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Background: Despite the evidence of beneficial effects of physical activity (PA), 
people with multiple sclerosis (pwMS) are less physically active than the general 
population. To increase PA in pwMS, we  developed a structured individually 
tailored PA promotion program which is conducted within clinical practice in a 
university-based outpatient clinic since 2016. This study serves as retrospective 
quality control of this program.

Objective: In a retrospective cohort study, we assessed the physical fitness of 
pwMS and the impact of the program on short- and long-term PA changes and 
behavioral determinants.

Methods: The program consisted of four appointments each 2–4 weeks apart. 
Spiroergometric test results of female pwMS were compared to female non-MS 
controls who underwent a voluntary physical fitness analysis. The short version 
of the Freiburger questionnaire, self-developed questions and the modified 
Physical activity screening questionnaire (PASQ) were sent to all participants 
assessing the PA levels before the program, 3 months after the program (short-
term), and at the time of the survey (long-term). Additionally, established 
questionnaires assessed behavioral determinants before the program and long-
term.

Results: A total of 166 participants [mean age 38.32 (± 10.61 SD), mean EDSS 
2.30 (±1.29 SD)] and mostly females (63.3%, n =  105) were included in the study 
and started the program. A total of 136 participants completed the program. 
Out of these 63.9% (n  =  87) answered the questionnaires in 12.38 (±11.34 SD) 
months after finishing the program. At baseline female pwMS (n  =  100) showed 
a lower physical fitness in comparison to non-MS controls (n  =  26) (maximal 
workload (Watts): 138.86  ±  37.85 vs. 191.73  ±  45.25, p  <  0.001; peak oxygen 
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consumption (ml  min−1  kg−1): 26.40  ±  7.23 vs. 31.56  ±  10.10, p  =  0.020). pwMS 
were more regularly active in short- (62.1%) and long-term (55.2%) compared 
to baseline (24.2%, p  <  0.001). Among the activated participants, we observed 
improved internal motivation (p  =  0.002) and decreased perception of barriers 
(p  =  0.006) compared to baseline.

Conclusion: PwMS showed a lower physical fitness in comparison to non-
MS controls. An individually tailored PA promotion program might improve 
behavioral determinants and thereby increase short- and long-term PA levels 
of pwMS.

KEYWORDS

multiple sclerosis, physical activity, training plan, physical fitness assessment, physical 
activity promotion program

Introduction

People with multiple sclerosis (pwMS) are often less physically 
active (1) and spend more time in sedentary behavior (2) than the 
general population. Furthermore, pwMS show decreased physical 
fitness and muscle strength in comparison to healthy controls (3). 
Regular physical activity is increasingly regarded as an essential 
modifiable lifestyle factor in the therapy of pwMS across all disease 
stages (2–5). Initial studies confirmed that physical activity in pwMS 
leads to an improvement in physical functions such as muscle 
strength, endurance, mobility, and balance (6–9). Whereas the impact 
of physical activity on cognitive functions and disease modification in 
pwMS is still a matter of discussion (10–15), several studies indicated 
that physical activity ameliorates MS symptoms and improves quality 
of life among pwMS (16–18). Based on the beneficial evidence of 
physical activity, guidelines with physical activity recommendations 
for pwMS have been provided (5). However, the guidelines are not 
sufficiently implemented in clinical routine and many pwMS are not 
aware of the potential of physical activity on their physical fitness 
symptoms, and quality of life (19) or have difficulties to realize them. 
Several programs have already shown beneficial effects in promoting 
PA in pwMS, however, they are often not individually tailored 
(18, 20–24).

The main factors that influence physical activity behavior are 
environmental and personal determinants (25, 26). Environmental 
determinants influencing the physical activity levels in pwMS are, e.g., 
insufficient patient information about the impact of physical activity 
in daily clinical routine, lack of possibilities, and hereby a need for 
more interventions to support pwMS (19, 27–29). Personal 
determinants include, e.g., self-efficacy, perceived barriers, 
counterstrategies to overcome barriers, and social support (25, 30). 
Additionally, disease-related symptoms such as fatigue and motoric 
impairment also have a substantial impact and can cause uncertainty 
about the right type of physical activity (27). A detailed assessment of 
the current physical fitness combined with an individually tailored 
training recommendation, which takes the above-mentioned various 
determinants into account and also considers the physical activity 
preferences of patients might therefore be helpful to promote and 
increase regular physical activity in pwMS (31).

In 2016, the MS outpatient clinic together with the Center for 
Athletic Medicine of the University Medical Center 

Hamburg-Eppendorf (UKE) developed an individualized physical 
activity promotion program to inform and motivate pwMS 
performing regular physical activity. The program consisted of a 
detailed recording of exercise history including the current and past 
activity behavior as well as personal preferences for being physically 
active, an assessment of the patient’s physical fitness and an 
individually tailored recommendation on how to include physical 
activity in their daily life adapted to the patient’s time allocation, 
abilities, and preferences.

The aim of this study was to assess the physical fitness of pwMS 
and analyze the impact of the program on the change in short- and 
long-term physical activity and behavioral determinants.

