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Abstract
Background. The purpose of this study is to describe feasibility and test-retest reliability of the 

six-minute walking distance test (6MWD) and an adapted shuttle run test (aSRT) in persons with 

severe intellectual and sensory (multiple) disabilities (SIMD). 

Materials and Methods. Forty-seven persons with SIMD, with Gross Motor Function Classification 

System (GMFCS) grade I and II and wearing a heart rate monitor, performed the 6MWD and the 

aSRT twice. 

Results. 96% Of the participants completed both tests successfully. Wilcoxon signed 

rank test revealed no significant differences between test and retest (p<0.05). Intra Class 

Correlationcoefficients for all variables were ≥.90. Limits Of Agreement for aSRT in GMFCS-II 

subjects were insufficient. 

Conclusion. 6MWD is feasible and reliable for measuring functional exercise capacity in GMFCS-I 

and II participants with SIMD. aSRT is feasible and reliable for measuring aerobic capacity in 

GMFCS-I participants. Compared to others, participants with SIMD achieved poor results in 6MWD.
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Introduction 
People with intellectual disabilities (ID) make up about 1% of the population of Europe [1]. This 

percentage is based on the WHO population prevalence estimate [1]. Comorbidity in persons 

with intellectual disabilities is more frequent and patterns of comorbidity differ from the general 

population [2]. Obesity in women and underweight in both men and women is more common 

in adults with ID than in the general population after controlling for differences in the age 

distributions between the two populations [3]. Mc Guire et al. [4] found that 68% of their ID 

sample was overweight or obese, participation in exercise and adherence to a healthy diet are 

poor. Other authors described these lifestyle problems in adults with low or moderate ID too: 

these persons often suffer from overweight and may have poor physical fitness [5, 6, 7]. Adults 

with ID often are not sufficiently active to achieve health benefits [8, 9]. 

 According to the Toronto model [10], physical fitness and health are related in the sense 

that good physical fitness decreases health risks and improves wellbeing and quality of life [11, 12, 

13]. Health can be defined as a state of complete physical, mental and social well-being and not 

merely the absence of disease or infirmity (World Health Organization,WHO) [14, 15]. In addition, 

health is considered a resource for everyday life, not the objective of living. Health is a positive 

concept emphasizing social and personal resources, as well as physical capacities [16]. Bouchard 

et al. [17] give the following definition of health related physical fitness: ‘Health related physical 

fitness is defined as a set of attributes that people have or achieve that relates to the ability to 

perform physical activity’. According to Caspersen et al. [18] and Pate [19], physical fitness is a set 

of attributes that are either health-related or skill-related that pertain more to athletic ability. The 

health-related components of physical fitness are (a) cardiorespiratory endurance, (b) muscular 

endurance, (c) muscular strength, (d) body composition, and (e) flexibility. These components of 

physical fitness are more important to public health than are the components related to athletic 

ability, especially in persons with multiple disabilities, therefore, we limit our discussion to these.

 Wuang et al. [20]) described that the IQ level substantially predicted overall performance 

on motor tests. Physical fitness in persons with a visual disability is poorer than in persons 

without disabilities [21, 22, 23]. Furthermore, a considerable number of persons with both severe 

intellectual and sensory disabilities are at risk for a variety of health problems [24], among others 

inactivity, overweight and obesity. The women appear at a higher risk for developing health 

problems compared to the men [25]. Apart from that, these health burdens often are associated 

with low levels of physical fitness [8]. Therefore, it is important to get insight in the physical 

fitness status in these individuals. 

 Cardiorespiratory endurance, a component of health-related physical fitness [18], can 

be divided into aerobic power and cardiovascular capacity [17]. This implies that assessment 

of health-related physical fitness includes measures of aerobic capacity as well as functional 

exercise capacity [17], both objective measures of fitness level [26]. Aerobic capacity is the ability 

of the cardiovascular system to deliver oxygen rich blood to body tissues [17], functional exercise 

capacity is an objective measure of one’s ability to undertake the activities of day-to-day life [27]. 

 Timed walking tests are accepted methods to assess both above mentioned components 

of health-related physical fitness and to examine fitness level. Incremental speed walking tests 

(ISWT) are effective measures of aerobic capacity in healthy individuals and in individuals with 

chronic health conditions [28, 29]. These tests require participants to walk or run between 

two markers that delineate a 10-m course. Participants are to walk or run the course at a set 
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incremental speed determined by a signal, which is played by a standard CD player. Two newly 

developed shuttle run tests (SRT I, -II) for children with cerebral palsy also yield reliable and valid 

data for measuring aerobic power [30]. In these SRTs, speed increases every minute at 0.25 km/h 

steps. The outcome measure is the number of steps successfully completed at the time the test is 

stopped [30].

