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Introduction

Down syndrome (trisomy 21) is in one of each 800 – 1.000 
live-born children, independent of gender, ethnic or racial group, 
resulting in higher prevalence of other health complications if 
compared to the general population1.

People with Down syndrome (DS) are at high risk for 
cardiovascular morbidity and mortality and have low levels 
of cardiovascular fitness2. Among the cardiac alterations, 
chronotropic incompetence and low work capacity are other 
common findings in people with DS. This was evidenced by 
the decrease in intrinsic heart rate, evaluated after sympathetic 
and parasympathetic blockade with atropine and propanolol3.

There is compelling evidence that these individuals may 
exhibit cardiac autonomic dysfunction manifested as a reduced 
heart rate response to acute sympatho-stimulatory tasks4,5. People 
with DS may show a decrease in peripheral blood flow and a 
decrease in cardiac output, influenced by baroreflex sensitivity, 
vagal withdrawal reduced sympathetic activation. Besides the 
autonomic function, vagal modulation of heart rate is influenced 
by several physiological factors such as aging,6,7. obesity8 and 
aerobic training9.

Low levels of physical fitness is an important health related 
issue for this population10,11. Additionally, overweight and obesity 
are present in this population. It is known that regular physical 
activity is an important strategy to ameliorate cardiovascular 
and respiratory muscle function, prevent obesity and reduce 
cardiovascular risk factors (i.e., abnormal serum lipid profiles) 
and decrease the levels of overall mortality and morbidity7.

Furthermore, exercise training is considered an effective 
strategy for improving autonomic function by increasing va-
gal modulation and baroreflex sensitivity in both healthy and 
diseased populations. An increase in autonomic modulation 
is evidenced by an increase in the heart rate variability, both 
in the frequency and time domains (HF power and SD of all 
normal R-R intervals, respectively) in healthy people2,12,13. In 
contrast, only limited information on the effects of the practice 
of exercise training on cardiac autonomic function of persons 
with DS is available14.

The primary purpose of this study was to evaluate the effect 
of low and vigorous levels of physical activity in anthropo-
metric, hemodynamic and autonomic modulation in persons 
with DS physically.

Methods

Sample

We analyzed 13 individuals without DS (control group), 15 
sedentary subjects with DS (SED DS group), nine DS subjects 
with low intensity levels of physical activity (LIDS group) and 
12 DS subjects with vigorous levels of physical activity (VIDS). 
All subjects were males.

To join the study, the subjects were required to show up in 
the all data collection phases, which consisted of: (1) Public 
call for the study and explanation of the project; (2) Signature 
of parents or legal responsible acknowledging their consent 
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and agreement; (3) Evaluation of physical activity levels, body 
composition, hemodynamics and electrocardiogram collection. 
Those with any disease that could affect blood pressure (heart 
failure, congenital heart diseases, renovascular diseases, chronic 
low blood pressure, vasovagal syncope, etc.), or taking any 
medication for blood pressure were excluded.

All methods used in this study were approved by the institu-
tional ethical board and followed the guidelines in the Declaration 
of Helsinki (Ethics committee protocol number 65365000).

Evaluation of physical activity levels

For the analysis of the physical activity levels, the International 
Physical Activity Questionnaire (IPAQ) was applied. This 
questionnaire was created by a multinational working group to 
serve as a tool for epidemiological studies. By analyzing the 
physical activity performed the previous week, participants were 
classified as active or sedentary15. The energy expenditure in 
metabolic equivalent tasks (MET) was calculated based on the 
total minutes of physical activity in the last week (MET-min/
week). The LIDS grouped all subjects with ≤ 600 MET-min/
week (≤150 min/week). The VIDS grouped all subjects with 
over 600 MET-min/week (>150 min/week).

Anthropometric measurements

Initially, measurements of weight, height and waist circumference 
were made according to the NHBLI, as previously described16,17.

