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A B S T R A C T   

Background: Unemployment is common among people with multiple sclerosis (pwMS) and has been associated 
with subjective cognitive difficulties, specifically in memory, attention, and executive functioning. However, 
longitudinal research on subjective cognitive difficulties and employment is scarce. 
Objective: We investigated whether subjective cognitive impairment (SCI), based on the clinical cut-off score of 
the MS Neuropsychological Screening Questionnaire (MSNQ), was associated with work status and negative 
work events (NWE) at baseline and after 2 years. Moreover, we investigated whether four MSNQ subdomains 
were related to work status and NWE. 
Methods: 287 participants (77.4% female, median age = 42 years) completed questionnaires on subjective 
cognitive functioning, depression, anxiety, and fatigue, and completed the Symbol Digit Modalities Test (SDMT). 
After baseline comparisons, logistic regression analyses were performed, with work status and NWE at baseline, 
and employment change and NWE change within 2 years after baseline as dependent variables. Independent 
variables included SCI and the MSNQ domains. Covariates anxiety, depression, fatigue, and SDMT were added. 
Results: SCI, depression and anxiety were associated with work status (Nagelkerke R2 

= .286), but only SCI was 
associated with employment change (Nagelkerke R2 = .164). No predictors were associated with NWE at baseline 
or follow-up. In addition, no MSNQ subdomain was related to work status, employment change or NWE. 
Conclusion: Unemployed pwMS and pwMS with a deteriorated work status reported more cognitive difficulties 
after 2 years than employed pwMS or pwMS with a stable work status. In addition, depression, and anxiety were 
associated with work status.  

* Correspondence to: Amsterdam UMC, location VUmc, Polikliniek Neurologie, attn. J. van Wegen, Postbus 7700, 1000 SN Amsterdam, the Netherlands. 
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Background 

Multiple sclerosis (MS) is one of the most common neurological 
diseases among young and middle-aged adults and often causes sensory 
deficits, reduced mobility and impaired cognition (Reich et al., 2018). 
Within 5 or 10 years after diagnosis, the majority of people with MS 
(pwMS) will develop work related issues as a consequence of MS or 
become unemployed (Uccelli et al., 2009). Reported unemployment 
rates among pwMS vary between 24% and 80% (Julian et al., 2008). 

Impaired cognitive functioning is a common symptom of MS, 
affecting 43-70% of pwMS (Chiaravalloti & DeLuca, 2008). Cognitive 
difficulties, particularly with executive functioning, information pro
cessing speed and memory, have been recurrently connected to unem
ployment and negative work events (NWEs) among pwMS (Benedict 
et al., 2014; Clemens & Langdon, 2018; Honan et al., 2015; Strober 
et al., 2014; Van Gorp et al., 2019). In fact, for pwMS whose physical 
abilities are still unaffected by MS, cognitive impairment alone can 
negatively affect work performance, which might eventually lead to 
unemployment (Baughman et al., 2015). Additionally, pwMS who 
experience NWEs are more likely to become unemployed (Frndak et al., 
2015). In general, a distinction can be made between subjective cogni
tive difficulties and objective cognitive deficits, although this distinction 
is not always reflected in occupational literature and many studies only 
speak of cognitive symptoms (Vitturi et al., 2022). It is estimated that 
between 11.6% and 41.0% of pwMS experience subjective cognitive 
difficulties (Jelinek et al., 2019), which is elevated in comparison with 
healthy population (Benedict et al., 2004). They have the experience 
that their cognitive abilities have deteriorated, which often has a huge 
impact on their daily life, as normal daily activities now exceeding their 
cognitive abilities are hampered. Not all pwMS who experience cogni
tive difficulties also have measurable objective cognitive disturbances. 
Thus, for some pwMS, there is a discrepancy between how they expe
rience their cognitive abilities and how they objectively perform on 
cognitive tests. In the literature, some studies report a relationship be
tween subjective and objective cognitive difficulties (Benedict & Ziva
dinov, 2006; Nauta et al., 2019; Thomas et al., 2022), while others find 
no such correlation in pwMS (Benedict et al., 2003; Christodoulou et al., 
2005). In these cases, subjective cognitive difficulties rather relate with 
other MS-related symptoms, such as depression, anxiety, or fatigue 
(Strober et al., 2016). 

While more studies have investigated objective cognitive deficits and 
their influence on employment in MS, fewer studies have researched the 
influence of subjective cognitive difficulties on employment. Previous 
studies that have investigated the relationship between subjective 
cognitive difficulties and work status focused on self-reported general 
cognitive difficulties (D’hooghe et al., 2019; Julian et al., 2008; Kobelt 
et al., 2019; Kordovski et al., 2015; Roessler et al., 2001), or 
self-reported cognitive difficulties in one specific domain, such as 
self-reported difficulties with memory, executive functioning, attention, 
or concentration (Carrieri et al., 2014; Flensner et al., 2013; Honan 
et al., 2015; Moore et al., 2013; Van der Hiele et al., 2014; Van der Hiele 
et al., 2015a, 2015b). To our knowledge, no studies have considered 
subjective cognitive difficulties in several domains simultaneously. 
Therefore, the intention of the current study was to examine the asso
ciation between subjective cognitive impairment and both work status 
and NWEs among pwMS. We considered cognitive difficulties in several 
domains independently to identify specific domains of subjective 
cognitive difficulties, if any, that relate to work status or NWEs. In 
addition, we examined whether these subjective cognitive difficulties 
could predict a deterioration in work status or an increase in NWEs 
within two years after baseline. Finally, because subjective cognitive 
difficulties are correlated with depressive symptoms, anxiety and fatigue 
(D’hooghe et al., 2019; Henneghan et al., 2017; Kinsinger et al., 2010; 
Lamis et al., 2018; Strober et al., 2016), the contribution of these 
covariates to work status and NWEs, in addition to the subjective 
cognitive difficulties, was also explored. 