 The six-minute walking distance test (6MWD) is accepted as a reliable test to measure 

functional exercise capacity in participants in various disease states [31, 32, 33, 34]. The 6MWD 

is self-paced and requires an individual to walk as far as possible in six minutes on a course of 

various lengths, without running. The distance walked during the test, measured in feet or metres, 

is used as the outcome measure [35]. 

 The target population of this study are persons with severe or profound intellectual and 

sensory disabilities (SIMD). According to the ICD-10 (World Health Organization, WHO) [36], the 

IQ of persons with severe intellectual disabilities ranges from approximately 20 to 34, in adults 

this means an intellectual age from 3 to under 6 years, which is likely to result in continuous need 

for support. The IQ of persons with profound intellectual disabilities is below 20, in adults this 

means an intellectual age below 3 years, which results in severe limitation in self-care, continence, 

communication and mobility. 

 In particular persons with the combination of severe ID and sensory disabilities are at risk 

for both decrease of independence and quality of life, due to reinforcement of disabilities and 

less opportunities for compensation [37]. In these persons the level of health-related physical 

fitness is difficult to reliably quantify, because they are not accustomed to the above-mentioned 

assessments, such as performing walking tests. To assess whether a test is feasible for these 

persons, it is therefore necessary to use specific inclusion criteria to each of the co-morbidities 

e.g. locomotor disabilities and visual impairments. Furthermore, adjustments to test procedures 

are necessary, as well as choosing the tests carefully. For example, the SRT-I and II [30] may 

be most feasible for these persons, because of its increase of speed with 0.25 km/h, instead of 

the 0.6 km/h increase of speed of the ISWT [28, 29]. Another limiting factor to determine the 

feasibility and reliability of the measures in these persons are motivational problems. For instance, 

some do not understand why they have to walk faster than they usually do, or why they have to 

wear a heart rate monitor. 

 The feasibility and reliability of timed walking tests, such as the 6MWD and SRT,

 in participants with SIMD have been unknown. Because good physical fitness decreases health 

risks and improves wellbeing and quality of life [10, 11, 12], it is important to get comprehensive 

insight in the health related physical fitness in persons with SIMD. With feasible and reliable tests, 

a specific training intervention aimed at promoting physical fitness can be evaluated.

Therefore, the purpose of this study was to examine the feasibility and the test-retest reliability of 

the 6MWD and SRT-I and II in persons with SIMD. 

Method
Participants 

The participants were recruited from a residential care facility in the Netherlands, in which 200 

persons with severe or profound intellectual and sensory disabilities live. Moreover, in 65% 

they also exhibit associated motor disabilities. We asked the representatives of 92 persons 

with sufficient motor capacities for permission for the persons to participate in this study. 
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Eighty representatives gave permission. After informed consent was obtained, we screened 

these participants based on the examination findings of a physician specialised in intellectual 

disabilities and of a behaviour scholar and excluded seven participants. Another eight participants 

were excluded as they did not live at the centre for people with severe intellectual and sensory 

disabilities where the tests were performed. Eighteen participants were excluded because they 

presented with exclusion criteria at the time the tests were administered (Figure 1). 

   108 persons with insufficient motor capacities

   12 persons lacked permission from representatives 

   7 persons excluded for medical or behavioural reasons

   8 persons did not live at the examination centre 

   18 persons excluded because of exhibiting exclusion criteria 

   at the time of the test 

Figure 1 Inclusion steps

 In all, 47 persons participated in this study: 18 were female, mean (SD) age 44 (10) years and 

29 were male, mean (SD) age 38 (11) years. Participants were classified according to the adapted 

Gross Motor Function Classification System (GMFCS) [38]. Twenty-seven participants were 

classified as GMFCS level I, and 20 participants as GMFCS level II (see below for more information 

about GMFCS). Eighty-seven percent (41) of the participants had severe intellectual disabilities and 

13% (6) had profound intellectual disabilities, according to the classification of the ICD-10 [36]. 

Most of the participants also had impaired vision. According to WHO guidelines [39], 53% (25) of 

the participants were severely partially sighted, 40% (19) were partially sighted, and 7% (3) were 

slightly limited in sight. Most participants had impaired motor abilities: 60% (28) had orthopaedic 

defects and 8% (4) were diagnosed with spasticity. In addition, 28% (13) of the participants had 

slight hearing problems, 9% (4) had loss of hearing, and 4% (2) had severe loss of hearing or 

were completely deaf. 

 As a group, individuals with severe or profound intellectual disabilities possess several 

co-morbidities simultaneously, and thus combinations of co-morbidities are also present in our 

200 persons

92 persons

80 persons

73 persons

65 persons

47 persons
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participants (Table 1). Thirty-six percent (17) of the intellectual disabled participants had both 

hearing problems and visual disabilities; 60% (28) had both visual and orthopaedic disabilities; 

19% (9) had hearing problems and orthopaedic disabilities. 4 Participants were diagnosed with 

spasticity and they also had visual, and orthopaedic disabilities. 