The skinfold measurements were also made to estimate the 
total body fat (%). Three skinfolds were performed: Medial 
Axial, Abdominal and Medial Anterior Quadriceps with a view 
to analyze the percentage of fat and lean mass18.

We used the method of anthropometric evaluation, where all 
patients admitted were submitted to anamnesis and a complete 
clinical examination. Data on gender, age, weight, height, body 
mass index (BMI), blood pressure and waist and hip circumfer-
ence were recorded19. Body mass index (BMI) was calculated 
by dividing the weight in kilograms (Kg) by the square of the 
height, measured in meters, (kg / m2). According to the World 
Health Organization (1998), the following classification was 
adopted: Overweight: BMI ≥ 25 and < 29.9 kg / m2, Obesity 
grade 1: BMI ≥ 30 and < 34.9 kg / m2, Obesity grade 2: BMI 
≥ 35 and < 39.9 kg / m2, Obesity grade 3: BMI ≥ 40 Kg / m2 
(previously termed morbid obesity).

Blood pressure evaluation

Blood pressure was measured using the auscultatory method, 
with subjects sitting comfortably for at least 5 minutes on a chair 
(with their feet flat on the floor), in a calm environment, and with 
the right arm positioned at the level of the heart. The purpose of 
analyzing the data in this study was that the mean values obtained 
in two blood pressure measurements, with 20-minute intervals, 
could be used. Blood pressure was determined according to the 

standardization proposed by the VII Brazilian Guidelines for 
Hypertension20. Systolic blood pressure was reported in the 
first phase of Korotkoff (onset of noise), and diastolic in the 5th 

phase of Korotkoff (noise disappearance). Values of SBP ≥ 140 
mmHg and / or DBP ≥ 90 mmHg were used as cut-off points 
for increased blood pressure21.

Heart Rate Variability (HRV)

The electrocardiogram signal (ECG) acquisition was collected 
at kHz sample rate, for a 10-minute period in the supine posi-
tion, head elevation of 30°. It was done using a protocol with 
three derivations. To assess the HRV, the temporal series of 
RR intervals were registered for posterior analysis (Wincardio 
Micromed 600hz, Brasilia, DF, Brazil).

Temporal series from the tachogram were related to each 
selected segment and were quantitatively evaluated considering 
the values for the HR, total and normalized (nu) powers of low 
frequency (LF – 0.04 to 0.15 Hz) and high frequency (HF – 0.15 
to 0.40 Hz) components of the HRV. The sympathovagal index 
(LF/HF) was calculated based on the LF ad HF normalized. 
Normalized units (nu) were obtained by dividing the power of 
a given component by the total power (from which VLF was 
subtracted) and multiplied by 10022.

In text format, tests were analyzed using the Kubios HRV 
2.0 (Biosignal Analysis and Medical Imaging Group, Kuopio, 
Finland) program in which the ECG signal was processed to 
obtain the variables related to the HRV in the time and frequency 
domains. In the time domain, the variables of SDNN (standard 
deviation of RR intervals) and RMSSD (square root of the mean 
squared differences between adjacent normal RR intervals, 
expressed in ms) were chosen. The analysis of the HRV in the 
frequency domain was performed using Fast Fourier Transform 
(FFT) in portions of 5 minutes with interpolation of 4 Hz, 
overlapped by 50%. The bands of interest were low frequency 
or LF (0:04 to 0:15 Hz, this component refers predominantly 
to sympathetic modulation) and high frequency or HF (0.15 to 
0.4 Hz, referring to parasympathetic modulation)23.

Normalized LF and HF components of R–R variability were 
considered, respectively, as markers of cardiac sympathetic and 
parasympathetic modulation, and their ratio (LF/HF) consid-
ered as an index of the autonomic modulation of the heart. The 
results were expressed in absolute values (HF and LF ms2) and 
percentage (HFnu and LFnu).

