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CHAPTER 1 

 

Problem definition 

INTRODUCTION 

 
Since Down, (1866) described the condition that today bears his name, a multitude 
of publications on this subject have permeated the medical literature. In 1980, 
Puschel and Steinberg conducted an intensive literature search and compiled more 
than 6,000 articles relating to various aspects of Down’s syndrome (DS). This 
enormous and growing information explosion reflects the progress that has been 
made in the field of DS, the most common of the genetic conditions associated 
with intellectual disability (Arbuzova, 1998).  
 
There has been a shift in the way DS people are seen from incompetence to 
competence, and an increase in the understanding of their health and cognitive 
abilities. In the 19th and early 20th centuries – indeed until past the middle of the 
20th century – people with DS were all regarded as intellectually disabled, largely 
falling into the moderate and rather more severe ranges of intellectual disability. 
Institutionalization for people with DS was the norm in western society. Now, 
there is a general understanding that people with DS have a range of ability levels, 
from severe intellectual disability to low average abilities. Increasingly, individuals 
with average, and occasionally above average intelligence are seen (Brown, 2006). 
For these individuals, the label of intellectual disability is increasingly 
inappropriate (Bown & Brown, 2003). Whatever their intellectual functioning, 
people with DS have diverse abilities and this has resulted in most individuals 
worldwide taking an active role in the societies in which they live (Brown, 2006). 
 
Many of the changes that have occurred within the field of DS have resulted from 
research in medicine and in the biological sciences. These developments have 
influenced the way that intervention is carried out, resulting in the correction of a 
number of common biological defects experienced by children with DS: congenital 
heart disease, gastro-esophagic reflux, recurrent otitis, obstructive sleep apnea, 
lower respiratory tract infections, thyroid dysfunction and pre-senile dementia – 
Alzheimer’s disease (Cohen, 1999). In this sense, there has been the possibility of 
opening the door to further learning and development. But there are other aspects 
that are critically important, and to a very large degree follow these changes in 
bodily health (Brown, 2006). 
 
To obtain the full benefits of improvement in health, the individual is dependent on 
other changes of a societal and educational nature. Early intervention, which has 
developed into a refined educational art over the past 50 years, is now seen as an 
important means of providing the necessary stimulation to enable young people 
with DS, to maintain early developmental stages alongside their peers. But there 
are other important changes (Forlin, 2005). 



2 

In the field of quality of life, which is now playing an increasingly important role 
in intellectual disability, some groups have been involved more than others. 
Research in quality of life in intellectual disabilities field was first promoted with 
the most vocal and capable individuals, namely, adults who were young and had 
mild disabilities; the old and young who were multiply disadvantaged have had to 
wait in terms of quality of life practice (Schalock et al., 2002; Krykou, 2005). 
 
In many countries the large institutions have given way to community care, and 
most DS people now live with their families. People with DS need individual 
attention, care from parents, brothers and sisters, normal friends, and not to be 
regarded as different in the social society and therefore excluded. Unfortunately, to 
date, many countries have been less successful in moving the concept of inclusion 
forward effectively in terms of a continuous education (Forlin, 2005) 
 
Despite this, some individuals with DS make progress through the secondary cycle 
of education, and there are reports of a number of these adults that go on to tertiary 
education including college courses, certificates and diplomas and experience in 
universities (Getzel & Wehman, 2005).  
 
Life expectancy for persons with DS has increased dramatically since the early 
work of Record & Smith, (1955). From 1942-1952, they reported that less than 
50% of infants survived the 1st year; by age five, only about 40% were still alive. 
In contrast, more recent studies (Baird & Sadovnick, 1987, 1989; McGrother & 
Marshall, 1990; Leonard et al., 2000) found out that over 80% of children with DS 
are still alive by the age of five and approximately 44% survive to the age of 60 
(Baird & Sadovnick, 1988). This improved survival probably reflects more 
effective treatment of the above mentioned common causes of death, as well as a 
changing attitude toward the neonatal care of such infants (“Declining mortality”, 
1990). With these developments there are new challenges, just as there are 
challenges with the increasing number of older people worldwide. These 
challenges in relation to DS people have the same or similar challenges to the rest 
of the population. But even when similar, there are often differences – mental 
health issues such as depression and dementia, along with other issues such as an 
atypical development that predisposes to asthenic hypotonia, a sedentary life style 
and obesity (Pueschel & Solga, 1992; Rubin et al., 1998; Stanish e Draheim, 2005). 
 
An individual with DS can participate in most types of physical activity. Overall, 
this is a healthy population that enjoys the social aspects of physical activity. With 
over 80 clinical characteristics studied in individuals with DS, the physical 
characteristics most related to exercise are:  muscle hypotonicity (muscles that 
have the ability to be stretched far beyond normal limits), hypermobility of the 
joints or ligamentous laxity (increased flexibility of their joints associated with 
increased susceptibility to subluxation and dislocation), mild to moderate obesity - 
greater among adult women then adult men (Rimmer et al., 1994), underdeveloped 
respiratory and cardiovascular system, short stature (short legs and arms in relation 
to torso), and poor balance and perceptual difficulties (Winnick, 1995). Often, 
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hypotonia and hypermobility are associated with scoliosis - 50% prevalence 
(Diamond et al., 1981), dislocated hips – 1 to 4% prevalence (Aprin et al., 1985), 
flat pronated feet – 90% prevalence (Diamond et al., 1981), forward head (Miller et 
al., 1986), atlanto-occipital instability – 8.5% prevalence ( Powers et al., 1994) 
atlantoaxial instability -  9 to 30% prevalence (Alvarez & Rubin, 1986; Jagjivan, 
Spencer & Hosking, 1988; Pueschel & Scola, 1987). Due to its high prevalence, 
atlantoaxial instability is a serious concern regarding individuals with DS, being 
defined as an atlanto-dens interval ≥ 5 mm. This severe cervical disorder may 
predispose to vertebrae subluxation with subsequent spinal cord injury, being an 
absolute contraindication for exercise participation when diagnosed by radiological 
techniques (Pueschel, 1998).  
 
Pathophysiological concerns associated with DS in relation to exercise include 
congenital heart disease, cardiac abnormalities in adulthood, leukaemia, 
gastrointestinal disorders and Alzheimer’s disease.  
 
Other pathophysiological factors to consider in relation to exercise capacity are: 
thyroid hormonal disease – frequently Hashimoto’s disease, abnormal energy 
expenditure and substrate utilization, impaired sympathetic response to exercise 
and also macrocytic anemia (Pitetti et al., 1992). 
 
Exercise and physical fitness are considered important for health and well-being 
(Cooper et al., 1976; Powell et al., 1987; Shepard, 1985). It is recognized that 
exercise training can promote an increase in work capacity, decrease body fat 
percent, and improve blood lipid profiles (Froelicher et al., 1980; Pollock & 
Wilmore, 1990). Exercise and physical fitness also decrease the risk of developing 
heart disease and may actually improve life expectancy (Paffenbarger et al., 1986). 
Furthermore, physical activity may have positive implications on job performance 
(Blair et al., 1981). Exercise and physical activity are no less important for 
individuals with intellectual disabilities (Fernhall, 1993). 
 
DS implies certain singularities in the broad spectrum of intellectual disabilities. 
DS individuals present a lower functional capacity than their age matched peers, 
with or without intellectual disabilities. Such differences are particularly evident in 
specific physiological deviations, such as lower values for: (1) peak oxygen 
consumption – VO2peak, (2) maximal pulmonary minute ventilation - VE, (3) heart 
rate - HR, and (4) respiratory exchange ratio – RER (Fernhall et al., 1996). 
According to the same authors, such deviations are possibly related to both a 
reduction in sympathetic drive, and a deficit in parasympathetic withdrawal that 
apparently limit their chronotropic response to exercise. 

1.1 - Purpose of the Study 

 
Down syndrome is still a poorly characterized population in terms of acute and 
chronic physiological adaptations to exercise. Due to this persistent lack of 
scientific information and the need to establish valid assumptions, the present study 
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is not limited to a single purpose. However, the main purpose of this study was to 
determine the effects of two closely monitored different exercise programs: (1) 
indoor rowing program and (2) combined exercise program – dynamic strength and 
aerobic, other than rowing conditioning), specifically, at the level of the 
cardiovascular fitness, work performance and body composition of healthy adults 
with DS. Accordingly, particular attention was given to the modifications of peak 
and submaximal cardiorespiratory variables, total body mass, fat free body mass, 
fat body mass, and one repetition maximum - 1-RM (in the combined exercise 
group).  
 
Secondly, a gender and aged matched paired control group was included in the 
study to clarify two specific purposes: (1) comparison with both the DS groups 
before and after training to determine the degree of cardiorespiratory differences 
pre and post-training – the normalization effect of training; (2) comparison with the 
DS group (as a whole) before training to determine possible differences in the 
response of the galvanic skin response to rest, submaximal and peak exercise, as a 
measure of sweat gland thermoregulatory dynamics and sympathetic drive to the 
skin.  
 
Thirdly, it is well known that there is a consistent lack of wearable and reliable 
energy expenditure measuring field equipment to study the lifestyle patterns of 
general population or individuals with intellectual disabilities. Consistently, the 
purpose of this study was also to crossvalidate a new wearable multisensor 
physiological data acquisition armband with the open circuit spirometry 
(considered the gold standard for indirect calorimetry) for the DS group as a whole 
and the control group. 
 
Fourthly, due to the high prevalence of overweightness and obesity among DS 
individuals, there is an urge to determine the reliability of practical field-based 
methods to predict body composition in DS individuals. In this sense, the purpose 
of this study was also to crossvalidate the Kelly & Rimmer’s anthropometric 
equation (Kelly & Rimmer, 1987), using bioimpedance spectroscopy as the 
reference method for body composition assessment of adults with DS. 
 
In detail, the purposes of the present study are to: 
 

1. Determine the modifications of total body mass, absolute fat mass, 
relative fat mass, fat free mass of DS individuals in response to two 
different exercise programs with an absolute duration of 28 weeks: indoor 
rowing program; combined exercise program (dynamic strength and 
aerobic, other than rowing conditioning). 

 
2. Determine the modifications of peak cardiorespiratory variables in DS 

participants after both exercise programs. 
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3. Determine the modification of exercise economy in DS participants in 
response to a submaximal exercise protocol, after the continued 
compliance to the two different exercise programs. 

 
4. Determine the 1-RM modification (upper limb, lower limb and lower 

back) after the continued adherence to the combined exercise program. 
 

5. Explore possible differences in the galvanic skin response to exercise, 
between the DS group and paired controls. 

 
6. Crossvalidate a new wearable multisensor physiological data acquisition 

device with the open circuit spirometry as the reference laboratory 
method, for both the DS and control group. 

 
7. Crossvalidate the Kelly & Rimmer’s anthropometric equation (Kelly & 

Rimmer, 1987) for the DS group, with the bioimpedance spectroscopy as 
the reference laboratory method.  

1.2 - Assumptions and Limitations  

 
The following are the list of assumptions based on which the present study was 
designed:  
 

1. The training absolute duration of 28 weeks was sufficient to promote body 
composition and cardiorespiratory modifications for both DS groups. 

 
2. During the training period, DS individuals were not prescribed any 

pharmacological drugs and expressed a sustained compliance to both 
exercise programs.  

 
3.  All physiological evaluations and training sessions considered the 

standard safety procedures in order to reduce the risk associated with a 
participation in protocols involving exercise stress. 

 
4. All individuals included in the DS group were previously deconditioned 

and, therefore, free from any exercise prescription stimulus for at least six 
months. 

 
5. None of the DS participants performed additional exercise training outside 

the two structured exercise programs. 
 

6. There was an initial attempt to define aleatory groups of DS individuals to 
each exercise program. In accordance, the participants were given the 
possibility to choose in which group they would like to be included, 
without external interference.   
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In the present study there were also several limitations. 
 

1. Due to the small number of participants in each exercise group, the 
selection criteria led to uneven number of males and females per group. 
This particular aspect and the small number of individuals per group can, 
both, limit the conclusions of the present study. 

 
2. Due to the specificity of the participants included and the longitudinal 

design of the study, it was difficult to expand the inclusion of individuals 
from different geographical locations other than Lisbon. Also, the 
fulfillment of pre-determined medical clearance for exercise participation 
limited the inclusion of individuals with known congenital defects. Even 
more, the participants were recruited from a vocational centre concerned 
with their professional formation and employability. Some participants 
were lost to the follow up after being employed outside the institutional 
context.  All these factors, limited the final number of participants 
included. 

1.3 - Study Relevance 

 
It is well known that there is an established physiological deficit concerning the 
acute adaptation to exercise (single bout) of DS individuals. However, in terms of 
chronic aerobic adaptation to structured exercise programs, there are conflicting 
results, depending on the specificities of each study design. Several studies report a 
positive aerobic conditioning of DS individuals in response to exercise, particularly 
when interval training, such as soccer or basketball is prescribed (Burkett & 
Ewing, 1984; Campbell, 1974; Frey et al., 1999, Nordgren, 1971; Pitetti, 1993; 
Pitetti & Tan, 1991). However, persons with DS seem to have a different response 
to exercise training. Millar et al., (1993) showed that adolescents and young adults 
with DS did not improve VO2peak following a 10-week training program, but did 
demonstrate increased work capacity (i.e., duration of test by time, level of work 
attained). Same results were obtained by Varela et al., (2001) after a 16 week 
indoor rowing aerobic exercise program. More recent studies, such as the one 
designed by Rimmer et al., (2004), demonstrated that a combined exercise 
program, including aerobic conditioning and dynamic strength training promoted 
significant gains in cardiovascular fitness in adults with DS. 
 
In contrast to the conflicting results relating to aerobic conditioning, there seems to 
be a comfortable margin of trainability, for dynamic muscle strength in individuals 
with intellectual disability, including DS. As in the general population, strength 
training in DS individuals is positively and significantly correlated with higher 
work capacity and autonomy levels for activities of daily living (Nordgren, 1971; 
Nordgren & Backstrom, 1971, Rimmer et al., 2004).   
 
Overweight and obesity represent two primary concerns relating to DS individuals. 
According to Rubin et al., (1998) retrospective study, overweight and obesity are 



7 

highly prevalent in DS American population (45% in males and 56% in females) in 
comparison to the general population (33% in males and 36% in females).      
 
Stanish & Draheim, (2005) claim that such high prevalence of both overweight and 
obesity can only be explained by severe irregularities at the level of energy intake, 
accompanied by sustained habits of sedentary behaviour. According to their 
results, only 21.1% of adult females and 21.5% of adult males with DS complied to 
the recommended daily voluntary physical activity guidelines of 10.000 steps/day. 
Curiously, the results of Rubin et al., (1998) show that both overweight and obesity 
are more prevalent in DS individuals who live with their families, compared to 
those living in institutions, suggesting some urgency for family eating habits 
education.  
 
Currently, in Portugal there is little evident scientific interest regarding the 
specificities of exercise physiology as it relates to individuals with DS. There is 
also a consistent lack of DS individuals attaining public gymnasiums or 
participating in specific sports competitions. Perhaps, the initial challenge of 
defining an adequate exercise program designed to motivate them to physical 
exertion and athletic competition, limits the present interest of physical trainers, 
sports professionals or scientists as it relates to DS participants. There is a clear 
urge not only to improve their physical fitness, as in general population, but also to 
promote strategies of independent behaviour to allow some degree of inclusion in 
public facilities concerned with the design of exercise programs. Lastly, the regular 
participation in competition events, poses not only a high degree of motivation, but 
also the opportunity to publicly show the levels of performance attained after a 
season of hard, but rewardable, physical training.      
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CHAPTER 2 

 

Literature review on Down’s syndrome 
 
INTRODUCTION 
 
In 1866, J.L. Down first investigated the condition now known as Down’s 
syndrome. DS is a subcategory of a broader group of intellectual disabilities. There 
are no associations between DS and any given ethnic group, culture or 
socioeconomic status (Winnick, 1995). The incidence of DS is estimated at 1 per 
800 to 1 per 1000 births. Approximately 95% of these are trisomy 21, making it the 
most common human aneuploidy (“Center for Disease Control and Prevention”, 
2006). 
 
Maternal age influences the risk of conceiving a child with DS. At maternal age 20 
to 24, the risk is 1/1490, while at age of 40 the risk is 1/106, and at the age of 49 
the risk is 1/11. Although the risk increases with maternal age, 80% of children 
with DS are born to women under the age of 35, (Hook, 1981), reflecting the 
overall fertility of that age group. Other than maternal age, no other risk factors are 
currently well defined. However, in up to 12% of trisomy 21 cases, the extra 
chromosome comes from the paternal gamete. There does not appear to be a 
paternal age effect (Mikkelsen, et al., 2006). 
 
The extra chromosomal material can come about in several distinct ways: (1) 
trisomy 21 – 95%, (2) mosaicism – 1 to 2%, (3) Robertsonian translocation – 2 to 
3% and (4) duplication of a portion of chromosome 21 – very rare. Briefly, these 
are differentiated by the mechanism that originates the extra copy of genetic 
material on the 21st chromosome, the number of affected cells and also, by the 
effects at the levels of developmental potential of the individual (Roizen & 
Patterson, 2003). 
 
2.1 - Pathophysiological conditions in relation to exercise 
 
As previously mentioned there are several medical concerns associated with DS 
that influence the acute or chronic physiological adaptations to exercise, as well as 
the safety of any particular exercise prescription or functional capacity evaluation. 
In this sense, a prior extensive medical screening and clearance for exercise 
participation is mandatory before the inclusion in any formal exercise program. 
 
Congenital heart disease develops in approximately 50% of DS individuals (Martin 
et al., 1989), compared to 0.3% of children with a normal karyotype (Ferencz et al., 
1985). It has been reported that the prevalence of these defects are higher in 
females than in males with DS (Pinto et al., 1990). Atrioventricular canal 
(atrioventricular septal defects or endocardial cushion) represent the classic 
congenital heart anomaly in children with DS, accounting for about 60% of all 
cardiac malformations (Ferencz et al., 1989).  
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There are reports of specific adult cardiac anomalies in the absence of congenital 
heart disease. Frequently, the membranous septum is significantly enlarged 
(Rosenquist et al., 1974) and the commissure between the anterior and medial 
leaflets of the tricuspid valve is commonly absent (Rosenquist et al., 1975). 
Furthermore, there seems to be specific morphological aberrations of the 
atrioventricular valves as they insert at the same level in the ventricular septum, 
which is different from that observed in normal hearts (Ammirati et al., 1991). 
There is also a high prevalence of subclavian artery dysgenesis, as well as a high 
frequency of aortic and mitral valves regurgitation in asymptomatic adults (Rathore 
& Sreenvasan, 1989; Goldhaber et al., 1986).  
 
Leukaemia is the most clinically significant abnormality associated with DS. It is 
estimated that the frequency of acute leukaemia in children with DS is increased 
approximately 10 to 30 fold over that in “normal” children (Fong & Brodeur, 
1987). The subtype of megakaryocytic leukaemia is the most commonly 
diagnosed, being reported that this striking incidence of leukemogenesis is 
primarily noted during the first decade of life (Lubin et al., 1992).     
 
Gastrointestinal disorders commonly relate to gastroesophageal reflux as a result of 
a distortion of the cardia or laxity of the diaphragmatic area. Frequently there are 
also signs of intestinal obstruction, such as vomiting, as a result of a duodenal 
atresia or stenosis. Hirshprung disease is present in about 9% of individuals with 
DS and is characterized by a lack of ganglion cells in the myoenteric and 
submucosal plexus of the intestine resulting in constant muscularis contraction. 
Finally, celiac disease, which is characterized by gluten intolerance, is also highly 
prevalent in DS individuals, being formerly diagnosed by the presence of IgA 
antibodies against the endomysium, plus anti-tranglutaminase antibodies (Levy, 
1992). 
 
Alzheimer’s disease is characterized by the hallmarks of intraneuronal 
neurofibrillary tangles, extracellular neuritic plaques and nerve cell loss, 
expressing itself clinically as neurodegenerative dementia with the following 
general criteria: decline in memory, decline in cognitive functions, in awareness of 
the environment and decline in emotional control or motivation. The diagnosis of 
dementia in DS is obviously challenging because of the baseline features that are 
frequently associated with the extra genetic material: intellectual disability, vitamin 
B12 or folate malabsortion, hypothyroidism, hydrocephalus and even depression 
(Lai, 1992). However there is an elegant prospective study by Lott & Lai, (1982) 
that found that the prevalence of Alzheimer’s disease was 8% in those 35-45 years 
old, 55% in those 50-59 years old and more than 75% in those over 60 years old. 
 
It is well documented that individuals with DS have increased prevalence of 
autoimmune disorders affecting both the endocrine and non-endocrine organs 
(Radetti et al., 1986). The most common autoimmune disease in DS is related to 
the thyroid gland (Karlsson et al., 1998). Thyroid autoantibodies are found in 13-
34% of individuals with DS (Fort et al., 1984; Murdoch et al., 1977; Sare et al., 
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1978; Kinnell et al., 1987; Sharav et al., 1988; Korsager et al., 1978; Loudon et al., 
1985; Karlsson et al., 1998). Thus, both hypothyroidism and hyperthyroidism are 
more common in DS individuals than in the general population (Pueschel & 
Pezzullo, 1985). The reported prevalence of hypothyroidism in adults with DS has 
varied between 3% and 54% (Murdoch et al., 1977; Sare et al., 1978; Kinnell et al., 
1987; Sharav et al., 1988; Korsager et al., 1978; Rubello et al., 1995; Baxter et al., 
1975). There seems to be an increased prevalence of compensated hypothyroidism, 
compatible with Hashimoto’s disease. In this setting, serological analysis usually 
reveals slight increases in thyroxine and triiodothyronine and a significantly higher 
than normal tyrotropine concentration (Pueschel & Bier, 1992). 
 
By far the most common abnormality of red blood cells in both children and adults 
with DS is an increase in the mean red cell volume (Akin, 1988; Easthman & 
Jancar, 1983; Roizen & Amarose, 1991; Wachtel & Pueschel, 1991). This is 
usually referred as macrocytosis. It is estimated that as much as 65% of individuals 
with DS have macrocytic red cells (Lubin et al., 1992). There have been several 
hypotheses to explain the macrocytosis in individuals with DS. One is that red cells 
are large as a result of a mild hemolytic anemia due to an acquired intracellular red 
cell defect, particularly an increase in erythrocyte glutamic oxalacetic transaminase 
enzyme (Watchel & Pueschel, 1991). In such case, the elevated mean red cell 
volume would be a reflection of a young red cell population. In support of this 
hypothesis is the shortened red cell survival noted in DS (22.6 days) compared to 
the general population (26-30 days). However, these results do not necessarily 
dictate the conclusion that a hemolytic process is the only explanation for the 
increase in red cell volume in DS. Indeed, reticulocyte counts are not elevated; 
haptoglobin levels, which are low in people with hemolytic anemia, are normal; 
and several other explanations could account for the increased activity of certain 
red cell enzymes (Lubin et al., 1992). Briefly, an association of hypothyroidism 
with vitamin B12 deficiency could also lead to macrocytic anemia (Lubin et al., 
1992). A preleukemic condition has also been suggested as an alternative 
explanation. Although rarely, both granulocytic and platelet abnormalities have 
been previously reported (Linman & Bagby, 1976). Several red cell cation 
transport defects have also been reported in DS leading to an imbalance in water 
and cation red cell homeostasis and macrocytosis (Gerli et al., 1990). Finally, 
macrocytosis may be the result of an upregulated purine synthesis and breakdown, 
altering folic acid red cell requirements. In support of this hypothesis is the finding 
of three genes involved in purine synthesis located on chromosome 21, and also a 
reported increase in purine nucleoside phophorylase activity in DS red blood cells 
(Hards et al., 1986; Patterson et al., 1981; Stocchi et al., 1985). 
 
Glucose tolerance tests are abnormal in approximately 50% of asymptomatic DS 
individuals. Some express an initial peak and a rapid return to baseline. Others 
respond with a high peak, followed by a gradual decline to the fasting level, while 
others do not display the initial peak, but present with a delayed return to normal 
values (Pueschel & Anneren, 1992). According to Raiti et al., (1974) there is an 
inadequate plasma insulin response to glucose tolerance tests, reflecting 
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abnormalities in insulin production and glucose disappearance consistent with a 
“diabetogenic tendency”. However, most of the individuals included in the above 
mentioned studies were overweight, and it has also been shown that the impaired 
DS glucose tolerance improves significantly with a weight-reduction program 
(Pueschel & Anneren, 1992). 
 
Conflicting results have been obtained regarding the lipid profile of DS 
individuals. However, a well designed study performed by Pueschel et al., (1992) 
that compared the lipid profile of a group of 23 individuals DS with a group of 23 
controls, reported significantly higher triglyceride levels in the former. 
Additionally, serum high density lipoprotein (HDL), cholesterol, apolipoprotein AI 
and the ratio of HDL to total cholesterol were all significantly decreased in the 
study population compared to controls. There were no significant differences in 
serum total cholesterol, apolipoprotein B, and apolipoprotein AI:B ratio between 
the groups. The authors concluded that a decreased prevalence of coronary artery 
disease, originally reported by Murdoch et al., (1977) could not be explained by 
lipids and lipoprotein levels observed in their study population. 

2.2 - Body composition of persons with Down’s syndrome 

 
Body composition of individuals with DS has been the main focus of only three 
published studies in the last century. Rimmer et al., (1992) examined the total 
cholesterol levels and percent body fat of adults with DS. Blood sampling and skin 
fold measurements indicated no significant differences between individuals with 
and without DS. However, DS females were found to have better lipid profiles than 
DS males. 
 
A strong focus on weight issues for individuals with DS was brought to attention 
when Rubin et al., (1998) determined the overweight prevalence in individuals 
with DS to be a major health concern. Body mass index (BMI) was measured in 
283 subjects with DS and the results showed that 45% of males and 56% of 
females were overweight. These percentages are significantly higher than data for 
the general population. Overweight is classified by the American College of Sports 
Medicine as grade I for a BMI from 25.5 – 29.9 kg/m2, grade II from 30-40 kg/m2, 
and grade III (morbid obesity) over 40 kg/m2 (ACSM, 2003). An interesting 
finding of this study was the progression of BMI values. Body mass index values 
in individuals with DS were found to increase to the age of thirty and then start a 
downward progression from age 31 to 70. The trend for the general population is 
for BMI to continue to increase throughout the life; therefore, individuals with DS 
may have a biological advantage in this regard. 
 
Another finding was that there was a greater incidence of overweight in individuals 
who reside with the family compared to those who reside in institutions. In this 
regard, lifestyle factors play a role in the overweight tendency in individuals with 
DS and therefore are becoming important elements of health promotion (Fujiura et 
al., 1997). However, the reliability of the BMI to estimate overweight and/or 
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obesity in DS individuals is in doubt. It is well documented that for the general 
population, the BMI correlates well with the absolute and relative body fat 
(Womersley & Durnin, 1977). However it is also known that BMI is a poor 
diagnostic measure for special populations with different proportions of fat free 
mass to fat mass, such as bodybuilders and others (Mancini, 2004). To date, there 
are no published studies addressing this particular issue – the validity of BMI to 
assess the morphology of DS individuals by well designed crossvalidation studies 
using reliable laboratory methods. Thus, caution is needed in the evaluation of a 
direct and strict BMI interpretation in DS individuals.  
 
When attempting to establish the etiology basis of overweight in DS individuals, 
there is a lack of published (scientific) studies. In fact, only a recent study by 
Stanish & Draheim, (2005) expressed some degree of concern relating to the 
lifestyle patterns of persons with intellectual disabilities, including this particular 
population. In their study, Stanish & Draheim, (2005), included 38 adult females (9 
with DS) and 65 adult males (10 with DS) residing in community settings. They 
analysed voluntary walking activity by the use of pedometry, which had been 
previously validated for adults with intellectual disabilities (Stanish, 2004). The 
authors found that only 21.1% of women and 21.5% of men accumulated the 
recommended 10.000 steps per day. This study clearly documents the sedentary 
habits of this population, stressing the need to promote physical activity associated 
behaviours.  
 
From a biological stand point, Fernhall et al., (2005) have determined that for DS 
individuals, there seems to be some degree of deficit in metabolic compensation in 
the presence of overweight/obesity conditions, compared to the general population. 
In DS individuals, overweight or obesity seem to be dissociated from a 
compensatory sympathetic activation that attempts to elevate the metabolic rate 
and to reverse additional weight gain. Such biological dissociation may, in one 
hand, protect these individuals against myocardial overstressing (i.e., sustained 
increases in the rate-pressure product), but in other hand, explain some degree of 
metabolical inefficiency predisposing them to further weight gain. To clarify this 
issue, Fernhal et al., (2005) analysed the resting metabolic rate (RMR) of 22 DS 
healthy individuals (13 females, 9 males) and compared them with 20 paired 
controls (9 females, 11 males). The authors found that, after adjusting for the body 
surface area, there were no significant differences between the RMR of DS 
individuals and controls. Thus, RMR does not explain the high prevalence of 
overweight or obesity in DS individuals advanced by Rubin et al., (1998). Further 
analysis is necessary to explore this issue. 
 
There is agreement in the literature regarding the reduction of DS relative body fat 
in response to structured exercise programs, although one longitudinal study 
reported no pre-post training differences. In this study, Varela et al., (2001) 
included a group of sixteen DS young adolescents that were randomly assigned to 
an exercise (8 subjects) and a control group (8 subjects). Relative body fat was 
determined pre and post training by the use of Kelly & Rimmer anthropometric 
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equation, previously validated for individuals with intellectual disabilities, but not 
specifically DS (Kelly & Rimmer, 1987). The exercise program included a 16 
week indoor rowing regimen, with a frequency of three times per week and a work 
intensity of 55 – 70% of VO2peak. In regard to the lack of differences between and 
within the groups reported in this study, it is important to notice that the control 
group was inserted in vocational and educational settings, performing light 
physical work for 5 to 6 hours, 5 days a week. Possibly, this weekly work regimen 
could have smoothed the resulting differences between the groups. Also, the lack 
of report on compliance rates of individuals assigned to the exercise group makes it 
difficult to interpret the results. Further, it is possible that the selected training 
regimen (indoor rowing), the absolute duration and/or the work intensity, were 
insufficient to promote significant differences in relative body fat of these DS 
individuals.  
 
More recently, Rimmer et al., (2004) reported small, but significantly lower values 
for the sum of skin-fold measurements following a 12 week combined exercise 
program. This study included 52 DS adults who were randomly assigned to an 
exercise group (30 participants; 16 females, 14 males) and a control group (22 
participants; 13 females, 9 males). The exercise program consisted of 
cardiovascular (30 minutes; 55-70% VO2peak) and strength exercise (15 minutes; 
70% of participants’ 1-RM) in a 3 days per week basis for 45 minutes per session. 
The authors of this study did not select a pre-existing anthropometric prediction 
equation, basing their analysis solely on the sum of three skin-fold locations: chest, 
abdomen and thigh (for males) and triceps, suprailiac and thigh (for females). 
Therefore, the authors could not express body composition in terms of relative or 
absolute body fat, which limited a straightforward interpretation of their findings. 
Further, as reported by Usera et al., (2005), who investigated the agreement 
between skinfold measurements and anthropometric girth measurements - AGM 
(i.e., Kelly & Rimmer anthropometric equation) with an air displacement 
plethysmography laboratory method in DS adults, there is consistent bias 
associated with the former field based assessment. On the contrary, AGM seem to 
be a better predictor of relative body fat in adults with DS considering the air 
displacement plethysmography as the reference method. 
 
