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KEYWORDS Abstract

Stroke; Background: Subjects with stroke show higher energy cost (EC) during walking, when compared
Walking; to healthy individuals, but the mechanisms are not fully understood. Additionally, the behavior
Energy metabolism; of physiological variables during other activities has not been investigated.

Oxygen consumption; Objectives: To investigate energy expenditure (EE) and EC during the six-minute walking test
Rehabilitation (6MWT) and stair climb test (SCT) in chronic stroke subjects compared to healthy controls.

Methods: Cross-sectional study in which stroke subjects (n=18) (community-walking speed
>0.8m/s) or limited-community <0.8 m/s walkers and matched healthy controls (n=18) had
their EE and EC assessed during the 6MWT and SCT with a portable monitoring system.
Results: Significant differences in EE were observed for both the 6MWT (MD 7.29; 95%CI
4.08-10.50) and SCT (MD 8.53; 95%CI 5.07-12.00) between the stroke and control groups, but
not between the stroke subgroups. Significant between-group differences in EC were found
for both the 6MWT and SCT. For the 6MWT, differences were significant between the limited-
community and the community walkers (MD 0.19; 95%Cl 0.05-0.33) and controls (MD 0.17; 95%Cl
0.04-0.29). No significant differences were found between the community walkers and controls
(MD 0.02; 95%Cl —0.09 to 0.13). For the SCT, the limited-community walkers showed highest
EC, followed by the community walkers, and controls.

Conclusions: Both stroke subgroups demonstrated lower EE compared to healthy controls.
During the 6MWT, the limited-community walkers demonstrated higher EC compared to the
community walkers and controls. During the SCT, the limited-community walkers demonstrated
higher EC, followed by the community walkers, and controls.
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Introduction

Physiological energy measurements are reliable methods
to assess quantitatively the changes imposed by gait
disabilities.! After a stroke, individuals are left with sev-
eral impairments and disabilities, which interfere with their
movement efficiency. Although the mechanisms are not fully
understood, the higher energy cost (EC) of walking after
stroke has been linked to reduced walking performance and
restrictions in community participation.?

The Compendium of Physical Activities® provides normat-
ive data for the estimation of metabolic cost of hundreds
of specific daily activities for healthy individuals. Mean-
while, it was observed that, even for the elderly, the real
metabolic costs of daily activities are substantially different
from the normative values proposed by the Compendium. In
addition, mobility impairments may increase the metabolic
cost* of everyday activities. In this sense, it is impor-
tant to know if, after stroke, the severity of impairments
and levels of disabilities could affect the efficiency of the
movement.

Previous studies®~’ used treadmills to examine the dif-
ferences in oxygen consumption between stroke and healthy
individuals. The advantage of using treadmills is that walking
speeds can be more easily controlled.® However, the auto-
maticity provided by the treadmills is not comparable to
that of daily activities, which can impose different demands
on individuals with stroke. A recent study’ reported that,
compared to healthy controls, stroke individuals demon-
strated lower energy expenditure (EE) and EC during the
performance of typical motor activities, such as sit-to-walk-
to-sit, walking over an obstacle, walking at comfortable
speeds, and reaching for an object, while in a standing
position.’

A recent systematic review'? that included four studies
compared the EE and EC of stroke and healthy individuals
during walking. These studies investigated these variables
during overground walking, with a mean sample of 30 indi-
viduals, including both stroke and healthy controls. In this
sense, even for the most basic daily activity, i.e., overground
walking, there is still limited information regarding the
differences in EE and EC between stroke and healthy indi-
viduals. For example, no studies were found that compared
the energy variables of stroke individuals with different
functional levels (i.e., various walking speeds) to healthy
controls. Similarly, no study was found that investigated
the behavior and characteristics of energy variables in indi-
viduals with stroke during stair management. For instance,
stairs are common in many places'' and the ability to man-
age stairs has been shown to be the best predictor of
free-living physical activity with community-dwelling stroke
individuals.'? However, there is no available data regarding
the metabolic demands during stair negotiation in individ-
uals with stroke.

Therefore, the aim of this study was to investigate EE
and EC during the performance of the six-minute walk-
ing test (6MWT) and stair climb test (SCT) in individuals
with chronic stroke, who were classified as community
and limited-community walkers, compared to age- and sex-
matched healthy controls.

