
                                  International Diabetes Federation                 

 Avenue Emile De Mot 19              
 B-1000 Brussels, Belgium 
 Telephone +32-2-5385511                                
 Telefax +32-2-5385114 
 info@idf.org 
 www.idf.org | VAT BE433.674.528     

 

 

IDF | Promoting diabetes care, prevention and a cure worldwide 

Metabolic syndrome—driving the CVD epidemic  
 
 
Diabetes: a growing threat  
Diabetes is one of the most common chronic diseases worldwide affecting nearly 200 
million people (approximately 5 per cent of the adult population), and is the fourth or 
fifth leading cause of death in the developed world. If unchecked, by 2025 it is expected 
that diabetes will reach epidemic proportions, affecting 333 million people (a rise in 
prevalence to 6.3 per cent) globally. While much of this increase is expected to occur in 
developing countries, the reasons behind the increase are not country-specific but the 
consequence of population ageing, increasing urbanisation, unhealthy diets, obesity and 
sedentary lifestyles.1–3  
 
 

Diabetes and the metabolic syndrome—driving the CVD epidemic 
Each year, 3.2 million people around the world die from complications associated with 
diabetes. In countries with a high diabetes incidence, such as those in the Pacific and 
the Middle East, as many as one in four deaths in adults aged between 35 and 64 years 
is due to the disease. Type 2 diabetes, which accounts for 90 per cent of all diabetes, 
has become one of the major causes of premature illness and death, mainly through the 
increased risk of cardiovascular disease (CVD) which is responsible for up to 80 per cent 
of these deaths.2,4  
 
These cardiovascular complications of diabetes, which is also a leading cause of 
blindness, amputation and kidney failure, account for much of the social and financial 
burden of the disease.2,3 The prediction that diabetes incidence will double by 2025 
heralds a parallel rise in cardiovascular-related illness and death, with an inevitable and 
profound impact on global healthcare systems.     
 
However, even before levels of blood glucose are high enough for a person to be 
diagnosed with diabetes, hyperglycaemia and related changes in blood lipids (increase 
in triglycerides and decrease in the ‘good’ cholesterol HDL-c) increase a person’s risk of 
cardiovascular disease.2 
 
The metabolic syndrome is a cluster of the most dangerous heart attack risk factors: 
diabetes and prediabetes, abdominal obesity, high cholesterol and high blood pressure. 
It is estimated that around a quarter of the world’s adult population have metabolic 
syndrome5 and they are twice as likely to die from and three times as likely to have a 
heart attack or stroke compared with people without the syndrome.6 In addition, people 
with metabolic syndrome have a fivefold greater risk of developing type 2 diabetes.7 The 
clustering of CVD risk factors that typifies the metabolic syndrome is now considered to 
be the driving force for a CVD epidemic.  
 

 

Global burden 
With a rise in comorbid disease on this scale, the burden on national healthcare systems 
and budgets is almost incalculable. It was estimated that in 2003 for the 25 European 
Union countries the total direct healthcare costs of all diabetes in 20 to 79 year olds was 
approximately 64.9 billion international dollars (ID), equivalent to 7.2 per cent of the 
total health expenditure for these countries.2,8 The annual direct healthcare cost of 
diabetes worldwide for this age group is calculated to be as much as 286 billion, or even 
more. If diabetes prevalence continues to rise as anticipated, it is possible that this 
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figure will increase to 396 billion. This will mean a spend of between up to 13 per cent 
of the world’s healthcare budget on diabetes care in 2025, with high prevalence 
countries spending up to 40 per cent of their budget.2  
 
It is important to note that these estimates of burden on national healthcare systems 
are for type 2 diabetes only and do not, as yet, estimate the additional burden of the 
cardiovascular disease associated with metabolic syndrome where clinical diabetes is not 
yet present. 

 
 
What causes the metabolic syndrome?  
In most people with glucose intolerance or type 2 diabetes, there is a multiple set of risk 
factors that commonly appear together, forming what is now known as the ‘Metabolic 
Syndrome’, but which has previously been termed ‘Syndrome X’,9 the ‘Deadly Quartet’10 
and more recently, the ‘Insulin Resistance Syndrome’.11,12 This ‘clustering’ of metabolic 
abnormalities that occur in the same individual, and which appear to confer a 
substantial additional cardiovascular risk over and above the sum of the risk associated 
with each abnormality,6,13,14 has been the subject of intense debate with such groups as 
the WHO and the National Cholesterol Education Program – Third Adult Treatment Panel 
(NCEP ATP III) seeking to develop diagnosis and management guidelines around the 
combined presence of elevated blood sugar levels, an abnormal lipid profile, high blood 
pressure and abdominal obesity.15,16 If diabetes is not already present, the metabolic 
syndrome is a strong predictor for its development, the risk for type 2 diabetes being 
five times more likely in individuals with the syndrome.7  
 
