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A B S T R A C T

Background: The Paced Auditory Serial Addition Test (PASAT) is widely used to assess cognitive functioning and 
fatigability in people with Multiple Sclerosis (PwMS). However, its poor acceptability and high refusal rates may 
limit its clinical interpretability, while potentially conveying meaningful information beyond test performance.
Objectives: To determine whether PASAT rejection at the first assessment represents a clinically meaningful 
marker of overall vulnerability in PwMS, reflected by a tendency toward worsening across demographic, disease- 
related and clinical domains, using both patient-reported and clinician-assessed outcomes.
Methods: One-way ANOVAs or non-parametric equivalents were run to compare different groups defined by 
baseline PASAT performance (missing, low, high) in terms of demographic, disease-related and clinical variables.
Results: Retrospective data from 1154 PwMS were analyzed. Participants with missing PASAT (N=224) were 
significantly older (60.1±13.5 years), had longer disease duration (18.9±12.2 years), higher EDSS (6.1±2.0), 
lower educational level (9.9±3.9 years), poorer cognitive performances on the Montreal Cognitive Assessment 
(MoCA) and Symbol Digit Modalities Test (SDMT) (respectively, 17.4±6.5, 22.5±13.6), and higher level of 
required assistance in daily functioning as measured by the Functional Independence Measure (FIM) (91.1 
±29.3), compared with both low and high PASAT groups (all ps < 0.05).
Conclusions: PASAT rejection at first assessment identifies a subgroup of older PwMS with higher disability, lower 
education, and more pronounced cognitive and functional impairments, suggesting that test refusal may serve as 
a clinically relevant marker of overall vulnerability in MS.

1. Introduction

The Paced Auditory Serial Addition Test (PASAT) is a validated 
measure of sustained attention, working memory, auditory compre
hension, and information processing speed (Amato et al., 2006; Benedict 
et al., 2006; Morrow et al., 2026; Rao, 1696) in Multiple Sclerosis (MS), 
included in several standard batteries such as the Brief Repeatable 
Battery of Neuropsychological test (BRB-N) (Rao, 1696) and the Mini
mal Assessment of Cognitive Function In MS (MACFIMS) (Benedict 
et al., 2002). PASAT is also part of the Multiple Sclerosis Functional 
Composite (MSFC) (Benedict et al., 2011), a three-component measure 

with quantitative evaluations of ambulation, upper extremity function, 
and cognitive function, developed to be a more sensitive measure of 
disability than the Expanded Disability Status Scale (EDSS) (Kurtzke, 
1983). Moreover, the test has been widely used to investigate cognitive 
fatigability ( Mackay et al., 2021; Morrow et al., 2026), a phenomenon 
often observed in people with MS (PwMS) and conceptualized as a 
progressive decline in performance on continuous cognitive tasks that 
require information processing speed, sustained attention, and working 
memory, such as the PASAT (Agyemang et al., 2021).

Despite its effectiveness, PASAT is poorly tolerated. Participants 
report an overwhelming aversion for the test, describing it as a 
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frustrating, stressful and difficult task (Cortés-Martínez et al., 2019; 
Tombaugh, 2006). Consequently, there is a tendency to avoid this test in 
favour of the Symbol Digit Modalities Test (SDMT) when assessing 
cognitive abilities, as it is more acceptable to PwMS (Sumowski et al., 
2018). Refusal to perform the PASAT is not uncommon: previous studies 
have shown that 5.1% of healthy people refuse the test, mainly due to 
stress and frustration (Locke et al., 2011), while over 17% of PwMS 
decline to perform the PASAT (Aupperle et al., 2002). Cortès-Martinez 
and colleagues (2019) reported an even higher refusal rate, with 35.3% 
of PwMS declining to undergo the test. Interestingly, rejection of the test 
was associated to a worse performance in all cognitive tests adminis
tered (Cortés-Martínez et al., 2019).

In this context, considering the chronic and progressive nature of MS 
and the need for ongoing and continuous care, repeated observations of 
PASAT-related behaviours, such as test rejections, could offer valuable 
longitudinal clinical indicators (Cortés-Martínez et al., 2019). Based on 
this premises, the present study set out to explore whether PASAT 
rejection may represent a clinically meaningful marker of overall 
vulnerability in PwMS, reflected by a tendency toward worsening across 
multiple domains. To this end, we examined its associations with de
mographic, disease-related, and clinical variables in a large cohort of 
PwMS, using both patient-reported outcomes (PROs) and 
clinician-assessed outcomes (CAOs).

