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Background: To compare the effect of Six-Minute Treadmill Walk Test (6MTWT)
and Six-Minute Treadmill Walk-Talk Test (6MTWTT) on cardiopulmonary
parameters.
Methods: A total of 35 Nigerian undergraduate students with stable
cardiopulmonary parameters at baseline were recruited into this pre-test – posttest experimental study using convenient sampling. The participants performed
a 6MTWT and 6MTWTT (after two hours interval between tests) on a powered
treadmill using standard protocol. Systolic and diastolic blood pressures (SBP
and DBP), heart rate (HR), rate pressure product (RPP), metabolic equivalents
(METs), saturated partial pressure of oxygen (SPO2) and the rate of perceived
exertion (RPE) were measured.
Results: The results showed that both the 6MTWT and 6MTWTT lead to
significant increases in the values of SBP, HR, METs, RPE and RPP (P<0.05),
except for DBP where the change was not significant (P>0.05). Comparatively,
post walk tests results revealed there was significantly higher RPE and SPO2
scores with 6MTWT compared to 6MTWTT (P<0.05), while other parameters
were comparable (P<0.05). Furthermore, SBP, PR and RPP of both tests correlated
moderately with each other (P<0.05).
Conclusion: 6MTWT and 6MTWTT, similarly evoke cardiopulmonary changes
among apparently healthy young individuals. However, 6MTWTT led to less
oxygen consumption and myocardial oxygen demand compared with 6MTWT.
This finding may be potentially beneficial for future cardiopulmonary exercise
testing using 6MWT.
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Introduction
Several modalities have been utilized to objectively
assess functional exercise capacity [1, 2]. While some
of these modalities provide a complete assessment of all
systems involved in exercise performance, others only
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provide basic information and are easier to perform [3].
Popular clinical exercise tests include stair climbing,
6-Minute Walk Test (6MWT), shuttle-walk tests,
cardiovascular stress test and cardiopulmonary exercise
test [1, 2, 4, 5]. These tests have shaped the approach
to exercise training intervention in both healthy and
diseased populations over the years.
Although assessment of functional exercise capacity
has been traditionally done using subjective means,
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such as merely asking patients the following questions:
“How many flights of stairs can you climb or how many
blocks can you walk?” [6], however, there has been a
progression to from these subjective methods to more
objective but simpler tests [7]. The use and preference
for the walk tests have been largely based on the fact that
they are more closely related to everyday activities, in
addition to other benefits that they may have over other
forms of exercise testing methods [8].
Walk tests, as clinical methods for evaluating functional
exercise capacity are simple and it generally consist of
walking on a level surface or, alternatively, going up
steps. These tests impose either a constant or incremental
load as a function of the type and time chosen. The
most common of these tests for determining functional
exercise capacity with wide clinical applicability is the
6MWT and its variants. [9-11]. Recently, some experts
now use self-powered treadmill for the 6MWT, in order
to overcome the problem of corridor walk and other
related challenges with performing the test [9].
Presently, there is a paucity of studies on exercise testing
parameters such as ventilatory threshold (Tvent), which
is the point whereby respiration increases significantly
due to the accumulation and expiration of metabolic
by-products. Tvent is also physiologically referred to as
the VO2 at which the ventilatory equivalent for oxygen
increased without a marked rise in the ventilatory
equivalent for carbon dioxide [12]. Tvent also remains an
important parameter for optimal prescription of exercise
training (intensity) levels. Consequently, Talk Test (TT)
became one of the ways to assess Tvent [13]. The TT is
based on the principle that comfortable speech is likely
possible when exercise intensity is below the Tvent or
lactate threshold, and not likely possible when exercise
intensity exceeds these thresholds [13]. In addition, the
TT has been confirmed to be valid, reliable, practical and
inexpensive tool for prescribing and monitoring exercise
intensity [13-15].
While there is substantial literature on 6MWT being
a low-risk protocol/intervention [16, 17], however, a
report by Singh et al [18] indicates that it is negatively
associated with risk of disease exacerbation and
mortality. Also, Robert et al [19] raised concerns about
risks of substantial oxygen desaturation in patients with
moderate to severe COPD where adverse events such
as dizziness, chest pain, chest tightness and palpitations
have led to non-adherence to the standardised ATS
guideline for the 6MWT. As a precautionary measure, the
ATS and the European Respiratory Society for patients
with COPD recommended continuous recording of
oxygen saturation during testing [16]. This is because the
test may be very fatiguing for some patients, especially
in severe COPD [20]. Consequently, some researchers
have recommended modifications or alternatives to the
test [21-24]. As a result, walk tests of shorter durations
have evolved and are still being validated [25]. Other
than altering duration of the 6MWT only, it is unclear to
what degree, incorporating TT into 6MWT could prove
valuable and reduce the chance of test-related events. The
use of TT is adduced to be capable of ensuring that 6MWT
is not conducted faster than the patient or client can talk.
JRSR. 2021;8(1)

