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TITLE: Validity and Reliability of Cardiorespiratory Tests for People with Disabilities:
A Systematic Review

ABSTRACT

Background Physical fitness, and especially cardiorespiratory fitness, are very important
indicators of health in the general population, and even more so in people with disabilities.
In order to measure cardiorespiratory fitness correctly, it is necessary to use valid and
reliable tests, and to do so, these psychometric properties must be measured beforehand.

Objective The aim of this systematic review is to know which cardiopulmonary tests
have been evaluated for psychometric properties in people with disabilities and which of
these tests are reliable and valid for this population.

Methods PubMed, Scopus, SPORTDiscus and Web of Science databases were searched
on 30 November 2020. After screening 563 studies, 35 articles met the inclusion criteria:
a) participants had any physical, intellectual or sensory disability; b) the test under study
measured cardiorespiratory fitness; c) the article provided information on reliability or
validity of the test; and d) studies must be original articles. The quality of the studies was
assessed according to the COSMIN checklist and this was taken into account when
establishing the evidence for each test.

Results Data from a total of 1126 people (370 females and 756 males) have been included
in this review, analysing 29 different tests. 23 studies had people with intellectual
disabilities as a population, 10 had people with physical disabilities and there were only
2 articles with people with visual disabilities.

Conclusion In people with intellectual disabilities (including those with Down's
Syndrome) the six-minute walking test and the shuttle run tests (16 and 20 metre versions)
appear to be the tests with the best reliability and validity and the Gold Standard is
considered to be an incremental treadmill test. In people with physical disabilities no clear
conclusions could be drawn, as the literature seems to be scattered. The incremental
wheelchair test has been proposed as a possible Gold Standard versus the arm crank
ergometer test for wheelchair-dependent people or wheelchair sports players. In visually
impaired people there are very few studies and more research is needed.

KEYPOINTS:

e For people with intellectual disabilities the six-minute walking test seems to be
the most valid, although depending on the situation the 20-metre shuttle run test
or the 16-metre shuttle run test may also be appropriate.

e In people with physical disabilities more research is needed, but it has been
questioned which is the Gold Standard for wheelchair dependent people, with the
balance seeming to tip in favour of an incremental test on a wheelchair ergometer
versus one performed on an arm crank ergometer.

e Very little research has been done on people with visual impairment and more
research is needed.



1 INTRODUCTION

Physical fitness is widely recognised as an indicator of health in both young people [1,2]
and adults [3]. One of its most important components is cardiorespiratory fitness, which
independently is a major morbidity and mortality predictor in general population [1]. Due
to different factors as impairments, activity limitations, or participation restrictions people
with disabilities are more likely to be physically inactive [4,5], had poorer
cardiorespiratory fitness and they tend to develop more chronic diseases and
comorbidities [4-9].

Cardiorespiratory fitness is measured commonly during a laboratory graded maximal
exercise test resulting in maximal oxygen consumption (VO2max) [10], which indicates
how much oxygen is the body able to absorb, transport and utilise, but it can be estimated
with field tests too [11]. Testing this capacity is important to identify individuals who
could benefit from a prevention programme [12] or even for sporting purposes [13-15].
Whatever the objective of the exercise programme, testing is necessary to correctly
prescribe, monitor and evaluate it [16,17]. But when it comes to testing, it is not enough
to use just any test. The quality of the information obtained will depend on the
psychometric properties of the test used, especially reliability and validity, which should
be measured beforehand [18].

When assessing the reliability of a test, it must be considered that it has two components:
the relative reliability and the absolute reliability [19] (sometimes also called test-retest
reliability and measurement error, respectively). The former refers to the extent to which
individuals maintain their position in a sample after repeated measurements, while the
latter refers to the degree that repeated measurements of individuals vary [19]. The most
common statistic used for assess relative reliability is the intraclass correlation coefficient
(ICC) or, alternatively, another correlation coefficient. To assess absolute reliability, the
standard error of measurement (SEM), the coefficient of variation (CV) or Bland and
Altman’s 95% limits of agreement (LoA) can be used [19]. Validity describes the degree
to which the test reflects what it is intended to measure [20]. This property can be assessed
by correlating the test with a Gold Standard (criterion validity, which in turn can be
concurrent or predictive), by analysing the correlation between the test results and other
measures of the same construct (construct validity, which in turn can be convergent,
discriminative or by factor analysis), by contrasting the opinion of experts in the field
(content validity) or by using subjective factors (face validity) [20].

Given that cardiopulmonary fitness is, as already mentioned, a very important quality, it
is quite possible that the properties of most of the tests used in the literature have already
been assessed in the general population. However, in this case, since a very specific
population such as people with disabilities is involved, it is necessary to evaluate these
tests with a representative sample of that population [21]. It should be noted that for
practical reasons, although the authors are aware that disability is multifactorial and not
only limited to impairment [5], in this article the word “disability” refers to physical,
intellectual and sensory impairments, and so they have been classified as such throughout
the document according to the literature.

