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Background
The past few decades have witnessed a growing public 
interest in the impact of diseases on employment and 
work impairment. There is an ongoing debate regarding 
the role of production losses in decisions about public 
funding of treatments,1,2 but few funders include them 
formally in their decision-making. However, particu-
larly in disabling diseases such as multiple sclerosis 
(MS), the impact on work capacity is not only substan-
tial3,4 but also very relevant for any economic assess-
ment.5 Unemployment poses a large burden on 
individuals and their family, in terms of financial loss, 
social withdrawal, reduced physical activity, and more 
formally, psychiatric morbidity. Reduced work capacity 
has major economic implications for society when indi-
viduals no longer participate in productive activities.

MS is the most common non-traumatic disabling con-
dition that affects young adults6 and over time causes 
physical disability in the majority of people with MS,7 

with a limited impact on mortality.8 As a result, the 
socioeconomic impact of MS is high5 and studies 
have consistently shown that the probability of work-
ing with MS is lower than for the general population.3 
Shorter working hours, sick leave, poor work perfor-
mance, and early retirement are common.4 Most large 
studies on employment in MS have focused on physi-
cal disability as the cause for reduced work capac-
ity.3,4 The role of more “invisible symptoms” such as 
subjective cognitive impairment (SCI) and fatigue is 
less clear and lack of awareness of these symptoms 
may lead to unnecessary loss of work.9

Disability is generally measured with the Expanded 
Disability Status Scale (EDSS)10 which focuses pre-
dominantly on ambulation. EDSS has been shown to be 
a strong predictor of workforce participation.4 However, 
even at low EDSS, when minimal physical disability is 
present, workforce participation is significantly 
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affected. In the most recent large survey in 16 countries 
in Europe, 54% of people with MS at or below EDSS 3 
were not working.4 This indicates that the EDSS does 
not capture prominent non-physical symptoms, such as 
fatigue and cognitive impairment, that may play a role 
in the decision to reduce or abandon employment. In 
MS patients with EDSS ⩽ 4, objective cognitive impair-
ment is missed by clinicians in 25% of patients.11 
Fatigue and SCI have also been linked to workplace 
accidents, when physical disability was not.12 MS 
patients often describe fatigue as their main prob-
lem.13,14 There is also an indirect effect: fatigue and 
objective cognition have been shown to mediate the role 
of physical disability in employment.15

The presence of fatigue in MS has been well studied 
and estimated at 50%–90% in different studies, with 
the range explained by differences in study popula-
tions and assessment methods.4,13,16,17 The latter range 
from lengthy psychometric instruments (Fatigue 
Severity Scale, FSS;18 Multidimensional Fatigue 
Inventory, MFI19) to a simple yes/no question fol-
lowed by an enquiry about the degree of severity (vis-
ual analogue scale, VAS4). Self-reported fatigue was 
investigated in a large registry study in the United 
States and was linked to unemployment.20 Fatigue has 
been conceptualized either as a direct primary conse-
quence of the MS pathology or as secondary to other 
factors such as socio-demographic conditions, pain, 
and psychiatric comorbidities that are all more com-
mon in individuals with fatigue.21,22 The former may 
partly explain the fact that fatigue increases with time 
and with impaired mobility, the latter that substantial 
fatigue is present at all stages of disability.23

Cognitive impairment is present in 40%–65% of people 
with MS.24,25 This is also reflected in a recent European 
cost of illness survey where two thirds of participants 
reported some level of cognitive impairment.4 Symptoms 
include deficits in complex attention, efficiency of infor-
mation processing, executive functioning, processing 
speed, and long-term memory.26 Although cognitive 
impairment in MS has long been observed, it has 
received focus only in recent years.24 Until recently, for-
mal cognitive assessment was at best available in univer-
sity centers, but a new brief instrument with international 
validation is becoming established and linked to every-
day task performance, including employment.27–29 Self-
report data on SCI have been collected in small studies 
and large surveys.30,31

