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ARTICLE INFO ABSTRACT

Keywords: Objectives: Fatigue is one of the leading causes of reduced quality of life and inability to work in people with
Multiple sclerosis multiple sclerosis (pwMS). Currently, no treatment effectively ameliorates fatigue. We still know little about
Fatigue

what causes fatigue and which factors may contribute to fatigue. Knowledge about socioeconomic factors’ role in
fatigue might help us recognize strategies for the management of fatigue. Our aim was to explore whether so-
cioeconomic factors are associated with the presence or level of perceived fatigue.

Methods: This is a cross-sectional study of the MS population in three Norwegian counties. We used the Fatigue
Scale for Motor and Cognitive Functions to assess self-reported fatigue, and obtained socioeconomic data from
Statistics Norway and questionnaires. To assess self-reported anxiety and depression, we employed the Hospital
Anxiety and Depression Scale. Clinical data were gathered from the hospital record system.

Resuits: The response rate was 64% (1599/2512). Seventy percent of the respondents were female, and the mean
age was 52 years. Higher levels of education were associated with lower levels of fatigue. Receiving a disability
pension, being divorced and having children were all factors associated with higher levels of fatigue, as were low
parental education, low income, current smoking, and autoimmune comorbidities. We found a higher prevalence
of anxiety and depression in pwMS with fatigue compared to those without fatigue

Conclusion: Female sex, high level of disability, anxiety, depression and socioeconomic factors were indepen-
dently associated with fatigue in contemporary patients with MS. These factors should be considered when
devising management strategies.

Socioeconomic status

1. Introduction

The prevalence of multiple sclerosis (MS) is rising. In Norway the
prevalence was 203/100 000 in 2012 (Berg-Hansen et al., 2014), in the
Norwegian county Buskerud it was 214,/100.000 in 2014 (Simonsen
et al., 2017) and in Buskerud and Telemark counties it was 232/100 000
in 2018 (Simonsen et al., 2021).

MS-related fatigue is a considerable problem for a large proportion of
people with MS (pwMS). It can occur at any stage and at any time of the
disease. PWMS report fatigue as one of the leading causes of reduced
quality of life and of inability to work (Smith and Arnett, 2005, Hadji-
michael et al., 2008, Marrie et al., 2005). In the 1998 Multiple Sclerosis

Council for Clinical Practice Guidelines, fatigue is described as “a sub-
jective lack of physical and/or mental energy that is perceived by the
individual or caregiver to interfere with usual or desired activities”
(Multiple Sclerosis Council for Clinical Practice Guidelines, 1998),
another commonly used definition is “an overwhelming sense of tired-
ness, a lack of energy, or feelings of exhaustion, distinct from sadness or
weakness, which is perceived by the individual or the caregiver to
interfere with usual or desired activity” (Krupp et al., 2010).

Previous research has shown a prevalence of fatigue in MS at
60-90% (Lerdal et al., 2003, Rooney et al., 2019, Kister et al., 2013). We
recently found that 81% of contemporary pwMS experience fatigue. The
prevalence of fatigue was significantly higher in females, and increased
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with the degree of disability (Broch et al., 2021).

Socioeconomic status (SES) influences health, and low SES is a risk
factor for many diseases (Kivimaki et al., 2020). Several studies have
assessed the associations between SES and the risk of developing MS and
on disease progression in MS, with inconsistent results (Goulden et al.,
2015, Nielsen et al., 2013, Bjgrnevik et al., 2017, Flemmen et al., 2021,
Calixto and Anaya, 2014). However, few studies have looked at the
association between socioeconomic factors and MS-related fatigue. A
study from Oslo in 2003 found a negative relationship between the level
of education and fatigue among individuals with relapsing-remitting-
and secondary progressive MS, but they found no sex differences (Ler-
dal et al., 2003).

Currently, we have no effective pharmacological treatment to
ameliorate fatigue (Nourbakhsh et al., 2021). Studies have shown that
physical activity can reduce the level of fatigue, as for other manage-
ment strategies, more research is needed (Rottoli et al., 2017).MS-re-
lated fatigue imposes a substantial symptomatic burden and has a
considerable economic impact on pwMS, as well as on society (Kobelt
et al., 2017). It is important to gather more information and insights
about causes and drivers of MS-related fatigue to improve management
strategies.

