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Purpose. The link between moderate- to vigorous-intensity physical activity (MVPA) and cardiorespiratory fitness in individuals
with multiple sclerosis (MS) remains unclear. This study examined the relationship between self-reported MVPA and objectively
assessed cardiorespiratory fitness, emphasizing sex differences. Methods. 107 adults with MS (77 females), aged
(mean + standard deviation) 47.2 + 10.2 years, were recruited from a local MS clinic. Fitness was measured as maximal oxygen
uptake (VO,, ) during a graded maximal exercise test using a recumbent stepper. MVPA (24-hour recall) was estimated as
the duration of activities>3 MET (metabolic equivalent of task). MET-minutes were calculated by multiplying MET by
duration. We explored sex differences in self-reported MVPA, cardiorespiratory fitness, and disability; examined sex differences
in associations between these variables; and investigated whether MET-minutes of MVPA predicted VO,, . in females and
males. Results. Mean VO, . was 24.79 mLkg'-min”, indicating poor cardiorespiratory fitness levels, despite high levels of
self-reported MVPA (mean = 412.5 MET-minutes). Fifty-three percent of males and 40% of females had VO, levels below
the 20™ age- and sex-standardized population percentile, indicating poor cardiorespiratory fitness. There were statistically
significant associations between MVPA and VO, . (Rho=0.27, p=.01), as well as disability and VO,_. (Rho=-0.35, p=
.02), in females but not males. A regression model using sex, age, body mass, disability, and MVPA to estimate VO, was
valid in predicting VO,, . values that were statistically equivalent to those measured in the laboratory in females but not
males. However, the inclusion of MVPA did not add to the predictive value of this equation. Conclusions. Despite reporting
high levels of MVPA, people with MS had poor cardiorespiratory fitness. MVPA, fitness, and disability were associated in
females only, indicating that sex differences should be considered in fitness appraisal. Self-reported MVPA did not predict
fitness, suggesting 24-hour recall may not be representative of true activity or fitness levels in persons with MS. Future work
should examine sex differences in associations between MVPA and fitness using objective measures such as accelerometry.

1. Introduction

Multiple sclerosis (MS) is an immune-mediated disease of
the central nervous system, characterized by chronic disabil-
ity accumulation and episodes of new neurologic impair-
ment with incomplete recovery [1]. Among people with
MS, vascular comorbidities are associated with accelerated
neurodegeneration, earlier disability, and loss of indepen-

dence [2, 3]. Lifestyle factors are crucial for vascular risk
management and the mitigation of disability accumulation
[1, 4]. Exercise and physical activity are critical interventions
for the promotion of vascular, metabolic, and brain health
and should be a routine part of MS care [5-9]. Guidelines
recommend that people with MS engage in at least 150
minutes of moderate-to-vigorous physical activity (MVPA)
per week [10, 11]. Unfortunately, individuals with MS are
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less active and more sedentary than healthy controls and
even persons with other neurologic disorders like stroke
and spinal cord injury [12]. Individuals with MS report
disease-related impairments, fatigue, and logistical chal-
lenges as barriers to engaging in physical activity [13].
Health professionals cite concerns about patient fatigue
and safety as barriers to prescribing physical activity, despite
evidence of its safety in MS [14, 15].

One of the first steps in prescribing MVPA is determin-
ing the individual’s level of fitness. The gold standard cardio-
respiratory fitness assessment involves graded maximal
exercise testing with indirect calorimetry to measure maxi-
mal oxygen uptake (VO,, . ) [16]. VO, testing in MS is
a valid and reliable measure of aerobic capacity [17] and
shows good relationships with disease-specific and general
health-related outcomes of the International Classification
of Functioning, Disability, and Health model [18]. However,
maximal exercise testing and indirect calorimetry require
specialized equipment, trained evaluators, and a highly con-
trolled environment. These requirements often preclude
maximal exercise testing in real-world clinical or community
settings outside the laboratory setting [19]. In some contexts,
these limitations can be overcome using submaximal exer-
cise testing or field tests [20]. However, submaximal exercise
testing tends to have the greatest validity in low or minimally
disabled persons with MS [21, 22], and field test perfor-
mance may better reflect functional capacity rather than car-
diorespiratory fitness or exercise tolerance [22, 23]. When a
formal fitness test is impractical, health professionals some-
times rely on patients’ subjective reports of physical activity
recall. Self-report questionnaires are considered reliable, easy
to administer, and more affordable and accessible than fit-
ness testing [24]. In healthy controls, there is good concor-
dance between self-reported physical activity levels, self-
appraised fitness, and VO, [25]. However, in MS and
other clinical populations, greater susceptibility to recall
bias, perceived social desirability, and expectations of others
can contribute to the misrepresentation of physical activity
levels [26, 27].

MS is a disease with known sex differences, including
incidence and onset, disease progression, and the nature
and severity of physical and psychosocial impairments [1,
28, 29]. In general, when it comes to reporting cardiorespira-
tory fitness and physical activity levels among individuals
with MS, sex differences are typically overlooked [18, 30].
One study of 92 persons with MS (58 females) found no sig-
nificant associations between self-reported physical activity
and cardiorespiratory fitness (peak VOZ) [31]. However,
the authors did not discriminate between different intensi-
ties of physical activity nor examine sex differences in phys-
ical activity or its association with peak VO, [31]. The study
sample was recruited from a waiting list of individuals
referred for admission to inpatient rehabilitation, so it was
likely not representative of people with MS with stable dis-
ease who are capable of exercising independently [31]. In
another larger study of 380 individuals with MS (249
females), females were less likely to reach VO, .. before
volitional exhaustion compared to males [32]. Also, this
study did not compare cardiorespiratory fitness and physical
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activity levels between the sexes. It is important to note that
the study participants were hospital inpatients and may not
be representative of independent, community-dwelling indi-
viduals. Taken together, these findings allude to the lack of
evidence on sex differences in self-reported physical activity
levels and cardiorespiratory fitness in MS, highlighting the
need for further research to fill existing knowledge gaps.

