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Heart rate responses during the modified six-minute walk test among Special Olympics
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ABSTRACT

Objective: The construct validity of the modified six-minute walk test (MBMWT) was examined by addressing the following questions: 1) do partici-
pants attain a steady state plateau in heart rate (HR) within the range of 110-150 beats per minute? 2) at what percentage of their predicted HR maxi-
mum were participants during each minute of the test?

Material and Methods: Participants were 36 (male=56%) Special Olympics athletes aged 34.4 years (SD = 12.7). Following familiarization, participants
completed the m6MWT while wearing a Polar Team 2 heart rate monitor.

Results: By the end of the first minute, average heart rate was 120bpm, and a factorial repeated measures ANOVA revealed that steady state was ac-
hieved by minute three.

Conclusion: The construct validity of the m6MWT was supported as two assumptions were met: that steady state HR was achieved and the work
load was intense enough that steady state HR fell within the range of 110-150bpm.
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6z

Amag: Modifiye alti dakikalik ytrime testinin (mM6MWT) yapisal gegerliligi, asagidaki sorulara yanit aranarak incelenmistir: 1) Katiimcilarin kalp atm hizi
(KAH) dakikada 110-150 atm araliginda kararl duruma ulasir mi? 2) Katilimcilar testin her bir dakikasinda hangi oranda tahmini maksimum kalp atig
hizina ulagir?

Gereg ve Yontem: Calismaya yas ortalamasi 34.4 olan (SS = 12.7) 36 (erkek =% 56) Ozel Olimpiyatlar sporcusu katiimistir. Alistirmanin ardindan, kati-
Iimcilar Polar Team 2 kalp atim hizi monitérd ile m6MWT'yi tamamlamistir.

Bulgular: ilk dakikanin sonunda, ortalama kalp hizi 120 atim / dakika olarak bulunmustur ve kararl duruma faktériyel tekrarli Slgiimler ANOVA testi ile
UclincU dakikada ulagildigi gérdlmastUr.

Sonug: ki varsaymin da karsilanmis olmasi, m6MWT'nin yapisal gegerliligini desteklemistir; kalp atim hizinda kararll duruma erisilmis, is yiki kararl
duruma 110-150 atim/dakika araliginda ulagilan yogunlukta bulunmustur.

Anahtar Sozciikler: Fiziksel uygunluk testi, adaptif spor, kardiyorespiratuar uygunluk, dogrulama calismasi, enstrimantasyon

INTRODUCTION

The American College of Sports Medicine (1) describes car-  ve behavior, which covers a range of everyday social and
diovascular fitness as the ability of the body to take in, practical skills” (6), cardiorespiratory fitness is predictive
transport and use oxygen while exercising. Cardiovascular  of mobility and daily functioning among older adults (7)
fitness has a strong inverse relationship with cardiovascu-  and levels of body fat among adolescents (8).

lar disease and all-cause mortality (2-4) and a direct relati-
onship with aerobic athletic performance (5). Among indi-
viduals with intellectual disability, a condition “characteri-
zed by significant limitations both in intellectual functi-
oning (reasoning, learning, problem solving) and in adapti-

Cardiovascular fitness is an objective parameter that can be
assessed by exercise tests. The purpose of these tests is to
determine the peak volume of oxygen (VO,peak) that can

be consumed during exercise as the higher the VO,peak va-
lue, the greater the cardiovascular fitness and associated
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health benefits (1). Direct measurement of VO,peak in a la-
boratory using respired gas analysis is considered to be the
criterion measure to assess and classify aerobic fitness and
to form the basis for aerobic fitness exercise prescription
(1). However, direct measurement is not always practical or
possible to do as it requires costly equipment, considerable
amounts of time, highly trained personnel, and a motivated
participant capable of maximal exertion.

