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Background of Study: Observations of limb to limb differences (bilateral asymmetry) in leg
strength, power, peak oxygen uptake (VO,) and bone mineral density has been reported in
individuals with Multiple Sclerosis (MS). Objetives: The purpose of this study was to quantify
the magnitude of bilateral asymmetries in oxygen uptake (VO,) kinetics response to single
leg cycling (SLC) in relapsing-remitting multiple sclerosis (MS) patients. Methods: Five MS
patients (2 men, 3 women; age 43+7 yrs) performed constant work rate SLC trials to determine
VO, kinetics in each leg. Asymmetry scores were used to quantify the magnitude of the
bilateral asymmetries. Results: Significant asymmetries were seen in VO,  and parameters of
VO, kinetics. VOzpeak asymmetry score was significantly different than 0% (p=0.015). Similarly,
significant asymmetry for VO, kinetic response to exercise as mean response time was observed
(p=0.03). In addition the VO, response to exercise resulted in a significant asymmetry in VO,
deficit between legs (p=0.03). No correlation between EDSS scores and any asymmetry scores
existed. Conclusions: These findings provide insight into the potential differences in metabolic
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perturbation and limb specific symptomatic fatigue within the MS population.
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INTRODUCTION

Pulmonary oxygen uptake (VO,) kinetics is generally de-
scribed as the time where oxygen consumption (VO,) is ele-
vated to meet the demands of the cardiovascular, pulmonary,
and muscular systems until the attainment of steady state
VO, during the beginning of moderate-intensity, aerobic
exercise (Poole et al., 2012). Typically VO, kinetics occurs
within the first 2-3 minutes of aerobic exercise where energy
production (ATP) meets energy demands. Prior to reaching
steady state, phosphocreatine (PCr) and anaerobic glycoly-
sis compensate for the energy needs (oxygen deficit) creat-
ed by the delay in skeletal muscle mitochondria production
of ATP (energy) until the occurrence of aerobic metabolism
(Whipp et al., 1982). A clinical population of interest to ex-
amine pulmonary VO, kinetics is multiple sclerosis (MS).
MS is a chronic, autoimmune disease of the central nervous
system (CNS) characterized by the destruction of the myelin
that surrounds and insulates nerve fibers. This demyelination
results in scarring which slows nerve signal transmission
from the brain to the working muscles, resulting in neural
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and muscular impairments. These impairments can have a
negative impact on exercise tolerance and on quality of life
(Compston et al., 2008). To date, only a few researchers have
studied pulmonary VO, kinetics in individuals with MS and
observed that the individuals with MS have significantly
slower oxygen uptake at the onset of exercise than healthy
individuals (Hansen et al., 2013; Ponichtera-Mulcare et al.,
1993). These researchers suggest that slowed pulmonary
VO, kinetics might play a role in exercise intolerance. One
interesting aspect of MS is that it can affect one side of the
body more than the other (bilateral asymmetry) which has
the potential to create an imbalance in function and per-
formance. Bilateral asymmetry also contributes to fatigue,
reported to be the most problematic symptom of MS, lead-
ing to reductions in strength and impairments in mobility
(Ponichtera-Mulcare, 1993). Although there has been little
research quantifying bilateral asymmetries in skeletal mus-
cle function and performance in individuals with MS, the
research that has been done has observed significant differ-
ences in aerobic capacity, balance, and muscular differenc-
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es between the lower limbs in a MS group compared to a
matched control group by approximately 30% (Larson et al.,
2013). The degree to which pulmonary VO, kinetics affects
those with MS has not been well observed. Hansen et al.
(2014) observed that pVO, kinetics was slowed in the MS
population by approximately 30% of the mean response time
(MRT) during double leg cycling when compared to healthy
controls (Hansen et al., 2014). However, pulmonary VO, ki-
netics for a single limb of an MS individual has yet to be
studied. If a limb is unable to produce the required force as
well as incapable of adequately delivering oxygen quickly
enough to the exercising muscle, an imbalance could reduce
the body’s ability to metabolically synchronize the legs,
compromising bilateral movements (Sandroff et al., 2013).
Since fatigue is reported in the multiple sclerosis (MS) pop-
ulation and is a primary disabling symptom (Romani et al.,
2004) and MS bilateral asymmetries in muscular strength
are associated with fatigue and exercise performance, high-
lighting the importance of exercise related asymmetries in
this population (Chung et al., 2008). The rate of increase of
pulmonary oxygen uptake (VO,) at the transition from rest
to exercise depends on the coordinated muscular and cardio-
respiratory responses to meet the increased VO, demand of
the activity. If this rate of change in VO, (i.e. VO, kinetics)
at exercise onset is decreased a greater VO, deficit and met-
abolic perturbation will occur, which is associated with the
onset of fatigue and exercise intolerance (Poole et al., 2008).
Here, we provide a pilot investigation of the single-leg VO,
kinetic response and bilateral asymmetries in a group of MS
patients. We hypothesized that asymmetries in would exist in
our sample of MS patients.

