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Chapter I: Lay Summary 

Empirical Study 

“Which Multiple Sclerosis Patient and Disease Factors are Associated with 

the Relatives’ Perceptions of the Cognition of People with MS?” 

 

Multiple sclerosis (MS) is a disease of the brain and spinal cord, where the immune 

system attacks nerve cells of one’s own body. MS can lead to physical disability and, for about 

45-70% of patients, difficulties with cognition (thinking skills such as remembering, learning 

new things, concentrating, or making decisions) which can result in patients’ lower quality of 

life. 

Patients’ quality of life can be increased by accessing early intervention for cognitive 

functioning improvement (DeLuca et al., 2020). Regular cognitive testing may help with 

identification of these patients, but it is expensive, time-consuming, and not easily available, so 

using shorter screening instruments may be a useful, alternative indicator of cognitive abilities. 

The Multiple Sclerosis Neuropsychological Questionnaire-Informant (MSNQ-I), which is 

completed by an MS patient’s carer/relative, is a well validated example of such a measure. 

Which patient and disease factors might be contributing to the relatives’ scores on the MSNQ-I 

needed further investigation. 

Although doctors and researchers use the MSNQ-I to measure people with MS’ (PwMS’) 

thinking skills, we needed to study its psychometric properties (i.e., how consistently and 

accurately it measures PwMS’ thinking skills) to make sure it is a good questionnaire. Rasch 
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analysis is an example of a statistical method used to measure how well a set of items in a 

questionnaire work together to assess a particular trait. 

First, we needed to check how well the MSNQ-I worked as a measure. Using a special 

analysis, we could tell that three of the fifteen items did not fit. They were more about behaviour, 

such as inappropriate laughing and crying. The rest of the scale included twelve items about 

thinking, such as forgetting appointments. We removed the three “different” items, to create the 

“MSNQ-I-12”. We also worked out how the old MSNQ-I scores could be changed to new scores 

which made it a better measure, so that all of the new scores indicated equal steps in the 

relative’s reported score of the patient’s cognition. 

With the more accurate MSNQ-I-12, we used another analysis to see how the relative’s 

report of the patient’s cognition related to other aspects of the patient’s illness and other 

characteristics. We found that about a quarter of the relative’s reported score of patient cognition 

was linked to the patient’s gender, physical disability, anxiety, fatigue, how their illness affects 

their daily life and how their health affects their quality of life. 

Going forward, we now have the MSNQ-I-12, which is a better measure of a relative’s 

report of an MS patient’s cognition. This can be used in clinics where separate cognitive 

assessments are not available. It can also be used in research studies when a quick, inexpensive 

way of including patient cognition is helpful. We also now know that some other things about 

patients can affect relatives’ reports of the patient’s cognitive abilities. Healthcare professionals 

using the MSNQ-I-12 can take care to consider these other things when using a relative’s report 

as part of an MS patient’s assessment. 
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Systematic Review 

“The Associations of the Multiple Sclerosis Screening Questionnaire for 

Informants with Patients’ Scores on Neuropsychological Assessments and 

Depression Scales: A Systematic Review” 

 

Many people with multiple sclerosis (PwMS) experience changes with their cognition 

(thinking skills such as remembering, learning new things, concentrating, or making decisions)  

that can affect their daily life. Standard cognitive assessments with multiple sclerosis (MS) 

patients are expensive and not always possible so patients’ changes in their thinking skills might 

not be addressed in clinics. Using shorter screening questionnaires may be another way of 

assessing MS patients’ cognition. The Multiple Sclerosis Neuropsychological Questionnaire-

Informant (MSNQ-I; Benedict et al., 2003), which is completed by an MS patient’s family 

member/friend, is an example of such a measure. The aim of the current review was to determine 

whether the MSNQ-I can be used in the place of cognitive assessment in MS. 

A search of research databases was conducted to find studies reporting how relatives’ 

reports of patient thinking skills relate to patients’ cognitive test scores and patient depression. 

Twenty-two studies were relevant to our question. To check how well these studies were done, 

we used the Effective Public Health Practice Project quality tool. 

A method called “Systematic Review” was used to bring together the findings of 22 

studies related to MSNQ data from patients and relatives and explore how the MSNQ relates to 

the patients’ scores on objective cognitive testing and to other patient characteristics. All 22 

studies included in the systematic review included numerical data, collected at one time point. 
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The links between the different areas of thinking skills (such as remembering, learning new 

things, concentrating, or making decisions) and the MSNQ questionnaires were not always clear. 

In general, patients’ scores on objective cognitive tests were more closely related to relatives’ 

scores on the MSNQ than to patients’ scores on the MSNQ. Moreover, patient depression was 

more closely related to patients’ scores on the MSNQ than to relatives’ scores on the MSNQ.  

The patient version of the MSNQ may not always give an accurate picture of patients’ 

thinking skills. The MSNQ-I completed by a patient's family member could be a helpful way for 

doctors to check patients’ thinking skills. Healthcare professionals should also consider patient 

depression when they assess PwMS’ thinking skills. 
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Integration, Impact and Dissemination 

 

Before starting the project, I attended webinars and read case studies about PwMS to 

understand the impact of difficulties with thinking skills in MS on people’s lives. The research 

study provided additional information to the systematic review by suggesting that for more 

precise results it is best to use the updated version of the MSNQ-I questionnaire (MSNQ-I-12). 

The project had some challenges, for example a lot of data could not be used because not enough 

participants responded to some questions. Overall, I enjoyed working with other researchers in 

the MS field and learned a lot from them.  

The results of these two research components might impact PwMS and their families as 

well as healthcare professionals and future research. The MSNQ-I-12 can be used instead of long 

and expensive tests. It means that more MS patients can be screened for changes in their thinking 

skills and offered the right support early (e.g., using calendars or reminders to remember things). 

Other researchers are encouraged to use similar statistical methods to check how good other 

commonly used questionnaires are. 

We will share the findings with PwMS, researchers and clinicians working in MS. We are 

planning to send the results to scientific journals, MS magazines and charities. We also hope to 

present the findings to PwMS and their families as well as the researchers and health 

professionals working in MS. 
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Chapter II: Empirical Study 

“Which Multiple Sclerosis Patient and Disease Factors are Associated with 

the Relatives’ Perceptions of the Cognition of People with MS?” 

 

Abstract 

Cognitive difficulties in multiple sclerosis (MS) are common but often difficult to detect. 

Objective cognitive testing is expensive and time-consuming. Relatives’ reports of MS patients’ 

cognition on the Multiple Sclerosis Neuropsychological Questionnaire-Informant (MSNQ-I; 

Benedict et al., 2003) have been shown to correlate with patients’ objective cognitive testing 

(e.g., Fenu et al., 2018; Migliore et al., 2021). The aim of the current study was to assess and 

improve the psychometric properties of the MSNQ-I with the Rasch analysis (Rasch, 1980) 

approach as well as understand which patient and disease factors predict relatives’ scores on the 

Rasch-analysed MSNQ-I. This was a secondary data analysis study of the data from the 

Trajectories of Outcome in Neurological Conditions (TONiC; 

https://tonic.thewaltoncentre.nhs.uk/) study. The MSNQ-I data from 2,039 participants was 

Rasch-analysed in RUMM2030. Subsequently, Rasch-analysed scores were used in multiple 

regression. Rasch analysis confirmed that a 12-item version of the questionnaire (MSNQ-I-12) 

had a unidimensional structure. The last three items of the MSNQ-I measured a separate concept 

and were deleted from the scale. The multiple linear regression revealed that patients’ gender, 

level of disability, anxiety, fatigue, health-related quality of life and disadvantage experienced as 

a result of ill health explained 28% of the variance on the MSNQ-I-12. Patients’ depression was 

not a significant predictor in the multiple regression model. The MSNQ-I-12 has superior 

https://tonic.thewaltoncentre.nhs.uk/
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psychometric properties to the MSNQ-I. The MSNQ-I-12 can be used as a proxy for objective 

cognitive assessment in MS, but the score should be carefully interpreted in the context of 

patients’ disease and psychosocial factors. 
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Introduction 

Cognitive impairment (CI) in multiple sclerosis (MS) is prevalent and reduces patients’ 

quality of life (QoL). Traditional cognitive assessments with MS patients are not always feasible 

as they incur significant resource costs for the National Health Service (NHS) and, thus patients’ 

CI may not be addressed in clinics. Adopting shorter screening instruments may be a valuable, 

alternative indicator of cognitive abilities. Patients’ self-reports of cognition cannot reliably 

replace objective testing (Akbar & Finlayson, 2021), but informants’ reports of patients’ CI have 

been shown to correlate more reliably with patients’ objective cognitive testing (e.g., Charest et 

al., 2020; Fenu et al., 2018; Migliore et al., 2021; O’Brien et al., 2007). The Multiple Sclerosis 

Neuropsychological Questionnaire-Informant (MSNQ-I; Benedict et al., 2003), which is 

completed by an MS patient’s carer/relative, is a well-validated example of a subjective measure 

of difficulty with cognitive functioning. Further work is needed to determine whether the 

MSNQ-I can be used as a proxy cognitive assessment in MS. It is important to understand how a 

relative’s perception of an MS patient’s cognitive status is correlated with other aspects of the 

MS patient’s disease (e.g., physical disability, type of MS). 

 

Neurology of MS 

Once diagnosed, MS is a lifelong autoimmune neurological condition of a largely 

unpredictable course, affecting the central nervous system (McGinley et al., 2021). MS affects 

over 2.8 million people globally and existing treatments do not cure MS but only slow 

progression. There are different MS subtypes. In relapsing-remitting multiple sclerosis (RRMS), 

acute flare-ups of symptoms lasting at least 24 hours (relapses) are followed by remission 
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(lengthy periods of full or almost full recovery). Rapidly evolving MS (REMS) is a severe type 

of relapsing remitting MS. It is defined by two or more disabling relapses in one year as well as 

either one or more gadolinium-enhancing lesions or significant increase in T2 lesions on brain 

Magnetic Resonance Imaging (MRI; Huisman et al., 2017). Secondary progressive multiple 

sclerosis (SPMS) follows from initial RRMS, when disability starts to accumulate at a variable 

rate with or without relapses, minor remissions, and plateaus. Primary progressive multiple 

sclerosis (PPMS) presents with a gradual accumulation of disability from the outset. MS can lead 

to a significant disability and involve a range of physical and psychological symptoms, including 

cognitive difficulties in all MS phenotypes (McGinley et al., 2021). These categories are 

increasingly recognised as scientifically unsatisfactory, although they remain the clinical 

standard (Granziera et al., 2023). 

 

Impact of Cognition in MS on Life 

Cognitive difficulties in MS are experienced by 45-70% of patients and decrease a 

patient’s QoL (Gil-González et al., 2020; Lakin et al., 2021). Cognitive deficits in MS impair 

people’s social cognition (Dulau et al., 2017), driving ability and safety (Morrow et al., 2018), 

the performance of activities of everyday living (Goverover et al., 2007), money management 

skills (Tracy et al., 2017), rehabilitation outcome (Langdon & Thompson, 1999), employment 

(Campbell et al., 2017) and disease management, including adherence to medication 

(Washington & Langdon, 2022). Since most people are diagnosed with MS in their 20s-30s, 

many patients experience cognitive difficulties for most of their adult lives, therefore the topic of 

cognition in MS is important. 
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Profile and Impact of Cognitive Difficulties in MS 

People with MS (PwMS) can experience differing cognitive profiles, but there are broad 

patterns. CI is experienced the most frequently (50-75%) by those with SPMS and PPMS (Ruano 

et al., 2017). The most frequently affected cognitive domains in MS are information processing 

speed (IPS), memory, visual perceptual functions, attention, and executive skills (Benedict et al., 

2020). Language in MS is rarely impaired (Benedict et al., 2020) which could be why healthcare 

professionals (HCPs) may fail to detect CIs during routine consultations. Additionally, the 

priorities of HCPs are different to those of PwMS. Whilst PwMS deem CI to be one of the most 

important domains of living with MS which needs to be addressed (Westergaard et al., 2022), 

neurologists do not consider cognition an important topic in routine clinic appointments (Marin 

et al., 2021). Reduced function resulting from cognitive changes can be wrongly attributed to 

other MS symptoms (e.g., depression or sleep-related disorders; Thomas et al., 2022b); or, in 

older adults, age-associated mild CI (Chiang et al., 2022). However, even when cognitive issues 

are raised in routine clinic appointments, objective cognitive testing is often not available outside 

of a few specialist MS centres, hence health professionals often rely on patient self-report to 

identify cognitive difficulties (Langdon et al., 2022; Meca-Lallana et al., 2021). 

 

HCPs’ Perceptions of PwMS’ Cognition 

There are some questions about relying on the HCPs’ clinical judgements of MS patients’ 

cognition. CI, unlike physical disability, is not a visible symptom of MS. This makes CI difficult 

to detect (Lakin et al., 2021). The extent of neurological disability in MS is typically measured 
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by the Expanded Disability Status Scale (EDSS; Kurtzke, 1983). Although the EDSS includes 

some items related to patient cognition (different “functional systems”), it fails to capture 

cognition reliably. CI of PwMS with a low physical disability (EDSS ≤ 4.0, meaning that PwMS 

were able to walk unaided) was not detected by neurologists in 25% of patients (Saccà et al., 

2017). Jackson et al. (2022) reported that clinicians have a moderate accuracy in detecting global 

CI in MS patients. However, even less reassuringly, neurologists were at chance when 

identifying cognitively impaired patients in routine consultations (Romero et al., 2015). 

Clinicians were more likely to report greater CI for PwMS who were older, have higher levels of 

disability and reported more depressive symptoms (Jackson et al., 2022). 

 

Confounds of Self-Reports of Cognition in MS 

At first glance, it might seem that simply asking MS patients about their cognition might 

suffice, in the absence of formal cognitive testing. However, patients’ self-reported cognitive 

status and their objective cognitive test scores do not perfectly align. Both significant 

associations (e.g., Benedict & Zivadinov, 2006; Nauta et al., 2019; Thomas et al., 2022) and non-

significant associations (e.g., Benedict et al., 2003; Sejbæk et al., 2018) have been reported, 

suggesting that patients’ self-reports of cognition are unreliable. Common confounds include 

depressive symptoms (Sejbæk et al., 2018; Van Laethem et al., 2022), anxiety (Akbar et al., 

2011), unemployment (van Wegen et al., 2022), fatigue and poor self-efficacy (Strober et al., 

2016). Patients’ self-report of cognition cannot therefore reliably replace objective cognitive 

testing (Akbar & Finlayson, 2021). 
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Informants’ Reports of Patients’ Cognition in Other Conditions 

Studies from other diseases suggest that informants’ reports of patients’ cognitive status 

may not always be reliable. There is evidence from other conditions that caregivers’ perceptions 

of patients’ functional independence (e.g., driving abilities) is influenced by external factors, 

such as a patient’s diagnosis, independent of objective cognitive status (Schmidt & Steffen, 

2020). Findings from a systematic review exploring factors associated with informant-reported 

cognitive decline in older adults also suggest that informants’ reports are not always reliable 

(Morrell et al., 2019). Interestingly, dementia severity was correlated with relatives’ reports of 

patients’ cognitive decline (Morrell et al., 2019). Informants’ reports of cognition of people with 

mild CI were also found to be influenced by their relationship with the person, whether they 

lived with the person and their education and race/ethnicity, even after controlling for patients’ 

demographics, cognition and depression (Hackett et al., 2020). 

 

Informants’ Reports of Patients’ Cognition in MS 

Importantly, informants’ ratings of MS patient cognitive status match objective testing 

more closely. The CI of PwMS significantly contributes to caregivers’ reports of high-stress 

levels, suggesting relatives have some calibrated awareness of their relatives’ CI level, which is 

unsurprising (Halstead et al., 2021). Significant associations between informants’ reports of MS 

patients’ cognition and patients’ objective cognitive testing have been found (e.g., Benedict et 

al., 2004; O’Brien et al., 2007). Therefore, the informants’ perceptions of PwMS’ cognition 

could contribute to MS clinic management. Previous small studies from around the world have 
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shown that informants’ reports of MS patients’ cognition on the MSNQ-I can be related to other 

patients’ characteristics and these potential confounds require further exploration. 

 

The MSNQ-I 

Because traditional neuropsychological assessment is expensive, time-consuming, and 

not easily available, and patients’ self-reports are not always reliable, informants’ reports may be 

useful to clinics. The MSNQ-I (Benedict et al., 2003) is an example of a short screening measure 

which is validated in many countries. This questionnaire can be completed by an informant (e.g., 

carer, family member) of PwMS. Informants use a five-point scale to rate the occurrence of 15 

items related to patients’ cognitive functioning (e.g., distractibility, slowed processing, forgetting 

what is read). Higher scores on the MSNQ-I represent a bigger perceived impact of cognitive 

deficits on daily functioning. 

 

How do Relatives’ Reports of PwMS’ Cognition on the MSNQ-I Relate to PwMS’ General 

Profile? 

Aspects of the psychosocial, demographic and disease profile of PwMS have been shown 

to relate to the MSNQ-I, but the data is inconsistent. Patients’ depression has been reported to 

correlate weakly and positively with the MSNQ-I (Akbar et al., 2010, 2011; Benedict et al., 

2004; Langdon et al., 2013; Migliore et al., 2021; Rosti-Otajärvi et al., 2014; Sejbæk et al., 2018; 

Sonder et al., 2012), but not consistently (Benedict et al., 2003; Benedict & Zivadinov, 2006; 

Dagenais et al., 2013; Fenu et al., 2018, 2021; Konstantinopoulou et al., 2018; O’Brien et al., 

2007; Thomas et al., 2022a, 2022b; Vanotti et al., 2009). The MSNQ-I has been shown to 
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correlate positively with patients’ anxiety (Akbar et al., 2011; Sonder et al., 2012), but again, not 

consistently (Fenu et al., 2018, 2021; Thomas et al., 2022b). 

Patients’ fatigue does not always correlate with the MSNQ-I (Langdon et al., 2013), 

although this study was with patients with clinically isolated syndrome (CIS; the first episode of 

demyelination lasting at least 24 hours which may lead to a diagnosis of MS in the future), pre-

MS diagnosis, when fatigue may not be so prominent. However, in a group of patients with mean 

disease duration of 13.5 years, the MSNQ-I was associated with greater patients’ cognitive 

fatigue, but not with patients’ self-reported physical fatigue (Thomas et al., 2022b). Lastly, the 

MSNQ-I was positively associated with most subtests of a QoL measure (Rosti-Otajärvi et al., 

2014), but these correlations were weak. This was not the case for a CIS (pre-diagnosis) group 

(Langdon et al., 2013). 

In terms of MS patients’ demographics, the MSNQ-I has correlated with patients’ gender 

(Sonder et al., 2012), but not consistently (Migliore et al., 2021). Patients’ age was unrelated to 

the MSNQ-I (Akbar et al., 2011; Benedict et al., 2003; Langdon et al., 2013; Migliore et al., 

2021; O’Brien et al., 2007), except in one study (Sonder, et al., 2012). Higher scores on the 

MSNQ-I were associated with less years of patients’ education (Migliore et al., 2021; Sonder et 

al., 2012), but this finding was not consistent (Akbar et al., 2011; Benedict et al., 2003; Langdon 

et al., 2013; O’Brien et al., 2007). The MSNQ-I did not correlate with patients’ premorbid 

intelligence (Akbar et al., 2011; O’Brien et al., 2007). The MSNQ-I scores were found to be 

significantly higher for unemployed MS patients, compared to employed patients (Akbar et al., 

2011; Benedict & Zivadinov, 2006). 

PwMS’ disease factors have been inconsistently correlated with the MSNQ-I. The 

MSNQ-I has not been shown to correlate with time since CIS onset (in a short study of mainy 
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CIS patients; Langdon et al., 2013) or MS duration (Akbar et al., 2011; Benedict et al., 2003; 

Konstantinopoulou et al., 2018; O’Brien et al., 2007; Vanotti et al., 2009), except in one study 

(Sonder et al., 2012). Relatives of patients with SPMS reported a significantly greater CI on 

MSNQ-I compared to relatives of patients with RRMS (Benedict & Zivadinov, 2006). The 

MSNQ-I has been shown to correlate positively with the EDSS (Kurtzke, 1983; Migliore et al., 

2021; Sonder et al., 2012; Vanotti et al., 2009), but not consistently (Akbar et al., 2011; Benedict 

et al., 2003; Konstantinopoulou et al., 2018; Langdon et al., 2013; O’Brien et al., 2007; Sejbæk 

et al., 2018). 

MRI biomarkers have also been related to the MSNQ-I. Relatives’ perceptions of PwMS’ 

CI on the MSNQ-I was correlated with patients’ brain volume as measured by MRI (whole brain, 

gray matter, cortical gray matter, Fenu et al., 2021; T1 lesion volume, T2 lesion volume, brain 

parenchymal fraction, Benedict & Zivadinov, 2006), except for the white matter volume (Fenu et 

al., 2021). 

In summary, a number of disparate studies have explored which patients’ variables 

correlate with informants’ reports of patients’ cognition in MS. The findings of these studies 

were mixed. The majority of studies reported no association between informants’ perceptions of 

patients’ cognition and patients’ age, fatigue, depressive symptoms, anxiety symptoms, 

premorbid IQ levels, years of education, MS duration, and disability status. The associations of 

the MSNQ-I with patients’ gender and patients’ QoL were inconsistent. These studies were small 

and the associations between patients’ variables and relatives’ perceptions of patient cognition 

have not been extensively explored. 
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Theoretical Framework 

Accurate reports of cognitive functioning require “thinking about thinking”, so called 

“metacognition” (i.e., being aware of cognitive processes). Relatives use their observations of 

PwMS’ everyday behaviours to form a model in their mind of PwMS’ cognitive status. The 

relatives, based on their observations, decide whether behaviours are related to the CI of their 

loved ones. For instance, they might attribute certain failures to PwMS’ levels of fatigue or 

disability rather than to their CI. A theoretical metacognition framework that can be adapted to 

capture this has been suggested by Morris and Mograbi (2013; see Figure 1). This model has 

been used in research about metacognition in MS (e.g., Mazancieux et al., 2019). Relatives’ 

metacognitive awareness of PwMS’ cognitive status relies on relatives’ observations of PwMS’ 

behaviour (including conversations) and the attributions and evaluations relatives make about 

these observations. According to the model, metacognition involves three main components: 

sensory and perceptual processing (step 1), monitoring and evaluation (step 2), and control and 

regulation (step 3). 

Step 1: Informants observe PwMS and infer any sensory or perceptual deficits that may 

affect PwMS’ cognitive function. For example, they may notice that a person with MS has 

difficulty with visual acuity or fine motor control, which could impact their ability to read or 

write. This will moderate the extent to which PwMS’ disability is attributed to CI by relatives. 

Step 2: Informants assess PwMS' cognitive functions by observing their relatives. For 

example, they may notice that their loved one has difficulties with attention or memory, such as 

forgetting appointments or having trouble following a conversation. The informants may also ask 

PwMS questions about their cognitive function and compare PwMS’ assessment to their own 
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observations. This is likely to involve episodic memory, for example, a person with MS used to 

complete a crossword in 30 minutes but is observed to take an hour currently. Autobiographical 

memory could be involved, for example at the relative’s 40th birthday a few years ago, a person 

with MS organised the guest list and the invitations, booked the restaurant and generally made 

the arrangements. In comparison, for the relative’s 50th birthday, a person with MS is needing 

prompting for each action and monitoring who to invite, in order for the arrangements to be 

made. 

