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Abstract

Objective: To evaluate the reliability and validity of the Dual-Tasking Questionnaire (DTQ),
Dual-Task Screening-List (DTSL), and Dual-Task-Impact on Daily-life Activities Questionnaire
(DIDA-Q).

Design: Multi-center, cross-sectional study

Setting: PwWMS were recruited from seven MS centers across six countries (Belgium, Chile,
Italy, Israel, Spain, and Turkey).

Participants: A total of 356 pwMS (mean age 47.5+11.5, EDSS 3.79+1.83) were enrolled.
Interventions: Not applicable

Main Qutcome Measures: The reliability (internal consistency, test-retest, and measurement
error) and construct validity (structural and convergent) were assessed.

Results: The DTQ, DTSL, and DIDA-Q demonstrated excellent test-retest reliability [Intraclass
correlation coefficients (95% CI): 0.84 (0.80-0.87) to 0.90 (0.87-0.92)] and internal consistency
(Cronbach's a: 0.86 to 0.96). As hypothesized, the three questionnaires showed a strong
correlation with each other, moderate-to-strong correlations with other self-report questionnaires
(perceived walking difficulties, fatigue, and fear of falling), and low-to-moderate correlations
with cognitive information processing speed, manual dexterity, and dual-task walking
performance (walking with word list generation task), showing convergent validity. The DIDA-
Q exhibited systematically superior properties. These results were also verified in subsets from
six different countries. In the structural validity analysis, all questionnaires displayed two main
factors, allocated as ‘motor-driven’ and ‘cognitive-driven’ subscales.

Conclusions: The DTQ, DTSL, and DIDA-Q have good-to-excellent measurement properties,
with the highest properties observed in DIDA-Q. The use of these self-reported questionnaires
can be used in research and clinical practice to assess the impact of dual-task difficulties on the

daily life of ambulatory pwMS.
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sclerosis
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COSMIN: Consensus-based standards for the selection of health status measurement instruments
DAQ: Divided attention questionnaire

DIDA-Q: Dual-task-impact on daily-life activities questionnaire

DTC: Dual-task cost

DTQ: Dual-tasking questionnaire

DTSL: Dual-task screening-list

EDSS: Expanded disability status scale

FES-I: 7-item falls efficacy scale international

ICC: Intraclass correlation coefficients

MFIS: Modified fatigue Impact Scale

MS: Multiple sclerosis

MSWS-12: 12-Item multiple sclerosis walking scale

NHPT: Nine-hole peg test

PROMs: Patient-reported outcome measures

PwMS: Persons with multiple sclerosis

QOC: Questionnaire by Cock et al.

RIMS: European network for best practice and research in MS rehabilitation network
SDC: Smallest detectable change

SDMT: Symbol digit modalities test

SEM: Standard error of measurement

T25FW: Timed 25-foot walk

Introduction



Daily life activities typically involve engaging in a secondary cognitive or motor task, known as
a dual-task, such as walking while talking or planning.' In persons with MS (pwMS), the
combination of motor and cognitive tasks often leads to decreased performance in one or both
tasks, termed cognitive-motor interference (CMI). CMI has been attributed to MS-related
cognitive and motor impairment and is associated with fatigue and disability levels in pwMS.>*

Assessing dual-task walking is crucial as it reflects daily-life challenges such as
employment.”” Research has shown that CMI depends on task complexity®’ and is affected by
MS-related symptoms such as fatigue, fatigability, pain, and spasticity.*'* Data on CMI in pwMS
are primarily derived from controlled, laboratory-based studies focused on walking or balancing
while concurrently engaging in cognitive tasks. Although these studies provide valuable insights
into the basic mechanisms of CMI in pwMS, there is a need to understand how this phenomenon
reflects daily life activities. Surprisingly, little is known about the perceived difficulties of dual-
tasking in the daily life of pwMS. Thus, practical, accurate, valid, and reliable assessment tools
to assess dual-task difficulties are needed in pwMS.

A recent systematic review has identified five patient-reported outcome measures
(PROMs) assessing dual-task difficulties and their psychometric properties in the elderly and
persons with Parkinson’s disease, pwMS, traumatic and acquired brain injury." These included
the Divided Attention Questionnaire (DAQ), Dual-Task-Impact on Daily-life Activities
Questionnaire (DIDA-Q), Questionnaire by Cock et al. (QOC), Dual-Tasking Questionnaire
(DTQ), and the Dual-Task Screening-List (DTSL). Nevertheless, only few studies have
investigated their psychometric properties, generally reporting on very-low-to-low reliability and
validity, except for the DIDA-Q, which demonstrated moderate-to-high methodological quality,
particularly in pwMS." Moreover, research on the relationship between dual-task difficulties and
cognition, physical functioning, patient-reported outcome measures and demographic outcomes
is scarce, and the evidence is inconclusive.

