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Spain, ®Universitat de Barcelona Institute of Complex Systems, Barcelona, Spain, °Department of
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Introduction: The genetic disorder causing Down syndrome (DS) affects the
cardiorespiratory and hemodynamic parameters. When exercising, sufficient
blood flow is necessary for active muscles. Cardiac output (Q) must be
proportional to the peripheral requirements. In case the stroke volume (SV)
is lower, the heart rate (HR) will increase further in order to maintain an adequate
blood flow in the active territories (HR compensatory response). People with DS
have a lower HR response to maximal exercise. Nevertheless, the response of
the hemodynamic and cardiorespiratory parameters during the submaximal
phases of maximal exercise was not well studied.

Objective: to evaluate cardiorespiratory and hemodynamic parameters 1)
during submaximal and 2) maximal metabolic treadmill test in individuals
with and without DS.

Methods: fifteen adults with DS (age = 27.33 + 4.98 years old; n = 12 males/
3 females) and 15 adults without disabilities, matched by age and sex, participated in
this cross-sectional study. Peak and submaximal cardiorespiratory and
hemodynamic parameters were measured during a treadmill test. Linear mixed-
effects models were used to analyse interactions between the variables. Post-hoc
analyses were employed to assess within and between-group differences.

Results: The DS group showed lower peak values for ventilation (VE), respiratory
exchange ratio (RER), tidal volume (V7), ventilatory equivalent for O, (VEqO,), end-
tidal partial pressure for O, (PerO,), O, uptake (VO,) and CO, production (allp < O
.050), Q, SV, systolic and diastolic blood pressure (SBP, DBP), and HR (allp < 0 .050).
There were group-by-time interactions (all p < 0 .050) for all ventilatory
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submaximal values. Significant group and time differences were observed for VE;
RER; respiratory rate (RR); VEqQO;; PerO,; VO,, and V1 (all p < 0 .050). There were
also group-by-time interactions (all p < 0 .050) and group and time differences for
SBP, mean arterial blood pressure (MAP) and HR (all p < 0.010).

Conclusion: During submaximal exercise, we verified a compensatory response
of HR, and greater VE and VO, in the individuals with DS. In addition, we were
able to observe that the DS group had a reduced SBP and MAP response to
submaximal exercise. On the other hand, we found that adults with DS have
lower peak hemodynamic and cardiorespiratory values, and a lower cardiac
reserve. Further research is warranted to investigate the effects of these results
on the general health of adults with DS and the impact of long-term exercise

programs on these parameters.
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1 Introduction

Down syndrome (DS) is a chromosomal disorder that occurs
in the human species, which has a variable and a wide range of
impact and severity at an individual level. This genetic disorder
influences physical and clinical characteristics, cardiorespiratory
fitness, and intellectual disability (World Health Organization,
2000). European DS prevalence during 2011-2015 was estimated
10,000 which
approximately 359,000 people with DS living in Europe, of

at 49 per inhabitants, corresponds  to
whom 35% are under the age of 20 and 35% above 40 years
old (De Graaf et al., 2018).

Down syndrome individuals™ life expectancy and survival
have increased significantly since the 1960s, with median life
expectancy in the late 50 s (Englund et al., 2013; Glasson et al.,
2016). This is secondary to better preventive health care,
educational programs, curative surgical intervention on
congenital and gastro-intestinal anomalies, and social support.
Some predictors of life expectancy include race, sex, birth weight,
gestational age at birth, and presence of heart defects and other
structural anomalies (Yang et al., 2002; Englund et al., 2013).
Infectious diseases, mainly pneumonia, followed by congenital
heart defects, circulatory disease, and dementia, are the leading
causes of death in individuals with DS (Englund et al,, 2013).
Also, one of the most significant studies analysing cardiovascular
abnormalities in DS identified that 342 of 821 (42%) DS infants
born from 1985 to 2006 had cardiovascular anomalies (Irving
and Chaudhari, 2012).
with DS have

cardiovascular disease, and multiple studies have found

Individuals a broad spectrum of
that their response to exercise is different from non-DS
individuals (Mendonca et al.,, 2010; Fernhall et al., 2013).
Baynard et al. (2008) reported that the peak oxygen
consumption (VO,peak) in adolescents and adults with DS
was similar to 60-year-old non-disabled adults. Moreover,

other studies have proposed that individuals with DS would
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have autonomic dysfunctions such as decreased responses to
sympathetic nervous system stressors, altered baro-reflex
sensitivity, cardiovascular chronotropic incompetence, and
altered hormonal response to exercise (Heffernan et al,
2005; Bricout et al., 2008; Fernhall et al., 2013; Hilgenkamp
etal,, 2019). Interestingly, it was found that at rest, individuals
with DS have higher parasympathetic activity than their peers
without disabilities, but during the exercise these differences
disappeared. Therefore, the authors suggest that low-intensity
exercise may facilitate an adequate increase in heart rate (HR),
and other variables may be responsible for the inability to
increase HR as expected during maximal exercise (Baynard
et al., 2004).

It is documented that at rest and during one set of light
strength exercise, parameters such as cardiac output (Q), stroke
volume (SV), and HR are lower in people with DS (Vis et al,,
2012a). In addition, previous work shows that there are higher
metabolic demands in people with DS versus non-DS at
submaximal intensities of exercise, which makes DS persons
less efficient when performing physical activities or exercise
(Agiovlasitis et al., 2009).

We think that it is important not only to determine these
parameters during maximal exercise, as other researchers have
done, but also during submaximal exercise. As part of daily life,
people perform physical activity at submaximal intensities. As
Oppewal et al. (2020) indicate, even the performance of exercises
whose energy expenditure corresponds to low intensities will
benefit the health of persons with intellectual disabilities.
Therefore, investigating the response of hemodynamic and
cardiorespiratory parameters, not only during maximal
exercise but also at submaximal intensities, can provide
insight into the response and function of these parameters at
magnitudes that are more representative of activities of daily
living.

Thus, the main objectives of our study were to analyse and
compare the responses of cardiorespiratory and hemodynamic
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parameters during maximal and submaximal exercise in
individuals with and without DS matched by age and sex.