Step 3: Informants adjust their internal model of PwMS’ cognitive abilities as they 

continue to observe and monitor PwMS’ cognition over time. Information about PwMS’ 

cognition is monitored by the relatives’ Cognitive Comparator Mechanisms which compare the 

new knowledge with the existing knowledge stored in a Database (Figure 1). Informants may 

provide feedback and support to PwMS to help them compensate for cognitive deficits. For 

example, informants may suggest external aids, such as a calendar or reminders, to help PwMS 

with memory and executive function. 
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Figure 1 

Model of Metacognition Adapted From Morris and Mograbi (2013) 
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Psychometric Properties of the MSNQ-I 

If the MSNQ-I is to be considered a proxy for objective cognitive assessment in MS, the 

psychometric properties of the MSNQ-I need to be assessed and, if necessary, improved with a 

robust approach. Previous studies (e.g., Benedict et al., 2004) reviewed the MSNQ-I's internal 

validity, sensitivity (0.87) and specificity (0.84), but to date, no studies have been conducted on 

assessing or increasing the construct validity of the MSNQ-I using the more robust Rasch 

analysis (Rasch, 1980) approach. Rasch analysis was used in the original study (Benedict et al., 

2003) only on the MSNQ-P (MSNQ-Patient version) items to reduce the number of items in the 

scale from 68 to 15. Only two studies have previously investigated the psychometric properties 

of the MSNQ-I. Both Sonder et al. (2012) and Migliore et al. (2021), based on the results of the 

factor analysis (principal component analysis), reported that the MSNQ-I items load on one 

general factor and confirmed that the MSNQ-I has a unidimensional structure. The samples in 

these studies were small and the results cannot be generalisable. However, another study 

exploring the structure of the patient version of the MSNQ, through the use of Exploratory 

Factor Analysis (EFA) and Confirmatory Factor Analysis (CFA), reported multidimensionality 

of MSNQ-P (Konstantinopoulou et al., 2018). These discrepant findings are unexpected for two 

reasons. First, both versions of the MSNQ were designed to measure one construct (i.e., patient 

cognition). Second, the wording of the questions on the MSNQ-P and MSNQ-I varies only 

slightly and only to reflect that different people answer the same questions (e.g., “Do you forget 

what you read?” versus “Does the person with MS forget what they read?”). The 

unidimensionality of the MSNQ-I needs to be confirmed. 
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Rasch Analysis 

Rasch analysis is commonly used to create new scales and to assess psychometric 

properties of existing scales. It ensures that they are unidimensional, internally consistent, free of 

redundant items and capable of interval level measurement (Pallant & Tennant, 2007). Rasch 

analysis involves testing whether or not the data satisfy the requirements of the Rasch model. 

These requirements include unidimensionality (measurement of a single latent trait, i.e., 

cognition), monotonicity (increase in item responses consistent with underlying trait, e.g., item 

scores increase as the PwMS’ CI increases), local item independence (zero correlation between 

items when conditioned on the score, i.e., items in a test are not related to each other), the 

stochastic (probabilistic) ordering of items (e.g., when comparing informants of PwMS with 

minimal versus profound cognitive difficulties, informants of PwMS with greater CI have a 

higher probability of attributing an item than informants of PwMS who are less cognitively 

impaired) and group invariance (no difference in response to an item by group membership, e.g., 

sex, age, type of MS, when at the same level of scores; Gustafsson, 1980; Teresi et al., 2000). 

The Rasch model is used to measure latent traits, like attitude or ability. Rasch analysis 

allows researchers to use a respondent’s nonlinear raw (ordinal) data and convert it to a linear 

(interval) scale that accounts for the unequal difficulties across all test items (Boone, 2016). This 

can be then evaluated through the use of parametric statistical tests, for which normally 

distributed interval-level data is needed (Kazis et al., 1989), and which have greater statistical 

power and precision than non-parametric statistical tests. Rasch analysis provides an internally 

valid measure that, when developed from an appropriate sample, is independent of the particular 

sample to which it is applied, meaning that the findings for the sample can be extended to its 

population. Editors are increasingly looking for psychological scales to be Rasch-analysed in 
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published work. In the current study Rasch analysis will document and evaluate the measurement 

function of the MSNQ-I, given fit of data to Rasch model expectations. The study will use the 

MSNQ-I data of 2,039 patient-informant dyads. No large dataset has been interrogated to 

determine which patient characteristics are independently linked to the MSNQ-I. 

 

Summary 

Cognitive assessment is a crucial component of MS management. Given the possibility of 

cognitive decline over time in MS, with subsequent negative impact on social life and QoL, a 

quick and reliable measure of cognition in MS is needed. Neuropsychological testing is 

expensive, time-consuming and in short supply, and patients’ self-reports of cognition are 

unreliable, therefore the use of short screening instruments for relatives’ reports may be a useful 

indicator of cognitive status. Assessing and improving the psychometric properties of the 

MSNQ-I with a robust approach, as well as understanding what extraneous factors impact 

relatives’ evaluations of MS patients’ cognition are needed before the MSNQ-I can be adopted as 

a proxy for objective cognitive assessment in MS. The objectives of this study will be to apply 

Rasch analysis to the MSNQ-I and, subsequently, to use the Rasch-analysed scores in the 

exploratory multiple linear regression to understand which patient factors are associated with 

informants’ scores on the MSNQ-I. 

 

 

 



29 
 

Aims 

The current study aims to apply Rasch analysis to increase the construct validity of the 

MSNQ-I and determine how good a measure the MSNQ-I is. The Rasch analysis will provide a 

more psychometrically robust dataset for the exploratory multiple linear regression models. 

Subsequently, the Rasch transformed MSNQ-I data will be used to explore how patients’ 

characteristics relate to MSNQ-I scores, this is which patients' disease (type and duration, 

physical disability), demographic (age, gender) and psychosocial characteristics (depression, 

anxiety) are related to relatives’ reports of MS patients’ cognitive functioning on the MSNQ-I. 

This will increase understanding of relatives’ reports of MS patient cognition. 

First Hypothesis (Part I) 

Following Rasch analysis, the MSNQ-I data will be consistent with the stochastic 

(probabilistic) ordering of items, monotonicity, local item independence, unidimensionality, and 

group invariance. 

Second Hypothesis (Part II) 

Scores on the Rasch-transformed MSNQ-I will not be associated with patients’ age, 

disability, fatigue, depressive symptoms, anxiety symptoms, gender, or MS duration. 
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Method 

Trajectories of Outcome in Neurological Conditions (TONiC) study 

TONiC is a multiphase and multicentre UK national study examining quality of life of 

people with neurological conditions (https://tonic.thewaltoncentre.nhs.uk/). The data was from a 

uniquely large sample and captured a broad range of patients’ experiences and stages of disease. 

TONiC Sample Inclusion and Exclusion Criteria 

The inclusion criteria: 

1. Adults diagnosed with MS 

2. Capable of answering questionnaires 

3. Capable of informed consent 

The exclusion criterion: 

1. Suffering from a concomitant serious medical or psychiatric condition (the seriousness of 

which was at the clinician/researcher’s discretion) 

 

Participants were identified by the clinical care team or the research team at each centre. 

All participants were given information about the study and asked for informed consent once 

they read a written information sheet and had the opportunity to ask questions. They were 

provided a follow-up contact from the study team after about two weeks, by phone, email or 

letter, as per patient preference. Demographic and disease data from the case notes were recorded 

(age, gender, diagnosis, year of diagnosis, MS disability status according to EDSS bands) of 

those patients who consented to take part in the study. Participants who wanted to complete a 

https://tonic.thewaltoncentre.nhs.uk/
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questionnaire pack signed another informed consent. A questionnaire pack consisted of MS-

specific scales along with comparison generic scales used in routine care and it was administered 

to those participants by post, clinic recruitment or a secure website. Participants were told that 

they did not need to complete all questionnaires in one sitting. All documents were part-

anonymised so that respondents can be identified by a study number only. Participants who were 

unable to attend clinics received home visits. Lay carers were also recruited, and they were asked 

to complete a scale on patients’ cognitive functioning (MSNQ-I). Participants were informed that 

they had the right to decline taking part or withdraw from the study and that it would not affect 

their clinical care. The collection of questionnaire data started in November 2013. 

 

Research Approvals 

The project uses data from the TONiC study which received a favourable ethical opinion 

from a relevant local Research Ethics Committee (North West - Greater Manchester West 

11/NW/0743; IRAS project ID: 88372). All subjects of the original study received information 

on the study and gave written, non-written or electronic remote informed consent prior to 

participation, including for secondary analysis. The current study was approved by the Research 

Ethics Committee at Royal Holloway, University of London (REC Project ID: 3153; Appendix 

I). 

Current Study Procedure and Participants 

The present study is a secondary analysis of data relating to participants who had a 

corresponding MSNQ-I score provided by their relatives. This study included demographic and 

disease information about patients and Patient Reported Outcome Measures (PROMs). Thus, this 
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data was extracted from the TONiC database to form a unique dataset for this study. These 

records were securely emailed as an Excel document and saved on the Royal Holloway drive. 

 

Materials 

1) Informants’ Perceptions of PwMS’ Cognitive Difficulties  

The Multiple Sclerosis Neuropsychological Questionnaire-Informant (MSNQ-I; Benedict et 

al., 2003) is a brief test completed by PwMS’ relatives or carers, consisting of 15 questions about 

PwMS’ cognition during activities of daily living (see Appendix II). Informants are asked to read 

each item (e.g., Does he/she forget appointments?) and indicate, using a five-point Likert scale, 

how often each behaviour occurred in the past three months and how severe it was (“Very often, 

very disruptive”, “Quite often, interferes with life”, “Occasionally, seldom a problem”, “Very 

rarely, no problem”, “Never, does not occur”). Scores range from zero to 60 and higher scores 

indicate more cognitive complaints. The MSNQ-I has a good internal validity (sensitivity 0.87, 

specificity 0.84; Benedict et al., 2004) and has been validated in many countries, including 

Argentina (Vanotti et al., 2009), Netherlands (Sonder et al., 2012), Denmark (Sejbæk et al., 2018), 

Greece (Konstantinopoulou et al., 2018), and Italy (Migliore et al., 2021). 

2) The Impact of Health Conditions on Functioning 

The World Health Organization Disability Assessment Schedule 2.0 (WHODAS 2.0; Ustün et 

al., 2010) is a standardized assessment instrument for measuring health and disability across 

cultures. The WHODAS 2.0 is an easily administered PROM of the impact of health conditions 

on functioning in six domains (cognition, mobility, self-care, getting along, life activities, 

participation), during the previous 30 days. It assesses individuals’ difficulties (i.e., increased 
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effort, discomfort or pain, slowness, changes in the way the person does the activity) that they 

experience in doing different activities, regardless of their medical diagnosis (e.g., “How much 

difficulty did you have in washing your whole body?”). A five-point Likert scale contains the 

following response options: “None”, “Mild”, “Moderate”, “Severe”, “Extreme or cannot do”. The 

WHODAS 2.0 consists of 36 items which takes about 5 minutes to complete when it is self-

administered. The total score is a sum of all scores from all six domains converted into a metric 

ranging from zero to 100 (0 = no disability, 100 = full disability). WHODAS 2.0 with 32-items 

was used, excluding the questions related to work (D5.5 – D5.8) as not all participants were in 

employment (see Appendix III). The WHODAS 2.0 has strong theoretical underpinnings, linked 

to the International Classification of Functioning, Disability and Health (World Health 

Organization, 2001). It has good psychometric properties, particularly a unidimensional structure 

(Rasch, 1980), a high internal consistency (Cronbach’s alpha, α: 0.86) and high test-retest 

reliability (intra-class coefficient: 0.98; Ustün et al., 2010). In a validation study of the WHODAS 

2.0 in MS it was reported that the scale is reliable and valid, with a Crobach’s alpha of 0.93 and a 

Person Separation Index of 0.83 (Magistrale, Medori, et al., 2015; Magistrale, Pisani, et al., 2015). 

3) The Effect of Chronic Disease on Functional Ability 

The London Handicap Scale (LHS; Harwood et al., 1994) is a self-report measure for 

determining the effect of chronic disease on one’s functional ability (see Appendix IV). It assesses 

a perceived level of disadvantage in six dimensions: mobility, orientation, occupation, physical 

independence, social integration, and economic self-sufficiency. Each response on a six-point 

Likert scale (“Not at all”, “Very slightly”, “Quite a lot”, “Very much”, “Almost completely”, 

“Completely”) is assigned a scale weight and the total scale value ranges from zero (minimum 

value, indicating total disability) and 1.00 (maximum value, indicating normal function). In the 
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current study higher scores indicate higher levels of disability. The LHS is based on the World 

Health Organisation (WHO) handicap framework (International Classification of Impairments, 

Disabilities, and Handicaps; World Health Organization, 2001). It is a valid, reliable, and 

acceptable measure (Pearson's correlation coefficient between predicted and measured values: 

0.98; Kendall's coefficient of concordance: 1.00; Harwood et al., 1994). The LHS has been used 

in MS (e.g., Veillard et al., 2021). 

4) Fatigue 

The Neurological Fatigue Index (NFI-MS; Mills et al., 2010) is a PROM measuring fatigue 

severity and factors influencing fatigue. It consists of 10 items measuring the physical and 

cognitive areas of MS fatigue. Items are rated on a four-point Likert scale (“Strongly disagree”, 

“Disagree”, “Agree”, “Strongly agree”) based on the past two weeks. Scores range from zero to 

30 and higher scores indicate more fatigue complaints. The NFI-MS has a good test-retest 

reliability (correlations coefficient above 0.7) and a good external validity (correlations of 0.7 with 

another comparable fatigue scale). The NFI-MS has been utilised in several studies to assess 

fatigue in PwMS (e.g., Ekmekyapar Fırat et al., 2021). 

5) Anxiety and Depression 

The Hospital Anxiety and Depression Scale (HADS; Zigmond & Snaith, 1983) is a PROM 

consisting of 14 questions, seven about anxiety and seven about depression (see Appendix V). The 

HADS was designed to assess mood in physical health conditions (Wu et al., 2021). Items are 

rated on a four-point severity scale based on the past seven days (e.g., “I can laugh and see the 

funny side of things” or “Worrying thoughts go through my mind”). Scores for anxiety and 

depression subscales range from 0 to 21 and higher scores indicate more depression and anxiety 
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complaints. This scale is a reliable tool for screening for clinically significant anxiety (Cronbach’s 

alpha, α: 0.86) and depression (Cronbach’s alpha, α: 0.82) in MS and a valid measure of the 

severity of these mood disorders (Patel & Feinstein, 2017). 

6) Disability Status 

The Expanded Disability Status Scale (EDSS; Kurtzke, 1983) is a clinician-assessed disability 

status scale and it is the most commonly used outcome measure in MS clinical research. A 

neurologist examines various functions (e.g., balance, coordination, tremor, ability to move arms 

and legs) and assigns a score on the scale (see Appendix VI). The higher the score, the more severe 

the disability. Scores range from zero (everything is normal) to 10 (death due to MS) in 0.5-unit 

increments. If the participant was able to walk unaided for up to 500 metres, they were in the first 

band (i.e., had the lowest level of disability; 0 – 4.0). If they needed a walking stick or two walking 

sticks, they were in the second band (4.5 – 6.5). If they needed a wheelchair outside the house, 

they were in the third band (7.0 – 7.5). If they were totally chairbound or bedbound, they were in 

the fourth band (i.e., had the highest level of disability; 8.0-9.5). These bands were used in previous 

TONiC studies (e.g., Young et al., 2021). 

7) Health-Related Quality of Life  

The EuroQol five-dimension (EQ-5D; Balestroni & Bertolotti, 2012) is a self-report measure 

for describing and valuing health (see Appendix VII). It assesses five areas of one’s health: 

mobility (i.e., walking), self-care (i.e., washing/dressing self), usual activities (i.e., work, study, 

housework, family, leisure activities), pain/discomfort and anxiety/depression. The respondent 

indicates their health state, based on the day they complete the questionnaire, by choosing one of 

the responses on a five-point severity scale (1 = “No problems”, 2 = “Slight problems”, 3 = 
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“Moderate problems”, 4 = “Severe problems”, 5 = “Extreme problems/Unable to”). Each response 

is coded as a single-digit number indicating the severity level in each dimension and the total score 

is written as a 5-digit code, where each digit corresponds to one health dimension. The EQ-5D 

includes an additional question about one’s health in general on a scale from zero to 100 (0 = the 

worst health one can imagine, 100 = the best health one can imagine). The EQ-5D has excellent 

psychometric properties, including a test-retest reliability of above 0.7 (Feng et al., 2021). Its 

validity is established across different subgroups and it correlates with other health-related quality 

of life measures (Feng et al., 2021). The EQ-5D has been utilised in several studies to assess health-

related quality of life in PwMS (e.g., Claflin et al., 2022; Visser et al., 2021). The EQ-5D was 

reported to have a good test/retest reliability (intra-class correlation coefficient: 0.81) and construct 

validity (correlation coefficient with other clinical measures was 0.70; Fisk et al., 2005) in a study 

with MS sample. 

 

Statistical Analysis Plan 

There will be two stages of data analysis: 

Stage 1) Rasch analysis of the MSNQ-I scores 

Stage 2) A multiple linear regression analysis assessing which patients’ demographic and disease 

variables are associated with the Rasch-transformed MSNQ-I scores 
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Stage 1) Rasch Analysis of the MSNQ-I scores 

The ordinal scores from the MSNQ-I will be first transformed into interval-scaled latent 

estimates through fit of their data to the pre-determined measurement model, called Rasch model 

(Rasch, 1980). The RUMM2030 Rasch analysis software will be used to apply the Rasch Partial 

Credit model (Andrich & Hagquist, 2015; Masters, 1982) to examine the following requirements 

of the Rasch model: unidimensionality, monotonicity; homogeneity; local independence and 

group invariance (Gustafsson, 1980; Teresi et al., 2000). Rasch analysis will be used to test the 

validity of the total score. 

Exploratory and validation samples of 500 cases each will be created. Sample sizes 

ranging from 250 to 500 cases are recommended when using the RUMM2030 software to ensure 

accurate Type I error on the chi-square interaction fit statistic (Hagell & Westergren, 2016). 

Once a valid solution is found in the exploratory sample, it will be applied to the validation 

sample. The final scale solution will need to demonstrate satisfactory fit statistics across both 

samples. 

Summary and Item fit Statistics 

The main fit statistic will be the overall chi-square interaction; the chi-square probability 

(Bonferroni adjusted for number of scale items) should be non-significant indicating no deviation 

from the model. 

If a bifactor solution is found, then a conditional chi-square fit statistic will be used since 

conditional inferences are less erroneous in large samples (Christensen et al., 2013; Müller, 

2020). In addition, for testlet solutions, the explained common variance (‘A value’), will be 



38 
 

calculated; this represents the variance retained in the scale in the principal factor and should be 

≥ 0.9. 

Individual items will also need to display satisfactory fit residuals (<± 2.5) and non-

significant chi-square (Alpha 0.01). Whilst a high positive fit residual might indicate an under-

discrimination of an item (i.e., it does not discriminate between different groups and the person 

responds in an opposite way than expected), a high negative fit residual might be an indication of 

an over-discrimination of an item (e.g., the person always chooses the same response). A high 

negative fit residual might be also associated with either dependency or a high item total 

correlation (e.g., redundancy). 

Reliability statistics will include extreme person scores and be based on the Person 

Separation Index (PSI) and Cronbach’s alpha. Both should be greater than 0.7 for group use and 

greater than 0.85 for individual subject measurement. 

Threshold Ordering 

The difficulty thresholds in responses to polytomous items should progress in order. 

Unidimensionality 

A post-hoc test based upon the residuals, after applying the Rasch model, will be 

conducted to test for unidimensionality (Smith Jr., 2002). Here less than 5% of the tests between 

two item sets identified in the principal component analysis of the residuals should be 

significant. The lower bound of 95% confidence intervals of a binomial distribution, applying the 

Agresti-Coull method (Hagell, 2014), will be used and calculated using the online resource at 

https://epitools.ausvet.com.au/ciproportion.  

https://epitools.ausvet.com.au/ciproportion
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Differential Item Functioning 

To test the MSNQ-I for invariance (lack of Differential Item Functioning – DIF) an 

Analysis of Variance (ANOVA) of the residuals will be undertaken across the following groups: 

age (quartiles: < 43, 44 - 52, 53 - 60, > 61), gender (male or female), MS type (PPMS, REMS, 

RRMS, SPMS), self-reported EDSS bands (0 - 4, 4.5 – 6.5, 7 – 7.5, 8 – 9.5), marital status 

(divorced, married, single, widowed), relationship with patient (child, domestic partner, friend, 

other family, other friend, parent, spouse). The sample size of the current study will be sufficient 

(above 243 participants) to provide accurate item and person location estimates irrespective of 

the scale targeting (Kline, 1998). 

Local Independence 

The residual correlation between items should ideally be zero to meet the local item 

independence requirement. Simulation work has shown that a residual correlation of 0.2 above 

the average is indicative of a breach of this requirement, and this will be the value applied 

(Christensen et al., 2017). 

Given satisfactory fit to the Rasch model, a conversion (nomogram) between the raw 

MSNQ-I score and the interval scale estimate will be provided (the person location), based on 

the whole sample for the highest accuracy. The logit estimates will be converted to the same 

range as the raw score by a further linear transformation. This can be then used in other samples 

to convert raw scores into linear estimates, provided that subjects respond to all items on the 

scale. 

Strategies for Achieving fit 
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Given that the MSNQ-I is an existing scale, all items will be attempted to be maintained. 

If there are misfitting items, testlets will be used (based on conceptual groupings or known 

subscales or directed by local dependency). If using those testlets fails, then a bifactor solution 

will be used taking alternate items into two testlets. If fit is not achieved with these, it will be 

examined which items are misfitting and those items will be excluded from the analysis. If any 

items are discarded, they will be assessed for fit to Rasch model to examine if they create a 

separate scale. 

 

Stage 2) A Multiple Linear Regression Analysis Assessing Which Patient Demographic and 

Disease Variables are Associated with the Rasch-Transformed MSNQ-I Scores 

Statistics will be conducted using the statistical software IBM SPSS Statistics version 25. 

The data distribution will be explored to check for normality and identify outliers. Descriptive 

statistics will be performed for all variables. To assess which variables will be included in the 

multiple regression, parametric and non-parametric correlations (for PROMs, patients’ age, 

disease duration, EDSS band), t-tests (for patients’ gender) and ANOVA (for MS type) will be 

performed, using the Rasch-transformed MSNQ-I scores. Bonferroni corrections will be applied 

for multiple testing. The variables demonstrating significant relations to the Rasch-transformed 

MSNQ-I will be put forward to the multiple regression analysis. An exploratory multiple linear 

regression model will be built to identify significant predictors of relatives’ reports of MS 

patients’ cognitive status. 
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Results 

The data analysed was collected between November 2013 and September 2019. 

 

Stage 1) Rasch Analysis of the MSNQ-I Scores 

Exploratory and validation samples were randomly and separately derived from the 

original total sample of 2,039. Data in the exploratory sample were fitted to the Rasch model 

(Partial Credit Model). The process involved examination of summary fit statistics, ordering of 

thresholds, individual item fit, residual correlations, overall item fit, dimensionality and DIF. 

 

Initial Examination of fit in the Exploratory Sample, n=500 

The 15-item MSNQ-I scale did not fit the Rasch model with a highly significant overall 

chi-square (p < 0.00001; Table 3, analysis 1). Mean fit residual for items was -0.04 with SD of 

3.57 (deviating from the expected value of 1.00). Mean fit residual for persons was -0.36 with 

SD of 1.72. The person separation index (PSI) was 0.94 and a Cronbach’s alpha of 0.958 which 

indicated that the scale could resolve subjects into at least five distinct groups of ability. 

All item thresholds were ordered which suggested that PwMS’ informants were able to 

discriminate between response options (Figure 2), but several items had misfit (Table 1). The 

worst fitting items were items 14 and 15 (laughing and crying without cause and egocentric 

speech). 
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Table 1 

Item fit Statistics for all MSNQ-I Items for Exploratory Sample, n=500 

Item 

nr 

Item description* Location Fit 

residual 

DF Chi-

square 

DF P 

1 Distractibility -0.503 0.147 439.4 7.70 9 0.564374 

2 Problems with listening to others -0.265 -2.158 439.4 14.54 9 0.104447 

3 Slowed problem processing -0.243 -1.650 439.4 9.34 9 0.406514 

4 Forgetting appointments 0.106 1.624 439.4 14.81 9 0.096293 

5 Forgetting what is read 0.128 -0.619 439.4 15.80 9 0.071185 

6 Forgetting shows/programs 0.175 -0.736 439.4 9.19 9 0.41986 

7 Forgetting instructions -0.270 -3.793 439.4 21.28 9 0.011464 

8 Needing frequent reminders -0.187 -2.217 439.4 15.00 9 0.090939 

9 Forgetting future errands -0.074 -1.447 439.4 12.39 9 0.192411 

10 Coherent question answering 0.341 -4.073 439.4 21.60 9 0.01024 

11 Failing to track two tasks at once -0.320 -2.507 439.4 16.90 9 0.05037 

12 Failing to follow conversations -0.224 -1.565 439.4 14.29 9 0.112239 

13 Impulse control 0.448 3.804 439.4 9.89 9 0.359898 

14 Without cause laughing/crying 0.424 7.483 439.4 92.89 9 <0.000001 

15 Excessive egocentric speech 0.464 7.066 439.4 68.16 9 <0.000001 

 

Notes. DF= Degrees of Freedom, Nr= Number, P= Probability. Misfit is indicated in bold. 

