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Abbreviations: DS, down syndrome; VO2peak, peak oxygen 
consumption; Tbody, body temperature; NO, nitric oxide; CON, control-
individuals without Down; BSA, body surface area; BD, Body density; 
W, workload; HR, heart rate; Ttgi, gastrointestinal temperature; SGU, 
specific gravity of urine; Tamb, temperature ambient; RH, humidity; 
SBP, systolic blood pressure; DBP, diastolic blood pressure; MAP, 
mean arterial pressure; Tskin, skin temperature; Tchest, chest temperature; 
Ttriceps, triceps temperature; Tthig, thig temperature; Tcalf calf temperature

Introduction
Down syndrome (DS) is a genetic disorder characterized in 95% 

of cases by trisomy 21, which is the extra junction of a chromosome 
to pair 21.1 In newborns it is considered the most common genetic 
disorder, with a worldwide incidence of approximately 1 to 2 cases per 
1000 births.2 The DS is associated with different degrees of cognitive 
impairment and several disorders, including congenital heart disease, 
gastrointestinal atresia, feeding difficulties, hearing loss, ophthalmic 
disease, thyroid disease and hip abnormalities.2

Previous studies have verified the physiological responses of DS 
individuals during acute physical exercise.3–6 These individuals usually 
present decreased aerobic capacity concomitant with reductions 

in peak oxygen consumption (VO2peak).
5,7 Also, it has been found 

that SD is characterized by chronotropic dysfunction as showed by 
lower maximum heart rate values obtained during exercise than that 
of estimated maximum heart rate.5,8 In addition, cardiac autonomic 
dysfunction due to the sympathetic/parasympathetic disbalance may 
also occur.5,7–9  Individuals with DS exhibit a lower vagal withdrawal 
which in turn may lead to a predominance of parasympathetic over 
sympathetic tonus, resulting in chronotropic dysfunction.8,10

An important aspect to maintain performance and consequently the 
work rate during acute physical exercise is body temperature (Tbody) 
regulation. This process occurs through the thermal balance between 
heat production and heat loss rates.11 During physical exercise there is 
an increase in the metabolic rate due to increased energy demand by 
contracting muscles, which results in heat production. For example, 
during intense dynamic exercise 70-80% of the energy generated 
will be converted into heat and will need to be dissipated.12,13 The 
heat dissipation pathways must be activated to avoid an excessive 
increase in Tbody. An important mechanism for heat dissipation during 
exercise is dry heat loss through the skin. (NEVES et al., 2015; 
SMITH; JOHNSON, 2016). Although several physiological aspects 
have been evaluated during physical exercise in DS, to the best of 
our knowledgement, no study has evaluated the skin thermoeffector 

Int Phys Med Rehab J. 2020;5(5):209‒215. 209
©2020 Gonçalves et al. This is an open access article distributed under the terms of the Creative Commons Attribution License, 
which permits unrestricted use, distribution, and build upon your work non-commercially.

Individuals with down syndrome exhibit reduced 
skin thermosensitivity response during intermittent 
physical exercise

Volume 5 Issue 5 - 2020

Paulo Henrique Gonçalves,1 Leonardo 
Mateus Teixeira de Rezende,2 Emanuel 
Mattos Della Lucia,1,2 Tiago Ferreira Leal,2 
Eveline Torres Pereira,3 Raquel Duarte 
Moreira Alves,2 Paulo Roberto dos Santos 
Amorim,1 João Carlos Bouzas Marins,1 
Antônio José Natali,2 Thales Nicolau 
Prímola-Gomes1,2

1Laboratory of Human Performance, Federal University of 
Viçosa/Physical Education Department, Brazil
2Laboratory of Exercise Biology, Federal University of Viçosa/
Physical Education Department, Brazil
3Laboratory of Psychomotor Stimulation, Federal University of 
Viçosa/Physical Education Department, Brazil

