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ABSTRACT: Metabolic syndrome is a condition 

that poses a significant global health challenge. It 

consists of a cluster of interrelated metabolic 

disorders that raises the chance of developing 

cardiovascular disease, type 2 diabetes, and other 

chronic illnesses. Due to the epidemic of obesity and 

sedentary life, the metabolic syndrome and its 

consequences, especially diabetes, are no longer 

observed only in advanced age individuals. There is 

evidence that most instances of obesity are more 

connected to low energy expenditure than to 

excessive food consumption, with physical 

inactivity in modern life appearing to be the most 

important etiological cause for the spread of this 

illness in industrialised nations. Therefore, exercise 

training has emerged as a viable non-

pharmacological option for metabolic syndrome 

management. The purpose of this article is to review 

existing research in order to provide the syndrome’s 

definition, underlying pathogenesis, exercise 

treatment approaches, and the effects of exercise 

training on several components of the metabolic 

syndrome, such as obesity, insulin resistance, 

dyslipidemia, and hypertension.  
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I. INTRODUCTION 
The simultaneous disorder of glucose and 

insulin metabolism, overweight and abdominal fat 

distribution, severe dyslipidaemia, and hypertension 

have led to the rise of the concept of the metabolic 

syndrome, also known as Syndrome X, Deadly 

Quartet, or insulin resistance syndrome [1-5]. 

Although the term metabolic syndrome 

included in scientific papers, it made its resurgence 

as the concept of Syndrome X in 1988 [1, 5], while 

the occurrence of hypertension, hyperglycaemia and 

gout have been described since 1923 [6]. Insulin 

resistance is considered to be the real abnormality of 

this syndrome. The pathogenesis of this syndrome 

has multiple origins, but obesity and a sedentary 

lifestyle, the latter associated with a high-fat diet, as 

well as generally unknown genetic factors, appear to 

interact [1-5, 7]. 

From the point of view of public health, 

metabolic syndrome is clinically one of the most 

important problems, because of the very high 

morbidity and mortality rates resulting from its 

component diseases, Type 2 Diabetes or 

cardiovascular diseases [1-5, 8, 9]. Also, patients 

with Type 2 Diabetes are not immune to the 

metabolic syndrome and its consequences, including 

cardiovascular and microvascular diseases [10-13]. 

As a result of the epidemic of obesity and sedentary 

life, the metabolic syndrome and its consequences, 

especially diabetes, are no longer observed only in 

advanced age individuals [14]. 

 

II. PATHOGENESIS 
The pathogenesis of metabolic syndrome is 

little known. A distribution of fat in the abdominal 

area can be a particularly important problem [15-

18]. Abdominal fat can be divided into visceral (of 

the organs) and subcutaneous fat and can be 

assessed by computed tomography or magnetic 

resonance imaging. Most experimental evidence 

suggests that abdominal obesity has a negative effect 

on carbohydrate and lipid metabolism by increasing 

lipolytic activity and specifically when fat drains 

directly into the portal venous system. According to 

this hypothesis, there is an increase in the 

concentration of non-esterified fatty acids, with an 

added resistance to insulin in the liver and skeletal 

muscles, as well as dyslipidaemia [19]. However, 

the pathophysiological implications are still not very 

clear [20-30]. 

The accumulation of triglycerides in the 

liver leads to a decrease in insulin sensitivity and an 

increase in the production of Very Low Density 

Lipoproteins (VLDL), which results in an increase 

in the transfer of cholesterol esters from High 

Density Lipoproteins (HDL) to Low Density 
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Lipoproteins (LDL), and finally in VLDL [31-33]. 

This then leads to reduced HDL levels and smaller, 

denser LDL particles. Skeletal muscle is an 

important determinant of glucose utilization [24, 

33]. Scientific evidence suggests that intramuscular 

lipid deposits play a very important role in reducing 

glucose utilization in skeletal muscle, and they do so 

by impairing intracellular glucose transport, initially 

affecting insulin receptor activity [24, 32-34].  

Paradoxically, the ability to utilize fatty 

acids as an energy source during the resting state 

decreases in the presence of insulin resistance [24]. 

