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Validity and reliability of physical activity measures in multiple sclerosis
Elisabeth Anensa, Isabell Ahlströma, Margareta Emtnera, Lena Zetterberga, Ylva Nilsagårdb,c, 
and Karin Hellström a

aDepartment of Neuroscience, Section for Physiotherapy, Uppsala, Sweden; bDepartment of Health Care Sciences, Faculty of Medicine and 
Health, Örebro University, Örebro, Sweden; cRegion Örebro County, University Research Health Care Centre, Sweden

ABSTRACT
Purpose: The purpose was to evaluate the psychometric properties of physical activity measures in 
persons with multiple sclerosis (PwMS).
Methods: Adults with multiple sclerosis were recruited, n = 30 (validation) and n = 57 (test–retest). 
Steps measured with PiezoRX, Yamax SW200 and ActiGraph GT9X Link (AGlink) and time in different 
positions measured with AGlink were validated against data from video analysis. Psychometric 
properties of the Physical Activity and Disability Survey – Revised Swedish version (PADS-R(Sw)) was 
evaluated.
Results: The most valid measures were AGlink using the low-frequency extension filter, and 
PiezoRX with median absolute percentage errors (MeAPEs) of 0.9–3.1% and 1.3–3.3%. The 
MeAPEs were higher for Yamax SW200 (2.9–21.0%), AGlink display (3.6–44.8%) and AGlink normal 
filter (8.9–48.9%), indicating low validity. AGlink was not valid in measurements of sitting (MeAPE 
12.0–12.5%) or lying (MeAPE 31.0–41.7%). The correlation between PADS-R(Sw) and AGlink steps 
was r = 0.492 (p = .009). The relative reliability of PADS-R(Sw) was ICC2,1 0.85 (CI 0.76–0.91), and 
absolute reliability was SEM 0.54.
Conclusion: AGlink and PiezoRX were valid measures of steps in PwMS. The questionnaire PADS- 
R(Sw) was valid, with high relative reliability, but its absolute reliability was unsatisfactory.
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Introduction

Extensive benefits of physical activity (PA) in persons with 
multiple sclerosis (PwMS) have been shown on: muscle 
strength (Latimer-Cheung et al., 2013); walking ability 
(Pearson, Dieberg, and Smart, 2015); fatigue (Pilutti et al., 
2013); and pain (Demaneuf et al., 2019). Sedentary time, 
independent of PA, is positively associated with a greater 
risk for all-cause mortality, cardiovascular disease, cancer 
and type 2 diabetes (Biswas et al., 2015). Unfortunately, 
many PwMS are inactive compared with the general popu-
lation, with a 40% lower daily step count found in a study 
from the United States of America (Casey, Coote, Galvin, 
and Donnelly, 2018) and sedentary behavior, such as sit-
ting, being twice as high (Sasaki et al., 2018). There are 
many different subjective and objective measures of physi-
cal activity and sedentary behavior. Psychometrically 
sound and easily applicable measures are essential to pro-
mote healthy behavior changes in PwMS.

One useful measure of PA, which is easy for a layperson 
to understand, is the number of steps taken per day. The 
number of steps taken is associated with health variables 
(Bassett, Toth, LaMunion, and Crouter, 2017). Another 
advantage is that counting steps can be motivational and 

facilitates behavior change (Bassett, Toth, LaMunion, and 
Crouter, 2017) if self-regulatory processes such as goal- 
setting, self-monitoring and feedback of behavior are 
applied (Michie et al., 2013). The step counter Yamax 
SW200 (Yamax) has shown to be valid and reliable in 
healthy individuals (Kooiman et al., 2015) and people 
with stroke (Vanroy et al., 2014) and in PwMS for faster 
walking speeds (Motl, McAuley, Snook, and Scott, 2005). 
The step counter PiezoRX has been shown to be reliable 
(O’Brien, Wojcik, and Fowles, 2018) and valid in walking 
aid users (Webber, Magill, Schafer, and Wilson, 2014), 
and when walking slowly (Colley et al., 2013), but it has, 
to our knowledge, not been validated in PwMS.

ActiGraph accelerometers are frequently used in 
research. The ActiGraph GT9X Link (AGlink) acceler-
ometer calculates number of steps using the Actilife soft-
ware, in the same way as the older device Actigraph GT3X 
+ (i.e. with the option of choosing the normal or low- 
frequency extension (LFE) filter). The AGlink acceler-
ometers display steps on a screen for the user to see. 
The LFE filter is more sensitive to movement and has 
been shown to be accurate in PwMS (Sandroff et al., 2014) 
and is recommended for use in PwMS (Sasaki, Sandroff, 
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Bamman, and Motl, 2017). One advantage with 
ActiGraph accelerometers is the inclinometer function, 
which classifies activities into (e.g. sitting and lying 
down). To our knowledge, no study has compared the 
validity of ActiGraph normal and LFE filter in PwMS, or 
evaluated the validity of the inclinometer function of 
AGlink in PwMS, or evaluated the validity of the steps 
from the AGlink display in any population.

The Physical Activity Disability Survey (PADS) was 
developed for use in people with disability, with the ability 
to discriminate between different levels of activity, and 
calculating scores based on assumptions made from people 
experiencing disability (Kayes et al., 2007). The revised 
version of this survey (i.e. Physical Activity Disability 
Survey-Revised (PADS-R)) has been shown to be 
a conceptually and psychometrically sound measure in 
people with neurological conditions such as MS and stroke 
(Kayes et al., 2009). However, the validity and reliability of 
the Swedish translation (PADS-R(Sw)) have not been eval-
uated. It´s important to evaluate a translated questionnaire 
psychometrically in the “new” language due to possible 
differences between countries (e.g. description of concepts, 
culture, climate, and physical activities).

Valid and reliable measures are essential when evaluat-
ing clinical and research interventions aiming to increase 
physical activity or decrease sedentary behavior (e.g. when 
setting behavioral goals with a focus on taking more steps 
and sitting less). As described above, more research in 
PwMS would be of value. The aim of this study was to 
evaluate the validity and test–retest reliability of different 
measures of physical activity in PwMS. The questions at 
issue were as follows: 1) What is the criterion validity of the 
number of steps measured by the step counters PiezoRX 
and Yamax, and the AGlink accelerometer, compared with 
the number of steps measured through video analysis from 
walking indoors; 2) What is the criterion validity of time 
spent in different positions measured by the AGlink accel-
erometer compared with time in sitting and lying positions 
measured through video analysis; 3) What is the construct 
validity of the questionnaire PADS-R(Sw) compared with 
AGlink accelerometer values (steps, activity kcal) from 1 
week; and 4) What is the test–retest reliability of the ques-
tionnaire PADS-R(Sw)?

Methods

Participants

PwMS, age between 18 and 80 years, were recruited from 
the neurological clinic at a university hospital in Sweden. 
Two samples with different participants were used, one 
to examine validity and one to examine test–retest relia-
bility. The study was approved by the Regional Ethical 

Review Board, Uppsala, Sweden, Dnr 2016/500. All par-
ticipants provided written informed consent to 
participate.

