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×  Cardio vascular disease [CVD] is the major cause of 

 mortality  

 

× Clustering of Risk Factors For CVD:                                                                       

 Obesity, abdominal obesity, type 2 diabetes, 

abnormal  lipids and hypertension 

 

× Unifying Hypothesis:  

 Insulin Resistance and compensatory 

hyperinsulinemia  predisposed patients to these 

conditions. 

BACKGROUND  
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Kylin describes clustering of hypertension, gout 

and hyperglycemia 
1923 

Reaven describes ñSyndrome Xò ï hypertension, 

hyperglycemia, glucose intolerance, elevated 

triglycerides and low HDL cholesterol 

1988 

NCEP describes ñmetabolic syndromeò and gives 

ICD code 
2001 

IDF  describes ethnic specific criteria for metabolic 

syndrome 
2005 

WHO focuses on insulin resistance 1998 

HISTORY OF SYNDROME X  





× Syndrome X 

× Insulin resistance syndrome 

× Metabolic syndrome 

× Beer-belly syndrome 

× Dysmetabolic syndrome 

× Reavenôs syndrome 

DIFFERENT NAMES BUT SAME 

DISORDER 
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 Different Definitions for                           

ñMetabolic Syndromeò 

  WHO vs ATP III vs IDF definitions  



DEFINITION  

 "Metabolic Syndrome" describes a cluster of 

CVD risk factors and metabolic alterations 

associated with excess fat / weight 



< 40 mg/dl (m), < 50 

mg/dl (f) 

Ó 150 mg/dl 

 

Not used for diagnosis 

 

Ó 100 mg/dl or pre-

existing DM 

Ó 130 / Ó 85 mm Hg 

 

Waist circumference Ó 90 

cm (m), Ó 80 cm (f) ï 

South Asians 

 

IDF Consensus 

(2005) 

6 

5 

4 

3 

2 

1 

< 40 mg/dl (m), < 50 mg/dl 

(f) 

HDL Cholesterol 

Triglycerides Ó 150 mg/dl 

and/or HDL-C < 35 mg/dl 

(m), < 39 mg/dl (f) 

Ó 150 mg/dl Triglycerides 

Urinary albumin excretion 

rate Ó 20 Õg/min 

Not used for diagnosis Microalbuminuria  

Diabetes, impaired glucose 

tolerance or insulin 

resistance 

Ó 110 mg/dl or on 

medication 

Fasting glucose 

Ó 140 / Ó 90 mm Hg or on 

medication 

Body mass index (BMI) Ó 

30 kg/m2 and/or waist-to-

hip ratio > 0.90 (m),             

> 0.85 (f) 

WHO Criteria         

(1999) 

Ó 130 / Ó 85 mm Hg 

Waist circumference Ó 102 

cm (m), Ó 88 cm (f) 

NCEP ATP III Criteria 

(2001) 

Blood pressure 

Obesity / 

Abdominal obesity 

Risk factors 

Diabetes, impaired glucose 

tolerance or insulin resistance 

plus any two or more risk 

factors 

Atleast three risk factors Abdominal obesity plus 

any two or more risk 

factors 

Metabolic syndrome 

ï definition 

 DIFFERENT DEFINITIONS OF METABOLIC 

SYNDROME 



ÅIn 2009, IDF, National Heart, Lung, and Blood Institute, 

American Heart Association, World Heart Federation, 

International Atherosclerosis Society, and International 

Association for theStudy of Obesity jointly adopted the 

revised NCEP criteria, where abdominal obesity is not a 

necessary component, as worldwide criteria of MetS.  

 

ÅIn 2010, WHO Expert Consultation warned that MetS is 

a concept that focuses attention on complex 

multifactorial  health problems but has limited practical 

utility as a tool for management or epidemiological 

study 



Physical Exam 

×   Blood Pressure 

×   Body mass index 

×   Waist circumference  

Lab Evaluation 

×     Fasting Glucose 

×     Serum triglycerides 

×     HDL Cholesterol  

×      Fasting insulin 

×      Microalbuminuria       

MEDICAL EVALUATION OF 

METABOLIC SYNDROME  



Waist line is your life line ( 80 cms) 