Lastly, Ordoñez et al., (2006) performed a study in which they submitted 22 DS 
teenage males to an exercise program for 12 weeks, 3 times per week in both water 
and land for 60 minutes per session. The authors also selected skin-fold 
measurements as the body composition assessment method, measuring the 
thickness of the bicipital, tricipital, subscapular and suprailiac folds pre and post-
training. They found a significant reduction in relative body fat (pre-training: 31.8 
± 4.8%; post-training: 26.0 ± 2.3%) and a non-significant increase in percent of fat 
free mass (pre-training: 68.2 ± 3.9%; post-training: 74.0 ± 2.4%) with a non-
specifically crossvalidated prediction equation for DS populations – the Durnin & 
Womersley equation (Durnin & Womersley, 1974). Consequently, these results 
have to be interpreted with caution, as they may express inherent bias associated 
with the different bodily proportion of DS teenagers, compared with the population 
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from which the equation was derived. Even more, in this particular study, there is 
no detailed description clarifying the work intensity prescribed, or the methods 
selected for controlling this variable during the exercise sessions, limiting the 
reproducibility of the study design.    
 
Based on the lack of scientific research on this topic, it is therefore necessary to 
evaluate the body composition modifications of DS individuals in response to 
structured and controlled exercise programs. Also, it is important to select 
laboratory methods in addressing this issue, and concomitantly, to define an 
attempt to crossvalidate the most widely used AGM predicting equation for DS 
body composition assessment – the Kelly & Rimmer equation. 

2.3 - Cardiorespiratory fitness levels of persons with Down‘s syndrome 

 
The cardiovascular capacity of individuals with DS has been shown to be lower 
than that of other individuals with intellectual disabilities without DS (Fernhall et 
al., 1996). Several studies have suggested that the maximum heart rate (HR) levels 
of individuals with DS are approximately 10% lower compared to those reached by 
intellectually disabled peers without DS (Fernhall, 1996). The traditionally used 
maximal HR prediction equations, such as the one derived from Tanaka et al., 
(2001) study and others,  were found to be inaccurate for individuals with DS or 
other intellectual disabilities (Climstein et al., 1992; Pitetti et al., 1993). In this 
regard, specific maximal HR prediction equations for DS individuals and those 
with intellectual disabilities were derived from the work of Fernhall et al., (2001). 
This study included 276 subjects with intellectual disabilities, of which 97 had DS 
(average age of 21.8 ± 8.4 years old; range between 9-46 years old) and 296 
healthy controls within the same age range. The subjects in both groups completed 
a maximal exercise test with metabolic and HR measurements. Table 1 presents the 
maximal HR regression equations derived from the work of Fernhall et al., (2001). 
 

Table I – Regression equations. 
 For individuals with ID: 
HRmax = 189-0.59 x (age) 
HRmax = 210-0.56 (age) – 15.5 x (DS)  
DS coded as 2; non-DS coded as 1 
 

 For individuals without ID: 
HRmax = 205-0.64 x (age) 
 

HRmax, maximal heart rate; DS, Down 
syndrome; ID, intellectual disabilities 

 
Pitteti et al., (1992) found, in a group of DS individuals, lower VO2peak, VE, and HR 
in comparison with a group of subjects with intellectual disability other than DS.  
 
On the same line of research, Varela & Pitetti, (1995) examined the reflexive HR 
of individuals with DS to short, high intensity field tests and compared their data to 
previous findings. The average peak HR in response to the 300 yard and the Leger 
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and Lambert shuttle run were 10-30 beats per minute (bpm) higher than values 
previously recorded for DS subjects of similar age and performing the same 
exercise tests. This study showed wide variability in maximal HR, in subjects with 
DS. Some were able to achieve maximal HR while others were not.  
 
In the article published by Fernhall et al., (1996), the authors also showed lower 
VO2peak, VEpeak, and RERpeak in subjects with DS. Further more, data analysis 
suggested that, variability in maximal HR could be related to prior training 
experience, lack of motivation, or lack of maximal effort. According to Fernhall, 
(1993) the last points are common characteristics of this population. The majority 
of articles published on individuals with DS report low maximal cardiorespiratory 
levels (Fernhall & Tymeson, 1987; Fernhall et al., 1990; Fernhall et al., 1996; 
Pitetti & Tan, 1990; Pitetti et al., 1993; Pitetti et al., 2000; Fernhall et al., 1989; 
Guerra et al., 2000; Millar et al., 1993; Pitetti et al., 1992). 
 
 More recently, Guerra et al., (2003) conducted an elegant research on the 
chronotropic incompetence in DS. They examined the chronotropic response to 
exercise through peak HR and the chronotropic response index – CRI (firstly 
advanced by Lauer et al., 1996; Wilkoff & Miller, 1992) in participants with DS 
and in nondisabled controls. The main advantage of the CRI is its independency 
from effort and motivation because it refers to a submaximal exercise variable 
derived from the relative relation between HR and the metabolic reserve (Lauer et 
al., 1996; Wilkoff & Miller, 1992). Twenty participants with DS (24.2 ± 3.5 years 
old) and 20 controls (21.2 ± 2.8 years old) were included. The authors found that 
both the CRI and the peak HR were indicative of true chronotropic incompetence 
in participants with DS, but not in controls. In fact, the CRI of the participants with 
DS was similar to that reported for nondisabled populations with a true deficit in 
the chronotropic response to exercise (Guerra et al., 2003). 
 
The effects of aerobic training on individuals with DS have been reported in 
several studies with the majority showing a positive training effect, usually after a 
long training program (16-35 weeks). Millar et al., (1993) investigated the effect of 
aerobic training on individuals with DS trough a 10-week walking/jogging training 
program. The program was set for 3 times per week for 30 minutes using 65-75% 
peak HR as the target HR, but did not promote increases in aerobic capacity. Millar 
et al., (1993) did find an increase in walking capacity that could be explained by an 
adaptation to the learning curve. 
 
After conducting a randomized control trial, consisting of a 16 week aerobic 
rowing exercise program with a frequency of 3 times a week and work intensity at 
55 to 75% of VO2peak, Varela et al., (2001) obtained the same findings as Millar et 
al., (1993). The authors found that the selected exercise regimen did not improve 
the cardiovascular fitness of young adults with DS but did improve exercise 
endurance and work capacity, expressed by increases in time, rowed distance and 
work level reached before exhaustion. 
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More recently, Eberhard et al., (1997) reported that endurance training could have 
positive long term effects. This study involved a 12 week physical training 
program with an emphasis in cardiovascular activities. A total of six subjects with 
DS, between the ages of 15-20 years old, completed the study. Once a day, the 
subjects would participate in activities carried out in school, such as games 
involving walking and running at different intensities. Twice a week the subjects 
would use a Monark® cycle ergometer as part of the training prescription. By the 
end of the 12 week training program, the subjects had reached their goal of 60% 
VO2peak, determined by HR. Metabolic responses were tested before and after the 
training program. Improvements were found in HDL cholesterol and superoxide 
dismutase (SOD). SOD baseline elevations are a proeminent oxidative problem in 
DS individuals with regard to life expectancy and the incidence of 
neurodegenerative disorders (i.e., Alzheimer’s disease). Since DS is a gene dosage 
disorder, overproduction of certain proteins encoded by the otherwise normal 
genes on the extra 21 chromosome distorts the delicate balance of several 
biochemical pathways (Epstein, 1988). One of the genes located in the 
chromosome 21 is the SOD-1 gene, mapped at 21q22.1 (Sinet et al., 1976). SOD-1 
(copper/zinc SOD) catalyzes the dismutation of the superoxide anion (O2

-) to 
hydrogen peroxide (H2O2), which in turn is reduced to water - H2O by catalase 
(CAT) or glutathione peroxidase – GSH-Px. In the presence of an overexpression 
of SOD-1 paralleled by normal levels of CAT and GSH-Px, H2O2 tends to 
accumulate, leading to lipid-peroxidation of plasmalemmal lipidic molecules 
(Pueschel & Annerén, 1992). Interestingly, the SOD levels returned to normal after 
training (Eberhard et al., 1997). 
 
Corroborating the results of Eberhard et al., (1997), the study by Rimmer et al., 
(2004) also found significant improvements in cardiovascular fitness of 30 adult 
DS individuals (39.4 ± 6.2 years old) after a 12 week, 3 days a week for 45 minutes 
per session combined exercise program, compared with 22 DS sedentary controls. 
In this study, the authors prescribed an aerobic component that corresponded to 20-
30 minutes of continuous activity at 50-70% of VO2peak in one of the following 
ergometers: recumbent stepper, stationary cycle (recumbent or upright), treadmill 
and elliptical cross-trainer, in which participants selected their own equipment. The 
exercise session also included a strength training component, prescribed for 70% of 
the participants’ 1-RM for one set of 10-20 repetitions. In accordance to table II, 
the authors expressed the improvements of cardiovascular fitness as a function of 
significant increases in VO2peak (14.1%), HRpeak, time to exhaustion and maximum 
workload (27.1%). No significant difference was found in RERpeak.  
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Table II - Fitness Measures by Pre-Posttest and Experimental Condition (Rimmer 
et al., 2004) 

 Exercise Control 

 Pretest Posttest Pretest Posttest 

Outcome Variable Mean SD Mean SD Mean SD Mean SD 

VO2peak (ml.min-1)** 1205 285 1375 298 1165 330 1097 340 

VO2peak (ml.kg-1.min-1)** 15.4 4.0 17.8 4.6 14.7 4.5 13.6 4.5 

HRpeak (bpm)** 133 19 144 18 133 21 129 21 

Time to exhaustion (sec)* 364 96 462 122 419 116 409 126 

Workloadmax (W)** 70 19 89 20 73 19 70 23 

RERpeak 1.07 0.08 1.13 0.10 1.05 0.10 1.01 0.12 

*p < 0.05; **p < 0.01; SD, standard deviation; sec, seconds; W, watts 
 
However, in this particular study, the authors selected an advanced age group of 
DS individuals presenting extremely low levels of baseline cardiovascular fitness. 
Thus, the findings by Rimmer et al., (2004), suggest that, as in general population, 
DS individuals with lower levels of physical fitness present higher trainability 
reserve, and therefore benefit the most from continued participation in an exercise 
program (ACSM, 2003).  
 
To the present date, submaximal exercise economy has never been examined in 
individuals with DS. No published study has ever compared the submaximal 
exercise economy between DS individuals and those with a normal karyotype. 
Even more, there are no published articles concerned with the determination of 
submaximal exercise economy adaptability of DS individuals, after a sustained 
compliance to a controlled and structured exercise program.  
 
Exercise economy (EE) relates to the organic energy requirements in order to 
perform a pre-determined amount of work, as well as the energy requirements to 
sustain a given submaximal work intensity (Morgan et al., 1989). The authors 
summarize the concept of exercise economy as the steady state (Whipp, 1971) VO2 

for a given locomotion velocity. This physiological variable has been shown to 
account for a large and significant proportion of variation in distance-running 
performance among runners comparable in VO2max (Saunders et al., 2004). 
According to the ACSM, (2003), most daily activities performed by an individual 
are of submaximal intensity, reflecting the major importance of the physiological 
evaluation of this specific parameter. Despite of this recognition, relatively little is 
known about the potpourri of physiological, environmental, structural and 
mechanical factors potentially associated with a lower aerobic demand for 
submaximal continuous exercise. 
 
Traditionally, EE has been a field of interest associated with the study of 
performance of long-distance running, cycling and swimming athletes (Morgan et 
al., 1989; Saunders et al., 2004; Pereira & Freedson, 1997; Rowland et al., 1988; 
Conley & Krahenbuhl, 1980; Zamparo et al., 2006; Pallazetti et al., 2005; Moseley 



18 

et al., 2004). Submaximal EE has also been a subject of interest in specific 
physiological adaptations concerning the human exposure to extreme 
environments. In this field of research, the main focus has been related to altitude 
acclimatization and the subsequent improvements in athlete’s running economy at 
sea level competitions (Brooks et al., 1992; Maibaurl et al., 1986; Sutton et al., 
1988; Young et al., 1982). 
 
Briefly, the basic physiological mechanisms involved in improvements in 
submaximal EE due to altitude acclimatization or sea level exercise training, are 
related to both, central and peripheral adaptations, which improve oxygen (O2) 
delivery and utilization. Decreased O2 utilization for a given speed results in 
improvements in a person EE (Saunders et al., 2004). Specifically, potential 
mechanisms for improved EE are the amount of adenosine triphosphate (ATP) per 
mole of O2 used increases, the amount of ATP necessary for running at a given 
speed decreases, or a combination of both these mechanisms (Green et al., 2000). 
 
In the present there has also been a turning point of interest in examining 
submaximal exercise economy in special populations. EE has been particularly 
examined in overweight or obese, heart disease and peripheral arterial disease 
populations (Weinsier et al., 2000; Öhrström et al., 2001; Macko et al., 2005; 
Gardner et al., 2002).  
 
As determined by Rubin et al., (1998), overweight and obesity are highly prevalent 
in DS individuals. In this sense the former two EE studies will be briefly exposed, 
as they may reveal practical contributes to the study of EE in DS individuals. 
 
Weinsier et al., (2000), found that EE of both black and white women measured in 
5 submaximal tasks significantly increased after a controlled nutritional weight loss 
program (pre-weight reduction mean energy expenditure – 17.2 KJ.min-1, post-
weight reduction mean energy expenditure – 14.2 KJ.min-1). The pre-selected tasks 
were: (1) treadmill - 0% grade, 4.8 km/h, 4 continuous minutes, (2) treadmill - 
2.5% grade, 4.8 km.h-1, 4 continuous minutes, (3) bicycle ergometer - 60 rotations 
per minute, 50 watt, 4 continuous minutes, (4) stair climbing – 17.8 centimetres 
step, 60 steps/min, 4 continuous minutes and (5) level walking carrying a loaded 
box – 0% grade, 3.2 km.h-1, 4 continuous minutes.   
 
Öhrström et al., (2001) examined the EE of 11 obese women before and after a 
vertical banded gastroplasty surgery (BMI mean decrease from 41 to 32 kg/m2 
after one year of follow up). The authors evaluated EE by the means of two 
different submaximal protocols: preset walking speed of 2.5 km/h, and an 
individualized comfortable walking speed. EE was significantly improved for both 
the protocols after one year follow up (pre-surgery mean energy expenditure – 
27.44 KJ.min-1, post-surgery mean energy expenditure – 19.08 KJ.min-1; pre-
surgery energy expenditure – 29.37 KJ.min-1, post surgery mean energy 
expenditure – 25.96 KJ.min-1, respectively).  
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Based not only on the conflicting findings reported by the available literature 
addressing the chronic adaptability of DS cardiovascular fitness, but also on the 
lack of exercise programs extending to durations superior to 12 weeks, it is 
necessary to explore this issue further by designing well controlled exercise 
programs. Also, possible differences between DS individuals and non-disabled 
peers EE must be determined, as well as the DS individuals adaptability to training 
in this particular physiological parameter.  

2.4 - Resistance training in persons with Down’s syndrome 

 
According to Nordgren, (1971) and Nordgren & Backstrom, (1971), strength 
training in intellectually disabled individuals positively correlates with higher 
levels of work capacity and independent living. Their findings suggest that, in 
comparison with non-disabled peers, intellectually disabled persons present a 22% 
deficit for the upper extremities isometric strength production and 29% for the 
lower extremities.   
 
Pitetti et al., (1992) examined the isokinetic arm and leg strength in three groups of 
subjects: adults with DS, adults with intellectual disabilities other than DS, and 
sedentary adults without intellectual disability. On all measures, the group with 
intellectual disabilities, with and without DS, demonstrated lower levels of strength 
compared to the sedentary group without intellectual disability. For arm strength, 
the groups with intellectual disabilities were very similar. However, for leg 
strength, the group with intellectual disabilities other than DS showed significantly 
higher strength. 
 
Croce et al., (1996) compared the peak torque and average power of the hamstring 
and quadriceps muscles in the same groups as outlined in the previous study. The 
DS group had the lowest peak torque and average power for the hamstrings and 
quadriceps compared to the other two groups. The findings noted that progressive 
resistance training should be advised for individuals with DS to improve muscle 
strength. 
 
Angelopoulou et al., (1999) assessed isokinetic knee strength in similar groups as 
outlined in the two previous studies. Sedentary subjects produced significantly 
higher scores for isokinetic knee strength than the two groups with intellectual 
disabilities, and subjects with intellectual disabilities without DS displayed higher 
strength scores for the lower extremities than the group with DS. Based in these 
studies, the overall strength of individuals with DS is poor and should be a primary 
focus in exercise training programs. 
 
More recently, Rimmer et al., (2004) demonstrated that DS individuals 
significantly improved dynamic muscle strength after a 12 week combined exercise 
training program. In this randomized control trial, 30 healthy DS individuals were 
assigned to the exercise training group and 22 to the control group. According to 
the authors, participants were given the opportunity to practice using the strength-
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testing equipment during a pre-defined familiarization period. This period was 
helpful in teaching participants the correct procedures for the correct use of the 
equipment during evaluation and training sessions. Also, for the 1-RM evaluation, 
30 minutes were spent demonstrating the correct use and technique for each of the 
four different strength machines: bench press, leg press, hand grip (left) and hand 
grip (right).  
 
Strength training was initiated at 70% of the participants’ 1-RM for one set of 10 to 
20 repetitions. When participants were able to complete 20 repetitions for two 
consecutive sessions with the proper lifting technique (i.e., proper biomechanical 
motion; avoidance of Valsalva maneuver, which involves holding the breath), the 
weight was increased by 10% of their 1-RM. Participants trained on the following 
equipment: (1) bench press, (2) seated leg press, (3) seated leg curl, (4) triceps 
push-down, (5) seated shoulder press, (6) seated row, (7) lat pull-down and (8) 
biceps curl. 
 
Rimmer et al., (2004) found significant differences for both the within and between 
groups statistical comparisons: (1) bench press and (2) leg press machines: (1) pre-
test exercise group – 32.0 ± 16.3 kg, post-test exercise group – 45.7 ± 20.4 kg; pre-
test control group – 24.7 ± 13.4 kg, post-test control group – 27.2 ± 15.3 kg, and 
(2) pre-test exercise group – 104.4 ± 44.0 kg, post-test exercise group – 145.3 ± 
39.5 kg; pre-test control group – 101.2 ± 44.0 kg, post-test control group – 94.4 ± 
44.0 kg, respectively. Group differences on the grip strength (left and right side) 
were not significant. Overall, the improvements ranged from 39% to 43% on both 
lower and upper body strength. 

2.5 - General exercise guidelines for individuals with Down‘s syndrome  

 
Based on the previous literature review, some general exercise guidelines for 
individuals with DS include: (1) obtain physician and parental consent, (2) 
understand the side effects of medications in relation to exercise, (3) provide 
augmented supervision, (4) incorporate behavioural therapy and motivational 
techniques (i.e., token reward system) to improve adherence; and (5) start the 
program with a familiarization period prescribed for light activity that is enjoyable 
and pain-free. 
 
Behaviour therapy is highly recommended for individuals with DS. This is a 
system of social reinforcement with primary and secondary reinforcers (Rimmer et 
al., 1994). An effective technique is to record progress on a wall chart once they 
reach the goal of autonomy in an exercise room.  
 
2.5.1 - Cardiovascular exercise  
 
The goal of an aerobic training program for individuals with DS is to increase 
cardiovascular fitness. Recommended modalities include: walking, jogging, 
stationary cycling and low impact aerobic dancing (Rimmer, 1994 & Bliss, 1997). 
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It is important to monitor HR and blood pressure whenever possible to determine 
the intensity level of the activity and to avoid early-onset fatigue. The general 
recommended protocol is training at an intensity of 60-80% of an individual’s 
maximal HR (MHR), 3-5 days a week, for 20-60 minutes per session. Maximal HR 
can be obtained from a graded exercise test or can be predicted by specific 
equations (Fernhall et al., 2001). A suggested starting protocol is a 5-10 minute 
continuous activity, 1-2 days a week. Once the participant achieves this level, the 
intensity can be increased to 40-60% MHR, for 10-30 minutes, 3-4 days a week. In 
the later stages of the training program, intensity should be increased to 60-75%, 
for 15-60 minutes, 3-5 days a week (Rimmer, 1994). Individuals can progress and 
regress through stages. A training effect is typically seen 16-35 weeks into the 
program (Fernhall, 1996), although cardiovascular benefits have been reported for 
structured 12 weeks exercise program (Rimmer et al., 2004).  

2.5.2 - Strength training 

 
General guidelines for strength training individuals with DS include: (1) constant 
supervision, (2) label machines with pictures or colours and provide verbal 
encouragement, (3) provide more visual instruction than verbal (Le Clair & Elliot, 
1995), and (4) teach individuals to record their own information to improve long 
term adherence and empowerment. The goal should be to maximize strength in 
large muscle groups. Training intensity should be 70-80% 1-RM for 3 sets of 8-12 
repetitions (Rimmer et al., 2004). A training effect is typically seen 10-12 weeks 
into the program, although more scientific research is needed to elucidate this 
issue. Circuit training (agonist, antagonist solicitation) may be appropriate for 
individuals with DS to ensure proper adherence to the program and avoid large 
resting periods.  

2.5.3 - Flexibility 

 
Flexibility is a common area of exercise training for the general population. 
However because of hypermobility and joint laxity that is associated with DS, it is 
not recommended for this population.  

2.6 - Electrodermal activity and autonomic regulation in Down’s syndrome 

 
There are no published articles on the evaluation of electrodermal activity (i.e., 
galvanic skin response) in individuals with DS. There are however, several recent 
publications addressing the specificities of the regulation of the autonomic nervous 
system in these individuals (Iellamo et al., 2005; Fenhall & Otterstetter, 2003; 
Figeroa et al., 2005; Fernhall et al., 2005; Heffernan et al., 2005; Baynard et al., 
2004; Goulopoulou et al., 2006). Thus, as it is not possible to specifically address 
the electrodermal activity in DS, only the basic mechanisms and clinical 
applications of this physiological parameter will be addressed. 
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Before analysing the data on the electrodermal activity (EDA), it is important to 
refer several specificities of DS dermatologic findings, which may interfere with 
the accuracy of recording this variable. 
 
Dermatologic findings in individuals with DS are not specific of the syndrome but 
are seen with an increased frequency. Commonly seen conditions include dry skin 
(xerosis), atopic dermatitis, fungal infections of the feet (tinea pedis) and nails 
(onychomycosis), and various mucosal abnormalities (scrotal tongue, cheilitis). 
Many other conditions are seen in a minority of individuals with DS and include 
alopecia areata, syringomas, seborrheic dermatitis, and elastosis perforans, among 
others (Benson & Scherbenske, 1992).  
 
Among the above mentioned dermatological findings, xerosis is the one that will 
probably cause most interference with the galvanic skin response (GSR) in DS 
individuals. As it is well described, in the infant with DS, the skin is soft, velvety, 
and appears otherwise normal. In later childhood, the skin becomes dry, pale and 
lax. By the age of 15, over 70% of individuals show mild to moderate generalized 
xerosis (Burton & Rook, 1986). However, it has never been analysed if the rest and 
exercise GSR in individuals with DS differs from that seen in subjects without 
intellectual disabilities.   
  
Electrodermal activity reflects the sympathetic cholinergic sudomotor function 
which induces changes in skin resistance to electrical conduction (Vertugno et al., 
2003). EDA, assessed by the sympathetic skin response (SSR) or the GSR, have 
been proposed as an easily obtainable index of sudomotor function (Knezevic & 
Bajada, 1985; Shahani et al., 1984). SSR was first reported by Tarchanoff, (1890) 
who assigned the potential change to modification in the secretory activity of sweat 
glands independent of the vascular reaction. Shahani et al., (1984) first described 
applications of SSR in clinical neurophysiology. Subsequently, skin potentials 
have been studied in peripheral as well as central autonomic nervous system 
dysfunctions (Vertugno et al., 2003). 
 
Sweat glands receive cholinergic sympathetic innervation and are the main 
effectors of sweat production. They are classified into appocrine and eccrine type, 
even if the mechanisms of sweat secretion are probably the same (Collins, 1989; 
Kuno, 1956). As the appocrine glands are restricted to specific body parts not used 
for assessing SSR or GSR - i.e., axilae, nipples and pubic area (Sato & Sato, 1987; 
Sato et al., 1987), only the eccrine glands physiology will be briefly reviewed.  
 
The eccrine gland consists of a tightly coiled corkscrew secretory coil, which 
secretes an isotonic primary fluid, and a duct which, by reabsorbing sodium 
chloride (NaCl), produces a hypotonic sweat onto the skin surface. Sweat gland 
secretion is normally activated by nerve impulses from the sympathetic nervous 
system (Langley, 1891; Langley, 1894-1895; Patton, 1948) although, 
paradoxically, acetylcholine (Ach) is the transmitter at the neuroeffector junction 
(Dale & Feldberg, 1934). Efferent sweat fibers originate in the hypothalamic 
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preoptic sweat centre, and descend through the ipsilateral brainstem and medulla to 
synapse with the intermediolateral cell column neurons. The preganglionic fibers 
emerge from the anterior roots to reach the chain ganglia. Type C postganglionic 
fibers arise from the sympathetic ganglia to join the major peripheral nerves to 
reach the sweat glands, providing them with cholinergic innervation. The 2nd to 9th 
thoracic segments give rise to preganglionic fibers supplying the skin of the upper 
limbs, the 1st to 4th thoracic segments supply the face and eyelids, the 4th to 12th 
thoracic segments the trunk and the 10th thoracic to 3rd lumbar segments the skin of 
lower extremities (Vertugno et al., 2003). 
 
Two types of sweat are usually recognized: thermoregulatory sweating and 
emotional sweating. Eccrine glands are basically thermoregulatory organs, one of 
the most important effectors of the central autonomic network during thermal 
homeostatic adjustments. Preoptic hypothalamic warming elicits cutaneous 
vasodilation, sweating, panting and various behavioural responses that enhance 
heat loss (Boulant, 1980; Boulant & Gonzalez, 1977; Freeman & Davis, 1959; 
Gisolfi et al., 1988; Kanouse et al., 1994; Kanouse et al., 1994). Central drive to 
sweat production by the eccrine glands is synchronous over the total body surface 
area and sweat expulsion is highly related to both the ambient temperature (Ogawa 
& Bullard, 1972) and the body temperature (Sugenoya & Ogawa, 1985). The 
secretory rhythm is irregular, the rate ranging from several to more than twenty 
expulsions per minute. Microneurographic recordings of skin sympathetic activity 
reveal that burst discharges coincide with sweat expulsion (Sugenoya et al., 1990). 
Thermorregulatory sweat is also regulated at a segmental spinal cord level. Sweat 
reflex inhibition due to pressure on the generalized body surface consists of a 
remarkable sweating reduction of the side on which the body lies (Tagaki & 
Sakurai, 1950), probably via reflex pathways involving spinal segments (Ogawa, 
1981). 
 
Apart from being a useful physiological parameter, both the SSR and GSR 
potentials are susceptible to wide inter and intra-individual variability (Arunudaya 
& Taly, 1995; Baba et al., 1988), environmental influences such as ambient 
temperature (Yokota et al., 1959), skin potential level (Francini et al., 1979), skin 
temperature (Fujimori, 1956; Levy et al., 1992), stimulus strength and type 
(ArunOdaya & Taly, 1995; Hoeldtke et al., 1992) and mental or emotional state 
(Knezevic & Bajada, 1985). 
 
It has recently been suggested that subjects with DS without concomitant 
congenital heart disease may exhibit a dysfunction of autonomic cardiac 
regulation, which would manifest mainly by a reduced HR response to excitatory 
stimuli (Fernhall & Otterstetter, 2003). Specifically, studies dealing with work 
capacity in subjects with DS reported a blunted HR response to exercise (Fernhall 
et al., 1996; Fernhall et al., 2001; Fernhall & Pitetti, 2001; Guerra et al., 2000; 
Guerra et al., 2003), which was tentatively explained by a blunted sympathetic 
activation. Recently, Fernhall & Otterstetter, (2003) reported reduced blood 
pressure (BP) and HR responses to cold pressure test and static handgrip in adults 



24 

with DS without congenital heart defects. On the basis of these hemodynamic 
responses, the authors speculated that the subjects with DS have reduced 
sympathetic activation associated with reduce vagal withdrawal. In contrast, 
Udeschini et al., (1985) observed no significant differences in BP and HR 
responses to cold pressure test between subjects with DS and controls. Similarly, 
whereas one recent study (Fernhall et al., 2005) observed a reduced HR response to 
head-up tilt, other studies showed no differences in response to active orthostatism 
between individuals with DS and healthy controls (Udeschini et al., 1985). 
Corroborating the study by Fernhal et al., (2005), Iellamo et al., (2005) observed a 
decrease in baroreflex (BRS) sensitivity in transition from supine to active 
orthostatism in DS subjects. According to the power spectral analysis of heart rate 
variability, performed in this study, there seems to exist vagal withdrawal 
incompetence, confirmed by a persistency of high frequency HR spectrum during 
standing.  
 
In a parallel line of investigation, concerned with the assessment of the HR 
variability at rest, Baynard et al., (2004) demonstrated a greater parasympathetic 
activity at rest in DS. More recently, Goulopoulou et al., (2006) performed a study 
that also analysed the resting HR variability in DS individuals. As in the study of 
Baynard et al., (2004), the authors studied low and high frequency domains of HR 
variability spectrum, but also the total HR variability. According to this study, 
there is no higher parasympathetic activity on the heart of individuals with DS. 
Although this study did not confirm the findings of Baynard et al., (2004), its 
findings were compatible with a blunted HR variability at rest in DS subjects 
compared with healthy controls. It is well established that alterations in the 
sympathetic and parasympathetic modulation of the heart are indicative of 
autonomic dysfunction and are important because these alterations are associated 
with increased risk of early mortality and morbidity (Pomeranz et al., 1985; 
Huikuri et al., 1999). 
 
 Although the autonomic nervous system exerts powerful control over the 
cardiovascular dynamics and over the sweat gland secretory function, the former is 
under a more strict dependence of the nucleus tractus solitarii (Talman, 1997) and 
the later relies more on hypothalamic action (Vertugno et al., 2003). In this sense, 
while BRS stretch receptors and glomic cells project afferent pathways that 
terminate in the medulla oblongata stimulating the nucleus tractus solitarii, the 
thermoreceptors (among others) send afferent information to the preoptic 
hypothalamic region.  
 
According to the previous review, although conflicting findings were obtained, 
there is a probability of autonomic dysfunction in DS individuals. It is not known if 
the resting or exercise GSR of individuals with DS differs from the one of healthy 
individuals. The EDA is primarily under hypothalamic control, being interesting to 
determine the integrity of this non-directly solitarii dependent sympathetic 
pathways.  
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The evaluation of this physiological variable at rest and in response to exercise 
contributes to the assessment of sudomotor function and sympathetic activation. 
Exercise is a strong stimulus to sympathetic activation (Fernhall & Otterstetter, 
2003). However, as previously mentioned, there are confounding variables that 
affect the inter-individual variability and limit the validity of the data collected. In 
this sense, when assessing GSR as a measure of sudomotor activity and 
sympathetic drive, it is necessary to control at least three main confounding 
variables: (1) skin temperature, (2) ambient temperature and (3) ambient relative 
humidity.   

