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Abstract 

Objectives: This pilot study aimed to determine whether aerobic capacity differs when assessed 
using arm-crank ergometry (ACE) and leg-cycle ergometry (LCE) in women with relapsing-re-
mitting Multiple Sclerosis (wwMS) and healthy controls (HC), and to compare the percentage 
difference in peak oxygen consumption (VO2peak) between ACE and LCE across groups.  
Methods: A descriptive cross-sectional study was conducted involving twenty women: ten 
wwMS (EDSS range, 2-5) and ten HC, matched for age, body weight, and BMI. All participants 
completed two separate ergospirometric tests: one using ACE and one using LCE. The variables 
analysed included VO₂peak, peak mechanical power (Wpeak), respiratory quotient, peak pul-
monary ventilation (VEpeak), maximal heart rate (HRmax), and oxygen pulse. The percentage 
difference between ACE and LCE (ACE/LCE ratio) was calculated for each variable. Data were 
analysed using the Mann-Whitney U test, with statistical significance set at p < 0.05.  
Results: Compared with HC, wwMS showed lower VO₂peak (p = 0.004 and p = 0.005), Wpeak 
(p = 0.002 and p < 0.001), HRmax (p = 0.013 and p = 0.003), and VEpeak (p = 0.003 and p = 
0.001) during the ACE and LCE assessments, respectively. WwMS also exhibited a lower oxygen 
pulse than HC (p = 0.005) during ACE, but not during LCE. The ACE/LCE ratio showed that me-
chanical power was lower in wwMS compared with HC (p = 0.045).  
Conclusions: Women with mild to moderate MS exhibit reduced cardiovascular, pulmonary, 
and muscular capacity, as well as a smaller percentage difference in arm power relative to leg 
power, suggesting greater impairment of the lower limbs in this population.  

Keywords 

Exercise testing; multiple sclerosis; neurorehabilitation; physical performance; upper vs lower 
limbs. 

Resumen 

Objetivo: Este estudio piloto tuvo como objetivo determinar si la capacidad aeróbica se ve afec-
tada de manera diferente cuando se evalúa mediante ergometría de brazos (ACE) y ergometría 
de piernas (LCE) en mujeres con Esclerosis Múltiple remitente recurrente (wwEM) y en con-
troles sanas (CS), así como comparar la diferencia porcentual en el consumo de oxígeno pico 
(VO2pico) entre ACE y LCE entre los grupos.  
Métodos: Se realizó un estudio transversal descriptivo en veinte mujeres: diez wwEM (rango 
EDSS, 2-5) y diez CS, emparejadas por edad, peso corporal e IMC. Todas las participantes com-
pletaron dos pruebas ergoespirométricas independientes: una con ACE y otra con LCE. Las va-
riables analizadas incluyeron VO2pico, potencia mecánica máxima (Wpico), cociente respirato-
rio, ventilación pulmonar pico (VEpico), frecuencia cardíaca máxima (FCmax) y pulso de oxí-
geno (VO2/FC). Se calculó la diferencia porcentual entre ACE y LCE (relación AE/LE) para cada 
variable. Los datos se analizaron usando la prueba U de Mann-Whitney y se estableció una sig-
nificación en p < 0.05.  
Resultados: En comparación con las CS, las wwEM presentaron valores inferiores de VO2pico 
(p = 0.004 y p = 0.005), Wpico (p = 0.002 y p < 0.001), FCmax (p = 0.013 y p = 0.003) y VEpico 
(p = 0.003 y p = 0.001) durante las evaluaciones con ACE y LCE, respectivamente. Las wwEM 
también mostraron un pulso de oxígeno menor que las CS (p = 0.005) durante la ACE, pero no 
durante la LCE. La relación ACE/LCE mostró que la potencia mecánica fue significativamente 
menor en las wwEM que las CS (p = 0.045).  
Conclusiones: Las mujeres con leve a moderada esclerosis múltiple presentan una menor capa-
cidad cardiovascular, pulmonar y muscular, así como una menor diferencia porcentual en la 
potencia de los brazos respecto a la potencia de las piernas, sugiriendo una mayor afectación 
de las extremidades inferiores en esta población. 