Correspondence: Thales Nicolau Prímola-Gomes, 
Department of Physical Education, Federal University of 
Viçosa,Av. Ph. Rolfs, s/n, Viçosa, Minas Gerais, 36570-900, Brazil, 
Tel +55 31 36125411, Email 

Received: September 23, 2020 | Published: October 06, 2020

Abstract

Introduction: The Down Syndrome (DS) individuals usually present decreased aerobic 
capacity concomitant with reductions in peak oxygen consumption. An important aspect 
to maintain performance and consequently the work rate during acute physical exercise 
is body temperature (Tbody) regulation. No study has evaluated the skin thermoeffector 
response as well as Tbody adjustments in DS individuals during acute physical exercise. 

Objective: To assess skin temperature (Tskin) adjustments in individuals with Down 
Syndrome (DS) during intermittent physical exercise. 

Methods: Two experimental groups composed of control male individuals without DS 
(CON; n = 6; 32.17 ± 3.71 years) and male individuals with DS (DS; n = 6; 33.0 ± 4.2 years), 
paired by body surface area (BSA) and age, were used. Two experimental sessions were 
carried out. In the first session anthropometric measurements and a progressive exercise 
test until fatigue (workload in W) were performed. In the second, voluntaries underwent a 
submaximal exercise protocol (65% of the workload attained in the first session). Heart rate 
(HR), systolic (SBP), diastolic (DBP) and mean (MAP) blood pressures, gastrointestinal 
temperature (Ttgi) and Tskin thermoeffector data were collected. 

Results: No differences were observed between CON and DS groups in HR, SBP, DBP, 
MAP and Ttgi during exercise. DBP increased over time in DS group. Related to Tskin, no 
differences were observed in the onset threshold (CON: 37.45 ± 0.67 °C vs. DS: 37.19 ± 
0.50 °C; p>0.05) and the DS group presented lower thermosensitivity compared to CON 
(CON: 4.61 ± 3.05 vs. DS: 1.84 ± 1.34).

Conclusion: Individuals with DS exhibit reduced skin thermosensitivity response during 
intermittent physical exercise.

Keywords: down syndrome, thermoregulation, physical exercise, blood pressure, 
cardiovascular
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response as well as Tbody adjustments in SD individuals during acute 
physical exercise.

The integrated control of Tbody with the cardiovascular system 
during acute physical exercise is an important way for the adequate 
management of thermal stress.14 During hyperthermia induced by 
submaximal acute physical exercise in compensable conditions heat 
dissipation needs is usually increased.14 In addition to the contracting 
muscles perfusion needs, the blood requirement to the skin also is 
increased.14,15 In a biophysical thermal exchange perspective the skin 
temperature (Tskin) is a result of the bidirectional heat flow between 
the body and the environment.16–18 Thus, acute physical exercise 
induced-hyperthermia (i.e. increased Tbody) will be defended by the 
coordinated recruitment firstly of the cutaneous vasodilation followed 
by sweating.17,18 The heat loss mechanism of cutaneous vasodilation, 
associated to increased cardiac output, becomes crucial to redirect 
part of the blood flow to the skin and hence substantially increase heat 
transfer to the peripheral circulation.16–18 Finally, it is noteworthy that 
a previous study showed that individuals with DS presented reduced 
plasma concentrations of nitric oxide (NO), which was associated 
with vasomotor dysfunction.19 

Therefore, the present study aimed to assess the Tskin adjustments 
in individuals with DS during intermittent physical exercise.

Materials and methods
Individuals

The study was carried out with two experimental groups of control 
male individuals without Down Syndrome (CON; n = 6; 32.17 ± 3.71 
years) and male individuals with Down Syndrome (DS; n = 6; 33.0 
± 4.2 years). The individuals were properly matched by the body 
surface area (BSA) and age. The work was conducted considering the 
guidelines of the Helsinki Declaration for studies with human, and 
the project was approved by the institutional Human Research Ethics 
Committee (CEP/UFV; process nº CAAE 57130216.7.0000.5153). 
The volunteers signed the consent form for participation and, when 
necessary, the family members signed a consent form.