2 Methods
2.1 Study design and participants

This cross-sectional study included three women and 12 men
with DS (27 £ 5years old) and 15 adults without disabilities
(non-DS) with similar ages and sex. Participants with DS from
three occupational day centers were invited for this study. Adults
without DS were recruited from Universities’ campuses. A
previous study where cardiorespiratory parameters were
assessed in adults with and without DS, showed a large effect
size (Hilgenkamp et al., 2018). Therefore, after calculating the
sample size (power = 0.80; o < 0.05; effect size of d = 1), we
determined that we needed to recruit at least 28 participants
(14 in each group).

Interested persons between 18 and 35 years old with and
without DS, matched by age and sex, were invited to the
laboratory facilities. Before obtaining the informed consent of
participants and parents/legal guardians, we explained the study
protocol, benefits and risks. Next, all participants were given
ample time to read the study protocol and ask all necessary
questions. Finally, all volunteers undergo a physical examination
to disclose any physical and/or cardiovascular pathology that
would make maximal exercise contraindicated.

To be part of the present study, all participants needed to be
able to walk without aids; be willing to perform a treadmill test;
and parents/legal guardians and participants should have signed
the informed consent. In addition, exclusion criteria were: taking
medications that could affect physical performance or HR;
having any cardiovascular disease or other contraindications
to exercise.

This study was approved by the Institutional Review Board
(CER URL 2017_2018_008) and complied with the principles of
the Declaration of Helsinki (World Medical Association, 2013).

2.2 Testing procedure

We organized one to three familiarization sessions so that
participants could become acquainted with the tests and
equipment used in this study. All tests were performed during
the morning, and all participants were requested to neither take
part in moderate or vigorous exercise nor consume alcohol and/

or caffeine for at least 24 h before the testing day.

2.2.1 Anthropometric measurements

We measured participants’ height (Seca 225, Seca, Hamburg,
Germany) and weight (Tanita MC-780U, Arlington Heights, IL,
United States) to the nearest 0.1 cm and 0.1 kg, respectively.
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Finally, we calculated the body mass index (BMI) for every
participant by using the equation weight (kg)/height (m?).

2.2.2 Cardiorespiratory fitness assessment

Participants walked on a treadmill (Quasar model, HP
Cosmos sports and medical gmbh, Nussdorf-Traunstein,
Germany) at a constant speed (4km/h), and the gradient
increased 2.5% every 2min until a grade of 12.5% was
attained. From this point, grade remained constant, whereas
speed was increased 1.6 km/h every minute up to exhaustion.
This protocol was used by different authors to assess the
cardiorespiratory fitness in persons with DS (Fernhall and
Tymeson, 1987; Mendonca and Pereira, 2009; Boer and Moss,
2016; Hilgenkamp et al., 2018). Peak values were calculated from
the average of the last 30 s of exercise. Peak effort was identified
by a respiratory exchange ratio (RER) > 1.0, or HR and/or VO,
plateau and when a participant could no longer continue. Values
were recorded continuously, and every minute’s average was used
for the submaximal analysis. In this case, the highest submaximal
workload was considered as the one exceeded by 90% of our
participants.

We measured the respiratory gas exchange with an automatic
gas analysis system (Metasys TR-plus, Brainware SA, La Valette,
France) and using a two-way mask (Hans Rudolph, Kansas,
United States). Before each test, we performed gas and volume
calibrations. In addition, we used a 12-lead electrocardiogram to
monitor the HR of the participants (CardioScan v.4.0, DM
Software, Stateline, Nevada, United States).

2.2.3 Hemodynamic assessments

As in previous studies performed in our laboratory
(Esquius et al., 2019; Oviedo et al., 2021), we used a finger
cuff to obtain beat-to-beat hemodynamic and blood pressure
(BP) information (Nexfin, BMEYE Amsterdam, Netherlands).
Stroke volume and Q are derived by pulse contour method
using the measured systolic pressure-time integral and the
afterload of the heart (Wesseling et al., 1993). The finger cuff
was placed around the middle phalanx of the left middle
finger, and the arm was placed on a platform and secured
with elastic straps to prevent any movement. We monitored
the finger photoplethysmography continuously, and values
were averaged every minute. Peak values were obtained from
the last 30 s of the treadmill test. For the present analysis, all
data obtained in each time point were visually inspected and
values containing a variation higher or lower than two SD
were eliminated.

2.3 Statistical analysis
Descriptive statistics were calculated for all variables. We

used the Kolmogorov-Smirnov and Shapiro Wilk tests to check
the normality of the data.
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TABLE 1 Participants’ characteristics.

Non-DS
(n =15)
Characteristics

Sex (male/female) 12/3
Age (years) 27.3 + 5.0
Weight (kg) 715 + 9.9
Height (m) 1.75 + 0.09
BMI (kg/m?) 233 + 1.6

values are mean + standard deviation.
Abbreviations; DS (Down syndrome); BMI (body mass index).

TABLE 2 Participants’ cardiorespiratory and hemodynamic values at rest.

Non-DS (n = 15)
Resting values

Cardiorespiratory data

VE (Lemin™") 10.1 + 1.7
RER 0.88 + 0.04
RR (breath®min™) 18.3 + 4.1
Vr (L) 0.50 + 0.13
VEqO, 31.1 + 4.8
VEqCO, 108.2 + 6.1
PgrO, (mmHg) 37.8 + 5.7
VO, (mlekg'emin™") 45 + 0.9
VO, (Lemin™") 0.32 + 0.06
VCO, (Lemin™") 0.28 + 0.05
Hemodynamic data
Q (Lemin™") 6.4 + 2.8
Stroke Volume (ml) 84.3 + 22.7
SBP (mmHg) 137.0 + 26.6
DBP (mmHg) 86.6 + 16.6
MAP (mmHg) 106.2 + 19.9
SVR (dynes 'ecm™) 1,447.5 + 531.1
O, pulse (mlebeat™) 4.37 + 2.74
HR (beat®min™") 77.0 + 14.2