Validation component

Inclusion criteria
Having MS and being able to walk for 10 min with or 
without walking aid (self-reported). Exclusion criteria 
were as follows: pregnancy; recent relapse of MS (< 
2 months); severe cognitive problems (i.e. severe diffi-
culties in understanding instructions); serious comor-
bidity that might affect the walking capacity; and not 
understanding Swedish. Thirty people (70% female) 
consented to participate in the study. MS subtype was 
relapsing remitting or benign in 77% of the participants, 
and median Expanded Disability Status Scale (EDSS) 
was 2.0(IQR 1.9). Twenty-one people (70%) in the sam-
ple walked without a walking aid outdoors (Table 1).

Test-retest component

Inclusion criterion
Having MS. Seventy-four people consented to partici-
pate in the study. Fifty-seven people (72% female) 
answered the questionnaire two times. MS subtype was 
relapsing remitting or benign in 53% of the participants, 
and median EDSS was 4.0 (IQR 4.5). Thirty people 
(53%) walked without a walking aid outdoors, while 
three (5%) individuals could not walk (Table 2).

The characteristics of the dropouts, who filled out the 
questionnaire only once (n = 17) are shown in Table 2. 
There were no significant differences between the people 
who filled out the PADS-R(Sw) one or two times 
(Appendix 1).

Procedure

Validation component
All people with MS registered at the neurological clinic were 
eligible for the study. The invitations were sent out ran-
domly by post, including an information letter, a consent 
form with questions on relapses and comorbidities, and 
a stamped reply envelope. One reminder was sent, about 
1 week after the deadline for answering the invitation. 
Those who consented to participate by returning the envel-
ope including the consent form were contacted by phone 
given verbal information about the study. The participants 
were also asked questions about walking ability, and given 
information about the time and place for testing.

The study included two parts: first, a test session 
according to a 35-minute protocol at the laboratory 
(Table 3), and then wearing the AGlink at home during 
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1 week. The laboratory testing took place in a large gym-
nasium. The participants were informed about the test 
procedure and they answered the background questions.

The movement counters were attached with an elastic 
belt on the lower part of the waist, above the pelvis. The 
AGlink was located at the right mid-thigh line, while the 
PiezoRX and the Yamax were placed at the left mid-thigh 
line, with the PiezoRX medially and the Yamax laterally.

Before the first-sitting session and after the last sitting 
session, the AGlink was shaken in several directions in 
order to gain a vector magnitude peak, to ensure that the 
beginning and end of the test protocol could be seen in the 
raw data set. Two registered physiotherapists were present 
during testing. One physiotherapist instructed the parti-
cipant during the test protocol and the other recorded the 
activities on video. Five minutes of different activities (i.e. 
sitting, walking, and lying down) were performed at the 
laboratory, as shown in Table 3. Time was measured 
5 min per activity. The three walking periods of walking 

speed: 1) comfortable; 2) fast; and 3) slow were performed 
back and forth between and around two cones, placed 
8 m apart. During walking, the test leader asked the 
participants about fatigue, in order to allowing partici-
pants to walk shorter periods if needed. One person 
walked for less than 5 min due to fatigue. The number 
of steps was read off from the activity monitors after each 
five-minute walking period and noted in the test protocol 
so that we could determine the number of steps recorded 
during the three walking sessions.

After testing, the participants were instructed on how 
to use the AGlink at home for the subsequent 7 days. 
The AGlink was to be placed at the same location as 
during laboratory testing and was supposed to be worn 
at all times, except during sleep and in the shower/bath. 

Table 1. Background characteristics, validation part.
Background 
characteristics n = 30

n(%)/M (SD, min–max)/ 
med (IQR, min–max)

Gender female/male 21 (70%)/9 (30%)
Age years 49.2 (SD 14.0, 26–77)
Type of MS relapsing remitting 19 (63.3%)

secondary progressive 6 (20.0%)
benign 4 (13.3%)

subtype not known 1 (3.3%)
BMI kg/m2 26.6 (SD 5.5, 14.7–38.6)
Living with 

partner
alone/with partner 14 (46.7%)/16 (53.3%)

Living with 
children

without children/with 
children

21 (70%)/9 (30%)

Education compulsory school 2 (6.75%)
upper secondary school 8 (26.7%)
post-secondary school 20 (66.7%)

Occupation working 21 (70%)
student 2 (6.7%)

parental leave 1 (3.3%)
sickness benefit 1 (3.3%)

retired due to age 5 (16.7%)
EDSS (n = 28) 2.0 (IQR 1.9, 0–6.0)
MSIS-29 physical 13.1 (IQR 30.6, 0–63.8)

psychological 19.4 (IQR 25.7, 0–86.1)
MSWS-12 15.0 (IQR 42.1, 0–68.3)
Walking aid 

indoors
without walking aid 24 (80%)

walking aid in one hand 
(cane/crutch)

3 (10%)

walking aid in both hands 
(crutches/walker)

3 (10%)

AGlink values, 
one week

n = 27

Steps, normal 
filter

mean daily steps 6254 (SD 3313, 245– 
13450)

Steps, LFE filter mean daily steps 13576 (SD 5051, 2650– 
23678)

n = number, M = mean, SD = standard deviation, med = median, 
IQR = interquartile range, MS = multiple sclerosis, BMI = body mass 
index, EDSS = Expanded Disability Status Scale 0 = no disability, 
10 = death due to MS (Appendix 1), MSIS-29 = Multiple Sclerosis Impact 
Scale, high values indicate large impact (Appendix 1), MSWS-12 = Multiple 
Sclerosis Walking Scale, high values indicate large limitations in walking 
(Appendix 1), AGlink = ActiGraph GT9X Link.

Table 2. Background characteristics, test-retest part.
Background 
characteristics

Filled in PADS-R(Sw) 2 
times, n = 57

n(%)/M (SD, min–max)/ 
med (IQR, min–max)

Gender female/male 41 (71.9%)/16 (28.1)
Age years 55.0 (SD 15.4, 24–80)
Type of MS relapsing remitting 27 (47.4%)

secondary progressive 20 (35.1%)
primary progressive 7 (12.3%)

benign 3 (5.3%)
Living with partner 

(n = 56)
alone/with partner 20 (35.1%)/36 (63.2%)

Living with children 
(n = 56)

without children/with 
children

46 (80.7%)/10 (17.5%)

Education (n = 56) compulsory school 6 (10.5%)
upper secondary school 20 (35.1%)
post-secondary school 30 (52.6%)

Occupation (n = 56) working 23 (40.4%)
student 3 (5.3%)

out of work 1 (1.8%)
parental leave 1 (1.8%)

sickness benefit 11 (19.3%)
retired due to age 17 (29.8%)

EDSS (n = 53) 3.0 (IQR 4.5, 0–8.5)
Walking aid indoors 

(n = 56)
without walking aid 35 (61.4%)

walking aid in one hand 
(cane/crutch)

8 (14%)

walking aid in both 
hands (crutches/ 

walker)

10 (17.5%)

no walking indoors 3 (5.3%)
Walking distance 

outdoors (n = 56)
0 m 3 (5.3%)

1–500 m 20 (35.7%)
501–3,000 m 10 (17.9%)

> 3,000 m 23 (40.4%)
Response time days between received 

questionnaires
19.7 (SD 8.5, 8–43)

Background 
characteristics

Dropouts, PADS-R (Sw) 
once, n = 17

n (%)/M (SD)/med (IQR)

Gender female/male 10 (58.8%)/7 (41.2%)
Age year 51.0 (SD 14.4)
Type of MS relapsing remitting 12 (70.6%)

secondary progressive 5 (29.4%)
EDSS (n = 15) 2.0 (IQR 4.0)
PADS-R(Sw) test 1 0.264 (SD 1.605)

PADS-R(Sw) = Physical Activity and Disability Survey – Revised Swedish 
version, n = number, M = mean, SD = standard deviation, med = median, 
IQR = interquartile range, MS = multiple sclerosis, EDSS = Expanded 
Disability Status Scale 0 = no disability, 10 = death due to multiple sclerosis 
(Appendix 1).

