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Abstract: Background/Objectives: People with multiple sclerosis (MS) often experience sensory,
psychomotor, and cognitive impairment, sphincter disturbances, and fatigue, which can affect
their ability to perform work-related tasks, self-care, and daily activities. This study aimed to
analyze the lifestyle changes, cognitive function, and disability outcomes over a seven-year follow-
up period, exploring potential associations with predictive markers. Methods: At the end of the
seven-year follow-up period, 32 participants returned for cognitive and clinical reassessment with the
Twenty-Five-Foot Walk Test, Nine-Hole Peg Test, and Brief Repeatable Neuropsychological Battery.
Lifestyle data were acquired via interviews regarding sleep quality, reading habits, technology
use, physical activity levels, household responsibilities, and participation in leisure and cultural
activities. Results: The occupational profile did not demonstrate significant changes, but 11 (34%)
participants showed disability accumulation, and the number of relapses increased (p = 0.001). Over
time, improvement was observed in verbal episodic memory and worsening in psychomotor speed.
Better cognitive performance in mental agility was associated with higher levels of physical activity
(p = 0.021) and technology use (p = 0.039). In addition, better cognition (verbal memory p = 0.038 and
processing speed 0.015) and psychomotor speed (upper limbs p = 0.017 and lower limbs p = 0.003)
and lower functional disability (p = 0.022) were associated with maintenance of household activities.
Conclusions: The changes in verbal memory and psychomotor speed were more prominent over time,
and verbal memory, psychomotor and processing speed, and mental agility were associated with
good lifestyle habits, mainly household activities. The treatment strategies should include lifestyle
changes and pharmacological interventions.
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1. Introduction

Multiple sclerosis (MS) is an inflammatory and neurodegenerative disease character-
ized by a progressive worsening of disabilities and a range of associated symptoms. People
with MS (pwMS) often experience visual and sensory alterations, psychomotor impairment,
sphincter disturbances, fatigue, and cognitive deficits [1], which can significantly impact
their ability to perform work-related tasks, self-care, and daily activities [2-5]. Walking
difficulties are particularly disruptive, affecting quality of life (QoL), physical function, and
participation in social and occupational activities [6,7]. Research has demonstrated that
integrated care models prioritizing lifestyle factors can play a critical role in maintaining
cognitive reserve in pwMS. For instance, the MS Brain Health Initiative advocates for
a holistic approach to disease management, highlighting the importance of optimizing
brain health through prompt diagnosis, early treatment initiation, and structured lifestyle
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interventions. This “brain-healthy lifestyle” includes six modifiable factors: physical activ-
ity, weight management, cognitive engagement, smoking cessation, responsible alcohol
consumption, and therapy adherence [8].

The disability outcomes primarily focus on motor impairment; however, mental
health is also profoundly affected in MS, with over a third of newly diagnosed individuals
experiencing anxiety or depression, which correlates with reduced QoL [9]. Cognitive
impairment [7], which is present in up to 45% of early-stage MS patients and can even occur
in the preclinical phase [10], further deteriorates QoL [11-13]. Compared with cognitively
preserved individuals, pwMS with cognitive impairment exhibit reduced engagement in
daily life, work, and social activities [14] and it also interferes with treatment adherence,
coping strategies, and the ability to benefit from rehabilitation interventions [15,16]. The
relationship between cognitive function and daily activities has been underscored by
previous research. For instance, a study assessing 41 pwMS found a strong correlation
between performance on the Brief International Cognitive Assessment for MS (BICAMS)
test and activity independence, as measured by computerized tools. The participants with
MS performed significantly worse than the healthy controls [7,17] on both the BICAMS
and activity-related metrics, with better BICAMS performance linked to more independent
functioning [18].

Regular physical activity has emerged as a key modifiable factor with neuroprotective
benefits. It not only alleviates fatigue and enhances mood but also may help to preserve
cognitive function [19-25]. Additionally, physical exercise exerts a synergistic effect when
combined with cognitive rehabilitation in pwMS with established cognitive impairment [17].
Although individual studies have linked lifestyle factors to MS severity, comprehensive data
on their relative contributions to long-term outcomes remain limited. Therefore, the current
study aimed to analyze lifestyle changes, cognitive function, and disability outcomes over a
seven-year follow-up period, exploring potential associations with predictive markers. By
integrating lifestyle factors into the understanding of MS progression, we hope to elucidate
strategies that can enhance patient care and improve long-term outcomes.

2. Materials and Methods
2.1. Ethical Approval

This is a prospective and exploratory study, approved by the Ethics Committee for Re-
search Projects Analysis (CAPPesq 2.454.027/2014) of the Hospital das Clinicas of Medicine
School of the University of Sao Paulo, and conducted in accordance with the Helsinki
Declaration of 1975, revised in 2008. All participants provided written informed consent
prior to participation.