In the literature, only a few systematic reviews have been conducted on a similar topic,
but with different populations or tests than this one [21-23] and only one assessed the
quality of the studies [21]. Therefore, as no comparable systematic review exist, the main
aim of this review is to know which cardiopulmonary tests have been evaluated for
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psychometric properties in people with disabilities and which of these tests are reliable
and valid for this population.

2 METHODS
2.1 Literature search

A literature search was conducted on November 30, 2020. Research articles were
gathered using PubMed, Scopus, SPORTDiscus and Web of Science database platforms,
which represent databases from multiple disciplines related to health and physical
activity. No date or language limit was set. The search syntax included the following
keywords with relevant Boolean operators inserted: (disability OR disabilities OR
disabled) AND cardio* AND test AND (reliability OR validity OR reliability validity).

2.2 Study selection

To be included in this systematic review, studies needed to meet the following criteria: a)
participants had any physical, intellectual or sensory disability; b) the test under study
measured cardiorespiratory fitness; c) the article provided information on reliability or
validity of the test; d) studies must be original articles; and e) full-text article published
before December 2020.

The results from the searches were merged, and duplicate records of the same report were
removed. Studies were initially screened by the first author on the basis of title and
abstract. Relevant abstracts were then selected for a full consideration of the article. Full
articles were read in order to ensure the compliance of the inclusion requirements (Figure
1). In case of any concern, the second author was consulted and a consensus was reached.

** Insert Figure 1 approximately here**
2.3 Data extraction

The first author critically analysed the selected articles and extracted the data of
participants (number, sex, age, disability and its characteristics), test studied and
statistical analysis on reliability and validity. As in the study selection, if there was any
doubt, the second author helped to solve it

2.4 Quality assessment

Articles’ methodological quality was evaluated with the Consensus-based Standards for
the selection of health Measurement Instruments (COSMIN) checklist [24]. It consists of
10 boxes that evaluate different measurement properties as “inadequate”, “doubtful”,
“adequate” and “very good”. For this review boxes 6 (relative reliability), 7 (absolute
reliability), 8 (criterion validity) and 9 (convergent validity) were rated if applicable. The
overall score for each box is determined by the lowest score obtained on any of its items.

2.5 Result analysis and evidence level

For the interpretation of the statistical analysis, ICC values were considered to represent
reliability as high (>0.90), good (0.80-0.89), fair (0.70-0.79) or low (< 0.69) [25] and
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correlation coefficients, if significant, represented criterion validity as almost perfect (>
0.9), very high (0.70-0.89), high (0.5-0.69), moderate (0.3-0.49), small (0.1-0.29), very
small (< 0.1) [26]. Only studies with “doubtful” or better methodological quality were
used for the evidence level analysis. Evidence was considered “strong” if there was one
study with “very good” quality or multiple studies with “adequate” quality with similar
results; “moderate” if there was one study with “adequate” quality or multiple studies
with “doubtful” quality with similar results; and limited if there was only one study with
“doubtful” quality [21].

3 RESULTS
3.1 Selected studies

All the selection process is presented in figure 1. The bibliographic search resulted in 707
articles, which after removing duplicates remained at 563 for further analysis. At the end,
35 studies met the inclusion criteria. These papers included a total of 29 different
cardiopulmonary tests whose validity (7 cases), reliability (27 cases) or both (21 cases)
was reported. 17 of them were field tests and 12 were laboratory tests. All the information
on the articles included can be found in table 1.

** Insert Table 1 approximately here**
3.2 Characteristics of the participants

In the studies sample sizes varied from 4 [27] to 153 [28] and participants’ age from 2
years to 80 years old. Most of the studies were carried out with adult people, only one
study included people over 65 years of age [29] and nine studies included people under
18 years of age [30-38]. The total number of participants was 1126 (370 females and 756
males).

3.3 Quality assessment and evidence level

Table 2 presents the level of evidence for the validity and reliability of each test based on
the results of the best quality articles. Taking into account all the articles and tests,
reliability and validity were measured 48 and 29 times respectively. The quality of
reliability reports was evaluated as “inadequate” in 23 cases, “doubtful” in 20 cases and
“adequate” in 5 cases. The quality of validity reports was “inadequate” in 5 cases,
“doubtful” in 16 cases and “adequate” in 7 cases. There was not any “very good” report.

** Insert Table 2 approximately here**
3.4 Intellectual disabilities

23 of the included studies had as participants people with intellectual disabilities, 984 in
total (352 females and 632 males). 8 papers had children or adolescents in the sample
[30-35,37,38] and the rest were composed entirely of adults aged 18-65. Only the
population of 2 articles was involved in sport [39,40], in the rest of the studies they were
sedentary or the level of physical activity was not specified. In most cases their level of
intellectual disability was mild or moderate, but in four articles they also included people
with severe [30,37,41] or even profound [42] intellectual disabilities. In almost all the
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studies the participants had different intellectual disabilities, but the population of five
articles consisted exclusively of people with Down syndrome [30,43-46][23,30,44—46].
Except in the study of Yoon et al. [38], where 37% of the population had autism, in the
rest of papers the total population was composed of people with intellectual disabilities.

