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Background: The six-minute walk test (6 MWT) is increasingly recognized as a valuable tool for
assessing cardiovascular fitness in adolescents with intellectual disabilities (ID).

Objectives: To assess the reproducibility and validity of a modified 6MWT (with continuous en-
couragement) in adolescents with ID.

Methods: Thirty male adolescents with ID (age 14-21 years) participated in this study. To test
reproducibility, all participants performed a modified 6MWT (with continuous encouragement)
twice with an interval of 1 week. To test validity, peak oxygen uptake (peak VO2) was measured on
a bicycle ergometer.

Results: There was no significant difference between the means of the two six-minute walk distanc-
es 6MWDs (583.6 vs. 579.9 m; p=0.42). The intra-class correlation coefficient was 0.93, indicating
excellent reliability. The smallest real difference was 33.5 m. 6MWD correlated significantly with

relative peak VO2 (B=0.41) indicating validity.

Conclusion: The modified 6MWT with continuous encouragement is a valid and reliable measure

Reliability

of cardiorespiratory fitness in adolescents with ID.

Introduction

It has been well documented that children and adolescents with
intellectual disability (ID) have suboptimal levels of cardiovascular
fitness compared to their peers without ID (1-3). The reasons for this
impaired fitness are sedentary lifestyle and syndrome-specific patho-
physiological problems (2-4). Characteristic physical features of this
impaired fitness such as decreased muscle strength, aerobic capacity,
fat-free mass and an increased fat mass are associated with a reduced
metabolic condition and more specifically with an unfavorable lipid
profile (5). As a consequence, this population additionally has an
increased risk for obesity, diabetes and cardiovascular disease.

A healthy diet and regular physical activity are key stones in the
prevention and treatment of this increased risk profile. It has been
demonstrated that exercise training has a positive influence on physi-
cal and metabolic fitness (6-10). To monitor this effect, the assess-
ment and follow-up demand reliable and valid exercise tests are used.
In this regard, the best measure used is the maximal oxygen con-
sumption (VO2max) determined by ergo-spirometry
(cardiopulmonary exercise testing [CPET]) (11, 12). Despite its use-
fulness, ergo-spirometry is expensive and not always available in daily
clinical practice for these people. The six-minute walk test (6MWT) is
commonly used to measure the physical performance in adults (13,
14), as well as in children with and without diseases (15, 16). There is
strong evidence that the 6MWT is a reliable and valid assessment of
functional exercise capacity in both healthy and obese children and
adolescents without ID (16, 17). It is frequently selected due to its
ease of administration, greater tolerance by patients, and more accu-
rate reflection of daily living activities compared to other walk tests
(18, 19). Therefore, it has also been frequently utilized in clinical set-
tings for both adults and children with ID.

A population with ID is characterized by low physical fitness (1),
a high prevalence of overweight and obesity (20, 21), low intelligent
quotient (IQ) and a higher incidence of orthopedic conditions (such
as pes planus, genu varum, etc.) (22). Mild-to-moderate ID affects
adaptive behavior: individuals with mild ID require minimal guid-
ance, while those with moderate ID need greater assistance and bene-
fit from simple phrasing, reflecting challenges in comprehension and
reasoning. (23). These parameters could have an impact on the out-
come or performance of the SMWT in this population.

The American Thoracic Society (ATS) has published standardized
guidelines for SMWT in adults and children (11, 18). Several factors
are influencing the distance covered, such as height, age, gender, body
weight, peak oxygen consumption, motivation, impaired cognition,
various diseases and medications (16,17,20-22). It is stated that this
test has to be fulfilled with standardized verbal encouragements at
recommended intervals. The amount of encouragement can give a
difference in outcome of up to 30% (13). However, Pastore et al. (23)
found that when children with Down syndrome are given standard-
ized, continuous verbal encouragement and guidance, the results of a
Bruce treadmill test (measuring aerobic capacity) were higher, better
reflecting their actual exercise capacity in comparable research with
Bruce treadmill test. However, the validity and reproducibility of this
important variant of testing in children and adolescents with ID have
been demonstrated in only a few studies (24-26).

