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ABSTRACT 
Regular physical activity practice has been recommended for the 
prevention and rehabilitation of cardiovascular diseases and other 
chronic diseases by different health care associations world- wide,  
The regular practice of physical exer- cise has been show to have 
bene�cial effects in the prevention and treatment of blood 
hypertension, insulin resistance, diabetes, dyslipidemia, and 
obesity. Physical training therefore should be en- couraged for both 
healthy individuals and those with multiple risk factors if they are 
capable of participating in a physical �tness pro- gram. Just as 
clinical therapy helps to maintain the function of or- gans, physical 
activity promotes favorable physiological adaptations that result in 
an improved quality of life.

Physical inactivity and low physical conditioning level have been 
considered as risk factors for early mortality so important as the 
smoking, dyslipidemia and arterial hypertension. Epidemiological 
studies have demonstrated direct relation between physical inac- 
tivity and the presence of cardiovascular risk factors such as arte- rial 
hypertension, insulin resistance, diabetes, dyslipidemia and obesity. 
On the other hand, the regular practice of physical ac- tivity has 
been recommended for the prevention and treatment of 
cardiovascular disease, their risk factors and other chronic diseas- (es .

The metabolic syndrome – also known as syndrome X, insulin 
resistance syndrome, deadly quartet or plurimetabolic syndrome – 
is characterized by the group of cardiovascular risk factors such as 
arterial hypertension, insulin resistance, hyperinsulinaemia, 
glucose intolerance/diabetes type II, central obesity and 
dyslipidemia (high LDL-cholesterol, high triglycerides and low HDL-
cholesterol). Epi- demiological and clinical studies have 
demonstrated that the regu- lar practice of physical activity is 
important factor for prevention and treatment of this disease.

The objective of this reviewing is to demonstrate the role of the 
regular practice of physical activity in the prevention and treatment 
of the metabolic syndrome as well as to describe the amount and 
modality of exercise required for this purpose.

EXERCISE AND OBESITY
a rapid and increasing growth of obese peo- ple has been observed, 
what made the obesity a public health prob- lem. This disease has 
been classi�ed as a disorder primarily of high energetic ingestion. 
However, there are evidences suggest- ing 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.

Epidemiological and cohort studies have demonstrated strong 
association between obesity and physical inactivity. Inverse as- 

sociation between physical activity, body mass index (BMI)*, hip- 
waist ratio (HWR)• and waist circumference has also been report- ed. 
These studies demonstrate that the bene�ts of physical activity on 
obesity may be reached with low, moderate or high intensities, 
indicating that the maintenance of an active lifestyle, regardless 
what physical activity is performed, may avoid the de- velopment of 
this disease.

 it is required that the energy ex- penditure be higher than the daily 
energy intake, what leads us to think that a simple reduction on the 
amount of food through ali- mentary diet is sufficient. However, it is 
not so simple and studies demonstrate that the change in the 
lifestyle through the increases on the amount of physical activity 
practiced and alimentary reedu- cation is the best treatment.

The energetic expenditure is composed of three main compo- 
nents: rest metabolic rate (RMR), thermic effect of physical activ- ity 
and thermic effect of food (TEF). The RMR, which is the ener- getic 
cost to maintain systems functioning in rest, is the component of 
higher daily energetic expenditure (60 to 80% of the total). The 
obesity treatment only through dietary caloric restriction leads to a 
decrease on the RMR (through the decrease on the muscular mass) 
and on the TEF, what leads to a reduction or maintenance of weight 
reduction and to a tendency of returning to initial weight, despite 
the continuous caloric restriction, thus contributing to a long-last- 
ing poor efficiency of this intervention. However, the combina- tion 
of caloric restriction and physical exercise helps to maintain RMR, 
improving the results of long-term weigh reduction programs. 

This occurs because physical exercise elevates RMR after its per- 
formance due to the increase on the substrate oxidation, catechola- 
mine level and stimulation of protein synthesis. This effect of the 
exercise on RMR may last from 3 hours until 3 days, depend- ing on 
the type, intensity and duration of the exercise.