Methods 

Design and procedure 

For this study, empirical data from pwMS that were tested in light of 
the MS@Work study were used (Van der Hiele et al., 2015a, 2015b). The 
MS@Work study is a three-year longitudinal follow-up on factors related 
to work participation among people with relapsing-remitting MS. It 
included N = 287 pwMS and N = 134 healthy controls. The pwMS 
participating in the study were recruited from 16 MS outpatient clinics 
throughout the Netherlands. They were all diagnosed with 
relapsing-remitting MS, had no comorbid psychiatric or neurological 
disorders and were over 18 years old. They were either employed or 
within three years of their last employment. PwMS who were unable to 
speak Dutch were excluded from participation. For the healthy controls, 
the same inclusion criteria applied, except that the controls were not 
suffering from a chronic disorder. 

Participants completed several online questionnaires every year for a 
period of three years. These questionnaires focused on demographic and 
disease characteristics, self-reported occupational and daily functioning, 
depression, anxiety, and the impact of fatigue. At their outpatient clinic, 
participants received both neurological and neuropsychological exami
nations. The data used for the current study are the baseline data and the 
two-year measure data. 

Participants 

All pwMS participating in the MS@Work study (N = 287, 77.4% 
female) were included in this study. Of the pwMS who were employed at 
baseline (N = 250), 187 pwMS completed measurements after 2 years. 
They were divided into either having a stable employment status (SES) 
two years after baseline (N = 152) or having a deteriorated employment 
status (DES) two years after baseline (N = 35). Employed pwMS who 
completed questionnaires on NWEs after 2 years (N = 171) were divided 
into having a stable number of NWEs (stable NWE, N = 142) or having 
an increased number of NWEs (increased NWE, N = 15) after excluding 
self-employed pwMS (N = 14). Classification details can be found under 
“Employment”. The number of working hours per week ranged from 6 to 
60. Two participants were enrolled in a part-time study. 

Measures 

Table 1 shows an overview of the measures used for the data anal
ysis. One additional variable was used for the baseline comparisons, 
namely the Expanded Disability Status Scale (EDSS), which was used to 
evaluate disability as a result of MS. Its score ranges from 0, meaning 
someone has a normal neurological examination, to 10, which means 
death due to MS (Kurtzke, 1983). 

Subjective cognitive functioning 
Subjective cognitive difficulties were assessed using the Multiple 

Sclerosis Neuropsychological Screening Questionnaire © (MSNQ). The 
MSNQ consists of 15 questions, developed to assess self-reported 
cognitive functioning and neuropsychiatric complaints in MS across 
several categories (Benedict et al., 2003), and has been used as such in 
several previous studies (Benedict et al., 2014; Campbell et al., 2017; 
D’hooghe et al., 2019, 2020; Mäntynen et al., 2014; O’Brien et al., 
2007). Although the MSNQ also includes questions about neuropsychi
atric functioning (question 13, 14, 15, see Table 2), its focus lies on 
cognitive complaints and therefore we will refer to this measure as 
‘subjective cognitive impairment’ (SCI) in this study. Participants were 
required to rate each question on a scale from 0 (never) to 4 (very often), 
resulting in a total score ranging from 0 to 60, in which a high score 
indicates more severe self-reported cognitive impairment. The items 
correlated strongly with one another in our sample: the lowest corre
lation was found between item 4 and item 14 (r = 0.124, p < .01) and the 
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highest between item 8 and item 9 (r = 0.729, p < .01). Correlations of 
above .70 may indicate that two items assess the same construct, which 
is undesirable in a regression analysis (Meyers et al., 2013). Therefore, it 
was decided to combine the questions into separate variables by means 
of summation of their scores. Thus, new variables were created based on 
the four categories outlined by Benedict et al. (2003). See Table 2 for 
descriptions of the questions and their categories. Finally, pwMS were 
classified as having subjective cognitive impairment when their total 
MSNQ score was 27 or higher (Nauta et al., 2019). 

Employment 
For employment, four dichotomous variables were used. Firstly, 

work status was used to distinguish participants into being in paid 
employment and into being unemployed at baseline (self-employment 
included). Secondly, the variable ‘employment change’ was used to 
divide pwMS who were employed at baseline into having a stable 
employment status two years after baseline (SES) and having a deteri
orated employment status 2 years after baseline (DES) (Morrow et al., 
2010). A participant was regarded to be a part of the DES group if they 
had stopped working altogether as a result of MS or if their working 
hours decreased by at least 20% since baseline (Van Gorp et al., 2019). 
This second variable was introduced to detect more subtle changes in 
work status, on a longitudinal basis. The third variable is ‘negative work 
events’ (NWE), which is a measure of problems and/or accommodations 
in the work environment as a result of impaired functioning due to MS 
(Benedict et al., 2014). A participant scored 1 for NWE if they experi
enced one of the following NWEs in the past 3 months: decrease in 
scheduled work hours, verbal criticism for errors, formal discipline, 
mandatory additional retraining, asked to work extra hours to finish 
tasks, or diminution of job responsibilities (Van der Hiele et al., 2016). 
Since these experiences are not applicable for self-employed pwMS, 
these were excluded from the variable. The final employment variable is 
‘negative work events change’ (NWE change). Participants scored 1 for 
NWE change when they reported a higher number of NWEs in the past 3 
months at the 2-year measurement compared to baseline. Participants 
who had the same or fewer NWEs were classified as 0. 

Covariates 
Depression, anxiety and fatigue were included in the analysis as 

covariates, because they appear to be related to subjective cognitive 
difficulties (Strober et al., 2016). Depression and anxiety were assessed 
using the Hospital Anxiety and Depression Scale (HADS) (Zigmond & 
Snaith, 1983). This questionnaire, consisting of 14 questions, gives a 
total score for anxiety and a total score for depression. Higher scores 
indicate more symptoms of anxiety and depression. The impact of fa
tigue on daily functioning was assessed using the Modified Fatigue 
Impact Scale (MFIS) (Kos et al., 2003). This questionnaire consists of 21 
questions with higher scores indicating a higher impact of fatigue on 
physical, cognitive, and psychosocial functioning. Objective cognitive 
functioning was added as an additional covariate, to evaluate whether 
this would alter the influence of subjective cognitive functioning. 
Objective cognitive functioning was measured by the Symbol Digit 
Modalities Test (SDMT). For this test, participants are asked to pair a 
sequence of random symbols with the correct single digit, based on a 
given key that indicates which digit (ranging from 1 to 9) should match 
which symbol (Smith, 1982). More correct pairs identified within 90 s 
result in a higher score, indicating better cognitive performance. 
Although the SDMT is a measure of information processing speed and is 
thus a simplistic measure of cognition, the test has been shown to reli
ably measure general cognition in pwMS (Benedict et al., 2017; Strober 
et al., 2009; Strober et al., 2019). 

