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Abstract

Introduction: The main risk factors for hypertensive and ischemic cardiovascular disease of the metabolic 
syndrome (MS) can be favorably change by the life style (LS). Objective: Evaluate the effect of a lifestyle modi-
fication program (LMP) on cardiovascular risk factors of the Metabolic Syndrome (MS). Materials and metho-
ds: In this clinical trial, 08 volunteers (05 women) with MS underwent a biweekly nutritional intervention and 
a physical exercise program, using a treadmill, at 65-75 % of maximum heart rate, during 30 minutes, three 
times a week. After tree mouths on LPM the data were compared using Student’s t-test. Results: There was 
a dramatic reduction in systolic blood pressure (- 7.5%), triglycerides (- 6.7%) and high density lipoprotein 
(- 8%). Moreover, there was a reduction in resting double product (- 11%) and an increase in physical condi-
tioning expressed by the workload in watts (29%), as well as in the oxygen consumption (24%). Conclusion: 
Until this moment, these results indicate that food habits change, associated to frequently physical exercise 
can reduce the triglycerides concentration as well as SBD and DP. Besides, since the relevance of the results 
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obtained at the end of the program, we believe that the continuity of the activities proposed by this study can 
benefit other individuals with MS. 

 [P]

Keywords: Risk factors. Lifestyle. Food habits. Physical exercise. Metabolic syndrome. 
[B]

Resumo 

Introdução: Os principais fatores de risco para as doenças cardiovasculares hipertensivas e isquêmicas da síndrome 
metabólica (SM) podem ser favoravelmente modificados pelo estilo de vida (EV). Objetivo: Avaliar o efeito de um 
programa de modificação do estilo de vida sobre os fatores de risco cardiovascular de voluntários com síndrome 
metabólica (SM). Materiais e métodos: Ensaio clínico em que oito voluntários (cinco mulheres) com diagnóstico de 
SM foram submetidos, ao longo de três meses, à intervenção nutricional quinzenal e a um programa de exercício físi-
co, realizado em esteira rolante com intensidade de 65% a 75% da frequência cardíaca máxima, com duração de 30 
minutos, três vezes por semana. Após o programa os dados foram comparados pelo teste t de Student. Resultados: 
Houve redução significativa da pressão arterial sistólica (- 7,5%), triglicerídeos (- 6,7%) e lipoproteínas de alta den-
sidade (- 8%). Além disso, o índice de trabalho cardíaco avaliado em repouso reduziu significativamente (- 11%), ao 
passo que o condicionamento físico expresso pelo trabalho muscular e consumo de oxigênio aumentaram significa-
tivamente (29% e 24%, respectivamente). Conclusão: Até o momento, esses resultados indicam que a mudança nos 
hábitos alimentares associados à prática regular de exercício físico pode reduzir beneficamente as concentrações de 
triglicerídeos, bem como a PAS e o DP. Além disso, devido à relevância dos resultados obtidos ao final do programa, 
acredita-se que a continuidade das atividades propostas neste estudo possa beneficiar outros indivíduos com SM.

 [K]

Palavras chave: Fatores de risco. Estilo de vida. Hábitos alimentares. Exercício físico. Síndrome metabólica. 

Introduction 

Metabolic syndrome (MS) is a clinical condition de-
fined by the association of several cardiovascular risk 
factors, which, when present, increase overall mortality 
one and a half times and mortality from cardiovascular 
causes two and a half times (1.2). Two factors are closely 
related to the development of MS: abdominal obesity 
and insulin resistance (1, 2). In the United States, the 
prevalence of MS, when adjusted for age, is 27% (3). 
In Brazil, the prevalence of MS has not been precisely 
determined, nevertheless it is estimated that approxi-
mately 30% of Brazilians are obese (4).