Reference Country  Year Prevalence Diagnostic  

criteria  

Kotokey et al  2013 Dibrugarh, 
India  

2010-2011 32.87% Revised ATPIII 

Suttajit et al 2013 Thailand 2.010 modified NCEP-
ATP III 37% ;  
IDF 35%, 

Modified ATP III  
IDF 

Liu  et al 2013 China 2009ï2010 35.1% for men 
and 32.5% 

Consensus criteria 
for chinese 

Setayeshgar, 2012 Canada 2007-2011 18.31 IDF and 
AHA/NHLBI  

Al Zenki et al 2012 Kuwait  2008-2009 37.7% in females 
and 34.2% in 
males 

NCEP criteria 

Osuji et al 2012 Nigeria  2009 31.2% NCEP-ATPIII  

Lim et al 2011 Korea 2007 31.3 Revised ATPIII 

Gundogan  et al 2009 Turkey 2007 34.6% Revised ATPIII 

Soewondo P et al 2010  Indonesia 2006 28.4% Revised ATPIII 

 Prevalence of Metabolic Syndrome by various 

studies and criteria 



Reference Country Year Prevalence Diagnostic  
criteria 

Cameron et al 2007  Australia 2007 30.7% IDF 

Deepa et al 2007   Chennai, India 2002-
2004 

23.2% WHO criteria 

Bo et al 2005  Northwestern 
italy 

2001-
2003 

23.1 % ATPIII 

Scuteri et al 2005 Cardiovascular 
health study 

1989-
1990 

ATP III- 28.1% 
WHO- 21 % 

ATPIII and WHO 

Gu D, et al 2005 China 2000ï
2001 

Men: 9.8% 
Women: 17.8% 

ATP III 

Ford et al 2005  United States. 1999ï
2002 

ATPIII: 34.5%a; 
IDF: 39.0%a 

IDF 

Thomas GN et al., 
2005  

Hong Kong 1994ï
1996 

21.9% ATPIII [modified] 

Resnick HE et al., 
2003  

Arizona, 
Oklahoma & 
Dakota 

1988 35%a ATPIII 

Mohan V et al 2001 Chennai, India 1996-
2001 

11.2% EGIR 

Prevalence of Metabolic Syndrome by various studies and criteria 
Contdé. 



Prevalence of the metabolic syndrome in 

developing 
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A state in which a 

normal amount of 

insulin produces a 

sub-normal 

response 

DEFINITION OF INSULIN 

RESISTANCE 



Insulin resistance 

Inadequate insulin 

response 

Type 2 diabetes 

Vascular changes 

Compensatory 

hyperinsulinmeia 

Insulin resistance 

syndrome 

Hypertension                     

PCOS                               

NAFLD                     

Dyslipidemia 

INSULIN RESISTANCE SYNDROME  



Insulin Resistance: Associated 

Conditions 



× Inflammatory cytokines (TNF alpha and IL-6) 

× Increased CRP 

× Prothrombotic substance:  Plasminogen activator            

 inhibitor 1 (PAI -1)  

×  Adipocytokines : Adiponectin, Leptin, Resistin, Visfatin etc 

PRODUCTS OF ADIPOSE TISSUE 



Visceral 

fat 
Skeletal muscle 

 

¬Apo B 
¬Glucose 

¬Insulin 

¬TG 

Liver 

Insulin 
resistance (IR) 

¬NEFAs 

¬PAI-1 ¬IL-8 
®adiponectin 
¬TNF-a 

Inflammatory 

factors 

Glucose 

¬NEFAs 

x 

Coronary artery 

Å Thin fibrous cap 

Å Unstable plaque 

Å Impaired fibrinolysis 

Å Increased collagen 

Å Endothelial   

dysfunction 

IR 

Adapted from Despres et al 

Ann. Endocrinol (2001) 61 (Suppl 1):31 - 38 

ABDOMINAL OBESITY  



  Visceral fat 

Front 

Back 

  Subcutaneous fat 

FOCUS ON CENTRAL OBESITY  



Visceral Fat : Highest fractional lipolytic rate (Releases 26% of FFAs) 

Factors released                                 Visceral Fat     Subcutaneous Fat 

Plasminogen activator Inhibitor ï 1                  ¬¬                              ¬ 

(PAI ï 1) 

Leptin              ¬                               ¬¬ 

Angiotensinogen                          ¬¬             ¬  

Adiponectin            ®®                          ®  

Tumor necrosis factor - a (TNF a)          ¬                                ¬ 

Interleukin ï 6                                                    ¬¬                               ¬  
Wajchenberg, Endo. Rev. 2000  

VISCERAL vs SUBCUTANEOUS FAT 



IRS 

INCREASED WC 

TGL>200 

TGL/HDL RATIO >3  

Early Detection Of Metsyn 

and Intervention Will  

Prevent Dm, HTN And CVD 



ü Despite insulin resistance in adipose tissue and 

 muscles, the kidneys remains insulin sensitive. 

