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Leisure-Time Physical Activity, but not Commuting Physical Activity, is
Associated with Cardiovascular Risk among ELSA-Brasil Participants
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Abstract
Background: Despite reports in the literature that both leisure-time physical activity (LTPA) and commuting physical
activity (CPA) can promote health benefits, the literature lacks studies comparing the associations of these domains of
physical activity with cardiovascular risk scores.
Objective: To investigate the association between LTPA and CPA with different cardiovascular risk scores in the cohort
of the Longitudinal Study of Adult Health ELSA-Brasil.
Methods: Cross-sectional study with data from 13,721 participants of both genders, aged 35-74 years, free of cardiovascular
disease, from ELSA Brazil. Physical activity was measured using the International Physical Activity Questionnaire (IPAQ).
Five cardiovascular risk scores were used: Framingham score — coronary heart disease (cholesterol); Framingham score
— coronary heart disease (LDL-C); Framingham score — cardiovascular disease (cholesterol); Framingham score —
cardiovascular disease (body mass index, BMI); and pooled cohort equations for atherosclerotic cardiovascular disease
(ASCVD). Associations adjusted for confounding variables between physical activity and different cardiovascular risk
scores were analyzed by logistic regression. Confidence interval of 95% (95%CI) was considered.
Results: LTPA is inversely associated with almost all cardiovascular risk scores analyzed, while CPA shows no statistically
significant association with any of them. Dose-response effect in association between LTPA and cardiovascular risk
scores was also found, especially in men.
Conclusions: LTPA was shown to be associated with the cardiovascular risk scores analyzed, but CPA not. The amount
of physical activity (duration and intensity) was more significantly associated, especially in men, with cardiovascular risk
scores in ELSA-Brasil. (Arq Bras Cardiol. 2018; 110(1):36-43)
Keywords: Exercise; Exercise Movement Techniques; Risk Factors; Cardiovascular Diseases / prevention & control; Epidemiology.

Introduction
Physical activity (PA) is inversely associated with all‑cause
mortality, especially with cardiovascular mortality. 1,2
Several studies have shown that PA, especially when considered
in leisure-time domain, has a protective effect against chronic
diseases and cardiovascular risk factors, including diabetes,
dyslipidemia, hypertension and inflammatory markers.3-7
Cardiovascular risk scores are algorithms that have been
proposed to stratify coronary and/or cardiovascular risks in
order to estimate the probability of developing such diseases
in ten years from the calculation in a given population.
The first to be developed was presented by Wilson et al.8,
focusing on coronary artery disease risk and based on the
Framingham score. Afterwards, D'Agostino et al.9 developed
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an assessment tool that would allow the identification of
patients at high risk for all and any initial atherosclerotic event
in ten years from the test application (coronary artery disease,
cerebrovascular diseases, peripheral vascular disease, and
heart failure) by means of measures readily available in clinical
practice. More recently, the American College of Cardiology
(ACC) and the American Heart Association (AHA)10 suggested
new pooled equations to assess the risk of atherosclerotic
cardiovascular diseases (within ten years), defined as the first
occurrence of nonfatal myocardial infarction, death from
coronary artery disease, and fatal/nonfatal stroke.
Despite reports in the literature that both leisure-time
physical activity (LTPA)11,12 and commuting physical activity
(CPA)13 can benefit health, there is a lack of studies analyzing
and comparing the association of both PA domains with
cardiovascular risk scores. 14 The main explanations for
associations found between PA and cardiovascular risk scores
are related to the favorable changes caused that PA causes in
blood pressure, lipid profile, and glycemic levels.15-17
Establishing a quantitative relation between LTPA and/or
CPA with cardiovascular risk scores can help public health
authorities in best spreading messages that encourage the
society to practice physical activities.
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The purpose of this paper was to verify the association
between LTPA and/or CPA with different cardiovascular
risk scores in the cohort from Longitudinal Study of Adult
Health (ELSA-Brasil).

For dichotomized analyzes, participants sorted as
sedentary and not very active were considered insufficiently
active, and active participants were those sorted as physically
active and very active.

Methods

Commuting PA was categorized as insufficiently active
(< 150 min/week of walking and/or cycling) and physically
active (150 min/week of walking and/or cycling).