2.7 - Multisensor physiological data acquisition device 

 
As obesity is considered a major 20th and 21st century epidemic, a diagnosis of 
inactive life style is increasingly important (Flegal et al., 2002; Saris, 1998). In this 
regard, one study of over 19.000 men showed that those who increased their 
vigorous activity over a 4-year period lost weight, whereas those with sedentary 
lifestyles gained weight (Coakley et al., 1998). Thus, it would be useful to 
accurately determine baseline activity for individuals, as well as the change in the 
amount of activity in order to aid in determining the risk of chronic disease and the 
efficacy of various interventions, but this is not easily measurable (Fruin & Rankin, 
2004). 
 
Doubly labelled water and indirect calorimetry techniques – the gold standard 
measures of energy expenditure (Westerterp, 1999) – are both limited in the 
assessment of free-living energy expenditure. Indirect calorimetry cannot easily 
assess free-living subjects, whereas doubly labelled water does not provide 
information on the pattern or intensity of activity (Fruin & Rankin, 2004). 
Furthermore, both techniques imply expensive laboratorial equipment and 
technical expertise (Campbell et al., 2002). Other physical activity and energy 
expenditure assessment tools have been developed to provide simpler, more cost-
effectiveness estimates. Although convenient, physical activity records typically 
underestimate energy expenditure - 8 to 62% (Conway et al., 2002; Leenders et al., 
2001; Starling et al., 1999). Accelerometers have also been used to assess physical 
activity and energy expenditure in free-living individuals (energy expenditure 
overestimation of 12-49% - Campbell et al., 2002; Nichols et al., 1999; Welk et al., 
2000). Although they can typically differentiate between active and inactive 
individuals (Jakicic et al., 1998; Jakicic et al., 1995), they are most accurate during 
periods of levelled walking and jogging (Jakicic et al., 1999). Pedometers can be 
used to assess the number of steps taken, however there may be error when steps 
are converted to energy expenditure (Welk et al., 2000). Therefore, the need to 
develop objective techniques to assess energy expenditure associated with physical 
activity in free-living individuals subsists. 
 
The Sensewear Pro2 ArmbandTM (Body Media. Pittsburgh, PA) is a newly 
developed commercially, user friendly available device to assess energy 
expenditure. The device is worn in the upper arm over the triceps muscle and 
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monitors various physiological and movement parameters. Data from a variety of 
parameters including heat flux, accelerometer, galvanic skin response, skin 
temperature, near-body temperature, and demographic characteristics including 
gender, age, height, weight are used to estimate energy expenditure utilizing 
proprietary equations developed by the manufacturer. Compared with other 
commercially available portable devices to estimate energy expenditure, the 
inclusion of a heat flux sensor is the new technology incorporated into the 
SenseWear Pro2 ArmbandTM (SWA). Heat production and heat loss is a by-product 
of metabolism and energy expenditure, and therefore the ability to measure this 
parameter may improve the estimate of energy expenditure when used in 
combination with other parameters such as accelerometry (Jakicic et al., 2004). 
 
The multiple sensor array was designed to overcome the limitations of other 
objective energy expenditure assessment tools. Since its first release into the 
market, several scientific crossvalidation studies have been concerned with its 
reliability and validity. The SWA has been studied for energy expenditure in 
several populations: (1) obese patients with obstructive sleep apnea syndrome 
(Rizzi et al., 2006), (2) obese patients (Roggi et al., 2006), (3) elders with chronic 
obstructive pulmonary disease (Martino et al., 2006), (4) patients with choreiform 
syndromes (Perini et al., 2005), (5) diabetes (Mignault et al., 2005), (6) morbid 
obesity (Keim et al., 2004) or (7) heart disease (Cole et al., 2004). Also, there has 
been some concern relating to crossvalidation of the SWA in healthy subjects in 
resting conditions (Malavolti et al., 2006; Fruin & Rankin, 2004) and exercise 
(Fruin & Rankin, 2004; Jakicic et al., 2004; King et al., 2004). Recently, the SWA 
has been used with clinical purposes of assessing sleep disorders and quality of 
sleep patterns (Germain et al., 2006). 
 
In order to determine the SWA validity and reliability in assessing energy 
expenditure during exercise, Jakicic et al., (2004) performed a crossvalidation 
study using open-circuit spirometry for both conditions. This particular study 
included 40 healthy subjects (age: 23.2 ± 3.8 years old; BMI: 23.8 ± 3.1 kg/m2) 
which performed four exercises (walking, cycling, stepping and arm ergometry) 
with each exercise lasting 20-30 minutes and workload increasing at 10-minutes 
interval. The authors concluded that by applying generalized proprietary algorithm 
to the data, the SWA significantly underestimated total energy expenditure by 14.9 
± 17.5 kcal (6.9 ± 8.5%) during level walking exercise, 32.4 ± 18.8 kcal (28.9 ± 
13.5%) during cycling ergometry, 28.2 ±  20.3 kcal (17.7 ± 11.8%) during stepping 
exercise, and overestimated total energy expenditure by 21.7 ± 8.7 kcal (29.3 ± 
13.8%) during arm ergometer exercise (p ≤ 0.001). At the request of the 
investigators, exercise specific algorithms were developed by the manufacturer and 
applied to the data, resulting in non-significant differences in total energy 
expenditure between indirect calorimetry and the SWA of 4.6 ± 18.1 kcal (2.8 ± 
9.4%), 0.3 ± 11.3 kcal (0.9 ± 10.7%), 2.5 ± 18.3 kcal (0.9 ± 11.9%) and 3.2 ± 8.1 
kcal (3.8 ± 9.9%) for the walk, cycle ergometer, step, and arm ergometer exercises, 
respectively. According to these results it seems that specific exercise algorithms 
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are essential in increasing the SWA validity and reliability for estimating energy 
expenditure during periods of exercise. 
In a similar line of research, Fruin & Rankin, (2004) examined the SWA validity 
and reliability in a crossvalidation design using open-circuit calorimetry. This 
study included 13 healthy adults for the resting and cycle ergometry 
crossvalidation protocols, and 20 healthy adults for the treadmill crossvalidation 
protocols. At rest, the authors found no significant differences between the SWA 
and the reference method measurements (1.3 ± 0.1 kcal.min-1; 1.3 ± 0.1 kcal.min-1), 
and the two methods were highly correlated (r = 0.76; p < 0.004). Furthermore, a 
powerful test-retest reliability of the SWA for resting conditions was observed (r = 
0.93; p < 0.001). For the cycle ergometer protocol, no significant differences were 
found between the SWA and the IC measurements of energy expenditure on early, 
mid, or late in exercise or for total bout, although measurements were poorly 
correlated (r = 0.03-0.12). The SWA estimate of walking increased with treadmill 
speed but not with slope. The SWA significantly overestimated (13-27%) the 
energy expenditure of flat walking (p < 0.02) and significantly underestimated 
(22%) energy expenditure on a 5% slope (p < 0.002). The SWA estimation of 
energy expenditure correlated moderately with indirect calorimetry (r = 0.47-0.69). 
In this sense, the authors concluded that the SWA provided valid and reproducible 
estimates of energy expenditure at rest and generated similar mean estimates of 
energy expenditure as indirect calorimetry on the cycle ergometer, but with large 
associated individual error. The SWA overestimated the energy expenditure of flat 
walking and underestimated inclined walking.   
 
In accordance with Fruin & Rankin (2004), King et al., (2004) examined the SWA 
validity and reproducibility in a total of 10 healthy males and 11 healthy women 
who performed 10 minutes of continuous flat treadmill exercise.  By using the 
general manufacturer algorithms, the authors also found that, in comparison to 
open-circuit calorimetry, the SWA overestimated energy expenditure at three 
different treadmill walking speeds and four running speeds: 54, 80, 107, 134, 161, 
188, and 214 m.min-1, respectively (p < 0.001).  
 
Until now, there are no SWA - indirect calorimetry crossvalidation studies 
including DS individuals. Due to the high prevalence of sedentary life-styles 
(Stanish & Draheim, 2005), and the high prevalence of overweight and obesity 
(Rubin et al., 1998), accurate diagnosis of free-living energy expenditure diagnosis 
is essential for determining objective needs concerning nutritional and exercise 
interventions. Also, the possibility of examining the patterns of active to rest 
transition conditions in individuals with DS, raises new approaches in assessing 
patterns recurrent asthenic sustained behaviour. Even more, due to the high 
prevalence of obstructive sleep apnea in individuals with DS (Howenstine, 1992), 
the use of the SWA in assessing quality of sleep, opens a new field of simple and 
non-invasive diagnostic tools in DS investigation. 
 
However, according to several previously mentioned authors, there are substantial 
metabolic deviations in individuals with DS. Subjects with DS typically express 
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lower bioenergetic efficacy, translating into a poor exercise oxygen consumption 
and caloric expenditure. Although not publicly available or released by 
Bodymedia® , the SWA manufacturer algorithms were probably designed to assess 
caloric expenditure in healthy people. In this regard and in order to clarify the 
potential validity of the SWA for individuals with DS, it is necessary to compare 
the DS collected data with that of healthy individuals, performing the same rest and 
exercise protocols.  
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CHAPTER 3 

 

Methods 

INTRODUCTION 

 
In this chapter the methods concerning the present investigation will be presented. 
After a brief approach to the experimental design of the study, the criteria for 
selecting the subjects will be explained, ending with a formal characterization of 
both the experimental groups and the control group. The dependent variables will 
be subsequently defined, as well as the methodological procedures, instruments 
and protocols used for data collection. Finally, analysis methods will be described. 

3.1 - Experimental design       

 
The present study has a quasi-experimental controlled design. The main 
experimental design is a comparative analysis of data collected before and after a 
28 week exercise intervention. The parallel designs depend on cross-sectional 
comparative analyses between variables collected from two different groups of 
individuals.  
 
For the main experimental design, three groups were included in the investigation. 
Individuals with DS performing two different exercise programs (indoor rowing; 
combined dynamic strength and aerobic other than rowing training) were evaluated 
pre and post-exercise intervention. A third group (age and gender matched paired 
non-exerciser healthy group) was evaluated only once, and is the control for both 
DS groups, before and after the exercise interventions.   
 
The data collection of all parallel designs, except for that of body composition 
crossvalidation methods, occurred before the initiation of the formal exercise 
interventions in the DS groups. For the crossvalidation of Kelly & Rimmer’s 
equation, both pre and post-exercise intervention were analysed in order to 
examine the test-retest reliability of the measurement. In all these designs, the DS 
participants were defined as a single group, being compared with the age and 
gender matched paired control group for the selected variables.  
 
Due to logistic problems, it was not possible to collect body composition variables 
from the matched paired control group. Thus, for these particular variables, the DS 
individuals will only be compared with themselves, before and after the exercise 
interventions. 
 
Emphasis was placed in ensuring the standardized conditions, procedures and 
instruments across all measurements performed. 
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3.2 - Participants 

3.2.1 - Criteria for selecting the participants 

 
All DS participants had medical approval for physical activity participation from 
their personal physicians. Those with ambulatory, musculoskeletal, visual, or 
auditory problems were not included in the study.  Informed consent was obtained 
from the participants’ legal guardian. Further inclusion criteria were considered: 
(1) all the individuals included in the DS groups were previously deconditioned 
and therefore, free from any exercise prescription stimulus for at least six months, 
and (2) none of the DS participants performed additional exercise training outside 
the two structured exercise programs prescribed. 
 
The control group was selected based on the following: (1) healthy medical status, 
(2) gender match with the DS participants, (3) age match by gender with the DS 
participants, (4) ability to walk and/or run on the treadmill without hand-rail 
support, and (5) agreement with the testing procedures confirmed by signature of 
the informed written consent. 
 
None of the participants was under exercise limiting therapeutic medication before 
measurements or during the exercise program. It is known, for instance, that ß 
blocking therapy lowers the VO2peak values (Goldstein, 1996; Pollock et al., 1991).     

3.2.2 - Selection and characterization of the groups 

 
The DS participants were recruited from a vocational centre dedicated to the 
professional employability of individuals with intellectual disabilities. All 
participants lived at home and were bussed to the institution daily. Most of the 
vocational activities at this centre site involved light physical work for 5 to 6 hours, 
5 days a week. 
 
There was an initial attempt to randomly allocate DS participants to each exercise 
program. Participants were given the possibility to choose in which group they 
would like to be included, without external interference.  This selection criterion 
led to uneven number of males and females per group. 
 
Due to the employability purposes of the vocational centre from which the 
participants were recruited, two individuals with DS were lost from the follow up, 
after obtaining employment outside the institution. 
 
Considering the specificity of the participants included and the longitudinal design 
of the study, it was difficult to expand the inclusion of individuals to geographical 
locations other than Lisbon. Also, the fulfillment of pre-determined medical 
clearance for exercise participation limited the inclusion of individuals with known 
congenital defects. 
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All DS participants integrated in the experimental groups participated in more than 
85% of the exercise sessions structured along the 28 weeks of intervention.  
 
In order to match and pair with experimental groups by age and gender, the control 
group was selected as a convenient sample. 
 
At the beginning of this study 16 adults with DS were eligible (12 males, 4 
females) for participation. Two female participants were lost from the follow up 
due to employability outside the institution. Two male participants were also 
excluded from statistical analysis, one because of low compliance to the exercise 
program and the other, because of medical problem developed during the study.  
Thus, the final analysis included 12 DS participants (10 males, 2 females) and 11 
non-disabled healthy controls (10 males, 2 females). The participants were divided 
into three groups: 
 

1- Experimental group 1 (EG1), six male participants with DS participated in 
an indoor rowing program, taking place at a community rowing club - 
Associação Naval de Lisboa.  

 
2- Experimental group 2 (EG2), six participants with DS (4 males, 2 

females) integrated a combined exercise program, taking place at a public 
university in Lisbon- Faculdade de Motricidade Humana. 

 
3- Control group (CG), 11 non-disabled, healthy participants (10 males, 2 

females) paired for age and gender to DS cases. 
 
Table III resumes the descriptive statistics for each group. The statistical 
significance of the differences between the groups will be analysed in the next 
chapter. 
 
Table III – Age, height, weight, body mass index (BMI), percentage of body fat 

mass and peak oxygen consumption (VO2peak) of indoor aerobic 
rowing program (EG1),  combined exercise program (EG2) and 
control group (CG) (mean ± standard deviation) 

 EG1 (n = 6) EG2 (n = 6) CG (n = 11) 
Age (years) 32.83 ± 1.47 36.16 ± 10.08 34.27 ± 8.74 
Height (cm) 159.08 ± 7.20 151.66 ± 10.79 175.36 ± 6.42 
Weight (kg) 66.05 ± 12.00 67.85 ± 5.48 73.06 ± 11.97 
BMI (kg/m2) 26.11 ± 4.59 29.75 ± 4.21 23.64 ± 2.65 
% Fat Mass 23.67 ± 5.49 30.97 ± 14.68 - 
VO2peak (ml.kg-1.min-1) 20.96 ± 4.31 19.80 ± 5.08 47.60 ± 11.84 
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3.3 - Variables in study 

 
For the main experimental design, both exercise programs were defined as the 
independent variables. The morphological and physiological modifications elicited 
by the exercise interventions were defined as the dependent variables.  
 
For most parallel designs, the resting and different acute exercise intensities were 
defined as the independent variables. The galvanic skin response and the energy 
expenditure were considered as the dependent variables 
 
For the body composition crossvalidation methods parallel design, both techniques 
used were defined as the independent variables. The relative body fat mass was 
considered to be the dependent variable. 
 
The independent variables will be characterized before the dependent ones. In this 
regard, the description of the exercise programs will be subsequently presented. 

3.3.1 - Independent variables 

 
Both exercise program prescriptions were considered as the independent variables 
of this study. Since two different exercise programs were prescribed, the indoor 
rowing program will be characterized first, followed by the aerobic and resistance 
components of the combined exercise program. Then, the resting and acute 
exercise protocols used for the parallel designs will be described, followed by the 
specificities of the body composition assessment techniques. 
 
Due to the common learning disabilities seen in individuals with DS, a 
familiarization period focused on the components of both exercise programs was 
accepted. The familiarization period occurred before the baseline physiological or 
morphological assessments were made and had an absolute duration of 12 weeks, 
with a frequency of two times a week, for 30 minutes per exercise session. The 
main purposes of this period were: (1) stimulation of participants for an 
independent behaviour in routines of regulation of exercise equipment, and (2) 
teaching the participants the correct use and technique of the ergometers and 
strength machines. 
 
3.3.1.1 - Indoor rowing aerobic program prescription 
 
During the familiarization period, the EG1 participants were required to learn the 
basic skills of the rowing technique and the constancy of stroke rate per minute 
(spm). Warm up and cool down skills were also reinforced as particularly 
important in each training session. With this purpose, routines of a period of five 
minute warm up and a five minute cool down were established during the 
familiarization period. Neither the warm up nor the cool down period included 
flexibility exercises. The warm up period included dynamic mobilization 
progression, starting by upper limb rowing, followed by upper limb and trunk 
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rowing and ending with upper limb, trunk and leg rowing. The cool down period 
was prescribed for rowing at an individualized intensity of 35% - heart rate reserve 
(Polar® - model Vantage Night Vision) determined by combining Fernhall et al., 
(2001) MHR equation with the Karvonen method (Karvonen et al., 1957). Also in 
the familiarization period, emphasis was placed on maintaining a prescribed 
training intensity (50% heart rate reserve) and completing, on a weekly basis, a 
competitive adapted indoor rowing protocol (five minute indoor rowing protocol). 
 
Prior to the familiarization period, rest HR was determined in order to prescribe the 
target HR (relative individualized intensities) on the Karvonen method basis 
(Karvonen et al., 1957). The resting HR was defined as the lowest HR (bpm) 
obtained during a five minute continuous recording, with the participants resting 
quietly in a seated position (ACSM, 2003).     
 
At the end of the familiarization period, the participants were referred to both the 
exercise physiology and the exercise and health laboratories in order to collect the 
physiological and morphological data, respectively.  
 
 

     
 
Figure 1 – Indoor rowing training periodization; HRR (heart rate reserve); min 
(minutes); POmax (maximal power output) 
 
As shown in Figure 1, the indoor rowing periodization was divided in two loading 
mesocycles, with a total duration of 28 weeks and a frequency of two days a week 
(Monday and Friday) for 60 minutes per session. Mesocycle I had an absolute 
duration of 14 weeks and was prescribed for two 20 minute periods of continuous 
rowing exercise (rowing ergometer - Concept II®) at a work intensity that would 
result in a HR compatible to 70-85% of their VO2peak determined by graded 
exercise test. A four minute passive recovery period was established between each 
continuous 20 minutes of rowing activity. The participants performed a maximal 
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indoor rowing competition protocol (five minute protocol), on a weekly basis. 
Mesocycle II was carried out for a total of 14 weeks of intervention, with same 
weekly frequency and session duration as mesocycle I. Although the general 
exercise prescription was similar to that performed on mesocycle I, mesocycle II 
sessions included five maximal power output rowing overload series (interval 
training). Each series consisted of 30 continuous rowing strokes with the main 
purpose of attaining and maintaining the maximal power output on the rowing-
ergometer. Two minutes active recovery period separated each series. As in 
mesocycle I, the participants performed the five minute maximal rowing protocol 
on a weekly basis. 

3.3.1.2 – Combined exercise program 

3.3.1.2.1 – Dynamic strength exercise prescription 

 
During the familiarization period, participants were given the opportunity to 
practice with the strength equipment. Strength training individualized charts were 
organized for each participant, specifying the amount of weight to be lifted. As a 
facilitating strategy, each machine was labelled with a pre-determined coloured 
pamphlet. The charts consisted of both photographs and the respective colour label 
for each strength machine prescribed to the participants. Approximately, 15 
minutes were spent demonstrating the correct use and technique of each exercise to 
participant on a recurrent basis.  
 
As shown in Table IV, the EG2 dynamic strength exercise (DSE) prescription 
consisted of eight exercises. Participants trained on Technogym® Super Executive 
Line. The exercise intensity was moderate. According to the ACSM, (2003) 
guidelines, participants performed 12 repetitions per set with a relative intensity of 
60% of one maximum repetition. Circuit training was selected as the type of 
dynamic strength conditioning, being the rest interval between exercises (stations – 
machines) less than 30 seconds. The stations were organized in alternate 
agonist/antagonist interplay in order to avoid the early onset of local/regional 
fatigue. The training regimen was prescribed with a frequency of two times a week 
(Tuesday and Wednesday). Also, the participants performed two sets of 15 
abdominal curl repetitions per session. The DSE training duration per session 
corresponded approximately to 20-30 minutes. Load adjustments were performed 
by participant for each machine at the 14th week of training. By then, all 
participants were able to complete more than two repetitions beyond the initial 
prescription for two consecutive sessions with the proper lifting technique (i.e., 
proper biomechanical motion and avoidance of the Valsalva maneuver). The 
weight was increased by 10% of their 1-RM (Rimmer et al., 2004).     
 
 
 



35 

Table IV – Dynamic strength exercise prescription for EG2: Selected 
machines, main muscle action, percentage of one maximum 
repetition, number of sets and repetitions per exercise 

Machine Action % 1-RM Sets/Repetitions 
Leg press Thigh – leg extension 60% 2 x 12 
Low back Trunk extension 60% 2 x 12 
Abdominal curl Trunk flexion --- 2 x 15 
Vertical traction Arm adduction (Latissimus dorsi) 60% 2 x 12 
Shoulder press Arm abduction 60% 2 x 12 
Chest press Horizontal arm adduction; forearm 

extension (Pectoralis major) 
60% 2 x 12 

Leg extension Leg extension 60% 2 x 12 
Triceps press Arm extension 60% 2 x 12 

3.3.1.2.2 – Aerobic prescription 

 
During the familiarization period the EG2 participants practiced extensively on 
each of the following ergometers: (1) treadmill, (2) stationary cycle and (3) upright 
stepper. EG2 participants followed the general familiarization intensity protocol as 
described for EG1 (50% of HRR conditioning and 35% of HRR active cool down 
(Polar® - Vantage Night Vision) being taught how to use the equipment safely (i.e., 
getting on and off the machine). As in EG1, the same resting HR determination 
protocol was used for EG2.  
 
Each session started with a 5 minute warm up and terminated with a 5 minute cool 
down. The warm up as well as the cool down period consisted of active 
mobilization low impact and low intensity exercises. Flexibility exercises were 
always avoided. The aerobic training was prescribed with an intensity that would 
target the HR of 60-70% of the participants VO2peak determined by graded exercise 
test. The intervention consisted in stimulating the participants to reach and 
maintain the prescribed target HR, for 25 minutes of continuous work. A rotational 
use of the ergometers by the participants was prescribed, avoiding a specific 
ergometer-conditioning. Each participant exercised only in one of the three 
ergometers per session, being stimulated to select a different machine in the 
following session. None of the participants exercised on a rowing-ergometer 
during the intervention period. The absolute duration of the exercise intervention 
was 28 weeks, with a frequency of two times a week (Tuesday and Wednesday), 
for 60 minutes per session. 

3.3.1.3 – Structural aspects of the exercise sessions 

 
The exercise sessions of both, EG1 and EG2, were structured in three main 
components: (1) warm up, (2) stimulus/conditioning, and (3) cool down. The 
purpose of the warm up was to slowly and safely activate the body’s responses to 
exercise, and to increase range of motion to prepare joints and muscles for 
vigorous activity. The stimulus/conditioning was designed to provide sufficient 
overload for adaptation to occur. Finally, the cool down period was necessary to 
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gradually bring the body closer to the resting state after the stimulus/conditioning 
session (ACSM, 2003a). 
 
Polar® - Vantage Night Vision heart rate monitor bands were used by each 
participant to ensure that they maintained their target HR in the appropriate 
training zone. The HR monitoring was performed with the ergometers telemetry 
receptors.  Participants were taught to control their target HR in the rowing 
ergometer, stationary cycle and the stepper. Treadmill adjustments in order to 
reach and maintain a target HR was controlled directly by one of the two available 
staff members.  
 
The warm up period included low-intensity, dynamic activity. The activities started 
slowly and were gradually increased in intensity. This component included 
generalized muscle solicitation exercises with sufficient intensity to slightly elevate 
body temperature and HR, without causing onset of fatigue (ACSM, 2003a).  
 
As previously described, the stimulus/conditioning component included indoor 
rowing exercise for EG1 and aerobic conditioning other than rowing, 
supplemented with dynamic strength exercise, for EG2.  
 
The cool down period was included to elicit the following physiological responses: 
(1) decrease respiratory and cardiac activity, (2) decrease lactic acid level, and (3) 
restore metabolic cell activity (ACSM, 2003a). This component included low-
intensity activities, avoiding stretching. The intensity was gradually decreased, 
avoiding hemodynamic drops and associated symptoms. The participants were 
advised frequently to rehydrate. 

3.3.1.4 – Exercise sessions locations 

 
The EG1 exercise sessions took place at a community rowing club (Associação 
Naval de Lisboa) and the EG2 sessions in the exercise room of a public university 
in Lisbon (Faculdade de Motricidade Humana). 

3.3.1.5 – Staff 

 
The staff available to supervise both exercise groups consisted of a certified ACSM 
clinical exercise specialist® (a master’s in Physiotherapy Science student) and an 
assistant recruited from the vocational centre. Occasional supervising collaboration 
was provided by students recruited from the university (Faculdade de Motricidade 
Humana). 
 
There were no significant medical events during the period of exercise intervention 
throughout the study. One of the participants with DS was excluded because of 
persistent arterial hypertension (systolic blood pressure > 140 mmHg).   
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3.3.2 – Dependent variables 

 
All, the morphological, physiological and strength dependent variables are 
presented in this section. 

3.3.2.1 – Body composition (morphological) variables 

 
• Although non specific (Bray, 1985), both, the body weight and the BMI 

were included in the morphological analysis. Most studies on physical 
exercise usually select these variables for the characterization of the 
subjects’ body composition. Therefore, the use of these variables will 
allow the comparison of the present study with previous published data.  

 
• Absolute (kg) and relative (%) body fat mass.   

 
• Fat free mass (kg). 

 
• Body surface area (m2) was also included in the morphological 

characterization of participants. The analysis of this specific parameter is 
useful when comparing physiological data (i.e., pulmonary minute 
ventilation) of subjects with different body size (Marconi et al., 2005). 
Dubois & Dubois, (1916) formula was used for body surface area 
calculations.  

3.3.2.2 – Cardiorespiratory variables 

 
• Peak oxygen consumption (VO2peak). Traditionally maximum oxygen 

consumption – maximal aerobic power (VO2max) is defined as the most 
significant predictor of aerobic work capacity. It reflects the mechanisms 
of coupling external to internal respiration. Generally, the VO2max 

increases 15-20% in response to aerobic training (Astrand & Rodhal, 
2003; Bruce et al., 1989). Due to the common difficulties in assessing the 
VO2max in special populations, some investigators usually select the peak 
oxygen uptake (VO2peak) in determining individual’s aerobic fitness. Both, 
the VO2max and the VO2peak can be obtained by selecting general, dynamic, 
rhythmic and cyclic exercise protocols with continuous or discontinuous 
incremental work rate. The VO2max is defined as the measured VO2, 
whenever a VO2 increase of less than 150 ml per minute, above the VO2 
from the previous lower work rate, is reached. The VO2peak is the highest 
VO2 reached before the exercise test has to be terminated by any absolute 
or relative indications, including participant’s request (Wasserman et al., 
2005).   
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• Exercise economy (EE). Exercise economy is the oxygen consumption 
while the subject performs an exercise at a set power output or velocity. 
This approach only applies to steady-state exercise in which oxygen 
consumption closely mirrors energy expenditure (Williams & Cavanagh, 
1987). In general, long term programs of aerobic training improve 
walking and/or running economy (Conley et al., 1981; Svedenhag & 
Sjodin, 1985), which relates to reductions in pulmonary ventilation during 
submaximal exercise (Caird et al., 1999; Franch et al., 1998). To properly 
analyse EE it is usually necessary determine the net oxygen consumption 
for a given submaximal work rate. The net oxygen consumption is the 
difference between the exercise oxygen consumption and the resting 
value. Therefore, both the submaximal, and the resting oxygen 
consumption were examined in the present study. 

 
• Pulmonary minute ventilation (VE). Pulmonary minute ventilation is the 

volume of air that flows in and out the lungs per minute. It is calculated as 
the product between the tidal volume and the respiratory rate, measured in 
litres per minute in standard conditions of temperature (273ºK or 0ºC), 
pressure (760 mmHg), and  dry humidity (no water vapour) – STPD 
(McArdle et al., 2001a). During mild to moderate exercise, healthy 
subjects express an increase in VE, primarily through increased tidal 
volume. During vigorous exercise, respiratory rate is also increased. The 
increase in VE is directly proportional to VO2 and carbon dioxide output 
(VCO2) increases during low-intensity exercise. At the ventilatory 
threshold (usually 47%-64% of VO2peak in most persons), VE increases 
disproportionately paralleling the abrupt rise in serum lactate 
concentration (Dunn, 2003). In the present work there was a particular 
interest in determining the submaximal and peak VE (VE measured at 
VO2peak).      

 
• Respiratory exchange ratio (RER). The RER is the ratio between VCO2 

and VO2. The RER reflects exercise intensity. Higher RER values define 
higher exercise intensities. Peak and submaximal RER were determined. 

 
• Ventilatory equivalent for O2 (VE/VO2). The VE/VO2 corresponds to the 

ratio between the VE and the absolute VO2 (L.min-1) STPD. As the 
VE/VO2 reflects the ventilatory requirements for a given O2 consumption, 
it is usually considered as an index of ventilatory efficiency. In healthy 
people, VE/VO2 decreases and reaches a nadir at ventilatory threshold 
(VT) with a value less than 28, increasing steeply after the compensation 
point in an incremental exercise protocol (Wasserman et al., 2005).  

 
• Oxygen pulse (ml/beat). The O2 pulse is the ratio between the VO2 

(ml.min-1) and the HR (bpm) and it is considered an indirect index of 
oxygen transport and cardiorespiratory economy. Its values are dependent 
on the stroke volume and the difference between the arterial and mixed 
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venous blood O2 content. The normal values range from 4-6 ml/beat at 
rest to 10-20 ml/beat at maximal exercise. The peak O2 pulse for a given 
peak work rate is strongly dependent on the individual’s body size, 
gender, age, degree of fitness, and hemoglobin concentration. Endurance 
athletes typically present the highest values for the O2 pulse, while cardiac 
patients present the lowest ones (Wasserman et al., 2005). The 
submaximal and peak O2 pulse (O2 pulse at VO2peak) were measured.      

 
• Heart rate (HR) expressed in beats per minute (bpm). The HR is a central 

cardiorespiratory parameter that, in healthy persons, increases in a linear 
fashion with work rate and oxygen uptake during dynamic exercise. Its 
response to exercise is related to age, body position, fitness, type of 
activity, the presence of heart disease, medications, blood volume, and 
environment. Its maximal value does not change or slightly decreases with 
chronic adaptation to exercise training. However, its resting value or the 
increase occurring at any fixed submaximal work rate is proportionally 
greater in untrained individuals than in trained ones. A deficit in HR 
increase with incremental work rate is traditionally considered as an 
abnormal and pathological exercise response (Dunn, 2003). Resting, 
submaximal and peak HR were examined in the present investigation. 