2. Materials and methods

2.1. Participants

The dataset was acquired retrospectively from PROMOPRO-MS 
initiative (Brichetto et al., 2020) that consists of a large, multicenter 
and longitudinal study that involves the Italian MS Society Rehabilita
tion Services of Genoa, Padua and Vicenza (Italy). In PROMOPRO-MS, 
all the PwMS, followed as outpatients or at-home, have been assessed 
every four to five months using clinical evaluations and 
self-administered questionnaires related to a variety of domains, 
including fatigue, cognitive and physical impairment and psychological 
well-being. For the purposes of this study, we considered only the first 
assessment in the longitudinal series. The current cohort included in this 
study was composed by PwMS that met PROMOPRO-MS inclusion 
criteria, as a definite diagnosis of MS, all MS courses and an age above 18 
years. The study was approved by the Ethics Committee of the Liguria 
Region (approval number: 023REG20l4). Each participant gave their 
written consent before starting the study. This research was conducted 
ethically in accordance with the World Medical Association Declaration 
of Helsinki.

2.2. Outcome measure

The PASAT, the primary outcome of the study, was administered 
according to standard procedures (Fischer et al., 2001). Participants 
listened to a series of single-digit numbers presented every 3 seconds 
through an audio recording. They were instructed to add each new 
number to the one immediately preceding it and provide the sum aloud. 
Importantly, they were not asked to give a running total, but to sum only 
the last two numbers heard. Performance was scored as the total number 
of correct sums, with a maximum possible score of 60. In addition, for 
each participant, demographic (i.e., age, gender, years of education) and 
disease-related (i.e., disease duration, MS course, and disability level as 
measured by the EDSS) information were collected. The clinical features 
chosen from PROMOPRO-MS database to be used in the analysis were 
those that pertain to cognitive, fatigue, psychological and functional 
status domains. Cognitive functioning was evaluated using the Montreal 
Cognitive Assessment (MoCA) (Nasreddine et al., 2005) and Symbol 
Digit Modalities Test (SDMT) (Amato et al., 2006). Specifically, sub
jective cognitive fatigue was tested using the Modified Fatigue Impact 
Scale (MFIS) (Flachenecker et al., 2002). Psychological aspects as mood 

disorders and quality of life were assessed through the Hospitalized 
Anxiety and Depression Scale (HADS) (Honarmand and Feinstein, 2009) 
and the Life Satisfaction Index (LSI) (Franchignoni et al., 1999), 
respectively. In addition, the Functional Independence Measure (FIM) 
was administered to quantify the functional status based on the level of 
assistance required across different domains (self-care, sphincter con
trol, transfers, locomotion, communication, and social cognition) 
(Granger et al., 1990). PASAT was administered in the middle of the 
assessment, prior to the MoCA and SDMT, and this placement was kept 
consistent across all participants. By positioning the PASAT early in the 
session, we aimed to minimize potential effects of test fatigue on 
performance.