Thus, there is a clear association between excess 
weight and the development of MS (5), to the degree 
that waist circumference is part of the criteria establi-
shed by both the World Health Organization (WHO), 
and the National Cholesterol Evaluation Program for 
Adult Treatment Panel III (ATP III) for MS diagnosis 
(6). The treatment of the SM consists primarily of 
modifying cardiovascular risk factors, such as redu-
cing body weight and waist circumference, normali-
zing dyslipidemia, reducing blood pressure (BP) and 
improving glycemic control. Hence, the practice of 
regular exercise and the modification of food habits, 

along with pharmacological strategies, play a central 
role in the treatment and prevention of MS (6).

In addition, diets that include fish oils, which are 
rich in fatty acids and omega-3, are useful in reducing 
plasma levels of triglycerides and very low density 
lipoproteins (VLDL), especially in the postprandial 
state. Epidemiological studies show that the intake of 
fatty acids and omega-3 are associated with reduced 
cardiovascular risk mainly by reducing the inflam-
matory status and platelet aggregation. The use of 
omega-3 also acts in the control of blood pressure 
by increasing the bioavailability of nitric oxide and 
improving endothelial function. However, its effect 
on insulin resistance remains unclear (7, 8).

In addition, maintenance of good physical fitness 
acts favorably on the cardiovascular risk factors that 
comprise the diagnosis of MS by improving insulin 
sensitivity and thus reducing the risk of developing 
type II diabetes mellitus and coronary artery disease 
(CAD) (9). It has recently been demonstrated that 
obese individuals with high functional capability, 
as shown by peak oxygen consumption (VO2), have 
lower plasma concentrations of low density lipopro-
teins (LDL), higher concentrations of high density 
lipoprotein (HDL) and lower BP values (10). Besides 
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the improvement in dyslipidemia and the reduction in 
BP, obese individuals can benefit from the practice of 
regular exercise due to the reduction of inflammatory 
markers related to central obesity (11).

Previous data have also shown that regular aerobic 
exercise can reduce blood pressure by 06 to 10 mmHg,
in both previously sedentary men and women. Thus, 
regular exercise can also help to control BP in the case 
of the risk of hypertension and reduce the mortality 
rate of physically fit hypertensive individuals, when 
compared to their normotensive counterparts (12). 
With the reduction in BP, there is also a reduction 
in cardiac work index represented by the double 
product (DP) (13), which is extremely beneficial in 
cases of overweight and insulin resistance, which are 
commonly seen in MS (14,15).

Although the cardioprotective effect associated with 
the practice of regular exercise has been widely descri-
bed in the literature, the mechanisms by which exercise 
acts on MS remain unclear (15). However, it is known 
that this effect can be favorably amplified by the associa-
tion of interventions involving nutritional re-education 
(6-8). Therefore, the aim of this study was to evaluate 
the effect of a program involving a change in lifestyle 
that includes dietary intervention and regular exercise 
on cardiovascular risk factors in subjects with MS.

Materials and methods

This study is a non-controlled clinical trial with 
a single-arm, which was conducted by the MERC 
(modificação do estilo de vida e risco cardiovascu-
lar - lifestyle and cardiovascular risk modification) 
research group. This group involves the participation 
of the college of nutrition nursing and physiotherapy 
(FAENFI), the college of pharmacy (FAFARM), college 
of psychology (FAPSI) and the college of biosciences 
(FABIO), at the Pontifical Catholic University of Rio 
Grande do Sul (PUCRS).

The sample consisted of 8 volunteers (5 women) 
diagnosed with MS (Table 1), from the cardiology ou-
tpatient clinic at the Hospital São Lucas (HSL) of PUCRS.

The study volunteers, aged between 30 and 59 years, 
had 03 or more of the following findings (according to 
the Brazilian Guidelines for Diagnosis and Treatment of 
Metabolic Syndrome - ATP III) (6): waist circumference 
≥ 88 cm for women and ≥ 102 cm for men; systolic blood 
pressure (SBP) ≥ 130 mmHg and diastolic blood pres-
sure (DBP) ≥ 85 mmHg; fasting glucose > 110 mg/dl;
triglycerides > 150 mg/dL, HDL cholesterol <40 mg/dL 
for men and <50 mg/dL for women.