A number of studies in MS have explored the effect of 
fatigue and/or cognitive impairment on employ-
ment.32–36 However, most studies were based on 
small, geographically delimited samples. We used a 

large survey on the burden of MS in Europe to further 
investigate work impairment associated with the pres-
ence of fatigue or SCI.4

Methods

Data
The European cost of illness survey included a total of 
16,808 patients from 16 countries, recruited with the 
help of local MS societies.4 The cross-sectional study 
was approved by local ethics committees, and the data 
were collected with a standard questionnaire that people 
with MS could complete either online or on paper. 
Questions related to demographics (age, gender, educa-
tion, work situation), disease manifestations (self-
assessed EDSS, relapses, fatigue, SCI), health-related 
quality of life (HRQoL), inpatient and outpatient care, 
equipment and investments, community, and family 
assistance. As both HRQoL and costs have been shown 
to be correlated with EDSS, the aim was to obtain coun-
try samples where all levels of physical disability were 
well represented (n = 400–500). The samples therefore 
do not reflect the prevalence of the type and severity of 
the MS population in the countries. The sample from 
Russia (n = 208) was excluded from the analysis due to 
its limited size and also the fact that participants were 
not recruited by the patient association as in all other 
countries but in a single specialized clinic in Moscow.

For people in employment or self-employment, the 
information included the number of weekly working 
hours, the reason for not working full-time (if applica-
ble), and the number of days of sick leave during the 
past 3 months; for those not in employment, it included 
the reasons for not working or having left the work-
force. In economic surveys, the impact of diseases on 
work productivity is most often assessed with the 
Work Productivity and Activity Impairment (WPAI) 
questionnaire.37 The instrument assesses the overall 
impact while at work with a VAS and this VAS was 
included in the survey.

In view of the objective to assess the impact of fatigue 
and SCI on work capacity, not fatigue and cognition 
per se, these were self-assessed using VAS ranging 
from 0 (no fatigue, no cognitive difficulties) to 10 
(severe fatigue, severe SCI), preceded by a yes/no 
question. In addition, a description of difficulties in 
cognition was provided.26

Analysis
Demographics are presented for the total study popula-
tion. For the analysis of work impairment, only 
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participants of working age at the time of the survey 
were included (18–65 years). As both the legal retire-
ment age and the effective retirement age among the 
countries vary considerably, we chose an average upper 
limit at 65 years; the lower limit was given by the study 
protocol that excluded participation below 18 years.

To obtain a representative sample of European MS 
patients, each observation was assigned a weight pro-
portional to the share of the European MS population 
estimated to be living in each country38 divided by the 
share of the study sample derived from that country 
(see Table 1). Binary outcome variables (employment 
status) were analyzed with logistic regression, while 
continuous and count data (hours worked, sick leave 
days, work tasks affected) were analyzed with ordinary 
least squares linear regression. In regression equations, 
symptom scores (self-reported fatigue and SCI) and 
age were included as continuous explanatory variables, 
while all other regressors were represented by dummy 
variables. The 95% confidence intervals around mean 
values for continuous outcomes were constructed 
based on standard normal approximation.

Results
A total of 16,207 subjects with available EDSS scores 
(2.4% missing) were included in the study. The coun-
try samples were not proportional to the prevalence of 

MS in the different countries; for instance, recruitment 
in Sweden, Belgium, and Portugal was proportionally 
higher than the recruitment in France, Czech Republic, 
and Poland, in relation to the overall MS population in 
each country.38 Almost a third of participants came 
from Germany. Also, the distribution across disease 
severity does not represent prevalence, as the study 
aimed at enrolling equal numbers at all EDSS levels in 
order to analyze resource use data by severity. 
However, there were fewer patients at EDSS 0 and 
EDSS 9, and in order to obtain an even distribution in 
this analysis, we present the analysis for five severity 
groups. Table 1 shows the distribution of the sample 
across EDSS levels.