2.3. Statistical analysis

A descriptive statistical analysis was conducted to characterize the 
sample at baseline. Continuous variables were summarized using mean 
(M) and standard deviation (SD), while median and interquartile range 
(IQR) were reported for questionnaire scores and non-normally 
distributed data. Normality was assessed using the Kolmogorov- 
Smirnov test. The pattern of missing values across all scales and ques
tionnaires was explored through visual inspection using histograms of 
percentages. Missing values in variables other than PASAT were 
replaced with the median. Particular attention was given to the first 
assessment to characterise the sub-sample of PwMS who were prone to 
omit the PASAT assessment. For the purposes of the present study, 
PASAT refusal was operationally defined as either failure to complete 
the practice sequences according to manual criteria or explicit refusal to 
attempt the practice phase after receiving standardized oral instructions 
from the therapist. To retain these cases in the analyses without 
excluding relevant data, missing PASAT scores were imputed with the 
value -1 as a placeholder. The sample was subsequently stratified into 
three groups based on PASAT performance at baseline: participants with 
PASAT score ≥ 35 (high PASAT), those with a low PASAT score < 35 
(low PASAT) (López-Góngora et al., 2015), and those who refused to 
complete PASAT (missing PASAT). Group comparisons across de
mographic (age, gender, education), disease-related (EDSS, disease 
duration, MS course), and clinical (FIM, MoCA, MFIS, HADS, LSI, and 
SDMT) variables at baseline were performed using one-way ANOVAs for 
normally distributed continuous variables, Kruskal–Wallis tests for 
non-normally distributed variables, and chi-square tests for categorical 
variables. To account for multiple testing across the large number of 
outcome variables, a Bonferroni correction was applied across all 
group-level comparisons, adjusting the significance threshold according 
to the total number of variables examined. For variables showing sig
nificant group differences after this initial correction, post hoc pairwise 
comparisons were conducted to further characterize between-group ef
fects. Specifically, independent-samples t-tests, Mann–Whitney U tests, 
or pairwise chi-square tests were used when appropriate. Bonferroni 
correction was additionally applied to each set of post hoc comparisons 
to control the family-wise error rate within each variable. Effect sizes 
were calculated using eta squared for ANOVA and Kruskal–Wallis tests 
(Tomczak and Tomczak, 2014), and Cramer’s V for chi-square tests. Eta 
squared were interpreted as small (η² = 0.01), medium (η² = 0.06), and 
large (η² = 0.14), whereas Cramer’s V values were reported without 
conventional interpretation due to their dependence on the dimensions 
of the contingency tables (Cohen, 2013). Cut-offs of the MoCA seven 
dimensions were used to isolate specific impaired cognitive domains 
(Liew Tau et al., 2018; Podda et al., 2024): Visuospatial-Executive (< 4), 
Attention (< 6), Abstraction (< 1), Delayed Recall Memory (< 4), 
Language (< 3), Naming (< 3), and Orientation (< 6). In addition, given 
the association between cognitive fatigability and subjective cognitive 
fatigue remains still unclear in MS (Harrison et al., 2017), Pearson 
correlation coefficients (r) were calculated between PASAT and MFIS 
total and subscale scores at baseline. Correlation coefficients ranging 
from 0.20 to 0.39 were considered as moderate, from 0.40 to 0.59 as 
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relatively strong, from 0.60 to 0.79 as strong, and higher as very strong 
correlation (Rea and Parker, 2014).

3. Results

1154 PwMS have been included in the analysis (See Table 1 for a 
detailed demographic and clinical characterization of the sample).

At baseline, 224 PwMS (19 % of the total sample) refused to com
plete the PASAT (missing PASAT group). As the database included 
longitudinal assessments, visual inspection indicated that the proportion 
of refusals remained consistent across visits. Histograms of the per
centage of missing data of the selected tests (i.e., total score) across 
sessions are presented in Fig. 1. The PASAT refusal rate was substantially 
higher than for other measures: 0.3% for FIM, 1.3% for HADS and LSI, 
1.0% for MFIS, 5.1% for SDMT and 1.2% for MoCA.

Results from the ANOVA (or equivalent tests) comparing missing 
PASAT, low PASAT (20.99 ± 9.09), and high PASAT (46.83 ± 7.42) 
groups indicated that many variables considered significantly differed 
across groups (see Table 2). Participants with missing PASAT data dis
played the most impaired profile across all measures. They were older 
(60.05 ± 13.53 years, all ps <.001), with a higher EDSS scores indi
cating a moderate disability level (6.14 ± 1.97, all ps < 0.001), a longer 
disease duration (18.93 ± 12.21 years, all ps < 0.01) and a lower 
educational level (9.93 ± 3.91 years, all ps < 0.05). The majority had a 
SP course (62.7%), while only 23.1% had a RR course. Gender distri
bution (71.1% female) did not differ between groups (all ps > 0.05).

Cognitively, they showed significantly lower MoCA total scores 
(17.43 ± 6.51, all ps < 0.001) and each subdomains score (all ps <
0.01): Visuospatial–Executive (1.69 ± 1.67), Naming (2.48 ± 0.89), 
Attention (3.56 ± 1.79), Language (1.64 ± 0.85), Abstraction (1.08 ±
0.75), Delayed Recall Memory (1.36 ± 1.45), and Orientation (4.95 ±

1.56). In addition, performance at SDMT (22.50 ± 13.58; p < 0.001) 
was significantly lower compared to both low and high PASAT groups, 
below the clinical cut-off of 34.2 (Kappos et al., 2018). They showed 
significantly lower FIM scores across all subdomains, including social 
cognition, communication, sphincter control, self-care, locomotion, and 
transfers, with a lower FIM total score (91.05 ± 29.26) compared with 
both the low PASAT group (109.37 ± 20.45) and the high PASAT group 
(118.67 ± 11.17; all ps < 0.001), indicating a greater need for assistance 
across multiple functional domains.

