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Abstract
Background: The prevalence of dyslipidemia is increasing in many parts of Brazil, but it is yet unclear how much exercise
is needed to attain beneficial effects on plasma lipoprotein levels.

Objetive: The study analyzed eight cities of the state of Sao Paulo, the association between the continued practice of
physical exercise throughout life and the occurrence of dyslipidemia in adulthood.

Methods: Cross-sectional study involving 2,720 adults, of both sexes, living in eight cities of the state of Sao Paulo.
Through household interviews, the presence of dyslipidemia was self-reported and physical exercise practice was
assessed in childhood (7 to 10 years), adolescence (11 to 17 years) and adulthood (leisure activities). In the statistical
analysis, multivariate models were created using binary logistic regression.

Results: The prevalence of dyslipidemia was 12.2% (95%Cl: 11.1% -13.5%) and there was no difference between cities
(p = 0.443). Women (p = 0.001) and obese individuals (p = 0.001) had a higher rate of dyslipidemia. Current practice of
physical exercise was not associated with the presence of dyslipidemia ([= 180 minutes per week] p = 0.165); however,
physical exercise, both in childhood (p = 0.001) and adolescence (p = 0.001) was associated with a lower incidence
of the disease. Physically active adults in all three stages of life were 65% less likely to report dyslipidemia (OR = 0.35
[0.15 to 0.78]).

Conclusion: The continued practice of physical exercise throughout life was associated with a lower incidence of

dyslipidemia in adults in the State of Sao Paulo. (Arq Bras Cardiol 2011;97(4):317-323)
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Introduction

Dyslipidemia is characterized by alterations in the
concentration of one or more lipids/lipoproteins in the blood
(triglycerides, cholesterol, high-density [HDL] and low density
lipoproteins [LDL]). These changes in the lipid profile are
closely related to the process of atherosclerosis development'.

High concentrations of LDL-cholesterol in the bloodstream
make this molecule penetrate the sub-endothelial space
and, once there, it is oxidized by free radicals. This
oxidized LDL causes damage to nearby structures, causing
monocytes to be recruited for elimination and form the
so-called “foam cells” after the absorption of this oxidized
LDL. These foam cells release toxic substances causing
injury to the cell endothelium, hypertrophy and hyperplasia
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of vascular smooth muscle. This process also triggers
the platelet activation and aggregation, as it impairs the
production/availability of nitric oxide, resulting in decrease
of vessel lumen and causing ischemia of tissues and organs.
With the progression of this inflammatory process, the
disease is established and develops into more advanced
stages of atherosclerosis'.

High rates of dyslipidemia are observed in the Brazilian
population. Gigante et al? analyzed data of 49,395 adults
living in state capitals and the Federal District, and observed
a self-reported rate of dyslipidemia close to 16.5%,
emphasizing the challenge to be faced by the Brazilian
public health system.

The insufficient practice of physical exercise is also a risk
factor for the development of the clinical picture of dyslipidemia
and atherosclerosis. Lipids are important substrates for energy
production during physical exercise and studies show that
physically active adults have higher plasma levels of HDL-
cholesterol, lower levels of LDL-cholesterol and triglycerides
when compared to sedentary ones™ *.
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Furthermore, the systematic practice of physical exercise
seems to be an important stimulus to increase the size of
LDL-cholesterol molecules, reducing its ability to penetrate
the sub-endothelial space and be oxidized®. Based on these
beneficial effects, the IV Brazilian Guideline for Dyslipidemia
and Atherosclerosis Prevention® indicates that the change in
lifestyle should be the first front line to fight dyslipidemia.
Hence, more than than a nonpharmacological agent used in
the treatment of this disease, exercise can be a mainstay of
primary prevention in the disease’s natural history, playing an
important role in prevention and, at this point, there isa gap in
the literature on the protective effect of exercise accumulated
throughout life in the occurrence of dyslipidemia in adulthood.

Recent studies have indicated that the practice of
physical exercise in childhood and adolescence, more than
those practiced in adulthood, is an important determinant
in the occurrence of outcomes such as hypertension, type 2
diabetes mellitus and dyslipidemia at adult age”®. However,
in these studies, physical exercise in adulthood and that
performed during childhood and adolescence were treated
as independent variables and, thus, did not clearly assess
the true importance of the continued practice of physical
activity throughout life over these diseases.