Table 2 presents demographics, self-assessed symptoms 
(fatigue, SCI), and work capacity by EDSS level as well 
as the details on the number of hours worked. Participants 
were on average 51 years of age at the time of the survey, 
26% were male. On average, they first experienced 
symptoms of MS at age 30 and were diagnosed 6 years 
later. For subjects with a more recent diagnosis, the time 
to confirmed diagnosis was shorter as a likely conse-
quence of both revised diagnosis criteria39 and more 
focus on early diagnosis.40 Educational levels were high, 
possibly due to the fact that the survey was primarily 
completed electronically. Employment declined rapidly 
with advancing EDSS. Overall working hours in the 
sample were reduced at all levels of disease severity.

Table 1. Subject count per country.

EDSS 
0–1

EDSS 
2–3

EDSS 
4–5

EDSS 
6–7

EDSS 
8–9

All Total MS 
population

Weight

Subject count by country

 Germany 1,002 1,428 1,202 1,200 477 5,309 104,710 0.59

 Sweden 265 390 304 508 343 1,810 15,890 0.26

 Belgium 251 403 391 461 254 1,760 10,680 0.18

 Italy 271 261 169 206 103 1,010 54,910 1.63

 Denmark 141 206 205 178 100 830 9,590 0.35

 UK 70 74 129 387 118 778 90,530 3.49

 Czech Republic 234 154 147 145 67 747 10,350 0.42

 Switzerland 250 192 125 97 57 721 7,670 0.32

 Hungary 118 136 110 105 49 518 6,210 0.36

 Portugal 111 163 87 93 55 509 4,930 0.29

 Austria 82 126 109 114 72 503 8,250 0.49

 France 109 123 122 90 20 464 61,290 3.97

 Spain 145 125 63 90 32 455 36,190 2.39

 Poland 85 155 81 62 28 411 37,600 2.75

 The Netherlands 31 82 94 128 47 382 16,330 1.28

Total 3,165 4,018 3,338 3,864 1,822 16,207  
Share by EDSS state 20% 25% 21% 24% 11% 100%  

EDSS: Expanded Disability Status Scale; MS: multiple sclerosis.
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Probability of employment
Table 3 presents results from a fixed-effects logistic 
regression where country, demographics, and symp-
tom scores explain the probability of being employed/
self-employed. A total of 13,796 subjects at working 
age (18–65 years) and with available data on work 
capacity and symptoms were included in this analy-
sis. Among these, 6,598 (48%) were gainfully 
employed or self-employed.

Participation in the workforce is affected by a number 
of factors not specific to the individual patient, such 
as geographic location, local socioeconomic and cul-
tural circumstances. Patients in Sweden and 
Switzerland were more likely to work, while the prob-
ability of working was lower in Spain, Italy, and the 
Netherlands. Men and those with higher educational 
levels were more likely to be working.

However, the degree of physical disability and the 
severity of symptoms (fatigue, SCI) all had an inde-
pendent impact on the probability of working. Patients 
with EDSS scores of 7 or above were more than 10 

times more likely not to be working than those with 
no disability. The probability of working was reduced 
by 8.7% and 4.4% for each point increase on the 
10-point VAS of SCI and fatigue, respectively.

Working hours related to SCI and fatigue
Among the 6,598 subjects who were employed or 
self-employed at the time of the survey, many worked 
reduced hours due to MS or for other reasons. Figure 
1 presents the average number of hours worked per 
week in relation to the severity of SCI and fatigue.

A third of patients had no subjective SCI, while only 
4% of patients reported no fatigue. The number of 
hours worked per week decreases linearly with the 
degree of SCI as well as with the degree of fatigue. In 
a multivariate linear regression controlling for age, 
gender, country, education, and EDSS, a 1-point 
change in SCI was associated with 0.19 hours less 
worked per week (p < 0.0001). The change in work 
hours associated with a point increase in fatigue was 
not statistically significant (0.047, p = 0.37).

Table 2. Demographics, all subjects (n = 16,207).