Table 1. Combinations of co-morbidities of participants with severe intellectual disabilities

 Participants were classified according to an adapted GMFCS [38], a five-level system used 

to classify the severity of motor abilities in people with physical disabilities. Participants with 

a “Level I” classification can generally walk without restrictions but tend to have limitations in 

some more advanced motor skills. Participants with a “Level V” classification generally have 

very limited mobility, even with the use of assistive technology. These participants always use 

a wheelchair. The original GMFCS was adapted because most of our participants had impaired 

vision, and as a result they could not jump and run spontaneously. If persons spontaneously 

increased their speed during walking, instead of jumping and running, they were classified as 

GMFCS level I. Participants with a “Level II” classification can walk with slight restrictions and do 

not spontaneously increase their speed during walking. The adapted version of the GMFCS was 

presented to the investigator, who translated the original version of the GMFCS into Dutch [40] 

and he concluded that the adaptations did not influence the reliability of the system. 

Study Design
Participants were tested twice, with one week between the test and the retest. Test and retest 

were conducted at the same point in time. The participants performed first the aSRT (Netchild, 

the Netherlands). In order to let the participants take sufficient rest, at least after 48 hours, the 

6MWD [35] was performed. 

Ethical statement
The study was performed in agreement with the guidelines of the Helsinki Declaration as revised 

in 1975. Permission to carry out the study was obtained from an institutional ethics committee. All 

participants were unable to give consent. Therefore, extra care and attention was given to: 

1) Asking informed consent: Informed consent was obtained from legal representatives of all 

participants and also the caregivers of all participants were asked for informed consent;

2) The construction of the study group by formulating exclusion criteria and contraindications: 

We screened the participants based on the examination findings of a physician specialised in 

intellectual disabilities and also of a behaviour scholar;

Hearing

disabilities

Orthopaedic 

defects

Spasticity

Visual disabilities 36% 60% 4%

Hearing disabilities - 19% 2%

Orthopaedic defects - - 9%
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3) The measurement procedure: The measurements were performed in accordance with the 

behavioural code section entitled ‘Resistance among people with an intellectual disability in the 

framework of the Act Governing Medical-Scientific Research Involving Humans’ [42]. Consistent 

distress or unhappiness was interpreted as a sign of lack of assent and further participation in the 

study was reconsidered. 

Protocols
Before the tests took place, the testing leaders and personal guides of the participants completed 

a checklist that included all contraindications. Participants were excluded from the study if they 

exhibited any of the following exclusion criteria at the time of the measurements: psychoses, 

depression, or other severe psychological problems; or somatic diseases, which were defined 

as chronic diseases and/or diseases that do not resolve in the short term (e.g., osteoarthritis, 

osteoporosis, pneumonia, etc). Participants were also excluded for the following reasons: general 

illness or fever; taking antibiotics; worsening of asthma, epilepsy (recent insult or epileptic fits), 

fresh wound(s)/bruise(s), or other factors causing pain during movement; or stress due to the 

subject’s behaviour just before the measurement date. To reduce learning effects, the participants 

practised twice before formal testing began. 

Six-minute walking distance test
Participants performed the 6MWD test on a 36-m course (Figure 2), which was located in a 

gymnasium. The participants walked six minutes at a self-chosen pace and tried to cover as much 

distance as possible without running. Instructors accompanied all participants to help them find 

their way. This was necessary because of the participant’s visual disabilities. The participants were 

encouraged in a standardized way. The total distance covered represented a participants level of 

functional exercise capacity.

 

Figure 2 6MWD course 

33

36/0
start

3 6 9 12

15

1821242730



60  |  Chapter 4

SRT-I, II and adapted Shuttle Run Test (aSRT) 
Due to the severe multiple disabilities and the co-morbidities, practice sessions were performed 

in order to examine whether the protocols of the SRT I and II had to be adjusted. The SRT-I 

has a starting speed of 5 km/h, whereas the SRT-II has a starting speed of 2 km/h. During the 

abovementioned familiarisation period, we found that 5 km/h was too fast for our participants, 

but 2 km/h was too slow. Thus, we adjusted the starting speed to 3 km/h. In this adapted SRT 

(aSRT), speed was increased every minute at 0.25 km/h steps, conform the original procedure 

by Verschuren [30]. Every increase in speed is called a step. The number of steps successfully 

completed at the time the test is stopped, represents a participants level of aerobic capacity.

 The aSRT course was located in a gymnasium and was composed of an oval curve with 

two markers (Figure 3). The subjects walked between two markers that delineated the 10-m 

course at a set incremental speed determined by an audio signal played from a standard CD 

player. Instructors accompanied all participants to help them pace themselves according to the 

audio signal. The course adaptations and the use of instructors were necessary because of the 

participants visual disabilities. 