To address these gaps, the present study is aimed at (1)
exploring sex differences in self-reported MVPA and
VO, (2) examining relationships between self-reported
MVPA, VO, .., and disability status, with an emphasis on
sex differences; and (3) determining whether self-reported
MVPA could predict VO in females and males with MS.

2max

2. Materials and Method

2.1. Participants. We conducted this cross-sectional study in
a neurorehabilitation research laboratory located within a ter-
tiary rehabilitation hospital. Following institutional Health
Research Ethics Board approval (HREB#: 2015.103), partici-
pants provided informed written consent as per the Declara-
tion of Helsinki. The study sample was recruited from a local
MS neurology clinic, and participants were independently
able to walk with stable disease.

We recruited consecutive adults diagnosed with
MS—using the 2010 or 2017 iterations of the McDonald
criteria [33, 34]. We included participants who were aged
18-65 years, had no relapses or new disease activity for >3
months, could walk independently with or without gait
aides (Expanded Disability Status Scale (EDSS) 0-6) [35],
and had no contraindications to exercise [36]. We excluded
individuals who screened positive for mild cognitive impair-
ment, scoring <22 on the Montréal Cognitive Assessment
[37]. We extracted EDSS scores and sex assigned at birth
from health records.

We planned sample size estimation based on our inten-
tion to derive a prediction equation for VO, using partic-
ipant characteristics and self-reported MVPA. We estimated
the target sample size using GxPower v3.1.9.7 (Aichach,
Germany) [38], using data from a recent meta-analysis that
suggested sex differences account for up to 36% of the vari-
ance in VO, . [18]. Based on the coefficient of variation
(R* = 0.36) and effect size (f* = 0.56) gleaned from the study
[18], using a = .05 and power (1 — f3) =0.80) for a multiple
linear regression with up to five predictors, we estimated that
54 total participants (27 females, 27 males) would be
required to derive a prediction equation for VO,, . . To val-
idate the prediction equation, we estimated that an addi-
tional 54 participants (27 females, 27 males) would be
required, resulting in a total target sample size of 108. This
approach was taken to ensure the validity of the predictive
model [39].

2.2. Self-Reported MVPA. We asked the participants to recall
all activities during the previous 24 hours, describing the
details of the activity, duration, and intensity [40]. The 24-
hour previous-day recall is a valid tool to estimate active
and sedentary behaviors in adults of varying fitness levels
(Kozey [40-44]). Previous-day recall methods agree with



Multiple Sclerosis International

objective measurements of physical activity, direct observa-
tions, and energy expenditure (Kozey [40-42, 44]); and they
minimize reporting errors compared to longer-term ques-
tionnaires by reducing recall bias due to forgetting (Kozey
[40, 41]). Reported activities included sleeping, sitting, walk-
ing, activities of daily living, home exercises, and sports, such
as running and bicycling. Because of evidence that persons
with MS have problems with accurate recall of duration
[45], we cleaned self-reported activity data by omitting all
values under 10 minutes per day and truncating values over
240 minutes per day [46]. We converted self-reported activ-
ities to metabolic equivalents of task (MET) using the 2011
Compendium of Physical Activities [47]. Based on the
World Health Organization threshold values, we classified
activities with MET ratings > 3.0 METs as MVPA [48]. We
calculated MET-minutes of MVPA by multiplying the
MET value of each activity by the duration in minutes [48]
and reported values for the previous 24 hours.

2.3. Cardiorespiratory Fitness. We measured cardiorespira-
tory fitness using a graded maximal exercise test on a total
body recumbent stepper (NuStep T4r, Ann Arbor, MI,
USA) [49, 50]. We instructed the participants to avoid alco-
hol and recreational drugs for >24 hours, to avoid caffeine
and nicotine for >6 hours, and to sleep for >6 hours. We
measured height (cm), body mass (kg), and body mass index
(BMI; kg-m'z) with a calibrated device (Health-O-Meter®,
McCook, IL, USA), familiarized the participants with the
experimental setup, and adjusted the arm and leg attach-
ments of the ergometer based on participant limb length.
Participants wore a mask connected to a two-way non-
rebreathing valve (Hans Rudolph, Inc., Shawnee, KS, USA).
An automated open-circuit indirect calorimetry system with
calibrated gas analyzers (Model S-3A and Anarad AR-400;
Ametek, Pittsburgh, PA) and tachometer (Model S-430;
Vacumetrics/Vacumed Ltd., Ventura, CA) measured expired
gas and breathing volumes for breath-by-breath analysis
(AEI Technologies, Inc., Pittsburgh, PA, USA). A chest-
worn heart rate (HR) monitor transmitted the HR data wire-
lessly (H10, Polar Electro, Oy, Finland).