Methods

Study design

The study was designed as a retrospective cohort study in pwMS 
who joined the individualized physical activity promotion program at 
the MS outpatient clinic and the Center for Athletic Medicine of the 
UKE following the STROBE guidelines.

Patient recruitment and eligibility criteria 
for the physical activity promotion 
program

Patient recruitment for the individualized physical activity 
promotion program was conducted between April 2016 and 
December 2019 through leaflets and a subscribed newsletter by the 
MS outpatient clinic. Furthermore, consecutive patients were asked 
during their visit in the MS outpatient clinic by the attending doctor 
whether they would like to participate. Patients of all activity levels 
were included to avoid bias. Inclusion criteria for the program were: 
(1) Diagnosis of MS, clinical isolated syndrome (CIS) or radiologically 
isolated syndrome (RIS) based on McDonald 2010 or 2017 diagnostic 
criteria (32), (2) a minimum age of 18 years and (3) the ability to 
perform a bicycle ergometry. Patients were excluded if they had any 
medical contraindication for physical activity (e.g., severe 
cardiovascular or orthopedic diseases).
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All participants were seen and examined by a neurologist of the 
MS outpatient clinic before enrollment in the activity program. 
Demographic data [age, sex, BMI, disease course, year of diagnosis, 
actual Expanded Disability Status Scale (EDSS) score] (33) 
were obtained.

Individualized physical activity promotion 
program

The program consisted of four individual appointments at the 
Center for Athletic Medicine of the UKE, each 2–4 weeks apart. Every 
appointment lasted approximately an hour and were conducted by a 
sports scientist in a 1:1 setting. For the schedule of the program see 
Figure 1A.

First appointment
The current and previous physical activity habits, personal 

preferences for physical activity and the current individual situation 

(e.g., job, family situation, motoric impairment) were recorded. 
Furthermore, participants received a self-developed questionnaire to 
assess sociodemographic data, current overall physical activity (short 
version of the validated Freiburger questionnaire) (34) and 
behavioral determinants [self-concordance, perceived barriers, 
barrier management, social support (35–38)] possibly related to 
long-term adherence to physical activity (see Supplementary  
material).

Second and third appointment
A comprehensive physical fitness assessment was conducted. 

After height, weight and waist circumference were measured, different 
mobility and strength tests (6-min walking test (6MWT), five times 
sit to stand test (5TSTS), timed 25-Foot Walk test (T25FW), handgrip 
test (via dynamometer), isometric Muscle Strength Measurement 
(DIERS myoline professional), S3 body stability test (MFT), a 
bioelectrical impedance analysis (BIA), ActiGraph wGT3X-BT 
accelerometer (39–50) were conducted. This was followed by a 
spiroergometric assessment (51) (see Supplementary material).

FIGURE 1

(A) Schedule of the physical activity promotion program Content and time distance between the four individual appointments. Every appointment 
lasted an hour and were conducted by a sports scientist in a 1:1 setting. (B) Timelines between the three assessment time points Baseline (at first 
appointment of the activity program), T1 (within the 3 months after completing the last appointment of the activity program), T2 (at the actual time 
point of answering the quality control questionnaire). This figure was created with Biorender.
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Fourth appointment
The results of the physical fitness assessment were explained to the 

participant. Based on the results of the first three appointments, the 
sports scientist and the participant set up an individual activity plan 
for implementation in the everyday life of the participant. The 
personal advice was based on the MS sport scientists experience. This 
plan included physical activity recommendations for endurance, 
strength and balance exercises in an individually adapted type, 
frequency, duration and intensity. The recommended exercises were 
shown and practiced together with the participant to guarantee a 
proper practice. Furthermore, additional recommendations were 
made to increase lifestyle physical activity (e.g., daily walking instead 
of going by car).

Patient recruitment for the retrospective 
analysis of the program

All participants who attended all four appointments of the 
individualized physical activity promotion program since 2016 were 
contacted between May 2019 and November 2019 with a 
questionnaire. The questionnaire was developed based on the results 
of short telephone interviews with 12 participants of different age, 
EDSS and baseline physical activity. The questionnaire consisted of 
113 items and contained four sections: (1) evaluation of the activity 
program (see Supplementary material), (2) retrospectively self-rated 
physical activity level before the activity program (baseline), within 
the 3 months after completing the last appointment of the activity 
program (T1 = short-term) and at the actual time point of answering 
the questionnaires (T2 = long-term) (see Figure 1B and “Methods, 
Definition, assessment, and validation of self-rated physical activity”), 
(3) their current overall physical activity assessed with the short 
version of the Freiburger questionnaire (34) (see Supplementary  
material), (4) behavioral determinants possibly related to long-term 
adherence to physical activity (see Supplementary material) (35–38).

Definition, assessment and validation of 
self-rated physical activity

Following the physical activity guidelines for pwMS (5) “Regular 
physical activity” was defined as a minimum of 30 min of moderate 
intensity aerobic activity or strength training on at least 4 days a week. 
Inactivity was defined as no aerobic or strength at all. Irregular activity 
was defined as aerobic or strength training between 1 and 3 times per 
week for 30 min. However, we only provided a definition for “regularly 
active” in the questionnaire. The terms “irregularly active” and 
“inactive” were defined at the first appointment in the 
introductory conversation.

