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ABSTRACT

Introduction: The Multiple Sclerosis Screening Questionnaire (MSNQ) is a self-report measure used
to assess cognitive difficulties in people with Multiple Sclerosis (PwMS). The aim of this systematic
review was to determine the associations between the MSNQ and: objective measures of cogni-
tion, measures of mood, and quality of life measures.

Method: A comprehensive search was done across three databases (PsycINFO, MEDLINE, and
CINAHL). A total of 15 studies, including 1992 participants, were selected for final inclusion. Meta-
analyses were conducted to determine the pooled effect size of associations. Where data were not
available for meta-analyses, a narrative synthesis approach was taken.

Results: Significant, but small (r = —0.17), associations were found between the MSNQ and
objective measures of cognition. Significant, moderate associations (r = 0.47) were found between
the MSNQ and measures of mood.

Conclusions: The small association between the MSNQ and objective measures of cognition shows
that the measures do not converge well. However, their divergence may be important to map the
broad construct of “cognitive ability” more fully. Limitations include a lack of reporting of non-
significant effect sizes in individual studies. Clinical implications include the potential for the MSNQ to
be used beyond being solely a proxy measure for objective cognition. Future research should
investigate the associations between the informant version of the MSNQ and objective measures.
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Introduction difficulty managing social events, changes in daily liv-

liole Scleros < o di hat | N ing, quality of relationships, communication, and cop-
Multiple Sclerosis (MS) is a disease that impacts the ing with MS - although this is not an exhaustive list (Mc
Auliffe & Hynes, 2019; Halstead et al., 2020).

Cognition can be assessed using neuropsychological

central nervous system by causing disruption of com-
munication between nerve signals. Whilst the exact

cause of MS remains unknown it is suggested that the
leading cause of MS is infection with the Epstein-Barr
Virus (He et al., 2022). MS affects people differently and
can cause symptoms such as tingling, vision and motor
difficulties, fatigue, numbness, and changes in mood
(National Multiple Sclerosis Society, 2022). People
with MS (PwMS) also experience cognitive difficulties
and these have been reported in between 40 and 80% of
the MS population worldwide (DiGiuseppe et al., 2018;
Fischer et al., 2014; Vanotti & Caceres, 2017). Common
cognitive difficulties lie within the domains of informa-
tion processing (Van Geest et al., 2018), and memory
and learning (DeLuca et al., 2013). Cognitive difficulties
have an impact on PwMS in different ways: fear of
losing employment, fear of not being understood,

tests (NPT). Sometimes known as objective measures,
NPT assess and detect cognitive impairment in different
domains of cognition, for example, processing speed or
memory. NPT are usually administered by a professional
who has had training and they enable quantification of
cognitive ability that is purported to be free of bias
(Meca-Lallana et al., 2021). Whilst there is no agreement
as to the most suitable instrument to assess cognition in
PwMS (Oreja-Guevara et al., 2019), some of the most
used NPT are the Brief Repeatable Battery of
Neuropsychological Tests (BRBN-T; Rao, 1990), Brief
International Cognitive Assessment for Multiple
Sclerosis (BICAMS; Benedict et al., 2012), and the
Minimal Assessment of Cognitive Function in Multiple
Sclerosis (MACFIMS; Benedict et al., 2002). There are
also new digital technologies that enable PwMS to
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complete objective tests themselves on mobile devices
(e.g., www.neuroms.org; Smith et al., 2021; Van Dongen
et al., 2020), however, there are contextual limitations to
these including distractibility, misinterpretation, and
individual variability in technology literacy and skills
(Bauer et al., 2012).

Self-report measures, also known as subjective or
patient-reported outcomes (PROMS), are also used to
measure cognition in PwMS. Subjective measures rely on
self-report of cognitive difficulties and, unlike NPT, do not
test cognitive ability but rather ask questions to determine
difficulties the individual might be having in different
cognitive domains (Meca-Lallana et al., 2021). Self-report
measures have advantages: they are less time-consuming,
less expensive, less resource intensive (do not require
a professional to administer), and arguably less strenuous
for the people completing them (Elwick et al.,, 2021).
However, it is important to consider that subjective reports
of cognition can be influenced by mood and level of insight
(Goverover et al., 2005), and fatigue (Kinsinger et al,
2010). Therefore, like most assessments, subjective reports
of cognitive difficulties are not without their limitations.

Peoples’ perceptions of their cognitive ability, as
assessed by self-report measures, have been found to
be poorly correlated with performance on objective
assessments of cognition (Becker et al., 2012; Bruce
et al., 2010; Maor et al., 2001; Middleton et al., 2006).
This has important implications for how well perfor-
mance on subjective measures might predict perfor-
mance on objective measures. For example, self-
reported positive evaluations of cognitive ability would
not rule out objective cognitive impairment, which is
important to consider for clinicians using these mea-
sures in their practice. Likewise, subjective measures
could give information about someone’s cognitive abil-
ity that would not be readily gauged by NPT.

As well as cognitive difficulties, mood complaints are
common in people with MS. Mood disorders are
reported in up to 54% of the MS population (Pérez
et al., 2015). Depression can negatively impact perfor-
mance on objective measures (Arnett et al., 2002;
Nunnari et al., 2015); however, depression has been
found to be more strongly correlated with subjective
measures of cognition than with objective measures
(Benedict et al., 2004; Kinsinger et al., 2010; Yigit et al.,
2021). Depression affects people’s ability to appraise their
cognitive difficulties accurately: the relationship between
objective measures of cognition and subjective measures
of cognition has been found to be mediated through
depression (Julian et al., 2007; Kinsinger et al., 2010;
Maor et al., 2001; Shilyansky et al,, 2016). However,
research has demonstrated a bidirectional relationship
between mood and cognition (Vissicchio et al., 2019)

and it is important to consider how emotion impacts
cognition, and vice versa (Tyng et al., 2017). Further,
other aspects of emotional distress such as fatigue and
anxiety have also been found to influence the relationship
between objective and subjective cognition in PwMS
(Davenport et al., 2022).