Resting blood pressure, VO,, and HR were measured 5
minutes before exercise. During the test, participants main-
tained a stepping rate of 80 per minute. The exercise test
began at a load level of 3 (20 watts) on a standard scale of
1-10 and increased by 20 watts every 2 minutes. If the partic-
ipants did not stop by load level 10, we increased the step-
ping rate by 10 per minute every 2 minutes. Criteria for
test termination were (1) volitional exhaustion, (2) inability
to maintain workload, or (3) signs of excessive fatigue [49].
We recorded relative VO, (normalized to body mass;
mL-kg-min™"), HR (bpm), and rating of perceived exertion
(RPE; 10 points) [51] at rest before exercise, every 2 minutes
during exercise, and after exercise. Participants achieved true
VO, if they met two or more of the following criteria: (1)
no increase in absolute VO, > 150 mL-min ", despite increas-
ing workload; (2) respiratory exchange ratio > 1.10; (3) HR
>90% of the age-predicted maximum; and/or (4) RPE > 8/
10 [52]. Besides reporting relative VO, __, we also reported
age- and sex-adjusted percentile ranks of cardiorespiratory

fitness per the American College of Sports Medicine
(ACSM) [16]. Individuals with a VO, ., below the 20™ per-
centile for their age and sex have an elevated risk of all-cause
mortality [53].

2.4. Statistical Analysis. We performed all statistical analyses
using SPSS version 27 (IBM Corporation, Armonk, NY,
USA). We tested data distributions for normality using the
Shapiro-Wilk test and visual inspection of histograms and
Q-Q plots. We conducted parametric and nonparametric
tests for normal and nonnormal data, respectively. All tests
were two-tailed, with the statistical significance threshold
at p <.05.

Descriptive statistics were reported as proportions (%),
mean (standard deviation (SD)), or median (range) for cate-
gorical, normal continuous, or nonnormal continuous data,
respectively. Sex differences were assessed using parametric
(unpaired t-test) or nonparametric tests (Mann-Whitney
U-test or Pearson chi-square test). We estimated effect sizes
for t-tests using Cohen’s d with 95% confidence intervals
(CI) and interpreted them as trivial (<0.2), small (0.2-0.5),
medium (0.5-0.8), and large (>0.8) [54]. For U-tests, we
used effect sizes r categorized as trivial (<0.1), small (0.1-
0.3), medium (0.3-0.5), or large (>0.5) [54]. Chi-square
effect sizes were calculated using Cohen’s i with 95% CI
and interpreted as above for Cohen’s d [54].

We conducted the Spearman Rho (p) correlations to
explore associations between self-reported MVPA, cardiore-
spiratory fitness, and EDSS, with correlation coefhicients
interpreted as trivial (<0.1), weak (0.1-0.3), moderate (0.3-
0.5), and strong (>0.5) [54]. Correlations were performed
both for the total sample and separately by sex. Sex differ-
ences were compared using Fisher z-transformations and
Cohen’s g-effect sizes with 95% CI, interpreted as above for
Cohen’s d and h [54].

To determine whether self-reported MVPA predicted
VO,,,... Wwe performed a multiple linear regression using
sex, age, body mass, EDSS, and MET-minutes of MVPA as
predictors. These variables were chosen based on their doc-
umented contribution to VO, [17, 31] and sex differences
in cardiorespiratory fitness [55, 56]. We compared combina-
tions of predictor variables using stepwise linear regression
and chose the final model as the combination with the low-
est Akaike information criterion (AIC) value. The final
model was entered as a standard multiple regression and
included each of the above variables—sex, age, body mass,
EDSS, and MET-minutes of MVPA. Using a random num-
ber generator, we assigned participants to either a regression
derivation group (n =50 (34 females, 16 males)) or valida-
tion group (n =57 (43 females, 14 males)). The regression
equation was derived from the derivation group and vali-
dated in the validation group. Groups did not differ signifi-
cantly in demographics, self-reported physical activity, or
VO, (P> .05), except for higher EDSS in the validation
group (median (range): test group 1.5 (0-6), validation group
2.0 (0-6), p=.024). See Predicting VO, . from Self-
Reported MVPA, under Results, for more information.

We verified the assumption of independence of obser-
vations using a Durbin-Watson (DW) statistic of ~2



(DW =2.056); linearity and homoscedasticity between inde-
pendent and dependent variables by inspecting plots of
unstandardized predicted values versus studentized residuals
(R*=1.31x 107°); and lack of multicollinearity by ensuring
Pearson correlations between independent variables were
>0.7 (Pearson r<0.467|) and variance inflation factors
(VIF) were <10 (VIF < 1.382) [57]. There were no outliers
(£3 SD from the mean). We confirmed normal distribution
of residuals by inspecting histogram and P-P plots for an
approximate bell curve and diagonal line, respectively [57].
The model’s overall coefficients of variance (R* and adjusted
R?) and unstandardized coefficients (B, with standard errors)
were reported for the derivation group to generate the
VO,,,..x prediction equation for later validation.