METHODS

Subjects and Design

This pilot study included 5 relapsing-remitting MS patients
(2 men, 3 women; age 43+7 yrs; stature 170.5+7.4 cm;
weight 90.2+18.5 kg). The inclusion criteria for patients in-
cluded age (18-65 years), relapsing-remitting progression,
stable for at least 3 months, and Expanded Disability Sta-
tistics Scale (EDSS) of 6.0 or less. Exclusion criteria were
past or present prednisone medication, past or present low-
er-body orthopedic injury, and history of cardiovascular dis-
ease. Informed consent was obtained per the University of
Oklahoma Institutional Review Board for Research Involv-
ing Human Subjects requirements.

Protocols

A single-leg ramp exercise test (15W/min) to exhaustion
was performed on a cycle ergometer to evaluate each par-
ticipant’s leg specific peak VO, (VO, ) and gas exchange
threshold (GET). Each leg was tested on a separate day with
48 hrs between days. Following the ramp tests, over a period
of 2-4 weeks, all participants performed 5-7 moderate-inten-
sity constant work rate exercise tests in each leg correspond-
ing to the leg specific 90% GET. These tests were performed
over a minimum of 4 visits with 48 hrs between visits. At

each visit at least 3 individual constant work rate tests were
performed with 10-minutes between tests. Metabolic and
ventilatory data were measured via a gas exchange system
(True One 2400, Parvo Medics, Sandy, UT).

Data Analysis and Statistics

For modeling the VO, response the 5-second averaged
VO, from each constant work rate test were time aligned
and ensemble-averaged to provide a single response for each
participant’s individual leg. The mean response time (MRT)
of the overall VO, response in the transition from rest to end
exercise was fit with a monoexponential model after removal
of the cardiodynamic phase I (Whipp et al., 1982). The VO,
deficit was calculated as MRT x the change in VO, from
baseline. The functional “gain” of the VO, response was cal-
culated as the change in VO, from baseline divided by the
change in work rate. An absolute asymmetry (Chung et al.,
2008) was calculated for each variable as

low performanceleg 100
high performanceleg

asymmetry score =1 — [

Where the ratio was the value for the lesser performing
leg divide by the value for the better performing leg for each
tested variable. A value of 0% indicated and 100% indicated
maximal asymmetry between legs. A one sample t-test was
used to determine if the asymmetry scores were significantly
different than 0% (i.e., determine if asymmetry in the limbs
existed) for each tested variable (SigmaPlot/SigmaStat 12.5,
Systat Software, Point Richmond, CA). Linear correlation
analyses were used to determine the association between
asymmetry scores and EDSS values. Statistical significance
was declared when P<0.05 (mean £ SD).

RESULTS

Patients had a mean Expanded Disability Status Scale (EDSS)
score of 3.0+1.0 (range: 2-4.5) indicating mild to moderate im-
pairment. On average our sample performed 24.0+20.12 min-
utes of physical activity for 4.0+2.45 days per week. The
VOzpe . OET, MRT, SEE for the modeling, and O, deficit for
each patient’s left and right legs along with individual asym-
metry scores are displayed in Table 1. The asymmetry score
for VOZPeak was significantly different than 0% (p=0.015).
Similarly, significant asymmetry for VO, kinetic response to
exercise, described as the MRT, was observed (p=0.03). This
difference in VO, response to exercise resulted in a significant
asymmetry in VO, deficit between legs (p=0.03).

A representative subject’s VO, kinetic response is illus-
trated in Figure 1. Note the different MRTs between legs and
the associated differences in VO, deficit. There was no cor-

relation between EDSS scores and any asymmetry scores.