Population and sample
ELSA-Brasil is a cohort study of 15,105 economically
active or retired people of both genders, aged 35-74, from
six teaching and research institutions in the cities of Salvador,
Vitória, Belo Horizonte, Rio de Janeiro, São Paulo, and Porto
Alegre, whose methodological details have been previously
described.18,19 For the present study, all baseline participants
(2008-2010) who answered the questionnaires about PA
were selected, as long as they had the information required
to calculate cardiovascular risk scores. After excluding
participants who reported previous myocardial infarction,
stroke, peripheral vascular disease, and heart failure, the
sample was formed with 13,721 participants (45.3% males,
54.7% females).
ELSA-Brasil was approved by the National Commission for
Research Ethics (CONEP) and by all Ethics Committees of the
research centers involved. All participants signed the informed
consent form, assuring secrecy and confidentiality to data.
Data production
Data were collected by a team of interviewers and trained
evaluators, all of them certified by a quality control committee19
and able to carry out the study protocol at the ELSA-Brasil
Research Center. Face-to-face interviews were conducted with
standardized and previously validated questionnaires.
Evaluation of physical activity
The International Physical Activity Questionnaire (IPAQ)
was applied to identify and quantify PA, consisting of questions
about the frequency and duration of physical activities at work
(moderate and vigorous walking), while commuting, in domestic
activities, and in leisure time.20 ELSA-Brasil only addressed
leisure time and commuting activities. PA was measured in
minutes per week by multiplying weekly frequency by each
event’s duration of each.

Evaluation of cardiovascular risk
Five cardiovascular risk scores were used. Two of them
were proposed by Wilson et al.8 and aimed to estimate
the risk of coronary artery disease. Variables used were:
age, systolic and diastolic blood pressure (BP), high-density
lipoprotein (HDL-C), diabetes, smoking, and total cholesterol
in the first; and age, systolic and diastolic BP, HDL-C,
diabetes, smoking and low‑density lipoprotein (LDL-C)
in the second. The third and fourth scores, proposed by
D'Agostino et al.,9 aimed to identify patients at high risk for
any initial atherosclerotic event (coronary heart disease,
cerebrovascular diseases, peripheral vascular disease, and
heart failure), using following variables: age, treated and
untreated systolic and diastolic BP, HDL-C, body mass index
(BMI), diabetes, smoking, and total cholesterol in the third;
and age, treated and untreated systolic and diastolic BP,
HDL-C, diabetes, smoking, and BMI in the fourth. The fifth
score, indicated by ACC and AHA,10 aimed at estimating the
risk for atherosclerotic diseases. The variables used were: age,
treated and non‑treated systolic BP, total cholesterol, HDL-C,
smoking, and diabetes. All cardiovascular risk scores were
calculated for ELSA-Brasil participants, with detailed scoring
scheme previously reported.8-10 Participants with scores ≥ 20%
were considered at high risk for future cardiovascular events.21
Evaluation of covariables
BP was obtained with a validated oscillometric device
(Omron HEM-705CPINT) after a five-minute rest, with
the subject sitting in a quiet and temperature-controlled
room (20-24°C). Three measurements were taken at 1-min
intervals each. The mean of the last two BP measurements
was calculated and used in our analysis.

• physically active (≥ 150 min/week of walking ,
moderate PA and/or ≥ 60 min/week of vigorous
PA and/or ≥ 150 min/week of any combination of
walking, moderate and vigorous PA);

Definition of diabetes was based on self-reported
information and laboratory exams. Patients were
considered to have been diagnosed if they had been
previously informed by a physician that they had
diabetes or if they had used medication for diabetes in
the last two weeks. Patients not previously diagnosed
with diabetes were classified as having diabetes when
fasting plasma glucose level was ≥ 7.0 mmol/L, two‑hour
post-load glucose was ≥ 11.1 mmol/L, or glycated
hemoglobin (HbA1c) was ≥ 6.5%.22,23 Participants were
sorted as hypertensive if systolic blood pressure (SBP)
was ≥ 140 mmHg, diastolic blood pressure (DBP) was
≥ 90 mmHg or if they had taken any medication to treat
hypertension in the last two weeks.

• very active (≥ 150 min/week of vigorous PA, or
≥ 60 min/week of vigorous PA plus 150 min/week of
any combination of walking and moderate PA).

Total cholesterol and HDL-C were determined by the
enzymatic colorimetric method. LDL-C was calculated by the
Friedewald equation.