From a psychological perspective, the missing PASAT and low 
PASAT groups did not differ substantially. Both groups showed com
parable levels of depressive symptoms as measured by the HADS-D 
(missing PASAT: 5.94 ± 3.88; low PASAT: 5.56 ± 3.64; p > 0.05). In 
contrast, high PASAT reported significantly lower depressive symptoms 
(4.77 ± 3.57; p < 0.001), compared with both groups. Anxiety levels, as 
assessed by the HADS-A, did not statistically differ across groups (p <
0.05). Similarly, quality of life, as measured by LSI, was significantly 
higher in the high PASAT group (12.97 ± 4.31) compared with both 
participants in the missing PASAT (11.34 ± 4.72; p < 0.001) and those 
in the low PASAT (11.89 ± 4.46; p < 0.01).

Regarding fatigue, the missing PASAT group showed an increasing 
trend across all MFIS dimensions, although not statistically significant, 
except for psychosocial subscale. Here, the high PASAT group reported 
lower perceived psychosocial fatigue compared with the low PASAT (p 
< 0.05) and the missing PASAT group (p < 0.01). Fig. 2 showed boxplots 
comparing a selection of features at baseline across groups based on 
PASAT performance.

In line with group-level results, Pearson correlations revealed weak, 
but statistically significant associations between the PASAT and the 
MFIS (see Table 3). The low coefficients obtained for MFIS cognitive and 
psychosocial subscales, and total score suggest that the statistical sig
nificance is primarily driven by the large sample size.

4. Discussion

The present study aimed to explore whether PASAT rejection could 
represent a clinically meaningful marker of vulnerability in PwMS, 
examining demographic, disease-related and clinical variables in a large 
cohort of 1154 PwMS, using both PROs and CAOs. Taken together, 
findings indicate that missing PASAT participants represented a distinct 
subgroup with a more compromised clinical profile.

Specifically, PwMS who declined to perform the PASAT at the first 
assessment showed a higher frequency of cognitive impairment 
compared with the low PASAT and high PASAT groups. Specifically, 
PASAT rejection was associated with lower scores across various 
cognitive domains, including attention, executive functioning, delayed 
recall memory, orientation and visuospatial abilities, as measured by the 
MoCA subdomain and total scores. Additionally, SDMT scores were 
significantly lower in this group compared to those who completed the 
PASAT. These findings are consistent with previous research indicating 
that PASAT performance is closely related to multiple cognitive func
tions, such as sustained attention, working memory, information pro
cessing speed, and executive functioning (Cortés-Martínez et al., 2019; 
Eizaguirre et al., 2020). Moreover, since rejections included both fail
ures to complete the practice sequences or explicit refusal to attempt the 
practice phase after receiving standardized oral instructions from the 
therapist, results suggest that PASAT-based groups may reflect not only 
cognitive efficiency, but also the ability and willingness to engage with a 
cognitively demanding and often poorly tolerated task.

Notably, PASAT rejections provide additional valuable insights into 
the clinical profile of PwMS, extending beyond established associations 
with cognitive abilities (Locke et al., 2011). PwMS in the missing PASAT 
group were older, with higher EDSS, a progressive MS course, a longer 
disease duration, in comparison to individuals with high PASAT and 
those with low PASAT. They also had lower educational levels, sup
porting previous evidence that years of formal education strongly 

Table 1 
PwMS' demographic, disease-related and clinical information.