*For full text see Appendix II.  
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Figure 2 

Category Thresholds 

 

Examination of the residual correlations revealed local dependency between items 1 and 

2 (distractibility and problems listening to others), 4 and 9 (forgetting appointments and 

forgetting future errands) and 8 and 9 (needing frequent reminders and forgetting future errands). 

The correlation matrix is given in Table 2. 
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Table 2  

Residual Correlation Matrix for the 15-Item MSNQ-I in the Exploratory Sample, n=500 

Item 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 

1 1 -  -  -  -  -  -  -  -  -  -  -  -  -  -  

2 0.215 1 -  -  -  -  -  -  -  -  -  -  -  -  -  

3 -0.001 0.073 1 -  -  -  -  -  -  -  -  -  -  -  -  

4 -0.047 -0.175 -0.101 1 -  -  -  -  -  -  -  -  -  -  -  

5 -0.122 0.003 -0.034 0.183 1 -  -  -  -  -  -  -  -  -  -  

6 -0.119 -0.046 0.029 -0.084 0.173 1 -  -  -  -  -  -  -  -  -  

7 -0.134 -0.024 0.104 -0.125 -0.028 -0.018 1 -  -  -  -  -  -  -  -  

8 0.029 -0.087 -0.140 0.129 -0.146 -0.214 0.142 1 -  -  -  -  -  -  -  

9 -0.053 -0.163 -0.183 0.368 -0.043 -0.137 -0.025 0.423 1 -  -  -  -  -  -  

10 -0.173 -0.022 0.127 -0.210 -0.132 0.084 0.051 -0.112 -0.100 1 -  -  -  -  -  

11 -0.124 -0.064 0.096 -0.080 -0.117 -0.096 0.024 0.090 0.034 0.174 1 -  -  -  -  

12 -0.116 0.022 -0.011 -0.330 -0.140 0.004 0.082 -0.205 -0.301 0.116 -0.039 1 -  -  -  

13 -0.118 -0.169 -0.210 -0.191 -0.115 -0.083 -0.186 -0.218 -0.192 -0.123 -0.122 0.029 1 -  -  

14 -0.076 -0.104 -0.231 -0.150 -0.149 -0.098 -0.286 -0.287 -0.216 -0.144 -0.213 -0.031 0.186 1 -  

15 -0.053 -0.198 -0.221 -0.173 -0.220 -0.215 -0.177 -0.094 -0.193 -0.125 -0.218 0.021 0.160 0.159 1 
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The scale was multidimensional with the number of significant t-tests at 0.11 (lower 

bound of 95% confidence interval [CI] = 0.09). 

The MSNQ-I was free from DIF for all six factors (age, gender, MS type, self-reported 

EDSS bands, marital status, relationship with patient). 

The scale targeting was reasonable with a modest floor effect of 4.8% and no ceiling 

effect (Figure 3). 

 

Figure 3 

Targeting of the 15-item MSNQ-I in the Exploratory Sample, n=500 

 

 

Further Analysis 

The analysis steps are presented in Table 3. First, the misfit of items 13, 14 and 15 was 

addressed by deleting these three items. Multidimensionality was still present as indicated by the 

post-hoc t-test (Table 3, analysis 2). Item 4 had a high fit residual (3.067) and a high residual 
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correlation (0.3) with item 9 therefore item 4 was deleted (Table 3, analysis 3). The scale was 

still multidimensional and there was a high residual correlation between items 9 and 8 (0.389). 

Item 9 was deleted since it had a lower individual chi-square probability than item 8 (Table 3, 

analysis 4). This solution resulted in an acceptable overall fit, so it was applied to the validation 

sample (Table 3, analysis 5). There was a residual correlation of 0.257 between items 1 and 2 so 

item 1 was deleted because it had a high fit residual (2.907). This resulted in an overall 

acceptable fit (Table 3, analysis 6) so the solution was applied to the exploratory sample (Table 

3, analysis 7). Item 5 had a misfit, and the overall chi-square value was low (0.00378) so the 

solution of deleting items 13, 14, 15, 4, 9 and creating a testlet (i.e., subtest/ST) for items 1 and 2 

was applied (Table 3, analysis 8). When this solution was applied to the validation sample (Table 

2, analysis 9) the testlet had an item residual of 4.3. 

In an attempt to retain deleted items, all items were explored conceptually and grouped 

into three testlets (Subtest1: 1, 2, 3, 9; Subtest2: 4, 5, 6, 7, 8; Subtest3: 13, 14, 15; Table 3, 

analysis 10). Although the fit was acceptable (alpha = .93), Subtest2 had a residual of -6.43 and 

Subtest3 had a residual of 4.75. This solution was applied to the validation sample (Table 3, 

analysis 11) and the fit was almost identical to the exploratory sample. 

 

Final Solution 

The solution with two testlets (items 1, 2, 3,9 and items 4, 5, 6, 7, 8) was also tested 

following the deletion of items 13, 14, 15 since it was clear from the preceding analyses that the 

last three items were misfitting the scale and representing a different dimension. This solution 

was applied to the exploratory (Table 3, analysis 12) and validation (Table 3, analysis 13) 
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samples and resulted in acceptable fits. This was the final solution which was subsequently 

applied to the whole sample and resulted in a unidimensional scale with an acceptable fit (Table 

2, analysis 14). 

The discarded items 13, 14 and 15 were also separately analysed, however they did not fit 

the Rasch model as a separate scale. A bifactor solution using alternative items was also applied 

to exploratory and validation samples, however the solution with two testlets (Subtest1: 1, 2, 3, 

9; Subtest2: 4, 5, 6, 7, 8) resulted in superior fit statistics. 

 

The final scale had ordered thresholds within the testlets (Figure 4). 

 

Figure 4 

Thresholds Ordering of the Final Two-Testlet Solution 

 

 

The final scale had an excellent spread of item thresholds and targeting very similar to 

the 15-item scale applied to the exploratory sample, with a modest floor effect of 4.9% and a 

negligible ceiling effect of 0.4% (Figure 5). 
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Figure 5 

Person-Item Targeting of the Final Two-Testlet Solution on the Whole Sample, n=2,039
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Table 3  

Summary fit Statistics for Rasch Analyses  

Analysis 

Sample 

Item Fit 

Residual 

Person Fit 

Residual 

Chi-square Interaction 
Condi-

tional 

p 

A PSI α 

Unidimensionality 

t-tests 

(Nr of sig. 

tests/out of = ) 

Lower 

bound 

95% CI 
Nr Name M SD M SD Value df p 

1 Initial 

 

 

exp -0.04 3.57 -0.36 1.72 343.78 135 <0.00001 - - 0.94 0.96 56/500 = 0.11 0.09 

2 Del 13,14,15 

 

 

exp -0.04 1.85 -0.48 1.65 172.28 108 0.00009 - - 0.94 0.96 47/500 = 0.09 0.07 

3 Del 13,14,15,4 

 

 

exp -0.03 1.83 -0.50 1.63 131.02 99 0.01727 - - 0.94 0.96 38/500 = 0.08 0.06 

4 Del 13,14,15,4,9 

 

 

exp -0.02 1.93 -0.49 1.58 126.39 90 0.00692 - - 0.93 0.96 24/500 = 0.05 0.03 

5 Del 13,14,15,4,9 

 

 

val -0.04 2.29 -0.40 1.36 92.44 90 0.40895 - - 0.93 0.95 34/500 = 0.07 0.05 

6 Del 13,14,15,4,9,1 val 0.10 2.21 -0.38 1.34 66.90 81 0.87014 - - 0.93 0.95 26/500 = 0.05 0.03 
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Analysis 

Sample 

Item Fit 

Residual 

Person Fit 

Residual 

Chi-square Interaction 
Condi-

tional 

p 

A PSI α 

Unidimensionality 

t-tests 

(Nr of sig. 

tests/out of = ) 

Lower 

bound 

95% CI 
Nr Name M SD M SD Value df p 

 

 

7 Del 13,14,15,4,9,1 

 

 

exp 0.09 1.98 -0.47 1.55 119.12 81 0.00378 - - 0.93 0.95 27/500 = 0.05 0.04 

8 Del 13,14,15,4, 9   

ST1:1,2 

 

exp 0.06 1.93 -0.46 1.51 117.20 81 0.00532 - 1.00 0.93 0.95 25/500 = 0.05 0.03 

9 Del 13,14,15,4,9 

ST1:1,2 

 

val 0.04 2.59 -0.39 1.34 104.93 81 0.03814 - 1.00 0.93 0.95 30/500 = 0.06 0.04 

10 ST1:1,2,3,9 

ST2:4,5,6,7,8  

ST3:13,14,15 

exp -1.27 5.62 -0.48 0.95 30.46 27 0.29388 - 0.93 0.87 0.80 - - 

11 ST1:1,2,3,9 

ST2:4,5,6,7,8  

ST3:13,14,15 

val -1.11 5.08 -0.49 1.01 32.51 27 0.21377 - 0.92 0.86 0.80 - - 

12 Del 13,14,15  

ST1:1,2,3,9 

ST2:4,5,6,7,8  

exp -0.40 3.95 -0.52 0.87 10.00 18 0.93197 0.17 0.97 0.92 0.82 18/500 = 0.04 0.02 
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Analysis 

Sample 

Item Fit 

Residual 

Person Fit 

Residual 

Chi-square Interaction 
Condi-

tional 

p 

A PSI α 

Unidimensionality 

t-tests 

(Nr of sig. 

tests/out of = ) 

Lower 

bound 

95% CI 
Nr Name M SD M SD Value df p 

13 Del 13,14,15  

ST1:1,2,3,9 

ST2:4,5,6,7,8 

val -0.37 3.91 -0.51 0.86 11.23 18 0.88456 0.03 0.96 0.90 0.80 15/500 = 0.03 0.01 

14 Del 13,14,15  

ST1:1,2,3,9 

ST2:4,5,6,7,8 

full -0.97 8.10 -0.57 0.94 23.73 18 0.16418 0.07 0.97 0.92 0.81 70/2039 = 0.03 0.03 

- Acceptable Values - 0 <1.4 0 <1.4 - - > .05* >0.05* >0.9 >0.85 >0.85 <0.05 <0.05 

 

Note. α= Alpha level, A= explained common variance, CI= Confidence Interval, df= Degrees of Freedom, Del= Deleted items; exp= Exploratory sample, 

full= Full sample, M= Mean, Nr = Number, p= Probability, PSI= Person Separation Index, SD= Standard Deviation, ST= Subtest, val= Validation sample. 

*= Bonferroni-adjusted 
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The plot of the summed raw score to interval logit measure is given in Figure 6 and the 

nomogram of the summed raw score to a conversion metric for the MSNQ-I-12 items is provided 

in Table 4. These conversions are only valid when there is no missing data. 

 

Figure 6 

Plot of Summed Raw Score to Interval Logit Measure of the Final Two-Testlet Solution, n=2039 

 

 

Table 4 

Nomogram of Summed Raw Scores to Interval Level Conversion for the MSNQ-I-12 

Raw Score Converted Score 

0 0.00 

1 4.11 

2 6.80 

3 8.56 

4 9.90 

5 11.02 

6 12.00 

7 12.90 

8 13.75 

9 14.56 

10 15.35 

11 16.12 
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Raw Score Converted Score 

12 16.86 

13 17.58 

14 18.28 

15 18.97 

16 19.64 

17 20.29 

18 20.93 

19 21.56 

20 22.18 

21 22.80 

22 23.40 

23 24.01 

24 24.61 

25 25.22 

26 25.82 

27 26.44 

28 27.05 

29 27.68 

30 28.30 

31 28.94 

32 29.60 

33 30.27 

34 30.95 

35 31.65 

36 32.37 

37 33.11 

38 33.87 

39 34.66 

40 35.48 

41 36.33 

42 37.23 

43 38.19 

44 39.26 

45 40.50 

46 42.09 

47 44.46 

48 48.00 

 

 

 

From henceforth only the MSNQ-I-12 scores will be considered. 
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2) Multiple Regression Analysis 

Data Distribution 

First, the whole sample data for EQ-5D, WHODAS32, LHS, NFI-MS, HADS Depression 

(HADS D), HADS Anxiety (HADS A), MSNQ-I-12 was checked for normality through the 

inspection of histograms. Not all variables appeared to be normally distributed, with some data 

being positively skewed (WHODAS32, LHS) and some negatively skewed (EQ-5D). The 

remaining variables appeared to be normally distributed. This was not further addressed 

statistically as in samples of hundreds of cases the issue of distribution of data can be ignored 

(Altman & Bland, 1995, p. 298), therefore parametric statistics were used. No data has been 

excluded from the analysis as a small number of outliers (N = 20) identified by a visual 

inspection of boxplots were likely to be reflective of the heterogenous MS population. 

 

Sample Description  

In total data records from 2,039 patients with complete MSNQ-I data were extracted from 

the TONiC database. Informants reported their relation to the corresponding patient to be spouse 

(71.2%), domestic partner (10.4%), parent (6.9%), child (4.9%), friend (2.5%), other family 

member (1.8%) or other friend (1.0%), not reported (1.5%). Participants had been recruited 

across 29 MS centres in the UK and 29.4% was collected in Liverpool. There was some 

heterogeneity in disease modifying therapies (DMT) which participants reported using: 

Interferon (10.8%), Natalizumab (8.6%), Glatiramer (8.2%), Dimethyl fumarate (5.4), 

Fingolimod (3.3%), Alemtuzumab (1.8%), Teriflunomide (1.0%), study drug (0.2%), 

Azathioprine (0.1%), Daclizumab (<0.1%), Laquinimod (<0.1%), Mitoxantrone (<0.1%), 
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Ocrelizumab (<0.1%), Stem cell transplant (<0.1%). The majority of participants reported taking 

no DMT (59.8%) and a few did not provide any information on DMT (0.5%; Amin & Hersh, 

2023). Descriptive statistics for participant demographic and disease variables were calculated 

(Tables 5 and 6). 

Table 5 

Whole MSNQ-I-12 Sample Demographics by EDSS Band 

 Total 

sample* 

EDSS 

0 – 4 

EDSS 

4.5 – 6.5 

EDSS 

7 – 7.5 

EDSS 

8 – 9.5 

  

    

N 2,039 872 854 171 133 

% 100 42.8 41.9 8.4 6.5 

Mean age (SD) 51.3 (12.0) 45.5 (11.4) 54.4 (10.6) 59.0 (10.3) 58.8 (9.8) 

Female % 73.6 76.1 71.9 76.6 64.7 

Married % 80.5 79.9 79.5 84.2 85.7 

Working full-time % 11.2 22.7 3.3 0.6 0.0 

Note. EDSS= Expanded Disability Status Scale, N= Number, SD= Standard Deviation 

*Nine patients had missing data for EDSS band 
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Table 6 

Disease Variables by EDSS Band for the Whole MSNQ-I-12 Sample  

 N Total 

sample 

EDSS 

0 – 4 

EDSS 

4.5 – 6.5 

EDSS 

7 – 7.5 

EDSS 

8 – 9.5 

   

    

Phenotype (%)       

PP 288 14.1 6.7 19.7 21.1 19.5 

RE 72 3.5 4.4 3.5 2.3 0.0 

RR 1,111 54.5 84.5 41.8 8.8 1.5 

SP 559 27.4 4.5 35.0 67.8 78.9 

Nr 9 0.4 - - - - 

Mean duration (SD) 2,011 11.5 (10.0) 7.6 (7.7) 12.6 (9.6) 18.1 (11.8) 21.5 (10.2) 

Taking DMT (%) 2,029 39.7 53.0 37.4 12.3 6.0 

Note. DMT= Disease Modifying Therapies, MS= Multiple Sclerosis, N= Number, Nr= Not 

reported, PPMS= Primary Progressive MS, REMS= Rapidly Evolving MS, RRMS= Relapsing-

Remitting MS, SD= Standard Deviation, SPMS= Secondary Progressive MS 

 

Relation of the Demographic and Disease Characteristics to the MSNQ-I-12 – Whole Sample 

An independent samples t-test was used to compare the MSNQ-I-12 scores of male and 

female participants. Means and standard deviations of the MSNQ-I-12 for males and females for 

the whole sample are displayed in Table 7. 
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Table 7 

Mean and Standard Deviation of the MSNQ-I-12 for Males and Females – Whole Sample 

Gender N M SD 

Female 1,500 19.44 9.10 

Male 539 21.17 9.35 

Note. M= Mean, N= Number, SD= Standard Deviation 

 

Levene’s test of homogeneity was not significant (F = .887, p = .347), therefore equal 

variances were assumed. Male patients were rated as having more cognitive difficulties than 

female patients on the MSNQ-I-12 (t(2037) = -3.77, p < .001). Means and standard deviations of 

the MSNQ-I-12 for all MS types for the whole sample are displayed in Table 8. 

 

Table 8 

Means and Standard Deviations of the MSNQ-I-12 for all MS Types – Whole Sample 

MS Type N M SD 

PPMS 288 19.13 9.23 

REMS 72 20.77 9.37 

RRMS 1,111 19.47 8.88 

SPMS 559 20.93 9.65 

Note. M= Mean, N= Number, SD= Standard Deviation 
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A one-way ANOVA was conducted to examine the effect of MS type (PPMS, REMS, 

RRMS, SPMS) on the MSNQ-I-12 score (Table 9). 

Table 9 

ANOVA for MS Type 

 F p 

MS type 4.03 .007 

 

 

The analysis of variance demonstrated a significant effect of MS type on the MSNQ-I-12 

scores (F(3,2026) = 4.03, p = .007), therefore Bonferroni’s post-hoc comparisons were carried 

out with adjusted alpha levels of .008 to account for multiple comparisons. Fisher’s protected t-

tests showed that the SPMS group were rated as having significantly more cognitive difficulties 

than the RRMS group (t(1040.13) = -2.99, p = .003) and PPMS group (t(845) = -2.60, p = .009). 

However, when using the corrected significance value of .008, there is no significant difference 

between PPMS and SPMS groups on the MSNQ-I-12 scores, and therefore this finding is 

inconclusive. 

 

Exploring the Associations Between the MSNQ-I-12, Patients’ age, Disease Duration, EDSS 

Bands and PROMs 

Pearson’s correlation coefficients between the MSNQ-I-12, patients’ age, disease 

duration and PROMs are presented in Table 10. Table 10 also includes Spearman’s correlation 

coefficient which was used to correlate the EDSS bands (ordinal data) with all other variables 
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(interval data). Spearman’s correlation was chosen over Kendall’s coefficient due to large 

sample size (Khamis, 2008). LHS was the most strongly correlated with the MSNQ-I-12. 

Performing multiple correlation coefficients increases the risk of obtaining significant 

results by chance (committing Type I error; Curtin & Schulz, 1998). The level of significance for 

correlation coefficients were adjusted for multiple comparisons and the adjusted level was set to 

.001 (.05 / 45 = .001). Moreover, having a large sample could have also transformed small 

differences into significant differences (Faber & Fonseca, 2014). 
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Table 10 

Pearson’s and Spearman’s Correlation Coefficients Between the MSNQ-I-12, Patients’ age, Disease Duration, EDSS Bands and PROMs 

Notes. EDSS= Expanded Disability Status Scale, EQ-5D= Health Status Scale, HADS A= Hospital Anxiety and Depression Scale-Anxiety, 

HADS D= Hospital Anxiety and Depression Scale-Depression, LHS= London Handicap Scale, MS= Multiple Sclerosis, MSNQ-I-12= The 

Multiple Sclerosis Neuropsychological Questionnaire-Informant (Rasch-analysed), NFI-MS= The Neurological Fatigue Index, WHODAS 32= 

World Health Organisation Disability Assessment Schedule omitting work-related items; Significant correlations are in bold. The level of 

significance was set to .001. Pearson’s correlations unless indicated (b = Spearman’s). a = Rasch-transformed scores 

 1 2 3 4 5 6 7 8 9 10 

1. EDSS band - .126b 

p < .001 

.430b  

p < .001 

.410b 

p < .001 

-0.630b 

p < .001 

.614b 

p < .001 

.560b 

p < .001 

.318b 

p < .001 

.304b 

p < .001 

-0.024b 

p = .294 

2. MSNQ-I-12a  - .007 

p = .761 

.045 

p = .041 

-.299 

p < .001 

.450 

p < .001 

.454 

p < .001 

.448 

p < .001 

.401 

p < .001 

.275 

p < .001 

3. Age   - .474 

p < .001 

-.255 

p < .001 

.227 

p < .001 

.162 

p < .001 

.093 

p < .001 

.089 

p < .001 

-.187 

p < .001 

4. MS duration    - -.246 

p < .001 

.247 

p < .001 

.200 

p < .001 

.079 

p = .001 

.083 

p < .001 

-.079 

p < .001 

5. EQ-5D     - -.797 

p < .001 

-.743 

p < .001 

-.538 

p < .001 

-.539 

p < .001 

-.294 

p < .001 

6. WHODAS32a      - .873 

p < .001 

.695 

p < .001 

.700 

p < .001 

.394 

p < .001 

7. LHS       - .656 

p < .001 

.662 

p < .001 

.341 

p < .001 

8. NFI-MSa        - .597 

p < .001 

.390 

p < .001 

9. HADS Da          - .567 

p < .001 

10.  HADS Aa          - 
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Multiple Linear Regression 

Prior to conducting multiple linear regression, the assumptions of the regression analysis were 

checked. 

1. The visual inspection of the histogram of the MSNQ-I-12 (dependent variable) revealed 

that residuals approximate a normal distribution. 

2. Linearity between the MSNQ-I-12 and other variables was examined earlier (Table 10). 

The MSNQ-I-12 was not significantly correlated with patients’ age and disease duration, 

therefore these two variables were excluded from the multiple regression. The remaining 

independent variables (patients’ gender, EDSS band, EQ-5D, LHS, NFI-MS, HADS D, 

HADS A) were assessed to have a linear relationship with the MSNQ-I-12. 

3. Multicollinearity was also examined, and a very high correlation (above 0.8) was 

observed between LHS and WHODAS32, therefore only LHS was included in the 

regression as it had a higher number of responses (N = 1,983) than WHODAS 32 (N = 

1,704). Variance Inflation Factor values were checked for the independent variables, and 

they indicated no problematic multicollinearity (i.e., values below 5). 

4. The visual inspection of a plot of standardised predicted values versus standardised 

residual values revealed that there was an absence of heteroscedasticity. 

5. Outliers (by distance and influence) were examined. Twenty-one outliers were found, and 

they were retained in the analysis as they were likely to be representative of the MS 

population and, given a small number, unlikely to significantly affect the results. 

6. The dependent variable was at the interval level and predictors were at the mixture of 

interval, ratio, and dichotomous levels.  
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Disease type was excluded from multiple regression because almost 60% of the sample 

had RRMS type. Therefore, PwMS with low levels of disability would have been overly 

represented which could have introduced some bias and affected the analysis. The level of 

disability (EDSS band) is a clear indication of disease progression in MS (Meyer-Moock et al., 

2014) and all EDSS bands were represented in this dataset more evenly than the MS types. 

Spearman’s ‘Rho’ revealed a significant and moderate positive correlation between EDSS band 

and MS type (r(2028) = .29, p < .001), therefore only EDSS band was retained for the multiple 

regression. EDSS bands are also ordinal data, unlike MS types, and can be treated as interval 

data without the need to create “dummy” variables. 

Multiple regression analysis excludes participants with missing data (see Appendix VIII 

for the table with the number of participants from total sample for all variables considered in 

multiple regression). After excluding participants with missing data on any of the included 

variables, the total number of participants in the multiple regression was 1,806. 

