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Abstract

Purpose. Studies have shown that even a single session of physical exercise lowers blood pressure after its completion. This phenomenon
is called post-exercise hypotension (PEH) and has been considered as a non-pharmacological treatment to control blood pressure.
However, there are no studies regarding the occurrence of PEH after acute exercise in individuals with Down syndrome (DS).
This study aimed to analyse the occurrence of PEH in these subjects and the possible role of exercise intensity.
Methods. Ten individuals with DS, of both genders, participated in the study (age, 29 ± 7 years; body mass, 60.7 ± 9 kg; height,
1.48 ± 0.11 m; BMI, 27.6 ± 2.4 kg/m2). The volunteers randomly underwent 2 sessions of exercise on a stationary bike for
20 minutes and 1 control session. Heart rate, systolic blood pressure (SBP) and diastolic blood pressure (DBP) were measured
after 15 minutes of resting, in the 20th minute of each exercise session or control, and in the 15th, 30th, and 45th minute of postexercise recovery.
Results. Both moderate and intense exercise performed acutely increased SBP (p < 0.001, p < 0.01, respectively), with no effect
on DBP in individuals with DS. Neither the moderate nor the intense exercise was enough to elicit PEH.
Conclusions. The results indicated that individuals with DS may not present PEH for the intensities, duration, and exercise
mode as applied in the present investigation. While additional studies with different exercise strategies are needed, our findings
contribute to the body of literature regarding the PEH responses in adults with DS.
Key words: post-exercise hypotension, Down syndrome, moderate exercise, intense exercise

Introduction
Down syndrome (DS) is considered the oldest genetic
anomaly related to intellectual deficiency [1, 2]. It is
characterized by congenital heart defects, autonomic
deregulation, dysmorphic features, and abnormalities
in lipid metabolism [3–5]. Abnormalities in lipid metabolism are frequently observed in patients with DS but
coronary artery disease-related mortality is surprisingly
low in this population [6].
Most individuals with DS who live in community
settings have a sedentary life style and follow unhealthy
diet patterns [7]. These two factors may represent some
of the reasons for the higher prevalence of obesity in
patients with DS compared with other individuals with
intellectual disabilities [8–10]. In addition, DS patients
exhibit reduced work capacity, which is attributable
to an attenuated heart rate (HR) response to exercise as
well as to sympathoexcitatory challenges [11, 12]. Studies

suggest that such attenuated HR and blood pressure
(BP) responses in individuals with DS may be coupled
with a lesser reduction in baroreflex sensitivity, which
is related to a blunted sympathetic activation and to a
parasympathetic withdrawal [13, 14]. On the other hand,
individuals with DS have an elevated arterial stiffness
[15] and risk of stroke [16] so that BP control through
exercise interventions could be an interesting strategy
to apply in this population.
BP is the pressure of circulating blood on the walls
of blood vessels. BP control through exercise does occur
both acutely and chronically [17]. Individuals with elevated BP generally benefit from the physiological changes
resulting from physical exercise, acute or chronic. The
acute effect of exercise on reducing the resting BP within the first post-exercise minutes and hours is called
post-exercise hypotension (PEH) and may contribute
to both hypertension prevention and its non-pharmacological treatment.
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PEH has been observed in both normotensive and
hypertensive individuals; it depends on individual characteristics, with a more pronounced effect observed in
hypertensive subjects [18–20]. Mean arterial BP is a functional product of cardiac output and total peripheral
resistance. Despite this, a number of studies failed to elucidate any definitive mechanism(s) underlying PEH,
although there is evidence that both the central and peripheral mechanisms are responsible for PEH [19, 21–27].
Although the hypotensive effect of physical exercise has been widely demonstrated in several populations, including healthy and hypertensive individuals,
this effect has not been extensively studied in DS patients. Since it was suggested that individuals with DS
have impaired vascular function, autonomic deregulation, and arterial stiffness, knowledge of PEH mechanisms, magnitude, and duration may give insight into
autonomic nervous system function and provide a potential tool to understand BP regulation in both exercise
and resting states in this population. At present, this is
the first report accounting for the role of acute moderate
and intense exercise on PEH in individuals with DS.
Thus, the present study aimed to analyse the occurrence of PEH in individuals with DS after acute high
intensity aerobic exercise (HIAE) and moderate intensity
aerobic exercise (MIAE). We hypothesized that both
HIAE and MIAE, applied acutely, might reduce BP and
thus alleviate and/or prevent the development of cardiovascular diseases in individuals with DS. One of the
most important practical applications of the present
study is to find out whether acute moderate or high
intensity exercise may be a good strategy to alleviate
and/or prevent the development of cardiovascular diseases in DS patients.
Material and methods
Participants
This was a cross-sectional study with a sample composed of 10 individuals with DS (3 women and 7 men),
aged 29 ± 7 years. The sample involved those who met
the inclusion criteria and agreed to participate in the
study. Individuals using medications that could affect
HR and those with cardiac problems were excluded from
the study.
After receiving explanations on the terms of the research, the participants and/or their parents provided
their written informed consent prior to the start of the
procedure. The study was approved by the Research
Ethics Committee of the Catholic University of Brasília, Brazil (approval number 1.185.862).
Anthropometric data of groups obtained before the
exercise intervention are shown in Table 1. The participants had a mean body mass index (BMI) (27.6 ±
2.4 kg/m2) corresponding to the overweight group according to World Health Organization. Systemic arte62