 
• Chronotropic response index (CRI). The CRI is the ratio of HR and 

metabolic reserve (Lauer et al., 1996). This calculation can be done at any 
stage of exercise and is a reflection of the association between HR 
response and metabolic work (Lauer et al., 1996). The CRI has been 
previously determined for individuals with DS (Guerra et al., 2003). For 
comparison purposes (Guerra et al., 2003), the CRI at 80% of VO2peak for 
each individual was chosen. The following formulas were used: 

 

%Met. Res.80% = (METS80% - METSrest) / (METSpeak – METSrest) x 100     (3.1)  

 

%HR Res.80% = (HR80%-HRrest) / (age predicted HRpeak – HRrest) x 100       (3.2) 

 

CRI = (%HR reserve80%) / (%metabolic reserve80%)                                                        (3.3) 

 

Where METS indicate metabolic equivalents and HR is the heart rate. A 
normal ratio is approximately 1, whereas a low ratio traditionally denotes 
chronotropic incompetence. As in previous studies (i.e., Guerra et al., 
2003), a cut-off of 0.9 was defined to denote chronotropic incompetence. 
This is based on previous research showing that healthy populations 
(those without chronotropic incompetence) always have a mean CRI 
above 0.9 and that disease and mortality risk are higher and predictable in 
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individuals with a CRI between 0.8 and 0.9 (Lauer et al., 1996; Dresing et 
al., 2000; Camm & Fei, 1996). 

3.3.2.3 – Strength variables  

 
• Maximal voluntary contraction (MVC) is usually used as measure of 

maximum strength. The MVC was defined as the main variable to 
determine the effects of dynamic strength training on the 
musculoskeletal system. 

3.3.2.4 – Electrodermal activity variables 

 
• Galvanic skin response – GSR (µSiemens - µS). Galvanic skin 

response measures changes in electric resistance or conductance 
across two regions of the skin. The electrical resistance or 
conductance of the skin (which is typically large and varies over 
time), fluctuates quickly during mental, physical, and emotional 
arousal. These states are related to the activation of the sympathetic 
branch of the autonomic nervous system. During a sympathetic 
response the eccrine glands in the skin produce ionic sweat lowering 
the resistance of the skin and increasing its conductivity (Vertugno et 
al., 2003). The galvanic skin response was assessed in resting 
conditions, in submaximal constant intensity and in a progressive 
graded exercise test (GXT). In assessing the GSR, the following 
“possible confounding” variables were also controlled: (1) skin 
temperature, (2) ambient temperature , (3) ambient relative humidity 
and (4) skin heat flux. 

3.3.2.5 – Energy expenditure variables 

 
• Weir method (Weir, 1949) to calculate energy expenditure (kcal.min-

1). The Weir method is a relatively simple method to estimate caloric 
expenditure (kcal.min-1) from measures of respiratory quotient and 
VO2 in L.min-1 (Mansell & Macdonald, 1990): 

 

kcal.min-1 = [(1.1 x RQ) + 3.9] x VO2                                                                                                    (3.4) 

 
In the present, the Weir method (Weir, 1949) is usually incorporated 
in the commercially available software of modern gas analysing 
systems. The energy expenditure (by the Weir method), was 
measured in resting and submaximal constant intensity exercise. The 
exercise measurements were performed at steady-state physiological 
conditions.  
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• Multiple channel acquisition device for energy expenditure 
measurement (kcal.min-1). A multiple channel acquisition device was 
used simultaneously to open circuit spirometry in order to establish 
comparisons between both measurements of energy expenditure. The 
device integrates the following data acquisition channels: (1) 
accelerometer – longitudinal, (2) accelerometer – transversal, (3) heat 
flux, (4) skin temperature, (5) near-body temperature, (6) GSR and 
(7) pedometer. To calculate energy expenditure, the data are 
combined in specific proprietary unreleased algorithms. The energy 
expenditure was measured under the same conditions as referred for 
the Weir method (Weir, 1949).  

3.4 – Instruments and protocols for data collection 

 
All the participants with DS visited the laboratories twice in order to collect pre 
and post-training morphological and physiological data. The same instruments and 
protocols were used in both visits. Peak oxygen consumption, submaximal oxygen 
consumption, body composition, GSR, and energy expenditure were all determined 
for each individual with DS. Only EG2 was submitted to the 1-RM testing. The 
control group performed only one visit to the laboratory, being assessed in the 
following variables: (1) VO2peak, (2) submaximal oxygen consumption, (3) GSR, 
and (4) energy expenditure. Additionally, as in individuals with DS, both weight 
and height were also determined for the control group. 

3.4.1 – Body composition (morphological) assessment 

 
In the present investigation, body composition assessments were performed on the 
basis of the classic two components model. In this type of model, body weight is 
divided in fat mass and fat free mass (Heyward & Stolarczyk, 1996).  
 
All measurements were performed after the subjects had fasted for 12 h, both from 
food and water. The participants were asked to empty their bladder before each 
measurement. The body weight and height were assessed with the participants in 
standardized light clothes and without shoes on an electronic platform (Seca 770 
standing digital scale/height rod attached). The standing height measurement was 
performed according to the following criteria: (1) anthropometric body positioning 
of the participant – erect positioning with the head oriented in the Frankfurt plane, 
arms positioned on each side of the trunk with the palm of the hands contacting the 
thighs, feet together touching the heels (at 60º angle); (2) placing the left hand 
under the participant’s chin while descending the height rod until reaching the head 
vertex (exerting enough pressure to compress the participants hair); (3) registering 
the result while eliciting a deep inspiration by the participant (rounding the result 
to millimetres). These were scheduled immediately before the anthropometric girth 
measurements and the spectroscopy bioimpedance analysis.  
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Bioimpedance multifrequency tetrapolar technique - BIA (Xitron 4000B analyzer, 
Technologies, San Diego, CA, USA) was used for the measurement of whole-body 
composition, including fat mass, lean body mass, intracellular and extracellular 
body water volumes. All metal items were removed from the participants to ensure 
the accuracy of the measurement. BIA measurements were carried with the subject 
lying still in a supine position on a flat, nonconductive bed after a latency period of 
ten minutes to stabilize the organic water compartments prior to the assessment. 
The Xitron analyser has four electrodes (Xitron). Two electrodes were placed on 
the right wrist with one proximal to the third metacarpophalangeal joint (positive) 
and one on the wrist next to the ulnar head (negative). Two electrodes were placed 
on the right ankle with one just proximal to the third metatarsophalangeal joint 
(positive) and one between the medial and lateral malleoli (negative). 
Multifrequency (5, 50, 100, and 200 kHz) currents were introduced from the 
positive leads and travelled throughout the body to the negative leads. Relative 
body fat was calculated by using the manufacturer’s software.  
      
Anthropometric girth measurements were taken on the same day, before the BIA 
measurements. Relative body fat was estimated by the Kelly & Rimmer’s method. 
The equation of this method uses the waist circumference (measured at the top of 
the iliac crest across the umbilicus), forearm circumference (the forearm is 
extended and the measurement taken at the largest circumference with the forearm 
parallel to the ground), weight and height. All the circumferences were measured 
twice, to the nearest 0.1 cm with the average of the two measurements recorded 
(Heyward & Stolarczyk, 1996). The tests were conducted at room temperature 
ranging 22º to 25ºC.  
 
All DS participants were referred to the exercise and health laboratory of  
Faculdade de Motricidade Humana on two different occasions (pre-training and 
post-training).  

3.4.2 – Functional capacity evaluation 

 
The most widely recognized measure of cardiopulmonary fitness is the aerobic 
capacity, or VO2max - VO2peak, which can be expressed in absolute (L.min-1) or 
relative (ml.kg-1.min-1) terms. Oxygen consumption is calculated through the Fick 
principle, according to which the VO2 depends on the product between the cardiac 
output (central parameter) and the arteriovenous O2 difference (peripheral 
parameter). Oxygen consumption can be measured through direct open-circuit 
spirometry or, more commonly, estimated from workload or the HR at a 
submaximal workload (Dunn, 2003). By determining oxygen consumption using 
open-circuit spirometry, it is possible to estimate energy expenditure based on the 
caloric O2 equivalent, as approximately 5 kcal are spent when consuming 1 L of 
O2. However, for a more precise determination of the caloric equivalent for O2 it is 
advisable to use the nonprotein RQ, which implies the determination of the urinary 
nitrogen excreted by the kidneys (McArdle et al., 2001b). It is not advisable to use 
the absolute VO2 for comparison purposes between individuals with different 



43 

morphological characteristics. The absolute VO2 is usually higher in taller and 
heavier individuals. On the other hand, the relative VO2 allows comparisons 
among different subjects, after standardizing for somatotype, by considering a pre-
defined value of body mass across subjects (1 kg). 
 
The VO2 increase is directly proportional to work rate until reaching its maximum 
value. Consequently, as the work rate or power output increases in a GXT, the VO2 
also increases until reaching a plateau. The plateau expresses a true physiological 
strain as the VO2 does not increase any further, despite the incremental demands on 
work rate or power output. As the VO2 at higher exercise levels does not readily 
plateau (VO2max), the VO2peak is usually applicable. The term VO2peak applies when 
the levelling does not occur or the test performance is limited by local factors 
rather than central circulatory dynamics.  
 
The VO2max or the VO2peak can be determined directly by selecting an adequate 
GXT and performing gas exchange measurements. In this sense, the VO2peak is 
determined by analysing the O2 and CO2 content of the air expired by the 
individual at maximal exercise during a GXT. 
 
Direct gas exchange analysis during a maximal GXT was selected for obtaining the 
VO2peak of participants. According to Climstein et al., (1993) ACSM treadmill 
equations are inaccurate for predicting the VO2peak in adults with intellectual 
disabilities, including DS. Therefore, VO2peak and derived exercise prescriptions 
must be based on actual measurements, rather than via ACSM prediction 
equations. The use of ACSM prediction equations over-predicts training 
intensities, imposing possible health risks for individuals with DS (Climstein et al., 
1993). All the participants performed a maximal treadmill GXT with gas exchange 
analysis and continuous HR monitoring.   
 
There are several determinants for selecting a particular exercise protocol. Protocol 
selection is influenced by the purpose and goals of the exercise test and also by the 
characteristics of the individual being tested. It is known that both the treadmill and 
stationary cycle testing, allow higher O2 consumption by the myocardium (ACSM, 
2003). In the present study, the functional capacity evaluations were performed by 
selecting a maximal continuous treadmill (h/p/cosmos® mercury med 4.0) GXT 
protocol. The selected protocol has been shown to be both a valid and reliable 
measure of maximal cardiorespiratory fitness in both individuals with DS and 
control participants without disabilities (Fernhall et al., 1996; Fernhall et al., 1990). 
At the first stage of the testing protocol, the participants rested in the seated 
position for 5 minutes (resting data collection). Then the subjects walked at a 
levelled comfortable speed (2.5 km.h-1) for 8 minutes (submaximal exercise data 
collection). The speed was then increased to 4.0 km.h-1 (fast levelled walk) for 2 
minutes. The grade was increased 2.5% every 2 minutes until a grade of 12.5% 
was reached. From this point, grade was held constant, whereas speed was 
increased 1.6 km.h-1 every minute until exhaustion. This protocol has been widely 
used for VO2peak measurements in individuals with DS (Goulopoulou et al., 2006; 
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Fernhall & Otterstetter, 2003; Fernhall et al., 2001; Fernhall et al., 1996; Fernhall 
et al., 1990). 

3.4.2.1 – Measurements and instructions prior to the GXT 

 
The physician and parental consent of individuals with DS were obtained prior to 
performing the GXT. Parents were also counselled, by a written letter, in 
instructing their children for the GXT day: (1) to wear comfortable clothes, (2) to 
drink high quantities of liquids during the 24h before the GXT (3) to avoid eating 
or drinking coffee for at least 3 hours before the test (post-prandial condition), (4) 
to avoid intense physical exertion on the day of the GXT, and (5) to sleep at least 
6-8 hours on the night before the GXT. 
 
Control participants were asked to sign a written consent form, according to the 
university standard procedures for functional capacity evaluations. 
 
Both the resting HR (Polar® - Vantage Night Vision) and BP (Riester® - ri-mega; 
Littman® - 3M) were obtained before the GXT protocol was initiated. The protocol 
for determining resting HR was the same as defined in 3.3.1.1. Systolic and 
diastolic blood pressures were evaluated after a 5 minute resting period in the 
seated position. The blood pressure measurements were confirmed by three 
repeated measurements with an interval period between them of 1 minute. Blood 
pressure relative contra-indications for GXT were set at 160 mmHg systolic blood 
pressure and 100 mmHg for diastolic blood pressure (ACSM, 2003b). 
 
Before GXT all participants were conveniently familiarized with the laboratory 
setting, unsupported treadmill walking, and the use of the breathing mask.  

3.4.2.2 – Open circuit spirometry and gas exchange analysis 

 
Oxygen consumption was measured throughout the GXT via a computerized on-
line breath-by-breath system (Quark b2, Cosmed® Srl-Italy), which was calibrated 
before each test with a known volume (3 L syringe) and with known gas 
concentrations - 16% O2 and 5% CO2 (Cosmed, 2005). 
 
As in previous studies, the VO2 data were displayed in 20-second averages. A valid 
VO2peak was defined as the highest value obtained during the last stage of exercise 
with a RER over 1.0 (Goulopoulou et al., 2006; Fernhall & Otterstetter, 2003; 
Baynard et al., 2004; Fernhall et al., 2001). Heart rate was monitored throughout 
the exercise test by a Polar HR monitor (Polar® - Vantage Night Vision). 
 
The GXT was terminated when the participants could no longer keep up with the 
treadmill speed or showed signs of volitional fatigue.  
 
The ventilatory threshold was not determined or analysed in the present 
investigation, because its determination is difficult in individuals with intellectual 
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disabilities (including those with DS) when using a treadmill protocol (Baynard et 
al., 2004) 
 
All DS participants were referred to the laboratory of the Faculdade de Motricidade 
Humana on two different occasions (pre-training and post-training). The 
participants in the control group were reported to the same laboratory on a single 
occasion. 

3.4.3 - Exercise economy assessment 

 
Exercise economy determination was carried out using the same open circuit 
spirometry equipment as described in 3.4.2.2. As previously stated for the GXT, all 
the participants were familiarized with treadmill walking without holding the 
safety bars. 
 
The exercise economy determination protocol was part of the GXT for all 
participants. As already mentioned, the participants rested in the seated position for 
5 minutes in order to obtain resting VO2 (Whipp, 1971). Thereafter, a 0% grade, 
slow speed walking (2.5 km.h-1) was held constant for 8 minutes while measuring 
the VO2 and VE elicited by the selected submaximal exercise task. The 8 minute 
period of data collection represented both a submaximal exercise test, and a 
general warm up for the subsequent GXT.  
 
The exercise economy of the participants with DS was analysed in both, pre-
training and post-training conditions. The exercise economy for the control group 
was analysed only once. 
 
As in Whipp, (1971), the VO2 data were displayed as 30 second averages. The 
mean of the last 3 minutes of the 5 minute resting period was defined as the 
participants resting steady-state VO2. For the submaximal exercise test, the mean 
of the last 5 minutes of the 8 minute walk was also defined as the participants 
submaximal steady-state VO2 (Whipp, 1971).  
 
The submaximal exercise net VO2 was determined by subtracting the resting steady 
state VO2 to the gross steady state VO2, obtained during the last 5 minutes of the 
slow walk. 
 
For all participants, exercise economy was expressed both as a function of relative 
VO2 and as percentage of the metabolic reserve. The percentage of metabolic 
reserve relating to the submaximal exercise protocol was obtained by determining 
the participants VO2peak and expressing the VO2 of the former as a function of the 
VO2 of the later. By integrating both these analyses it was possible to appreciate 
not only absolute, but also relative modifications in each DS participant exercise 
economy after the training period.  For the participants with DS, exercise economy 
was additionally determined as a function of fat free mass measured by BIA in 
both occasions (pre-training and post-training).   
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3.4.4 – Dynamic muscle strength assessment 

 
The dynamic muscle strength was determined by performing the 1-RM 
assessments on the following machines (Technogym® Super Executive Line): 
 

• Upper limbs: vertical traction (VT), chest press (CP), triceps press 
(TP) and shoulder press (SP); 

 
• Lower limbs: leg press (LP), leg extension (LE); 

 
• Trunk - lower back: low back (LB). 

 
Only EG2 participants were assessed for dynamic muscle strength by the 1-RM 
testing procedures. EG1 participants were not submitted to the 1-RM testing 
because they were not familiarized with the proper use of the selected strength 
machines. EG1 training program did not involve the specific conditioning for use 
of strength machines. Consequently, by safety reasons (i.e., inability for proper 
biomechanical motion and avoidance of the Valsalva maneuver) this group did not 
perform the 1-RM strength assessments.  
 
The 1-RM measurements were collected for each of the above mentioned 
exercises.    

3.4.4.1 – One-repetition maximum testing protocol 

 
The testing protocol was selected in accordance to the general ACSM guidelines 
for determining the 1-RM (ACSM, 2003). In this sense the following steps were 
followed during each assessment: (1) brief warming up consisting of 5-10 
repetitions with 40-60% of the suspected 1-RM; (2) after resting for 1 minute, the 
participant performed 3 to 5 repetitions with 60-80% of the suspected 1-RM; (3) 
since by step 2 most individuals were close to their 1-RM, only a slight weight 
loading was added before attempting the 1-RM; (4) whenever the participants were 
able to perform 2 well succeeded liftings, a resting period of 3-5 minutes was 
prescribed until a new 1-RM was attempted; (5) for each session, only 3-5 maximal 
lifting’s were attempted; (6) whenever 3-5 maximal liftings were not enough to 
determine the participants 1-RM, a second session was scheduled to complete the 
assessment; (7) the participants were constantly asked about the degree of 
difficulty associated with each 1-RM attempt; (8) due to the usual lack of 
motivation of individuals with DS for maximal physical exertion, an intense verbal 
reinforcement was determinant for 1-RM testing; (9) a valid 1-RM was defined as 
the maximum amount of weight that could be lifted only one time for a given 
exercise. 
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3.4.5 – Electrodermal activity measurement 

 
Galvanic skin response was selected as the physiological variable for determining 
electrodermal activity. More specifically, skin conductance (µS) was examined in 
all the following conditions: (1) rest, (2) submaximal constant intensity and 
continuous treadmill exercise, (3) submaximal graded intensity and continuous 
treadmill exercise and (4) peak intensity treadmill exercise. Consequently, GSR 
data were collected during resting, submaximal and GXT protocols as previously 
described in 3.4.2. Additionally, GSR measurements were performed only in a 
single occasion for EG1, EG2 (pre-training) and control group.  
 
The GSR was measured using the two hypoallergenic stainless steel electrodes of 
the Sensewear Pro2 ArmbandTM (Bodymedia Inc, Pittsburgh, PA, USA). Upon 
arrival to the laboratory, the SWA was placed over the triceps muscle on the upper 
arm of each subject. As recommended by the manufacturer, the SWA was worn on 
the upper right arm over the triceps muscle halfway between the acromion and the 
olecranon processes. In order to allow for acclimatization to skin temperature, the 
SWA was worn by each participant for at least 10 minutes before data collection. 
Timestamps were defined in the internal clock of the SWA, marking the beginning 
and transitions from resting to submaximal exercise and the GXT. The subject 
gender, age, height, and weight were programmed into the SWA before the resting 
and exercise trials. Data collection was set for the maximal sampling rate available 
for the SWA – 32 Hz. Subsequently, in parallel with VO2, data were displayed for 
20 second averages. Initialization of the armband and subsequent data treatment 
were performed by using the InnerViewTM Professinonal Software, version 5.0.  
 
The skin temperature (ºC) was also controlled along the GSR data collection using 
the highly accurate thermistor-based sensor integrated in the SWA device 
(BodyMedia, 2005). The channel was set for the maximal sampling rate – 32 Hz. 
Data were then displayed for 20 second averages.   
 
As in exercise economy, only the GSR data from the last 3 minutes and 5 minutes 
of recording were analysed for the resting and submaximal exercise protocols, 
respectively. Due to the frequent inability of untrained individuals to attain 
physiological steady-states under submaximal exercise intensities of less than 3 
minutes in duration (Wasserman et al., 2005), exercise stages relating to the GXT 
(2 minutes in duration) were considered as non-steady-state ones. Therefore, GSR 
measurements during the different intensity stages of the GXT were considered as 
non-steady-state recordings. However, the main purpose of GSR data analysis was 
the comparison of this specific physiological variable in acute response to exercise, 
between individuals with DS and those without intellectual disabilities (under the 
same testing conditions), and not to compare the specific values of skin 
conductance across different steady state submaximal exercise intensities. Thus, 
the data collected in the first minute of each stage of the GXT was discarded, while 
data from the second minute were included.  
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The internal clock of the SWA was synchronized with the clock used to record 
indirect calorimetry measurements, allowing for a strict control over the ambient 
temperature and ambient relative humidity (registered by the open circuit 
spirometer system) during GSR data collection. 
 
According to the recommendations of previous studies (Lader & Montagu, 1962; 
Levy et al., 1992; Prout, 1967; Shahani et al., 1984; Uncini et al., 1988; Wang et 
al., 1993), the laboratory room temperature was set and kept constant at 22-24ºC 
by thermostatic control integrated in the air-conditioning equipment. 

3.4.6 – Energy expenditure 

 
The data for estimating energy expenditure (EE) were collected from both the 
SWA and indirect calorimetry (IC). As in GSR, all participants were assessed in a 
single occasion (pre-training for participants with DS). The EE data were collected 
simultaneously to the functional capacity, exercise economy and GSR 
measurements. Therefore, the procedures described in 3.4.2; 3.4.3 and 3.4.5 were 
the same as the ones for EE determination. Energy expenditure data for both the IC 
and the SWA was displayed for 1 minute averages. However, as previously 
mentioned, the caloric equivalent for O2 is only applicable under physiological 
steady-state conditions. In parallel, the reliability of Weir’s method for caloric 
expenditure depends of physiological steady-state resting or exercise conditions 
(McArdle et al., 2005). Therefore, as in Fruin & Rankin, (2004), only the data from 
resting and submaximal exercise protocols were included for the comparison 
analysis between the IC (criterion method) and SWA metabolic rate (kcal.min-1) 
estimates.  
 
As reported by Jakicik et al., (2004), a comparison analysis of both methods for 
total EE was performed across the following conditions: (1) total energy 
expenditure during the resting protocol, (2) total energy expenditure during the 
continuous and constant intensity submaximal exercise protocol, (3) total energy 
expenditure during both the resting and submaximal protocols.   
 
The maximal sampling rate was set for all the nine data channels integrating the 
SWA: (1) longitudinal accelerometer – 32 Hz, (2) transversal accelerometer – 32 
Hz, (3) heat flux – 32 Hz, (4) skin temperature – 32 Hz, (5) galvanic skin response 
– 32 Hz, (6) near body temperature – 32 Hz, (7) timestamp – 100 Hz, (8) on/off 
body – 32 Hz and (9) pedometer – 32 Hz. 
 
As previously mentioned, the internal clock in the SWA was synchronized with the 
clock used to record the IC measurements. The exact time (start and stop) of each 
IC measurement was recorded in order to synchronize with the SWA estimate. 
Additionally, timestamps were defined in the internal clock of the SWA, marking 
the exact beginning, transition and ending of both the resting and submaximal 
protocols. For analysis, rounding to the minute was done for the SWA reading but 
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was kept within the same context and exercise intensity as the IC measurement; 
variation in measurements between the two devices was less than 30 seconds.  
 
For the SWA energy expenditure estimates, the proprietary equations developed by 
the manufacturer were used (InnerViewTM Professinonal Software).  

3.5 – Statistical analysis 

 
Since there were less than 50 participants in the present investigation, the Shapiro-
Wilk normality test was used to test the hypothesis of normal distribution of the 
data. Although the present investigation relied on a small number of participants, 
parametric tests were used whenever the distribution of the data did not differ 
significantly from the normal distribution. Due to the small number of participants 
and to avoid dependence or assumption of normal distribution, nonparametric tests 
were performed (with exact p values calculation - appendix I) to confirm the 
results obtained by the parametric statistics. Wilcoxon sign rank test was used for 
the intra-group comparisons between pre and post-training values. Mann-Whitney 
test was selected for the comparisons between median values of two groups of 
individuals. Finally, the Kruskal-Wallis test was computed to determine the 
differences between EG1, EG2 and the CG.  
 
The estimates of the different dependent variables were expressed as means ± 
standard deviations. Statistical significance was defined at p < 0.05. Statistical 
analyses were completed using Statistical Packages for the Social Sciences 
software (SPSS, Version 14.0 for Windows, SPSS Inc., Chicago).  

3.5.1 – Body composition (morphological) analysis 

 
Body composition assessments were only performed in EG1 and EG2. Pre and 
post-training differences between the means of both EG1 and EG2 were compared 
by independent samples t-test. Paired t-test was used to compare intra-group 
differences of the means after the continued adherence to both exercise programs. 
 
Association between body composition and cardiorespiratory variables were 
analysed through the use of the bivariate correlation test (Bravais-Pearson 
correlation coefficients) and by multiple linear regression stepwise test. Where 
appropriate, correlations coefficients between the baseline values and the 
percentage of modification of the following variables were determined: (1) fat 
mass, fat free mass, (2) VO2peak, and (3) maximal time on the GXT. For the specific 
study of these interactions, all DS participants were included as a single group. 
 
Paired t test was used to compare relative body fat measured by BIA and AGM 
before and after continued adherence to both exercise programs (test-retest 
procedure). The correlation between relative body fat predicted by AGM and that 
measured by BIA was estimated by the use of Pearson’s correlation. Bias was 
estimated as the mean of the difference ± 2 standard deviations by Bland and 
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Altman analysis (Bland & Altman, 1986). For this particular analysis, the 
participants with DS were considered as a single group.  

3.5.2 – Cardiorespiratory analysis 

 
Functional capacity evaluations were performed in EG1, EG2 and the CG. An 
analysis of variance (ANOVA) was selected in order to explore baseline group 
differences. Whenever significant differences were found, Tukey TSD test was 
used to determine the origin of the differences. The same inter-group analysis was 
performed for the post-training period. 
 
Paired t-test was used to compare pre and post-training intra-group differences. 

3.5.3 – Exercise economy analysis  

 
Exercise economy assessments were performed in EG1, EG2 and the CG. As in 
3.5.1, ANOVA was selected to explore baseline group differences. Whenever 
significant differences were found, Tukey TSD test was used to determine the 
origin of the differences. The same inter-group analysis was performed for the 
post- training period.  
 
As the control group was not evaluated for body composition, exercise economy as 
function of fat free mass was only examined for EG1 and EG2. Independent t-test 
was selected to compare the pre and post-training inter-group differences.  
 
Paired t-test was used for comparison of pre and post-training intra-group 
differences. 

3.5.4 – Dynamic strength analysis 

 
Paired t-test was used to compare pre and post-training intra-group difference. 
 

3.5.5 – Electrodermal activity analysis 

 
Galvanic skin response measurements were performed considering the DS 
participants as a single group. Consequently the DS group was compared with 
control group. 
 
Independent t-test was used to compare group means for the following variables: 
(1) GSR, (2) skin temperature, (3) heat flux, (4) ambient temperature and (5) 
ambient relative humidity. 
 
Also, analysis of covariance (ANCOVA) was performed in order to determine 
differences of GSR between the DS and the control group. The mean GSR values 
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between the groups were compared for the following variables as covariates: (1) 
skin temperature, (2) heat flux, (3) ambient temperature and (4) ambient relative 
humidity. 

3.5.6 – Energy expenditure analysis. 

 
As in 3.5.3, energy expenditure measurements were performed considering the DS 
participants as a single group. However, in this particular analysis, the 
crossvalidation of both methods was performed separately for the DS group and 
the group without intellectual disabilities. 
 
Paired t-test was used to compare energy expenditure measured by indirect 
calorimetry and the SenseWear Armband. The correlation between energy 
expenditure predicted by indirect calorimetry and that measured by the SenseWear 
Armband was estimated by the use of Pearson’s correlation. Bias was calculated as 
the mean of the difference ± 2 standard deviations by the Bland and Altman 
method (Bland & Altman, 1986).  
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CHAPTER 4 

 

Results 

INTRODUCTION 

 
In the present investigation the results are presented separately from the subsequent 
discussion.  
 
First, the variables were grouped according to the purposes of the study, namely 
(1) body composition, (2) functional capacity, (3) exercise economy, (4) dynamic 
muscle strength – 1-RM, (5) electrodermal activity, (6) energy expenditure (7) 
crossvalidation of Kelly & Rimmer AGM equation. For the first three analyses (1-
3), the results are then structured according to the following: (1) initial 
characterization of the groups and their comparison, (2) evaluation of intra-group 
exercise training chronic effects, and (3) determination of inter-group differences 
after the continued adherence to both training regimens. As the dynamic muscle 
strength was investigated only in EG2, its modifications were studied by means of 
an intra-group analysis. For the electrodermal activity, the statistical comparisons 
between groups (DS and controls) were performed before the exercise intervention 
– baseline values. The validity of the SenseWear Armband energy expenditure 
measurements was determined separately for the DS group (at baseline results) and 
the control group, respectively. Finally, the reliability of Kelly & Rimmer relative 
body fat estimates for the DS group was examined before and after both exercise 
interventions (test-retest). 
 
The results were expressed as means and standard deviations of absolute and 
relative values. The latter were used when examining statistical interactions with 
other variables. The training effects were analysed as percentage of modification 
between baseline and post-training values. The percentage modification was 
obtained by defining the following equation: 
 

[(post-training value – baseline value) / (baseline value)] x 100                         (4.1) 

 
Results are presented in the following order: (1) body composition, (2) functional 
capacity, (3) exercise economy, (4) dynamic muscle strength, (5) electrodermal 
activity, (6) crossvalidation of SenseWear Armband, and (7) crossvalidation of 
Kelly & Rimmer AGM equation. 

4.1 Body composition  

 
There were no significant differences between the groups for body composition 
baseline or post-training values (Table V). No significant differences were found 
between the means of height, weight, body surface area (Table V) or age (Table 



53 

III) at the beginning or the end of the investigation. However, the EG1 group 
demonstrated significant improvements in absolute fat mass, relative fat mass and 
fat free mass (Table V).   

4.1.1 – Intra-group body composition comparisons 

 
The body composition of EG1 group had significant improvements after 28 weeks 
of indoor aerobic rowing exercise training (Table V & Figure 2). Both the absolute 
(kg) and the relative (%) FM decreased after the exercise intervention (FM: pre-
training, 16.05 ± 5.95 kg and post-training, 12.63 ± 4.05 kg; %FM: pre-training, 
23.67 ± 5.49% and post-training, 18.65 ± 4.05%; p < 0.05) by 21.28% and 5.02%, 
respectively. 
 