2. Objectives

Our objective was to assess associations between the socioeconomic
factors education, income, marital status and having children, and the
presence and level of perceived fatigue in the current MS population in
Norway. We also wanted to explore if low SES in adolescence, measured
by the parental educational level at the patients’ age 16 years, was
associated with fatigue later in life.

3. Material and methods
3.1. Study design

This is a cross-sectional study comprising pwMS in the Norwegian
counties Buskerud, Oslo, and Telemark (BOT). The study employed
questionnaires on demographics, fatigue, anxiety and depression, clin-
ical data from hospital records and official census data on socioeconomic
factors from Statistics Norway (SSB)(Broch et al., 2021). The study was
performed in accordance with the Code of Ethics of the World Medical
Association (Declaration of Helsinki)(World Medical Association, 2013)
and approved by the Regional Ethics Committee (REK 2015/670). All
patients provided written informed consent.

3.2. Setting

The BOT registry comprises 3965 pwMS diagnosed between 1934
and 2017 at the hospitals Vestre Viken Hospital Trust, Telemark Hos-
pital Trust, and Oslo University Hospital (OUS), all of which are located
in South-East Norway. These hospitals serve a population of 1.17 million
people. The participating centers diagnose and treat all patients with MS
within the defined geographical area, and the vast majority of the pa-
tients are assessed at regular intervals.

3.3. Participants

The patients in the BOT database were selected as described previ-
ously(Broch et al., 2021). In short, we searched the electronic hospital
records in the three abovementioned hospitals for the ICD-10 diagnosis
G35 MS. All subjects alive and still residing in the counties, with the
exception of the ones we knew to be too incapacitated to give written,
informed consent, were invited to participate. An overview of patient
characteristics of participants compared to non-participants is found in
supplementary Table 1.
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3.4. Data sources/measurements

The Fatigue Scale for Motor and Cognitive Functions (FSMC) is a self-
reported questionnaire measuring perceived cognitive and motor fa-
tigue. The 20 items are scored on a 5-point Likert scale. A subscore of 22
points or higher for either cognitive or motor fatigue, or 43 points or
more for the total score, indicate fatigue. A total score less than 43
signifies no fatigue, whereas a score at or above 43 signifies fatigue;
43-52 mild, 53-62 moderate, and > 63 severe fatigue. Subscores for
cognitive fatigue of 22-27 indicates mild, 28-33 moderate and > 34
severe fatigue. A subscore of 22-26 for motor fatigue indicates mild,
27-31 moderate and >32 severe fatigue (Penner et al., 2009). Unless
specified as either cognitive fatigue or motor fatigue we refer to total
fatigue score throughout the text.

The Hospital Anxiety and Depression Scale (HADS) is a scale
designed to assess anxiety and depression. There are 14 items of which
seven relate to anxiety, and seven relate to depression. HADS has been
validated in several studies and in different populations (Bjelland et al.,
2002). A subscore of 8 or higher for each subscale indicates anxiety or
depression. A subscore of 8-10 is of borderline significance, while a
score of 11 or higher denotes clinical depression or anxiety. We used
validated Norwegian translations of the two questionnaires (Sven-
ningsson et al., 2013, Leiknes et al., 2016).

The BOT-MS questionnaire was developed by our research team, and
has been validated (ECTRIMS Online Library. Flemmen H. 09/12/19;
279,125; P765). It is designed to obtain information on educational-,
occupational- and marital status, as well as health- and lifestyle. The
MacArthur scale of subjective social status is included in the BOT-MS
questionnaire. The pwMS was asked to rate his or her self-perceived
social status compared with other people in his or her community
(Giatti et al., 2012). The scale contains 10 steps. At the top step are the
people who are best off with regards to money, education and jobs, and
at the bottom are the ones who are worst off. The person places him or
herself on the step they feel is appropriate.

To quantify the level of disability, we used the Kurtzke Expanded
Disability Status Scale (EDSS)(Kurtzke, 1983). When performing the
statistical analyses, the EDSS scores were viewed as a scale variable.