Previous exercise habits at baseline and T1 were assessed 
retrospectively with self-developed questions asking for the self-
assessed physical activity level [“regularly active” (RA), “irregularly 
active” (IR), “inactive” (IA)] at these concrete points of time.

The current exercise habits at T2 were assessed with the modified 
physical activity Staging Questionnaire (PASQ) which was used in a 
previous study of our group (25) and converted into the categories 
“RA,” “IR” and “IA” (see Supplementary material). By using the PASQ 
it was possible to ask not only for the physical activity at a specific time 

point (T2) but also consider the physical activity evolution in the past 
time period between T1 and T2.

To validate the self-rated physical activity levels (RA, IR, IA) 
we did a correlation analysis between the self-rated physical activity 
levels and the metabolic equivalents of task (MET) (52) values at 
baseline and T2 calculated by the information of the short version of 
the Freiburger questionnaire (see Supplementary material) and with 
two objectively measured physical values from the spiroergometry 
at baseline.

Physical fitness performance analysis 
compared to non-MS control group

Spiroergometric test results were compared to a control group 
without a diagnosis of MS or any other neurological disease (“non-
MS”), who attended the same spiroergometric test based on a 
voluntary offer from the Center for Athletic Medicine to determine 
their physical fitness level. We screened the database for matched non- 
MS controls but could only find female non-MS controls who were 
matched to the cohort for age, height and weight. Most of the non-MS 
controls had orthopedic diseases (n = 21) and were referred by their 
orthopedist. All other controls (n = 5) were completely healthy 
recreational athletes who underwent the physical fitness test on their 
own initiative. All controls with orthopedic conditions were able to 
execute the spiroergometry without limitations.

Patient consent

The activity program is routinely offered to our patients in the MS 
outpatient clinic. Since the study served as quality control of the 
individualized physical activity promotion program at the MS 
outpatient clinic, no approval by the local ethics committee was 
considered necessary (certified by the Ethics Committee of the 
Hamburg Chamber of Physicians) as long as we follow data protection 
guidelines, i.e., analyzing only pseudonymized data of the cohort. All 
participants still provided written informed consent.

Statistical analysis

Statistical analysis was performed using SPSS 25.00. Continuous 
data are described using mean (M), standard deviation (SD), 
median (MD) and range. Categorical data are presented as absolute 
and relative frequencies. Summary scores were calculated according 
to the scoring instructions in the literature (35–38). Missing data 
were excluded from analysis. Differences in demographic data 
between the quality control cohort and the non-follow-up cohort 
were tested using the two-tailed Students t-test for independent 
samples and Chi-squared Test. Differences in spiroergometric data 
between the MS-cohort and the non-MS control group were tested 
using two-tailed Students t-test for independent samples. 
Correlations of the spiroergometric peak-performance markers and 
EDSS as well as correlations between spiroergometric peak-
performance markers, MET-values and indicated activity levels 
were calculated using Spearman coefficient. To estimate the 
magnitude of differences between subgroups we chose a conservative 
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approach. Changes in the physical activity level within the 
subgroups RA, IR and IA over time were tested using the McNemar 
Test (53). Differences in behavioral determinants between 
subgroups were tested using the Kruskal–Wallis-Test. Alpha was set 
to 0.05 for all tests of significance.

Results

Cohort description

Out of the 166 participants who were included in the study, 30 
participants (18.1%) did not participate in all four appointments and 
were excluded from the quality control study and 10 participants 
(6.0%) could not be contacted for retrospective quality control. The 
remaining 126 participants received the questionnaires, of whom 87 
(69.1%) participants responded (Quality control cohort, for flow-
chart, see Figure  2). There were no significant differences in the 
demographic, clinical baseline characteristics and additional 
sociodemographic data (Table 1A) between the quality control (n = 87) 
and the non-follow-up cohort (n = 79). Furthermore, no significant 
differences in the baseline physical fitness parameters of the two 
cohorts were detected (Table 1B).

PwMS show a reduced physical fitness 
performance in comparison to non-MS 
controls

To analyze the physical fitness in our MS cohort, baseline physical 
fitness was analyzed in all female pwMS of the baseline cohort who 
performed an ergometry (n = 100), and compared with a female 
non-MS control group (n = 26) matched for age, weight and height 
(for baseline demographic data see Table 2A).

Female pwMS showed a lower maximal workload (Pmax) 
(p < 0.001), peak oxygen consumption (VO2peak kg−1) (p = 0.020), peak 
respiratory exchange ratio (RERpeak) (p < 0.001) and peak blood lactate 
(Lactatepeak) (p = 0.026) compared to female non-MS controls 
(Table 2B). Correlation analysis showed that, except of RERpeak, all of 
the measured performance values of the female MS cohort were 
negatively associated with the EDSS score (VO2peak kg−1: r = − 0.281, 
p < 0.01; Pmax: r = − 0.286, p < 0.01; HRmax r = − 0.462, p < 0.01; 
Lactatepeak r = −0.250, p < 0.05). This indicates that female pwMS show 
a decreased physical fitness which correlates with the degree of 
disability measured by EDSS. All additional results of the physical 
fitness analysis in the MS cohort are provided in Supplementary  
Tables 1, 2.