 At the end of each step, the participants were told to walk a little faster. The test was 

finished when, on two consecutive paced signals, the participants were more than 1.5 m away 

from the end marker. 

Figure 3 Shuttle test parcourse
R=1 Metre    
Distance between Start and Finish = 6.86 m + ½ (2πR)= 6.86 + 3.14= 10 m

Motivation
To determine whether the participants pushed themselves to their limits and whether motivation 

influenced the tests, we used two strategies. 

 First, we compared the registered heart rate at the end of the test or when the test was 

stopped with the estimated peak heart rate. All participants wore a heart rate monitor (Polar 

Accurex plus™, Kempele, Finland), so that we could measure their heart rate every minute during 

performance and immediately after performance. During the tests, peak heart rate in beats per 

minute (bpm) was registered on a heart-rate-monitor storage device; these data could later be 

read from a wrist monitor and recorded on a datasheet. Each participant’s peak heart rate was 

estimated using the formula of Fernhall [42] for participants with intellectual disabilities: 210 – 

0.56 (age) – 15.5 (DS). DS is 1, however if a participant has Down’s Syndrome, DS factor equals 2. 

 The second strategy to examine whether the participants pushed themselves to their limits 

Start

Finish
6,86 m

6,86 m

3,14 m3,14 m
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and whether motivation influenced the test results, was the use of the Visual Analogue Scale [43, 

44]. The Visual Analogue Scale (VAS) is an instrument on which an instructor could score the 

degree of motivation on a 100-mm line with a stripe right-angled on the line. On one end of the 

line the maximum score was marked as ‘good motivation’ and on the other end was the minimum 

score, ’bad motivation’. The number of millimetres between the stripe scored by the instructor 

and the minimum score, is the score on the VAS instrument. Two instructors scored the degree of 

motivation.

Data analysis 
Data were analysed using SPSS 14.0. Feasibility, test-retest reliability and motivation were 

examined as follows:

 

Feasibility
To assess feasibility, we compared the number of unsuccessful measurements with the total 

number of measurements. The feasibility was considered to be sufficient when 95% of the 

measurements were successful, which is strict, but only then it makes sense to use the test.

Test-retest reliability 
First, to determine whether significant differences existed between the test and retest of the 

6MWD, aSRT, and peak heart rate, we compared the test and retest data using Wilcoxon signed 

rank tests. The level of statistical significance was set at 0.05.

Limits of agreement (LOA) between the test and retest of the same variables were calculated 

according to the procedure described by Bland and Altman (1986). The LOA is considered to be 

an indicator of test – retest reliability. LOAs are expressed in units and as a percentage of the 

mean of the 1st test. Tests were considered to be reliable when the LOA was 30 % of the mean 

of the 1st test, or less, which is based on clinical experience of the professionals working with the 

target group and the measurements as suggested by Bland and Altman [45]. Finally, intraclass 

correlation coefficients (ICC, 2-way random, absolute agreement) of the test and retest of the 

same three variables were computed. Reliability was considered acceptable when the ICC value 

was greater than .80 and the 95% confidence intervals (CI) were 0.30 or less.

Motivation
To get insight into the influence of motivation on the test results, we first compared the registered 

heart rate at the end of both tests with the estimated peak heart rate using Wilcoxon signed rank 

tests. We also compared the registered heart rate at the end of the 6MWD with the registered 

heart rate at the end of the aSRT using Wilcoxon signed rank test. The level of statistical 

significance was set at 0.05.

 Second, we calculated Spearman correlation coefficients for the number of aSRT steps 

achieved and motivation VAS score and for the 6MWD distance achieved and motivation VAS 

score. The level of statistical significance was set at 0.05. To calculate the influence of motivation 

on the test results we estimated the quadrate of the correlation coefficients and multiplied it with 

100%. This is the variation which can be clarified with motivation [46]. The interrater reliability on 

the VAS for the aSRT and for the 6MWD were estimated with Spearman correlation coefficients, 

the level of statistical significance was set at 0.05.
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Results
Feasibility
All 47 (100%) participants completed the tests successfully, and 45 (96%) of them also wore a 

heart rate monitor which produced valid data.

Test-retest reliability for all measurements 
Table 2. summarizes the results of the Wilcoxon signed rank test, the LOA, the LOA as a 

percentage of the mean, and ICC analyses. There were no significant differences between the test 

and retest results in the 6MWD and aSRT. The LOAs and the LOAs expressed as a percentage of 

the means were less than or equal to 30% for all measurements, except for the aSRT of GMFCS-II 

participants. The ICCs were .80 or above. The LOA of the 6MWD was 115 m and that of the aSRT 

for GMFCS-I participants was 2.8 steps. 