 

Power Analysis  

To detect reasonable-size effects with reasonable power, 10 or 15 cases of data for each 

predictor are required in the multiple regression model (Field, 2018, p. 519). However, to detect 

a small effect size a sample of 806 is required for the multiple regression with up to 10 predictors 

(Cohen, 1988). The available sample of 1,806 with seven predictors will therefore suffice for 

detecting small effect size and achieving a high level of power. 
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A multiple linear regression was performed to analyse the combined effect of patients’ 

gender, patients’ level of disability (EDSS band), self-reports of patients’ anxiety (HADS A), 

patients’ depression (HADS D), patients’ fatigue (NFI-MS), health-related quality of life (EQ-

5D) and patients’ disadvantage experienced as a result of ill health (LHS) on the relatives’ 

perceptions of the cognition of PwMS (MSNQ-I-12). A multiple linear regression was carried 

out using the ENTER method. These seven variables accounted for a significant amount of 

variance in the score on the MSNQ-I-12 (F(7,1798) = 99.43, p < .001; R2 = .28, adjusted R2 = 

.28). The partial regression coefficients, displayed in Table 11, showed that variables which had 

a significant unique relationship to the MSNQ-I-12 scores were: gender (t(1799) = 4.35, p < 

.001), EDSS band (t(1799) = -5.17, p < .001), HADS A (t(1799) = 2.63, p = .009), NFI-MS 

(t(1799) = 7.81, p < .001), LHS (t(1799) = 10.17, p < .001) and EQ-5D (t(1799) = 2.13, p = 

.034). 
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Table 11 

A Multiple Linear Regression for the Predictors of the Relatives’ Perceptions of the Cognition of 

PwMS on the MSNQ-I-12 (n = 1,806) 

Model B SE B β t p 

Gender 1.836 .422 .089 4.346 <.001 

EDSS Band -1.474 .285 -.137 -5.170 <.001 

EQ-5D 2.466 1.161 .070 2.125 .034 

LHS .711 .070 .370 10.168 <.001 

NFI-MS .316 .040 .219 7.812 <.001 

HADS D .141 .083 .053 1.701 .089 

HADS A .155 .059 .068 2.631 .009 

Notes. EDSS= Expanded Disability Status Scale, EQ-5D= Health Status Scale, HADS A= 

Hospital Anxiety and Depression Scale-Anxiety, HADS D= Hospital Anxiety and Depression 

Scale-Depression, LHS= London Handicap Scale, NFI-MS= The Neurological Fatigue Index, 

WHODAS 32= World Health Organisation Disability Assessment Schedule omitting work-

related items 

 

Patient-reported depression on HADS was not independently associated with the MSNQ-

I-12 score (t(1799) = 1.70, p = .089). The analysis suggested that LHS (β = .37) was the most 

influential predictor and HADS D (β = .05) was the least influential predictor in the model. There 

were no significant differences between the whole sample and the multiple regression sample (n 

= 1,806 with complete data) in terms of patient demographic (age, gender, marital status, 

employment) and disease (MS type, duration, DMT data) variables. Multiple regression sample 

demographics and disease information are displayed in Appendices IX and X. 
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Discussion 

CI in MS is prevalent but objective cognitive assessments are not always available. 

Further work was needed to determine whether the MSNQ-I can be used as a proxy cognitive 

assessment in MS. This study aimed to utilise the Rasch analysis to assess the psychometric 

properties of the MSNQ-I and then identify which patient and disease factors are associated with 

informants’ scores on the Rasch-analysed MSNQ-I. 

 

Summary of Findings 

1) Rasch-Analysed MSNQ-I 

The MSNQ was developed in 2003 using standard techniques of item pool generation 

from qualitative interviews and then item reduction by Rasch analysis. Benedict et al. (2003) 

found four conceptual domains amongst the items of a) attention and speed of processing, b) 

memory, c) other cognitive ability, and d) personality and behaviour. Rasch analysis was 

performed on a sample of 102 MS patients (notably not any informants) using the BIGSTEPS 

software and mean square infit and outfit statistics. Rasch analysis has advanced considerably in 

the past 20 years and the original analysis simply would not have had the power to detect misfit 

or multidimensionality which might be clinically meaningful. 

The current study using the latest Rasch techniques and software on much larger sample 

sizes of the partners and carers of PwMS, found that the MSNQ-I did not have a strictly 

unidimensional structure. Only after deleting the last three items (item 13: “Does he/she have 

difficulty controlling his/her impulses?”; item 14: “Does he/she laugh or cry with little cause?”; 

item 15: “Does he/she talk excessively or focus too much on his/her own interests?”), the revised 
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MSNQ-I (MSNQ-I-12) satisfied the psychometric requirements of the Rasch model. Items 13, 14 

and 15 were combined into one smaller scale and Rasch-analysed, but they did not form a 

separate scale which would have been valid for measurement. These three items are related to 

executive function (a set of mental process needed for controlling one’s behaviours, e.g., social 

and emotional control, stopping ongoing action; Perone et al., 2021), and although not explicitly 

stated in the original scale development paper, likely represented the personality and behaviour 

domain identified in the qualitative work. Following in-depth discussions with the experts in the 

fields of neuropsychology, neurology and psychometrics, it was concluded that these three items 

should be removed from the scale. Whether they truly represented a separate latent construct is 

an empiric question, but it is possible, and these items certainly did not conform mathematically 

to the rest of the scale in the analysis and their removal improved the measurement properties of 

the remaining items.  

 

2) Multiple Regression 

The MSNQ-I-12 was not significantly correlated with patients’ age or MS duration. 

These findings were expected and in line with the findings of other studies (Akbar et al., 2011; 

Benedict et al., 2003; Konstantinopoulou et al., 2018; Langdon et al., 2013; Migliore et al., 2021; 

O’Brien et al., 2007; Vanotti et al., 2009). In the current study, male patients were rated by 

informants as having more cognitive difficulties than female patients on the MSNQ-I-12. This 

contradicted the finding from a study of Migliore et al. (2021) which reported no correlation 

between patient gender and the MSNQ-I score. A possible explanation for it might be that men 

with MS are more cognitively impaired than women with MS on objective cognitive tests of 

verbal learning and memory (Donaldson et al., 2019). The association between relatives’ reports 
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of patient cognition and verbal memory tests was previously reported (i.e., the higher the 

reported CI, the lower the verbal memory score; e.g., Akbar et al., 2010; Benedict et al., 2004; 

Fenu et al., 2021; Vanotti et al., 2009). 

The multiple linear regression revealed that patients’ gender, patients’ level of disability 

(EDSS band), self-reports of patients’ anxiety (HADS A), patients’ fatigue (NFI-MS), health-

related quality of life (EQ-5D) and patients’ disadvantage experienced as a result of ill health 

(LHS) explained 28% of the variance in the relatives’ perceptions of the cognition of PwMS 

(MSNQ-I-12). Despite self-reports of patients’ depression (HADS D) significantly correlating 

with the MSNQ-I-12, HADS D was not a significant predictor in the multiple regression model. 

This suggests that the shared variance between the MSNQ-I-12 and patients’ self-reports of 

depression is accounted for by other variables. 

 

Review of the Theoretical Model 

Considering the results of the study (i.e., that about a quarter of the relative’s reported 

score on the MSNQ-I was linked to the patient’s gender, physical disability, anxiety, fatigue, 

how their illness affects their daily life and how their health affects their quality of life) and the 

theoretical model of Morris and Mograbi (2013) discussed in the introduction, it is possible that 

certain patient demographic and disease characteristics may be feeding into a relative’s internal 

model of PwMS’ cognition. Relatives take into account these variables and they get updated in 

their PwMS’ database (Figure 1). This might contribute to a more accurate estimation of patient 

cognition. Mazancieux et al. (2019) suggested that patients’ inacurrate reports of their cognition 

are associated with depression, fatigue and objective cognitive impairment as well as that they 
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are more reflective of PwMS’ beliefs and worries. This suggests that there is a difference 

between informants’ and patients’ reports of PwMS’ cognition, such that the same variables 

(e.g., patient fatigue, mood) simultaneously may act as predictors of informants’ reports and 

confounders of patients’ self-reports. Mazancieux et al. (2019) also proposed that patients with 

MS types associated with greater cognitive impairments are less likely to be aware of their 

cognitive impairments. In contrast, the implications of greater cognitive impairments may be 

more noticeable for PwMS’ informants in day-to-day situations and therefore reported on the 

MSNQ-I. However, this study only focused on patient and disease variables, and it would be of 

interest to understand how PwMS’ relatives’ factors might be contributing to MSNQ-I scores. 

Particularly because Mazancieux et al. (2019) highlighted the evidence from other conditions 

that informants’ depression and carer burden are associated with informants’ ratings. 

Nonetheless, for the variables explored in the current study the adapted theoretical model of 

Morris and Mograbi (2013) offered a reasonable theoretical underpinning for relatives’ 

metacognitive awareness of PwMS’ cognitive status. 

 

Strengths of This Study 

The sample in this current study was reasonably representative of the MS population in 

the UK and worldwide. In the current study there were almost three times more females with MS 

than males. This was consistent with the gender ratio in MS (e.g., Català-Senent et al., 2023; 

McGinley et al., 2021). In relation to participants’ age, the average patient age of 51.3 was 

higher than in other observational studies conducted in the UK (mean = 43.5, Dobson et al., 

2021; mean = 41.8, Jick et al., 2015). This could represent sampling differences. Participants’ 
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ethnicity data was not collected in the TONiC study. The lack of data on MS patients’ ethnicity 

is a wider issue in England as reported by Public Health England (2020). 

This dataset included data on participants’ EDSS bands but not their exact EDSS scores. 

As these bands are not commonly used in studies, it was difficult to compare the distribution of 

levels of disability in this study with other studies and MS population in general. However, it 

appears that the more severe range of the disease was underrepresented. 

The current sample had a higher percentage of married individuals (80.5%) compared 

with the UK MS Register (UKMSR), one of the largest repositories of PROMs in Europe 

(57.0%; Nicholas et al., 2020). In terms of patients’ employment, in the current study the 

participants working full-time constituted 11.2% of the total sample. This was a lower 

percentage than reported in the UKMSR (42.0%), however it did not capture those PwMS who 

worked part-time. The UKMSR also used a different classification system (“active” vs 

“inactive”) than the current study which might be contributing to the discrepancy in percentages. 

In relation to MS types, in the current study RRMS was the most commonly reported MS 

type (58.0% including REMS) and this was also the most commonly reported MS type in other 

UK studies (e.g., 77.0%, Jick et al., 2015; 43.0%, Nicholas et al., 2020). In the current study 

27.4% were SPMS, which fell between the worldwide prevalence (22.4%; Vasanthaprasad et al., 

2022) and the UK prevalence of SPMS (47.7%; Vasanthaprasad et al., 2022). The proportion of 

patients with PPMS in the current study (14.1%) was consistent with other UK studies (e.g., 

13.9%, Jick et al., 2015; 11.0%, Nicholas et al., 2020). 

Another important strength of this study was a large sample size. This meant that the 

study had an excellent statistical power for both Rasch and multiple regression analyses. This 
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increases the confidence in the validity of the obtained results. Furthermore, the methodology in 

this study was another strength. The use of a well-established modern measurement theory 

method (Rasch analysis) enabled assessment of the existing scale and development of a revised 

version of the questionnaire, with superior psychometric properties. Since the fit to Rasch model 

was achieved, the ordinal-to-interval measurement conversion table (nomogram) is generalisable 

across samples and can be used in clinics and other studies. 

 

Limitations 

There were some sample biases in the current study. First, not everyone with MS from 

each centre volunteered to take part in the TONiC study and certain sociodemographic 

subgroups might be underrepresented (e.g., those who had caring or work responsibilities). 

Second, this unique dataset extracted from the TONiC database only included those participants 

who had a corresponding MSNQ-I score provided by their informants. In this sample over 70% 

of informants were spouses. Given that people with MS experience higher rates of relationship 

breakdown (Neate et al., 2019), PwMS who were not in a relationship were underrepresented. 

Third, the sample that the study used for the multiple regression excluded participants who had 

missing data on some variables. To address this both whole sample and multiple regression 

sample were compared on all variables and no significant differences were found. But they might 

differ on characteristics not measured. Fourth, there was a subtle overrepresentation of those 

with 10 or more years of disease duration and therefore of those with high levels of CI. CI may 

shift with disease duration, with significant differences in cognitive functioning between those 

who had MS for 5-10 years versus over 10 years (Freedman et al., 2023). These high levels of CI 

might have been more noticeable for PwMS’ informants and led to higher scores on the MSNQ-
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I-12. Fifth, the data has been collected across six years (2013-2019) which could be affecting the 

findings. For instance, the management of the disease changed over the years as new medications 

have been approved to treat RRMS (e.g., highly-efficacious monoclonal antibody treatments; 

Tillery et al., 2017), with different administration routes and timings. This could have impacted 

the health status of patients and therefore the comparability of the data within the sample. During 

that time period the 2010 McDonald MS diagnostic criteria were replaced with the revised 2017 

McDonald criteria, which could have changed the accuracy and consistency of diagnosis of MS 

over time (Beesley et al., 2018). 

Deleting items from a published and already widely-used scale in order to achieve fit to 

the Rasch model is not an ideal solution, however it is not uncommon in the process of scale 

refinement (e.g., Hadžibajramović et al., 2022; Huang et al., 2022; Pellicciari et al., 2020). All 

reasonable attempts were made to retain the removed items (i.e., examining if they form a 

separate scale, using testlets and using a bifactor solution). The 12-item scale had better 

measurement properties than the original 15-item MSNQ-I.  

Additionally, there was no objective cognitive patient data for comparison with the 

MSNQ-I-12, which would have given a useful perspective on the validity of the MSNQ-I. 

Previous non-significant associations between relatives’ reports and patients’ objective cognitive 

tests (e.g., Langdon et al., 2013; Rosti-Otajärvi et al., 2014; Sejbæk et al., 2018) suggest that this 

might have introduced some bias to study results. This study was also limited in terms of the 

variables explored and it could only investigate variables chosen for the original TONiC study 

(e.g., there was no information about patients’ ethnicity). 
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Future Directions 

The MSNQ-I-12 can be used in clinics and future studies to identify and monitor CI in 

PwMS. It is recommended that clinicians and researchers administering the MSNQ-I exclude the 

final three items when calculating the total score. Retaining all 15 items for measurement would 

substantially increase measurement error because the original MSNQ-I measures two different 

concepts. Items 13, 14 and 15 might be administered to gather additional qualitative information 

as a part of the assessment. 

Future studies could implement longitudinal designs to explore how relatives’ 

perceptions of cognition of PwMS (MSNQ-I-12) change over time and which factors might be 

contributing to it. This study also prompts future studies to include objective cognitive testing to 

compare objective scores with subjective informants’ scores on the MSNQ-I-12. 

 

Conclusions 

The MSNQ-I-12 has a unidimensional structure, and its psychometric properties are 

superior to those of the original MSNQ-I. The deleted three items of the MSNQ-I appear to be 

measuring executive functioning of PwMS and capture behavioural disturbances. The MSNQ-I-

12 can be used as a proxy for objective cognitive assessment in MS, however the score should be 

carefully interpreted in the context of patients’ gender, patients’ level of disability (EDSS band), 

self-reports of patients’ anxiety (HADS A), patients’ fatigue (NFI-MS), health-related quality of 

life (EQ-5D) and patients’ disadvantage experienced as a result of ill health (LHS). The MSNQ-

I-12 raw score should be transferred to interval level conversion using the nomogram provided in 

this study.   
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Chapter III: Systematic Review 

“The Associations of the Multiple Sclerosis Screening Questionnaire for 

Informants with Patients’ Scores on Neuropsychological Assessments and 

Depression Scales: A Systematic Review” 

 

Abstract 

The Multiple Sclerosis Neuropsychological Questionnaire (MSNQ; Benedict et al., 2003) is a 

brief test about cognition in multiple sclerosis (MS) during activities of daily living. There are 

two versions of this questionnaire (patient’s self-report: MSNQ-P and relative’s report: MSNQ-

I). It has been suggested that the MSNQ-I may be a useful alternative to objective cognitive 

testing, however how it relates to the objective cognitive testing has not been systematically 

assessed. A systematic literature search of PubMed and PsycINFO databases was conducted. The 

review included studies published between the MSNQ publications date (2003) and the date of 

the search (19th September 2022). Studies were included if they reported associations between 

the MSNQ-I and patients’ objective cognitive test scores. There were twenty-two studies 

included in the systematic review, all cross-sectional and quantitative. The Effective Public 

Health Practice Project (EPHPP; Thomas et al., 2004) tool for quantitative studies was used to 

assess the quality of each study. This systematic review found that the correlations of different 

cognitive categories (information processing speed, auditory memory, visual memory, language, 

executive functioning, and visual perception/spatial processing) with MSNQ-I and MSNQ-P 

were inconsistent. All significant correlations were negative which means that higher MSNQ 

scores (i.e., more reports of cognitive difficulties) were associated with lower performance on 



74 
 

objective cognitive tests (i.e., a greater cognitive decline). The MSNQ-I correlations with 

cognitive tests were significant more frequently than the MSNQ-P correlations with cognitive 

tests. The patient’s version of the MSNQ on its own may not reliably reflect patients’ objective 

cognitive profiles. The MSNQ-I, however, may be a useful screening tool of patients’ cognition 

for the healthcare professionals working with PwMS when the scores are considered in the 

context of other factors, including patients’ depressive symptoms. 
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Introduction 

Cognitive impairment (CI) in multiple sclerosis (MS) is common and it can affect 

patients’ quality of life (QoL). Standard cognitive assessments with MS patients are not always 

feasible and, thus patients’ cognitive difficulties might not be addressed in clinics. Objective 

cognitive assessments for patients incur significant resource costs. Using shorter screening 

instruments may be a useful, alternative indicator of cognitive abilities. The Multiple Sclerosis 

Neuropsychological Questionnaire-Informant (MSNQ-I; Benedict et al., 2003), which is 

completed by MS patients’ carers/relatives, is a well-validated example of such a measure. 

Further work is needed to determine whether the MSNQ-I can be used as a proxy cognitive 

assessment in MS. It is important to understand how other aspects of MS patients’ disease (e.g., 

duration, physical disability, type of MS) contribute to relatives’ perceptions of MS patients’ 

cognitive status. In other diseases, patients’ characteristics are correlated with relatives’ reports 

of patients’ cognition. Associations between relatives’ reports of patients’ CI and patients’ age 

and education were reported in a systematic review investigating factors related to informant-

reported cognitive decline in older adults (Morrell et al., 2019). 

MS is an autoimmune neurological condition of an unpredictable and progressive course 

affecting the central nervous system (McGinley et al., 2021). Different subtypes of MS include 

clinically isolated syndrome (CIS), relapsing-remitting multiple sclerosis (RRMS), secondary 

progressive multiple sclerosis (SPMS), primary progressive multiple sclerosis (PPMS) and 

benign multiple sclerosis (BMS). CIS is defined as the first episode of MS lasting at least 24 

hours. CIS may or may not lead to development of MS. In RRMS, periods of acute flare-ups of 

symptoms, lasting at least 24 hours (relapses) are followed by lengthy periods of full or almost 

full recovery (remission). SPMS follows from initial RRMS, when disability starts to accumulate 
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at a variable rate with or without relapses, minor remissions, and plateaus. PPMS presents with a 

gradual accumulation of disability from the outset. BMS can be described as a type of RRMS 

with very mild attacks between long periods without any MS symptoms. It was estimated that in 

2016 2,221,188 individuals were living with MS globally and that the second-highest age-

standardised MS prevalence estimates per 100,000 population were in western Europe (Wallin et 

al., 2019). There is currently no cure for MS and the existing treatments only slow progression. 

MS can lead to a significant disability and involve a range of physical and psychological 

symptoms, including cognitive difficulties (McGinley et al., 2021). 

Over the years increasingly more attention has been given to the topic of cognition in 

MS. Cognition is an umbrella term which encompasses many different mental processes. 

Although not all MS patients have the same cognitive profile, the most frequently affected 

domains in MS are information processing speed (IPS), memory, visual perceptual functions, 

attention, and executive skills (Benedict et al., 2020). Given that 45-70% of MS patients have 

cognitive difficulties and people are diagnosed with MS in their 20s-30s, many patients 

experience cognitive difficulties for the rest of their lives. Therefore, the topic of cognition in 

MS is important. 

CI in MS is often overlooked despite its significant impact on patients and their systems. 

The challenges of CI can be particularly difficult for those who are at the starting a family and/or 

building a career stage of their lives. Cognitive deficits in MS impair people’s social cognition 

(Dulau et al., 2017), driving ability and safety (Morrow et al., 2018), the performance of 

activities of everyday living (Goverover et al., 2007) and money management skills (Tracy et al., 

2017). Cognitive decline in MS is also a factor adversely affecting disease management, 

including adherence to medication (Washington & Langdon, 2022), rehabilitation outcome 
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(Langdon & Thompson, 1999) and employment (Campbell et al., 2017). In a systematic review 

investigating the relationship between cognition and employment in working-age adults in MS, it 

was reported that those who were unemployed or had reduced their working hours had a higher 

level of CI on objective cognitive testing, when compared with those who maintained their 

employment status or working hours (Benedict et al., 2016). Cognitive difficulties in MS are also 

correlated with the economic burden of the disease, namely a high cost to the healthcare and 

community systems (Maltby et al., 2022). Cognitive difficulties in MS can decrease patients’ 

QoL due to their psychosocial and physical consequences (Gil-González et al., 2020; Lakin et 

al., 2021), hence understanding the extent of cognitive challenges in MS is important. 

Assessments of cognition in MS at all stages of the disease are important. The extent of 

neurological disability is typically measured by the Expanded Disability Status Scale (EDSS; 

Kurtzke, 1983), however, EDSS alone fails to reliably capture cognition (Saccà et al., 2017). 

Perceived and objective cognitive functioning in MS was found to be associated with patients’ 

QoL (Crouch et al., 2022). Routine cognitive testing in MS may enable the identification of 

patients needing early intervention that can improve patients’ cognitive functioning (DeLuca et 

al., 2020), and therefore their QoL (Gil-González et al., 2020; Lakin et al., 2021), as well as act 

as an additional clinical sign of disease activity (Benedict et al., 2020). Lastly, a recent 

qualitative study examining MS patients’ opinions on patient-reported outcomes found CI to be 

one of the most important domains of living with MS that needs to be addressed (Westergaard et 

al., 2022). The assessment of cognition is therefore pivotal for both health professionals 

managing the disease as well as MS patients. 

There are different options for assessing cognition in MS. These include objective testing, 

self-reports, relatives’ reports, and clinic staffs’ informal evaluations. There are some difficulties 
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with relying on the healthcare professionals’ (HCPs’) judgements of MS patients’ cognition. CI, 

unlike physical disability, is not a visible symptom of MS. This makes cognitive difficulties 

difficult to detect (Lakin et al., 2021). Since clinic staffs’ reports of cognition in MS are 

unreliable, additional cognitive evaluation is required to obtain an accurate picture of cognition. 

Objective MS cognitive batteries assess several cognitive domains. The Brief Repeatable 

Battery of Neuropsychological Tests (BRB-N; Rao, 1991) takes approximately 45 minutes to 

complete, and it assesses IPS, working memory, verbal memory, visuospatial memory, and 

verbal fluency. The Minimal Assessment of Cognitive Functioning in Multiple Sclerosis 

(MACFIMS; Benedict et al., 2002) takes approximately 90 minutes to complete and, includes 

some of the BRB-N tests, and additionally assesses executive function and visuospatial 

perception. The Brief International Cognitive Assessment for Multiple Sclerosis (BICAMS; 

Langdon et al., 2012) can be completed in 15 minutes, and it assesses IPS, verbal memory and 

visuospatial memory. 

Completing a standard cognitive assessment with every MS patient on a regular basis (for 

example, annually) is not feasible in most MS services. Most of the available cognitive 

assessment batteries are long and expensive. Moreover, it is recommended that most of these 

assessments are completed by a qualified neuropsychologist (Ruet & Brochet, 2020), but not all 

MS patients have access to a neuropsychologist’s expertise (Foley et al., 2012). There may be 

issues with the interpretation of the objective cognitive testing results since fatigue (Davenport et 

al., 2022; Tur, 2016), depression (Golan et al., 2018) and anxiety (Morrow et al., 2016) can have 

subtle bias effects on objective cognitive test performance. The results from standardized 

cognitive assessments completed in a controlled environment might not truly reflect patients’ 

everyday functioning (Ruet & Brochet, 2020). Given that cognitive testing is expensive, time-
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consuming and in short supply, short screening instruments, like the MSNQ, may be a useful 

indicator of cognitive status. 

The MSNQ is an example of one of the most commonly used subjective measures of MS 

cognitive impairment in published work (Elwick et al., 2021). It is a brief test consisting of 15 

questions about cognition during activities of daily living. There are two versions of this 

questionnaire, one self-report version for patients (MSNQ-P) and the other one for informants 

(e.g., carers, family members; MSNQ-I). On the MSNQ both patients and informants use a five-

point scale to rate the occurrence of 15 items related to concrete examples of patients’ cognitive 

functioning (e.g., distractibility, slowed processing, forgetting what is read). Higher scores on the 

MSNQ represent a bigger impact of cognitive deficits on daily functioning. There are multiple 

advantages of the MSNQ, for example, it can be completed at a distance, online, alone, quickly, 

it is widely available, and it has been validated in many countries. 

