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Objective: To examine the associations between objectively measured physical activity and sedentary
time with pulse wave velocity (PWV) in Brazilian young adults.
Methods: Cross-sectional analysis with participants of the 1982 Pelotas (Brazil) Birth Cohort who were
followed-up from birth to 30 years of age. Overall physical activity (PA) assessed as the average accel-
eration (mg), time spent in moderate-to-vigorous physical activity (MVPA e min/day) and sedentary
time (min/day) were calculated from acceleration data. Carotid-femoral PWV (m/s) was assessed using a
portable ultrasound. Systolic and diastolic blood pressure (SBP/DBP), waist circumference (WC) and body
mass index (BMI) were analyzed as possible mediators. Multiple linear regression and g-computation
formula were used in the analyses.
Results: Complete data were available for 1241 individuals. PWV was significantly lower in the two
highest quartiles of overall PA (0.26 m/s) compared with the lowest quartile. Participants in the highest
quartile of sedentary time had 0.39 m/s higher PWV (95%CI: 0.20; 0.57) than those in the lowest quartile.
Individuals achieving �30 min/day in MVPA had lower PWV (b ¼ �0.35; 95%CI: �0.56; �0.14). Mutually
adjusted analyses between MVPA and sedentary time and PWV changed the coefficients, although re-
sults from sedentary time remained more consistent. WC captured 44% of the association between MVPA
and PWV. DBP explained 46% of the association between acceleration and PWV.
Conclusions: Physical activity was inversely related to PWV in young adults, whereas sedentary time was
positively associated.
Such associations were only partially mediated by WC and DBP.
© 2015 The Authors. Published by Elsevier Ireland Ltd. This is an open access article under the CC BY

license (http://creativecommons.org/licenses/by/4.0/).
1. Introduction

Physical inactivity is a well-established risk factor for non-
communicable diseases and premature mortality [1]. It influences
cardiovascular risk factors, such as blood pressure, lipid profile and
adiposity, and consequently, increases the risk of coronary heart
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diseases [1e3]. In addition, new evidence suggests that the time
spent in sedentary activities might be a risk factor for non-
communicable diseases, independent of physical activity [4,5].

Non-communicable diseases, particularly cardiovascular dis-
eases are the main causes of death in high- [6] and middle-income
countries [7]. The prevalence of cardiovascular risk factors such as
diabetes, hypertension and obesity has increased worldwide, and
these risk factors are associated with unfavorable changes in life-
style behaviors such as an unhealthy diet and low levels of physical
activity [6,7]. Prevention of adult cardiovascular diseases implies
detection and intervention in early life. Atherosclerosis is a chronic
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inflammatory disease that has a long asymptomatic phase [8]
beginning in childhood and adolescence, and track into adult-
hood [9,10].

Early detection of subclinical atherosclerosis and arterioscle-
rosis is possible through the evaluation of arterial stiffness, intima-
media thickness and endothelial dysfunction, which can be
measured by noninvasive, reproducible, and inexpensive tech-
niques [11]. Arterial stiffness is associated with traditional cardio-
vascular risk factors, such as diabetes and hypertension [12,13], and
predicts increased risk of cardiovascular events and mortality [14].
Further, increased arterial stiffness in children and adolescents is
associated with obesity and dyslipidemia [15e17].

Arterial stiffness is lower among individuals who regularly
perform aerobic exercise [18,19], and short-term aerobic exercise
training reduces the stiffness in central arteries [19e21], however
this effect cannot be maintained without continued exercise [22].
The association between exercise training and aortic stiffness
observed in clinical studies are reinforced by observations in mu-
rine models suggesting that several genes identified involved in
vasodilation and arterial elasticity are overexpressed by exercise
[23].

Although an association between physical activity and arterial
stiffness has been observed, few studies [24,25] have measured
physical activity using objective methods and it is unknown
whether sedentary time is associated with arterial stiffness inde-
pendent of moderate-to-vigorous physical activity (MVPA) and
other potential confounding factors. We therefore examined the
independent associations between objectively measured physical
activity and sedentary time with pulse wave velocity (PWV) in
Brazilian young adults who have been prospectively followed up
since birth.

2. Methods

2.1. Subjects

In 1982, all hospital deliveries in Pelotas, a southern Brazilian
city, were identified and those live borns (n¼ 5914) whose families
lived in the urban area of the city were examined, and their
mothers interviewed. These individuals have thereafter been fol-
lowed on several occasions throughout their life-course (at the
mean ages of 1, 2, 4,13,15,18,19 and 23 years). Further details about
the methods of the cohort are available elsewhere [26e28]. The
study was approved by the School of Medicine Ethics Committee of
the Federal University of Pelotas. All participants signed the
informed consent form.

Between June 2012 and February 2013, when participants were
on average 30 years, we tracked the entire cohort using multiple
strategies to locate cohort members. All participants were invited
to visit the research clinic for interviews and a clinical examination.

2.2. Physical activity

Physical activity was measured using the GENEActiv acceler-
ometer (ActivInsights Ltd., Kimbolton, UK). The monitor was worn
on the non-dominant wrist. The GENEActiv activity monitor is
waterproof and measures acceleration in three axes (x, y, z) with a
sample frequency of 85.7 Hz. Data are stored directly as sampled
from the MEMS chip and provided in units of g (1 g ¼ 9.81 m/
s2 ¼ the magnitude of gravitational acceleration).

Individuals received the device during their visits to the
research clinic. Participants who were disabled, living in others
cities (except individuals who visited Pelotas weekly), with labor
activity that did not allow the accelerometer use (i.e. baker, cook,
mechanic, etc) were excluded from the measurements (825
exclusions, refusals and losses, including 72 pregnant women).
Women who were pregnant during the clinical visit were not
eligible and invited after delivery to wear the accelerometer.
Physical activity was assessed between four and seven days,
including at least one weekend day using a 24-h protocol. Partici-
pants who started their measurements on Mondays, Tuesdays or
Wednesdays were monitored until the following Monday and,
those who started their measurements on Thursdays, Fridays or
Saturdays, weremonitored until the followingWednesday. The first
10 h were excluded because this was the maximum period
observed between initialization and attachment of the monitors.