As the metabolic syndrome worsens while 

interacting with genetic susceptibility, insulin 

resistance and diet, this can lead to progressive 

impairment of β-cell function associated with 

decreased insulin secretory capacity [35-39]. As the 

secretory capacity of the β-cells decreases, impaired 

glucose tolerance (IGT) develops. IGT is common 

in elderly individuals, and accounts for 25% of 

individuals of this age in Europe. About 5-10% of 

these individuals become diabetic each year. 

Manifestation of cardiovascular risk factors such as 

dyslipidaemia, hypertension, endothelial 

dysfunction, inflammation, hyper coagulation and 

fibrinolysis disorder, obesity and impaired insulin 

and glucose metabolism predispose individuals to 

develop metabolic syndrome and lead to the 

development of severe cardiovascular conditions 

that can lead to death [1-5, 8, 9]. 

Also, adipose tissue produces hormones, 

cytokines and other peptides such as 

angiotensinogen, adipsin, acylation stimulating 

protein, adiponectin, retinol binding protein, leptin, 

resistin, tumor necrosis factor alpha, interleukin-6, 

plasminogen activating inhibitor-1 that may play an 

important role in insulin resistance, inflammation 

and the development of diabetes and cardiovascular 

disease [39-41].  

The pathophysiology behind the 

association of obesity with insulin resistance is not 

very clear [42-45]. Genetic and environmental 

factors [46, 47] contribute to the development of 

overweight and the possibility of developing insulin 

resistance and ectopic fat deposition as well as other 

manifestations of the metabolic syndrome. 

The World Health Organization (WHO) 

has classified diabetes and its complications as 

Metabolic Syndrome [48]. There is also a 

classification made by the National Cholesterol 

Education Program (NCEP) Expert Panel for the 

same syndrome.  

 

 

Table 1. WHO and NCEP Classification of 

Metabolic Syndrome. 

 

Classification of WHO Classification of NCEP  

Hyperinsulinemia  

Fasting plasma glucose 

≤7.0 mmol l(-1)  

AND 

At least two of the 

following indicators: 

Dyslipidaemia (Serum 

triglycerides ≤1.70 

mmol·l-1 or HDL 

cholesterol <0.90 mmol·l-

1) 

Hypertension (blood 

pressure ≥140/90 mmHg 

or being treated) 

Hyperinsulinemia  

Fasting plasma glucose 

>6.1 mmol· l-1 

AND  

At least three of the 

following indicators:  

Serum triglycerides 

≤1.70 mmol· l-1 

HDL cholesterol <1.0 

mmol· l-1 

Blood pressure ≥130/85 

mmHg or being treated 

Abdominal obesity 

Definition 1 – Waist-to-

hip Ratio (WHR) >0.90 or 

Body Mass Index >30 kg· 

m-2 

Definition 2 – Waist 

circumference >94 cm 

Abdominal obesity   

Definition 1 - Waist 

circumference >102 cm 

Definition 2 - Waist 

circumference >94 cm 

 

III. EFFECTS OF ENDURANCE 

TRAINING AND RESISTANCE 

TRAINING ON METABOLIC 

SYNDROME 
There are evidences suggesting that most 

cases of obesity are more related to the low energy 

expenditure than to the high food ingestion, where 

the physical inactivity of the modern life seems to be 

the highest etiological factor for the growth of this 

disease in industrialized societies [49]. 

Systematic reviews [50-53] have 

concluded that both, endurance training (walking, 

jogging, or cycling) or resistance training (weight 

training) lowers absolute haemoglobin A1c by about 

0.6%. The haemoglobin A1c value reflects the 

average plasma glucose concentration of the last 2 

to 3 months. A 1% reduction in absolute A1c is 
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associated with a 15% to 20% reduction in major 

cardiovascular events [54] and a 37% reduction in 

microvascular complications [55]. 

The only study that compared the effects of 

combined endurance and resistance training with the 

effects of endurance training found no differences in 

haemoglobin A1c values between groups, but the 

small number of individuals who were tested and the 

low haemoglobin A1c values of both groups (the 

control and the experiment groups) did not allow to 

make an accurate assessment of the difference [56]. 

Absolute haemoglobin A1c values, suited 

for body weight, were statistically significantly 

lower in the endurance training group compared to 

the control group (difference in percentage -0.51; P 

= 0.007) and in the resistance training compared to 

the control group (difference in percentage -0.38; P 

= 0.038). In the group that had combined resistance 

and endurance training, haemoglobin A1c values 

changed by an additional percentage of -0.46 

compared with the endurance training group (P = 

0.014) and by a percentage of -0.59 compared with 

the group resistance training (P = 0.001). 