10.3389/fphys.2022.905795

DS (n = 15) p-value Effect size
12/3 1.000 -
273 + 5.0 1.000 -
66.6 + 9.9 0.185 0.50
1.56 + 0.06 <0.001 2.40
274 + 43 0.002 1.28

DS (n = 15) p-value Effect size

Resting values

9.9 + 29 0.720 0.13

0.85 + 0.05 0.416 030

20.8 + 6.4 0.162 0.52

0.48 + 0.11 0.171 051

29.2 + 44 0.273 0.41

106.7 + 42 0.139 0.56

348 + 49 0.581 020

5.0 + 1.1 0.208 047

033 + 0.11 0.423 030

028 + 0.15 0368 033

65 + 26 0913 0.04

75.0 + 21.1 0.252 0.42

119.5 + 248 0.120 0.67

78.8 + 154 0.089 0.48

943 + 185 0.082 0.62

1700.0 + 494.4 0.086 0.49

4.08 + 278 0.773 0.10

83.0 + 13.1 0.290 043

values are mean + standard deviation.

Abbreviations: DS (Down syndrome); VE (minute ventilation); RER (respiratory exchange ratio); RR (respiratory rate); V: tidal volume; VE,O,: ventilatory equivalent for Op; VECO,:
ventilatory equivalent for CO,; PETO, (end-tidal partial pressure for oxygen); VO, (oxygen uptake); VCO, (carbon dioxide production); Q (cardiac output); SBP (systolic blood pressure);

DBP (diastolic blood pressure); MAP (mean arterial pressure); SVR (systemic vascular resistance); HR (heart rate).

p-value: between-group differences at rest.

The interactions between group (DS vs. non-DS) and
condition (different workloads) were analysed using a linear
mixed-effects model. In addition, post-hoc comparisons with
Bonferroni correction were conducted to analyse within and
between-group differences. Finally, to examine between-group

differences  in  characteristics,  cardiorespiratory  and

hemodynamic peak values, independent t-tests were
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conducted, and effect size (Cohen’s d) was calculated when
possible with 0.2; 0.5 and 0.8 indicating a small, medium and
large effect, respectively (Cohen, 1988).

Statistical analyses were performed with the Statistical Package
for the Social Sciences version 25.0 (IBM SPSS, Chicago, IL,
United States). Statistical significance was set at an alpha level <
0.050 (p < 0.050).
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TABLE 3 Participants’ peak cardiorespiratory and hemodynamic values.

Non-DS (n = 15)

Peak values
Cardiorespiratory data
VE (Lemin ") 123.9 + 233
RER 1.14 + 0.03
RR (breath®min™") 46.3 + 7.4
Vo (L) 247 + 0.59
VEqO, 339 + 38
VEqCO, 27.8 2.8
PerO, (mmHg) 1124 + 3.8
VO, (mlekg'emin™") 51.6 + 10.9
VO, (Lemin™") 3.73 + 091
VCO, (Lemin™") 4.26 + 0.98
VO, max predicted (%) 123.1 + 16.3
Respiratory reserve (%) 14.3 + 9.6
Treadmill test duration (min) 16.6 + 2.0
Hemodynamic data

Q (Lemin™) 20.2 + 3.0
Stroke Volume (ml) 113.2 20.4
SBP (mmHg) 188.4 + 34.0
DBP (mmHg) 106.0 + 21.5
MAP (mmHg) 141.6 + 26.8
SVR (dynes 'ecm ™) 794.4 + 315.2
O, pulse (mlebeat™) 20.4 + 42
HR (beat®min™) 183.0 + 7.1

Note: values are mean + standard deviation.

10.3389/fphys.2022.905795

DS (n = 15) p-value Effect size
Peak values

53.7 + 14.5 <0.001 3.61
112 + 0.03 0.043 0.77
420 + 7.8 0.139 0.56
115 + 0.22 <0.001 2.93
28.2 + 26 <0.001 1.75
27.8 + 2.3 0.992 0.00
107.5 + 3.0 0.001 1.42
28.8 + 6.7 <0.001 2.53
1.90 + 0.44 <0.001 2.55
2.12 + 0.54 <0.001 3.12
77.9 + 10.7 <0.001 3.27
555 + 8.2 <0.001 4.50
12,5 + 2.1 <0.001 1.99
14.1 + 36 0.002 132
94.2 + 229 0.030 0.87
141.6 + 227 <0.001 1.56
85.6 + 17.2 0.016 0.97
107.5 + 22.0 0.001 1.36
9163 + 463.8 0.431 0.30
12,5 + 25 <0.001 1.96
150.0 + 13.1 <0.001 3.04

Abbreviations: DS (Down syndrome); VE (minute ventilation); RER (respiratory exchange ratio); RR (respiratory rate); V: tidal volume; VEqO,: ventilatory equivalent for O,; VEqCO,:
ventilatory equivalent for CO,; PrrO, (end-tidal partial pressure for oxygen); VO, (oxygen uptake); VCO, (carbon dioxide production); Q (cardiac output); SBP (systolic blood pressure);
DBP (diastolic blood pressure); MAP (mean arterial pressure); SVR (systemic vascular resistance); HR (heart rate).

p-value: between-group differences for peak values.

3 Results

The general characteristics of the participants are presented
in Table 1. Both groups had similar weights. However,
individuals with DS were shorter and had a higher BMI than
the (@l p < 0.050).
cardiorespiratory and hemodynamic parameters at rest, we

non-DS  participants Regarding

did not observe between-groups significant differences (Table 2).

3.1 Peak values

Compared to the peak values obtained by the non-DS group,
individuals with DS had lower values for ventilation (VE; p < 0.001),
respiratory exchange ratio (RER; p = 0.043), tidal volume (V5 p = <
0.001), ventilatory equivalent for O, (VEqQO, p < 0.001), end-tidal
partial pressure for O, (PerOy p = 0.001), VO, (p < 0.001); CO,
production (VCO,; p < 0.001), achieved a lower percentage of the
predicted VO, max (p < 0.001). The DS group had a higher percentage
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of the respiratory reserve at the end of the tests (p < 0.001). Finally, the
test duration of the DS participants was shorter than the test duration
of the non-DS group (p < 0.001) (Table 3). Regarding the
hemodynamic parameters, the DS group had lower peak values for
Q (p =0.002), SV (p = 0.030), SBP (p < 0.001), DBP (p = 0.016), mean
arterial BP (MAP; p = 0.001), O, pulse (p < 0.001), and HR (p < 0.001)
than the non-DS group (Table 3).