The accelerometers were set up and downloaded in the
GENEActiv software. The accelerometer data in binary format were
analyzed with R-package GGIR (http://cran.r-project.org). The
average magnitude of wrist acceleration over the measurement
period normalized to a 24-h period after exclusion of invalid data
segments was the main measure used. The signal processing
scheme as carried out by GGIR included the following steps: veri-
fication of sensor calibration error using local gravity as a reference
[29], detection of sustained abnormally high values, non-wear
detection, calculation of the vector magnitude of body accelera-
tion using the Euclidian Norm minus one (ENMO:ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
x2 þ y2 þ z2

p
� 1g) with resulting negative values rounded up to

zero, and imputation of invalid data segments by the average of
similar time points on different days of the measurement.

Files were considered as valid if data were present for every 15-
min period in a 24-h cycle (even when scattered over multiple
days) and with calibration error lower than 0.02 g (after calibration
error correction). Results are presented in milli-g (1 mg ¼ 0.001 g)
for readability reasons. A time window (60-min with 15-min
moving increments) was classified as non-wear time if, for at
least two out of the three accelerometer's axes, the standard de-
viation was less than 13 mg and the value range was less than
50 mg.

The summary measure ENMO was used as an indicator of
average magnitude of dynamic wrist acceleration over the mea-
surement period. Time spent in moderate-to-vigorous physical
activity (MVPA) per day was estimated using an intensity threshold
of 100mg based on 5-s epoch data and 10min bout durations in the
minimum, and <20% of the data points below this threshold.
Sedentary time was defined as the time spent below an intensity
threshold of 50 mg, excluding the hours between 11:00 p.m. and
7:00 a.m. e assumed as sleeping period, measured in minutes/day
[30]. The percentage of individuals who achieved the recommen-
dation of at least 30 min/day spent in MVPA was calculated.

2.3. Pulse wave velocity

The carotid-femoral PWV (meters/second) was examined twice
during the clinical visit using a portable ultrasound, Sphygmocor®

(Atcor Medical version 9.0, Sydney, Australia) in the supine position
and measurements were taken in the right side. An electrocardio-
gramwas registered at the same time. Duration of the examination
was 10e15 min for each participant. The distance of pulse wave
transit was measured by a flexible tape as the distance from
suprasternal notch to femoral point of application of the tonometer
and the distance from carotid point of tonometer application and
the suprasternal notch. PWV was calculated by the software as the
distance between the measurement sites divided by transit time
delay between femoral and carotid pulse wave. The mean of mea-
surements was used in the data analysis.

Training for PWV assessment was carried out in two days using
volunteers. PWV was calculated by the software as the distance
between the measurement sites divided by transit time delay be-
tween femoral and carotid pulse wave. The software evaluated the

http://cran.r-project.org
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Fig. 1. Direct acyclic graph of the effect of physical activity and sedentary time on pulse
wave velocity (PWV).
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quality of each measurement according to the format of wave and
synchronism with wave from electrocardiogram. This protocol
followed recommendations from expert consensus document on
arterial stiffness and the Research Applications Manual of Sphyg-
moCor [31,32].

2.4. Covariates and mediation analysis

Other characteristics evaluated in this study were: sex, skin
color (self-reported), family income at birth, socioeconomic status
(using the National Economic Indicator score at 30 years; obtained
through factor analysis and based on the ownership of household
goods) [33] and current smoking (self-reported). Information on
skin color (assessed by the interviewer in the perinatal survey as
white or nonwhite) for 115 participants was missing, and maternal
skin color was used as a proxy. Due to this reason skin color was
grouped in white and nonwhite.

Possible mediators evaluated in this study were: body mass
index (BMI), waist circumference (WC), systolic (SBP) and diastolic
blood pressure (DBP). BMI was calculated by dividing the weight in
kg by the square of height inmeters. Standing height wasmeasured
to the nearest 1 mm with barefooted subjects using a wooden
stadiometer. Weight was assessed using the BodPod® scale with a
precision of 0.01 kg. Waist circumference was measured using a
flexible tape (Cescorf®, Porto Alegre, Brazil) with an accuracy of
0.1 cm at the narrowest part of the trunk, identified as the midpoint
between the lowest rib margin and the iliac crest. The measure-
ment was taken after a gentle expiration twice. If the difference
between the two measures was greater than 1 cm, two additional
measures were taken. Blood pressure was measured twice, at the
beginning and at the end of the anthropometric measurements, in
the sitting position using a digital sphygmomanometer Omron
model HEM-705CPINT (Omron, Beijing, China) on the left arm. The
means of the two readings were used in the present analysis.

Daily energy intake (kcal) was estimated using a semi-
quantitative food frequency questionnaire (FFQ) in a self-
administered and digital version with 88 food items especially
created for this cohort. Frequency of food consumption was asked
in <once/month; 1e3 times/month; once/week; 2e4 times/week;
5e6 times/week; once/day; 2e4 times/day and�5 times/day. After,
using photos of standard servings based on previous 24-h dietary
recall (50 percentile), individuals answered if they usually ate a
serving equal, greater or lower than shown in the picture. Because
FFQs usually overestimate the food consumption, the lowest fre-
quency chosen was considered for each food. Frequency was
multiplied by 0.5, 1 or 1.5 if serving chosen was lower, equal or
greater than the standard serving, respectively. Daily food fre-
quency was obtained dividing the information in years by 365.24
days/year. Based on references available to estimate the macronu-
trients [34e36], the amount of carbohydrates, proteins and fats of
each food item was obtained and it was possible to determine the
daily energy intake by multiplying the amount of carbohydrates or
proteins by 4 kcal and the amount of fats by 9 kcal. Individuals
above 3 standard deviations from average of daily energy intake by
sex were excluded as well as individuals above 2 standard de-
viations from averagewith BMI and physical activity inconsistent to
the estimated food consumption - high energy intake/normal
weight/low physical activity or low consumption/obesity/high
physical activity e e.g. consumption of 6.000 kcal/day, normal
weight and 0 min of moderate-to-vigorous physical activity per
week (111 exclusions in 3646 individuals with information in FFQ).