The individualized physical activity 
promotion program increased the physical 
activity of pwMS

Next, we  investigated if the program increased the physical 
activity level of pwMS. We performed an analysis of the self-rated 
physical activity levels in the quality control cohort. The mean time 
between completing the last appointment of the program and 
answering the questionnaire was 12.38 (±11.34) months.

To validate the self-rated physical activity levels, we analyzed its 
correlation to the converted MET levels of the short version of the 
Freiburger questionnaire and two objectively measured assessment 
parameters during the spiroergometry at baseline. The self-rated 
activity level at baseline correlated with MET, VO2peak kg−1 and Pmax 
(MET: r = 0.357, p < 0.01; VO2peak kg−1: r = 0.387, p < 0.01; Pmax r = 0.263, 
p < 0.05), indicating validity of the self-rated physical activity levels.

We then compared the self-rated activity levels at baseline, at 
short-term (T1) and long-term (T2). At baseline most participants 
(49.4%, n = 43) were irregularly physically active (IR), whereas 24.2% 
(n = 21) were regularly active (RA) and 26.1% (n = 23) were completely 

FIGURE 2

Flow-chart of participants in the individualized physical activity promotion program.
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TABLE 1  Clinical, demographic, sociodemographic (A) and fitness (B) baseline characteristics of the quality control cohort and the non-follow-up 
cohort.

(A)

Quality control cohort (n  =  87) Non-follow-up cohort (n  =  79) p-value

Age 39.17 ± 10.55 37.63 ± 10.65 0.353

Weight 75.12 ± 17.14 78.50 ± 22.37 0.277

Height 174.74 ± 10.04 173.32 ± 8.43 0.329

BMI 24.43 ± 4.43 26.09 ± 7.03 0.074

Disease duration 5.70 ± 8.85 4.56 ± 6.19 0.343

EDSS 2.20 ± 1.32 2.34 ± 1.31 0.496

Sex (female/male)
54/33 51/28 0.750

(62.1/37.9) (64.6/35.4)

Type of MS

0.430

RRMS 77 (87.4) 64 (81.0)

PPMS 7 (8) 11 (13.9)

SPMS 3 (3.4) 2 (2.5)

RIS 1 (1.25)

CIS 1 (1.25)

Marital status

0.595

Married 32 (36.7) 21 (26.6)

Partnered 20 (23) 17 (21.5)

Single 26 (29.9) 24 (30.4)

Divorced 2(2.3) 5 (6.3)

Living apart 1(1.1) 1 (1.3)

Not available 6 (6.9) 11 (13.9)

Children living in the household

0.542
No 45 (51.7) 30 (38)

Yes 32 (36.7) 29 (36.7)

Not available 10 (11.5) 20 (25.3)

School education

0.336

High school degree 24 (27.6) 16 (20.3%)

University degree 39 (44.8%) 28 (35.4%)

No degree/primary degree 17 (19.5%) 23 (29.1%)

Not available 7(8%) 12 (15.2)

Employed

0.171
Yes 74 (85.1) 59 (74.7)

No 5 (5.7) 9 (11.4)

Not available 8 (9.2) 11 (13.9)

Smoker

0.594

Yes, currently 19 (21.8) 21 (26.6)

No, but in the past 30 (34.5) 23 (29.1)

No, never 32 (36.8) 24 (30.4)

Not available 6 (6.9) 11 (13.9)

EDSS, Expanded Disability Status Scale; BMI, body mass index; MS, multiple sclerosis; RRMS, relapsing remitting multiple sclerosis; PPMS, primary progressive multiple 

sclerosis; SPMS, secondary progressive multiple sclerosis; RIS, Radiologically isolated syndrome; CIS, clinically isolated syndrome. Data given as mean (M) ± standard 

deviation (SD) for age, disease duration, EDSS and BMI or as total number (n) with percentage (%) for sex, type of MS, marital status, children living in the household, school 

education, high school degree, employment and smoker status. Statistical analysis was performed by two-tailed student’s t-test for independent samples and Chi-squared Test.

(Continued)
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TABLE 2  Clinical, demographic, sociodemographic (A) and fitness (B) baseline characteristics of the female pwMS and non-MS controls.

(A)

Female pwMS (n  =  100) Female Non-MS Controls (n  =  26) p-value

Age 38.24 ± 10.78 36.65 ± 8.99 0.493

Weight 70.89 ± 14.79 65.35 ± 9.31 0.072

Height 169.48 ± 6.54 169.04 ± 6.29 0.758

BMI 24.72 ± 5.38 22.69 ± 2.69 0.065

Disease duration 7.30 ± 8.53 n.a

EDSS 2.28 ± 1.34 n.a

Sex (female/male) (100/0) (26/0)

Type of MS

n.a.

RRMS 88 (88)

PPMS 8 (8)

SPMS 2 (2)

RIS 1 (1)

CIS 1 (1)

Marital status

n.a.