Comorbidity was defined as the presence or absence of autoimmune
comorbidity, as well as if the person had one or more than one
concomitant autoimmune disease. Other medical conditions were not
assessed.

Educational level was obtained from Statistics Norway and divided
into primary level (1-10 years), secondary level (11-13 years) and
graduate level (> 13 years) of education.

Income level was obtained from Statistics Norway and assessed
individually as well as for the household. We used income level both as a
continuous variable and as a dichotomous variable (above or below
median). Income was converted to Euro at a currency rate of 1 € = 9.33
NOK, which was the average 2017 rate given by the central bank of
Norway. The adjusted household income is presented as the after-tax
income per consumption unit, adjusted for differences in household
size. Statistics Norway performed the adjustment using the European
Union equivalence scale, which assigns a value of 1 to the household
head, of 0.5 to each additional adult member and of 0.3 to each child
under the age of 17.

For every study subject, Statistics Norway provided socioeconomic
data on 15 controls matched for sex, age and area of residence at the age
of 16 (reference population).

3.5. Statistical methods

We performed the statistical analyses in IBM SPSS statistics version
25.0.

Depending on distribution, numerical data are presented as means
with standard deviation (SD), median (interquartile range [IQR]), or
numbers and percentages. Differences between groups were assessed



L. Broch et al.

using t-tests, Mann-Whitney U-tests or Chi-square tests depending on the
distribution of the data. When testing differences across several cate-
gories, we used ANOVA or Chi-square tests depending on the distribu-
tion. Post hoc tests were performed if there were over-all differences
between categories.

Depending on the distribution of the outcome variables, we explored
associations using univariable and multivariable linear regression or by
binary logistic regression.

To determine possible factors associated with the fatigue score, we
used univariable and multivariable linear regression analyses. We used
our expertise in the field to select factors for the multivariable analyses.
Multicollinearity was defined as a Pearson correlation coefficient or
Spearman’s rho of above 0.7. The results from linear regression analyses
are presented by regression coefficient (B) with 95% confidence interval
(CD and explained variance R?).

Logistic regression analysis was performed to investigate the asso-
ciation between whether patients had children and the prevalence of
fatigue, and to adjust for the potential confounding effect of age.

For the FSMC questionnaires, missing items were imputed using the
mean of the relevant scale (cognitive/motor) if three items, at most,
were missing; if more than three items were missing, the whole ques-
tionnaire was classified as a missing value (von Bismarck et al., 2018).
We categorized fatigue as no, mild, moderate, or severe, and as fatigue
vs no fatigue.

4. Results
4.1. Participants

Of the 2512 pwMS in the BOT-MS registry who were alive as of
March 2017, 1599 responded (64%). This study comprises the 1454
pwMS who had < 3 missing items on the FSMC questionnaire. Of these,
70% were female. The mean age of the participants was 52 years (range
18-87, SD 13). The participants had a median disease duration of 10
years (range 0-54, IQR 5-18) since the MS diagnosis and 83% had re-
lapsing remitting MS at the time of diagnosis. The median EDSS score
was 2.5 (range 0-9.5, IQR 1.5-5.0). Of the 1454 pwMS, 1183 (81%)
were deemed to have fatigue, whereas 271 (19%) did not have fatigue.
Clinical and socioeconomic characteristics are detailed in Table 1.

4.2. Education

The mean FSMC score was 72 (SD 18) for the participants with pri-
mary level education, 66 (SD 20) for those with a secondary level edu-
cation and 57 (SD 21) for the group with a graduate level education (>
13 years, p < 0.001) (Fig. 1).

We found a significantly higher rate of severe fatigue at 71% in
participants with primary educational level, 62% in those with sec-
ondary and 43% of pwMS with graduate level education (p < 0.001)
(Fig. 2).

4.3. Income level

The median income for the participants was 45 525 € (IQR 35
250-60 739 €). For comparison, the median income for the reference
population was 48 113 € (IQR 33 205-11 473 €). For the fatigue group,
the median income was 43 542 € (IQR 33 599-56 543 €) and for the non-
fatigue group 58 436 € (IQR 44 473-77 172 €), p < 0.001. Fifty-five
percent of the patients with fatigue had an income below median, as
opposed to 28% of the patients without fatigue.

