
INTRODUCTION

Cardiovascular diseases (CVD) are the leading cause 
of mortality worldwide (Tavridou et al., 2008). 
Alteration of life habits, particularly diet and physi-
cal activity, is the primary therapeutic approach for 
persons with increased risk of CVD (Pettman et al., 
2008). There are numerous different mechanisms 
through which physical activity modifies the risk of 
CVD, including its effects on lipid metabolism (Lee 
et al., 1999; Thompson et al., 2003); blood pressure 
and vasodilatation (Hu et al., 2000; Lee et al., 2003); 
function of endothelium (Pate et al., 1995); coagula-
tion and fibrinolysis (Kokkinos et al., 1995; Endres 
et al., 2003); insulin sensitivity (Kohrt et al., 1993); 
and body composition (Dylewicz et al., 1999). 
Recent studies showed that moderate physical activ-
ity reduced risk of CVD by 20%, and even by 27% 

in people who are more physically active (Williams 
et al., 2002).

Physical training influences lipid status through 
its effects on the enzymes involved in lipopro-
tein metabolism, including lipoprotein and hepat-
ic lipases, and transport proteins of cholesterol 
esters (Mackinnon et al., 1999; Kraus et al., 2002). 
Epidemiological studies showed that individually 
customized and programmed physical activity, i.e., 
implementation of primarily aerobic exercises, led to 
an increase in concentration of HDL cholesterol and 
reduction of triglycerides (TG) and total and LDL 
cholesterol (Kokkinos et al., 1999; Leon et al., 2001). 
In view of all these data, the aim of this study was 
to investigate the effect of different types of physi-
cal activity on reduction of the metabolic param-
eters mainly involved in cardiovascular risk and to 
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determine which type of physical activity gives the 
most desirable results. Accordingly, we studied the 
effects of different forms of physical activity (fast, 
powerful, or brisk walking; gymnastic exercises in 
the gym or swimming pool; and combined physi-
cal training), together with a diet reduction regime, 
on the values of several metabolic risk factors (lipid 
status, glucose, body mass, and body composition) 
in controlled research conditions. 

SUBJECTS AND METHODS

This prospective-intervention study was performed 
in the period between August 2004 and June 2006 
at the “ČIGOTA” Thyroid Institute on Mt. Zlatibor 
(Serbia). The study involved 68 overweight/obese 
patients, 49 women and 19 men, aged 40-70 years, 
with BMI of 28-45 kg/m2 and severe hyperlipidemia 
(total cholesterol > 5.2 mmol/l, triglycerides > 1.7 
mmol/l, LDL cholesterol > 3.4 mmol/l, HDL-cho-
lesterol < 1.68 mmol/l, in men and < 1.45 mmol/l 
in women). Exclusion criteria included the presence 
of active liver disease, hepatic or renal dysfunction, 
unstable angina pectoris, and myocardial infarction 
within the previous 6 months. None of the patients 
were taking insulin, lipid-lowering drugs, immuno-
suppressive medication, anticoagulants, hormone 
substitutes, beta-blockers, or diuretics. Out of 68 
patients selected at the beginning of the program, 
eight dropped out in the first week (five women 
and three men), and 60 patients finished the study. 
All study participants provided written informed 
consent, which was approved by the Ethical Review 
Boards of the participating institutions in accor-
dance with the principles of the Declaration of 
Helsinki.

Study design

All study participants had a complete physical exam-
ination, anthropometric measurements, ergomet-
ric measurements, and biochemical analyses at the 
beginning, after 2 weeks, and at the end of the study.  

The subjects were divided into three groups 
depending on their overall health and weight, and 
a program of physical workout was adapted as fol-
lows:

* Group I – fast walking, i.e., powerful or brisk 
walking and an aerobic type of physical activity last-
ing 45 minutes with energy expenditure of 300 kcal 
(path length 4-5 km, activity of moderate intensity 
and moderate length);

* Group II – gymnastic exercises and specially 
chosen swimming pool exercises of greater intensity 
and moderate length (60 minutes daily) with energy 
expenditure of 600 kcal daily;

* Group III – combined physical training (activ-
ities from groups I and II) of high intensity and 
greater length (105 minutes daily) with energy 
expenditure of 900 kcal daily. 

All three groups were on a diet reduction regime 
of 1000 kcal per day, the American Heart Associa-
tion (AHA) step-2 diet, which is compatible with 
dietary recommendations of WHO concerning the 
prevention of chronic diseases (WHO, 1998).  