Figure 1 – Approximate energetic expenditure per hour of a 
person (45, 68 and 90 kg) performing physical activity

Although most studies have investigated the effect of the phys- ical 
exercise on the weight reduction, the inclusion of the weight- 
resistance exercise (weightlifting) shows many advantages. The 
weight-resistance exercise is a powerful stimulus to increase mass, 
strength and muscular power also helping to preserve muscula-  
ture, which trends to decrease due to diet, maximizing the reduc- 
tion of the body fat. Furthermore, its potential in improving strength 
and muscular resistance may be especially positive in daily tasks, 
furthering the adoption of a more active lifestyle in inactive obese 
individuals.
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Activity 45 kg 68 kg 90 kg
Pedaling 10 km/h 160 240 312
Walking 3.2 km/h 160 240 312
Walking 4.8 km/h 210 320 416
Walking 7.2 km/h 295 440 572
Trotting 11 km/h 610 920 1,230
Running 16 km/h 850 1,280 1,660

Swimming 185 275 385
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The traditional recommendation of at least 150 weekly minutes (30 
minutes, 5 times a week) of physical activity from light to mod- erate 
intensities, which is primarily based on the effects of the physical 
activity on the cardiovascular disease and other chronic disease 
such as diabetes, demonstrates not being sufficient for weigh 
reduction programs. Thus, it has been recommended that exercise 
programs for obese individuals start with a minimum of 150 weekly 
minutes in moderate intensity progressively increas- ing up to 200 
to 300 weekly minutes at the same intensity. How- ever, if for any 
reason the obese could not reach this target, he should be 
encouraged to perform at least the minimum recom- mendation of 
150 weekly minutes, once with no weight reduction, there will be 
bene�ts to health.

the increased and continuous utilization of fatty acids as muscular 
fuel. However, these are extreme conditions in which the exercise 
intensity is higher than the intensity that most individuals with 
metabolic syndrome can stand.

The effect of the physical exercise on the insulin sensibility has been 
demonstrated from 12 to 48 hours after the exercise ses- sion, 
however, it returns to pre-activity levels in 3 to 5 days after the last 
physical exercise session, what reinforces the necessi- ty to practice 
physical exercises with frequency and regularity.

The fact that only one exercise session improves the insulin 
sensibility and that the effect provided by the training withdraws in 
a few days of inactivity arises the hypothesis that the physical ex- 
ercise effect on the insulin sensibility is merely acute. However, it has 
been demonstrated in a study in which individuals with insulin 
resistance improved the insulin sensibility in 22% after the �rst 
exercise session and in 42% after 6 weeks of training, what 
demonstrates that the physical exercise presents both an acute 
effect and a chronic effect on the insulin sensibility.

Exercise and diabetes type2
Epidemiological and intervention studies clearly demonstrate that 
the regular practice of physical exercises is effective for the pre- 
vention and control of diabetes type 2. The regular practice of 
physical exercises have demonstrated to decrease the risk of 
developing diabetes type 2 both in men and women, regardless the 
family history, weight and other cardiovascular risk factors such as 
smoking and hypertension.

Intervention studies have dem- onstrated that changes in the 
lifestyle with the adoption of new alimentary habits and the regular 
practice of physical exercises de- crease the incidence of diabetes 
type 2 in individuals with glucose intolerance, where the 
performance of at least four weekly hours of physical activity from 
moderate to intense intensity de- creased 70% the incidence of 
diabetes type 2 on average, in rela- tion to the inactive lifestyle after 
four years of follow-up.

The practice of physical activity has also been considered as an 
important tool in the treatment of individuals with diabetes type 2. 
Physical exercise programs have demonstrated to be effec- tive in 
the glycemic control of diabetic individuals, improving the insulin 
sensibility and the glucose tolerance and decreasing the blood 
glicemy of these individuals.

The performance of aerobic exercises have been generally rec- 
ommended for individuals with diabetes type 2. However, recent 
studies have demonstrated that the weight-resistance ex- ercise is 
also bene�cial in the glycemic control of individuals with diabetes 
type 2.

The weight-resistance exercise may be especially useful for aged 
diabetic individuals, once during aging, the muscular strength and 
mass decreases, undesirably affecting the energetic metabolism 
(�gure 2). The increase on the muscular mass and strength through 
the practice of weight-resistance exercises may revert this situa- 

tion, improving the glycemic control of these individuals. Thus, 
decreases on the blood glucose levels, increases on the muscular 
glycogen supply, reduction on the systolic pressure and trunk fat 
have been demonstrated as well as increases on the muscular mass 
and daily physical activity levels of aged diabetic individuals from 
both gender after 16 weeks of weight-resistance exercises, what 
resulted in reduction on dedication up to 72%, while individuals 
who participated in the control group presented unchanged blood 
glicemy levels, systolic pressure, trunk fat and daily physical activ- ity 
and decreased muscular glycogen supplies and 42% had in- creased 
medication.