Variable M ± SD Median (IQR) Total

Demographic data
N — — 1154
Age (years) 54.3 ± 12.9 — —
Gender (F) - GEND — — 750
Education (years) - EDU 11.6 ± 4.0 13 (5) —
Disease-related data
EDSS (0-10) 5.2 ± 2.0 6 (2.5) —
Disease duration (years) 14.8 ± 10.6 13.5 (15) —
MS course ​ RR 486

— — SP 513
​ PP 155

Clinically assessed outcomes (CAOs)
FIM_TOT (18-126) 109.2 ±22.2 119 (18) —
MoCA_TOT (0-30) 22.8 ± 5.1 24 (6) —
Patient-reported outcomes (PROs)
MFIS_TOT (0-84) 37.5 ± 17.9 37 (25) —
HADS_TOT (0-42) 12.1 ± 7.2 11 (10) —
HADS_D (0-21) 5.3 ± 3.7 5.3 (5) —
HADS_A (0-21) 6.8 ± 4.4 6.8 (6) —
LSI (0-22) 12.2 ± 4.5 12 (7) —
Performance Test
SDMT (0-110) 35.5 ± 15.6 36 (21) —
PASAT (0-60) 32.5 ± 15.3 32 (23) —

M (Mean); SD (Standard Deviation); IQR (Interquartile Range); EDSS (Expanded 
Disability Status Scale); MS course = RR (Relapsing-Remitting); MS course = SP 
(Secondary Progressive); MS course = PP (Primary Progressive); FIM_TOT 
(Functional Independence Measure – Total Score); MoCA_TOT (Montreal 
Cognitive Assessment – Total Score); MFIS_TOT (Modified Fatigue Impact Scale 
– Total Score); HADS_TOT (Hospital Anxiety and Depression – Total Score); 
HADS_D (Hospital Anxiety and Depression – Depression subscale); HADS_A 
(Hospital Anxiety and Depression – Anxiety subscale); LSI (Life Satisfaction 
Index); SDMT (Symbol Digit Modalities Test); PASAT (Paced Auditory Serial 
Addition Test). PASAT scores reported here refer to participants who completed 
the test at baseline, categorized into high and low PASAT groups.
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influence the likelihood of completing or refusing the test 
(Cortés-Martínez et al., 2019).

Focusing on psychological domains, the missing PASAT group 
appeared more vulnerable, showing an overall tendency toward higher 
anxiety and depressive symptoms, in line with previous evidence linking 
lower PASAT performance to mood disturbances (Berard et al., 2018). 
Although differences in anxiety were not statistically significant in line 
with previous evidence (Bosnes et al., 2015), depressive symptoms were 
clearly elevated compared to those with high PASAT performance. 
Conversely, participants with high PASAT scores reported better quality 
of life than both missing and low PASAT groups, suggesting that pre
served cognitive performance may be associated with greater psycho
logical well-being.

Interestingly, missing PASAT had significantly lower scores in FIM 
subscales, indicating that PwMS who rejected PASAT had an overall 
lower grade of the functional status. This result supported the ecological 
validity of current measures as PASAT reflecting that those who rejected 
PASAT at first assessment require more assistance in everyday demands 
and activities as social cognition, communication, sphincter control, 
self-care, locomotion and transfers (Harrison et al., 2017).

Taken together, these findings support the interpretation of PASAT 
refusal as a behavioral marker of overall vulnerability in MS, integrating 
disease-related factors, functional limitations, cognitive difficulties, and 
reduced tolerance to cognitive effort.

Regarding perceived fatigue, the missing PASAT group showed an 
increasing trend across all MFIS dimensions, although not statistically 
significant, except for psychosocial dimensions. Interestingly, correla
tion analyses revealed only weak but statistically significant associations 
between PASAT performance and MFIS scores (total score and psycho
social subscale). This suggests that the observed statistical significance 
may be largely influenced by the large sample size rather than reflecting 
a strong linear association. Indeed, evidence on relationship between 
cognitive fatigability and subjective fatigue in MS remains mixed and 
inconclusive, partly due to differences in scoring methods, sample het
erogeneity and the choice of assessment tools (Harrison et al., 2017). 

Some studies report significant correlations between subjective ratings 
of cognitive fatigue and cognitive fatigability (Locke et al., 2011; Walker 
et al., 2012), while others found no or weak relationships in line with 
our study (Bakirtzis et al., 2020; Mackay et al., 2021). This aligns with a 
general observation that some PwMS may perform well on objective 
cognitive tasks yet report high levels of fatigue, while others may show 
measurable cognitive decline but report little or no subjective sense of 
exhaustion, as in this case (Agyemang et al., 2021). However, caution is 
warranted when interpreting such discrepancies, which often arise from 
the assumption that objective and subjective measures are inherently 
opposed. We argue that objective assessments should not be considered 
superior to PROs since self-report instruments remain a valid and 
essential tool for capturing individuals’ perceptions of fatigue and other 
symptoms, as well as their impact on daily life. From a clinical 
perspective, recognizing PASAT refusal as a marker of vulnerability has 
practical implications. Given the demanding nature and limited tolera
bility of the task, PASAT administration may benefit from a flexible 
approach that considers individual characteristics and the likelihood of 
refusal. When refusal is anticipated, the test may be omitted to prioritize 
patient comfort, while acknowledging that the occurrence of refusal it
self can still provide clinically meaningful information, particularly 
when interpreted alongside other cognitive, psychological, and func
tional indicators.

