypertensive kidney disease, the GBM is destroyed and 
exhibits lower HS  levels, then the AP would be over activated

. 

• More importantly, the kidney is a potential complement source. 

• Tubular epithelial cells can synthesize all complement AP proteins in vitro.

• Glomerular endothelial cells (GECs) also synthesize more CFD.



Diabetic Kidney Disease

• Proteomic analysis of laser capture microdissected glomeruli
confirmed that C3 and the membrane attack complex (MAC,
C5b-9) showed an increase in patients with DKD.

• Immunohistochemical staining also revealed a high expression of
complement factor B, C3d, C5aR, and MAC . 

• What is more, it is reported that the urinary excretion of C3b, Bb, and 
MAC are increased in DKD patients, and is demonstrated that the presence 
of complement split products in the urine is associated with accelerated
ESRD and death.



Diabetic Kidney Disease

• It is now believed that increased glycation of proteins, which activates  the 
lectin pathway, and the dysfunction of complement regulatory  proteins.

• In vitro experiments have demonstrated that glycation product fructose 
lysine, whose structure is analogous to mannose, may act as a ligand for 
MBL and bind to it, initiating complement activation. 

• In the streptozotocin-induced type 1 diabetes mellitus (TIDM) models, 
mannose-binding lectin (MBL) levels increase.



• Elevated MBL in the diabetic models may be due to a combination of 

• increased MBL production and decreased catabolism.

• Compared to controls, MBL-knockout mice induced by streptozotocin

attenuate glomerular hypertrophy, urinary albumin excretion, and

renal fibrosis.

• In type 2 diabetes mellitus(T2DM) rats, the expression of MASP2, a key 

factor to activate the lectin pathway, is upregulated in renal tubular cells.



• In several clinical trials involving patients with T1DMor T2DM, 

it was confirmed that serum MBL levels were significantly

higher in patients with DKD than those DM without DKD.

• High baseline MBL along with CRP levels could be used as a 

predictor for the development of proteinuria in DM patients.



• CD59 is a key inhibitor of MAC formation, which is universally

expressed in cells.

• Hyperglycemia induces the dysfunction or inactivation of CD59  after 
glycation, which proposed the deposition of MAC in renal parenchyma.

• A recent study identified low abundance of urinary CD59 was a 
significant independent predictor of faster eGFR decline as well as 
higher risk of progression to ESRD. 

.



• Li et al. showed that the upregulation of C3a/C3aR and C5a/C5aR 

• was associated with endothelial–myofibroblast transition (EndMT)

and fibrosis in glomerular endothelial cells of DKD patients and 

diabetic rats.

• Decay accelarating factor (DAF/CD55) is a complement C3 convertase

regulator expressed in podocyte.

• In STZ-induced DKD models, the DAF-deficient mice showed more 
C3b glomerular deposition and exhibit a more severe disease 
phenotype.





Obesity-Related Nephropathy

• Lim et al. reported that targeting the receptors of anaphylatoxin C3a and C5a

can improve visceral adiposity and inhibit the macrophage signaling, 

suggesting that it may be a new strategy for treating metabolic dysfunction 

in animal models.

• Accumulated evidence indicated that serum C3 levels might be a biomarker

for insulin resistance in obesity and nonalcoholic fatty liver disease.

• Furthermore, a cross-sectional observational study enrolled 1,191 Chinese 
adolescents identified that serum C1q was positively related to MS, 

and may represent a biomarker for predicting obesity or MS in adolescents.



Hyperuricemia-Induced Kidney Disease

• In a study including 2,731 non-diabetic adults, C3 and C-reactive protein

(CRP) was reported to increase positively related to stimulation of uric acid. 

.

• Of note, CRP binds to MSU, thus recruits and activates C1 and MASP1, resulting in 
the fixation of MAC.

• Additionally, a functional C5 convertase complex assembles at the surface ofMSU
crystals, leading to the generation of active C5a and C5b. 

• C5a then activates the NLRP3 inflammasome in macrophages and promotes the 
release of IL-1b, which in turn regulates neutrophil recruitment , thereby

participates in the inflammation caused by hyperuricemia.







Abdominal obesity, adipose tissue and
dyslipoproteinemia
• Renal hemodynamics, podocyte loss, and Proteinuria

• Renal compression

• Direct cytotoxic effects

• The excessive accumulation of perirenal fat in the renal sinus is 
directly cytotoxic through the accumulation of intracellular 
triglycerides and toxic metabolites, such as ceramides.



Diabetes 62:401–410, 2013



• Ceramide causes NF-kB activation and TNF-a, IL-6, IL-1b, 

• and MCP-1 are controlled by NF-kB. 

• Blocking ceramide synthesis or inhibiting Nf-kB reduces TNF-a and IL-
6 production, although this is not a universal finding. 





• Plasma ceramides are associated with pro-inflammatory cytokines in individuals 
with cardiovascular disease, type 2 diabetes, and obesity. 

• We confirmed the positive relationship between plasma ceramide and TNF-a in 
humans and used 

the LDL-ceramide preparation to determine causality. 