17 different tests (11 field tests and 6 laboratory tests) psychometric properties were
studied in this population: the 6-minute walking test (6MWT), 3 shuttle run tests, 2 fixed
distance walks, a step test, the Cooper test, 3 fixed distance runs, 4 treadmill tests and 2
submaximal bicycle ergometer tests. The most studied test was the 6-minute walking test
which appeared in 11 articles, 12 counting the paper of Ayan-Pérez et al. [43] where they
let participants run during the test. In 7 investigations participants performed the test alone
[28,30,32,41-43,46], 4 studies used a pacer to assist participants [37,39,44,45] and
Temple et al. [40] compared both of them.

In terms of measurement properties, 38 reliability assessments and 20 validity
assessments were carried out in people with intellectual disabilities. 13 of them were rated
as “inadequate”, 20 as “doubtful” and 5 as “adequate” for the first property, and for the
second property, 2 were rated as “inadequate”, 11 as “doubtful” and 7 as “adequate”.

3.5 Physical disabilities

10 of the included papers studied people with physical disabilities, 127 in total (11
females and 116 males). The sample of 1 paper consisted of children [36] and the rest had
adults as population, of which only 2 had people over 45 [29,47]. In half of the articles
the population was involved in sports [13,16,27,47,48]. The disabilities of the study
populations were varied: 4 had cerebral palsy [27,36,49,50], 2 had lower limb
amputations [17,29], 1 had spinal cord injuries [47] and the other 3 include people
participating in different wheelchair sports (which may include any of aforementioned
disabilities): basketball [16], tennis [13] and rugby [48].

12 different tests (6 field tests and 6 laboratory tests) measurement properties were studied
in this population: 2 cadence based submaximal wheelchair tests, a shuttle wheelchair
test, an intermittent wheelchair test, the 6-minute walking test, a shuttle run test, 3
wheelchair ergometer tests, a bicycle ergometer test, an arm ergometer test and an arm-
leg ergometer test. 9 of them were aimed at wheelchair-dependent people, 2 for people
who could ambulate independently and 1 for those who could make use of a bicycle
ergometer.

In regard to the psychometric properties, 10 reliability assessments and 6 validity
assessments were carried out in people with intellectual disabilities. The 10 times
reliability was measured it was rated as “inadequate” and validity was evaluated as
“inadequate” 2 times and as “doubtful” 4 times.

3.6 Visual disabilities

Only the population of two articles had sensory disabilities, and in both cases, these were
visual disabilities. The population of both studies consisted of young adults. In the study
of Gulick & Malone [14] the participants were 7 female goalball players and in Silva et
al. [15] article they were 8 B1 level football 5-a-side players. The two tests they evaluated
were a goalball specific shuttle run test and the 20-metre shuttle run test, respectively. In
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both articles they assessed the validity of the tests. The methodology of the first was rated
as "doubtful™ and while the second was "inadequate”.

4 DISCUSSION

The reliability and validity of cardiopulmonary tests have been extensively evaluated,
mostly in the non-disabled population [51-54], but not as many systematic reviews have
been done in people with disabilities [21-23,55]. Therefore, the aim of the study was to
know which cardiopulmonary tests have been evaluated for psychometric properties in
people with disabilities and which of these tests are reliable and valid for this population.

Looking at the results of this review, it is clear that the validity and reliability of
cardiopulmonary tests has been most investigated in intellectual disabilities [21-23],
followed by physical disabilities [55] and finally, with very little research, sensory
disabilities [14,15]. Therefore, the existing evidence and the conclusions of this review
are in line with this. It is interesting to see the differences between the populations of each
type of disability: the proportion of sporty people in the studies is much higher in physical
and visual disabilities compared to intellectual disabilities and, roughly, the first two
populations are constituted by young adults while in the latter one, children to adults can
be found. Therefore, this should be taken into account when interpreting the results and
generalising. Moreover, it may be representative of the difference in physical activity
habits between these populations and may also give an idea of the different targets of the
research.

Regarding psychometric properties, it seems logical that reliability has been investigated
more than validity (36 cases vs 28 cases), as it is easier to do the same test twice than to
have the possibility to apply the gold standard in each case. This is consistent with
previous reviews with similar characteristics [23]. A contribution of this review is that
the quality of the included studies has been assessed and this is taken into account when
interpreting the results. As in the study by Wouters et al. [21] it can be appreciated that
most of the studies have very low ratings. This is because one of the items considered by
the COSMIN checklist is the sample size and, due to the design of these studies and the
target population, it may be difficult to recruit many people. If this item was not taken
into account, the total validity and reliability assessments would change from 28
“inadequate”, 36 “doubtful” and 12 “adequate” to 3 “inadequate”, 17 “doubtful”, 54
“adequate” and 2 “very good”.