Methods
Design

For this cross-sectional study, the participants were
recruited from the general community and outpatient physi-
cal therapy clinics of the city of Belo Horizonte, Brazil. This
study was conducted from September to December 2014.
The outcome measures were collected in random order,
during the afternoons, over one day in a university labora-
tory setting. Prior to the data collection, at least 500 mL of
water were provided to the participants to ensure normal
hydration. The participants were asked to avoid strenu-
ous activity in the previous 24h and to keep taking their
usual medications. In addition, they were asked to avoid
taking any stimulants, such as coffee, black tea, or choco-
late, on the day of the test. This study was approved by
the Research Ethics Review Board of Universidade Federal
de Minas Gerais (UFMG), Belo Horizonte, MG, Brazil (#ETIC
0254.0.203.000.11), and prior to data collection, all partic-
ipants provided written consent.

Participants

Individuals with chronic stroke were eligible if they were
>20 years of age, had a mean duration of unilateral stroke
between one and five years, and were able to walk at
least 14 m independently, without walking aids. They were
excluded if they had cognitive deficits as determined by
the following Brazilian education-adjusted cut-off scores on
the Mini-mental state examination: 18/19 for the individuals
with illiteracy and 24/25 for those with basic education’® or
any other neurological or orthopedic disorder.

The outcome measures were collected by two well-
trained physical therapists, who had clinical and research
experience in stroke rehabilitation. Characteristics, such as
age, sex, paretic side, time since the onset of the stroke,
tonus of the plantar-flexor muscles (modified Ashworth
scale), functional independence (Barthel Index), motor
recovery (Fugl-Meyer - lower extremity section scores),
minute ventilation-carbon dioxide production (VE/VCO,),
and respiratory exchange ratio (RER), were collected. During
the 6MWT and SCT, the mean perceived exertion was col-
lected. Based on their walking speed values, the individuals
with stroke were stratified into two clinically functional sub-
groups: community walkers (walking speed >0.8m/s) and
limited-community walkers (walking speed <0.8 m/s)."

Outcomes

Measures of EE, determined by oxygen consumption (VO;)
in mLkg~" min~" during the 6MWT and SCT, were randomly
collected with a portable monitoring system (Metamax 3B
- Cortex, Leipzig, Germany), which provides reliable meas-
ures in individuals with chronic stroke during walking."
The 6MWT, which has shown acceptable test-retest
reliability for individuals with stroke,'® was performed
according to the procedures and recommendations of the
American Thoracic Society.'”” For the SCT, the individuals
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Table 1 Characteristics of the participants.

Characteristic Limited-community Community walkers Healthy
walkers (n=8) (n=10) (n=18)
Age (years), mean (SD) 61.4 (7.8) 63.1 (9.3) 62.1 (8.3)
Sex, n men (%) 5 (67) 6 (60) 12 (67)
Body mass index (kg/m?), mean (SD) 26.1 (3.2) 25.8 (3.5) 25.6 (3.1)
Paretic side, n right (%) 4 (50) 5 (50) NA
Type of stroke, n ischemic (%) 6 (88) 8 (80) NA
Time since stroke (months), mean (SD) 26 (13) 24 (15) NA
Associated diseases (number), mean (SD) 2 (1) 2 (1) NA
Tonus of the plantar flexor muscles (modified Ashworth Scale), n (%)
0 0 (0) 0 (0) NA
1 2 (25) 3 (30)
1+ 3 (37.5) 4 (40)
2 2 (25) 1 (10)
3 1 (12.5) 2 (20)
4 0 (0) 0 (0)
Cognition (MMSE score 0-30), mean (SD) 25 (3) 24 (2) 27 (2)
Independence (Barthel 0-20), mean (SD) 15 (2) 18 (1) NA
Functional Mobility (Fugl-Meyer — lower 16 (4) 25 (3) NA
extremity 0-34), mean (SD)
Distance covered during the 6MWT, mean (SD) 194 (77) 412 (97) 565 (92)
VO; (mLkg~"min~"), mean (SD)
6MWT 8.99 (2.19) 10.99 (2.45) 17.51 (6.08)
SCT 11.24 (3.06) 16.07 (3.50) 22.73 (5.96)
RER, mean (SD)
6MWT 0.92 (0.05) 0.90 (0.06) 0.90 (0.08)
SCT 0.97 (0.15) 0.95 (0.08) 1.05 (0.09)
VE/VCO;, mean (SD)
6MWT 38.16 (3.19) 34.63 (2.99) 34.71 (3.39)
SCT 36.47 (3.45) 32.28 (3.46) 33.36 (4.16)