Palabras clave 

Pruebas de ejercicio; esclerosis múltiple; neurorrehabilitación; rendimiento físico; miembros 
superiores vs inferiores.

  

Comparative ergospirometric responses to arm-crank and leg-
cycle exercise in women with multiple sclerosis: a pilot study 
Respuestas ergoespirométricas comparativas al ejercicio de brazos y piernas en 

mujeres con esclerosis múltiple: un estudio piloto 

mailto:ena.romero@unison.mx
https://doi.org/10.47197/retos.v75.118114


2026 (Febrero), Retos, 75, 319-328  ISSN: 1579-1726, eISSN: 1988-2041 https://recyt.fecyt.es/index.php/retos/index 

 320  
 

Introduction

Multiple Sclerosis (MS) is a chronic, degenerative disease of the central nervous system and represents 
the leading non-traumatic cause of disability among young adults. Patients with MS (pwMS) may pre-
sent with a wide spectrum of symptoms including physichological and emotional problems, sensory 
deficits, muscle weakness, impaired motor coordination and balance, and fatigue (Arévalo Baeza & 
Pacheco Fuertes, 2022; Royer et al., 2024; Valadkevičienė et al., 2024). These symptoms can affect func-
tional capacity, quality of life, and the ability to perform activities of daily living to a greater or lesser 
extent (Chaves et al., 2024). Together with self-perceived barriers to physical activity, such symptoms 
result in pwMS exhibiting markedly lower levels of physical activity than age-matched individuals from 
the general population, often falling well below the thresholds recommended for maintaining health 
(Gomes et al., 2024; Sieber et al., 2024; van der Ven et al., 2024).  

The study of the muscular repercussions of the disease is commonly conducted by assessing different 
manifestations of isometric (Uygur et al., 2022), isokinetic (Ramari et al., 2020; Farrell et al., 2021), or 
dynamic strength (Portilla-Cueto, et al., 2022a; Portilla-Cueto, et al., 2022b), with or without electromy-
ographic recording (Beretta-Piccoli et al., 2020). However, in pwMS, assessment of leg ergospirometric 
capacity are less common, and arm-crank ergospirometry is performed even more rarely (Langeskov-
Christensen et al., 2015; Canning & Hicks, 2020). It has been consistently reported that pwMS exhibit a 
reduction in maximal oxygen uptake (VO2max) compared with healthy individuals, a reduction that is 
inversely associated with the degree of neurological disability (Rasova et al., 2005; Koseoglu et al., 2006; 
Heine et al., 2014; Albergoni et al., 2025).  

In a clinical context, ergospirometric testing enables the assessment of aerobic capacity limits and the 
integrated function of the pulmonary, cardiovascular, and muscular systems (Dores et al., 2024; Tauda 
& Cruzat Bravo, 2025). VO2max can be constrained by several central (or supply-realated) factors, such 
as ventilation, alveolar-capillary diffusion, oxygen transport capacity in the blood, cardiac output, and 
tissue perfusion, which collectively determine the amount of oxygen delivered to the active muscles, or 
by peripheral muscular factors, including the muscles’ capacity for oxygen diffusion and utilisation 
(Dores et al., 2024).  

PwMS may also have reduced ventilatory capacity due to impairment of the respiratory muscles, partic-
ularly of the diaphragm (Koseoglu et al., 2006; Bosnak-Guclu et al., 2012; Tzelepis & McCool, 2015). 
Indeed, some studies have shown an inverse relationship between the degree of neurological disability 
and the extent of limitation in certain cycle ergospirometric variables (Rasova et al., 2005; Koseoglu et 
al., 2006; Heine et al., 2014; Albergoni et al., 2025).  