The aim of our study was to examine the reproducibility of a
modified 6MWT (with continuous encouragement) in adolescents
with ID using a test-retest design, and to assess the validity by corre-
lating the six-minute walk distance (6MWD) and the peak VO2 in
this population.
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Material and methods
This study has adhered to guidelines for reliability and validity

by clearly defining constructs, selecting appropriate measurement
tools, and conducting pilot testing (27). Further, test-retest reliability
assessment was performed to enhance the reliability and the validity
of my measures has been confirmed through comprehensive analyses,
expert feedback, and literature reviews.

Participants

Sixty-four adolescents aged 14 to 21 years with mild to moderate
ID from the Janzour Center for Intellectual Abilities Development in
Tripoli, Libya, were eligible for this study. These students typically
possess low to moderate IQs, qualifying them as educable and traina-
ble. Those with significantly lower IQs are not admitted, as they
would likely not benefit from the educational programs offered. No
data or documentation regarding IQ tests for these students is availa-
ble. From the initial group, thirty adolescents with a mean age of 17.6
years participated in the study, while the remaining thirty-four either
declined to participate or were unable to attend two consecutive ses-
sions due to illness or other commitments. Written consent was ob-
tained from both the participants and their parents. The study re-
ceived approval from the bioethics committee at the Biotechnology
Research Center (BEC-BTRC 9-2022). Participant medical files
lacked information regarding the causes and associated impairments
of ID. Table I presents the general characteristics of the participants.
All subjects took part in the validity study and entered the reproduci-
bility trial.

Measurements
Weight classification

Height was measured to the nearest 0.1 cm using a stadiometer
(Holtain Ltd, Crosswell, UK). Weight was recorded to the nearest 0.1
kg on a digital scale (maximum capacity 200 kg; Seca, Hamburg,
Germany) with participants dressed in lightweight clothing and with-
out shoes.

Physical fitness
Maximal cardiopulmonary exercise test.

Participants underwent testing on a computer-controlled bicycle
ergometer (Marquette Case Marquette Electronics, Milwaukee, WI,
USA) following a progressive protocol starting at 30 W and increas-
ing by 15 W each minute, while maintaining a pedaling rate of 65-75
rpm (9). Continuous twelve-lead electrocardiogram and heart rate
recordings were taken throughout the test, with manual blood pres-
sure measurements every 2 minutes. Participants were encouraged to
exercise to their maximum capacity or until the physician stopped the
test due to severe adverse events. Respiratory gas measurements were
recorded using a Metalyzer 3B (Cortex, Leipzig, Germany), with oxy-
gen uptake (VO2) continuously monitored through mixed chamber
analysis. Peak VO2 was defined as the maximum VO2 achieved dur-
ing the last 30 seconds of exercise, in line with ATS guidelines (12).

Six-minute walk test (6MWT).

All participants completed a modified, self-paced 6MWT in the
same 20-meter corridor under the supervision of the same observer.
For the reproducibility study, two observers were involved. Each
participant performed the modified 6MWT twice, one week apart, at
the same time and location to ensure consistency without disrupting
the school schedule. Participants received instructions according to
established guidelines, minus verbal encouragement (18). Participants
were verbally encouraged using standard phrases throughout the test.
The distance covered was measured to the nearest meter at the end of
the 6 minutes.

Data analysis

Statistical analysis was performed using SPSS version 16 (SPSS
Inc., Chicago, IL, USA). To assess reliability, a paired sample t-test
was first conducted to compare the results of the two 6MWTs. Next,
a two-way mixed effects intra-class correlation coefficient (ICC) with
an absolute agreement definition was calculated to evaluate relative
reliability, along with the standard error of measurement (SEM) to
assess absolute reliability. Additionally, a Bland-Altman plot with
95% limits of agreement was created to visualize the agreement be-
tween the two trials (28). Validity was assessed by calculating Pear-
son’s r correlation between the 6-minute walk distance (6MWD) and

peak VO2.
Results

Descriptive characteristics of the participants are shown in Table
I. Participants in the reproducibility and the validity study had a
mean age of 17.6 years.

