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A B S T R A C T   

Purpose: To investigate longitudinal relationships between employment status and disease-related, (neuro)psy-
chological, and work-related factors in people with multiple sclerosis (MS). 
Methods: 170 employed people with MS underwent yearly neurological and neuropsychological examinations to 
assess MS-related disability and cognitive functioning. Additionally, they completed yearly questionnaires 
assessing depression, anxiety, fatigue, cognitive complaints, workplace support and coping. Multilevel models for 
change were fitted to examine progression of these factors over three years, and to assess possible relationships 
with change in employment status. 
Results: People with a deteriorated employment status after three years reported more depression (p=0.009), a 
higher impact of fatigue (p<0.001), more cognitive complaints (p<0.001) and less workplace support (p=0.001) 
at baseline than people with a stable employment status. There were no differences in progression over time of 
the examined variables between people with a stable or deteriorated employment status. 
Conclusion: More depression, a higher impact of fatigue, more cognitive complaints and less workplace support 
are predictive of a deteriorated employment status after three years in individuals with MS. How these factors 
progress over time is not different between those with a stable or deteriorated employment. MS-related disability, 
anxiety, objective cognition and coping were not related to a deterioration in employment status.  
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1. Introduction 

There is strong evidence to suggest that multiple sclerosis (MS) 
negatively impacts employment status (Schiavolin et al., 2013). 
Research evaluating the role of MS in employment has gone through 
major changes. While earlier MS research regarded measures of work 
participation a secondary outcome (Schiavolin et al., 2013), current 
research justly considers work measures a primary outcome. Research 
on job retention is paramount given the financial consequences (Kobelt 
et al., 2017) and the effect of job loss on mental wellbeing in people with 
MS. Research indicates that early retiring due to disability in MS is 
negatively associated with mental health related quality of life (Marck 
et al., 2020). 

The loss of employment in this population is the consequence of 
reciprocal relationships between disease-related factors, personal fac-
tors and contextual factors (Meide et al., 2018). Disease-related factors 
such as physical disability and fatigue have often been linked to 
employment status (Boe Lunde et al., 2014; Conradsson et al., 2020; 
D’Hooghe M et al., 2019; Kobelt et al., 2019; Krause et al., 2013; Oliva 
Ramirez et al., 2021; Raggi et al., 2016; Salter et al., 2017; Schiavolin 
et al., 2013; Simmons et al., 2010). However, these factors only offer a 
partial explanation for unemployment rates in people with MS (Dorstyn 
et al., 2019). 

Furthermore, personal factors such as (neuro)psychological charac-
teristics are crucial in the stability of employment (Dorstyn et al., 2019), 
and multiple, predominantly cross-sectional studies have been carried 
out on the effect of depression, anxiety, coping styles and cognition. 
Several studies showed an association between more symptoms of 
depression and anxiety and unemployment (Conradsson et al., 2020; 
Dorstyn et al., 2019; Krokavcova et al., 2010; Povolo et al., 2019; Raggi 
et al., 2016), but not all (D’Hooghe M et al., 2019; Hartoonian et al., 
2015; Povolo et al., 2019; Smith & Arnett, 2005). Moreover, coping 
styles have been linked to employment. While an avoidant related 
coping style is often associated with worse work outcomes such as un-
employment, a problem focused coping style has a positive impact on 
employment status (Dorstyn et al., 2019; Grytten et al., 2017; Holland 
et al., 2019; Strober & Arnett, 2016; Vijayasingham & Mairami, 2018). 
With respect to cognition, both subjective and objective measures have 
been linked to employment status (D’Hooghe M et al., 2019; Morrow 
et al., 2010; van Gorp et al., 2019). 

In addition, contextual factors such as the work environment might 
contribute to employment outcomes in MS (Vijayasingham & Mairami, 
2018; Vitturi et al., 2022). A recent meta-analysis highlighted the need 
of further research analysing the impact of a supportive and inclusive 
work environment specifically (Dorstyn et al., 2019). Previous qualita-
tive research (Meide et al., 2018) identified facilitators and barriers of 
employment through interviews with people with MS. One of the core 
themes was “an understanding line manager”. A manager that takes care 
of the well-being of the employee, and is capable of assessing both 
limitations and capabilities of their employees with MS, is essential in 
job retention. Additionally, research (Honan et al., 2012) showed that 
experiencing a non-supportive work environment increased the pro-
portion of work hours reduced since the diagnosis as well as the likeli-
hood of withdrawing from work and changing type of work. 

However, the majority of the aforementioned studies are cross- 
sectional in nature. A recent meta-analysis identified the need for lon-
gitudinal data to identify characteristics of people maintaining 
employment to clarify possible causal pathways (Gerhard et al., 2020). 
Therefore, the current study aims to assess relationships between 
disease-related, (neuro)psychological and work contextual factors, and 
employment status using a longitudinal design, while controlling for 
demographic factors. Specifically, we aim to 1) identify people at risk for 
a deterioration in employment status, by examining differences at 
baseline between people who have a stable employment status and those 
who do not and 2) examine whether the progression of relevant vari-
ables differs over time between the people who have a stable 

employment status and those who do not. In order to investigate this we 
adopt a longitudinal growth trajectory approach. Only few studies have 
adopted this longitudinal growth trajectory approach to examine 
disease-related factors in MS (Veldhuijzen van Zanten et al., 2021), 
enabling the analysis of within-person variance. Such an approach en-
ables inclusion of multiple data points (>2) and enables us to ascertain 
whether the variables of interest fluctuate differently over time between 
the stable employment group and the deteriorated employment group. 

With respect to disease-related factors, we hypothesise that less MS- 
related disability, better objective cognitive functioning and a lower 
impact of fatigue at baseline will be related to a stable employment 
status within a period of three years. Additionally, we hypothesise that 
less symptoms of depression and anxiety, less cognitive complaints, less 
frequent use of emotion-related and avoidance-related coping, and a 
more frequent use of task-related coping at baseline will be related to a 
stable employment status over three years. To assess the influence of the 
work context, we examined the extent to which people with MS expe-
rienced a supportive workplace. We hypothesise that a less supportive 
workplace will be associated with a deterioration in employment status 
within three years. Finally, concerning the progression over time 
(growth trajectories), we expect a larger decrease in objective cognitive 
functioning, task-oriented coping and workplace support to be related to 
a deterioration in employment status. We expect an increase over time in 
MS-related disability, fatigue, depression and anxiety, cognitive com-
plaints, avoidance and emotion oriented coping to be related to a 
deteriorated employment status. 

2. Materials and methods 

2.1. Participants 

300 potential participants were recruited for the MS@Work study, a 
three-year prospective observational study aimed to identify predictors 
of work participation in people with relapsing-remitting MS (van der 
Hiele et al., 2015). The inclusion requirements were being 18 years or 
older, having a relapsing-remitting MS diagnosis according to the 
Polman-McDonald criteria (Polman et al., 2011), being proficient in the 
Dutch language, and being in paid employment or within three years 
since the last employment. People who were diagnosed with comorbid 
neurological or neuropsychiatric disorders or substance abuse were not 
approached to participate. For the current study we selected only people 
who were employed at baseline (259 people), to establish the change in 
employment status. Ultimately, 170 people who were employed at 
baseline finished measurements after three years resulting in a study 
sample of 170 people (See Fig. 1. for a flowchart of the inclusion of 
participants). 

The current study was approved by the Medical Ethical Committee 
Brabant (NL43098.008.12 1307), and all participants signed an 
informed consent form before participation. 

