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Abstract. Diabetes mellitus (DM) represents a group of metabolic disorders characterized by hyperglycemia that 

produces long-term dysfunctions, at many levels, especially in the eyes, kidneys, cord, blood vessels and nervous 

system. Through its microvascular (retinopathy, nephropathy, neuropathy) and macrovascular complications 

(myocardial infarction, stroke, peripheral arterial disease), diabetes is a major cause of increased morbidity and reduced 

quality of life and life expectancy. 

If in 2000 the prevalence of diabetes worldwide was 2.8% (171 million people) it is projected that in 2030 the 

prevalence of diabetes will be 4.4% (366 million people). It thus justifies the growing interest for early diagnosis and 

active screening of patients with DM, which is the first step to implementing early intervention, primary prevention of 

this disease being a goal of major interest. 

In recent years it increasingly emerged the idea of excess metabolic and cardiovascular risk in patients currently 

considered normo-glycemic but with a high value of 1 hour post load  blood glucose in the oral glucose tolerance test 
OGTT. Several studies have investigated the hypothesis that subjects with normal glucose tolerance and 1hour blood 

glucose in OGTT as high as patients with impaired glucose tolerance (IGT) is an intermediate category of patients 

presenting an altered metabolism translated by increased insulin resistance  and reduced β cell susceptibility to glucose. 

Cardiovascular risk and the subsequent risk of the development of DM in this group of patients was found to be equal to 

that of patients diagnosed with IGT by current standards. These subjects at increased risk for future type 2 diabetes are 

the ones that effective prevention programs target. 

There are overwhelming data that prove the fact that lifestyle modifications, both diet and multiple physical activity are 

highly successful in preventing diabetes and cardiovascular morbidity in high-risk  populations. Clinical guidelines are 

needed for the optimal community implementation of evidence-based diabetes prevention programs 

Key words: diabetes, oral glucose tolerance test, one hour glucose, early prevention. 

. 

 

 
Diabetes: a public health problem 

Diabetes mellitus (DM) represents a group of 

metabolic disorders characterized by 

hyperglycemia that produces long-term 

dysfunctions, at many levels, especially in the 

eyes, kidneys, cord, blood vessels and nervous 

system. The common element is hyperglycemia, 

resulting from the combination of a secretory 

defect and a defect of insulin action in varying 

proportions (1). 

Through its microvascular (retinopathy, 

nephropathy, neuropathy) and macrovascular 

complications (myocardial infarction, stroke, 

peripheral arterial disease), diabetes is a major 

cause of increased morbidity and reduced quality 

of life and life expectancy (2). 

Diabetes mellitus is a current important public 

health problem, which is reinforced by the rapid 

growth in the number of patients with diabetes in 

the recent decades, and we could now speak of a 

"pandemic" of diabetes globally. A number of 

factors have led to this situation: obesity, 

sedentary lifestyle, increased life expectancy, 

ageing (3). 

Another cause for concern is the fact that DM is 

still underdiagnosed, the number of patients 

diagnosed with diabetes is actually almost 

doubled by the number of patients with diabetes 

or prediabetes and undiagnosed. 

If in 2000 the prevalence of diabetes worldwide 

was 2.8% (171 million people) it is projected that 

in 2030 the prevalence of diabetes will be 4.4% 

(366 million people). A study conducted in 2004 

by Swild et al (4) showed that these predictions 

are true while the obesity rate would remain 

constant. However, given the continuous increase 

in the prevalence of obesity, it is possible that 

these figures understate the actual prevalence of 

DM in the future. 

Unfortunately, the figures provided by the 

International Diabetes Federation (IDF) in 2014 

exceeded the most pessimistic forecasts. 
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IDF is calling DM "a growing problem", while 

producing worrying figures: 387 million people 

worldwide have diabetes and this number is 

expected to rise in 2035 to 592 million, which 

represents an increase of 53%. It was concluded 

that, even at  the level of information and access 

to diagnostic methods of the year 2014, the 

number of undiagnosed cases remains very high 

(46.3% of patients) (5).  