SD, standard deviation; MMSE, Mini Mental State Examination; VO,, oxygen expenditure; 6MWT, six-minute walking test; SCT, stair climb

test; NA, not applicable; RER, respiratory exchange ratio; VE/VCO,, ventilation/carbon dioxide production.

were asked to ascend and descend an 11-step flight of stairs
(18 cm high and 30cm deep) for five minutes, holding the
handrail with their non-paretic hands, at their comfortable
pace."” To ensure safety, the examiner stood closely behind
the participants during all tests.

The VO, measures over the last two minutes (steady-state
condition) of both the 6MWT and SCT were considered for
analyses.'® EC was calculated by dividing the EE values by
the distance, in meters, covered in the 6MWT and reported
as mLkg~"m~". For the SCT, the distance covered was calcu-
lated as the hypotenuse of the step height and depth (35cm)
multiplied by the number of steps.

Data analyses

The characteristics of the participants are given as means
(SD) or numbers (%). One-way analyses of variance (ANOVAs),
followed by Bonferroni post hoc tests, were employed to
investigate the differences between the groups (community
walkers, limited-community walkers, and healthy controls)
regarding the EE and EC during the performance of the 6MWT
and SCT. All analyses were carried out with the SPSS software
(version 17.0) with a significance level of 5%.

Results
Participants’ characteristics

Thirty-six individuals (18 stroke and 18 age- and sex-
matched healthy controls) were assessed. The individuals
with stroke had a mean time since the onset of the stroke
of 25 (SD =14) months. Eight individuals were classified as
limited-community walkers and 10 as community walkers.
For the stroke subjects, their means of perceived exertion
during the 6MWT and SCT were 7/10 and 8/10, respectively,
whereas for the healthy controls, they were 5/10 and 7/10,
respectively. The characteristics of the participants are sum-
marized in Table 1.

Differences between the groups

The descriptive data regarding the energy variables during
the performance of the 6MWT and SCT, as well as the ANOVA
results, are given in Table 2.
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Table 2 Descriptive data (means =+ standard deviations) and ANOVA results (F and p values) regarding the between-group
comparisons during the performance of the six-minute walking and stair climb tests.

Variable Limited-community

walkers (n=8)

Community walkers (n=10)

Healthy controls (n=18) F (p) values

Energy expenditure (mL kg~ min~')

6MWT 8.99 + 2.19° 10.99 + 2.452

SCT 11.24 + 3.102 16.10 + 3.502
Energy cost (mLkg="m~")

6MWT 0.35 £ 0.25° 0.16 + 0.03°

SCT 0.64 + 0.15° 0.51 & 0.09®

17.51 + 6.08° 11.39 (<0.0001)
22.73 + 5.96° 15.94 (<0.0001)
0.18 + 0.04° 6.92 (<0.0001)
0.17 + 0.08¢ 61.92 (<0.0001)

6MWT, six-minute walking test; SCT, stair climb test; ANOVA, analyses of variance. For each row, different letters indicate significant

differences between the groups (p <0.05).

EE

For the 6MWT, significant between-group differences were
found (mean difference - MD 7.29; 95%Cl 4.08-10.50). Post
hoc analysis revealed that the differences were signifi-
cant between the stroke and control groups (community
walkers and controls - MD 6.52; 95%Cl 2.01-11.02, and
limited-community walkers and controls — MD 8.51; 95%Cl
3.27-13.76), but not between the stroke subgroups (MD
—1.99; 95%Cl —7.69 to 3.69) (Table 3). When compared to
the control group, lower EE, i.e., lower VO, values, were
found for both stroke subgroups.