3.2 Submaximal values

When analysing the ventilatory submaximal values (Figure 1A),
significant interaction effects were observed for all variables (p <
0.050). In addition, significant group and time differences were
observed for VE; RER; respiratory rate (RR); VEqO,; PrrOy; VO,
and Vp (all p < 0.050). However, for VCO, and VEqCO,, we only
found a significant difference in time (p < 0.001).

The analysis of the hemodynamic variables (Figure 1B)
revealed significant interaction effects and group and time
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FIGURE 1
Cardiorespiratory and hemodynamic parameters in response to submaximal exercise in adults with and without Down syndrome. (A):

Cardiorespiratory parameters; (B): Hemodynamic parameters. Abbreviations: DS (Down syndrome). Values are mean + standard error. * Between-
group differences (p < 0.050). * Medium effect size. # Large effect size.

differences for SBP, MAP, and HR (all p < 0.010). Even
though no significant interactions were observed for DBP,
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0.050). We only found significant time differences for Q, SV,
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systemic vascular resistance (SVR), and O, pulse (all p <
0.010).
During the submaximal exercise, we found significant correlations
between VE and VCO, for both groups (all p < 0.001) (Figure 2).
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FIGURE 1
(continue).

4 Discussion

In the present study we observed differences in the
cardiorespiratory response between the two groups (DS vs
non-DS), both at submaximal and maximal intensities.
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At submaximal effort, and comparing the same workloads
performed by each group, we found that the response of
cardiorespiratory parameters (VE; RER; RR; VO,; HR) was
higher in the DS group; while some hemodynamic parameters
(SBP; DBP; MAP) were attenuated, or similar (Q; SV; SVR; O,
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Relationship between ventilation (VE; L/min) and carbon dioxide production (VCO,; L/min) during the submaximal phases of the treadmill test.

Abbreviations: DS (Down syndrome).

pulse) compared with the non-DS group. A better understanding
of specific characteristics and physiological demands that
submaximal exercise represents for persons with DS, will help
researchers, sports scientists, and physical therapists to better
design exercise and rehabilitation programs by using adequate
submaximal workloads, which are more representative of the
metabolic cost and the intensities at which we moved during the
activities of daily living.

As far as we know, this is the first time that a study examines and
compares cardiorespiratory and hemodynamic parameters in
response to maximal and submaximal exercise intensities in age-
and sex-matched adults with and without DS. The results attained in
our study during the peak exercise support and further substantiate
previous studies showing that persons with DS have different
physiologic and hemodynamic responses to maximal effort than
peers without DS (Fernhall et al., 1996; Baynard et al., 2008; Fernhall
et al., 2009; Fernhall et al., 2013).

4.1 Peak cardiorespiratory and
hemodynamic responses

Concerning the peak cardiorespiratory values, our results
reinforce the findings of previous reports, showing that adults
with DS have lower peak cardiorespiratory fitness than non-DS
adults (Baynard et al.,, 2008; Mendonca et al., 2010; Mendonca et al.,
2011; Beck et al, 2021). The cause of these differences at peak
exercise may include central and peripheral mechanisms (Fernhall
et al,, 2013). Moreover, as suggested by Fernhall et al. (2013), the
autonomic dysfunction observed in DS persons may cause their
reduced maximal HR.

Frontiers in Physiology

In addition to lower peak HR, we also observed lower Q values,
which negatively affect the peak VO, and the peak work capacity of
individuals with DS. Furthermore, DS persons also present typical
characteristics, such as micrognathia, tracheal stenosis, macroglossia
(Bull, 2020), and impaired mitochondrial energy metabolism,
among others (Valenti et al, 2018), limiting their maximal
aerobic capacity. Among our participants, macroglossia was
observed in all of them, which might have restricted peak
ventilation and adversely affected the peak aerobic capacity.

Our results also allowed us to identify that our participants
with DS had significant lower peak V- than those without DS,
which added to the fact that both groups present equal values for
RR, made the quantities of air mobilized by the DS individuals
considerably lower at peak intensities. Thus, negatively affecting
O, supply and CO, elimination at peak workloads.

Concerning hemodynamic values, we also found that people
with DS reached lower values of SV and Q during peak exercise.
Different mechanisms could explain these differences. As
indicated by Vis et al. (2012b), one of them is that adults with
DS may have a smaller left ventricle compared to non-disabled
adults. In addition to this, DS participants may have a lower
venous return due to a blunted sympathetic control of blood flow
(Hilgenkamp et al., 2018), affecting the preload conditions.

The peak values of the SBP, DBP, and MAP of the DS
participants may be affected by a reduced peripheral
vasoconstrictor control during the cardiopulmonary exercise
test (Fernhall et al., 2013; Hilgenkamp et al., 2019). The effect
of a lower MAP during the exercise could negatively affect the
venous return, compromising the end-diastolic volume and the
SV. If we add to all this that DS persons have lower peak HR
(Guerra et al., 2003; Fernhall et al., 2013), the Q will be lower, as
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we found in our results, thus compromising the correct blood
volume distribution and the arrival of O, and nutrients needed to
match the metabolic demands of peak workloads.

Cardiorespiratory fitness is a strong independent predictor of
life expectancy (Strasser and Burtscher, 2018). Therefore, we
believe that further research on these parameters are needed to
analyse whether long-term increments in maximal exercise
power may affect positively the mortality rate in DS persons.

Finally, we observed that peripheral vascular resistance at maximal
loads was similar in both groups, and that the peak O, pulse, which
reflects the myocardial O, supply and the cardiac functional reserve,
was significantly higher in the non-DS. These data confirm that people
with DS have a lower cardiac reserve and a much lower capacity than
non-DS to increase it during maximal efforts.