The costs associated with this disease are 

enormous, as diabetes is a major cause of 

morbidity and disability. Every seven seconds a 

person dies due to diabetes, diabetes causing 

approximately 4.9 million deaths per year, 50% of 

these occurring in persons under the age of 60 

years (5). 

In addition, diabetes is rarely identified as the 

main cause of death, statistics showing that 35- 

40% of the deceased who had diabetes had had 

mentioned this condition on the death certificate 

and only 10- 15% of them mentioned DM as the 

cause of the death (6). 

Morbidity associated with this disease is 

important, diabetes is the main cause of blindness, 

end-stage chronic kidney disease, nontraumatic 

limb amputations and cardiovascular morbidity 

and mortality (7). Studies conducted in the US (6) 

showed a marked increase in cardiovascular risk 

in diabetic patients: hypertension was diagnosed 

in 71% of patients with diabetes, dyslipidemia in 

65%, cardiovascular morbidity was 1.7 times 

higher in patients with diabetes, hospitalization 

for acute myocardial infarction was 1.8 times 

more common and for stroke 1.5 times higher 

than in subjects without DM. The same large-

scale studies  brought alarming data: 4.2 million 

(28.5%) of adults with diabetes over the age of 40 

studied between 2005 and 2008 showed diabetic 

retinopathy;  DM has been identified as the main 

cause of renal failure in 44% of all cases 

diagnosed in 2011. Also, 60% of nontraumatic 

lower limb amputations are due to diabetes. 

All these data speak for themselves about the 

huge costs and complications of diabetes, this 

condition being a real economic and social 

burden. 

It thus justifies the growing interest for early 

diagnosis and active screening of patients with 

DM, which is the first step to implementing early 

intervention, primary prevention of this disease 

being a goal of major interest. 

 

 

 

 

 

Criteria for the diagnosis of diabetes: the role 

of 1-hour plasma glucose in detecting high risk- 

population  
There is still controversy regarding the role of the 

oral glucose tolerance test (OGTT) versus fasting 

glucose in practice. The OGTT shows the 

disadvantages of a higher cost, a low 

reproducibility and a certain discomfort for the 

patient. Advantages compared with DM diagnosis 

only through fasting glucose, however, are 

multiple. Since the number of patients with 

undiagnosed DM almost double that of patients 

diagnosed with diabetes and since studies have 

shown that the fasting and 2-hour post load 

glucose not always identify the same patients with 

diabetes, it seems logical that both methods are 

used in order to diagnose a large number of 

patients with this disorder. This goal is 

particularly important since it is proven that early 

intervention leads to a much better metabolic 

control and prevents or delay the onset of the so 

dreaded complications. In addition, only OGTT 

can identify an important group of patients, 

patients with impaired fasting glucose (IFG) and 

those with impaired glucose tolerance (IGT), two 

categories of patients at high risk for DM and 

cardiovascular complications. These two 

conditions are known as “prediabetes” and could 

benefit at most of early interventions.  

The DECODE study (8) showed that, in a group 

of 1517 patients newly diagnosed with DM 1, 

only 28% have fulfilled both criteria of diagnosis 

(fasting blood glucose ≥ 126 mg/dl and 2 hours  

glucose ≥ 200 mg/dl), while 40% of patients met 

only fasting glucose criteria and 31% only the 2 

hours criteria. It is thus obvious that, by using 

only the fasting blood glucose levels at diagnosis, 

approximately 30% of the patients are lost.  

This situation is even more striking is the elderly. 

A study led by Barrett-Conner et al (9) showed 

that 70% of women and 48% of men studied, aged 

between 50 and 89 years old were diagnosed with 

DM only on 2 hours blood glucose criteria. It is 

necessary to actively detect patients with diabetes 

and prediabetes (IFG, IGT), given that early 

intervention is vital for these patients. 

Active detection of patients with diabetes and 

prediabetes requires testing of certain categories 

of asymptomatic patients, but with increased risk 

(1).  

