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Abstract  

 

The metabolic syndrome, which is characterized by 

obesity, serum lipid profile alterations, hypertension, 

and fasting hyperglycemia, is very common in devel-

oped countries, and its prevalence is likely to increase. 

Patients with a combination of risk factors, known as 

metabolic syndrome, are at an elevated long term risk of 

developing chronic kidney disease (CKD). 

The definition of the metabolic syndrome identified 3 

potential etiologic categories: 1-Central obesity and 

dyslipidemia, 2-Insulin resistance and glucose intoler-

ance and 3-Leptin deficiency. Many inflammatory cyto-

kines that are secreted by adipose tissue, including 

leptin, IL-6, TNF- , and adiponectin, may be involved 

at least partially in promoting renal impairment, in par-

ticular the high plasma leptin levels that are observed in 

obesity may predispose to glomerulosclerosis.  

The studies confirm that hypertension and fasting 

plasma glucose levels are associated with greater risk 

for microalbuminuria and a low glomerular filtration 

(GRF). Leptin increases sympathetic nerve trafficking 

and renal sodium retention, which may cause hyperten-

sion. Furthermore, it stimulates oxidative stress in endo-

thelial cells and induces a proinflammatory state and 

also promotes atherosclerosis. Atherosclerosis and en-

dothelial dysfunctions are other potential mechanisms 

by which leptin may affect renal structure and function. 

High levels of Renin-angiotensin-aldosterone-system 

activation promote glomerulosclerosis and tubulo-

interstitial injury. 

Treatment consists of lifestyle modifications along with 

optimal control of blood pressure, blood sugar and lip-

ids.  
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Introduction  

 

The metabolic syndrome, which is characterized by 

obesity, serum lipid profile alterations, hypertension, 

and fasting hyperglycemia, is very common in devel-

oped countries, and its prevalence is likely to increase 

[1]. The metabolic syndrome is a risk factor for the de-

velopment of diabetes and cardiovascular disease; how-

ever, no prospective studies have examined the meta-

bolic syndrome as a risk factor for chronic kidney dis-

ease (CKD). Patients with a combination of risk factors 

known as metabolic syndrome are at an elevated long 

term risk of developing chronic kidney disease (CKD). 

CKD risk was 43% higher in subjects, with at least 3 of 

the 5 characteristics of metabolic syndrome [2,3]. Meta-

bolic syndrome occurs in nearly one of three patients 

with advanced CKD [4]. 

The aim of this paper is to revue the metabolic syn-

drome mechanisms that influence the onset and progres-

sion of CKD, and also the most effective measures of its 

prevention and treatment. 

 

Definitions of metabolic syndrome  

 

Various definitions of the syndrome have been proposed 

since its first description. The guidelines of the 2001 

National Cholesterol Education Program - Adult Treat-

ment Panel III [2] now are widely used to identify it, 

although a recent report from National Heart, Lung and 

Blood Institute and the American Heart Association 

(NHLBI/AHA) [5] recommended lowering the cut-off 

point for fasting blood glucose levels and abdominal 

obesity in men and proposed diagnosing the syndrome 

in the presence of only two of the defined criteria [5] 

(Table 1). The prevalence of metabolic syndrome varies 

widely according to the geographical location, race, 

gender, and urbanization, ranging from a low of 8% in 

French males to a high of 60% in the female Native 

Americans [6]. In India, the prevalence is 15-20%. 

South Asians are at a greater risk for developing com-

plications as compared to Americans. 

 

Pathogenesis of Metabolic Syndrome 

 

The definition of the metabolic syndrome identified 3 

potential etiologic categories: 1-Central obesity and 

dyslipidemia, 2-Insulin resistance and glucose intoler-

ance and 3-Leptin deficiency. 

 

1-Central obesity and dyslipidemia. Adipose tissue is 

recognized as a source of several molecules that are  
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Table 1.  NCEP-ATP III diagnostic criteria for metabolic 

syndrome and revised criteria as proposed by NHLBI/AHA 

Parameter 
NCEP-ATP 

III (2) 

NHLBI/AHA 

(3) 

Waist circumference 

(cm)  >94 in men 

 >88 in women >88 in women 

Serum triglycerides 

(mg/dl) 
150 150 

Serum HDL choles-

terol (mg/dl) 
<40 in men <40 in men 

 <50 in women <50 in women 

Bìood pressure 

(mmHg) 
≥130/85 130/85 

Fasting plasma glu-

cose (mg/dl) 
≥110 100 

No. of criteria needed 

for diagnosis 
3 2 

NCEP-ATP III, National Cholesterol Education Program—Adult 

Treatment Panel III; NHLBI/AHA: National Heart, Lung, and 

Blood Institute and American Heart 

 
potentially pathogenic: excess nonesterified fatty acid, 

cytokines (tumor necrosis factor- ), resistin, adi-

ponectin, leptin, and PAI-1. Visceral adipose tissue may 

be particularly active in producing several types of these 

factors [7]. However, the mechanisms underlying the 

association between abdominal obesity (particularly 

visceral obesity) and the metabolic syndrome are not 

fully understood and likely are complex. It has been 

assumed that obese adipose tissue releases an excess of 

fatty acids and cytokines that induce insulin resistance 

[8]. 