Objective and subjective assessment results are also
related to quality of life (QoL) outcomes. Research has
found that better subjective cognitive functioning predicts
higher QoL and lower depressive symptoms (Crouch et al.,
2022). A recent systematic review identified depression as
a risk factor for lower QoL in PwMS (Gil-Gonzalez et al.,
2020), and individuals with greater subjective cognitive
difficulties are more likely to have lower QoL; depression
provides one explanation as to why that is (Crouch et al.,
2022). This highlights an important consideration; per-
ceived cognitive difficulties in people with MS are clinically
important, regardless of whether they correlate with objec-
tive measures. Perceived cognitive difficulties can nega-
tively impact; QoL (Samartzis et al., 2014); employment
status (Van Wegen et al.,, 2022); sleep quality, stress, and
depression levels (Lamis et al., 2018). Given the associations
between perceived cognitive difficulties it is important to
consider the different intervention methods for PwMS. In
the absence of objective deficits in cognitive functioning,
that would lend itself to referral to an occupational thera-
pist or neuropsychologist (NICE, 2022), other psychologi-
cal interventions targeting the areas of difficulty associated
with perceived cognitive impairments, that may be missed
by objective assessment alone, can have positive outcomes
for overall wellbeing for PwMS (Dayapoglu & Tan, 2012;
Gottberg et al., 2016).

In the context of MS, a population-specific measure
of subjective cognitive difficulties has been developed.
The  Multiple  Sclerosis  Neuropsychological
Questionnaire (MSNQ) is a 15-item self-report measure
of cognition that assesses the cognitive domains of pro-
cessing speed, attention, memory, emotional control,
and social skills." Each item is ranked from 0-4
(0 = does not occur, 4 = occurs very often, very disrup-
tive; Benedict et al., 2003).

The MSNQ is widely used as an assessment tool in
MS care and research. There are two versions of the
MSNQ: the MSNQ-Self Report (MSNQ-S) and the
MSNQ- Informant report (MSNQ-I). A recent systema-
tic review found 5665 measures of cognition used in
PwMS, of which the MSNQ was the most frequently
used subjective measure (Elwick et al., 2021). However,
a systematic review of everyday measures for MS found
that, whilst again the MSNQ was the most widely used,
there were inconsistencies across the reporting of relia-
bility and validity of the measure (dasNair et al., 2019).
Out of 14 papers identified in the review that used the
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MSNQ, only four reported on the internal consistency
and only two reported on the interrater reliability. This
is problematic as missing information around reliability
and validity estimates makes it difficult to ascertain how
well the measure performs across samples and contexts.
Although the MSNQ performed better than other self-
report measures, the reporting was inconsistent; the
argument could be made that whilst the performance
of the MSNQ is questionable (as outlined by validity
concerns), in relative terms, it outperforms other candi-
date measures and therefore its relative popularity is
arguably justified. Others have argued that the MSNQ
is a clinically reliable and valid screening tool that
should be routinely used in MS care (Rogers &
Panegyres, 2007).

Benedict et al. (2003) in their initial study found that the
MSNQ-S was significantly correlated with depression, but
not with objective measures of cognition. In a later, larger,
study the MSNQ-S was significantly correlated with objec-
tive measures (r = —.49), although still to a lesser degree
than with self-reported depression (r = —0.61) (Benedict
et al., 2004). The negative relationship here reflects that
those greater subjective difficulties (higher MSNQ score)
were associated with weaker performance on cognitive
tests. Therefore, it could be suggested that the MSNQ
provides complementary information in cognitive
assessments.

Detection of cognitive impairment is clinically relevant
(Meca-Lallana et al., 2021); however, subjective measures
of cognition may be adjunctive to NPT and have relative
validity strengths as outlined previously. The aim of this
review was to explore the associations between the MSNQ
and outcomes of interest for PWMS: i) objective cognition
ii) mood, and iii) quality of life. It is important to under-
stand the degree of convergence, or indeed divergence,
across these measures to map the broad construct of cog-
nitive ability more fully. Understanding the degree to
which these measures converge will support clinicians to
use these measures in the most clinically meaningful and
helpful way. Meaningful assessment of cognitive difficulties
will enable cognitive interventions and support to be deliv-
ered in a person-centered way which will improve overall
care for PwMS (Kalb et al., 2018).

Objectives

The review aims to address the following objectives,
based on the available literature in PwMS to determine:

(i) What is the association between MSNQ-
assessed subjective cognitive functioning and
objective cognitive functioning?
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(ii) What is the association between the MSNQ and
mood, and the MSNQ and QoL?

(iii) What is the quality of the MS research that
examines these associations?

Methods
Protocol and registration

This review study was registered and approved by the
University of Lincoln Ethics Committee (reference:
2022_9803). The study was also registered on
PROSPERO (ID: 342395).

Eligibility criteria

Papers that i) had an MS sample and ii) reported on the
association between MSNQ-S and objective measures of
cognition were included. Only studies that use the ori-
ginal variation of the MSNQ were included.

Exclusion criteria

All study designs were included apart from review or
meta-review/analysis papers, which were excluded.
Papers that were not published in peer-reviewed pub-
lications were excluded. Validation studies for trans-
lated or other versions of the MSNQ were excluded.

Search strategy

A search strategy was developed, in consultation with an
information specialist, as presented in Table 1 below.

A systematic search for research articles was under-
taken using EBSCO host; specifically searching the
PsycINFO, MEDLINE, and CINAHL databases from
the date of inception to 16/07/2022. These databases
were selected as the scoping exercise identified them as
most likely to contain the journals where the studies of
interest would be published. These databases were
searched separately and then the results combined
using EndNote reference manager. Duplicates were
removed using the duplication tool and any missed
duplicates were removed manually. The reference lists
of included papers were manually searched for addi-
tional papers.

Data extraction

Data were extracted by the researcher and a researcher
external to the research team. Extracted data were cross-
checked for any errors and discrepancies were resolved
through discussion with the research team.
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Table 1. Search strategy.