4.1 Intellectual disabilities

As mentioned in the results, for people with intellectual disabilities the 6MWT is the most
studied test and the one for which there is the most evidence in its favour, followed by
the shuttle run test, in its 20-metre and 16-metre versions. This differs from other reviews
where they did not find as many studies on the 6MWT and could not draw firm
conclusions [21-23], which shows its popularity rise in recent years. Wouters et al. [21]
concluded that fixed-distance tests seemed to be the most suitable field tests for children
and adolescents with intellectual disabilities, but it has to be said that he assessed different
distances as equal (300 yrs - 1mile). In the review by Ayan-Pérez et al. [23] the half-mile
run/walk test was found to be the most valid for people with Down's syndrome but with
limitations. Only 7 studies with aerobic endurance tests were included in that review. In

11



agreement with this review Oppewal et al. [22] found that shuttle rung tests, among
others, appear to be valid in people with intellectual disabilities. It should be noted that
in the reviews by Ayan-Perez et al. [23] and Oppewal et al. [22] the quality of the included
studies was not assessed.

The 6MWT has many advantages: it is easy to understand [28], which is very important
in this population; it does not require any special equipment (a wide corridor, two cones
and a stopwatch are enough) [39], so it has a very low economic cost; it is submaximal,
so it is safe even for people who may suffer from health issues [39], which is very frequent
in this population [28], and very suitable for people with low cardiopulmonary fitness
[28]; and as it involves walking, it does not require any special technique and could be
considered specific for all ambulant people, especially elderly people and intellectual
disability [41].

On the other hand, one study mentioned that in shuttle run tests it can be difficult for
people with Down Sindrome to keep the right paces, because they disoriented when
turning around [43]; they require more time and space [28]; an audio pacing device is
needed; and being maximal, may be harder and not very suitable for people with reduced
cardiorespiratory capacity [28]. Even so, they may have even better validity and reliability
values than the 6MWT (table 2) for measuring aerobic endurance and for someone whose
usual activity is running may be very suitable. In addition, there is the possibility of using
the 16-metre version, instead of the original 20-metre version, for those with lower
cardiopulmonary capacity so that the duration of the test is adequate and the fatigue is
aerobic [33,34,44,45].

Some studies have shown that 6MWT performance may be related to level of disability
[30,41,42], walking economy [41] or lower limb strength [32]. The lower the disability,
the better the economy and the higher the lower limb strength, the better the performance
[30,32,41,42]. However, there are also studies in which no relationship has been found
between 6MWT performance and leg strength [39]. This is probably due to the fact that
in less fit people the limiting factor is the ability to use oxygen in the muscles to produce
energy and not the central factors. Vis et al. [42] also found that the 6MWT is not suitable
for detecting heart diseases. In this population there also appear to be differences between
the sexes with men covering longer distances than women [28], but as most of the samples
are mixed, the test can be considered valid for both sexes.

Seeing that some studies included in this review tested with pacer and others did not, the
research by Temple et al. [40] is interesting. They compared doing the test with or without
pacer and concluded that the two methods were similar, although it should be noted that
they did not specify the level of disability of the participants, only mentioning that they
participated in the Special Olympics and had low support needs. Moreover, it has been
suggested that, although the test has a good reliability from the outset, there may be a
learning effect, as reliability improves with further attempts [30,41]. Guerra-Balic et al.
[41] recommend one full attempt for people with intellectual disabilities, Solway et al.
[56] consider two attempts appropriate for people with Down's Syndrome, and Temple et
al. [40] considered it sufficient for Special Olympics participants to see someone perform
the full test once and do a few laps of the course.

Apart from this, it seems to be clear that people with Down's Syndrome have a lower
cardiorespiratory fitness level and that they should therefore be treated as a separate
population when it comes to studying them [43,45]. In their case, the best tests also seem
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to be the 6MWT and the SRT but in its 16 metre version [43-45]. Boer & Moss [44]
recommended testing them one by one with a researcher running alongside and
encouraging them continuously and in a standardised way. In general, the literature seems
to agree in considering a maximal progressive treadmill test as the gold standard for
measuring the maximal oxygen consumption in people with intellectual disabilities [45],
given that in all the articles where the criterion validity was assessed, this type of test is
used except in one in which a cycloergometer was used [32].

4.2 Physical disabilities

First of all, it should be underlined that, as mentioned above, most of the participants are
young adults, and furthermore, 91% of the participants are male, which should be taken
into account when making interpretations. Considering the articles on physical disabilities
included in this review, it seems that the literature is not going in the same direction, since
in 10 articles 12 different tests have been evaluated. As mentioned in the results, 3 tests
for people with cerebral palsy who can walk or ride a bicycle can be differentiated from
the rest of the tests that are prepared for wheelchair-dependent people or people who
practice wheelchair sports, but the quality of all three studies was considered "inadequate”
because of their small sample sizes. The result of the 6MWT seems to have a high
correlation with walking ability [50], which is in line with what was mentioned in the
section on intellectual disabilities, but in the study it was not related to cardiorespiratory
fitness comparing it to a gold standard, only to the oxygen consumed during the same
test. The shuttle run test does not seem to have a very good absolute reliability [36] and
the reliability of the cycloergometer test with only 4 participants did not have a significant
correlation between the test and the retest [27].