Table 1. Anthropometric data of the participants
Variable

Mean ± SD

Age (years)
Body mass (kg)
Height (m)
Body mass index (kg/m²)
Resting heart rate (bpm)
Resting systolic blood pressure (mm Hg)
Resting diastolic blood pressure (mm Hg)
Resting mean blood pressure (mm Hg)
Double product (mm Hg · bpm)

29 ± 7
60.7 ± 9
1.48 ± 0.11
27.6 ± 2.4
72 ± 9
99 ± 9
61 ± 5
73 ± 6
7223 ± 1459

Data are expressed as the mean ± standard deviation.

rial pressure values of all subjects were below the ‘optimal’ reference values (120/80 mm Hg) for individuals
with normal BP. No water intake was allowed during
the experiments to avoid changes in BP. Since BP fluctuates over 24 hours following the circadian rhythm,
all experiments were conducted at the same time of
the day, i.e. at 2:00 pm.
Experimental sessions and equipment
The participants underwent a control session sitting on a cycle ergometer, in a stationary position for
20 minutes to mimic the exercise session; BP was monitored every 15 minutes post-exercise, in accordance
with the protocol. During this time, both BP and HR
were measured every 5 minutes to have a mean between
the values acquired.
Exercise intensity was monitored by a Polar Sport
Test HR monitor. The device consists of a wireless chest
strap that sends data to a monitor worn on the wrist.
Exercise intensity was prescribed on the basis of the
percentage of HR reserve. The HR reserve value was
obtained by measuring the resting HR during the 15
minutes of pre-session assessment, while the maximal
HR was predicted by considering the age of participants,
in accordance with Fernhall et al. [28]. Acute exercise
sessions consisted of 20 minutes of cycling at moderate
intensity (MIAE, 50–70% of the HR reserve) or high
intensity (HIAE, 70–89% of the HR reserve). During
the 20 minutes of exercise, HR was monitored so that
it did not escape from the target intensity range. After
exercise, the participants remained seated for up to 45
minutes. In this interval, systolic BP (SBP) and diastolic
BP (DBP) were measured every 15 minutes, reaching
45 minutes of recovery. All training sessions were performed on different days and in a random order, at
least 72 hours apart, at the same time of day, at 2:00 p.m.,
and in a closed and conditioned environment with
the temperature of 20°C.
SBP, DBP, and mean BP (MBP) were measured with
an automated oscillometric device (Microlife BP 3AC11) before, immediately after, and in the 15th, 30th, and
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45th minutes of the recovery period from exercise session.
Double product (DP) was determined by multiplying
SBP by HR for each moment of the measurement.
Training tests were performed on an ATLETIC brand
cycle ergometer (ADVANCED 330BV). Body mass was
expressed in kilograms and measured on scales (Filizola), whereas height was expressed in meters and measured with a stadiometer.
Statistical analyses
The occurrence of PEH was verified with the use of
repeated measures two-way ANOVA, followed by Bonferroni’s post-hoc comparisons. Data are presented as
means ± standard deviations (SD).
Statistical significance was accepted at p < 0.05. Statistical analyses were performed with the SPSS 20.0
software (SPSS Inc., USA).
Ethical approval
The research related to human use has been complied
with all the relevant national regulations, institutional
policies and in accordance the tenets of the Helsinki
Declaration, and has been approved by the authors’
institutional review board or equivalent committee.
Results
The descriptive characteristics of the participants are
shown in Table 1. Baseline levels of HR, SBP, DBP, MBP,
and DP were similar among participants. In the control
session, no statistical difference was observed for the
values of HR, SBP, DBP, MBP, or DP during the first
20 minutes in comparison with the baseline levels. These
variables remained at resting levels during the recovery
period (Table 2).
At the resting state, the mean HR was similar for all
participants before MIAE and HIAE sessions (Figure 1A).
MIAE significantly increased HR (p < 0.0001) when
compared with resting HR levels. HIAE also increased
HR (p < 0.0001) when compared with resting HR levels.