Experimental sessions

Data collection was performed in two experimental sessions.

First experimental session. The individuals arrived at the 
laboratory at 07:00am. After, the anthropometric characteristics were 
measured. The body mass and height were measured using a digital 
scale (Filizola®) and a professional stadiometer (Sanny ES2020), 
respectively. Skinfolds were measured using a scientific plicometer 
(Cescorf®) following the 7-fold protocol (triceps, subscapular, chest, 
subaxillary, suprailiac, abdomen, thigh).20 Body density (BD) was 
calculated using the following equation: BD = 1.112 – [0.00043499 x 
(Σ7foldes) + 0.00000055 x (Σ7folders)

2] – [0.0002882 x (age)]. Later, the 
fat percentage (%F) was calculated using the following equation: %F 
= [4.95/BD) – 4.5] x 100. The body mass index (BMI in kg/m2) was 
calculated using the following equation: body mass/height2. The BSA 
(m2) was calculated using the following equation:BSA = (0.007184) x 
(X0.425) x (Y0.725), where X is the body mass (kg) and Y the height (cm).21

After anthropometric measurements, the volunteers underwent a 
progressive cycle ergometer (SCIFIT ISO 1000) exercise test until 
fatigue in order to determine the workload (W) to be used in the 
second experimental session. The protocol started with a workload 

of 15W and was adjusted every 2min, as follows: 1º adjustment – 
10W increase; 2º adjustment – 10W decrease; 3º adjustment onwards 
– 30W increase, followed by a 10W decrease. The workload reached 
in the last complete stage of the test was considered as the individual’s 
maximum workload. The heart rate (HR in bpm) was recorded every 
minute using a cardiofrequencimeter (Polar RS800CX).

Second experimental session. Two days later, a second 
experimental session was carried out. All volunteers arrived at the 
laboratory by 07:00am. To take part in this session, all volunteers 
received at home two nutritional kits, one for dinner and one for 
breakfast, and an ingestible capsule (HT150002 CorTemp® Pill) for 
body core temperature measurements (gastrointestinal temperature – 
Ttgi in ºC). The volunteers were instructed to eat the standard dinner 
eleven hours before the test. The dinner consisted of instant noodles 
(Nissin® - 90g) with grated parmesan cheese (Amália® - 10g) and 
juice fruit (Tial® - 200ml. The dinner offered 600 kcal (58.7% of 
carbohydrates, 8.3% of proteins and 33.0% of fat). The volunteers 
were guides to ingest the Ttgi capsule immediately after dinner. At this 
moment the properly functioning of the capsule/receptor system was 
tested (HT130042 CorTemp® DATA Recorder 262K wiHR). The 
volunteers were advised to have the standard breakfast two hours 
before the test; and consisted of bread (Milani® - 50 g), processed 
cheese (Polenghi® - 60 g) and chocolate flavored milk (Nescau® - 
200 mL). The breakfast offered 398 kcal (63.9% of carbohydrates, 
12.6% of protein e 23.5% of fat).

Upon arriving at the laboratory, the volunteers were informed to go 
to the changing room and put on appropriate clothes (shorts, sneakers 
and socks). At this moment, a urine sample for specific gravity of 
urine (SGU) analysis was collected. The SGU was measured using a 
refractometer (Instrutherm Vantage 6250) and used to guarantee the 
euhydration status of the volunteers, considering appropriate density 
values below 1,020g/mL. The temperature (Tamb) and humidity (RH) 
in the experimental room was set at 21ºC and 60%, respectively. 
Before the beginning of the exercise protocol, the volunteers were 
kept at rest for 60min for basal data collection. Then, a session of 
intermittent exercise on a cycle ergometer was performed.

The intermittent exercise session consisted of six 5-minute stages, 
with a 1min interval between the stages. There was initially 2min of 
warm-up, at a workload of 50% of the maximum workload achieved in 
the progressive exercise test. Subsequently, the volunteers performed 
the intermittent exercise at a workload of 65% of the maximal 
workload. The cycling velocity was maintained between 18-22 km/h.