For the purpose of this study, participants were classified
as to leisure-time activities as follows:
• sedentary (< 10 min/week, any PA);
• (≥ 10 min to < 150 min/week of walking, moderate
PA and/or 10 min to < 60 min/week of vigorous PA
and/or 10 min to < 150 min/week of any combination
of walking, moderate and vigorous PA);
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Obesity was identified by BMI, being applied the equation
BMI = weight(kg)/height(m)2 and adopted the following cutoff
point: obesity = 0 if BMI <30.0 and obesity = 1 if BMI ≥ 30.0.
Data analysis procedures
Descriptive measures (proportions) were calculated for all
categorized variables. Analyzes were stratified by gender at
first. The differences between men and women as to variables
were identified by the chi-square test. Associations between
dependent (different cardiovascular risk scores) and
independent variables (LTPA and CPA) were analyzed
by logistic regression. The following were considered as
potential confounding variables: age, obesity, family income,
educational level, and functional status. Variables presenting
simultaneous evaluation (tetrameric matrix) of correlation
coefficient rho < 0.60 and p ≤ 0.05 upon bivariate analysis
were selected as model.
Analysis of confounding variables was made by comparing
Odds Ratio (OR) of the crude association and adjusted
association for possible confounders. The parameter used to
identify the difference between associations was 10%. Then
logistic regression analysis was performed, starting with the
complete model and then removing each of the possible
confounding variables that resulted in alteration equal to
or greater than 10% in the association between LTPA/CPA
and cardiovascular risk scores.24 The modeling process did
not identify effect-modifying variables, and variables age,
obesity and educational level were considered confounders
for men, while only age and education were identified as
confounders for women. Therefore, the best model to analyze
the association between LTPA/CPA with cardiovascular risk
scores was adjusted for age, obesity, and educational level for
males and for age and educational level for females.
Dose-response effect was also assessed for the association
between LTPA and cardiovascular risk scores. Dummy variables
were created for comparison between the reference group
(sedentary) and each strata of the PA variable (not very active,
active, very active). The Mantel Haenszel test was used to
evaluate homogeneity of OR values between variables’ strata,
with a significance level set at 0.05. The confidence interval was
set at 95% (95%CI), and the statistical software Stata version
12.0 was used.

Discussion
This study analyzed the association between LTPA/CPA
with different cardiovascular risk scores. LTPA was shown to
be inversely associate with risk scores analyzed, while CPA
was not. These results, especially regarding LTPA, were similar
to those found among 41,053 male and female Finns when
moderate or high LTPA levels among both men and women,
and daily walking or cycling for work only among women were
found to be associated with reduced risk for coronary events.14
Another study which analyzed healthy behaviors,
including PA measured by accelerometry, and showed an
inverse dose-response association between healthy positive
behaviors and risk for atherosclerotic diseases.25 In our study,
we also found a dose-response effect in the association
between LTPA and cardiovascular risk scores, mainly for
males. That is, the higher the level of PA, the lower the risk
of cardiovascular events.
The dose-response effect we found in this study has been
reported for a long time. Kohl,5 has shown, in a vast literature
review, the inverse dose-response association between PA
and cardiovascular events, especially coronary heart disease,
in different longitudinal studies. Important to note that the
classification adopted in this study had the amount of LTPA
calculated based on both its duration and intensity. In other
studies conducted by our research group,11,12 in which PA was
classified by intensity alone, only moderate PA was shown
to hold relation with absence of hypertension and diabetes.
Thus, one can assume that increasing physical activity levels to
achieve greater health benefits should be suggested, bearing
in mind both their intensity and duration.
Results found in the association between LTPA and
cardiovascular risk scores are expected, considering that the
main variables composing scores are separately associated
with LTPA. Studies have pointed out that LTPA is inversely
associated with high BP levels,7,12 diabetes,11,26 lipid changes,27
and risk of coronary heart disease.28 According to our results,
the associations reported in previous studies are more
consistent among men than among women.28,29

A total of 6,222 men (45.3%) and 7,499 women (54.7%)
were included in the study. Sample characteristics are
shown in Table 1. The former were reported as higher family
income, more active in free time and while commuting,
with higher values for cardiovascular risk scores analyzed,
while the latter were found to be more educated and more
frequently obese. There was a higher percentage of retired
women and no statistically significant differences between
men and women as to age.

Regarding CPA, we could not demonstrate associations
with cardiovascular risk scores, although previous studies
have found a relationship between this type of activity and
diabetes and cardiovascular mortality in individuals with
type 2 diabetes. Important to note that these associations,
when it comes to mortality by cardiovascular disease,
have lost significance after additional adjustments for LTPA
and CPA.30,31 These findings most probably show that the
instrument used in our study to assess PA (IPAQ) does not
distinguish CPA intensity—walking or cycling, for example.
Thus, if subjects’ displacement is done slowly, health benefits
may not be significant.