• LDL-ceramide stimulated proinflammatory cytokine production and secretion via 
several mechanisms:

first, by promoting the uptake and accumulation of ceramide that is temporally 
associated with JNK signaling, 

second, by activation of NF-kB signalling that is dependent upon TLR signalling. 



Diabetes 62:401–410, 2013

• Circulating ceramides are elevated in obese, insulin-resistant 
individuals.

• LDL ceramide can be reduced with diet and exercise.

• The finding that LDL-ceramide can accumulate in the plasma 
membrane of skeletal muscle, cause insulin resistance, and

induce macrophage inflammation. 



Insulin resistance and hyperinsulinemia

• Physiologically, insulin dependent activation of the Akt signaling

• pathway in vascular and renal tissues leads to upregulation of the 

• endothelial nitric oxide synthase (eNOS), resulting in release of endothelial 
NO and vasorelaxation.

• Excessive NO products have detrimental effects on the vascular wall 

• by enhancing recruitment and adhesion of leucocytes and monocytes 

• in the vessel wall, activating platelet aggregation and inducing 

• proinflammatory cytokines.



• Insulin resistance induces

• an increase in sodium retention

• and vasoconstriction of the vascular endothelium via antidiuretic 
effects

• , activation of(RAAS) and renal tubular lipid accumulation.



• Accumulation of growth factor (TGF-β1) from adipocytes and 

• associated proliferation of renal mesangial cells, as well as 

• deposition of lipid droplets in renal tubular cells (mediated by

• elevation of sterol regulatory element binding protein-1 [SREBP-1]),

• leading to tubular atrophy and interstitial fibrosis.



• Inadequate glycemic control leads to the formation of AGE, which 

are known to activate various proinflammatory signalling pathways and 
induce oxidative stress by interacting with their membrane-bound 
receptor (RAGE).

• In the renal interstitium and mesangium, thereby exacerbating vascular 
injury.



Kidney International (2011) 79, 162–168



• Prolonged exposure to Ang II, as it may occur in the setting of obesity 
with increased production of AGT by adipose tissue, maybe a key event 
in the development of chronic inflammatory disorders by

Increasing local inflammation

promoting the infiltration of newly produced monocytes.



A, Representative immunohistochemical staining 
for Ki-67–positive cells 
(an indicator for cell proliferation) in mice
infused for 4 weeks with vehicle (Veh) or Ang II. 
The reddish-brown color in the nucleoli was 
considered positive. 
Positive cells were found in the tubulointerstitial 
area (arrows) and glomerulus.



A, Representative immunohistochemical
staining forF4/80-positive cells (macrophages) 
in mice infused for 2 weeks with either 

vehicle (Veh) or Ang II.Hypertension. 2008;52:256-263.)



• Two elegant studies have consecutively shown that Ang II

promotes the differentiation of monocytes from hematopoietic

progenitors and influences their chemotaxis potentially through

an upregulation of CCR2.

• These mechanisms could contribute to an increased recruitment 

of immune cells in the site of inflammation as has been shown in

a context of atherosclerosis.



Circa Res. 2020 March 13; 126(6): 789–806



• Peroxisome proliferator activated receptor-gamma (PPAR-γ) is a 
nuclear receptor which is activated by fatty acids and other lipid 
ligands, and promotes expression of genes for fatty acid (β) oxidation.

• While adipocytes are the major cell type expressing PPAR-γ, 
macrophages also highly express PPAR-γ which regulates fatty acid 
metabolism and expression of anti-inflammatory/M2 genes.

• PPAR-γ stimulates cholesterol efflux and decreases lipotoxicity in 
macrophages.

• PPAR-γ is typically activated by unsaturated fatty acids and omega-3 
fatty acid-derived eicosanoids, which are decreased during obesity.



• PPAR-γ mediates M2 polarization by interleukin-4 (IL-4), a potent 
anti-inflammatory cytokine.

• This action is mediated by STAT6, which promotes PPAR-γ activation 
via expression of the PPAR-γ coactivator-1β (PGC-1β), an inducer of 
mitochondrial biogenesis.

• Thus, the IL-4/STAT6/PPAR-γ axis is critical in promoting the shift 
towards oxidative metabolism and an M2 phenotype.





• Activation of the inflammasome complex enables maturation of pro-
inflammatory cytokines IL-1β and IL-18 and is also an integral part of 
innate immunity that may contribute to metabolic disorders in 
obesity.







m





• STZ-treated CTRL mice demonstrated significantly increased ACR 
levels starting 4 weeks after the establishment of diabetes, whereas 
in STZ-treated STING−/− mice ACR levels remained unchanged. 

• Functional analysis of the kidney also demonstrated that BUN and 
serum creatinine levels remained unchanged in STZ-
injected STING−/− mice compared with STING−/− control mice. 

• Moreover, the effect of STZ-induced kidney damage was significantly 
attenuated in STING−/− mice compared with CTRL mice based on the 
histologic analysis of mesangial expansion.
