2.5. Statistical analysis

Data analysis was carried out using Stata 12.0 (StataCorp,
College Station, TX, USA). Description of the sample with complete
data of PWV was described in proportion or mean and standard
deviation, according to type of variable. Linear regression models
were used in the crude and adjusted analyses using all exposures in
quartiles to assess possible dose-response. Statistical significance
was obtained using two-sided Wald's tests. Possible confounders
were: sex, skin color, family income at birth, socioeconomic status
and current smoking. The association of MVPA and sedentary time
with PWVwas alsomutually adjusted between them.We evaluated
whether the associations were modified by sex. Mediation analyses
for BMI, WC, SBP and DBP were carried out using the g-computa-
tion formula [37]. This analysis estimates the direct effect of ac-
celeration, sedentary time and MVPA on PWV at 30 years, and the
indirect effect that was mediated through BMI, WC, SBP and DBP,
separately. Sex, skin color, family income at birth, socioeconomic
status and current smoking were considered as base confounders,
whereas daily energy intake was considered as post confounder.
Fig. 1 shows the direct acyclic graph of this analysis. G-computation
formula adjusts the estimates for base confounderse variables that
affect both main exposures and outcomee and post confounderse
variables not previously included in the model that can be affected
by exposures and related to the mediating variable. In this analysis,
sex, skin color, family income at birth, socioeconomic status and
current smoking were considered as base confounders. Daily en-
ergy intake was considered as post confounder. Total effect (rela-
tionship between each exposure and outcome, with and without
influence of the mediator), direct effect (relationship between each
exposure and outcome without influence of the mediator), indirect
effect (relationship between each exposure and outcome with in-
fluence of the mediator e captured by the mediator). A p-value of
0.05 was used to assign statistical significance (Fig. 2).
3. Results

At 30 years of age, 3701 individuals were located and examined
representing a follow-up rate of 68.1% (following exclusion of 325
known deaths). Due to practical reasons (delay in the arrival of the
equipment and tonometer with problem later) PWV was measured
in 1576 participants (42.6% of those interviewed) and data on
physical activity were available in 2740 participants. In total, 1241
participants provided information on both physical activity and
PWV and were included in the present analyses. Table 1 shows that
the proportions of females among those who were examined at 30
years and those with complete data were 52% and 49%, respectively
(p ¼ 0.02). Individuals with and without complete information
from accelerometry and PWV were also statistically different con-
cerning skin color, family income at birth, smoke, sedentary time
andwaist circumference. Spearman correlation coefficient between
MVPA and sedentary time was �0.45 (p < 0.001)

Because there was no evidence of interaction with sex in the



Fig. 2. Pulse wave velocity (PWV, m/s) according to time spent in moderate-to-
vigorous physical activity in young adults from the 1982 Pelotas Birth Cohort.
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association between accelerometry and PWV (p-values for inter-
action ranging from 0.18 to 0.58), all analyzes were performed sex
combined adjusting for sex as a confounder. Fig. 1 shows that PWV
among those individuals who spent less than 30 min/day in MVPA
was not statistically lower than that observed among those with
0 min/day in MVPA. However, PWV was lower among individuals
who achieved the recommendation of �30 min/day of MVPA
[�0.35 m/s (95%CI: �0.56; �0.14)].

Acceleration was inversely related to PWV - subjects in the
highest quartile of acceleration had on average �0.37 m/s
[b¼�0.37m/s (95%CI:�0.56;�0.19)] of PWV than those in the first
quartile. Individuals in the third and fourth quartile of time spent in
MVPA had similar reductions in PWV. Conversely, participants in
the highest quartile of sedentary time had on average 0.36 m/s
higher PWV [b ¼ 0.36 m/s (95%CI: 0.17; 0.52)] than those in the
Table 1
Comparison between all participants of the 30 years follow up visit and those with mea

Cohort members follow
2012/3

n %

Gender
Males 1787 48.
Females 1914 51.

Skin color
White 2817 76.
Non-white 884 23.

Family income at birth (minimal wages)
<1 730 19.
1.1e3 1816 49.
3.1e6 721 19.
6.1e10 222 6.0
>10 195 5.3

Current smoker 854 23.
Overweight/Obese 2042 56.
Sedentary time (min/day)
1st quartile (317.8e623.9) 685 25.
2nd (624.0e684.8) 687 25.
3rd (684.8e739.7) 688 25.
4th quartile (739.8e952.1) 678 24.

MVPA (min/day)
1st quartile (0e5.3) 685 25.
2nd (5.3e16.3) 683 25.
3rd (16.3e34.6) 681 25.
4th quartile (34.6e379.6) 681 25.

Waist circumference (cm) [n - mean(sd)] 3567 84.
Systolic blood pressure (mmHg) [n - mean(sd)] 3592 121
Diastolic blood pressure (mmHg) [n - mean(sd)] 3592 75.
Daily energy intake (kcal) [n e mean(sd)] 3535 233

MVPA e Moderate-to-vigorous physical activity.
lowest quartile. Association between MVPA in quartiles and PWV
remained after adjustment for sedentary time (p¼ 0.046), although
beta coefficients reduced for �0.18 m/s in the two highest quartiles
[b ¼ �0.18 m/s (95%CI: �0.36; �0.01e95%CI: �0.37; 0.01, in third
and fourth quartile, respectively)], and 95% confidence interval was
not statistically significant in the fourth quartile. On the other hand,
PWV was substantially higher in the highest quartile of sedentary
time, even after adjustment for MVPA [b ¼ 0.28 m/s (95%CI: 0.09;
0.47)] (Table 2).