Most studies assessing peak oxygen consumption (VO2peak) in pwMS have used leg-cycle ergospirom-
etry (LCE) (Langeskov-Christensen et al., 2015; Van Den Akker et al., 2015; Andreu-Caravaca et al., 
2021). In contrast, relatively few studies have assessed VO2peak using treadmill testing (Feasel et al., 
2021; Apollonatou et al., 2023) or arm-crank ergospirometry (ACE) (Langeskov-Christensen et al., 
2015; Canning & Hicks, 2020). 

An aspect that remains insufficiently explored in the scientific literature is the comparison of the re-
sponses of ergospirometric variables during arm-crank ergometry (ACE) versus leg-cycle ergometry 
(LCE) in pwMS (Langeskov-Christensen et al., 2015; Andreu-Caravaca et al., 2021; Youssef et al., 2024). 
Studies analysing the percentage difference in ergospirometric variables between ACE and LCE 
(ACE/LCE ratio) in healthy populations have shown that arm performance is lower than leg perfor-
mance, and that this ratio decreases with advancing age (Tordi et al., 2001; Pogliaghi et al., 2006; Price 
et al., 2024). The ACE/LCE ratio of ergospirometric variables may therefore provide valuable insights 
into the extent to which central or peripheral factors limit aerobic capacity in pwMS compared with 
healthy individuals. 

In general, it is accepted that lower limb involvement is more pronounced than upper limb involvement 
in pwMS (Kister et al., 2013; Ramari et al., 2020; Ozkul et al., 2022). Therefore, in this pilot study, we 
hypothesised that pwMS would desmonstrate lower performance in LCE than in ACE when compared 
with healthy controls. To further explore this difference, the ACE/LCE ratio was also compared between 
groups, which may provide a valuable foundation for future research in the field of neurorehabilitation. 
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Method 

Study design 

This pilot study employed a descriptive cross-sectional design. Two ergospirometric assessments were 
conducted in a randomised order, separated by at least 48 hours: one using only the upper limbs (ACE) 
and the other using only the lower limbs (LCE).  

Participants 

Twenty women participated in the study: including ten women with relapsing-remitting MS (wwMS) 
and ten healthy controls (HC), matched for age, body weight, and body mass index (BMI). A convenience 
sampling approach was used. Participants were recruited and contacted through the Multiple Sclerosis 
Association of León. Prior to the exercise tests, all participants underwent a clinical-medical history as-
sessment to evaluate their overall health status and the degree of neurological disability, under the su-
pervision of a physician.  

The inclusion criteria for patients were as follows: a confirmed diagnosis of MS according to the McDon-
ald criteria (McDonald et al., 2001); maintenance of ambulatory autonomy (with or without assistance) 
for at least 20 metres without rest; no episodes of relapse or evident functional deterioration in the 
preceding two months; and a degree of neurological disability, assessed using the Expanded Disability 
Status Scale (EDSS), below 5. In addition, participants were required not to have engaged in structured 
physical activity during the previous six months and to be free of metabolic, cardiovascular, pulmonary, 
or musculoskeletal conditions that could contraindicate maximal exertion.  

Ethical Approval 

The study was approved by the Research Ethics Committee of the University of León, Spain (30 January 
2017, study number: 1835) and conducted in accordance with international standards and the Declara-
tion of Helsinki. Before participation, all subjects were fully informed of the study’s purpose and pro-
vided written informed consent. 

Procedure 

The ergospirometric assessments were carried out in the Exercise Physiology Laboratory of the Insti-
tute of Biomedicine (IBIOMED) at the University of León, using two ergometers: the Monark Rehab-
Trainer (model 881E, UK) for ACE and an Ergoline ergometer (model 900, Bitz, Germany) for LCE. For 
both tests, the ergometer protocol consisted of a continuous progressive ramp with a cadence of 60 rpm 
and an initial workload of 20 W for LCE and 10 W for ACE, with increments every minute of 20 W (Rom-
berg et al., 2004) and 10 W (Pilutti et al., 2015), respectively, until volitional exhaustion or the inability 
to maintain a cadence above 55 rpm. Breath-by-breath gas exchange was continuously analysed (Ergo-
card, Medisoft, Dinant, Belgium), and a 12-lead ECG was monitored throughout both tests. 