Level of disability All

 EDSS 0–1 EDSS 2–3 EDSS 4–5 EDSS 6–7 EDSS 8–9

Demographics

 Age 43.4 (18–89) 47.16 (18–84) 51.95 (20–94) 56.77 (18–91) 59.7 (25–92) 51.1

 Age at first symptoms 29.4 (6–64) 29.79 (5–70) 31.08 (3–70) 32.07 (8–75) 30.84 (10–67) 30.6

 Age at diagnosis 33.14 (12–68) 35.48 (4–71) 37.59 (11–80) 39.22 (6–80) 37.21 (14–92) 36.5

 Male (%) 20 22 25 31 37 26

Educational level (%)

 Primary school 3 5 7 10 13 7

 High school 29 35 39 37 37 35

 Professional diploma 25 27 26 25 25 26

 University degree 42 33 28 28 25 32

Self-assessed symptoms (VAS 0–10)

 Fatigue 4.05 (0–10) 5.61 (0–10) 5.98 (0–10) 6.13 (0–10) 6.01 (0–10) 5.55

 Subjective cognitive problems 2.07 (0–10) 3.75 (0–10) 3.96 (0–10) 3.64 (0–10) 3.78 (0–10) 3.44

Employment

 Employed or self-employed (%)a 2358 (75) 2315 (58) 1242 (38) 684 (18) 158 (9) 6757 (42)

 Not employed due to MS (%)b 40 65 73 67 64 62

 Total hours worked per weekc 28.5 (0–80) 27.3 (0–80) 25.7 (0–70) 24.0 (0–55) 23.0 (0–45) 25.9

  Short-term sick leave due to MSc 
(days, past 3 months)

1.6 (0–90) 3.6 (0–90) 3.9 (0–90) 3.6 (0–80) 4.5 (0–91.3) 3.37

  Productivity while at work affectedc 
(VAS 0–10)

2.12 (0–10) 3.8 (0–10) 4.6 (0–10) 4.6 (0–10) 4.7 (0–10) 4.0

EDSS: Expanded Disability Status Scale; VAS: visual analogue scale (0 best–10 worst).
aPercentage of patients of working age.
bPercentage of those not working.
cAll patients working.



Multiple Sclerosis Journal 25(5)

744 journals.sagepub.com/home/msj

Short-term leave of absence related to SCI and 
fatigue
Among those working and not on long-term sick 
leave, 1,336 patients (20.2%) had been on sick 
leave in the past 3 months. Figure 2 presents the 
average number of days of sick leave in the past 
3 months in relation to SCI and fatigue. The num-
ber of sick leave days was positively related both 

with SCI and fatigue. Confidence intervals were 
wide, in particular, in groups with higher level of 
symptom severity due to the small number of sub-
jects. Each point increase in symptom severity 
(cognitive function or fatigue) was associated with 
an additional 0.2 sick days per 3 months in a linear 
regression model controlling for country, gender, 
age, age at symptom debut and diagnosis, educa-
tional level, and EDSS score.

Table 3. Logistic regression on probability of being employed or self-employed.

Odds ratio 95% confidence interval p value

Country

 Austria 0.758 0.544 1.056 0.8292

 Belgium 0.693 0.509 0.944 0.3903

 Czech Republic 0.792 0.594 1.057 0.9387

 Denmark 0.729 0.541 0.982 0.6011

 France 0.705 0.608 0.817 0.0916

 UK 0.770 0.668 0.887 0.7652

 Germany (Reference)

 Hungary 0.617 0.431 0.884 0.1528

 Italy 0.947 0.811 1.107 0.0042

 Poland 0.743 0.623 0.885 0.4736

 Portugal 0.637 0.424 0.958 0.2767

 Spain 0.462 0.389 0.549 <0.0001

 Sweden 1.710 1.307 2.237 <0.0001

 Switzerland 1.383 0.995 1.923 0.0003

 The Netherlands 0.524 0.408 0.674 0.0005

Male 1.312 1.192 1.444 <0.0001

Age 0.974 0.969 0.980 <0.0001

Age at diagnosis 1.007 1.001 1.012 0.0236

Educational level

 Primary school 0.254 0.201 0.322 <0.0001

 High school 0.471 0.422 0.525 0.0406

 Professional diploma 0.595 0.536 0.660 0.0016

 University diploma (Reference)