4.2 Submaximal cardiorespiratory and
hemodynamic responses

When performing an analysis of submaximal loads such as the
one presented in our study, it is necessary to take into account the
absolute workload used in each phase of the test (the need of energy
for metabolic and mechanical work) and the duration of the effort.
For this reason, we decided to carry out an innovative approach which
allowed us to compare the responses of the parameters studied using
the same absolute workloads and the same time of the test.

The data of our study showed a higher VO, at submaximal loads
in the participants with DS. We hypothesize that there is a lower
biomechanical efficiency of gait patterns in adults with DS; therefore,
the participants with DS in our study may have higher needs of VO,
when walking. Previous findings support this argument, suggesting
that persons with DS have reduced walking economy and higher
metabolic cost (Agiovlasitis et al., 2009; Mendonga et al., 2009;
Agiovlasitis et al.,, 2015; Agiovlasitis et al., 2018). Unfortunately, the
present protocol does not allow us to determine the causes of group
differences in VO, when walking at submaximal intensities and
compare them with the previous cited studies.

Our results showed that the individuals with DS had higher RR
and lower Vp, which promoted a higher VE in the DS

group. Undoubtedly, this produces a lower ventilatory
efficiency, as shown by a higher VEqO, in the DS
group. Furthermore, after analyzing the slopes of the

relationship between VE and VCO, (DS = 2536 points vs
Non-DS = 22.33 points) (Figure 2), we may conclude that
participants with DS have a lower ventilatory efficiency, which
increases the energy expenditure required by the respiratory
muscles for a given workload. On the other hand, the VE-to-
VCO?2 slopes for both groups are within the normal values, which
range from 21 to 31 units (Sun et al., 2002; Naeije and Faoro, 2018),
which indicates that the ventilatory response as a function of CO,
production during submaximal exercise had a normal behavior in
both groups. Together, this indicates that the DS group has a
higher ventilatory work and, therefore, higher needs of O, because
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of a higher respiratory muscle activity, which may also justify the
higher VO, at submaximal workloads (Figure 1A).

Moreover, higher RR in the DS group have several
consequences, one of which is a higher HR at submaximal
workloads compared to control individuals. This fact could
explain the increase in HR despite having a lower sympathetic
response (Fernhall et al., 2005). These results are consistent with
Mendonca et al. (2011) study, where the authors found that DS
persons have higher HR than non-DS adults at different
submaximal workloads. On the contrary, Vis et al. (2012)
found that the HR in DS
performing ten knee bends. Therefore, we hypothesize that in

individuals was lower after

the study of Vis et al. (2012a), there was no compensation
increase of the HR because of the short duration of the test
(less than 45 s).

The increased ventilatory response could be of central origin
and adaptive to the effort secondary to altered gait patterns
(Agiovlasitis et al., 2015), neuromuscular abnormalities, and
neurological impairments affecting stability and motor control
(Zago et al., 2020). The physiological response of DS individuals
may be disproportionate to the exercise performed. Moreover,
and taking into account that Q is similar in both groups, and VO,
is more significant in the DS group, the disproportionate increase
in ventilation may be because the peripheral receptors of the
carotid body may detect a slight decrease in O, levels, leading to
greater ventilation to provide O,. By trying to deliver more O, to
a more significant number of working muscles during the
exercise, the ventilation-perfusion ratio in the DS group would
favor ventilation, increasing the PgrO, (Figure 1A) in the
As
Figure 1A, this would also produce an increase in RER, which

alveolus and fostering CO, elimination. shown in
may not be related to the different metabolic substrates used
during the treadmill test but rather a consequence of ventilatory
adaptations during submaximal efforts.

As well as during the peak exercise, lower values of SBP, DBP,
and MAP were observed in the DS group during submaximal
exercise. This could be explained by the autonomic dysfunction
affecting persons with DS, which would cause a lower inotropic and
chronotropic response. As suggested by previous studies, individuals
with DS show signs of reduced peripheral blood flow regulation and
vasoconstrictive control during sympathoexcitatory stimulus
(Hilgenkamp et al,, 2018; Hilgenkamp et al., 2019).

Our study results also show that DS participants, even though
they had slightly lower SV values and higher HR, had similar
values of Q than the non-DS individuals at submaximal
workloads. On the contrary, Vis et al. (2012a) found a
reduced SV and Q in adults with DS when performing
exercise at submaximal intensity. On the other hand, Pitetti
et al. (1992) found that the DS individuals had significantly
higher mean Q and similar SV than participants with intellectual
disabilities without DS. Such disparity in findings may be due to
the different exercise protocols and methodologies implemented
to assess hemodynamics parameters.
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4.3 Limitations

This study presents some limitations. Firstly, we obtained
hemodynamic information using a non-invasive finger cuff,
which could have been affected by some movement in the left
hand in response to changes in the speed or grade of the treadmill.
However, we took all necessary precautions to ensure that this did
not happen during the tests. Second, we did not assess sedentary or
physical activity levels of the participants. These variables could have
some effects on the cardiorespiratory and hemodynamic
parameters. Thirdly, in our study we included 12 men and three
women in each group, which could be considered a limitation due to
the effects that sex could have on the parameters studied. Therefore,
to prevent that sex may influence the results of the comparisons
between groups; we matched the groups by sex. Finally, our findings
should be treated with caution due to the sample size and specific age
of the participants included in this study, thus having limited
generalizability to other age groups. Further research is necessary
to corroborate our results in younger and older adults with DS.

5 Conclusion

During submaximal exercise, we were able to verify a greater
response of HR, VE and VO, for the same absolute workload in the
participants with DS. Interestingly, the DS group showed lower, but
not significant, SV and similar Q than non-DS participants at
submaximal workloads. Moreover, we observed that individuals
with DS persons had a reduced blood pressure response to
submaximal exercise. On the other hand, the peak values of the
parameters analysed in our study reinforce the results obtained in
previous studies, demonstrating that people with DS have lower peak
values of cardiorespiratory fitness, HR, a lower response of
hemodynamic parameters (MAP; SV; Q), and a lower cardiac reserve.