Variables analysed 

The ergospirometric variables analysed were: peak oxygen consumption (VO2peak), peak mechanical 
power (Wpeak), respiratory quotient (RQ = VCO2/VO2), peak pulmonary ventilation (VEpeak), maximal 
heart rate (HRmax), and oxygen pulse (VO2/HR) at the point of exercise termination. These variables 
were compared between wwMS and HC for both ACE and LCE, as well as for the percentage difference 
between ACE and LCE for each variable.  

Data analysis 

Data are presented as mean ± standard deviation (SD). The normality of the data distribution was as-
sessed using the Shapiro-Wilk test. Comparisons of quantitative variables between wwMS and HC were 
performed using the Mann-Whitney U test. The percentage difference between ACE and LCE (ACE/LCE 
ratio) was calculated using the equation: ACE/LCE ratio = [(ACE × 100) / LCE]. Results are expressed as 
percentages (%), with values closer to 100 indicating a smaller percentage difference (e.g., ergospiro-
metric values obtained during ACE were closer to those obtained during LCE), whereas values further 
from 100 indicate a larger difference. Effect size was calculated using Rosenthal’s r. Statistical signifi-
cance was set at p < 0.05. All analyses were performed using SPSS version 25.0 (SPSS Inc., Chicago, IL, 
USA). 
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Results 

The general characteristics of women with MS and healthy controls are presented in Table 1. No signif-
icant differences were found in age, body weight, height, or BMI. Table 1 also includes the EDSS score 
(range, 2-5) and the time elapsed since diagnosis. 

 

Table 1. Characteristics of women with MS (n =10) and healthy controls (n =10) 

Characteristics 
 WwMS  Controls  

p  Mean ± SD  Mean ± SD  

Age (years)  45.6 ± 13.1  44.0 ± 11.1  0.684 
Weight (kg)  60.5 ± 4.6  61.7 ± 11.0  0.796 
Height (cm)  157.1 ± 6.0  159.0 ± 6.3  0.912 
BMI (kg/m²)  24.2 ± 2.3  24.3 ± 3.0  0.971 

EDSS (range, 0-10)  2.9 ± 1.4  -  -  - 
Diagnosis EDSS (years)  9.0 ± 3.9  -  -  - 

SD: standard deviation; wwMS: women with multiple sclerosis; EDSS: Expanded Disability Status Scale; BMI: body mass index; p: p value. 

 

Table 2 presents the ergospirometric variables for both LCE and ACE in wwMS and HC. WwMS showed 
lower values than HC in Wpeak, VO₂peak, HRmax, and VEpeak for both LCE and ACE. In contrast, 
VO₂/HR was significantly lower in wwMS compared with HC only during ACE, but not during LCE. No 
significant differences between groups were observed for RQ. 

 

Table 2. Ergospirometric responses during leg-cycle and arm-crank ergometry in women with MS and healthy controls  
 Leg-cycle ergometry   Arm-crank ergometry 

 WwMS  Controls 
Z p ES 

 WwMS  Controls 
Z p ES 

Variable Mean ± SD  Mean ± SD  Mean ± SD  Mean ± SD 

Wpeak 85.8 ± 26.1  141.0 ± 13.7 -3.48 0.000 0.78  37.2 ± 7.1  50.0 ± 6.7 -3.13 0.002 0.70 
VO2peak 22.4 ± 5.4  30.5 ± 4.8 -2.80 0.005 0.63  16.0 ± 3.1  23.4 ± 5.1 -2.87 0.004 0.64 
HRmax 140.4 ± 13.1  166.9 ± 17.0 -2.99 0.003 0.67  127.5 ± 13.6  151.2 ± 20.8 -2.50 0.013 0.56 
VO2/HR 9.5 ± 1.9  11.2 ± 2.3 -1.74 0.082 0.39  7.5 ± 1.4  9.4 ± 1.6 -2.80 0.005 0.63 