There is little evidence as all the samples were very small, only for 4 of these tests there
is limited evidence (table 2), where the maximal wheelchair ergometer test based on
increasing resistance [47] seems to be the most valid, so no solid conclusions can be
drawn. Although there seems to be a consensus in the included studies to consider the
maximum incremental test on arm crank ergometer as the gold standard for wheelchair
dependent people, the study of Morgan et al. [47] questions it for its lack of specificity
and mentions that using the wheelchair ergometer based on increasing resistance in their
study might be more appropriate, for its greater efficiency and maximal pulmonary
ventilation at peak workloads. This is in line with other reviews on the subject which also
consider the use of a wheelchair ergometer to be more appropriate, because there may be
a difference in the measurement of maximal oxygen consumption, given that less muscle
mass is involved in an arm crank ergometer [55,57]. In support of this Bhambhani et al.
[27] also concluded that subjects should be tested on their primary mode of ambulation.
Morgan et al. [47] acknowledges that it would be better if the cycloergometer used a
functional output of participants’ work rather than using power as an input.

Of the remaining tests, only the arm crank ergometer test used in the article by
Christensen et al. [17] seems to have positive results showing a very high reliability. In
that article it is mentioned that the appropriate time for these tests is 5-9 minutes as
opposed to the 8-12 minutes recommended for tests using the lower limbs, because of the
risk of peripheral fatigue due to the lower muscle mass used. It also notes that there may
be a learning effect and therefore strongly recommends prior familiarisation. The
intermittent wheelchair test used in Kelly et al. [48] appears to have high relative
reliability, but the absolute reliability is poor. In the shuttle wheelchair test it seems that
the limiting factor is not aerobic fitness, but the ability to make changes of direction [13],
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so modifications could be made to adjust this. For the rest of the tests, no arguments are
given to justify why they perform poorly.

4.3 Visual disabilities

Regarding visual impairment, as already mentioned, there is little evidence. It seems that
the beep test may be valid [14], but it contains very specific goalball actions, so in
principle it would not be generalisable. Moreover, as it only includes 7 females, the
conclusions that can be drawn are very limited. In the case of the 20MSRT, in addition to
including only 8 males, very low validity results were obtained [15]. Furthermore, the
methodology used was inadequate, as they used the ICC to compare two different tests
instead of a correlation. Therefore, more research is needed in this area.

5 CONCLUSIONS

This review provides an overview of the validity and reliability of different tests for
people with disabilities. In people with intellectual disabilities there is strong evidence in
favour of the 6MWT in particular, but in certain cases shuttle run tests (20m or 16m) are
also suitable, as they are reliable and valid. The gold standard in this population seems to
be clearly an incremental treadmill test, although different protocols are used. In people
with physical disabilities more research is needed, as very different tests are used and it
is not even clear what the gold standard is for wheelchair-dependent people. It seems that
a maximal test performed on a wheelchair ergometer may be more appropriate than one
performed on a crank ergometer. In the case of visually impaired people, very little
research exists and more research is needed.

6 LIMITATIONS

Due to the search strategy, there may be studies that have been left out of this review. The

9% ¢

use of words such as “wheelchair”, “spinal cord injury”, “cerebral palsy”, “endurance” or
“aerobic capacity” would probably have resulted in more studies meeting the inclusion
criteria.
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9 TABLES

Table 1 Characteristics and results of included articles

Test Study Disability / sport Participants Age Reliability (Relative & absolute) Quality Validity (Criterion) Quality
Intellectual disabilities
6MWT Alcantara- Mild/moderate 1D 153M (18-65) ICC=0,82 (0,76 - 0,87) 2
Cordero et al., SEM = 41,04 m
2020 [28]
Alcantara- Mild/moderate ID 71F (18-65) ICC=0,73 (0,60 - 0,82) 2
Cordero et al., SEM =38,21 m
2020 [28]
Cabeza-Ruiz DS Mild/moderate ID  26M 11F 37,57 (21- 1CC=0,77 (0,595 - 0,874) 3
etal., 2019 58) SEM = 42,26 mMixed factorial ANOVA no
[46] differences
Casey et al., DS Mild (20)/ 27M 38F (11-26) 4 trials (T1, T2, T3, T4) 2
2012 [30] moderate (24)/ severe T test only no differences between T3-T4
(11) 1D 2 way ANOVA differences between the 3
levels of ID
ICC=0,84-0,97 (range)
SEM = 12-28 m (range)
Elmahgoub et  Mild/moderate ID + 15M 24F Rel-16,8 T test no differences 3  r=0,31(abs), 0,69 (rel) (BE VOzpeax) 2
al., 2012 [32]  overweight /obese (Rel) Val-16,9 ICC =0,82 (0,68 - 0,90)
22M 39F (14-22) SEM =29,8m
(Val) LoA =-88,2/77,9 m
Guerra-Balic Mild (15) /moderate 26M 20F 41+11 3trials (T1, T2, T3) 3 r=0,65(TM VOgpeax) 2
etal., 2015 (18) /severe (13) ID T test differences between T1 and T2/T3 and
[41] differences only between mild and severe

level of ID.