We validated the model using the cross-validation
approach [39] and computed predicted VO, .. values in
the validation group using the regression equation from
the derivation group [58]. The validity of these estimates
was assessed using equivalence testing and Bland-Altman
plots [59]. We employed the two one-sided test (TOST)
approach to equivalence testing, with paired sample t-tests
[60]. We set the equivalence threshold (standardized effect
size of interest (Cohen’s d)) at 10% above or below the mea-
sured VO,, . in the derivation group because this is an
acceptable margin of error between predicted versus mea-
sured VO,, . in other work that devised VO, prediction
equations (Cohen’s d value of |0.42|) [58]. Nonequivalence
was determined if the effect sizes (Cohen’s d) of measured
versus predicted VO, . values in the validation group
exceeded +0.42 [60]. Both whole group validation and sex
differences in the performance of the regression equation
were explored using the TOST approach. We constructed
the Bland-Altman plots [59] to assess the degree of error
between predicted versus measured VO, . and determine
the error pattern in females and males [58]. Using this
approach, predicted VO, values were considered valid if
(1) the difference between, and average of, predicted and
measured VO, values was correlated and (2) predicted
VO, values fell within 2 SD of measured VO
values [59].

2max

3. Results

3.1. Participants. Out of 120 participants screened, 13 were
excluded due to exercise contraindications [36], leaving
107 individuals in the final sample. The mean + SD age
was 47.2+10.2 years, with a majority being females
(n=77 (71.9%)) and 88.8% having relapsing-remitting MS
(n=95). The median (range) EDSS was 2.0 (0-6.0). In terms
of sex differences, males were significantly taller and heavier
(p <.001) than females; but other demographic and disease
characteristics were not significantly different between sexes
(Table 1).

3.2. Self-Reported MVPA and Cardiorespiratory Fitness. On
average, participants reported engaging in approximately
90 minutes of MVPA (>3.0 METs) in the last 24 hours,
accumulating 412.5 MET-minutes. These 24-hour values
were close to the recommended weekly 450 MET-minutes
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of MVPA [61, 62]. Only 10 participants (9.3%) reported
no physical activity. The average VO, for participants
was 24.80 £(7.70), placing the median participant in the
10" fitness percentile (poor) [16] (Table 2). Based on the cri-
teria outlined above, 84 participants (78.5%) reached their
true VO, ... For the remaining 23 participants (21.5%),
peak VO, values are reported as VO,,__ .

There was no significant difference between males and
females regarding self-reported MVPA (p>.05) (Table 2
and Figure 1). The proportions of females (n=61 (79.2%))
and males (n =23 (76.7%)) who reached true VO, . were
not significantly different (X2(1) =0.083, p=.773). Males

demonstrated a 27% higher relative VO,, .., with a large
effect size, compared to females (p <.001). When cardiore-
spiratory fitness was expressed in terms of age- and sex-
normalized values, males ranked significantly higher, with
a median (range) percentile score of 10 (4-95) versus 5
(4-90) for females and a small effect size (p =.026) (Table 2
and Figure 1). Approximately half of both females’ and
males’ cardiorespiratory fitness ranks fell below the 20™
percentile.

3.3. Associations between MVPA, VO,,. . , and Disability. In
the total sample, we observed statistically significant positive
associations between higher VO, . and higher MET-
minutes of MVPA (Rho =0.20, p <.05), as well as higher
VO,,,., and lower disability (EDSS) (Rho = —0.26, p < .01).
There was no statistically significant relationship between
self-reported MVPA and disability (Rho=-0.10, p>.05)
(Table 3).

When we analyzed sexes separately, we found a statisti-
cally significant yet weak relationship between higher
VO,,., and greater MVPA among females (Rho =0.27,
p=.01) but not males (p>.05). As well, lower disability
(EDSS) was significantly associated with higher VO, ___in
females (Rho = —0.35, p =.002) but not males (Rho =-0.20,
p > .05) (Table 3).

To ascertain whether the lack of statistically significant
correlations in males was due to sample size insufficiency,
we calculated post hoc sample size requirements based on
current sample size (n = 30 males), statistical power, correla-
tion coefficients, and p values using G#Power v3.1.9.7
(Aichach, Germany) [38]. To achieve a statistically signifi-
cant association between MET-minutes of MVPA and rela-
tive VO, .. (power =0.37, Rho=0.12, p=.280), a target
sample size of 185 males would be required. For a statisti-
cally significant association between EDSS and relative
VO, (power =0.53, Rho=-0.20, p=.290), 102 males
would be required. To achieve a statistically significant asso-
ciation between EDSS and percentile ranked VO, ..
(power = 0.64, Rho=—-0.11, p=.580), 445 males would be
required. Given VO, . was significantly associated with
both MET-minutes of MVPA EDSS in our sample of 77
females, we interpret this to represent a sex difference, rather
than a function of a low sample size of males.

3.4. Predicting VO,, . from Self-Reported MVPA. Thirty-
four females and 16 males (n = 50) were used to derive the
regression equation and 43 females and 14 males (n=57)
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TaBLE 1: Participant characteristics for the total sample.

Variable Total (n=107)

47.2 (10.2)

Female (n=77)
47.3 (9.9)

Male (n = 30)
472 (11.2)

Test statistic p value
t=0.027 978

Effect size (95% CI)
d=0.01(-0.42 to +0.43), trivial

Age (years) (mean (SD))
Body mass (kg)

(median (range))
Height (m) (mean (SD))
BMI (kg:m™)

(median (range))

79.2 (48.0-122.2) 73.9 (48.0-118.3) 86.5 (61.2-122.2) U=1657.5 <.001*  r=0.34 (0.14-0.53), medium

1.70 (0.08) 1.67 (0.06) 1.78 (0.07) t=-7.915 <001* d=-1.70 (-2.18 to -1.22), large

27.6 (17.9-44.5) 268 (17.9-44.5) 27.9 (19.6-40.6) U=1251.0 506 r=0.06 (-0.13 to +0.26), trivial

RRMS 95 (88.8) RRMS 68 (88.3)

PMS 12 (112) PMS9(11.7)  PMS 3 (10.0)
2.0 (0.0-6.0) 2.0 (0.0-6.0) 2.0 (0.0-6.0)

*p <.001.95% CI: 95% confidence interval; BMI: body mass index; EDSS: Expanded Disability Status Scale; MS: multiple sclerosis; RRMS: relapsing-remitting
MS; PMS: progressive MS (including primary and secondary progressive MS).

