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Metabolic risk factor clustering is the key concept of Insulin resistance and Diabetes Mellitus. Oxidative stress plays an 
important role in the progression of clustering in the cascade pattern. According to W.H.O. Type 2 Diabetes Mellitus has 
already reached epidemic proportions currently affecting over 422 million people worldwide and one of the four 
leading non-communicable diseases highlighted in the targets of the WHO Global Monitoring Framework (2019-20). 
Oxidative stress from oxidative metabolism had  been  reported  to  cause  base  damage,  as well  as  break  strand  in  
genetic level .oxidative stress is  thought to be involved in  the development  of  atherosclerosis (CVD)  and  had  been 
cited  to  be  of  etiological  importance  in cardiovascular  diseases.   The present study highlights the various traits of 
metabolic clustering and its association with reactive oxygen species (ROS).
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INTRODUCTION: 
According to World Health Organization (WHO), Metabolic 
syndrome (MetS) definition given in 1999 as MetS is defined 
using abnormal laboratory results in glucose intolerance, 

1hypertension, lipid profile and atherogenesis.  However, the 
International Diabetes Federation (IDF) suggested a new 
definition of the MetS in April 2005 as MetS is a cluster of 
diseases, having biochemical, physiological and clinical 
factors that directly escalate the menace of T2 Diabetes 

2-4mellitus and cardiovascular diseases (CVD).  the present 
paper elaborates each traits of metabolic cluster and 
elucidate its co-relation with oxidative stress and T2 Diabetes.

METABOLIC RISK FACTOR CLUSTERING:
Metabolic risk factor cluster involves five traits such as 
greater adiposity, decreased High density cholesterol (HDL-
C), Elevated triglycerides, Elevated Blood pressure (B.p), and 

5impaired fasting glucose-IFG.  

Fig: 1 showing the traits of the Metabolic cluster

Presence of three or more of these five traits is highly related 
to Insulin resistance (Diabetes Mellitus) which is known to be 
metabolic syndrome traits clustered. Presence of 3 or more 
traits typically leads to tripling of risk of cardiovascular 

6-disease (CVD) and 20-fold greater risk for Diabetes mellitus.
8 The features of each trait are mentioned below:
1. Greater adiposity
2. Decreased High density cholesterol (HDL-C)
3. Elevated triglycerides
4. Elevated Blood pressure (B.p)
5. Impaired fasting glucose-IFG

1. Greater adiposity:
Adiposity is the new non-contagious epidemic, which means 
the development of fat cells or obesity. In human body, excess 
energy is reserved as fat in the adipose tissue in order to use 
in cases of energy deficit. It has been recognized that adipose 

tissues has both white and brown adipocytes. The brown 
adipocytes regulates energy balance and substrate 
metabolism. The white adipocytes (WAT) are stored in tissues 
as Triglycerides and mainly responsible for obesity. One of 
the fundamental causes for greater adiposity is an energy 
imbalance due to physical inactivity, Unhealthy diet, and 

9-12family lifestyle, eating habits, metabolism and genetics.

2. Decreased High density cholesterol (HDL-C):
High density lipoprotein (HDL) is the complex class of 
lipoproteins comprising various subclasses that are different 
in size, protein, and lipid composition, physiological and 
patho-physiological significance. HDL-C is inversely related 
to cardiovascular risk as it is considered to be a main athero-
protective function. Metabolic risk factor clustering is 
characterized by the presence of atherogenic dyslipidemia 
which includes decreased High density lipoprotein-

13-15cholesterol (HDL-C).

Individuals with low HDL-C are often insulin resistant and at 
increased risk of developing T2DM. Several studies showed 
the association between low HDL-C and increased risks not 
only of CVD but also T2DM. Metabolic perturbations are 
mechanistically linked to decreased HDL-C which is already 
present in prediabetic state and hence an innocent bystander 

16-18of T2DM.

3. Elevated triglycerides:
Insulin has pleiotropic effects on lipid metabolism. High 
production of VLDLs in Insulin resistant state, decreases the 
stability and levels of HDL-C which is responsible for elevated 
levels of triglycerides. It is one of the mechanism linking 

19, 20elevated Triglyceride levels with decreased HDL-C levels.

4. Elevated Blood pressure (B.p):
Various studies exhibited that hyperglycemia and 
hyperinsulinemia are involved in the development of high 
blood pressure, by triggering the renin angiotensin system 

21and enhancing the action of angiotensin II.  In this condition 
kidneys start to reabsorb more sodium and increase the 
vasoconstriction in arteries surrounding heart, which results 

22in increased levels of blood pressure.