2.2. Procedure 

At baseline, and after one, two, and three years participants were 
asked to complete online questionnaires concerning the impact of fa-
tigue, depression, anxiety, cognitive complaints, coping styles, work- 
related variables and demographic characteristics. Additionally, par-
ticipants underwent yearly neurological and neuropsychological as-
sessments to examine objective cognitive functioning and MS-related 
disability. All measurements were included in the statistical analyses. 

2.3. Materials 

2.3.1. Disease related factors 
We used the Modified Fatigue Impact Scale (MFIS) to examine the 

impact of fatigue (Kos et al., 2003). The total score ranges from 0 to 84, 
with a higher score being indicative of a higher impact of fatigue. 
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To assess MS-related disability, the Expanded Disability Status Scale 
(EDSS) score was assessed by an experienced neurologist (Kurtzke, 
1983). This scale ranges from 0 to 10, with higher scores reflecting a 
higher disability. 

2.3.2. (Neuro)psychological factors 
In order to examine symptoms of depression and anxiety, we used the 

Hospital Anxiety and Depression Scale (HADS) (Spinhoven et al., 1997). 
This scale consists of 14 items, 7 on depression and anxiety respectively. 
Scores on both subscales range from 0 to 21. A higher score means more 
symptoms of depression or anxiety. 

We used the Coping inventory for Stressful Situations (CISS) (De 
Ridder, 2004; Endler, 1999) to assess preferred coping styles. The CISS 
distinguishes three main coping styles: task-oriented coping, 
emotion-oriented coping and avoidance-oriented coping. The scores on 
each subscale range from 16 to 80. A higher score indicates a more 
frequent usage of that particular coping style. 

The MS Neuropsychological Screening Questionnaire (MSNQ) 
(Benedict et al., 2003) was used to screen for cognitive complaints. The 
total score ranges from 0 to 60, with a higher score being reflective of 
more cognitive complaints. 

The Symbol Digit Modalities Test (SDMT) (Smith, 1982) (written 
version) was chosen as a measure of objective cognitive functioning, 
visual information processing speed in particular. Possible total scores 
range from 0 to 110, with higher scores being reflective of a higher in-
formation processing speed (i.e. better objective cognitive functioning). 

2.3.3. Work context 
To measure the extent to which the workplace was considered sup-

portive, we used the ‘non-supportive workplace’ subscale of the Multiple 
Sclerosis Work Difficulties Questionnaire (MSWDQ) (Honan et al., 
2012). Possible scores range from 0 to 100, with a higher score indi-
cating less experienced support in the workplace. 

In order to examine employment status we asked participants yearly 
whether they were employed. Based on the subsequent measurements 
we assessed whether the employment status remained stable or had 
deteriorated over three years. We considered employment status as 
deteriorated (deteriorated employment status; DES) if someone quit 
their job or decreased their work hours due to MS (Morrow et al., 2010). 
People who did not report any changes with respect to being employed 
or the amount of work hours were characterized as having a stable 
employment status (SES). People who increased their work hours were 
included in the stable employment group. Employment status (SES/DES) 
was added as a predictor to retrospectively identify people at risk for a 
deterioration in employment status. 

2.3.4. Demographic characteristics 
We asked participants for their age, gender and educational level. 

Educational level was divided into three categories: lower education 
(completed low-level secondary school), middle education (completed 
secondary school medium level) and higher education (completed sec-
ondary school at the highest level). 

2.4. Statistical analyses 

Multilevel models for change (Singer, 2003) were fitted to examine 
progression over time, and to assess possible relationships with change 
in employment status. Models were created for anxiety, depression, 
impact of fatigue, MS-related disability, cognitive complaints, objective 
cognitive functioning, coping styles, and workplace support. The used 
analysis approach constitutes of fitting four models for each of the above 
mentioned variables. Firstly, we fitted an unconditional means model 
(UMM) to assess the intraclass correlation coefficient (the degree of 
variability between groups). Second, an unconditional growth model 
(UGM) was fitted to verify whether there are individual differences in 
starting point (the score at baseline) and progression over time. Thirdly, 
in the conditional growth model (CGM) we added demographic and 
disease related factors, i.e. gender, age, education, disease duration, and 
its interaction with time. Finally, we added change in employment status 
and its interaction with time as fixed effects to examine whether the 
SES/DES group differ at baseline and/or over time. Likelihood ratio tests 
were used for model comparison. To increase readability only the fourth 
model will be included in the manuscript. The first through the third 
model will be included in the supplementary material. Tables are 
included in the manuscript for models in which work is a significant 
correlate, while other tables were included in the supplementary 
material. 

Multilevel models were fitted using R (R Core Team, R Foundation 
for Statistical Computing, Vienna, Austria), using the lme4 (Bates, 2015) 
and lmerTest packages (Satterthwaite’s method) (Kuznetsova, 2017). 
Plots were made using the ggplot package (Wickham, 2009). Values of 
p≤0.05 were considered as significant. 

3. Results 

3.1. Participants 

For the current study we selected only people who were employed at 
baseline (259 people), and finished the three year measurements 
resulting in a sample of 170 people with relapsing-remitting MS. There 
were 127 people in the SES group, of which 118 people were in paid 
employment and 9 people were self-employed. The deteriorated 
employment status (DES) group comprised 43 people, of which 24 
people reported working less hours, and 19 people reported job loss after 
three years. Sample characteristics at baseline are listed in Table 1, and 
the progression over time is presented in Table 2. 

Fig. 1. Flowchart participants.  

E.E.A. van Egmond et al.                                                                                                                                                                                                                      



IBRO Neuroscience Reports 16 (2024) 518–526

521

3.2. Multilevel models for EDSS 

3.2.1. CGM (Model 4) 
In model 4, we added change in employment status and its interac-

tion with time to the model (See supplemental Table 1). Model 4 
significantly improved the fit of the model compared to Model 3 (χ2(2)=
6.62, p=0.037), and thus was considered the best model. This model 
explained 16.7% of the variance of the intercepts of the UGM and 1.7% 
of the slopes when compared to the UGM. Age at baseline and disease 
duration were positively significantly related to MS-related disability. 
The DES group had a higher EDSS at baseline (estimated difference is 
0.31), and the score increased more rapidly with time (estimated dif-
ference is 0.10 per year). However, these effects were not statistically 
significant. Whereas the increase in EDSS is 0.02 per year for the SES 
group, the increase is 0.02 + 0.10 per year for the DES group. The direct 
effect of time was not significant. 

3.3. Multilevel models for anxiety 

3.3.1. CGM (Model 4) 
Fitting a CGM (Model 4; adding change in employment status SES/ 

DES, and its interaction with time) did not improve the model fit 
compared to model 3 (χ2(2)=2.13, p=0.346). Model 4 explained no 
more variance in the intercepts compared to the UGM, but did explain 
7% more variance in the slopes. The interaction between time and 
gender was positively significant in model 4 (p=0.006). Employment 
status was not significantly associated with anxiety. Neither time nor the 
interaction between time and employment status was significantly 
associated with anxiety. The fixed effect estimates and associated sta-
tistics of this model are given in Supplemental Table 2. 

3.4. Multilevel models for depression 

3.4.1. CGM (Model 4) 
Fitting a CGM (Model 4; adding change in employment status SES/ 

DES and its interaction with time) did not improve the model fit 
compared to model 3 (χ2(2)=2.13, p=0.3455). Employment status is, 
however, significantly associated with depression. The DES group had a 
higher depression score at baseline (estimated difference is 1.18; See  
Table 3). Time was significantly associated to depression, indicating that 
depression scores increased over time (0.93, t = 2.06, p = 0.041). 
Additionally, the interaction between time and age on depression was 
significant, that is the time effect goes down with age (-0.02, t = − 2.03, 
p = 0.044). The interaction effect of time and employment status was 
not significantly related to depression. Adding employment status 
resulted in 5% explained variance in the slopes of fatigue (compared to 
the unconditional growth model), but did not explain additional vari-
ance for the intercepts (0%). 

