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Abstract

Background: Cardiovascular diseases affect people worldwide. Individuals with Down Syndrome (DS) have an up to 
sixteen-time greater risk of mortality from cardiovascular diseases.

Objective: To evaluate the effects of aerobic and resistance exercises on blood pressure and hemodynamic variables of 
young individuals with DS.

Methods: A total of 29 young individuals with DS participated in the study. They were divided into two groups: aerobic 
training (AT) (n = 14), and resistance training (TR) (n = 15). Their mean age was 15.7 ± 2.82 years. The training program 
lasted 12 weeks, and had a frequency of three times a week for AT and twice a week for RT. AT was performed in treadmill/
bicycle ergometer, at an intensity between 50%-70% of the HR reserve. RT comprised nine exercises with three sets 
of 12 repetition-maximum. Systolic blood pressure (SBP), diastolic blood pressure (DBP), mean blood pressure (MBP) 
and hemodynamic variables were assessed beat-to-beat using the Finometer device before/after the training program. 
Descriptive analysis, the Shapiro-Wilk test to check the normality of data, and the two-way ANOVA for repeated measures 
were used to compare pre- and post-training variables. The Pearson’s correlation coefficient was calculated to correlate 
hemodynamic variables. The SPSS version 18.0 was used with the significance level set at p < 0.05.

Results: After twelve weeks of aerobic and/or resistance training, significant reductions in variables SBP, DBP and MBP 
were observed.

Conclusion: This study suggests a chronic hypotensive effect of moderate aerobic and resistance exercises on young 
individuals with DS. (Arq Bras Cardiol. 2015; 104(6):487-492)

Keywords: Arterial Pressure / physiology; Hemodynamic / physiology; Heart Defects / congenital; Down Syndrome; 
Adolescent; Resistance Training.

Introduction
Cardiovascular disease is the major cause of mortality 

worldwide and although cardiovascular events are more 
frequent after the fifth decade of life, there is evidence that 
their precursors have origin in childhood1. Individuals with 
Down syndrome (DS) show an up to sixteen-time higher risk 
of mortality for cardiovascular diseases2. While the incidence 
of congenital heart defects in the general population is 
of 0.8%, approximately 40%-65% of individuals with DS 
develop the disease3. The development of congenital heart 
defects is multifactorial and under the interference of 
molecular and morphological signaling. Additionally, the 
incidence of atrioventricular and ventricular septal defects 
is of 45% and 35% in patients with DS3, respectively.  

Also, the risk of persistent pulmonary hypertension in 
neonates is 5.2% higher for children with DS in comparison 
to the general population3,4.

Among the major cardiovascular risk factors, we should 
point out high blood pressure (BP) and sedentary lifestyle. 
Some studies have proven that both risk factors show 
strong tracking from childhood to adulthood5-8 and this 
suggests that there should be incentives for their reduction 
from early ages.

BP control is related to lifestyle changes including 
increasing physical activity9. Few studies correlating the 
effect of physical training on the cardiovascular response of 
individuals with DS are available; therefore, the specificities 
of physical exercises should be carefully verified for this 
population. Kelley et al10 conducted a meta-analysis 
involving non-disabled children and adolescents and 
demonstrated that short-term physical exercises did not 
lead to reductions in resting SBP and DBP.

Nonetheless, McDonnell et al11 showed that regular 
physical exercise is associated with a beneficial vascular 
profile, which is explained by lower large artery stiffness in 
older individuals, but lower peripheral vascular resistance in 
young individuals.
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The literature points to the benefits of an active lifestyle 
for the general population. However, the population with 
DS has a less active lifestyle than do individuals without 
DS. This may be harmful to the health and autonomy of 
this population12,13.

The increase in life expectancy of this population 
makes the prevention of secondary diseases increasingly 
more important. Therefore, we hypothesized that physical 
training (aerobic and resistance) could reduce blood 
pressure levels and thus improve and/or prevent the 
development of cardiovascular diseases in individuals with 
DS. For this reason, knowing the importance of a physically 
active lifestyle for BP control and for the prevention of 
cardiovascular diseases, the objective of this study was to 
investigate the effects of aerobic and resistance training on 
BP values and hemodynamic variables in young individuals 
with DS after the training period.