While each individual component of the metabolic syndrome confers an increased risk of 
cardiovascular-related death, this risk is more pronounced when the metabolic 
syndrome itself is present. The more components of the metabolic syndrome that are 
evident, the higher is the cardiovascular mortality rate.17  
 
The underlying cause of the metabolic syndrome continues to challenge the experts but 
both insulin resistance and central obesity are considered significant factors.18,19 
Genetics, physical inactivity, ageing, a proinflammatory state and hormonal changes 
may also have a causal effect, but the role of these may vary depending on ethnic 
group.20,21  

 
• Insulin resistance  

Insulin resistance occurs when cells in the body (liver, skeletal muscle and adipose/fat 
tissue) become less sensitive and eventually resistant to insulin, the hormone which is 
produced by the pancreas to facilitate glucose absorption. Glucose can no longer be 
absorbed by the cells but remains in the blood, triggering the need for more and more 
insulin (hyperinsulinaemia) to be produced in an attempt to process the glucose. The 
production of ever-increasing amounts of insulin strains and may eventually wear out 
the beta cells in the pancreas, responsible for insulin production. Once the pancreas is 
no longer able to produce enough insulin then a person becomes hyperglycaemic (too 
much glucose in the blood) and will be diagnosed with type 2 diabetes. Even before this 
happens, damage is occurring to the body, including a build-up of triglycerides which 
further impairs insulin sensitivity and damage to the body’s microvascular system 
(leading to kidney, eye and nerve damage).   
 
Strongly associated with irregularities in both glucose and lipid metabolism, insulin 
resistance is an underlying feature of the metabolic syndrome and type 2 diabetes. 
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o Free fatty acids  
The mechanisms by which insulin resistance may exert an atherogenic effect 
include the build-up of triglycerides (TG) and free fatty acids (FFA).  
 
High concentrations of plasma FFA are common in type 2 diabetes, with early 
detection signifying a shift for the individual from impaired glucose tolerance 
(IGT) to type 2 diabetes. Insulin resistance in adipose tissue (fat cells) results in 
a flux of FFA from the adipose tissue to the liver causing insulin resistance in the 
liver and in peripheral tissues. Fatty acids block glucose oxidation and glucose 
transport, but they also cause atherogenic dyslipidaemia by inducing 
production in the liver of very low-density lipoprotein (LDL) particles that lead to 
the elevation of TG and apolipoprotein B (ApoB) and the lowering of high density 
lipoprotein cholesterol (HDL-c). An increase in TG, in addition to high LDL-c 
levels, significantly increases the risk for coronary heart disease (CHD),22 while 
low HDL-c is considered to be a particularly key risk factor for CVD in both non 
diabetic and diabetic individuals, as confirmed in epidemiological studies23 and in 
the Lipid Research Clinics Prevalence Study24 which found HDL-c to be an 
independent contributor to CVD in both men and women and a stronger risk 
factor for CVD in people with diabetes compared with non diabetic individuals. 
Significantly, low HDL-c and high TG are frequently found with insulin resistance, 
with or without type 2 diabetes.25  
 
This complex lipid profile, observed with both type 2 diabetes and the metabolic 
syndrome, is considered an extremely high risk factor for CVD as all of the 
abnormalities have been implicated as being independently atherogenic.22,26–29  

  
• Central obesity  

Obesity, now thought to affect 50 to 60 per cent of a nation’s population,2 is associated 
with insulin resistance and the metabolic syndrome. Obesity contributes to 
hypertension, high serum cholesterol, low HDL-c and hyperglycaemia, and is 
independently associated with higher CVD risk.19,30,31 The risk of serious health 
consequences in the form of type 2 diabetes, CHD and a range of other conditions, 
including some forms of cancer, has been shown to rise with an increase in body mass 
index (BMI),32 but it is an excess of body fat in the abdomen, measured simply by waist 
circumference, that is more indicative of the metabolic syndrome profile than BMI.33–35 
The International Obesity Task Force (IOTF) reports that 1.7 billion of the world’s 
population is already at a heightened risk of weight-related, non-communicable diseases 
such as type 2 diabetes.36  
 