Table V – Height, weight, body mass index, absolute fat mass, relative fat mass 

and fat free mass of indoor rowing program group (EG1) and combined 
exercise program (EG2) body composition variables (mean ± standard 
deviation): 

 EG1 EG2 

 Pre-training Post-training Pre-training Post-training 

Height (cm) 159.08 ± 7.20 159.08 ± 7.20 151.66 ± 10.79 151.66 ± 10.79 

Weight (kg) 66.05 ± 12.00 65.86 ± 11.83 67.85 ± 5.48 67.23 ± 4.48 

BMI (kg/m2) 26.11 ± 4.59 26.06 ± 4.61 29.75 ± 4.21 29.62 ± 3.97 

BSA (m2) 1.61 ± 0.17 1.61 ± 0.17 1.61 ± 0.98 1.60 ± 0.10 

Fat mass (kg) 16.05 ± 5.95 12.63 ± 4.79# 21.08 ± 10.31 18.91 ± 9.32 

Fat mass (%) 23.67 ± 5.49 18.65 ± 4.05# 30.97 ± 14.68 28.33 ± 14.03 

Fat free mass 
(kg) 

50.00 ± 6.76 53.23 ± 7.47* 46.76 ± 10.49 48.32 ± 10.90 

* Intra-group modifications (p < 0.01); # intra-group modifications (p < 0.05) 
 
There was a significant increase in FFM (pre-training, 50.00 ± 6.76 kg and post-
training, 53.23 ± 7.47 kg; p < 0.01) of 6.46%.   
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Figure 2 – Mean and standard deviation of 
body composition percentage of 
modification for EG1: fat free mass (FFM) 
and absolute fat mass (FM). 

 
Table V and Figure 3 shows the body composition modifications of EG2 after the 
continued adherence to the combined exercise program (dynamic strength and 
aerobic training). Although there was a tendency for absolute and relative fat mass 
decrease, there were no significant differences between pre-training and post-
training values (p > 0.05). 
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Figure 3 – Mean and standard deviation 
of body composition percentage of 
modification for EG2: fat free mass 
(FFM) and absolute fat mass (FM) 
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4.1.2 – Inter-group body composition comparisons 

 
Table VI – Post-training weight, body mass index, absolute fat mass, relative fat 

mass and fat free mass of indoor rowing program group (EG1) and 
combined exercise program (EG2) (mean ± standard deviation):  

 EG1 EG2 P 

Weight (kg) 65.86 ± 11.83 67.23 ± 4.48 0.797 

BMI (kg/m2) 26.06 ± 4.61 29.62 ± 3.97 0.184 

Fat mass (kg) 12.63 ± 4.79 18.91 ± 9.32 0.183 

Fat mass (%) 18.65 ± 4.05 28.33 ± 14.03 0.136 

Fat free mass (kg) 53.23 ± 7.47 48.32 ± 10.90 0.387 

 
As shown in Table VI, there were no significant differences in body composition 
between groups after the continued adherence to both exercise programs (p > 0.05). 
However, as displayed in Figure 4 and Figure 5, individuals in EG1 group had 
lower values than those in EG2 group for absolute and relative fat mass. Also, 
although not statistically significant, EG1 group expressed higher values for fat 
free mass than EG2 (Figure 6). 
 
 
 
 
 
 
 
 

Figure 4 – Mean and standard deviation 
for EG1 and EG2 absolute fat mass  

 
There were no significant differences for absolute fat mass between the groups 
after the continued adherence to both exercise programs (p > 0.05) 
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Figure 5 – Mean and standard 
deviation for EG1 and EG2 relative 
fat mass 

 
As in absolute fat mass, there were no significant differences for relative fat mass 
between the groups after the continued adherence to both exercise programs (p > 
0.05). 
 
 

 
 
 
 
 
 
 
 
 
 

 
Figure 6 – Mean and standard deviation 
for EG1 and EG2 fat free mass  

 
Finally, as for absolute and relative fat mass, there were no significant differences 
for fat free mass between the groups after the continued adherence to both exercise 
programs (p > 0.05). 
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4.2 – Functional capacity 

 
There were no significant differences for age (p = 0.946) between the DS and 
control participants (age 34.50 ± 7.09 yo and 34.27 ± 8.74 yo). In contrast to 
control subjects, DS participants presented shorter stature (p < 0.0001) and higher 
body mass index (p < 0.05), while weight was not different between groups (p = 
0.185) (Table III). Body surface area of the DS participants was lower than that of 
the control participants (BSA: 1.60 ± 0.13 m2 and 1.83 ± 0.18 m2, respectively; p < 
0.05).  
 
The results for functional capacity comparisons between the groups are shown in 
Table VII. By comparing EG1 group with the CG group at study entry, there were 
significant differences (p < 0.005) between all functional capacity variables other 
than: peak respiratory exchange ratio (1.35 ± 0.14 and 1.34 ± 0.12; p > 0.05), peak 
ventilatory equivalent for oxygen (33.66 ± 4.50 and 37.00 ± 5.77; p > 0.05) and 
peak respiratory rate (40.83 ± 7.46 and 48.55 ± 7.86 cpm; p > 0.05), respectively 
(Table VII). EG 2, when compared with the CG group, had similar results to EG1 
group (RERpeak: 1.33 ± 0.14 and 1.34 ± 0.12; VE/VO2peak: 31.83 ± 7.67 and 37.00 ± 
7.77; p > 0.05), except for peak respiratory rate which in this group differed 
significantly from the one measured in the CG (p < 0.05).    
 
At baseline, no significant differences between EG1 and EG2 were observed for 
any of the functional capacity variables studied (Table VII; p > 0.05). 

4.2.1 – Intra-group functional capacity comparisons 

 
In EG1 group, there was a significant increase in peak absolute (40.91%, p < 
0.005; Table VII) and relative oxygen consumption (40.98%, p < 0.002; Figure 7) 
after 28 weeks of indoor rowing exercise training. The peak oxygen pulse 
increased by 22.18% in comparison to baseline values (pre-training, 9.78 ± 2.74 
ml/beat; post-training, 11.96 ± 1.73 ml/beat; p < 0.05) (Figure 7 and Table VII).  
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Figure 7 – Mean and standard 
deviation of peak oxygen 
consumption (VO2peak) and peak 
oxygen pulse (O2Pulse Peak) percentage 
of modification for EG1. 

 
Respiratory rate increased significantly after training (pre-training, 40.83 ± 7.46 
cpm; post-training, 52.96 ± 12.08 cpm; p < 0.01). Peak minute ventilation also 
improved significantly even when adjusted for participants post-training body 
surface area (VEpeak: pre-training, 50.43 ± 8.14 L.min-1; post-training, 74.18 ± 18.97 
L.min-1; VEpeak m

2: pre-training, 31.25 ± 4.43 L.min-1.m2; post-training, 46.11 ± 
12.92 L.min-1.m2; p < 0.01).  
 
After the training period, the chronotropic response index increased significantly 
from baseline values (pre-training, 0.61 ± 0.17; post-training, 0.81 ± 0.14; p < 
0.05).  Similarly time on the treadmill GXT before exhaustion improved with 
training (pre-training, 12.46 ± 0.43 min; 13.30 ± 0.75 min, p < 0.05).   
 
Peak ventilatory equivalent for oxygen, peak heart rate and peak tidal volume did 
not improve with training (Table VII). 
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Table VII – Peak relative and absolute oxygen consumption (VO2peak), peak 

oxygen pulse (O2pulse peak), peak respiratory exchange ratio 
(RERpeak), peak ventilatory equivalent for oxygen (VE/VO2peak), 
peak heart rate (HRpeak), peak tidal volume (TVpeak), peak 
respiratory rate (RRpeak), peak minute ventilation and minute 
ventilation per square meter of body surface area (VEpeak), 
chronotropic response index (CRI) and time on the treadmill during 
GXT of indoor rowing program group (EG1), combined exercise 
program (EG2) and control group (CG) functional capacity (mean 
± standard deviation):  

 EG1 EG2 CG 
 Pre-training Post-training Pre-

training 
Post-

training 
- 

VO2peak (L.min-1) 1.4 ± 0.3 1.9 ± 0.3*  1.4 ± 0.4 1.7 ± 0.5# 3.5 ± 1.0 
VO2peak  
(ml.kg-1.min-1) 

20.96 ± 4.31 29.55 ± 5.08* 19.80 ± 5.08 24.50 ± 
5.93# 

47.60 ± 
11.84 

O2pulse peak (ml/beat) 9.78 ± 2.74 11.96 ± 1.73# 9.57 ± 1.69 11.40 ± 
1.80* 

19.29 ± 
5.57 

RERpeak 1.35 ± 0.14 1.29 ± 0.14 1.33 ± 0.14 1.24 ± 0.70 1.34 ± 0.12 

VE/VO2peak 33.66 ± 4.50 36.16 ± 7.33 31.83 ± 7.67 30.66 ± 6.71 37.00 ± 
5.77 

HRpeak (bpm) 146.83 ± 
11.12 

158.66 ± 15.01 136.66 ± 
26.26 

143.33 ± 
25.72 

178.90 ± 
7.80 

TVpeak (L) 1.26 ± 0.29 1.42 ± 0.38 1.28 ± 0.35 1.26 ± 0.41 2.69 ± 0.57 

RRpeak (cpm) 40.83 ± 7.46 52.96 ± 12.08* 35.68 ± 
10.91 

43.78 ± 8.92 48.55 ± 
7.86 

VEpeak (L.min-1) 50.43 ± 8.14 74.18 ± 18.97* 46.78 ± 
20.84 

56.41 ± 
26.08 

131.03 ± 
35.47 

VEpeak m
2  

(L.min-1.m2) 
31.25 ± 4.43 46.11 ± 12.92* 28.54 ± 

11.53 
34.78 ± 
14.42 

70.92 ± 
16.53 

CRI 0.61 ± 0.17 0.81 ± 0.14# 0.61 ± 0.21 0.70 ± 0.20 1.01 ± 0.10 

Time on treadmill 
(min) 

12.46 ± 0.43 13.30 ± 0.75# 11.83 ± 0.70 12.63 ± 
0.87# 

15.21 ± 
1.31 

* Intra-group modifications (p < 0.01); # intra-group modifications (p < 0.05) 
 
In EG2 group peak absolute oxygen consumption (22.84%, p < 0.05; Table VII) 
and the relative oxygen consumption (23.73%, p < 0.05; Figure 8) improved after 
28 weeks of combined exercise training. The peak oxygen pulse increased by 
19.12% from baseline values (pre-training, 9.57 ± 1.69 ml/beat; post-training, 
11.40 ± 1.80 ml/beat; p < 0.002; Figure 8).  
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Figure 8 – Mean and standard deviation 
of peak oxygen consumption (VO2peak) 
and peak oxygen pulse (O2Pulse Peak) 
percentage of modification for EG2. 

 
Time on the treadmill GXT improved significantly with training as well (pre-
training, 11.83 ± 0.70 min; post-training, 12.63 ± 0.87 min, p < 0.05).  
 
No change was documented with training for peak ventilatory equivalent for 
oxygen, peak heart rate, peak tidal volume, peak respiratory rate, peak minute 
ventilation and chronotropic response index (Table VII).   

4.2.2 – Inter-group functional capacity comparisons 

 
The mean values for all functional capacity variables measured were lower for 
EG2 group than EG1 participants. However these differences were not statistically 
significant (Table VIII). 
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Table VIII - Peak relative and absolute oxygen consumption (VO2peak), 

peak oxygen pulse (O2pulse peak), peak respiratory exchange 
ratio (RERpeak), peak ventilatory equivalent for oxygen 
(VE/VO2peak), peak heart rate (HRpeak), peak tidal volume 
(TVpeak), peak respiratory rate (RRpeak), peak minute 
ventilation and minute ventilation per square meter of body 
surface area (VEpeak), chronotropic response index (CRI) and 
time on the treadmill during GXT of indoor rowing program 
group (EG1), combined exercise program (EG2) and control 
group (CG) functional capacity final values (mean ± 
standard deviation) 

 
 EG1 EG2 CG P 

VO2peak (L.min-1) 1.9 ± 0.3* 1.7 ± 0.5# 3.5 ± 1.0 < 0.001 

VO2peak (ml.kg-1.min-1) 29.55 ± 5.08* 24.50 ± 5.93# 47.60 ± 11.84 < 0.001 

O2pulse peak (ml/beat) 11.96 ± 1.73* 11.40 ± 1.80# 19.29 ± 5.57 0.003 

RERpeak 1.29 ± 0.14 1.24 ± 0.70 1.34 ± 0.12 0.254 

VE/VO2peak 36.16 ± 7.33 30.66 ± 6.71 37.00 ± 5.77 0.163 

HRpeak (bpm) 158.66 ± 15.01 143.33 ± 25.72# 178.90 ± 7.80 0.01 

TVpeak (L) 1.42 ± 0.38* 1.26 ± 0.41# 2.69 ± 0.57 < 0.001 

RRpeak (cpm) 52.96 ± 12.08 43.78 ± 8.92 48.55 ± 7.86 0.258 

VEpeak (L.min-1) 74.18 ± 18.97* 56.41 ± 26.08# 131.03 ± 35.47 < 0.001 

VEpeak m
2 (L.min-1.m2) 46.11 ± 12.92** 34.78 ± 14.42# 70.92 ± 16.53 < 0.001 

CRI 0.81 ± 0.14** 0.70 ± 0.20# 1.01 ± 0.10 0.001 

Time on treadmill (min) 13.30 ± 0.75* 12.63 ± 0.87# 15.21 ± 1.31 < 0.001 

* mean EG1 value differs from mean CG value (p < 0.01). 
# mean EG2 value differs form mean CG value (p < 0.01). 
**mean EG1 value differs from mean CG value (p < 0.05). 
 
The EG1 final values demonstrated significant differences (p < 0.005) from those 
of the CG for all functional capacity variables (table VIII), except for the 
following: respiratory exchange ratio (1.29 ± 0.14 and 1.34 ± 0.12; p > 0.05) 
ventilatory equivalent for oxygen (36.16 ± 7.33 and 37.00 ± 5.77; p > 0.05), 
respiratory rate (52.96 ± 12.08 cpm and 48.55 ± 7.86 cpm; p > 0.05) and heart rate 
(158.66 ± 15.01 bpm and 178.9 ± 7.80 bpm; p > 0.05), respectively. Experimental 
group 2 had the same findings as EG1, except for heart rate that, in the latter 
significantly differed from that obtained in the CG. Consequently, as in EG1, none 
of the following variables expressed significant differences in comparison to the 
CG: respiratory exchange ratio (1.24 ± 0.70 and 1.34 ± 0.12; p > 0.05), ventilatory 
equivalent for oxygen (30.66 ± 6.71 and 37.00 ± 5.77; p > 0.05) and respiratory 
rate (43.78 ± 8.92 cpm and 48.55 ± 7.86 cpm, p > 0.05), respectively.    
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4.3 – Dynamic muscle strength 

 
The dynamic muscle strength was only investigated in EG2. Thus pairwise intra-
group comparisons was done to investigate the impact of the training period. 

4.3.1 – Dynamic muscle strength results for EG2  

 
After 28 weeks of exercise intervention there was a significant and generalized 
increase in 1-RM for all selected exercises (p < 0.05; Table IX). As shown in 
Figure 9, the percent modification in strength levels varied between 14.89% (VT) 
and 29.58% (CP) 
 
Table IX –  Pre-training and post-training 1-RM of combined dynamic strength 

and aerobic other than rowing program (EG2) (means ± standard 
deviation). 

1-RM 1-RM Exercises 

Pre-training (kg) Post-training (kg) 

P 

Leg press 148.33 ± 100.08 184.16 ± 90.35 0.008 

Low back 39.16 ± 9.70 50.58 ± 8.24 0.002 

Vertical traction 58.75 ± 24.37 67.50 ± 24.89 0.002 

Shoulder press 17.08 ± 7.81 22.08 ± 11.44 0.025 

Chest press 40.83 ± 16.55 52.91 ± 16.23 0.004 

Leg extension 41.66 ± 10.32 52.41 ± 11.09 0.002 

Triceps press 60.00 ± 27.20 69.58 ± 29.51 0.002 
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Figure 9 – Mean and standard deviation for 
1-RM % modification: vertical traction 
(VT), shoulder press (SP), leg press (LP), 
leg extension (LE), chest press (CP), triceps 
press (TP) and low back (LB). 

4.4 – Functional capacity and body composition variables interactions 

 
Bivariate correlation analyses were performed in order to determine possible 
interactions between baseline body composition and functional capacity variables, 
with the percent change (pre-training to post-training) obtained for the same 
variables. Table X shows the correlation coefficients obtained for the selected 
correlations. 
 
Table X –  Correlation coefficients of percent modification (∆) and baseline 

values for (a) absolute fat mass (FM) and fat free mass (FFM). 
 ∆ FM ∆ FFM 

(a) FM 0.392 -0.158 

(a) FFM 0.079 -0.214 

 
We did not observe any correlation between the FM and FFM baseline values and 
the percent change after the training period. No other interactions were 
documented other than an inverse relationship between ∆ FFM and ∆ FM (r = -
0.861; p < 0.001). Additionally, 71.13% of the modification of absolute fat mass 
was explainable by the percent change of fat free mass (Fig. 10). 
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Figure 10 – Linear regression of percent change of fat mass over percent change 
of fat free mass: regression limits and scatter plot.  

 
 
Table XI –  Correlation coefficients of percent modification (∆) and baseline 

values (a) of relative oxygen consumption (VO2peak) and time on the 
treadmill graded exercise test (GXT time). 
 ∆ VO2peak ∆ GXT time 

(a) VO2peak 0.007 -0.287 
(a) GXT time -0.579* -0.13 
 * p < 0.05 
 
An inverse relationship between the baseline time on the treadmill GXT before 
exhaustion and the percentage modification in relative oxygen consumption was 
found (p < 0.05). 

4.5 – Exercise economy 

 
At baseline, there were no significant differences (p > 0.05) between the EG1 
group and CG group exercise economy variables studied other than: net relative 
oxygen consumption (7.45 ± 2.06 ml.kg-1.min-1 and 5.43 ± 1.00 ml.kg-1.min-1; p < 
0.05), resting O2 pulse (3.00 ± 0.86 ml/beat and 4.08 ± 0.94 ml/beat; p < 0.05)  and 
percentage of the oxygen consumption reserve (52.16 ± 11.10% and 21.81 ± 
9.38%; p < 0.0001; Table XII). On the other hand, when compared with the CG 
group, EG2 individuals had lower submaximal O2 pulse (5.86 ± 0.72 ml/beat and 
8.61 ± 1.18 ml/beat, p < 0.001) and minute ventilation (14.34 ± 2.46 L.min-1 and 
19.73 ± 3.09 L.min-1; p < 0.01), but higher percentage of the oxygen consumption  
reserve utilization (39.14 ± 8.61% and 21.81 ± 9.38%). However, when adjusted 
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for body surface area (specific minute ventilation), minute ventilation differences 
between EG2 group and CG individuals were no longer significant (p > 0.05; Table 
XII). 
 
EG1 individuals had higher: gross relative oxygen consumption (10.73 ± 2.53 
ml.kg-1.min-1 and 7.48 ± 1.42 ml.kg-1.min-1; p < 0.01), net relative oxygen 
consumption (7.54 ± 2.06 ml.kg-1.min-1 and 4.38 ± 1.32 ml.kg-1.min-1; p < 0.01), 
absolute minute ventilation (19.88 ± 3.09 L.min-1 and 14.34 ± 2.46 L.min-1; p < 
0.05) and specific minute ventilation (12.40 ± 2.72 L.min-1.m2 and 8.85 ± 1.33 
L.min-1.m2; p < 0.05), than EG2 participants (Table XII). However, when adjusted 
for fat free mass, gross relative oxygen consumption differences were not 
significant (p > 0.05). On the other hand, the differences in net relative oxygen 
consumption persisted even after adjusting for fat free mass (9.91 ± 2.76 ml.kgFFM

-

1.min-1 and 6.50 ± 1.84 ml.kgFFM
-1.min-1, respectively; p < 0.05). 

4.5.1 – Intra-group exercise economy comparisons 

 
While EG1 participants increased significantly their relative gross oxygen 
consumption after 28 weeks of indoor aerobic rowing exercise training (pre-
training: 10.73 ± 2.53 ml.kg-1.min-1; post-training: 12.15 ± 4.95 ml.kg-1.min-1; p < 
0.05), after adjusting for fat free mass, exercise training induced changes, these 
were no longer different (pre-training: 14.08 ± 3.23 ml.kgFFM

-1.min-1; post-training: 
14.91 ± 5.74 ml.kgFFM

-1.min-1; p > 0.05; Table XII). However, a significant 
improvement for the percentage of oxygen consumption reserve utilization during 
submaximal exercise was documented in EG1 group (pre-training: 52.16 ± 
11.10%; post-training: 41.07 ± 12.67%; p = 0.05). There were no significant 
differences between pre-training and post-training measurements for all other 
exercise economy variables (Table XII and XIII). 
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Table XII –  Resting oxygen consumption (VO2rest), relative submaximal gross 

oxygen consumption (VO2gross), relative submaximal net oxygen 
consumption (VO2net), resting oxygen pulse (O2pulse rest), 
submaximal oxygen pulse (O2pulse sub), percentage of the oxygen 
consumption reserve (VO2net reserve), submaximal respiratory 
exchange ratio (RERsub), submaximal absolute minute ventilation 
(VEsub) and submaximal specific minute ventilation (VEsubm

2) of 
indoor rowing program group (EG1), combined exercise program 
(EG2) and control group (CG) (mean ± standard deviation). 

 EG1 EG2 CG 
 Pre-training Post-training Pre-training Post-

training 
- 

VO2rest  
(ml.kg-1.min-1) 

3.19 ± 1,02 3.61 ± 1.10 3.10 ± 0.47 3.01 ± 0.96 4.02 ± 0.68 

VO2gross  
(ml.kg-1.min-1) 

10.73 ± 2.53 12.15 ± 4.95* 7.48 ± 1.42 8.53 ± 1.15 9.46 ± 1.12 

VO2net  
(ml.kg-1.min-1) 

7.54 ± 2.06 8.54 ± 3.89 4.38 ± 1.32 5.52 ± 0.69 5.43 ± 1.00 

O2pulse rest 
(ml/beat) 

3.00 ± 0.86 3.28 ± 0.97 3.04 ± 0.46 3.18 ± 1.2 4.08 ± 0.94 

O2pulse sub 
(ml/beat) 

7.42 ± 1.29 8.27 ± 3.23 5.86 ± 0.72 6.89 ± 1.46 8.61 ± 1.18 

VO2net reserve (%) 52.16 ± 
11.10 

41.07 ± 
12.67** 

39.14 ± 8.61 36.56 ± 9.79 21.81 ± 9.38 

RERsub 0.88 ± 0.09 0.83 ± 0.04 0.93 ± 0.12 0.83 ± 0.05* 0.85 ± 0.04 

HRrest 68.36 ± 7.00 72.33 ± 13.24 70.66 ± 
17.13 

65.26 ± 
13.10 

74.07 ± 
17.63 

HRsub 94.10 ± 
12.52 

96.16 ± 11.35 87.20 ± 
17.17 

84.83 ± 
12.73 

80.69 ± 
13.91 

VEsub (L.min-1) 19.88 ± 3.09 21.34 ± 4.87 14.34 ± 2.46 15.97 ± 2.67 19.73 ± 3.09 

VEsubm
2 

(L.min-1.m2) 
12.40 ± 2.72 13.30 ± 3.54 8.85 ± 1.33 9.98 ± 1.60 10.83 ± 2.14 

* p < 0.05 
** p = 0.05 
 
Regarding the EG2 group, only the respiratory exchange ratio improved 
significantly after 28 weeks of combined exercise training (pre-training: 0.93 ± 
0.12; post-training: 0.83 ± 0.05; p < 0.05). No other differences were found (Table 
XII and XIII). 
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Table XIII –  Resting oxygen consumption per unit of fat free mass (VO2rest FFM), 

submaximal gross oxygen consumption per unit of fat free mass 
(VO2gross FFM) and submaximal net oxygen consumption per unit of 
fat free mass (VO2net FFM) of indoor rowing program group (EG1) 
and combined exercise program (EG2) (mean ± standard 
deviation): 

 EG1 EG2 
 Pre-training Post-training Pre-training Post-training 

VO2rest FFM (ml.kg FFM
-1.min-1) 4.16 ± 1.28 4.44 ± 1.29 4.57 ± 0.61 4.25 ± 1.30 

VO2gross FFM   (ml.kg FFM
-1.min-1) 14.08 ± 3.23 14.91 ± 5.74 11.07 ± 2.06 12.15 ± 1.86 

VO2net FFM  (ml.kg FFM
-1.min-1) 9.91 ± 2.76 10.47 ± 4.50 6.50 ± 1.84 7.90 ± 1.48 

4.5.2 – Inter-group exercise economy comparisons 

 
Post-training between group comparisons showed that only the absolute minute 
ventilation was different between EG1 and EG2 groups (21.34 ± 4.87 L.min-1 and 
15.97 ± 2.67 L.min-1, p < 0.05; Table XIV). In contrast to baseline findings, the 
post-training period minute ventilation was similar in both groups, after adjusting 
for the participants’ body surface area (13.30 ± 3.54 L.min-1.m2 and 9.98 ± 1.60 
L.min-1.m2; p > 0.05). No other exercise economy variables showed any difference 
between EG1 and EG2 group after training. 
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Table XIV - Resting oxygen consumption (VO2rest), relative submaximal 

gross oxygen consumption (VO2gross), relative submaximal 
net oxygen consumption (VO2net), resting oxygen pulse 
(O2pulse rest), submaximal oxygen pulse (O2pulse sub), 
percentage of the oxygen consumption reserve (VO2net 

reserve), submaximal respiratory exchange ratio (RERsub), 
submaximal absolute minute ventilation (VEsub), 
submaximal specific minute ventilation (VEsubm

2), resting 
oxygen consumption per unit of fat free mass (VO2rest FFM), 
submaximal gross oxygen consumption per unit of fat free 
mass (VO2gross FFM) and submaximal net oxygen 
consumption per unit of fat free mass (VO2net FFM) of indoor 
rowing program group (EG1), combined exercise program 
(EG2) and control group (CG) exercise economy post-
training values (mean ± standard deviation): 

 EG1 EG2 CG P 

VO2rest (ml.kg-1.min-1) 3.61 ± 1.10 3.01 ± 0.96 4.02 ± 0.68 0.101 

VO2gross (ml.kg-1.min-1) 12.15 ± 4.95 8.53 ± 1.15 9.46 ± 1.12 0.068 

VO2net (ml.kg-1.min-1) 8.54 ± 3.89* 5.52 ± 0.69 5.43 ± 1.00 0.021 

O2pulse rest (ml/beat) 3.28 ± 0.97 3.18 ± 1.2 4.08 ± 0.94 0.165 

O2pulse sub (ml/beat) 8.27 ± 3.23 6.89 ± 1.46 8.61 ± 1.18 0.241 

VO2net reserve (%) 41.07 ± 12.67# 36.56 ± 9.79** 21.81 ± 9.38 0.003 
RERsub 0.83 ± 0.04 0.83 ± 0.05 0.85 ± 0.04 0.666 

HRrest 72.33 ± 13.24 65.26 ± 13.10 74.07 ± 17.63 0.539 

HRsub 96.16 ± 11.35 84.83 ± 12.73 80.69 ± 13.91 0.087 

VEsub (L.min-1) 21.34 ± 4.87## 15.97 ± 2.67 19.73 ± 3.09 0.042 

VEsubm
2(L.min-1.m2) 13.30 ± 3.54 9.98 ± 1.60 10.83 ± 2.14 0.072 

VO2rest FFM (ml.kg FFM
-1.min-1) 4.44 ± 1.29 4.25 ± 1.30 - 0.807 

VO2gross FFM   (ml.kg FFM
-1.min-1) 14.91 ± 5.74 12.15 ± 1.86 - 0.305 

VO2net FFM  (ml.kg FFM
-1.min-1) 10.47 ± 4.50 7.90 ± 1.48 - 0.233 

* mean EG1 value differs from mean CG value (p < 0.05). 
# mean EG1 value differs from mean CG value (p < 0.01) 
** mean EG2 value differs from mean CG value (p < 0.05) 
## mean EG1 value differs from mean EG2 value (p < 0.05) 
 
Similarly, when comparing EG1 group with the CG group after training, both net 
relative oxygen consumption and percentage of the oxygen consumption reserve 
where higher in EG1 participants: (8.54 ± 3.89 ml.kg-1.min-1 and 5.43 ± 1.00; p < 
0.05 and 41.07 ± 12.67% and 21.81 ± 9.38%; p < 0.01, respectively; Table XII and 
XIV). After training, there were no other documented differences (Table XIV). 
 
In contrast to baseline comparisons, only percentage of the oxygen consumption 
reserve after training was higher in EG2 than in CG participants (36.56 ± 9.79% 
and 21.81 ± 9.38%; p < 0.05; Table XIV).  
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4.6 – Electrodermal activity 

 
For this analysis, DS participants were considered as a single group and compared 
with controls at baseline. Additionally, before looking for electrodermal activity 
differences between the groups, the following potentially confounding variables 
were analysed: (1) ambient temperature, (2) relative ambient humidity, (3) skin 
temperature and (4) skin heat flux. The same variables were then integrated in the 
electrodermal activity statistical analysis as covariates. 

4.6.1 – Inter-group electrodermal activity comparisons 

 
The galvanic skin response environmental recording conditions were similar in 
both groups: ambient temperature (DS: 20.58 ± 1.08 ºC; CG: 21.81 ± 1.99 ºC; p > 
0.05) and ambient relative humidity (DS: 52.91 ± 4.48%; CG: 50.00 ± 7.36%; p > 
0.05). 
 
Only the resting skin temperature was different between the DS group and the CG 
(DS: 28.03 ± 1.26 ºC; CG: 29.29 ± 1.30 ºC; p < 0.05; Table XV). All skin 
temperature recordings in response to constant or progressive intensity exercise 
were similar (p > 0.05). Skin temperature increased as a function of exercise 
intensity in both groups.  
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Table XV –  Resting skin temperature (SkinTempRest), submaximal constant 

intensity exercise skin temperature (SkinTempSub), 1
st stage graded 

exercise test skin temperature (SkinTempGXT1), 2
nd stage graded 

exercise test skin temperature (SkinTempGXT2), 3
rd stage graded 

exercise test skin temperature (SkinTempGXT3), 4
th stage graded 

exercise test skin temperature (SkinTempGXT4), 5
th stage grade 

exercise test skin temperature (SkinTempGXT5) and 6
th stage grade 

exercise test skin temperature (SkinTempGXT6) of DS group and CG 
skin temperature (mean ± standard deviation): 

(ºC) DS CG P 

SkinTempRest  28.03 ± 1.26 29.29 ± 1.30 0.028 
SkinTempSub  28.86 ± 1.24 29.73 ± 1.21 0.105 
SkinTempGXT1 29.09 ± 1.28 29.85 ± 1.19 0.155 
SkinTempGXT2 29.24 ± 1.32 29.91 ± 1.18 0.218 
SkinTempGXT3 29.42 ± 1.37 29.96 ± 1.17 0.324 
SkinTempGXT4 29.61 ± 1.42 30.00 ± 1.16 0.480 
SkinTempGXT5 29.83 ± 1.45 30.04 ± 1.15 0.702 
SkinTempGXT6  30.29 ± 0.86 30.06 ± 1.14 0.639 

 
There were no differences in both rest or after exercise heat flux analysis (Table 
XVI). As for skin temperature, skin heat flux also increased as a function of 
exercise intensity in both groups.  
 