DISCUSSION

This pilot study suggests that significant asymmetries in the
VO, response at exercise onset was present in relapsing-re-
mitting MS patients. These findings support our hypothesis
and provide insight into the potential differences in the met-
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Table 1. Individual data during single leg cycling
Patient # Leg Vo, peald ml kg min! GET, W MRT, s SEE 0, deficit, ml
1 Right 12.1 58 78.3 0.042 50.3
Left 12.6 63 76.3 0.053 52.4
Asymmetry score 3.97 7.94 2.63 4.2
2 Right 21.2 67 40.4 0.072 27.2
Left 22.1 66 48.8 0.077 30.7
Asymmetry score 4.07 1.49 20.7 11.3
3 Right 232 70 51.9 0.049 38.6
Left 21.3 64 37.7 0.041 23.8
Asymmetry score 8.19 8.57 37.7 62.3
4 Right 14.1 43 36.2 0.048 134
Left 13.9 43 44.9 0.056 17.5
Asymmetry score 1.44 0.00 23.9 23.4
5 Right 30.1 55 76.2 0.104 53.6
Left 27.9 53 74.2 0.039 39.0
Asymmetry score 7.31 3.64 2.6 27.2
Abbreviations and symbols are as follows: VO, . peak oxygen uptake; GET, gas exchange threshold; MRT, mean response time;
SEE, standard error of the estimate.
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Larson et al., 2013). Hansen et al. (2013) previously evalu- “ " 48] Asymmety soore + 2, e
ated VO, kinetics during bipedal cycling in MS patients with % 06 —E a6 | i
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fore provides unique insight into muscle energetics beyond
that obtained with traditional measurements of aerobic ex-
ercise capacity (Poole et al., 2008; Poole et al., 1991). The
speed of VO, kinetics can be VO, delivery independent and
dependent, with the latter occurring in situations in which
muscle O, availability are compromised. Given the high ra-
tio of cardiac capacity to skeletal muscle recruitment during
single leg cycling it is likely that the asymmetries in VO,
kinetics are due to difference within the muscle, not bulk
O, transport. Given the MS is primarily a neurodegenerative
disorder it is possible that these asymmetries are a secondary
consequence of the disease and dependent on neurodegener-
ative dependent differences in limb training status. However,
mitochondrial myopathy has been reported in some MS pa-
tients (Mao et al., 2010). It has been shown that individuals
with MS exhibit bilateral asymmetry and elevated muscle fa-
tigue, especially in the lower limbs compared to healthy con-
trols. This study focused on possible lower leg asymmetry
in VO, kinetics as a potential mechanism for muscle fatigue
in individuals with MS. A majority of MS studies on muscle
function and fatigue do not specify the leg used during the
study or conduct experimentation on the same leg for each
participant, whether or not this leg is the weaker or stronger
leg. This study utilized assessment of both limbs and calcu-
lating an asymmetry score.

Figure 1. Representative subject’s O, kinetic response

This is one of the first studies of its kind that Should
be accessed and quantified pulmonary VO, kinetics during
single leg cycling in individuals with MS. A similar study
by Hansen et al. (2013) quantified pulmonary VO, kinetics
during double leg cycling in individuals with MS (Hansen
et al., 2013). Due to the effect of MS on bilateral symmetry
in the lower limbs in individuals with MS, it is important to
access pulmonary VO, kinetics of each limb independently
to eliminate any compensation from the other leg in exer-
cise performance. This study accurately quantified pulmo-
nary VO, kinetics by having each subject perform at least 5
pulmonary VO, kinetics trials on each leg at a submaximal
workload taken from 90% of GET (Poole et al., 2012). Han-
sen et al. (2013) had participants perform only two pulmo-
nary VO, kinetics trials at 25% peak power output (Hansen
et al., 2013). The present study corrected for the age of each
subject by eliminating phase I from pulmonary VO, kinetics
analysis, which Hansen et al. (2013) did not take into con-
sideration. Therefore, this study is the first stepping stone
in developing proper exercise prescriptions for individuals
with MS to help them to prosper in everyday life. This study
is limited by the small sample size, and no control group.
Likewise, no evaluation of the mechanistic determinates of
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the VO, kinetic response occurred, which limits our interpre-
tation of the data. However, the data reinforces the potential
cardiorespiratory changes in the MS population that by asso-
ciation may contribute to symptoms of fatigue and exercise
intolerance.

CONCLUSION

The findings from this study of significant asymmetries in
VO, peak and parameters of VO, kinetics provide valuable
insight into the potential metabolic perturbations associated
with asymmetries in individuals with MS. However, further
research is needed due to the small sample size and lack of
control group.
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