Married 29 (29)

Partnered 27 (27)

Single 32 (32)

Divorced 4 (4)

Living apart 1 (1)

Not available 7 (7)

Children living in the household

n.a.
No 47 (47)

Yes 35 (35)

Not available 18 (18)

School education

n.a.

High school degree 27 (27)

University degree 45 (45)

No degree/primary degree 21 (21)

Not available 7 (7)

(Continued)

TABLE 1  (Continued)

(B)

Quality control cohort (n  =  87) Non-follow-up cohort (n  =  79) p-value

Variables N N

MET 84 26.91 ± 19.71 74 22.95 ± 20.59 0.219

VO2peak kg−1 86 29.74 ± 7.98 70 27.44 ± 8.96 0.092

Pmax 86 165.73 ± 53.26 70 151.17 ± 46.77 0.075

Lactatepeak 79 6.82 ± 2.33 68 6.86 ± 2.72 0.928

RERpeak 86 1.08 ± 0.06 70 1.07 ± 0.07 0.354

HRmax 86 163.93 ± 20.80 70 156.74 ± 33.69 0.105

Performance markers MET, metabolic equivalent of task; VO2peak kg−1 (ml min−1 kg−1), peak oxygen consumtion, Pmax: (Watts) maximal workload, Lactatepeak (mmol l−1); RERmax, maximal peak 
respiratory exchange ratio; HRmax (beats min−1), maximal heart rate. Data given as mean (M) ± standard deviation (SD). Statistical analysis was performed by two-tailed student’s t-test for 
independent samples.
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inactive (IA) (Figure 3). In comparison to baseline, the number of 
participants reporting being regularly active was higher at T1 (62.1%, 
n = 54; p < 0.001), which persisted until T2 (55.2%, n = 48; p < 0.001, 
Figure  3). Correspondingly the number of participants reporting 
being irregularly active was lower at T1 (29.9%, n = 26, p < 0.014) and 
T2 (23%, n = 20, p < 0.001, Figure 3). At T1, less participants reported 
being completely inactive than at baseline (8%, n = 7, p < 0.001), 
however, there was only a trend at T2  in comparison to baseline 
(21.8%, n = 19, p = 0.523) (Figure 3). These results indicate that the 
activity program increases physical activity in pwMS in short- and 
long-term.

The individualized physical activity 
promotion program leads to an increase of 
physical activity in irregularly active as well 
as in inactive pwMS

We then further discriminated who of the pwMS maintained their 
baseline physical activity (“remained regularly active” or “remained 
irregularly active or inactive”) and who changed their physical activity 
and became “activated” or “inactivated” at T1 and T2.

Almost all (n = 20, 95.2%) of the participants who were regularly 
active at baseline (n = 21) also remained regularly active at T1 and T2. 
Out of the irregularly active or inactive participants at baseline (n = 66) 
25.8% (n = 17) remained in this activity stage at T1 and 36.4% (n = 24) 
at T2, whereas 47 of these participants (71.2%) reported increased 

physical activity at T1 and 34 participants (51.5%) at T2. In contrast, 
of the irregularly active and regular active participants at baseline 
(n = 64), only 3 (4.7%) participants were less physically active at T1 
and 9 (14%) at T2 compared to baseline. The increase of participants 
being activated at T1 or T2  in comparison to participants being 
inactivated or remaining in their baseline activity stage was statistically 
significant (T1: p < 0.001; T2: p < 0.001).

Participants who increased their physical activity level at T2 also 
showed higher MET-values at T2 compared to baseline (p = 0.004) (see 
Table 3). There was also a trend to higher MET-values at T2 in those 
who remained regularly active (p = 0.071), suggesting that participants 
who were already regularly active even increased their frequency and/
or intensity of physical activity.

These results indicate that both groups—irregularly active and 
inactive pwMS - were activated by the activity program. However, as 
some participants were not activated or only activated in the short-
term, we investigated possible reasons. No significant differences were 
found between subjects of the four subgroups on any of the 
demographic or clinical baseline characteristics (see 
Supplementary Table 3). Furthermore, no difference regarding the 
time period between participation in the activity program and the 
time of quality control was detected between the four groups 
(p = 0.791). To evaluate the perception of the activity program by 
pwMS, an evaluative questionnaire was provided. The activity 
program was assessed with a mean score of 1.92 ± 0.97 (Likert Scale 
1–6) (n = 87). Most participants considered the activity program as a 
strong (n = 55, 63.2%) or moderate (n = 27, 31%) impulse to engage 

TABLE 2  (Continued)

(A)

Female pwMS (n  =  100) Female Non-MS Controls (n  =  26) p-value

Employed

n.a.
Yes 83 (83)

No 8 (8)

Not available 9 (9)

Smoker

n.a.