3.5. Multilevel models for the impact of fatigue 

3.5.1. CGM (Model 4) 
Fitting a CGM (Model 4; adding change in employment status SES/ 

DES and its interaction with time) did improve the model fit compared 
to model 3 (χ2(2)=25.09, p=3.558*10− 06). Adding employment status 
resulted in 12% explained variance in the intercepts of fatigue 
(compared to the unconditional growth model), but no explained vari-
ance for the slopes (0%).1 Both employment status and gender were 
significantly associated with the impact of fatigue (see Table 4). The DES 
group reported a higher impact of fatigue score at baseline (estimated 
difference is 10.19). Women reported a higher impact of fatigue than 
men. Neither time nor the interaction of time and employment status 
was significantly related to the impact of fatigue. 

3.6. Multilevel models for cognitive complaints 

3.6.1. CGM (Model 4) 
Fitting a CGM (Model 4; adding change in employment status SES/ 

DES) did improve the model fit compared to model 3 (χ2(2)=26.68, 
p=1.608*10− 06). Including employment status lead to 12% explained 
variance of the intercepts, but no explained variance of the slopes. 
Employment status, educational level and the interaction between time 
and age were significantly associated with cognitive complaints (see  
Table 5). The DES group scored higher on cognitive complaints than the 
SES group at baseline (estimated difference is 6.86). Neither time nor the 
interaction effect of time and employment status was significantly 
related to cognitive complaints. 

3.7. Multilevel models for objective cognition 

3.7.1. CGM (Model 4) 
Fitting a CGM (Model 4; adding change in employment status SES/ 

DES) did not improve the model fit compared to model 3 (χ2(2)=4.06, 
p=0.131). Including employment status lead to 15% explained variance 
of the intercepts, and 7% explained variance of the slopes compared to 
Model 2. Time, age and the interaction between time and age were 
significantly associated with objective cognition (see Supplementary 
Table 3). A younger age was associated with a better objective cognition 
score. Time was positively related to cognition, indicating higher scores 
on the SDMT over time (2.07, t = 2.03, p = 0.044). Employment status 
and the interaction between time and employment status were not 
significantly associated with objective cognition. Using standardized 
norm scores (controlling for age and educational level and converted to 
z-scores) did not yield different outcomes. 

Table 1 
Sample characteristics at baseline.   

Total sample 
N=170 

SES 
N=127 

DES 
N=43 

Gender (%female)a 138 (81.2%) 100 (78.7%) 38 (88.4%) 
Ageb 42.00 (9.30) 41.59 (9.01) 43.21 

(10.11) 
Educational level (N, %)    
Lowera 24 (14.1%) 15 (11.8%) 9 (20.9%) 
Middlea 64 (37.6%) 52 (40.9%) 12 (27.9%) 
Highera 82 (48.2%) 60 (47.2%) 22 (51.2%) 
Work hours per weekc 28 (18) 28 (20) 24 (20) 
Disease duration (y)c 5.8 (8.08) 5.5 (7.42) 7.2 (11.28) 
MS-related disability (EDSS)c 2.0 (1.0) 2.0 (1.0) 2.5 (1.5) 
Anxietyc (HADS) 5.0 (4.00) 5.0 (4.00) 5.0 (3.00) 
Depressionc(HADS) 2.0 (3.00) 2.0 (2.00) 3.5 (5.00) 
Fatigueb (MFIS) 33.6 (14.96) 31.3 (14.63) 40.4 (13.96) 
Cognitive complaints (MSNQ)c 22.0 (15.00) 20.0 (15.00) 28.5 (12.50) 
Objective cognition (SDMT)c 55.5 (9.00) 56 (9.75) 53.5 (15.25) 
Supportive workplacec (MSWDQ) 5.0 (15.00) 5.0 (15.00) 10.0 (30.00) 
Task-oriented copingc (CISS) 61.0 (9.00) 61.0 (8.75) 60.0 (9.50) 
Emotion-oriented copingb (CISS) 36.1 (10.25) 36.4 (10.33) 35.4 (10.08) 
Avoidance-oriented copingb 

(CISS) 
46.3 (9.00) 45.9 (9.18) 47.4 (8.42) 

SES=Stable employment status, DES= Deteriorated employment status. EDSS=
Expanded Disability Status Scale. HADS= Hospital Anxiety and Depression 
Scale. MFIS= Modified Fatigue Impact Scale MSNQ= Multiple Sclerosis Neu-
ropsychological Screening Questionnaire. SDMT= Symbol Digit Modalities Test. 
MSWDQ=MS Work difficulties Questionnaire. CISS= Coping inventory for 
Stressful Situations. 

a N(%). 
b Mean (Standard Deviation). 
c Median (Inter Quartile Range); in case of not normally distributed data. 

1 Negative R values are set to zero. 
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3.8. Multilevel models for supportive workplace 

3.8.1. CGM (Model 4) 
Fitting a CGM (Model 4; adding change in employment status SES/ 

DES) did improve the model fit compared to model 3 (χ2(2)=11.47, 
p=0.003). Including employment status, the percentage of explained 
variance of the intercepts is 11%, and 2% of the slopes (compared to the 
UGM). Employment status was significantly associated with a support-
ive work environment (see Table 6). The DES group had a higher score 
on the workplace support scale (indicating less perceived support) at 
baseline (estimated difference is 6.33). Neither time nor the interaction 
between time and employment status was significantly related to 
workplace support. 

3.9. Multilevel models for task-oriented coping 

3.9.1. CGM (Model 4) 
In model 4, we added change in employment status and its interac-

tion with time to the model. Model 4 did not significantly improve the fit 
of the model as compared to model 3 (χ2(2)=2.76, p=0.252). Educa-
tional level is positively significantly associated with task-oriented 
coping (see Supplemental Table 4). Time and the interaction between 
time and employment status were not significantly related to task- 
oriented coping. 

3.10. Multilevel models for emotion-oriented coping 

3.10.1. CGM (Model 4) 
In model 4, we added change in employment status and its interac-

tion with time to the model (See Supplemental Table 5). Model 4 did not 

Table 2 
Three-year changes in disease-related, (neuro)psychological and work contextual factors for people with a stable and deteriorated employment status.   

Baseline  Year 1  Year 2  Year 3   
SES 
(N=127) 

DES 
(N=43) 

SES DES SES DES SES DES 

MS-Related disability EDSSb  2.0 (1.0)  2.5 (1.5)  2.00 (1.5)  2.5 (1.3)  2.0 (1.5)  2.5 (1.3)  2.0 (1.5)  2.0 (1.0) 
HADS Anxietyb  5.0 (4.00)  5.0 (3.00)  4.0 (4.00)  5.0 (3.05)  5.0 (4.00)  4.5 (3.25)  4.0 (3.00)  4.5 (2.25) 
HADS Depressionb  2.0 (2.00)  3.5 (5.00)  2.0 (3.00)  3.5 (4.00)  2.0 (3.00)  4.0 (5.00)  2.0 (3.00)  3.5 (4.50) 
Fatiguea  31.3 (14.63)  40.4 (13.96)  29.9 (15.04)  44.3 (11.98)  29.4 (14.70)  43.5 (12.82)  29.4 (14.67)  41.8 (12.43) 
Cognitive complaintsb  20.0 (15.00)  28.5 (12.50)  18.0 (12.75)  30.0 (17.25)  20.0 (9.75)  29.0 (14.00)  21.0 (12.75)  31.5 (12.50) 
Objective cognitionb  56.0 (9.75)  53.5 (15.25)  56.0 (8.33)  52.0 (16.25)  56.0 (13.25)  52.5 (15.25)  57.0 (14.00)  54.0 (14.50) 
Supportive workplaceb  5.0 (15.00)  10.0 (30.00)  0.0 (10.00)  8.0 (20.00)  0.0 (15.00)  10.0 (25.00)  0.0 (10.00)  2.0 (13.00) 
Task-oriented copingb  61.0 (8.75)  60.0 (9.50)  60.0 (9.75)  57.0 (10.50)  60.0 (10.00)  57.0 (7.25)  60.0 (11.00)  55.0 (10.25) 
Emotion-oriented copinga  36.4 (10.33)  35.4 (10.08)  33.1 (9.73)  34.7 (10.59)  33.6 (10.71)  31.4 (10.00)  32.2 (10.47)  33.4 (10.43) 
Avoidance-oriented copinga  45.9 (9.18)  47.4 (8.42)  45.3 (9.98)  45.9 (9.40)  44.4 (8.91)  45.3 (9.35)  45.3 (10.01)  45.5 (10.69) 