During the exercise, along with the Ttgi, the Tskin (ºC) was measured 
using thermocouples (Model K, S-09K Instrutherm) fixed in four 
points: triceps, chest, thigh and calf, all on the right hand side of the 
body. The mean Tskin was obtained using the Ramanathan equation: Tskin 

= 0.3 (Tchest + Ttriceps) + 0.2 (Tthig + Tcalf).
22 Tskin thermoeffector activity 

was analyzed as previously described.22 Linear regression analysis 
was performed to determine the relationship between Tskin and Ttgi, 
and the intersection of the regression lines was used to estimate the 
heat loss onset threshold (i.e., Ttgi at the starting of the rapid increase 
in Tskin). Skin thermosensitivity for heat loss was defined as the 
regression slope of the five time points following the onset threshold 
and corresponded to the steepest part of the rising curve.

The HR was measured continuously during the intermittent 
exercise session. The systolic blood pressure (SBP in mmHg) and 
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diastolic blood pressure (DBP in mmHg) were measured using a 
sphygmomanometer (Tycos) and a stethoscope (Wan Med) every 
5min. The mean arterial pressure (MAP in mmHg) was obtained using 
the following equation: MAP = ((2xDBP) + SBP)/3).

Statistical analysis

The data distribution was verified using the Shapiro-Wilk test; and 
data are presented as mean ± SD. The comparisons between groups 
for weight, height, BSA, hydration status, %F, age, Tamb, RH, BMI, 
skin heat loss onset threshold and thermosensitivity were performed 
using the Student t test (parametric data) and the Mann Whitney test 
(nonparametric data). Two-way ANOVA of repeated measurements 
was also used, followed by Tukey’s post-hoc test for SBP, DBP, MAP, 
HR, Ttgi, Tskin. A linear regression analysis was performed to determine 
the relationship between Tskin and Ttgi. The significance level adopted 
was α = 5%.

Results
Table 1 presents the results of the control parameters for both CON 

and DS groups. It was observed higher %F and BMI values in the DS 
group (p<0.05).

Table 1 Control parameters for control and Down Syndrome groups

Variable CON DS

Weight (kg) 69.2 ±  8.8 76.4 ± 14.5

Height (cm) 164.5 ± 9.7 154.9 ± 5.2

BSA (m2) 1.7 ± 0.1 1.7 ± 0.1

SGU (g/ml) 1010 ± 0 1010 ± 0

%F 21.2 ± 3 28.6* ± 2.7

BMI (kg/m2) 25.5 ± 1.5 31.7* ± 5.4

Age (years) 32.1 ± 3.7 33 ± 4.1

Tamb (ºC) 21 ± 1.1 22 ± 0.8

RH (%) 61 ± 3.1 60.3 ± 3.8

Ptest (W) 108.3 ± 44.5 81.6 ± 8.1

P65% (W) 70 ± 27.3 53.5 ± 4

BSA: body surface area; SGU: specific gravity of urine; %F: fat percentage; BMI: 
body mass index; Tamb: ambient temperature of the experimental room; RH: 
relative humidity; Wtest: workload measured in progressive test; W65%: workload 
used in the experimental session; CON: control without down syndrome; 
DS: down syndrome. data are presented as mean ± SD. *: indicates difference 
between CON and DS groups (P < 0.05)

Figure 1 shows the results of cardiovascular variables during 
intermittent physical exercise for CON and DS groups. For all 
variables evaluated (SBP, DBP, MAP and HR), no differences were 
observed in basal pre-exercise values (p>0.05).Over time it was 
observed increases in SBP (Figure 1A) between 5-20min in the CON 
group and between 10-20min in the DS group (p<0.05). The DBP 
(Figure 1B) increased between 5- 20min in the DS group (p<0,05). 
Regarding the MAP (Figure 1C), increases were observed for both 
groups between 5-20min (p<0.05). There were no differences between 
groups during exercise for all variables (p>0.05). The HR (Figure 1D) 
increased in both groups during exercise (p<0.05).