Yes, currently 22 (22)

No, but in the past 34 (34)

No, never 37 (37)

Not available 7 (7)

(B)

Female pwMS (n  =  100) Female Non-MS Controls (n  =  26) p-value

Variables N N

VO2peak kg−1 100 26.40 ± 7.23 26 31.56 ± 10.10 0.020*

Pmax 100 138.86 ± 37.85 26 191.73 ± 45.25 < 0.001***

Lactatepeak 90 6.35 ± 2.22 26 7.44 ± 1.98 0.026*

RERpeak 100 1.07 ± 0.07 26 1.17 ± 0.09 < 0.001***

HRmax 100 157.37 ± 33.75 26 169.08 ± 17.88 0.091

Performance markers. Lactatepeak (mmol l−1), VO2peak kg−1 (ml min−1 kg−1), peak oxygen consumtion, Pmax: (Watts) maximal workload; RERmax, maximal peak respiratory exchange ratio; HRmax 
(beats min−1), maximal heart rate. Data given as mean (M) ± standard deviation (SD); Statistical analysis was performed by two-tailed student’s t-test for independent samples. *p < 0.05, 
***p < 0.001.
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with physical activity in MS. No differences in the evaluation of the 
program were found between the four subgroups (see 
Supplementary Table 4).

The individualized physical activity 
promotion program increases the intrinsic 
self-concordance and decreases the 
perceived barriers in the activated 
participants

In order to determine whether the physical activity changes of the 
participants are linked to behavioral determinants, we  analyzed 

differences of behavioral determinants between the four subgroups at 
baseline and within each group from baseline to T2.

At baseline, there were no differences between the four groups 
regarding the extrinsic, identified and introjected self-efficacy values 
and the social support they received. However, the intrinsic self-
efficacy, the average rate of perceived barriers and the number of 
applied counterstrategies to overcome situational barriers differed 
significantly between the “remaining regularly active” and the other 
three groups at baseline (Table 4) (only the behavioral determinants 
with significant group differences at baseline are shown).

From baseline to T2, intrinsic self-concordance increased among 
“activated” participants after attendance of the program (p = 0.002) 
(Table  5), whereas the extrinsic self-concordance declined in the 
“remaining regularly active” (p = 0.007). Introjected and identified 

FIGURE 3

Changes of physical activity levels at short-term and long-term in comparison to baseline. Percentage of different activity levels of pwMS (n  =  87) at 
short- (T1) and long-term (T2) after completing the program in comparison to baseline. Bars show percentage. Statistical analysis was performed by 
McNemar Test; *p  <  0.05.

TABLE 3  Metabolic equivalents (MET) per week of the different subgroups of the quality control cohort at T2.

Baseline T2

N Median Range N Median Range p-value

Quality control 

cohort

84 23.90 101.5 86 27.78 134.65 0.001

Group 1: remained 

RA

20 35.28 94.85 19 44.40 121.72 0.071

Group 1: remained 

IA/I

23 22.78 58.91 24 20.78 85.60 0.858

Group 2: activated 32 19.22 78.0 34 27.71 100.13 0.004

Group 3: inactivated 9 23.95 42.08 9 22.05 77.34 0.859

RA, regularly active; IA, irregularly active; I, inactive. N = numbers of available MET values per group at respective timepoint. Data are presented as median and range.
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self-concordance did not change significantly in any group. The 
average number of perceived barriers declined in the overall group 
and the “activated” group (p = 0.006). In the “remained regularly 
active” and the “remained irregularly active/inactive” the average 
amount of applied counterstrategies decreased from baseline to T2 
(p = 0.041 and p = 0.004 respectively). Changes in the received social 
support from baseline to T2 were not detected in any group (Table 5).

Discussion

This study was initiated as a retrospective analysis of our 
individualized physical activity promotion program for pwMS. PwMS 
are less physically active than the general population and show 
reduced physical fitness (3), which was confirmed by our study. 
Compared to our non-MS control cohort and healthy control cohorts 
from the literature (43, 44, 54–60) our minor disabled cohort showed 
lower physical fitness in all assessments.

As the female non-MS control group was matched to the 
MS-cohort regarding age, weight and height, the difference in the 
spiroergometric peak performance values cannot be  explained by 
these variables. In addition, the participants of our female MS-group 
were not able to reach the age and weight adjusted peak performance 
values predicted for healthy untrained subjects in the literature (58, 
59, 61). According to the defined thresholds for HRmax and RERmax (58, 
62, 63), we can suppose the majority of our MS-cohort was at least 
approaching respiratory exhaustion as the mean of these values were 
above or close to the thresholds. We found an association between 
EDSS and peak blood lactate levels, Pmax, VO2max and HRmax, which 
confirms findings from other studies showing a link between the 
reduced aerobic capacity in pwMS and disease severity (31, 60, 64). 
Our findings underscore the necessity of establishing programs 
motivating pwMS to engage in physical activity.