The association between LTPA/CPA and cardiovascular risk
scores in males and females are presented in Tables 2 and 3.
LTPA is inversely associated with almost all cardiovascular
risk scores analyzed, while CPA is not significantly associated
with none of them. Tables 4 and 5 show us the existence

In this sense, a recent publication with data from
ELSA-Brasil reported that the association between CPA
and arterial hypertension was positive in women, but
not statistically significant in men, while the association
between LTPA and arterial hypertension was inverse

Results
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of a dose-response effect in association between LTPA and
cardiovascular risk scores, especially among men.
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Table 1 – Baseline sample characteristics: Longitudinal Study of Adult Health (ELSA-Brasil), 2008–2010
Males (n = 6,222)

Females (n = 7,499)

34–50

3,112 (49.3%)

3,675 (48.3%)

51–60

1,941 (30.7%)

2,437 (32.0%)

> 60

1,261 (20.0%)

1,500 (19.7%)

p

Age (years)

0.27

Family income (Minimum wages)
Up to 2

72 (1.1%)

101 (1.3%)

2 to 8

2,496 (39.7%)

2,968 (39.2%)

8 to 18

2,100 (33.4%)

2,927 (38.6%)

Above 18

1,619 (25.8%)

1,582 (20.9%)

489 (7.7%)

265 (3.5%)

0.00

Education
Incomplete elementary school
Complete elementary school

515 (8.2%)

388 (5.1%)

Complete high school

2,116 (33.5%)

2,723 (35.7%)

Complete higher education/post-graduation

3,194 (50.6%)

4,236 (55.7%)

Retired

879 (13.9%)

1,615 (21.2%)

Active

5,431 (86.1%)

5,991 (78.8%)

BMI < 30 kg/m2

4,985 (78.9%)

5,755 (75.6%)

BMI ≥ 30 kg/m2

1,329 (21.1%)

1,857 (24.4%)

Insufficiently active

3,955 (63.6%)

5,081 (67.7%)

Active

2,267 (36.4%)

2,418 (32.3%)

Sedentary

2,308 (37.1%)

3,572 (47.6%)

Insufficiently active

1,166 (18.7%)

1,366 (18.2%)

Active

1,562 (25.1%)

1,690 (22.6%)

Very active

1,186 (19.1%)

871 (11.6%)

Score < 20%

5,481 (86.8%)

7,484 (98.3%)

Score ≥ 20%

833 (13.2%)

128 (1.7%)

Score < 20%

5,792 (91.7%)

7,435 (97.7%)

Score ≥ 20%

522 (8.3%)

177 (2.3%)

Score < 20%

4,742 (75.3%)

7,194 (94.6%)

Score ≥ 20%

1,554 (24.7%)

408 (5.4%)

Score < 20%

4,355 (69.2%)

6,997 (92.1%)

Score ≥ 20%

1,938 (30.8%)

603 (7.9%)

Score < 20%

5,480 (88.3%)

7,304 (97.1%)

Score ≥ 20%

728 (11.7%)

219 (2.9%)

0.00

Work situation
0.00

Obesity
0.00

Commuting physical activity
0.00

Leisure-time physical activity

0.00

Cardiovascular risk scores
Framingham score — coronary heart disease (Cholesterol)
0.00

Framingham score — coronary heart disease (LDL-C)
0.00

Framingham score — cardiovascular disease (cholesterol)
0.00

Framingham score — cardiovascular disease (BMI)
0.00

Pooled cohort equations for atherosclerotic cardiovascular disease risk
0.00

BMI: body mass index; LDL-C: low-density lipoprotein. Values for both males and females were compared with chi-square test.
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Table 2 – Association between leisure-time or commuting physical activity and cardiovascular risk scores for males: Longitudinal Study of
Adult Health (ELSA-Brasil), 2008–2010
Cardiovascular risk score

Leisure-time physical activity (n = 6,222)

Commuting physical activity (n = 6,222)

Framingham score — coronary heart disease (cholesterol)*

0.72 (0.60–0.85)

0.99 (0.84–1.19)

Framingham score — coronary heart disease (LDL-C) *

0.72 (0.58–0.88)

1.04 (0.84–1.28)

Framingham score — cardiovascular disease (cholesterol)*

0.76 (0.65–0.88)

0.97 (0.83–1.17)

Framingham score — cardiovascular disease (BMI)#

0.68 (0.59–0.79)

0.96 (0.83–1.11)

Pooled cohort equations for atherosclerotic cardiovascular disease risk*

0.78 (0.65–0.95)

0.95 (0.79–1.15)

BMI: body mass index; LDL-C: low-density lipoprotein. *Adjusted for age, obesity, and educational level; #Adjusted for age and educational level.