Figure 1 Systolic Blood Pressure (A), Diastolic Blood Pressure (C), Mean 
Arterial Pressure (C) and Heart Rate (C) adjustments during intermittent 
physical exercise in individuals without Down Syndrome (CON) and with 
Down Syndrome (DS). Data are presented as mean ± SD. *: differences over 
time for CON (P<0.05); #: differences over time for DS (P < 0.05). 

Figure 2 exhibits the results of Ttgi (Figure 2A) and Tskin (Figure 
2B) during intermittent physical exercise in CON and DS groups. 
It was observed increases in Ttgi during exercise in both groups, in 
which CON group showed increased after 10min onwards, while DS 
group presented increased Ttgi after 14min (p<0.05). However, there 
was no difference between groups (CON: 37.46 ± 0.25 ºC vs. DS: 
37.24 ± 0.16 ºC; p>0.05). Related to Tskin, there was an increase during 
exercise over time in the CON group from 9min on ( p<0.05). 

 

Fig.1- Systolic Blood Pressure (A), Diastolic Blood Pressure (C), 
Mean Arterial Pressure (C) and Heart Rate (C) adjustments during 
intermittent physical exercise in individuals without Down 
Syndrome (CON) and with Down Syndrome (DS). Data are 
presented as mean ± SD. *: differences over time for CON (P < 
0.05); #: differences over time for DS (P < 0.05). 
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Figure 2 (A) Body temperature (Ttgi) and (B) skin temperature (Tskin) adjustments during intermittent physical exercise in individuals without Down Syndrome 
(CON) and with Down Syndrome (DS). Data are presented as mean ± SD. *: differences over time for CON (P < 0.05); #: differences over time for DS (P < 
0.05);&: CON vs. DS (P < 0.05). 

 

Fig.2- (A) Body temperature (Ttgi) and (B) skin temperature (Tskin) adjustments during 
intermittent physical exercise in individuals without Down Syndrome (CON) and with Down 
Syndrome (DS). Data are presented as mean ± SD. *: differences over time for CON (P < 
0.05); #: differences over time for DS (P < 0.05);&: CON vs. DS (P < 0.05). Figure 3 shows the skin onset threshold for heat loss (Figure 

3A), the skin thermosensitivity (Figure 3B) and the linear regression 
between Tskin and Ttgi (Fig.3C). No differences were observed in the 
onset threshold (CON: 37.45 ± 0.67 °C vs. DS: 37.19 ± 0.50 °C; 
p>0.05). More important, DS group had lower thermosensitivity 

compared to CON (CON: 4.61 ± 3.05 vs. DS: 1.84 ± 1.34). Both 
groups showed a positive relationship between Tskin and Ttgi (CON: 
R2 = 0.97 vs. DS: R2 = 0.95), however, the CON group presented a 
stronger relationship.
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Figure 3 Tskin thermoeffector analysis during intermittent physical exercise in 
individuals without Down Syndrome (CON) and with Down Syndrome (DS). 
A: Onset threshold for heat loss; B: Thermosensitivity; C: Linear regression 
between Tskin and Ttgi (C). Data are presented as mean ± SD. &: CON vs. DS 
(P< 0.05). 

Discussion
The present study aimed to assess the Tskin thermoeffector 

adjustments in individuals with DS during intermittent physical 
exercise. Our main result points to the deregulation of the skin 
thermosensitivity in DS during the intermittent exercise protocol 
applied. 