PHYSIOTHERAPY THEORY AND PRACTICE 3



The participants were given an instruction sheet includ-
ing a photo of the placement of the AGlink, a PADS- 
R(Sw) questionnaire (Kayes et al., 2009) to fill out 
the day after the week using the AGlink, and stamped 
reply envelopes. The AGlink and the questionnaires 
were sent back to the researchers by post.

Test–retest component

All people with MS registered at the neurological clinic, 
except those who were invited to the validation part of this 
study were eligible for this part. The invitations were sent 
out randomly by post, including an information letter, 
a consent form, background questions and the PADS- 
R(Sw) questionnaire (Kayes et al., 2009). One week after 
the answer was received, another letter was sent by post, 
including the PADS-R(Sw) questionnaire and a question: 
“Has anything happened during the past week that might 
influence the answers (e.g. high fever or travelling?)” One 
reminder was sent after each of the send-outs, about one 
week after the dead-line for responding.

Measurements

Validation Component – Background Data
Background questions on age, gender, living with partner/ 
children, education, occupation, and gait function were 
asked. Two self-rated questionnaires were also included: 
the Multiple Sclerosis Impact Scale (MSIS-29) (Hobart 
et al., 2001) and the MS Walking Scale (MSWS-12) 
(Hobart et al., 2003), which are described in Appendix 1. 
Type of MS and EDSS scores (Kurtzke, 1983), as described 
in Appendix 1, were collected from medical records. 
Height was self-rated, and weight was self-rated or mea-
sured on a scale if the person did not know a recent weight.

Validation component – measures evaluated in the 
study

The step counters PiezoRX (StepsCount, Ontario, Canada, 
57 mm x 39 mm, x 22 mm, weight 27.5 g) and Yamax 
SW200 (or Yamax) (Yamasa Tokei Keiki Co, Tokyo, Japan, 
50 mm x 38 mm x 14 mm, weight 21 g) were used. The 

accelerometer ActiGraph GT9X Link (AGlink) 
(ActiGraph, Pensacola, FL, USA, 35 mm x 35 mm 
x 10 mm, weight 14 g) was used, and initialized at a sam-
pling rate of 90 Hz, as recommended in a recent review 
(Migueles et al., 2017). The position was at the waist (right) 
and the display showed time and number of steps taken for 
the AGlink used in the test protocol. No information was 
shown on the display of the AGlink worn at home.

Physical Activity Disability Survey – Revised Swedish 
version (PADS-R(Sw)) (Kayes et al., 2009) was used for self- 
reported physical activity level during the previous week. 
The questionnaire includes six subscales: 1) exercise; 2) 
leisure time physical activity; 3) general activity; 4) ther-
apy; 5) employment; and 6) wheelchair use. The amount of 
physical activity during the previous week is reported for 
each subscale and summed up to give a total PADS-R score. 
Higher score indicates higher level of physical activity. The 
scale ranges between approximately −2.75 and 3.37 (Kayes 
et al., 2009). The PADS(R) was previously translated by our 
research group according to the procedure explained in 
Appendix 1.

Test-retest component – background data

Background questions on age, gender, living with partner/ 
children, education, work situation, and gait function (i.e. 
walking aid indoors and walking distance outdoors) were 
asked. Type of MS and EDSS (Appendix 1) rating were 
collected from medical records.

Test-retest compondent – measures evaluated in the 
study

The PADS-R(Sw) questionnaire (Kayes et al., 2009) (see 
description above) was used.

Data processing and analysis

To estimate the normal distribution of the variables, 
skewness, kurtosis, normality plots and the Shapiro– 
Wilk test were used. Statistical analysis was performed 
using the IBM SPSS Statistics version 25. The level of 
significance was set at p < .05.

Table 3. Test procedure at the laboratory, validation part.
Activity Instruction Time

Sitting on a chair (arm support, seat height 44 cm). “Sit on the chair.” 5 min
Walking at a comfortable gait speed. “Walk at a comfortable gait speed, as you normally walk.” 5 min
Lying in supine position on a bed, with head on pillow. “Lie on the bed in the supine position.” 5 min
Fast gait speed. “Walk faster, but you are not supposed to be running or lose your balance.” 5 min
Lying on one side on a bed, with head on pillow 

(self-selected side).
“Lie on your side on the bed, whichever side you prefer.” 5 min

Slow gait speed. “Walk slowly.” 5 min
Sitting on a chair (arm support, seat height 44 cm). “Sit on the chair.” 5 min

4 E. ANENS ET AL.



Validation component
The raw activity data from AGlink were downloaded 
to the ActiLife software (version 6) with an epoch 
length of 1 second (results from test protocol) or 
60 seconds (7 days at home). One second epoch 
length was used to distinguish between the different 
parts of the test protocol in detail. Sixty seconds are 
commonly used in studies using ActiGraph monitors 
(Migueles et al., 2017).

Both the manufacturer’s normal and low-frequency 
extension filters were applied during downloading of 
data. Movement frequencies that are not compatible 
with human movement are excluded from analysis of 
AGlink through different filtering processes (Migueles 
et al., 2017). A normal filter detects accelerations from 
a frequency range of 0.25–2.5 Hz, while the low-frequency 
extension filter detects lower, but unknown thresholds 
(Migueles et al., 2017). The inclinometer function was 
used to categorize the sitting and lying positions. The 
inclinometer classifies an individual’s posture as sitting, 
standing, lying down or “off” (non-wear). The data were 
exported to Microsoft Excel for summarizing of steps and 
time in sitting and lying positions. The vector magnitude 
peak (> 1000) was used to determine the start of the first 
sitting period and the end of the last sitting period. The 
end of the first sitting and the beginning of the last sitting 
session were determined from the first and last step taken. 
The time lying down was determined as all the seconds 
spent lying down between walking periods. The time 
walking was determined as all steps taken between sitting 
and lying periods. The number of steps taken was counted 
by two registered physiotherapists through direct video 
observation and using hand-tally counters. A step was 
defined as a transition from the point of contact between 
one foot and the ground to the point of contact between 
the other foot and the ground. The number of seconds in 
sitting or lying positions was measured by the same 
research physiotherapists using stopwatches. The mean 
numbers of steps or seconds from the two observers were 
used for analysis. Gait speed during the walking periods 
was recorded from the videos. The AGlink values from 
the 7 days of home use were classified as: 1) valid time – at 
least 8 h/day; and 2) valid week – at least 5 valid days. The 
mean of the valid days was used for analysis. Eighteen 
people had 7 valid days, and 27 people had 5 or more valid 
days. Values from three AGlinks were lost: one AGlink 
did not register data accurately and two were lost in the 
post. The Freedson VM3 2011 (Sasaki, John, and 
Freedson, 2011) algorithm was used to calculate activity 
kcals and the Troiano (default in ActiLife) (Troiano et al., 
2008) algorithm was used for non-wear time definition 
(non-wear period minimum length 60 min).