Analytical methods

Total cholesterol (TC) and triglyceride (TG) con-
centrations were measured in serum after a 12 h fast 
using automated enzymatic methods with cholester-
ol oxidase and glycerol oxidase, respectively (EliTech 
Diagnostic, Sees, France). Serum HDL-C was deter-
mined by measuring cholesterol concentration in 
the supernatant liquid after precipitation of other 
classes of lipoproteins with phosphotungstic acid 
and magnesium chloride (Lopes-Virella et al., 1977). 
Estimation of LDL cholesterol was performed using 
the Friedwald formula (Friedwald et al., 1972).

Statistical analysis

All results are expressed as means±SD. Normality 
was tested using the Shapiro-Wilks test. Comparisons 
between two groups were performed using the para-
metric Student t-test and the Mann Whitney U test 
for non-normally distributed variables. The differ-
ences were considered significant at p≤0.05.

RESULTS

Out of 68 patients, 60 (88%) completed the study. 
In all three groups, significant changes in life habits 
were achieved through the program (p<0.05). 
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The pulse values in all study participants were 
measured at the beginning, in the middle and at the 
end of the training. The initial values (0 min) in all 
three groups were within the limits of allowed values 
(68-93). During the physical activity period, partici-
pants in all three groups achieved pulse values near 
the maximum of allowed heart frequency (up to 132 
beats per minute), but did not exceed it, while at the 
end of training heart frequency dropped to an aver-
age of 100 beats per minute (data not shown).

Changes of BMI values and body composition 
in all three groups of participants after 90 days of 
dietary intervention and physical activity are shown 
in Table 1. The percentage of fat, fat mass, BMI, 
and waist circumference were significantly reduced 
in all study participants. The greatest reduction of 
all parameters was found in patients of group III, 
who practiced the most intensive exercises. Their 
fat reduction was also accompanied by a significant 
increase in muscle mass, which can be considered as 
another positive effect of the treatment.

Glucose concentrations and lipid parameters 
were determined at the beginning, after 15 days, and 
after 90 days of the study. Alterations of the glucose 
level in group I were slight but significant after three 
months of training, while in patients of groups II 
and III, who practiced more intensive exercises, 
the decrease was significant already after 15 days. 

Although a significant reduction in total cholesterol 
concentration was found in all groups, a surprisingly 
great decrease (from 8.1 to 5.66 mmol/l) was found 
in group III after only two weeks of the interven-
tion. Levels of LDL cholesterol also significantly 
decreased after two weeks, and even more after three 
months of treatment. To be specific, LDL cholesterol 
values in patients of group III, who underwent com-
bined physical training, fell to a half of the baseline 
concentrations. On the contrary, levels of HDL cho-
lesterol significantly increased in all study groups, 
especially in group I of participants, who exercised 
by fast walking. These results confirm that even 
moderate physical activity is a key factor in achiev-
ing desirable concentrations of HDL in sera. Finally, 
values of triglycerides (TG) were also significantly 
reduced during and after the intervention period 
(p<0.05), even though these changes were not as 
remarkable as changes in total and LDL cholesterol. 

The TC/HDL and LDL/HDL ratios, represent-
ing the atherogenic index, are also presented in 
Table 2. They showed a tendency toward reduction 
in all three groups, particularly group III (p<0.001). 
Although a significant reduction of atherogenic risk 
was detected after only 2 weeks, the most prominent 
reduction in all three groups was achieved after 90 
days of physical activity and dietary intervention 
(p<0.001).

Table 1. BMI values and body composition at the beginning of the study and after 90 days of intervention. All data are presented as 
means±SD. **p < 0.01, ***p < 0.001- compared to baseline values after 90 days of intervention. Signific.: *p < 0.1, **p < 0.01, ***p < 0.001.

Group I Group II Group III
Start 90. d. Start 90. d. Start 90. d.

BMI 36.4±2.2
**

28.48±2.6 34.5±4.6
***

26.8±4.3 35.4±2.8
***

27.2±2.93

Body fat (%) 40.8±6.4
**

38.0±8.1 40.4±5.4 ***
36.3±7.3 39.8±6.7

***
34.0±8.9

Fat mass (kg) 36.9±6.2 ***
32.6±8.0 35.5±5.7 ***

29.5±7.5 36.7±7.1
***

31.3±9.3

Muscle mass (kg) 53.6±11.1 54.2±10.6 51.6±9.4 52.8±9.3 54.2±9.5
*

55.4±9.4

Waist
circumferen.

(cm)

104.0±9.5 ***
92.0±9.5

103.0±10.5 ***
90.0±10.3

105.0±8.4 ***
89.0±9.2



G. PETROVIĆ-OGGIANO ET AL.370

Table 2. Serum glucose and lipids at baseline and changes induced by three types of physical activity and dietary intervention. All 
data are presented as means ± SD. *p < 0.05, **p < 0.01, ***p < 0.001 - compared to baseline values after 15 or 90 days of intervention. 
Signific.: *p < 0.1, **p < 0.01, ***p < 0.001.