Analysis 

First, baseline comparisons and correlations were calculated for 
descriptive purposes. Independent sample t-tests (for normally distrib
uted variables), Mann-Whitney tests (for not normally distributed vari
ables) and chi-square independence tests (for categorical variables) 
were performed to determine which independent variables differed 
statistically significantly between the groups (employed vs. unem
ployed, SES vs. DES, NWE vs. no NWE and stable NWE vs. increased 
NWE). Subsequently, only statistically significant items (p <= .05) were 
added to eight logistic regression models. Predictors were regarded as 
borderline significant if their p-value was p < = .06. The logistic 
regression analyses used work status, employment change, NWE, and 
NWE change as outcome measures. The aim of the first analysis was to 

Table 1 
Overview of the measures used for the analysis.  

Variable Measure 

Subjective cognitive functioning:  
Multiple Sclerosis 

Neuropsychological Screeningn 
Questionnaire (MSNQ) 

Score 0–4 for each question 

Domains Scores per domain 
Attention and information 

processing 
Score 0–12 

Memory Score 0–20 
Other cognitive ability Score 0–16 
Personality and behaviour (social 

cognition) 
Score 0–12 

Subjective cognitive impairment (SCI) 0 (MSNQ < 27), 1 (MSNQ >= 27) 
Employment:  

Work status 0 (no paid job), 1 (paid job, irrespective 
of number of working hours, parttime 
students and self-employment included) 

Employment change 0 (stable work status after 2 years), 1 
(deteriorated work status after 2 years) 

Negative work events (NWE) 0 (no NWEs), 1 (>= 1 NWEs) 
Negative work events change (NWE 

change) 
0 (stable number of NWEs after 2 years), 
1 (increased number of NWEs after 2 
years) 

Covariates:  
Hospital Anxiety and Depression 

Scale (HADS) 
Depression total score (0–21) 
Anxiety total score (0–21) 

Modified Fatigue Impact Scale 
(MFIS) 

Total score (0–84) 

Symbol Digit Modalities Test 
(SDMT) 

Total number of correct digits within 60 
s (0–110)  

Table 2 
Descriptions of questions included in the MSNQ questionnaire (Benedict et al., 
2003).  

Number Question Category 

1 Distractibility Attention and information 
processing 

2 Thoughts wandering off while listening to 
someone 

Attention and information 
processing 

3 Slow in solving problems Attention and information 
processing 

4 Forgetting appointments or commitments Memory 
5 Forgetting what one just read Memory 
6 Having trouble describing recently 

watched tv programs 
Memory 

7 Requiring that instructions get repeated Memory 
8 Needing to be reminded of tasks Memory 
9 Forgetting groceries or other tasks that 

were planned 
Other cognitive ability 

10 Struggle to answer questions coherently Other cognitive ability 
11 Struggle to follow two things at the same 

time 
Other cognitive ability 

12 Sometimes missing the point that 
someone is trying to make 

Other cognitive ability 

13 Sometimes struggle to control oneself Personality and behaviour 
14 Crying or laughing without clear reason Personality and behaviour 
15 Talking too much or being too focused on 

one’s own business 
Personality and behaviour  
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evaluate whether being classified as cognitively impaired based on the 
MSNQ is associated with the work status of pwMS. The second analysis 
was done in order to determine which, if any, subjective cognitive dif
ficulties in a specific cognitive domain were associated with being 
employed or unemployed. For pwMS who were employed at baseline, 
the goal of the third and fourth analysis was to determine whether their 
work status would remain stable or deteriorate within two years after 
the baseline measure based on whether they have subjective cognitive 
impairment (SCI) on one hand, and their score on the MSNQ categories 
on the other hand. The fifth and sixth analysis aimed at determining 
whether pwMS experience NWEs based on the MSNQ categories and SCI 
respectively. The final two analyses were conducted to see if the pre
dictors were able to distinguish pwMS into having a stable or increased 
number of NWE after 2 years. In all regression analyses, independent 
variables were added in blocks to the models. The first block consisted of 
demographics, i.e., sex, age, and educational level. The second block 
consisted of the covariates depression, anxiety, fatigue and objective 
cognitive functioning, and the final block consisted of SCI or the MSNQ 
categories. For an overview of the analyses, see Table 3. IBM SPSS for 
Mac (version 26) was used for the statistical analyses. It was decided not 
to correct for multiple testing given the exploratory nature of the 
analyses. 

Results 

Baseline comparisons 

Baseline comparisons between unemployed and employed 
(employed divided into SES group and DES group) pwMS are visualised 
in Table 4. There were no statistically significant differences in gender, 

age, educational level, and disease duration between employed and 
unemployed pwMS, and between the SES group and the DES group. 
Unemployed pwMS had a higher EDSS score than employed pwMS (t 
(254) = − 2.96, p < .01). PwMS in the DES group had a higher EDSS 
score than pwMS in the SES group (t(40.8) = 2.57, p < .05). Further
more, pwMS with a deteriorated work status two years after baseline, 
already worked statistically significantly fewer hours at baseline than 
pwMS whose work status remained stable over two years (t(178) =
− 2.36, p < .05), which could be related to their higher EDSS score at 
baseline. 