We'll refer to overweight or obese patients with 

additional risk factors: inactivity; first degree 

relative with diabetes; certain ethnicities that are 

considered to be at high risk: Hispanic, African-  
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American, native-  Americans, Asian- Americans,  

Pacific Island natives; women who were 

diagnosed with gestational diabetes during 

pregnancy or have given birth to a baby weighing 

more than 4kg; hypertensive (TA≥ 140/90mmHg 

or on antihypertensive therapy); patients with 

dyslipidemia (HDL-cholesterol <35 mg/dl and/or 

triglycerides> 250 mg/dl); HbA1c≥ 5.7% or 

previously diagnosed patients with IFG; women 

diagnosed with polycystic ovarian syndrome; 

other conditions associated with insulin resistance 

(acanthozis nigricans, severe obesity); history of 

cardiovascular disease. 

For all such patients testing should begin at the 

age of 45 and should be repeated every 3 years 

(annually in patients with prediabetes). 

In terms of the glucose tolerance status, the OGTT 

identifies three categories of patients: patients 

with normal glucose tolerance (NGT), patients 

with prediabetes (IFG and/or IGT) and patients 

with diabetes (Table II). An important category of 

patients to whom early prevention can be applied 

extensively, with particularly good results is 

represented by patients with prediabetes. IFG and 

IGT are entities with a major risk for future 

development of DM and positively correlated 

with the patient's cardiovascular risk. They are 

associated with obesity, especially abdominal 

obesity, dyslipidemia (characterized by low HDL 

cholesterol and high triglycerides) as well as 

hypertension. 

At present, IGT diagnosis is determined by 2-

hours blood glucose ≥ 140mg/dl. Moreover, 

patients diagnosed with diabetes using a value of 

2-hours post load blood glucose ≥ 200 mg/dl were 

found to have an increased risk for cardiovascular 

disease and complications, so much worse 

prognosis than patients diagnosed with DM based 

on fasting glucose values of ≥ 126 mg/dl. 

Analyzing data from three large longitudinal 

studies, Shaw et al (10) reported a 2.7-fold 

increase in the risk of all-cause mortality in men 

and 2 times in women in a population of patients 

with newly diagnosed DM using 2 hours post load 

glucose criteria when compared to a population 

with normal glucose tolerance. This excess risk 

was not observed in the group of patients with 

newly diagnosed DM using fasting glucose 

criteria. All the studies take into account a value 

of 2 hours post load glucose of  ≥ 140 mg/dl in the 

case of IGT and ≥ 200 mg/dl in the case of DM. 

In recent years it increasingly emerged the idea of 

excess metabolic and cardiovascular risk in  

 

 

 

patients currently considered normo-glycemic but 

with a high value of 1 hour post load  blood 

glucose in OGTT. 

Several studies have investigated the hypothesis 

that subjects with normal glucose tolerance and 1 

hour blood glucose in OGTT as high as patients 

with IGT is an intermediate category of patients 

presenting an altered metabolism translated by 

increased insulin resistance  and reduced β cell 

susceptibility to glucose. Cardiovascular risk and 

the subsequent risk of the development of DM in 

this group of patients were found to be equal to 

that of patients diagnosed with IGT by current 

standards. 

The RISC (European Relationship Between 

Insulin Sensitivity and Cardiovascular Risk) study 

(11), examined the metabolic phenotype of 

individuals with NGT who had high 1h plasma 

glucose excursions.  The RISC study was a 

prospective (3- and 10-year follow-up), 

observational, cohort study performed on 1205 

healthy subjects with no history of diabetes, 

hypertension or hyperlipidemia. They were 

performed an OGTT and the results identified a 

subgroup of patients with NGT by current 

standards but increased 1h plasma glucose (>8.95 

mmol/l), increased insulin resistance and β cell 

dysfunction. 

A new glucose tolerance subgroup of patients 

were thus identified, patients who could benefit 

from targeted lifestyle advice. 