For the SCT, similar results were found and significant
between-group differences were also observed (MD 8.53;
95%Cl 5.07-12.0). The differences were significant between
the stroke and control groups (community walkers and con-
trols — MD 6.66; 95%Cl 1.96-11.35 and limited-community
walkers and controls — MD 11.49; 95%Cl 6.02-16.96), but
not between the stroke subgroups (MD 4.83; 95%Cl —1.10 to

10.77), indicating that both stroke subgroups showed lower
VO, values, when compared to the control group (Table 3).
Fig. 1 illustrates the EE during the 6MWT and SCT of both
stroke subgroups and controls.

EC

For the 6MWT, significant differences were observed when
the limited-community subgroup was compared to the com-
munity walkers (MD 0.19; 95%CI 0.05-0.33) and to controls
(MD 0.17; 95%CI 0.04-0.29). However, no significant dif-
ferences were found between the community walkers and
controls (MD 0.02; 95%Cl —0.09 to 0.13) (Table 3). These
results indicated that the EC during the 6MWT was signifi-
cantly higher for the limited-community walkers.

For the SCT, significant differences were observed
between the groups. Post hoc analyses revealed that the
limited-community subgroup showed higher values (MD 0.14;
95%Cl 0.01-0.27) compared to the community walkers. In

Table 3 Mean differences and 95% confidence intervals regarding the comparisons between the groups during the performance

of the six-minute walking and stair climb tests.

Variables Comparisons

Mean difference 95% confidence interval

Lower bound Upper bound

Limited-community

Energy expenditure
(mLkg~"min~")
during 6MWT

Energy expenditure
(mLkg~"min~1)
during the SCT

Energy cost
(mLkg~"m~") during
the 6MWT

Energy cost
(mLkg~" m~") during
the SCT

walkers
Community walkers

Limited-community
walkers
Community walkers

Limited-community
walkers
Community walkers

Limited-community
walkers
Community walkers

Community walkers
Healthy controls
Limited-community walkers
Healthy controls

Community walkers
Healthy controls
Limited-community walkers
Healthy controls

Community walkers
Healthy controls
Limited-community walkers
Healthy controls

Community walkers
Healthy controls
Limited-community walkers
Healthy controls

-1.99 —7.68 3.69
8.51 3.27 13.76
1.99 —3.69 7.69
6.52 2.01 11.02
4.83 1.10 10.77
11.49 6.02 16.96
4.83 —-1.10 10.77
6.66 1.96 11.35
0.19 0.05 0.33
0.17 0.04 0.29
—0.19 —0.33 —0.05
0.02 0.09 0.13
0.14 0.01 0.27
0.47 0.34 0.59
0.14 —0.27 —0.01
0.33 0.23 0.43

6MWT, six-minute walking test; SCT, stair climb test.
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Figure 1  Energy expenditure (VO;) values, in mLkg~' min—",

during the performance of the six-minute walking and stair
climb tests by the limited-community walkers, community walk-
ers, and healthy controls.
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Figure 2  Energy cost values, in mLkg~" m~', during the per-

formance of the six-minute walking and stair climb tests by the
limited-community walkers, community walkers, and healthy
controls.

addition, the community walkers showed higher values (MD
0.33; 95%Cl1 0.23-0.43) when compared to controls (Table 3
and Fig. 2).

Discussion

The present study aimed to investigate the differences in
EE and EC during the performance of the 6MWT and SCT
in subgroups of individuals with chronic stroke, who were
community and limited-community walkers, compared to
healthy controls. This is the first study to investigate dif-
ferences in energy variables in individuals with stroke who
had different functional status, as determined by their walk-
ing speeds. In general, the results showed that both stroke
subgroups demonstrated lower EE and higher EC during the
performance of both the 6MWT and SCT, when compared
to sex- and age-matched healthy controls. However, dur-
ing the 6MWT, the limited-community walkers demonstrated
higher EC, when compared to the community walkers and
controls. During the SCT, the limited-community walkers
demonstrated the highest EC, followed by the community
walkers and controls.