Search
Concept Search terms Limiters Expanders modes
MS multiple sclerosis or ms Full text Apply equivalent subjects Boolean/
online Phrase
only
AND
Objective (DE “Cognition” or DE “cognitive processes” or DE “cognitive aging” or DE Full text Apply equivalent subjects Boolean/
cognition “cognitive impairment” or DE “Cognitive linguistics”) or (DE “cognitive ability”  online Phrase
or DE “cognitive assessment”) OR DE “cognitive function” or DE “Cognitive only
Functioning” or DE “cognitive performance” or “neuropsychological
impairment” or “neuropsychological assessment” or “objective assessment”
or “objective”
AND
MSNQ Multiple Sclerosis Neuropsychological Questionnaire or MSNQ Full text Also search within the full text of Find all my
online the articles; Apply equivalent search
only subjects terms

Data were aggregated and/or transformed where
appropriate. To harmonize the direction of the relation-
ship across the measures, MSNQ scores were treated such
that higher scores indicated subjective cognitive difficul-
ties and lower scores on objective measures indicated
lower cognitive functioning; thus, negative correlations
indicated a negative relationship between the MSNQ and
objective measures of cognition, such that the higher the
subjective difficulties, the lower the cognitive function-
ing. Measures of mood were treated as such that higher
scores indicated worse mood therefore positive correla-
tions between measures of mood and the MSNQ indicate
a positive relationship between mood and subjective cog-
nitive functioning. Scores were uniformly reported in this
direction across studies. Where available, the strength of
associations between the following were extracted from
each paper (7).

(1) MSNQ and objective measures of cognition
(2) MSNQ and mood measures
(3) MSNQ and measures of QoL

This review does not include MSNQ-I data as the focus
is on patient reported data on cognition. Therefore,
studies including MSNQ-I were included, however
only MSNQ-S data were extracted.

Where the data were not reported, e-mails were sent to
authors to request data.

When two or more associations with the MSNQ-S
were reported within a domain (objective cognition,
mood, quality of life), the r values were averaged within
that domain as a single aggregate.

Where a battery of neuropsychological tests (objec-
tive measures of cognition) was administered, the com-
posite score was used (if given). When two or more
domains or sub-score r-values were reported for

a single measure, and no total r-value given, the r-values
were averaged and presented as a single aggregate.

Additional clinical and demographic data were col-
lected. Where available, age (mean and standard devia-
tion), gender, ethnicity, years of education, and MS
course were collected. Level of education is important
to consider and has been found to moderate outcomes
on cognitive tests.

Quality assessment and study specific risk of bias

The Mixed Methods Appraisal Tool (MMAT; Hong
etal., 2018) was used to assess the quality of the included
studies. To assess the inter-rater reliability of quality
appraisal, 50% of studies were randomly selected for
independent coding by a second reviewer, with any
discrepancies resolved through discussion. The MMAT
is a critical appraisal tool that can be used to assess
quantitative, qualitative, and mixed methods studies
(Hong et al,, 2018). All the studies within this review
are quantitative descriptive designs; the MMAT was
chosen due to its criteria on the assessment of these
study designs. The tool uses five questions covering:
sampling strategy, sample representativeness, measure-
ment methods, non-response bias, and statistical analy-
sis  (Appendix A). The MMAT discourages
quantification of risk of bias assessment and instead
advocates a narrative synthesis of each criterion.

Data synthesis

Meta-Essentials (Suurmond et al., 2017) was used to
conduct the meta-analyses. The associations of interest
were between the MSNQ and objective measures of
cognition, and the MSNQ and measures of mood and
QoL. However, not all studies provided adequate data



for meta-analyses and these
narratively.

Random effects models were used throughout the
meta-analyses due to the variability in objective mea-
sures of cognition, and to account for within-study
estimation error variance and between-studies variance.
The random effects model allows us to generalize our
conclusions beyond saying there is a true effect size in
each study (Borenstein et al., 2010).

The variability between studies was examined and
represented as I° statistic. The I” statistic is used to
quantify heterogeneity within meta-analysis studies
and describes the percentage of variability in the
point estimates that is a result of heterogeneity as
opposed to the variability being from sampling error
(Higgins & Thompson, 2002). It is advised to consider
the I” statistic within the context of clinical and meth-
odological aspects of the studies and a strict categor-
ization based on the numerical value is advised
against. However, the I can be broadly categorized
into low (25%), moderate (50%) and high (75%)
(Higgins et al., 2003).

The prediction intervals (PI) were to be determined.
PI demonstrates the range of the predicted effect sizes in
future studies or studies not included in the meta-
analysis (Nagashima et al., 2019).

Planned sensitivity analyses removing studies with out-
lier effect sizes, as determined by funnel plots, were carried
out to determine the robustness of the pooled effect size.

were synthesized

Risk of bias

Risk of publication bias was determined using funnel
plots. The results of the funnel plots informed further
sensitivity analyses.

Summary measures

The primary summary measure was the correlation, as
indicated by Pearson’s r, between the MSNQ and objec-
tive measures of cognition. Cohen’s thresholds for inter-
preting Pearson r indicate effect sizes in the following
categories: small > .10, medium > .30, large > .50
(Cohen, 1988).

Results
Study selection

A total of 15 studies were included in the final
review, with 715 screened at the abstract level, and
27 full texts examined. Figure 1 demonstrates the
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search strategy employed within the PRISMA flow
chart.

Characteristics of included studies

The characteristics of included studies are presented in
Table 2. A total of 15 studies were included in the final
review. In total there were 1992 participants, with 1419
females, 571 males, and three who did not state their
gender. The mean age (SD) was 45.33 (9.8). This
excludes age data from one study (8) that reported
their age as confidence intervals.

Of these 15 studies, 12 (n = 1745) had adequate data
for the first meta-analysis examining the association
between MSNQ and objective measures. The remaining
studies did not report effect sizes or the equivalent beta
values for transformation (1, 5, 6); data were requested
from study authors, but no response was received and so
these studies were not included in the meta-analysis
(though retained in our narrative synthesis).

To assess the associations between the MSNQ and
measures of mood, a total of nine studies (n = 905) had
adequate data to be included in the second meta-
analysis (2, 3, 6, 12, 14, 15).

Only three out of the 15 studies included a QoL
measure (5, 13, 14), and only one of these studies (14)
included estimate effects for the relationship between
the MSNQ and the QoL measure. Therefore, the asso-
ciation between the MSNQ and QoL was not addressa-
ble via meta-analysis and is therefore examined
narratively.

All studies were conducted from 2003 onwards. Eight
studies were conducted in the United States of America
(1,2,3,4,10, 11, 12, 15) and the rest were conducted in:
Canada (5, 6), Ireland (7), Belgium (8), Italy (9), Turkey
(13), Finland (14). Three studies had the same primary
author (1, 2, 3), who was also second author on study 4.
All studies were set in outpatient clinics or MS centers
apart from one study that did not give the setting (15).