Methods

Participants
Twenty nine young individuals of both genders (20 boys 

and 9 girls) with Down syndrome and a mean age of 
15.7 ± 2.82 years participated in the study. Subject selection 
was made by inviting all young individuals with DS aged 
between 12 and 20 years from 3 institutions in the city of 
Londrina/State of Parana/ Brazil, which provide care for 
intellectually disabled individuals. Those presenting with 
orthopedic or cardiac problems; using medications that 
could affect the heart rate; and those presenting with severe 
or profound intellectual disability that could affect their 
understanding and/or ability to perform the procedures 
were excluded from the study. After receiving explanations 
on the terms of the research, their parents and/or guardians 
gave written informed consent. The study was approved by 
the Research on Humans Ethics Committee, Universidade 
Estadual de Londrina, under opinion number 93.680/2012.

The participants were divided into two groups, according 
to their availability to attend the physical exercise program: 
aerobic training group (n = 14, of which 4 were girls and 
10 were boys); and resistance training group (n = 15, of which 
5 were girls and 10 were boys).

Initially, there was a control group; however, the 
individuals from this group did not attend the second 
assessment visit, and therefore the control group was 
excluded from the analysis.

Training programs
The aerobic and resistance training programs consisted of 

12 weeks with 50-minute-duration sessions.
The aerobic training was performed three times a week 

in a treadmill and bicycle ergometer (15 minutes each), at 
an intensity between 50% and 70% of the HR reserve for 
30 minutes, preceded by a 10-minute warm- up (articulations 
and stretching) and followed by 10 more minutes of recovery 
(stretching). The intensity was monitored by a Polar FT2 heart 
rate monitor. The HRmax used for the calculation of HR reserve 

was obtained by means of a maximal exercise test validated 
for individuals with DS14. This test started at a 4 km/h speed 
and 0% inclination for two minutes. Every two minutes the 
treadmill inclination was increased by 2.5% up to 12.5%. 
Thereafter, the speed was raised by 1.6 km/h at every minute 
until volitional fatigue. The test was performed on a treadmill 
(INBRAMED, model 10.200) with the use of a portable 
metabolic measurement system (Cosmed k4b², Italy).

The resistance training consisted of 9 exercises performed 
in three sets of 12 repetition-maximum, with a 1-minute 
interval between the sets and 3-minute intervals between 
exercises. The following series of exercises was proposed: 
chest press machine; leg extension machine; lat pull down; 
biceps cable curl; standing leg curl with ankle weights; 
cable triceps extension; calf raises with ankle weights; 
dumbbell front raise and abdominal exercises. The two first 
sessions were for adaptation to the exercise training with 
low loads and, subsequently, the load used was estimated 
by observing the participant’s ability to perform the exercise 
in 12 repetitions. Load progression was spontaneous, with 
increases made whenever the participant was able to perform 
the three sets of twelve complete repetitions15.

To participate in the study, the individuals showed a 
medical clearance certificate for the practice of physical 
exercises. Additionally, the attendance rate was of at least 
75% of the program for all participants, and therefore, 
none was lost to follow-up. All attended the two assessment 
visits proposed.

Blood pressure
Blood pressure was monitored by a Finometer™ 

(Finapres Medical System, BV, The Netherlands) device 
before and after the training program. Continuous 
digital electrocardiographic monitoring and noninvasive 
cardiovascular hemodynamic monitoring by digital infrared 
photoplethysmography were performed for 15 minutes with 
the individual in the sitting position.

For the acquisition of pressure curves, a small sensor 
was placed around the middle phalanx of the left index 
finger, taking into consideration the participant’s age, body 
mass, height and gender. Body mass (BM) was expressed 
in kilograms and measured in a digital scale to the 
nearest 100 grams; height, in meters, was measured in a 
stadiometer to the nearest 0.1 centimeter; a 2-m flexible tape 
measure was used for the measurement of the abdominal 
circumference (AC). The following hemodynamic variables 
were considered for the analyses: systolic blood pressure 
(SBP), diastolic blood pressure (DBP), heart rate (HR), cardiac 
output (CO), peripheral vascular resistance (PVR) and stroke 
volume (SV); the latter was obtained using the formula 
SV = CO/HR. A researcher blind to the groups performed 
the assessments and analysis of variables.