RQ 1.15 ± 0.1  1.23 ± 0.2 -1.23 0.218 0.28  1.11 ± 0.1  1.19 ± 0.1 -1.60 0.110 0.36 
VEpeak 45.6 ± 7.2  67.7 ± 14.0 -3.25 0.001 0.73  37.0 ± 8.2  49.1 ± 7.3 -2.95 0.003 0.66 

SD: standard deviation; wwMS: women with multiple sclerosis; Wpeak: peak mechanical power in watts (W); VO2peak: peak oxygen 
consumption (ml/kg/min); RQ: respiratory quotient (VCO₂/VO₂); VEpeak: peak pulmonary ventilation (L/min); HRmax: maximal heart rate; 
VO₂/HR: oxygen pulse; Z: Z statistic from the Mann-Whitney U test; p: p-value; ES: effect size. 

 

Table 3 presents the results of the ACE/LCE ratio. Notably, only the mean Wpeak in wwMS was signifi-
cantly lower than in HC, with no other variables showing significant differences between the groups.  

 

Table 3. Percentage ratio between arm-crank and leg-cycle ergometry in women with MS and healthy controls 
 ACE/LCE ratio (%) 
 WwMS  Controls 

Z p ES 
Variable Mean ± SD  Mean ± SD 
Wpeak 46.4 ± 13.1  35.8 ± 6.2 -2.00 0.045 0.45 

VO2peak 73.6 ± 12.7  76.5 ± 9.7 -0.23 0.821 0.05 
HRmax 90.9 ± 5.7  90.4 ± 5.6 -0.11 0.910 0.03 
VO2/HR 80.6 ± 13.4  84.7 ± 9.2 -0.23 0.821 0.05 

RQ 99.2 ± 3.4  97.5 ± 11.5 -0.30 0.762 0.07 
VEpeak 81.4 ± 13.8  74.6 ± 14.2 -1.21 0.226 0.27 

SD: standard deviation; wwMS: women with multiple sclerosis; Wpeak: peak mechanical power in watts (W); VO2peak: peak oxygen 
consumption (ml/kg/min); RQ: respiratory quotient (VCO₂/VO₂); VEpeak: peak pulmonary ventilation (L/min); HRmax: maximal heart rate; 
VO₂/HR: oxygen pulse; Z: Z statistic from the Mann-Whitney U test; p: p-value; ES: effect size; ACE: arm-crank ergometry; LCE: leg-cycle 
ergometry; ACE/LCE ratio: percentage difference between ACE and LCE; %: variable values expressed as percentages. 
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Discussion 

The present study demonstrates that young women with MS with mild to moderate neurological disa-
bility (as measured by the EDSS) exhibit lower peak mechanical power, peak oxygen consumption, max-
imal heart rate, and peak pulmonary ventilation during both leg-cycle and arm-crank ergometry com-
pared with healthy controls. Furthermore, the percentage differences between the ergospirometric var-
iables obtained during arm-crank ergometry relative to those obtained during leg-cycle ergometry are 
generally similar, except for the percentage difference in mechanical power between arms and legs, 
which is lower in women with MS. This suggests that, in this population, the lower limbs are more af-
fected than the upper limbs. 