Subjects who had one or more of the following: 
absolute contraindication to physical activity due to 

Table 1 – Sample characteristics and the percentage change after the LMP

Pre-Program Post-Program Dif %

Sex (men/women)                    3/5

Age (years)            45.86 ± 17.93

Height (m)              1.65 ± 0.39

Weight (Kg)            97.13 ± 48.02              94.46 ± 42.68 - 2.7%

BMI (kg/m2)            35.67 ± 25.85              34.69 ± 22.42 - 4.2%

Waist Circumference (cm)          114.07 ± 16.77            110.29 ± 20.19 - 3.3%

SBP Rest. (mmHg)          131.88 ± 16.88            124.33 ± 13.37* - 7.5%

DBP ReST. (mmHg)            85.46 ± 11.03              85.71 ± 9.22   0.2%

Triglycerides (mg/dl)          173.83 ± 120.11            162.14 ± 110.02* - 6.7%

Total Cholesterol (mg/dl)          201.50 ± 105.04            200.00 ± 131.15 - 0.8%

HDL (mg/dl)            47.67 ± 23.89              43.86 ± 25.05* - 8.0%

Fasting Glucose (mg/dl)            91.20 ± 19.43              93.43 ± 25.14   2.0%

Legend: BMI = body mass index; SBP Rest. = systolic blood pressure at rest; DBP Rest. = diastolic blood pressure at rest; HDL = high 

molecular weight lipoprotein. * = P <0.05 compared with   pre-program values using the Student’s t test for paired samples.

Source: Research data.

Note: The data represent the mean, the standard deviation and the percentage change of the sample characteristics and the diagnosis criteria 

of MS.
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musculoskeletal, neurological, vascular, pulmonary 
and/or cardiac problems; users of oral hypoglycemic 
agents, users of hypolipidemic agents; those prac-
ticing regular physical activity (30 minutes two or 
more times per week); and those unable to return 
and undergo monitoring were excluded.

Data collection was performed following the appro-
val of the study protocol by the Scientific Committee of 
FAENFI and Ethics Committee of PUCRS (CEP) under 
the registration number: 0603024. All the volunteers 
read and signed the Free Informed Consent Form.

Assessments

After the screening, performed at the cardiology 
outpatient clinic, volunteers were sent to the Centre 
for Rehabilitation (CR) of HSL-PUCRS where the pre- 
and post-MERC research participation assessments 
were scheduled.

Assessment of the biochemical markers of cardio-
vascular risk involved the following procedures: Blood 
collection performed in the morning between 8:30 am 
and 9:30 am during a 10h to 12h of period of fasting; 
analysis of total cholesterol (TC) performed based on 
the enzymatic method proposed by Allain et al. (16). 
For the high density lipoprotein (HDL) cholesterol, 
the technique was based on a method of precipitating 
non-HDL-cholesterol similar to that used by Burstein 
et al. (17 ) followed by enzymatic detection similar to 
that proposed by Allain et al. (16). Triglyceride analysis 
was based on an enzymatic method described by Spayd 
et al. (18). Glucose analysis was performed based on 
the method previously described by Trinder (19) and 
Curme et al. (20). The glucose, total cholesterol, HDL and 
triglyceride concentrations were obtained using reflec-
tance spectrophotometry. All analyzes were performed 
at the Biochemistry Laboratory of the HSL-PUCRS.

The anthropometric assessment involved mea-
suring the weight, height, body mass index (BMI) 
and waist circumference (WC) of the participants. 
Weight was measured with a suitably calibrated 
electronic scale (Plena®), while a wall stadiome-
ter (Welmy®) was used to obtain the height. The 
BMI was calculated using the formula: BMI=weight 
(kg)/height (m)2.

The BP and heart rate (HR) measurements were 
taken after five minutes of rest and during walking 
sessions, at 15 and 30 minutes. BP was measured 
using an aneroid sphygmomanometer (Taycos®). 

HR was measured on a heart monitor (Polar®). The 
cardiac work index, as represented by the double 
product (DP), was calculated using the formula:
DP = SBP (mmHg) x HR (Bpm).