EDSS level

 0 (Reference)

 1 0.975 0.800 1.189 <0.0001

 2 0.851 0.699 1.036 <0.0001

 3 0.586 0.475 0.723 <0.0001

 4 0.500 0.402 0.620 <0.0001

 5 0.412 0.335 0.506 <0.0001

 6 0.221 0.178 0.276 <0.0001

 6.5 0.160 0.124 0.206 <0.0001

 7 0.092 0.071 0.120 <0.0001

 8 0.074 0.056 0.097 <0.0001

 9 0.086 0.042 0.174 <0.0001

Cognition 0.913 0.898 0.929 <0.0001
Fatigue 0.956 0.937 0.975 <0.0001

EDSS: Expanded Disability Status Scale.
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Effect of MS on work tasks while working
MS affected patients’ ability to complete their tasks 
while at work. The degree of SCI and fatigue, respec-
tively, both measured on a 0–10 scale, has an almost 
linear association with how much patients were 
affected in their work (Figure 2). Confidence intervals 
are narrow except for in the most severe symptom cat-
egories with few individuals. Controlling for country, 
gender, age, age at symptom debut and diagnosis, 
educational level, and EDSS score, a 1-point increase 
in SCI and fatigue, respectively, was associated with 
0.41- and 0.28-point increase on the 10-point VAS 
measuring how work is affected by MS (p < 0.0001 
for both).

Discussion
Advancing physical disability as measured by the 
EDSS has been shown in many studies to negatively 
impact workforce participation of people with MS.3,4 
However, employment is affected by MS very early in 
the disease, at low EDSS levels where virtually no 
physical disability is present.4 In our study, 25% of 
participants with an EDSS of 0-1 (mean age 43 years) 
were not working, and some of them had already 
obtained invalidity pensions. Clearly, disease mani-
festations other than ambulation have an impact as 
well. Employment is, however, also affected by per-
sonal and external factors not related to the disease, 
such as age, gender, education, socioeconomic condi-
tions, as well as the country of residence and its eco-
nomic performance.

Figure 1. Hours worked per week in relation to self-reported cognitive function and fatigue: The average number 
of hours worked per week in relation to the severity of cognitive symptoms (line in left pane) and fatigue (line in 
right pane), respectively. Bars represent the share of the sample within each category of symptom severity. Cognitive 
symptoms and fatigue were self-assessed on a visual analogue scale where 0 indicates no symptoms and 10 severe 
symptoms. The analyses controlled for country, gender, age, disease duration, educational level, and physical disability 
(EDSS score).

Our analysis shows that fatigue and SCI, as judged 
by the patients themselves on a 10-point VAS, 
directly and independently affect employment 
regardless of physical disability, age, gender, educa-
tion, and country of residence (Table 2). They also 
affect the number of hours regularly worked (Figure 
1) and the number of days of sick leave (Figure 2). 
Finally, the correlation with symptom severity and 
the negative effect on productivity while working is 
almost linear.

This is the largest study so far to investigate how 
these symptoms relate to work capacity, and the size 
of our sample allowed many of the factors that are 
important for employment (age, education, gender, 
country, disease duration, EDSS) to be controlled 
for, thus isolating the effect of SCI and fatigue. 
While other studies have addressed the same ques-
tion, sample sizes were often too small to control 
for the large number of factors affecting employ-
ment and their interrelation.