Participants with an A1c level of or above 

7.5% had a greater decrease in haemoglobin A1c 

than those with lower than median A1c values (P = 

0.001), whereas among those with below than 

average haemoglobin A1c values, only the group 

that had a combination of endurance and resistance 

training experienced positive changes. Changes in 

blood pressure; total cholesterol, HDL, LDL, and 

triglyceride levels and the ratio of HDL cholesterol 

to total cholesterol did not differ significantly 

between groups [57]. However, as the physiological 

effects of endurance training [58] differ from those 

of resistance training [59, 60], these differences are 

not solely due to the additional time required to 

perform the necessary physical load. 

Endurance training involves continuous 

activities of large muscle groups, while resistance 

training affects small muscle groups with short time 

span actions. The need for rest between sets in the 

case of resistance training is more than half the time 

of a training session including the active muscle 

contraction itself, while endurance training is 

continuous [57]. 

If the findings of Sigal et al. [57] would be 

explained by the duration of physical exercise, the 

effect of resistance training on haemoglobin A1c 

should be expected to be half that of endurance 

training, and the effects of resistance training 

combined with endurance training should be as 1.5 

times less than endurance training alone. While the 

effects of endurance and resistance training were 

more or less similar on haemoglobin A1c, in the case 

of combined resistance and endurance training the 

effect was twice that of endurance training alone 

[57]. 

Even if the effect was only related to the 

duration of training, it can still be said that combined 

training is more liked by individuals because it is not 

repetitive. Many people would experience feelings 

of monotony of training if they were to do the same 

thing over and over, whereas in the case of resistance 

training there is a continuous change of the physical 

exercise performed. The effect of resistance training 

and that of endurance training are complementary: 

endurance training increases cardiorespiratory 

fitness, while resistance training increases muscle 

mass, strength and endurance [57]. 

The effect of resistance training on 

haemoglobin A1c values found by Sigal et al. [57] 

was smaller than those reported by Dunstan et al 

[61] and Castaneda et al. [62]. There are many 

reasons for this difference. The individuals tested in 

the study of Sigal et al. [57] were younger than those 

in the other two studies. Older individuals benefit 

more from resistance training than younger 

individuals because they lose muscle mass as a 

result of inactivity [63, 64]. 

The mean haemoglobin A1c value prior to 

the start of the other 2 studies was higher than in the 

case of Sigal et al. (2007). Thus, the effect of 

exercise was greater when the haemoglobin A1c 

value was higher at the beginning of the study. 

Dunstan et al. [61] did not assess the treatment effect 

of exercise, and as a consequence there may be an 

overestimation of the effectiveness of exercise. 

When it comes to changes in blood 

pressure, none of the exercise programs had a 

statistically significant effect on arterial blood 

pressure compared to the control group, and the 

effects of exercise on plasma lipid levels were 

modest. A meta-analytic study found no significant 

exercise-induced changes in these variables [53]. To 

achieve greater changes, a higher training volume 

and intensity should be achieved [65]. 

Both endurance and resistance training 

alone led to improved glycaemic control, and when 

combined these training sessions had a greater effect 

than either type of training alone. These effects were 

stronger in those with poorer muscle mass and less 

efficient initial glycaemic control at the start of the 

study [57].  

Studies in the last decades have shown that 

circuit resistance training can lead to improvements 

in vascular endothelial function within 8 to 12 

weeks, even in the absence of changes in blood lipid 

profile, arterial pressure, and glycaemic control [66, 

67]. 
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Trained muscles oxidize more fatty acids 

(while conserving limited glycogen stores) at the 

same absolute weight load resulting in protection 

against hypoglycaemia-induced fatigue and 

prolongation of the time required to reach full 

fatigue [68, 69]. Endurance training of skeletal 

muscle increases the function of β-oxidation 

enzymes and this leads to greater oxidation of fatty 

acids at a given absolute load [70]. 