Studies evaluating the functional capacity of pwMS are usually conducted in mixed-sex samples, in 
which, at best, there is a similar proportion of men and women; however, these samples do not reflect 
the sex-specific incidence of this disease, and therefore, the conclusions may be biased (Apollonatou et 
al., 2023; Schlagheck et al., 2023; Hibner et al., 2024; Albergoni et al., 2025). The present study focuses 
specifically on young adult women with MS, with healthy controls matched for age and BMI. As MS typ-
ically manifests in young adults (McGinley et al., 2021), it is not surprising that, despite our sample being 
young, the average disease duration is 9.0 ± 3.9 years. Given that MS tends to progress in severity over 
time, it is crucial that, when comparing different studies in pwMS, both the degree of neurological disa-
bility and disease duration of the participants are taken into account, as the prevalence of clinical man-
ifestations changes over the years following diagnosis (Kister et al., 2013). 

In ergometry performed using continuous progressive protocols, peak mechanical power is closely cor-
related with both total test duration and VO₂peak (Dores et al., 2024). WwMS exhibit lower peak leg-
cycle ergometer power, with reductions of approximately 39% in power output and 27% in VO₂peak 
compared with healthy controls. These findings are consistent with previous studies reporting lower 
muscle power and reduced peak oxygen consumption during leg-cycle ergometry in people with MS 
compared with healthy populations (Langeskov-Christensen et al., 2015; Klaren et al., 2016; van der Ven 
et al., 2024).  

Women with MS have low aerobic fitness (low VO2peak) during both arm- and leg-based exercise. The 
reduced VO2peak levels observed are likely attributable to the interaction of multiple factors, including 
sedentary behaviour (Motl & Baird, 2021), low cardiovascular fitness (low HRmax), alterations in mus-
cle oxidative capacity (Spaas et al., 2022), and disease-related manifestations such as neurological disa-
bility and prolonged disease duration (Romberg et al., 2004; Rasova et al., 2005; Koseoglu et al., 2006; 
Albergoni et al., 2025). Nevertheless, the ACE/LCE ratio for VO2peak does not differ between wwMS 
(73.6%) and HC (76.5%); values comparable to the mean reported for the general population (~70%) 
(Price et al., 2024). These findings suggest that, although women with MS have lower aerobic capacity 
during both leg and arm exercise, the proportional difference in oxygen consumption between these 
exercise modes remains similar to that of healthy women. Therefore, interventions should aim to en-
hance aerobic fitness and mitigate conventional cardiovascular and cerebrovascular risk factors in this 
population (Lin et al., 2024; Albergoni et al., 2025). 

Individuals with MS are characterised by a progressive decline in functional mobility (Chaves et al., 
2024), commonly associated with lower-limb muscle weakness that worsens as the disease progresses 
(Kister et al., 2013; Ramari et al., 2020). In line with this, women with MS in our cohort show a lower 
ACE/LCE ratio for Wpeak compared with healthy controls (46.4% vs. 35.8%, p = 0.045), indicating that 
arm power corresponds to 46.4% of leg power in women with MS, whereas in healthy controls it is 
35.8%. This result highlights reduced lower limb ergometric performance in women with MS, reflecting 
peripheral muscle weakness. Given the crucial role of the lower limbs in functional activities such as 
walking, standing up, and maintaining postural stability (Grazioli et al., 2019; Taul-Madsen et al., 2021), 
these findings support prioritising targeted lower-limb strength and power training in rehabilitation 
strategies for women with MS. Overall, these data underscore the importance of addressing lower-limb 
muscle performance to mitigate mobility limitations and improve functional independence in MS (Me-
dina-Perez et al., 2014, 2016; Patrocinio de Oliveira et al., 2018). 

With regard to HRmax, women with MS present a generalised reduction in both ergometric tests, with 
similar decreases in the legs (~15.9%) and arms (~15.7%) compared with healthy controls. This finding 
corroborates previous reports on people with MS (Rasova et al., 2005; Heine et al., 2014; Klaren et al., 
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2016). The lower cardiovascular performance observed in wwMS may be attributed to cardiac auto-
nomic dysfunction, a recognised feature of the disease (Kaplan et al., 2015; Findling et al., 2020). None 
of the participants were receiving beta-blocker therapy; therefore, the reduced HRmax values cannot be 
attributed to medication. Furthermore, the ACE/LCE ratio for HRmax is similar between groups, sug-
gesting that, despite the overall reduction in cardiovascular performance in both legs and arms, the rel-
ative difference in cardiovascular response between the two exercise modes remains proportional in 
women with MS and healthy women. Overall, these findings highlight the importance of considering 
limb-specific cardiovascular limitations when designing aerobic training interventions for women with 
mild to moderate MS. 