ü High insulin levels increases renal sodium 

 retention. 

ü 50% of patients with essential hypertension have 

 insulin resistance. 

ü Insulin resistance patients with HTN are at greater 

 risk of CVD than non-insulin resistant patients. 

HYPERTENSION  



 

 

 č LDL small and dense particles 

(č)   LDL cholesterol 

ĎĎ HDL cholesterol 

č   Apolipoprotein B 

 č  Non-HDL cholesterol 

 č  Fasting VLDL 

 čč  Triglycerides 

Intra -abdominal adiposity and 

dyslipidaemia 



Causes of Metabolic Syndrome: 

ü Abdominal obesity 

ü Low physical activity 

ü Genetic factors 



Mechanisms of metabolic syndrome 
1) High energy fast-food environment, sedentary life style, and 

other obesogenic socioeconomic stress  

2) Genetic predisposition to obesity and proinþammatory reactions  

3) Obesity and fatty liver  

4) Cell stress due to energy overload  

5) Adipose tissue inþammation  

6) Disregulation of adipokines such as leptin and adiponectin  

7) Insulin resistance or selective insulin resistance  

8) Cross-talks between insulin and angiotensin signaling systems  

9) Leptin resistance or selective leptin resistance  

10)Neurohormonal disregulation in hypophyseal-pituitary -adrenal 

axis  

11)Dysfunction in autonomic nervous system  

12)Endothelial dysfunction and oxidative stress  

13)Low-grade systemic inþammation with hypercoagulability 



Abdominal obesity 

Lipolysis 

FFA oxidation 

Insulin resistance VLDL  

Triglyceride 

HDL  

Hyperglycemia 
Hypertension 
Endothelial dysfunction 

Microalbuminuriai  

Physical inactivity 

THE METABOLIC SYNDROME  
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MS :  

üIs characterized by metabolic and hemodynamic 

abnormalities which  increase the risk of 

cardiovascular disease. 

 

üIs considered an independent risk factor for 

cardiovascular disease.  

 

üHas been identified by NCEP ATP III as a trigger for 

intensive lifestyle modification, even in individuals 

with LDL cholesterol <100 mg/dL 

SIGNIFICANCE OF METABOLIC 

SYNDROME 



×In diabetics, there is a strong correlation between 

metabolic syndrome and cardiovascular disease. 

×Metabolic syndrome patients with Type II 

diabetes showed a higher prevalence of 

microalbuminuria or macroalbuminuria.  

×Metabolic syndrome correlates with small LDL 

particle size pattern and the occurrence of 

preclinical atherosclerosis. 

SIGNIFICANCE OF METABOLIC 

SYNDROME 
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% of  

Population = 

 No MS/No 

DM 

     54.2% 

MS/No DM 
     28.7% 

   DM/No MS 

        2.3% 

      DM/MS 

      14.8% 

8.7% 

13.9% 

7.5% 

19.2% 

Alexander CM et al. Diabetes 2003;52:1210-1214.. 

Prevalence of CHD by the Metabolic Syndrome 

and Diabetes in the NHANES Population Age 50+ 



Prevalence of CHD by the metabolic syndrome and 

diabetes in the NHANES population age 50+ 

ÅNHANES subjects age 50 or higher, about 85% 

of diabetic subjects had the metabolic syndrome.  

 

ÅThe 15% of diabetic subjects without the 

metabolic syndrome did not have a high 

prevalence of CHD.  