Another study that examined the relation between 

1 hour blood glucose and future diabetes risk is 

San Antonio Heart Study (12). In this study, an 

OGTT was performed on a cohort of 1611 

participants. One-hour plasma glucose strongly 

correlated with hepatic and muscle insulin 

resistance indices and β-cell failure. The 

correlation exceeded the one offered by 2-h 

plasma glucose. In this study 16.7% of 

participants with normal glucose tolerance (NGT) 

with 1-h plasma glucose concentration >155 

mg/dl developed type 2 diabetes over a 7 to 8 year 

period. A 1h cutoff point of 155 mg/dl during the 

OGTT stratifies individuals into high and low risk 

for future development of type 2 diabetes. It was 

demonstrated that 1-h plasma glucose is a better 

predictor of future type 2 diabetes than 2-h plasma 

glucose with a 13.1-fold increased OR for 

developing the disease in subjects with higher 1-h 

plasma glucose (>155 mg/dl). These subjects at 

increased risk for future type 2 diabetes are the 

ones that effective prevention programs target. 
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There are also examples in the literature of 1-h 

plasma glucose being predictive of the risk of 

myocardial infarction and coronary heart disease 

(13, 14) in type 2 diabetes. 

 

The importance of early intervention (lifestyle 

intervention: diet and exercise) in preventing 

or delaying the onset of diabetes  
Nevertheless, studies have shown that targeted 

treatment of IGT can reduce progression to type 2 

diabetes, and the risk of cardiovascular disease or 

future diabetes seems to be continuous across the 

glucose range. 

It is a well known fact that obesity and low level 

of physical activity are important independent and 

modificable risk factors for the development of 

DM. 

The Diabetes Prevention Program (DPP) (15) was 

a randomized clinical trial performed on 3,234 

subjects who were at high risk for diabetes. 

Subjects were ≥25 years old, having a BMI ≥24 

kg/m
2
 (≥22 kg/m

2
 in Asian Americans), having a 

fasting plasma glucose concentration of 5.3–6.9 

mmol/l (≤6.9 mmol/l in the American Indian 

clinics), and attaining a 2-h glucose of 7.8–11.0 

mmol/l during a 75-g oral glucose tolerance test. 

All subject had IGT.  

They were randomized in three groups of 

intervention: 1) lifestyle interventions, 2) 

metformin twice daily and standard lifestyle 

recommendations, or 3) placebo twice daily and 

standard lifestyle recommendations. 

The goal of the study was: subjects had to achieve 

and maintain a weight reduction of at least 7% of 

their initial body weight through a healthy low-

calorie, low-fat diet and physical activity of 

moderate intensity, such as brisk walking, for at 

least 150 min per week (15). 

Physical activity was assessed semiannually with 

the Modifiable Activity Questionnaire (16). 

The physical activity level was calculated as the 

product of the duration and frequency of each 

activity (in hours per week) weighted by an 

estimate of the metabolic equivalent (MET) of 

that activity and summed for all activities. 

Usual daily caloric intake during the previous 

year, including calories from fat, carbohydrate, 

protein, and other nutrients, was assessed at 

baseline and at 1 year later. 

Lifestyle intervention and metformin both have 

been shown to be effective strategies for diabetes 

prevention. There was no surprise in the finding 

that lifestyle intervention alone restored normal 

glucose tolerance significantly more frequently  

 

 

than did placebo. Lifestyle intervention and 

metformin both were proved to reduce insulin 

resistance but this fact did not explain alone the 

results of the study. There are also other 

mechanisms, beyond insulin sensitization that led 

to reducing diabetes risk. 

The most important intervention that led to 

regression to normal glucose tolerance seemed to 

be weight loss: every 1 kg lost was associated 

with a 16% reduction in diabetes risk (17). 

Apparently, weight loss and exercise mobilized 

fat from the visceral depot, with favorable 

metabolic results. 

There are many large- scale randomized 

controlled trials that have used a lifestyle 

intervention (changes in nutritional intake, 

physical activity, or both) in populations at high 

risk of developing DM.  