Table XVI –  Resting heat flux (HFluxRest), submaximal constant intensity 

exercise heat flux (HFluxSub), 1
st stage graded exercise test heat 

flux (HFluxGXT1), 2nd stage graded exercise test heat flux 
(HFluxGXT2), 3

rd stage graded exercise test heat flux (HFluxGXT3), 
4th stage graded exercise test heat flux (HFluxGXT4), 5

th stage grade 
exercise test heat flux (HFluxGXT5) and 6

th stage grade exercise test 
heat flux (HFluxGXT6) of DS group and control group skin heat flux 
(mean ± standard deviation): 

(w/m2) DS CG P 

HFluxRest  104.38 ± 26.85 100.75 ± 28.58 0.757 
HFluxSub  103.67 ± 29.25 104.91 ± 30.05 0.921 
HFluxGXT1  106.97 ± 33.12 105.59 ± 31.22 0.920 
HFluxGXT2  110.67 ± 37.68 108.94 ± 33.19 0.908 
HFluxGXT3  113.05 ± 39.70 110.42 ± 34.85 0.868 
HFluxGXT4 114.00 ± 38.82 112.40 ± 34.05 0.918 
HFluxGXT5 115.17 ± 36.87 113.47 ± 33.41 0.909 
HFluxGXT6 126.99 ± 46.28 117.41 ± 30.70 0.586 

 
Neither were there differences in galvanic skin response at rest and after exercise 
between the CG and the DS groups. The analysis of covariance did not show any 
difference between groups for the galvanic skin response at the selected intensities, 
even after including ambient temperature, relative ambient humidity, skin 
temperature and skin heat flux as covariates in the statistical model (Table XVII). 
In general, as for skin temperature and heat flux, galvanic skin conductivity 
increased as a function of exercise intensity in both groups. 
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Table XVII –  Resting galvanic skin response (GSRrest), submaximal constant 
intensity galvanic skin response (GSRsub), 1

st stage graded exercise 
test galvanic skin response (GSRGXT1), 2

nd stage graded exercise 
test galvanic skin response (GSRGXT2), 3

rd stage graded exercise 
test galvanic skin response (GSRGXT3), 4

th stage graded exercise 
test galvanic skin response (GSRGXT4), 5

th stage grade exercise test 
galvanic skin response (GSRGXT5) and 6

th stage grade exercise test 
galvanic skin response (GSRGXT6) of DS group and CG with 
ambient temperature, relative ambient humidity, skin temperature 
and skin heat flux as covariates (mean ± standard deviation): 

(µS) DS CG P 

GSRrest  0.10 ± 0.14 0.17 ± 0.08 0.356 
GSRsub  0.21 ± 0.32 0.19 ± 0.10 0.869 
GSRGXT1 0.28 ± 0.42 0.19 ± 0.09 0.735 
GSRGXT2 0.35 ± 0.54 0.20 ± 0.09 0.517 
GSRGXT3 0.42 ± 0.59 0.20 ± 0.10 0.268 
GSRGXT4 0.49 ± 0.62 0.23 ± 0.12 0.337 
GSRGXT5 0.58 ± 0.64 0.31 ± 0.21 0.552 
GSRGXT6 0.70 ± 0.69 0.41 ± 0.33 0.767 

    

4.7 – Crossvalidation of energy expenditure measurement methods 

 
The comparisons of energy expenditure estimated by the SenseWear Armband 
with the indirect calorimetry (open circuit spirometry) as the reference method 
were performed separately for the DS group (pre-training values) and for the 
control group. Both, steady state metabolic rate (kcal.min-1) and total energy 
expenditure (resting and submaximal exercise protocol) were investigated by 
means of crossvalidation analyses.  



72 

 
Table XVIII – SenseWear Armband (SWA) and indirect calorimetry (IC) 

metabolic rate (kcal.min-1) and total energy expenditure (kcal) of 
the DS group and the control group resting and submaximal 
intensity protocols (mean ± standard deviation): 

 IC SWA 
 DS CG DS CG 

EErest (kcal.min-1) 1.10 ± 0.11 1.45 ± 0.23 1.26 ± 0.30 1.31 ± 0.17 
EEsub (kcal.min-1) 2.81 ± 0.65 3.24 ± 0.51 5.14 ± 2.06# 4.66 ± 1.09# 
EEtotal rest (kcal) 3.28 ± 0.44 4.35 ± 0.71 3.64 ± 0.76 3.94 ± 0.51 
EEtotal sub (kcal) 23.02 ± 5.15 25.98 ± 4.11 39.24 ± 11.80* 37.30 ± 8.78# 
EEtotal (kcal) 26.62 ± 5.57 30.34 ± 4.48 45.17 ± 13.92* 41.24 ± 8.74# 

# mean SWA value differs from mean IC value (p < 0.005) 
* mean SWA value differs from mean IC value (p < 0.0001) 

4.7.1 – Energy expenditure crossvalidation for DS group 

 
Resting metabolic rate measurements estimated by the SWA (1.26 ± 0.17 kcal.min-
1) were not significantly different from those obtained by IC (1.10 ± 0.11 kcal.min-
1) for participants with DS (p > 0.05). The Bland-Altman plot (Figure 1 in 
appendix II) displayed good agreement between the two measurements and no bias 
toward over or underestimation. An approximation between the measurements was 
determined by dividing the average limit of agreement by the mean energy 
expenditure: for example, in Figure 1 (appendix II) the average limit of agreement 
is approximately -0.19 and the mean energy expenditure is approximately 1.17, so 
after dividing those numbers and then multiplying by 100, the approximate 
variation between the measurements is 16% (the bias can be visualized by the 
spread of the points around the zero axis). However, the methods were poorly 
correlated (r = 0.35, p > 0.05). As for resting metabolic rate, there were no 
significant differences for total resting energy expenditure between both 
measurements (SWA: 3.94 ± 0.51 kcal; IC: 3.28 ± 0.44 kcal; p > 0.05). The Bland-
Altman plot also displayed good agreement between the measurements, with an 
approximate variation of 12% (Fig. 3, attachment II). However, as for resting 
metabolic rate, the methods were poorly correlated (r = 0.46, p > 0.05). 
 
Submaximal metabolic rate measurements (during constant intensity levelled walk) 
estimated by the SWA (5.14 ± 2.06 kcal.min-1) were significantly different from 
those obtained by IC (2.81 ± 0.65 kcal.min-1) (p < 0.005). Thus, the SWA 
overestimated the energy expenditure of walking on a flat surface at 2.5 km.h-1 for 
participants with DS (by 83%). The correlation coefficient between the two energy 
expenditure assessments was low (r = 0.099, p > 0.05). The Bland-Altman plot 
(Figure 2 in appendix II) documents the consistent over-estimation of the SWA 
energy expenditure estimate of walking on a flat surface. As for submaximal 
metabolic rate, there were significant differences for total submaximal energy 
expenditure estimates between both methods (SWA: 39.24 ± 11.80 kcal; IC: 23.02 
± 5.15; p < 0.0001). The SWA over-estimated total submaximal energy 
expenditure of walking on a flat surface by approximately 70%. The measures 
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were poorly correlated (r = 0.293, p > 0.05) and the Bland-Altman plot confirmed 
the consistent overestimation of the SWA energy expenditure estimate (Figure 4 in 
appendix II). 
 
The SWA also over-estimated by 70% total energy expenditure (resting and 
submaximal EE) for participants with DS (SWA: 45.17 ± 13.92 kcal; IC: 26.62 ± 
5.57 kcal; p < 0.0001). Both measures were poorly correlated (r = 0.339, p > 0.05) 
and the Bland-Altman displays the consistent over-estimation of the SWA energy 
expenditure estimate (Figure 5, appendix II). 

4.7.2 – Energy expenditure crossvalidation for CG  

 
As for the DS group, similar findings were observed for the CG participants for 
crossvalidation of SWA and IC at steady state resting and submaximal exercise 
conditions. No significant differences were found between assessment of metabolic 
rate and total energy expenditure at rest (SWA: 1.31 ± 0.17 kcal.min-1; IC: 1.45 ± 
0.23 kcal.min-1 and SWA: 3.94 ± 0.51 kcal; IC: 4.35 ± 0.71, respectively). Again, 
the Bland-Altman plots (Figure 1 and Figure 3 in appendix III) documented good 
agreement between both measurements and no bias toward over or 
underestimation, with an approximate variation of 10% for both resting metabolic 
rate and resting total energy expenditure. However, as for the DS group, the 
methods were poorly correlated (r = 0.46, p > 0.05) (Figure 1 and Figure 3 in 
appendix III). 
 
SWA significantly overestimated by 62-65% (p < 0.005) the metabolic rate and 
total energy expenditure of walking on a flat surface at 2.5 km.h-1 for the CG 
(SWA: 4.66 ± 1.09 kcal.min-1; IC: 2.81 ± 0.65 kcal.min-1 and SWA: 37.30 ± 8.78 
kcal; IC: 23.02 ± 5.15 kcal, respectively). Both measures were poorly correlated (r 
= 0.25, p > 0.05) and the Bland-Altman plots (Figure 2 and Figure 4, in appendix 
III) shows the consistent over-estimation of the SWA energy expenditure 
estimates. 
 
Total energy expenditure (resting and submaximal EE) obtained by SWA, was 
significantly higher than that obtained by IC (SWA: 41.24 ± 8.74 kcal; IC: 30.34 ± 
4.48 kcal). The SWA significantly overestimated (p < 0.005) the total energy 
expenditure of the entire recording period (by 36%). The correlation coefficient 
between both assessments was also low (r = 0.293, p > 0.05) and the Bland-Altman 
plot analysis documents a consistent energy expenditure overestimation for the 
SWA energy expenditure values (Figure 5 in appendix III).  

4.8 – Crossvalidation of body composition assessment methods 

 
For the crossvalidation of Kelly & Rimmer’s anthropometric equation, all DS 
participants were analysed together. Bioimpedance spectroscopy was chosen as the 
body composition reference method of analysis. Differences between 
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measurements by BIA and estimates made by the AGM equation were examined 
for the average relative fat mass of the participants with DS. 
 
Table XIX –  Body composition assessments - percentage fat mass (%FM) by 

bioimpedance spectroscopy (BIA) and anthropometric girth 
measurements (AGM) in the DS group at pre-training and post-
training (mean ± standard deviation):  

 BIA AGM P 

% FM (pre-training) 27.32 ±  11.24 25.98 ±  5.83 0.637 
% FM (post-training) 24.25 ±  5.10 23.49 ±  11.07 0.755 

 
The percentage of body fat determined by both methods at pre-training and post-
training periods was similar (Table XIX). The methods had fair correlation at 
baseline (r = 0.523, p = 0.05) and were highly correlated after training (r = 0.718, p 
< 0.01). 
 

 
Figure 11 – Bland-Altman bias plot between 
AGM estimate and BIA measurement for 
average relative body fat at pre-training period. 
The middle horizontal line represents the mean 
difference between the methods; 95% CI = -7.42 
to 4.74. 
 

The Bland-Altman plots document good agreement between the two measures at 
both baseline and after training assessments (Figure 11 and 12, respectively). No 
consistent bias toward over or under-estimation were found with an approximate 
variation between the measurements of 5% at baseline and of 3% after training. 
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Figure 12 – Bland-Altman bias plot between 
AGM estimate and BIA measurement for 
average relative body fat at post-training period. 
The middle horizontal line represents the mean 
difference between the methods; 95% CI = -4.46 
to 5.98. 
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CHAPTER 5 

 

Discussion and conclusions 

INTRODUCTION 

 
This chapter discusses and puts into perspective the data presented in the results 
section. Its general structure follows the same order of presentation: (1) body 
composition; (2) functional capacity, (3) dynamic muscle strength, (4) exercise 
economy, (5) electrodermal activity, (6) crossvalidation of energy expenditure 
measurement methods, and (7) crossvalidation of anthropometric girth 
measurements. The interpretation of the functional capacity and body composition 
interactions will be included in the discussion of the respective variables. Finally, 
the chapter will end with a summary integrating the main conclusions of the 
present study. 

5.1 – Body composition 

 
Similarly to the findings of Rubin et al., (1998), DS participants in this study were 
overweight as defined by the general BMI classification (EG1: 26.11 ± 4.59 kg/m2; 
EG2: 29.75 ± 4.21 kg/m2). On the contrary, the CG participants had a normal BMI 
for adult men and women (CG: 23.64 ± 2.65 kg/m2). After controlling for the 
relative FM, both EG1 and EG2 groups presented the following relative FM mean 
values: EG1 - 23.67 ± 5.49%; EG2 - 30.97 ± 14.68%. The differences between 
EG1 and EG2 groups were dependent on the gender composition of each group 
(EG1: 6 males; EG2: 4 males and 2 females). It is however interesting to note the 
discrepancy found between the BMI diagnosis and that based on the relative FM 
laboratorial determination. For BIA, it is generally accepted that relative FM 
values of 25% for males and 33% for females correspond to the upper limits of 
normal (Bray, 1985; Danford, Schoeller & Kushner, 1992). Additionally, BIA 
sensitivity and specificity are both high for body composition assessment of 
individuals with BMI’s between 18 kg/m2 and 34 kg/m2 (Cambi & Marchesini, 
2004). Both, EG1 and EG2 mean values fell in the range of acceptable BMI’s for 
BIA accurate assessments.  Consequently, perhaps, the BMI is not an accurate 
method of body composition assessment of individuals with DS, because it may 
probably over-estimate the body FM of these individuals.  
 
Only the indoor rowing program elicited significant beneficial modifications of 
body composition parameters. Body composition final values improved in 
comparison to the pre-training assessments. Both, the relative and absolute fat 
mass decreased after the longitudinal exercise intervention.  In parallel, fat free 
mass increased after the continued adherence to the exercise program. On the other 
hand, the combined exercise program did not elicit significant body composition 
beneficial modifications. However, there was a trend for relative and absolute body 
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fat decrease associated with an increase in fat free mass after the exercise 
intervention.  
 
The inter-group analysis showed no baseline or post-training differences between 
EG1 and EG2 groups.  Consequently, in spite of improvements in EG1 
participants, the groups remained similar for body composition variables. The trend 
toward body composition improvements of EG2 individuals possibly attenuated 
group differences in post-training assessments. 
 
However, the indoor rowing program demonstrated higher efficacy in improving 
the body composition of participants with DS when compared with the combined 
exercise program. This group had significant increases in body fat free mass and 
decreases in body fat mass. This inverse association between FM and FFM was 
further documented by the bivariate correlation analysis that included all DS 
participants (r = - 0.861; p < 0.001). 
 
Several previous studies observed general increases in FFM and decreases in FM 
in response to prolonged exposure to exercise training in: (1) young healthy adults 
(Van Etten et al., 1997), (2) healthy and obese elders (Campbell et al., 1994; 
Dupler & Cortes, 1993; Frontera et al., 1990; Ross et al., 1996), and (3) individuals 
with heart disease (Lang et al., 1997). 
 
Similar researches in individuals with DS reported different findings from those 
observed in the present study. Varela et al., (2001) found no improvements in 
relative FM of 8 individuals with DS after indoor rowing with a frequency of three 
sessions per week. While our study was designed for a frequency of two exercise 
sessions per week, Varela et al., (2001) study had an absolute duration of 16 weeks 
of training, instead of 28 weeks of intervention. Furthermore, Varela et al., (2001) 
exercise prescription selected lighter relative work intensities (55-70% VO2peak 
vs. 70-85% VO2peak) and did not include series of interval training maximal 
overload per session, or five minute competitive protocols on a weekly basis.  
Also, as body composition assessments depended on AGM and Kelly & Rimmer’s 
anthropometric equation, this study did not control for FFM.  Consequently, it is 
possible that, altogether, the longer duration, higher relative work intensity and 
overload series inclusion, justify the differences, obtained in body composition 
modifications between both studies.  
 
Regarding the combined exercise program, Rimmer et al., (2004) also reported 
different findings from those now obtained. These authors reported small, but 
significantly lower values for sum of skin-fold measurements following a 12 week 
combined exercise program that consisted of cardiovascular (30 minutes; 55-70% 
VO2peak) and strength exercise (15 minutes; 70% of participants’ one maximal 
repetition – 1-RM) in a 3 days per week basis for 45 minutes per session. Although 
our study included a longer absolute duration (28 weeks) than the one conducted 
by Rimmer et al., (2004), the latter selected longer durations of aerobic training per 
session (30 minutes vs. 25 minutes), higher intensity 1-RM strength prescriptions 
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(70% vs. 60%) and higher frequency of exercise sessions per week (3 times per 
week vs. 2 times per week). These exercise prescription specificities could 
probably account for the differences in body composition obtained between both 
studies. It is however important to reinforce that in our study, EG2 participants had 
a trend towards body composition improvement (decrease in FM and increase in 
FFM). Perhaps, the differences between the exercise prescriptions of both studies 
define a particular turning point of body composition chronic adaptability to 
training. If that is the case, a slight fine-tuning of the overload stimuli would 
probably clarify the adaptability of these individuals in response to a combined 
exercise program. On the other hand, the body composition assessments performed 
by Rimmer et al., (2004) were based on simplistic and not validated field methods, 
in contrast to BIA (Bolanowski & Nilsson, 2001; Stewart et al., 1993; Bauman, 
Wang & Pierson, 1995). Thus, it is difficult to perform direct comparisons between 
both studies.   
 
More recently, Ordoñez et al., (2006) performed a study in which 22 DS teenager 
males were submitted to an exercise program lasting 12 week, 3 times per week in 
both water and land for 60 minutes per session. They reported a significant 
reduction in relative body fat (31.8 ± 4.8%; 26.0 ± 2.3%) and a non-significant 
increase in percent of fat free mass (68.2 ± 3.9%; 74.0 ± 2.4%) with a non-
specifically crossvalidated skin fold prediction equation for DS populations – the 
Durnin & Womersley equation (Durnin & Womersley, 1974). The lack of 
information regarding the validity or reliability of the former body composition 
prediction equation limits the comparison of the present study with the one 
conducted by Ordoñez et al., (2006). Moreover, as previously mentioned, the lack 
of control for exercise prescription intensity in this study further compromises the 
interpretation of the results.  
 
The body composition improvements obtained for EG1 group, as well as the EG2 
group trend for improvement are particularly relevant when considering the blood 
lipid profile of individuals with DS. As previously mentioned, Pueschel et al., 
(1992) reported significantly higher triglyceride levels in these individuals. 
According to the same authors, serum high density lipoprotein (HDL), cholesterol, 
apolipoprotein AI and the ratio of HDL to total cholesterol were all significantly 
decreased in the study population compared to healthy controls. Eberhard et al., 
(1997) further clarified that HDL profile of DS individuals could be improved after 
a longitudinal exposure to an exercise program. Furthermore, there is now 
scientific evidence that body FM reduction improve blood lipid profile, namely 
HDL concentration and the ratio of HDL to total cholesterol (Motoyama et al., 
1995).  
 
It is also well known that individuals with DS have abnormal glucose metabolism. 
Glucose tolerance tests are abnormal in approximately 50% of asymptomatic DS 
individuals. According to Raiti et al., (1974) there is an inadequate plasma insulin 
response to glucose, reflecting deficiency in insulin production and glucose 
disappearance consistent with a “diabetogenic tendency”. However, it has also 
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been shown that the impaired DS glucose tolerance improves significantly with a 
weight-reduction program (Pueschel & Anneren, 1992) and it well established that 
exercise-induced reductions in FM improve the peripheral insulin tissue sensitivity 
via the GLUT 4 transporters (Fujioka et al., 1991; Kissebah et al., 1988).  
 
According to several authors, not only decreases in FM, but also increases in FFM 
contribute to the improvements in blood lipid and glucose profiles seen after a 
prolonged exercise intervention. One possible explanation, relates to the 
differences observed in body FFM between active and sedentary populations in 
cross-sectional studies (King et al., 1995; Motoyama et al., 1995; Thompson et al., 
1988). 
 
Another positive aspect related to the increase or maintenance of body FFM, is the 
delayed onset of sarcopenia - an age related reduction of muscle mass and strength 
(Lauretani et al., 2003). Sarcopenia is considered one of the most important 
components in the pathogenesis of frailty, disability, cold intolerance and decreases 
in resting metabolic rate as age advances (Fried et al., 1997). 
 
Exercise training, in particular strength training, has been recommended as the 
hallmark for body FFM increase or preservation in order to prevent sarcopenia 
onset (Evans, 1997; Harris, 1997; Rosenberg, 1997). In the present study, EG1 
participants improved their FFM and EG2 individuals showed a trend toward 
improvement.   

5.2 – Functional capacity 

 
As previously reported, both DS groups exhibited significantly lower 
cardiovascular fitness levels, documented by peak VO2, than paired control 
subjects (Goulopulou et al., 2006; Fernhall & Otterstetter, 2003; Fernhall et al., 
2001; Fernhall et al., 1996). Similar to our findings, these investigators reported 
mean peak VO2 values between 20-25 ml.kg-1.min-1 and some ≤ 20 ml.kg-1.min-1 in 
DS participants, in comparison to values between 30-45 ml.kg-1.min-1 for healthy 
controls.  
 
Compared with the CG, both EG1 and EG2 presented lower mean baseline values 
for the chronotropic response index (a physiological variable independent of 
individual effort or motivation for the GXT). As Guerra et al., (2003) our findings 
were indicative of chronotropic incompetence in participants with DS, but not in 
controls. The CRI of the participants with DS was similar to that reported for 
nondisabled populations who have true chronotropic incompetence. Even more, the 
mean CRI of EG1 and EG2 groups were in the pathological range (< 0.9), known 
to be associated with higher mortality risk (Lauer et al., 1996; Dresing et al., 2000; 
Camm & Fei, 1996). We also found a significantly lower peak HR for DS 
participants in comparison with the paired CG, which confirms the existence of a 
chronotropic deficit in subjects with DS. Thus, CRI indicated that the low peak HR 
in our participants was a true chronotropic response deficit which probably 
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contributed to the low mean peak VO2 values, dependent from reduced peak 
cardiac output. 
 
Peak oxygen pulse was also significantly lower for EG1 and EG2 groups in 
comparison with CG. These findings suggest a lower peak cardiovascular 
efficiency for DS participants, which translates into decreased oxygen consumption 
per heart beat at peak exercise. Accordingly and dependent from the Fick principle, 
DS participants expressed low mean stroke volumes and/or decreased capacity for 
O2 extraction by the metabolically active peripheral tissues. At baseline 
assessments, the mean peak O2 pulse for EG1 and EG2 groups was below normal 
for peak exercise (< 10 ml/beat), as commonly seen in patients with heart disease 
(Wasserman et al., 2005).  
 
Similarly, at peak exercise, we observed significant differences between DS 
participants and the CG for the first stage of the oxygen consumption system – the 
ventilation. Absolute ventilation was lower in DS participants compared with the 
controls. Even after adjusting for body surface area, peak minute ventilation values 
were decreased in EG1 and EG2. Through analysis of physiological parameters of 
minute ventilation – respiratory rate and tidal volume we found that the latter was 
particularly reduced in DS participants (about half that of CG), suggesting a 
reduced lung size. As reported by Fernhall & Otterstetter, (2003), this could imply 
some degree of limitation of the external respiration dynamics further 
compromising mean peak VO2 values of these individuals. However, no 
differences were found for peak ventilatory equivalent for oxygen, reflecting a 
similar peak ventilatory efficiency between DS groups and CG. These findings 
contradict, in part, the hypothesis of a low peak VO2 - pulmonary ventilation 
dependent impairment, by defining a physiological balance between both 
parameters.  Prior determination of vital capacity in EG1 and EG2 individuals 
would probably help in clarifying this issue. However, due to the complex verbal 
instructions that precede the tests, valid vital capacity measurements would 
probably be difficult to obtain in DS individuals.   
 
There was a significant decrease in the GXT time before exhaustion for the DS 
participants in comparison to controls. Consequently, work performance was 
reduced, which also translates into a lower ability to sustain high intensity exercise, 
possibly affecting job, recreational and other activities of daily living (Varela et al., 
2001).    
 
Comparing DS participants with CG at baseline, there was no significant difference 
in peak RER, as previously reported (Goulopulou et al., 2006; Fernhall & 
Otterstetter, 2003; Fernhall et al., 2001; Fernhall et al., 1996). This suggests that all 
the participants included in the present study performed true peak efforts during 
treadmill GXT.  
 
At baseline there were no differences between EG1 and CG in respiratory rate. 
However, EG2 participants differed from controls for this physiological variable. 
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Since EG2 absolute or specific minute ventilation did not differ from EG1, 
apparently these differences in respiratory rate between EG2 and the CG may not 
be clinically relevant. In fact, the lower respiratory rate observed in EG2 was 
compensated by a slightly, but not significantly, higher EG2 mean peak tidal 
volume in comparison to EG1. Thus, it is not likely that these differences were 
related to some degree of CO2 desensitization of the medullar chemosensitive area 
of EG2 individuals, with subsequent influence on the respiratory drive.   
 
In the intra-group analysis, both exercise programs were positive stimuli for 
functional capacity adaptation of individuals with DS. However, the indoor rowing 
program seems to induce higher gains in cardiovascular fitness than the combined 
exercise program, although these differences are not statistically significant.  
 
The previous training studies conducted with DS individuals report conflicting 
results. Millar et al., (1993) developed a training program for 14 adolescents with 
DS (10 experimental, 4 control). The training regimen consisted of 10 minutes of 
warm up activities, 30 minutes of continuous brisk-walking and jogging, and a 5 to 
10 minute cool down, 3 times per week for 10 weeks. Investigators reported no 
change in peak VO2, between the training and control group, although participants 
in the experimental group did attain an increase in work performance, as evidenced 
by improvements in treadmill time. The authors concluded that a standard walking 
program for adolescents with DS did not increase peak VO2 as would have been 
expected after this type of training regimen, but that improvements in endurance 
and physical work capacity could be attained without increases in peak VO2. 
 
Varela et al., (2001) developed a training program for 16 young adult males with 
DS. Participants were randomly assigned to an exercise or control group. The 
control group (n = 8) did not participate in any type of physical training. The 
exercise group (n = 8) was involved in a 16-week, 3-day per week training 
program using a rowing ergometer. Participants exercised at 55% to 70% of their 
peak VO2, as determined by GXT. Results of the study were similar to those of 
Millar et al., (1993). Improvements of peak VO2 were not attained, despite 
obtaining increases in work performance (i.e., time on GXT, distance covered, 
work level attained). Balic et al., (2000), however, did find significant differences 
in the physical fitness levels between physically active and sedentary adults with 
DS. However, this was a cross-sectional study, and the investigators cautioned 
about interpreting the findings because of the possibility of sample bias and 
contamination by pre-existing conditions. It is plausible that improvements in 
cardiovascular fitness in this study may have been due to the very low baseline 
values. Greater improvements in cardiovascular fitness are generally attained by 
individuals who are in the lowest category of fitness (ACSM, 2003a). 
 
 More recently, Rimmer et al., (2004) also found significant improvements in 
cardiovascular fitness of 30 adult DS individuals after a 12 week, 3 days a week for 
45 minutes per session combined exercise program compared with 22 DS 
sedentary controls. In this study, the authors prescribed an aerobic component that 
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corresponded to 20-30 minutes of continuous activity at 50-70% of VO2peak. The 
exercise session also included a strength training component, prescribed for 70% of 
the participants’ 1-RM for one set of 10-20 repetitions. The authors expressed the 
improvements of cardiovascular fitness as a function of significant increases in 
VO2peak (14.1%), HRpeak, time to exhaustion and maximum workload (27.1%). No 
significant differences were found for RER. However, in this particular study, the 
authors selected an advanced age group of DS individuals with extremely low 
levels of baseline cardiovascular fitness.  
 
In our study, both exercise programs induced higher peak relative VO2 
improvements compared with those obtained by Rimmer et al., (2004). The EG1 
improved peak VO2 by approximately 41% and the EG2 by 23% after the 
longitudinal exercise intervention. We stress, however, that our study differs from 
other published studies in that we prescribed a 28 week absolute training duration 
for both groups, compared with a previous maximum of 16 weeks. Furthermore, 
for EG1, our indoor rowing aerobic program was prescribed for higher work 
intensities (70-85% VO2peak) than those of Varela et al., (2001) – 55 to 70% of 
VO2peak, and included 5 series of maximal overload per session, as well as 
competitive indoor rowing 5 minute protocols on a weekly basis. In this sense, for 
the indoor rowing exercise intervention, both the program absolute duration and 
weekly volume of training were higher than those reported in previous studies. As 
for the EG2 peak relative VO2 improvements, our results are in accordance with 
the findings of Rimmer et al., (2004), although we obtained more expressive 
improvements for the cardiovascular fitness. One possible explanation is the 
absolute duration of our combined exercise intervention (28 weeks vs. 12 weeks), 
which allowed for more significant adaptations, despite the somewhat lower 
weekly volume of training.  
 
It is interesting to note that our results document an important parallelism of 
cardiovascular adaptability of DS individuals with that of the general population, 
for whom greater improvements in cardiovascular fitness are generally attained by 
individuals who are in the lowest category of fitness (ACSM, 2003a). In this 
regard, we found an inverse association between the pre-training time on the GXT 
and the percentage of modification in relative peak VO2. This means that the less 
physically fit participants (lower time on the GXT before exhaustion) at baseline 
were the ones to reach a higher VO2peak improvements (r = -0.579; p < 0.05). 
 
 Similar to Millar et al., (1993), Varela et al., (2001) and Rimmer et al., (2004), 
time reached on the GXT before exhaustion increased in both EG1 and EG2 after 
exercise interventions. Consequently, as in previous studies, work performance of 
DS participants increased after 28 weeks of indoor rowing and combined program 
exercise prescriptions. All participants with DS were previously familiarized with 
treadmill walking without hand rail support. During the training period, none of the 
participants had specific or exclusive treadmill training. The participants of EG1 
trained on a rowing ergometer and those of EG2 used several ergometers (except 
the rowing ergometer) on a rotational basis: treadmill, stationary cycle and upright 
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stepper. We selected the treadmill as the mode of exercise for functional capacity 
determination because variation in peak VO2 with different forms of exercise 
generally reflects the quantity of muscle mass activated (Blomquist et al., 1982; 
Lewis et al., 1983). Studies that determined peak/maximum VO2 during different 
exercise modes indicate that treadmill exercise usually produces the highest values 
(McArdle et al., 2001c). Also, we intended to select a valid and reliable GXT 
protocol for both individuals with DS and control participants without disabilities 
(Fernhall et al., 1996; Fernhall et al., 1990). The fact that all three groups reached 
physiological end points expressed by high RER values (mean RER ≥ 1.15) was a 
good indication that the selected treadmill protocol was an effective method for 
measuring cardiovascular performance, not only in EG1 and EG2, but also in the 
CG.   
 
Contrary to the findings of Rimmer et al., (2004) who obtained higher peak heart 
rates at post-training functional capacity assessments, our study found no intra-
group differences between both measurements. It is probable that the findings of 
Rimmer et al., (2004) were associated with poor effort at pre-training assessments 
(mean RER = 1.07) compared to post-training (mean RER = 1.13). According to 
the ASCM, (2003), RER ≥ 1.15 at the end of the GXT is a fundamental criteria for 
acceptance of a valid peak or maximum voluntary exercise effort.  Also, in general 
physiological adaptations to exercise, it is not expected that peak or maximum HR 
increase after a prolonged period of training. In this regard, the findings of Rimmer 
et al., (2004) may have been possibly influenced by some degree of discrepancy 
between the participants effort levels attained at pre- and post-training 
measurements. In contrast, our study did not find significant differences in mean 
peak HR values between baseline and post-training assessments in EG1 or EG2. 
This suggests that valid peak effort was attained at both measurements.    
 