However, the increase in HR was higher after HIAE
than after MIAE (p < 0.0001; Figure 1A).
Resting levels of SBP and DPB were similar before
MIAE and HIAE sessions for all participants. The
20-minute MIAE increased SBP (p < 0.001) but did not
affect DBP levels (Figure 1B and C, respectively) in comparison with the resting HR. These parameters returned
to resting values in the 15th minute of post-exercise recovery and remained at these levels up to the 45th minute
post-exercise. SBP was increased by HIAE in comparison with the resting levels (p < 0.01) but this rise in
SBP reached the same levels as SBP after MIAE (Figure
1B). DBP levels were not changed after HIAE sessions.
During the 45 minutes of post-exercise recovery, the
SBP and DBP remained at values comparable to the preexercise resting state.
DP was also similar before MIAE and HIAE sessions
for all participants. After the MIAE sessions, DP levels
increased (p < 0.0001; Fig 1D) and returned to baseline values during the recovery period. HIAE sessions
increased DP (p < 0.0001; Fig 1D), which then returned
to basal levels during the recovery period. The increase
in DP levels were higher after HIAE than after MIAE
(p < 0.0001). These results suggest that the decline in
BP after MIAE and HIAE was not sufficient to elicit
PEH in the DS participants.
Discussion
The present study investigated the acute effects of
both MIAE and HIAE on post-exercise BP responses
in overweight adults with DS. Our results suggest that
neither moderate nor intense exercise modalities were
sufficient to elicit PEH in participants with DS. This is
the first report accounting for the effects of acute exercise in overweight DS adults. The effect of physical
exercise on BP in individuals with DS has not been
extensively studied. Our data show that both moderate and intense acute exercises provoke an increase of
HR, SBP, DBP, and DP in comparison with resting levels
in participants with DS. Interestingly, BP returned to rest-

Table 2. Heart rate and blood pressure values in the control session
Variable
Heart rate (bpm)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Mean blood pressure (mm Hg)
Double product (mm Hg · bpm)

Recovery session

Control session
20’

15’

30’

45’

73 ± 11
97 ± 9
60 ± 7
73 ± 7
7160 ± 1483

73 ± 10
97 ± 7
62 ± 8
74 ± 7
7203 ± 1469

72 ± 8
98 ± 9
60 ± 8
73 ± 7
7108 ± 1395

70 ± 8
99 ± 8
60 ± 6
73 ± 6
7013 ± 1306

The participants were instructed to sit on the cycle ergometer in a stationary position for 20 minutes (20’, control session),
which represents the time of each exercise session. They remained seated on the cycle ergometer in a stationary position
also during the recovery periods of 15 minutes (15’), 30 minutes (30’), and 45 minutes (45’). Heart rate and blood pressure
were measured after 20’ and every 15 minutes at the recovery session after the control session. Data are expressed as means
± standard deviations.
Human Movement, Vol. 18, No 4, 2017
http://humanmovement.pl/

63

HUMAN MOVEMENT
M.E. Da Silva Bezerra et al., Post-exercise blood pressure in individuals with Down syndrome