The inter-rater reliability of the two raters of steps 
and time in different positions based on video analysis 
was calculated as ICC3,1 (two-way mixed model, abso-
lute agreement, single measure). The correlations 
between the raters were very high with Intraclass 
Correlation Coefficient3,1 ICC3,1 1.000 (CI 1.000–1.000) 
for number of steps, and ICC3,1 0.999 (CI 0.999–1.000) 
for number of seconds spent in different positions.

The validation of different measures of steps or posi-
tions based on video analysis were evaluated in several 
ways. Percentage error was calculated as ((number of 
steps from movement counters – number of steps from 
video analysis)/(number of steps from video analysis)) 
x 100. The percentage errors were also converted into 
absolute errors when calculating central and spreading 
measures. Median absolute percentage error was used 
since the errors was not normally distributed. Spearman 
rank correlation was used to evaluate the correlation 
between the different measurements of steps/positions 
and video analysis. Freidman´s ANOVA was used to 
evaluate the differences between all results from video 
analysis and the movement counters. Related-samples 
Wilcoxon signed rank test was used for post-hoc test 
evaluating pairwise differences between video and the 
movement counters (Bonferroni corrected p-value was 
p < .01). The Spearman rank correlation or the Pearson 
correlation coefficient was used to validate PADS-R(Sw) 
with AGlink results, depending on the distribution of 
the variables. The strength of correlations in the validity 
studies were evaluated as: r ≥ 0.60 excellent; r = 0.31– 
0.59 adequate; and r ≤ 0.30 poor (Salter et al., 2005). The 
plan to analyze agreement with Bland-Altman plots was 
changed due to the differences between the movement 
counters and video were not normally distributed. In 
addition, significant negative correlations were found 
between the absolute differences and the mean (move-
ment counter and video). Log-transformation of the 
data did not solve these problems. Instead, a non- 
parametric approach to compare methods, movement 
counter and video, was thus used to illustrate agreement, 
showing the proportion of the differences greater than 
a reference value of ± 10% error (Bland and Altman, 
1999). Walking speed was calculated from video analy-
sis. The walking speeds reported were self-selected speed 
for each of the walking activities (i.e. comfortable, fast, 
slow), and “true” walking speed (m/s) categorized into 
to two groups. A walking speed slower than 1.1 m/s has 
been shown to represent fallers in MS, and a walking 
speed of 1.1 m/s and faster non-fallers (Gianni, 
Prosperini, Jonsdottir, and Cattaneo, 2014); therefore, 
the results for “true” walking speed were shown accord-
ing to these values for the different gait trials.
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Test–retest component

The relative reliability of PADS-R(Sw) was calculated as 
Intraclass Correlation Coefficient2,1 ICC2,1 (two-way ran-
dom model, consistency, single measure). Standard Error 
of Measurement (SEM) was calculated as SEM = SD 
√(1-ICC), to show the absolute reliability. The hypothesis 
of zero bias between test occasions was tested using the 
paired t-test. To evaluate heteroscedasticity, the correlation 
between the average of test 1 and test 2 and the absolute 
difference between test 1 and 2 were tested using the 
Spearman rank correlation. The values of PADS-R(Sw) 
were normally distributed, but the errors were slightly 
heteroscedastic. The Spearman correlation between the 
absolute difference between the tests and the mean of the 
tests was 0.463 (p < .001). The strength of the reliability 
correlation coefficient was interpreted as follows: 0.00– 
0.25 = low if any correlation; 0.26–0.49 = low correlation; 
0.50–0.69 = moderate correlation; 0.70–0.89 = high corre-
lation; and 0.90–1.00 = very high correlation (Munro, 
1997). The chi-squared or Mann–Whitney U test was 
used for evaluating possible differences between the drop-
outs in the test–retest study, depending on the type of 
variable and normal distribution (Appendix 1).

RESULTS

Validation of different measures of number of steps

The present study showed that the two most valid 
movement counters were AGlink LFE filter and 
PiezoRX. The AGlink LFE filter had the lowest med-
ian absolute percentage errors (MeAPEs) (0.9–3.1%), 
the highest correlations with data from video analysis 
and no significant differences from the video (Table 
4, Figure 1–Figure 2). Though the step counter 
PiezoRX had very low absolute percentage errors 
MeAPEs (1.3–3.3%) it showed significantly more 
steps compared to video analysis for comfortable 
(p < .001) and fast gait speed (p < .001). However, 
fewer values were outside the reference range of 
±10% error for PiezoRX (10%) than for AGlink LFE 
filter (20%) (Figures 3a and Figures 3e).

The Yamax step counter, AGlink display and AGlink 
normal filter had high MeAPEs and were significantly 
different (p = .003 to p < .001) from steps measured by 
video analysis (Figure 1). In addition, many individual 
values were far from the reference range of ±10% error 
for these movement counters (Figure 3b-Figure 3d). 
Underrating of the actual number of steps compared 
with the steps measured from video analysis were 
found for Yamax step counter, AGlink display and 
AGlink normal filter (Figure 2).

The validity was lower for slow self-selected gait 
speed compared to comfortable and fast self-selected 
walking speed, especially for the measures AGlink dis-
play and AGlink normal filter (Figure 2). Trials with 
a slower “true” walking speed of < 1.1 m/s had also 
a lower validity compared to faster trials ≥ 1.1 m/s.

Validation of sitting and lying down for the AGlink 
accelerometer

Neither the AGlink normal filter nor the AGlink LFE filter 
were valid measures of sitting and lying positions com-
pared to video analysis (Table 5). The MeAPEs for sitting 
were about 12.0–12.5%, and 31.0–41.7% for the lying 
positions. The AGlink filters showed similar results. The 
correlations between video analysis and AGlink- 
measured positions were poor to adequate, and signifi-
cantly (p < .001) fewer seconds in sitting were shown with 
the AGlink filters compared to video analysis, indicating 
low ability of the AGlink to detect positions correctly.

Validity and test-retest reliability of the 
questionnaire PADS-R(Sw)

The validity of PADS-R(Sw) was adequate, with 
a correlation between PADS-R(Sw) and ActiGraph 
AGlink steps (LFE filter) of r = 0.492 (p = .009) 
(Figure 4), and between PADS-R(Sw) and AGlink 
activity kcal (LFE filter) of r = 0.410 (p = .034).

The test–retest reliability, calculated as the correlation 
between the test occasions, displayed a high relative relia-
bility, ICC2,1 0.853 (CI 0.763–0.911), whereas the absolute 
reliability was SEM = 0.54. No significant difference was 
found between the test occasions (p = .426). The mean time 
between answering the two PADS-R(Sw) was 19.7 (SD 8.5) 
days. The mean PADS-R(SW) of test one was 0.228 (SD 
1.349), and the mean of test two was 0.313 (SD 1.592).