In our study, the EG1 chronotropic response index increased significantly after the 
training period. To our knowledge, this is the first study to demonstrate significant 
CRI improvements in participants with DS exposed to a longitudinal exercise 
intervention. According to our findings, the indoor rowing aerobic program 
improved the HR reserve to metabolic reserve ratio for a given submaximal 
intensity (80% VO2peak). Consequently this exercise prescription attenuated the 
chronotropic incompetence of the participants with DS included in EG1, 
independently of their voluntary efforts or intrinsic motivations for treadmill GXT. 
However, despite the observed increase in the CRI, the EG1 participants continued 
to exhibit mean pathological values < 0.9 at the post-training assessments. It is not 
known whether chronotropic incompetence is related to poor outcomes such as 
increased mortality or morbidity in populations with DS; this has never been 
investigated (Guerra et al., 2003). If this is the case, exercise training could 
represent an effective way to prevent both mortality and morbidity of individuals 
with DS. Further research on this issue should help clarify if CRI values of DS 
participants can be improved to the non-pathological range by a similar exercise 
program of longer duration. The EG2 presented a trend for CRI improvement after 
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continued adherence to the combined exercise program, although no significant 
differences were found between pre and post-training measurements.      
 
The peak oxygen pulse improved in EG1 and EG2 after 28 weeks of exercise 
training. Although persistently low across assessments, at the post-training period, 
the oxygen pulse mean values for both groups were under normal peak values (> 
10 ml/beat) (Wasserman et al., 2005). Thus, exercise training was an effective way 
of improving the oxygen transport by the cardiovascular system and utilization by 
the peripheral metabolically active tissues. Increases in oxygen pulse are associated 
with positive modifications of the stroke volume, cardiac output and 
oxyhemoglobin dissociation curve (by the Bohr Effect) (Wasserman et al., 2005b). 
Thus, both exercise programs were effective in improving the Fick relationship at 
peak exercise for participants with DS.   
 
Peak pulmonary ventilation increased 32% after training in EG1, but not in EG2 
group. It is well known that rowing athletes achieve very high minute ventilations 
(males: 200 L.min-1; females: 170 L.min-1) on maximal exercise tests, and that 
these findings relate to the specificities of the mode and intensity of the exercise 
training mesocycles (Hagerman, 1984). Possibly, as for healthy rowing athletes, 
DS participants also improve their ventilatory dynamics, without compromising 
their ventilatory efficiency (Ve/VO2) after an intense (70-85% peak VO2) and 
continued rowing periodization.    
 
For the inter-group post-training comparisons, there were no differences between 
EG1 and EG2 final values. Consequently, although the indoor rowing program was 
more effective in improving some physiological parameters, those improvements 
were not sufficient to induce significant differences between the groups after 28 
weeks of training. It is however interesting to notice, in line with the EG1 
pulmonary ventilation improvements, that post-training EG1 peak tidal volume 
was higher than that of EG2 (the opposite of the pre-training assessments). Also, 
the CRI, that was similar between the groups at pre-training measurements, 
increased to higher values in EG1 comparatively to EG2 at the post-training 
period.   
 
Both EG1 and EG2 post-training overall values were closer to those of the CG in 
comparison to the pre-training measurements. Thus, both exercise programs 
induced positive physiological adaptations that attenuated the baseline differences 
between the DS groups and the CG.  
 
At the post-training period, peak HR of EG1 and the CG were not significantly 
different. It is important to clarify that in the present investigation, peak HR was 
defined as the HR obtained at peak VO2 and not as the highest HR obtained during 
the GXT. Most published exercise studies do not clarify their precise criteria for 
peak or maximum HR. In assessing individuals with altered chronotropic responses 
this is particularly important, because HR increases that do not translate into higher 
organic oxygen uptake do not reflect effective or efficient cardiac output increases. 
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In fact this HR pattern of behaviour simply imposes additional demands on the 
myocardial oxygen uptake (myocardial stress) as it generates higher rate-pressure 
products, without any evident metabolic benefit. Therefore, caution is warranted in 
interpreting these EG1 peak HR modifications at post-training assessment. They do 
not mean that the participants with DS included in this group attained absolute 
higher mean HR values at the post-training period compared with the baseline 
assessments. On the other hand, they do imply that peak VO2 was achieved at 
slightly higher HR than in the previous assessments, in which further HR increases 
did not translate into higher a oxygen consumption for a given work load. 
Consequently, for EG1, although no intra-group differences were found, exercise 
training induced a positive modification of the relationship between HR and VO2 
up to peak exercise intensities.  
 
For EG2 and CG comparisons, the post-training measurements documented the 
irrelevance of the baseline differences obtained for the peak respiratory rate. There 
were no post-training differences between the groups for this physiological 
variable, suggesting preserved phrenic nerve recruitment for ventilatory drive at 
peak exercise. 
 
Physical fitness is a strong indicator of health and is associated with a lower risk of 
chronic conditions, such as, cardiovascular disease, type 2 diabetes, and stroke 
(U.S. Department of Health, 1999, 2000), and a higher level of functional 
independence (Binder et al., 1999; Brill et al., 2000; Morey et al., 1998). Graham 
& Reid, (2000) recently reported that over a 13-year period, adults with 
developmental disabilities had a significant decline in physical fitness and that this 
decline was greater than in the general population. This finding raises serious 
concern that as adults with DS age, they will be more susceptible to a premature 
and significant decline in function and may be predisposed to a higher incidence of 
health complications (Rimmer et al., 2004). Because individuals with DS are more 
susceptible to various health problems, including a higher incidence of 
cardiovascular mortality and morbidity (Marino & Pueschel, 1996), enhancing 
their cardiovascular fitness is a necessary and urgent health promotion strategy 
(Pitetti et al., 1993). 

5.3 – Dynamic muscle strength  

 
Even though EG2 was composed by a small number of participants with DS, our 
findings are in general agreement with previous studies. EG2 participants increased 
both upper and lower body strength, by 15-30% and 24-25%, respectively. 
Concomitantly, lower back strength also increased by 29% after 28 weeks of 
exercise training. Although not as impressive as the improvements previously 
reported (upper body: 43%; lower body: 39%), our results are impressive given 
that the selected training frequency was even more modest that the one prescribed 
by Rimmer et al., (2004) - 2 vs. 3 sessions per week. In other training studies in 
adults with intellectual disabilities, including DS, involving longer duration (45 to 
60 minutes) and frequency (3 to 5 days per week), researchers have reported higher 
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gains in strength (Rimmer et al., 2004; Rimmer & Kelly, 1991; Suomi, 1998; 
Suomi et al., 1995). Thus, as in the general population, DS participants apparently 
adapt to resistance training in strict accordance with the overload principle.  
 
Rimmer et al., (2004) determined upper body strength of their DS participants with 
the hand-gip test. We choose not to use this particular type of dynamometry in our 
investigation for two main reasons: (1) lack of specificity and (2) inadequacy of the 
commercially available dynamometers for assessing strength in individuals with 
DS.  As for specificity, it is well known that an isometrically trained muscle shows 
greatest strength improvement when measured isometrically, whereas a 
dynamically trained muscle tests best when evaluated in resistance activities 
requiring movement (McArdle et al., 2001d).  Additionally, in dynamic exercise, 
muscles trained in a specific range of motion (ROM) and body position, show the 
greatest strength improvement when measured in that ROM and body position 
(Graves et al., 1989; Porter & Vandervoort, 1997). As for the inadequacy of the 
commercially available dynamometers, the extremities of DS individuals are often 
short, particularly in their distal portions (Benda, 1969). Rett, (1977) found that the 
metacarpals and the phalanges are 10-30% shorter in individuals with DS in 
comparison to healthy persons.  Thus, the hand-grip dynamometry strength 
assessments may not provide accurate measurements for DS individuals. 
Consequently, we have chosen to assess our participants in the exact same 
machines as the ones utilized during the training sessions.   
 
However, in spite of these methodological discrepancies between investigations, 
our DS participants did improve their 1-RM results and these findings are in 
accordance with previous investigations (Rimmer et al., 2004; Rimmer & Kelly, 
1991; Suomi, 1998; Suomi et al., 1995). It is plausible that improvements in 
muscular strength and endurance in adults with DS may contribute to postponing 
the premature functional decline (i.e., climbing stairs, lifting objects, carrying 
groceries) and maintaining functional independence. Future research should be 
conducted to explore the relationship between improvements in muscular strength 
and endurance and functional performance in adults with DS.  

5.4 – Exercise economy 

 
To the best of our knowledge, this is the first time that aerobic energy expenditure 
has been determined during a steady state submaximal constant-load walking in 
individuals with DS. Moreover, not only did we compare EE of participants with 
DS and healthy controls at pre-training period, we also investigated the effects of 
two different exercise programs on EE adaptability of our participants with DS.  
 
External and internal work was not assessed in the present study. This would have 
required having to take into account variables such as the displacement of the 
centre of mass (COM), of body segments relative to COM, co-excitation of 
antagonist muscles responsible for variable amounts of positive and negative work, 
elastic energy storage and release, tendon stiffness, etc., which were out of our 
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reach. Thus, the rather simplistic assumption was made that no measurable 
differences in mechanical power existed between DS participants and control 
subjects walking on the treadmill. Since there are no specific EE investigations 
with participants with DS, this assumption is only supported by the fact that no 
differences in the economy of walking were found in Caucasians (Avogadro et al., 
2004). Thus, both the intra and inter-individual variability of the external work of 
walking/running at different speeds on a treadmill are usually very low for the 
general Caucasian population. 
 
At baseline measurements, EG1 participants presented with lower resting oxygen 
pulse values in comparison to the CG (3.00 ± 0.86 ml/beat and 4.08 ± 0.94 
ml/beat). Since the oxygen pulse expresses the oxygen consumption per heart beat, 
it is usually considered an index of cardiorespiratory economy; EG1 subjects were 
less efficient than their healthy peers for resting conditions.  Also, EG1 participants 
were characterized by average gross VO2 levels similar to controls. Interestingly, 
after adjusting for net VO2, the EG1 (7.54 ± 2.06 ml.kg-1.min-1) was found to be 
less economic than the CG (5.43 ± 1.00 ml.kg-1.min-1) for levelled walking at 2.5 
km.h-1, even tough their resting VO2 did not differ significantly. Consequently, our 
results reinforce the relevance of analysing EE as a function of net VO2 when 
comparing different groups of individuals. In addition, it appears highly unlikely 
that, at baseline, ventilatory and cardiac work for the same external mechanical 
work by locomotor muscles be higher in EG1 compared with the CG. In fact, 
during submaximal walking, EG1 and control participants had similar VE and HR 
values. Different from EG1, EG2 group did not differ, at baseline from the CG for 
net VO2. The groups did have significant differences for  the submaximal oxygen 
pulse values (5.86 ± 0.72 ml/beat and 8.61 ± 1.18 ml/beat), translating into a poorer 
EG2 cardiac efficiency at similar exercise intensities. Absolute pulmonary 
ventilation was also different between the groups at the pre-training period. 
However, these differences were irrelevant after adjusting for BSA (8.85 ± 1.33 
L.min-1.m2 and 10.83 ± 2.14 L.min-1.m2). Our findings substantiate the importance 
of adjusting for specific/relative physiological variables when comparing subjects 
of different body size. Both, EG1 and EG2 differed from the CG for the percentage 
of oxygen reserve utilized for the same external mechanical power output. Thus, 
for the same submaximal walk at 2.5 km.h-1 on a flat surface, DS participants 
exercised at a higher relative intensity than control subjects: EG1: 52.16 ± 11.10%; 
EG2: 39.14 ± 8.61%; and CG: 21.81 ± 9.38%. 
 
At baseline there were differences between EG1 and EG2 for gross VO2, net VO2, 
absolute pulmonary ventilation and specific pulmonary ventilation. Furthermore, 
the differences in net VO2 between the groups persisted after adjusting for FFM. 
Experimental group 2 was more economic than EG1 for the same external 
mechanical power output. In this sense, there seems to be some degree of 
variability among DS individuals in relation to steady state oxygen consumption 
for submaximal constant intensity exercise. More interestingly, as in general 
population, these findings are apparently explained by differences in pulmonary 
ventilation for the same external mechanical work by locomotor muscles. EG2 
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group presented lower pulmonary ventilation (14.34 ± 2.46 L.min-1) than EG1 
(19.88 ± 3.09 L.min-1). The groups HR and oxygen pulse were similar for the same 
submaximal exercise, suggesting that the observed EE differences could not be 
accounted by an increased cardiac work of EG1 in comparison to EG2.  
 
Economy of walking, as is well known, is affected by a number of mechanical and 
metabolic variables (Williams & Cavanagh, 1987; Sauders et al., 2004). In order to 
reduce confounding factors, care was taken to standardize type of footwear, 
duration of exercise practice (the same for all subjects), time of testing during the 
day, and nutritional status, all factors potentially affecting energy expenditure 
during locomotion on the treadmill. 
 
Of all the EE variables assessed, EG1 members only improved the percentage of 
the oxygen reserve utilized for the same external mechanical work after training 
(pre-training: 52.16 ± 11.10%; post-training: 41.07 ± 12.67%). This finding was 
related to the observed increase in peak VO2 after the indoor rowing program and 
could not be explained by lower submaximal oxygen consumption, even after 
adjusting for post-training FFM. However, despite the similar net VO2 between 
both training periods, the 2.5 km.h-1 levelled treadmill exercise elicited a 
significantly lower fraction of the oxygen consumption reserve at the post-training 
period for EG1. These findings are relevant in the sense that for EG1, the same 
external mechanical power output was best tolerated after the exercise program.  
Contrasting to EG1, at post-training period, EG2 did not improve for any other EE 
variable except for the submaximal RER (pre-training: 0.93 ± 0.12; post-training: 
0.83 ± 0.05). Although not significant, EG1 also expressed a tendency for RER 
decrease after training. It is well described by using longitudinal experimental 
designs that after endurance training the RER is lower, compared with before 
training in subjects exercising at an absolute submaximal power output due to a 
relative increase in lipid oxidation (Christensen & Hansen, 1939; Coogan et al., 
1990; Friedlander et al., 1997; Girandola & Katch, 1976; Hurley et al., 1986; 
Martin et al., 1993). Consequently, the EG2 respiratory exchange ratio reduction 
following the 28 weeks of exercise training constitutes a positive physiological 
adaptation to exercise in participants with DS. Additionally, our results suggest 
that, following a chronic exposure to exercise training, participants with DS 
develop, as healthy subjects, a rightward displacement of the metabolic substrate 
use crossover for the same submaximal intensity (Hargreaves, 1997; Jeukendrup et 
al., 1998; Kiens, 1997; Martin, 1996; Nicklas, 1997; Turcotte et al., 1992). These 
findings imply that, after training, participants with DS rely more on free fatty acid 
oxidation for energy production, sparing the carbohydrate body fuel stores for 
higher exercise intensities. Consequently, even though EG2 did not improve EE 
after training, this group did, apparently, improve its ability to oxidize free fatty 
acids during mild/moderate intensity exercise.  
 
At the post-training period both EG1 and EG2 were similar for all the EE variables 
assessed. Absolute pulmonary ventilation final values were different between the 
groups, but after adjusting for the subjects’ body surface area these differences 
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vanished. Thus, after training, the EG1-EG2 initial EE heterogeneity was 
attenuated, with both groups reflecting the same ventilatory and cardiac work for a 
given submaximal constant intensity protocol.  
 
At the post-training period and in comparison to the CG, both EG1 and EG2 
expressed improvements for the resting and submaximal oxygen pulse. The 
baseline differences between EG1 and the CG resting oxygen pulse were dissipated 
at the post-training period. Consequently, EG1 expressed higher levels of resting 
cardiorespiratory efficiency after the continued adherence to the indoor rowing 
program. Thus, the exercise intervention was effective in normalizing EG1 resting 
oxygen pulse values to those obtained by paired matched healthy peers. As it was 
previously mentioned, EG2 presented poorer submaximal cardiorespiratory 
economy than the CG at baseline. These differences also disappeared at the post-
training period. Therefore, the combined exercise program was also effective in 
normalizing EG2 submaximal oxygen pulse values to those of healthy CG. 
Although none of the other EG1 and EG2 exercise economy variables improved in 
comparison to the CG after 28 weeks of training, these findings corroborate that 
both training regimens were sufficient to improve the DS groups’ cardiorespiratory 
economy closer to values of healthy paired control subjects. 

5.5 – Electrodermal activity 

 
As previously mentioned, there are no other published studies on GSR of 
individuals with DS. It is well known that the GSR is influenced by several 
confounding variables that, when poorly controlled, limit the accuracy of this 
particular type of electrodermal activity measurement. Combining the potential of 
the SenseWear Armband with the gas analyser device it was possible for us to 
control for ambient temperature, ambient humidity, skin temperature and skin heat 
flux, all known to affect GSR (Yokota et al., 1959; Fujimori, 1956; Levy et al., 
1992; Francini et al., 1979). According to our findings, after controlling for these 
variables, there were no differences in GSR between the CG and the DS group for 
the resting and exercise protocols. Thus, there seems to be a regular upper limb 
sudomotor function in the participants with DS at rest and in response to exercise. 
According to Ogawa & Bullard, (1972) and Sugenoya & Ogawa, (1985), the 
central drive to sweat production by the eccrine glands is synchronous over the 
general body surface area. Thus, in spite of the upper limb placement of the 
measuring device, it is plausible to assume that DS participants and control 
subjects presented similar body GSR.   
 
Electrodermal activity reflects the sympathetic cholinergic sudomotor function 
which induces changes in skin resistance to electrical conduction (Vertugno et al., 
2003). Sweat production is highly dependent on the activation of the sympathetic 
nervous system by the hypothalamic preoptic centre (Dale & Feldberg, 1934). 
Preoptic hypothalamic warming elicits cutaneous vasodilation, sweating, panting 
and various behavioural responses that enhance heat loss (Boulant, 1980; Boulant 
& Gonzalez, 1977; Freeman & Davis, 1959; Gisolfi et al., 1988; Kanouse et al., 
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1994; Kanouse et al., 1994). Thus, our results suggest that the participants with DS 
present integrity of the thermoregulatory function, which directly depend on 
preserved hypothalamic, sympathetic and sweat gland function.  
 
As in previous studies (Fernhall & Otterstetter, 2003; Fernhall et al., 1996; 
Fernhall et al., 2001; Fernhall & Pitetti, 2001; Guerra et al., 2000; Guerra et al., 
2003; Fernhall et al., 2005; Iellamo et al., 2005; Baynard et al., 2004) our CRI 
findings support a blunted chronotropic response of DS participants to peak 
exercise in comparison with the control subjects, suggesting an underlying 
autonomic dysfunction.  On the other hand, we found no GSR differences between 
the groups, pointing to preserved autonomic control of the DS participants’ sweat 
glands. According to Talman, (1997), the cardiovascular autonomic control relies 
on the inputs arising from the BRS stretch receptors and the outputs descend from 
the nucleus tractus solitarii to the vagus and the thoraco-lumbar sympathetic 
nerves. Contrasting with the cardiovascular system, the thermoregulatory dynamics 
depends primarily on the physiological action of the hypothalamic thermal 
receptors, peripheral sympathetic ganglia and sympathetic pre and post-ganglionic 
cholinergic fibres (Vertugno et al., 2003). Consequently, it seems likely that, 
although DS individuals generally present with a dysfunctional cardiovascular 
autonomic regulation, their thermoregulatory function is intact. Thus, both the 
preoptical hypothalamic area as well as the cholinergic sympathetic innervations to 
the eccrine glands seem to be preserved in these individuals. Future research, 
perhaps including microneurographic recordings, should be conducted to clarify 
these findings. 

5.6 – Crossvalidation of energy expenditure measurement methods 

 
Our study examined the validity of the SWA (using the generalized algorithm 
provided by the manufacturer) in estimating energy expenditure compared with 
simultaneous indirect calorimetry measurements in both adult DS individuals and 
paired matched control subjects. The results indicate that the SWA can provide 
valid and reliable estimates of resting energy expenditure in both groups, but is 
unsuitable for an individual estimate. On the other hand, for the submaximal 
exercise period, the SWA consistently overestimated energy expenditure in the DS 
group and in the CG. 
 
The resting metabolic rate and total resting energy expenditure estimates were 
valid for both groups, based upon the fact that there were no significant differences 
between the resting metabolic rate measured via IC and estimated by the SWA. 
However, the measurements were poorly correlated (resting metabolic rate: r = 
0.35; p > 0.05; total resting EE: r = 0.46; p > 0.05), implying that the SWA does 
not provide a close estimate of resting energy expenditure on an individual basis. 
Therefore, although the SWA is apparently unsuitable for individual estimates, it 
can provide valid estimates of resting energy expenditure in groups of healthy adult 
individuals and those with DS. Accordingly, due to the high relevance of RMR for 
total daily energy expenditure, the SWA is a promising tool for characterizing 
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energy balance related to weight control of adult DS and non-disabled populations. 
Our results are in partial agreement with previous investigations. As in ours, Fruin 
et al., (2004) found no significant differences between the SWA and the IC at rest 
for a group of adult healthy individuals. However, contrary to our findings, both 
measures were highly correlated (r = 0.76; p < 0.004), leading the authors to 
conclude that the SWA provides valid estimates of resting energy expenditure for 
both group and individual assessments. It is important to mention that in this study, 
the data were sent to BodyMedia, Inc. along with a list of the contextual rest-
exercise information and specific time frames. After analysing the data files using 
their proprietary algorithms for specific contexts, BodyMedia then returned the 
SWA energy estimation for each period. In line with Fruin et al., (2004) 
investigation, but using the generalized algorithm provided by the manufacturer, 
Malvoti et al., (2006) found no significant differences between resting energy 
expenditure between SWA (1540 ± 280 kcal/day) and IC (1700 ± 330 kcal/day) 
and the correlation between both measures was high (r = 0.86, p < 0.0001). Our 
resting energy expenditure recording protocol (5-min seated recording period) was 
different from those used in previous studies: 10-min reclined recording period 
(Fruin et al., 2004); 30 to 40-min reclined recording period (Malvoti et al., 2006). 
Perhaps, these methodological specificities account for the differences between our 
results and those of Fruin et al., (2004) and Malvoti et al., (2006). However, 
according to Reeves et al., (2003), reducing the time period of steady state from 5-
min to 3-min recordings does not affect the accuracy of resting energy expenditure 
measurements by IC. In our study we only considered the last 3 minutes of the total 
5-min period of IC and SWA recordings. It is not known if this steady state period 
reduction affects the SWA accuracy. Based on the discrepancies between our 
findings and previous studies, apparently the SWA resting metabolic rate estimate 
is affected by shorter data collection periods. Another important difference 
between our methods and those of previous studies, relates to the body position of 
the subjects during the recording period. Probably, both the transversal and 
longitudinal accelerometers are of great contribution to the SWA internal algorithm 
calculations, affecting its correlation with IC for the seated position.  
 
For the submaximal exercise protocol, the SWA significantly overestimated the 
energy expenditure of walking with no grade for DS group (exercise metabolic 
rate: 83%; exercise total energy expenditure: 70%) and for CG (exercise metabolic 
rate: 62%; exercise total energy expenditure: 65%). The mean difference between 
IC and SWA measurements (DS group: -2.33 kcal.min-1 and -16.22 kcal; CG: -1.41 
kcal.min-1 and -11.31 kcal) expressed by the Bland-Altman analysis confirms a 
consistent energy expenditure overestimation by the latter. These results are in line 
with previous investigations (Fruin et al., 2004; King et al., 2004) which also found 
a consistent energy expenditure overestimation by the SWA for walking on a flat 
surface in healthy adult individuals.  
 
In the present investigation the SWA (DS group and control group) resting energy 
expenditure estimates were the only valid estimates produced, compared with the 
IC energy expenditure measurements. Apparently, the SWA has the potential to 
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provide a feasible assessment of resting energy expenditure, allowing for a 
relatively inexpensive means of conducting energy balance epidemiological 
studies.      
 
Our study had several limitations including the assumption that the indirect 
calorimetry measurements were stable and accurate. Although the SWA and the IC 
measurements could not be synchronized exactly (always within 30 s), the use of at 
least 3-min intervals during steady state activity would likely reduce any bias of 
this lack of perfect synchronization 

5.7 – Crossvalidation of body composition assessment methods 

 
This study demonstrates that the use of AGM, on the basis of Kelly & Rimmer’s 
anthropometric equation is a valid method to evaluate the body composition of DS 
adults if BIA is considered the criterion measure. On one hand, our results support 
the findings of Usera et al., (2005) because we also did not find significant 
differences between the AGM and the criterion measure.  On the other hand, our 
results found higher correlation between AGM and the criterion measure, than 
Usera et al., (2005). Our Bland-Altman analysis confirmed a fairly good level of 
agreement between the two measures, except for one particular case of 
overestimation at both, pre and post-training assessments. The agreement between 
both measurements expressed at pre-training (r = 0.523, p = 0.05) and post-training 
(r = 0.718, p < 0.01) periods confirmed the reliability of the AGM equation for 
relative FM estimates. Furthermore, the approximate variation between the AGM 
and BIA was also relatively stable across both measurement periods (pre-training: 
5%; post-training: 3%). As for BIA, the Kelly & Rimmer’s anthropometric 
equation allowed for the determination of body composition modifications between 
the pre-and post-training period.   
 
According to the results of Bolanowski & Nilsson, (2001); Stewart et al., (1993) 
and Bauman et al., (1995) and to the morphological characteristics of our 
population, BIA should be considered an accurate outcome measurement. The 
average values of the BMI and the relative FM (measured by BIA) of our 
population were in the upper limit of normal/healthy values. The population of 
Usera et al., (2005) had an average of 43.6% of body fat measured by air 
displacement plethysmography. One can hypothesize that for such an abnormal 
relative FM, the AGM prediction by Kelly & Rimmer’s equation looses accuracy 
and reliability.  
 
According to Rubin et al., (1998), obesity and overweightness is more prevalent in 
adult females than males with DS. The population of Usera et al., (2005) was 
composed of eleven females and only three males with DS. On the contrary, our 
sample consisted of ten males and only two females. So, it is reasonable that the 
AGM by Kelly & Rimmer’s equation is more accurate for males than for females 
with DS because of the differences in body composition between genders.   
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Also, we believe that there was a very good familiarization and acceptance by the 
participants of the assessment procedures, both BIA and AGM. On the other hand, 
the difficulty in measuring thoracic lung volume by air displacement 
plethysmography as reported by Usera et al., (2005) can possibly limit the 
interpretation of the data collected from DS population by this laboratory 
technique.  
 
Based on our results, we conclude that Kelly & Rimmer’s anthropometric equation 
can be used as a relatively valid field-based method.  

5.8 – Conclusions 

 
The present study main purpose was to determine the physiological responses and 
long-term adaptations to exercise training in DS individuals. Specifically, we 
intended to explore the effects of two different exercise interventions on the 
functional capacity, exercise economy and body composition of DS participants. 
Furthermore, we studied the effects of chronic exposure to resistance training on 
the maximum dynamic strength of DS subjects’ inserted into a combined exercise 
training regimen. Additionally we compared the electrodermal activity of DS 
individuals from that of paired matched controls both at rest and during exercise. 
We further compared the DS participants’ functional capacity and exercise 
economy findings with those of healthy controls before and after training. Finally, 
we focused on crossvalidating an energy expenditure measuring device for both 
DS and control individuals; as well as on crossvalidating an anthropometric 
equation exclusively for DS participants. 
 
Due to the selected longitudinal study design and specificity of the participants 
included, our findings and interpretations are limited by our small sample size. 
Therefore, caution is warranted as for generalization of our results for other DS 
individuals of similar age, gender and training status.  
 
Our findings suggest that individuals with DS have poor functional capacity in 
comparison with their healthy peers. By comparing these groups, DS individuals 
have: 
 

• Lower relative and absolute peak oxygen consumption; 
• Lower peak oxygen pulse; 
• Lower peak heart rate; 
• Lower peak tidal volume; 
• Lower peak absolute and specific pulmonary ventilation; 
• Lower chronotropic response index values; 
• Lower work performance determined by the time on the treadmill before 

exhaustion. 
 
We found that exercise training induces positive cardiorespiratory fitness 
adaptations in adult individuals with DS that were previously physically 
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deconditioned. After the 28 weeks of exercise intervention, both DS groups 
presented: 
 

• Higher peak relative and absolute oxygen consumption; 
• Higher peak oxygen pulse; 
• Higher levels of work performance measured by the time on the treadmill 

before exhaustion. 
 
Furthermore, as for the general population, the less physically fit DS individuals at 
the beginning of exercise training were the ones who reached higher functional 
capacity improvements. 
 
We also found that the indoor rowing program was more effective than the 
combined exercise program in improving the subjects’ body composition and 
functional capacity. Therefore, as for the general population, the application of 
different overloads and modes of exercise, results in clear enhancement of the 
physiological function of DS individuals to bring about a training response. At the 
post-training period, the indoor rowing group showed improvements in the: (1) 
relative fat mass, (2) absolute fat mass and (3) fat free mass, (4) absolute and 
specific pulmonary ventilation and (5) chronotropic response index. Although, the 
combined exercise group expressed a trend for the same positive modifications at 
the post-training period, no significant differences were found between baseline 
and final values in this group. 
 
In this study, the body mass index was not a good measure of obesity in DS 
individuals. 
 
Down syndrome individuals in the combined exercise group increased both upper 
and lower body strength after training. Low back strength was also improved. 
 
Despite all the beneficial exercise training induced adaptations, the differences 
between DS individuals and their controls were not reduced by the end of the 
intervention. Consequently, the prescribed exercise interventions were insufficient 
to bring about a full normalization effect of the physiological performance of DS 
individuals. 
 
DS individuals presented, as the general population, exercise economy 
heterogeneity in response to a given submaximal exercise intensity. Some DS 
individuals differed from their healthy peers for the classical exercise economy 
variables at pre-training assessments, while others did not. For all DS individuals, 
the selected submaximal protocol elicited a higher utilization of the oxygen 
consumption reserve than in healthy controls. This documents a less efficient use 
of the oxygen reserve by the DS individuals that persists even after the exercise 
intervention. We did find, however, improvements in resting cardiorespiratory 
economy for EG1 and in submaximal cardiorespiratory economy for EG2. Thus, 
both exercise programs were effective in bringing about positive modifications in 
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cardiac efficiency of DS participants. In this regard, our major finding was that, 
after exercise training, both groups presented similar resting and submaximal 
cardiorespiratory economy as healthy controls. Furthermore at a given submaximal 
intensity, DS individuals in the indoor rowing group did express a more efficient 
use of their oxygen reserve after training, while those in the combined exercise 
program improved their metabolic substrate use for energy production.  
 
The galvanic skin response of DS individuals did not differ from that of healthy 
controls under resting or exercise conditions, after controlling for ambient 
temperature and humidity, skin temperature and skin heat flux. In general, the 
galvanic skin response of both groups increased as a function of exercise intensity 
on the graded exercise test. Therefore, no differences exist between the sudomotor 
function of DS individuals and controls. These data suggest preservation of the 
hypothalamic, sympathetic and sweat gland thermoregulatory function in 
individuals with DS both at rest and during exercise. 
 
According to our results, the SenseWear Armband presented a similar validity for 
both individuals with DS and healthy peers when using the generalized algorithms 
provided by the manufacturer. The device estimates were valid for assessing group 
resting energy expenditure, but not for individual assessments. These findings 
document the potential of the SenseWear Armband to provide a feasible 
assessment of resting energy expenditure, allowing for a relatively inexpensive 
means of conducting energy balance epidemiological studies in DS as well as in 
healthy populations. The device expressed no validity for submaximal levelled 
walk energy expenditure assessments. 
 