Alternatively, submaximal exercise tests can be used to pre-
dict VO,peak. Test protocols using a wide variety of exerci-
se modes have been developed, however, a walking test;
particularly for some populations such as the elderly or
those with an intellectual disability may be preferred as
walking is a natural and habitual physical activity (9, 10).
For these predictive, submaximal tests to be considered va-
lid measures of aerobic fitness they must demonstrate con-
current validity. Concurrent validation is a type of criterion-
related evidence that is used when a test (such as a VO,
peak test) is to be substituted by a simpler or easier test
(such as a submaximal, predictive test).

The six-minute walk test (6MWT, 11) is a single-stage sub-
maximal predictive test that uses one submaximal HR and
one workload that has shown concurrent validity in adults
with intellectual disabilities (16). The test involves walking
as quickly as possible on a flat, hard surface, for a period of
six minutes. Standard phrases of encouragement are provi-
ded at the end of each minute and there is no warm-up.
Compared with previously validated sub-maximal cardi-
ovascular fitness tests for individuals with intellectual disa-
bility such as the 1-mile (1.6 km) (12) and the 1.5-mile (2.4
km) (13) tests, the 6MWT is shorter in duration and requires
less space to conduct the test (e.g., a corridor compared to a
track or gymnasium).

Among adults with intellectual disability, task understan-
ding and motivation (14, 15) and consistency of effort (16)
can affect fitness test results. Therefore, Nasuti, Stuart-Hill,
and Temple (17) incorporated several accommodations to
enhance comprehension, motivation, and maximal effort
without changing the performance requirements of the test.
Consistent with previously reported fitness testing proto-
cols for adults with intellectual disability (e.g. 18, 19), a pa-
cer was provided and participants were familiarized with
the protocol, equipment, environment, and staff. The pacer
walked 1 - 3m ahead of the participant; and standardized
phrases of encouragement were provided every 15-s. This
version of the test, referred to as the modified six-minute
walk test (m6MWT), has excellent feasibility and test-retest
reliability and substantial relationships with peak oxygen
uptake (VO,peak) among adults with intellectual disabiliti-

es (17, 20). The strong test-retest reliability and feasibility of
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the m6MWT when a pacer is used has also been demonstra-
ted among adolescents with intellectual disabilities (21)
and those with severe intellectual and sensory disabilities

(22).

What has not been determined however, is if the m6MWT
meets the two assumptions required for the efficacy of a
submaximal test as outlined by Heyward (23). The validity
of submaximal predictive tests are based on two other as-
sumptions besides concurrent validity; 1) that a steady-sta-
te heart rate is achieved and is consistent for each exercise
work rate, and 2) that a linear relationship exists between
VO, and heart rate (HR) within the range of 110-150 beats
per minutes (23). Steady-state HR is usually achieved in 3-4
minutes at a constant, submaximal work rate (23). Subma-
ximal tests can be performed using a single workload or
multi-workloads at increasing intensities. Mahar and colle-
agues (24) have shown that the accuracy of a single-stage
and multi-stage model for predicting VO,max is similar.
That is, that a steady-state heart rate is achieved and is con-
sistent for each exercise work rate, and that this steady sta-
te heart rate (HR) is within the range of 110-150 beats per
minutes where there is a linear and predictive relationship
with VO,.

The purpose of this study was to contribute to the construct
validity evidence of the m6MWT as a submaximal test of
cardiorespiratory fitness by describing the HR response
profile of adults with intellectual disabilities during the
walk test. Construct validation refers to process of establis-
hing that the construct is consistent with the theories of
which the construct is a part and can involve multiple sour-
ces of evidence (25). This study focused on whether the mé6-
MWT produced heart rate responses consistent with theore-
tically expected responses for a submaximal fitness test
(23). The following specific research questions were addres-
sed: 1) did the participants attain a steady state plateau in
HR within the range of 110-150 bpm? 2) at what intensity
were participants perfoming the test each minute as a per-
centage of their predicted HRmax? Evidence of these two
assumptions being met by the m6MWT will provide cross-
validation of it’s power as an indicator of aerobic fitness in
adults with intellectual disability, including those with
Down syndrome.