Therefore, the objective of this study was to compare
the effects of six-minute treadmill walk test (6MTWT)
and six-minute treadmill walk-talk test (6MTWTT)
on cardiopulmonary parameters in apparently healthy
individuals.
Methods
Participants
This pre-test - post-test quasi experimental study was
conducted among male and female undergraduates
of Obafemi Awolowo University Ile-Ife, Nigeria.
The participants were 18 years and older, and had
stable cardiopulmonary parameters at baseline (or
rest). Individuals with a positive history of extreme
chest discomfort, a positive history or any obvious
musculoskeletal problem and those who used stimulants
on the day of experiment were all excluded.
The sample size for this study was estimated from
previous study by Xu [26] using the following formulae:
n = Z2 S2 /d2
where: n, is the size of sample; Z, is the z-statistics
for the desired level of confidence; usually set at 1.96
or occasionally at 2.58; S, is the population standard
deviation; usually set at 30 or 40; d, is the half width
of the desired interval, usually set at 10 or occasionally
at 5. Thereafter, the sample size was calculated to be a
minimum of 35 subjects.
Procedure
Ethical approval for this study was obtained from the
ethics and research committee 0f Obafemi Awolowo
University Teaching Hospital Complex (OAUTHC).
Consent of the participants were obtained. Thereafter,
screening was done to ensure eligible for the study.
For the 6MTWT, the participants began walking on
a level motor driven treadmill (Enrafnonius Treadmill;
Bonte Technology BV, The Netherlands; Serial NR: ETB
04-4313) at a speed of about 2.0 mph for the 6MTWT. The
treadmill grade begins at 0 and is increased by 2% at every
2 minute interval [10]. The participants who were unable to
walk at least 2.0 mph were set at a walking speed of about
0.5mph. Thereafter, the speed was gradually increased
until such a participant reaches a speed of 2.0 mph. After
the participants reaches 2.0 mph, the treadmill grade was
then increased by 2% every 2 minutes until maximal
exertion [10]. After two hours, the participants were then
recalled to perform the 6MTWTT using the same protocol
described above. Two hours was considered sufficient
to allow for the cardiovascular parameters to return to
baseline (cardiovascular recovery) [27, 28].
The difference between the 6MTWT and 6MTWTT
was that the participants recited the “Nigerian national
pledge”, (a 33 word paragraph) during the last 33
seconds. All tests were stopped if there was evidence of
shortness of breath, chest pain, light headedness, or at the
end of the 6 minutes duration.
Outcomes
All the participants were required to identify the rate of
perceived exertion (RPE) by pointing at a modified Borg
13
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according to gender are presented in Table 1. Here, it can
be seen that the male subjects were significantly older,
taller and had more weight (P<0.05). Nevertheless, both
male and female participants had a comparable BMI that
can be classified as normal weight (P>0.05).

scale, which was recorded. A pulse oximeter (EC-500A;
M/s. Swayam Thermometers Industries, New Delhi,
India) was fixed to the index finger of the participants to
assess the Heart Rate (HR) or pulse rate (PR) and Oxygen
Saturation Pressure (SPO2). A digital blood pressure (BP)
monitor (Omron, MX2 HEM-742-E2; The Netherlands)
was used to assess their Systolic Blood Pressure (SBP)
and Diastolic Blood Pressure (DBP) in comfortable
sitting. All interventions and assessments were carried
out between 8:00 a.m. and 11:00 a.m. each time.
The maximal oxygen consumption (VO2max), metabolic
equivalents (METs) and Rate Pressure Products (RPP)
were calculated from the measured cardiopulmonary
parameters. RPP was calculated as the product of the SBP
and HR. Speed on the treadmill range between 0.5mph2.0 mph, which corresponds to a brisk walking pace [30].
The VO2max was calculated using the following formula
from the American college of sports medicines (ACSM)
guidelines for exercise testing and prescription, 2006) [31]:
VO2max (ml/kg/min) = (Mph×2.68) +
(1.8×26.82×grade/100)+3.5
Furthermore, METS was calculated as a function of
VO2max (ml/kg/min) divided by 3.5 [32].