When excluding the two individuals who stated that 
they were more active than normal, and the four indivi-
duals who stated that they were less active than normal, the 
ICC2,1 was 0.882 (CI 0.802–0.931) and the SEM was 0.50.

Discussion

We have shown that the AGlink accelerometer using the 
low-frequency extension filter and the step counter 
PiezoRX were the most valid measures of physical activ-
ity, as measured with steps, in PwMS. The translated 
physical activity questionnaire PADS-R(Sw) showed 
adequate validity and high relative reliability, but the 
absolute reliability was low. Thus, it might be used to 
measure self-reported physical activity in PwMS.
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Validation of steps

Our study showed that the outcomes from the step coun-
ter PiezoRX and the AGlink LFE filter had MeAPEs of 
about 3% for all three self-selected gait speeds. Previous 
studies have suggested a deviation of less than 3% from 
hand tally to be used as a validity criterion for step 
counters (Hochsmann et al., 2018; Holbrook, Barreira, 
and Kang, 2009), since such a small error does not have 
a relevant impact on the classification of an individual’s 
PA behavior (Hochsmann et al., 2018). The AGlink dis-
play and AGlink normal filter did not reach the < 3% 
criterion in any gait speed. For trials with a speed higher 
than 1.1 m/s also Yamax showed < 3% error.

In our study, the PiezoRX step counter, MeAPEs 
were 1.3–3.3%, for the different gait speeds. This is in 
line with the errors found in previous studies in older 
adults during a 100 m walk (1.0%) (Webber, Magill, 
Schafer, and Wilson, 2014) and in convenience samples 
of adults when walking on a treadmill (2.2–3.2%) 
(Colley et al., 2013; O’Brien, Wojcik, and Fowles, 
2018). O’Brien, Wojcik, and Fowles (2018) did not find 
any differences between manually counted steps and 
PiexoRX. However, in our study significant differences 
between PiezoRX and video were found. One reason for 
this result might be that a few large outliers affected the 
calculation of differences (Figure 2). We argue that the 

Table 4. Validation results of different measures of steps compared with video analysis.
Type of gait and measure Number of steps Absolute error Spearman corr. with video Wilcoxon diff. to video †

Median (IQR, min-max) Median (IQR, min-max) Median (IQR, min-max) rho (p-value) p-value

Self-selected comfortable gait speed ns = 30
1.02 (IQR 0.30, 0.75–2.90) m/s

Video 535 (IQR 86, 234–584) N.A. N.A. N.A.
Piezo RX 551 (IQR 79, 121–658) 1.6 (IQR 2.9, 0.1–81.3) 0.817 (<0.001) <0.001
Yamax 478 (IQR 153, 7–570) 6.6 (IQR 15.2, 0.2–97.0) 0.842 (<0.001) <0.001
AGlink display 436 (IQR 174, 0–612) 10.9 (IQR 23.4, 0.2–100.0) 0.528 (0.003) <0.001
AGlink normal filter 407 (IQR 229, 2–569) 22.0 (IQR 39.4, 0.4–99.2) 0.790 (<0.001) <0.001
AGlink LFE filter 501 (IQR 126, 159–599) 0.9 (IQR 5.4, 0.0–39.5) 0.925 (<0.001) 0.425

Self-selected fast gait speed ns = 30
1.30 (IQR 0.39, 0.87–3.99) m/s

Video 592 (IQR 105, 184–701) N.A. N.A. N.A.
Piezo RX 599 (IQR 89, 197–723) 1.7 (IQR 2.0, 0.0–14.6) 0.988 (<0.001) <0.001
Yamax 598 (IQR 124, 2–668) 3.2 (IQR 6.8, 0.0–98.9) 0.967 (<0.001) 0.001
AGlink display 569 (IQR 109, 0–689) 3.6 (IQR 16.4, 0.1–100.0) 0.816 (<0.001) 0.001
AGlink normal filter 540 (IQR 211, 2–671) 8.9 (IQR 28.4, 0.1–99.3) 0.750 (<0.001) <0.001
AGlink LFE filter 592 (IQR 126, 218–712) 1.1 (IQR 3.4, 0.0–27.2) 0.924 (<0.001) 0.689

Self-selected slow gait speed ns = 30
0.76 (IQR 0.31, 0.53–2.41) m/s

Video 454 (IQR 91, 112–585) N.A. N.A. N.A.
Piezo RX 473 (IQR 70, 16–598) 2.4 (IQR 5.4, 0.0–89.6) 0.910 (<0.001) 0.043
Yamax 375 (IQR 222, 0–548) 18.2 (IQR 35.4, 0.2–100.0) 0.644 (<0.001) <0.001
AGlink display 340 (IQR 368, 0–593) 39.5 (IQR 59.4, 2.5–100.0) 0.589 (0.001) <0.001
AGlink normal filter 245 (IQR 237, 2–507) 47.3 (IQR 45.9, 4.4–99.1) 0.749 (<0.001) <0.001
AGlink LFE filter 436 (IQR 213, 111–597) 2.6 (IQR 12.8, 0.1–49.4) 0.851 (<0.001) 0.411

Total gait all gait speeds ns = 30
Video 1532 (IQR 268, 530–1861) N.A. N.A. N.A.
Piezo RX 1598 (IQR 221, 334–1943) 1.8 (IQR 2.9, 0.4–47.2) 0.920 (<0.001) 0.005
Yamax 1419 (IQR 347, 11–1721) 10.3 (IQR 13.7, 0.3–97.6) 0.824 (<0.001) <0.001
AGlink display 1315 (IQR 370, 2–1820) 16.9 (IQR 20.6, 0.6–99.6) 0.566 (0.001) <0.001
AGlink normal filter 1221 (IQR 545, 6–1658) 23.1 (IQR 31.1, 3.9–99.2) 0.741 (<0.001) <0.001
AGlink LFE filter 1543 (IQR 456, 488–1908) 1.9 (IQR 1.8, 0.1–35.2) 0.894 (0.000) 0.371

Trials (nt = 50) with walking speed <1.1 m/s
0.84 (IQR 0.27, 0.53–1.09) m/s

Video 444 (IQR 167, 112–585) N.A. N.A. N.A.
Piezo RX 470 (IQR 158, 16–658) 3.3 (IQR 7.6, 0.0–89.6) 0.865 (<0.001) <0.001
Yamax 341 (IQR 256, 0–480) 21.0 (IQR 51.9, 0.22–100.0) 0.754 (<0.001) <0.001
AGlink display 255 (IQR 359, 0–543) 44.8 (IQR 57.0, 0.2–100.0) 0.707 (<0.001) <0.001
AGlink normal filter 226 (IQR 263, 2–457) 48.9 (IQR 46.2, 4.4–99.3) 0.796 (<0.001) <0.001
AGlink LFE filter 420 (IQR 209, 111–599) 3.1 (IQR 15.3, 0.1–48.7) 0.916 (<0.001) 0.907