Statistical analyses
Data are presented as means and standard deviation of the 

mean. The Shapiro-Wilk test was used to check the normality 
of data. The two-way ANOVA for repeated measures was 
used for the comparison of hemodynamic variables pre- and 
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Table 1 – Anthropometric data of participants

Aerobic training (n = 14) Resistance training (n = 15)

Body mass (kg) 61.43 ± 11.6 52.7 ± 10.0

Height (cm) 151.7 ± 8.11 150.4 ± 7.0

BMI (kg/m²) 26.61 ± 4.36 23.3 ± 4.3

Abdominal circumference (cm) 86.8 ± 11.1 77.5 ± 9.2¥

¥ Significant difference between groups – p < 0.05.

Table 2 – Blood pressure values before and after training

Variables
GrType of Training A Aerobic Training Group Resistance

Pre Post Δ Pre Pós Δ Time p Time x group p Group p

SBP (mmHg) 119.6 ± 11.46 110.4 ± 11.7* -9.3 ± 8.8 113.19 ± 13.04 107.04 ± 10.41* -6.2 ± 12.0 0.001 0.05 0.03

DBP (mmHg) 77.27 ± 4.73 72.66 ± 6.69* -4.6 ± 6.9 76.98 ± 8.10 72.23 ± 8.30* -4.8 ± 10.2 0.03 0.53 0.98

MBP (mmHg) 92.58 ± 5.40 88.35 ± 7.37* -4.2 ± 7.3 91.74 ± 8.74 86.75 ± 8.38* -5.0 ± 9.7 0.01 0.58 0.74

SBP: systolic blood pressure; DBP: diastolic blood pressure; MBP: mean blood pressure. * significant difference between pre-training and post-training timepoints – p < 0.05.

post-aerobic or resistance training. The Pearson’s correlation 
coefficient was used to correlate the hemodynamic variables 
with age, body mass and height. Data were analyzed by the 
SPSS version 18.0 software; in all analyses, the significance 
level was set at 5%.

Results
Anthropometric data of the groups obtained before 

the intervention are shown in Table 1. No BP variables 
or hemodynamic variables showed statistically significant 
differences (p > 0.05) between the groups at the 
pre‑training timepoint.

Data presented in Table 2 show a significant reduction 
(p < 0.05) of systolic, diastolic and mean blood pressure 
after aerobic and resistance training. No interaction was 
observed between the factor time and group for variables 
SBP (p = 0.20), DBP (p = 0.53) and MBP (p = 0.58).

Data regarding heart rate, stroke volume, cardiac output 
and peripheral vascular resistance are shown in Table 3. 
No statistically significant differences were found for these 
variables between timepoints pre- and post-exercise in 
both groups.

Finally, the Pearson’s correlation test between anthropometric, 
hemodynamic and blood pressure variables did not show 
significant values for any of the two groups studied.

Discussion
The major finding of the present study suggests a chronic 

hypotensive effect of aerobic and resistance exercise on 
young individuals with DS. Nonetheless, the findings of the 
present study corroborate those of several trials investigating 
the effects of exercise on blood pressure of non-disabled 
individuals, which usually show BP reduction after physical 

– especially aerobic, training. For resistance exercises, the 
few studies conducted also point to a BP reduction effect15-18 

albeit less consistently in comparison to aerobic exercises.
Despite the paucity of studies investigating the effect 

of exercises on blood pressure of individuals with DS, the 
literature shows some that address aspects of blood pressure 
and the vascular system in this population. According to 
Rodrigues et al19, although individuals with DS show early 
aging in several organ systems, no difference was observed 
regarding aortic artery stiffness, which is related to several 
risk factors for CVD, including high BP, in individuals with DS 
in comparison to individuals without this condition.

Some studies have found that individuals with DS 
have chronic hypotension, i.e., blood pressure levels 
lower than those of normotensive individuals without the 
syndrome19-21. However, there is evidence that deaths related 
to cardiovascular diseases are more common in individuals 
with DS than in the general population2,22.

Although BP levels of individuals with and without DS have 
not been compared in this study, the mean SBP and DBP found 
for the participants were considered within normal limits23. 
Additionally, the baseline levels of SBP, DBP and MBP were 
similar for both groups.