The average years of education was 14.3. This
excludes data from four studies which did not report
mean years in education (6, 7, 8, 14). All studies except
one reported data on MS course (1). As reported by the
studies, the most common course of MS was relapsing
remitting (n = 1613), followed by primary progressive
(n = 152), secondary progressive (n = 113), clinically
isolated syndrome (n = 7) and progressive relapsing
(n = 1). Data were missing for 11 participants (10).

Nine studies described using a full NPT battery (3, 5,
7,9, 10, 11, 13, 14, 15). The most common measure of
mood was the BDI (1, 2, 3, 4, 9, 11, 12, 13,14, 15).



202 (&) J. TUNMORE ET AL.

Identification of studies via databases and registers

)
Records identified from*: Record's rf-:‘moved before
c screening:
2 Databases Duplicate records removed (n
§ CINHAL (n =633) =91)
£ '\Pﬂge(l:"l_l'\fﬁlz(g=(1n4=g)1 59) Records marked as ineligible
S Total = 941 by automation tools (n = 0)
= Redi _ Records removed for other
egisters (n =0) reasons (n = 0)
—
v
M
Records screened title Records excluded*
(n=850) > (n=135)
\ 4
Records screened abstract Records excluded
—>
= (n=715) (n=688)
S
o
o
c‘i; \4
Studies assessed for eligibility
(n=27) Studies excluded with reasons
n=12
Did not use original version of
MSNQ n=6
No objective measure n=2
Inadequate data n=4
—/
Studies included in review
(n=15)
Figure 1. PRISMA diagram.
Quality appraisal and risk of bias within studies Four studies only reported the percentage of

Overall, the quality of studies was mixed as can be seen
in Table 3.

The level of agreement between reviewers was
assessed and, prior to resolving discrepancies, overall
free-marginal kappa = .74 (“substantial” agreement).

Most studies used a sampling strategy that was rele-
vant to address the research question. Whilst it was not
explicitly stated in studies, convenience sampling was
the most used strategy with studies mainly recruiting
from MS centers and outpatient clinics. Three studies
used secondary data from other studies and did not
detail the sampling strategy (5, 10, 15).

Opverall, the representativeness of study samples was
mixed. None of the studies reported full data on ethni-
city and only five reported incomplete data on ethnicity.

“Caucasian” participants (1, 2, 3, 4) and one study
only categorized ethnicity as “Hispanic” or “non-
Hispanic” (10). The MS course was fairly well repre-
sented across studies; however, the predominant course
was relapsing remitting. There are higher prevalence
rates of MS in women than in men (Dunn et al., 2015)
and the included studies reflect that in their participant
numbers.

All but three studies used validated measures suitable
to measure either cognition, mood, or QoL. One study
used a two-question screening tool to measure depres-
sion (8) and another (5) did not give the name of the
depression measure used. One study stated within their
paper that the Executive Functioning Performance Test
(EFPT) was developed and validated for use in patients
with dementia, not PwMS (12).
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For most studies, it was difficult to assess the risk of
non-response bias as non-response was not reported.
One could assume that, as it was not explicitly stated
that there were people that did not complete all mea-
sures, all participants did indeed complete all measures.
One study reported that 17 patients withdrew from the
initial examination and then 85 withdrew from the
study after the second assessment (3).

The statistical analysis in all studies was appropriate
to answer the research questions, however many studies
only gave correlational data for statistically significant
findings (1, 3, 4, 5, 10, 12).

Synthesis of results

MSNQ and objective measures of cognition

To assess the associations between the MSNQ and
objective measures of cognition, a total of 12 studies
(n =2198) had adequate data to be included in the meta-
analysis (2, 3,4, 6,7, 8,9, 11, 12, 13, 15). With these 12
studies included in a random effects model, a small
significant effect size was seen.

Table 4 and Figure 2 presents the results from the
meta-analysis of the associations between MSNQ and
objective measures of cognition.

Combining the estimates from studies that assessed
the association between MSNQ performance and per-
formance on objective measures of cognition,
a significant small, pooled effect size was found
(r = -0.17; CI [-0.28 - —0.05]; Z = —3.06; p = .0001).
Correlations ranged from r = —0.49 (2) to r = 0.19 (14).
Substantial heterogeneity was observed (I* = 72.21.),
demonstrating between-study variability. The PI
demonstrates that effect size is between -0.47 and

0.17, which a very broad range.

Table 3. Quality appraisal of included studies.

The central r estimate was converted to > (* = 0.029)
indicating the degree of overlap. This demonstrates <5%
(r* = 0.029) of the variance in objective performance is
explainable in terms of assessed subjective difficulties,
and vice versa.

The observed strength of association between the
MSNQ and objective measures of cognition ranged
from -0.49 (2) to 0.19 (14). Only two studies (12, 14),
reported positive correlations between the MSNQ and
an objective measure. However, for both studies, the
effect size was very weak (r = <0.2).

Risk of bias across studies

Funnel plots were used to investigate outliers and poten-
tial risk of bias across studies. The funnel plot (Figure 3)
shows three outliers when examining the associations
between the MSNQ and objective measures of
cognition.

The asymmetrical funnel plot indicates there is pub-
lication bias: most studies are clustered in the upper left
quadrant. There seems to be an under-representation of
the smaller associations than would be expected given
the combined estimate. Given that there are 12 studies
included in this analysis, it is important to note the
publication bias here; this may play a role in the results
and should therefore be interpreted with a degree of
caution (Suurmond et al., 2017)

Secondary sensitivity analysis
When only the studies that used the MACFIMS or
BICAMS were included, the heterogeneity significantly
decreased (I” = 0%) and there was a slight increase in the
pooled effect size (r = -0.25; CI [-0.33 - —0.17];
Z = —8.63; p < .001).

The outlying effect sizes from studies (2, 14), as iden-
tified in Figure 3, were removed. The removal of these

Is the sample Are the

Study Is the sampling strategy relevant representative of the target ~ measurements Is the risk of non- Is the statistical analysis appropriate
number to address the research question? population? appropriate? response bias low?  to answer the research question?
1 Yes Can't tell Yes Can't tell Yes

2 Can't tell Yes Yes Yes Yes

3 Yes Yes Yes Can't tell Yes

4 Yes No Yes Can't tell Yes

5 Can't tell Yes No Can't tell Yes

6 Yes No Yes Yes Yes

7 Yes Yes Yes Can't tell Yes

8 Yes Yes No No Yes

9 Can't tell No Yes Can't tell Yes

10 Can't tell Yes Yes Can't tell Yes

1" Yes Yes Yes No Yes

12 Yes Yes No Can't tell Yes

13 Yes Yes Yes Can't tell Yes

14 Can't tell Yes Yes Can't tell Yes

15 Can't tell Yes Yes Can't tell Yes
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outliers considerably reduced the heterogeneity (I* = 0%),
had small impact (-0.1) on the pooled estimate, and
reduced the size of the confidence intervals (r = 0.18; CI
[0.24 - = 0.13]; Z = -7.24; p < .001). The prediction
interval also became narrower (-0.24 — —0.13).