SES=Stable employment status. DES=Deteriorated employment status aMean (Standard deviation).bMedian (Interquartile range); in case of not normally distributed 
data. 

Table 3 
Fixed effects for the CGM (Model 4) of depression.   

Estimate Standard error t-value p-value 

Intercept  2.55  1.31  1.95  0.053 
Time  0.93  0.45  2.06  0.041 
DES  1.18  0.45  2.61  0.009 
Age at baseline  0.02  0.02  0.72  0.473 
Disease duration baseline  -0.06  0.03  -1.62  0.108 
Education  -0.13  0.28  -0.44  0.660 
Gender (male)  0.31  0.50  0.62  0.536 
Time*DES  0.04  0.15  0.24  0.812 
Time* Age  -0.02  0.01  -2.03  0.044 
Time*Disease duration  0.00  0.01  0.21  0.835 
Time*Education  -0.07  0.10  -0.78  0.438 
Time*Gender (male)  0.30  0.17  1.76  0.080 

Bold values indicate significant p-values. 

Table 4 
Fixed effects for the CGM (Model 4) of the impact of fatigue.   

Estimate Standard error t- 
value 

p-value 

Intercept  31.84  7.21  4.42 1.820*10¡05 

Time  0.72  1.94  0.37 0.713 
DES  10.19  2.49  4.09 6.66*10¡05 

Age at baseline  0.08  0.14  0.62 0.538 
Disease duration baseline  -0.20  0.19  -1.03 0.304 
Education  -0.67  1.57  -0.43 0.669 
Gender (male)  -6.04  2.76  -2.19 0.030 
Time*DES  0.84  0.66  1.28 0.201 
Time* Age  -0.02  0.04  -0.43 0.668 
Time*Disease duration  -0.00  0.05  -0.13 0.900 
Time*Education  -0.24  0.41  -0.59 0.555 
Time*Gender (male)  0.575  0.723  0.800 0.427 

Bold values indicate significant p-values. 

Table 5 
Fixed effects for the CGM (Model 4) of cognitive complaints.   

Estimate Standard error t-value p-value 

Intercept  23.28  4.89  4.76 4.17*10¡06 

Time  2.50  1.41  1.77 0.079 
DES  6.86  1.69  4.07 7.43*10¡05 

Age at baseline  0.11  0.09  1.16 0.249 
Disease duration baseline  -0.24  0.13  -1.85 0.066 
Education  -2.14  1.06  -2.02 0.045 
Gender (male)  0.43  1.87  0.23 0.819 
Time*DES  0.77  0.48  1.63 0.106 
Time* Age  -0.06  0.03  -2.07 0.041 
Time*Disease duration  0.02  0.04  0.67 0.508 
Time*Education  -0.19  0.30  -0.64 0.527 
Time*Gender (male)  0.57  0.53  1.09 0.279 

Bold values indicate significant p-values. 

Table 6 
Fixed effects for the CGM (Model 4) of workplace support.   

Estimate Standard error t-value p-value 

Intercept  20.99  6.87  3.06  0.003 
Time  -1.85  2.90  -0.64  0.526 
DES  7.91  2.36  3.34  0.001 
Age at baseline  -0.14  0.13  -1.05  0.295 
Disease duration baseline  -0.06  0.18  -0.34  0.732 
Education  -2.59  1.49  -1.74  0.083 
Gender (male)  -1.18  2.62  -0.45  0.653 
Time*DES  -1.38  0.98  -1.40  0.163 
Time* Age  0.00  0.05  -0.02  0.983 
Time*Disease duration  0.10  0.07  1.39  0.168 
Time*Education  0.32  0.62  0.51  0.610 
Time*Gender (male)  1.31  1.08  1.21  0.227 

Bold values indicate significant p-values. 
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significantly improve the fit of the model as compared to model 3 
(χ2(2)=0.55, p=0.761). Model 4 did not explain more variance in either 
the slopes or the intercepts compared to the UGM (0%). Neither time nor 
the interaction between time and employment status was significantly 
associated with emotion-oriented coping. 

3.11. Multilevel models for avoidance oriented coping 

3.11.1. CGM (Model 4) 
In model 4, we added change in employment status and its interac-

tion with time to the model. Model 4 did not significantly improve the fit 
of the model (χ2(2)=1.26, p=0.532). The interaction between time and 
disease duration (p=0.043) and the interaction between time and 
gender (p=0.002) were significantly associated with avoidance-oriented 
coping (positively and negatively respectively; See Supplemental 
Table 6). Neither time nor the interaction between time and employ-
ment status was significantly related to avoidance-oriented coping. 

4. Discussion 

The current study aimed to examine the longitudinal relationship 
between employment status and disease-related, (neuro)psychological 
and work-related factors in people with MS. We first examined baseline 
differences between people with MS with a stable or deteriorated 
employment status. Additionally, we explored the growth trajectories 
per factor and analysed whether these trajectories differed between 
people with a stable or deteriorated employment status. We demon-
strated that more symptoms of depression, a higher impact of fatigue, 
more cognitive complaints and less workplace support at baseline were 
related to a deterioration of employment status within three years. MS- 
related disability, anxiety, objective cognition and coping styles were 
not related to a deterioration in employment status. Moreover, the 
progression over time (growth trajectories) of any of the disease-related, 
neuropsychological or work-related factors did not differ between peo-
ple with a stable or deteriorated employment status. 

4.1. Employment status in relation to (neuro)psychological factors 

In line with earlier research (Dorstyn et al., 2019; Raggi et al., 2016), 
more depressive symptoms were associated with a deteriorated 
employment status within three years, even though the median scores 
were noticeably low in the current sample. Only 7% of the participants 
had scores that were indicative of depression (which is similar to the 
8.5% prevalence in the general Dutch population (Ten Have et al., 
2023). The precise mechanisms underlying this relationship have not yet 
been identified. Previous research has often linked depressive symptoms 
to negative biases (LeMoult, 2019), which may affect the perception of 
the work situation. Another possible explanation might be the role of 
hope. Research by Lynch and colleagues (Lynch et al., 2001) suggests 
that there might be a negative relationship between experiencing hope 
and depression. Recently, preliminary evidence was found suggesting 
that people with MS who experience more hope have higher odds of 
being in employment (Lee et al., 2022). Factors such as depression and 
hope might be modifiable, thereby being relevant aspects to integrate in 
interventions. 

As was found in previous research a higher impact of fatigue was 
related to a deterioration in employment status. Fatigue is one of the 
most common reported complaints in MS, and there is substantial evi-
dence that experiencing fatigue is related to worse work participation 
outcomes (Oliva Ramirez et al., 2021). 