Comparison of Cardiopulmonary Parameters at
Baseline and After Both Walk Tests
Paired t-test comparison of cardiopulmonary parameters
at baseline and after the 6MTWT is presented in Table 2.
From the results, there were significant increases
differences in values of the SBP, PR, METs, and RPP
following both walk tests. On the other hand, SPO2 and
RPE were significantly decreased (P˂0.05). In all, there
were no significant differences in the DBP (and RPE)
following both tests in Tables 2 and 3.
Comparison of Cardiopulmonary Responses of the Two
Walk Tests (6MTWT and 6MTWTT)
Table 4 shows the comparison of mean difference (posttest – pre-test values) and not the absolute values. The
results indicate that the changes were significantly higher
in RPE and SPO2 values during the 6MTWT compared
with 6MTWTT. (P<0.05). The other parameters revealed
no differences following both the 6MTWT and 6MTWTT
with respect the PR, RPE, SBP and DBP values (P>0.05).

Data Analysis
Data was analysed using both descriptive (mean and
standard deviation) and inferential statistics. Paired t-test
and Independent t-test were used to compare the withinand-between group differences on effects between 6MTWT
and 6MTWTT on cardiopulmonary parameters. Influence
of gender and anthropometric parameters were explored
using correlation analysis. Alpha level was set at P<0.05.
IBM SPSS Statistics for Windows, Version 23.0. Armonk,
NY: IBM Corp. IBM Corp. was used for data analysis.

Correlations of the Selected Cardiopulmonary
Parameters between the 6MTWT and 6MTWTT
The results of the Pearson’s product moment
correlation between 6MTWT and 6MTWTT on their
cardiopulmonary parameters. The results indicated that
there was a significant correlation in the values of the
SBP (r=0.503; P=0.002), PR (r=0.498; P=0.002) and
RPP (r=0.536; P=0.001) of the two walk tests (6MTWT
and 6MTWTT). Again, the only exception was the DBP
(r=0.255; P=0.140), which did not reveal a significant
correlation among of the two walk tests. These results
are illustrated in Figure 1.

Results
Physical Characteristics of the Participants
The physical characteristics of the participants
Table 1: Physical Characteristics of the Participants
Variable
Male (21)
Female (14)
Mean±SD
Mean±SD
Age
23.7±1.35
22.5±1.65
Weight
64.3±8.60
54.21±8.60
Height
1.73±0.53
1.61±0.06
BMI
21.6±2.92
21.0±2.73
*Indicate significant difference