For the MSNQ categories, unemployed pwMS had a statistically 
significantly higher score than employed pwMS for all MSNQ categories. 
PwMS in the DES group had a statistically significantly higher score than 
the SES group on all categories except for attention and information 
processing. Regarding SCI, 76.5% of unemployed pwMS had subjective 
cognitive impairment. For employed pwMS, this was the case for 20 % of 
the SES group and 48.6% of the DES group (27% for all employed 
pwMS). PwMS in the DES group were statistically significantly more 
often classified as having subjective cognitive impairment than pwMS in 
the SES group (Pearson χ2(1) = 12.22, p < .01). As for the covariates, 
there was a difference between employed and unemployed pwMS with 
regard to anxiety (U = 3023.5, p < .05), whereas there was no difference 
in anxiety scores between pwMS in the SES group and pwMS in the DES 
group. Reversely, for the SDMT score, there was a statistically significant 
difference between SES and DES groups (t(181) = − 1.99, p < .05), but 
not between employed and unemployed pwMS. However, for depression 
and fatigue there were statistically significant differences between 
employed and unemployed pwMS (U = 1993.5, p < .01 and t(263) =
5.10, p < .01 respectively), and SES and DES groups (U = 1922.5, p < .05 
and t(183) = 3.00, p < .01 respectively). Baseline comparisons for NWE 
and NWE change can be found in the appendix (Table 11 and Table 12 
respectively). 

Correlations 

Correlations between the total MSNQ score and the covariates are 
visualized in Table 5. Statistically significant correlations for employed 
but not for unemployed pwMS were found between MSNQ total and 
anxiety, MSNQ total and depression, and anxiety and fatigue (p > .05). 
Furthermore, the total MSNQ score was statistically significantly 
correlated with anxiety, depression, and fatigue, but only in employed 
pwMS (r = 0.52, p < .01; r = 0.45, p < .01; r = 0.61, p < .10 respec
tively). Finally, in our sample objective cognitive functioning (i.e., 
SDMT total) was not correlated with any of the other covariates, nor 
with the total MSNQ score. 

Logistic regression analyses 

In total, eight logistic regression analyses were performed. The first 
two regressions used work status as dependent variable. None of the 
demographic variables gender, age, and educational level, as well as the 
SDMT score, differed statistically significantly between employed and 
unemployed pwMS. Thus, the first block of these regressions consisted of 
the covariates anxiety, depression and fatigue. This model was statisti
cally significant (χ2(3) = 33.00, p < .001) and explained 22% of the 
variance (Nagelkerke R2 =.219). In this step of the regression, depression 
(B = − 0.196, p = .008) and fatigue (B = − 0.054, p = .001) were sta
tistically significant correlates of work status. Adding subjective cogni
tive impairment in the second block improved the model (Block χ2(1) =
11.06, p < .001). This final model (Model χ2(4) = 44.05, p < .001) 
explained statistically significantly more variance than the first model 
(Nagelkerke R2 = .286). Anxiety (B = 0.146, p = .050), depression (B =
− 0.173, p = .025) and SCI (B = − 1.601, p = .001) statistically signifi
cantly contributed to work status (see Table 6). 

The second regression also used work status as dependent variable. 
Again, the first block of the regression consisted of the covariates 

Table 3 
Overview of the analyses performed.  

Analysis Type Dependent variable Predictors (if p 
<= .05) 

1 Logistic 
regression 

Work status (employed/ 
unemployed) 

Block 1: 
demographics 
Block 2: covariates 
Block 3: SCI 

2 Logistic 
regression 

Work status (employed/ 
unemployed) 

Block 1: 
demographics 
Block 2: covariates 
Block 3: MSNQ 
categories 

3 Logistic 
regression 

Employment change (SES/DES) Block 1: 
demographics 
Block 2: covariates 
Block 3: SCI 

4 Logistic 
regression 

Employment change (SES/DES) Block 1: 
demographics 
Block 2: covariates 
Block 3: MSNQ 
categories 

5 Logistic 
regression 

Negative work events (NWE/no 
NWE) 

Block 1: 
demographics 
Block 2: covariates 
Block 3: SCI 

6 Logistic 
regression 

Negative work events (NWE/no 
NWE) 

Block 1: 
demographics 
Block 2: covariates 
Block 3: MSNQ 
categories 

7 Logistic 
regression 

Negative work events change 
(stable NWE/increased NWE) 

Block 1: 
demographics 
Block 2: covariates 
Block 3: SCI 

8 Logistic 
regression 

Negative work events change 
(stable NWE/increased NWE) 

Block 1: 
demographics 
Block 2: covariates 
Block 3: MSNQ 
categories  
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anxiety, depression and fatigue, of which depression (B = − 0.196, p =
.008) and fatigue (B = − 0.054, p = .001) were statistically significant 
predictors of work status. Adding the MSNQ categories in the second 
block, improved the model (Block χ2(4) = 14.22, p = .007). This final 
model (Model χ2(7) = 47.22, p < .000) explained statistically signifi
cantly more variance than the first model (Nagelkerke R2 = .305). Only 
depression statistically significantly contributed to work status (B =
− 0.181, p = .018). The contribution of attention and information pro
cessing was borderline significant (B = − 0.313, p = .053) (see Table 7). 

The third logistic regression analysis used employment change as 
dependent variable and thus only included pwMS who were employed at 
baseline. None of the demographic variables gender, age, and educa
tional level differed statistically significantly between the SES and DES 

groups. Depression, fatigue, and the total SDMT score were added in the 
first block, since the groups did not differ statistically significantly in 
anxiety. This resulted in a statistically significant model (χ2(3) = 15.14, 
p = .002) explaining 13% of the variance (Nagelkerke R2 = .130). In this 
model, fatigue was a statistically significant predictor of employment 
change (B = 0.032, p = .032). Subjective cognitive impairment was 
added in the second block, which improved the model (Block χ2(1) =
4.26, p = .039). In this final model (see Table 8), SCI statistically 
significantly predicted a deterioration in work status after 2 years (B =
1.021, p = .039). 

The fourth regression also used employment change as dependent 
variable. In the first block, covariates depression, fatigue and SDMT 
score were added to the model. This model was statistically significant 

Table 4 
Baseline comparisons in demographics, MS-related characteristics, work measures, MSNQ items and covariates between SES (N = 152) and DES (N = 35), and between 
employed (N = 250) and unemployed (N = 37) pwMS.   