Some limitations should be acknowledged. Other variables not 
considered in this study may have affected PASAT performance. For 
example, sleep disturbances are known to negatively impact attention 
and processing speed (Amato et al., 2019), potentially confounding the 
interpretation of results. Moreover, PwMS frequently experience central 
auditory processing deficits, including reduced temporal resolution, 
auditory pattern recognition, and speech discrimination in noise, which 
can adversely affect performance in cognitively demanding auditory 
tasks (Valadbeigi et al., 2014) such as the PASAT. While MS-specific 
batteries such as BRB-N or MACFIMS may provide a more comprehen
sive assessment of cognitive functions, the use of MoCA can be seen as a 
limitation, as it does not capture MS domain-specific deficits in detail. 

Fig. 1. Graphical representation of the percentage of rejections in the selected tests across sessions. For clarity of visualization, only total scores from FIM, HADS, LSI, 
MFIS, MOCA, SDMT and PASAT are included. Y axis presents rejection percentage, while x axis session number.
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However, the primary aim of the PROMOPRO-MS database, from which 
MoCA was selected, is not to measure cognitive deficits in isolation, but 
to collect large-scale, multidimensional data spanning cognitive, motor, 
and psychological domains to detect rapid changes due to disease pro
gression and to plan timely interventions. Additionally, evidence sup
ports the value of MoCA as a screening tool for cognitive dysfunction in 
MS, even in individuals with mild disability as indicated by EDSS 
(Dagenais et al., 2013). Future studies could complement MoCA with 
other MS-specific cognitive batteries to provide more detailed cognitive 
profiling when needed. Participants’ emotional state before the test, 
such as elevated state anxiety, which could be measured with the 
State-Trait Anxiety Inventory (STAI) (Santangelo et al., 2016), may have 
contributed to reduced performance, independently of cognitive re
sources. Finally, in PROMOPRO-MS only corrected responses from 
PASAT were collected. Although in line with test manual, this decision 
prevented the use of additional validated methods for assessing cogni
tive abilities, such as analyzing omission errors or comparing perfor
mance between the first and last thirds of the test (Bosnes et al., 2015).

A key strength of this study is the use of data from PROs from the 
large PROMOPRO-MS dataset. PROs are increasingly recognized in MS 
clinical trials and routine care, providing essential insights into how 
treatments and the disease itself affect patients’ lives (Brichetto and 
Zaratin, 2020). Incorporating PROs in MS routine care has the potential 

Table 2 
Results of statistical analyses comparing groups based on baseline PASAT 
performance.

Variables High 
PASAT 
(M 
±SD) 
N= 413 
(36%)

Low 
PASAT 
(M 
±SD) 
N= 517 
(45%)

Missing 
PASAT 
(M±SD) 
N=224 
(19%)

p 
values

Effect 
size

AGE (years) 49.27 ±
11.12

55.99 
± 12.50

60.05 ±
13.53

all ps 
<0.001

0.1

GEND (F) 62.5% 
(258)

64.2% 
(332)

71.1% 
(160)

p >
0.05

0.048

GEND (M) 37.5% 
(155)

35.8% 
(185)

28.9% 
(64)

EDU (years) 12.99 ±
3.55

11.13 
± 3.96

9.93 ±
3.91

a-b, a-c 
<0.001 
b – c 
<0.05

0.08

EDSS 4.41 ±
1.91

5.38 ±
1.79

6.14 ±
1.97

all ps 
<0.001

0.11

Disease Duration (years) 11.67 ±
8.27

15.57 
± 10.81

18.93 ±
12.21

a – b, a 
– c 
<0.001 
b – c 
<0.01

0.05

MS course (RR) 56.9% 
(235)

38.7% 
(200)