Further research is needed to determine whether different
types of training (i.e., strength training, concurrent training,
high-intensity interval training, etc.) may elicit modifications
and adaptations in submaximal and maximal cardiorespiratory
and haemodynamic responses in people with DS.

Data availability statement

The raw data supporting the conclusion of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving human participants were reviewed and
approved by the Comité de Etica e Investigacién de la
Universidad Ramon Llull. The patients/participants provided
their written informed consent to participate in this study.

Frontiers in Physiology

10

10.3389/fphys.2022.905795

Author contributions

GO participated in the study design, the data collection
and processing, statistical analyses, conceived the paper and
drafted the content; MC-C participated in the conception and
study design, edited and revised the manuscript; MG-B edited
and revised the manuscript; NT edited and revised the
manuscript; LE edited and revised the manuscript; JG-O
participated in the conception and the study design, edited
and revised the manuscript; CJ participated in the study
design, carried out the study, interpreting the results,
helped to draft the manuscript and revised the final version
of the manuscript. All authors have read and approved the
final version of the manuscript and agree to be accountable for
all aspect of the work.

Funding

This study was partially supported by the Spanish Ministry of
Economy, Industry, and Competitiveness (I + D + i Ref: DEP
2017-86862-C2-1-R); by the Ministry of Science, Innovation
and Universities State Research Agency (Ref: PGC 2018-095829-
B-100), and by the Secretaria d’Universitats i Recerca del
Departament d’Empresa i Coneixement de la Generalitat de
Catalunya i la Universitat Ramon Llull (Ref: 2021-URL-
Proj-042).

Acknowledgments

We are grateful to the participants for their willingness to
take part in this research. Also, we thank the staff of the
centers for adults with intellectual disability for their
assistance and willingness to be part of the present study.

Conflict of interest

The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their
affiliated organizations, or those of the publisher, the
editors and the reviewers. Any product that may be
evaluated in this article, or claim that may be made by its
manufacturer, is not guaranteed or endorsed by the
publisher.

frontiersin.org


https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.905795

Oviedo et al.

References

Agiovlasitis, S., McCubbin, J. A., Yun, J., Widrick, J. J., and Pavol, M. J. (2015).
Gait characteristics of adults with Down syndrome explain their greater metabolic
rate during walking. Gait Posture 41, 180-184. doi:10.1016/j.gaitpost.2014.10.004

Agiovlasitis, S., McCubbin, J., Yun, J., Pavol, M., and Widrick, J. (2009). Economy
and preferred speed of walking in adults with and without Down syndrome. Adapt.
Phys. Act. Q. 26, 118-130. doi:10.1123/apaq.26.2.118

Agiovlasitis, S., Mendonca, G. V., McCubbin, J. A, and Fernhall, B. (2018).
Prediction of energy expenditure during walking in adults with down syndrome.
J. Appl. Res. Intellect. Disabil. 31, 151-156. doi:10.1111/jar.12392

Baynard, T., Pitetti, K. H., Guerra, M., and Fernhall, B. (2004). Heart rate
variability at rest and during exercise in persons with Down syndrome. Arch.
Phys. Med. Rehabil. 85, 1285-1290. doi:10.1016/j.apmr.2003.11.023

Baynard, T., Pitetti, K. H., Guerra, M., Unnithan, V. B., and Fernahall, B. (2008).
Age-related changes in aerobic capacity in individuals with mental retardation: a
20-yr review. Med. Sci. Sports Exerc. 40, 1984-1989. doi:10.1249/MSS.
0b013e31817f19al

Beck, V.D. Y., Baynard, T, Lefferts, E. C., Hibner, B. A., Fernhall, B., Hilgenkamp,
T. I. M,, et al. (2021). Anthropometry does not fully explain low fitness among
adults with Down syndrome. J. Intellect. Disabil. Res. 65, 373-379. doi:10.1111/jir.
12815

Boer, P. H., and Moss, S. J. (2016). Effect of continuous aerobic vs. interval training on
selected anthropometrical, physiological and functional parameters of adults with Down
syndrome. J. Intellect. Disabil. Res. 60, 322-334. doi:10.1111/jir.12251

Bricout, V. A., Guinot, M., Faure, P., Flore, P., Eberhard, Y., Garnier, P., et al.
(2008). Are hormonal responses to exercise in young men with Down’s syndrome
related to reduced endurance performance? J. Neuroendocrinol. 20, 558-565. doi:10.
1111/j.1365-2826.2008.01695.x

Bull, M. J. (2020). Down syndrome. N. Engl. J. Med. 382, 2344-2352. doi:10.1056/
NEJMral706537

Cohen, J. (1988). Statistical power analysis for the behavioral Sciences. 2nd ed.
Hillsdale, NJ, USA: Lawrence Erlbaum Associates. doi:10.4324/9780203771587

De Graaf, G., Buckley, F., and Skotko, B. G. (2018). Birth and population
prevalence for Down syndrome in European countries. World Down Syndrome
Congress (Glasgow, Scotland). Available at: https://assets.cdn.down-syndrome.org/
files/reports/research/births-prevalence/europe/ds-populations-europe-poster-wdsc-
2018.pdf (Accessed April 28, 2019).

Englund, A., Jonsson, B., Zander, C. S., Gustafsson, J., and Annerén, G. (2013).
Changes in mortality and causes of death in the Swedish Down syndrome
population. Am. J. Med. Genet. A 161, 642-649. doi:10.1002/ajmg.a.35706

Esquius, L., Garcia-Retortillo, S., Balagué, N., Hristovski, R., and Javierre, C.
(2019). Physiological- and performance-related effects of acute olive oil
supplementation at moderate exercise intensity. J. Int. Soc. Sports Nutr. 16, 12.
doi:10.1186/s12970-019-0279-6

Fernhall, B, Baynard, T., Collier, S. R., Figueroa, A., Goulopoulou, S., Kamimori,
G. H,, et al. (2009). Catecholamine response to maximal exercise in persons with
Down syndrome. Am. J. Cardiol. 103, 724-726. doi:10.1016/j.amjcard.2008.10.036