The median adjusted household income was 42 640 € (IQR 33
939-55 230 €). For the groups with and without fatigue it was 41 174 €
(IQR 32 913-52 594 €) and 49 909 € (IQR 39 287-65 446 €), respec-
tively, p < 0.001. The adjusted household income level was lower than
median in 54% of the patients who had fatigue and in 32% of the pa-
tients who did not experience fatigue. The median household income in
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Table 1
Patient characteristics.
All (n = Fatigue (n = No fatigue (n ~ P-value
1454) 1183) =271)
Female gender, n (%) 1012 (70) 840 (71) 172 (64) 0.02
Age, mean, SD, 52+ 13 53 +13 49 +£13 <0.001
Marital status, n (%,)
Married/Cohabitant 865 (60) 684 (58) 181 (67) 0.04
Divorced 190 (13) 166 (14) 24 (9)
Single 335 (2) 279 (24) 56 (21)
Widow/widower 50 (4) 42 (49 8(3)
Has children, n (%) 764 (53) 640 (54) 124 (46) 0.01
Years from diagnosis, 10 (5-18) 10 (5-18) 9 (4-16) 0.01
median, (IQR)
Years from onset, 16 (8-26) 17 (8-26) 13 (7-21) 0.001
median, (IQR)
Relapsing MS, n (%) 1143 (84.9) 915(83.6) 228 (90.1) 0.01
Disease severity, 2.5 (1.5-5.0) 3.0 (2.0-5.5) 2.0 (1.0-3.0) <0.001
EDSS, median
(IQR)
Disease severity,
EDSS, n (%)
0-3.0 799 (60) 614 (56) 185 (77) <0.001
3.5-6.0 325 (24) 299 (27) 26 (11) <0.001
6.5-8.0 186 (14) 163 (15) 23 (10) 0.02
8.5-9.5 33(3) 28 (3) 5(2) 0.60
Income, n (%)
Above study 725 (50) 531 (45) 194 (72) <0.001
population median
Below study 729 (50) 652 (55) 77 (28)
population median
Educational level, n
(%)
Primary 249 (17) 235 (20) 14 (5) <0.001
Secondary 500 (35) 432 (37) 68 (25) <0.001
Graduate 690 (48) 503 (43) 187 (70) <0.001
Receiving disability 566 (39) 526 (45) 40 (15) <0.001
pension, n (%)
Income 2017, 45 525 (35 43542 (33 58 436 (44 <0.001
median (IQR)* 244-60 739) 599-56 543) 473-77 172)
Adjusted household 42 640 (33 41 174 (32 49 909 (39 <0.001
income, median 939-55 230) 913-52 594) 287-65 446)
(IQR)*

*Currency rate 2017 €

Median income control-group 2017* (n 23,700) — 48 113 (33 205-65 063)
Adjusted median household income after tax control-group* 2017 (n 24,005) —
34 308 (25 894-45 092)

the control group was 34 308 € (IQR 25 894-45 092 €). Regardless of
whether the subjects were working or receiving disability pension, those
with fatigue had lower income than the ones without fatigue (p <
0.001).

4.4. Marital status

The prevalence of fatigue differed significantly between patients who
were married/cohabitant, divorced, widowed, and single (Fig. 3).

It was 79% amongst married/cohabiting pwMS, versus 85% in the
other groups combined (p < 0.004). In contrast, the prevalence was
significantly higher among the divorced at 87%, versus 80% in the other
groups combined (p = 0.02). In the married/cohabitant group, 52% had
severe fatigue compared to the other groups combined at 58% (p =
0.03). The divorced participants had a higher rate of severe fatigue than
the other groups combined at 63% versus 53% (p = 0.05), respectively.
There was no significant difference in the prevalence or severity of fa-
tigue between pwMS who were single and the other groups, or between
widowed participants and the other groups.

5. Number of children

Among pwMS with children, the prevalence of fatigue was
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Fig. 1. The fatigue score is inversely related to the level of education.