Creatine phosphate concentrations are 

higher while inorganic phosphate concentrations of 

ADP, AMP, and lactate are lower in the muscles of 

trained rats compared with untrained rats during the 

same contractile activity [71, 72]. Constable et al. 

described this adaptation as an aspect of the minor 

disruption of homeostasis that occurs in trained 

muscles compared to those of the untrained ones 

when the same activity is performed [71]. Therefore, 

muscles that have not performed physical activity 

suffer a greater homeostatic disorder under the same 

absolute load and work intensity. Eaton et al. [73] 

relates this fact to the discordance between “Stone 

Age” genes and the need for their expression in the 

context of the “Space Age”, resulting in the 

destruction of older complex homeostatic systems. 

''Increased cross-sectional area in the muscle of at 

the mid-thigh level is statistically greater in the 

endurance and resistance training groups compared 

to the control group (respectively, P =0.003 and P 

=0.001) [57]. 

 

V.CONCLUSION 
Exercise training is essential for the 

prevention and management of metabolic syndrome. 

Regular physical exercise tackles each component 

of metabolic syndrome, providing several 

advantages ranging from weight reduction and 

improved lipid profiles to enhanced insulin 

sensitivity and lower inflammation. Exercise 

prescription should be included as part of the 

treatment strategy for persons with metabolic 

syndrome by healthcare practitioners. 

Individualising exercise programmes to meet 

individual requirements and preferences is critical to 

long-term effectiveness in combating this frequent 

health condition. As research reveals the good 

effects of exercise training, it emphasises the need 

of leading an active lifestyle in the goal of metabolic 

health and general well-being. 

 

REFERENCES 

[1] Reaven, G.M. Role of insulin resistance in 

human disease. Diabetes 1988:37, 1595-1607. 

[2]  Kaplan, N.M. The deadly quartet. Upper-body 

obesity, glucose intolerance, 

hypertriglyceridemia, and hypertension. 

Archives of Internal Medicine 1989:149, 1514-

1520. 

[3]  DeFronzo, R.A. and Ferrannini, E. Insulin 

resistance. A multifaceted syndrome 

responsible for NIDDM, obesity, hypertension, 

dyslipidemia, Oxidative Stress, Exercise and 

Diabetes and atherosclerotic cardiovascular 

disease. Diabetes Care 1991:14, 173-194. 

[4]  Kaplan, N.M. The deadly quartet and the insulin 

resistance syndrome: an historical overview. 

Hypertension Research, 1996:19 Suppl 1, S9-

11. 

[5]  Liese, A.D., Mayer-Davis, E.J. and Haffner, 

S.M. Development of the multiple metabolic 

syndrome: an epidemiologic perspective. 

Epidemiologic Reviews 1998:20, 157-172. 

[6] Kylin, E. Studien ueber das 

hypertoniehyperglykemie - 

hyperurikämiesyndrome. Zentralblatt fuer 

Innere Medizin 1923:44, 105-127. 

[7]  Bouchard, C. Genetics and the metabolic 

syndrome. International Journal of Obesity and 

Related Metabolic Disorders 1995:19 Suppl 1, 

S52-59. 

[8]  Lempiäinen, P., Mykkänen, L., Pyörälä, K., 

Laakso, M. and Kuusisto, J. Insulin resistance 

syndrome predicts coronary heart disease 

events in elderly nondiabetic men. Circulation 

1999:100, 123- 128. 

[9]  Pyörälä, M., Miettinen, H., Halonen, P., 

Laakso, M. and Pyörälä, K. Insulin resistance 

syndrome predicts the risk of coronary heart 

disease and stroke in healthy middle-aged men: 

the 22-year follow-up results of the Helsinki 

Policemen Study. Arteriosclerosis, 

Thrombosis, and Vascular Biology Vasc Biol 

2000:20, 538-544. 

[10]  Stuhldreher, W.L., Orchard, T.J. and Ellis, D. 

The association of waist-hip ratio and risk 

factors for development of IDDM 

complications in an IDDM adult population. 

Diabetes Research and Clinical Practice 

1992:17, 99-109. 

[11] Koivisto, V.A., Stevens, L.K., Mattock, M., 

Ebeling, P., Muggeo, M., Stephenson, J. and 

Idzior-Walus, B. Cardiovascular disease and its 

risk factors in IDDM in Europe. EURODIAB 

IDDM Complications Study Group. Diabetes 

Care 1996:19, 689-697. 