This study examines the DTQ, DTSL, and DIDA-Q, which include commonly performed
cognitive-motor dual-task activities in daily life. Our aim was to investigate their psychometric
properties, including internal consistency, test-retest reliability, measurement error, and construct
validity of in pwMS. Data were collected in six countries (Belgium, Chile, Italy, Israel, Spain,
and Turkey) within the European Network for Best Practice and Research in MS Rehabilitation
(RIMS) network, special interest group ‘Mobility’ (SIG Mobility).



Methods

This study was approved by local ethical committees from each participating center. All
participants provided written informed consent. The protocol of the study was designed
according to the Consensus-Based Standards for The Selection of Health Status Measurement
Instruments (COSMIN) guideline.'>"

Translation and adaptation from English were performed to Spanish, Flemish, Italian,
Hebrew, and Turkish, according to the proposed guideline. '* The details of the translations and
adaptation are provided in Appendices.

Data collection was conducted from January 2022 until March 2023. All performance-based
tests and questionnaires were administered during a single session. To assess the test-retest

reliability, the dual-task questionnaires were applied twice with an interval of 7-14 days.

Participants

PwMS were recruited from 7 MS centers from 6 countries (see Appendices). Each country
recruited a minimum convenience sample of 50 pwMS, in line with the COSMIN guidelines."
Inclusion criteria: age >18 years, confirmed diagnosis of definite MS'", relapse-free for 30 days
at least, and Expanded Disability Status Scale (EDSS) score lower than 7.0. Exclusion criteria: a
neurological disease other than MS, other medical conditions interfering with mobility, and
major cognitive decline limiting the patient to understand the questionnaires. The cognitive

status was based on a clinical observation by an experienced clinician specialized in MS.

Outcome measures

Socio-demographic and clinical information included sex, age, education, MS course",
disease duration, and level of disability defined by the EDSS score.
PROMs assessing dual-tasking difficulties

® DTQ was developed for patients with acquired brain injury.” DTQ includes 10 items on
cognitive-motor dual tasks. The subject indicates how often the dual-task difficulties
occurred in the past few weeks based on a 5-point scale [O(never)-4(very often)]. Higher
scores indicate greater perceived dual-task difficulties. A “Not applicable’ option is included

to indicate tasks that are not commonly performed by the subject; this was not included in the



total score which was calculated by adding up the score of all responses ranging between
‘Never’ and ‘Very often’ divided by that number of items. The DTQ has been validated in
Turkish pwMS." The internal consistency is acceptable (Cronbach’s alpha=0.78), test-retest
reliability is excellent (intraclass correlation coefficients (ICC)>0.90)), demonstrating low-to-

moderate correlations with clinical assessments.

® DTSL was developed for people with Parkinson’s disease.”” DTSL includes 13 items on
walking and simultaneous cognitive and motor tasks. Responses for each item include “‘yes,
having difficulty (1 point)’’, ““no (0 point)’’, or ‘‘not applicable’’. No reliability and validity
study has been found for this measurement tool. In the present analysis, the total score (%)
was calculated by summing the scores of all responses and dividing by the number of items

selected, except for ‘Not applicable’.

® DIDA-Q was developed for pwMS.?' The questionnaire includes 19 items and three subscales
on cognitive, balance and mobility, and upper-limb tasks. Each item is rated using a Likert-
type scale ranging from 0 (not difficult) to 4 (extremely difficult), with a total score ranging
from 0 to 76. The DIDA-Q has demonstrated high internal consistency (Cronbach’s alpha:
0.90, 0.93, and 0.90) and good test-retest reliability (ICC: 0.76, 0.89, and 0.81).

Dual-task performance measure

Dual-task performances were assessed through a single motor task of walking and a cognitive-
motor task. The single motor walking task was performed on a 15 m walkway for 30 s and the
participants were instructed to walk as fast as possible. The total distance in meters walked
during the task was recorded.

For the cognitive-motor task the participants were requested to walk for 30s while
performing a semantic word list generation (WLG) test, a common test for verbal fluency’.
Namely, the participants were instructed to say aloud as many words as possible belonging to a
certain category (fruits). The total distance (meter) and the number of correct answers were
recorded during the trial. No instructions were provided to the participant regarding task
prioritization (walking or the cognitive task).