Table 3 shows that DBP captured about 46% of the effect of ac-
celeration on PWV. Concerning the association between MVPA and
PWV, 44% of this association was explained by WC, whereas DBP
captured only a small proportion (27%) of the association between
sedentary time and PWV.
4. Discussion

In an analysis involving 1259 young adults from Brazil, we
observed that subjects who were more physically active had lower
PWV. Subjects who spent more than 30 min/day in MVPA had a
lower PWV. In addition, PWV was positively associated with
sedentary time. Coefficients from association between MVPA and
sedentary time and PWV changed in mutually adjusted analyses
and were more consistent for results using sedentary time. WC and
DBP were important mediators in the association of MVPA and
sedentary time with PWV.

Similarly to our study, an inverse association between physical
activity and the central augmentation index has been observed
among adults aged 55 years, on average [24]. However, one study
carried out among children failed to observe an association be-
tween physical activity intensity and stiffness in the carotid arteries
[38]. These null findings are possibly related to the small sample
studied and the low probability that these children had to develop
surements of pulse wave velocity (PWV). The 1982 Pelotas (Brazil) Birth Cohort.

ed-up in Participants with complete
information

p

n %

0.02
3 633 51.0
7 608 49.0

0.04
1 919 74.0
9 322 26.0

0.02
8 252 20.4
3 642 51.9
6 223 18.0

70 5.7
49 4.0

5 332 26.8 0.001
6 715 57.7 0.4

0.02
0 342 27.5
1 301 24.3
1 310 25.0
8 287 23.2

0.08
0 300 24.3
0 287 23.2
0 321 26.0
0 329 26.6
8 (12.6) 1240 85.4 (12.6) 0.04
.2 (13.8) 1234 121.5 (13.5) 0.4
4 (9.3) 1234 75.2 (8.9) 0.4
3.2 (1233.8) 1192 2365.0 (1263.0) 0.3



Table 2
Cross-sectional associations between (a) objectively measured physical activity; (b) sedentary time and pulse wave velocity (PWV) in young adults belonging to the 1982
Pelotas (Brazil) Birth Cohort.

N Crude Model 1 Model 2

b (95%CI) p b (95%CI) p b (95%CI) p

Acc (mg) 1241 0.001 <0.001
1stquartile e e e

2nd �0.03 (�0.20; 0.15) �0.06 (�0.24; 0.13) e

3rd �0.21 (�0.39; �0.04) �0.24 (�0.42; �0.06) e

4th quartile �0.30 (�0.47; �0.12) �0.37 (�0.56; �0.19) e

MVPA (minutes) 1238 0.004 0.001 0.05
1st quartile e e e

2nd 0.00 (�0.19; 0.17) �0.02 (�0.20; 0.15) 0.02 (�0.16; 0.20)
3rd �0.22 (�0.39; �0.05) �0.25 (�0.42; �0.07) �0.18 (�0.36; �0.01)
4th quartile �0.24 (�0.41; �0.07) �0.29 (�0.46; �0.11) �0.18 (�0.37; 0.01)

Sedentary time (minutes) 1259 0.002 0.001 0.03
1st quartile e e e

2nd 0.07 (�0.10; 0.23) 0.09 (�0.08; 0.26) 0.06 (�0.12; 0.23)
3rd 0.14 (�0.02; 0.31) 0.16 (�0.01; 0.33) 0.12 (�0.06; 0.29)
4th quartile 0.32 (0.15; 0.49) 0.35 (0.17; 0.52) 0.28 (0.09; 0.47)

Acc e Acceleration by raw data accelerometry; MVPA e Moderate-to-vigorous physical activity.
Model 1: Adjustment for sex, skin color, family income at birth, National Economic Indicator score and smoking.
Model 2: Adjustment for Model 1 þ MVPA/sedentary time.
P-values tested the heterogeneity between groups.
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any arterial derangement at this age [38]. Vascular changes asso-
ciated with the aging process are progressive, involve hypertrophy
and hyperplasia of smooth muscle cells within the vascular tree,
coupled with the modification of matrix proteins, and may occur
before hypertension begins [39]. The continuous deposition of a
variety of proteins, including collagen, coupled with progressive
loss of the elastic matrix will result in arterial stiffening [40]. In
normotensive volunteers, blood pressure increases slowly from
young to older ages, resulting in age-associated increases of arterial
stiffness [41]. These information support the idea that, although
vascular changes begin early in lifeewhat was seen in this study, it
is expected that they could be incipient at that age. Our study draws
attention to the influence of an active behavior on vascular stiffness
in the first decades of life.

Recently, sedentary behavior has been recognized as a risk fac-
tor for obesity, diabetes and cardiovascular diseases, independent
of MVPA [42]. Sedentary behavior is a different construct than
physical inactivity, with both behaviors having different de-
terminants [43]. Interestingly, in the present study both behaviors
Table 3
Total, direct and indirect effects of objectively measured physical activity and sedentary
circumference and blood pressure as possible mediators.

Pulse wave velocity (PWV, m

Total effect b (95%CI)

Acc e mg (quartile)
BMI �0.13 (�0.19; �0.07)
WC �0.13 (�0.19; �0.07)
SBP �0.13 (�0.19; �0.07)
DBP �0.13 (�0.19; �0.07)

MVPA e minutes (quartile)
BMI �0.09 (�0.15; �0.03)
WC �0.09 (�0.15; �0.03)
SBP �0.09 (�0.15; �0.03)
DBP �0.09 (�0.15; �0.03)

Sedentary time e minutes (quartile)
BMI 0.11 (0.05; 0.17)
WC 0.11 (0.05; 0.17)
SBP 0.11 (0.05; 0.17)
DBP 0.11 (0.05; 0.17)

Acc e Physical activity evaluated by raw data accelerometer; MVPA e Moderate-to-Vigo
Systolic Blood Pressure; DBP e Diastolic Blood Pressure.
Variables included in the analysis as base confounders: sex, skin color, family income at
Variables included in the analysis as post confounder: daily energy intake.
were shown to be associated with PWV: sedentary time was
positively related to PWV and MVPA was inversely associated with
PWV. Given the trend towards increased sedentary behaviors in
children and adolescents [44], our findings among young adults
suggest that more focus should be directed at increasing the vol-
ume of MVPA alongside decreasing sedentary behavior. A mini-
mum of 30 min/day in MVPA resulted in improvements in arterial
distensibility of our population.