A symbolic analysis was carried out according to the approach 
previously described and validated by Porta24. For this method, 
the same 5 min of iRR selected was used. Then, a coarse grain-
ing approach based on a uniform quantization procedure was 
used to transform the iRR series into a sequence of symbols. 
The length (L) was kept fixed in all analyses. The full range of 
sequences was uniformly spread over six levels (from 0 to 5), 
and patterns of length L = 3 were constructed. Therefore, each 
subject and each experimental condition had its range of iRR 
intervals. The Shannon entropy of the distribution of the patterns 
was calculated to provide a quantification of the complexity of 
the pattern distribution. All possible patterns (i.e., 216) were 
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grouped without any loss into three families referred to as (1) 
patterns with no variation. The sequences were spread on six 
levels, and all possible patterns divided into four groups, con-
sisting of patterns with:

1) no variations (0V, three equal symbols, associated with sympa-
thetic modulation); 2) one variation (1V, two equal symbols and 
one different, associated with sympathetic and parasympathetic 
modulation); 3) two like variations (2LV and associated with 
parasympathetic modulation ); and 4) two unlike variations (2UV 
and associated with parasympathetic modulation) .

Statistical analysis

Regarding data, we used the Shapiro-Wilk Test, which attested a 
heteroscedastic distribution, and subsequently a One-Way ANOVA 
with the post-hoc Student-Newman-Keuls test. The significance 
level was set at 95% confidence interval or p < 0.05 (Graphpad® 
Prism 5). Results showed by mean and standard error.

Results

Table 1 shows the baseline characteristics of the control group, 
SED DS, LIDS and VIDS groups. There were no significant 
differences in age, height, weight, body mass index, and heart 
rate between the control, SED DS and LIDS groups. The VIDS 
group showed lower BMI than the control and SED DS groups. 

The body fat (%) was lower in the LIDS and VIDS groups than 
in the control and SED DS groups. The systolic and diastolic 
arterial pressures were similar among the groups.

Table 2 shows the comparison of values obtained in the 
HRV evaluations in the time and frequency domains and 
symbolic analysis in the investigated subjects. The frequency 
domain indexes showed that the sedentary DS individuals 
demonstrated (in the baseline evaluation) similar values in 
LF and lower values in the absolute HF component than the 
control group (Table 2). These results, when normalized, 
showed higher sympathovagal balance, higher normalized 
LF and lower HF component of the HRV in the sedentary DS 
group than in the control group. However, the LIDS and VIDS 
groups showed lower values in the absolute LF component 
than the sedentary group and, consequently, similar values in 
normalized values in LF, HF and sympathovagal balance than 
the control group  (Table 2).

The symbolic analysis was expressed in figure 1 and showed 
greater sympathetic modulation (0V) and lower values in para-
sympathetic modulation (2LV) in the sedentary DS group when 
compared to the control group. However, no changes were 
observed in parasympathetic modulation in 2UV in sedentary 
DS when compared to the control group. However, LIDS and 
VIDS did not show difference in sympathetic modulation (0V) 
when compared to the control group. The 2LV was lower in 
the LIDS and VIDS groups than in the control group, but 2UV 
was higher in the VIDS group than in the control group. The 
1V were similar among the groups.

Table 1. Hemodynamics and body composition characteristics of the investigated subjects:

Control
(n=13)

Sedentary DS
(n=15)

LIDS
(n=9)

VIDS
(n=12)

Age (years) 29 ± 3.7 26 ± 6.6 26.1 ± 1.13 24 ± 2.2
Systolic arterial pressure (mm/Hg) 119 ± 6.9 113 ± 11 113 ± 2 112 ± 3
Diastolic arterial pressure (mm/Hg) 80 ± 2.8 72 ± 11 73 ± 3.3 72.8 ± 2.6
Weight (kg) 85 ± 7 64 ± 16* 58.8 ± 3.3* 54.2 ± 2.6*#
Height (cm) 177 ± 5.3 150 ± 6.1* 151.3 ± 1.5* 149 ± 2*
Body mass index (kg/m2) 27 ± 2.6 28 ± 5.6 25.1 ± 1.2 23.4 ± 0.8*#
Lean mass (%) 77 ± 4.6 77 ± 6.1 84.4 ± 2.4 84.7 ± 1.3
Fat mass (%) 23 ± 4.6 23 ± 6.1 15.6 ± 2.4 15.3 ± 1.3
IPAQ (min/week) 55 ± 7 50 ± 10 165 ± 30*# 315 ± 45*#
MET (MET/min/week) 165 ± 24 162 ± 18 661 ± 50*# 1925 ± 120*#