Fernhall, B., Figueroa, A., Collier, S., Baynard, T., Giannopoulou, L., Goulopoulou,
S., et al. (2005). Blunted heart rate response to upright tilt in people with Down
syndrome. Arch. Phys. Med. Rehabil. 86, 813-818. doi:10.1016/j.apmr.2004.10.027

Fernhall, B., Mendonca, G. V., and Baynard, T. (2013). Reduced work capacity in
individuals with down syndrome: a consequence of autonomic dysfunction? Exerc.
Sport Sci. Rev. 41, 138-147. doi:10.1097/JES.0b013e318292f408

Fernhall, B., Pitetti, K. H., Rimmer, J. H., McCubbin, J. A., Rintala, P., Millar, A. L.,
et al. (1996). Cardiorespiratory capacity of individuals with mental retardation
including Down syndrome. Med. Sci. Sports Exerc. 28, 366-371. doi:10.1097/
00005768-199603000-00012

Fernhall, B., and Tymeson, G. (1987). Graded exercise testing of mentally
retarded adults: a study of feasibility. Arch. Phys. Med. Rehabil. 68, 363-365.
Available at: http://europepmc.org/abstract/ MED/3592950 (Accessed February
19, 2014).

Glasson, E. J.,, Jacques, A., Wong, K,, Bourke, J., and Leonard, H. (2016).
Improved survival in Down syndrome over the last 60 Years and the impact of

perinatal factors in recent decades. J. Pediatr. 169, 214-220. el. doi:10.1016/j.jpeds.
2015.10.083

Guerra, M., Llorens, N., and Fernhall, B. (2003). Chronotropic incompetence in
persons with Down syndrome. Arch. Phys. Med. Rehabil. 84, 1604-1608. doi:10.
1053/S0003-9993(03)00342-3

Heffernan, K. S., Baynard, T., Goulopoulou, S., Giannopoulou, L, Collier, S. R.,
Figueroa, A, et al. (2005). Baroreflex sensitivity during static exercise in individuals

Frontiers in Physiology

1

10.3389/fphys.2022.905795

with Down syndrome. Med. Sci. Sports Exerc. 37, 2026-2031. doi:10.1249/01.mss.
0000179217.59831.41

Hilgenkamp, T. I. M., Wee, S. O., Schroeder, E. C., Baynard, T., and Fernhall, B.
(2018). Peripheral blood flow regulation in response to sympathetic stimulation in
individuals with Down syndrome. Artery Res. 24, 16-21. doi:10.1016/j.artres.2018.
10.001

Hilgenkamp, T. I. M., Schroeder, E. C.,, Wee, S. O., Grigoriadis, G., Rosenberg, A.
J., Baynard, T., et al. (2019). Altered central hemodynamics in individuals with
Down syndrome. Artery Res. 25, 107. doi:10.2991/artres.k.191204.001

Irving, C. A, and Chaudhari, M. P. (2012). Cardiovascular abnormalities in
Down’s syndrome: spectrum, management and survival over 22 years. Arch. Dis.
Child. 97, 326-330. doi:10.1136/adc.2010.210534

Mendonca, G., Pereira, F., and Fernhall, B. (2011). Effects of combined aerobic
and resistance exercise training in adults with and without Down syndrome. Arch.
Phys. Med. Rehabil. 92, 37-45. doi:10.1016/j.apmr.2010.09.015

Mendonca, G., Pereira, F., and Fernhall, B. (2010). Reduced exercise capacity in
persons with Down syndrome: cause, effect, and management. Ther. Clin. Risk
Manag. 6, 601-610. doi:10.2147/TCRM.S10235

Mendonca, G., and Pereira, F. (2009). Influence of long-term exercise training on
submaximal and peak aerobic capacity and locomotor economy in adult males with
Down’s syndrome. Med. Sci. Monit. 15, CR33-39.

Mendonga, G. V., Pereira, F. D., and Fernhall, B. (2009). Walking economy in
male adults with Down syndrome. Eur. J. Appl. Physiol. 105, 153-157. doi:10.1007/
500421-008-0884-6

Naeije, R, and Faoro, V. (2018). The great breathlessness of cardiopulmonary
diseases. Eur. Respir. J. 51, 1702517. doi:10.1183/13993003.02517-2017

Oppewal, A., Maes-Festen, D., and Hilgenkamp, T. I. M. (2020). Small steps in
fitness, major leaps in health for adults with intellectual disabilities. Exerc. Sport Sci.
Rev. 48, 92-97. doi:10.1249/jes.0000000000000216

Oviedo, G. R,, Garcia-Retortillo, S., Carbd-Carreté, M., Guerra-Balic, M., Balagué,
N., Javierre, C., et al. (2021). Cardiorespiratory coordination during exercise in
adults with Down syndrome. Front. Physiol. 12, 704062. doi:10.3389/FPHYS.2021.
704062

Pitetti, K. H., Climstein, M., Campbell, K. D., Barrett, P. J., and Jackson, J. A.
(1992). The Cardiovascular Capacities of Adults With Down Syndrome: A
Comparative Study Med. Sci. Sports Exerc. 23, 13-19. doi:10.1249/00005768-
199201000-00004

Strasser, B., and Burtscher, M. (2018). Survival of the fittest: VO2max, a key
predictor of longevity? Front. Biosci. 23, 1505-1516. doi:10.2741/4657

Sun, X. G., Hansen, J. E., Garatachea, N., Storer, T. W., and Wasserman, K.
(2002). Ventilatory efficiency during exercise in healthy subjects. Am. J. Respir. Crit.
Care Med. 166, 1443-1448. doi:10.1164/rccm.2202033

Valenti, D., Braidy, N., De Rasmo, D., Signorile, A., Rossi, L., Atanasov, A. G.,
et al. (2018). Mitochondria as pharmacological targets in Down syndrome. Free
Radic. Biol. Med. 114, 69-83. doi:10.1016/j.freeradbiomed.2017.08.014

Vis, J. C., De Bruin-Bon, H. A., Bouma, B. J., Huisman, S. a., Imschoot, L., van den
Brink, K., et al. (2012a). Adults with Down syndrome have reduced cardiac response
after light exercise testing. Neth. Heart J. 20, 264-269. doi:10.1007/s12471-012-
0254-1