The goal of these trials was to reduce the rate of 

the development of diabetes and to ameliorate the 

cardiovascular risk in these populations (19). 

Baker et al published in 2011 the results of a large 

meta-analysis that investigated this important 

objective. 5825 subjects were investigated in 

seven major studies: Diabetes Prevention Program 

(DPP), U.S.A; Diabetes Prevention Study (DPS), 

Finland; Da Qing IGT and Diabetes Study (DQS), 

China; Diabetes Prevention Program (IDPP), 

India; Diabetes Prevention Program (DPP); Asti 

Diabetes Prevention Program (ADPP), Italy and 

Vasterbotten Intervention Program (VIP), 

Swedwen 

These studies recruited their subjects from the 

general community. DPP was the only one that 

recruited from patients being routinely screened at 

a medical facility. 

Participants in all studies were individually 

advised to increase physical activity: 150 

min/week at moderate intensity (DPP, ADPP, and 

VIP), up to 30-40 min/day (i.e. 210–280 

min/week) at moderate intensity (DPP). Moderate 

intensity aerobic activity  were the primary form 

of exercise. If exercises were performed in a more 

vigorous way, it was allowed a reduction in 

exercise volume.  

The DPP study included moderate intensity 

progressive resistance training, and in the DPS 

study moderate intensity progressive resistance 

training and power training were included. The 

VIP study included muscle strengthening exercise 

twice a week.  

Logs were kept of physical activity, caloric intake 

and fat intake. Participants in all studies were 

individually advised to modify their dietary  
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intake. Reviewed studies included a reduction in 

energy intake with all studies recommending a 

reduction of fat intake, commonly to 20–30% of 

total energy intake (DPP, DPS, DQS, and VIP).  

In four studies (DPS, IDPP, ADPP, and VIP), 

specific increases in dietary fiber intake were 

recommended. All studies advised an increased 

intake in fiber-rich foods such as fruits and 

vegetables. 

The common elements in all studies were energy 

reduction and energy density shift. Subject were 

advised to keep these diet and exercises logs and 

to attend organized exercises sessions. 

The control groups received usual care, and in 

some cases written material relevant to healthy 

lifestyle: general information about diabetes, 

general instructions for diet and exercise. In the 

DPP, controls received written instructions on the 

Diet and Food Pyramid (20) but control subjects 

did not receive any contact from researchers  

 

 

 

 

 

between outcome assessment time-points and for 

them there were no organized exercise sessions. 

All studies were successful in reducing incident 

T2D. Results from the DPP and DPS both indicate 

a RRR of 58% (95% CI 48–66, p<0.001 and 

p<0.001, respectively) (21,22) in the incidence of 

T2D as a result of intensive lifestyle modification 

incorporating both diet and exercise when 

compared to the rate in controls. The greatest 

reduction in incidence was reported by the VIP 

and ADPP with a RRR of 74 and 75% compared 

to controls (23, 24).  

There are overwhelming data that prove the fact 

that lifestyle modifications, both diet and multiple 

physical activity are highly successful in 

preventing diabetes and cardiovascular morbidity 

in high-risk  populations (25).  

Clinical guidelines are needed for the optimal 

community implementation of evidence-based 

diabetes prevention programs. 

 

 

 

 

Table I. OGTT interpretation (adapted after ADA) 
 

 
ADA (American Diabetes Association) 2003 WHO (World Health Organization) 1999 

Diabetes 

Fasting glucose 

2- hour glucose 

 

≥ 7 mmol/l (126 mg/dl) or 

≥ 11,1 mmol/l (200 mg/dl) 

 

≥ 7 mmol/l (126 mg/dl) or 

≥ 11,1 mmol/l (200 mg/dl) 
IFG 

Fasting glucose 

2- hour glucose 

 

5,6 - 6,9 mmol/l (100 mg/ dl-125 mg/dl) 

- 

 

6,1 - 6,9 mmol/l (110 mg/dl- 125 mg/dl) 