Repeated measures ANOVA no differences in
any trial in any ID level

ICC =0,95 (0,88-0,98) - 0,96 (0,93 -0,98)
(range)

SEM =19,9 - 26,6 m (range)

LoA =-64,7/51,9 m
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6MWT pacer

6MWT pacer/

no pacer

6MWT can

run

20MSRT

Vis et al.,
2009 [42]

Boer & Moss,
2016 [44]

Boer & Moss,
2016 [45]

Nasuti et al.,
2013 [39]
Wouters et al.,
2017 [37]

Wouters et al.,
2017 [37]

Temple et al.,
2019 [40]

Ayan-Perez et
al., 2017 [43]
Beets et al.,
2005 [31]
Beets et al.,
2005 [31]
Fernhall et al.,
1998 [33]

Gillespie,
2009 [34]

Mild-profound 1D,
cardiac restriction
(29), Eisenmenger
syndrome (Rel)
DS

DS

ID <32% (SIS)
Special Olympics
Moderate/severe 1D

Moderate/severe ID

ID Low support
needs Special
Olympics

DS Mild ID

Mild ID (3DS, sex
not specified)
Mild ID (3DS, sex
not specified)
Mild/moderate ID

Mild 1D

7™M 7F (Rel)
53M 28F
(val)

24M 19F

24M 19F

7™ 6F

25M 12F (30
at the end -
81%)

25M 12F (30
at the end -
81%)

12M 6F

24M 27F
31M
11F

22M 12F

15M 15F

32 (19-44)

33,6+8,6
(19-50)

33,686
(19-50)

304+76
(18-44)
(2-17)

(2-17)

36,6 +
10,1 (19-
58)
26,2+7,14
(19-47)
15,0+ 3,36

15,5+ 3,88
14,3+2,34
(10-17)

8+0,63
(6,7-9,1)

T test no differences
LoA =-77/62 m
CV =11%

ICC =0,93 (0,88 - 0,96)
SEM=21,24m

T test no differences
LoA = -55/65 m

ICC=0,98

2-4 weeks difference
ICC=0,78 (0,6-0,8)

SEM =33 m

LOA = -95/88 m

1h difference

ICC =0,95 (0,88-0,98)
SEM =16 m

LoA = -49/48m

ICC = 0,90 (with pacer)
ICC = 0,93 (without pacer)

ICC=0,97 (0,95 -0,98)

LoA =-96,13/81,79m

ICC =0,90 (0,80 - 0,95)

T test no differences

ICC =0,91 (0,69 - 0,97)

T test no differences

Repeated measures ANOVA no differences
ICC=0,97

ICC=0,53

No valid for examine cardiac restriction in
people with DS.

r= 0,78 (TM VOZpeak)
T test no differences

r= 0,84 (TM VOZpeak)
R2=0,67

Convergent validity (Between them)
r = 0,65-0,65-0,81-0,87

ANOVA no differences

Convergent validity (L6MSRT)
Correlations varied r = 0,65 - 0,77

r= 0,74 (TM VOZpeak)
Convergent validity
r=0,94 (16MSRT)

r =-0,62 (600yrs)
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16-MSRT

15MSRT
Rockport

(1 mile
walk)

Rockport
equations

2 km walk

Step test
(CSFT)

Montgomery
etal., 1992
[58]
Ayan-Perez et
al., 2017 [43]
Boer & Moss,
2016 [44]

Boer & Moss,
2016 [45]

Fernhall et al.,
1998 [33]

Yoon et al.,
2019 [38]
Rintala, 1990
[59]

Teo-Koh &
McCubbin,
1999 [35]
Kittredge et
al., 1994 [60]

Cabeza-Ruiz
etal., 2020
[61]
Cabeza-Ruiz
etal., 2020
[61]

Cressler et al.,
1988 [62]

Moderate ID

DS Mild ID

DS

DS

Mild/moderate ID

ID (22) & Autism
(13)
Moderate ID

Mild/moderate ID
(4DS)

Mild (17) /moderate
(8) ID
Mild/moderate 1D

Mild/moderate ID

Mild/moderate ID

18 (sex not
especified)

24M 27F

24M 19F

24M 19F

22M 12F

35M

19M

40M (Rel)

24M (Val)

12M 13F

20M

8F

15M 2F

26,3+ 3,2
(20-35)

26,2+7,14
(19-47)
33,6+8,6
(19-50)

33,686
(19-50)

143+234
(10-17)

10,31 +
1,25 (9-12)
26 +5,6
(18-38)

1413+ 1,3
(12,17-
16,58)
333+74

(20-60)

(20-60)

35 (25-44)

ICC=0,90
ANOVA no differences between the 5 trials

ICC=0,85(0,735-0,91)

ICC =0,99 (0,98 - 0,99)
SEM = 1,54 shuttles
T test no differences
LoA = -5/4 shuttles