Educational level and fatigue
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B Moderate fatigue

p<0.001

20%
M I .
0% .

Secondary (11-13 years), n=500

Graduate ( >13 years), n=690

M Severe fatigue

Fig. 2. The prevalence of severe fatigue decreases with increasing level of education.

significantly higher than in pwMS without children (OR = 1.40 (95% CI
1.07-1.82, p = 0.01). However, the number of children did not affect the
rate or severity of fatigue (Fig. 4).

The mean age was 54 years (SD 12, range 26-87) among the par-
ticipants who had children, and 50 years (SD 14, range 18-87) among
those who did not have children. After adjustment for age, the associ-
ation between parenthood and the presence of fatigue was no longer
significant (adjusted OR = 1.25 (95% CI 0.96-1.64, p = 0.10).

6. Work/disability status

As previously described, 1183 out of 1454 of the pwMS had fatigue.
Forty-five percent of the patients with fatigue received disability
pension versus 15% of the patients without fatigue (p < 0.001). The
median fatigue score among those who received disability pension was
75 vs 58 among those who did not receive disability pensions (p <
0.001). Among the pwMS with severe fatigue, 53% received disability

pension.
7. Comorbidities

In this cohort, 20% had one or more additional autoimmune dis-
eases. The prevalence of fatigue in the patients who had concomitant
autoimmune disease was 87% versus 80% in the patients without
concomitant autoimmune conditions (p < 0.005). The mean FSMC score
was 67 (SD20) for the pwMS with autoimmune comorbidity and 62
(SD21) for the patients without autoimmune comorbidity (p < 0.001). It
was 67 (SD+20) for those with one and 70 (SD19) for those with more
than one additional autoimmune disease (p = 0.311). The pwMS with
one or more additional autoimmune disease also had a higher rate of
severe fatigue (Fig. 5).
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Marital status and fatigue

Single (327)

Widow/widower (n=50)

Divorced (n=190)

Married/cohabiting (n=873)

0% 20% 40%

60% 80% 100% 120%

% of patients

M Fatigue

p=0.03

No fatigue

Fig. 3. The prevalence of fatigue was lower among married/cohabitant pwMS.

Number of children and fatigue
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No children (n=690) 1 child (n=198)
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W Moderate fatigue

50%
40%
30%
20%
bl Ll il e
0

2 children (n=404) >3 children (n=162)

M Severe fatigue p=0.22

Fig. 4. There was no significant difference in the rate of fatigue in relation to the number of children.

8. Anxiety and depression

Twenty two percent of the participants had depression and 34% had
anxiety. In the fatigue group 41% had anxiety and 26% had depression,
in the non-fatigue group 11% had anxiety and 1% had depression (p <
0.001).

9. Smoking

The rate of fatigue among smokers and ex-smokers was 86% and
83%, respectively, while 76% of the never-smokers had fatigue (p =
0.001). Smokers had a mean FSMC score of 66 (SD20), ex-smokers had a
mean score of 64 (SD20), and never-smokers had a mean FSMC score of

59 (SD21) (p < 0.001). The rate of severe fatigue was 61% among the
smokers, 57% among the ex- smokers and 46% among the never-
smokers (p < 0.001).

10. Self-perceived social status

As shown in Fig. 6, the patients’ self-perceived social status declined
with increasing level of fatigue, as measured by the McArthur scale.

11. Multivariable analysis

Sex, income, the patients’ educational level and disability level
(EDSS) were significantly associated with fatigue score in the
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Fatigue and additional autoimmune disease
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p=0.006
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Fig. 5. Having one or more additional autoimmune disease was associated with higher rates of severe fatigue.
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Fig. 6. Self-reported social status and fatigue score

multivariable analysis, as well as receiving disability pension and having
anxiety or depression (Table 2).