23.1% 
(51)

all ps 
<0.001

0.13

MS course (SP) 32.0% 
(132)

46.4% 
(240)

62.7% 
(141)

MS course (PP) 11.1% 
(46)

14.9% 
(77)

14.2% 
(32)

FIM_TOT 118.67 
± 11.17

109.37 
± 20.45

91.05 ±
29.26

all ps 
<0.001

0.18

FIM_SUB_ social 
cognition

20.54 ±
0.83

19.78 
± 1.99

17.56 ±
4.28

all ps 
<0.001

0.129

FIM_SUB_communication 13.91 ±
0.47

13.53 
± 1.23

12.46 ±
2.46

all ps 
<0.001

0.126

FIM_SUB_sphincter 
control

12.74 ±
1.92

11.78 
± 3.15

9.96 ±
4.18

all ps 
<0.001

0.07

FIM_SUB_self care 39.88 ±
4.81

36.36 
± 8.93

29.65 ±
12.07

all ps 
<0.001

0.133

FIM_SUB_locomotion 12.20 ±
2.70

10.74 
± 3.63

8.03 ±
4.24

all ps 
<0.001

0.135

FIM_SUB_transfers 19.46 ±
3.16

17.22 
± 5.31

13.40 ±
6.76

all ps 
<0.001

0.139

MoCA_TOT 25.91 ±
2.52

22.57 
± 3.99

17.43 ±
6.51

all ps 
<0.001

0.31

MoCA_Visuospatial- 
Executive domain

4.19 ±
0.99

3.09 ±
1.58

1.69 ±
1.67

all ps 
<0.001

0.24

MoCA_Naming domain 2.92 ±
0.33

2.84 ±
0.42

2.48 ±
0.89

a-b 
<0.01 
b-c, a-c 
<0.001

0.06

MoCA_Attention domain 5.60 ±
0.75

4.91 ±
1.21

3.56 ±
1.79

all ps 
<0.001

0.23

MoCA_Language domain 2.58 ±
0.60

2.09 ±
0.79

1.64 ±
0.85

all ps 
<0.001

0.17

MoCA_Abstraction 
domain

1.66 ±
0.54

1.39 ±
0.71

1.08 ±
0.75

all ps 
<0.001

0.07

MoCA_Delayed Memory 
domain

2.71 ±
1.56

2.03 ±
1.57

1.36 ±
1.45

all ps 
<0.001

0.09

MoCA_Orientation 
domain

5.92 ±
0.29

5.66 ±
0.82

4.95 ±
1.56

all ps 
<0.001

0.106

MFIS_TOT 35.07 ±
17.03

38.56 
± 18.53

39.54 ±
17.82

p >
0.05

0.010

MFIS_SUB_cognitive 11.80 ±
9.10

13.63 
± 10.40

14.15 ±
9.95

p >
0.05

0.007

MFIS_SUB_physical 19.98 ±
8.98

21.21 
± 8.66

21.31 ±
8.56

p 
>0.05

0.003

MFIS_SUB_psychosocial 3.30 ±
2.19

3.73 ±
2.46

4.08 ±
2.63

a-b 
<.05, 
a-c 
<.01

0.011

HADS 11.3 ±
6.7

12.4 ±
7.2

12.8 ±
7.6

p >
0.05

0.005

Table 2 (continued )

Variables High 
PASAT 
(M 
±SD) 
N= 413 
(36%) 

Low 
PASAT 
(M 
±SD) 
N= 517 
(45%) 

Missing 
PASAT 
(M±SD) 
N=224 
(19%) 