All the participants were able to finish the CPET and the 6SMWT
without interrupting the test. Results of the physical fitness tests are
presented in Table 1.

The mean relative peakVO2 measured in this sample was 22.8
ml/min/kg, indicating a low physical fitness level. The difference be-
tween the means of the two walking distances covered during the two
tests was not significant (583.6 vs. 579.9 m; p = 0.43). The ICC was
0.93 with a 95% confidence interval (CI) between 0.68 and 0.90, indi-
cating good reliability. The SEM came to 12.1 m, resulting in an SRD
of 33.5 m.

Table 1. Characteristics of the participants and results of physical fitness measure-
ments.

Reproducibility & validity study

(n=30)

Mean SD
Age 17.6 2.3
Peak VO2 (I/min) 2.3 0.66
6MWD1 583.6 65.6
6MWD2 579.9 66.8
HR at rest 85 14
HR at end of 6MWT 155 17

VO2, oxygen uptake; 6MWD, six-minute walk distance; HR, heart rate;
6MWT, six-minute walk test.

Figure 1 contains the Bland-Altman plot illustrated the differ-
ences between the first and second 6MWDs against the subjects’
mean of the two tests, revealing that most differences fell within the
95% limits of agreement, indicating good consistency between the
two trials. This suggests that the 6 MWD measurements are reliable
for repeated testing in this population. In 18 of the 30 participants,
the individual best test was the second test.
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Figure 1. Bland-Altman plot of first and second six-minute walk test.
A significant correlation was identified between the 6MWD and

peak VO2, with a correlation coefficient of r = 0.41, as shown in Ta-
ble 2.

Table 2. Correlation of peak VO2 with Six-minute walk distance

6MWD
Pearson’s r correlation p value
Peak VO.(I/min) | 0.41 0.02

6MWD, Six-minute walk distance; Vo2, Oxygen uptake
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Discussion

The main findings of this study are that the modified 6MWT,
with continuous encouragement, is a reliable and valid test in over-
weight children and adolescents with ID. Based on our results, we
can conclude that the modified 6MWT, with continuous encourage-
ment, is a valid measure of functional exercise capacity in adoles-
cents with ID, as there was a significant correlation between 6MWD
and peak VO2. These results are in agreement with other studies in
children and adolescents without ID (16, 17, 29, 30). Li et al. (17)
found a stronger correlation in healthy children and adolescents
without ID and lower mean age than our study population by using
a treadmill to estimate peak VO2. We used a bicycle ergometer to
estimate peak VO2 because it is valid and accepted as a standard
measure of exercise tolerance and the work load can be adjusted
more precisely than on a treadmill (12). Walking and cycling are two
different forms of exercise, each with its own metabolic challenges.
Although there is a positive correlation between these activities, it is
possible that treadmill testing could produce even better outcomes.
Morinder et al. (16) reported a significant but weak correlation be-
tween 6MWD and peak VO2 and relative peak VO2 in obese chil-
dren and adolescents using a submaximal bicycle ergometry test
according to Astrand and Ryhming to predict peak VO2. Despite
the fact that the Astrand test does not measure directly but estimates
peak VO2, the reported correlation coefficient for absolute peak
VO2 was comparable.

The mean distance covered on the 6MWT by our children and
adolescents (582 m) was comparable to the outcome of the obese
adolescents with ID (570 m) of Elmahgoub et al. (24), and to obese
children (570 m) of Morinder et al. (16). Further, it was somewhat
lower than that of the obese children (611 m) reported by Calders et
al. (31) and significantly lower than that of the normal-weight chil-
dren (670 m) of Morinder et al. (16), Li et al. (17) (680 m) and Gei-
ger et al. (ranging between 700 and 750 m) (15). Participants of this
study have different BMI categories; this could explain the difference
on the 6MWD achieved when comparing to the 6MWD achieved
either by normal weight children or adolescents with or without ID.