Subjective cognitive problems (i.e. cognitive complaints) were 
associated with having a deteriorated employment status, while objec-
tive cognitive problems were not. Both objective and subjective mea-
sures of cognition have been linked to employment measures in previous 
research, despite the weak correlation between subjective and objective 
cognitive functioning (Morrow et al., 2010; van Gorp et al., 2019). 

Interestingly, previous research suggests that subjective cognitive diffi-
culties may be more related to depression, fatigue, anxiety and 
self-efficacy than objective cognitive measures. Depression is hypoth-
esised to alter the perception of cognitive difficulties (Strober et al., 
2016). Possibly, this trend may also be present for work participation 
and these factors may contribute to decision making with regard to work 
maintenance. In addition, the current sample was characterised by 
relatively spared objective cognition, which may explain why work 
decisions are more related to subjective changes in the current sample. 

4.2. Employment status in relation to work-related factors 

The previously mentioned factors are all personal factors. However, 
the current results suggest that the workplace also has a part to play in 
job retention. Specifically, experiencing less support from the workplace 
was related to a deterioration in employment status. Qualitative 
research has argued that environmental factors might be equally rele-
vant as disease-related factors when considering employment (De Dios 
Pérez, 2022). When asked, working people with MS identified co--
workers’ attitudes as one of the most difficult aspects of the workplace. 
In particular, a lack of understanding in colleagues and line managers on 
the subject of MS was perceived as an issue. This finding relates to a 
recent systematic review by Vitturi and colleagues (Vitturi et al., 2022) 
in which they suggest that stigma and discrimination can discourage 
people with disabilities from pursuing employment or maintaining it. 
Additionally, perceived stigma and/or discrimination may prevent em-
ployees from disclosure of their MS diagnosis which in turn may hinder 
the usage of appropriate accommodations in the work setting. 

4.3. Employment status in relation to disease-related factors 

Interestingly, in the current study we did not find evidence for a 
difference in MS related disability (EDSS) between the DES and SES 
group, as opposed to previous research. This may be due to the current 
sample that is characterised by having relatively limited disability. 

4.4. Employment status in relation to growth trajectories of disease- 
related, (neuro)psychological and work-related factors 

In contrast to our hypotheses, we did not see differences in the 
progression over time (growth trajectories) of the individual factors 
between the stable and deteriorated group. In the current sample the 
majority of the examined variables remained relatively stable over a 
period of three years. These findings may reflect a stable sample, but 
arguably the current design is not suitable to detect such changes, e.g. 
due to too infrequent measurements or a too short time period (three 
years). 

4.5. Implications for future research 

While current research illuminates several relevant individual fac-
tors, it needs to be acknowledged that the amount of explained variance 
per variable is low. This is not surprising, given that work participation 
needs to be considered as a multifactorial issue. This notion is in line 
with the Work Disability Prevention Model (Loisel et al., 2001). This 
model was initially developed to analyse factors contributing to the 
process of returning to work for people with low back pain. Recently the 
model has proven to be insightful in the concept of staying at work as 
well, and has been applied in several patient populations (Dijkstra et al., 
2023). The model adopts a holistic approach and acknowledges four 
separate systems that contribute to work, being the workplace, personal 
factors, healthcare factors and legislative/insurance related factors, as 
well as overarching factors. Relevant factors can be mapped within these 
categories for individual workers (Dijkstra et al., 2023). Future research 
should aim to map relevant factors within these categories to identify 
possible important factors that have not yet been addressed in the field 
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of MS. 
Moreover, it would be insightful to replicate the current study in 

people who were recently diagnosed with MS. Although the current 
study takes disease duration into account, we know from previous 
research that the time period directly after receiving the diagnosis is 
important for making relevant life choices. For instance, it has been 
reported that 43% of the people with MS who leave the workforce do so 
within three years after receiving their diagnosis (Jones, 2016). Given 
that the application of multilevel modelling benefits from a ‘substanti-
vely meaningful metric for time’ (Singer, 2003), it might be beneficial to 
adopt a multilevel approach in this group of people to be able to inter-
vene timely and prevent job termination. 

4.6. Implications for clinical practice 

Momsen et al. created an overview of reviews on rehabilitation in MS 
and concluded that vocational rehabilitation should be initiated early to 
identify barriers and tackle the effect of MS-related symptoms (Momsen 
et al., 2022). The current study found effects of fatigue, depression, 
cognitive complaints and workplace support on employment status. 
These are all ‘invisible symptoms’ which may be hard to grasp in clinical 
practice. Additionally, symptoms in the current sample may appear 
subtle. For instance, while the average scores for cognitive complaints 
and fatigue in the DES group are above the clinical cut-off scores, the 
average score for depression is not clinically significant. Therefore, 
rather than overmedicalizing people, individually tailored, guided ex-
ercise training can be considered to decrease feelings of fatigue and 
depression (Momsen et al., 2022). In addition, there is positive evidence 
that suggests that physical exercise can also be used to decrease cogni-
tive difficulties (Sandroff et al., 2016), however more well-designed 
studies need to be carried out to definitely confirm this relationship. 
In addition, it is important for health care professionals to ascertain the 
amount of support that an individual with MS is currently receiving, 
both within and outside the work context. When needed, patients should 
be able to utilise resources such as vocational rehabilitation, job 
coaches, guidance from an occupational health physician or mental 
health professional to increase feelings of support and promote 
self-efficacy. 

However, as mentioned above, MS-related factors cannot be 
considered in isolation, and one size does not fit all. An individual with 
his/her own values, preferences and difficulties needs to be considered 
within a specific work setting within a bigger context. These analyses 
require an interdisciplinary patient-centered approach, including an 
occupational health physician, to tackle MS-related symptoms, and 
share knowledge on possible accommodations and legislations to facil-
itate a coordinated treatment and return to work/ stay at work plan. 

4.7. Strengths and limitations 

A strength of the current research is the longitudinal design, enabling 
the examination of clinical variables over the course of time. To the best 
of our knowledge, the current study is one of few studies applying a 
multilevel approach to clinical data of people with MS. This method 
enables integration of within-person variation to examine possible 
fluctuations over time, obtaining robust and clinically relevant infor-
mation (Veldhuijzen van Zanten et al., 2021). 

On the other hand, several limitations should be recognized. Firstly, 
the current sample consists of people with MS with relatively limited 
disability (Median EDSS=2.0), and the employment rate was high when 
compared to other studies incorporating work measures and mental 
health (Dorstyn et al., 2019). Moreover, participants scored low on 
measures such as depression and anxiety (below the clinical cut-off) and 
workplace support. These sample characteristics may be the result of a 
selection effect, and it could be challenged whether the current sample is 
representative of the entire MS population, raising the question of 
generalization. On the other hand, the current sample might be 

reflective of the specific clinical population working in the Netherlands. 
When compared to neighbouring countries, the Netherlands has a lower 
employment rate for people with MS, probably due to a relatively 
generous invalidity benefit. Moreover, people with MS more frequently 
work part time (Uitdehaag et al., 2017). These societal factors may 
impact decisions regarding work. The current results in this sample, 
characterised by limited disability, might therefore be particularly 
relevant for preventive occupational care. Future research should also 
include the type of work people do, given that job type might influence 
the feasibility of job maintenance. 

Secondly, the current study excluded people who were not proficient 
in Dutch, excluding people with low literacy. This tendency is often seen 
in clinical research and needs to be tackled to improve generalization to 
the entire population. 