MS, employed at baseline MS, unemployed at baseline  
SES DES Test 

statistica  
Test 
statisticb  

%, mean (SD) or median (IQR), min-max %, mean (SD) or median (IQR), min- 
max  

%, mean (SD) or median 
(IQR), min-max  

Demographics      
Gender (% female)d 75.7% 82.9% .83 78.4% .03 
Agec 42.0 (8.9), 21-63 43.3 (9.6), 21-60 .73 42.6 (9.5), 21-59 .41 
Educational leveld Low (15.8%), middle (36.8%), high 

(47.4%) 
Low (14.3%), middle (34.3%), high 
(51.4%) 

.19 Low (13.5%), middle 
(56.8%), high (29.7%) 

3.80 

MS-related characteristics      
EDSS (range 0-10)c 1.9 (1.1), 0-6 2.6 (1.4), 0-6 2.57* 2.8 (1.4), 0-6 -2.96** 

Disease duration (years)e 5.0 (8.0),.0-26 5.0 (9.0), 0-24 1903.5 4.0 (13.0),.0-18 3265.0 
Work measures      
Number of work hours per weekc 27.7 (11.4), 6-60 22.5 (11.2), 0-40 -2.36* - - 
Type of workd Mostly physical (11.0%), mostly mental 

(55.9%), both physical and mental 
(33.1%) 

Mostly physical (8.0%), mostly mental 
(68.0%), both physical and mental 
(24.0%) 

1.25 - - 

MSNQ categories      
Attention and information 

processingc 
5.0 (2.0) 5.4 (1.9) 1.80 7.4 (2.2) -5.77** 

Memoryc 6.8 (3.9) 8.7 (3.8) 2.66** 11.2 (4.0) -5.46** 

Other cognitive abilityc 5.2 (2.9) 6.7 (2.8) 2.53* 8.7 (3.2) -5.78** 

Personality and behavioure 3.0 (3.0) 3.0 (3.3) 2047.5* 3.5 (3.0) 3003.0* 
Subjective cognitive impairment 

(SCI) (% MSNQ >= 27)d 
20.0% 48.6% 12.22** 76.5% 32.91** 

Covariates      
Anxietye 5.0 (4.0) 5.0 (5.0) 2301.0 7.0 (5.0) 3023.5* 
Depressione 2.0 (3.0) 3.5 (5.0) 1922.5* 6.0 (7.0) 1993.5** 

Fatiguec 32.3 (14.6) 41.9 (17.2) 3.00** 48.7 (14.2) 5.10** 

SDMTc 54.6 (8.1) 51.1 (8.5) -1.99* 51.2 (9.8) -1.51 

SES: stable employment status; DES: deteriorated employment status; EDSS: Expanded Disability Status Scale; MSNQ: Multiple Sclerosis Neuropsychological Screening 
Questionnaire; SD: standard deviation; IQR: interquartile range. 

a Test statistic comparing SES and DES groups. 
b Test statistic comparing employed and unemployed pwMS. 
c Independent samples t-test was used for comparing groups. Mean (SD) are reported. 
d Chi-square independence test was used for comparing groups. 
e Non-parametric Mann-Whitney test was used for comparing groups. Median (IQR) are reported. 
* p <.05. 
** p <.01. 

Table 5 
Spearman correlations between the total MSNQ score and the covariates anxiety, depression, fatigue, and SDMT for employed and unemployed pwMS.  

Variable MSNQ total Anxiety Depression Fatigue SDMT total  

E U E U E U E U E U 
MSNQ total – – 0.52** 0.16 0.45** 0.33 0.61** 0.41* -0.09 -0.24 
Anxiety   – – 0.59** 0.59** 0.45** 0.25 0.04 0.22 
Depression     – – 0.55** 0.47** -0.12 -0.04 
Fatigue       – – -0.11 -0.24 
SDMT total         – – 

MSNQ: Multiple Sclerosis Neuropsychological Screening Questionnaire; SDMT: Symbol Digit Modalities Test; E: employed; U: unemployed. 
* p < .05. 
** p < .01. 
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(χ2(3) = 15.14, p = .002) and explained 13% of the variance (Nagelkerke 
R2 = .130). As for the MSNQ categories, memory, other cognitive ability, 
and personality and behaviour differed statistically significantly be
tween the SES group and DES group (see Table 4). Thus, these variables 
were added in the second block. However, this step did not improve the 

model (Block χ2(3) = 1.49, p = .684). Thus, the first model was optimal. 
In this model (see Table 9), fatigue contributes statistically significantly 
to a deteriorated work status after 2 years (B = 0.032, p = .032). 

The fifth and sixth logistic regression analyses used NWE as depen
dent variable. None of the demographic variables gender, age, and 
educational level differed statistically significantly between pwMS who 
did and did not experience NWEs at baseline. The two groups did not 
differ statistically significantly in SDMT scores, so anxiety, depression, 
and fatigue were added in the first block. This model was statistically 
significant (χ2(3) = 8.544, p = .036), explaining 6.0% of the variance in 
NWE (Nagelkerke R2 =.060), but no predictors were statistically signif
icant. Then, subjective cognitive impairment was added in the second 
block, but this did not improve the model (Block χ2(1) = 0.777, p =
.378). In the sixth analysis, all four MSNQ categories were added in the 
second step, but this did not improve the model either. Thus, for both 
analyses, the final model only included anxiety, depression, and fatigue 
(see Table 10). 

The seventh and eighth logistic regression analysis used NWE change 
as outcome variable. None of the variables of interest (demographic 
variables, MSNQ categories, SCI, and covariates) differed statistically 
significantly between the two groups. Therefore, no analysis was 
performed. 

Discussion 

This study aimed to evaluate whether SCI was associated with work 
status and/or NWE among pwMS. An association between SCI and work 
status was indeed found in our sample. We moreover attempted to 
identify subjective cognitive difficulties in a specific domain that related 
to work status or NWE among pwMS, however, no specific domain of 
cognitive difficulties could be identified. Additionally, our goal was to 
examine whether SCI and subjective cognitive difficulties in different 
domains could predict a deterioration in work status or an increase in 
NWE within 2 years after baseline. In our sample, SCI was predictive of a 
deterioration in work status, but not for an increase in NWEs. Since 
subjective cognitive difficulties are reported to be related to covariates 
such as anxiety, depression, and fatigue, the contribution of these factors 
was also investigated. We were able to confirm the relationship between 
depression and unemployment. 