Table 3 – Association between leisure-time or commuting physical activity and cardiovascular risk scores for females: Longitudinal Study of
Adult Health (ELSA-Brasil), 2008–2010
Cardiovascular risk score

Leisure-time physical activity (n = 7,499)

Commuting physical activity (n = 7,499)

Framingham score — coronary heart disease (cholesterol)*

0.64 (0.42–0.97)

1.26 (0.87–1.82)

Framingham score — coronary heart disease (LDL-C)*

0.60 (0.42–0.86)

1.14 (0.83–1.58)

Framingham score — cardiovascular disease (cholesterol)*

0.63 (0.50–0.81)

1.13 (0.90–1.41)

Framingham score — cardiovascular disease (BMI)*

0.78 (0.64–0.96)

1.02 (0.84–1.24)

Pooled cohort equations for atherosclerotic cardiovascular disease risk*

0.85 (0.63–1.16)

0.98 (0.73–1.32)

BMI: body mass index; LDL-C: low-density lipoprotein. * Adjusted for age and educational level.

Table 4 – Dose-response effect in association between leisure-time physical activity and cardiovascular risk scores for females: Longitudinal
Study of Adult Health (ELSA-Brasil), 2008–2010
Leisure-time
physical activity*
Sedentary

Framingham score
— coronary heart
disease (cholesterol)*

Framingham score
— coronary heart
disease (LDL-C)*

Framingham score
— cardiovascular
disease (cholesterol)*

Framingham score
— cardiovascular
disease (BMI)#

Pooled cohort equations
for atherosclerotic
cardiovascular
disease risk*

1.00

1.00

1.00

1.00

1.00

Not very active

0.86 (0.68–1.08)

1.02 (0.78–1.34)

1.08 (0.87–1.33)

0.99 (0.81–1.20)

1.03 (0.80–1.32)

Active

0.81 (0.65–0.99)

0.79 (0.61–1.03)

0.91 (0.75–1.10)

0.85 (0.71–1.02)

0.87 (0.68–1.10)

Very active

0.43 (0.32–0.58)

0.52 (0.37–0.74)

0.55 (0.43–0.69)

0.47 (0.38–0.59)

0.62 (0.46–0.84)

BMI: body mass index; LDL-C: low-density lipoprotein. *Adjusted for age, obesity, and educational level; #Adjusted for age and educational level.

Table 5 – Dose-response effect in association between leisure-time physical activity and cardiovascular risk scores for females: Longitudinal
Study of Adult Health (ELSA-Brasil), 2008–2010
Leisure-time
physical activity*
Sedentary

Framingham score
— coronary heart
disease (cholesterol)

Framingham score
— coronary heart
disease (LDL-C)

Framingham score
— cardiovascular
disease (cholesterol)

Pooled cohort equations
for atherosclerotic
cardiovascular
disease risk

1.00

1.00

1.00

1.00

1.00

Not very active

1.20 (0.76–1.91)

1.04 (0.69–1.56)

1.07 (0.80–1.43)

0.92 (0.71–1.19)

1.17 (0.80–1.72)

Active

0.71 (0.43–1.16)

0.61 (0.40–0.94)

0.70 (0.52–0.93)

0.88 (0.64–1.03)

1.01 (0.72–1.44)

Very active

0.63 (0.29–1.37)

0.64 (0.34–1.20)

0.52 (0.32–0.83)

0.67 (0.46–0.95)

0.66 (0.37–1.23)