Thirdly, we included 259 employed people with MS at baseline. 170 
people completed the three-year-measurements, indicating a dropout 
rate of 34% (as opposed to the expected 10% (van der Hiele et al., 2015) 
possibly affecting the validity of the results. Participants were compared 
to the drop out group on all disease-related, (neuro)psychological and, 
work contextual factors. The people who quit participating showed 
worse scores on anxiety, depression, fatigue, workplace support, both 
objective and cognitive complaints and more frequently used 
emotion-oriented coping (data not shown). There were no differences in 
EDSS and the usage of other coping styles. In the current study, we tried 
to facilitate participation by using online questionnaires which partici-
pants could pause and proceed at their own time. Additionally, neuro-
logical and neuropsychological assessments were combined with their 
routine hospital visits, and people received regular updates on the study 
using a newsletter. However, the current amount of questionnaires was 
relatively extensive which may have required more individually tailored 
attention to increase the intrinsic motivation. 

Fourthly, given that we did not include a control group we cannot 
affirm whether the current results are specific to the MS population or 
that similar trends may be observed in healthy people or people with 
other (chronic) illnesses. 

Finally, only the SDMT was included as a measurement of objective 
cognitive functioning. However, objective cognitive functioning obvi-
ously entails more than information processing speed. Hence the current 
operationalization can be considered an oversimplification of the 
concept objective cognitive functioning. Additionally, time was posi-
tively significantly associated with the SDMT scores, reflecting learning 
effects. 

5. Conclusion 

At baseline, more symptoms of depression, a higher impact of fa-
tigue, more cognitive complaints and less workplace support were 
related to a deterioration in employment status three years later. This 
suggests that timely identification of these factors is crucial to enable 
early intervention and prevent job loss in people with MS. MS-related 
disability, anxiety, objective cognition and coping styles were not 
related to a deterioration in employment status. Moreover, there were 
no differences in trajectories of disease-related, (neuro)psychological 
and work contextual factors between people with a stable and a dete-
riorated employment status. However, the current results are observed 
in a sample characterised by limited disability and stable clinical char-
acteristics working in a Dutch setting, which needs to be taken into 
account when interpreting the results. 
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De Dios Pérez, B., Radford, K., das Nair, R., 2022. Experiences of people with multiple 
sclerosis at work: towards the understanding of the needs for a job retention 
vocational rehabilitation intervention. Work 72 (1), 303–313. 

De Ridder, D.T.D., v. H, G.L., 2004. Handleiding coping inventory for stressful situations. 
Swets Test Publishers. 

van der Hiele, K., van Gorp, D.A., Heerings, M.A., van Lieshout, I., Jongen, P.J., 
Reneman, M.F., van der Klink, J.J., Vosman, F., Middelkoop, H.A., Visser, L.H., 
Group, M. S. W. S, 2015. The MS@Work study: a 3-year prospective observational 
study on factors involved with work participation in patients with relapsing- 
remitting Multiple Sclerosis. BMC Neurol. 15, 134. https://doi.org/10.1186/s12883- 
015-0375-4. 

D’Hooghe M, B., De Cock, A., Benedict, R.H.B., Gielen, J., Van Remoortel, A., Eelen, P., 
Van Merhaegen, A., De Keyser, J., D’Haeseleer, M., Peeters, E., & Nagels, G. (2019). 
Perceived neuropsychological impairment inversely related to self-reported health 
and employment in multiple sclerosis. Eur J Neurol, 26(12), 1447-1454. https://doi. 
org/10.1111/ene.14012. 

Dijkstra, M.W.M.C.S., Bieleman, H.J., Soer, R., Reneman, M.F., Gross, D.P., 2023. 
Exploring the Arena of Work Disability Prevention Model for Stay at Work Factors 
Among Industrial Workers: a scoping review. Occup. Health Sci. 7 (2), 321–352. 
https://doi.org/10.1007/s41542-022-00125-9. 

Dorstyn, D.S., Roberts, R.M., Murphy, G., Haub, R., 2019. Employment and multiple 
sclerosis: a meta-analytic review of psychological correlates. J. Health Psychol. 24 
(1), 38–51. https://doi.org/10.1177/1359105317691587. 

Endler, N., Parker, J.D., 1999. Coping Inventory for Stressful Situations (CISS): Manual 
Multi-Health Systems. Multi-Health Systems. 

Gerhard, L., Dorstyn, D.S., Murphy, G., Roberts, R.M., 2020. Neurological, physical and 
sociodemographic correlates of employment in multiple sclerosis: A meta-analysis. 
J. Health Psychol. 25 (1), 92–104. https://doi.org/10.1177/1359105318755262. 

van Gorp, D.A.M., van der Hiele, K., Heerings, M.A.P., Jongen, P.J., van der Klink, J.J.L., 
Reneman, M.F., Arnoldus, E.P.J., Beenakker, E.A.C., van Eijk, J.J.J., Frequin, S., de 
Gans, K., Hoitsma, E., Mostert, J.P., Verhagen, W.I.M., Zemel, D., Visser, L.H., 
Middelkoop, H.A.M., 2019. Cognitive functioning as a predictor of employment 
status in relapsing-remitting multiple sclerosis: a 2-year longitudinal study. Neurol. 
Sci. 40 (12), 2555–2564. https://doi.org/10.1007/s10072-019-03999-w. 

Grytten, N., Skar, A.B., Aarseth, J.H., Assmus, J., Farbu, E., Lode, K., Nyland, H.I., 
Smedal, T., Myhr, K.M., 2017. The influence of coping styles on long-term 
employment in multiple sclerosis: a prospective study. Mult. Scler. 23 (7), 
1008–1017. https://doi.org/10.1177/1352458516667240. 

Hartoonian, N., Terrill, A.L., Beier, M.L., Turner, A.P., Day, M.A., Alschuler, K.N., 2015. 
Predictors of anxiety in multiple sclerosis. Rehabil. Psychol. 60 (1), 91–98. https:// 
doi.org/10.1037/rep0000019. 

Holland, D.P., Schluter, D.K., Young, C.A., Mills, R.J., Rog, D.J., Ford, H.L., Orchard, K., 
group, T.O. s, 2019. Use of coping strategies in multiple sclerosis: association with 
demographic and disease-related characteristics(,.). Mult. Scler. Relat. Disord. 27, 
214–222. https://doi.org/10.1016/j.msard.2018.10.016. 

Honan, C.A., Brown, R.F., Hine, D.W., Vowels, L., Wollin, J.A., Simmons, R.D., Pollard, J. 
D., 2012. The multiple sclerosis work difficulties questionnaire. Mult. Scler. 18 (6), 
871–880. https://doi.org/10.1177/1352458511431724. 

Jones, N., Napier, C., Baneke, P., Bastin, G., Chandraratna, D., Paterson, S., 2016. Glob. 
MS Employ. Rep. 2016. 

Kobelt, G., Langdon, D., Jonsson, L., 2019. The effect of self-assessed fatigue and 
subjective cognitive impairment on work capacity: The case of multiple sclerosis. 
Mult. Scler. 25 (5), 740–749. https://doi.org/10.1177/1352458518769837. 

Kobelt, G., Thompson, A., Berg, J., Gannedahl, M., Eriksson, J., Group, M.S., European 
Multiple Sclerosis, P, 2017. New insights into the burden and costs of multiple 
sclerosis in Europe. Mult. Scler. 23 (8), 1123–1136. https://doi.org/10.1177/ 
1352458517694432. 

Kos, D., Kerckhofs, E., Nagels, G., D’Hooghe, B.D., Duquet, W., Duportail, M., 
Ketelaer, P., 2003. Assessing fatigue in multiple sclerosis: dutch modified fatigue 
impact scale. Acta Neurol. Belg. 103 (4), 185–191 https://www.ncbi.nlm.nih.gov/ 
pubmed/15008502.  