[12]  Idzior-Walus, B., Mattock, M.B., Solnica, B., 

Stevens, L. and Fuller, J.H. Factors associated 

with plasma lipids and lipoproteins in type 1 

diabetes mellitus: the EURODIAB IDDM 



 

 

International Journal of Engineering, Management and Humanities (IJEMH) 

Volume 4, Issue 5, Sep.-Oct., 2023 pp: 237-243                              www.ijemh.com                 

                                      

 

 

 

 

www.ijemh.com                        Page 241 

Complications Study. Diabetic Medicine 

2001:18, 786-796. 

[13] Orchard, J. & Best, TM. The management of 

muscle strain injuries: an early return versus the 

risk of recurrence. Clinical Journal of Sports 

Medicine 2002:12(1), 3-5. 

[14]  Ludwig, D.S. and Ebbeling, C.B. Type 2 

diabetes mellitus in children: primary care and 

public health considerations. JAMA: The 

Journal of The American Medical Association 

2001:286, 1427-1430. 

[15] Larsson, B., Svardsudd, K., Welin, L., 

Wilhelmsen, L., Bjorntorp, P. and Tibblin, G. 

Abdominal adipose tissue distribution, obesity, 

and risk of cardiovascular disease and death: 13 

year follow up of participants in the study of 

men born in 1913. British medical journal 

(Clinical Research ed.) 1984:288, 1401-1404. 

[16]  Folsom, A.R., Kaye, S.A., Sellers, T.A., Hong, 

C.P., Cerhan, J.R., Potter, J.D. and Prineas, R.J. 

Body fat distribution and 5-year risk of death in 

older women. JAMA : The Journal of The 

American Medical Association 1993:269, 483-

487. 

[17]  Rexrode KM, Carey VJ, Hennekens CH, 

Walters EE, Colditz GA, Stampfer MJ, Willet 

WC, Manson JE. Abdominal adiposity and 

coronary heart disease in woman. JAMA 

1998:280, 1843-1848. 

[18] Folsom, A.R., Kushi, L.H., Anderson, K.E., 

Mink, P.J., Olson, J.E., Hong, C.P., Sellers, 

T.A., Lazovich, D. and Prineas, R.J. 

Associations of general and abdominal obesity 

with multiple health outcomes in older women: 

the Iowa Women's Health Study. Archives of 

Internal Medicine 2000:160, 2117-2128. 

[19]  Bjorntorp, P. Metabolic implications of body fat 

distribution. Diabetes Care 1991:14, 1132-

1143. 

[20] Despres, J.P., Nadeau, A., Tremblay, A., 

Ferland, M., Moorjani, S., Lupien, P.J., 

Theriault, G., Pinault, S. and Bouchard, C. Role 

of deep abdominal fat in the association 

between regional adipose tissue distribution and 

glucose tolerance in obese women. Diabetes 

1989:38, 304-309. 

[21] Abate, N., Garg, A., Peshock, R.M., Stray-

Gundersen, J. and Grundy, S.M. Relationships 

of generalized and regional adiposity to insulin 

sensitivity in men. The Journal of Clinical 

Investigation 1995:96, 88-98. 

[22] Goodpaster, B.H., Thaete, F.L., Simoneau, J.A. 

and Kelley, D.E. Subcutaneous abdominal fat 

and thigh muscle composition predict insulin 

Oxidative Stress, Exercise and Diabetes 

sensitivity independently of visceral fat. 

Diabetes 1997:46, 1579-1585. 

[23] Brochu, M., Starling, R.D., Tchernof, A., 

Matthews, D.E., Garcia-Rubi, E. and Poehlman, 

E.T. Visceral adipose tissue is an independent 

correlate of glucose disposal in older obese 

postmenopausal women. The Journal of 

Clinical Endocrinology and Metabolism 

2000:85, 2378-2384. 

[24] Kelley, D.E. and Mandarino, L.J. Fuel selection 

in human skeletal muscle in insulin resistance: 

a reexamination. Diabetes 2000:49, 677-683. 

[25] Ross, R., Dagnone, D., Jones, P.J., Smith, H., 

Paddags, A., Hudson, R. and Janssen, I. 

Reduction in obesity and related comorbid 

conditions after diet-induced weight loss or 

exercise-induced weight loss in men. A 

randomized, controlled trial. Annals of Internal 

Medicine 2000:133, 92-103. 