BMI: body mass index; LDL-C: low-density lipoprotein. *Adjusted for age and educational level.
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Framingham score
— cardiovascular
disease (BMI)
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for both gender. 32 Data from ELSA-Brasil which are
unpublished yet suggest that active commuting, more
common in less privileged social strata, is more likely to
reflect inequalities in urban mobility across Brazilian cities
than a healthy habit.
The mechanisms by which PA reduces BP, blood glucose,
and lipid profile remain speculative. Recent studies have
emphasized the need for further research to better understand
the cellular and molecular aspects involved in the main health
benefits induced by PA.33 Relevant evidence for PA, according
to the American College of Sports Medicine (ACSM),15 is:
a) decrease in insulin levels with consequent reduction of renal
sodium retention and basal sympathetic tone; b) reduction
of catecholamine release levels; c) release of vasodilator
substances in circulation by skeletal muscles.
As to lipid profile, there is little information about
the mechanisms responsible for the reduction of LDL-C
levels and very low-density lipoprotein (VLDL-C) dosage.
However, the main reason for evaluating HDL-C is the
greater action of lipoprotein lipase (LPL) in response
to exercise: LPL accelerates VLDL-C decomposition,
thus moving triglycerides from bloodstream to muscles;
This causes cholesterol and other substances to be
transferred to HDL-C, thereby increasing its concentration.16
PA also seems to play an important role in reducing
blood glucose levels because it promotes proliferation of
capillaries, increasing LPL activity in the muscles — which
in turn increases insulin sensitivity. In addition, higher levels
of PA may increase oxidative muscle fibers, which are more
sensitive to insulin and can reduce glycemia.17
A highlight of the study is that the sample was a cohort
of volunteers consisting of public servants; although they
do not represent the general population, there was a
significant number of participants from six Brazilian capitals.
Calculation of different cardiovascular risk scores is another
strong point, for it allowed us to analyze the association
between them and both LTPA and CPA.
A possible limitation of the study (memory bias) can
be attributed to information about PA obtained through
questionnaires, even though this is an instrument widely
used in national and international studies. It is important to
mention that ELSA-Brasil was a longitudinal study, therefore
it is expected to incorporate a more objective measure —
the accelerometry — which may increase the validity of
information about PA.

Conclusions
LTPA was shown to be associated with the cardiovascular
risk scores analyzed, but CPA was not. The amount of

physical activity (duration and intensity) was more significantly
associated with cardiovascular risk scores in ELSA Brazil.
Our results can bring important contributions to public
health, since the management of public policies that promote
PA can be influenced by the knowledge about type of PA that
bring more health benefits. Knowing that LTPA is associated
with cardiovascular risk decrease while CPA is not should be
taken to public health authorities so that actions encouraging
exercises in leisure and free time can be implemented.
Important to note that, although association between CPA
and cardiovascular risk was not established, active commuting —
such as walking and cycling — should be encouraged in certain
population groups, especially when displacement to work is
made at moderate intensities. Furthermore, considering doseresponse effects found, especially in men, the population should
be encouraged to practice more PA to maximize health benefits.

Author contributions
Conception and design of the research: Alvim S,
Almeida MC, Aquino EML; Acquisition of data and Obtaining
financing: Alvim S, Almeida MC, Barreto SM, Aquino EML;
Analysis and interpretation of the data: Pitanga FJG, Alvim S,
Almeida MC, Aquino EML; Statistical analysis: Pitanga FJG,
Almeida MC; Writing of the manuscript: Pitanga FJG; Critical
revision of the manuscript for intellectual content: Pitanga FJG,
Alvim S, Almeida MC, Barreto SM, Aquino EML.
Potential Conflict of Interest
No potential conflict of interest relevant to this article
was reported.
Sources of Funding
This study was funded by Ministério da Saúde do Brasil,
Ministério de Ciência e Tecnologia do Brasil and CNPq, process
nº 01 06 0010.00RS, 01 06 0212.00BA, 01 06 0300.00ES,
01 06 0278.00MG, 01 06 0115.00SP, 01 06 0071.00RJ.
Study Association
This study is not associated with any thesis or dissertation work.
Ethics approval and consent to participate
This study was approved by the Ethics Committee of the
Instituto de Saúde Coletiva da UFBA under the protocol
number 027.06/CEP-ISC. All the procedures in this study were
in accordance with the 1975 Helsinki Declaration, updated
in 2013. Informed consent was obtained from all participants
included in the study.

Arq Bras Cardiol. 2018; 110(1):36-43

41

Pitanga et al
Physical activity and cardiovascular risk factors

Original Article
References
1.

2.

Nocon M, Hiemann T, Müller-Riemenschneider F, Thalau F, Roll S, Willich
SN. Association of physical activity with all-cause and cardiovascular
mortality: a systematic review and meta-analysis. Eur J Cardiovasc Prev
Rehabil. 2008;15(3):239-46. doi: 10.1097/HJR.0b013e3282f55e09
Shortreed SM, Peeters A, Forbes AB. Estimating the effect of long-term
physical activity on cardiovascular disease and mortality: evidence from
the Framingham Heart Study. Heart. 2013;99(9):649-54. doi: 10.1136/
heartjnl-2012-303461.

3.