Trials (nt = 40) with walking speed ≥1.1 m/s
1.34 (IQR 0.58, 1.11–3.99) m/s

Video 562 (IQR 75, 451–701) N.A. N.A. N.A.
Piezo RX 572 (IQR 72, 476–723) 1.3 (IQR 1.8, 0.0–12.0) 0.983 (<0.001) 0.005
Yamax 543 (IQR 116, 275–668) 2.9 (IQR 6.6, 0.0–50.7) 0.890 (<0.001) <0.001
AGlink display 540 (IQR 129, 336–689) 5.7 (IQR 111.1, 0.1–37.9) 0.756 (<0.001) <0.001
AGlink normal filter 495 (IQR 156, 240–671) 10.1 (IQR 18.4, 0.1–49.4) 0.767 (<0.001) <0.001
AGlink LFE filter 558 (IQR 101, 252–712) 1.0 (IQR 3.3, 0.0–49.4) 0.906 (<0.001) 0.357

SD = standard deviation, IQR = interquartile range, ns = number of subject, nt = number of trials, N.A. = not applicable, AGlink = ActiGraph GT9X Link, LFE = low 
frequency extension, † = Friedmans anova showed significant differences between the measurements in all condition. Bonferroni corrected p-value for 
Wilcoxon test p < 0.01.
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PiezoRX can be considered valid due to the low MeAPE, 
the high correlations to video uptake and the high level 
of agreement (Table 4, Figure 3a). Indeed, for most 
PwMS in our study the PiezoRX was accurate. 
PiexoRX is an interesting device since it is easy to use, 
inexpensive and can measure slow gait much better than 
other devices as shown by us and others (Colley et al., 
2013; O’Brien, Wojcik, and Fowles, 2018). Further 

research is however warranted in order to understand 
and possibly improve the reason for the device measur-
ing non-accurately in a few cases.

The MeAPEs of the step counter Yamax in our study 
ranged between 2.9 and 21.0% at the various gait speeds 
and often large deviations from video were shown 
(Figure 3b). Our results are in accordance with others 
reporting errors of about 8.5–9.7% (Balto, Kinnett- 

Figure 1. The total step count for video and each measure during the protocol. The boxes represent the 1st and 3rd quartiles and the 
solid line is the median. * = outliers ≥ 3 interquartile ranges from the box, ○ = outliers 1 to <3 interquartile ranges from the box. 
AGlink = ActiGraph GT9X Link, LFE = Low Frequency Extension

Figure 2. Percentage error for self-selected gait speed. The boxes represent the 1st and 3rd quartiles and the solid line is the median. 
* = outliers ≥ 3 interquartile ranges from the box, ○ = outliers 1 to <3 interquartile ranges from the box. AGlink = ActiGraph GT9X Link, 
LFE = Low Frequency Extension
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Hopkins, and Motl, 2016) and 0.5–31.6% (Motl, 
McAuley, Snook, and Scott, 2005) in PwMS who walked 
on a treadmill. Thus, the step counter is not considered 
valid in PwMS.

The results from this study showed small (0.9–3.1%) 
MeAPEs for AGlink LFE filter at the various gait speeds. 
Similar results were found in PwMS, with mild and 
moderate disease, using the ActiGraph GT3X+ acceler-
ometer (LFE filter) during modified 6 min walk tests, 
where the percentage registered of actual steps taken was 
95.7–100.4%, (Sandroff et al., 2014). In contrast, in 
PwMS with severe disease, the error was higher than 
3% (Sandroff et al., 2014). One probable reason for the 
difference between the studies could be that the people 
in our study were less limited in gait as they had lower 
scores on the MSWS-12 walking scale compared with 
results from Sandroff et al. (2014). Looking at agreement 
on an individual level, about 20% of the participant’s 
step counts with AGlink LFE filter deviated more than 
10% from video, although the results from the two 
measurements often were very similar (Figure 3e). 
Possible reasons for this could be walking with walking 
aids or spasticity affecting the results from the AGlink 
LFE filter.

When the AGlink normal filter was used in our study, 
the MeAPEs were about 8.9–48.9%, with the largest errors 
found at the slowest self-selected speed. In other popula-
tions the errors using the ActiGraph GT3X were −2 to 
−58% for the normal filter and −4 to 3% for the LF filter 
(Feito, Garner, and Bassett, 2015). Our results showed 
significantly fewer steps measured with AGlink normal 
filter compared to video observation for all gait speeds. 
This was also found in PwMS walking at slower speeds 
(ActiGraph GT3x normal filter) (Tudor-Locke, Barreira, 
and Schuna, 2015). However, when the LFE filter was 
applied, no significant differences were found (Tudor- 
Locke, Barreira, and Schuna, 2015). This is also consistent 
with our results showing that the AGlink LFE filter 
observed similar step counts compared to video analysis. 
These and our results suggest that the normal filter is not 
valid at slower gait speeds, and our results suggest that the 
normal filter is not valid in PwMS at any of the self-selected 
gait speeds evaluated. This first evaluation of the validity of 
the AGlink display showed MeAPEs between 3.6 and 
39.5%, and large underestimation of steps (Figure 3d), 
indicating that it cannot be considered valid in PwMS.

The participants self-selected their walking speed 
based on the test instructions for each of the walking 
activities (i.e. comfortable, fast, and slow), resulting 
in some people with limited walking ability walking 
relatively slow during the “fast” walking activity. In 
addition, the meaning of comfortable, fast and slow 
varied between participants. Pre-defined cutoffs could 

have made the comparisons more correct. The results 
are thus, also shown for two different “true” walking 
speeds (Table 4). When all trials with a speed < 
1.1 m/s were analyzed the PiezoRX and AGlink 
errors were slightly higher than the validity criterion 
of < 3% error.

An intensity of 100 steps/min corresponds to 
moderate intensity physical activity (Tudor-Locke 
et al., 2011). In PwMS the cut point for moderate 
intensity physical activity was 99 steps/min for people 
with minimal walking impairment and 96 steps/min 
for those with mild-moderate walking impairment 
(Agiovlasitis and Motl, 2014). In the present study, 
self-selected, comfortable and fast gait speed median 
values were above those cut points. Slow gait speed 
(≈ 90 steps/min) was not much slower in our study 
(Table 4). Another study showed that in free-living 
only 20–33% of steps were taken above 100 steps/min 
(Granat et al., 2015). Thus, the slow self-selected 
walking speed might not correspond to slow walking 
in everyday life.

A mean self-selected walking speed of 1.02 m/s (26 
studies) and a mean of accelerated speed of 1.34 m/s 
(9 studies) were calculated from a review of studies 
on walking in PwMS (Comber, Galvin, and Coote, 
2017). These means are very similar to the results 
from our study, showing that our results are repre-
sentative of self-selected walking speeds in PwMS in 
test situations.