In the current relatively large sample of pwMS, depression, anxiety 
and fatigue were statistically significantly correlated with subjective 
cognitive difficulties for all employed pwMS. For unemployed pwMS, 
subjective cognitive difficulties were statistically significantly related to 
fatigue, but not to depression and anxiety. This latter finding is unex
pected, since previous literature has repeatedly found a relationship 
between subjective cognitive difficulties and depression, both in 
employed and unemployed pwMS (D’hooghe et al., 2019; Henneghan 
et al., 2017; Kinsinger et al., 2010; Lamis et al., 2018). We speculate that 
this unexpected finding may have to do with the small number of un
employed pwMS in our sample (N = 37). Furthermore, in our sample 
subjective cognitive difficulties were not correlated with objective 
cognitive functioning, confirming findings of earlier studies (Benedict 
et al., 2003; Christodoulou et al., 2005). 

Table 6 
Logistic regression model using work status as dependent variable and anxiety, 
depression, fatigue and SCI as predictors.  

Included B SE Wald Odds 
ratio 

p 

Constant  4.038  0.728  30.748  56.712  0.000 
Covariates           
Anxiety  0.146  0.075  3.844  1.158  0.050 
Depression  -0.173  0.077  5.019  0.841  0.025 
Fatigue  -0.033  0.017  3.613  0.967  0.057 
Subjective cognitive 

impairment  
-1.601  0.500  10.233  0.202  0.001 

Model: N = 265, Nagelkerke R2 = .286, Hosmer and Lemeshow χ2(8) = 6.886 (p 
= .549), 86.8% correctly classified. 

Table 7 
Logistic regression model using work status as dependent variable and anxiety, 
depression, fatigue and the MSNQ categories as predictors.  

Included B SE Wald Odds 
ratio 

p 

Constant  5.903  0.913  41.847  366.202  0.000 
Covariates           
Anxiety  0.139  0.084  2.768  1.150  0.096 
Depression  -0.181  0.077  5.569  0.835  0.018 
Fatigue  -0.024  0.019  1.611  0.976  0.204 
MSNQ categories           
Attention and information 

processing  
-0.313  0.162  3.735  0.731  0.053 

Memory  -0.008  0.092  0.007  0.992  0.932 
Other cognitive ability  -0.139  0.135  1.065  0.870  0.302 
Personality and behaviour  0.069  0.114  0.368  1.072  0.544 

Model: N = 265, Nagelkerke R2 = .305, Hosmer and Lemeshow χ2(8) = 9.522 (p 
= .300), 89.1% correctly classified. 

Table 8 
Logistic regression model using employment change as dependent variable and 
depression, fatigue and SDMT as predictors.  

Included B SE Wald Odds 
ratio 

p 

Constant  -0.314  1.466  0.046  0.730  0.830 
Covariates           
Depression  0.074  0.075  0.994  1.077  0.319 
Fatigue  0.015  0.017  0.816  1.016  0.366 
SDMT  -0.044  0.025  2.944  0.957  0.086 
Subjective cognitive 

impairment  
1.021  0.494  4.273  2.777  0.039 

Model: N = 181, Nagelkerke R2 = .164, Hosmer and Lemeshow χ2 (8) = 6.967 (p 
= .540), 80.7% correctly classified. 

Table 9 
Logistic regression model using employment change as dependent variable and 
depression, fatigue and SDMT as predictors.  

Included B SE Wald Odds ratio p 

Constant  -0.699  1.440  0.236  0.497  0.627 
Covariates           
Depression  0.085  0.073  1.244  1.088  0.246 
Fatigue  0.032  0.015  4.584  1.033  0.032 
SDMT  -0.043  0.025  2.855  0.958  0.091 

Model: N = 181, Nagelkerke R2 = .130, Hosmer and Lemeshow χ2 (8) = 9.159 (p 
= .329), 81.2% correctly classified. 

Table 10 
Logistic regression model using NWE as dependent variable and anxiety, 
depression, and fatigue as predictors.  

Included B SE Wald Odds ratio p 

Constant  -2.405  0.507  22.458  0.090 < 0.001 
Covariates          
Anxiety  0.052  0.058  0.795  1.053 0.373 
Depression  0.072  0.069  1.109  1.075 0.292 
Fatigue  0.012  0.014  0.749  1.012 0.387 

Model: N = 218, Nagelkerke R2 = .060, Hosmer and Lemeshow χ2 (8) = 7.273 (p 
= .508), 78.9 % correctly classified. 
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Subjective cognitive difficulties and work status 

The results of the analyses with work status are in line with previous 
research finding a relationship between depression and work status 
(Dorstyn et al., 2019; Honarmand et al., 2011), and between fatigue and 
work status (Kobelt et al., 2019). After adding SCI to the model, fatigue 
ceased to be a statistically significant predictor of work status. This 
finding can be explained by the substantial correlations between fatigue 
and the MSNQ in the current sample, which demonstrate the intricate 
relationship between the concerned covariates and subjective cognitive 
difficulties. The finding that SCI was a statistically significant predictor 
for work status after accounting for the covariates, evidently demon
strates that when pwMS experience substantial cognitive difficulties, 
this jeopardizes their chances of being employed. 

Anxiety was also statistically significantly associated with work 
status; however, the direction of this relation was positive, meaning that 
a higher score on an anxiety measurement led to higher odds of being 
employed. This finding is unexpected since the baseline comparisons 
show that unemployed pwMS had higher anxiety scores than employed 
pwMS, yet it is not a unique observation (Hartoonian et al., 2015). In our 
sample it can ostensibly be explained by the high correlations between 
anxiety and depression scores for both employed and unemployed 
pwMS. In order to evaluate whether this result can be ascribed to a 
reciprocal effect of anxiety and depression, two subsequent analyses 
were performed, one with anxiety, fatigue and SCI as predictors, and 
another one with depression, fatigue and SCI as predictors (results not 
reported). These analyses showed that when separating anxiety and 
depression into two regression analyses, neither anxiety nor depression 
remains a statistically significant predictor of work status. 