MSNQ & Mood
To examine the associations between the MSNQ and
measures of mood, a total of 11 studies (n = 1054) had
adequate data to be included in the meta-analysis (1, 2,
3,6,7,9, 10, 11, 12, 14, 15). Higher scores on measures
of mood indicated greater difficulties with mood and
greater distress. Table 5 and Figure 4 demonstrates the
results of this meta-analysis

With these 11 studies, included in a random effects

model, a moderate, significant effect size was seen
(r = 047; CI [0.35-0.57]; Z = 8.10; p < .0001).

Correlations ranged from —0.03 (6) to 0.61 (2). Moderate
heterogeneity was observed (I’ = 69.42%), demonstrating
between-study variability. The PI demonstrates an effect
size between 0.12-0.71, which is a broad range.

Figure 5 shows the funnel plot for studies when looking at
the association between the MSNQ and measures of mood.

Three studies are outliers (2, 6, 9). The funnel plot is
fairly symmetrical which is indicative of a moderate risk
of publication bias.

Secondary sensitivity analyses

Removal of the three outlier studies, as identified by the
funnel plot, reduces the heterogeneity (I = 39. 97%).
However, the pooled estimate only very slightly chan-
ged, as did the confidence interval (r = 0.50; CI [0.42-
0.58]; Z = 12.27, p < .001). The prediction interval
demonstrates an effect size between 0.32-0.65, which
is a broad range.

Table 4. Associations between MSNQ and objective measure of cognition.

Study Number Sample size Correlation (r.) Confidence Interval Weight %
2 85 —-0.49 —0.64- - 0.31 7.32
3 76 -0.33 -0.52 —0.11 7.00
4 122 —0.21 —0.38- -0.03 8.26
6 41 -0.15 -0.45 0.17 5.14
7 177 -0.19 —-0.33- -0.04 9.07
8 231 -0.09 -0.22 0.04 9.56
9 95 -0.32 —0.49- -0.12 7.62
1 100 -0.22 —0.46- —0.03 7.76
12 48 —0.01 -0.29- 0.30 5.63
13 487 -0.17 —0.25 -0.08 10.51
14 RR 138 0.18 0.0+ 0.34 8.55
14 SP 58 0.19 —-0.08 0.43 6.20
15 87 —0.26 —0.45 -0.05 7.38
Correlation
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Figure 2. Forest plots showing associations between MSNQ and objective measure of cognition. Note: Forest plots shows correlations
between the MSNQ and objective measures of cognition. Numbers in parentheses denote study numbers. The green bar that can be
seen in the figure is a prediction interval. The prediction interval demonstrates the range of the predicted effect sizes in future studies

or studies not included in this meta- analysis.



Narrative syntheses

Three studies did not provide adequate data to be
included in the meta-analysis looking at the association
between objective measures of cognition and the MSNQ
(1, 5, 10).

Four studies (4, 5, 8, 13) did not provide adequate
data to analyze the relationship between the MSNQ and
measures of mood. Only three studies (5, 13, 14)
included QoL as a construct to measure alongside the
MSNQ and an objective measure of cognition. Of these,
only one study (14) provided correlational data between
QoL and the MSNQ. Therefore, the results of these
studies required narrative synthesization.

Two studies (1, 5) state that the MSNQ scores were
not significantly correlated with cognitive measures
however they did not give the effect size or direction,
instead just reported them as “non-significant.” One
study did not provide correlational data for the MSNQ
and an objective measure, however, regression analyses
found that in the case of depression, self-reported cog-
nitive measures are unlikely to provide accurate esti-
mates of objective cognitive functioning (10).

Four studies provided no or inadequate correlational
data between the MSNQ and measures of mood (4, 5, 8,
13). Two studies (5, 13) did not report on the associa-
tions between the MSNQ and measures of mood. One
study (4) found that depression scores were higher in
people who underestimated their cognitive ability on
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the MSNQ, and the inverse was also true. One study
(8) used only a 2-item screening tool for depression as
the measure of mood. They reported no other informa-
tion on the mood measure and categorize responses into
either “depressed” or “non-depressed.” They presented
correlational data for “depressed” and MSNQ rho = 0.30
(p < 0.05).

Two studies did not provide data on the association
between the MSNQ and QoL (5, 13). Only one study
provided correlational data between the MSNQ and
a measure of QoL (14). For both relapsing and progres-
sive groups, quality of life was strongly correlated with
the MSNQ and the measures of mood. The WHOQoL
was used and correlation data for both relapsing and
progressive groups were provided on each of the four
sub scores of the WHOQoL as follows; for progressive
group: physical health r = 0.165 (p = 0.054), psycholo-
gical total score r = 0.445 (p < 0.001), social relationship
r=0.213 (p = 0.012), environment r = 0.294 (p < 0.001);
for the relapsing group, physical health r = 0.59
(p < 0.001) psychological r = —.467 (p < 0.001) social
r=0.362 (p = 0.007), environment r = 0.367 (p = 0.006).

Discussion

There are many individual studies in the literature that
compare subjective measures of cognition with objective

Correlation (z)

-0.70
0.00

-0.60 -0.50 -0.40 -0.30

-0.20

-0.10 0.00 0.10 0.20 0.30 040
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Standard error,

015

0.20
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Combined Effect Size

® Studies
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Figure 3. Funnel plots depicting publication bias in studies examining associations between the MSNQ and objective measures of

cognition.
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Table 5. Associations between the MSNQ and measures of mood.