There is debate in the literature whether the health effects of
sedentary time are really independent of those of physical activity
[45]. In order to deal with this issue, we present results adjusting
the two variables for each other, as well as the correlation between
them. Current results showed a negative correlation (r ¼ �0.45)
between MVPA and sedentary time. The association between both
measurements and PWV remained statistically significant after
adjustment one for each other, though beta coefficients were
slightly higher for sedentary time.

Training positively affect aortic PWV [41,46] and central aortic
distensibility [19]. This effect is due to qualitative structural
time on pulse wave velocity of young adults considering body mass index, waist

/s)

Direct effect b (95%CI) Indirect effect b (95%CI)

�0.09 (�0.15; �0.03) �0.04 (�0.06; �0.02)
�0.09 (�0.15; �0.03) �0.04 (�0.06; �0.02)
�0.10 (�0.17; �0.04) �0.03 (�0.05; �0.01)
�0.07 (�0.13; �0.01) �0.06 (�0.08; �0.03)

�0.08 (�0.14; �0.02) �0.01 (�0.03; 0.01)
�0.05 (�0.11; 0.02) �0.04 (�0.07; �0.02)
�0.07 (�0.13; �0.01) �0.02 (�0.04; 0.00)
�0.06 (�0.12; 0.00) �0.03 (�0.06; �0.01)

0.10 (0.04; 0.16) 0.01 (�0.01; 0.03)
0.10 (0.04; 0.16) 0.02 (0.00; 0.03)
0.10 (0.04; 0.16) 0.01 (�0.01; 0.03)
0.08 (0.02; 0.14) 0.03 (0.01; 0.06)

rous Physical Activity; BMI e Body Mass Index; WC e waist circumference; SBP e

birth, National Economic Indicator score and smoking.



B.L. Horta et al. / Atherosclerosis 243 (2015) 148e154 153
elements (interstitial collagen of the arterial wall that can react
producing advanced glycation end-products) and functional ele-
ments (vasoconstrictor tone, endothelial function) [47] that are
influenced by physical activity. Aortic PWV modulation by exercise
was shown to occur in parallel to changes in plasma concentrations
of endothelin-1 (ET-1), independent of blood pressure, suggesting
that ET-1 may be involved in the adaptations of arterial stiffness to
exercise training [46]. Moreover, exercise can reduce chronic
inflammation, improving endothelial function [48]. In addition,
sedentary behaviormay reduce glucose transporter protein content
[49], leading to insulin resistance [50], which is associated with
arterial stiffness independent of glucose tolerance status [51].

Waist circumference captured part of the relationship between
MVPA and PWV. This can be due to the effect of physical activity on
weight loss and in visceral fat [52], which in turn, are positively
related to arterial stiffness [53,54].

High levels of sedentary time can coexist with high levels of
MVPA [55]. In this case, it may be that sedentary time substitutes
light-intensity physical activity [56] that, in turn, has been benefi-
cially associated with health outcomes, such as blood glucose [57].
There is some evidence that not only the decrease in the total
amount of physical activity, including light-intensity activity, is a
concern for health, but also the sedentary time itself, operating
through other mechanisms, such as decreasing lipoprotein lipase,
which maintains cardiometabolic homeostasis and regulate lipid
concentrations [58].

Possible limitations of our study include losses to follow up,
particularly because due to operational reasons, we were unable to
measure PWV and physical activity from accelerometry in all those
followed up at 30 years. However, since this is an association study,
these losses do not affect the relevance of our findings. In addition,
though with statistical significance, the differences found showed
very similar distribution of the individuals in the variables inves-
tigated. Moreover, the amount of days/time measure was variable
depending on the day of the week the person was included. In
addition, some had more weekdays, others less. Since the amount
of activity varies between weekdays and weekend, this could have
influenced the results. Another issue to be considered is that since
only a couple of days/hours were collected, this may not represent
routine life. Finally, since the changes in PWV are a chronic process,
and the amount of activity may change over the years, it may well
happen that the PWV measured today reflects the history of
physical activity over the last years, which may not be related to
today's activity.

The most important strengths of the current study are the large
and representative sample of young adults who had their levels of
MVPA and sedentary time objectively evaluated by the use of
accelerometer. In addition, early vascular disease was objectively
assessed. Moreover, the availability of information to perform a
mediating analysis helped to elucidate the pathways that connect
physical activity and sedentary time to PWV.

In conclusion, the findings showed an inverse association be-
tween objectively measured physical activity and PWV, as well as a
positive association between sedentary time and PWV. Such asso-
ciations were only partially mediated by WC and DBP. Reducing
sitting time and promoting physical activity is essential to help
prevent the incidence of cardiovascular diseases across the lifespan.

Conflict of interest

None declared.

References

[1] I.M. Lee, E.J. Shiroma, F. Lobelo, P. Puska, S.N. Blair, P.T. Katzmarzyk, et al.,
Effect of physical inactivity on major non-communicable diseases worldwide:
an analysis of burden of disease and life expectancy, Lancet 380 (9838) (2012)
219e229.

[2] J.L. Durstine, P.W. Grandjean, P.G. Davis, M.A. Ferguson, N.L. Alderson,
K.D. DuBose, Blood lipid and lipoprotein adaptations to exercise: a quantita-
tive analysis, Sports Med. 31 (15) (2001) 1033e1062.

[3] I. Thune, I. Njolstad, M.L. Lochen, O.H. Forde, Physical activity improves the
metabolic risk profiles in men and women: the Tromso Study, Arch. Intern
Med. 158 (15) (1998) 1633e1640.

[4] A. Biswas, P.I. Oh, G.E. Faulkner, R.R. Bajaj, M.A. Silver, M.S. Mitchell, et al.,
Sedentary time and its association with risk for disease incidence, mortality,
and hospitalization in adults: a systematic review and meta-analysis, Ann.
Intern. Med. 162 (2) (2015) 123e132.