Group I Group II Group III
Start 15. d. 90. d. Start 15. d. 90. d. Start 15. d. 90. d.

Glucose 4.7±0.0 4.0±1.0
***

4.5±0.0 4.9±1.6
***

3.7±0.9
***

3.1±0.7 4.5±1.2
***

3.9±0.2
***

3.6±0.6

TC 7.3±0.5
*

6.6±0.5
***

5.2±0.3 7.6±1.1
***

6.3±1.1
***

4.7±0.5 8.1±1.1
***

5.6±1.0
***

4.5±0.6

HDL 0.9±0.3
* 

13±0.1
***

1.7±0.1 1.2±0.3
*

1.3±0.3 
***

1.6±0.2 1.1±0.3
**

1.3±0.2 
***

1.6±0.1

LDL 5.1±0.5 
*

4.8±0.6 
**

3.2±0.3 5.4±0.8
***

4.3±0.5 
***

2.9±0.5 5.9±1.1 
***

3.8±1.0 
***

2.0±0.6

TG 2.4±1.1
*

1.8±0.9
*

1.5±0.3 1.8±1.3 
*

1.4±0.7 
*

0.9±0.3 2.2±1.6
**

1.4±0.5 
**

1.2±0.0 

LDL/HDL 5.5±0.8
*

3.7±0.8
**

1.9±0.3 4.9±1.1
*

3.5±1.7 
***

1.7±0.5 5.6±2.6 
***

3.0±0.8
***

1.5±0.4

TC/HDL 8.1±1.3
**

5.3±0.8
***

3.1±0.4 7.1±2.0
*

5.2±2.5
***

2.9±0.5 8.0±3.5
***

4.4±1.0
***

2.6±0.4

DISCUSSION

The focus of our study was to examine the extent to 
which different types of physical activity contribute 
to reduction of hyperlipidemia and cardiovascu-
lar risk. A program of diet and exercises at the 
«ČIGOTA» Institute on Mt. Zlatibor (Serbia) was 
adapted to the individual health conditions of the 
patients. Their average energy expenditure was 300-
900 kcal per day, depending on the types of training 
(brisk or powerful walking, gymnastic exercises in 
the gym and swimming pool, or combined physical 
treatment). 

The program was primarily accepted by women. 
Women generally were more disciplined and pre-
pared to accept healthier life habits, which is in com-
pliance with similar intervention studies conducted 
all over the world (Alexander et al., 1995; Meyer et 
al., 1996). 

Most of our participants in all three groups at the 
beginning of the treatment had BMI higher than 30, 
which indicates the presence of first-degree obesity. 
Obesity is considered as an independent risk factor 
in cardiovascular disease, but it is often associated 
with several other leading risk factors, including 
dyslipidemia, hypertension, and diabetes (Manson 
et al., 1995; Fontaine et al., 2003). In particular, the 
abdominal type of obesity with primarily visceral 
accumulation of fat tissue contributes to alteration 
of lipids and lipoproteins (Weil et al., 2002) and 
an increased risk of cardiovascular complications 
(Dey et al., 2002; Suk et al., 2003). It is well known 
that physical activity increases energy expenditure 
and together with dietary intervention leads to 
reduction of fat tissue and body mass (WHO, 1998; 
Shephard et al., 1999). The reduction of body mass 
in our treatment comprised an average of 2.5 kg 
weekly. There was also a significant decrease in the 
percentage of fat in the body, as well as in the mass 
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of fat tissue, followed by a slight increase of muscle 
tissue, which is in agreement with the results of 
other studies (Rexrode et al., 1997; Turcato et al., 
2000). In view of the relation of abdominal-visceral 
obesity with CVD, the reduction of waist by 12-16 
cm achieved in our study was of great importance 
as well.

Physical activity can reduce the risk of diabetes, 
and it is thus an important component in the treat-
ment of diabetes patients (Gautier et al., 1995). To be 
specific, it has been shown that exercises increased 
insulin sensitivity by 25%, and that circulating con-
centrations of insulin and adrenalin were signifi-
cantly lower in physically active persons, primarily 
due to formation of more insulin receptors on the 
membranes of trained muscle cells (DeFronzo et al., 
1991; Dey et al., 2002). Training also increases insu-
lin effects on peripheral tissues (skeletal muscles) 
through activation of enzymes involved in the depo-
sition and oxidation of glucose, while an increase of 
muscle mass contributes to larger glucose deposits. 
These processes lower insulin resistance, increase 
clearance of glucose in the liver, and reduce its 
production (Borghouts et al., 2000). We found sig-
nificantly reduced glucose levels in sera of all three 
groups of participants after the intervention period.