Results showed by mean and standard error; IPAQ, International Physical Activity Questionnaire; MET, metabolic equivalent; One way ANOVA; tukey post-hoc; 
* p<0.05 vs Control; # P<0.05 vs. Sedentary DS

Table 2. Comparison of values obtained in the Heart Rate Variability evaluated in the time and frequency domains and Symbolic Analysis in 
investigated subjects:

Control
(n=13)

Sedentary DS
(n=15)

LIDS
(n=9)

VIDS
(n=12)

Time domain
Total variability (ms2) 2576 ± 322 1493 ± 210* 1546 ± 321 1742 ± 343
RR (ms) 964 ± 182 805 ± 43 952 ± 59 964 ± 59
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Discussion

This study was aimed at evaluating the hemodynamic pa-
rameters, autonomic modulation, body composition and 
physical activity levels in patients with DS. The main find-
ing of the present study was that actives DS groups showed 
higher values of HRV and lower sympathetic modulation 
when compared to their sedentary counterparts. A pattern 
of reduced HRV and reduced sympathetic modulation was 

also observed in both low-intensity physical activity (LIDS) 
and vigorous-intensity physical activity (VIDS) DS patients. 
Additionally, low-intensity and vigorous-intensity DS pre-
sented lower BMI and body fat values than the sedentary DS 
group. These findings strongly suggest that exercise training 
attenuates autonomic and body composition problems in DS 
patients regardless of the intensity.

Many studies have shown marked autonomic imbalance in 
DS patients13,25,26. Our study evidenced an autonomic imbalance 

Frequency domain
LF (ms2) 964 ± 182 906 ± 258 469 ± 148*# 521 ± 135*#
HF (ms2) 831 ± 353 489 ± 332* 482 ± 344 644 ± 233
LF (nu) 50 ± 3.6 70 ± 2.6* 49 ± 3.7# 45 ± 1.6
HF (nu) 50 ± 3.6 30 ± 2.6* 51 ± 3.7# 55 ± 1.6
LF/HF 1.2 ± 0.2 2.87 ± 0.4* 1.12 ± 0.21# 0.88 ± 0.05
Symbolic analysis
0V (%) 19 ± 3 32 ± 4.1* 20 ± 4.9# 18 ± 2.7
1V (%) 46 ± 3.6 43 ± 1.3 45 ± 1.3 42 ± 1.7
2LV (%) 15 ± 1.8 7.8 ± 2.9* 9.12 ± 2 9.03 ± 1.3
2UV (%) 19 ± 3.0 16 ± 1.9 23 ± 2.6 28 ± 2.5*#

RR=interval RR; ; VARR= PIVLF = very low frequency; LF = low frequency; HF = high frequency, LFNu = normalized low frequency; HFNu = normalized high 
frequency; LF/HF = ratio between LF and HF components, 0V = three equal symbols , associated with sympathetic modulation); 1V= two equal symbols and one 
different associated with sympathetic and parasympathetic modulation; 2LV two like variations and associated with parasympathetic modulation and 2UV two 
unlike variations and associated with parasympathetic modulation.Results showed by mean and standard deviation; One way ANOVA; tukey post-hoc; * p<0.05 
vs Control; # P<0.05 vs. Sedentary DS

Figure 1. Symbolic representation of autonomic modulation in the frequency domains among groups
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based on the analysis of the HRV in the time and frequency do-
mains, via symbolic analysis. Our data partly corroborates with 
those presented by Goulopoulou, who had observed a reduced 
overall variability, suggesting reduced resting vagal modulation 
in DS patients27. However, other studies fail in demonstrate this 
autonomic modulation imbalance (those studies submitted DS 
patients to orthostatic stress such as Valsalva maneuver and hand-
grip strength)5. The difference between27 these works and our data 
can be partly explained by the differences of body composition 
found in our sample (Table 1) and by other secondary pathologies 
present in the DS patients, such as diabetes and heart diseases.