However, patients’ self-reports of cognition cannot reliably replace objective testing 

(Akbar & Finlayson, 2021). Fatigue, one of the most prevalent self-reported MS symptoms (Tur, 

2016), and depression are common confounding variables of patients’ subjective reports of 

cognition (Hughes et al., 2019). MSNQ-P scores are significantly correlated with patients’ 

depression (Davenport et al., 2022), but only slightly with their objective cognitive performance 

(e.g., Akbar et al., 2011; Benedict et al., 2004; O’Brien et al., 2007). Conversely, MSNQ-I scores 

are usually correlated with patients' cognitive performance on objective tests (e.g., Charest et al., 

2020; Fenu et al., 2018; Migliore et al., 2021; O’Brien et al., 2007), with a few exceptions (no 

correlation, Sejbæk et al., 2018; minimal correlation, Konstantinopoulou et al., 2018). The 

MSNQ-I has also been found to predict follow-up objective cognitive testing (Benedict & 

Zivadinov, 2006). Although a low to moderate correlation between the MSNQ-I and the MSNQ-
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P has been shown (e.g., Benedict et al., 2003; Dagenais et al., 2013; Konstantinopoulou et al., 

2018; Migliore et al., 2021; Sejbæk et al., 2018), this has not been a consistent finding. 

Significant discrepancies have been reported between scores on the MSNQ-P and the MSNQ-I 

(e.g., Fenu et al., 2018; Sonder et al., 2013). 

The MSNQ-I has been used to measure cognitive function in isolated cognitive relapses 

(ICRs) in an MS scientific study (Meli et al., 2020). ICRs are transient cognitive deficits 

(Morrow et al., 2011). Patients with ICR were reported to have both lower MSNQ-I and 

objective cognitive tests scores, compared to patients without ICR (Meli et al., 2020). Although 

MSNQ-I data is being reported in scientific studies of cognition, properties of caregivers’ 

perception of cognition of PwMS are not fully understood. Caring for someone can be very 

difficult and the CI of PwMS significantly contributes to caregivers’ reports of high-stress levels 

(Halstead et al., 2021). Caregivers’ perceptions of patients’ cognition could contribute to MS 

clinic management and the MSNQ-I may be a useful measure, given that it correlates with scores 

on objective cognitive tests. Understanding what contributes to relatives’ perspectives of MS 

patients’ cognition is needed before the MSNQ-I can be adopted as a proxy for objective 

cognitive assessment in MS. 

Previous small MSNQ-I studies from around the world have shown inconsistent 

correlations of the MSNQ-I with patients’ characteristics. In terms of the MSNQ-I and patients’ 

mood, patients’ depression has been reported to correlate with the MSNQ-I (Akbar et al., 2010, 

2011; Benedict et al., 2004; Langdon et al., 2013; Migliore et al., 2021; Sejbæk et al., 2018; 

Sonder et al., 2012), but not consistently (Benedict et al., 2003; Benedict & Zivadinov, 2006; 

Dagenais et al., 2013; Fenu et al., 2018; Fenu et al., 2021; Konstantinopoulou et al., 2018; 

O’Brien et al., 2007; Vanotti et al., 2009). Higher scores on patients’ depression scale were also 
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associated with higher scores on the MSNQ-I (Carone et al., 2005). The MSNQ-I has been 

shown to correlate with patients’ anxiety (Akbar et al., 2011; Sonder et al., 2012), but again, not 

consistently (Fenu et al., 2018; Fenu et al., 2021). Patients’ neuropsychiatric symptoms (such as 

frequency and severity of delusions, hallucinations, aggression, euphoria, apathy, disinhibition) 

reported by an informant were also reported to correlate with the MSNQ-I (Benedict & 

Zivadinov, 2006; Carone et al., 2005). Lastly, patients’ self-reported fatigue has not been found 

to correlate with the MSNQ-I (Langdon et al., 2013), although this study was with CIS patients, 

at a relatively early stage of the disease, when fatigue may not be so prominent. 

In terms of the relationship between MSNQ-I and patient demographics, the MSNQ-I 

was shown to correlate with patients’ gender (Sonder et al., 2012), but not consistently (Migliore 

et al., 2021). Patients’ age was unrelated to the MSNQ-I (Akbar et al., 2011; Benedict et al., 

2003; Langdon et al., 2013; Migliore et al., 2021; O’Brien et al., 2007), except in one study 

(Sonder, et al., 2012). Patients’ higher age, however, has been significantly positively correlated 

with the difference between scores on the MSNQ-P and the MSNQ-I (Fenu et al., 2018). 

Patients’ education has been shown to correlate with the MSNQ-I (Migliore et al., 2021; Sonder 

et al., 2012), but again not consistently (Akbar et al., 2011; Benedict et al., 2003; Langdon et al., 

2013; O’Brien et al., 2007). The MSNQ-I did not correlate with patients’ premorbid IQ (Akbar et 

al., 2011; O’Brien et al., 2007). MSNQ-I scores were found to be significantly higher for 

unemployed MS patients compared to employed patients (Akbar et al., 2011; Benedict & 

Zivadinov, 2006).  

PwMS’ disease factors and MRI biomarkers have also been inconsistently correlated with 

the MSNQ-I. The MSNQ-I has not been shown to correlate with time since CIS onset (Langdon 

et al., 2013) or MS duration (Akbar et al., 2011; Benedict et al., 2003; Konstantinopoulou et al., 



82 
 

2018; O’Brien et al., 2007; Vanotti et al., 2009), except in one study (Sonder et al., 2012). 

Relatives of patients with SPMS reported a significantly greater CI on MSNQ-I compared to 

relatives of patients with RRMS (Benedict & Zivadinov, 2006). Relatives’ perceptions of 

PwMS’ CI on the MSNQ-I was correlated with patients’ brain volume as measured by MRI 

(whole brain, gray matter, cortical gray matter, Fenu et al., 2021; T1 lesion volume, T2 lesion 

volume, brain parenchymal fraction, Benedict & Zivadinov, 2006), except for the white matter 

volume (Fenu et al., 2021). 

Many PwMS report that their physical disability affects how their cognitive status is 

perceived. Although CI in MS is only mildly associated with a physical disability (Lynch et al., 

2005), low levels of physical disability unduly enhance the perception of cognitive competence. 

CI of PwMS with a low physical disability may be undetected by neurologists during a routine 

examination in 25% of patients (Saccà et al., 2017). Saccà and colleagues (2017) also reported 

that neurologists failed to identify CI during routine clinical practice in two out of three PwMS 

when EDSS was not supplemented by at least a brief cognitive test. Relatives’ reports of CIS 

cognitive status may also be less accurate because there is a low level of physical disability 

(Langdon et al., 2013). There is also evidence from other conditions that caregivers’ perceptions 

of patients’ functional independence are impacted by external factors, such as a patients’ 

diagnosis, independent of objective cognitive status (Schmidt & Steffen, 2020). 

The MSNQ-I has been shown to correlate positively with the EDSS (Migliore et al., 

2021; Sonder et al., 2012; Vanotti et al., 2009), but not consistently (Akbar et al., 2011; Benedict 

et al., 2003; Konstantinopoulou et al., 2018; Langdon et al., 2013; O’Brien et al., 2007; Sejbæk 

et al., 2018). A positive correlation has been shown between patients’ disability level as assessed 

by EDSS and the difference in perceptions of CI between relatives and patients, as assessed by 
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the MSNQ-I and MSNQ-P (Fenu et al., 2018). Thus, there is a complex and inconsistent 

relationship between MSNQ-I scores and MS patients’ variables reported in previous small 

studies which highlights the need for further investigation. Although it is evident that CI in MS is 

often missed by both HCPs and carers, research to date has not yet yielded a definitive view of 

how other aspects of the disease affect how cognition is perceived by relatives. 

The MSNQ-P and the MSNQ-I have been used to assess the awareness of CI in PwMS 

(Mazancieux et al., 2019). However, that study looked at the association between objective 

cognitive scores and patients’ self-reports of cognition (using a range of different measures) as 

well as explored the discrepancies between two versions of the MSNQ as a way of measuring 

PwMS’ awareness of their cognitive status. The current study is different in that it is a 

comprehensive exploration of both versions of the MSNQ and their relationships with patients’ 

objective cognitive testing as well as each other. This study focuses only on the MSNQ 

questionnaires as they are free, easily available, quick to complete and is it hoped that this work 

will establish if they can be adopted in clinics to assess PwMS’ cognition. 

 

Summary  

The aim of this systematic review is to synthesise available MSNQ-I data and explore 

how the MSNQ-I relates to patients’ characteristics and patients’ objective cognitive testing. No 

other published reviews exist in this area despite many authors highlighting the importance of 

taking informants’ reports into account (e.g., Fenu et al., 2021; Migliore et al., 2021). 

Understanding which aspects of patients and their disease are associated with carers’/relatives’ 

perceived cognition may help refine relatives’ reports of MS patient cognition and optimise 
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MSNQ-I use in clinics, thus improve clinical assessment, monitoring, and management of MS 

cognitive difficulties. 
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Method 

The Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement 

was followed (Moher et al., 2009). 

Systematic Literature Search Strategy 

The following search terms were agreed upon between two reviewers (KM and DL) and 

used as keywords in titles and/or abstracts of the PubMed and PsycINFO electronic databases on 

the 19th September 2022: 

(1) “multiple sclerosis” or “MS” or “Clinically Isolated Syndrome” or “CIS” 

(2) “multiple sclerosis neuropsychological questionnaire” OR “multiple sclerosis 

neuropsychological screening questionnaire” OR “MSNQ” OR “MSNQ-I” OR “I-MSNQ” OR 

“cgMSNQ” OR “cg-MSNQ” OR “MSNQcg” OR “MSNQp” OR “MSNQ-P” OR “pMSNQ” OR 

“p-MSNQ” OR “MSNQ-S” OR “P-MSNQ” 

 

Additionally, to establish any full-text publications unidentified by the database search, 

internet searches were conducted, reference lists of articles were scanned and an expert in the 

field (DL) was consulted. 
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Eligibility Criteria 

Studies were required to meet all of the following criteria: 

• Study of the MSNQ-I published since 2003 in peer-reviewed journals and written in English 

• Reporting data from informants’ version of the MSNQ 

• Including contemporaneous objective cognitive assessment of patients 

• Reporting at least one correlation of objective cognitive test/battery with the MSNQ-P 

and/or the MSNQ-I 

• Reporting at least one patient disease, demographic, or psychosocial characteristic 

• Patient participants 18 years of age and older, with any clinical subtype of MS (or subtype 

combination) and/or CIS 

 

Study Selection 

A citation software was used to remove duplicate records. All titles and abstracts were 

screened to examine the relevance of studies. The full texts of all relevant studies were accessed 

through online journals and Inter-Library Loan and read to assess the eligibility. 

 

Data Extraction  

The reviewers co-created a table to support the consistency of the process of extraction of 

relevant information from articles and determining articles’ eligibility to be included in the 

review. One reviewer (KM) extracted the data from studies and both reviewers decided whether 
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studies met systematic review criteria. Following data extraction, 68 studies were excluded, and 

22 studies were shortlisted. 

Relevant study characteristics were extracted from the studies: which country the study 

was conducted in, sampling method and sample size. Patients’ disease, demographic and 

psychosocial characteristics were extracted. These consisted of mean duration of MS, MS 

phenotype, physical disability, age, gender, education, and employment. The MSNQs’ 

psychometric properties and the correlations between MSNQ scores and patients’ objective 

cognitive tests and depression questionnaires were extracted. All data in this review were 

acquired from the information presented in text, tables, and graphs.  

 

Quality Assessment 

The Effective Public Health Practice Project (EPHPP; Thomas et al., 2004) tool for 

quantitative studies was used to assess the quality of each study. Both reviewers completed the 

ratings of all studies independently and any disagreements were discussed and resolved. 
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Results 

Study Selection 

A total of 22 studies were included in the current systematic review. Figure 7 presents the 

selection process.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7 

PRISMA Flowchart for the Process of Selecting Studies in the Systematic Review 
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Data Extraction 

Tables 12, 13 and 14 show the relevant data extracted from the 22 included studies which 

met the inclusion criteria of this systematic review. The data comprised of study characteristics, 

sample demographic information, patients’ disease information as well as MSNQs’ psychometric 

properties and the correlations between MSNQ scores and patients’ objective cognitive tests and 

depression questionnaires. For clarity, all verbal fluency tests in the Table 14 (Word List 

Generation, Controlled Oral Word Association Test, Verbal Fluency) were called VF. 
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Table 12 

Study Characteristic, Sample Demographic and Patients’ Disease Information 

 

 

Study 

 

Country; 

Sampling method 

N Age in 

years 

Mean 

(SD), 

{median}, 

[range] 

 

Female 

(%) 

Education 

in years 

Mean (SD) 

Employed 

(%) 

MS 

phenotype 

(CIS/RR/SP/

PP/PR) % 

Disease 

duration in 

years 

Mean (SD), 

{median}, 

[range] 

EDSS 

Mean 

(SD), 

{median}, 

[range], 

⸨% within 

range⸩ 

Akbar 

et al. (2010)a 

         

MSNQ-P Canada; 

Outpatient MS clinic 

and through 

advertisement 

82 

 

44.5 

(8.9) 

 

78 

 

 

15.0 (2.2) 

 

43 0/62/21/7/0 9.5 

(7.4) 

{2.0} 

[0.0–8.5] 

MSNQ-I 82 Nr Nr Nr Nr - - - 

Akbar 

et al. (2011) a 

         

MSNQ-P Canada; 

Outpatient MS clinic 

and through 

advertisement 

108 45.0 

(9.0) 

75 15.0 (2.0) Nr 0/68/23/2/7 9.8 

(8.1) 

{2.3} 

[0.0-8.5] 

MSNQ-I 108 

 

Nr 

 

Nr 

 

Nr 

 

Nr 

 

- - - 
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Study 

 

Country; 

Sampling method 

N Age in 

years 

Mean 

(SD), 

{median}, 

[range] 

 

Female 

(%) 

Education 

in years 

Mean (SD) 

Employed 

(%) 

MS 

phenotype 

(CIS/RR/SP/

PP/PR) % 

Disease 

duration in 

years 

Mean (SD), 

{median}, 

[range] 

EDSS 

Mean 

(SD), 

{median}, 

[range], 

⸨% within 

range⸩ 

Benedict 

et al. (2003)b* 

         

MSNQ-P USA; 

Randomly from an 

urban MS clinic 

50 42.9 

(6.7) 

 

66 14.9 (2.2) Nr 0/80/20/0/0 10.5 

(7.0) 

3.4 

(2.0) 

[1.0-7.5]► 

MSNQ-I 50 

 

Nr Nr 

 

Nr 

 

Nr 

 

- - - 

Benedict 

et al. (2004) 

         

MSNQ-P USA; 

Patients from four MS 

clinics 

85 42.4 

(9.3) 

 

80 14.8 (2.3) Nr 0/80/20/0/0 Nr 2.5 

(0.0-7.5) ►► 

MSNQ-I  85 

 

Nr 

 

Nr 

 

Nr 

 

Nr 

 

- - - 

Benedict & 

Zivadinov (2006) 

         

MSNQ-P USA; 

Consecutive clinical 

referrals/ volunteers 

162 43.4 

(8.6) 

75 14.5 (2.3) 27 0/74/21/4/1 Nr Nr 

MSNQ-I 147 Nr Nr 

 

Nr 

 

Nr 

 

- - - 
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Study 

 

Country; 

Sampling method 

N Age in 

years 

Mean 

(SD), 

{median}, 

[range] 

 

Female 

(%) 

Education 

in years 

Mean (SD) 

Employed 

(%) 

MS 

phenotype 

(CIS/RR/SP/

PP/PR) % 

Disease 

duration in 

years 

Mean (SD), 

{median}, 

[range] 

EDSS 

Mean 

(SD), 

{median}, 

[range], 

⸨% within 

range⸩ 

Carone 

et al. (2005) 

         

MSNQ-P USA; 

Clinical evaluation or 

previously participating 

in the MSNQ studies 

122 44.0 

(8.8) 

72 

 

14.5 (2.1) 

 

Nr 0/72/24/2/2 12.0 

(8.0) 

2.5 

[0.0-8.0] 

MSNQ-I 122 Nr 

 

Nr 

 

Nr 

 

Nr - - - 

Charest 

et al. (2020) 

         

MSNQ-P Canada; 

University hospital MS 

clinic at a follow-up 

98 49.6 

(11.4) 

81 14.6 (2.8) Nr 7/78/15/0/0 10.8 

(7.6) 

Nr 

MSNQ-I 98 Nr Nr Nr Nr - - - 

Dagenais 

et al. (2013) 

         

MSNQ-P Canada; 

A follow-up from the 

MS clinic 

41 44.5 

(7.4) 

70 Nr Nr 0/85/15/0/0 13.5 

(6.8) 

2.3 

(1.9) 

MSNQ-I 41 Nr Nr Nr Nr - - - 
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Study 

 

Country; 

Sampling method 

N Age in 

years 

Mean 

(SD), 

{median}, 

[range] 

 

Female 

(%) 

Education 

in years 

Mean (SD) 

Employed 

(%) 

MS 

phenotype 

(CIS/RR/SP/

PP/PR) % 

Disease 

duration in 

years 

Mean (SD), 

{median}, 

[range] 

EDSS 

Mean 

(SD), 

{median}, 

[range], 

⸨% within 

range⸩ 

Erlanger 

et al. (2014) 

         

MSNQ-P USA; 

Four MS centres 

59 47.9 

(7.9) 

[26-61] 

72 Nr Nr 0/77/23/0/0 13.2 

(8.5) 

[1-33] 

{2.5} 

MSNQ-I 59 Nr Nr Nr Nr - - - 

Fenu 

et al. (2018) 

         

MSNQ-P Italy; 

Outpatients from the 

MS Centre 

49 

 

43.7 

(11.9) 

76 

 

11.4 (4.1) 

 

Nr 

 

Nr 12.0 

(7.8) 

3.2 

(2.1) 

MSNQ-I 49 

 

Nr Nr Nr Nr - - - 

Fenu 

et al. (2021) 

         

MSNQ-P Italy; 

Consecutive RRMS 

patients from the MS 

Centre 

95 43.7 

(11.9) 

72 

 

13.0 (3.5) 

 

Nr 

 

0/100/0/0/0 12.1 

(7.8) 

{2.0} 

[0.0-5.5] 

MSNQ-I 95 

 

49.5 

(10.2) 

63 12.3 (4.4) Nr - - - 
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Study 

 

Country; 

Sampling method 

N Age in 

years 

Mean 

(SD), 

{median}, 

[range] 

 

Female 

(%) 

Education 

in years 

Mean (SD) 

Employed 

(%) 

MS 

phenotype 

(CIS/RR/SP/

PP/PR) % 

Disease 

duration in 

years 

Mean (SD), 

{median}, 

[range] 

EDSS 

Mean 

(SD), 

{median}, 

[range], 

⸨% within 

range⸩ 

Konstantinopoulou 

et al. (2018)b 

         

MSNQ-P Greece; 

MS centre at University 

Hospital 

103 42.0 

(9.9) 

 

63 13.2 (2.9) 

 

Nr 

 

0/81/14/5/0 11.2 

(7.0) 

 

{4.5} 

[1.0-7.0] 

MSNQ-I 60 

 

Nr 

 

Nr Nr Nr - - - 

Langdon 

et al. (2013)c 

         

MSNQ-P France/Germany/ 

Russia/Spain/ 

Sweden/UK/ 

Switzerland/; 

Patients were part of an 

international 

observational trial 

130 Nr Nr Nr Nr 100/0/0/0/0 0.7 

(0.7) 

1.3 

(1.10) 

MSNQ-I 60 Nr Nr Nr Nr - - - 
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Study 

 

Country; 

Sampling method 

N Age in 

years 

Mean 

(SD), 

{median}, 

[range] 

 

Female 

(%) 

Education 

in years 

Mean (SD) 

Employed 

(%) 

MS 

phenotype 

(CIS/RR/SP/

PP/PR) % 

Disease 

duration in 

years 

Mean (SD), 

{median}, 

[range] 

EDSS 

Mean 

(SD), 

{median}, 

[range], 

⸨% within 

range⸩ 

Migliore 

et al. (2021)b 

         

MSNQ-P Italy; 

Outpatient MS clinic 

122 42.7 

(12.9) 

69.7 12.4 (3.3) Nr 0/74/20/6/0 11.0 

(7.3) 

{RR = 1.0} 

[0.0-6.0] 

{SP = 6.5} 

[5.0-8.0] 

{PP = 6.0} 

[3.5-7.0] 

MSNQ-I 122 Nr Nr Nr Nr - - - 

O’Brien 

et al. (2007) 

         

MSNQ-P USA; 

Two neurological 

clinics and the 

community through 

advertisements 

48 

 

45.1 

(9.1) 

80 14.7 (2.1) 48 0/69/21/10/0 14.6 

(10.3) 

3.7 

(2.4) 

MSNQ-I Nr Nr Nr Nr 48 - - - 
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Study 

 

Country; 

Sampling method 

N Age in 

years 

Mean 

(SD), 

{median}, 

[range] 

 

Female 

(%) 

Education 

in years 

Mean (SD) 

Employed 

(%) 

MS 

phenotype 

(CIS/RR/SP/

PP/PR) % 

Disease 

duration in 

years 

Mean (SD), 

{median}, 

[range] 

EDSS 

Mean 

(SD), 

{median}, 

[range], 

⸨% within 

range⸩ 

Ozakbas 

et al. (2018) 

         

MSNQ-P Turkey; 

Six MS centres 

462 35.3 

(9.4) 

 

69 

 

11.3 (4.0) 

 

Nr 0/100/0/0/0 7.8 

(5.9) 

1.9 

(1.3) 

MSNQ-I 462 Nr Nr Nr Nr - - - 

Rosti-Otajärvi 

et al. (2014) 

         

MSNQ-P Finland; 

Pool sample study from 

two previous studies 

196 45.7 

(9.1) 

 

 

72 14.6 (3.3) Nr 0/71/16/13/0 10.6 

(7.3) 

 

RRMS = 

0.0-4.0 

⸨74.6⸩ 

4.5-6.0 

⸨19.6⸩ 

≥6.5 

⸨5.8⸩ 

 

SPMS & 

PPMS = 

0.0-4.0 

⸨15.5⸩ 

4.5-6.0 

⸨43.1⸩ 

≥6.5 

⸨41.4⸩ 

MSNQ-I Nr Nr Nr Nr Nr - - - 
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Study 

 

Country; 

Sampling method 

N Age in 

years 

Mean 

(SD), 

{median}, 

[range] 

 

Female 

(%) 

Education 

in years 

Mean (SD) 

Employed 

(%) 

MS 

phenotype 

(CIS/RR/SP/

PP/PR) % 

Disease 

duration in 

years 

Mean (SD), 

{median}, 

[range] 

EDSS 

Mean 

(SD), 

{median}, 

[range], 

⸨% within 

range⸩ 

Sejbæk 

et al. (2018)b 

         

MSNQ-P Denmark; 

Department of 

Neurology 

77⸸ 

 

45.6 

[26-71] 

57 Nr Nr Nr 7.8 

[4.0-10.0] 

 

2.8 

[0.0-7.0] 

MSNQ-I 77 Nr Nr Nr Nr - - - 

Sonder 

et al. (2012)b 

         

MSNQ-P Netherlands; 

University MS Centre 

at 

121 52.8 

(11.7) 

62 

 

Nr Nr 3/36/33/28/0 16.9 

(8.8) 

{4.5} 

[3.0-6.5] 

MSNQ-I 121 

 

{55.0} 

[45-63] 

40 Nr Nr - - - 

Thomas 

et al. (2022a) 

         

MSNQ-P USA; 

Archived data from 

another longitudinal 

study 

87 

 

51.8 

(10.6) 

75 14.8 (2.0) Nr 0/63/30/7/0 13.6 

(7.9) 

4.3 

(1.8) 

MSNQ-I 87 

 

Nr Nr Nr Nr - - - 
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Study 

 

Country; 

Sampling method 

N Age in 

years 

Mean 

(SD), 

{median}, 

[range] 

 

Female 

(%) 

Education 

in years 

Mean (SD) 

Employed 

(%) 

MS 

phenotype 

(CIS/RR/SP/

PP/PR) % 

Disease 

duration in 

years 

Mean (SD), 

{median}, 

[range] 

EDSS 

Mean 

(SD), 

{median}, 

[range], 

⸨% within 

range⸩ 

Vanotti 

et al. (2009)b 

         

MSNQ-P Argentina; 

Participating centres in 

another MS study 

125 

 

42.3 

(10.5) 

67 

 

13.7 (3.4) Nr 0/86/10/3/1 8.8 

(7.0) 

3.3 

(2.3) 

MSNQ-I 125 

 

Nr 

 

Nr 

 

Nr 

 

Nr 

 

- - - 

Vanotti 

et al. (2018) 

         

MSNQ-P Argentina; 

MS clinic 

50 43.42 

(10.17) 

[19-60] 

74 14.9 (2.78) 60 0/78/18/4/0 13.1 

(9.1) 

[1-40] 

3.3 

(2.6) 

{2.3} 

[0.0-8.0] 

MSNQ-I 50 Nr Nr Nr Nr - - - 

 

Note. CIS= Clinically Isolated Syndrome; EDSS= Expanded Disability Status Scale; MS=Multiple Sclerosis; MSNQ-I= Multiple Sclerosis informants’ group; 

MSNQ-P= Multiple Sclerosis patients’ group; Nr= Not reported; PPMS= Primary Progressive MS; PRMS= Progressive-Relapsing MS; RRMS= Relapsing-

Remitting MS; SD= Standard deviation; SPMS= Secondary Progressive MS 

* Benedict et al. (2003) study was the original scale validation study and only the final data is included in the table.  