Figure 2 – Effect of the strength and muscular mass reduction 
occurring with aging in several metabolic variables associated to 
metabolic syndrome. Adapted from Ciolac and Guimarães with 
the authors’ consent.

EXERCISE AND ARTERIAL HYPERTENSION
Epidemiological and clinical studies have demonstrated bene�- cial 
effects of the practice of physical exercises on the arterial pres- sure 
in individuals of all ages. High level of daily physical activity is 
associated to lower levels of arterial pressure in rest. The regu- lar 
practice of physical exercises have demonstrated to prevent blood 

 pressure increases associated to age even in individuals with 
increased risk to develop it. Physical activity programs have 
demonstrated to decrease the systolic and diastolic blood pres- sure 
both in hypertensive and normotensive individuals.

These bene�ts of the physical activity on blood pressure make 
physical activity an important tool on prevention and treatment of 
the hypertension. A meta-analysis of 54 controlled randomized 
longitudinal studies that investigated the effect of the aerobic phys- 
ical activity on the blood pressure demonstrated that this exercise 
modality reduces 3,8 mmHg and 2,6 mmHg the systolic and dias- 
tolic pressures on average, respectively. Reductions of only 2 mmHg 
on the diastolic pressure may reduce signi�cantly the risk of 
diseases and deaths associated to hypertension, what dem- 
onstrates that the practice of aerobic exercise represents impor- 
tant bene�t for health in hypertensive individuals.

It has been proposed that the effect of the aerobic exercise on the 
blood pressure is more due to the acute effect of the last exer- cise 
session than to the training cardiovascular adaptations. In this 
context, the study performed by our research group demon- strated 
that hypertensive individuals presented reductions on the blood 
pressure clinical monitoring during 24 hours (MAPA 24 h) when 
performed shortly after the last exercise session, which were not 
observed when performed 72 hours after the last session.

Hypertensive individuals have been traditionally discouraged to 
perform weight-resistance exercises due to the fear that this exer- 
cise modality would cause a cerebrovascular or cardiac event. 
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However, studies that investigated the effect of long periods of 
weight-resistance exercise training on the blood pressure in rest 
reported no harmful effects, suggesting that hypertensive individ- 
uals should not avoid its practice, once it provides relevant bene- �ts 
to quality of life, especially for aged individuals.

EXERCISE AND DYSLIPIDEMIA
The effects of the physical activity on the lipids and lipoprotein 
pro�les are well known. Individuals physically active present high-er 
levels of HDL-cholesterol and lower levels of triglycerides, LDL (65) 
and VDLL-cholesterol, if compared to inactive individuals    
.Intervention studies demonstrate the unfavorable lipids and li- 
poprotein pro�les improve with physical training. These improve- 
ments are not dependent on gender, body weight and diet, how- 
ever, there is a possibility of being dependent on the glucose 
tolerance degree. The physical activity has demonstrated to be 
effective in decreasing the level of VLDL-cholesterol in indi- viduals 
with diabetes type 2, however, except for a few, most stud- ies have 
not demonstrated signi�cant improve on levels of HDL and LDL-
cholesterol in this population maybe due to the low inten- sity of the 
exercise employed.

Although studies on the effect of physical exercises on the lip- ids 
and lipoprotein pro�les in individuals with metabolic syndrome are 
scarce, considering the evidences above and the fact that phys- ical 
exercises increase the ability of the muscular tissue in spend- ing 
fatty acids and the activity of the enzyme lipoprotein lipase in the 
muscle, it is likely that the physical exercise be effective in  
improving the lipid and lipoprotein pro�les in individuals with met-  
abolic syndrome.

PRESCRIPTION OF PHYSICAL EXERCISE
In the practice or prescription of physical training with the objec- 
tive of obtaining some training physiological effect, either the im- 
provement of the physical conditioning or the prevention and treat- 
ment of diseases, one should take into account four basic principles. 
The �rst is the overload principle that commends that in order to 
obtain physiological response with physical training, the physical 
exercise should be performed with an overload above the usual, 
which could be controlled with intensity, duration and exercise fre- 
quency. The second principle is the speci�city principle, which is 
characterized by the fact that exercise speci�c modalities unchain 
speci�c adaptations that further speci�c physiological responses. 
The third principle is the individuality principle, where the biologi- 
cal individuality of each group should be respected in the prescrip- 
tion of some exercise program, once the same overload and exer- 
cise modality will cause responses of different magnitude in 
different individuals. The fourth and last principle is the reversibili- 
ty principle, which is characterized by the fact that the physiologi- 
cal adaptations furthered by the physical exercise performance 
return to the pre-training original state, when the individual returns 
to the inactive lifestyle.