 
IGT 

Fasting glucose 

2- hour glucose 

 

- 

≥7,8mmol/l (140 mg/ dl) and < 11,1 mmol/l 

(200 mg/dl) 

 

< 7 mmol/l (126 mg/dl) 

≥7,8mmol/l (140 mg/dl) and <11,1 

mmol/l (200 mg/dl) 

 

 

Acknowledgements.  No conflict of interests 
 

References 

1. ADA (2004). Diagnosis and Classification of 

Diabetes Mellitus Diabetes Care vol. 27 no. suppl 

1 s5-s10 

2. WHO Library Cataloguing-in-publication (2014). 

Data Definition and diagnosis of diabetes mellitus 

and intermediate hyperglycemia : report of a 

WHO/IDF consultation. World Health 

Organization. II .International Diabetes 

Federation.ISBN 92 4 159493 4 

3. van Dieren S1, Beulens JW, van der Schouw YT, 

Grobbee DE, Neal B (2010). The global burden of 

diabetes and its complications: an emerging 

pandemic. Eur J Cardiovasc Prev Rehabil.; 

17Suppl1:S3-8. doi: 

10.1097/01.hjr.0000368191.86614.5a. 

 

 

 

4. Wild S, Roglic G, Green A (2004). Global 

Prevalence of Diabetes Estimates for the year 2000 

and projections for 2030. Diabetes Care 27:1047–

1053. 

5. IDF (2014) Diabetes Atlas 6
th

 Edition revision. 

6. www.diabetes.org > Diabetes Basics > Statistics 

(2014). Statistics About Diabetes Data from the 

National Diabetes Statistics Report.  

7. Jack SM (2002). Preventing diabetes-related 

morbidity and mortality in the primary care 

setting. J Natl Med Assoc. 94(7): 549–560. 

8. Balkau B (2000). The DECODE study. Diabetes 

epidemiology: collaborative analysis of diagnostic 

criteria in Europe Diabetes Metab.; 26(4):282-6. 

 



The role of lifestyle interventions in preventing diabetes in high risk populations 

Flavia C. Diugan & all 

 

 

Medicina Sportiva 

2500  
 

 

9. Barrett-Connor E, Ferrara A (1998). Isolated 

postchallenge hyperglycemia and the risk of fatal 

cardiovascular disease in older women and men: 

the Rancho Bernardo Study. Diabetes Care; 21: 

1236–1239 

10. Shaw JE, Hodge AM, de Courten M, Chitson P, 

Zimmet PZ (1999). Isolated post-challenge 

hyperglycaemia confirmed as a risk factor for 

mortality. Diabetologia; 42: 1050–1054 

11. Manco M, Panunzi S, Macfarlane D (2010). One-

Hour Plasma Glucose Identifies Insulin Resistance 

and β-Cell Dysfunction in Individuals With 

Normal Glucose Tolerance. Cross-sectional data 

from the Relationship between Insulin Sensitivity 

and Cardiovascular Risk (RISC) study. Diabetes 

Care; 33 (9): 2090-2097 

12. Abdul-Ghani MA, Williams K, DeFronzo RA, 

Stern M (2007). What is the best predictor of 

future type 2 diabetes? Diabetes Care 30; 1544–

1548.  

13. Cavalot F, Petrelli A, Traversa M, Bonomo K, 

Fiora E, Conti M, Anfossi G, Costa G, Trovati M 

(2006). Postprandial blood glucose is a stronger 

predictor of cardiovascular events than fasting 

blood glucose in type 2 diabetes mellitus, 

particularly in women: lessons from the San Luigi 

Gonzaga Diabetes Study. J Clin Endocrinol 

Metab; 91:813–819.  

14. Knowler WC, Barrett-Connor E, Fowler SE, 

Hamman RF, Lachin JM, Walker EA, Nathan DM 

(2002). Diabetes Prevention Program Research 

Group Reduction in the incidence of type 2 

diabetes with lifestyle intervention or metformin. 

N Engl J Med; 346: 393–403. 