The guidelines suggest that increasing physical activities 
contributes to the primary and secondary prevention of 
arterial hypertension15. However, according to Cornelissen 
and Smart18, the effect of training on the magnitude of BP 
reduction may vary according to the modality of exercise 
(aerobic or resistance), duration, intensity, and frequency 
of training . Our findings corroborate these authors’ 
recommendation of physical exercises for BP control18 based 
on the finding that aerobic exercises are effective in BP 
reduction, as are resistance exercises, which, albeit providing 
lower reductions in comparison to aerobic exercises, still play 
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Table 3 – Values of hemodynamic variables before and after training

Variables
Training Group Aerobic Training Group Resistance

Pre Post Pre Post Time p Time x group p Group p

CO 2.97 ± 0.71 3.80 ± 0.81 2.76 ± 1.02 3.32 ± 1.05 0.60 0.98 0.20

PVR (mmHg.min.l) 32.91 ± 8.54 24.07 ± 4.48 36.62 ± 10.92 28.56 ± 9.64 0.22 0.93 0.07

HR (bpm/min) 81 ± 11 82 ± 11 84 ± 10.04 84 ± 9.34 0.93 0.58 0.31

SV (ml) 0.037 ± 0.00 0.047 ± 0.01 0.032 ± 0.01 0.040 ± 0.01 0.43 0.77 0.17

CO: cardiac output; PVR: peripheral vascular resistance; HR: heart rate; SV: stroke volume.

an important role in BP control. Thus, for this population, 
resistance training showed significant reductions in blood 
pressure levels (SBP = -6.2 mmHg; DBP = -4.8 mmHg; 
MBP  =  -4.2 mmHg). However, in addition to bringing 
benefits to blood pressure responses, resistance training 
has been considered safe for individuals with DS because it 
improves strength, balance and body composition24.

As regards the chronic antihypertensive mechanisms of 
exercise, Pescatello et al25 found a reduction in peripheral 
vascular resistance as the major mechanism, which is possibly 
mediated by neuro-humoral and structural adaptations. 
Reduction in vasoconstrictors such as endothelin-1, and 
elevation in vasodilators such as nitric oxide have been pointed 
as neurohumoral adaptations to physical exercises26,27.

Although several mechanisms and hemodynamic 
adaptations have been pointed in response to the chronic 
effects of aerobic and resistance training on BP, Cornelissen 
and Fagard28 conducted a meta-analysis and showed that the 
hemodynamic mechanisms in response to aerobic training 
resulted from a significant reduction of peripheral vascular 
resistance (PVR), with no changes in the cardiac output 
(CO). This can be explained by the increased SV, which is 
counterbalanced by decreased HR.

In the present study, no significant changes were observed 
for peripheral vascular resistance in any of the groups (aerobic 
and resistance training) after the 12-week training.

The adaptations in BP found in the present study may 
be important for individuals with DS, because, as Hu et al29 
suggest, these individuals may have a higher incidence of 
cardiovascular risk factors such as a low cardiorespiratory 
capacity and obesity. In this context, many studies have 
advanced in relation to the influence of exercise on the 
physical fitness of young individuals with DS, and usually 
show positive results regarding their cardiopulmonary capacity, 
strength and body composition24,30-34. Therefore, the findings of 
the present study in relation to the chronic reduction of blood 
pressure after an intervention program contribute with more 
information on the potential benefits of physical exercises  
for this population.

Although the physical training program has provided 
significant adaptations of blood pressure, some limitations 
should be pointed out. First, the number of individuals in each 
group was small, and this may have hindered some analyses. 
Additionally, the non-randomized division of intervention 

groups may have interfered in the results. Nonetheless, our 
findings may contribute to a better understanding of the 
physiological adaptations to physical exercises in young 
individuals with DS, in addition to stressing the importance 
of this practice for the health of this population.

Conclusion
By means of the interventions performed, the present study 

demonstrated that 12 weeks of either aerobic or resistance 
training provided significant reductions in SBP, DBP and MBP 
of young individuals with DS. The adaptations found are 
believed to significantly help control BP and prevent the risk 
of developing cardiovascular diseases.

Therefore, the implementation of either aerobic or 
resistance training programs and practice of physical exercises 
is suggested for young individuals with DS as a means 
of preventing cardiovascular risks. For these individuals, 
maintaining a physically active lifestyle should be seen as a 
strategy that can contribute significantly to improve a sedentary 
lifestyle and obtain several health benefits.
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