MATERIAL and METHODS
Participants

A convenience sample of participants was recruited from
Special Olympics British Columbia (SOBC) locals on Vanco-
uver Island and lower mainland. Participants were eligible
to participate if they were between 18 and 70 years of age
and were participating in the Special Olympics BC Functi-
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onal Testing. The functional testing is optional for all SOBC
athletes and is designed to measure aspects of fitness and
function to help coaches guide athlete training (26). In to-
tal, 36 athletes (16 female, 20 male) completed the modified
Six-Minute Walk Test (m6MWT; 17), including five partici-
pants with Down syndrome (4 female, 1 male). Descriptive
statistics for age, body mass index (BMI), and predicted
maximum heart rate are shown in Table 1. Approval for this
study was granted by the Human Research Ethics Board of
the University of Victoria BC, Canada, and by SOBC, ethics
protocol number 13-518, 23 January 2014. Written informed
consent was obtained from each athlete or participant’s le-
gal guardian. When consent was obtained from a guardian,
the athlete provided assent.

Measures

The modified six-minute walk test (m6MWT): The m6M-
WT (17) was used to measure cardiorespiratory fitness. Na-
suti et al. demonstrated that the m6MWT has adequate con-

current validity (R?> = 0.67) with the The Graded Maximal
Treadmill Test (13) and strong test-retest reliability (ICC =
0.98) among adults with intellectual disability. The test in-
volved walking as quickly as possible for six minutes on an
indoor flat, hard surface, along a straight 30 metre path,
and around a cone at each end of the path. A pacer walked
1 - 3 metres ahead of the participant and the pacer provided
standard phrases of encouragement e.g. “your doing well”
every 15-seconds. At the end of each minute the pacer indi-
cated how many minutes to go. The path was marked at 2-
metre intervals with floor tape, and at the completion of the
test, the research assistant timing and recording laps pla-
ced a piece of floor tape at the heel of the last step taken by
the participant so that total distance walked in metres co-
uld be counted.

Heart rate measurement: During the m6MWT HR was mo-
nitored using Polar Team 2 heart rate monitors (Polar Elect-
ro, Lachine, QC). The Polar heart rate monitors were attac-
hed to the chest using an elastic chest strap. The electrodes
on the strap detected HR and the data were stored on a mo-
nitor that clipped onto the front of the strap to be later do-
wnloaded onto a laptop into Polar Team 2 software. Once
downloaded, the data were analyzed by looking at the HR
response as beats per minute.

BMI and demographic information: Demographic infor-
mation was obtained from each athlete’s current SOBC Ath-
lete Medical Form and height and weight were measured on
the same day as part of the SOBC Functional testing (26).
Consistent with SOBC’s Functioning testing, “extra” clot-
hing e.g. jackets and hats were removed and shoes were off
when height and weight were measured.
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Procedures

Athletes who chose to participate in SOBC’s Functional tes-
ting were invited to participate in this descriptive study. In-
terested athletes, or their legal guardians, then completed
an informed consent document with the assistance of a re-
search assistant. These research assistants had completed
three training sessions prior to data collection. This tra-
ining included how to: administer the informed consent/as-
sent, administer and familiarize participants with the m6M-
WT, how to correctly and respectfully fit a heart rate moni-
tor belt, and strategies to keep athletes focused and
engaged.

Athletes were fitted with a Polar Team 2 heart rate monitor
via a belt around their chest and a watch on their wrist.
Athletes were familiarized with the m6MWT by observing a
research assistant complete two laps of the course and then
completed two laps themselves with a pacer. After a brief
rest, each athlete completed the m6MWT with a pacer pro-
viding encouragement and another research assistant ke-
eping time and recording laps completed. During the m6M-
WT, HR data were collected continuously. At the end of six-
minutes the athlete rested until their HR returned to pre-
exercise levels, the heart rate monitor was then removed,
and the athlete was provided with a juice box.