Oxygen pulse represents the product of stroke volume and oxygen extraction during each cardiac con-
traction (Peterman et al., 2021). During LCE, no differences is observed between groups, consistent with 
previous findings in individuals with mild MS (Tantucci et al., 1996; Hibner et al., 2024). However, dur-
ing ACE, wwMS show a lower oxygen pulse (~20.2%) than HC, indicating a reduction in stroke volume 
per beat. This decrease likely reflects the combined effects of lower cardiovascular capacity (low 
HRmax) and reduced aerobic capacity (lower VO2peak) in wwMS, which may limit oxygen delivery per 
beat during arm exercise. Nevertheless, the ACE/LCE ratio for oxygen pulse is similar between groups, 
suggesting that, although the mean oxygen pulse during arm exercise is lower in women with MS, the 
proportional difference between arm and leg exercise remains comparable to healthy controls. 

Mean RQ values are similar between wwMS and HC in both the lower and upper limbs. These findings 
align with previous reports in individuals with mild MS (Heine et al., 2014; Klaren et al., 2016) and con-
firm that women with mild to moderate MS can achieve values indicative of maximal effort, with an RQ 
≥ 1.10 considered a criterion for metabolic stress (Schlagheck et al., 2023). Moreover, the ACE/LCE ratio 
for RQ remains stable between groups, suggesting that the proportional difference in metabolic stress 
between arms and legs is preserved in wwMS, comparable to HC. 

Women with MS also show lower minute ventilation during both exercise modalities compared with 
healthy controls. These results confirm previous reports describing reduced ventilatory capacity in this 
population (Koseoglu et al., 2006; Klaren et al., 2016). Nevertheless, the ACE/LCE ratio for VEpeak does 
not differ significantly between groups, suggesting that, although wwMS have lower ventilatory capacity 
than HC, the relative ventilatory response between leg and arm exercise remains proportional in both 
groups. The observed reduction in ventilatory capacity in women with MS is likely attributable to res-
piratory muscle weakness and the lower workloads achieved in both limbs (lower Wpeak). Collectively, 
these factors likely limit further hyperventilation when CO2 production increases as a result of muscular 
metabolic stress at high intensities, which may substantially restrict airflow between the atmosphere 
and the lungs in this population.  

This study provides valuable information to neurorehabilitation and healthcare professionals regarding 
the ergospirometric responses of the lower and upper limbs in people with MS. However, as a pilot 
study, it has several limitations that should be considered. Its cross-sectional design precludes the es-
tablishment of cause-and-effect relationships. The sample size is small and restricted to women with 
relapsing-remitting MS (RRMS) and mild to moderate disability (EDSS ≤ 5), which limits the generalisa-
bility of the findings to men and to patients with more advanced disability (EDSS > 5). In addition, given 
the small sample size, the impossibility of ruling out the existence of a Type I error is noted. Moreover, 
physical activity levels are not assessed, preventing characterisation of participants’ lifestyle patterns. 
Future research should aim to include a larger sample encompassing participants of both sexes and var-
ying levels of disability. 

 

Conclusions 

Women with mild to moderate MS exhibit lower cardiovascular, pulmonary, and muscular capacity com-
pared with healthy women in both leg- and arm-ergospirometric assessments. Moreover, this study con-
firms that women with MS present a peripheral muscle-origin limitation, characterised by more pro-
nounced weakness in the lower-limb muscles.  
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