The mechanism by which excessive body fat causes insulin resistance and impairs 
glucose metabolism is not clearly defined but fat stores (particularly visceral adipose 
tissue) are an important cause of increased FFA and TG in the skeletal muscle, which 
impairs insulin secretion, raising blood glucose levels and the likelihood of developing 
diabetes. Excess adipose tissue (particularly the visceral fat tissue in the abdomen) also 
releases inflammatory cytokines that increase insulin resistance in the body’s skeletal 
muscles. Furthermore, central obesity is also associated with a decreased production of 
adiponectin, which is the adipose-specific, collagen-like molecule found to have anti-
diabetic, anti-atherosclerotic and anti-inflammatory functions.37  
 
Eighty-five per cent of obese individuals have some degree of insulin resistance which 
can be improved with weight loss. Inactivity also plays a role via the mechanism of 
GLUT-4, a chemical which facilitates glucose absorption by the cells. Physical inactivity 
lowers levels of GLUT-4 making it less effective. Lack of exercise may also increase 
levels of FFA in the blood thus stepping up the storage of visceral fat, both of which are 
implicated in the aetiology of insulin resistance.  



                                   

 

Backgrounder 3: Metabolic syndrome – driving the CVD epidemic       Page 4 of 6 

 
 

References  

1. Wild S, Roglic G, Green A et al. Global prevalence of diabetes. Estimates for the year 
2000 and projections for 2030. Diabetes Care 2004;27(5):1047-53  

2. Diabetes Atlas, second edition, International Diabetes Federation, 2003 

3. World Health Organization. Prevention of diabetes mellitus. Technical Report Series 
no. 844. WHO, Geneva, 1994 

4. UKPDS Group. UK Prospective Diabetes Study 17: A nine-year update of a 
randomized, controlled trial on the effect of improved metabolic control on 
complications in non-insulin-dependent diabetes mellitus. Ann Intern Med 
1996;124:136–45 

5. Dunstan DW, Zimmet PZ, Welborn TA et al. The rising prevalence of diabetes and 
impaired glucose tolerance. The Australian Diabetes, Obesity and Lifestyle Study. 
Diabetes Care 2002;25:829-34 

6. Isomaa B, Almgren P, Tuomi T et al. Cardiovascular morbidity and mortality 
associated with the metabolic syndrome. Diabetes Care 2001;24(4):683-9 

7. Stern M, Williams K, Gonzalez-Villalpando C et al. Does the metabolic syndrome 
improve identification of individuals at risk of type 2 diabetes and/or cardiovascular 
disease? Diabetes Care 2004;27(11):2676-81  

8. Williams R.  Implications for health systems II.  The medical and economic case for 
prevention of type 2 diabetes and cardiovascular disease.  Presentation at the 
International Diabetes Federation symposium “The Metabolic Syndrome”, Brussels, 
Belgium. 1st July, 2004 

9. Reaven GM. Banting Lecture 1988. Role of insulin resistance in human disease. 
Diabetes 1988;37:1595-607 

10. Kaplan NM. The deadly quartet. Upper-body obesity, glucose intolerance, 
hypertriglyceridemia, and hypertension. Arch Intern Med 1989;149:1514-20. 

11. Alexander CM, Landsman PB, Teutsch SM, Haffner SM. NCEP-defined metabolic 
syndrome, diabetes, and prevalence of coronary heart disease among NHANES III 
participants age 50 years and older. Diabetes 2003;52:1210-4  

12. Haffner SM, Cassells HB. Metabolic syndrome – a new risk factor of coronary heart 
disease. Diabetes, Obesity and Metabolism 2003;5:359-70 

13. Sattar N, Gaw A, Scherbakova O. Metabolic syndrome with and without c-reactive 
protein as a predictor of coronary heart disease and diabetes in the West of Scotland 
Coronary Prevention Study. Circulation 2003;108:414-9  

14. Golden SH, Folsom AR, Coresh J et al. Risk factor grouping related to insulin 
resistance and their synergistic effects on subclinical atherosclerosis: the 
atherosclerosis risk in communities study. Diabetes 2002;51:3069-76. 