RRMS 27 (90.0)

MS type (n (%)) Xz =0.062 804 h=-0.06 (-0.29 to +0.22), trivial

EDSS (median (range)) U=1207.5 710 r=0.04 (-0.16 to +0.23), trivial

TaBLE 2: Self-reported physical activity and cardiorespiratory fitness.

Variable Total (n=107) Female (n=77)

Male (n = 30)

Test

statistic p value

Effect size (95% CI)

MVPA (minutes)
(median (range))
MVPA (MET-minutes)
(median (range))
VO,,... (mLkg ' min™")
(mean (SD))"

VO,,.., (percentile)
(median (range))

90.0 (0.0-330.1)  90.0 (0.0-330.1)

24.80 (7.70) 23.03 (7.04)

10 (4-95) 5 (4-90)

90.0 (0.0-180.0)
412.5 (0.0-1433.6)  360.0 (0.0-1433.6) 507.6 (0.0-1051.5)

29.34 (7.59)

r=-0.11 (-0.30 to +0.08),
small

r=0.11 (-0.08 to +0.30),
small

d=-0.88 (-1.31 to -0.44),
large

r=0.22 (0.02-0.41),
small

U=989.5 251
U=13225 .245
t=-4.080 <.001*"

17.5 (4-95) U=1467.0 .026"

*p <.05and **p < .001. "84 participants (78.5%) reached their true VO
reached true VO

to validate the equation. Except for a small yet statistically
significant difference in EDSS, these groups were not signif-
icantly different in terms of demographic or disease charac-
teristics, self-reported MVPA, or objectively measured
cardiorespiratory fitness (Table 4).

In the regression derivation group, the overall model was
statistically significant (F 5 49) = 6.327, p < .001). The combi-
nation of sex, age, body mass, EDSS, and MVPA accounted
for 35%-42% of variance in VO, (R*>=0.418, adjusted
R?>=0.352) (Table 5). MVPA was the only variable that
did not significantly contribute to the predictive ability of
the model (p > .05). The model met all assumptions. Using
the multiple regression, we derived the following equation
to analyze sex differences in the prediction of VO, . :
VO, (ML-min! -kg™!) = (8.211 xsex (1=F,2=M)) -
(0.228 x age) — (0.247 x body mass (kg)) - (0.996 x EDSS) +
(0.004 x MET —minutes of MVPA in last 24 hours) + 44.737.

When we ran the regression in the validation group,
the overall model remained statistically significant
(F (5,55 = 12.989, p<.001, R*=0.560, adjusted R*=0.517).
Again, MET-minutes of MVPA in the last 24 hours did
not reach statistical significance as a predictor variable
(p>.05). In the validation group, measured and predicted
VO,,..x Values were both equivalent (d(95%CI)=+0.10
(+ -0.16 to +0.36)) and not significantly different (p >.05;
Table 6).

2max*

The proportions of females (n =61 (79.2%)) and males (n =23 (76.7%)) who
»max Were not significantly different (X2(1) =0.083, p=.773). 95% CI: 95% confidence interval; MET: metabolic equivalent of task; MVPA:
moderate- to vigorous-intensity physical activity; VO, ..: peak oxygen uptake.

When considering sex differences, we found that mea-
sured and predicted VO, .. values were both equivalent
(d (95%CI) = £0.001 (+ -0.30 to +0.30)) and not signifi-
cantly different (p > .05), in females (Table 6). However, in
males, although not significantly different (p > .05), the mea-
sured and predicted VO, values were also nonequivalent
(d (95%CI) = +0.41 (+ -0.15 to +0.95); Table 6). Figure 2
illustrates the Bland-Altman plots of measured and pre-
dicted VO,,,,, values in females (Figure 2(a)) and males
(Figure 2(b)) in the validation group. For both females and
males, the difference between, and average of, predicted
and measured VO, values was significantly correlated
(females: r=0.501, p=.001; males: r=0.497, p=.042).
The plots show that predicted VO, values for all partici-
pants fell within 2 SD of measured VO, within both sexes.

2max

4. Discussion

This study is aimed at (1) exploring sex differences in self-
reported MVPA and VO,,__; (2) examining relationships
between self-reported MVPA, VO, ., and disability status,
with an emphasis on sex differences; and (3) determining
whether self-reported MVPA could predict VO in
females and males with MS.

MS participants had low levels of cardiorespiratory fit-
ness despite high self-reported levels of MVPA in the last

2max
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FiGurek 1: Violin plots illustrating female (light grey) and male (dark
grey) moderate- to vigorous-intensity physical activity (MVPA) and
cardiorespiratory fitness (maximum oxygen uptake (VO,...)).
Squares are individual data points. Shaded regions represent the
distribution of the data. Dashed and dotted lines represent the
median and interquartile range (IQR), respectively. (a) Metabolic
equivalent of task (MET-minutes of MVPA, (b) minutes of
MVPA, (c) age- and sex-normalized VO, . percentiles (%ile),
and (d) VO,,.. (mLkg"min™).