Vis, J. C., De Bruin-Bon, R. H., Bouma, B. J., Backx, A. P., Huisman, S. A.,
Imschoot, L., et al. (2012b). ‘The sedentary heart: physical inactivity is associated
with cardiac atrophy in adults with an intellectual disability. Int. J. Cardiol. 158,
387-393. doi:10.1016/].]JCARD.2011.01.064

Wesseling, K. H., Jansen, J. R. C,, Settels, J. J., and Schreuder, J. J. (1993).
Computation of aortic flow from pressure in humans using a nonlinear, three-
element model. J. Appl. Physiol. 74, 2566-2573. doi:10.1152/jappl.1993.74.5.2566

World Health Organization (2000). Ageing and intellectual disabilities -
improving longevity and promoting healthy ageing: summative report. Geneva,
Switzerland: World Health Organization.

World Medical Association (2013). World medical association declaration of
Helsinki: ethical principles for medical research involving human subjects. JAMA
310, 2191-2194. doi:10.1001/jama.2013.281053

Yang, Q., Rasmussen, S. A., and Friedman, J. M. (2002). Mortality associated with
Down’s syndrome in the USA from 1983 to 1997: a population-based study. Lancet
359, 1019-1025. doi:10.1016/S0140-6736(02)08092-3

Zago, M., Duarte, N. A. C,, Grecco, L. A. C., Condoluci, C., Oliveira, C. S., Galli,
M., et al. (2020). Gait and postural control patterns and rehabilitation in Down
syndrome: a systematic review. J. Phys. Ther. Sci. 32, 303-314. doi:10.1589/jpts.
32.303

frontiersin.org


https://doi.org/10.1016/j.gaitpost.2014.10.004
https://doi.org/10.1123/apaq.26.2.118
https://doi.org/10.1111/jar.12392
https://doi.org/10.1016/j.apmr.2003.11.023
https://doi.org/10.1249/MSS.0b013e31817f19a1
https://doi.org/10.1249/MSS.0b013e31817f19a1
https://doi.org/10.1111/jir.12815
https://doi.org/10.1111/jir.12815
https://doi.org/10.1111/jir.12251
https://doi.org/10.1111/j.1365-2826.2008.01695.x
https://doi.org/10.1111/j.1365-2826.2008.01695.x
https://doi.org/10.1056/NEJMra1706537
https://doi.org/10.1056/NEJMra1706537
https://doi.org/10.4324/9780203771587
https://assets.cdn.down-syndrome.org/files/reports/research/births-prevalence/europe/ds-populations-europe-poster-wdsc-2018.pdf
https://assets.cdn.down-syndrome.org/files/reports/research/births-prevalence/europe/ds-populations-europe-poster-wdsc-2018.pdf
https://assets.cdn.down-syndrome.org/files/reports/research/births-prevalence/europe/ds-populations-europe-poster-wdsc-2018.pdf
https://doi.org/10.1002/ajmg.a.35706
https://doi.org/10.1186/s12970-019-0279-6
https://doi.org/10.1016/j.amjcard.2008.10.036
https://doi.org/10.1016/j.apmr.2004.10.027
https://doi.org/10.1097/JES.0b013e318292f408
https://doi.org/10.1097/00005768-199603000-00012
https://doi.org/10.1097/00005768-199603000-00012
http://europepmc.org/abstract/MED/3592950
https://doi.org/10.1016/j.jpeds.2015.10.083
https://doi.org/10.1016/j.jpeds.2015.10.083
https://doi.org/10.1053/S0003-9993(03)00342-3
https://doi.org/10.1053/S0003-9993(03)00342-3
https://doi.org/10.1249/01.mss.0000179217.59831.41
https://doi.org/10.1249/01.mss.0000179217.59831.41
https://doi.org/10.1016/j.artres.2018.10.001
https://doi.org/10.1016/j.artres.2018.10.001
https://doi.org/10.2991/artres.k.191204.001
https://doi.org/10.1136/adc.2010.210534
https://doi.org/10.1016/j.apmr.2010.09.015
https://doi.org/10.2147/TCRM.S10235
https://doi.org/10.1007/s00421-008-0884-6
https://doi.org/10.1007/s00421-008-0884-6
https://doi.org/10.1183/13993003.02517-2017
https://doi.org/10.1249/jes.0000000000000216
https://doi.org/10.3389/FPHYS.2021.704062
https://doi.org/10.3389/FPHYS.2021.704062
https://doi.org/10.1249/00005768-199201000-00004
https://doi.org/10.1249/00005768-199201000-00004
https://doi.org/10.2741/4657
https://doi.org/10.1164/rccm.2202033
https://doi.org/10.1016/j.freeradbiomed.2017.08.014
https://doi.org/10.1007/s12471-012-0254-1
https://doi.org/10.1007/s12471-012-0254-1
https://doi.org/10.1016/J.IJCARD.2011.01.064
https://doi.org/10.1152/jappl.1993.74.5.2566
https://doi.org/10.1001/jama.2013.281053
https://doi.org/10.1016/S0140-6736(02)08092-3
https://doi.org/10.1589/jpts.32.303
https://doi.org/10.1589/jpts.32.303
https://www.frontiersin.org/journals/physiology
https://www.frontiersin.org
https://doi.org/10.3389/fphys.2022.905795

	Hemodynamic and cardiorespiratory responses to submaximal and maximal exercise in adults with Down syndrome
	1 Introduction
	2 Methods
	2.1 Study design and participants
	2.2 Testing procedure
	2.2.1 Anthropometric measurements
	2.2.2 Cardiorespiratory fitness assessment
	2.2.3 Hemodynamic assessments

	2.3 Statistical analysis

	3 Results
	3.1 Peak values
	3.2 Submaximal values

	4 Discussion
	4.1 Peak cardiorespiratory and hemodynamic responses
	4.2 Submaximal cardiorespiratory and hemodynamic responses
	4.3 Limitations

	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Publisher’s note
	References