Table 2. Results of Wilcoxon ranking test, LOA, percentage LOA of mean, and ICC*

*LOA, Limits of Agreement, ICC, Intraclass correlation coefficient, CI, Confidence Intervals

Motivation
Table 3. compares the mean peak heart rate achieved during both tests. The Wilcoxon signed 

rank test revealed a significant difference at p<0.001 between the registered heart rate at the end 

of both tests and the mean (SD) estimated peak heart rate (172 bpm ± 6). The Wilcoxon signed 

ranks test also identified a significant difference (p<0.001) between the estimated peak heart 

rate and peak heart rate achieved during the SRT (126 ± 20 bpm) and 6MWD (119 ± 16 bpm). The 

participants achieved a higher peak heart rate during the SRT than during the 6MWD. 

Mean

1(SD)

Mean

2 (SD)

P value 

Wilcoxon

LOA * LOA of 

mean (%)

ICC*

95% CI

SRT steps

GMFCS I

12 

(3.5)

12 

(3.5)

0.422 2* 

1.4023

23% 0.96 

0.92-0.98

SRT steps

GMFCS II

6 (3) 7 (3) 0.363 2*

2.4438

74% 0.82

0.54-0.93

6MWD distance

GMFCS I and II

389

 (104)

389 

(109)

0.990 2*

57.7221

30% 0.92 

0.86-0.96

Peak heart rate 

SRT

125 

(20)

125 

(19)

0.587 2*

14.348

22% 0.84

0.60-0.91

Peak heart rate 

6MWD

117 

(26)

119 

(17)

0.907 2* 

21.066

35% 0.84 

0.71-0.91
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Table 3. Mean peak heart rate achieved with aSRT and 6MWD*

*aSRT, adapted shuttle run test; 6MWD, six-minute walking distance test.

 The Spearman correlation coefficient of SRT steps and motivation was 0.538 (p<0.01), and 

this correlation coefficient of 6MWD distance and motivation was 0.556 (p<0.01). The influence 

of motivation on the test results was calculated by quadrating the correlation coefficients and 

multiplying it with 100%. Thus, 29% of the variation we observed in the SRT step and 31% of 

the variation we observed in the 6MWD outcomes can be explained by motivation. The interrater 

reliability on the VAS for the aSRT was 0.87 (Spearman’s rho; p<0.01) and for the 6MWD 0.92 

(Spearman’s rho; p<0.01).

Discussion 
As far as we know, this is the first study in which the feasibility and test retest reliability in 

participants with severe intellectual and multiple disabilities is examined. The results of our study 

show that both the 6MWD and the aSRT, combined with heart rate monitoring, are 

feasible in participants with severe intellectual and sensory disabilities. Both tests can be reliably 

performed by GMFCS-I participants; GMFCS-II participants can only reliably perform the 6MWD. 

 The results are in line with the original procedures of the aSRT [30] and the 6MWD [33]: the 

aSRT appeared to be suitable for assessing aerobic capacity, because a higher peak heart rate 

was achieved with the aSRT, and the 6MWD is suitable for assessing functional exercise capacity. 

 Motivation is a term to express that someone tries to achieve a certain goal. We asked 

ourselves if persons with SIMD are motivated to exert themselves fully and if we get a realistic 

representation of what they really are able to. To determine whether the participants pushed 

themselves to their limits and whether motivation influenced the tests, we used the described 

two strategies: first, comparing the registered heart rate with the estimated peak heart rate and 

second, evaluating with the instructor the motivation of the participants on a VAS. We found that 

a participant’s motivational level substantially can influence test outcomes. Twenty-nine percent 

of the variation in the SRT steps could be explained by motivation, whereas thirty-one percent 

of the variation in the 6MWD could be explained by motivation. Comparison of the estimated 

peak heart rate with the achieved peak heart rate shows that the participants did not fully exert 

themselves as they were performing the tests. We tried to motivate the participants by creating 

as optimal circumstances as possible: testing at the regular gymnastic time, in the regular 

gymnastic environment, accompanied by the familiar gymnastic instructors, who are used to 

motivate the participants. Our hypothesis is that the participants are not yet used to experience 

Mean peak heart 

rate (SD)

Mean estimated 

peak heart rate (SD)

p Wilcoxon test

aSRT 126 bpm (20) 172 bpm (6) P<0.001

6MWD 119 bpm (16) 172 bpm (6) P<0.001

p Wilcoxon test p=0.01 - -
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the effects of considerable physical effort, due to their intellectual disabilities and reinforced 

by their visual disabilities. In order to get an adequate interpretation of the test results, we 

recommend to include both the comparison of estimated peak heart rate with the achieved peak 

heart rate and the score on motivation into the protocols of the aSRT and 6MWD. 