During intermittent exercise protocols like that used in the present 
study, increases in Tbody are usually expected.23–25 It is well established 
in the literature that Tbody rises as a momentary imbalance provoked 
by the greater rates of heat production related to heat loss.26 Some 
factors may contribute to such inequality. In exercising humans heat 
production rising occurs due to the increase in metabolism to supply 
the energy demands, mainly that on the exercise contraction-related 
muscles sites.27 Depending on the exercise modality, heat content 
is a thermal challenge to the homeostasis and needs to be managed 
properly to prevent unwelcome events as, for example, hyperthermia-
related fatigue.15 Thus, approximately 70-80% of the energy produced 
must be dissipated as heat.28 Therefore, achieve the heat balance is the 
purpose of body heat regulation.

As previously described, the components of heat balance, i.e., 
metabolic heat production, heat loss and Tbody present dynamic and 
steady-state phases during intermittent exercise.29 The exercise 
protocol applied here was designed short enough to study only the 
dynamic phase and in order to assess the thermoeffector activity.30 
During the intermittent exercise and in an autonomic perspective, 
metabolic heat production (not measured in the present study) increases 
followed by increases in heat loss and finally in Tbody.

29 In association, 
cardiovascular adjustments are required to sustain adequate blood 
perfusion for the whole body tissues, especially the contracting 
muscles.26,27 As found in the present study, the thermoregulatory and 
cardiovascular adjustments observed in the CON group did not occur 
at the same extent in the DS group. 

Our main purpose was to assess the Tskin adjustments in individuals 
with DS during intermittent physical exercise. Usually, under 
the thermoregulatory point of view thermoeffector activity has 
been assessed by analyzing both the central command-associated 
component, i.e., the onset threshold (beginning of skin heat loss in 
our case) and the end-organ effector-associated component, i.e., the 
thermosensitivity (slope of the relationship between Tskin and Tbody in 
our case).30

Our main result showed that the skin thermosensitivity was 
decreased in the DS group during the intermittent exercise protocol 
applied. Moreover, although we did not find differences between 
groups, the Tskin did not increase during exercise in the DS group. 
Together with these results, it was observed an increase in DPB during 
exercise in the DS group. To the best of our knowledgement, this is 
the first study to measure Tbody and Tskin during exercise in individuals 
with DS. Thus, what factors associated with the heat dissipation 
process through the skin could be altered in the DS group to explain 
the differences observed in thermosensitivity?

In conditions of increased Tbody like that adopted in the present 
study the blood flow to the skin displays a high capacity of variation, 
from approximately 250-300 mL/min under normothermic resting 
conditions to 6-7 L/min during heat challenges.31 The control of the 
skin circulation during hyperthermia is associated to autonomic and 
reflex control mechanisms.32 Autonomic mechanisms include active 
vasodilation by a non-adrenergic pathway and passive dilation by 
reductions in vasoconstrictor nerve activity.32 On the other hand, there 
are reflex control mechanisms of cutaneous vasodilation.33 Previous 
studies have shown that NO has critical in increasing skin blood flow 
through cutaneous active vasodilation.34,35 Thus, NO participation 
can partially explain the decreased thermosensitivity found in the 
DS group, since decreased plasma levels of NO associated with 

Fig.3- Tskin thermoeffector analysis during intermittent 
physical exercise in individuals without Down Syndrome 
(CON) and with Down Syndrome (DS). A: Onset threshold for 
heat loss; B: Thermosensitivity; C: Linear regression between 
Tskin and Ttgi (C). Data are presented as mean ± SD. &: CON 
vs. DS (P < 0.05). 
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vasomotor dysfunction has been previously demonstrated in these 
individuals.19,36

Furthermore, an unusual increase in DBP was observed in the DS 
group during intermittent exercise. It is well established the role of 
increased skin blood flow and vascular conductance during exercise-
induced hyperthermia to match the heat loss demands.33 Therefore, 
the decrease in the thermosensitivity of DS individuals observed in 
the present study may also be associated with an increase in DBP 
during exercise. Indeed, previous studies have shown that DS 
individuals may have elevated peripheral vascular resistance7 and 
reduced peripheral vasodilator response.37

Conclusion
In conclusion, our results indicate that individuals with DS exhibit 

reduced skin thermosensitivity response during intermittent physical 
exercise.
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