► this data was available for 37 patients 
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►► this data was available for 77 patients 

a = Validation of Internet Version 

b = Validation Study 

c = Observational Study 
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Table 13 

The MSNQs’ Psychometrics 

Study  Language Mean score (SD) Cronbach’s 

α 

Cut off 

score 

Sensitivity 

(%) 

Specificity 

(%) 

Cognitively impaired 

(%) 

Akbar et al. (2010)        

Online MSNQ-P English 32.1 (10.0) .91 Nr Nr Nr 35.4 

Online MSNQ-I 26.7 (11.5) .93 26 72 60 - 

Akbar et al. (2011)        

Online MSNQ-P English 32.9 (10.1) Nr ≥26 Nr Nr 36.0 

Online MSNQ-I 27.3 (11.7) Nr Nr Nr Nr - 

Benedict et al. (2003)        

MSNQ-P English 22.5 (10.2) .93 Nr Nr Nr 24.0 

MSNQ-I 18.4 (11.1) .94 27 83 97 - 

Benedict et al. (2004)        

MSNQ-P English 27.4 (11.9) .94 >23 80 68 35.0 

MSNQ-I 21.3 (12.9) .93 >22 87 84 - 

Benedict & Zivadinov (2006)        

MSNQ-P English Nr Nr >23 56 94 Nr 

MSNQ-I Nr Nr >22 43 90 - 

Carone et al. (2005)        

MSNQ-P English Nr Nr Nr Nr Nr 52.0 

MSNQ-I Nr Nr Nr Nr Nr - 

Charest et al. (2020)        

MSNQ-P French 14.5 (5.9) Nr 24 Nr Nr 23.5 

MSNQ-I 12.2 (4.8) Nr Nr Nr Nr - 

Dagenais et al. (2013)        

MSNQ-P French 21.2 (10.1) Nr Nr Nr Nr 34.1 

MSNQ-I 17.3 (11.8) Nr Nr Nr Nr - 
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Study  Language Mean score (SD) Cronbach’s 

α 

Cut off 

score 

Sensitivity 

(%) 

Specificity 

(%) 

Cognitively impaired 

(%) 

Erlanger et al. (2014)        

MSNQ-P English Nr Nr Nr Nr Nr 42.0 

MSNQ-I Nr Nr Nr Nr Nr - 

Fenu et al. (2018)        

MSNQ-P Italian Nr Nr Nr Nr Nr 54.0 

MSNQ-I Nr Nr Nr Nr Nr - 

Fenu et al. (2021)        

MSNQ-P Italian Nr Nr Nr Nr Nr 53.7 

MSNQ-I Nr Nr Nr Nr Nr - 

Konstantinopoulou et al. 

(2018) 

       

MSNQ-P Greek 16.7 (12.0) .92 Nr Nr Nr 25.0 (in one cognitive 

domain); 

3.0 (in two cognitive 

domain) 

MSNQ-I 13.9 (11.3) .93 Nr Nr Nr - 

Langdon et al. (2013)        

MSNQ-P Various 15.5 (10.8) .94 Nr Nr Nr Nr 

MSNQ-I 11.3 (9.6) .93 Nr Nr Nr - 

Migliore et al. (2021)        

MSNQ-P Italian Nr Nr Nr 72 67 Nr 

MSNQ-I Nr Nr Nr Nr Nr - 

O’Brien et al. (2007)        

MSNQ-P English 23.4 (11.2) Nr 24 63 70 Nr 

MSNQ-I 19.4 (12.7) Nr 22 66 77 - 

Ozakbas et al. (2018)        

MSNQ-P Turkish 24.3 (12.0) Nr Nr Nr Nr 53.7 

MSNQ-I 22.3 (13.1) Nr Nr Nr Nr - 

Rosti-Otajärvi et al. (2014)        

MSNQ-P Finnish 26.2 (11.5) Nr ≥27 Nr Nr ≈ 50.0 

MSNQ-I 20.5 (11.7) Nr ≥27 Nr Nr - 
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Study  Language Mean score (SD) Cronbach’s 

α 

Cut off 

score 

Sensitivity 

(%) 

Specificity 

(%) 

Cognitively impaired 

(%) 

Sejbæk et al. (2018)        

MSNQ-P Danish Nr Nr ≥26 21 76 Nr 

MSNQ-I Nr Nr ≥26 33 66 - 

Sonder et al. (2012)        

MSNQ-P Dutch 18.4 (10.3) .93 Nr Nr Nr 10.0 

MSNQ-I 17.1 (11.2) .94 21 75 71 - 

Thomas et al. (2022a)        

MSNQ-P English 24.7 (9.7) Nr Nr Nr Nr Nr 

MSNQ-I 20.0 (11.9) Nr Nr Nr Nr - 

Vanotti et al. (2009)        

MSNQ-P Spanish 18.1 (11.7) .90 Nr Nr Nr 28.8 

MSNQ-I 17.2 (12.6) .93 ≥26 91 80 - 

Vanotti et al. (2018)        

MSNQ-P Spanish 19.48 (13.6) Nr Nr Nr Nr Nr 

MSNQ-I 16.18 (12.6) Nr Nr Nr Nr - 

    

Note. Nr= Not reported 

 

  



103 
 

Table 14 

Correlations Between MSNQ Scores and Patient Objective Cognitive Tests and Depression Questionnaires 

Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

Akbar  

et al. (2010) 

Nr Online  

CES-D 

.62 

(p < .01) 

.44 

(p < .01) 

SDMT -.10  

(Ns) 

-.27  

(p < .05) 

PASAT 2s -.27  

(p < .01) 

-.29  

(p < .01) 

PASAT 3s -.27  

(p < .01) 

-.42  

(p < .01) 

SRT-LTS -.19  

(Ns) 

-.28  

(p < .01) 

SRT-CLTR -.20  

(Ns) 

-.30  

(p < .01) 

SRT-D -.23  

(p < .01) 

-.34  

(p < .01) 

10/36 SPART -.13  

(Ns) 

-.24  

(p < .05) 

10/36 SPART-D -.19  

(Ns) 

-.23  

(p < .05) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

VF -.16  

(Ns) 

-.34  

(p < .01) 

Akbar  

et al. (2011) 

Nr HADS-D .45 

(p < .01) 

.27 

(p < .01) 

SDMT -.09  

(Ns) 

-.14  

(Ns) 

PASAT 2s -.13  

(Ns) 

-.09  

(Ns) 

PASAT 3s -.20  

(p < .05) 

-.26  

(p < .01) 

SRT-LTS -.04  

(Ns) 

-.08  

(Ns) 

SRT-CLTR -.11  

(Ns) 

-.09  

(Ns) 

SRT-D -.14  

(Ns) 

-.20  

(p < .05) 

10/36 SPART -.10  

(Ns) 

-.20  

(p < .05) 

10/36 SPART-D -.09  

(Ns) 

-.23  

(p < .05) 

VF -.11  

(Ns) 

-.19  

(Ns) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

ANART VIQ -.09  

(Ns) 

-.18  

(Ns) 

Benedict  

et al. (2003) 

0.37 

(p < .01) 

BDI .53 

(p < .01) 

Nr 

(Ns) 

PASAT Nr  

(Ns) 

-.47  

(p < .001) 

BVMT-R  Nr  

(Ns) 

Nr  

(Ns) 

BVMT-R-D Nr  

(Ns) 

-.43  

(p < .001) 

CES-D .46 

(p < .001) 

Nr 

(Ns) 

CVLT-II  Nr  

(Ns) 

-.53  

(p < .01) 

CVLT-II-D Nr  

(Ns) 

-.43  

(p < .001) 

TMT-B Nr  

(Ns) 

.55  

(p < .01) 

WCST Perseverative Responses Nr  

(Ns) 

.37 

(p < .001) 

JLO Nr  

(Ns) 

Nr  

(Ns) 

Boston Naming Test Nr  

(Ns) 

-.45  

(p < .001) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

Benedict  

et al. (2004) 

Nr CES-D .61 

(p < .001) 

.37 

(p < .001) 

BVMT-R  -.46  

(p < .001) 

-.57  

(p < .001) 

BDI-FS Nr Nr BVMT-R-D -.45  

(p < .001) 

-.55  

(p < .001) 

CVLT-II  -.37  

(p < .001) 

-.45  

(p < .001) 

CVLT-II-D -.42  

(p < .001) 

-.50  

(p < .001) 

PASAT -.38  

(p < .001) 

-.59  

(p < .001) 

SDMT -.45  

(p < .001) 

-.58  

(p < .001) 

 VF -.17  

(Ns) 

-.33  

(p < .01) 

D-KEFS Sorting Correct Sorts .30  

(Ns) 

-.38  

(p < .01) 

WCST Perseverative Responses .29  

(Ns) 

.35  

(p < .01) 

JLO -.44  

(p < .001) 

-.36  

(p < .01) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

Composite Z -.49  

(p < .001) 

-.64  

(p < .001) 

Benedict & 

Zivadinov (2006) 

Nr BDI-FS .56 

(p < .001) 

Ns PASAT -.30  

(p <.001) 

-.46  

(p < .001) 

SDMT -.27  

(p < .01) 

-.55  

(p < .001) 

BVMT-R  -.23  

(p < .01) 

-.46  

(p < .001) 

BVMT-R-D -.24  

(p < .01) 

-.48  

(p < .001) 

CVLT-II  -.19  

(p < .05) 

-.49  

(p < .001) 

CVLT-II-D -.24  

(p < .01) 

-.50  

(p < .001) 

Carone  

et al. (2005) ► 

Nr - - - PASAT Nr  

(Ns) 

Nr  

(Nr)* 

SDMT Nr  

(Ns) 

-.47  

(p < .001) 

BVMT-R Nr  

(Ns) 

Nr  

(Nr)* 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

CVLT-II-D -.21  

(p = .03) 

Nr  

(Nr)* 

VF Nr  

(Ns) 

-.31  

(p < .001) 

WCST Perservative Responses Nr  

(Ns) 

Nr  

(Nr)* 

JLO Nr  

(Ns) 

Nr  

(Nr)* 

Charest  

et al. (2020) 

Nr - - - MoCA Ns  

(Nr) 

-.246  

(p = .017) 

MACFIMS overall score Ns  

(Nr) 

-.278  

(p = .007) 

Dagenais  

et al. (2013) 

.48 

(p = .001) 

BDI-FS - .031 

(p = .847) 

.084 

(p = .601) 

MoCA -.300  

(Ns) 

-.390  

(p = .012) 

Executive/Processing Speed Factor -.223  

(Ns) 

-.240  

(Ns) 

Learning Factor -.025  

(Ns) 

-.484  

(p < .001) 

Delayed Recall Factor -.069  

(Ns) 

-.463  

(p = .002) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

Erlanger  

et al. (2014) 

Nr - - - Total score of SRT, BVMT-R, PASAT 

and SDMT 

RRMS 

-.38 

(Nr) 

 

SPMS  

.13 

(Nr) 

RRMS 

-.40 

(Nr) 

 

SPMS  

-.37 

(Nr) 

Fenu  

et al. (2018) 

Nr BDI .543 

(p = .001) 

Ns SDMT -.381  

(p < .004) 

-.521  

(p < .001) 

BVMT-R  -.189  

(Ns) 

-.423  

(p = .002) 

CVLT-II -.269  

(p < .031) 

-.338  

(p = .012) 

Total N of failed tests  .275  

(p < .028) 

.562  

(p < .001) 

Fenu  

et al. (2021) 

Nr BDI-II .225 

(Ns) 

.008 

(Ns) 

SDMT  -.349  

(p < .001) 

-.451  

(p < .001) 

BVMT-R -.217  

(p < .01) 

-.328  

(p < .001) 

CVLT-II -.300  

(p < .001) 

-.328  

(p < .001) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

BICAMS overall score -.317  

(p < .01) 

-.416  

(p < .001) 

Total N of failed tests .168  

(Ns) 

.401  

(p < .001) 

Konstantinopoulou 

et al. (2018) 

.53 

(p < .001) 

BDI .315 

(p = .025) 

Ns EPST -.233  

(Ns) 

-.049  

(Ns) 

DS -.173  

(Ns) 

-.388  

(p < .01) 

DSF -.158  

(Ns) 

-.227  

(Ns) 

DSB -.108  

(Ns) 

-.362  

(p < .01) 

GVLT-D -.007  

(Ns) 

-.303  

(p < .05) 

VFTS -.163  

(Ns) 

-.287  

(p < .05) 

VFTP -.170  

(Ns) 

-.301  

(p < .05) 

STROOP W -.112  

(Ns) 

-.050  

(Ns) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

STROOP C -.036  

(Ns) 

-.175  

(Ns) 

STROOP CW .151  

(Ns) 

.070  

(Ns) 

Langdon  

et al. (2013) 

.46 

(p < .01) 

CES-D .35 

(p < .01) 

.37 

(p < .01) 

PASAT 3s .09  

(Ns) 

-.23  

(Ns) 

SDMT .01  

(Ns) 

.00  

(Ns) 

SRT-LTS .00  

(Ns) 

-.08  

(Ns) 

10/36 SPART .00  

(Ns) 

.07  

(Ns) 

VF -.06  

(Ns) 

-.39  

(Ns) 

Migliore  

et al. (2021) 

.36a 

(p = .00005) 

BDI .24a 

(p = .000001) 

.25a 

(p = .005) 

SDMT (errors) .005a  

(Ns) 

.01a   

(Ns) 

SDMT (correct) -.027a  

(p < .002) 

-.35a  

(p < .0001) 

O’Brien  

et al. (2007) 

Nr BDI .42 

(p = .01) 

Nr 

(Ns) 

Digit symbol  Nr  

(Ns) 

-.39  

(p < .05) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

PASAT 2s Nr  

(Ns) 

-.41  

(p < .05) 

PASAT 3s Nr  

(Ns) 

-.40  

(p < .05) 

SDMT Nr  

(Ns) 

-.41  

(p < .01) 

Symbol search Nr  

(Ns) 

-.35  

(p < .05) 

DSF Nr  

(Ns) 

Ns  

(Ns) 

DSB Nr  

(Ns) 

Ns  

(Ns) 

LM Immediate Nr  

(Ns) 

Nr  

(Ns) 

LM Delayed Nr  

(Ns) 

Nr  

(Ns) 

SRT trials to criterion .39  

(p < .01) 

.35  

(p < .05) 

VF corrected score Nr  

(Ns) 

Nr  

(Ns) 

STROOP CW Nr  -.36  
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

(Ns) (p < .05) 

WCST perseverative responses Nr  

(Ns) 

Nr  

(Ns) 

WRAT-3 Reading Subtest Nr  

(Ns) 

Ns  

(Ns) 

JLO -.38  

(p < .05) 

-.39  

(p < .05) 

Processing Speed Index  Nr  

(Ns) 

-.39  

(p < .05) 

Ozakbas  

et al. (2018) 

Nr BDI Nr Nr PASAT -.202a  

(p < .001) 

-.184a  

(p = .006) 

SDMT -.220a   

(p < .001) 

-.288a  

(p < .001) 

SRT- Immediate  -.213a  

(p < .001) 

-.138a  

(p = .036) 

SRT-D -.132a  

(p = .004) 

-.049a  

(p = .464) 

10/36 SPART- immediate  -.122a  

(p = .008) 

-.148a  

(p = .025) 

10/36 SPART-D -.103a  

(p = .023) 

-.127a  

(p = .054) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

Rosti-Otajärvi  

et al. (2014) 

Group A: 

.51 

(p < .001) 

Group B: 

.68 

(p < .001) 

BDI-II Group A: .413 

(p < .001) 

Group A: 

.249 

(p = .005) 

BRB composite Z score (Group A) .177  

(p = .038) 

.035  

(p = .699) 

Group B: .538 

(p < .001) 

Group B: 

.370 

(p = .011) 

BRB composite Z score (Group B) .189  

(p = .166) 

.247  

(p = .098) 

Sejbæk  

et al. (2018) ►► 

0.22b 

(p = .0001) 

BDI .25b 

(p < .0001) 

.197b 

(p < .0001) 

Digit-Symbol Coding .000385b  

(p < .8663) 

.058501b  

(p < .0604) 

RAVLT .00713b  

(p < .4651) 

.02064b  

(p < .2652) 

TMT-B .01447b  

(p < .2974) 

.00327b  

(p < .6588) 

WCST .010923b  

(p < .3689) 

2.158e-6b  

(p < .9910) 

Boston Naming Test .002b  

(p < .6993) 

.0085b  

(p < .8217) 

Sonder  

et al. (2012) 

.52a 

(Nr) 

HADS-D .49 

(Nr) 

.36 

(Nr) 

PASAT 3s  -.12a  

(Nr) 

-.14a  

(Nr) 

PASAT 2s  -.27a  

(Nr) 

-.34a  

(Nr) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

SDMT -.06a  

(Nr) 

-.02a  

(Nr) 

SRT-LTS -.28a  

(Nr) 

-.29a  

(Nr) 

SRT-CLTS -.22a  

(Nr) 

-.34a  

(Nr) 

SRT-D -.17a  

(Nr) 

-.36a  

(Nr) 

10/36 SPART - immediate -.21a  

(Nr) 

-.37a  

(Nr) 

10/36 SPART-D -.13a  

(Nr) 

-.32a  

(Nr) 

VF -.17a  

(Nr) 

-.30a  

(Nr) 

BRB-N global (amount impaired out 

of 5 subtests) 

.26a  

(Nr) 

.39a  

(Nr) 

Thomas  

et al. (2022a) 

.60 

(Nr) 

BDI-FS .39 

(Nr)* 

Nr 

(Ns) 

Processing speed component 1.37c 

(p = .25) 

2.52c 

(p = .12) 

     Verbal memory component 6.39c 

(p = .01) 

2.13c 

(p = .15) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

     Focused attention component 2.94c 

(p = .09) 

.03c 

(p = .86) 

     Visual memory component 6.81c 

(p = .01) 

9.85c 

(p = .002) 

     Executive functioning component 7.26c 

(p = .01) 

9.85c 

(p = .002) 

Vanotti  

et al. (2009) 

Nr BDI-FS .30 

(p < .0001) 

.23 

(Ns) 

SDMT -.05  

(Ns) 

-.29  

(p < .001) 

PASAT 3s -.17  

(Ns) 

-.37  

(p < .0001) 

SRT-LTS  -.34  

(p < .001) 

-.32  

(p < .001) 

SRT-CLTR -.23  

(Ns) 

-.26  

(p < .01) 

7/24 SPART  -.09  

(Ns) 

-.31  

(p < .001) 

7/24 SPART-D -.12  

(Ns) 

-.24 

(p < .001) 

VF -.14  

(Ns) 

-.36  

(p < .0001) 
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Study MSNQ-P 

and 

MSNQ-I 

 

r 

(p) 

Depression 

scale 

MSNQ-P 

and depression 

 

r 

(p) 

MSNQ-I 

and 

depression 

 

r 

(p) 

Objective cognitive test/battery MSNQ-P and 

test/battery 

 

r 

(p) 

MSNQ-I 

and 

test/battery 

 

r 

(p) 

Vanotti  

et al. (2018) 

Nr BDI-FS Nr Nr SDMT -.292 

(p < .05) 

-.498 

(p < .01) 

     BVMT-R -.158 

(Ns) 

-.227 

(Ns) 

     CVLT -.294  

(p < .05) 

-.457 

(p < .01) 

 

Note. 10/36 SPART= 10/36 Spatial Recall Test; 10/36 SPART-D= 10/36 Spatial Recall Test-Delayed; 7/24 SPART= 7/24 Spatial Recall Test; 7/24 SPART-

D= 7/24 Spatial Recall Test-Delayed; ANART VIQ= American National Adult Reading Test Verbal Intelligence; BDI= Beck Depression Inventory; BDI-FS= 

Beck Depression Inventory - Fast Screen for Medical Patients; BVMT-R= Brief Visuospatial Memory Test Revised; BVMT-R-D= Brief Visuospatial 

Memory Test Revised Delayed; CES-D= Centre for Epidemiological Studies Depression Scale; CIS= Clinically Isolated Syndrome; CVLT-II= California 

Verbal Learning Test Second Edition; CVLT-II-D= California Verbal Learning Test Second Edition Delayed; DS= Digit Span Test Total; DSB= Digit Span 

Test Backwards; DSF= Digit Span Test Forwards; EDSS= Expanded Disability Status Scale; HADS-D= Hospital Anxiety and Depression Scale-Depression 

Subscale; JLO= Judgement of Line Orientation Test; LM= Logical Memory; MACFIMS= Minimal Assessment of Cognitive Function in MS; MoCA= 

Montreal Cognitive Assessment; MS= Multiple Sclerosis patient group/Multiple Sclerosis; MSNQ-I= Multiple Sclerosis Neuropsychological Questionnaire-

Informant Version; MSNQ-P= Multiple Sclerosis Neuropsychological Questionnaire-Patient Version; Nr= Not reported; Ns= Non-significant; PASAT= 

Paced Auditory Serial Attention Test; RAVLT= Rey Auditory Verbal Learning Test; RRMS= Relapsing-remitting MS; SDMT= Symbol Digit Modalities 

Test; SPMS= Secondary Progressive MS; SRT-CLTR= Selective Reminding Test- Continuous Long-Term Retrieval; SRT-D= Selective Reminding Test-
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Delayed; SRT-LTS= Selective Reminding Test-Long-Term Storage; STROOP C= Stroop Colour-Word Test Total Score On Colour Condition; STROOP 

CW= Stroop Colour-Word Test Score On Colour-Word Condition; STROOP W= Stroop Colour-Word Test Total Score On Word Condition; TMT-B= Trail 

Making Test Part B; VF= Verbal Fluency; WCST= Wisconsin Card Sorting Test; WRAT-3= Wide Range Achievement Test-3 

Information Processing Speed Tests; Verbal Memory Tests; Visual Memory Tests; Language Tests; Executive Functioning Tests; Visual 

Perception/Spatial Processing Tests 

p*= reported as significant, no p value given 

aSpearman’s ‘Rho’ 

b R
2 

c Regression coefficient  

► – Objective cognitive tests data comes from n = 116 

►► – Objective cognitive tests data comes from n = 77 

Group A - relapsing MS, n = 138 

Group B - progressive MS, n = 58 
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Quality Assessment 

The EPHPP was used to assess the quality of each study in six categories: selection bias, 

study design, confounders, blinding, data collection method and withdrawals or drop out (Table 

15). Each component was given a “weak”, “moderate” or “strong” rating and then each study 

was given an overall global rating using the same scale. All studies received a “weak” overall 

quality rating, apart from one which received a “moderate” rating. 