24 hours, suggesting incongruence between objective fitness
levels and self-reported estimates of physical activity. Com-
pared to females, males tended to have greater overall car-
diorespiratory fitness, despite similar levels of disability.
Next, associations between cardiorespiratory fitness, MVPA,
and disability were statistically significant in females only.
Lastly, the regression equation including age, sex, body mass,
and EDSS and self-reported MET-minutes of MVPA pre-
dicted 35%-42% of variance in objectively measured VO,
however, self-reported MVPA was the only predictor vari-
able that did not significantly contribute to the equation.
The model was valid in females only. We believe these find-
ings suggest that (1) persons with MS tended to overestimate
their physical activity levels and (2) 24-hour physical activity
recall was not a valid method for estimating cardiorespira-
tory fitness in persons with MS.

4.1. Low Cardiorespiratory Fitness in Males and Females with
MS. In the present study, the mean + SD VO, ., based on
107 fitness tests conducted on an outpatient MS clinic sam-
ple, was 24.80 +7.70 mL-kg "-min"', representing fitness in

Multiple Sclerosis International

the poor to fair range [16]. Approximately half of all partic-
ipants had VO, . fitness ranks below their age- and sex-
normalized 20" percentile [16]. Such low levels of fitness
are concerning because of the links between low fitness,
metabolic comorbidities, MS disability accumulation, and
mortality [2, 3, 53]. A systematic review by Langeskov-
Christensen et al. [18] reported similar VO, values in
people with MS to those found here, but without considering
sex differences [18].

In our sample, despite exceeding recommended physical
activity levels based on 24-hour recall self-reports, both
females (23.03 + 7.04 mL'kg "-min") and males (29.34 +7.59
mLkg :min) failed to reach the range of “good” VO, ..
values. There is limited research investigating sex-based
differences in physical fitness in MS. A cross-sectional
study by Romberg et al. [31] involving 92 individuals with
MS (58 females), with a mean age of 44 years, reported fit-
ness values similar to those reported here (21 mL-kg'-min™'
for females and 27 mL-kg'l-min'1 for males) [31]. Interest-
ingly, they reported significant associations between level
of disability (EDSS) and fitness, which was stronger in
males than females [31]. This finding conflicts with our
result that lower disability was associated with higher
VO, in females (Rho=-0.35, p=.002) but not males
(Rho =-0.20, p > .05). These differences could be explained
by the fact that in the Romberg et al. [31] study, males had
higher mean disability scores (EDSS 3.0) than females
(EDSS 2.2), while our median EDSS was 2.0 and the same
for both sexes. It is important to note that their sample was
recruited from a waitlist for inpatient rehabilitation, where
participants presumably had rehabilitation needs for walk-
ing and balance. Conversely, our sample represents people
attending regular outpatient neurology clinic visits, who
were not referred to rehabilitation and had independent
mobility and whose disease was stable. Given that males
tend to have a more severe MS disease course [1], it is pos-
sible that their sample was representative of males with
severe disease [31].

The method of fitness testing also influences VO, .
values. Previous studies [31] measured fitness using a cycle
leg ergometer. The challenge with using a leg ergometer is
that the workload is restricted to the lower limbs, such that
individuals with greater leg weakness may not be able to
reach their maximal values. Previous research confirmed
that MS patients could achieve their predicted maximal fit-
ness values when using both upper and lower body testing
but not when using only the arms or legs [20]. In our study,
we used a recumbent stepper, a device that has become
widely available in the past 15 years and which permits
workload distribution between the upper and lower body.
Remarkably, even when using a more modern adapted
device (recumbent stepper), our group of independent and
clinically stable participants had fitness values in the poor
to fair range.

4.2. Incongruence between Objective Fitness and Self-
Reported Physical Activity. Participants reported 90 minutes
of MVPA in the last 24 hours (412.5 MET-minutes). For
comparison, we were unable to find other studies in MS
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TaBLE 3: Correlations between cardiorespiratory fitness, disability status, and self-reported physical activity.
. Test p .
Variable Total (n=107) Female (n=77) Male (n = 30) Effect size (95% CI)

statistic value

MVPA (MET-min) (Rho, p (95% CI))

0.20 (0.00-0.38)*, 0.27 (-0.07 to +0.38)*,  0.12 (-0.18 to +0.53),

q=0.05 (-0.19 to

ke min! =0.237
VOspmax (mLkg™-min™) weak weak weak z 813 +0.30), trivial
. . 0.24 (0.04-0.41)*, 0.22 (-0.01 to +0.43), 0.19 (-0.20 to +0.52), q=0.03 (-0.22 to
=0.13
VOsmay (percentile) weak weak weak ‘ 9 889 +0.28), trivial
EDSS (Rho, p (95% CI))
MVPA (MET-min) -0.09 (-028 to +0.11), 007 (-0.30 to +0.16),  -0.11 (-046 t0 +0.27), , _ -0 goo 4=0.04 (021 to
trivial trivial weak +0.29), trivial
- 0 1. 026 (-044 t0 -0.07)*, -0.35 (-0.54 to -0.13)*,  -0.20 (-0.53 to +0.18), q=-0.16 (-0.41 to
. . =0.724
VOimax (ml-kg™-min™) weak moderate weak ‘ 469 +0.09), small
- . -0.17 (-0.35 to +0.03),  -0.27 (-0.47 to -0.04)*,  -0.02 (-0.39 to +0.35), q=-0.26 (-0.51 to
=1.142
VOspmax (percentile) weak weak weak ‘ 233 -0.01), small

*p<.05.95% CI: 95% confidence interval; EDSS: Expanded Disability Status Scale; MET: metabolic equivalent of task; MVPA: moderate- to vigorous-

intensity physical activity; VO,,,,: maximum oxygen uptake.