Similar findings were reported by a recent systematic
review'? including four studies, which compared the EE
and EC of stroke individuals and healthy controls during
overground walking. One of the studies imposed the speed
to the stroke individuals, who walked with a mean speed
of 0.72m/s,"”? and two studies®?' evaluated the energy
variables at self-selected speeds and the stroke individuals

walked with a mean speed of 0.37m/s. In this sense,
the EE and cost at these speeds may not be applicable
to stroke individuals who are community walkers, for
instance. The results of the present study, which compared
the energy variables of stroke subgroups (community and
limited-community walkers) and healthy individuals, may
provide more relevant information to clinical practice.

For the 6MWT, the community walkers showed similar VO,
values to those of the limited-community walkers. However,
the metabolic efficiency, i.e., the EC of the community walk-
ers, was similar to that of healthy controls. These results
emphasize that walking speed, rather than stroke as tra-
ditionally thought, differentiated healthy individuals from
individuals with stroke during the performance of sustained
gait. Since the performance during the 6MWT could reflect
physical capacity to carry out daily tasks,???* it is reason-
able to assume that the energy utilization of the community
walkers, i.e., those with walking speeds >0.8 m/s, is more
efficient and comparable to that of healthy individuals. In
other words, despite some physical limitations as a result of
stroke, the system could adequately cope with the demands
imposed by the 6MWT.

For the SCT, similar findings regarding the VO, measures
were found. Nevertheless, although the community walkers
demonstrated better metabolic efficiency than the limited-
community walkers did, the healthy controls showed lower
EC compared to both stroke subgroups. These findings could
be explained by three main reasons. Firstly, the demands
of stair negotiation are greater than those of overground
walking, since this task requires important motor compo-
nents that can deteriorate after stroke, such as balance,
coordination,'" and the ability to maintain the weight of the
body on one leg while the other advances to the next step.
In addition to the greater mechanical demands, the use of
the handrail can impose greater metabolic demands com-
pared to overground walking.?* Finally, it is well known that
stroke individuals have poor postural control of the vertical
and horizontal components of the movement,? which can
negatively interfere with SCT performance.

The results from a recent study found that habitual walk-
ing speed alone explained 47% of the variance in EC during
the SCT in individuals with chronic stroke.?® These findings
highlight the importance of implementing evidence-based
rehabilitation interventions, such as treadmill training?’ and
cardiovascular conditioning,? in clinical practice to increase
walking speed in individuals with stroke. In addition, previ-
ous studies reported that higher walking speeds were related
to higher functional status, better perception of quality of
life,?° and improvement in long-distance walking function?
in individuals with stroke. It is important to point out that all
individuals performed the tests at high intensities, i.e., their
relative efforts during both the 6MWT and SCT were similar,
as no significant between-group differences were observed
regarding the RER and VE/VCO; values.

The findings of the present study have important clini-
cal implications. The stroke subgroup of community walkers
(walking speeds >0.8 m/s) demonstrated similar metabolic
efficiency to that of healthy controls. These findings high-
light the importance of implementing interventions aimed at
increasing walking speeds. Increase in walking speed equals
efficiency in terms of oxygen consumption, when compar-
ing individuals with stroke to healthy controls. During the
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SCT, which imposes greater demands, it was observed that
the individuals with stroke demonstrated an EC at least
three times higher than that of healthy controls. This finding
stresses the importance of training the components related
to SCT tasks, such as balance, coordination, and muscle
strength.

This study has both strengths and weaknesses. Its main
strength is that the sample size (n=36) was greater than
that of previous studies with similar objectives, thereby,
increasing the power of the findings. Additionally, this was
the first study to carry out a subgroup analysis to evaluate
the energy variables during sustained overground walking
and stair negotiation. However, the sample was composed
of individuals with relatively high functional levels (Barthel
Index 17/20). In this sense, the results of the present study
cannot be extrapolated to individuals with different charac-
teristics. It is important to stress that, although the subjects
were paired by sex and age, their body mass indices were
similar. Thus, differences in body composition (e.g., fat
mass) did not interfere with the results.

Conclusions

The findings of the present study demonstrated that
both stroke subgroups demonstrated lower EE during the
performance of the 6MWT and SCT, when compared to
healthy controls. However, during the 6MWT, the limited-
community walkers demonstrated higher EC compared to
the community walkers and controls. During the SCT, the
limited-community walkers demonstrated the highest EC,
followed by the community walkers and controls.
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