There are a number of issues in our study that require 
discussion. Fatigue and SCI are present not only in 
people with MS but also in the general population. In 
an ideal world, we would have included a control 
group to exclude symptoms unrelated to MS. 
However, such data are not readily available as popu-
lation registries will not include the symptoms, and 
collecting data from a matched sample was unrealistic 
in terms of time and resource demands. Fatigue and 
SCI are much more prevalent in the MS population.
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We have assessed the presence of SCI and fatigue, as 
well as their severity, with a binary question followed 
by a 10-point VAS on the severity of the symptoms. 
Ordinal scales have been shown to be useful for evalu-
ating other subjective symptoms, including cognition, 
as the obtained scores can be readily analyzed using 
standard statistical tests.41 In our study, the use of sim-
ple questions is justified by the length of the survey 
questionnaire, the large sample and the complete ano-
nymity of the participants, and thus the uncontrolled 
conditions during which patients completed the sur-
vey. Most importantly, however, our purpose was to 
investigate how the respondents judged these prob-
lems and their impact on their employment, not to 
clinically assess fatigue and cognition.

Self-assessment has been used in registry studies for 
assessing fatigue,20 and our results for SCI across all 
physical impairment categories are in line with other 
large surveys.31 Some studies have shown that the cor-
relation between self-reported and objective assess-
ment of cognition was weak.42 Despite this, a more 

recent study found that both MS patients’ self-reported 
and objective cognitive performance predicted both 
employment and working hours.43 It is also important 
to note that SCI in MS has been linked to mood, depres-
sion, and other psychosocial factors.23 We cannot 
exclude that at least some of the reports of poor cogni-
tion and high fatigue are the result of low mood, and 
that depression is affecting productivity at work and 
employment. However, a previous study demonstrated 
that while depression was related to shorter working 
hours, it did not explain the relationship between per-
ceived cognitive difficulties and the work outcomes.43 
Also, depression was shown to have no individual con-
tribution to employment status, whereas fatigue and 
objective cognitive status did.15 Finally, while we can-
not rule out that some people wrongly attributed a poor 
work record to diminished cognition, rather than actual 
diminished cognition being the cause of their employ-
ment difficulties, this is unlikely to have an effect in 
such a large sample. Also, there is now convincing evi-
dence linking objectively poor cognitive performance 
to employment performance.25

Figure 2. Sick leave days and degree work affected in relation to cognitive difficulties and fatigue: The average number 
of days of sick leave in the past 3 months, and the effect of MS on the ability to complete work tasks, in relation to 
subjective cognitive problems (left pane) and fatigue (right pane). Cognitive symptoms, fatigue, and the impact on 
productivity while at work were self-assessed on visual analogue scales, where 0 indicates no symptoms/impact and 
10 severe symptoms/impact. The analyses controlled for country, gender, age, disease duration, educational level, and 
physical disability (EDSS score).
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Conclusion
How people feel affects their daily activities, family 
life, and employment. People with MS have to cope 
with many “hidden” symptoms, often unnoticed in 
the context of overwhelming physical handicap. In 
recent years, there has been an increased focus on 
these symptoms and studies are performed to assess 
them objectively. Our purpose was to investigate 
whether fatigue and SCI reported by patients could 
be linked to reduced work capacity. While our 
results unsurprisingly confirm that EDSS is highly 
correlated with reduced employment, SCI and 
fatigue had an independent link not only to employ-
ment itself but also to more subtle work perfor-
mance issues such as work hours, sick leave, and 
productivity while working. Our data set did not, 
however, allow us to assess their effects on other 
activities of daily living, and more research into this 
aspect is certainly warranted.

Our results support the call for incorporating assess-
ment of these symptoms in routine clinical practice to 
detect changes27 and developing strategies for treat-
ment adapted to individual patients.44 Regular assess-
ments could predict some of the work difficulties MS 
patients may encounter, and, conversely, patients who 
experience challenges at work or receive poor 
employment appraisals should be assessed for fatigue 
and cognitive impairment.30 Other authors have sug-
gested that MS patients with known fatigue or cogni-
tive impairment should be offered support at work, 
including employer liaison.45,46
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