15. Perreault L, Kahn SE, Christophi CA, Knowler 

WC, Hamman RF (2009). Regression from pre-

diabetes to normal glucose regulation in the 

diabetes prevention program.  Diabetes Prevention 

Program Research Group Diabetes Care; 32(9): 

1583-8. 

16. Kriska AM1, Edelstein SL, Hamman RF, Otto A, 

Bray GA, Mayer-Davis EJ, Wing RR, Horton ES, 

Haffner SM, Regensteiner JG  (2006). Physical 

activity in individuals at risk for diabetes: Diabetes 

Prevention Program. Med Sci Sports Exerc.; 38(5): 

826-32. 

17. Hamman RF, Wing RR, Edelstein SL, Lachin JM, 

Bray GA, Delahanty  et al. (2006). Effect of 

weight loss with lifestyle intervention on risk of 

diabetes. Diabetes Care; 29: 2102– 2107. 

18. Perreault L. Kahn S, Christophi CA, Knowler WC 

(1999) The Diabetes Prevention Program. Design 

and methods for a clinical trial in the prevention of 

type 2 diabetes. Diabetes Care 22: 623– 634 

19. Baker MK, Simson K, Lioyd B, Bauman AE 

(2011). Behavioral strategies in diabetes 

prevention programs: A systematic review of 

randomized controlled trials Diabetes Research 

and Clinical Practice; 91  I –I.2 

 

 

 

20. Welsh S, Davis C, Shaw A (1992). Development 

of the food guide pyramid. Nutr Today; pp 12–23 

21. Knowler WC, Barrett-Connor E, Fowler SE, 

Hamman RF, Lachin JM, Walker EA, et al (2002). 

Reduction in the incidence of type 2 diabetes with 

lifestyle intervention or metformin. N Engl J Med ; 

346(6): 393–403. 

22. Tuomilehto J, Lindstrom J, Eriksson JG, Valle TT, 

Hamalainen H, Ilanne-Parikka P, et al.(2001). 

Prevention of type 2 diabetes mellitus by changes 

in lifestyle among subjects with impaired glucose 

tolerance. N Engl J Med ; 344 (18): 1343–50. 

23. Lindahl B, Nilsson TK, Borch-Johnsen K, Roder 

ME, Soderberg S, Widman L, et al (2009). A 

randomized lifestyle intervention with 5-year 

follow-up in subjects with impaired glucose 

tolerance: pronounced short-term impact but long-

term adherence problems. Scand J Public Health; 

37(4): 434–42. 

24. Bo S, Ciccone G, Baldi C, Benini L, Dusio F, 

Forastiere G, et al (2007). Effectiveness of a 

lifestyle intervention on metabolic syndrome. A 

randomized controlled trial. J Gen Intern Med 

22(12):1695–703. 

25. Vasilescu M., Rusu L, Balseanu TA., Cosma G., 

Dragomir M. (2011). Effects of the Intermittent Exercise 

Programs on Lipid Profile and Anthropometric 

Characteristics at Obese Young Subjects. World 

Academy of science, Engineering and Technology 

Journal, 53: 952-955. 
26. Vasilescu M, Rusu L, Dinca M, Ortanescu D, Nanu C, 

Cosma G, Balseanu AT (2009). The influence of aerobic 

exercise and caloric restricted diet association at young 

patients with metabolic syndrome.  Proceedings of 6th 

European Sports Medicine Congress EFSMA, Moduzzi 

Editore, pp315-318. 
 

Corresponding author 

Diugan Flavia Cristina  

University of Medicine and Pharmacy, Craiova, 

Romania 

Phone: 040752204050 

E-mail:  dinuflv@yahoo.com 

 
Received: Novemeber 20, 2014 

Accepted: February 25, 2015 
 

http://www.waset.org/journals/waset/v77/v77-173.pdf
http://www.waset.org/journals/waset/v77/v77-173.pdf
http://www.waset.org/journals/waset/v77/v77-173.pdf
mailto:dinuflv@yahoo.com