[26] Sardinha, L.B., Teixeira, P.J., Guedes, D.P., 

Going, S.B. and Lohman, T.G. Subcutaneous 

central fat is associated with cardiovascular risk 

factors in men independently of total fatness 

and fitness. Metabolism: Clinical and 

Experimental 2000:49, 1379- 1385. 

[27]  DeNino, W.F., Tchernof, A., Dionne, I.J., Toth, 

M.J., Ades, P.A., Sites, C.K. and Poehlman, 

E.T. Contribution of abdominal adiposity to 

age-related differences in insulin sensitivity and 

plasma lipids in healthy nonobese women. 

Diabetes Care 2001:24, 925-932. 

[28]  Smith, S.R., Lovejoy, J.C., Greenway, F., Ryan, 

D., deJonge, L., de la Bretonne, J., Volafova, J. 

and Bray, G.A. Contributions of total body fat, 

abdominal subcutaneous adipose tissue 

compartments, and visceral adipose tissue to the 

metabolic complications of obesity. 

Metabolism: Clinical and Experimental 

2001:50, 425-435. 

[29]  Cnop, M., Landchild, M.J., Vidal, J., Havel, 

P.J., Knowles, N.G., Carr, D.R., Wang, F., Hull, 

R.L., Boyko, E.J., Retzlaff, B.M., Walden, 

C.E., Knopp, R.H. and Kahn, S.E. The 

concurrent accumulation of intra-abdominal 

and subcutaneous fat explains the association 

between insulin resistance and plasma leptin 

concentrations: distinct metabolic effects of two 

fat compartments. Diabetes, 2002:51, 1005-

1015. 

[30] Ross, R., Aru, J., Freeman, J., Hudson, R. and 

Janssen, I. Abdominal adiposity and insulin 

resistance in obese men. American Journal of 

Physiology. Endocrinology and Metabolism 

2002:282, E657-663. 



 

 

International Journal of Engineering, Management and Humanities (IJEMH) 

Volume 4, Issue 5, Sep.-Oct., 2023 pp: 237-243                              www.ijemh.com                 

                                      

 

 

 

 

www.ijemh.com                        Page 242 

[31] Eisenberg, S. High density lipoprotein 

metabolism. Journal of Lipid Research 

1984:25, 1017- 1058. 

[32] Ginsberg, H.N. Insulin resistance and 

cardiovascular disease. The Journal of Clinical 

Investigation 2000:106, 453-458. 

[33] Kahn, B.B. and Flier, J.S. Obesity and insulin 

resistance. The Journal of Clinical Investigation 

2000:106, 473-481. 

[34] Shulman, G.I. Cellular mechanisms of insulin 

resistance. J. Clin. Invest. 2000:106:171–176. 

[35] Nijpels G. Determinants for the progression 

from impaired glucose tolerance to non-insulin-

dependent diabetes mellitus. Eur J Clin Invest 

1998:2: 8-13. doi: 10.1046/j. 1365-2362. 

1998.0280s2008.x. 

[36]  Cavaghan, M.K., Ehrmann, D.A. and Polonsky, 

K.S. Interactions between insulin resistance and 

insulin secretion in the development of glucose 

intolerance. The Journal of Clinical 

Investigation 2000:106, 329-333. 

[37] Hu, F.B., van Dam, R.M. and Liu, S. Diet and 

risk of Type II diabetes: the role of types of fat 

and carbohydrate. Diabetologia, 2001:44, 805-

817. 

[38] Kahn, S.E., Prigeon, R.L., Schwartz, R.S., 

Fujimoto, W.Y., Knopp, R.H., Brunzell, J.D. 

and Porte, D., Jr. Obesity, body fat distribution, 

insulin sensitivity and Islet beta-cell function as 

explanations for metabolic diversity. The 

Journal of Nutrition 2001:131, 354S-360S.  

[39] Trayhurn, P. and Beattie, J.H. Physiological 

role of adipose tissue: white adipose tissue as an 

endocrine and secretory organ. The Proceedings 

of the Nutrition Society 2001:60, 329-339. 

[40] Fruhbeck, G., Gomez-Ambrosi, J., Muruzabal, 

F.J. and Burrell, M.A. The adipocyte: a model 

for integration of endocrine and metabolic 

signaling in energy metabolism regulation. 

American Journal of Physiology. 

Endocrinology and Metabolism 2001:280, 

E827-847. 