The selection of participants was not free of bias and the results may therefore be not 

generalisable to the target population. Only one study named the design adopted. Some studies 

considered confounders: seven controlled for at least 80% of relevant confounders and two for at 

least 60-79%. No studies addressed blinding. Regarding psychometric properties, seven studies 

reported the MSNQ to be both acceptably valid and reliable and a further nine reported only 

acceptable validity. The follow-up data relates to test-retest investigations and does not reflect 

the “attrition” of an intervention study. It is of note that the EPHPP was constructed to review 

public health interventions (Thomas et al., 2004) and some questions on the EPHPP assume that 

there is more than one group of participants in a study. As a result of the lack of suitable 

responses to some questions, a few studies included in this systematic review which only had one 

group of participants were disadvantaged and awarded lower ratings.
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Table 15 

Quality Assessment of Studies Included in the Systematic Review 

Study Selection bias Study design Confounders Blinding Data collection 

method 

Withdrawals 

and drop out 

Overall quality 

rating 

Akbar et al. (2010) Moderate Weak Strong Moderate Moderate Strong Moderate 

Akbar et al. (2011) Moderate Weak Strong Moderate Weak Moderate Weak 

Benedict et al. (2003) Moderate Weak Weak Moderate Moderate Weak Weak 

Benedict et al. (2004) Moderate Weak Strong Moderate Strong Weak Weak 

Benedict & Zivadinov (2006) Weak Weak Strong Moderate Strong Weak Weak 

Carone et al. (2005) Weak Weak Strong Moderate Moderate Moderate Weak 

Charest et al. (2020) Moderate Weak Strong Moderate Strong Weak Weak 

Dagenais et al. (2013) Moderate Weak Weak Moderate Moderate Weak Weak 

Erlanger et al. (2014) Moderate Weak Weak Moderate Moderate Weak Weak 

Fenu et al. (2018) Weak Weak Weak Moderate Moderate Moderate Weak 

Fenu et al. (2021) Weak Weak Weak Moderate Moderate Weak Weak 

Konstantinopoulou et al. (2018) Weak Weak Weak Moderate Strong Moderate Weak 

Langdon et al. (2013) Moderate Moderate Weak Moderate Weak Weak Weak 

Migliore et al. (2021) Moderate Weak Weak Moderate Strong Moderate Weak 

O’Brien et al. (2007) Moderate Weak Strong Moderate Strong Weak Weak 

Ozakbas et al. (2018) Moderate Weak Weak Moderate Weak Moderate Weak 

Rosti-Otajärvi et al. (2014) Moderate Weak Weak Moderate Weak Moderate Weak 

Sejbæk et al. (2018) Moderate Weak Moderate Moderate Weak Strong Weak 

Sonder et al. (2012) Weak Weak Weak Moderate Moderate Moderate Weak 

Thomas et al. (2022a) Weak Weak Weak Moderate Weak Moderate Weak 

Vanotti et al. (2009) Moderate Weak Moderate Moderate Strong Weak Weak 

Vanotti et al. (2018) Moderate Weak Weak Moderate Moderate Weak Weak 
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Study Characteristics 

 There were seven studies carried out in the USA, four in Canada, three in Italy, 

two in Argentina and one in each of Netherlands, Greece, Turkey, Finland, Denmark as well as 

one internationally (France, Germany, Russia, Spain, Sweden, Switzerland, UK). Of the 22 

studies, nine studies were partially or fully funded by a biotechnology or pharmaceutical 

company and seven by an MS Society/Foundation/Research Association. Three studies were 

partially or fully funded by a health research body, two by a government organisation and one by 

a higher education institution. There were five studies with no external funding. All studies were 

quantitative and had a cross-sectional design. There were eight MSNQ validation studies, two of 

which validated an Internet version. The sample size ranged from 41 to 462, indicating that some 

samples were small. In 19 studies participants were recruited from outpatient MS clinics or MS 

centres. In five studies participants were, either exclusively or in addition to recruitment from 

MS clinics, recruited from a pool of patients who either at that time or previously took part in 

other MS studies. In three studies participants were recruited through advertisements in addition 

to recruitment from MS clinics or MS centres. 

 

Overview of Study Parameters 

 There are a considerable range of parameters and reporting schedules across the studies. 

For example, sample selection is on the basis of differing inclusion and exclusion criteria. Most 

significantly, some studies only included MS patients with subjective cognitive complaints (e.g., 

Rosti-Otajärvi et al., 2014). Others only included MS patients with no subjective cognitive 

complaints (e.g., Charest et al., 2020). More generally, inclusion and exclusion criteria were 
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individual to each study. One study recruited patients from both arms of a randomised controlled 

trial (RCT) evaluating the efficacy of the beta-interferon medication Rebif, after no treatment 

effect was demonstrated (Charest et al., 2020). This is concerning because cognition was not 

assessed as an outcome in the RCT and patients are highly selected for RCT’s, being a 

significantly healthier subset of patients than the general clinic sample. 

 The other variability was in evidence across cut-offs adopted for the MSNQ-P and 

MSNQ-I, making sensitivities and specificities difficult to compare. Two studies employed an 

internet version of the MSNQ (Akbar et al., 2010, 2011). Not all studies employed a validated 

language version of the MSNQ (e.g., Fenu et al., 2018). The neuropsychological tests used to 

formally evaluate cognition also varied and the criteria for designating cognitive impairment 

were inconsistent (e.g., Fenu et al., 2018, reported cognitive impairment in any patient failing at 

least one BICAMS scale; Konstantinopoulou et al., 2018, gave separate percentages impaired on 

one, two or three domains; Sonder et al., 2012, chose three or more impaired subtests on the 

BRB-N to indicate cognitive impairment). Some studies compared MS patient cognitive 

performance with contemporary healthy control cognition data (e.g., Akbar et al., 2010; Benedict 

et al., 2003). Lastly, the relationship of the informants was not routinely reported, or frequency 

of contact with the patient. This heterogeneity made a meta-analysis inappropriate and is 

considered in more detail below. 

 

Sampling 

There were various levels of selection in samples which affects the comparability of 

results. The majority of participants were recruited from MS clinics, which could be influenced 
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by demographics and health insurance in some countries; therefore, these samples might not be 

representative of the whole MS population. In the study of Charest et al. (2020) two arms of a 

drug trial were combined and those patients who agreed to additionally complete the MACFIMS 

as well as reporting no cognitive impairment on the MSNQ-P (score below 24) were included. 

One observational study funded by a pharmaceutical company only included CIS patients who 

were recruited within 3 years of a CIS event, with no confirmed diagnosis of MS and had mild 

and subtle cognitive deficits. In contrast, participants in the Benedict and Zivadinov's (2006) 

study were referred for cognitive assessment, suggesting that they might have had some 

cognitive difficulties which led to the referral for the assessment. Similarly, in the study of 

Carone et al. (2005) participants were included if they had at least one severe and one mild 

impairment, or at least three mild impairments, on cognitive testing. It is possible that whilst in 

some studies there was an artificially high percentage of cognitively impaired participants, in 

other studies cognitively impaired patients were not selected for participation. This means that 

the samples in those studies did not include MS patients with the full spectrum of various levels 

of cognition, as it would occur in the general MS population. It is also of note that patients with a 

BDI-FS score greater than 4 (indicating possible depression) were not included in the study of 

Dagenais et al. (2013), which once again, limits the confidence with which comparisons can be 

made with other studies that included depressed patients. 

 

Sample Characteristics 

Participants’ mean age ranged from 35.4 to 52.8 years and mean years of education 

ranged from 11.3 to 15.0. In all included studies, apart from one which did not report 

participants’ genders, at least 57% of MS patients were females. Only five studies reported 



124 
 

participants’ ethnicity and in all of them at least 87% were Caucasian. Only two studies reported 

participants’ marital status. Most commonly reported patients’ demographic characteristics were 

Caucasian married females. In four studies which reported participants’ employment status there 

were between 27 and 60% of patients in either full- or part-time employment. Fifteen studies 

reported the percentage of patients impaired on objective cognitive testing, but each study used a 

different classification system. Unsurprisingly, the percentage of “cognitively impaired” 

participants varied widely across studies (10 to 54%). The majority of participants in the studies 

reporting higher percentage of “cognitively impaired” individuals were diagnosed with RRMS.  

 

Patient Disease Information 

Participants’ mean duration of MS ranged from 7.8 to 16.9 years, and one study 

(Langdon et al., 2013) included only CIS patients with a mean duration of MS of 0.7 year. In all 

studies, apart from one (Langdon et al., 2013) with only CIS patients included, the most common 

phenotype was RRMS and second most common was SPMS. The mean EDDS score reported in 

12 studies ranged from 1.3 to 4.3, meaning that the average disability level was able to walk 

unaided, and that moderate and severe disabilities were not represented in these studies. 

 

Control Group 

Out of nine studies reporting a contemporaneous healthy control cognitive data (Akbar et 

al., 2010, 2011; Benedict et al., 2004; Benedict & Zivadinov, 2006; Carone et al., 2005; O’Brien 

et al., 2007; Ozakbas et al., 2018; Rosti-Otajärvi et al., 2014; Vanotti et al., 2009), healthy 

control was not reported to have completed cognitive testing in the Benedict and Zivadinov's 
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(2006) study. The lack of control groups in the majority of included studies limits the validity of 

conclusions which can be drawn from the results. 

 

Collection and Analysis Methods 

All studies used a mixture of objective cognitive testing and self-report measures, 

including the MSNQ-P and MSNQ-I. Some studies included other self-report psychosocial 

questionnaires for patients (e.g., depression scales). In all studies data was analysed using 

appropriate statistical tests to examine the associations between MSNQ-I, MSNQ-P, and 

objective cognitive tests. 

 

MSNQ 

Patients’ and informants’ subjective reports of patients’ cognitive functioning were 

measured by the MSNQ-P and MSNQ-I respectively. The mean score on the MSNQ-P was 

numerically higher than on the MSNQ-I in all studies reporting mean MSNQ scores. Significant 

positive correlations between the scores on patients’ and informants’ MSNQ versions were 

reported in seven studies, with the strength of these correlations ranging from 0.22 (weak) to 

0.68 (moderate). The remaining 15 studies did not report correlations between MSNQ-P and 

MSNQ-I. Seven studies assessed the internal consistency of the MSNQ and reported the 
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Cronbach’s α of MSNQ, where the range was .90 to .94 for the MSNQ-P and the range for the 

MSNQ-I was .93 to .94. 

 

MSNQ and Depression Correlations 

Patients’ depression was measured in 19 studies using three different scales (CES-D, 

HADS, BDI) and two studies included more than one depression scale. Fourteen studies reported 

a significant positive relationship between the MSNQ-P and at least one patients’ depression 

scale and two studies a non-significant relationship. As for the relationship between the MSNQ-I 

and at least one patients’ depression scale, nine studies reported it to be non-significant whilst 

seven other studies reported it to be significant and positive. Three studies did not report 

depression correlations with the MSNQ-P or the MSNQ-I. 

 

Cognitive Testing 

Different types of cognitive tests were used in studies and details of how cognition was 

measured objectively are given in Table 14. In 17 studies correlations of MSNQ were reported 

with individual tests or subtests. In three studies tests assessing a similar cognitive domain were 

grouped together into one category of neuropsychological functioning and only a total score of 

each category was correlated with the MSNQ. In two studies correlations of MSNQ were 

reported with the total score on one of the two cognitive test batteries only (MACFIMS and 

BRB). To summarise the findings, where it was possible, individual cognitive tests used in the 

studies were grouped into the following categories: information processing speed tests, auditory 

memory tests, visual memory tests, language tests, executive functioning tests, and visual 
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perception/spatial processing tests. Some studies used more than one test within each category 

and the summary will include the count of all reported correlations, i.e., negative significant, 

positive significant, non-significant, significant with no direction of the correlation reported as 

well as non-reported correlations. 

 

Cognitive Batteries and Screening Tests 

The Brief Repeatable Battery of Neuropsychological Tests (BRB-N; Rao, 1991) takes 

approximately 45 minutes to complete, and it assesses IPS, working memory, verbal memory, 

visuospatial memory, and verbal fluency. The Minimal Assessment of Cognitive Functioning in 

Multiple Sclerosis (MACFIMS; Benedict et al., 2002) takes approximately 90 minutes to 

complete and, includes some of the BRB-N tests, and additionally assesses executive function 

and visuospatial perception. The Brief International Cognitive Assessment for Multiple Sclerosis 

(BICAMS; Langdon et al., 2012) can be completed in 15 minutes, and it assesses IPS, verbal 

memory and visuospatial memory. Montreal Cognitive Assessment (MoCA; Nasreddine et al., 

2005) is a screening tool for detecting cognitive decline, takes 10-12 minutes to complete and it 

assesses language, memory, visual and spatial thinking, reasoning, and orientation skills. 

There was a significant negative correlation of both versions of the MSNQ with 

BICAMS overall score. Only informants’ version of MSNQ was significantly negatively 

correlated with the total scores on MACFIMS (once) and MoCA (twice). The association 

between MSNQ-P and BRB total score was non-significant (once); not reported (once) and once 

significant (albeit positive and weak) in the group of patients with RRMS. 
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The relationship between MSNQ-I and BRB total score was non-significant (twice) and 

not reported (once). Total number of failed tests (SDMT, BVMT-R, CVLT) was significantly 

positively correlated with MSNQ-I (twice), but with MSNQ-P the relationship was non-

significant once and once significant in a positive direction. 

 

Information Processing Speed 

The relationship between the MSNQ-P and information processing speed tests was 

shown to be inconsistent. Higher scores on the MSNQ-P were associated with lower 

performance on information processing speed tests and this was reported to be significant 13 

times. In contrast, this association was reported as non-significant 18 times and not reported at 

all three times. It was also reported to be non-significant when correlated with processing speed 

category in three studies. 

The relationship between the MSNQ-I and information processing speed tests was 

reported to be negatively significant 23 times; reported as non-significant seven times; reported 

as significant with no direction one time and not reported three times. 

 

Verbal Memory 

The association between MSNQ-P and verbal memory tests was reported to be significant 

and negative 12 times. It was reported as non-significant 17 times and not reported three times. 

On one occasion a significant positive correlation was reported but there was a reversed scoring 
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in the verbal memory test (i.e., which means that the higher the score, the worse performance). 

This was in line with other findings reporting negative correlations with verbal memory tests. 

A negative significant correlation between the MSNQ-I and verbal memory tests was 

reported 19 times. On one occasion a reversed scoring was used in the cognitive test and the 

significant positive correlation was in line with other significant correlations in this group of 

cognitive tests. This correlation was reported as non-significant nine times; significant with no 

direction once and not reported three times. 

 

Visual Memory 

The association between MSNQ-P and visual memory tests was reported to be significant 

and negative twice. It was reported as non-significant eight times and not reported twice. 

A negative significant correlation between the MSNQ-I and visual memory tests was 

reported seven times. This correlation was reported as non-significant three times and not 

reported two times. 

 

Language 

Across all studies the relationship between language tests and MSNQ-P was consistently 

reported as non-significant (nine times) and not reported on one occasion. 

A negative significant correlation between the MSNQ-I and language tests was reported 

six times. This correlation was reported as non-significant three times and not reported on one 

occasion. 
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Executive Functioning 

The association between MSNQ-P and executive functioning tests was reported to be 

non-significant 13 times. This is the only correlation reported consistently across all studies. 

A negative significant correlation between the MSNQ-I and executive functioning tests 

was reported twice. On three occasions a reversed scoring was used in the cognitive test (i.e., 

higher scores reveal greater impairment) and the significant positive correlations were in line 

with other significant correlations in this group of cognitive tests. This correlation was reported 

as non-significant seven times and significant with no direction once. 

 

Visual Perception/Spatial Processing 

The association between MSNQ-P and visual perception/spatial processing tests was 

reported to be significant and negative seven times and non-significant in a further seven studies. 

A negative significant correlations between the MSNQ-I and visual perception/spatial 

processing tests were reported nine times. This correlation was reported as non-significant three 

times and twice as significant with no direction. 

 

Premorbid Cognitive Functioning 

The association between MSNQ-P and premorbid cognitive functioning tests was 

reported to be non-significant in three studies. A negative significant correlation between the 

MSNQ-I and premorbid cognitive functioning tests was reported once and non-significant 

correlations were reported twice.  
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Overall Findings 

The correlations of different cognitive categories with MSNQ-I and MSNQ-P were 

inconsistent. All significant correlations were negative (unless the reversed scoring was used in 

cognitive tests). This means that higher MSNQ scores (i.e., more reports of cognitive difficulties) 

were associated with lower performance on objective cognitive tests (i.e., a greater cognitive 

decline). The MSNQ-I correlations with cognitive tests were significant more frequently than the 

MSNQ-P correlations with cognitive tests. 

 

Patient-Informant Discrepancies of Reported Cognitive Symptoms 

One study examined the discrepancies between scores on the MSNQ-P and MSNQ-I 

(Carone et al., 2005). Patients were classified in relation to their informants’ ratings as either 

“overestimators” if they overestimated their cognitive abilities, “underestimators” or “accurate 

estimators”. It was reported that patients over-estimating their cognitive abilities performed 

worse than underestimators and accurate estimators on most objective cognitive tests. There 

were no differences found in performance on objective testing between the underestimators and 

accurate estimators. This classification can be potentially a helpful way of identifying those 

patients who would benefit from an objective cognitive testing. 
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Sensitivity and Specificity of the MSNQ 

Five studies reported the sensitivity and specificity of the MSNQ-P (ranges 21-80% and 

67-94% respectively). The range of the specificity of the MSNQ-P is narrower than the range of 

its sensitivity. Three studies reported that the specificity of the MSNQ-P was higher than its 

sensitivity and two other studies reported the opposite. Eight studies reported the sensitivity and 

specificity of the MSNQ-I (range 33-91% and 60-97% respectively). Fifty percent of studies said 

that the specificity of the MSNQ-I is higher than its sensitivity. In two studies (Benedict et al., 

2003, 2004) the sensitivity and specificity values of both MSNQ-P and MSNQ-I are acceptable 

and comparable to those reported in a previous study using objective cognitive testing 

(sensitivity = 68%, specificity = 85%; Rao, 1991). There are inconclusive findings on the 

sensitivity and specificity of both MSNQ-P and MSNQ-I. It cannot be concluded whether either 

of them is better able to correctly identify people with or without cognitive impairment. 
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Discussion 

This systematic review aimed to synthesise MSNQ data from patients and relatives and 

explore how the MSNQ relates to patients’ performance on objective cognitive testing and to 

other patients’ characteristics. All twenty-two studies included in the systematic review were 

cross-sectional and quantitative. Patient participants completed objective cognitive assessments 

with investigators and the MSNQs were completed by patients and their informants.  

The majority of correlations across all studies showed that patients’ impairments in IPS, 

verbal memory, visual memory, language, visual perception/spatial processing were significantly 

negatively related to the MSNQ-I scores. The majority of correlations across all studies indicated 

no significant associations between MSNQ-P and patients’ scores on objective cognitive tests. 

Nauta et al. (2019) reported that even excluding patients with depression from the analysis did 

not result in a significant relation between the MSNQ-P and objective test scores. This suggests 

that there might be other factors related to patients’ perceptions of their cognition (e.g., fatigue; 

Tur, 2016 and depression; Hughes et al., 2019) which are beyond the scope of this systematic 

review. This indicates that the MSNQ-I is more reliably related to patients’ objective cognitive 

status than the MSNQ-P. 

Seven studies reported weak to moderate significant positive correlations between the 

scores on patients’ and informants’ MSNQ versions. This indicates that higher scores on the 

MSNQ-P are associated with higher scores on the MSNQ-I, however this association is not 

strong. This is not surprising, given the closer relation of MSNQ-I scores to objective test scores. 

The majority of included studies reported that depression was significantly and positively 

correlated with the MSNQ-P and non-significantly associated with the MSNQ-I. This shows that 
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patients’ depression was related to patients’ reports of cognitive status. However, patients’ 

depression was inconsistently related to relatives’ reports of patient cognitive status. 

Seven studies assessed the internal consistency of the MSNQ, and both patients’ and 

informants’ versions of the MSNQ had acceptable levels of Cronbach’s alpha (MSNQ-P range: 

.90 - .94, MSNQ-I range: .93 - .94). Cronbach’s alpha is expressed as a number between zero 

and one. Although there is a consensus that the closer this value is to one, the higher the internal 

consistency of a scale, it has been recommended that a value of alpha should not exceed 0.90 

(Streiner, 2003). Alpha value is affected by the number of items on the scale, how related these 

items are, as well as the dimensionality of the scale (i.e., how many underlying concepts a scale 

measures; Cortina, 1993). High Cronbach’s alpha values of the MSNQ-P and MSNQ-I might be 

an indication that some items are redundant which means that they measure the same thing but 

use different wording. 

The results of this systematic review suggest that patients’ and informants’ versions of 

the MSNQ may be assessing two different concepts as there was no association between the 

MSNQ-I and the MSNQ-P in the majority of studies. Whilst the MSNQ-I appears to be 

measuring PwMS’ cognitive abilities, the MSNQ-P might be revealing patients’ insight into their 

CI. Mazancieux et al. (2019) suggested that patient-informant discrepancies can be used to 

evaluate patients’ awareness of cognitive abilities. Mazancieux et al. (2019) also proposed that 

patients’ lack of awareness of their memory difficulties may be explained by patients’ memory 

impairments and therefore their inability to recall what they are able/unable to do to. Perhaps the 

general lack of consistent associations between two versions of the MSNQ as well as between 
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the MSNQ-P and objective cognitive tests confirms that the MSNQ-P is not to be used to assess 

CI in PwMS. 

 

Strengths 

This review has several strengths. There were variations of the MSNQ measures’ name 

used in studies. This might have prevented the retrieval of all studies using the MSNQ-I, 

therefore a range of possible variations of the measure’s name were included in the search in an 

effort to capture all relevant data. This resulted in focused search terms and allowed for discrete 

findings of studies using the MSNQ. Including only studies with the MSNQ-I and MSNQ-P, 

where they had objective testing, was a very good way of evaluating the associations between 

objective and subjective cognitive measures. The robustness of this review was increased by 

having a second reviewer’s (DL’s) input in the screening and selection of studies as well as 

cross-checking the extracted data and assessing the quality of included studies. It is the first 

review to synthesise data on the MSNQ-P and MSNQ-I and their correlations with patients’ 

objective test scores and depression. This is particularly important as there is a clinical role for 

the MSNQ-I and the MSNQ-I is now being used to gather data about cognition for scientific 

studies (Meli et al., 2020). Alongside exploring how both versions of the MSNQ relate to 

objective testing, each other, and patient depression, the review also presents their psychometric 

properties. 
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Limitations 

The current review and included studies are not free of limitations. Most available quality 

assessment tools were designed for RCTs. This includes the EPHPP used in this review which 

was not ideal for the included studies. Even high-quality validation studies performed weakly on 

some components (e.g., study design). 

Studies took place in different countries which could have led to some biases. For 

instance, in some countries there is a limited access to healthcare, for example diagnosis of MS 

and subsequent access to disease modifying drugs (DMDs; Berger et al., 2020). Even within 

Europe, there is a wide range of patient access to DMDs (26% to 79%, Kobelt et al., 2017). This 

means that patients with no or delayed access to medication experience disease progression more 

quickly than patients receiving DMDs. The disease progression, and its physical, cognitive, and 

psychosocial consequences, is therefore different for patients with and without access to 

medication. This could have influenced the relations of disease variables recorded to cognitive 

and other variables. Different countries have varied healthcare systems which also has 

implications for medication adherence. For example, in the USA, whether people can access 

neuropsychological assessments depends on their specific health insurance. Patients who do not 

have access to a neurologist are less likely to be referred for neuropsychological testing. Patients 

with no or little health insurance are more likely to be poor, live in rural areas, belong to ethnic 

minority groups, have had MS for over 15 years, or have mobility difficulties (e.g., cannot walk, 

use a wheelchair/scooter or are bedbound; Minden et al., 2008). These variations across the 

world in access to healthcare limit the validity of comparing the identified studies. 

There were some limitations related to the designs of the included studies. The quality 

assessment revealed that the selection of participants was biased, and some samples were small. 
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Some studies recruited patients who were referred for cognitive testing hence those with 

cognitive difficulties might have been represented in disproportionately large numbers (e.g., in 

the studies of Benedict & Zivadinov, 2006; Carone et al., 2005). Other studies only included 

patients self-reporting no cognitive impairment on the MSNQ-P (Charest et al., 2020). This 

means that samples in those studies did not capture MS patients with cognitive impairment 

profiles representative of the general MS population. Thus, the validity of comparing data across 

identified studies and broader generalisation may be limited. Two studies (Akbar et al., 2010, 

2011) collected the data over the Internet which meant that researchers had no control or way of 

knowing whether patients and their informants completed the questionnaires without 

collaboration. This raises a question about the validity of data due to the bias of excluding those 

who were poorer, less proficient in the use of modern technology and had sensorimotor 

difficulties. Not only were different objective cognitive tests used across studies, but also some 

studies reported participants’ raw scores on the objective cognitive tests whilst other studies 

reported an overall cognitive domain score. The wide range of tests used across studies makes it 

difficult to compare the findings. Not all of the measures used within the included studies were 

validated for MS in the language or in the country where the research took place. This means that 

the results from different studies may not be comparable. For instance, studies used adaptations 

of original standardised cognitive tests (e.g., Vanotti et al., 2018 used an adapted SDMT) and the 

MSNQ measures (e.g., Fenu et al., 2018 translated the MSNQ to Italian and used it in a study 

without a prior validation in a larger Italian population). This might have compromised the 

results of those studies and therefore the conclusions in this systematic review since the validity 

and reliability of measures assessing patient reported outcomes should be evaluated in the target 

population before they are used (Boateng et al., 2018). Moreover, not all studies defined cut-off 
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scores for the MSNQ-P and MSNQ-I for a reliable discrimination of those with and without 

cognitive impairments. This was often reported to be due to small MS samples, no control group, 

or low sensitivity of the scale. 