Hu FB, Leitzmann MF, Stampfer MJ, Graham AC, Willett WC, Rimm EB.
Physical activity and television watching in relation to risk for type 2 diabetes
mellitus in men. Arch Intern Med 2001;161(12):1542-8. PMID: 11427103.

4.

Ellison RC, Zhang Y, Qureshi MM, Knox S, Arnett DK, Province MA;
Investigators of the NHLBI Family Heart Study. Lifestyle determinants
of high-density lipoprotein cholesterol: the National Heart, Lung, and
Blood Institute Family Heart Study. Am Heart J. 2004;147(3):529-35. doi:
10.1016/j.ahj.2003.10.033.

5.

Kohl HM 3rd. Physical activity and cardiovascular disease: evidence for a dose
response. Med Sci Sports Exerc. 2001;33(6 Suppl):S472-83. PMID: 11427773.

6.

Pitanga FJ, Lessa I. Association between leisure-time physical activity
and c-reactive protein levels in adults, in the city of Salvador, Brazil. Arq
Bras Cardiol 2009;92(4):302-6. doi: http://dx.doi.org/10.1590/S0066782X2009000400009.

7.

Pitanga FJ, Lessa I. [Relationship between leisure-time physical activity and
blood pressure in adults]. Arq Bras Cardiol. 2010;95(4):480-4. doi: http://
dx.doi.org/10.1590/S0066-782X20100005000124.

8.

Wilson PW, D’Agostino RB, Levy D, Belanger AM, Silbershatz H, Kannel WB.
Prediction of coronary heart disease using risk factor categories. Circulation.
1998;97(18):1837-47. PMID: 9603539.

9.

D’Agostino RB Sr, Vasan RS, Pencina MJ, Wolf PA, Cobain M, Massaro
JM, et al. General cardiovascular risk profile for use in primary care: the
Framingham Heart Study. Circulation. 2008;117(6):743-53. doi:10.1161/
CIRCULATIONAHA.107.699579

10. Goff DC Jr, Lloyd-Jones DM, Bennett G, Coady S, D’Agostino RB Sr, Gibbons
R, et al; American College of Cardiology/American Heart Association Task
Force on Practice Guidelines. 2013. ACC/AHA guideline on the assessment
of cardiovascular risk: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines. J Am Coll
Cardiol. 2014;63(25 Pt B):2935-59. doi:10.1016/j.jacc.2013.11.005.
Erratum in: J Am Coll Cardiol. 2014;63(25 Pt B):3026.
11. Pitanga FJ, Lessa I, Barbosa PJ, Barbosa SJ, Costa MC, Lopes Ada S. Physical
activity in the prevention of diabetes in black ethnicity: how much is required?
Rev Assoc Med Bras (1992). 2010;56(6):697-704. PMID: 21271139.
12. Pitanga FJ, Beck CC, De Almeida LA, Freitas MM, Pitanga CP. Physical activity
as discriminator of the absence of hypertension in adult men. Rev Bras
Med Esporte. 2014;20(6):456-60. doi: http://dx.doi.org/10.1590/151786922014200601636.
13. Bueno HM, Sartori M, Macedo HR, Moraes-Silva IC, Aletti F, Irigoyen MC,
et al. Bicycling for transportation improves heart rate variability in young
adults. J Sports Med Phys Fitness. 2017;57(3):299-304. doi: 10.23736/
S0022-4707.16.06037-0.
14. Hu G, Tuomilehto J, Borodulin K, Jousilahti P. The joint associations of
occupational, commuting, and leisure-time physical activity, and the
Framingham risk score on the 10-year risk of coronary heart disease. Eur
Heart J. 2007;28(4):492-8. doi: 10.1093/eurheartj/ehl475.
15. American College of Sports Medicine. Physical activity, physical fitness, and
hypertension. Med Sci Sports Exerc. 1993;25(10):i-x. PMID: 8231750.
16. Gordon PM, Goss FL, Visich PS, Warty V, Denys BJ, Metz KF, et al. The acute
effects of exercise intensity on HDL-C metabolism. Med Sci Sports Exerc.
1994;26(6):671-7. PMID: 8052105.