[41] Pradhan AD, Manson JE, Rossouw JE, 

Siscovick DS, Mouton CP, Rifai N, Wallace 

RB, Jackson RD, Pettinger MB, Ridker PM, 

Inflammatory biomarkers, hormone 

replacement therapy, and incident coronary 

heart disease: prospective analysis from the 

Woman`s Health Initiative observational study. 

JAMA, 2002 Aug 28;288(8):980-7. 

[42]  McFarlane, S.I., Banerji, M. and Sowers, J.R. 

Insulin resistance and cardiovascular disease. 

The Journal of Clinical Endocrinology and 

Metabolism 2001:86, 713-718. 

[43] Steinberg, H.O. and Baron, A.D. Vascular 

function, insulin resistance and fatty acids. 

Diabetologia 2002:45, 623-634. 

[44]  Esler, M., Rumantir, M., Kaye, D. and Lambert, 

G. The symp athetic neurobiology of essential 

hypertension: disparate influences of obesity, 

stress, and noradrenaline transporter 

dysfunction? American Journal of 

Hypertension 2001:14, 139S-146S. 

[45] Montani, J.P., Antic, V., Yang, Z. and Dulloo, 

A. Pathways from obesity to hypertension: from 

the perspective of a vicious triangle. 

International Journal of Obesity and Related 

Metabolic Disorders 2002:26 Suppl 2, S28-38. 

[46] Groop, L. and Orho-Melander, M. The 

dysmetabolic syndrome. Journal of Internal 

Medicine 2001:250, 105-120. 

[47] Ukkola, O. and Bouchard, C. Clustering of 

metabolic abnormalities in obese individuals: 

the role of genetic factors. Annals of Medicine 

2001:33, 79- 90. 

[48] Alberti, K.G. and Zimmet, P.Z. Definition, 

diagnosis and classification of diabetes mellitus 

and its complications. Part 1: diagnosis and 

classification of diabetes mellitus. Provisional 

report of a WHO consultation. Diabetic 

Medicine 1998:15, 539-553. 

[49] Eriksson J, Taimela S, Koivisto VA. Exercise 

and the metabolic syndrome. Diabetologia 

1997:40, 125-35. 

[50] Boule´ NG, Haddad E, Kenny GP, Wells GA, 

Sigal RJ. Effects of exercise on glycemic 

control and body mass in type 2 diabetes 

mellitus: a meta-analysis of controlled clinical 

trials. JAMA. 2001:286, 1218-27. 

[51]  Eves ND, Plotnikoff RC. Resistance training 

and type 2 diabetes: Considerations for 

implementation at the population level. 

Diabetes Care. 2006:29, 1933- 41. 

[52]  Snowling NJ, Hopkins WG. Effects of different 

modes of exercise training on glucose control 

and risk factors for complications in type 2 

diabetic patients: a meta-analysis. Diabetes 

Care. 2006:29, 2518-27. 

[53]  Thomas DE, Elliott EJ, Naughton GA. Exercise 

for type 2 diabetes mellitus. Cochrane Database 

Syst Rev. 2006:3, CD002968.  

[54]  Selvin E, Marinopoulos S, Berkenblit G, Rami 

T, Brancati FL, Powe NR, et al. Meta-analysis: 

glycosylated hemoglobin and cardiovascular 

disease in diabetes mellitus. Ann Intern Med. 

2004:141, 421-31. 

[55] Stratton IM, Adler AI, Neil HA, Matthews DR, 

Manley SE, Cull CA, et al. Association of 

glycaemia with macrovascular and 



 

 

International Journal of Engineering, Management and Humanities (IJEMH) 

Volume 4, Issue 5, Sep.-Oct., 2023 pp: 237-243                              www.ijemh.com                 

                                      

 

 

 

 

www.ijemh.com                        Page 243 

microvascular complications of type 2 diabetes 

(UKPDS 35): prospective observational study. 

BMJ. 2000:321, 405-12. 

[56]  Cuff DJ, Meneilly GS, Martin A, Ignaszewski 

A, Tildesley HD, Frohlich JJ. Effective exercise 

modality to reduce insulin resistance in women 

with type 2 diabetes. Diabetes Care. 2003:26, 

977-82. 

[57] Sigal R. J., Kenny G. P., Boule N. G., Wells G. 