Walking performances were assessed through the motor dual-task cost (DTC), a measurement

based on the total distance during each task, calculated by the following formula:***
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DTCooer (%) =

Walking, cognition, and disease-related outcome measures

To assess validity, various common outcome measures were employed, including the 7imed
25-Foot Walk (T25FW)*, Nine-Hole Peg Test (NHPT)*, Symbol Digit Modalities Test
(SDMT)*, 12-Item Multiple Sclerosis Walking Scale (MSWS-12)*, Modified Fatigue Impact
Scale (MFIS) *, and 7-item Falls Efficacy Scale International (FES-1).” The written version of
SDMT was used in Spain and Israel while other countries used oral version. Additionally, the
number of falls in the last 6-months was recorded retrospectively. A fall was described as “an

event where the participant unintentionally landed on the ground or a lower level.”*

Statistical analysis

The data were analyzed using IBM SPSS (Version 25.0. Armonk, NY: IBM Corp.). Normality
was checked using Kolmogorov-Smirnov and Shapiro-Wilk tests and visually investigating
histograms and outliers. Statistical significance was set at p<(0.05. Differences in clinical and
demographic data between the countries were analyzed using one-way analysis of variance or
Kruskal-Wallis test for continuous data, and chi-squared test for nominal data.

Reliability

Internal consistency for each PROM was determined using Cronbach’s o coefficient and the
average inter-item correlation, and a value of 0.8 or above is considered excellent; 0.70 to 0.8 is
adequate.”’ Test-retest reliability was assessed via ICC with 95% CI. Categories were established
as follows: >0.75 excellent, >0.6 good, >0.4 fair, or <0.4 poor.”> Bland-Altman plots evaluated
absolute test-retest reliability. Measurement error was calculated using Error of Measurement
(SEM) and smallest detectable change (SDC). To explore disability level's impact on reliability,
participants were categorized as "mild" (EDSS<4.0) or "moderately-severely" (EDSS>4.0).
Validity

Structural validity was assessed via factor analysis, hypothesis testing, and known-groups

validity.



Principal component exploratory factor analysis employed varimax rotation and Kaiser
normalization. Hypotheses testing involved predefined correlations assessed by Spearman or
Pearson coefficients. Four main priori hypotheses were formulated:
1. A strong correlation was anticipated between DTQ, DTSL, and DIDA-Q, as they aim to
assess the same construct (i.e., dual-task-related difficulties in daily life).
2. A moderate correlation was expected between the lab-based measure of DTC and
patients’ perceptions reflected in DTQ, DTSL, and DIDA-Q.
3. Moderate to strong correlations were expected between DTQ, DTSL, DIDA-Q, and other
self-reported measures (FES-I, MFIS, MSWS-12, number of falls).
4. Weak to moderate correlations were expected between DTQ, DTSL, DIDA-Q, and
performance-based measures (T25FW, NHPT, SDMT).
Floor and ceiling effects were checked, considering metrics present if >15% scored the
minimum or maximum possible in questionnaires.”” Additional details on statistical analyses can

be found in the Appendices.

Results
Descriptive data of the participants are presented in Table 1. In total 356 pwMS participated in
the study and completed all the assessments except for retests of dual-task PROMs. The majority
of the sample was female (66%), with a relatively higher level of education (14 years) and
disease duration (11 years).
Reliability
Test-retest reliability analyses was based on 50 pwMS from Italy, 50 from Spain, 50 from Chile,
34 from Belgium, 43 from Israel, and 39 from Turkey (Table 2). In the total sample, all PROM's
showed excellent internal consistency (Cronbach’s a 0.86 to 0.96) and excellent test-retest
reliability (ICC 0.84 to 0.90). The mildly disabled pwMS showed higher test-retest reliability and
internal consistency and lower SEM and SDC values, in all questionnaires, compared to the
moderate-severe disability subgroup. However, all values were good to excellent in both groups
(Table 2).

Each language demonstrated excellent internal consistency, except for DTSL in Spain,
which demonstrated adequate internal consistency (Cronbach’s a=0.78). Test-retest reliability of

the questionnaires in subsamples replicate the total sample, except for DTQ in Israel (ICC=0.73),



DTSL in Belgium (ICC=0.71), and DTSL in Spain (ICC=0.62) which showed good test-retest
reliability. Bland-Altman plots of each questionnaire based on the total sample are presented in
Figure 2; and provided separately in Supplementary Material 1.