42

Arq Bras Cardiol. 2018; 110(1):36-43

17. Wallberg-Henriksson H. Interaction of exercise and insulin in type II diabetes
mellitus. Diabetes Care. 1992;15(11):1777-82. PMID: 1468314.
18. Aquino EM, Barreto SM, Bensenor IM, Carvalho MS, Chor D, Duncan BB, et
al. Brazilian Longitudinal StudyofAdult Health (ELSA-Brasil): objectives and
design. Am J Epidemiol. 2012; 175(4):315-24. doi: 10.1093/aje/kwr294.
19. Schmidt MI, Griep RH, Passos VM, Luft VC, Goulart AC, Menezes GM, et
al. Strategies and development of quality assurance and control in the ELSABrasil. Rev Saude Publica. 2013; 47Suppl 2:105-12. PMID: 24346727.
20. Matsudo S, Araújo T, Matsudo V, Andrade D, Andrade E, Oliveira LC et al.
Questionário internacional de atividade física (IPAQ): Estudo de validade
e reprodutibilidade no Brasil. Rev bras ativ fís saúde. 2001;6(2):5-18. doi:
hppt://dx.doi.org/10.12820/RBAFS.V.6N2P5-18.
21. Lloyd-Jones DM. Cardiovascular risk prediction: basic concepts, current
status, and future directions. Circulation. 2010;21(15):1768-77. doi:
10.1161/CIRCULATIONAHA.109.849166.
22. World Health Organization. (WHO). Definition and diagnosis of diabetes
mellitus and intermediate hyperglycaemia: report of WHO Consultation.
Geneva; 2006.
23. Schmidt MI, Hoffmann JF, de Fátima Sander Diniz M, Lotufo PA, Griep
RH, Bensenor IM, et al. High prevalence of diabetes and intermediate
hyperglycemia - The Brazilian Longitudinal Study of Adult Health
(ELSA-Brasil). Diabetol Metab Syndr. 2014;6:123. doi: 10.1186/17585996-6-123.
24. Hosmer JR, Lemeshow S. Appled logistic regression. New York: John Wiley
& Sons; 1989.
25. Loprinzi PD, Nooe A. Health characteristics and predicted 10-year risk
for afirst atherosclerotic cardiovascular disease (ASCVD) event using
the Pooled Cohort Risk Equations among US adults who are free of
cardiovascular disease. Physiol Behav. 2015;151:591-5. doi: 10.1016/j.
physbeh.2015.08.031.
26. Pitanga FJ, Almeida LA, Freitas MM, Pitanga CP, Beck CC. Padrões de
atividade fisica em diferentes domínios e ausência de diabetes em adultos.
Motricidade. 2010;6(1):5-17. ISSN-1646-107X.
27. Pitanga FJ. Atividade fisica e lipoproteinas plasmáticas em adultos de ambos
os sexos. Rev Bras Cie Mov. 2001;9(4):25-31.
28. Haapanen N, Miilunpalo S, Vuori I, Oja P, Pasanen M. Association of
leisure time physical activity with the risk of coronary heart disease,
hypertension and diabetes in middle-aged men and women. Int J Epidemiol.
1997;26(4):739-47. PMID: 9279605.
29. Folsom AR, Arnett DK, Hutchinson RG, Liao F, Clegg LX, Cooper LS. Physical
activity and incidence of coronary heart disease in middle-aged women and
men. Med Sci Sports Exerc. 1997;29(7):901-9. PMID: 9243489.
30. Hu G, Qiao Q, Silventoinen K, Eriksson JG, Jousilahti P, Lindstrom J, et al.
Occupational, commuting, and leisure-time physical activity in relation
to risk for type 2 diabetes in middle-aged Finnish men and women.
Diabetologia. 2003;46(3):322-9. doi: 10.1007/s00125-003-1031-x.
31. Hu G, Eriksson J, Barengo NC, Lakka TA, Valle TT, Nissinen A, et al.
Occupational, commuting, and leisure-time physical activity in relation
to total and cardiovascular mortality among Finnish subjects with
type 2 diabetes. Circulation. 2004;110(6):666-73. doi: 10.1161/01.
CIR.0000138102.23783.94.
32. Treff C, Benseñor IM, Lotufo PA. Leisure-time and commuting physical
activity and high blood pressure: the Brazilian Longitudinal Study of
Adult Health (ELSA-Brasil). J Hum Hypertens. 2017;31(4):278-83. doi:
10.1038/jhh.2016.75.
33. Neufer PD, Bamman MM, Muoio DM, Bouchard C, Cooper DM,
Goodpaster BH, et al. Understanding the cellular and molecular mechanisms
of physical activity-induced health benefits. Cell Metab. 2015;22(1):4-11.
doi: 10.1016/j.cmet.2015.05.011.

Pitanga et al
Physical activity and cardiovascular risk factors

Original Article

This is an open-access article distributed under the terms of the Creative Commons Attribution License

Arq Bras Cardiol. 2018; 110(1):36-43

43