[5] L.F. de Rezende, M. Rodrigues Lopes, J.P. Rey-Lopez, V.K. Matsudo, C. Luiz Odo,
Sedentary behavior and health outcomes: an overview of systematic reviews,
PLoS One 9 (8) (2014) e105620.

[6] S.R. Preis, S.J. Hwang, S. Coady, M.J. Pencina, R.B. D'Agostino Sr., P.J. Savage, et
al., Trends in all-cause and cardiovascular disease mortality among women
and men with and without diabetes mellitus in the Framingham Heart Study,
1950 to 2005, Circulation 119 (13) (2009) 1728e1735.

[7] M.I. Schmidt, B.B. Duncan, G. Azevedo e Silva, A.M. Menezes, C.A. Monteiro,
S.M. Barreto, et al., Chronic non-communicable diseases in Brazil: burden and
current challenges, Lancet 377 (9781) (2011) 1949e1961.

[8] P. Libby, A.H. Lichtman, G.K. Hansson, Immune effector mechanisms impli-
cated in atherosclerosis: from mice to humans, Immunity 38 (6) (2013)
1092e1104.

[9] P.W. Franks, R.L. Hanson, W.C. Knowler, M.L. Sievers, P.H. Bennett, H.C. Looker,
Childhood obesity, other cardiovascular risk factors, and premature death,
N. Engl. J. Med. 362 (6) (2010) 485e493.

[10] M. Juonala, J. Juhola, C.G. Magnussen, P. Wurtz, J.S. Viikari, R. Thomson, et al.,
Childhood environmental and genetic predictors of adulthood obesity: the
cardiovascular risk in young Finns study, J. Clin. Endocrinol. Metab. 96 (9)
(2011) E1542eE1549.

[11] S. Laurent, J. Cockcroft, L. Van Bortel, P. Boutouyrie, C. Giannattasio, D. Hayoz,
et al., Expert consensus document on arterial stiffness: methodological issues
and clinical applications, Eur. Heart J. 27 (21) (2006) 2588e2605.

[12] R. de Oliveira Alvim, P.C. Santos, M.M. Musso, R. de Sa Cunha, J.E. Krieger,
J.G. Mill, et al., Impact of diabetes mellitus on arterial stiffness in a repre-
sentative sample of an urban Brazilian population, Diabetol. Metab. Syndr. 5
(1) (2013) 45.

[13] D. Liao, D.K. Arnett, H.A. Tyroler, W.A. Riley, L.E. Chambless, M. Szklo, et al.,
Arterial stiffness and the development of hypertension. The ARIC study, Hy-
pertension 34 (2) (1999) 201e206.

[14] C. Vlachopoulos, K. Aznaouridis, C. Stefanadis, Prediction of cardiovascular
events and all-cause mortality with arterial stiffness: a systematic review and
meta-analysis, J. Am. Coll. Cardiol. 55 (13) (2010) 1318e1327.

[15] C. Joo Turoni, R.O. Maranon, V. Felipe, M.E. Bruno, A. Negrete, N. Salas, et al.,
Arterial stiffness and endothelial function in obese children and adolescents
and its relationship with cardiovascular risk factors, Horm. Res. Paediatr. 80
(4) (2013) 281e286.

[16] S. Riggio, G. Mandraffino, M.A. Sardo, R. Iudicello, N. Camarda, E. Imbalzano, et
al., Pulse wave velocity and augmentation index, but not intima-media
thickness, are early indicators of vascular damage in hypercholesterolemic
children, Eur. J. Clin. Invest. 40 (3) (2010) 250e257.

[17] E.M. Urbina, P.R. Khoury, C.E. McCoy, L.M. Dolan, S.R. Daniels, T.R. Kimball,
Triglyceride to HDL-C ratio and increased arterial stiffness in children, ado-
lescents, and young adults, Pediatrics 131 (4) (2013) e1082ee1090.

[18] H. Tanaka, C.A. DeSouza, D.R. Seals, Absence of age-related increase in central
arterial stiffness in physically active women, Arterioscler. Thromb. Vasc. Biol.
18 (1) (1998) 127e132.

[19] H. Tanaka, F.A. Dinenno, K.D. Monahan, C.M. Clevenger, C.A. DeSouza,
D.R. Seals, Aging, habitual exercise, and dynamic arterial compliance, Circu-
lation 102 (11) (2000) 1270e1275.

[20] K. Hayashi, J. Sugawara, H. Komine, S. Maeda, T. Yokoi, Effects of aerobic ex-
ercise training on the stiffness of central and peripheral arteries in middle-
aged sedentary men, Jpn. J. Physiol. 55 (4) (2005) 235e239.

[21] N.J. Farpour-Lambert, Y. Aggoun, L.M. Marchand, X.E. Martin, F.R. Herrmann,
M. Beghetti, Physical activity reduces systemic blood pressure and improves
early markers of atherosclerosis in pre-pubertal obese children, J. Am. Coll.
Cardiol. 54 (25) (2009) 2396e2406.

[22] T. Kakiyama, J. Sugawara, H. Murakami, S. Maeda, S. Kuno, M. Matsuda, Effects
of short-term endurance training on aortic distensibility in young males, Med.
Sci. Sports Exerc 37 (2) (2005) 267e271.

[23] S. Maeda, M. Iemitsu, T. Miyauchi, S. Kuno, M. Matsuda, H. Tanaka, Aortic
stiffness and aerobic exercise: mechanistic insight from microarray analyses,
Med. Sci. Sports Exerc 37 (10) (2005) 1710e1716.

[24] M.A. Gomez-Marcos, J.I. Recio-Rodriguez, M.C. Patino-Alonso, C. Agudo-
Conde, L. Lasaosa-Medina, E. Rodriguez-Sanchez, et al., Relationship between
objectively measured physical activity and vascular structure and function in
adults, Atherosclerosis 234 (2) (2014) 366e372.