Validation of positions

The AGlink inclinometer function did not classify 
sitting and lying positions correctly in our study, 
when worn around the waist, which is in line with 
another study (An, Kim, and Lee, 2017). A waist- 
worn ActiGraph GT3x showed mean absolute per-
centage errors of 26.5–30.6% for supine and 50.5– 
52.1% for sitting (An, Kim, and Lee, 2017). The 
inclinometer data of our study showed that the 
inclinometer often turned to the “off” function 
after a person had spent some time in a lying/sitting 
position, and thus stopped collecting data, until the 
position changed. This has also been observed by 
other researchers (Skotte et al., 2014). However, the 
thigh-worn ActiGraph GT3X+ correctly classified 
sitting >95% of the time, as compared with direct 
observation (Steeves et al., 2015). Sedentary beha-
vior from ActiGraph accelerometers may also be 
obtained by investigating activity counts. However, 
the commonly accepted cutoff point of < 100 
counts/min for sedentary behavior may represent 
light intensity activity for people with mobility 
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Figure 3. (a) Plot of ratio against average of total steps from video and Piezo RX (n = 29). (b) Plot of ratio against average of total steps 
from video and Yamax (n = 30). (c) Plot of ratio against average of total steps from video and AGlink display (n = 30). (d) Plot of ratio 
against average of total steps from video and AGlink normal filter (n = 30). (e) Plot of ratio against average of total steps from Video 
and AGlink LFE (low frequency extension) filter (n = 30). (a-e) Solid red lines represent a ratio of 1 (e.g. no error) and dashed lines 
represent ± 10% error. Values outside this range were for: a) ten percent (10%), b) fortyseven percent (47%) c) sixtyseven percent 
(67%), d) seventythree percent (73%), and for e) twenty percent (20%)
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disability (Ezeugwu et al., 2015). More research is 
needed on psychometrically sound measures of 
sedentary behavior in PwMS (Veldhuijzen van 
Zanten, Pilutti, Duda, and Motl, 2016) and in 
other populations (Tremblay et al., 2017).

Psychometrics of PADS-R(Sw)

The first psychometrical evaluation of the Swedish version 
of the PADS-R showed high test–retest reliability with ICC 
0.85, comparable to the English version of PADS-R (ICC 
0.87) (Kayes et al., 2009). However, the absolute reliability 
was low, since the SEM was rather high in relation to the 
variability in our study. Low absolute reliability was also 

shown in the English study (Kayes et al., 2009). For 
a clinician or researcher to be able to make meaningful 
statements of change, the measurement error must be 
known, which can be described as absolute reliability 
(Carter and Lubinsky, 2016). In the present study the mea-
surement error was fairly large, which indicates that to be 
able to identify a true change a large improvement in 
physical activity must take place.

We found a correlation of 0.49 between self-reported 
physical activity and objectively measured physical activity 
(AGlink). According to a systematic review, only one-third 
of included studies investigating the correlation between 
self-reported and objectively measured physical activity 
found a correlation ≥ 0.40 (Skender et al., 2016). Thus, the 

Figure 3. Continued.
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validity of PADS-R(Sw) was rather high. We expected to 
find a low to adequate correlation between PADS-R(Sw) 
and AGlink. Due to the knowledge of validity of different 
questionnaires of physical activity in comparison to accel-
erometer data (Kayes et al., 2009; Lee, Macfarlane, Lam, and 
Stewart, 2011). In addition, an explanation of the differences 
between accelerometer-assessed and self-reported physical 
activity could be that the accelerometer measures activity in 
absolute intensity while self-reported questionnaires mea-
sure relative intensity. For example, a person with MS may 
experience and self-report a short walk as vigorous activity 
(i.e. the relative amount of intensity) while the accelerometer 
captures the event as light activity (i.e. the absolute amount 

of intensity). Furthermore, time and intensity of self- 
reported physical activities in questionnaires might be 
hard to remember, and most accelerometers cannot detect 
activities such as cycling and swimming.

Study considerations, limitations, and 
generalization

A strength of the present study is the use of a golden 
standard i.e. hand tally-counted steps and time from 
video analysis based on the mean of two observers, 
with very high agreement between raters ensuring very 
little bias in this criterion value.

Figure 4. Correlation between PADS-R(Sw) and steps from AGlink LFE filter collected during one weak. AGlink = ActiGraph GT9X Link, 
LFE = Low Frequency Extension

Table 5. Validity results of positions for AGlink compared with video analysis.

Positions Number of steps Absolute error Spearman corr. with video Wilcoxon diff. to video†

Median (IQR, min–max) Median (IQR, min -max) rho (p value) p value

Sitting ns = 30
Video 620 (IQR 10, 610–769) N.A. N.A. N.A.
AGlink normal filter 584 (IQR 294, 5–662) 12.0 (IQR 47.7, 0.5–99.2) 0.175 (0.354) <0.001
AGlink LFE filter 580 (IQR 291, 4–655) 12.5 (IQR 47.0, 0.2–99.4) 0.162 (0.392) <0.001

Supine position ns = 30
Video 328 (IQR 17, 302–368) N.A. N.A. N.A.
AGlink normal filter 190 (IQR 314, 0–346) 41.5 (IQR 94.1, 1.4–98.6) 0.216 (0.252) <0.001
AGlink LFE filter 190 (IQR 314, 0–339) 41.7 (IQR 92.5, 2.3–100.0) 0.215 (0.253) <0.001

Lying on side ns = 30
Video 331 (IQR 15, 319–360) N.A. N.A. N.A.
AGlink normal filter 234 (IQR 145, 0–344) 31.0 (IQR 42.8, 2.1–100.0) 0.386 (0.035) <0.001
AGlink LFE filter 232 (IQR 141, 0–345) 31.1 (IQR 42.3, 3.0–100.0) 0.380 (0.038) <0.001

IQR = interquartile Range, ns = number of subjects, N.A. = Not Applicable, AGlink = ActiGraph GT9X Link, LFE = low frequency extension. † = Friedmans anova; 
showed significant differences between the measurements in all condition.
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Shuffling steps were allowed in this study, due to MS 
leading to limitations in walking. If a step would have 
been defined as the foot leaving the ground, the percen-
tage error of the step counters might have been smaller. 
The laboratory setting is not directly transferable to daily 
life (e.g. when vacuum cleaning, walking outdoors or 
doing computer work). Migueles et al. (2017) recom-
mended testing different criteria to get the best compro-
mise between sample size and reliability when choosing 
requirements for a valid day of data collection using 
ActiGraph accelerometers. We did that, and found that 
8 h/day was the best option in this sample. The errors of 
the PADS-R(Sw) were slightly heteroscedastic, which 
might have affected the ICC value.

A Swedish nationwide MS study found a mean age of 
50 years, with 71% women, 56.5% having relapsing 
remitting MS, and a median EDSS of 3 
(Manouchehrinia, Beiki, and Hillert, 2017). The age and 
gender distributions were quite similar of the results in 
our study. However, in relation to the nationwide study, 
the subtype distribution and EDSS in our study imply 
that the validity results might be generalizable only to 
PwMS less affected by the disease, and the reliability 
results only to those somewhat more affected by the 
disease. One reason for the participants in the validity 
part being less affected by the disease was the inclusion 
criteria of being able to walk for 10 min. This criterion 
was chosen in order to recruit participants that were able 
to do the test protocol including walking 5 min x 3. 
Another limitation of this study is that the type of MS 
and EDSS ratings in our study were collected from med-
ical records, hence not all ratings were updated.

Two samples from the same cohort were invited 
to participate in our study. The reason for this was 
that the test–retest reliability of the questionnaire 
should not be evaluated in participants wearing an 
accelerometer.