All subscales of the questionnaires showed good to excellent test-retest reliability and
internal consistency scores, except for one DTSL’s subscale (cognitive-driven subscale) in
Spain. This subscale also showed the highest SEM and SDC values in all countries, except for
Chile (Table 3).



Validity

Table 4 displays correlation coefficients with related constructs for the total sample. The
coefficients largely meet a priori hypotheses for construct validity. Strong correlations were
observed among the three questionnaires. DIDA-Q and DTSL showed moderate-to-strong
correlations with T25FW, NHPT, and SDMT, while DTQ exhibited weak correlations. All three
questionnaires demonstrated strong correlations with fear of falling (FES-I), perceived mobility
(MSWS-12), and perceived fatigue (MFIS). A moderate correlation was found between the
number of falls and DTSL and DIDA-Q, while the correlation with DTQ was weak.
Supplementary Material 2 provides correlation coefficients for each country. Overall, a priori
hypotheses were largely confirmed. Additionally, DIDA-Q showed significantly stronger
correlations than DTQ and DTSL with the T25FW, NHPT, SDMT, falls, FES-I, MSWS-12, and
MFIS (p<0.05).

Factor analysis revealed Kaiser-Meyer-Olkin values of 0.957, 0.889, and 0.895 for
DIDA-Q, DTSL, and DTQ, respectively. Bartlett's Test of Sphericity (p<0.001) indicated the
suitability of respondent data for factor analysis. A two-factor structure showed the best fit for all
scales, with loadings ranging from 0.625 to 0.798 (DIDA-Q), 0.567 to 0.792 (DTSL), and 0.545
to 0.921 (DTQ). This structure explained 66.90%, 49.91%, and 67.26% of the variance in DIDA-
Q, DTSL, and DTQ, respectively. Item clustering into "cognitive-driven" and "motor-driven"
subscales revealed 11 motor-driven and 8 cognitive-driven items for DIDA-Q, 3 and 7 for DTQ,
and 7 and 6 for DTSL. Supplementary material includes the English version, item distribution,
and sub-score and total score calculations for all questionnaires.

No floor and ceiling effects were observed for the DIDA-Q and DTQ. The DTSL showed
a floor effect (15.7%), but no ceiling effect.



Discussion

This study explored the measurement properties of dual-task PROMs in five languages
across six countries. Test-retest reliability and internal consistency of DIDA-Q, DTSL, and DTQ
proved adequate for all languages. Furthermore, they demonstrated good construct validity,
revealing two factors: 'motor-driven' and 'cognitive-driven' activities. No floor or ceiling effects
were observed for DIDA-Q and DTQ. However, DTSL exhibited a floor effect, with 15.84% of
pwMS reporting the lowest score, possibly attributable to its three-point scale limiting scoring.

Assessing CMI using performance-based measures and PROMs is crucial to understanding
daily life challenges, as they mirror real-world challenges. Despite numerous performance-based
CMI measures using various motor and cognitive tasks, the limited use of PROMs has hindered
understanding perceived difficulties. This study could contribute to the increased use of PROMs
by clarifying their measurement properties. All three questionnaires exhibited excellent test-
retest reliability and internal consistency in a large sample of pwMS, with DIDA-Q having the
highest level. The reliability of DIDA-Q has been investigated in the Italian MS population and
showed excellent test-retest reliability and internal consistency in line with our findings.”
However, measurement error was first described in this present study, and DIDA-Q showed the
lowest SEM and SDC values among the three questionnaires (SDC is 7.04, which is 9.2%
relative to the maximum score of 76). The measurement error of DTQ (SDC is 14.1% of the
maximum score) was lower than DTSL (SDC is 19.7% of the maximum score). The reliability of
DTQ has been explored in mildly disabled Turkish pwMS demonstrating excellent test-retest
reliability and adequate internal consistency.” When examined separately, the Chilean sample
(with the lowest disability level) displayed the highest ICC values, while samples with higher
disability levels (Spain, Belgium, Israel, and Italy) showed slightly lower ICC values, though
still within an acceptable limit. Despite using the same translations, differences in Spain and
Chile may be linked to different disability levels of participants. However, the internal
consistency of the three questionnaires was quite similar across countries, suggesting that age
and disability did not affect the internal consistency.