Having parents with graduate education or a mother with at least
secondary education was protective against fatigue score in the uni-
variable analysis. Because receiving disability benefits might be a result
of fatigue rather than the other way around, and because fatigue might
not only be the cause of but also can cause anxiety and depression, we
chose to create an alternative model for the multivariable analysis
without these variables. When excluding disability pension, anxiety and
depression from the multivariable analysis, sex, EDSS, comorbidity,
current smoking, educational level and income remained independently
associated with fatigue (Table 2). A low income and a high EDSS was
independently associated with a higher fatigue score, whereas a grad-
uate educational level was independently associated with a lower fa-
tigue score. The association between parental education and fatigue did

not remain significant in the multivariable analysis. When performing
multivariable analyses for cognitive and motor fatigue separately, we
found that sex, education and income, as well as anxiety, depression and
disability pension were independently associated with both cognitive
and motor fatigue, but EDSS was only associated with motor fatigue
(Table 3).

12. Discussion

The main finding in this study was that socioeconomic variables are
associated with fatigue in pwMS, in particular educational level and
income. Married/cohabitant pwMS had less fatigue than divorced
pwMS, and those who did not have children had less fatigue then those
who had children. In line with a previous study (Lerdal et al., 2003), we
found an inverse relationship between educational level and fatigue, as
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Table 2
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Associations with fatigue score; univariable and multivariable linear regression analysis.

Univariable analysis

Variables B (95% CI) P-value
Sex, female 3.76 (1.45,6.09) 0.002
Age, years 0.18 (0.10, 0.26) <0.001
Marital status

Single/widowed Ref.

Married/cohabitant -3.13(-5.33, -0.93) 0.01
Divorced 3.96 (0.77, 7.14) 0.02
EDSS closest to 2017 2.37 (1.89, 2.85) <0.001
Autoimmune comorbidity 5.34 (2.67, 8.00) <0.001
Smoking

Never Ref.

Current smoker 3.81 (1.40, 6.22) 0.002
Ex-smoker 1.75 (-0.44, 3.91) 0.12
Educational level*

Primary Ref.

Secondary 5.33 (3.09, 7.57) <0.001
Graduate -11.1 (-13.2, -9.05) <0.001
Mothers educational level**

Primary Ref.

Secondary -1.80 (-3.97, 0.37) 0.11
Graduate -7.60 (-10.5, -4.63) <0.001
Fathers educational level*

Primary Ref.

Secondary 2.45 (0.25, 4.65) 0.03
Graduate -8.50 (-11.1, -5.95) <0.001
Patients total income 2017 -11.4 (-14.7, -8.04) <0.001
Disability pension/. ok 15.1 (13.0, 17.1) <0.001
HADS score

Anxiety 2.09 (1.86-2.32) <0.001
Depression 3.32 (3.09-3.56) <0.001

Model 1 (R*>=0.45)

Model 2 (R?=0.15)

B (95% CI) P-value B (95% CI) P-value
4.00 (2.07, 5.94) <0.001 3.35(1.11, -5.77) 0.004
0.02 (-0.06, 0.10) 0.63 -0.10 (-0.20, -0.004) 0.04
Ref. Ref.

-0.24 (-2.27, 1.79) 0.82 -1.91 (-4.42, 0.60) 0.14
0.82 (-2.10, 3.75) 0.58 0.18 (-3.43, 3.79) 0.92
1.20 (0.72, 1.68) <0.001 2.21 (1.65, 2.77) <0.001
0.56 (-1.56, 2.69) 0.60 4.63 (2.04, 7.23) <0.001
Ref. Ref.

-1.55 (-3.83, 0.74) 0.18 3.15 (0.35, 5.95) 0.03
0.79 (-1.25, 2.82) 0.45 2.35 (-0.15, 4.85) 0.07
Ref. Ref.

-1.48 (-3.96, 1.01) 0.24 0.78 (-2.81, 4.36) 0.67
-4.07 (-6.69, -1.46) 0.002 6.36 (2.68, 10.0) 0.001
Ref. Ref.

-1.00 (-3.04, 1.04) 0.33 -2.36 (-4.87, 0.15) 0.07
0.24 (-2.92, 3.40) 0.88 -2.37 (-6.27, 1.52) 0.23
Ref. Ref.