The 6MWT had an acceptable reliability, as the ICC (0.93) be-
tween the two 6MWDs in this study was excellent. A good and ac-
ceptable reliability has been observed in obese adolescents with ID,
ICC (0.82) (24, 25). In addition, this has also been demonstrated in
other studies on healthy and obese children and adolescents (16, 20)
and different disease conditions (32, 33). Li et al. (17) assessed test-
retest reliability in non-obese healthy children without ID, and the
ICC (0.94) and the SEM (15 m) were quite similar compared to the
ICC (0.93) and SEM (12 m) observed in our study. This can be ex-
plained by the fact that we used continuous encouragement during
the test while children in the study of Li et al. had normal IQ and
used the recommended guidelines of encouragement. Enright et al.
(13, 14) reported that this form of encouragement could increase
variability up to 30%.

The IQ has been found to be significantly associated with
6MWD; the higher the IQ, the longer the 6 MWD (24). In this study,
the participants were educable and/or trainable as their IQ catego-
ries were mild to moderate. The IQ level between 45 and 55 and 1IQ
ranging from 55 to 70 were representing moderate and mild ID
respectively. The classification of ID represents a combination of
patients’ level of intelligence and adaptive behavior, based on valid
psychological tests. The participants recruited from the mild ID need
a little guidance and assistance to be personal independent, but the
participants from moderate ID require assistance with several activi-
ties and need to be addressed with simple sentences. Due to the fact
that they have to understand the goal and execution of the test, it is
possible that there is higher comprehension in the mild ID com-
pared to the moderate ID influencing variability of the outcome
(34). Additionally, Wouters et al (26) conducted the 6MWT with
children and adolescents suffering from moderate to severe ID, they
discovered that the 6MWD was 349 + 98 meters, significantly lower
than the participants in this study, who had mild to moderate ID.
This difference may indicate the influence of IQ and comprehension
levels on the test results. Moreover, intrinsic motivation to keep up
the pace during the walking test could be higher in those with mild
compared to moderate ID. This could be seen during the tests be-
cause continuous motivation was much more intense in those with
moderate ID, but this was neither objectivated nor are literature data
available to confirm this.

Furthermore, age has a controversial finding in correlation the

6MWD. It was a significant predictor for the 6SMWD in many stud-
ies (15, 20). The trials used specific age groups of children and ado-
lescents with normal development of 7-16 and 3-18 years, respec-
tively, but with specific characteristics (pre-pubertal, pubertal and
post-pubertal). In obese adolescents with ID, there was no signifi-
cant correlation of age with the 6MWD (31). Probably this was due
to the fact that participants’ ages of Elmahgoub et al. study (24) were
ranged from 14 to 22 years and were probably all post-pubertal.

Several factors enhance the strength of this study: it specifically
focused on Libyan adolescents with ID, addressing a significant gap
in literature concerning this underserved group and providing valu-
able insights. Additionally, 6SMWT yields measurable data on physi-
cal endurance and mobility, which can be useful for tracking pro-
gress over time in this population. Conducting the study within a
Libyan context ensures the findings are relevant to the local popula-
tion, potentially leading to tailored interventions.

However, the study also has limitations. We only assessed the
reproducibility and validity of the 6MWT in individuals with ID,
without including a control group of those without ID. Future re-
search could benefit from comparing these factors across different
groups to gain deeper insights into the specific characteristics of ID.
The small sample size used in this study may limit the generalizabil-
ity of the findings and statistical power. Additionally, cultural per-
ceptions of exercise and physical activity might impact participation
and performance in the 6MWT. Future investigations should con-
sider a larger sample size across various age ranges and anthropo-
metric categories (such as weight and BMI) to strengthen this re-
search question and develop a predictive equation for 6 MWD in this
population.

Conclusions

In conclusion, our study's findings suggest that the modified
6MWT with continuous encouragement is a valid and reliable meas-
ure of cardiorespiratory fitness in adolescents with ID. The unique
characteristics of this population; such as lower IQ, a higher preva-
lence of overweight, and reduced physical fitness significantly influ-
ence the results of the 6MWT, highlighting its potential for future
research and clinical application
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