Heart rate: F (4, 36) = 483.7, p < 0.0001; F (1, 9) = 7.205, p = 0.0250; F (4, 36) = 39.31, p < 0.0001. SBP: F (4, 36) = 13.12, p < 0.0001; F (1, 9) = 0.1872, p = 0.6755; F (4, 36) = 0.09031,
p = 0.9849. DBP: F (4, 36) = 5.819, p = 0.0010; F (1, 9) = 0.03512, p = 0.8555; F (4, 36) = 2.343, p = 0.0733. Double product: F (4, 36) = 370.1, p < 0.0001; F (1, 9) = 9.189, p = 0.0142;
F (4, 36) = 10.17, p < 0.0001.
SBP – systolic blood pressure, DBP – diastolic blood pressure, Rest – resting, Ex – exercise, Rec – recovery period, MIAE – moderate intensity aerobic exercise,
HIAE – high intensity aerobic exercise, a – significant difference compared with resting state, b – difference between groups within the same period of time

Figure 1. Heart rate (A), systolic blood pressure (B), diastolic blood pressure (C), and double product (D) in moderate and high
intensity aerobic exercise among individuals with Down syndrome. Values are expressed as means ± standard deviation.
The F and p values are the following: effect of time, effect between groups, and interaction time versus group, respectively

ing levels after its reduction by MIAE and HIAE and
remained at these levels up to 45 minutes post-exercise.
In another study, both aerobic and resistance training
reduced SBP, DBP, and MBP levels after 12 weeks of training in young individuals with DS but PEH was not analysed [29]. In addition, whereas no differences in SBP or
DBP in the 3rd minute after maximal exercise were found
in individuals with DS, the arterial stiffness responses
to maximal exercise in persons with DS were blunted,
suggesting an impaired vascular function [15]. Another study, employing a handgrip test in individuals
with DS, revealed an attenuated HR and SBP response
that could be explained by a blunted parasympathetic
withdrawal, suggesting reduced baroreflex control of
HR and SBP in individuals with DS [4].
Knowledge of PEH is potentially useful in designing
strategies against hypertension as well as allowing a further understanding of BP regulation in both health and
disease. The PEH responses in individuals with DS are
more related with BP regulation since most individuals
64

with DS do not exhibit hypertension [30] or exhibit
low BP [31].
Although we do not know the reason for an attenuated PEH response in our study, we can speculate that
the lack of PEH observed in the participants could be
due to obesity-related factors, impaired vascular function, or autonomic deregulation. It has been shown
that individuals with DS exhibit blunted arterial stiffness responses to maximal exercise, which potentially
reflects a diminished vascular reserve. In addition, obesity and particularly VO2 peak were related with the
impaired vascular function observed in these individuals [15]. Regarding this, a study showed that HR and
BP responses to exercise in individuals with DS were attributed to an autonomic dysfunction and associated
with obesity. It has also been shown that DS subjects
display attenuated HR and SBP responses to handgrip
exercise. This was explained by blunted parasympathetic withdrawal and alterations in both parasympathetic
(vagal) and sympathetic responses, suggesting reduced
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baroreflex control of HR and SBP in individuals with DS
[4]. In addition, the risk of major cardiovascular events
in people with DS was studied in the Australian state of
Victoria in years 1993–2010 [16]. The research proved
a higher prevalence of congenital heart disease, cardiac
arrhythmia, dementia, pulmonary hypertension, diabetes, and sleep apnoea in the DS group compared with
the group without DS. The mentioned study also concluded that DS was associated with a higher risk of stroke
in all ages. Thus, DS individuals would benefit from
PEH because of more cardiovascular risk factors and a
higher risk of obesity. In this context, many studies found
positive results on cardiopulmonary capacity and general
physical fitness in these individuals [32–34].
One of the limitations of the present study was the
low number of participants and the use of both genders. It would be interesting to check whether there is
a gender-related difference in the effect of acute exercise on BP in this population or not. Another limitation
is the impossibility of blood collection in this population, which could provide some information about the
potential mechanism. The time of the day at which the
experiments were conducted could be another factor
affecting the results as the systolic hypotensive effect is
greater after morning exercise than after evening exercise when circadian variations are considered [35].
Future studies are needed to evaluate the occurrence
of PEH in different times of the day in DS individuals.
Thus, our results will certainly contribute to a better
understanding of the different effects of physical exercise on BP regulation in adult individuals with DS.
Conclusions
In conclusion, our results provide new knowledge regarding the effect of acute exercise on PEH in overweight
adults with DS. The lack of PEH for the intensities, duration, and exercise modes applied in the present study
suggests that additional studies with different exercise
modes, intensities, and durations are needed. Future
research directions also include further exploration of
the potential benefits of physical exercise on the regulation of vascular function and targeted interventions
in individuals with DS.
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