Krause, I., Kern, S., Horntrich, A., Ziemssen, T., 2013. Employment status in multiple 
sclerosis: impact of disease-specific and non-disease-specific factors. Mult. Scler. 19 
(13), 1792–1799. https://doi.org/10.1177/1352458513485655. 

Krokavcova, M., Nagyova, I., Van Dijk, J.P., Rosenberger, J., Gavelova, M., Middel, B., 
Szilasiova, J., Gdovinova, Z., Groothoff, J.W., 2010. Self-rated health and 
employment status in patients with multiple sclerosis. Disabil. Rehabil. 32 (21), 
1742–1748. https://doi.org/10.3109/09638281003734334. 

Kurtzke, J.F., 1983. Rating neurologic impairment in multiple sclerosis: an expanded 
disability status scale (EDSS). Neurology 33 (11), 1444–1452 https://www.ncbi.nlm. 
nih.gov/pubmed/6685237.  

Kuznetsova, A., Brockhoff, P.B., Christensen, R.H.B., 2017. lmerTest Package: tests in 
linear mixed effects models. J. Stat. Softw. 82 (13), 1–26. https://doi.org/10.18637/ 
jss.v082.i13. 

Lee, B., Rumrill, S., Reyes, A., McDaniels, B., 2022. The association between hope and 
employment among individuals with multiple sclerosis: a hierarchical logistic 
regression model. Work. https://doi.org/10.3233/WOR-211210. 

LeMoult, J., Gotlib, I.H., 2019. Depression: a cognitive perspective. Clin. Psychol. Rev. 
69, 51–66. https://doi.org/10.1016/j.cpr.2018.06.008. 

Loisel, P., Durand, M.J., Berthelette, D., Vezina, N., Baril, R., Gagnon, D., Lariviere, C., 
Tremblay, C., 2001. Disability prevention - New paradigm for the management of 
occupational back pain. Dis. Manag. Health Outcomes 9 (7), 351–360 https://doi. 
org/Doi 10.2165/00115677-200109070-00001.  

Lynch, S.G., Kroencke, D.C., Denney, D.R., 2001. The relationship between disability and 
depression in multiple sclerosis: the role of uncertainty, coping, and hope. Mult. 
Scler. 7 (6), 411–416. https://doi.org/10.1177/135245850100700611. 

E.E.A. van Egmond et al.                                                                                                                                                                                                                      

https://doi.org/10.1016/j.ibneur.2024.04.002
https://doi.org/10.18637/jss.v067.i01
https://doi.org/10.1191/1352458503ms861oa
https://doi.org/10.1191/1352458503ms861oa
https://doi.org/10.1371/journal.pone.0103317
https://doi.org/10.1016/j.msard.2020.102519
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref5
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref5
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref5
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref6
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref6
https://doi.org/10.1186/s12883-015-0375-4
https://doi.org/10.1186/s12883-015-0375-4
https://doi.org/10.1111/ene.14012
https://doi.org/10.1111/ene.14012
https://doi.org/10.1007/s41542-022-00125-9
https://doi.org/10.1177/1359105317691587
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref10
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref10
https://doi.org/10.1177/1359105318755262
https://doi.org/10.1007/s10072-019-03999-w
https://doi.org/10.1177/1352458516667240
https://doi.org/10.1037/rep0000019
https://doi.org/10.1037/rep0000019
https://doi.org/10.1016/j.msard.2018.10.016
https://doi.org/10.1177/1352458511431724
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref17
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref17
https://doi.org/10.1177/1352458518769837
https://doi.org/10.1177/1352458517694432
https://doi.org/10.1177/1352458517694432
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref20
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref20
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref20
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref20
https://doi.org/10.1177/1352458513485655
https://doi.org/10.3109/09638281003734334
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref23
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref23
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref23
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.18637/jss.v082.i13
https://doi.org/10.3233/WOR-211210
https://doi.org/10.1016/j.cpr.2018.06.008
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref27
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref27
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref27
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref27
https://doi.org/10.1177/135245850100700611


IBRO Neuroscience Reports 16 (2024) 518–526

526

Marck, C.H., Aitken, Z., Simpson, S., Jr, Weiland, T.J., Kavanagh, A., Jelinek, G.A., 2020. 
Predictors of Change in Employment Status and Associations with Quality of Life: a 
prospective international study of people with multiple sclerosis. J. Occup. Rehabil. 
30 (1), 105–114. https://doi.org/10.1007/s10926-019-09850-5. 

Meide, H.V., Gorp, D.V., van der Hiele, K., Visser, L., 2018. Always looking for a new 
balance": toward an understanding of what it takes to continue working while being 
diagnosed with relapsing-remitting multiple sclerosis. Disabil. Rehabil. 40 (21), 
2545–2552. https://doi.org/10.1080/09638288.2017.1342278. 

Momsen, A.H., Ortenblad, L., Maribo, T., 2022. Effective rehabilitation interventions and 
participation among people with multiple sclerosis: an overview of reviews. Ann. 
Phys. Rehabil. Med 65 (1), 101529. https://doi.org/10.1016/j.rehab.2021.101529. 

Morrow, S.A., Drake, A., Zivadinov, R., Munschauer, F., Weinstock-Guttman, B., 
Benedict, R.H., 2010. Predicting loss of employment over three years in multiple 
sclerosis: clinically meaningful cognitive decline. Clin. Neuropsychol. 24 (7), 
1131–1145. https://doi.org/10.1080/13854046.2010.511272. 

Oliva Ramirez, A., Keenan, A., Kalau, O., Worthington, E., Cohen, L., Singh, S., 2021. 
Prevalence and burden of multiple sclerosis-related fatigue: a systematic literature 
review. BMC Neurol. 21 (1), 468. https://doi.org/10.1186/s12883-021-02396-1. 

Polman, C.H., Reingold, S.C., Banwell, B., Clanet, M., Cohen, J.A., Filippi, M., 
Fujihara, K., Havrdova, E., Hutchinson, M., Kappos, L., Lublin, F.D., Montalban, X., 
O’Connor, P., Sandberg-Wollheim, M., Thompson, A.J., Waubant, E., 
Weinshenker, B., Wolinsky, J.S., 2011. Diagnostic criteria for multiple sclerosis: 
2010 revisions to the McDonald criteria. Ann. Neurol. 69 (2), 292–302. https://doi. 
org/10.1002/ana.22366. 

Povolo, C.A., Blair, M., Mehta, S., Rosehart, H., Morrow, S.A., 2019. Predictors of 
vocational status among persons with multiple sclerosis. Mult. Scler. Relat. Disord. 
36, 101411 https://doi.org/10.1016/j.msard.2019.101411. 

Raggi, A., Covelli, V., Schiavolin, S., Scaratti, C., Leonardi, M., Willems, M., 2016. Work- 
related problems in multiple sclerosis: a literature review on its associates and 
determinants. Disabil. Rehabil. 38 (10), 936–944. https://doi.org/10.3109/ 
09638288.2015.1070295. 

Salter, A., Thomas, N., Tyry, T., Cutter, G., Marrie, R.A., 2017. Employment and 
absenteeism in working-age persons with multiple sclerosis. J. Med Econ. 20 (5), 
493–502. https://doi.org/10.1080/13696998.2016.1277229. 

Sandroff, B.M., Motl, R.W., Scudder, M.R., DeLuca, J., 2016. Systematic, Evidence-Based 
Review of Exercise, Physical Activity, and Physical Fitness Effects on Cognition in 
Persons with Multiple Sclerosis. Neuropsychol. Rev. 26 (3), 271–294. https://doi. 
org/10.1007/s11065-016-9324-2. 