5. Impaired fasting glucose-IFG:
Impaired fasting glucose is one of the traits in metabolic risk 
factor cluster. IFG is now defined by an elevated fasting 
plasma glucose (FPG) concentration (≥100 and <126 mg/dl). 
IFG was defined in 1997 by the American Diabetes 
Association as a means of classifying individuals who had 
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23fasting glucose levels between normal and diabetes.  It was 
meant to be analogous to IGT as an intermediate metabolic 
state between normal and diabetes, IFG is an early stage of 

24,25developing diabetes and a strong predictor of diabetes.  
People with isolated IFG predominantly have hepatic insulin 
resistance and normal muscle insulin sensitivity. It would be 
preferable to treat the glucose component separately from 

26,27other components in stratifying diabetes risk. 

CHARACTERISTICS OF METABOLIC SYNDROME: 
Table: 1 

Table: 1 showing the various characteristics of Metabolic 
syndrome:
CETP-cholesteryl ester transfer protein, NEFA-Non-esterified 
fatty acid.
Metabolic syndrome according to 2009 joint statement by 

28Albert et al.

RELATIONSHIP BETWEEN OXIDATIVE STRESS, 
DIABETES MELLITUS AND METABOLIC RISK FACTOR 
CLUSTER:
It is believed that oxidative stress plays important role in the 
development of vascular complications in diabetes 

29 particularly type 2 diabetes mellitus.  Free radical formation 
or oxidative stress in diabetes is mainly by non-enzymatic 
glycation of proteins, glucose oxidation and increased lipid 
peroxidation leads 

Fig:2  showing inter-relationship between all the traits of 
metabolic risk factor cluster with oxidative stress and D.M.

to damage of enzymes, cellular machinery and also increased 
30insulin resistance.  The conceptualization that oxidative 

stress is the common factor underlying insulin resistance, 
T2DM, and CVD is cleared here by the above studies. 
Oxidative stress is taken as the recurrent pathogenic 
mechanism as precursors as well as fore-runner of linking 

31metabolic risk factors with T2DM and CVD.

CONCLUSION 
Metabolic syndrome (MetS) is a cluster of diseases, having 
biochemical, physiological and clinical factors that directly 
escalate the menace of T2D.M, dyslipidemia, hypertension, 
insul in resistance, endothelial   and deter iorat ion
cardiovascular diseases. Alterations in lifestyle remain the 
main intervention of choice for this syndrome. Modern 
lifestyle modification therapy combines with specific 
recommendations on exercise, diet and physical behavioral 
strategies is recommended. Pharmacotherapy should be 
considered for those whose risk factors are not reduced with 
lifestyle changes. A realistic goal for obese individuals should 
be setup to reduced weight by >8% to 10% over a period of 6 
months. Weight reduction should be with a moderate physical 
activity. Dieto-therapy is to be suggested to low intake of 
saturated and total fat; reduced usage of sugars and high 

glycemic index foods; and increased intakes of vegetables, 
f r u i t s  a n d  w h o l e  g r a i n s .  We l l  m o n i t o r i n g  o f 
Hypertriglyceridemia, High LDL-C and HDL-C. These 
multiple strategic approaches have positive impact on 
reducing the metabolic perturbations and improve the 
human health.

ACKNOWLEDGMENTS: 
The authors duly acknowledge the Dr.NTR University of 
Health Sciences, Vijayawada for co-operation. There is no any 
conflict of interest.

REFERENCES:
1. Alberti KG, Zimmet PZ. Definition, diagnosis and classification of diabetes 

mellitus and its complications. Part 1: diagnosis and classification of diabetes 
mellitus provisional report of a WHO consultation. Diabet Med. 1998; 15: 539-
553. 

2. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. 
Diagnosis and management of the metabolic syndrome: An American Heart 
Association/National Heart, Lung and Blood Institute scientific statement. 
Circulation. 2005; 112: 2735-2752. 

3. Wilson PWF, Agostino RBD, Parise H, Sullivan L, Meigs JB. Metabolic syndrome 
as a precursor of cardiovascular disease and type 2 diabetes mellitus. 
Circulation. 2005; 112: 3066-3072.

4. Ahsan F (2019) Metabolic Syndrome: Mini Review. JSM Human Nutri Food Sci 
5: 8.

5. Meigs JB, D'Agostino Rb, Wilson , Cupples AL, Nathan DM, Singer DE, Risk 
variable clustering in the insulin resistance syndrome. Diabetes. 1997;46: 
1594-600.

6. A.Garg (ed.), Dyslipidemias, Contemporary Endocrinology, DOI 
10.1007/978-1-60761-424-1-2,Humana Press 2015. Pg: 17-19.

7. Wilson PW, D' Agostino RB, Parise H, Sullivan L, Meigs JB, Metabolic syndrome 
as a precursor of CVD and Type 2 Diabetes mellitus. Circulation. 2005;112 
(20): 3066-72.

8. Meigs JB, et al., Impact of insulin resistance on risk of type 2 diabetes and 
cardiovascular disease in people with metabolic syndrome. Diabetes Care. 
2007;30(5):1219-25.

9. Jan Gordeladze, Adiposity: Epidemiology and Treatment Modalities. (2017). 
ISBN:9789535129950 Croatia: IntechOpen, Pg: 9-12.