Lastly we showed that the Kelly & Rimmer anthropometric equation is a valid and 
reliable tool for body composition assessments in individuals with DS. This 
anthropometric girth measurement method expressed validity in both group and 
individual morphological assessments. Even more, Kelly & Rimmer equation 
estimates were sensible to exercise training induced relative fat modifications in 
individuals with DS.  
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Table I –  Body composition variables: height, weight, body mass index, absolute 
fat mass, relative fat mass and fat free mass of indoor rowing program 
group (EG1) and combined exercise program (EG2) (mean ± standard 
deviation). 

 EG1 EG2 
 Pre-training Post-training Pre-training Post-training 

Height (cm) 159.08 ± 7.20 159.08 ± 7.20 
(p = 1.00) 

151.66 ± 10.79 151.66 ± 10.79 
(p = 1.00) 

Weight (kg) 66.05 ± 12.00 65.86 ± 11.83 
(p = 0.752) 

67.85 ± 5.48 67.23 ± 4.48 
(p = 0.463) 

BMI (kg/m2) 26.11 ± 4.59 26.06 ± 4.61 
(p = 0.753) 

29.75 ± 4.21 29.62 ± 3.97 
(p = 0.917) 

BSA (m2) 1.61 ± 0.17 1.61 ± 0.17 
(p = 1.00) 

1.61 ± 0.98 1.60 ± 0.10 
(p = 0.989) 

Fat mass (kg) 16.05 ± 5.95 12.63 ± 4.79 
(p = 0.028) 

21.08 ± 10.31 18.91 ± 9.32 
(p = 0.116) 

Fat mass (%) 23.67 ± 5.49 18.65 ± 4.05 
(p = 0.046) 

30.97 ± 14.68 28.33 ± 14.03 
(p = 0.173) 

Fat free mass (kg) 50.00 ± 6.76 53.23 ± 7.47 
(p = 0.046) 

46.76 ± 10.49 48.32 ± 10.90 
(p = 0.173) 

 
 
 
Table II –  Pre-training weight, body mass index, absolute fat mass, relative fat 

mass and fat free mass of indoor rowing program group (EG1) and 
combined exercise program (EG2) (mean ± standard deviation):  

 EG1 EG2 P 

Weight (kg) 66.05 ± 12.00 67.85 ± 5.48 1.000 
BMI (kg/m2) 26.11 ± 4.59 29.75 ± 4.21 0.150 
Fat mass (kg) 16.05 ± 5.95 21.08 ± 10.31 0.337 
Fat mass (%) 23.67 ± 5.49 30.97 ± 14.68 0.522 
Fat free mass (kg) 50.00 ± 6.76 46.76 ± 10.49 0.522 

 
 
Table III –  Post-training weight, body mass index, absolute fat mass, relative fat 

mass and fat free mass of indoor rowing program group (EG1) and 
combined exercise program (EG2) (mean ± standard deviation):  

 EG1 EG2 P 

Weight (kg) 65.86 ± 11.83 67.23 ± 4.48 1.000 
BMI (kg/m2) 26.06 ± 4.61 29.62 ± 3.97 0.150 
Fat mass (kg) 12.63 ± 4.79 18.91 ± 9.32 0.150 
Fat mass (%) 18.65 ± 4.05 28.33 ± 14.03 0.200 
Fat free mass (kg) 53.23 ± 7.47 48.32 ± 10.90 0.262 
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Table IV –  Functional capacity - peak relative and absolute oxygen consumption 

(VO2peak), peak oxygen pulse (O2pulse peak), peak respiratory exchange 
ratio (RERpeak), peak ventilatory equivalent for oxygen (VE/VO2peak), 
peak heart rate (HRpeak), peak tidal volume (TVpeak), peak respiratory 
rate (RRpeak), peak minute ventilation and minute ventilation per 
square meter of body surface area (VEpeak), chronotropic response 
index (CRI) and time on the treadmill during GXT of indoor rowing 
program group (EG1), combined exercise program (EG2) and control 
group (CG) (mean ± standard deviation):  

 EG1 EG2 
 Pre-training Post-training Pre-training Post-training 
VO2peak (L.min-1) 1.4 ± 0.3 1.9 ± 0.3  

(p = 0.028)) 
1.4 ± 0.4 1.7 ± 0.5 

 (p = 0.046) 
VO2peak (ml.kg-1.min-1) 20.96 ± 4.31 29.55 ± 5.08  

(p = 0.028)  
19.80 ± 5.08 24.50 ± 5.93  

(p = 0.046) 
O2pulse peak (ml/beat) 9.78 ± 2.74 11.96 ± 1.73 

 (p = 0.046) 
9.57 ± 1.69 11.40 ± 1.80 

 (p = 0.028) 
RERpeak 1.35 ± 0.14 1.29 ± 0.14  

(p = 0.566) 
1.33 ± 0.14 1.24 ± 0.70 

 (p = 0.738) 
VE/VO2peak 33.66 ± 4.50 36.16 ± 7.33  

(p = 0.498) 
31.83 ± 7.67 30.66 ± 6.71  

(p = 0.496) 
HRpeak (bpm) 146.83 ± 11.12 158.66 ± 15.01  

(p = 0.068)  
136.66 ± 26.26 143.33 ± 25.72  

(p = 0.345) 
TVpeak (L) 1.26 ± 0.29 1.42 ± 0.38  

(p = 0.173)  
1.28 ± 0.35 1.26 ± 0.41 

 (p = 0.917) 
RRpeak (cpm) 40.83 ± 7.46 52.96 ± 12.08 

 (p = 0.028) 
35.68 ± 10.91 43.78 ± 8.92  

(p = 0.075) 
VEpeak (L.min-1) 50.43 ± 8.14 74.18 ± 18.97  

(p = 0.028)  
46.78 ± 20.84 56.41 ± 26.08 

 (p = 0.116) 
VEpeak m

2 (L.min-1.m2) 31.25 ± 4.43 46.11 ± 12.92 
 (p = 0.028) 

28.54 ± 11.53 34.78 ± 14.42 
 (p = 0.075) 

CRI 0.61 ± 0.17 0.81 ± 0.14 
 (p = 0.044)  

0.61 ± 0.21 0.70 ± 0.20  
(p = 0.257) 

Time on treadmill (min) 12.46 ± 0.43 13.30 ± 0.75  
(p = 0.042) 

11.83 ± 0.70 12.63 ± 0.87 
 (p = 0.043) 
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Table V -  Functional capacity baseline values: peak relative and absolute oxygen 
consumption (VO2peak), peak oxygen pulse (O2pulse peak), peak respiratory 
exchange ratio (RERpeak), peak ventilatory equivalent for oxygen 
(VE/VO2peak), peak heart rate (HRpeak), peak tidal volume (TVpeak), peak 
respiratory rate (RRpeak), peak minute ventilation and minute ventilation 
per square meter of body surface area (VEpeak), chronotropic response 
index (CRI) and time on the treadmill during GXT of  indoor rowing 
program group (EG1), combined exercise program (EG2) and control 
group (CG) (mean ± standard deviation):  

 
 EG1 EG2 CG p 

VO2peak (L.min-1) 1.4 ± 0.3 1.4 ± 0.4 3.5 ± 1.0 0.001 
VO2peak (ml.kg-1.min-1) 20.96 ± 4.31 19.80 ± 5.08 47.60 ± 11.84 < 0.001 
O2pulse peak (ml/beat) 9.78 ± 2.74 9.57 ± 1.69 19.29 ± 5.57 0.002 
RERpeak 1.35 ± 0.14 1.33 ± 0.14 1.34 ± 0.12 0.896 
VE/VO2peak 33.66 ± 4.50 31.83 ± 7.67 37.00 ± 5.77 0.273 
HRpeak (bpm) 146.83 ± 11.12 136.66 ± 26.26 178.90 ± 7.80 < 0.001 
TVpeak (L) 1.26 ± 0.29 1.28 ± 0.35 2.69 ± 0.57 0.001 
RRpeak (cpm) 40.83 ± 7.46 35.68 ± 10.91 48.55 ± 7.86 0.038 
VEpeak (L.min-1) 50.43 ± 8.14 46.78 ± 20.84 131.03 ± 35.47 < 0.001 
VEpeak m

2 (L.min-1.m2) 31.25 ± 4.43 28.54 ± 11.53 70.92 ± 16.53 0.001 
CRI 0.61 ± 0.17 0.61 ± 0.21 1.01 ± 0.10 0.001 
Time on treadmill (min) 12.46 ± 0.43 11.83 ± 0.70 15.21 ± 1.31 < 0.001 
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Table VI -  Functional capacity final values: peak relative and absolute oxygen 

consumption (VO2peak), peak oxygen pulse (O2pulse peak), peak 
respiratory exchange ratio (RERpeak), peak ventilatory equivalent for 
oxygen (VE/VO2peak), peak heart rate (HRpeak), peak tidal volume 
(TVpeak), peak respiratory rate (RRpeak), peak minute ventilation and 
minute ventilation per square meter of body surface area (VEpeak), 
chronotropic response index (CRI) and time on the treadmill during 
GXT of indoor rowing program group (EG1), combined exercise 
program (EG2) and control group (CG) (mean ± standard deviation) 

 EG1 EG2 CG P 

VO2peak (L.min-1) 1.9 ± 0.3 1.7 ± 0.5 3.5 ± 1.0 0.003 
VO2peak (ml.kg-1.min-1) 29.55 ± 5.08 24.50 ± 5.93 47.60 ± 11.84 0.002 
O2pulse peak (ml/beat) 11.96 ± 1.73 11.40 ± 1.80 19.29 ± 5.57 0.008 
RERpeak 1.29 ± 0.14 1.24 ± 0.70 1.34 ± 0.12 0.296 
VE/VO2peak 36.16 ± 7.33 30.66 ± 6.71 37.00 ± 5.77 0.179 
HRpeak (bpm) 158.66 ± 15.01 143.33 ± 25.72 178.90 ± 7.80 0.005 
TVpeak (L) 1.42 ± 0.38 1.26 ± 0.41 2.69 ± 0.57 0.001 
RRpeak (cpm) 52.96 ± 12.08 43.78 ± 8.92 48.55 ± 7.86 0.488 
VEpeak (L.min-1) 74.18 ± 18.97 56.41 ± 26.08 131.03 ± 35.47 < 0.001 
VEpeak m

2 (L.min-1.m2) 46.11 ± 12.92 34.78 ± 14.42 70.92 ± 16.53 0.001 
CRI 0.81 ± 0.14 0.70 ± 0.20 1.01 ± 0.10 0.003 
Time on treadmill (min) 13.30 ± 0.75 12.63 ± 0.87 15.21 ± 1.31 0.003 

 
 
Table VII –  Pre-training and post-training 1-RM of combined exercise program 

(EG2) (mean ± standard deviation). 
 1-RM 1-RM  
 Pre-training (kg) Post-training (kg) P 

Leg press 148.33 ± 100.08 184.16 ± 90.35 0.042 
Low back 39.16 ± 9.70 50.58 ± 8.24 0.042 
Vertical traction 58.75 ± 24.37 67.50 ± 24.89 0.026 
Shoulder press 17.08 ± 7.81 22.08 ± 11.44 0.038 
Chest press 40.83 ± 16.55 52.91 ± 16.23 0.039 
Leg extension 41.66 ± 10.32 52.41 ± 11.09 0.042 
Triceps press 60.00 ± 27.20 69.58 ± 29.51 0.027 
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Table VIII – Exercise economy - resting oxygen consumption (VO2rest), relative 

submaximal gross oxygen consumption (VO2gross), relative 
submaximal net oxygen consumption (VO2net), resting oxygen 
pulse (O2pulse rest), submaximal oxygen pulse (O2pulse sub), percentage 
of the oxygen consumption reserve (VO2net reserve), submaximal 
respiratory exchange ratio (RERsub), submaximal absolute minute 
ventilation (VEsub) and submaximal specific minute ventilation 
(VEsubm

2).Means and standard deviations of indoor rowing program 
group (EG1), combined exercise program (EG2) and control group 
(CG) (mean ± standard deviation) 

 EG1 EG2 
 Pre-training Post-training Pre-training Post-training 

VO2rest (ml.kg-1.min-1) 3.19 ± 1,02 3.61 ± 1.10 
(p = 0.345) 

3.10 ± 0.47 3.01 ± 0.96 
(p = 0.345) 

VO2gross (ml.kg-1.min-1) 10.73 ± 2.53 12.15 ± 4.95 
(p = 0.345) 

7.48 ± 1.42 8.53 ± 1.15 
(p = 0.345) 

VO2net (ml.kg-1.min-1) 7.54 ± 2.06 8.54 ± 3.89 
(p = 0.463) 

4.38 ± 1.32 5.52 ± 0.69 
(p = 0.600) 

O2pulse rest (ml/beat) 3.00 ± 0.86 3.28 ± 0.97 
(p = 0.600) 

3.04 ± 0.46 3.18 ± 1.2 
(p = 0.249) 

O2pulse sub (ml/beat) 7.42 ± 1.29 8.27 ± 3.23 
(p = 0.345) 

5.86 ± 0.72 6.89 ± 1.46 
(p = 0.249) 

VO2net reserve (%) 52.16 ± 11.10 41.07 ± 12.67 
(p = 0.046) 

39.14 ± 8.61 36.56 ± 9.79 
(p = 0.173) 

RERsub 0.88 ± 0.09 0.83 ± 0.04 
(p = 0.173) 

0.93 ± 0.12 0.83 ± 0.05 
(p = 0.046) 

HRrest 68.36 ± 7.00 72.33 ± 13.24 
(p = 0.753) 

70.66 ± 17.13 65.26 ± 13.10 
(p = 0.138) 

HRsub 94.10 ± 12.52 96.16 ± 11.35 
(p = 0.753) 

87.20 ± 17.17 84.83 ± 12.73 
(p = 0.753) 

VEsub (L.min-1) 19.88 ± 3.09 21.34 ± 4.87 
(p = 0.345) 

14.34 ± 2.46 15.97 ± 2.67 
(p = 0.345) 

VEsubm
2(L.min-1.m2) 12.40 ± 2.72 13.30 ± 3.54 

(p = 0.345) 
8.85 ± 1.33 9.98 ± 1.60 

(p = 0.345) 

 
 
Table IX –  Resting oxygen consumption per unit of fat free mass (VO2rest FFM), 

submaximal gross oxygen consumption per unit of fat free mass 
(VO2gross FFM) and submaximal net oxygen consumption per unit of fat 
free mass (VO2net FFM) of indoor rowing program group (EG1) and 
combined exercise program (EG2) (mean ± standard deviation):  
 EG1 EG2 
 Pre-

training 
Post-training Pre-training Post-training 

VO2rest FFM (ml.kg FFM
-1.min-1) 4.16 ± 1.28 4.44 ± 1.29 

(p = 0.463) 
4.57 ± 0.61 4.25 ± 1.30 

(p = 0.753) 
VO2gross FFM   (ml.kg FFM

-1.min-1) 14.08 ± 3.23 14.91 ± 5.74 
(p = 0.600) 

11.07 ± 2.06 12.15 ± 1.86 
(p = 0.600) 

VO2net FFM  (ml.kg FFM
-1.min-1) 9.91 ± 2.76 10.47 ± 4.50 

(p = 0.463) 
6.50 ± 1.84 7.90 ± 1.48 

(p = 0.463) 
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Table X -  Exercise economy baseline values - resting oxygen consumption 

(VO2rest), relative submaximal gross oxygen consumption (VO2gross), 
relative submaximal net oxygen consumption (VO2net), resting oxygen 
pulse (O2pulse rest), submaximal oxygen pulse (O2pulse sub), percentage of 
the oxygen consumption reserve (VO2net reserve), submaximal respiratory 
exchange ratio (RERsub), submaximal absolute minute ventilation 
(VEsub), submaximal specific minute ventilation (VEsubm

2), resting 
oxygen consumption per unit of fat free mass (VO2rest FFM), submaximal 
gross oxygen consumption per unit of fat free mass (VO2gross FFM) and 
submaximal net oxygen consumption per unit of fat free mass (VO2net 

FFM) of indoor rowing program group (EG1), combined exercise 
program (EG2) and control group (CG) (mean ± standard deviation) 

 EG1 EG2 CG p 

VO2rest (ml.kg-1.min-1) 3.19 ± 1,02 3.10 ± 0.47 4.02 ± 0.68 0.060 
VO2gross (ml.kg-1.min-1) 10.73 ± 2.53 7.48 ± 1.42 9.46 ± 1.12 0.016 
VO2net (ml.kg-1.min-1) 7.54 ± 2.06 4.38 ± 1.32 5.43 ± 1.00 0.009 
O2pulse rest (ml/beat) 3.00 ± 0.86 3.04 ± 0.46 4.08 ± 0.94 0.041 
O2pulse sub (ml/beat) 7.42 ± 1.29 5.86 ± 0.72 8.61 ± 1.18 0.003 
VO2net reserve (%) 52.16 ± 11.10 39.14 ± 8.61 21.81 ± 9.38 0.001 
RERsub 0.88 ± 0.09 0.93 ± 0.12 0.85 ± 0.04 0.270 
HRrest 68.36 ± 7.00 70.66 ± 17.13 74.07 ± 17.63 0.790 
HRsub 94.10 ± 12.52 87.20 ± 17.17 80.69 ± 13.91 0.258 
VEsub (L.min-1) 19.88 ± 3.09 14.34 ± 2.46 19.73 ± 3.09 0.011 
VEsubm

2(L.min-1.m2) 12.40 ± 2.72 8.85 ± 1.33 10.83 ± 2.14 0.044 
VO2rest FFM (ml.kg FFM

-1.min-1) 4.16 ± 1.28 4.57 ± 0.61 - 0.631 
VO2gross FFM   (ml.kg FFM

-1.min-1) 14.08 ± 3.23 11.07 ± 2.06 - 0.150 
VO2net FFM  (ml.kg FFM

-1.min-1) 9.91 ± 2.76 6.50 ± 1.84 - 0.037 
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Table XI -  Exercise economy final values - resting oxygen consumption 
(VO2rest), relative submaximal gross oxygen consumption (VO2gross), 
relative submaximal net oxygen consumption (VO2net), resting 
oxygen pulse (O2pulse rest), submaximal oxygen pulse (O2pulse sub), 
percentage of the oxygen consumption reserve (VO2net reserve), 
submaximal respiratory exchange ratio (RERsub), submaximal 
absolute minute ventilation (VEsub), submaximal specific minute 
ventilation (VEsubm

2), resting oxygen consumption per unit of fat free 
mass (VO2rest FFM), submaximal gross oxygen consumption per unit of 
fat free mass (VO2gross FFM) and submaximal net oxygen consumption 
per unit of fat free mass (VO2net FFM) of indoor rowing program group 
(EG1), combined exercise program (EG2) and control group (CG) 
(mean ± standard deviation) 

 EG1 EG2 CG P 

VO2rest (ml.kg-1.min-1) 3.61 ± 1.10 3.01 ± 0.96 4.02 ± 0.68 0.085 
VO2gross (ml.kg-1.min-1) 12.15 ± 4.95 8.53 ± 1.15 9.46 ± 1.12 0.062 
VO2net (ml.kg-1.min-1) 8.54 ± 3.89 5.52 ± 0.69 5.43 ± 1.00 0.050 
O2pulse rest (ml/beat) 3.28 ± 0.97 3.18 ± 1.2 4.08 ± 0.94 0.195 
O2pulse sub (ml/beat) 8.27 ± 3.23 6.89 ± 1.46 8.61 ± 1.18 0.123 
VO2net reserve (%) 41.07 ± 12.67 36.56 ± 9.79 21.81 ± 9.38 0.005 
RERsub 0.83 ± 0.04 0.83 ± 0.05 0.85 ± 0.04 0.669 
HRrest 72.33 ± 13.24 65.26 ± 13.10 74.07 ± 17.63 0.568 
HRsub 96.16 ± 11.35 84.83 ± 12.73 80.69 ± 13.91 0.080 
VEsub (L.min-1) 21.34 ± 4.87 15.97 ± 2.67 19.73 ± 3.09 0.047 
VEsubm

2(L.min-1.m2) 13.30 ± 3.54 9.98 ± 1.60 10.83 ± 2.14 0.060 
VO2rest FFM (ml.kg FFM

-1.min-1) 4.44 ± 1.29 4.25 ± 1.30 - 0.631 
VO2gross FFM   (ml.kg FFM

-1.min-1) 14.91 ± 5.74 12.15 ± 1.86 - 0.150 
VO2net FFM  (ml.kg FFM

-1.min-1) 10.47 ± 4.50 7.90 ± 1.48 - 0.200 
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APPENDIX II  
 
BLAND & ALTMAN PLOTS SENSEWEAR ARMBAND ENERGY 
EXPENDITURE ESTIMATES CROSSVALIDATION: DOWN SYNDROME 
GROUP 
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Bland & Altman DS group 
 
 
 

 
Figure 1 – Bland-Altman bias plot between SenseWear 
Armband estimate and indirect calorimetry measurement 
for average resting metabolic rate at pre-training period. 
The middle horizontal line represents the mean difference 
between the methods; 95% CI = -3.49 to 0.01. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Correlation Coefficient = 0.352 (p > 0.05) 
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Figure 2 – Bland-Altman bias plot between SenseWear 
Armband estimate and indirect calorimetry measurement 
for average submaximal metabolic rate at pre-training 
period. The middle horizontal line represents the mean 
difference between the methods; 95% CI = -3.66 to -0.99. 

Correlation Coefficient = 0.099 (p > 0.05) 
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Figure 3 – Bland-Altman bias plot between SenseWear 
Armband estimate and indirect calorimetry measurement 
for total resting energy expenditure at pre-training period. 
The middle horizontal line represents the mean difference 
between the methods; 95% CI =   -0.79 to 0.75. 

Correlation Coefficient = 0.466 (p > 0.05)   
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Figure 4 – Bland-Altman bias plot between SenseWear 
Armband estimate and indirect calorimetry 
measurement for total submaximal energy expenditure 
at pre-training period. The middle horizontal line 
represents the mean difference between the methods; 
95% CI = -23.47 to -8.97. 

Correlation Coefficient = 0.293 (p > 0.05) 
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Figure 5 – Bland-Altman bias plot between 
SenseWear Armband estimate and indirect 
calorimetry measurement for total energy expenditure 
(resting and submaximal) at pre-training period. The 
middle horizontal line represents the mean difference 
between the methods; 95% CI = -56.61 to -28.16. 

 
 
 

Correlation Coefficient = 0.339 (p > 0.05)  
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APPENDIX III  
 
BLAND & ALTMAN PLOTS SENSEWEAR ARMBAND ENERGY 
EXPENDITURE ESTIMATES CROSSVALIDATION: CONTROL GROUP 
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Bland & Altman CG 
 
 

 
Figure 1 – Bland-Altman bias plot between SenseWear 
Armband estimate and indirect calorimetry 
measurement for average resting metabolic rate at pre-
training period. The middle horizontal line represents 
the mean difference between the methods; 95% CI =     
-0.01 to 0.28. 

Correlation Coefficient = 0.459 (p > 0.05) 
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Figure 2 – Bland-Altman bias plot between SenseWear 
Armband estimate and indirect calorimetry 
measurement for average submaximal metabolic rate at 
pre-training period. The middle horizontal line 
represents the mean difference between the methods; 
95% CI = -2.14 to -0.68. 

Correlation Coefficient = 0.248 (p > 0.05) 
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Figure 3 – Bland-Altman bias plot between 
SenseWear Armband estimate and indirect 
calorimetry measurement for total resting energy 
expenditure at pre-training period. The middle 
horizontal line represents the mean difference 
between the methods; 95% CI = -0.02 to 0.85. 

Correlation Coefficient = 0.456 (p > 0.05) 
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Figure 4 – Bland-Altman bias plot between 
SenseWear Armband estimate and indirect 
calorimetry measurement for total submaximal 
energy expenditure at pre-training period. The middle 
horizontal line represents the mean difference 
between the methods; 95% CI = -17.18 to -5.45. 

Correlation Coefficient = 0.247 (p > 0.05) 
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Figure 5 – Bland-Altman bias plot between 
SenseWear Armband estimate and indirect 
calorimetry measurement for total energy expenditure 
(resting and submaximal) at pre-training period. The 
middle horizontal line represents the mean difference 
between the methods, 95% CI = -13.90 to 14.30. 

 
 

Correlation Coefficient = 0.293 (p > 0.05) 
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APPENDIX IV 
 
INFORMED CONSENT AND PARENTAL PERMISSION 
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Termo de Consentimento Informado 
para Testes de Avaliação da Condição Física 

1. Objectivos 
Os testes de controlo fisiológico do treino realizados no L.O.R.D. têm como objectivo fornecer 

informação útil aos atletas e seus treinadores que contribua para a optimização do rendimento 
desportivo. O recurso a meios laboratoriais especializados e a técnicas e protocolos adaptados às 
diferentes modalidades desportivas visa a obtenção de dados que possam ser utilizados pelos treinadores 
na programação, controlo e monitorização do processo de treino. 

 

2. Pressupostos e Limitação de responsabilidade 
Os testes a realizar não têm qualquer intuito de diagnóstico clínico nem de despiste de lesões ou 

patologias que possam ser consideradas de ordem médica. Não visam suportar a prescrição terapêutica 
nem a reabilitação especificamente clínica.  

Pressupõe-se sempre que os sujeitos foram previamente considerados aptos, sem restrições, para a 
prática de actividade desportiva. Como tal, os testes só poderão ser realizados por atletas que já tenham 
feito o exame médico-desportivo e a quem tenha sido passado, nos termos legais, o atestado de aptidão 
física para a prática desportiva. 

O laboratório dispõe de equipamento para situações de emergência e os seus técnicos têm 
formação específica em suporte básico de vida.  

Com base nestes pressupostos, apesar de os testes envolverem actividade física intensa, o risco de 
lesões ou acidentes é considerado baixo.  

O laboratório e os seus técnicos declinam qualquer responsabilidade por lesões ou acidentes que 
possam ocorrer, bem como pelos seus efeitos ou consequências, cuja causa não seja atribuível a 
manifestos erros ou omissões de ordem técnica na aplicação dos testes. A assinatura deste termo de 
consentimento implica a aceitação expressa desta limitação de responsabilidade. 

 

3. Testes a realizar 
Os procedimentos de avaliação laboratorial podem incluir: 

- Testes de esforço, realizados em tapete rolante, bicicleta ergométrica ou outro ergómetro específico, 
com intensidades crescentes que poderão atingir a intensidade máxima tolerada pelo sujeito; são 
monitorizados diversos parâmetros mecânicos, metabólicos e cardiorrespiratórios; 
- Análise do lactato sanguíneo, realizada através de punção capilar no lóbulo da orelha ou polpa do 
dedo, com colheita de uma pequena amostra de sangue capilar; 
- Testes de força máxima e potência muscular, realizados com diferentes tipos de dinamómetros. 
 

4. Interrupção dos Testes 
Os testes poderão ser interrompidos devido a fadiga, desconforto ou razões de ordem técnica. 

Poderão igualmente ser interrompidos, em qualquer momento, por mera decisão do atleta ou do seu 
treinador. 

 

5. Dúvidas 
Os atletas e seus treinadores deverão sempre pedir toda e qualquer informação que considerem 

necessária. Qualquer dúvida deverá ser cabalmente esclarecida, de imediato, pelos técnicos do 
laboratório. 

 
Declaro que li este termo de consentimento e que autorizo a realização dos testes. Poderei sempre, em 
qualquer momento (antes ou durante a realização dos testes), retirar esta autorização. Autorizo também 
que, salvaguardando o meu anonimato, os resultados dos testes possam ser utilizados pela Faculdade de 
Motricidade Humana para trabalhos de investigação ou divulgação de carácter científico e/ou 
pedagógico. 
Os resultados dos testes apenas deverão ser fornecidos:                    ٱ A mim 
 Ao meu treinador ٱ       
Nome completo:______________________________________________________________________  
Idade: ________ 
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Responsável pelo poder paternal: 
________________________________________________________________________ 

(apenas para menores de idade) 
 

Cruz Quebrada, _________________ 
                        (data) 

 
__________________________________________ 

(assinatura) 
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APPENDIX V 
 
BIOIMPEDANCE SPECTROSCOPY ANALYSIS 
 



147 

FACULDADE DE MOTRICIDADE HUMANA 

 
 
 
 

Avaliação da Composição Corporal 
 

Nome  
Peso (kg)  Altura (cm)  

 
 
BF 300 (%MG)  BF 300 (kg MG)  
 
 

BIOIMPEDÂNCIA ESPECTRAL 
Resistência – 50 khz  
Reactância – 50 khz (Ω)  
Impedância medida – 50 khz (Ω)  
Phase – 50 khz (º)  
Impedância calc. – 50 khz (Ω) / Phase (º)  
Resistência extracelular – recf (Ω)  
Resistência intracelular – ricf (Ω)  
Volume de Água Extracelular Predito (L)  
Volume de Água Corporal Total (L)  
Volume de Água Intracelular Predito (L)  
Massa Isenta de Gordura (kg)  
Massa Gorda (kg)  
Massa Gorda (%)  
 
 
 
 

U n i v e r s i d a de  Té c n i c a  d e  L i s bo a  

Código:
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APPENDIX VI 
 
BASELINE ASSESSMENT 
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FICHA DE AVALIAÇÃO 
 
Data: ____/____/____ 
Nome: ____________________________________________________ 
Data de Nascimento: ____/____/____ 
Idade: _________ 
 
 
FC Repouso: ________ bpm       PA repouso: _________ mmHg 
 
FCmáx predita: 189 – (0,5 x Idade) ____________ bpm 
FC 40%: ________ 
FC 60%: ________ 
FC 75%: ________ 
 

AVALIAÇÃO DE ESFORÇO (ROCKPORT) 
 
FC Inicial: ________ bpm 
FC Final: _________ bpm 
Tempo de prova: _________ min 
 

AVALIAÇÃO DA COMPOSIÇÃO CORPORAL 
 
Peso: _______ kg 
Altura: ___ m:_____ cm 
IMC: ________ kg/m

2
 

Circunf. Cintura: _______ cm 
Circunf. Antebraço: _______ cm 
% MG: __________ 
 
(% MG = 13.545 + 0.487 x (CC, cm) – 0.52 x (CA, cm) – 0.155 x (h, cm) + 
0.77 x (peso, kg)) 
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APPENDIX VII 
 
DYNAMIC MUSCLE STRENGTH AND 1-RM CHART 
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NOME: ....................................................................... 
 

Especificações ...../...../..... ...../...../..... ...../...../..... 

Nº Máquina Rep Kg FC PSE FC PSE FC PSE 
1 Vertical T. 2x12        

2 Shoulder P. 2x12        

3 Leg Press 2x12        

4 Leg Ext. 2x12        

5 Chest P. 2x12        

6 T. Press 2x12        

7 Low Back 2x12        

8 Abdominais 2x15        

          

 
 
 
 
 
 
 

Especificações ...../...../..... 

Nº Máquina 1 RM - kg 60% - kg 
1 Vertical T.   

2 Shoulder P   

3 Leg Press   

4 Leg Ext.   

5 Chest P   

6 T. Press   

7 Low Back   

8 Abdominais   

    

Obs. 

 
 

Obs.  ........................................... 
................................................... 
................................................... 
................................................... 