The objective of this study was to analyze, in a large
population survey conducted in eight cities in the state
of Sao Paulo, the association between the continued
practice of exercise throughout life and the occurrence of
dyslipidemia in adulthood.

Methods

Sample size calculation e subject selection process

Before the interview, all subjects received information
relevant to the study and signed a free and informed
consent form. This study was approved by the research
ethics committee of the institution.

This was a descriptive/analytical retrospective study
involving adults of both genders living in eight cities of
the state of Sao Paulo. The sample was estimated from an
equation to estimate population parameters and indicated
the need to interview a total of 2,243 individuals. The
calculation was made using an expected prevalence of
physically active individuals at leisure of 14.8%°, sampling
error of 1.8%, 80% power, 5% statistical significance (z =
1.96) and a design effect of 50%. Anticipating possible sample
loss, participant withdrawal was estimated at 20%, so we
planned to interview at least 2,691 individuals. This sample
size allowed us to detect differences of 2%.

Eight towns were selected for the study in different
regions of the state: Presidente Prudente, Bauru,
Guaratinguetd, Registro, Santos, Sao Jose do Rio Preto, Rio
Claro and the capital city of Sdo Paulo. Considering the
presence of at least one resident per interviewed household,
of the 2,243 individuals that should be interviewed at the
end of the study, this number was divided equally among
the eight cities (2243 / 8) and we planned to visit a minimum
of 281 households per city. Finally, we proceeded to a
random sampling process at different stages, which took

into account: parts of town, neighborhoods, streets/avenues
and finally, three or four households in each street/avenue
were randomly selected.

In each of these households, all adults were considered
eligible, and then invited to participate as long as they met
the study inclusion criteria: (a) age = 18 years, (b) resident
of the city for at least two years; (c) not presenting any
kind of illness or disability that interfered with physical
activity (chronic orthopedic injuries, arthritis or any type
of malformation).

Data collection was coordinated by the researcher responsible
for the research project and conducted by a doctoral student
under his supervision and previously trained undergraduate/
graduate students (mandatory training participation).

In each of the selected households, when the researchers
found no residents, the next household in the numbering
sequence was analyzed in its place.

Current physical exercise and sports activities in childhood
and adolescence

Information concerning the usual practice of physical
exercise was obtained by the questionnaire developed by
Baecke et al'®, which has already been used in the Brazilian
population after being validated by Florindo etal'". The current
practice of physical exercise during leisure time was assessed
through the second session of the instrument, related to sports
activities during leisure time. Also computed was the practice of
activities rather than sports (weight lifting, gymnastics, wrestling
practice and walking). We analyzed three constructs of physical
exercise during leisure time: intensity (low, moderate and
vigorous), weekly practice time (<Th/week; 1 to 2h/week; 2 to
3h/week; 3 to 4h/week ;> 4h/week) and prior engagement time
(<1 month, 1 to 3 months, 4 to 6 months, 7 to 9 months,> 9
months). Thus, individuals were considered sufficiently active
when they reported at least 180 minutes per week (3 to 4h/
week) of physical exercise of moderate or vigorous intensity in
the last four months (4 to 6 months).

According to previous methodologies”'?, an individual
was considered sufficiently active during childhood (7 to
10 years) and adolescence (11 to 17 years) when they
responded positively to two questions: “Between 7 and
10 years of age, outside school, were you engaged in a
supervised sports activity for at least one uninterrupted year
(considering the vacation periods in the middle and the
end of the year)?” and “Between 11 and 17 years of age,
outside school, were you engaged in any supervised sports
activity for at least one uninterrupted year (considering
the vacation periods in the middle and end of the year)?”,
respectively. While excluding physical education classes at
school, participations in training teams at school (extra-
curriculum activities) were considered.

Also included in these activities were: dancing (ballet,
jazz, among others), gymnastics, martial arts (karate, judo
etc) and boxing.

Finally, the sample was divided in eight groups according
to specific periods in which the individuals reported physical
exercise: 1. No period (persistently sedentary [n = 1,379]), 2.
Only in childhood (n = 122), 3. In childhood and adolescence
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(n = 548) 4. In childhood and adulthood (n = 13), 5. Only
in adolescence (n = 219) 6. In adolescence and adulthood
(n = 65), 7. Only in adulthood (n = 187) 8. In childhood,
adolescence and adulthood (persistent activity [n = 187]).