10. Trayhurn P: Endocrine and signaling role of adipose tissue: new perspective 
on fat. Acta Physiol Scand.2005; 183:285-293. doi:10.1111/j.1365-
201X.2005.01468

11. Gesta S, Tseng YH, Kahn CR: developmental origin of fat: tracking obesity to 
its source.Cell. 2007; 131:242-256. Doi:10.1016/j.cell.2007.10.004

12. Giorgino F, Laviola L, Eriksson JW: Regional differences of insulin action in 
adipose tissue: insights from in-vivo and in-vitro studies.Acta Physiol Scand. 
2005;183:13-30.doi:10.1111/j.1365-201X.2004.01385.

13. Miller NE, Thelle Ds, Forde OH, Mjos OD, The Tromso Heart-study.High 
density lipoprotein and coronary heart disease: a prospective case-control 
study. Lancet 1977;1(8019):965-8.

14. Assmann G, Schulte H, Relation of high density lipoprotein cholesterol and 
triglycerides to incidence of atherosclerotic coronary artery disease (the 
PROCAM experience). Prospective Cardiovascular Munster study. Am J 
Cardiol 1992;70(7): 733-7.

15. Gordon DJ, et al., High density lipoprotein cholesterol and cardiovascular 
disease. Four prospective American studies. Circulation 1989;79(1):8-15.

16. Arnold von Eckardstein, Dimitris Kardassis, High Density Lipoproteins: From 
Biological Understanding to Clinical Exploitation. (2014). Germany: Springer 
International Publishing, Pg :405-420.

17. Di et al., Major lipids, apolipoproteins, and risk of vascular disease, 
2009,JAMA 302:1993-2000.

18. Von Eckardstein a, Schulte H, Assmann G (2000) Risk for diabetes mellitus in 
middle-aged Caucasian male participants of the PROCAM study: 
implications for the definition of impaired fasting blood glucose by the 
American Diabetes Association. J Clin Endocrinol Metab 85:3101-3108.

19. Chirieac et al., (2000) Glucose-stimulated insulin secretion suppresses 
hepatic triglyceride-rich lipoprotein and apoB production. Am J Physiol 
Endocrinol Metab 279:E 1003-E1011.

20. Rashid et al (2003) Mechanisms of HDL loweing in insulin resistant, 
hypertriglyceridemic states: the combined effect of HDL triglyceride 
enrichment and elevated hepatic lipase activity. Clin Biochem 36:421-429.

21. Ferrannini E, Natali A. Essential hypertension, metabolic disorders, and 
insulin resistance. Am Heart J. 1991; 121: 274-1282. 

22. Briones AM, Nguyen Dinh Cat A, Callera GE, Yogi A, Burger D, He Y, et al. 
Adipocytes produce aldosterone through calcineurin-dependent signaling 
pathways: implications in diabetes mellitus-associated obesity and vascular 
dysfunction. Hypertension. 2012; 59: 1069-1078.

23. Expert Committee on the Diagnosis and Classification of Diabetes Mellitus: 
Report of the Expert Committee on the Diagnosis and Classification of 
Diabetes Mellitus. Diabetes Care 20:1183–1197, 1997

24. Larson H, Lindgarde F, Berglund G, Ahren B: Prediction of diabetes using ADA 
or WHO criteria in post-menopausal women: a 10-year follow-up study. 
Diabetologia 43:1224–1228, 2004

25. Santaguida PL, Balion C, Hunt D, Morrison K, Gerstein H, Raina P, Booker L, 
Yazdi H: Diagnosis, prognosis, and treatment of impaired glucose tolerance 
and impaired fasting glucose. AHRQ Study 128:1–12, 2006

26. Levitzky Y.S., Pencina M.J., D'Agostino R.B. Impact of impaired fasting glucose 
on cardiovascular disease: the Framingham Heart Study. J Am Coll Cardiol. 
2008;51:264–270.

27. Heianza Y., Arase Y., Fujihara K. Screening for pre-diabetes to predict future 
diabetes using various cut-off points for HbA(1c) and impaired fasting 
glucose: the Toranomon Hospital Health Management Center Study 4 
(TOPICS 4) Diabet Med. 2012;29:e279–e285. 

28. Alberti KGMM, et al., Harmonizing the metabolic syndrome: a joint interim 

PARIPEX - INDIAN JOURNAL F RESEARCH | O March - 202Volume - 10 | Issue - 03 | 1 | PRINT ISSN No. 2250 - 1991 | DOI : 10.36106/paripex

High Plasma NEFA Insulin Resistance
Hypertriglyceridemia* Hyperinsulinemia
Profound Postprandial lipemia Hyperglycemia*
Low HDL-C* Pear-apple 

anthropomorphism*
No HDL-C Low lipoprotein lipase
Small, dense LDL High hepatic lipase
Elevated CETP activity Hypertension*
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