2.2. Participants

A total of 32 individuals diagnosed with multiple sclerosis (pwMS) were enrolled
(baseline), with age between 18 and 65 years, more than 4 years of education, and diagnoses
made according to the revised 2017 McDonald criteria [26]. Participants were recruited
from the Neuroimmunology Clinic. The individuals were re-evaluated after seven years
(follow-up) (only the 32 individuals with baseline and follow-up data were included in this
study). Exclusion criteria included uncontrolled psychiatric disorder, other neurological
disease, diabetes, and any other metabolic alteration without treatment; more details appear
in previously published studies by our research group [27,28].

2.3. Procedures and Assessment

A multidisciplinary team conducted comprehensive assessments. Data collection
included the following: age, sex, race or ethnicity, occupation, years of education, comor-
bidities [29], smoking habits, MS phenotype (classified as relapsing-remitting [RRMS] or
progressive [PMS]), duration of symptoms, years since diagnosis, number of relapses, and
current DMT. DMTs were categorized as high-efficacy if patients were receiving Natal-
izumab, Ocrelizumab, or Alemtuzumab.
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Neurological function and disability progression were evaluated by neurologists
(M.S.P. and G.A.S.E) using the Expanded Disability Status Scale (EDSS) [30]. Psychomotor
performance was also assessed through the Twenty-Five-Foot Walk Test (25-FWT) and
the Nine-Hole Peg Test (9-HPT) [31]. Cognitive assessments were conducted by a trained
neuropsychologist (K.R.C.) utilizing the Brief Repeatable Neuropsychological Battery [32].
Further details on the assessment procedures are available in prior publications [27].

At the follow-up visit, lifestyle factors were evaluated through interviews covering
a range of topics, including sleep quality, reading habits, technology use, physical activ-
ity levels, household responsibilities, and participation in leisure and cultural activities.
The topics and frequency structuring were selected from the Cognitive Reserve Index
Questionnaire (CRIq) [33].

2.4. Clinical Classification Criteria

Disease progression was assessed by confirmed disability accumulation (CDA), based
on the comparison between data obtained at follow-up and baseline, and confirmation
through evaluation of medical records [34]. CDA events were considered as (a) an increase
in EDSS of >1.0 point for participants with a baseline EDSS < 5.5 or >0.5 points for those
with a baseline EDSS > 5.5, and (b) a > 20% decline in 25-FWT or 9-HPT performance
compared to previous assessments. Conversely, progression independent of relapse activity
(PIRA) was defined as disability accumulation confirmed at least three months after a
relapse-free interval in the preceding year [35]. No evidence of disease activity (NEDA-3)
was defined as the absence of relapses, CDA, and new MRI-detected lesions in the prior
year [36].

2.5. Statistical Analysis

In cross-sectional or repeated measures analyses, the variables were treated as contin-
uous, with scores on cognitive tests and scales used in their raw state. These represent a
count of points whose distributions demonstrate a tendency towards asymmetry, which
was evident for some of the variables in Shapiro-Wilk normality test. Consequently, in
order to achieve greater homogeneity in the statistical tests adopted, we elected to use those
statistics that are appropriate for asymmetric distributions.

Descriptive analyses were conducted using the Wilcoxon signed-rank test for con-
tinuous variables and the McNemar or Likelihood Ratio tests for categorical variables.
Correlations between variables were assessed using Spearman’s rank correlation coefficient.
Generalized Estimating Equation (GEE) models (binary logistic regression and gamma
distribution with log link) were employed to analyze longitudinal data, both with and
without adjustments for potential confounding factors. Cognitive tests were adjusted for
age and years of education, psychomotor speed tasks were adjusted for age, and EDSS
was not adjusted. Cross-sectional analyses were conducted to compare variables between
the different phenotypes (RRMS and PMS) at baseline or follow-up. When necessary, the
Likelihood Ratio was employed for different proportions, and the Mann—-Whitney U test
was used for continuous measurements.

Statistical analyses were conducted using SPSS version 20, with a significance thresh-
old set at p < 0.05.