In the second regression analysis, the MSNQ categories did not 
contribute statistically significantly to work status, while depression did. 
Whether depression has decreased the effect of the MSNQ categories on 
work status and if so, to which extent, remains debatable and requires 
more attention in future studies. The contribution of attention and in
formation processing to work status was found to be borderline signif
icant (p = .053). This finding corresponds with previous research stating 
that attention difficulties are commonly reported as a subjective 
cognitive difficulty in pwMS (Henneghan et al., 2017). It also matches 
previous research reporting that unemployed pwMS experience more 
distractibility and problems with sustained attention (Van der Hiele 
et al., 2015a, 2015b). Arguably, being able to pay attention to any given 
information is indispensable for properly retaining information and thus 
memory function, executive functioning and other cognitive functions 
(Gazzaniga et al., 2014). Attention problems can therefore have a 
negative impact on the daily activities of pwMS, among which their 
work activities. Future research should clarify and better illuminate 
whether such negative consequences can be traced back to MS-specific 
cognitive defects or to other factors. 

We found a relationship between depression and work status, which 
confirms previous research (Dorstyn et al., 2019; Honarmand et al., 
2011). Depressive symptoms often appear in pwMS and have extensive 
negative consequences for the daily activities and quality of life of pwMS 
(Benedict et al., 2005). In the current sample 31% of the participants 
score above the clinical cut-off score for depression, which is similar to 
previously reported prevalence of depression in MS (Boeschoten et al., 
2017). This indicates that experiencing mild depressive symptoms af
fects work participation. Moreover, being employed is an essential 
contributor to one’s quality of life (Blustein, 2008; Gheaus & Herzog, 
2016). For pwMS, being employed can be demanding both physically 
and mentally, and thus be a stress factor that may contribute to a 
depressed mood (Smith & Arnett, 2005). Therefore, it would be useful to 
investigate and treat depressive symptoms as early as possible in the 
course of the disease. 

Subjective cognitive difficulties and employment change 

Fatigue statistically significantly predicted a deterioration in 
employment status after 2 years. After adding SCI to the model, SCI was 
a statistically significant predictor, while fatigue was not. This means 
that, when correcting for objective cognitive functioning (SDMT), sub
jective measures of cognition seem to be more important in explaining 
the variance in employment change. This suggests that subjective 
measures of cognition are informative for predicting a change in 
employment status, highlighting the need for attention to subjective 
cognitive functioning in pwMS. 

Subjective cognitive difficulties and NWEs 

We found no statistically significant predictors of experiencing 
NWEs, perhaps due to the relatively small number of pwMS that expe
rienced one or more NWEs at baseline (N = 49) compared to the number 
of pwMS that experienced no NWEs at baseline (N = 187). Another 
explanation could be that the scope of the variable NWE is too limited 
for this study. Participants were asked to report whether they experi
enced any of the NWEs in the past three months. Perhaps only asking 
about the past three months does not reveal enough problems at work. 
Furthermore, the six NWEs that are comprised by this variable are quite 
rigorous. There may be other NWEs, such as negative subjective expe
riences that have a large impact on the participant but are not reflected 
by this variable. 

Finally, we were unable to perform analyses with the variable NWE 
change, possibly because this variable had an even more skewed dis
tribution of subjects over the two groups (N = 15 participants had an 
increased number of NWEs after 2 years, N = 142 did not). Future 
research should replicate this study with a bigger sample size, so that 
relevant effects can be detected. 

Strengths and limitations 

This study has several strengths and limitations that need to be 
highlighted. Strengths of the study include its large sample size and its 
longitudinal character. Participants completed the measurements again 
2 years after baseline, allowing us to track changes in disability, sub
jective cognitive performance, and work status. Discovering predictors 
of changes in pwMS’ work situation especially benefits the search for 
accurate intervention methods to prevent a deterioration in work status 
and thereby to improve pwMS’ quality of life. A third strength of the 
current study is its focus on subjective cognitive difficulties, since sub
jective cognition in MS remains understudied and a general focus still 
lies upon objective cognitive performance. In particular, we looked at 
several domains of subjective cognitive performance among pwMS, 
while most studies investigating subjective cognitive difficulties in MS 
looked at general subjective cognitive abilities (D’hooghe et al., 2019; 
Julian et al., 2008; Kobelt et al., 2019; Kordovski et al., 2015; Roessler 
et al., 2001). 

This study contains several limitations that need to be mentioned. 
First of all, we only used four measures of employment. Although the 
variable employment change was introduced to measure more subtle 
changes in work status over time, this is still too rigorous to capture the 
full scope of how subjective cognitive difficulties relate to the way 
participants function at work. NWE at baseline and at 2-year follow-up 
were added to generate more detailed information about this relation
ship, but these variables were unable to provide this information in our 
sample. Future attempts to explore the role of subjective cognitive dif
ficulties in problems at work among pwMS should use samples with 
more equal distributions of participants among the groups, as well as 
additional measures, such as job type, the work ability index or the Work 
Role Functioning Questionnaire (WRFQ), that capture more aspects of 
functioning at work (Abma et al., 2013; Tuomi et al., 1991). 

In addition to defining SCI based on the MSNQ total score, it was 
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decided to combine the items into categories as outlined by Benedict 
et al. (2003). It should be noted, however, that unlike the MSNQ total 
score, these MSNQ categories have not been psychometrically evalu
ated. Additionally, the category “Other cognitive ability” compasses 
several cognitive domains that are undefined thus far. Hence, it can be 
argued that using the MSNQ for grouping subjective cognitive diffi
culties into cognitive domains requires additional research, and as such, 
the nature of this study with regards to the MSNQ is exploratory. 

Finally, pwMS that participated in the MS@Work study are people 
with relatively mild MS and people with progressive forms of MS were 
not included. This means that they are fairly unaffected by the disease, 
which is also reflected by the relatively small percentage of pwMS that 
have a deteriorated employment status after 2 years (N = 35). This can 
possibly result in a distortion of the results and should be taken into 
consideration in future research on this topic. 