Dyslipidemia

The presence of dyslipidemia was self-reported by the
interviewees, who answered the question: “In your last blood
test, did your doctor say you had any problems such as high
cholesterol, low good cholesterol or high bad cholesterol?”
The presence of dyslipidemia was confirmed for individuals
who reported the presence of any of these outcomes, or who
reported using any lipid control drugs®. Individuals who had
never had this type of examination were considered “without
dyslipidemia.” Thirty subjects were randomly selected and
14 days after the first interview, they were interviewed again
by another interviewer. There was high agreement between
measurements (k = 1.00, p = 0.001).

Age, schooling and nutritional status

When determining the level of education, we used degrees
of schooling (1 to 4 years, 5 to 8 years, 9 to 11 years, = 12
years) and age was calculated in decimal form (18 to 29.9
years, 30 to 49.9 years, from 50 to 64.9 years, = 65 years).
Body weight (kg) and height (m) were reported and, based on
this information, the body and mass index (BMI [kg/m?]) was
calculated. A BMI between 25-30 kg/m? was used as indicator
of overweight and those = 30 kg/m? as indicators of obesity
(reproducibility for BMI = 30 kg/m? was k = 0.86 with p =
0.001). During data collection, 33 subjects were unable to
report their current weight and thus the analysis for nutritional
status was conducted with only 2,687 individuals.

Statistical Analysis

For categorical variables, prevalence rates and 95%
confidence intervals (95%Cl) were calculated. The Chi-
square test analyzed the association between the dependent
variable and the other independent variables. The binary
logistic regression was used to build a multivariate model for
the observed associations. For that purpose, all independent
variables, which in the chi-square test were associated with
the dependent variable up to 20% (p = 0.200) were entered
simultaneously in the multivariate model. This process
generated values of adjusted odds ratios (ORs) and their
respective 95% Cl. Values of significance (p) < 5% were
considered statistically significant and all tests were performed
using the SPSS software, version 13.0 (Statistical Package for
Social Sciences Inc., Chicago, lllinois).

Results

Upon completion of field work, 2720 individuals had
been interviewed, as follows: 367 (13.5%) in Rio Claro, 440
(16.2%) in Presidente Prudente, 384 (14.1%) in Sao Paulo,
297 (10.9%) in Bauru, 303 (11.1%) in Sao Jose do Rio Preto,
291 (10.7%) in Registro; 308 (11.3%) in Guaratingueta,
and 330 (12.1%) in Santos. Regarding gender (p = 0.213),
schooling (p = 0.412) and age (p = 0.145), the proportion
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of interviewees was similar in the analyzed cities. The
mean age of the sample was 46.3 = 18.5 years (95% ClI
= 45.6 to 47.1). The overall prevalence of dyslipidemia
was 12.2% (95% Cl = 11.1% -13.5%) and figure 1 shows
its occurrence according to the eight cities studied. There
was no difference among the analyzed cities (p = 0.443).

Table 1 shows the association of dyslipidemia with
different independent variables analyzed in the study.
Women had a dyslipidemia rate that was almost twice
higher than that of men (p = 0.001). Similarly, individuals
with lower degrees of schooling education and those who
were older had higher rates of dyslipidemia. The prevalence
of obesity was 15.1% (95% Cl = 13.8% -16.5%) and was
associated with a higher incidence of dyslipidemia. The
prevalence of individuals who met the cutoff adopted for
the current practice of physical exercise during leisure
time was 16.6% (95% Cl = 15.2% -18%) and was not
associated with the presence of dyslipidemia. On the other
hand, physical exercise, both in childhood (p = 0.001)
and adolescence (p = 0.001) was associated with a lower
incidence of the disease.

The three periods of life during which interviewees
were sufficiently active were grouped and the occurrence
of dyslipidemia was compared between the formed groups
(Figure 2). When compared to persistently sedentary
subjects (no physical exercise in the three time periods),
those who practiced physical exercises in childhood,
childhood + adolescence and adolescence had a lower rate
of dyslipidemia (p = 0.001 for all). Similarly, the lowest rate
was observed among those persistently active throughout
life (exercise practice in all three periods analyzed).