3. Results
3.1. Sample Characterization

Among the thirty-two participants, nineteen (59.4%) were initially classified as RRMS
and thirteen (40.6%) as PMS. At follow-up, three participants previously classified as
RRMS showed sustained CDA and therefore were converted to SPMS. As a result, the final
classification of the sample was sixteen participants (50%) as PMS and sixteen (50%) as
RRMS, with no statistically significant changes (p = 0.250). Table 1 presents the changes in
participant characteristics.
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Table 1. Characterization of the participants.
. Follow-Up
Baseline (7 Years) p
Age (years—-median-IQR) 38 (35, 48) 44 (41, 54) <0.001 *
Years of education (median—-IQR) 11 (11, 15) 12 (11, 15) 0720t
Sex Female—n (%) 22 (69%) 16 RRMS + 6 PMS 13 R[I){Ii\/[/lg +9
Race or White—n (%) 22 (69%) 13 RRMS + 9 PMS -
ethnicity Non-white—n (%) 10 (31%) 6 RRMS + 4 PMS -
Unskilled worker—n (%) 5 (16%) 1 (3%)
Skilled worker—n (%) 2 (6%) 3 (9%)
Merchant/religious, o o
musician—n (%) 1(3%) 5 (16%)
. Micro-businessman,
¢ % % ++
Occupation self-employed— (%) 4 (13%) 4 (13%) 0.072
Businessman—n (%) 1 (3%) 0
Housewife—n (%) 2 (6%) 0
Government o o
beneficiary—n (%) 8 (25%) 14 (44%)
Unemployed—n (%) 9 (28%) 5 (16%)
e 19 (59%) RRMS 16 (50%) RRMS ++
Phenotype—n (%) 13 (41%) PMS 16 (50%) PMS 0.451
Comorbidities number +
(median—IOR) 1 (1,2) 1 (1,2 0.565
Current use of o o
high-efficacy DMT—n (%) 10 (31%) 15 (47%) 0.227
Clinical Disease duration +
(years—median—IQR) 10 (7,15) 17 (13, 21) <0.001
Diagnose duration +
(years-median-IQR) 2,7 10 (8,13) <0.001
Relapses (median-IQR) 4 (2,5) 5 (2,6) 0.001*
EDSS (median-IQR) 35 (2.5,6.5) 48 (2.5,6.5) 0.021 Tt
9HPT (median-IQR) 27.0 (21.8, 34.2) 24.2 (20.8, 42.5) <0.001 Tt
25FWT (median-IQR) 7.2 (5.3,12.1) 6.4 (4.1, 180.0) <0.001 *tt

Legend: * Wilcoxon Test; 't Likelihood Ratio; 't Generalized Equation Estimation time effect. Acronyms:
DMT—disease-modifying therapies; EDSS—Expanded Disability Status Scale; IQR: interquartile range; PMS:
progressive multiple sclerosis; RRMS: relapsing—remitting multiple sclerosis; 9HPT—Nine-Hole Peg Test;
25FWT—Twenty-Five-Foot Walk Test.

The occupational profile did not exhibit significant changes overall; at both baseline
and follow-up, the majority of pwMS receiving government assistance were of the pro-
gressive phenotype (25% at baseline: RRMS = 2, PMS = 6; 44% at follow-up: RRMS = 3,
PMS = 11). Notably, seven pwMS (RRMS = 1, PMS = 6) discontinued work and became
reliant on government financial assistance, with the progressive phenotype exhibiting the
highest frequency of this transition. Conversely, two pwMS (RRMS = 1, PMS = 1) who
initially received temporary government assistance subsequently returned to employment.

At baseline, the majority of the unemployed pwMS were classified as RRMS (n =7),
while, at follow-up, the majority were classified as PMS (1 = 3). Among the nine pwMS who
were unemployed at baseline, three initiated occupational activities (all RRMS), three began
receiving government assistance (one RRMS, one PMS, and one RRMS who converted to
PMS), and three remained unemployed (one PMS and two RRMS who converted to PMS).

3.2. Clinical, Cognitive, and Disability Changes

Over the seven-year follow-up period, eleven participants (34%) showed CDA. Consid-
ering the previous year, three participants met the PIRA criteria, while nine of the eighteen
participants met the NEDA-3 criteria.
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Although the participants with PMS had a longer mean disease duration compared
to those with RRMS (PMS: 18.5 £ 7.2 years vs. RRMS: 13.6 £ 6.2 years; p = 0.381), the
difference was not statistically significant. Conversely, the RRMS participants had a longer
time since diagnosis compared to the PMS participants (RRMS: 12.7 + 4.9 years vs. PMS:
10.4 £ 4.6 years; p = 0.094), although neither difference reached statistical significance.

Opver the seven years, the number of relapses increased significantly (baseline: 4.6 & 4.7
vs. follow-up: 5.2 & 5.1; p = 0.001). As expected, the relapse rates during follow-up
were higher in the RRMS group (0.8 + 0.9) compared to the PMS group (0.4 £ 0.8), but
this was not statistically significant (p = 0.082). At baseline, ten participants (31%) were
using high-efficacy DMTs. Of the ten patients at baseline, seven (70%) maintained high-
efficacy treatment at follow-up and three (30%) interrupted treatment. Among the fifteen
participants on high-efficacy DMTs at follow-up, eight (53%) began DMT use during the
study period. The majority of the pwMS had RRMS at both baseline (6 of 10—60%) and
follow-up (12 of 15—80%). Longitudinally, the number of comorbidities between baseline
and follow-up did not change, and there was no difference between the RRMS and PMS
groups regarding comorbidity burden.