Schiavolin, S., Leonardi, M., Giovannetti, A.M., Antozzi, C., Brambilla, L., 
Confalonieri, P., Mantegazza, R., Raggi, A., 2013. Factors related to difficulties with 
employment in patients with multiple sclerosis: a review of 2002-2011 literature. Int 
J. Rehabil. Res 36 (2), 105–111. https://doi.org/10.1097/MRR.0b013e32835c79ea. 

Simmons, R.D., Tribe, K.L., McDonald, E.A., 2010. Living with multiple sclerosis: 
longitudinal changes in employment and the importance of symptom management. 
J. Neurol. 257 (6), 926–936. https://doi.org/10.1007/s00415-009-5441-7. 

Singer, J.D., Willett, J.B., 2003. Applied Longitudinal Data Analysis: Modeling change 
and event occurence. Oxford University Press. 

Smith, A., 1982. Manual for the Symbol digit modalities test. Western Psychological 
Services. 

Smith, M.M., Arnett, P.A., 2005. Factors related to employment status changes in 
individuals with multiple sclerosis. Mult. Scler. 11 (5), 602–609. https://doi.org/ 
10.1191/1352458505ms1204oa. 

Spinhoven, P., Ormel, J., Sloekers, P.P., Kempen, G.I., Speckens, A.E., Van Hemert, A.M., 
1997. A validation study of the Hospital Anxiety and Depression Scale (HADS) in 
different groups of Dutch subjects. Psychol. Med 27 (2), 363–370 https://www.ncbi. 
nlm.nih.gov/pubmed/9089829.  

Strober, L.B., Arnett, P.A., 2016. Unemployment among women with multiple sclerosis: 
the role of coping and perceived stress and support in the workplace. Psychol. Health 
Med 21 (4), 496–504. https://doi.org/10.1080/13548506.2015.1093645. 

Strober, L.B., Binder, A., Nikelshpur, O.M., Chiaravalloti, N., DeLuca, J., 2016. The 
Perceived Deficits Questionnaire: perception, Deficit, or Distress? Int J. MS Care 18 
(4), 183–190. https://doi.org/10.7224/1537-2073.2015-028. 

Ten Have, M., Tuithof, M., van Dorsselaer, S., Schouten, F., Luik, A.I., de Graaf, R., 2023. 
Prevalence and trends of common mental disorders from 2007-2009 to 2019-2022: 
results from the Netherlands Mental Health Survey and Incidence Studies 
(NEMESIS), including comparison of prevalence rates before vs. during the COVID- 
19 pandemic. World Psychiatry 22 (2), 275–285. https://doi.org/10.1002/ 
wps.21087. 

Uitdehaag, B., Kobelt, G., Berg, J., Capsa, D., Dalen, J., European Multiple Sclerosis, P, 
2017. New insights into the burden and costs of multiple sclerosis in Europe: results 
for the Netherlands. Mult. Scler. 23 (2_suppl), 117–129. https://doi.org/10.1177/ 
1352458517708663. 

Veldhuijzen van Zanten, J., Douglas, M.R., Ntoumanis, N., 2021. Fatigue and fluctuations 
in physical and psychological wellbeing in people with multiple sclerosis: a 
longitudinal study. Mult. Scler. Relat. Disord. 47, 102602 https://doi.org/10.1016/j. 
msard.2020.102602. 

Vijayasingham, L., Mairami, F.F., 2018. Employment of patients with multiple sclerosis: 
the influence of psychosocial-structural coping and context. Degener. Neurol. 
Neuromuscul. Dis. 8, 15–24. https://doi.org/10.2147/DNND.S131729. 

Vitturi, B.K., Rahmani, A., Dini, G., Montecucco, A., Debarbieri, N., Bandiera, P., 
Ponzio, M., Battaglia, M.A., Persechino, B., Inglese, M., Durando, P., 2022. Stigma, 
Discrimination and Disclosure of the Diagnosis of Multiple Sclerosis in the 
Workplace: a Systematic Review. Int J. Environ. Res Public Health 19 (15). https:// 
doi.org/10.3390/ijerph19159452. 

Wickham, H., 2009. Ggplot2 Elegant Graphics for Data Analysis, 2nd edition. Springer. 

E.E.A. van Egmond et al.                                                                                                                                                                                                                      

https://doi.org/10.1007/s10926-019-09850-5
https://doi.org/10.1080/09638288.2017.1342278
https://doi.org/10.1016/j.rehab.2021.101529
https://doi.org/10.1080/13854046.2010.511272
https://doi.org/10.1186/s12883-021-02396-1
https://doi.org/10.1002/ana.22366
https://doi.org/10.1002/ana.22366
https://doi.org/10.1016/j.msard.2019.101411
https://doi.org/10.3109/09638288.2015.1070295
https://doi.org/10.3109/09638288.2015.1070295
https://doi.org/10.1080/13696998.2016.1277229
https://doi.org/10.1007/s11065-016-9324-2
https://doi.org/10.1007/s11065-016-9324-2
https://doi.org/10.1097/MRR.0b013e32835c79ea
https://doi.org/10.1007/s00415-009-5441-7
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref41
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref41
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref42
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref42
https://doi.org/10.1191/1352458505ms1204oa
https://doi.org/10.1191/1352458505ms1204oa
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref44
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref44
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref44
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref44
https://doi.org/10.1080/13548506.2015.1093645
https://doi.org/10.7224/1537-2073.2015-028
https://doi.org/10.1002/wps.21087
https://doi.org/10.1002/wps.21087
https://doi.org/10.1177/1352458517708663
https://doi.org/10.1177/1352458517708663
https://doi.org/10.1016/j.msard.2020.102602
https://doi.org/10.1016/j.msard.2020.102602
https://doi.org/10.2147/DNND.S131729
https://doi.org/10.3390/ijerph19159452
https://doi.org/10.3390/ijerph19159452
http://refhub.elsevier.com/S2667-2421(24)00036-8/sbref52

	Longitudinal determinants of employment status in people with relapsing-remitting multiple sclerosis
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Procedure
	2.3 Materials
	2.3.1 Disease related factors
	2.3.2 (Neuro)psychological factors
	2.3.3 Work context
	2.3.4 Demographic characteristics

	2.4 Statistical analyses

	3 Results
	3.1 Participants
	3.2 Multilevel models for EDSS
	3.2.1 CGM (Model 4)

	3.3 Multilevel models for anxiety
	3.3.1 CGM (Model 4)

	3.4 Multilevel models for depression
	3.4.1 CGM (Model 4)

	3.5 Multilevel models for the impact of fatigue
	3.5.1 CGM (Model 4)

	3.6 Multilevel models for cognitive complaints
	3.6.1 CGM (Model 4)

	3.7 Multilevel models for objective cognition
	3.7.1 CGM (Model 4)

	3.8 Multilevel models for supportive workplace
	3.8.1 CGM (Model 4)

	3.9 Multilevel models for task-oriented coping
	3.9.1 CGM (Model 4)

	3.10 Multilevel models for emotion-oriented coping
	3.10.1 CGM (Model 4)

	3.11 Multilevel models for avoidance oriented coping
	3.11.1 CGM (Model 4)


	4 Discussion
	4.1 Employment status in relation to (neuro)psychological factors
	4.2 Employment status in relation to work-related factors
	4.3 Employment status in relation to disease-related factors
	4.4 Employment status in relation to growth trajectories of disease-related, (neuro)psychological and work-related factors
	4.5 Implications for future research
	4.6 Implications for clinical practice
	4.7 Strengths and limitations

	5 Conclusion
	CRediT authorship contribution statement
	Funding
	Declaration of Competing Interest
	Acknowledgements
	Appendix A Supporting information
	References