Participation in our program resulted in an overall increase of 
self-rated physical activity in pwMS with different baseline physical 
activity levels. While almost all participants who were regularly active 
at baseline maintained or even increased their physical activity in 
short and long-term, the percentage of activated participants who 

were irregularly active or inactive at baseline was higher in short- than 
in long-term, which could be  explained by different aspects. The 
participants who were already regularly active at baseline possibly 
benefitted much from the detailed physical assessment results which 
refined and specialized the training recommendation at baseline, 
resulting as a fine-tuning of previous training settings. Those 
participants who were physically inactive or irregularly active at 
baseline possibly experienced more benefit from general advice and 
encouragement to be physically active than from detailed physical 
assessment results. A recent survey study of our research group 
indicates that self-efficacy and motivation are major health 
psychological drivers for physical activity (25). The evaluation of the 
actual activity program showed that the majority of participants 
perceived the program as an impulse to engage in physical activity, 
supposing that intention and motivation could be enhanced. As action 
planning is considered a key behavior change and adherence 
technique (25, 65) this idea was implemented in our activity program 
in the form of an individual plan that was provided to each participant. 
This plan included time schedules, locations and different kinds of 
recommended physical activities. In the evaluation of the activity 
program, the provided training recommendations were rated as 
helpful in regard of “individuality” and “concreteness” so that 
we assume that the planning of physical activity succeeded. Moreover, 
our study provides evidence that the activity program leads to changes 
in self-determined motivational variables (intrinsic self-concordance) 
(25). This is in line with a small study which could show that an 
individual exercise intervention could stabilize self-efficacy and 
increase exercise motivation in pwMS (66). Furthermore, in our study 
physical activation was associated with a reduction in perceived 
barriers. The relevance of barriers on long-term physical activity has 
been shown as well in earlier studies (19, 27, 67).

Exercise adherence remains a major complex issue in the general 
population as well as in pwMS (11, 68) and the main driving factors 
are still unclear (69). Behavioral interventions targeting behavioral 
determinants of physical activity successfully increased physical 
activity in pwMS (1, 23, 68) and are presumed to have possible long-
term effects (25) but data beyond 6 months are largely lacking. In our 
study we also assessed the desires and needs of participants, which 

TABLE 4  Differences of behavioral determinants between the different subgroups of the quality control cohort at baseline.

Behavioral 
determinants at 
baseline

Remained RA 
(N  =  20)

Remained IA/I 
(N  =  24)

Activated 
(N  =  34)

Inactivated (N  =  9) p-value

Intrinsic

Self-concordance

3.67 (2) 2.67 (2.67) 2.67 (3) 3.0 (1.67) 0.001

Extrinsic

Self-concordance

1.67 (1.67) 1.67 (1.33) 1.67 (2.0) 1.0 (1.33) 0.339

Introjected

Self-concordance

2.83 (2.67) 3.0 (2.67) 2.67 (2.67) 2.5 (2.0) 0.659

Identified

Self-concordance

4.0 (1.0) 3.67 (1.33) 4.0 (1.67) 3.67 (1.33) 0.054

Barriers 1.53 (1.2) 1.97(1.0) 1.90 (1.4) 1.95(1.1) 0.006

Counterstrategies 11.5 (10.0) 8.0 (12.0) 8.0(11.0) 8.0 (9.0) 0.025

Social support 2.07 (2.57) 2.29 (2.86) 2.14 (2.14) 1.86 (2.14) 0.352

RA, regularly active; IA, irregularly active; I, inactive. N = numbers of available behavioral model results per group at respective timepoint. Data are presented as median and range. **p < 0.01, 
*p < 0.05, p, Kruskal–Wallis-Test.
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TABLE 5  Changes of behavioral determinants intrinsic self-concordance identified self-concordance, introjected self-concordance, extrinsic self-
concordance, barriers, counterstrategies and social support of different subgroups of the quality control cohort from baseline to T2.