Data treatment and analysis: Data were uploaded into Po-
lar Team 2 software. The mean HR was computed for the
six-minutes and for each minute of the test. These means
were then compared to the athlete’s predicted maximal HR
computed using the following equations: for athletes wit-
hout Down syndrome 220 - age in years, and for athletes
with Down syndrome, 210 - 0.56 (age) - 15.5 (27).

Descriptive statistics were computed for age, distance wal-
ked, BMI, predicted maximal HR, and resting HR. For each
minute of the test, mean (SD) absolute HR and percent of
predicted maximal HR (HRmax) were computed. To exami-
ne change in absolute and percent of predicted HRmax du-
ring the m6MWT, two factorial repeated measures analyses
of variance (ANOVA) were computed with time as the inde-
pendent variable and sex as a between-subjects factor. Data
for both repeated measures ANOVA were examined for vi-
olations of sphericity (i.e. p < .05 on Mauchley’s test) which
checks “that the variances of the differences between data
taken from the same participant ... are equal” (28).

RESULTS

Table 1 shows the average distance walked by participants
during the m6MWT and the predicted HRmax. A factorial
repeated measures ANOVA was used to examine the effect
of time (per minute of the m6MWT) on absolute HR (see
Table 2) with sex as a factor. Mauchly’s test indicated that
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the assumption of sphericity had been violated for the main
effect of time on absolute HR, x2(20) = 251.5, p < .001. There-
fore degrees of freedom were corrected using Greenhouse-
Geisser estimates of sphericity. There was a significant

ANOVA revealed there was no significant interaction betwe-
en sex and absolute HR, F(1.84, 63.67) = 60.48, p = .847.

Table 1. Descriptive statistics of athlete characteristics

. . Male (n = 20) Female (n = 16)
main effect of time on absolute HR, F(1.84, 63.67) =129.70, P yariables (units) Mean SD Range Mean SD Range
< .001. Contrasts revealed that resting HR was significantly  Age (years) 351 11.8 21-69 344 127 18-57
lower than heart rates during each minute of the test and  BMI kg/m? 261 58 11-40 288 85 11-39

that the average HR during minute one was significantly lo-
wer than in subsequent minutes. Average HR during minute
1-2 was also significantly lower than during minutes 4-5 and
5-6. There were no significant changes in absolute HR bet-
ween minutes 3 and 6. The factorial repeated measures

Predicted Max HR (bpm)* 183.5 12.2 151-199 179.9 16.5 150-202
Distance walked (metres)  594.4 87.4 441-802 5531 971 332-682
Note. Max HR calculated using 220 - age, except adults with Down syndrome
where the following formula was applied 210 - 056 (age) - 155 (12), BMI
(kg/m?), Body Mass Index (kilogram/meters squared), Max HR (bpm), Maxi-
mum Heart Rate (beats per minute).

Table 2. Mean absolute heart rate values before and during each minute of the modified 6-minute walk test
Heart rate in beats per minute (min)

Rest 0-1min 1-2 min 2-3min 3-4 min 4-5 min 5-6 min
M SD M SD M SD M SD M SD M SD M SD
Al 777 13.2 120.2 217 130.3 20.6 133.2 21.3 134.3 205 1359 20.4 138.2 211
Male 76.9 12.9 110.3 20.3 127.8 176 131.6 19.2 133.3 18.7 1354 19.2 136.8 18.3
Female 788  14.0 121.3 24.0 133.4 24.1 1351 24.1 135.6 23.1 136.6 225 1390.9 24.6

A second factorial repeated measures ANOVA was used to
examine the effect of time (across the m6MWT) on percent
predicted HRmax (see Table 3) with sex as a factor. Ma-
uchly’s test indicated that the assumption of sphericity had
been violated for the main effect of time on absolute heart

rate, x2(14) = 135.0, p < .001. Therefore degrees of freedom
were corrected using Greenhouse-Geisser estimates of sp-
hericity. There was a significant main effect of time on per-
cent predicted HRmax, F2.12, 72.23) = 32.01, p < .001. Cont-

rasts revealed that percent predicted HRmax during minute
0 -1 was significantly lower than during each subsequent
minute of the test and that the percent predicted HRmax
during minute 1-2 was significantly lower than during mi-
nutes 4-5 and 5-6. There were no other significant differen-
ces across time in the proportion of time in each predicted
HRmax category. The factorial repeated measures ANOVA
revealed there was no significant interaction between sex
and percent predicted HRmax, F(2.12, 72.23) = 0.42, p= .672.