 Another complex question in these participants is informed consent: they are unable to give 

consent themselves. Therefore, extra care and attention was given to asking informed consent, 

the measurement procedure and the construction of the study group by formulating exclusion 

criteria and contraindications. All persons involved in the study were fully aware of the vulnerable 

position of the participants. If a participant did not like the testing, further participation was 

stopped. 

 In our study, the reliability of the 6MWD showed to be in line to that of similar measurements 

in other studies, and so was the aSRT. Several studies have used the 6MWD in participants 

having a variety of diseases. For participants with fibromyalgia, the ICC of 6MWD test-retest 

measurements was 0.73 [47]. For participants with heart failure, the ICC was 0.91 [48] and 0.82 

[49]; and for participants with pulmonary disease, the ICC was 0.99 [50]. In our study, the ICC was 

0.92, which is notable, because the comorbidities of the participants under study could potentially 

affect reliability. The reliability of the SRT-I and II was described by Verschuren et al.[30], who 

obtained an ICC of 0.97 for GMFCS-I participants. In our study, the ICC for comparable participants 

was 0.96. For GMFCS-II participants, Verschuren et al. [30] obtained an ICC of 0.99. In our study, 

the ICC was 0.82; however, the 95% CI were too wide and the LOA of the aSRT was unacceptable 

for GMFCS-II participants. This suggests, that aerobic capacity cannot be reliably assessed in 

GMFCS-II participants. A hypotheses might be that their locomotor skills do not allow them to 

increase their speed consequently.

 The participants in our study first practiced twice before we measured their performance 

on the 6WMD and aSRT. Stevens et al. [51] described several studies that showed that practise 

sessions are necessary to promote optimal performance in participants. These investigators 

indicated that two practise sessions are required in order to allow participants to learn and to 

establish optimal performance when conducting repeated measures at relatively short intervals. 

This was also necessary for the participants of our study. 

 We compared the achieved mean distance in the 6MWD of our participants with that of 

others. The mean distance (SD) of our participants was 389 m (107). In healthy elderly persons, 

the mean distance was 631 m (93) [33]; in people with heart failure, the mean distance was 419 

m (120) [31]; and in people with COPD, the mean distance was 369 m (18) [32]. This comparison 

indicates that persons with severe multiple disabilities performed poorer on the 6MWD than other 

persons with specific (chronic) health conditions.

 In conclusion, the 6MWD is feasible and reliable for measuring functional exercise capacity in 

GMFCS-I and II participants with severe intellectual and multiple disabilities. The aSRT is feasible 

and reliable for measuring aerobic capacity in GMFCS-I participants. The participant’s motivational 

level can influence test outcomes, so we recommend to insert both heart rate monitoring and 

motivational score into the protocols of the aSRT and 6MWD. The poor 6MWD results we observed 

indicate that the poor functional exercise capacity of persons with severe multiple disabilities is a 

serious health problem, which may burden their independence in day-to-day activities. Based on 

this result, further research should be aimed at developing, implementing and evaluation of an 

appropriate intervention to reduce problems in functional exercise and aerobic capacity in these 

participants. 



Chapter 4  |  65

Acknowledgements
This research was financed by Hanze University Groningen, De Brink, and with funding from the 

Regional Action-and-Attention Knowledge Circulation (RAAK).

The authors kindly acknowledge and thank the participants for their participation in this study, 

their representatives for giving permission to this and the gymnastic instructors of The Brink, for 

accompanying the participants during the walking tests. 

Heart rate was registered by a heart rate monitor of Polar Accurex plus™, Kempele, Finland. The 

protocol of the Shuttle Run Test was provided by Netchild, the Netherlands. For the 6 MWD the 

protocol of Butland et al (1982) was used.



66  |  Chapter 4

References 
1 Walsh PN, Kerr M,Van Schrojenstein Lantman-de Valk HM. Health indicators for people with 

 intellectual disabilities: a European perspective. Eur J Public Health. 2003;13(3 Suppl):47-50

2 Van Schrojenstein Lantman-de Valk HMJ, Metsemakers JFM, Haveman MJ, Crebolder HFJM. 

 Health problems in people with intellectual disability in general practice: A comparative 

 study. Family Practice. 2000;17:405–407

3 Bhaumik S, Watson JM, Thorp CF, Tyrer F, Mc Grother CW. Body mass index in adults with 

 intellectual disability: distribution, association and service implications: a population-based 

 prevalence study, J Intellect Disabil Res. 2008;52(4):287-98.

4 McGuire BE, Daly P, Smyth F. Lifestyle and health behaviours of adults with an intellectual 

 disability. J Intellect Disabil Res. 2007;51(7):497-510.

5 Frey GC & Chow B. Relationship between BMI, physical fitness, and motor skills in youth with 

 mild intellectual disabilities. Int J Obes. 2006;30:861-867.