Clinical applications

Level of physical activity is important to measure in 
PwMS to identify subjects at risk of disease, when 
coaching people to set goals and increase physical 
activity, and to evaluate physical activity interventions. 
Number of steps per day is an easy way of measuring 
physical activity and the accelerometer AGlink LFE 
filter and PiezoRX stepcounter are accurate measures. 
However, for both movement counters relatively large 
deviations from video were found for some partici-
pants. Future studies could preferably examine the 
reasons for this. It has been shown in PwMS that 
about 800 steps/day represent a clinically meaningful 

change in walking behavior (Motl et al., 2013). This is 
useful knowledge for clinicians coaching PwMS to 
increase physical activity.

A disadvantage with measuring steps is the diffi-
culty to know if the well-known WHO recommen-
dations for physical activity is reached, since the 
number of steps does not indicate the intensity of 
the activity. WHO physical activity guidelines are 
based on time spent in moderate-to-vigorous physi-
cal activity. Accelerometers can be used to calculate 
time spent in moderate-to vigorous physical activity 
when algorithms developed in healthy people are 
applied, in addition to measure steps. However, 
PwMS have greater energy expenditure than healthy 
people in different activities (Coote and O’Dwyer, 
2014); therefore, the validity of time spent in mod-
erate-to-vigorous physical activity from acceler-
ometers can be questioned in PwMS. The AGlink 
did not accurately measure bodily positions when 
worn at the waist. When measuring positions in 
PwMS thigh-worn AGlink might be better.

Objective measures of physical activity are advan-
tageous over self-report measures such as better valid-
ity and reliability, and are thus recommended when 
examining PA (Dowd et al., 2018). However, self- 
report measures might catch other dimensions and 
thus add value to objective measures. For clinicians 
and researchers, the PADS-R(Sw) has the advantage 
of capturing a broad spectrum of physical activities 
including lower levels of physical activity, which 
might be valuable to identify smaller improvements 
in amount of physical activity in PwMS. The physical 
activity questionnaire PADS-R(Sw) showed adequate 
validity and high relative reliability. However, the 
absolute reliability was unsatisfactory, and it takes 
time to sum the scale, which is especially problematic 
in clinic. In addition, the scores from PADS-R(SW) 
might be hard to interpret and it is not clear what 
score of PADS-R(Sw) that corresponds to recom-
mended guidelines for physical activity. New ques-
tionnaires concerning physical activity that captures 
a broad spectrum of activities including using 
a wheel-chair, performed in different environments, 
might be valuable in PwMS.

Conclusions

We have shown that the accelerometer AGlink using 
the low-frequency extension filter and the step 
counter PiezoRX are valid measures of steps in 
PwMS in a laboratory setting. However, the 
Yamax, AGlink display and AGlink normal filter 
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were not valid measures of steps in this sample. 
More psychometric research on measures of steps 
is needed in PwMS using walking aids, with severe 
disease and in free-living situations. The translated 
physical activity questionnaire PADS-R(Sw) showed 
adequate validity and relative reliability, however, 
the absolute reliability was low. It might be used 
to measure self-reported physical activity in PwMS.
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Appendix 1

Measures
The Multiple Sclerosis Impact Scale (MSIS-29) (Hobart 

et al., 2001) measures the impact of MS on daily life over the 
previous two weeks (answers from one = not at all to 
five = extremely), using 29 items. Twenty items concern phy-
sical consequences and nine concern psychological conse-
quences. Scores for each item are added up and transformed 
to a 0–100 scale, where high values indicate large perceived 
impact of MS. The scale has demonstrated evidence of validity, 
high internal consistency, high reliability and responsiveness 
(Hobart et al., 2001; Riazi et al, 2002).

The MS Walking Scale (MSWS-12) (Hobart et al., 2003) 
consists of twelve items measuring limitations in abilities such 
as walking, running, and stair-climbing, scored from 1 (not at 
all limited) to 5 (extremely limited). Scores for each item are 
added up and transformed to a 0–100 scale, where high values 
indicate large limitations. The MSWS-12 has demonstrated 
excellent validity and reliability (Hobart et al., 2003).

Expanded Disability Status Scale (EDSS) quantifies dis-
ability in people with MS (Kurtzke, 1983). The scale is based 
on eight functional systems, which are scored on a scale from 0 
(no disability) to 5 or 6 (more severe disability) by 
a neurologist. The functions are summed into an ordinal 
rating scale from 0 (no disability) to 10 (death due to MS). 
A review of psychometric studies on EDSS found that the 
validity has been established in numerous studies (Meyer- 
Moock et al, 2014).

Translation Procedure
The Physical Activity Disability Survey – Revised 

(PADS-R) (Kayes et al., 2009) PADS(R) was translated 
from English to Swedish following standards, mainly 
from works by Beaton, Bombardier, Guillemin, and 
Ferraz (2000) and Hilton and Skrutkowski (2002). 
Written documentation for each step was performed to 
highlight challenging phrases or uncertainties and to 
describe how discrepancies were resolved.

Preparation. Permission to use the instrument was obtained 
from the originators of the measurements.

Forward translation. Two translators with Swedish as their 
native language (target language) independently translated the 
scale from English to Swedish. One translator was 
a professional interpreter and the other a physiotherapist 
aware of the concepts being examined.

Synthesis. The two translations were harmonized during 
a meeting with the two translators and 2–3 members of the 
research group.

Back-translation. Two new translators with English as their 
native language (source language) independently translated 
the harmonized Swedish version into English.

Synthesis. An expert committee, including the two 
back-translators and 2–3 members of the research 
group, compared the back-translation and the original 
and resolved remaining issues. Issues that were discussed 
were e.g the translation of boating, school, caregiver and 
which tense to be used. This resulted in a pre-final 
version.

Pilot-testing of the pre-final version. A focus group was 
formed with representatives from NeuroSweden (The 
Swedish Association of Persons with Neurological 
Disabilities) to obtain feedback on the scale regarding e.g. 
comprehension, clarity and possible suggestions for 
improvement of the scale. The focus group found the scale 
understandable and therefore no changes were made to the 
translated scale.

Final translation. The final translation was completed. The 
instrument was given the Swedish name ”Frågeformulär om 
fysisk aktivitet vid funktionsnedsättning”.

Dropout Analysis for the Test-Retest Part

16 E. ANENS ET AL.

https://doi.org/10.1249/MSS.0000000000000497
https://doi.org/10.1186/s12966-017-0525-8
https://doi.org/10.1249/mss.0b013e31815a51b3
https://doi.org/10.1249/mss.0b013e31815a51b3
https://doi.org/10.1249/MSS.0000000000000476
https://doi.org/10.1186/1479-5868-8-79
https://doi.org/10.3109/09638288.2013.859307
https://doi.org/10.3109/09638288.2013.859307
https://doi.org/10.1177/1352458516644340
https://doi.org/10.1123/JAPA.2013-0002
https://doi.org/10.1123/JAPA.2013-0002


There were no significant differences between the sub-
jects who filled out the PADS-R(Sw) one or two times as 
regards gender (p = .327), age (p = .372), MS subtype 
(p = .217), EDSS (p = .744) or mean PADS-R(Sw) result 
in test 1 (p = .929).
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