Oxygen uptake (VO2) was estimated based on 
prediction equations originally proposed by Balk 
(21) and currently described in the Guidelines of 
the American College of Sports Medicine for Stress 
Testing and its Prescription (22). According to Balk, 
the relative oxygen uptake (expressed as ml.kg.min-1)
is given by the following equation: VO2= Speed   
x 0.1 + 3.5 (walking on a flat surface) and VO2 =
% slope x 100-1 x speed x 1.8 (walking on a sloping 
surface), where the speed must be given in meters 
per second (m/s) and the slope is given in percen-
tage of vertical displacement relative to horizontal 
displacement. These estimates were made during 
the physical exercise at the beginning and end of 
the program.

The muscular workload (Watts-W) was deter-
mined by means of the equation proposed by Foss 
& Keteyian (23) using the international system of 
units (IS), where 01 liters of oxygen consumed per 
minute is equal to 351.91 W. Thus, the relative VO2 
(ml.kg.min-1) estimated for a walk on a flat/sloped 
surface was transformed into absolute VO2 (liters/
min) (= relative VO2 x body weight). These estima-
tes were made during exercise sessions held at the 
beginning and end of the program.

The Lifestyle Modifi cation Program Proposed in 
the MERC Research 

After the initial assessments, the volunteers star-
ted the activities proposed in the MERC research. The 
lifestyle modification protocol consisted of a regular 
exercise program and nutritional intervention as des-
cribed below.

Physical exercise

The exercise sessions were performed on an elec-
tric treadmill, for continuous 30 minutes, 03 times a 
week, at a speed and grade sufficient to maintain the 
HR within the range of 65% to 75% of the maximum 
HR predicted for the age (220-age), as recommen-
ded in the Brazilian Guideline for the Diagnosis and 
Treatment of Metabolic Syndrome (6). In cases where 
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the HR did not reach the established range the load 
was increased by increasing the grade on the tread-
mill. Thus the workload combined speed and grade 
which were adjusted daily throughout the program in 
order to maintain the HR within the limits prescribed 
for physical exertion. The participants performed 10 
minutes of stretching before and immediately after 
each exercise session.

Nutritional intervention

This consisted of nutritional counseling, which 
involved an individualized dietary plan and fortni-
ghtly sessions with weight evaluation and monito-
ring of adherence to the diet. In each of the sessions, 
topics such as healthy eating, food labeling, trans 
fats, functional food, food pyramid, sodium intake; 
the five-a-day program; substitute foods were 
addressed and any doubts were clarified. Monitoring 
the diet consisted of enquiring about the difficulties 
encountered by the patient in adhering to the arran-
gements agreed   during the previous consultation 
as well as following the proposed dietary plan. The 
dietary plan was designed to be low calorie, normo-
lipidemic and hyposodic. In addition, the volunteers 
took a daily supplement of omega-3 fatty acids (3g/
per day of fish oil).

Data Analysis

The data were presented as mean and standard 
deviation of the mean. The effects of the lifestyle 

modification program on the variables were evalu-
ated using the Student’s t test for paired averages 
because in the Kolmogorov-Smirnov normality test 
the data showed a Gaussian distribution and were 
therefore classified as parametric. The cutoff point 
used to determine the statistical difference was
p <0.05. The statistical analysis was conducted with 
the aid of SPSS, version 17.0.

Results

The lifestyle modification program proposed in 
this study was shown to have a positive and signifi-
cant effect by reducing plasma concentrations of tri-
glycerides (6.7%) and SBP at rest (7.5%). In addition, 
there was also beneficial, although slight, and non-
-significant reduction in weight (2.7%), BMI (4.2%) 
and WC (3.3%). However, the values for both serum 
concentration of TC and DBP   remained virtually un-
changed (-0.8%) and (0.2%), respectively. Moreover, 
contrary to expectations, there was a discreet and 
non- significant increase in fasting glucose (2%), whi-
le HDL cholesterol was significantly reduced (8%) 
after the program (Table 1).