Study Number Sample size Correlation (r.) Confidence Interval Weight %
2 85 0.61 0.45 - 0.73 8.58
3 76 0.58 0.40 - 0.71 8.27
6 41 —0.03 -0.34 - 0.29 6.32
7 177 0.42 0.28 - 0.53 10.26
9 95 0.23 0.02 - 0.41 8.88
10 99 0.58 0.43 - 0.70 8.99
1 100 0.65 0.52 - 0.75 9.01
12 48 0.42 0.15 - 0.63 6.84
14 RR 138 0.41 0.26 — 0.54 9.77
14 SP 58 0.54 0.32 - 0.70 7.45
15 87 0.39 0.19 - 0.56 8.65
Correlation
-0.20 0.00 0.20 0.40 0.60 0.80
() ! [21
@ 1 131
L I61
D [7]
b %) @
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Figure 4. Forest plots showing associations between MSNQ and measures of mood.
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Figure 5. Funnel plot depicting publication bias in studies examining the association between the MSNQ and measures of mood.



measures of cognition. This review chose to focus on the
MSNQ as the self-reported measure of cognition as it is
the most widely used in clinical practice and research
(Elwick et al., 2021). This is the first systematic review
and meta-analysis that takes into consideration the
magnitude, and indeed the quality, of the available evi-
dence on the association between the MSNQ and objec-
tive measures of cognition; measures of mood; and
measures of QoL.

The findings of this review indicate (i) small, but
significant, negative associations between the MSNQ
and objective measures of cognition, (ii) moderate, sig-
nificant, positive associations between the MSNQ and
measures of mood, (iii) variability in the quality of
evidence examining these associations.

The MSNQ and objective cognition were found to be
negatively correlated, as expected, although this associa-
tion was weak. This indicates that scores on objective
measures of cognition do not converge with scores on
the MSNQ. Although they are associated, it is clear they
are largely independent, with <5% (r* = 0.029) of the
variance in objective performance being explainable in
terms of assessed subjective difficulties, and vice versa.
This would indicate that patient-reported cognitive dif-
ficulties, as measured by the MSNQ, do not reflect
objective cognitive difficulties as determined by neurop-
sychological assessment. Likewise, the reverse is also
true, and objective performance does not reflect the
subjective difficulties that people with MS are reporting
to affect their daily lives.

Discordance between subjective (self-report) and
objective (observed behavior) measures could reflect
methodological issues (e.g., low reliability in one or
both measures [and reliability information was often
unreported at the level of individual studies]), but may
also evidence a more fundamental distinction, in their
dependence on differential response processes (Dang
et al., 2020). Specifically, objective measures (1) gauge
behavior in a specific controlled situation, (2) draw on
performance metrics like speed and accuracy, and (3)
tend to capture “best possible” performance. In contrast,
subjective measures (1) elicit reflections on behaviors
across multiple uncontrolled real-life situations, (2)
draw on subjective perceptions about performance,
and (3) tend to capture “everyday” performance.
Considering differences in underpinning response pro-
cesses, divergence between objective and subjective
measures is perhaps not surprising - but does proble-
matize their use as indicators of a shared “cognition”
construct. Treated as discrete constructs, they may offer
incrementally useful information for understanding
individual functioning (e.g., in terms of both ability
and typical daily performance).
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The findings of this review also indicate that there is
a positive, moderate, and significant association
between the MSNQ and measures of mood. As dis-
cussed, mood plays a role in the self-report of cognitive
difficulties, and there may be various directions of influ-
ence or overlap. Perceived cognitive difficulties may
impact mood, and reports of mood could also be sec-
ondary to other factors such as symptom burden or
response style. Mood has been found to influence scores
on subjective measures of cognition, such that PwMS
who have worse subjective functioning than objective
functioning and have higher depression scores
(Davenport et al.,, 2022; Hughes et al., 2019). This
lends itself to important considerations in the interpre-
tation of MSNQ-S scores. The presence of low mood
can impact a person’s self-report of cognitive difficul-
ties, and they are more likely to underestimate their
ability (Davenport et al., 2022; Hughes et al., 2019;
Rosti-Otajérvi et al., 2014).

Dagenais et al. (2013) was the only study to report
a negligible negative correlation with mood; however,
this correlation was not significant (p = .847). The
authors suggest this was due to the absence of depres-
sion within the study sample. As discussed, we know
that in MS populations there are high rates of mood
disorders and so it could be argued that this study was
not representative of the MS population more broadly.

Whilst there was some variability in how objective
cognition was assessed, most studies used
a neuropsychological test battery that had been validated
for use in PwMS. The MSNQ captures information on
neuropsychological abilities in activities of daily living
(Benedict et al., 2004). However, it is important to note
that the MSNQ is not directly comparable to all objec-
tive measures. For example, many studies in this review
used either the full BICAMS battery or individual tests
from the BICAMS battery. The BICAMS assesses infor-
mation processing speed, and verbal and visual memory,
and these are not directly assessed on the MSNQ.
Therefore, it is important to consider this when inter-
preting the associations between the MSNQ and objec-
tive measures of cognition (Davenport et al., 2022).

The overall quality of studies was mixed, and this
limits the strength of conclusions that can be drawn
from the reviewed evidence. The most significant issue
across studies was missing data: multiple studies only
reported the significant associations. This is an issue
that is widespread across research in general, but parti-
cularly important when conducting a meta-analysis.
The publishing of only significant effect sizes limits the
extent to which the meta-analysis can draw conclusions.
A meta-analysis allows us to go beyond significant
results in individual studies, to get a precise and well-
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powered overall estimate of the effect size. However, if
the non-significant effects sizes are not reported in
individual studies, it has the potential to bias the results
toward larger estimates of effect.

Future research, limitations, and implications

This review has demonstrated that the MSNQ does not
correlate well with objective measures of cognition. This
highlights potential difficulties as it demonstrates that
objective measures of cognition do not capture the
perceived cognitive difficulties that PwMS are living
with. Thus, subjective and objective measures of cogni-
tive cannot be used interchangeably, as indicators of
a unitary construct. Rather, these measures may offer
complementary information, enabling clinicians to gain
a synthesized understanding of the everyday functional
impact of MS for their patients (Weber et al., 2019).

There were inconsistencies across studies providing
domain-specific data and therefore the current review
focuses on global cognition, as measured by objective mea-
sures, rather than domain-specific cognition. Future
research should explore correlations at the domain specific
level as this would allow for a more nuanced meta-analysis
which would make important contributions to under-
standing the relationship between objective and subjective
measures of cognition.