t

P

All participants

2.386
3.461
6.313
0.649

0.023*
0.002*
0.001*
0.521

23.2±1.57
60.3±9.75
1.68±0.08
21.3±2.82

Table 2: Paired t-test comparison of cardiopulmonary response and other outcomes to Six-Minute Treadmill Walk Test
Variable
Pre-test
Post-test
t
P
Mean±SD
Mean±SD
SBP
110.6±7.72
117.9±10.8
-5.473
0.001*
DBP
68.5±7.24
69.2±5.79
-0.650
0.520
PR
75.7±8.82
84.7±2.21
-7.486
0.001*
RPP
8371.4±1136.03
9996.4±1862.53
-8.352
0.001*
SPO2
96.86±0.94
95.34±1.14
7.333
0.001*
METS
34.4±0.01
37.8±0.01
1422.322
0.001*
VO2 Max
9.83±0.01
10.8±0.01
405.780
0.001*
RPE
2.09±0.82
1.11±0.72
-5.313
0.001*
*Indicates significant difference. SBP= Systolic Blood Pressure (mmHg); DBP= Diastolic Blood Pressure (mmHg); PR= Pulse rate; SPO2= oxygen
saturation pressure; RPP= Rate Pressure Product (RPP) and RPE=Rate of Perceived Exertion VO2Max= Maximum Oxygen Consumption; METS=
Metabolic Equivalents of Tasks and RPE=Rate of Perceived Exertion.
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Table 3: Paired t-test comparison of cardiopulmonary response and other outcomes to Six-Minute Treadmill Walk Test
Variable
Pre-test
Post-test
t
P
Mean±SD
Mean±SD
SBP
109.68±8.00
114±11.3
-4.597
0.001*
DBP
70.00±5.80
69.6±5.22
0.448
0.664
PR
75.86±9.33
81.3±10.09
-4.529
0.001*
RPP
8321.5±1221.86
9379.7±1468.13
-6.074
0.001*
SPO2
96.49±1.34
95.60±1.54
3.426
0.002*
METS
34.4±0.01
37.8±0.01
3.426
0.002*
VO2 Max
9.83±0.01
10.8±0.01
3.426
0.002*
RPE
2.09±0.82
1.97±0.75
-0.639
0.525
NOTES: *Indicates significant difference, SBP= Systolic Blood Pressure (mmHg); DBP= Diastolic Blood Pressure (mmHg); PR= Pulse rate; SPO2=
oxygen saturation pressure; RPP= Rate Pressure Product (RPP) and RPE=Rate of Perceived Exertion VO2Max= Maximum Oxygen Consumption;
METS= Metabolic Equivalents of Tasks and RPE=Rate of Perceived Exertion
Table 4: Independent t-test comparison of cardiovascular and cardiopulmonary responses following the Six-Minute Treadmill Walk Test and SixMinute Treadmill Walk-Talk Test
Variable
6MTWT
6MTWTT
t
P
Mean±SD
Mean±SD
SBP
7.29±7.80
5.29±6.80
1.056
0.289
DBP
0.74±6.76
0.37±5.02
0.756
0.455
PR
9.03±7.14
5.77±7.54
1.870
0.070
RPP
1625.00±115.99
1058.26±1030.70
2.315
0.027*
SPO2
1.51±1.22
0.89±1.53
7.037
0.001*
RPE
2.09±0.82
1.97±0.75
-0.639
0.525
NOTES: *Indicates significant difference, SBP= Systolic Blood Pressure (mmHg); DBP= Diastolic Blood Pressure (mmHg); PR= Pulse rate; SPO2=
oxygen saturation pressure; RPP= Rate Pressure Product (RPP) and RPE=Rate of Perceived Exertion RPE=Rate of Perceived Exertion

Figure 1: Scattered plots of the relationships outcomes between Six-Minute Treadmill Walk Test and Six-Minute Treadmill Walk-Talk Test

Discussion
This study compared the effects of 6MTWT and
6MTWTT on the selected cardiopulmonary parameters.
The participants in this study were apparently healthy
young individuals (23 years), with a narrow standard
JRSR. 2021;8(1)