6 Knijff-Raeven van AGM, Jansen-Jacobs CCM, Freen PJW, Hoekman J, Maaskant MA. Body 

 Mass Index (BMI) bij mensen met een verstandelijke beperking. Nederlands Tijdschrift voor 

 de Zorg aan mensen met verstandelijke beperkingen. 2005;1:3-17. 

7 Lahtinen U, Rintala P, Malin A. Physical performance of individuals with intellectual disability: 

 a 30 year follow up. Adapt Phys Act Q. 2007;24: 125-143.

8 Draheim CC, Williams DP, MCCubbin JA. Prevalence of physical inactivity and recommended 

 physical activity in community-based adults with mental retardation. Ment Retard. 

 2002;40:436-444.

9 Temple VA, Frey GC, Stanish HI. Physical activity of adults with mental retardation: review 

 and research needs. Am J Health Prom. 2006;21:2-12.

10 Bouchard C, Shepard RJ, Stephens T. Physical activity, Fitness and Health. 1994, Human 

 Kinetics Publishers, ChampaignIL.

11 Colcombe S, Erickson KI, Raz N, Webb AG, MC Auley EB, Kramer AF. Aerobic fitness reduces 

 brain tissue loss in aging humans. J Gerontol. 2003;58:176-180.

12 Kramer AF, Hahn S, Cohen NJ, Banich MT, McAyley E, Harrison CR, Chason J, Vakil E, Bardell 

 L, Boileau RA, Colcombe A. Ageing, fitness and neurocognitive function. Nature. 

 1999;400:418-419

13 Sitskoorn, MM. Het plastische brein; invloed van gedrag. De Psycholoog. 2005;40(5): 

 262-267.

14 World Health Organization, Health for all, 1979.

15 World Health Organization, WHO Chr, 1980;34(2):80.

16 World Health Organization. Ottawa Charter for Health Promotion, 1986.

17 Bouchard C, Shephard RJ, Stephens T.(Eds.). Physical Activity, Fitness and Health; 

 International proceedings and consensus statement. Human Kinetics Publishers, Chaimpaign 

 IL. 1994;12:172-174.

18 Capsersen CJ, Powell KE, Christenson GM. Physical Activity, Exercise, and Physical Fitness: 

 Definitions and Distinctions for Health-Related Research. Public Health Reports. 

 1985;100(2):127-131. 

19 Pate RR, The evolving definition of fitness. Quest. 1988;40: 174-179.

20 Wuang YP, Wang CC, Huang MH, Su CY. Profiles and cognitive predictors of motor functions 

 among early school-age children with mild intellectual disabilities. J Intellect Disabil Res. 

 2008;52(12):1048-60. 



Chapter 4  |  67

21 Hopkins WG, Gaeta H, Thomas AC, Hill PM. Physical fitness of blind and sighted children. Eur 

 J of Appl Phys Occ Phys. 1987;56: 69-73.

22 Häkkinen A, Holopainen E, Kautiainen H, Sillanpää E, Häkkinen K. Neuromuscular 

 function and balance of prepubertal and pubertal blind and sighted boys. Acta Paediatrica 

 2006;95(10):1277-83. 

23 Seemungal BM, Glasauwer S, Gresty MA, Bronstein AM. Vestibular perception and navigation 

 in the congenitally blind. J of Neurophys. 2007;97(6):4341-56. 

24 Evenhuis HM, Sjoukes L, Koot HM, Kooijman AC. Does visual impairment lead to additional 

 disability in adults with intellectual disabilities? J Intellect Disabil Res. 2009;53(1):19-28. 

25 Waninge A. Van der Weide W, Evenhuis, IJ, Van Wijck R, Van der Schans CP. Feasibility and 

 reliability of body composition measurements in adults with severe intellectual and sensory 

 disabilities. J Intellect Disabil Res. 2009;53:377-88.

26 Fernhall B, Millar AL, Tymeson GT, Burkett LN. Maximal exercise testing of mentally retarded 

 adolescents and adults: reliability study. Arch Phys Med Rehabil. 1990;71:1065-1068.

27 Guyatt GH, Sullivan MJ, Thompson PJ, Fallen EL, Pugsley SO, Taylor D.W. The six-minute walk: 

 a new measure of exercise capacity in patients with chronic heart failure. Can Med Ass 

 Journal. 1995;132:919-923.

28 Singh SJ, Morgan MD, Scott S, Walters D, Hardman AE. Development of shuttle walking test 

 of disability in patients with chronic airways obstruction. Thorax. 1992;47:1019-1024.

29 Singh SJ, Morgan MD, Hardman AE, Rowe C, Bardsley PA. Comparison of oxygen uptake 

 during a conventional treadmill test and the shuttle walking test in chronic airflow limitation. 