Repeated measures ANOVA no differences
ICC=0,96

ICC =0,80 (0,65-0,90)
LoA-1,68/1,11 levels
ICC=0,97

r=0,97

ICC=0,97
T-test no differences

(if > 40s difference between trials, test was
repeated)
ICC=0,97

ICC=0,67 (0,35 - 0,86)
SEM = 2,10 min

LoA = -6,6/5 min

ICC =0,50 (0,14 - 0,87)
SEM = 2,54 min

LoA = -4/8min
ICC=0,95

r= 0,78 (TM VOZpeak)

Convergent validity (6MWT)
Correlations varied r = 0,65 - 77

r= 0,87 (TM VOZpeak)

LoA =-5,63/5,62 ml/kg/min
T test no differences
r=0,77 (TM VOzpeak)
Convergent validity

r=0,94 (20MSRT)

r =-0,64 (600yrs)

r=-0,78, -0,81(TM rel VOzpea)

r=-0,76 (TM VO2peax)

r=0,81 (rel), 0,87 (abs) (TMVO2zpeax)
R?=0,66 (rel), 0,76 (abs)

SEE = 4,25 ml/kg/min, 0,30 I/min

T test equations overestimate VO2peak (TM)
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Montgomery Moderate ID 18 (sex not 26,3+32 ICC=0,97 4 r=0,72 (TM VO2peax)
etal., 1992 especified) (20-35) ANOVA no differences between the 5 trials
[58]
Cooper Cressler etal.,  Mild/moderate 1D 15M 2F 35(25-44) I1CC=0,81 3
1988 [62]
1,5 mile Fernhall & Mild ID 6M 14F 29,5+5,6 r=-0,88 (TM VOzpeax) (n = 15)
run Tymeson, R?=0,76
1988 [63]
300 yrsrun  Fernhall & Mild 1D 15 (at least 295+£5,6 r=-0,71 (TM VOzpea)
Tymeson, 9F) R?=0,46
1988 [63]
600 yrsrun Fernhall etal.,, Mild/moderate ID 22M 12F 14,3+ 2,34 Repeated measures ANOVA no differences 3  r=-0,8(TM VOgpeax)
1998 [33] (10-17) ICC=0,98 Convergent validity
r=-0,64 (16MSRT)
r=-0,62 (20MSRT)
TMother Beets et al., Mild ID (3DS, sex 31M 15,0+ 3,36 1CC=0,82 (0,65 - 0,91) 3
2005 [31] not specified) T test no differences
Beets et al., Mild ID (3DS, sex 11W 155+3,88 ICC=0,60(0,03-0,87) 4
2005 [31] not specified) T test no differences
TMgalke Cressleretal.,  Mild/moderate 1D 15M 2F 35(25-44) 1CC=0,93 3
1988 [62]
TMaalke Teo-Koh & Mild/moderate ID 24M 14,13+1,3 1CC=0,91 4
modified McCubbin, (4DS) (12,17- T-test no differences
1999 [35] 16,58)
TMeruce Montgomery Moderate ID 18 (sex not 26,3+32 ICC=0,93 4
etal., 1992 especified) (20-35) ANOVA no differences between the 5 trials
[58]
BEsubmax1 Cressler etal.,  Mild/moderate ID 15M 2F 35(25-44) 1CC=0,64 3
1988 [62]
BEsubmax2 Montgomery Moderate ID 18 (sex not 26,3+32 ICC=0,93 4 r=0,39 (ns) (TM VOzpea)
etal., 1992 especified) (20-35) ANOVA no differences between the 5 trials
[58]
Physical disabilities
5CSTeo Laskin & W Basketball 24M (16 26,1+6,6 ICC=0,50 4 r=0,49 (AE VOgzpeax)
pushes/min Slivka, 2004 Different disabilities  reli) LoA =-0,83/1,05 I/min T test no differences
[16] (1-4,5)
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5CSTeo
pushes/min

SWT

30-151FT

6MWT

SRT3

WEspeedl

WEresistance

WEspeedz &
BEmax

BEmax

AE

ALE

Laskin &
Slivka, 2004
[16]

de Groot et al.,
2016 [13]

Kelly et al.,
2018 [48]

Maltais et al.,
2012 [50]

Verschuren et
al., 2011 [36]

Bhambhani et
al., 1992 [27]

Morgan et al.,
2019 [47]

Holland et al.,
1994 [49]

Bhambhani et
al., 1992 [27]
Christensen et
al., 2020 [17]

Simmelink et
al., 2018 [29]

W Basketball
Different disabilities
(1-4,5)

W Tennis

Different disabilities

W Rugby
Different disabilities
(0,5-3,5)

CP Walk without
support

CP GMFCS level 3

Class 3-4 CP_IRSA
athletes

W Spinal cord injury
C5-6 to T8-11 ASIA
A/B/C 70% sport

Class 3-4 (WE) &
Class 5-7 (BE)
CP_IRSA

Class 3-4 CP_IRSA

Lower limb
amputation
Crus-level or above

Unilateral lower limb
amputation

24M (16 26,1+6,6

reli)

15M

10M 318+73
(20-44)

15 (sex not (20-45)

especified)

8M 5F 12+3

6M 248+ 3,7
(19-29)

10M 33+19,6
(18-60)

IM1F & 252+47

2M 2F (only (22 -33)