Lastly, studies underreported some characteristics of PwMS. Of all studies included in 

this review, only five reported participants’ ethnicity. The Caucasian population was 

disproportionately represented. The underreporting of data on race and ethnicity as well as 

underrepresentation of non-White patients is a wider issue observed in MS disease modifying 

treatment trial publications (Onuorah et al., 2022). Similarly, only four studies reported 

participants’ employment status and the majority (apart from one study of O’Brien et al., 2007) 

used a dichotomized employment status criterion (i.e., “employed” / “unemployed“ or 

“disabled”). This is potentially overly restrictive and may not detect finer gradations in 

employment status, for example that people might not work for other reasons than disability or 

change their employment to a less demanding role or work part-time. There are different levels 

of support across countries for PwMS to stay in employment (within Europe, employment rates 

for people with MS vary from 31% to 65%, Kobelt et al., 2017), therefore how cognition is 

related to employment in MS may vary depending on the cultural context of the study. Studies 

also underreported participants’ years of education. PwMS’ education has been shown to be 

associated with their clinical outcomes related to MS (Dobson et al., 2022), therefore it is an 

important characteristic to consider when exploring factors linked to cognition. Moreover, most 

studies included patients with different MS subtypes but reported the results as if this was a 

homogenous group. It cannot be concluded with certainty whether the findings for those 

subtypes differ from each other. 
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Clinical Implications 

The findings of this systematic review do not support the MSNQ-P as a reliable measure 

of patients’ objective cognitive status. Clinicians assessing patients’ cognition should not 

therefore rely solely on patients’ self-reports. Although PwMS are not the most accurate judges 

of their own cognition and the MSNQ-P may not be the indication of PwMS’ cognitive 

functioning, collecting this data is useful and important because it represents the perspective of 

patients. Completing the MSNQ-P as an outcome measure in MS clinics may also be a way of 

starting the conversation about cognition, a topic which is important but often neglected. The 

results from a qualitative study exploring neurologists’ views on patient reported outcome 

measures (PROMs) in MS care revealed that clinical conversation was considered to be the most 

fundamental source of patient-reported information (Reitzel et al., 2022). The view that PROMs 

should encompass cognitive functioning measures and be integrated into clinical care is also 

shared by PwMS (Westergaard et al., 2022). The inconsistencies in correlations between MSNQ-

P and objective cognitive testing mean however that the MSNQ-P cannot be relied on as a 

measure of cognition. 

Although the MSNQ-I was associated with patients’ objective cognitive testing more 

consistently than the MSNQ-P, the majority of these correlations were inconsistent. It should be 

noted that reports of no cognitive impairments on the MSNQ-P and MSNQ-I do not always 

mean that there is an absence of such difficulties. 

It might be better for clinicians working in MS clinics to at least ask informants to 

complete the MSNQ-I than not to address cognition at all, if there are not enough resources to 

complete formal neuropsychological assessments with patients. The MSNQ-I might be a useful 

screening tool for identifying those patients who would benefit from an objective cognitive 
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testing, where it is available. This approach accepts that informants’ ratings are a reliable source 

of information and there is evidence from other conditions that carers’ ratings can be associated 

with patients’ diagnosis (Schmidt & Steffen, 2020). Therefore, informants’ reports should be 

interpreted carefully. It is of note that since most studies did not include PwMS with severe 

psychiatric comorbidities, the accuracy of the MSNQ-I in this population is unknown. The 

MSNQ-I may be a useful indication of patients’ cognitive status where objective cognitive 

testing is not available. Whilst the MSNQ-I is relatively robust to patient mood, MSNQ-P is 

significantly related to patient mood and other psychosocial variables, which should be taken 

account of in clinical practice. 

 

Research Implications 

Future research should further explore the psychometric properties of the MSNQ, namely 

high Cronbach’s alpha values and potential redundant items. Although deleting items from 

existing scales is not an ideal solution (it limits usefulness of previous research findings), 

shortening the length of the test was suggested to obtain an internal consistency value within the 

recommended range (Tavakol & Dennick, 2011). It should be noted that Cronbach’s alpha value 

increases with the number of items on the test, regardless of the unidimensionality of the scale. 

Compared to the MSNQ-I, the MSNQ-P correlated more consistently with patients’ depression 

scales than with patients’ objective cognitive testing, whereas, compared to the MSNQ-P, the 

MSNQ-I correlated more consistently with patients’ objective cognitive testing. Given these 

discrepancies in the associations of both versions of the MSNQ with patients’ depression and 

patients’ objective cognitive testing, it may be helpful to explore the dimensionality (i.e., the 
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number of underlying traits a scale measures) of the MSNQ. Future studies should focus on 

increasing the validity through careful and adequate recruitment strategies. 

Further research would benefit from utilising a standardised objective cognitive battery, 

to increase validity of comparisons and generalisability of results, as part of a standardised 

international validation protocol. Researchers should ensure that patients with different ages, MS 

types and durations, ethnic backgrounds, levels of disability, employment and marital status are 

represented and that these characteristics are reported in studies. Researchers should also further 

explore informants’ and patients’ factors which might be associated with informants’ perceptions 

of PwMS’ cognitive abilities. This is because there may be confounding variables associated 

with either the MSNQ or patients’ cognition and therefore the findings should be carefully 

considered in the context of these factors. It would be beneficial to conduct longitudinal research 

to explore whether the MSNQ can be used to reliably measure cognitive changes across the MS 

course. 

 

Conclusions 

The MSNQ-P on its own may not reliably reflect patients’ cognitive profile. The MSNQ-

I, however, may be a useful proxy screening tool of patients’ cognition for the healthcare 

professionals working with PwMS when the scores are considered in the context of any possible 

confounding variables, including patient depressive symptoms. 
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Chapter IV: Integration, Impact, and Dissemination 

 

Overview 

The following section provides a synthesis of important methodological aspects of the 

systematic review (SR) and empirical study. Both the SR and the empirical article represent the 

development of a single topic and this section includes the integration of the SR findings with the 

conceptual basis for the empirical study. The chapter also consists of a summary of how the 

results of these two research components might impact people with multiple sclerosis (PwMS), 

clinical practice and future research. This section concludes with steps that will be taken to 

disseminate the findings by research publications. 

 

Integration 

The Development of the Project 

In the early stages of the development of my thesis, I attended an MS-UK webinar 

“Cognition and MS” delivered by my supervisor, Prof Dawn Langdon for MS-UK on 20th 

October 2021. I heard people with MS ask questions about cognition and discuss their 

experiences. This helped me understand how important the topic of cognition is for MS patients. 

It also made me realise that this topic is often neglected. Having not directly worked with or met 

PwMS before starting this thesis, I made an effort to continue to increase my knowledge about 

cognition in MS whilst completing the project. I read the case studies from Prof Anthony 

Feinstein’s book “Mind, Mood, and Memory: The Neurobehavioral Consequences of Multiple 
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Sclerosis” (Thompson & Feinstein, 2022). I found that Feinstein’s case studies showed me the 

impact of cognitive difficulties on people’s lives (e.g., vocational impact). I attended “A 3D 

Virtual Symposium Patient Considerations in MS: Achieving Optimal Outcomes Through an 

Individualized, Comprehensive Approach” on the 16th February 2022. This reinforced that there 

is a need for more holistic approaches to MS treatment, which includes addressing patients’ 

cognition. On the 18th March 2022 I attended the Continuing Professional Development session 

“Cognition in MS” delivered by Prof Dawn Langdon during the Neuropsychology Special 

Interest Group’s meeting. This provided me with an overview of the developments and gaps in 

research about MS cognition. 

My supervisor and I agreed on conducting Rasch analysis as a part of the statistical 

analysis of the empirical study. As I was not familiar with this analysis and it is not a part of the 

course curriculum, I attended an online course to learn it. 

My learning and reflection from these experiences gave me a useful context for the 

project and made me think about its implications for patients with MS and their families. 

 

Overall Project Description 

The SR chapter of this thesis aimed to synthesise all available information on how closely 

relatives’ perceptions of PwMS’ cognitive status, as measured by the Multiple Sclerosis 

Neuropsychological Questionnaire for Informants (MSNQ-I), is related to objective cognitive 

testing. This was to determine whether the MSNQ-I can be used as a proxy cognitive assessment 

in MS. The empirical study then aimed to evaluate and improve the psychometric properties of 

the MSNQ-I and explore which patient and disease factors could predict relatives’ scores on the 

Rasch-analysed MSNQ-I. The empirical study extended the findings of the SR by providing the 
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recommendations on how the MSNQ-I can be best used and interpreted in the context of patient 

and disease factors. 

 

Integration of SR and Empirical Study 

I hoped that together both chapters of this thesis would provide an understanding of 

whether and how to best use the MSNQ-I in clinical practice and research as a measure of 

PwMS’ cognition. The SR was completed before the empirical study. I wanted to summarise 

which aspects of patients’ and their disease may be predictive of the relatives’ perceptions of 

patients’ cognition. The empirical study felt like a natural extension of the SR. The conclusion of 

the SR that the MSNQ-I can be used as a reliable indication of PwMS’ cognition, informed the 

empirical study which examined how the MSNQ-I should be used (i.e., which items give a 

reliable score). The SR summarised the sensitivity and specificity of the MSNQ-I which 

provided background information for the psychometric properties further explored in the 

empirical study. 

 

Challenges of the Project 

There were some methodological challenges when designing the SR and deciding on the 

studies’ inclusion criteria. The vast variability in patients’ characteristics explored, and the types 

of objective cognitive measures used across studies made comparisons between studies difficult. 

I initially planned to explore the associations between the MSNQ-I and patients’ characteristics 

and objective cognitive testing. I hoped that this would have had provided context for the 

empirical study investigating how the MSNQ-I relates to patients’ disease, demographic, and 
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psychosocial characteristics in a large dataset. In the end the associations of the MSNQ-I and 

MSNQ-P with patients’ objective cognitive testing and mood measures were included as they 

were the two most frequently reported correlations. 

There were also some challenges with the empirical study, particularly with selecting 

which patients’ factors, disease variables and Patient Reported Outcome Measures (PROMs) to 

analyse. The database included several other variables, including patients’ education, religion, 

health status (e.g., about smoking, having comorbidities, MS relapses in the past year), recent 

time off sick from work, how often patients and their informants saw each other and how long 

they have known each other for. Unfortunately, only a small number of patients had this 

additional information and including them in the analysis would have decreased the number of 

cases and therefore decreased the statistical power of the analysis. 

Perhaps the biggest challenge and learning for me was the fact that I worked with a large 

database. Unfortunately, I was restricted in my analysis only to those variables for which TONiC 

study collected data. This meant that I had no qualitative or qualifying information and that I 

encountered the issue of incomplete data. Although the dataset had a large number of 

participants, the data was collected over a period of almost a decade, and this may have 

contributed to the cohort effects. I recognise that despite these limitations and challenges, 

working with already collected data made the completion of this project more efficient and 

allowed me to have more time for data analysis and write-up stages of this thesis. I have not 

anticipated that the process of familiarising myself with the data, making sense of it, editing it to 

fit the SPSS format would be as time-consuming as it was. Completing a secondary data 

analysis, like this one, maximises the use of data which patients and their families have spent 

time and effort to provide. Those who contributed to the TONiC database were identified by 
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their existing clinical care team or the research team, so they have already been in contact with 

MS services. This means that those who were not seen in services were also not represented in 

this research. Although completing web-based questionnaires requires some digital literacy and 

can be excluding people without Internet access, the TONiC study offered an alternative solution 

to help overcome these issues (i.e., posting a questionnaire pack along with a pre-paid envelope). 

The uniqueness of the TONiC database is that it collected data related to cognition as well as a 

number of self-report questionnaires (PROMs). Most database studies are concerned with the 

health insurance claims and therefore only include patients who have health insurance and only 

records medical data (e.g., Amiri et al., 2023; Ghiani et al., 2023). Databases, particularly “big 

data” (i.e., high-volume data), are being increasingly used in research to improve the quality of 

medical care (e.g., Ullah et al., 2022; Wu et al., 2021; Yang et al., 2020). Therefore, skills related 

to working with databases are increasingly important.  

 

Service User Involvement 

In the phase 1 of the TONiC study patients had been invited to individual interviews and 

discussion groups about their experiences of neurological illness, views on quality of life and the 

impact of their illness on their quality of life. The most important factors in determining patients’ 

quality of life were established and used to develop a set of questionnaires for participants and 

their relatives/carers during the TONiC study. This project involved a secondary data analysis, 

and it was not possible to involve service users in the process of analysis. However, I hope to 

involve PwMS in the dissemination of findings to UK MS charities. 
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Future Research Directions 

To build upon the work presented in this project future research could explore the 

relationship between patients’ objective cognitive testing and Rasched-analysed MSNQ-I scores. 

Comparing the results with the findings from previous research would increase the confidence in 

the conclusions which can be drawn. It would be also of interest to conduct Rasch analysis on the 

data from the translated versions of the MSNQ-I. This could confirm whether its psychometric 

properties are consistent across different cultures and languages. To compare the results with the 

current empirical study, future research should include samples of a similar size. 

Whilst using the MSNQ-I-12 going forward offers interval level data, it makes 

comparison with previous publications difficult. Administering a shorter, 12-item questionnaire, 

reduces burden for relatives. 

 

Reflections on the Project 

Whilst my empirical project did not require data collection from participants, the 

secondary data analysis had its own challenges and learning points. The process has taught me 

valuable skills and gave me insights into the collaboration with highly respected international 

researchers. I consider myself lucky to have had a chance to collaborate with a large research 

team across the Liverpool and Royal Holloway universities as well as experience the 

multidisciplinary working with neurologists. It has also shown me the importance of secure data 

handling. I had to demonstrate this skill at several different stages and obey the terms of the non-

disclosure agreement to protect data confidentiality throughout the process. I became aware of 

the General Data Protection Regulation law when managing data concerning health and how to 

document it in the Data Management Plan. 
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I have realised that understanding how to read the secondary data is a crucial first step to 

avoid erroneous analyses. I welcomed and enjoyed the opportunity, made possible thanks to my 

supervisor, to learn Rasch analysis. Having to learn something which was outside of the remit of 

the Clinical Psychology course required careful planning of the future steps of the project and, at 

times, multi-tasking. Whilst carrying out this research project, I have been receiving regular 

feedback from my supervisor on how to improve my scientific writing skills. This was difficult 

to hear at times but fundamental for improving the quality of my written work. 

Having worked during my final year placement in a neuro-rehabilitation setting, I 

realised how debilitating cognitive impairment can be. In my clinical worked I observed that 

family members often do not understand what cognition means and how cognitive changes can 

affect day-to-day life. This thesis project as well my clinical experience influenced me to start a 

family support group in the hospital I work in. These sessions consist of a mixture of education 

about the brain as well as peer support. I am hopeful that family members will benefit from them 

and that these sessions will be continued when I finish my placement. 

I would also like to acknowledge the political circumstances in which I was completing 

this project. The war outbreak in Ukraine in February 2022 has negatively impacted my 

engagement with this research. Particularly in the first few weeks of the war I was scared for my 

family who lives in a country that boarders with Ukraine. I discussed this in supervision and was 

offered adequate support. 

 

Impact 

This was an important and inclusive project because it had a sample from a population 

which is typically underrepresented in clinical research. MS patients, based on their health status 
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(e.g., having a cognitive impairment, multiple health conditions, physical disabilities), belong to 

an under-served group across the research landscape (NIHR, 2020). 

To date all studies concerning the MSNQ-I, apart from one, were completed outside of 

the UK and may therefore not be reflective of the UK NHS context. This was also the first study 

utilising the MSNQ-I with a sample size of above 500. Therefore, the findings of this SR and 

empirical study have potential real-world implications which might impact PwMS as well as 

clinicians working with PwMS. 

Patients and their families could benefit from an early diagnosis of PwMS’ cognitive 

changes. The MSNQ-I-12 could facilitate a more reliable identification of those patients who 

require further cognitive assessments or cognitive interventions. Given that cognitive difficulties 

in MS affect people’s overall QoL (Gil-González et al., 2020; Lakin et al., 2021), it is hoped that 

improving the management of cognition in MS would also improve their QoL. 

There are also advantages of using the MSNQ-I-12 by healthcare professionals (HCPs) 

working with PwMS. They can use the nomogram to obtain an interval level scale by 

transforming a person’s MSNQ-I-12 raw score. This will provide a more accurate representation 

of a person’s true score. The MSNQ-I-12 may be therefore used in MS clinical services as a 

reliable screening tool for cognitive impairment and as proxy for objective cognitive assessment. 

This could enhance HCPs’ assessments and aid their decisions regarding treatment or the support 

for PwMS. 

This project can also impact the field of cognitive assessments/psychometric assessments. 

The results highlighted the benefit of using Rasch analysis to improve the psychometric 

properties of an existing scale. Clinicians with expertise in the areas of statistics and 

psychometrics could be encouraged to use Rasch analysis to refine existing scales or to develop 
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new questionnaires. The use of Rasch analysis may improve the reliability and validity of a range 

of assessment tools used in healthcare and beyond. This could lead to better-informed decisions 

in various fields (e.g., education, social sciences, and business). 

This project would not have been possible if PwMS did not contribute to TONiC 

database. There are several databases collecting data from patients with various diseases. I am 

planning to get in touch with professional networks (e.g., https://mstrust.org.uk/health-

professionals/therapists-ms-tims; https://www.mssociety.org.uk/care-and-support/experts-ms-

professional-network; https://www.nationalmssociety.org/For-Professionals) with ideas on how 

to increase patients’ awareness of databases which could facilitate recruitment. 

 

 

  

https://mstrust.org.uk/health-professionals/therapists-ms-tims
https://mstrust.org.uk/health-professionals/therapists-ms-tims
https://www.mssociety.org.uk/care-and-support/experts-ms-professional-network
https://www.mssociety.org.uk/care-and-support/experts-ms-professional-network
https://www.nationalmssociety.org/For-Professionals
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Dissemination 

 

To increase the impact of this research the findings will be disseminated to the research 

and clinical communities as well as those affected by MS. 

 

Research 

An abstract of the empirical study was submitted to the European Committee for 

Treatment and Research in Multiple Sclerosis conference, which will take place in Milan in 

October (https://www.ectrims.eu/). This is the biggest scientific MS conference in the world and 

should the abstract be accepted, the findings will be presented in the form of a poster. 

Both the SR and empirical study will be submitted for peer review to academic journals. 

The SR will be submitted to the “Neurology and Therapy” journal (impact factor = 4.446). This 

journal has a broad scope, and it covers neurological and psychiatric therapies. Research related 

to PROMs and cognitive assessments in MS has been previously published in this journal. The 

findings of the empirical study will be written up as two independent studies reflecting the two 

parts of the project. The first article will outline the process and results of the Rasch analysis of 

the MSNQ-I. This part of the empirical study is planned to be submitted to the Multiple Sclerosis 

Journal (impact factor = 5.855). The second article will be submitted to the Journal of Neurology 

(impact factor = 6.682). It will utilise the findings of the first part (i.e., scores transformed 

through the Rasch analysis) and include the results of the linear multiple regression. 

Additionally, the nomogram (the table with a conversion of raw scores for the MSNQ-I items) 

will be made freely available on the TONiC website (https://tonic.thewaltoncentre.nhs.uk/) for 

https://www.ectrims.eu/
https://tonic.thewaltoncentre.nhs.uk/
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other researchers to use. I am also planning to present the findings in person to the TONiC 

research team and their collaborators based in Liverpool during the Liverpool Neuroscience Day 

in June 2023 (abstract submitted, https://lng.org.uk/event/lnd2023/). 

The findings of this project have been disseminated among fellow Trainee Clinical 

Psychologists as well as course staff at Royal Holloway. The SR and empirical paper will also be 

shared on Royal Holloway’s research information system (Pure). Pure enables research outputs 

to be made openly available for anyone to read and download. Copyright restrictions and 

publisher’s requirements will be taken into account. 

 

Clinical 

If my submissions to the academic journals result in any successful publications, I hope 

that clinicians who work with PwMS will have access to these papers. Additionally, I plan to 

email a summary of the findings to the MS centres that took part in the TONiC study. To reach a 

bigger audience, I will also share the papers on social media platforms (i.e., Twitter and 

LinkedIn) where I am connected with other clinical health professionals for whom these findings 

may be of interest. I will also ask the administration team of Clinical Psychology programme at 

Royal Holloway to post it on their Twitter account to increase the visibility of these findings. 

 

https://lng.org.uk/event/lnd2023/
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PwMS 

I am planning to deliver a (possibly online) presentation with the main findings of this 

thesis to patients and their family members who contributed their data to the TONiC study. This 

will take place via the Liverpool centre where the majority of data was collected. 

I also hope to liaise with relevant to MS charities (e.g., Multiple Sclerosis Trust) to be 

able to disseminate the findings on their websites and in magazines (e.g., MS Matters). I plan to 

involve PwMS in the dissemination process to co-produce the summary of findings with PwMS. 
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Appendix III: 
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Appendix IV: 

The London Handicap Scale (LHS) 
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Appendix V:  
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Appendix VI:  

The Expanded Disability Status Scale (EDSS) 
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Appendix VII: 

The EuroQol five-dimension (EQ-5D) 
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Appendix VIII: 

Table of Number of Reponses for Each Variable – Whole Sample 

Variable Name N 

Age 2,039 

Gender 2,039 

MS type 2,030 

Disease duration 2,011 

EDSS band 2,030 

EQ-5D 1,995 

WHODAS32 1,704 

LHS 1,983 

NFI-MS 1,956 

HADS D 1,997 

HADS A 1,983 

MSNQ-I-12 2,039 

Notes. EDSS= Expanded Disability Status Scale, EQ-5D= Health Status Scale, HADS A= 

Hospital Anxiety and Depression Scale-Anxiety, HADS D= Hospital Anxiety and Depression 

Scale-Depression, LHS= London Hospital Scale, MS= Multiple Sclerosis, MSNQ-I-12= The 

Multiple Sclerosis Neuropsychological Questionnaire-Informant (Rasch-analysed), N= Number, 

NFI-MS= The Neurological Fatigue Index, WHODAS 32= World Health Organisation 

Disability Assessment Schedule omitting work-related items 
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Appendix IX: 

Table of Multiple Regression MSNQ-I-12 Sample Demographics by EDSS 

Band 

 Regression 

sample 

EDSS 

0 – 4 

EDSS 

4.5 – 6.5 

EDSS 

7 – 7.5 

EDSS 

8 – 9.5 

  

    

n 1,806 799 745 146 116 

% 100 44.2 41.3 8.1 6.4 

Mean age (SD) 51.0 (12.0) 45.6 (11.4) 54.3 (10.6) 58.3 (10.5) 57.9 (9.6) 

Female % 73.5 76.2 71.1 76.7 65.5 

Married % 80.8 80.0 80.3 84.2 85.3 

Working full-time % 11.7 23.0 3.5 0.7 0.0 

Note. EDSS= Expanded Disability Status Scale, n= Number, SD= Standard Deviation 
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Appendix X: 

Table of Disease Variables by EDSS Band for the Multiple Regression MSNQ-

I-12 Sample 

 n Regression 

sample 

EDSS 

0 – 4 

EDSS 

4.5 – 6.5 

EDSS 

7 – 7.5 

EDSS 

8 – 9.5 

   

    

Phenotype (%)       

PP 243 13.5 6.1 19.1 21.9 17.2 

RE 62 3.4 4.1 3.5 2.1 0.0 

RR 1,007 55.8 85.0 41.9 9.6 1.7 

SP 494 27.4 4.8 35.6 66.4 81.0 

Mean duration (SD) 1,790 11.3 (9.8) 7.6 (7.7) 12.6 (9.5) 17.9 (11.7) 20.9 (10.0) 

Taking DMT (%) 1,805 40.0 52.6 37.3 13.0 5.2 

Note. DMT= Disease Modifying Therapies, MS= Multiple Sclerosis, n= Number, Nr= Not 

reported, PPMS= Primary Progressive MS, REMS= Rapidly Evolving MS, RRMS= Relapsing-

Remitting MS, SD= Standard Deviation, SPMS= Secondary Progressive MS  

 

 