Regarding the cardiac demand, it can be seen 
(Table 2) to be significantly reduced at rest (-11.7%), 
while the estimated oxygen uptake during the trai-
ning session, as well as the workload used during 
the training sessions increased significantly by the 
end of the program (24% and 29%, respectively). 
Interestingly, the rate of cardiac work assessed during 
exercise in the training session, remained virtually 
unchanged (2.2%).

Table 2 – Effect of the LMP in the cardiac demand, oxygen uptake and workload

Start of the program End of the program Dif %

Rest

DP (Bpm.mmHg)             11.525 ± 2.587             10.171 ± 1.516 * - 11.74%

Exercise Peak   

DP (Bpm.mmHg)        17.948,75 ± 1.627        18.350,75 ± 2.051      2.28%

VO2 (ml/kg/min)                12.26 ± 2.12                15.22 ± 3.02 * 24%

Load (W)              395.60 ± 91.86              513.38 ± 173.89 * 29%

Legend: * = P <0.05 when compared with the values   at the beginning of the program. Comparisons were made using the Student’s t test.

Source: Research data.

Note: The data represent the mean, the standard deviation and the percentage change in the cardiac demand expressed by double product 

(DP), oxygen uptake (VO2) and the training workload (W = watts).
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Discussion

The analysis shows that the lifestyle modification 
program that combines biweekly nutritional counse-
ling with regular exercise, which was prepared from 
the minimum recommendations outlined in First 
Brazilian Guidelines for the Diagnosis and Treatment 
of MS (6) is able to significantly reduce plasma levels 
of triglycerides, as well as the SBP. These findings 
indicate that lifestyle modification can produce be-
neficial effects in the management of MS, even in a 
relatively short period.

The association of regular exercise with nutri-
tional counseling and the intake of omega-3, as re-
commended in this study, led to a decrease in tri-
glycerides at a rate of 2.2 % per month. Maintenance 
of this rate for further six months would probably 
allow more volunteers to achieve the goal established 
by ATP III (>150 mg/dL) ( 6 ). As demonstrated by 
Phillipson (24), a single session of exercise can sig-
nificantly decrease triglyceride levels, but this effect 
is brief and quickly reversed (48 hr). This reinfor-
ces the need for frequent exercise when the aim is 
to combat dyslipidemia. In addition to the effect of 
physical exercise, Phillipson (24) and Friedberg (25) 
showed that plasma concentrations of triglycerides 
may also be favorably reduced by dietary intake of 
omega-3. Thus, combining regular physical exercise 
with healthy eating habits can enhance the reduction 
of triglycerides, but the normalization of the values   
will depend on the magnitude of the initial alteration 
since the monthly rate of reduction is relatively small. 
This also implies there is a chance of failure in severe 
cases of hypertriglyceridemia, in which case the need 
for drug intervention should be evaluated.

The proposed lifestyle modification intervention 
employed in the present study led to a reduction in 
SBP of 7.55 mmHg in only 03 months. The results 
of this study are consistent with those reported by 
Cook (26) and more recently in the 5th edition of the 
Brazilian Guidelines on Hypertension (27), where 
the lifestyle modification produced a significant re-
duction in SBP. This underlines the assertion contai-
ned in the 5th edition of the Brazilian Guidelines on 
Hypertension (27) that attributes exercise and dieta-
ry planning a grade ‘A’ recommendation for the con-
trol and treatment of hypertension, where reductions 
of 9 mmHg in SBP and 4 mmHg in DBP are expected 
with exercise and a reduction of up to 14 mmHg in 
SBP is expected with improved dietary habits.