 

ÅDiabetic subjects without the metabolic 

syndrome have low triglyceride levels, high HDL-

C levels, and blood pressure <130/85 mm Hg 



Clinical outcomes of Metabolic 

syndrome 

ÅType 2 diabetes 

ÅEssential hypertension 

ÅPolycystic ovary syndrome (PCOS) 

ÅNonalcoholic fatty liver disease 

ÅSleep apnea 

ÅCardiovascular Disease (MI, PVD, Stroke) 

ÅCancer (Breast, Prostate, Colorectal, Liver) 
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Reducing underlying causes 

Weight reduction 

Increased physical 

activity  

Healthy diet 

Treat associated risk factors 

Antihypertensives 

Aspirin  

Lipid lowering agents 

Insulin sensitizers 

TREATMENT RATIONALE  





üThe most common clinical feature of metabolic abnormalities 

is excess body fat, which is associated with many of the 

additional defining characteristics  

 - Reducing excess body fat should therefore be the     focus 

of treatment and prevention  

üPhysical activity and diet modifications are indicated for the 

long-term treatment of metabolic syndrome 

üPharmacotherapy of dyslipidemia is indicated in high-risk 

groups 

TREATMENT OF RISK FACTORS 

SHOULD BE PRIORITIZED  



×Reduce calories 

×Reduce salt intake 

×Reduce saturated fat 

×Increase whole grains 

×Increase fruits and vegetables 

×Eat fish 1-2 times per week 

×Use monounsaturated or polyunsaturated oils 

Olive, Canola, and Peanut Safflower, Sunflower or Sesame 

seed, Corn, or Soy  

DIETARY INTERVENTIONS  
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CONTROVERSIES  
1)Criteria are ambiguous or incomplete.  

2)Rationale for thresholds are ill defined. 

3)Value of including diabetes in the definition is 

questionable. 

4)Insulin resistance as the unifying etiology is uncertain.  

5)No clear basis for including / excluding other CVD risk 

factors. such as high-sensitivity CRP, fatty liver, and 

adiponectin  

6)CVD risk value is variable and dependent on the specific 

risk factors present.  

7)The CVD risk associated with the "syndrome" appears 

to be no greater than the sum of its parts. 



CONTROVERSIES  
8) Treatment of the syndrome is no different than the 

treatment for each of its components.  

9) The medical value of diagnosing the syndrome is 

unclear. 

10) Predicting diabetes and predicting cardiovascular 

disease are different issues which MetS seeks 

simultaneously 

11) Superiority of waist circumference to body mass index 

is not scientiýcally established for deýning obesity 

within MetS criteria  

12) MetS has limited utility in epidemiological studies in 

which different ethnic-speciýc cutoff points of waist 

circumference are used 



Indulekha K, Pitchumoni CS & Mohan V. Bentham eText. 2013 (in press) 

Usefulness and disadvantages and usefulness 

of metabolic syndrome  



Hypertension 

Abdominal obesity  

Psychosocial factors 

Consumption of fruits, vegetables  

RISK FACTORS FOR CAD 

Smoking  

Abnormal lipids ï LDL / Apo B  

Consumption of alcohol 

Physical activity 

Diabetes 

Yusuf S et al, INTERHEART STUDY, Lancet, 2004 

PROTECTIVE  

These 9 factors explain more than 90% of the risk of an acute  
myocardial infarction.   

However 6/9 of these are not included in MS !  



×    Conveys to patients that they have a distinct         

 disease ï when they donôt. 

×    Confounds research since the definition covers a 

 wide range of parameters/values/risks. 

×    Detracts from the need to prioritize treatment      

 based on benefits, risks and cost. 

×    Multiple definition make the diagnosis of MS a 

 nightmare. 

×    There is no specific treatment for MS per se 

×    Not useful to initiate treatment as each risk factor 

 has to be treated anyway 

OTHER PROBLEMS WITH MS  



Patient  A Patient B 

Age / Sex 35 years / female 60 years  / male 

Family history of  CVD No Strongly  positive 

Smoking No Smokes 50 cigarettes 

/ day 

Obesity (WC) in cm 81 89 

Fasting plasma glucose (mgs%) 120 120 

Blood pressure (mm Hg) 138 /86 120 / 75 

Total cholesterol  (mgs%)  

HDL cholesterol (mgs%) 

LDL  cholesterol (mgs%) 

150 

35 

70 

300 

46 

200 

Serum triglycerides (mg%) 180 148 

COMPARISON OF MS AND FRAMINGHAM RISK ASSESSMENT TOOL 

FOR PREDICTING CVD RISK  WITH AN EXAMPLE  

ñPatient Aò has MS but ñPatient Bò has no MS However, the FRAMINGHAM RISK 

SCORE for ñPatient Aò is < 1 % and for ñPatient Bò is 24% 