[25] M. Ried-Larsen, A. Grontved, N.C. Moller, K.T. Larsen, K. Froberg, L.B. Andersen,
Associations between objectively measured physical activity intensity in
childhood and measures of subclinical cardiovascular disease in adolescence:
prospective observations from the European Youth Heart Study, Br. J. Sports
Med. 48 (20) (2013) 1502e1507.

http://refhub.elsevier.com/S0021-9150(15)30117-9/sref1
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref1
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref1
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref1
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref1
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref2
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref2
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref2
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref2
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref3
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref3
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref3
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref3
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref4
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref4
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref4
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref4
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref4
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref5
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref5
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref5
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref6
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref6
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref6
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref6
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref6
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref7
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref7
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref7
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref7
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref8
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref8
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref8
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref8
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref9
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref9
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref9
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref9
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref10
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref10
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref10
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref10
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref10
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref11
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref11
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref11
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref11
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref12
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref12
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref12
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref12
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref13
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref13
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref13
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref13
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref14
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref14
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref14
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref14
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref15
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref15
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref15
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref15
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref15
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref16
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref16
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref16
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref16
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref16
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref17
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref17
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref17
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref17
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref18
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref18
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref18
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref18
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref19
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref19
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref19
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref19
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref20
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref20
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref20
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref20
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref21
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref21
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref21
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref21
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref21
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref22
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref22
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref22
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref22
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref23
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref23
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref23
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref23
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref24
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref24
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref24
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref24
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref24
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref25
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref25
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref25
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref25
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref25
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref25


B.L. Horta et al. / Atherosclerosis 243 (2015) 148e154154
[26] F.C. Barros, C.G. Victora, B.L. Horta, D.P. Gigante, Metodologia do estudo da
coorte de nascimentos de 1982 a 2004-5, Pelotas, Rs. Rev. Saude Publ. 42
(2008) 7e15.

[27] C.G. Victora, F.C. Barros, Cohort profile: the 1982 Pelotas (Brazil) birth cohort
study, Int. J. Epidemiol. 35 (2) (2006) 237e242.

[28] B.L. Horta, D.P. Gigante, H. Goncalves, J. Dos Santos Motta, C. Loret de Mola,
I.O. Oliveira, et al., Cohort profile update: the 1982 Pelotas (Brazil) birth cohort
study, Int. J. Epidemiol. 44 (2) (2015) 441-e.

[29] I.C. da Silva, V.T. van Hees, V.V. Ramires, A.G. Knuth, R.M. Bielemann,
U. Ekelund, et al., Physical activity levels in three Brazilian birth cohorts as
assessed with raw triaxial wrist accelerometry, Int. J. Epidemiol. 43 (6) (2014)
1959e1968.

[30] M. Hildebrand, V.T. VAN Hees, B.H. Hansen, U. Ekelund, Age group compa-
rability of raw accelerometer output from wrist- and hip-worn monitors,
Med. Sci. Sports Exerc 46 (9) (2014) 1816e1824.

[31] AtCor Medical Pty Ltd., SphygmoCor - Research Applications Manual, 2010.
Sydney, Australia.

[32] S. Laurent, J. Cockcroft, L. Van Bortel, P. Boutouyrie, C. Giannattasio, D. Hayoz,
et al., Expert consensus document on arterial stiffness: methodological issues
and clinical applications, Eur. Heart J. 27 (21) (2006) 2588e2605.

[33] A.J. Barros, C.G. Victora, A nationwide wealth score based on the 2000 Bra-
zilian demographic census, Rev. Saude Publica 39 (4) (2005) 523e529.

[34] Núcleo de Estudos e Pesquisas em Alimentaç~ao - NEPA, Tabela brasileira de
composiç~ao de alimentos - TACO, 2 ed., Universidade Estadual de Campinas -
UNICAMP, Campinas, 2006.

[35] United States Department of Agriculture (USDA), National Nutrient Database
for Standard Reference, National Agricultural Library, 2011 [updated Dec 7,
2011]. Available from: http://ndb.nal.usda.gov/.

[36] G. Franco, Tabela de composiç~ao química dos alimentos, 9 ed., Atheneu, Rio de
Janeiro, 1999.

[37] R.M. Daniel, B.L. De Stavola, S.N. Cousens, gformula: estimating causal effects
in the presence of time-varying confounding or mediation using the g-
computation formula, STATA J. 11 (2011) 479e517.

[38] L. Nettlefold, H.A. McKay, P.J. Naylor, S.S. Bredin, D.E. Warburton, The rela-
tionship between objectively measured physical activity, sedentary time, and
vascular health in children, Am. J. Hypertens. 25 (8) (2012) 914e919.

[39] B.L. Langille, Remodeling of developing and mature arteries: endothelium,
smooth muscle, and matrix, J. Cardiovasc. Pharmacol. 21 (Suppl. 1) (1993)
S11eS17.

[40] A. Gauthier-Bastien, R.V. Ung, R. Lariviere, F. Mac-Way, M. Lebel, M. Agharazii,
Vascular remodeling and media calcification increases arterial stiffness in
chronic kidney disease, Clin. Exp. Hypertens. 36 (3) (2014) 173e180.

[41] P.V. Vaitkevicius, J.L. Fleg, J.H. Engel, F.C. O'Connor, J.G. Wright, L.E. Lakatta, et
al., Effects of age and aerobic capacity on arterial stiffness in healthy adults,
Circulation 88 (4 Pt 1) (1993) 1456e1462.

[42] J. Henson, T. Yates, S.J. Biddle, C.L. Edwardson, K. Khunti, E.G. Wilmot, et al.,
Associations of objectively measured sedentary behaviour and physical ac-
tivity with markers of cardiometabolic health, Diabetologia 56 (5) (2013)
1012e1020.

[43] N. Pearson, R.E. Braithwaite, S.J. Biddle, E.M. van Sluijs, A.J. Atkin, Associations
between sedentary behaviour and physical activity in children and adoles-
cents: a meta-analysis, Obes. Rev. 15 (8) (2014) 666e675.