Conclusion 

The current study found that, in line with previous literature, expe
riencing subjective cognitive difficulties is associated with unemploy
ment and a deterioration in employment status after 2 years among 
relapsing-remitting pwMS. Furthermore, results of this study suggest 
that subjective difficulties with attention and information processing in 
MS are a candidate to focus on in future research due to its borderline 
significance level (0.053). All in all, the findings of this study emphasize 
the need for further research into subjective cognitive difficulties and 
their effect on work status among pwMS, as well as the interplay be
tween depression, cognitive difficulties, and work participation. 

Table 11 
Baseline comparisons in demographics, MS-related characteristics, work mea
sures, MSNQ items and covariates between pwMS with one or more NWEs (N =
49) and with no NWEs (N = 201) at baseline.   

MS, >¼1 NWE at 
baseline 

MS, no NWE at 
baseline 

Test 
statistica  

%, mean (SD) or 
median (IQR), min- 
max 

%, mean (SD) or 
median (IQR), min- 
max  

Demographics    
Gender (% female)b 77.6% 78.1% .006 
Agec 41.6 (11.2), 21-60 42.1 (9.0), 24-63 .29 
Educational levelb Low (20.4%), 

middle (38.8%), 
high (40.8%) 

Low (16.0%), 
middle (39.6%), 
high (44.4%) 

.56 

MS-related 
characteristics    

EDSSc 2.3 (1.1), 0-5 2.1 (1.3), 0-6 -1.00 
Disease duration 

(years)d 
4.5 (10.0), 0-24 5.0 (8.0), 0-31 3458.5 

Work measures    
Number of work 

hours per weekc 
25.4 (10.9), 0-45 27.2 (11.5), 6-60 .97 

Type of workb Mostly physical 
(7.7%), mostly 
mental (64.1%), 
both physical and 
mental (28.2%) 

Mostly physical 
(10.3%), mostly 
mental (55.1%), 
both physical and 
mental (34.6%) 

1.04 

MSNQ categories    
Attention and 

information 
processingc 

6.0 (1.8) 5.1 (2.0) -2.92** 

Memoryc 8.7 (4.0) 6.9 (3.8) -2.74** 
Other cognitive 

abilityc 
6.9 (2.9) 5.2 (2.8) -3.61** 

Personality and 
behaviourd 

3.5 (3.0) 3.0 (2.0) 2997.5* 

Subjective cognitive 
impairment (SCI) 
(% MSNQ >= 27)b 

40.0% 23.1% 5.21* 

Covariates    
Anxietyd 6.5 (6.0) 5.0 (4.0) 2961.0* 
Depressiond 4.5 (4.0) 2.0 (3.0) 2869.0** 
Fatiguec 39.6 (14.4) 34.1 (14.7) -2.26* 
SDMTc 52.5 (10.0) 54.0 (8.8) 1.04 

N: number of pwMS with available data for NWE; EDSS: Expanded Disability 
Status Scale; MSNQ: Multiple Sclerosis Neuropsychological Screening Ques
tionnaire; SD: standard deviation; IQR: interquartile range. 
*p <.05. 
**p <.01. 

a Test statistic comparing pwMS with one or more NWEs and pwMS with no 
NWEs at baseline. 

b Chi-square independence test was used for comparing groups. 
c Independent samples t-test was used for comparing groups. Mean (SD) are 

reported. 
d Non-parametric Mann-Whitney test was used for comparing groups. Median 

(IQR) are reported. 

Table 12 
Baseline comparisons in demographics, MS-related characteristics, work mea
sures, MSNQ items and covariates between groups with stable (N = 142) and 
increased number of NWEs (N = 15) 2 years after baseline.   

Stable NWE Increased NWE Test 
statistica  

%, mean (SD) or 
median (IQR), min- 
max 

%, mean (SD) or 
median (IQR), min- 
max   

Demographics     
Gender (% female)c 78.9 % 66.7 %  1.17 
Ageb 41.3 (9.0), 21–63 42.7 (8.6), 30–58  0.50 
Educational levelc Low (14.1 %), 

middle (35.2 %), 
high (50.7 %) 

Low (13.3 %), 
middle (26.7 %), 
high (60 %)  

0.52 

MS-related 
characteristics     

EDSSb 1.9 (1.1), 0–6 2.3 (1.6), 0–6  1.06 
Disease duration 

(years)d 
5.0 (7.0), 0–26 5.0 (12.0), 0–24  750.5 

Work measures     
Number of work 

hours per weekb 
26.8 (11.6), 0–60 29.7 (8.4), 16–40  0.93 

Type of workc Mostly physical 
(11.5 %), mostly 
mental (55.7 %), 
both physical and 
mental (32.8 %) 

Mostly physical (8.3 
%), mostly mental 
(75 %), both physical 
and mental (16.7 %)  

1.71 

MSNQ categories     
Attention and 

information 
processingb 

5.1 (2.0) 4.8 (1.8)  -0.50 

Memoryb 6.9 (3.8) 6.7 (3.5)  -0.26 
Other cognitive 

abilityb 
5.4 (2.9) 4.3 (2.9)  -1.33 

Personality and 
behaviourd 

3.0 (2.0) 2.0 (4.3)  994.0 

Subjective cognitive 
impairment (SCI) 
(% MSNQ >= 27)c 

22.1 % 13.3 %  0.627 

Covariates     
Anxietyd 5.0 (4.0) 6.0 (5.0)  875.0 
Depressiond 2.0 (3.0) 2.5 (5.0)  890.0 
Fatigueb 32.5 (14.3) 33.1 (12.6)  0.17 
SDMTb 55.1 (8.2) 53.5 (8.5)  -0.70 

N: number of pwMS with available data for NWE change; EDSS: Expanded 
Disability Status Scale; MSNQ: Multiple Sclerosis Neuropsychological Screening 
Questionnaire; SD: standard deviation; IQR: interquartile range. 
aTest statistic comparing pwMS with a stable and an increased number of NWEs 
compared to baseline. 
bIndependent samples t-test was used for comparing groups. Mean (SD) are re
ported. 
cChi-square independence test was used for comparing groups. 
dNon-parametric Mann-Whitney test was used for comparing groups. Median 
(IQR) are reported. 
*p < .05. 
* *p < .01. 
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