15. World Health Organization. Definition, diagnosis and classification of diabetes 
mellitus and its complications. Report of a WHO consultation 1999 

16. Executive summary of the Third Report of The National Cholesterol Education 
Program (NCEP) Expert Panel on detection, evaluation, and treatment of high blood 
cholesterol in adults (Adult Treatment Panel III). JAMA 2001;285:2486-97  



                                   

 

Backgrounder 3: Metabolic syndrome – driving the CVD epidemic       Page 5 of 6 

17. Hu G, Qiao Q, Tuomilehto J et al for the DECODE Study Group. Prevalence of the 
metabolic syndrome and its relation to all-cause and cardiovascular mortality in 
nondiabetic European men and women. Arch Intern Med 2004;164:1066-76 

18. Hu G, Qiao Q, Tuomilehto J et al. Plasma insulin and cardiovascular mortality in non-
diabetic European men and women: a meta-analysis of data from eleven prospective 
studies. The DECODE Insulin Study Group. Diabetologia 2004;47:1245–56 

19. Carr DB, Utzschneider KM, Hull RL et al. Intra-abdominal fat is a major determinant 
of the National Cholesterol Education Program Adult Treatment Panel III criteria for 
the metabolic syndrome. Diabetes 2004;53(8):2087-94 

20. Saad MF, Lillioja S, Nyomba BL et al. Racial differences in the relation between blood 
pressure and insulin resistance. New England Journal of Medicine 1991;324:733-9 

21. Anderson PJ, Critchley JAJH, Chan JCN et al. Factor analysis of the metabolic 
syndrome: obesity vs insulin resistance as the central abnormality. International 
Journal of Obesity 2001;25:1782 

22. Steinmetz A, Fenselau S, Schrezenmeir J. Treatment of dyslipoproteinemia in the 
metabolic syndrome. Exp Clin Endocrinol Diabetes 2001:109:S548-59 

23. Robins SJ, Collins D, Wittes JT et al. Relation of Gemfibrozil treatment and lipid 
levels with major coronary events. JAMA 2001;285:1585-91 

24. Jacobs Jr, Mebane IL, Bangdiwala SI et al. High density lipoprotein cholesterol as a 
predictor of cardiovascular disease mortality in men and women: the follow-up study 
of the Lipid Research Clinics Prevalence Study. American Journal of Epidemiology 
1990;131(1):32-47  

25. Robins SJ,  Rubins HB, Faas FH et al. Insulin resistance and cardiovascular events 
with low HDL cholesterol. The Veterans Affairs HDL Intervention Trial (VA-HIT). 
Diabetes Care 2003;26(5):1513-7 

26. Bays H. Atherogenic dyslipidaemia in type 2 diabetes and metabolic syndrome: 
current and future treatment options. Br J Diabetes Vasc Dis 2003;3(5):356-60 

27. Stamler J, Vaccaro O, Neaton JD. Diabetes, other risk factors, and 12-yr 
cardiovascular mortality for men screened in the Multiple Risk Factor Intervention 
Trial. Diabetes Care 1993;16(2):434-44 

28. Stout R. Insulin and atheroma: 20-year perspective. Diabetes Care 1990;13:631–54 

29. Brunzell JD, Ayyobi AF. Dyslipidemia in the metabolic syndrome and type 2 diabetes 
mellitus. Am J Med 2003;115 Suppl 8A:24S-28S  

30. Zimmet P, Alberti KGMM, Shaw J. Global and societal implications of the diabetes 
epidemic. Nature 2001;414:782-7 

31. Carey VJ, Walters EE, Colditz GA et al. Body fat distribution and risk of non-insulin-
dependent diabetes in women: the Nurses' Health Study. Am J Epidemiol 
1997;145:614-19 

32. Lee IM, Manson JE, Hennekens CH et al. Body weight and mortality. A 27-year 
follow-up of middle-aged men. JAMA 1993;270:2823-8.   

33. Pouliot, MC, Després, JP, Lemieux, S et al. Waist circumference and abdominal 
sagittal diameter: best simple anthropometric indexes of abdominal visceral adipose 
tissue accumulation and related cardiovascular risk in men and women. Am J Cardiol 
1994;73:460-8 



                                   

 

Backgrounder 3: Metabolic syndrome – driving the CVD epidemic       Page 6 of 6 

34. Ohlson LO, Larsson B, Svardsudd K et al. The influence of body fat distribution on 
the incidence of diabetes mellitus: 13.5 years of follow-up of the participants in the 
study of men born in 1913. Diabetes 1985;34:1055-8 

35. Rexrode KM, Carey VJ, Hennekens CH et al. Abdominal adiposity and coronary heart 
disease in women. JAMA 1998;280:1843-8. 

36. Diabetes and Obesity: Time to Act. International Diabetes Federation (IDF) and 
International Association for the Study of Obesity (IASO), 2004 

37. Matsuzawa Y et al. Adiponectin and Metabolic Syndrome. Arteriosclerosis, 
Thrombosis and Vascular Biology 2004;24:29  

 

 