Previous research on DIDA-Q conducted factor analysis, revealing three factors in the

Italian MS population: balance-mobility, upper limb, and cognitive sub-scores.” In our sample,
all questionnaires yielded two factors, labeled "cognitive-driven activities" and "motor-driven

activities." We categorized items from DIDA-Q's upper-limb sub-score into the "motor-driven
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subscale" since these activities occur during walking. This aligns with all questionnaires, where
motor-driven activities primarily involve walking combined with other motor tasks, while
cognitive-driven activities involve cognitive tasks with motor components. Each factor
comprised three to 11 items, meeting the recommended minimum of three items per subscale.*

A priori hypotheses regarding the construct validity of the questionnaires were
confirmed. Strong correlations among the three PROMSs support the notion that they measure the
same construct. As anticipated, moderate-to-strong correlations were found between dual-task
questionnaires and self-reported measurements (fatigue, fear of falling, and walking disability).
Our findings on fatigue align with a previous study that identified a strong positive correlation
between DIDA-Q and MFIS.* Given the prevalence of perceived fatigue in pwMS, significantly
impacting daily activities,” a strong correlation with dual-task difficulties is expected. The high
correlations among PROMs may also be attributed to the interrelation of patient experiences.
Aweak-to-moderate correlation emerged between dual-task questionnaires and cognitive
processing speed, consistent with a previous study.” Considering the demand for divided
attention and concentration in dual-task activities, these results support our hypothesis.*

Although the association between falls and dual-task walking and balance is not fully
understood, a recent study demonstrated that perceived dual-task difficulty assessed by the DTQ
could predict fall risk in pwMS.”” We observed low to moderate correlations between self-
reported dual-task impairment and fall history. The DIDA-Q demonstrated the strongest
correlation with falls, fear of falling, walking, and manual dexterity, while the DTQ showed the
weakest correlation with these variables. Notably, the DTQ had the strongest correlation with
fatigue, potentially due to its inclusion of cognitive-cognitive activities, unlike DTQ and DTSL,
which involve at least one motor activity in all their items.

Interestingly, questionnaires showed a weak relation with motor DTC during walking,
likely because only one walking and cognitive task were used to calculate DTC, possibly not
capturing the full spectrum of daily dual-tasking activities. Acknowledging inconclusive
evidence on DTC correlates is crucial, limited by a small number of studies and methodological
heterogeneity.* Additionally, the correlation values with dual-task performance increase when
considering absolute dual-task walking, represented by the motor-driven subscale of DIDA-Q

(highest value of 0.607).
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While each PROM exhibits good psychometric properties, variations in instrument
characteristics may influence preferences in clinical utility. DTSL, designed as a checklist with
straightforward responses, contrasts with DTQ and DIDA-Q, which employ Likert-type scales.
Despite all three questionnaires showing good reliability and validity, DIDA-Q outperforms,
making it a recommended choice for trials and clinical settings to assess dual-tasking difficulty.
However, considering time constraints, DTQ may be preferable, or DTSL for a quick scan of
dual-task-related difficulties. Caution is advised when using DTSL in moderately-severely

disabled Spanish pwMS due to its high measurement error.

Study Limitations

We acknowledge several limitations in this study. Some participants did not respond, resulting in
data loss in certain countries (11.3% in total) for test-retest reliability analysis. Potential
demographic differences may arise due to the study sites. Data collection was conducted during
routine outpatient clinic visits in Turkey and Chile, while in Belgium, Italy, Israel, and Spain, it
was conducted in rehabilitation centers. This may explain the lower age and EDSS scores
observed in Turkey and Chile. However, the multicenter design also contributed to the
generalizability of the results by recruiting different patient profiles. The discrepancy in using the
written or oral version of SDMT in different countries might have affected our cognitive data.
The 30-s walking time may seem short, but there is no standardization of dual-task walking
assessments yet, and the duration of our study is relatively long compared to other assessments in
the literature. Furthermore, psychological factors such as anxiety and mood can influence the
perception of dual-task difficulties, however these factors were not evaluated in our study. Future
research should investigate the responsiveness and minimum detectable change values of these

questionnaires and further explore their psychometric properties.

Conclusions

This study supports the clinical utility of DIDA-Q, DTSL, and DTQ by showcasing their overall
good reliability and validity in a large sample of pwMS across all ambulatory disability levels.
Notably, DIDA-Q demonstrates superior measurement properties. Additionally, we refined
previous factorial analysis, introducing two subscales for future use. The three questionnaires,
their subscales, and calculation methods are accessible in Supplementary Material.
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Figure legends

Figure 1. Overview of the PROMSs’ translation procedure

Figure 2. Bland-Altman plots with limits of agreement of three dual-task questionnaires
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