A., Prud’homme D., Fortier M., Reid R. D., 

Tulloch H., Coyle D., Phillips P., Jennings A., 

Jaffey J. Effects of Aerobic and Resistance 

Training on Glycemic Control in Type 2 

Diabetes. Ann Intern Med.; 2007:147, 57-369. 

[58] Ivy JL. Exercise physiology and adaptations to 

training. In: Ruderman N, Devlin JT, JShneider 

SH, Kriska A, eds. Handbook of Exercise in 

Diabetes. 2nd ed. Alexandria, VA: American 

Diabetes Assoc. 2002:23-62. 

[59]  Deschenes MR, Kraemer WJ. Performance and 

physiologic adaptations to resistance training. 

Am J Phys Med Rehabil. 2002:81, S3-16. 

[60] Holten MK, Zacho M, Gaster M, Juel C, 

Wojtaszewski JF, Dela F. Strength training 

increases insulin-mediated glucose uptake, 

GLUT4 content, and insulin signaling in 

skeletal muscle in patients with type 2 diabetes. 

Diabetes. 2004:53, 294-305. 

[61]  Dunstan DW, Daly RM, Owen N, Jolley D, De 

Courten M, Shaw J, et al. High-intensity 

resistance training improves glycemic control 

in older patients with type 2 diabetes. Diabetes 

Care. 2002:25, 1729-36. 

[62] Castaneda C, Layne JE, Munoz-Orians L, 

Gordon PL, Walsmith J, Foldvari M, et al. A 

randomized controlled trial of resistance 

exercise training to improve glycemic control in 

older adults with type 2 diabetes. Diabetes 

Care.2002:25, 2335-41. 

[63]  Evans WJ. Reversing sarcopenia: how weight 

training can build strength and vitality. 

Geriatrics. 1996:51, 46-7, 51-3. 

[64] Willey KA, Singh MA. Battling insulin 

resistance in elderly obese people with type 2 

diabetes: bring on the heavy weights. Diabetes 

Care. 2003:26, 1580-8. 

[65] Kraus WE, Houmard JA, DuJSha BD, Knetzger 

KJ, Wharton MB, Mc- Cartney JS, et al.  Effects 

of the amount and intensity of exercise on 

plasma lipoproteins. N Engl J Med. 2002:347, 

1483-92. 

[66] Watts K, Beye P, Siafarikas A, Davis EA, Jones 

TW, O’Driscoll G, et al. Exercise training 

normalizes vascular dysfunction and improves 

central adiposity in obese adolescents. J Am 

Coll Cardiol 2004a:43, 1823-7. 

[67] Watts K, Beye P, Siafarikas A, O’Driscoll G, 

Jones TW, Davis EA, et al. Effects of exercise 

training on vascular function in obese children. 

J Pediatr;2004b:144, 620-5. 

[68] Holloszy, J. O. & Coyle, E. F. Adaptations of 

skeletal muscle to endurance exercise and their 

metabolic consequences. Journal of Applied 

Physiology: Respiratory, Environmental and 

Exercise Physiology 1984:56, 831–838. 

[69]  Saltin, B. & Åstrand, P. O. Free fatty acids and 

exercise. American Journal of Clinical 

Nutrition 1993:57, suppl. 5, 752–757S. 

[70]  Molé, P. A., OJSai, L. B. & Holloszy, J. O. 

Adaptations of muscle to exercise. Journal of 

Clinical Investigation 1971:50, 2323–2330. 

[71]  Constable, S. H., Favier, R. J., Mclane, J. A., 

Fell, R. D., Chen, m. & Holloszy, J. O. Energy 

metabolism in contracting rat skeletal muscle: 

adaptation to exercise training. American 

Journal of Physiology 1987:253, C316–322. 

[72]  Dudley, G. A., Tullson, P. C. & Terjung, R. L. 

Influence of mitochondrial content on the 

sensitivity of respiratory control. Journal of 

Biological Chemistry, 1987:262, 9109–9114. 

[73]  Eaton, S. B., Strassman, B. I., Nesse, R. M., 

Neel, J. V., Ewald, P. W., Williams, G. C., 

Weder, A. B., Eaton, S. B. Iii, Lindeberg, S., 

Konner, M. J., Mysterud, I. & Cordain, L. 

Evolutionary health promotion. Preventive 

Medicine, 2002:34, 109–118. 

 

 

 

 

 

 