The changes in levels of total cholesterol in our 
patients showed that the duration of physical activ-
ity was of greater importance than the intensity of 
training. However, the greatest reduction of LDL 
cholesterol, which is recognized as one of the most 
important risk factors for CVD, together with a low 
level of HDL cholesterol, was found in group III, sug-
gesting that more exhausting physical effort leads to 
a better lipid profile. This is particularly important 
for postmenopausal women, which represented the 
majority of our patients. During the premenopausal 
period, women are protected by estrogens as natural 
cardioprotective agents that stimulate formation of 
LDL receptors, reduce the activity of lipoprotein 
lipase (e.g., conversion of VLDL to LDL particles), 
act as inhibitors on the oxidation of LDL particles, 
and thereby reduce LDL cholesterol levels in the 
plasma. Results of the “Framingham Heart Study” 
(Vasan et al., 2005) indicate that postmenopausal 
females 50-59 years old have four times higher inci-

dence of cardiac events in comparison with women 
in the pre-menopausal period. Moreover, a low 
concentration of protective HDL cholesterol, which 
is responsible for reverse transport of cholesterol 
to the liver and then into gall acids (Gordon et al., 
1989), additionally contributes to the development 
of CVD (Calabresi et al., 2003). Training contrib-
utes to increased activity of lipoprotein lipase in 
fat tissue and muscles, which lowers VLDL and 
chylomicron triglyceride levels and enhances clear-
ance of cholesterol-rich VLDL and chylomicron 
remnants (Thompson et al., 2001; Tall, 2002). The 
physical activity in our study resulted in a desirable 
level of lipid parameters, not only in decreased TC, 
LDL, and TG, but also in significantly increased 
HDL, with considerably reduced risk of CVD in the 
patients. 

Concerning values of the atherogenic risk index-
es TC/HDL and LDL/HDL, our research shows that 
at the beginning of the study, the TC/HDL index in 
all three groups significantly exceeded the limit value 
of 4.5 (7.18-8.09). However, after only 15 days, the 
TC/HDL ratio was significantly reduced (p<0.05) 
in the groups with types I and II of physical activity, 
whereas in group III the atherogenic index was even 
normal. As for the second atherogenic indicator, the 
LDL/HDL ratio, we note that at the beginning of the 
treatment all three groups had values highly above 
the allowed value of 2.31 (4.94-5.61). After a 15-day 
period of active training, the values of this cardio-
vascular risk indicator were noticeably decreased, 
while after a 90-day intervention period the values 
of both atherogenic indicators were brought down 
to the standard level in all three groups. 

In analyzing lipid parameters according 
to Fredrickson's classification of hyperlipidemia 
(Frederickson, 1965), we note that participants in 
all thee groups had a combined type of hyperlipid-
emia at the beginning of the program, while after a 
15-day intervention period, all three groups of par-
ticipants had isolated hypercholesterolemia. After 
a 90-day period, a normal lipid status in all three 
groups of participants was achieved due to disci-
plined physical training and a diet reduction regime. 
The positive benefits regarding lipid status in our 
study are consistent with results reported by other 
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authors, although there are not many studies which 
addressed this topic (Donnelly et al., 2003; Ruiz et 
al., 2004; Aloys et al., 2005; Kiefer et al., 2005). For 
instance, Poirier et al. (2001) showed that body mass 
reduction of 5% in patients with the abdominal type 
of obesity can lead to reduction in hyperlipidemia, 
hypertension, and hyperglycemia.

The outcomes achieved in our study are a 
consequence not only of the program of specially 
conceived physical activity, but also of the signifi-
cantly reduced fat and calory intake. By adhering to 
the AHA step-2 diet, fats were reduced to less than 
25% of the total energetic intake, with an average 
daily intake of 4.6 g of fats per day. In particular, 
the intake of saturated fats was decreased, while 
the intake of plant fibers was increased. Since all 
participants had the same dietary intervention, the 
differences in achieved outcomes are obviously the 
results of different physical activity. Even though 
all study participants showed significantly reduced 
BMI, less fat tissue, and improved lipid status, the 
more strenuous trainings performed in group II and 
especially group III led to more desirable results. 
However, patients in group I, who practiced fast 
walking only, achieved the highest values of benefi-
cial HDL cholesterol.

 Our results showed that all three types of differ-
ent physical activity, together with the AHA step-2 
diet reduction regime, achieved significant success in 
reduction of proatherogenic risk factors, which were 
radically improved after a 3-month period. They 
prove that specifically designed and customized 
programs, such as that in effect at the «ČIGOTA» 
Thyroid Institute on Mt. Zlatibor, achieve excellent 
results in reduction of body mass and improvement 
of lipid status through the modification of behav-
ioral life habits. 
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