Combined hyperlipidemia is a hallmark of metabolic 

syndrome. The characteristic lipid disorders seen in this 

syndrome are hypertriglyceridemia, low levels of high-

density lipoprotein cholesterol (HDL-C) and, often, 

normal levels of low-density lipoprotein cholesterol 

(LDL-C), although the LDL-C particles are typically 

smaller and more dense than usual. Whether these 

small, dense LDL-C particles increase cardiovascular 

risk independently of that related to hypertriglyceride-

mia and low HDL-C levels is uncertain [9,10]. The di-

agnosis of dyslipidemia is best made when a patient is 

in a basal state, without acute illness. Low HDL-C lev-

els (<40 mg/dL in men, <50 mg/dL in women) are al-

tered little by fasting. However, triglyceride concentra-

tion can rise substantially after food intake, and current 

diagnostic criteria are based on measurements obtained 

after 12 hours of fasting [5]. 

 

2-Insulin resistance and glucose intolerance. Insulin 

resistance is widely believed to be at the heart of the 

metabolic syndrome, even though there is as yet little 

clinical trial evidence that a reduction in insulin resis-

tance will substantially improve any of the components 

of the metabolic syndrome other than glucose intoler-

ance. This is not to say that insulin resistance per se 

does not play a significant role in implementing of 

metabolic syndrome [11]. When insulin-resistant muscle 

is already overloaded with lipids from high plasma non-

esterified fatty acids levels (NEFA), some excess NEFA 

presumably are diverted to the liver, promoting fatty 

liver and atherogenic dyslipidemia [13]. Hyperinsu-

linemia may enhance output of very-low-density lipo-

protein triglycerides, raising triglycerides. Insulin resis-

tance in muscle predisposes to glucose intolerance, 

which can be worsened by increased hepatic gluconeo-

genesis in insulin-resistant liver. (14) Some data support 

the concept that insulin resistance or its associated hy-

perinsulinemia are independent risk factors for CVD, 

but this association has not yet been confirmed in con-

trolled studies [15,16]. 

Elevated fasting glucose levels are an important feature 

of metabolic syndrome, but neither impaired fasting 

glucose, nor diabetes is an absolute criterion. Insulin 

resistance is associated with an increased risk of type 2 

diabetes, and overt diabetes develops in many persons 

with metabolic syndrome [17,18]. 

 

3-Leptin deficiency. The role of leptin in controlling 

energy homeostasis is increasingly well defined, but it 

remains unclear whether leptin plays a role in the in-

flammatory syndrome caused by abdominal obesity. 

Clearly, serum leptin concentrations rise in proportion 

to body adiposity; therefore, obese individuals with the 

metabolic syndrome generally have higher circulating 

leptin concentrations [19]. However, obese individuals 

seem to be resistant to the hypothalamic effects of 

leptin; therefore, the catabolic pathways designed to 

reduce appetite and increase energy expenditure are not 

activated and excess body weight is maintained. There-

fore, chronically elevated concentrations of leptin, as 

seen in obese individuals, may potentially predispose to 

progression of atherosclerosis [20]. Increased serum 

leptin concentrations, through direct effects on the im-

mune system, clearly may trigger a proinflammatory 

state, as yet only circumstantial data from rodent studies 

suggest that this cytokine contributes to the chronic low-

grade inflammation associated with the metabolic syn-

drome [21]. Leptin deficiency or resistance is associated 

with triglyceride accumulation in the liver and muscles 

due to inability of leptin to activate adenosine mono-

phosphate (AMP) kinase in muscles [22]. 

 

Metabolic Syndrome as a risk factor for chronic re-

nal disease  

 

The metabolic syndrome has recently emerged as strong 

independent risk factor for CKD and end-stage renal 

disease. (23) Many inflammatory cytokines that are se-

creted by adipose tissue, including leptin, IL-6, TNF- , 

and adiponectin, may be involved at least partially in 

promoting renal impairment, in particular, the high 

plasma leptin levels that are observed in obesity may 

predispose to glomerulosclerosis [25,31]. 

A large renal pathology study demonstrated that obe-

sity-related
 
glomerulopathy, which is characterized by 

focal segmental glomerulosclerosis
 

and glomerulo-

megaly, increased in incidence from 0.2 to 2% of
 
all 

biopsy diagnoses during the 15-yr period of the study 

[26]. None of the patients demonstrated a histological 
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pattern consistent
 
with diabetic nephropathy, the pre-

sumed pathology associated
 
with the metabolic syn-

drome. These studies raise the possibility
 
that obesity, 

which is a cardinal feature of the metabolic syndrome,
 

may lead to CKD. However, as mentioned earlier, this 

may be
 
difficult to prove, in this case because obesity is 

also a risk
 
for hypertension and diabetes [27]. 