The Cognition in Multiple Sclerosis Scale (CoMSS),
a newly developed self-report measure of cognition, is the
first of its kind and was co-developed with PwMS
(Cogger —- Ward et al., 2022). Co-development of measures
ensures they are grounded within the everyday experiences
of people who use them (Phillips & Morgan, 2014). Future
research should examine the relationship between this new
measure and existing measures of cognition to determine
its utility in clinical and research settings.

Whilst the strength of this review is that we were able
to examine the available evidence of the association
between the MSNQ-S and measures of mood, and mea-
sures of cognition, it is important to acknowledge its
limitations. This review only focused on MSNQ-S
reports of cognition. The results of many studies indi-
cate that MSNQ-I is better correlated with objective
measures of cognition than with the MSNQ-S
(Benedict et al., 2004, 2003; Dagenais et al., 2013).
Future reviews could investigate the pooled effect size
of this association. This would be important in MS care
as, if informant scores on MSNQ are better correlated
with objective performance, this would be an important
consideration when including carers and informants in
appointments/clinic visits in routine care. Furthermore,
this review did not examine whether level of education

had any impact on the association between MSNQ and
objective measures of cognition. It would have been
important to consider here, as interestingly, the mean
years of education were higher in this population than
was the average years of education in their respective
countries. Whilst this review focused on mood, other
aspects of emotional distress such as fatigue and anxiety
which have been found to influence the relationship
between objective and subjective cognition in PwMS
(Davenport et al., 2022), were not included in this
review and therefore further research should explore
these associations.

The measures of mood and the subjective measures
of cognition both rely on self-report. Common method
variance is a type of bias born from using the same
method of measurement (i.e., self-report) and can com-
promise the relationship between the constructs being
measured (Williams & McGonagle, 2016). This type of
bias is inherent in measurements of mood and future
research should employ objective measurements of
mood to explore this issue.

Lastly, a possible limitation of the current study is
that 50% of the studies were included in the interrater
reliability (IRR) assessment for the quality appraisal of
included studies. Whilst it is not uncommon practice to
use a sample of works when assessing IRR in reviews, it
is acknowledged that this could be seen as a limitation.

The limited association between the MSNQ and
objective measures of cognition shows that the mea-
sures do not converge. However, their divergence may
be important to help map the broad construct of
“cognitive ability” more holistically. A recent litera-
ture review informed a set of clinical recommenda-
tions that advocate for the use of cognitive evaluation
for all patients diagnosed with MS, throughout their
care, including follow up. It is suggested that periodic
evaluation of cognitive function in MS would have
many positive impacts and would provide information
that could support cognitive rehabilitation and
enhancement of the cognitive reserve (Meca-Lallana
et al., 2021). The gap between subjective and objective
measures of cognition suggests that subjective mea-
sures can be helpful as more than just proxies for
objective assessment; they can provide complementary
information that captures the perceived difficulties
PwMS are living with, resulting in a cognitive assess-
ment that is person-centred, something that this
review would indicate is difficult to achieve with
objective measurement alone. The MSNQ captures
different information and is perhaps more useful in
supplying incremental information on people’s cogni-
tive ability, as opposed to being used to predict per-
formance on neuropsychological tests.



The correlation between the MSNQ and objective
measures of cognition up to this point has not been
analyzed beyond the individual study level. This review
highlighted that peoples’ perceptions of their cognitive
ability are poorly associated with their performance on
objective assessments of cognitive ability. This has
important implications for how subjective measures
should be used to predict performance on objective
measures. A subjective measure may pick up on every-
day difficulties that are not readily gauged under con-
ventional testing conditions, but positive self-
evaluations on a subjective measure would not rule out
objective cognitive impairment. It is instead suggested
that subjective measures should be used as an adjunct to
objective measures of cognition. The suggestion that
a “good” subjective measure of cognition is one which
correlates with objective measures gives primacy to per-
formance on objective measures, such that objective
measurement of cognition is the “true” way to measure
cognition. However, it could be argued that the two
forms of measures provide equally clinically important
information. As discussed, detection of cognitive diffi-
culties in people with MS is important in treatment
outcomes for people with MS (Kalb et al., 2018), and
ultimately improving the life and care of PWMS is the
goal of services responsible for the care of PwMS and
their loved ones.

Note

1. The MSNQ has two forms: MSNQ - S (self-report) and
MSNQ- I (informant report). The focus of the review is
on self-report of cognitive ability.
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Appendices-Appendix A. Mixed Methods Appraisal Tool

1. Qualitative studies

Methodological quality criteria

“Qualitative research is an approach for exploring and understanding the
meaning individuals or groups ascribe to a social or human problem”
(Creswell, 2013, p. 3).

Common qualitative research approaches include (this list if not exhaustive):

Ethnography

The aim of the study is to describe and interpret the shared cultural behavior
of a group of individuals.

Phenomenology

The study focuses on the subjective experiences and interpretations of
a phenomenon encountered by individuals.

Narrative research

The study analyzes life experiences of an individual or a group.

Grounded theory

Generation of theory from data in the process of conducting research (data
collection occurs first).

Case study

In-depth exploration and/or explanation of issues intrinsic to a particular
case. A case can be anything from a decision-making process, to a person,
an organization, or a country.

Qualitative description

There is no specific methodology, but a qualitative data collection and
analysis, e.g., in-depth interviews or focus groups, and hybrid thematic
analysis (inductive and deductive).

Key references: Creswell (2013a); Sandelowski (2010); Schwandt (2015)

1.1. Is the qualitative approach appropriate to answer the research question?

Explanations

The qualitative approach used in a study (see non-exhaustive list on the left
side of this table) should be appropriate for the research question and
problem. For example, the use of a grounded theory approach should
address the development of a theory and ethnography should study
human cultures and societies.

This criterion was considered important to add in the MMAT since there is
only one category of criteria for qualitative studies (compared to three for
quantitative studies).

1.2. Are the qualitative data collection methods adequate to address the
research question?

Explanations

This criterion is related to data collection method, including data sources
(e.g., archives, documents), used to address the research question. To
judge this criterion, consider whether the method of data collection (e.g.,
in depth interviews and/or group interviews, and/or observations) and the
form of the data (e.g., tape recording, video material, diary, photo, and/or
field notes) are adequate. Also, clear justifications are needed when data
collection methods are modified during the study.