In the constructed multivariate model (Figure 3),
those who had sufficient practice of physical exercises in
childhood only (.. .OR=10.28[0.111t0 0.72], p = 0.008);
childhood + adoiescence (usedOR = 0.40[0.25 t0 0.62],
p = 0.001) and active in all three stages of life were 65%
less likely to report dyslipidemia ( OR =0.35[0.15 to
0.78], p = 0.010).

adjusted

Discussion

The epidemiological study showed an association between
the maintenance of physical exercise throughout life and the
occurrence of dyslipidemia in adulthood, which identified a
lower incidence of the analyzed outcome in adults who reported
engaging in these activities throughout life.

In our study, 12% of the interviewees reported a diagnosis of
dyslipidemia. Given the wide variety of indicators to establish the
diagnosis of dyslipidemia, its occurrence varies greatly. However,
a recent study identified a self-reported occurrence close to
12% in some cities of the state of Sdo Paulo, with 16% in the
capital city'?. These values are similar to the 16.5% observed in
Brazilian capitals? and indicate that, even based on self-reporting,
a procedure that can lead to underestimation of the outcome,
the rates are high and public health actions are necessary in order
to fight this outcome in the Brazilian population.

The practice of physical exercises may have a favorable impact
on lipid profile control, as the increased activity of lipase in skeletal
muscle and adipose tissue, which occurs during exercise and
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for some time after it, can contribute to lower concentrations
of lipids'. Thus, physical exercise programs carried out during
adulthood have been shown to be effective in decreasing the
concentrations of some lipid components*, as well as stimulating
an increase in the size of LDL-cholesterol molecules, reducing
its atherosclerotic capacity®. In our study, the current practice
of physical exercise was not associated with the presence of
dyslipidemia; furthermore, when analyzing those subjects who
started this practice in adulthood only, they showed a similar rate
to those who remained persistently sedentary. This pattern can be
attributed to reverse causality, for adults that were sedentary when
young can develop dyslipidemia, and only after the diagnosis,
begin the practice of physical exercises.

Healthcare professionals play an important role in this process,
as in recent years, major health organizations have included
physical exercise in their guidelines as a nonpharmacological
agent for the treatment of several diseases, including dyslipidemia.
This attitude has motivated different health professionals to
recommend it to their patients.

If, on the one hand, this relationship in adulthood has been
well researched, on the other hand, there is little information on
the effect of exercise performed throughout life on the occurrence
of dyslipidemia in adulthood. Recently it was found that the
practice of physical exercise in childhood and adolescence is an
agent associated with lower occurrence of dyslipidemia adult
age'?; however, these studies did not take into account the
continued practice of physical activity throughout life.

The relationship between physical exercise and dyslipidemia
control is yet to be clarified. A meta-analysis assessing around

51 studies showed there is no direct relationship between the
intensity of exercise and improvement in the lipid profile, i.e.,
there is no dose-response relationship'®. Other studies have
shown that the effects of physical exercise were primarily on the
control of body adiposity and subsequent obesity prevention,
which would result in better lipid profile®'. Along these
lines of research, recent studies indicate that the relationship
between current physical exercise and dyslipidemia reflects
mainly changes in the body composition”'2.

It is known that adipose tissue produces and releases into
the bloodstream a large variety of inflammatory substances
that act on different organs and are associated with the
development of different diseases. Among these adipokines,
interleukin 6 (IL-6) and tumor necrosis factor alpha (TNF-a) are
noteworthy, which, through different mechanisms, generate
processes related to decreased glucose uptake by target tissues
and, consequently, increased release/use of free fatty acids in
the bloodstream''”. Body weight reduction is associated with
lower concentrations of these adipokines'®.

In turn, as observed in our study, this relationship may
not be as dependent on modifications in body composition,
as the practice of physical exercises affects the control of
inflammatory agents in the body, regardless of changes
in body composition corporal'. Studies show that
increased practice of physical exercise increases the plasma
concentrations of adiponectin (anti-inflammatory agent that
increases sensitivity to insulin action), and decreases levels of
IL-6 and TNF-a'?, with this protective effect being observed
since early ages®.

Dyslipidemia
50+
p=0.449

404
o
R
S

= 301
o
(1]
3

5 201
©
>
e

o 1 0 -

0_

N $® SOOI & &° S
* rz‘,\\?@) Q@b‘z’ © Q;\oc’ ‘”o'é\ QsoQ é,boq
Ca"'é ¥ oS
Q,.%\§ \0%
< &
Cities in the State of Sao Paulo

Occurrence of dyslipidemia in 8 cities of the state of Sao Paulo; Note. Bars indicate the prevalence and the error lines indicate the 95% confidence

intervals of prevalence.