Microalbuminuria is a clinical criterion for metabolic 

syndrome by the WHO classification. The frequency of 

microalbuminuria increases across the spectrum from 

those with normal glucose tolerance (5–10%), to meta-

bolic syndrome (12–20%), to type 2 diabetes (25–40%). 

(10) Many patients presenting metabolic syndrome are 

hypertensive and/or have diabetes, well-known risk fac-

tors for the development and progression of CKD [28]. 

The studies confirm that hypertension and fasting 

plasma glucose levels are associated with the greatest 

risk for microalbuminuria and a low GRF [30]. 

Chen et al.observed that increased waist circumference 

significantly correlated with microalbuminuria and GRF 

decline, suggesting that obesity may be an independent 

risk for CKD [29,32]. 

Adipose tissue is a source of cytokines that produce 

endothelial dysfunction, and leptin may also affect the 

kidney indirectly [31]. It increases sympathetic nerve 

trafficking and renal sodium retention, which may cause 

hypertension. Furthermore, it stimulates oxidative stress 

in endothelial cells and induces a proinflammatory state 

and also promotes atherosclerosis. Atherosclerosis and 

endothelial dysfunctions are other potential mechanisms 

by which leptin may affect renal structure and function 

[21,27]. 

In the metabolic syndrome, hyperleptinemia, possibly 

hyperinsulinemia, insulin resistance activated sympa-

thetic stimulation and both hemodynamic alterations, 

including interference with renal blood flow as a result 

of compression of the renal hilum and/or renal paren-

chyma by visceral are the main mechanism for activate 

renin-angiotensin-aldosterone system [33]. Renin-

angiotensin-aldosterone system activation promotes 

glomerulosclerosis and tubulo-interstitial injury [34]. 

 

 
 

Fig. 1. Mechanisms by which obesity, glucose intolerance and lipids promote glomerulosclerosis 

 

Several studies have examined the association between 

insulin resistance and risk for chronic kidney disease. A 

cross-sectional survey of 934 nondiabetic Native 

Americans found that the insulin resistance syndrome 

was associated with microalbuminuria [36]. 

Dyslipidemia may be an important factor in the devel-

opment and progression of CKD [17]. Observational 

data and a recent meta-analysis suggest that elevated 

triglycerides and low HDL are independent risk factors 

for the development or acceleration of CKD and that the 

use of statins may slow CKD progression.  

Muntner and colleagues found that high serum triglyc-

eride and low HDL cholesterol levels predicted an in-

creased risk for renal dysfunction in 12 728 participants 

in the Atherosclerosis Risk in Communities study [37]. 

A recent meta-analysis of clinical trials indicates that 

lipid lowering preserves glomerular filtration rate and 

decreases proteinuria level in patients with renal disease 

[38]. 

Mechanisms by which obesity, glucose intolerance and 

lipids promote glomerulosclerosis are presented in Fig-

ure 1. 

 

Treatment of metabolic syndrome  

 

The first step in the management of the metabolic syn-

drome is to control underling modifiable risk factors, 

principally obesity, physical inactivity, and an athero-
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genic diet. Obesity guidelines insist on weight reduction 

through behavioral changes aimed to reduce caloric in-

take and increase physical activity, in order to achieve a 

7–10% weight loss over 6–12 months [39-41]. 

Statins are widely used to reduce the risk of cardiovas-

cular events. Fibrates more specifically target athero-

genic dyslipidemia by significantly reducing plasma TG 

levels and moderately increasing HDL-C concentra-

tions, but the efficacy of fibrates alone in reducing CVD 

events has not yet been substantiated, particularly 

among individuals with type2 diabetes [42,43]. The 

combined use of statin and fibrates produces the most 

beneficial effects on all lipid parameters and may result 

in the greatest improvement in CVD risk status [42].  

Antihypertensive drugs are often required in addition to 

lifestyle changes to reach blood pressure goals. Angio-

tensin-converting enzyme inhibitors or angiotensin re-

ceptor blockers are often the first-line therapy suggested 

[44]. 

Metformin, thiazolidinediones and acarbose are used in 

the treatment of type 2 diabetes. Studies have investi-

gated their efficacy to prevent diabetes in individuals 

with impaired glucose tolerance and impaired fasting 

glucose, and they have shown that these drugs are effec-

tive at delaying type 2 diabetes onset. 

Recently Rimonabant, a cannabinoid receptor type-1 

antagonist, has shown promising results in type 2 dia-

betics as well as nondiabetics with obesity [45]. 

In conclusion, treatment consists of lifestyle modifica-

tions along with optimal control of blood pressure, 

blood sugar and lipids.  
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