In DS patients, the prevalence of overweight and obesity has 
been clearly demonstrated in different research works28. This 
fact can be partially explained due to the sedentary state attested 
among this population29. Both sedentary state and overweight 
have been correlated with autonomic control imbalance, strongly 
promoting cardiovascular diseases and pathologies30. Previous 
studies have suggested that the abnormal autonomic function 
and hemodynamics in obesity are related to hyperinsulinemia29,31.

DS inherent abnormalities such as brainstem malfunction32, 
poor growth and encephalic maturation, causing neuronal33,34 
and dendrite35 loss and, other anatomic and genetic disorders 
can be the cause of the autonomic imbalance.36

The clinical relevance of this study lays on the chronotropic 
incompetence present in the DS patients, leading to increased 
cardiovascular risk, altogether with the autonomic imbalance, 
also a risk factor for cardiovascular diseases37. The chronotropic 
incompetence is characterized as an inability to reach ~85% of 
the maximal predicted heart rate and delayed heart max achieve-
ment38. This marked inability to reach the adequate heart rate 
strongly affects the subject’s aerobic capacity, and therefore, 
normal work capacity, as can be expressed by reduced maximal 
heart rate and maximal oxygen consumption2,12. Also, consider-
ing that the life expectancy of DS patients are increasing, the 
understanding of the risk factors for cardiovascular diseases is 
critical, once cardiovascular diseases are one of the main causes 
of death among DS4,22.

Exercise has been widely recognized as a non-pharmaco-
logical tool for cardiovascular risk reduction. Beyond that, 
exercise has also been recognized as a powerful strategy for 
the improvement of autonomic balance and total heart rate 
variability, causing reductions in sympathetic tone, increases 
in vagal tone and better baroreflex sensitivity, as can be seen 
in many types of populations, such as athletes, diabetics, etc39-

41. Also, other regulation mechanisms such as the chemo- and 
metaboreflexes are also involved in the autonomic tone regula-
tion during exercise (REF).

However, its potential benefits are directly connected to 
the amount of exercise, its intensity, total workload volume 
and, training frequency31,42. Some studies associated high lev-
els of vigorous exercise with improved exercise capacity and 
disease reduction43,44. Our group has been studying the effects 
of exercise on autonomic modulation in diverse groups, such 
as chronic kidney disease45-47, elderly48 and chronic obstructive 
pulmonary disease patients (non-published data). Nonetheless, 
to this date, no studies correlated the level of physical activity 
with autonomic control of patients with DS.

A powerful tool for indirect but reliable measurement of 
autonomic modulation is the heart rate variability49. This method 
uses the difference in time between RR intervals to determine 
autonomic modulation49,50. Exercise reduces heart rate by in-
creasing vagal modulation, showed by the heart rate variability 
through the LF and SDNN indexes49,50.

The major limitation of our study lays on the absence of a 
causal relationship between the physical activity and autonomic 
modulation in DS patients, mainly because our group did not 
train those individuals; instead, we just traced their physical 
activity and correlated with the level of autonomic modulation 
through HRV measurements.

Regarding autonomic activity, a direct evaluation of the 
sympathetic activity, such as muscle sympathetic nerve activ-
ity, baroreflex activity or catecholamines blood analysis would 
further enhance the conclusions of this study.

Thus, we conclude that, regardless of the intensity, exercise 
can promote positive adaptations in the autonomic modulation 
of DS patients.
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