The performance of at least 30 minutes of physical activity (per- 
formed formally or in the spare time, continuously of concentrated 
in sessions of at least 10 minutes) of intensity at least moderate (level 

* 12 in the Borg scale – �g. 3) performed in most days of the

Figure 3 – Borg scale of effort subjective perception

in order for the bene�ts and health security of the regular practice of 
physical activity to be maximized, a prescription of exercises that 
takes into account the necessities, aims, initial capacities and family 
history is required. Furthermore, for the treatment of some diseases 
such as obesity, this amount of exercises has demonstrated being 
not sufficient. These factors lead us to believe that the individual 
with metabolic syndrome, since they present risk factor for 
cardiovascular diseases, will ob- tain higher bene�ts with the 
regular practice of physical exercise if it is individually planned, 
aimed at the improvement of his health state and taking into 
account his health state, risk factors and phys- ical capacity as well as 
his history and aims.

The amount of researches on the effects of the weight-resis- tance 
training on metabolism is small if compared to researches involving 
aerobic exercises.

However, based on current reviewing studies we propose that a 
physical activity program aimed at the prevention and treat- ment 
of the metabolic syndrome should include components that 
improve the cardiorespiratory conditioning, strength and muscular 
resistance.

– Both weight-resistance and aerobic exercises further substan- tial 
bene�ts related to health and physical conditioning (�gure 4) 
including most risk factors of the metabolic syndrome.

Figure 4 – Effect of the aerobic and weight-resistance exercise on 
vari- ables that in�uence the metabolic syndrome and physical 
conditioning

The mechanisms through which weight-resistance and aero- bic 
exercises affect some variables of the metabolic syndrome such as 
the insulin resistance, the glucose intolerance and obesity seem to 

 be different and the sum of the effects from both activi- ties may 
occur.

Although the minimal dose of exercise required to reach many of 
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6. 

Variable Aerobic W. resistance
exercise exercise

Glucose metabolism

Glucose tolerance ¯ ¯ ¯ ¯

Insulin sensibility    

Seric lipids

HDL cholesterol  «  «

LDL cholesterol ¯ « ¯ «

Blood pressure in rest

Systolic ¯ « «

Diastolic ¯ « ¯ «

Body composition

% of fat ¯ ¯ ¯

Body mass free of fat «  

Basal metabolism   

Muscular strength «   

Aerobic capacity
VO2max     «

Time of maximal or submaximal aerobic 
exercise

    

 = increase on values; ¯ = reduction on 
values; « = unchanged values;  or ¯ = 

small effect;  or ¯¯  = intermediate 
effect;   or ¯¯¯ = large effect; HDL 
cholesterol = high-density cholesterol; 
LDL cholesterol = low-density 
cholesterol.
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the health bene�ts is known, the optimum dose for prevention and 
treatment of most disorders is yet unknown.

With regard to aerobic exercises, it has been recommended to be 
performed from 3 to 6 times a week with intensity from 40 to 85% 

* FCR (40 to 85% of the VO or 55 to 90% of the FCmax or level 12 to 16 .

in the Borg scale) and duration of 20 to 60 min- utes. Due to the fact 
that higher exercise intensities is associ- ated to higher 
cardiovascular risk and orthopedic lesions and the lower adherence 
to physical exercise programs, it is recommend- ed that programs 
aimed at inactive individuals with risk factor for cardiovascular 
diseases emphasize moderate intensity (50 to 70% of the FCR and 
levels 12 to 13 in the Borg scale) and long duration (30 to 60 

.minutes)

The current recommendation for the practice of weight-resis- tance 
exercise is 1 series of 8 to 12 repetitions (10 to 15 for individ- uals 
above 50/60 years of age), intensity of 50 to 70% of the max- imal 

¨ load (13 to 15 in the Borg scale) performed with 8 to 10 exercises 
working all large muscular groups 2 to 3 times a week. However, this 
recommendation is only based on strength improvement and 
muscular resistance. The performance of a higher number of series 
(2 to 3) will increase the energetic expenditure of the exercise 
session, increasing the activity bene�t for individuals with 
metabolic syndrome.

Thus, we recommend that individuals with metabolic syndrome 
start with 1 series, progressively increasing up to 2 and 3 series after 
adaptation.

All aerobic and weight-resistance physical activity sessions should 
include warm-up and calm down with the use of �exibility exercises 
at the beginning and at the end of each session.
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