1.3. Are the findings adequately derived from the data?

Explanations

This criterion is related to the data analysis used. Several data analysis
methods have been developed and their use depends on the research
question and qualitative approach. For example, open, axial and selective
coding is often associated with grounded theory, and within- and cross-
case analysis is often seen in case study.

1.4. Is the interpretation of results sufficiently substantiated by data?

Explanations

The interpretation of results should be supported by the data collected. For
example, the quotes provided to justify the themes should be adequate.

1.5. Is there coherence between qualitative data sources, collection, analysis
and interpretation?

Explanations

There should be clear links between data sources, collection, analysis and
interpretation.

Appendix B. PRISMA Checklist

Location where

Section and Topic Item # Checklist item item is reported

TITLE

Title 1 Identify the report as a systematic review. Pg1

ABSTRACT

Abstract 2 See the PRISMA 2020 for Abstracts checklist. Pg 2

INTRODUCTION

Rationale 3 Describe the rationale for the review in the context of existing knowledge. Pg6-7

Objectives Provide an explicit statement of the objective(s) or question(s) the review addresses. Pg7

METHODS

Eligibility criteria 5 Specify the inclusion and exclusion criteria for the review and how studies were grouped Pg 7
for the syntheses.

Information sources 6 Specify all databases, registers, websites, organizations, reference lists and other sources Pg 8
searched or consulted to identify studies. Specify the date when each source was last
searched or consulted.

Search strategy 7 Present the full search strategies for all databases, registers and websites, including any Pg 8
filters and limits used.

Selection process 8 Specify the methods used to decide whether a study met the inclusion criteria of the Pg 8

review, including how many reviewers screened each record and each report retrieved,
whether they worked independently, and if applicable, details of automation tools used

in the process.

(Continued)
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Section and Topic Item # Checklist item Location where
item is reported
Data collection process 9 Specify the methods used to collect data from reports, including how many reviewers Pg 8-9
collected data from each report, whether they worked independently, any processes for
obtaining or confirming data from study investigators, and if applicable, details of
automation tools used in the process.
Data items 10a List and define all outcomes for which data were sought. Specify whether all results that Pg 10
were compatible with each outcome domain in each study were sought (e.g., for all
measures, time points, analyses), and if not, the methods used to decide which results
to collect.
10b List and define all other variables for which data were sought (e.g., participant and Pg9
intervention characteristics, funding sources). Describe any assumptions made about
any missing or unclear information.
Study risk of bias 1 Specify the methods used to assess risk of bias in the included studies, including details of Pg9
assessment the tool(s) used, how many reviewers assessed each study and whether they worked
independently, and if applicable, details of automation tools used in the process.
Effect measures 12 Specify for each outcome the effect measure(s) (e.g., risk ratio, mean difference) used in Pg 11
the synthesis or presentation of results.
Synthesis methods 13a Describe the processes used to decide which studies were eligible for each synthesis (e.g., Pg 8
tabulating the study intervention characteristics and comparing against the planned
groups for each synthesis (item #5)).
13b Describe any methods required to prepare the data for presentation or synthesis, such as Pg 8
handling of missing summary statistics, or data conversions.
13c Describe any methods used to tabulate or visually display results of individual studies and Pg 14-18
syntheses.
13d Describe any methods used to synthesize results and provide a rationale for the choice(s). Pg 14-18
If meta-analysis was performed, describe the model(s), method(s) to identify the
presence and extent of statistical heterogeneity, and software package(s) used.
13e Describe any methods used to explore possible causes of heterogeneity among study Pg 10
results (e.g., subgroup analysis, meta-regression).
13 f Describe any sensitivity analyses conducted to assess robustness of the synthesized results. Pg 10
Reporting bias 14 Describe any methods used to assess risk of bias due to missing results in a synthesis Pg 11
assessment (arising from reporting biases).
Certainty assessment 15 Describe any methods used to assess certainty (or confidence) in the body of evidence for Pg 11
an outcome.
RESULTS
Study selection 16a Describe the results of the search and selection process, from the number of records Pg 11
identified in the search to the number of studies included in the review, ideally using
a flow diagram.
16b Cite studies that might appear to meet the inclusion criteria, but which were excluded, and Pg 11
explain why they were excluded.
Study characteristics 17 Cite each included study and present its characteristics. Pg 11
Risk of bias in studies 18 Present assessments of risk of bias for each included study. Pg 13
Results of individual 19 For all outcomes, present, for each study: (a) summary statistics for each group (where Pg 11
studies appropriate) and (b) an effect estimate and its precision (e.g., confidence/credible
interval), ideally using structured tables or plots.
Results of syntheses 20a For each synthesis, briefly summarize the characteristics and risk of bias among Pg 13
contributing studies.
20b Present results of all statistical syntheses conducted. If meta-analysis was done, present for Pg 14-16
each the summary estimate and its precision (e.g., confidence/credible interval) and
measures of statistical heterogeneity. If comparing groups, describe the direction of the
effect.
20c Present results of all investigations of possible causes of heterogeneity among study Pg 14-16
results.
20d Present results of all sensitivity analyses conducted to assess the robustness of the Pg 14-16
synthesized results.
Reporting biases 21 Present assessments of risk of bias due to missing results (arising from reporting biases) for Pg 14-16

each synthesis assessed.

(Continued)
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Section and Topic Item # Checklist item Location where
item is reported
Certainty of evidence 22 Present assessments of certainty (or confidence) in the body of evidence for each outcome Pg 14-16
assessed.
DISCUSSION
Discussion 23a Provide a general interpretation of the results in the context of other evidence. Pg 18-20
23b Discuss any limitations of the evidence included in the review. Pg 20
23c Discuss any limitations of the review processes used. Pg 20
23d Discuss implications of the results for practice, policy, and future research. Pg 20 — 22
OTHER INFORMATION
Registration and protocol 24a Provide registration information for the review, including register name and registration Pg7
number, or state that the review was not registered.
24b Indicate where the review protocol can be accessed, or state that a protocol was not Pg7
prepared.
24c Describe and explain any amendments to information provided at registration or in the N/A
protocol.
Support 25 Describe sources of financial or non-financial support for the review, and the role of the Pg 23
funders or sponsors in the review.
Competing interests 26 Declare any competing interests of review authors. Pg 23
Availability of data, code 27 Report which of the following are publicly available and where they can be found: n/a

and other materials

template data collection forms; data extracted from included studies; data used for all
analyses; analytic code; any other materials used in the review.
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