deviation. Thus, eliminating the possible moderating
effect of variability in age to cardiovascular response
to exercise. It is already widely known the age has
considerable influence on cardiovascular response to
exercise [33, 34].
From the result of this study, 6MTWT and 6MTWTT led
15
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to significant increase in SBP, PR and RPP, respectively.
However, DBP response to 6MTWT and 6MTWTT were
not significantly different. Similar to the findings in this
study, some studies have reported decrease in SBP during
6MTWT [35, 36]. However, some other studies have
reported significant increase in SBP [37, 38]. Literature
seems to be divided in the direction of cardiovascular
response to 6MTWT. This may be due to environmental
influence, active muscle mass involved and intensity of
the exercise. What is clear to us is that the subjects in this
study were young and can be considered to be physically
active. Some authors opined that the decrease in DBP
after endurance testing could be explained by reactive
hyperaemia following large build-up of metabolites in
the muscles [39-41]. It is also conceivable that constant
stressful lifestyle may reduce the DBP significantly
in healthy individuals. From this study, DBP did not
significantly change following 6MTWT. Change in
DBP during exercise is indicative of unstable form of
hypertension related to coronary artery diseases (CADs)
other heart-related problems or body position during
exercise and type of exercise [42, 43]. Both 6MTWT
and 6MTWTT are sub-maximal exercise that may not
adequately evoke significant change in DBP.
The comparison of cardiovascular response to 6MTWT
and 6MTWTT indicate that both tests were comparable
in their blood pressure responses (SBP, DBP and PR).
Both test were significantly different in their saturated
pressure of oxygen (SPO2) and RPP responses. As
such, 6MTWTT led to significant lower SPO2 and RPP
responses. SPO2 is a measure of the amount of the oxygen
carried in the haemoglobin. Thus, 6MTWTT seems to be
a task that evoke a lesser demand on oxygen or led to
re-oxygenation of oxygen combusted. Literature show
that a higher oxygen demand is dependent on intensity
and may be longer than six minutes duration of exercise
under many circumstances [15]. In line with ATS [16]
guideline on 6MWT, Gupta et al [44] submit that although
6MWT is not intended to document oxygen desaturation
during exertion but is often used predict exercise-induced
desaturation during a 6MWT. Following, studies that
have validated measuring SpO2 during a 6MWT [45, 46],
the European Respiratory Society and ATS in an updated
statement as recommended using 6MWT as a standard
O2 desaturation test with the use of a pulse oximeter for
SpO2 and heart rate [16, 18].
At the same time, RPP is a predictor of oxygen
consumption of the heart in healthy individuals. 6MTWTT
led to a smaller effect on RPP which implies that the pattern
of this increase is a trend reported for general exercise. It
is adducible that the significant lower oxygen change in
pre and post 6MTWTT was due to possible increase in
supply of oxygen through the talk in the walk. Talking
is a ventilating process states that talk improve relative
cardiovascular fitness and exercise capacity [47]. Other
studies by Porth [48] and Felker [49] also corroborated
the above submission. On the other hand, non-talking
during a test can lead to Valsalva manoeuvre. Valsalva
manoeuvre is entails vocal fold closure at the end of a
deep inspiration followed by physical exertion that is
often associated with tasks or activities such as playing
16

wind instrument, lifting a heavy weight etc. [50]. Valsalva
manoeuvre during 6MTWT has been reported in previous
studies on 6MWT [51]. Baas et al. [52] has associated
Valsalva manoeuvre with BP and HR fluctuations which
is as a result of blood flow changes and blood vessels
constriction and re-expansion. Consequently, the body’s
blood oxygen need is also altered during exercise or task
related activities when more oxygen is required [53].
Valsalva manoeuvre increases the risk of raising carbon
dioxide and thus depleting oxygen reserve in the body
during a task [48, 54].
The study showed significant gender related differences
in SBP and DBP during both 6MTWT and 6MTWTT. The
significant gender related difference in cardiovascular
responses to 6MTWT was believed to be due to the
differences in sympathetic-parasympathetic or adrenal
interactions at the cardiac level [55]. This study found
significantly higher SBP response to both 6MTWT and
6MTWTT among male subjects, while significantly
higher DBP response to the 6MTWTT was also observed
among male subjects. The significant gender related
difference in cardiovascular response to both 6MTWT
and 6MTWTT obtained in this study could be due to the
significant differences observed in the anthropometric
variables between the male and the female subjects.
It has been reported that the substantial anatomical,
physiological, and morphological differences that exist
between men and women could influence the magnitude
of their response to exercise and also influence exercise
capacity [56].
Some potential limitations of this study include its
sample size. A cohort of larger sample size is needed to
strengthen the external validity of the study. Also, this
study was conducted among apparently healthy young
adults, extrapolation of findings to adults or patients’
populations should be treated with caution. Thus, inviting
for similar studies in health and disease. Furthermore,
this current study was not aimed to evaluate safety of
the 6MWT. Future studies should investigate the cardiorespiratory responses of 6MTWTT and as it relates to
other populations for clinical purposes.
Conclusion
Both the 6MTWT and the 6MTWTT had comparable
influence on the cardiopulmonary parameters in
apparently healthy young adults. However, the
6MTWTT evoked a lesser oxygen consumption and
myocardial oxygen demand than 6MTWT. This finding
may be potentially beneficial for future cardiopulmonary
exercise testing using 6MWT.
Conflict of Interests: None declared.
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