[44] M. Verloigne, W. Van Lippevelde, L. Maes, M. Yildirim, M. Chinapaw,
Y. Manios, et al., Levels of physical activity and sedentary time among 10- to
12-year-old boys and girls across 5 European countries using accelerometers:
an observational study within the ENERGY-project, Int. J. Behav. Nutr. Phys.
Act. 9 (2012) 34.

[45] U. Ekelund, J. Luan, L.B. Sherar, D.W. Esliger, P. Griew, A. Cooper, et al.,
Moderate to vigorous physical activity and sedentary time and car-
diometabolic risk factors in children and adolescents, Jama 307 (7) (2012)
704e712.

[46] T. Otsuki, S. Maeda, M. Iemitsu, Y. Saito, Y. Tanimura, R. Ajisaka, et al., Vascular
endothelium-derived factors and arterial stiffness in strength- and
endurance-trained men, Am. J. Physiol. Heart Circ. Physiol. 292 (2) (2007)
H786eH791.

[47] H. Tanaka, M.E. Safar, Influence of lifestyle modification on arterial stiffness
and wave reflections, Am. J. Hypertens. 18 (1) (2005) 137e144.

[48] B.A. Kingwell, Nitric oxide-mediated metabolic regulation during exercise:
effects of training in health and cardiovascular disease, FASEB J. 14 (12) (2000)
1685e1696.

[49] B. Mortensen, M. Friedrichsen, N.R. Andersen, A.C. Alibegovic, L. Hojbjerre,
M.P. Sonne, et al., Physical inactivity affects skeletal muscle insulin signaling
in a birth weight-dependent manner, J. Diabetes Complicat. 28 (1) (2014)
71e78.

[50] D.W. Dunstan, B.A. Kingwell, R. Larsen, G.N. Healy, E. Cerin, M.T. Hamilton, et
al., Breaking up prolonged sitting reduces postprandial glucose and insulin
responses, Diabetes Care 35 (5) (2012) 976e983.

[51] D.M. Sengstock, P.V. Vaitkevicius, M.A. Supiano, Arterial stiffness is related to
insulin resistance in nondiabetic hypertensive older adults, J. Clin. Endocrinol.
Metab. 90 (5) (2005) 2823e2827.

[52] J.M. Jakicic, A.D. Otto, Treatment and prevention of obesity: what is the role of
exercise? Nutr. Rev. 64 (2 Pt 2) (2006) S57eS61.

[53] K.S. Petersen, N. Blanch, J.B. Keogh, P.M. Clifton, Effect of weight loss on pulse
wave velocity: systematic review and meta-analysis, Arterioscler. Thromb.
Vasc. Biol. 35 (1) (2015) 243e252.

[54] B. Strasser, M. Arvandi, E.P. Pasha, A.P. Haley, P. Stanforth, H. Tanaka,
Abdominal obesity is associated with arterial stiffness in middle-aged adults,
Nutr. Metab. Cardiovasc. Dis. 25 (5) (2015) 495e502.

[55] N. Owen, G.N. Healy, C.E. Matthews, D.W. Dunstan, Too much sitting: the
population health science of sedentary behavior, Exerc Sport Sci. Rev. 38 (3)
(2010) 105e113.

[56] D.M. Williams, H.A. Raynor, J.T. Ciccolo, A review of TV viewing and its as-
sociation with health outcomes in adults, Am. J. Lifestyle Med. 2 (2008) 10.

[57] G.N. Healy, D.W. Dunstan, J. Salmon, E. Cerin, J.E. Shaw, P.Z. Zimmet, et al.,
Objectively measured light-intensity physical activity is independently asso-
ciated with 2-h plasma glucose, Diabetes Care 30 (6) (2007) 1384e1389.

[58] L. Bey, M.T. Hamilton, Suppression of skeletal muscle lipoprotein lipase ac-
tivity during physical inactivity: a molecular reason to maintain daily low-
intensity activity, J. Physiol. 551 (Pt 2) (2003) 673e682.

http://refhub.elsevier.com/S0021-9150(15)30117-9/sref26
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref26
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref26
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref26
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref27
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref27
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref27
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref28
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref28
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref28
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref29
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref29
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref29
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref29
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref29
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref30
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref30
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref30
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref30
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref31
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref31
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref32
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref32
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref32
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref32
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref33
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref33
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref33
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref34
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref34
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref34
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref34
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref34
http://ndb.nal.usda.gov/
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref36
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref36
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref36
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref37
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref37
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref37
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref37
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref38
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref38
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref38
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref38
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref39
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref39
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref39
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref39
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref40
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref40
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref40
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref40
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref41
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref41
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref41
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref41
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref42
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref42
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref42
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref42
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref42
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref43
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref43
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref43
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref43
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref44
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref44
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref44
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref44
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref44
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref45
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref45
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref45
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref45
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref45
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref46
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref46
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref46
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref46
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref46
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref47
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref47
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref47
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref48
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref48
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref48
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref48
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref49
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref49
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref49
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref49
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref49
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref50
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref50
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref50
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref50
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref51
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref51
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref51
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref51
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref52
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref52
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref52
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref53
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref53
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref53
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref53
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref54
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref54
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref54
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref54
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref55
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref55
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref55
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref55
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref56
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref56
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref57
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref57
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref57
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref57
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref58
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref58
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref58
http://refhub.elsevier.com/S0021-9150(15)30117-9/sref58

	Objectively measured physical activity and sedentary-time are associated with arterial stiffness in Brazilian young adults
	1. Introduction
	2. Methods
	2.1. Subjects
	2.2. Physical activity
	2.3. Pulse wave velocity
	2.4. Covariates and mediation analysis
	2.5. Statistical analysis

	3. Results
	4. Discussion
	Conflict of interest
	References