p 
values 

Effect 
size

HADS_D 4.77 ±
3.57

5.56 ±
3.64

5.94 ±
3.88

a-b, a-c 
<0.001

0.015

HADS_A 6.52 ±
3.99

6.87 ±
4.55

7.05 ±
4.68

p 
>0.05

0

LSI 12.97 ±
4.31

11.89 
± 4.46

11.34 ±
4.72

a-b <
0.01, a- 
c <.001

0.016

SDMT 47.06 
±12.07

30.75 
± 12.42

22.50 ±
13.58

all ps 
<0.001

0.35

Mean and standard deviation of demographic, disease-related and clinical var
iables across groups: high PASAT score (≥35), low PASAT score (<35), and 
those with a PASAT rejection. p values indicate results of pairwise post hoc 
comparisons between groups, adjusted using Bonferroni correction for multiple 
comparison. When the overall group comparison was not significant, a single p- 
value is reported. Effect sizes are reported as eta squared for continuous vari
ables and Cramer’s V for categorical ones.
GEND = F (Gender: Female); GEND = M (Gender: Male); EDU (Years of Edu
cation); EDSS (Expanded Disability Status Scale); MS course = RR (Relapsing- 
Remitting); MS course = SP (Secondary Progressive); MS course = PP (Primary 
Progressive); MOCA_TOT (Montreal Cognitive Assessment – Total Score); 
MOCA_Visuospatial-Executive domain (MOCA – Visuospatial/Executive 
domain); MOCA_Naming domain (MOCA – Naming domain); MOCA_Attention 
domain (MOCA – Attention domain); MOCA_Language domain (MOCA – Lan
guage domain); MOCA_Abstraction domain (MOCA – Abstraction domain); 
MOCA_Delayed Memory domain (MOCA – Delayed Memory domain); 
MOCA_Orientation domain (MOCA – Orientation domain); HADS_D (Hospital 
Anxiety and Depression Scale – Depression subscale); HADS_A (Hospital Anxiety 
and Depression Scale – Anxiety subscale); FIM_TOT (Functional Independence 
Measure – Total Score); FIM_SUB_social cognition (FIM – Social Cognition sub
scale); FIM_SUB_communication (FIM – Communication subscale); FIM_SUB_
sphincter control (FIM – Sphincter Control subscale); FIM_SUB_self care (FIM – 
Self-Care subscale); FIM_SUB_locomotion (FIM – Locomotion subscale); FIM_
SUB_transfers (FIM – Transfers subscale); LSI (Life Satisfaction Index); SDMT 
(Symbol Digit Modalities Test); MFIS_TOT (Modified Fatigue Impact Scale – 
Total Score); MFIS_SUB_cognitive (MFIS – Cognitive subscale); MFIS_SUB_
physical (MFIS – Physical subscale); MFIS_SUB_psychosocial (MFIS – Psycho
social subscale). All ps indicate pairwise comparisons between groups: a-b, b-c, 
c-a.
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to improve quality of care, promote patient-centred care, and improve 
treatment adherence. Future research should focus on integrating 
objective outcome measures alongside PROs, aiming to complement 
rather than replace or devalue them.

5. Conclusion

Our study demonstrates that PASAT rejection is associated with a 
more compromised demographic, disease-related and clinical charac
teristics in PwMS. Specifically, missing PASAT participants showed 
higher EDSS scores, longer disease duration, and a higher proportion of 
progressive disease. They also exhibited stronger impairments in func
tional and cognitive outcomes, as well as in some psychological vari
ables, compared with the other PASAT-based groups (low and high 
PASAT). These findings suggest that test refusal may serve as a clinical 
marker of broader vulnerability in PwMS, providing valuable insights 
for both research and routine clinical practice. To our knowledge, this is 
the first study highlighting the importance of looking beyond cognitive 
performance and basic demographic or disease-related characteristics 
when examining patients’ clinical profiles using PROs. Such an 
approach may help clinicians better anticipate PwMS’ behaviors during 
assessments. Given the demanding nature and limited tolerability of the 
task, PASAT administration may benefit from a flexible approach that 
considers individual characteristics and the likelihood of refusal. Clini
cally, recognizing individuals at risk of PASAT rejections can streamline 

the assessment process, reduce frustration, and support more personal
ized care planning.
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Fig. 2. Boxplots comparing a selection of demographic, disease-related and clinical features at baseline across the three groups based on PASAT performance. Y axis 
represents missing PASAT, low PASAT (<35), and high PASAT (≥35).

Table 3 
Pearson correlation between MFIS subscale and total scores and PASAT.

MFIS_item Coefficient p values

MFIS_SUB_cognitive -0,1351 0.0005
MFIS_SUB_physical -0,0424 0.2766
MFIS_SUB_psychosocial -0,0992 0.0107
MFIS_TOT -0,1081 0.0054

MFIS_SUB_cognitive (MFIS – Cognitive subscale); MFIS_SUB_physical (MFIS – 
Physical subscale); MFIS_SUB_psychosocial (MFIS – Psychosocial subscale); 
MFIS_TOT (Modified Fatigue Impact Scale – Total Score).
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