TaBLE 4: Comparison of participant characteristics, self-reported
derivation and validation groups.

physical activity, and cardiorespiratory fitness for regression equation

. Derivation group Validation group Test P . o
Variable (n = 50) (n=57) statistic  value Effect size (95% CI)
Participant characteristics
Age (years) (mean (SD)) 45.8 (10.4) 48.8 (9.8) t=-1691 o4 477033 (S'I?{Zﬁ to +0.56),

Female 34 (68.0) Female 43 (75.4) 2 h=-0.11 (-0.53 to +0.32),
0, =
Sex (n (%)) Male 16 (32.0) Male 14 (24.6) X =0730 393 trivial
Body mass (kg) (median (range)) 80.3 (48.0-122.2) 76.7 (52.2-118.3) U=1342.0 .604 r=0.05 (_tSi.\lzfaltO +0.24),
Height (m) (mean (SD)) 1.70 (0.09) 1.69 (0.08) r=0650 517 4=013 (;gfiilto +0.51),
BMI (kg:m™) (median (range)) 27.7 (17.9-40.6) 269 (197-445) U=1347.0 626 '~ 00° (;S{iitlto +0.24),
RRMS 44 (88.0) RRMS 51 (89.5) 2 h=-0.03 (-0.18 to +0.15),
0, =
MS type (n (%)) PMS 6 (12.0) PMS 6 (10.5) X =0.058 810 trivial
EDSS (median (range)) 1.5 (0.0-6.0) 2.0 (0.0-6.0) U=1780.0 .024* r=0.22 (0.03-0.41), small
Self-reported physical activity
MVPA (minutes) (median (range)) 88.5 (0.0-270.0) 900 (0.0-330.1) U=14425 913 =001 (t?nlrls alto +0.20),
MVPA (MET-minutes) (median 420.0 (0.0-1380.0) 4125 (00-1433.6) U=13615 92 '~ 0.04 (-0..1;3 to +0.23),
(range)) trivial
Cardiorespiratory fitness
VO, (mLkg ' min™") (mean _ d=0.12 (-0.26 to +-.50),
sD)}F 25.30 (7.10) 24.35 (8.23) t=0.635 526 rivial
VO, ax (percentile) (median (range)) 10 (4-95) 10 (4-90) U=14880 685 004 (t?lvlls alto +0.23),

*p < .05. "The proportions of participants in the regression derivation (1 = 4

2 (84.0%)) and validation groups (n =42 (73.7%)) who reached true VO were

2max

not significantly different (sz =1.680, p=.195). 95% CI: 95% confidence interval; BMI: body mass index; EDSS: Expanded Disability Status Scale; MET:

metabolic equivalent of task; MS: multiple sclerosis; MVPA: moderate-
progressive MS (including primary and secondary progressive MS); VO

2ma:

using 24-hour physical activity recall. In representative MS
studies using other self-report instruments, average weekly
physical activity levels were variable and included 150
minutes per week of MVPA (>4 MET) [63], 2710 MET-

to vigorous-intensity physical activity; RRMS: relapsing-remitting MS; PMS:
: maximum oxygen uptake.

x

minutes per week of leisure-time activity of any type and
intensity [45], and 1901 MET-minutes per week of at least
low-intensity physical activity exceeding (>3.3 MET) [46].
These observations suggest that participants in the current
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), based on derivation group.

2max
VO, (mLkg " -min™) B (95% CI) SE B B R? Adjusted R?
Model** 0.418 0.352
Constant 44.737 (31.680-57.794)** 6.479
Sex (F, M) 8.211 (4.239-12.184)** 1.971 0.545**
Age (years) -0.228 (-0.394 to -0.062)* 0.083 -0.334*
Body mass (kg) -0.247 (-0.379 to -0.115)** 0.065 -0.510"*
EDSS -0.996 (-1.914 to -0.078)" 0.455 -0.264*
MVPA (MET-minutes) 0.004 (-0.002 to +0.009) 0.003 0.168

*p <.05and **p <.001. 95% CI: 95% confidence interval; B: unstandardized regression coefficient; f3: standardized regression coefficient; EDSS: Expanded
Disability Status Scale; MET: metabolic equivalent of task; MVPA: moderate- to vigorous-intensity physical activity; R?: coefficient of variation; SE B:

standard error of estimate; VO, : maximum oxygen uptake.

TaBLE 6: Performance of VO, prediction equation in the
validation group.

Measured Predicted
VO, ax VO,ae Effect size Test p
(mL-kg'l-min'l) (mL-kg'1~min'1) (95% CI)  statistic value
(mean (SD)) (mean (SD))
Validation group (n=>57)
d=0.01
(-0.164 to
t=0.038
24.35 (8.23) 23.81 (5.34) +0.356)V, 970
trivial
Females (n=43 )
d=0.001
(-0.30 to
t=-0.790
22.32 (7.56) 232464 L or 434
trivial
Males (n=14)
d=0.41
(-0.15 to
t=1.368
30.61 (7.16) 28.39 (4.83) +0.92), .195
small

*p<.05 and **p<.001. "Measured and predicted VO,,,,. are equivalent.
95% CI: 95% confidence interval; EDSS: Expanded Disability Status Scale;
MET: metabolic equivalent of task; MVPA: moderate- to vigorous-
intensity physical activity; VO, .- maximum oxygen uptake.

study tended to overestimate their levels of MVPA using 24-
hour recall. Indeed, participants’ 24-hour MVPA estimates
approached the weekly recommended 450 MET-minutes of
MVPA from population physical activity guidelines [61, 62].