1.30 (-0.74, 3.35) 0.21 1.78 (-0.76, 4.32) 0.17
-2.06 (-4.86, 0.75) 0.15 -2.35(-5.83, 1.12) 0.18
-3.67 (-6.56, 0.78) 0.01 -5.95 (-9.52, -2.38) 0.001
7.01 (5.12, 8.90) <0.001

0.80 (0.54-1.05) <0.001

2.31 (2.01-2.61) <0.001

Model 1: full model, Model 2: without disability pension/APP, and HADS score
*Educational level: Secondary 11-13 years, graduate >13 years; **Mother/fathers educational level at the patients age 16;

well as fatigue severity. We also found that, on average, pwMS with
fatigue had lower median personal income and lower household income
than the ones without fatigue. PWMS receiving disability pension had
more severe fatigue than those who did not.

Parental educational level was also found to be associated with fa-
tigue. Having a father with graduate education or a mother with at least
secondary education was associated with less fatigue. Adolescents with
well-educated parents may have higher health literacy (Fretian et al.,
2020), making them more able to deal with stressors that trigger or
exacerbate fatigue. We have previously shown that pwMS who had
mothers with higher educational levels had less pronounced disease
progression (Flemmen et al., 2021). On the other hand, parental edu-
cation may be a surrogate marker of an over-all more resourceful
background. Parental education did not remain associated with fatigue
severity after multivariable adjustment, suggesting that parental edu-
cation may in itself have little effect on the development of fatigue later
in life.

We found that patients with fatigue were more likely to have
concomitant autoimmune diseases. The mean FSMC score was higher in
patients with autoimmune comorbidity. Fatigue is also a prevalent
symptom in several other autoimmune diseases (Zielinski et al., 2019),
and having more autoimmune comorbidities seem to increase the fa-
tigue severity. In a Danish study, the researchers evaluated fatigue in
relation to disease-specific and socioeconomic factors in patients with
rheumatoid arthritis, psoriatic arthritis and axial spondyloarthritis
(Esbensen et al., 2020). They found that fatigue was more prevalent in
women, in “experienced patients”, in patients who had changed medi-
cation in the past 12 months, were unemployed, had less education, and
had lower household income. Thus our findings in pwMS are compa-
rable with other autoimmune diseases.

The prevalence of fatigue was lower in never-smokers compared to
current- and ex-smokers. Current smoking was independently associated
with fatigue in the regression model in which disability pension, anxiety
and depression was not included, but not when these variables were

*AAP=Work assessment allowance

included. In a Danish study, the researchers examined the impact of
different lifestyle factors on MS fatigue, including smoking, alcohol
habits and physical activity (Johansson et al., 2021). They found that
physical activity reduced the impact of fatigue, and that smoking had a
negative effect, while alcohol intake was not associated with fatigue.

Higher socioeconomic status is associated with health literacy,
healthier risk behavior, and less morbidity (Morkevicius et al., 2020,
Muscatell et al., 2020). Highly educated patients may have the ability to
cope with fatigue or lead a healthier lifestyle. Conversely, patients with
fatigue might have difficulties in obtaining higher education. A low
educational level may also be associated with health risk behavior such
as smoking and a sedentary lifestyle (Drieskens et al., 2010). Fatigue was
less prevalent in married pwMS, but more prevalent among those who
had children compared to those with no children. Several studies have
shown that being married protects against morbidity, partly because
healthy individuals have a greater chance of being selected for marriage
(Robards et al., 2012, Rendall et al., 2011) On the other hand, being a
parent may leave less time for health promoting behavior such as
physical exercise, which is known to reduce fatigue (Asano and Fin-
layson, 2014).

Education and income were both associated with fatigue in our
study. Interestingly, we found that non-fatigued pwMS had a higher
educational level and income than the general population. This may
suggest that protection against MS-related fatigue requires a socioeco-
nomic standing that is higher than average, and this deserves further
studies.

We included the MacArthur scale in the MS questionnaire to assess
the patient’s own perception of socioeconomic position in society. This
tool has hardly been used in MS-research so far, but variants of it have
been used in assessment of other chronic and autoimmune diseases
(Rafiee et al., 2020, Vassilev et al., 2014). We found that self-perceived
SES was just as associated with fatigue as were the objective measures of
socioeconomic factors, as shown in Fig. 6. This may be an expression of
the impact fatigue has on perceived social status, in the same way that
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Table 3
Associations with cognitive and motor fatigue score; multivariable linear
regression analysis.