Baseline T2

N Median Range N Median Range p-value

Intrinsic self-concordance

Quality control 

cohort

80 3.0 3.0 84 3.0 3.0 0.139

Group 1: remained 

RA

20 3.66 2 19 3.33 3 0.145

Group 1: remained 

IR/IA

21 2.67 2.67 23 2.33 3.0 0.550

Group 2: activated 30 2.67 3 33 3.0 2.67 0.002**

Group 3: inactivated 9 3.0 1.67 9 2.67 1.67 0.327

Extrinsic self-concordance

Quality control 

cohort

80 1.5 2.0 84 1.33 3.0 0.157

Group 1: remained 

RA

20 1.67 1.67 19 1.0 0.67 0.007**

Group 1: remained 

IR/IA

21 1.67 1.33 23 1.33 2.0 1.00

Group 2: activated 30 1.67 2.0 33 1.67 3.0 0.632

Group 3: inactivated 9 1.0 1.33 9 1.33 1.0 0.595

Introjected self-concordance

Quality control 

cohort

80 2.67 3.0 84 2.67 3.0 0.410

Group 1: remained 

RA

20 2.83 2.67 19 2.33 2.33 0.059

Group 1: remained 

IR/IA

21 3.0 2.67 23 3.0 3.0 0.674

Group 2: activated 30 2.67 2.67 33 2.67 3.0 0.082

Group 3: inactivated 9 2.5 2.0 9 3.0 2.33 0.054

Identified self-concordance

Quality control 

cohort

80 4.0 1.67 83 4.0 2.33 0.957

Group 1: remained 

RA

20 4.0 1 19 4.0 1.33 0.617

Group 1: remained 

IR/IA

21 3.67 1.33 23 3.67 2.33 0.679

Group 2: activated 30 4.0 1.67 32 4.0 1.33 0.916

Group 3: inactivated 9 3.67 1.33 9 3.67 1.0 0.589

Barriers

Quality control 

cohort

82 1.87 1.37 86 1.71 1.74 0.005**

Group 1: remained 

RA

20 1.53 1.2 19 1.47 1.0 0.073

Group 1: remained 

IR/IA

22 1.97 1.0 24 1.84 1.2 0.661

Group 2: activated 31 1.90 1.4 34 1.68 1.7 0.006**

Group 3: inactivated 9 1.95 1.1 9 2.05 1.1 0.484

(Continued)
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should be considered for refinements of the program to achieve long-
term adherence. A frequently mentioned suggestion for improvement 
was the implementation of follow-up checks of the physical fitness. 
Studies including follow-up phone calls or the completion of activity 
logs into physical activity programs have shown beneficial effects (69) 
and could be implemented in future programs. It is conceivable that a 
repeated physical assessment could increase motivation to maintain 
improved physical activity behavior at least until follow-up and 
thereby increase maintenance self-efficacy. Follow-up interviews 
could also be helpful to identify possible reasons for decreases in 
physical activity or could possibly motivate pwMS to resume after a 
physical activity break (recovery self-efficacy).

Additionally, many participants would welcome a more intense 
practice of recommended exercises together with an expert at the last 
appointment. As supervised training generally provides better results 
than non-supervised training (70), we need to clarify which kind and 
amount of supervision is needed. Furthermore, many pwMS requested 
an MS sports group, which would probably have an effect on 
behavioral determinants such as social support.

There are some limitations in this study, one is the dropout rate. 
From 166 participants who started the activity program, 30 
participants dropped out in the beginning and 49 did not answer the 
quality control questionnaires. The reasons for study drop-outs can 
be diverse and can be related to adverse events, study related factors 
or can lie in the exercise intervention itself (69). In our study, pwMS 
who dropped out (non-follow-up cohort) showed no difference in 
baseline characteristics and fitness levels compared to the adherent 
group (quality control cohort). Thus, it cannot be assumed that the 
dropouts were less physically active at baseline. Thus, it cannot 

be assumed that the dropouts were less physically active at baseline. 
However, people who were activated by the program might have 
responded more frequently. Further aspects of the activity program, 
e.g., expenditure of time, could have been a reason for the high 
dropout rate.

Furthermore, the size of our non-MS control group was small and 
consisted of only females. However, the spiroergometric performance 
values of our non-MS-cohort is in line with reference values in the 
literature (58, 59, 61). Another limitation is that people with a specific 
interest in the topic, here physical activity, are more motivated to 
participate which might create a selection bias. Though, in our study 
participants showed different physical activity levels. Additionally, the 
analysis was largely based on self-rated levels of physical activity which 
might be biased by wrong self-perception. However, the self-rated 
levels at baseline correlated with objectively measured values at 
baseline. While the few former studies in MS (71, 72) have claimed a 
good correlation of self-reported and objective PA levels studies in the 
general PA literature investigating the correlation of self-reported and 
objectively measured PA and physical fitness are inconsistent and 
partially demonstrate a low validity of self-reported physical activity.

Furthermore, in perspective of longer follow-ups possibly 
addressing disease evolution the impact of disease modifying drugs 
(DMDs) needs to be  considered. Information on DMT usage or 
change was not available in the current study. The goal of this study 
was not to assess if the individualized activity promotion program 
improves classical MS outcomes but rather to assess if it improves the 
physical activity in pwMS which we could show.

In summary, our activity program was perceived as informative, 
individualized and motivating by pwMS and led to an increased 

TABLE 5  (Continued)

Baseline T2

N Median Range N Median Range p-value

Counterstrategies

Quality control 

cohort

82 8.0 12.0 86 8.0 15.0 0.072

Group 1: remained 

RA

20 11.5 10.0 19 9.0 10.0 0.041*

Group 1: remained 

IR/IA

22 8.0 12.0 24 5.50 13.0 0.004**

Group 2: activated 31 8.0 11.0 34 9.0 15.0 0.061

Group 3: inactivated 9 8.0 9.0 9 7.0 10.0 0.306

Social support

Quality control 

cohort

82 2.14 2.86 87 2.29 2.86 0.742

Group 1: remained 

RA

20 2.07 2.57 20 2.43 2.43 0.549

Group 1: remained 

IR/IA

22 2.29 2.86 24 2.00 2.43 0.185

Group 2: activated 31 2.14 2.14 34 2.43 2.86 0.592

Group 3: inactivated 9 1.86 2.14 9 2.0 1.86 0.635

RA, regularly active; IA, irregularly active; I, inactive. N = numbers of available behavioral model results per group at respective timepoint. Data are presented as median and range. **p < 0.01, 
*p < 0.05, p, McNemar-Test.
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short- and long-term physical activity level. This effect might be based 
on the increased intrinsic self-concordance and the decrease of 
perceived barriers. These behavioral determinants are considered as 
important prerequisites for increasing physical activity in pwMS 
(68, 70).
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