7 at the end)

aM 248+ 37
(19-29)

8M 32.5+457
(18-40)

14M 3W 54,5+ 18,6
(25-80)

ICC =0,62
LoA =-0,66/1,06 I/min

ICC=0,99

SEM =1.02 km/h
CVv=19%

LoA =-0,51/0,61 km/h

ICC =0,98 (0,93-0,99)
SEM = 0,48 levels
LoA = -1,8/2,3 levels
r=0,89

ICC =0,82 (VOy)
ICC =0,97(P)
LoA = -6/4,5 ml/kg/min

Both test reliability together
r=0,79 (rel), 0,83 (abs)

r=0,92 (ns)

ICC =0,51 (0,11-0,85)(V02peax), 0,74 (0,40-
0,93) (T), 0,73 (0,40-0,93) (P)

SEM = 0,18 I/min, 0,25 min, 8,16 W

LoA =+ 0,53 I/min (mean diff = -0,13 I/min)
CV=1448%

ICC =0,84 (0,61-0,94) (VO2zpeax) & 0,91
(0,77-0,97) (Ppeak)

LoA = -0,56/0,60 I/min

r = 0,56 (AE VOgzpeax)
T test no differences

Convergent validity
r = 0,40 (ns)(Abs), 0,47 (ns) (Rel) (Gas
analyser VOzpeak)

Convergent validity
r =-0.57 (walking ability), - 0.66 (Gas
analyser net VO,)

r <0,31 (ns) (any BE trial)

r= 0,79 (AE VOy)
r=0,77 (AEP)

T test no differences

LoA =-4,1/3,6 ml/kg/min
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Visual disabilities

Beep test

20MSRT

Gulick & Goalball 7F 22,7+6,6 r=0,77 (BE)

Malone, 2011

[14]

Silva et al., Football B1 level 8M 25+53 ICC = 0,58 (TM VO2peax)

2005 [15] (17-30) Wilcoxon underestimate VOzpeak VS TM

LoA = -3/14 ml/kg/min

6MWT = 6 minut walking test; 20/16/15SRT = 20/16/15 metre shuttle run test; TM = Treadmill; CSFT = Canadian standardized fitness test BE = Bicycle ergometer; WE =
Wheelchair ergometer; AE = Arm ergometer, ALE = Arm-leg ergometer; 5CST = 5 minutes cadence-based submaximal test; SWT = Shuttle wheelchair test; 30-15IFT = 30-
15 intermittent fitness test; SRT3 = GMFCS level Il1-specific shuttle run test; ID = Intellectual disability; DS = Sown Syndrome; SIS = Supports intensity scale; CP = Cerebral
palsy; CP-IRSA = Cerebral Palsy-International Sports and Recreation Association; W = Wheelchair; GMFCS = Gross motor function classification system; M = male; F =
Female; ICC = Intraclass correlation coefficient; SEM = Standard error measurement; ANOVA = Analysis of variants; CV = Coefficient of variation; LoA = Limits of agreement;
r = correlation coefficient; R? = Explained variance; SEE = Standard error of the estimate; VO, = Oxygen consumption; P = Power; T = Time.

Some tests varied between studies; if there were large changes, the difference was specified or the variants were simply listed.

If not specified as not significant (ns), it means that the p value is lower than 0,05.

Quality assessment: 1 = very good, 2 = adequate, 3 = doubtful, 4= inadequate.
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Table 2 Evidence of validity and reliability of tests

Test Reliability Validity
Intellectual disabilities

6MWT *** Good *** High
20MSRT ** High **Very high
16MSRT ** Good **Very high
15MSRT * Good N/A
Rockport * High* **Very high
2 km walk ? N/A
Step test * High* *Very high
Cooper *Good* N/A

1,5 mile run N/A *Very high
300 yrs run N/A *Very high
600 yrs run N/A **Very high
TMother * Good* N/A
TMaaike * ngh* N/A
BEsubmax1 * Low* N/A
Physical disabilities

5CSTeo pushes/min ? * ngh
5CST80 pushes/min ? * Moderate
WEspeed1 ? * Small (ns)
WoE fesistance ? *Very high
Visual disabilities

Beep test N/A *Very high

+++ = Strong evidence level; ++ = Moderate evidence level; + = Limited evidence level; N/A = Not
avaliable; ? = indadequate methodology; 6MWT = 6 minut walking test; 20/16/15SRT = 20/16/15 metre
run test; TM = Treadmill; BE = Bicycle ergometer; WE = Wheelchair ergometer; 5CST = 5 minutes
cadence-based submaximal test; (ns) = not significant correlation at 0,05 level

*Absolute reliability not assessed
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Citations received from
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Studies identified PubMed: n = 326
throughdatabase | [ |scopus:n=141
searches SPORTDiscus: n = 51
n =707 Web of Science: n =189
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n =563 [ title/abstract
n =509
Studies after reading Studies excluded for not meeting
title/abstract inclusién criteria
n=54 n=19

Studies included in the Wrong population: n = 1
review Full article not found: n=5
n=35

Fig. 1 Study selection flow-chart