Table 3. Mean percent of predicted heart rate maximum during each minute of the modified 6-minute walk test

Percentage of predicted heart rate maximum

Minutes 0-1 Minutes 1-2 Minutes 2-3 Minutes 3-4 Minutes 4-5 Minutes 5-6

M SD M SD M SD M SD M SD M SD
Al 66.0 10.2 716 0.8 732 10.2 73.91 99 74.7 97 759 9.9
Male 65.0 0.8 69.7 8.2 717 0.0 72.6 8.6 737 8.4 74.5 7.9
Female 672 10.9 741 11.3 751 115 75.4 115 76.0 11.2 777 11.9
DISCUSSION

The concurrent validity and reliability of the m6MWT as a predicti-
ve test of peak oxygen uptake and cardiovascular fitness in adults
with intellectual disabilities has been previously established (17).
This research added construct validity for the m6MWT as the data
confirmed the assumptions required for the efficacy of a submaxi-
mal predictive test. These two assumptions are; 1) that a steady
state HR is achieved and is consistent for each exercise work rate,
and 2) that the work load is intense enough that steady state HR
falls within the range of 110-150 beats per minute as there is a line-
ar relationship between HR and VO, within this range (Heyward,

2010).

After the first minute of the m6MWT, average HR was 120 beats per
minute. By minute 3, average HR was 134 beats per minute and
showed no significant increase for the remainder of the test. Thus,
steady state HR was achieved during the test for the last four mi-
nutes of the test even though self-paced tests can be vulnerable to
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changes in speed and effort by the participant. The intensity of
work chosen by participants also resulted in the steady state HR
meeting the criteria of assumption 2, that HR fell within the range
where there is a known linear relationship between HR and VO,.

There was no sex effect indicating that both male and female par-
ticipants were able to meet the steady state and the exercise inten-
sity criteria.

The goal of a predictive cardiovascular fitness test is to produce a
sufficient level of exercise stress without causing undue or unsafe
physiological or biomechanical strain. Inappropriate test selection
may also lead to either understressing or overstressing the indivi-
dual and can lead to invalid conclusions because of ceiling or flo-
or effects (29). Tests such as the m6MWT have been developed to
meet the needs of people with various functional limitations and
disabilities. Walking for a given duration of time corresponds to
functional activites used in daily activities and by allowing the in-
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dividual to walk at a pace comfortable for them mitigates the risk
of overexertion (29). ACSM guidelines recommend that untrained
individuals exercise at 70-75% of heart rate maximum to avoid ex-
cessive exercise stress and as fitness improves the intensity can be
increased to 80-85% of maximum heart rate. During the m6 MWT,
HR reached 72% of predicted HRmax by minute two and showed
no significant change through to the end of the test. There was no
effect of sex on these results, indicating that both male and female
participants maintained a walking pace that met ACSM suggested
guidelines (1) for exercise intensity. A limitation of this study is
that all participants were Special Olympics athletes participating
local and regional sporting events, practices, and training. There-
fore it is reasonable to assume they represent an active segment of
this population who are used to exercising. Further research is ne-
eded to examine whether these finding hold for individuals with
an intellectual disability who are not Special Olympics athletes.

CONCLUSION

The construct validity of the m6MWT for use with individuals with
an intellectual disability was supported as steady state heart rate
was achieved and the work load was intense enough that steady
state heart rate fell within the range of 110-150bpm.
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