However, the benefits of lifestyle modification 
observed in this study do not appear to be directly 
related to loss of body weight because the magnitu-
de of the weight loss was small and non-significant, 
being less than 1 % per month. Although weight 
monitoring is a relatively simple task, achieving an 
adequate and continuous loss of weight is a great 
challenge for practicing nutritionists. The weight 
monitoring conducted throughout this study (data 
not shown) showed considerable fluctuations in 
values. One hypothesis suggests the possible con-
version of fat into muscle tissue. In any case, eva-
luation of weight body alone does not reflect the 
actual composition of the volunteers. Thus, there 
is no way to infer whether or not there was a gain 
in lean mass, and if that was the reason why overall 
body weight was not significantly reduced. It is 
important to point out that, due to the predomi-
nantly aerobic nature of the exercise program, no 
significant increase in lean body mass was expec-
ted but rather a reduction in fat mass. In a certain 
way, the rate of reduction in the circumference of 
the waist was apparently higher than that of the 
weight. This slight disparity between the reduction 
in WC in relation to that of body weight may be an 
indication that the lifestyle modification tended to 
reduce central adiposity, but these results do not, 
as yet, allow an effective conclusion to be drawn. 
However, as described by Rocha (28) one cannot 
rule out the possibility that the maintenance of 
body weight occurred, at least in part, due to a gain 
in lean mass or as a reflection of poor adherence 
to diet.

As expected, during the exercise sessions there was 
a constant adjustment in workload. Thus, both the spe-
ed and the grade of the treadmill were constantly and 
progressively incremented to maintain the target HR 
within the desired range. The importance of these fin-
dings is clinically consistent, since, according to Lacour 
(29), high levels of physical activity are associated with 
lower cardiovascular risk in both adults and in the el-
derly. This implies that energy consumption is of great 
importance in preventing cardiovascular problems and, 
in our study, the workload increased significantly (29%) 
indicating that the exercise intensity used (65-75% of 
the maximum HR predicted for the age) can be consi-
dered effective for the improvement of the functional 
capacity of volunteers with MS.

Another important finding in this study concerns 
the significant reduction (11%) in cardiac demand at 
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rest. This reinforces the findings published by Cook 
in 1995 (26), which, at that time, demonstrated the 
importance of reducing cardiac work in the primary 
prevention of cardiovascular complications.

On the other hand, the exercise-peak DP did not 
alter by the end of the program. This is also impor-
tant because the workload at peak exercise was 29% 
higher. Thus, it can be assumed that these benefits 
have been extended also to the activities of daily li-
ving, where lower demands on the heart during daily 
routine activities can also be expected. In part, the 
reduction of DP can be explained by the Fick equa-
tion, since according to Whelton and colleagues (14), 
enhanced aerobic capacity increases muscle oxygen 
extraction and extends the arteriovenous oxygen di-
fference thereby reducing the cardiac demand during 
constant effort. However, in this study, the DP was 
assessed during a physical activity with a variable 
load, the only variable that was maintained being the 
HR,   while the speed and slope of the treadmill were 
constantly adjusted. Therefore, the DP was unaltered 
at the end of the program, because the HR and SBP 
remained practically constant, even with the progres-
sive increase of muscle workload during the sessions.

Regarding fasting glucose, there was no significant 
change at the end of this study. Grundy et al. (30) 
describe that proper lifestyle modification programs 
are effective in significantly reducing fasting glucose 
levels and improving insulin resistance. However, the 
mean blood glucose values   found in this study were 
within the normal range and, probably for this reason, 
were not significantly altered. On the other hand, the 
plasma concentrations of HDL-cholesterol decreased 
instead of increasing. This contrasts with the findings 
reported by Perseghin (31), but this reduction may 
well have occurred because of the decrease in total 
intake of lipids. However, without specific control 
of the cholesterol intake that discussion is limited. 
Nonetheless, this information should serve as an 
alert to other studies that aim to evaluate the effect 
of exercise and nutritional intervention on plasma 
HDL-cholesterol.

Together these results indicate that dietary chan-
ges associated with regular exercise can beneficially 
reduce the concentrations of triglycerides and the 
cardiac demand in rest and during the physical ac-
tivity. Moreover, due to the relevance of the results 
obtained at the end of the program, it is believed that 
the continuity of the activities proposed in this study 
may benefit other individuals with MS.
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