Although males tended to report higher levels of MVPA
in the previous 24 hours than females (507 MET-minutes vs.
360 MET-minutes), this difference was not statistically
significant (p >.05). Unlike females, males’ self-reported
MVPA was not associated with cardiorespiratory fitness. In
contrast to our findings, Anens et al. [64] reported lower
physical activity levels in males with MS using the Physical
Activity Disability Survey (PADS-R). The study suggested
that more severe disease in males may limit their physical
activity levels to a greater extent than females [64]. Notably,
males and females in our sample had similar levels of dis-
ability on the neurologist-scored EDSS. Other studies using

objective assessments such as uniaxial accelerometry [65]
[66] or daily step counts measured by a motion sensor [67]
or Fitbit Flex2 device [68] found no sex-related differences
among individuals with MS. In a systematic review involving
58 studies, Streber et al. [69] reported that sex was inconsis-
tently associated with physical activity in individuals with
MS [69].

Subjective and objective measures of MVPA often show
disparities in MS—possibly due to the misinterpretation of
activity intensity—which can have significant implications
when clinicians evaluate physical activity patterns in individ-
uals with MS [30, 45]. One such source of overrepresentative
physical activity self-reporting may be the use of a 24-hour
recall instrument. Although these tools have been validated
in healthy populations (Kozey [40-44]), previous-day esti-
mates have been shown to misrepresent MVPA due to lack
of standardized definitions of activity types and intensity
[42-44], for uncommon or unfamiliar activities (Kozey
[41]), and for persons with lower fitness [44]. Indeed, poten-
tial misclassification of self-reported physical activity in per-
sons with MS can be attributed to a poor understanding or
misinterpretation of activity intensity and duration [45].
Kinnett-Hopkins et al. [70] highlighted ambiguities in how
individuals with MS perceive and interpret physical activity
demands can contribute to challenges in accurately report-
ing their activity levels [70]. Such challenges are not exclu-
sive to the MS population and have been observed in other
chronic conditions such as diabetes [71], rheumatoid arthri-
tis [72], and chronic low back pain [73]. These limitations
can be circumvented by using standardized self-report tools
that have been validated in the patient population, as well as
operationalization of activity descriptions and intensities
[74]. Alternatively, objective tools such as accelerometers
may provide more valid characterization of physical activity
levels [30, 45, 75, 76].

4.3. Limitations. One of the limitations of the current study
was the self-report questionnaire used to estimate partici-
pants’ activities in the last 24 hours. We chose the 24-hour
recall because of its lower vulnerability to recall bias com-
pared to longer recall periods [26, 27]; however, previous-
day estimates of activities may not represent a participant’s
typical day, especially in persons with MS who may be more
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F1GURE 2: Bland-Altman plots of measured and predicted cardiorespiratory fitness (VO,,.; mL-kg'-min™) in the validation group of

participants (n=57; 43 females,

14 males). Based on the regression equation VO

(mL-min™ -kg')=(8.211 xsex (1 =F,

2max

2=M)) —(0.228 x age) — (0.247 x body mass) — (0.996 x EDSS) + (0.004 x MET — minutes of MVPA) + 44.737, obtained from the derivation

group of participants (n=50; 34 females, 16 males). The x-axis represents the average of measured and predicted VO

Hmax Values,

and the y-axis represents the difference between measured and predicted values. Dashed lines represent the mean and +2 standard
deviations (SD) from the mean. (a) and (b) demonstrate the prediction equation in females and males, respectively.

vulnerable to inaccurate recall than apparently healthy peo-
ple. In addition to the timeframe of recall, the process of
undertaking an open recall exercise is more nuanced than
administering a structured questionnaire. This difference
could impact interrater and test-retest reliability of MVPA
estimates, thereby reducing the applicability of the present
findings to wider clinical practice [45]. Objective measures
of physical activity such as accelerometry yield more accu-
rate MVPA results and may better identify sex differences
when predicting VO, .. in future work [30]. Also, we did
not explore factors like fatigue, pain, heat sensitivity, comor-
bidities, lifestyle factors, or medical treatments, nor how they
relate to fitness. Since our regression model accounted for
less than 50% of the variance in VO, ., other unmeasured
variables may be at play. Future work is needed to reexamine
our findings by using other self-report tools or objective
measures of MVPA.

5. Conclusions

Despite reporting high levels of MVPA, people with MS had
low levels of cardiorespiratory fitness. MVPA, fitness, and
disability were associated in females only, indicating that
sex differences should be considered in fitness appraisal.
Self-reported MVPA did not predict fitness, suggesting that
24-hour recall may not be representative of true activity or
fitness levels in persons with MS. Low overall levels of fitness
point to a need for exercise prescription to promote meta-
bolic and brain health; however, sex should be considered
during both fitness appraisal and exercise prescription.
Future work should examine sex differences in associations
between MVPA and fitness using objective measures such
as accelerometry.
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