Cognitive fatigue Motor fatigue

Variables B (95% CI) P-value B (95% CI) P-value
Sex, female 2.458 (1.421, <0.001 1.546 (0.525, 0.003
3.495) 2.566)
Age, years 0.005 (-0.040, 0.84 0.016 (-0.028, 0.48
0.049) 0.059)
Marital status
Single/Widowed Ref. Ref.
Married/cohabitant -0.039 (-1.127, 0.94 -0.196 (-1.267, 0.72
1.049) 0.875)
Divorced 0.755 (-0.814, 0.35 0.068 (-1.476, 0.93
2.324) 1.613)
EDSS closest to 2017 0.157 (-0.099, 0.23 1.041 (0.790, <0.001
0.413) 1.293)
Autoimmune -0.014 (-1.152, 0.98 0.578 (-0.542, 0.31
comorbidity 1.123) 1.698)
Smoking
Never Ref. Ref.
Current smoker -0.986 (-2.212, 0.12 -0.563 (-1.770, 0.36
0.240) 0.644)
Ex-smoker 0.506 (-0.585, 0.36 0.280 (-0.793, 0.61
1.597) 1.354)
Educational level*
Primary Ref. Ref.
Secondary -0.880 (-2.211, 0.20 -0.595 (-1.904, 0.37
0.450) 0.715)
Graduate -2.107 (-3.502, 0.003 -1.959 (-3.332, 0.005
-0.712) -0.586)
Mothers educational
level**
Primary Ref. Ref.
Secondary -0.536 (-1.631. 0.34 -0.463 (-1.541, 0.40
0.559) 0.614)
Graduate 0.301 (-1.392, 0.73 -0.060 (-1.727, 0.94
1.995) 1.607)
Fathers educational
level**
Primary Ref. Ref.
Secondary 0.811 (-0.286, 0.15 0.492 (-0.588, 0.37
1.908) 1.572)
Graduate -0.930 (-2.431, 0.23 -1.125 (-2.603, 0.14
0.572) 0.353)
Patients total -1.822 (-3.372, 0.02 -1.849 (-3.375, 0.02
income 2017 -0.272) -0.323)
Disability pension/ 3.773 (2.760, <0.001  3.239 (2.242, <0.001
AAPF** 4.785) 4.235)
HADS score
Anxiety 0.492 (0.355, <0.001  0.304 (0.169, <0.001
0.629) 0.439)
Depression 1.175 (1.014, <0.001  1.136 (0.978, <0.001
1.336) 1.295)

*Educational level: Secondary 11-13 years, graduate >13 years; **Mother/fa-
thers educational level at the patients age 16; ***AAP=Disability benefits

fatigue has been found to reduce the quality of life in pwMS (Gil--
Gonzalez et al., 2020, Berrigan et al., 2016).

13. Strengths and limitations

The strengths of our study is the size and the geographically well-
defined, population-based and thoroughly examined cohort. The
patient-reported outcomes were collected through validated question-
naires, whereas disease specific information was gathered from the
electronic medical record system by three experienced neurologists in
our research group. Governmental agencies were the source of data
regarding income, education and marital status, eliminating recall bias.

This is a cross-sectional study that cannot establish causality. We
evaluated fatigue by self-report questionnaires. Fatigue is a subjective
symptom for which we have no objective measures. With regard to
marital status, cohabitant was not registered as a separate category.
Therefore, some patients registered as single may in fact be cohabitant.
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Some of the patients registered as receiving disability pension might
actually be old-age pensioners who have used their option to retire early
from the age of 62.

14. Conclusion

Our results suggest that demographic and socioeconomic factors
should be taken into account when counselling patients and when
devising management strategies. A short education, low income and a
lack of employment seem to be associated with fatigue independent of
disease severity, age and gender. These sociodemographic factors can
identify patients who may be at particular risk of suffering from fatigue,
and who may require extra attention and close follow-up.
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