 Eur Resp Journal. 1994;7:2016-2020.

30 Verschuren O, Takken T, Ketelaar M, Gorter JW, Helders PJM. Reliability and validity of 

 data for 2 newly developed shuttle run tests in children with cerebral palsy. Physical Therapy. 

 2006;86:1107-1117. 

31 Faggiano P, D’Aloia A, Gualena A, Lavatelli A, Giordano A. Assessment of oxygen uptake 

 during the 6-minute walking test in patients with heart failure: preliminary experience with a 

 portable device. Am Heart Journal.1997;134: 203-206.

32 Onorati P, Antonucci R, Valli G, Berton E, De Marco F, Serra P. Non-invasive evaluation of gas 

 exchange during a shuttle walking test vs. a 6-min walking test to assess exercise tolerance 

 in COPD patients. Eur J Appl Phys. 2003;89:331-336.

33 Troosters T, Gosselink R, Decramer M. Six minute walking distance in healthy elderly 

 subjects. Eur Resp Journal. 1999;14:270-274.

34 Troosters T, Vilaro J, Rabinovich R, Casas A, Barbera JA, Rodriguez-Roisin R. Physiological 

 responses to the 6-min walk test in patient with chronic obstructive pulmonary disease. Eur 

 Resp Journal. 2002;20:564-569. 

35 Butland RJA, Pang J, Gross ER, Woodcock AA, Geddes DM. Two-, six- and 12-minute walking 

 test in respiratory disease. Brit Med Journal. 1982;284:1607-1608.

36 World Health Organization. International statistical classification of diseases and related 

 health problems: tenth revision (ICD-10). 1992;369–370.

37 Kiestra T, De unieke handicap, referentiemodel voor meervoudige beperkingen. 2005, 

 ISBN 9080638420, Scholma Druk, Bedum

38 Palisano R, Hanna SE, Rosenbaum PL, Rusell DJ, Walter SD, Wood EP, Raina PS, Galuppi BE. 

 Validation of a model of Gross Motor Function for Children With Cerebral Palsy. Physical 

 Therapy. 2000;80:974-985.



68  |  Chapter 4

39 World Health Organization (WHO). International Classification of Functioning, Disability and 

 Health. Geneva, 2001

40 Gorter JW. Gross Motor Function Classification System (Dutch translation). 2001, Utrecht: 

 Revalidatiecentrum De Hoogstraat. 

41 Dutch Society for Doctors in the Care for people with an Intellectual Disability (NVAZ). 

 Resistance among people with an intellectual disability in the framework of the Act 

 Governing Medical-Scientific Research Involving Humans, behavioural code for doctors in the 

 assessment of resistance among people with an intellectual disability, 1999.

42 Fernhall B, McCubbin J A, Pitetti KH, Rintala P, Rimmer JH, Millar AL, De Silva A. Prediction 

 of maximal heart rate in individuals with mental retardation. Med Sci Sports Exerc. 

 2001;33:1655-1660.

43 Mc Cormack HM, Horne de DJL, Sheather S. Clinical applications of visual analogue scales: 

 a critical review. Psych Med, 1988;18:1007-1019.

44 Wewers ME & Lowe NK. A critical Review of Visual Analogue Scales in the Measurement of 

 Clinical Phenomena. Res Nursing Health. 1990;13:227-236. 

45 Bland JM & Altman DG. Statistical methods for assessing agreement between two methods 

 of clinical measurement. The Lancet. 1986;8:307-10. 

46 Baarda DB, Goede de MPM, Dijkom van CJ. Basisboek Statistiek met SPSS. Groningen/

 Houten (The Netherlands): Wolters-Noordhoff bv; 2003:177.

47 King S, Wessel J, Bhambhani Y, Maikala R, Sholter D, Maksymowych W. Validity and reliability 

 of the 6 minute walk in persons with fibromyalgia. J Rheumatol. 1999;26:2233-2237.

48 O’Keeffe ST, Lye, M, Donnellan C, Carmichael DN. Reproducibility and responsiveness 

 of quality of life assessment and six minute walk test in elderly heart failure patients. Heart. 

 1998;80:377-382.

49 Roul G, Germain P, Bareiss P. Does the 6-minute walk test predict the prognosis in patients 

 with NYHA class II or III chronic heart failure? Am Heart Journal. 1998;136:449-457.

50 Cahalin LP, Mathier MA, Semigran MJ, Dec GW, Disalvo TG. The six minute walk test predicts 

 peak oxygen uptake and survival in patients with advanced heart failure. Chest. 

 1996;110:325-332.

51 Stevens D, Elpern E, Sharma K, Szidon P, Ankin M, Kesten S. Comparison of hallway and 

 treadmill six-minute walk tests. Am J Resp Critic Care Med. 1999;160:1540–1543.