Arq Bras Cardiol 2011;97(4):317-323

320



Fernandes et al
Continued physical exercise and dyslipidemias

Original Article

Association between dyslipidemia and different factors in adults living in 8 cities in the state of Sao Paulo

Presence of dyslipidemia

Variable Category
n (%) OR_,, (95%Cl) p

Sex Male 90(8.2) 1.00
Female 244 (15) 1.97 (1.53-2.55) 0.001

Age (years) 181029.9 15 (2.1) 1.00
30t049.9 67 (8.7) 4.45(2.52-7.87) 0.001
50 to 64.9 132 (18.4) 10.56 (6.12-18.23) 0.001
265 120 (23.7) 14.57 (8.40-25.28) 0.001
Level of schooling (years) 1to4 126 (21.9) 2.67 (1.90-3.74) 0.001
5t08 57 (12.5) 1.35(0.91-2.00) 0.124
9to 11 95(8.7) 0.90 (0.63-1.27) 0.568

=12 56 (9.5) 1.00

Nutritional status * Normal 109 (7.8) 1.00
Overweight 143 (16.4) 2.31(1.77-3.02) 0.001
Obesity 72(17.7) 2.54 (1.84-3.51) 0.001

PE in childhood No 292 (15.8) 1.00
Yes 42 (4.8) 0.27 (0.19-0.37) 0.001

PE in adolescence No 276 (16.2) 1.00
Yes 58 (5.7) 0.31(0.23-0.41) 0.001

Current PE None 218 (12.6) 1.00
<180min/week 70 (13.1) 1.04 (0.78-1.40) 0.745
>180min/week 46 (10.2) 0.78 (0.56-1.10) 0.165

*Analysis carried out with 2.687 individuals; PE - physical exercise; OR - odds ratio; 95%ClI - 95% confidence interval; min/week - minutes per week.

Dyslipidemia

404

Prevalence and 95%Cl

Physically active periods of life

Occurrence of dyslipidemia according to the involvement with physical exercise practice throughout life; Note. Bars indicate the prevalence and the error
lines indicate the 95% ClI of the prevalence; OR - odds ratio; 95%CI - 95% confidence interval.
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It is noteworthy the fact that our results also indicated
that, in addition to physical exercise in the three periods
of life, physical exercise performed only in childhood and
adolescence + adulthood was significantly associated with
lower incidence of dyslipidemia in adulthood. In fact,
there is evidence in the literature indicating that higher
BMI values recorded in childhood and adolescence are
related to unfavorable lipid profile in adulthood?' and thus,
weight gain control provided by the practice of sports since
childhood and adolescence would be a determinant factor
for this lower occurrence in adulthood.

Such data confirm the importance of childhood obesity
prevention through changes in lifestyle. In addition,
previous studies showed that the amount of exercise, and
not the intensity, promotes beneficial effects on plasma
levels of lipoproteins®?2. These studies corroborate our
findings, showing that the maintenance of physical activity
throughout life (childhood, adolescence and adulthood)
promotes the prevention of dyslipidemia and associated
diseases.

The retrospective analysis of the practice of physical
exercises used in this study can be an alternative to the
use of cross-sectional analyses; however, it does not meet
the need of carrying out prospective studies addressing this
issue. Thus, the absence of causal associations should be
considered when analyzing the presented results. Another
limitation that should not be overlooked is the use of
self-report to detect the presence of dyslipidemia. In this
type of analysis it is not possible to describe which lipid
components would be altered, which constitutes a study
limitation. Additionally, this methodological approach can
generate significant underestimation of the event; however,

in addition to having high reproducibility, the associations
found with BMI, age and socioeconomic status (schooling)
are similar to previous reports in the literature. These
patterns of association indicate that this underestimation
was similar in all substrates of the sample and did not
significantly affect the research findings.

In summary, this study indicates that the continued
practice of physical exercises throughout life was associated
with a lower occurrence of the analyzed outcome and thus
can be an important tool to prevent the development of
dyslipidemia in adulthood. Such findings are of relevance
for the public health in Brazil, by indicating that, regarding
the prevention of chronic diseases, more important than
promoting physical exercise in adulthood is to encourage it
among young people. It is therefore crucial that the role of
physical education be reviewed in the Brazilian educational
system within the system of public policies.
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