In the initial analyses, unadjusted for potential confounding factors, significant differ-
ences were observed in the comparisons of follow-up with baseline, with improvement
in lexical access speed (WLG), while psychomotor speed for the upper and lower limbs
(9HPT and 25FWT) as well as overall disability assessed by the EDSS (Figure 1) worsened.
After adjusting for bias, when pertinent, the significant improvement in verbal episodic
memory (SRT learning and recall) and the worsening in motor speed (9HPT and 25FWT)
persisted (Figure 1).
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Figure 1. Longitudinal comparisons for cognitive test and psychomotor speed tasks. Legend: the
graphs show crude scores. (*) Generalized Equation Estimation time effect. (**) Generalized Equation
Estimation time effect adjusted for age and years of education. Acronyms: PASAT—Paced Auditory
Serial Addition Test; SDMT—Symbol Digit Modalities Test; SpRT—Spatial Recall Test; SRT—Selective
Reminding Test; WLG—Word List Generation; 9HPT—Nine-Hole Peg Test; 25FWT—Twenty-Five-
Foot Walk Test.
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Considering phenotypes, there was a significant improvement in verbal episodic
memory in the RRMS group (SRT learning 3 = 0.161, p = 0.016 and recall 3 = 0.293,
p =0.003), while, for PMS, significant worsening was observed in psychomotor speed
(9HPT B =1.180, p < 0.001 and 25FWT {3 = 1.423, p < 0.001). Longitudinal comparisons were
significant for disabilities exclusively for the PMS phenotype (EDSS 3 = 0.071, p = 0.025).

3.3. Lifestyle and Associations with Clinical, Cognitive, and Functional Disabilities

Lifestyle factors were also assessed at follow-up. A significant reduction in smoking
was observed, with the number of participants who smoked decreasing from eleven (34%)
at baseline to four (13%) at follow-up (p = 0.016). Among the individuals who continued
smoking, all reported consumption of less than one pack per week. Of those who quit
smoking, four were from the PMS and three from the RRMS groups, with three experiencing
CDA and five having a disease duration exceeding 10 years. Figure 2 illustrates the
frequency and proportion of lifestyle activities across the entire sample.

Sleep Physical Activity

Reaging

Techonology use

Hobby

Leisure

Household
6 28%
LEGEND
. Satisfactory . Fragmented . No
Initial Insomnia . Drowsness . >3x/week
. Terminal Insomnia <Bx/week

Figure 2. Lifestyle activities at follow-up: frequency and proportion.

The sleep quality was reported to be similar between the RRMS and PMS groups,
with initial insomnia being the most common sleep disturbance. A sedentary lifestyle was
more prevalent among the participants with PMS (RRMS: 5; PMS: 9; p = 0.154), as was
lower technology use (RRMS: 3; PMS: 10; p = 0.012). The PMS group also reported less
engagement in leisure activities (RRMS: 9; PMS: 12; p = 0.264), hobbies (RRMS: 6; PMS: 13;
p = 0.012), and household activities (RRMS: 0; PMS: 9; p < 0.001).

Reading habits were slightly more common among the participants with PMS, with
news (1 = 9; RRMS: 3, PMS: 6; p = 0.476) and literature books (1 = 10; RRMS: 5, PMS: 5)
being the preferred genres. Scholarly book reading (n = 3; RRMS: 1, PMS: 2) and social
media texts (n = 4; RRMS: 2, PMS: 2) were less frequently reported. There was no significant
correlation between years of education and reading frequency (r = 0.202, p = 0.269).

In the follow-up analysis, adjusted when necessary for age and years of education,
there were no significant associations between cognitive function or disability status and
sleep quality, leisure activities, or reading habits. However, better performance on the
PASAT, a measure of mental agility, was associated with the practice of physical activ-
ity (f =0.123, p = 0.021), technology use (p = 0.128, p = 0.039), and household activities
(B =0.090, p = 0.050). Better verbal memory recall (SRT—f3 = 0.405, p = 0.038), fast process-
ing speed (SDMT—f = 0.086, p = 0.015), lower psychomotor speed (9HPT—f = —0.014,
p = 0.017), and worse walking capacity (25FWT—f3 = —0.057, p = 0.003) were associated
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with the practice of household activity. Lower values of EDSS were associated with hobby
activity ( = —0.555, p = 0.022). Lower learning visuospatial memory was associated with
the practice of hobby activity (3 = —0.149, p = 0.044), but the participants engaged in hobby
activities were primarily in the RRMS group, with higher values of EDSS and a tendency
to CDA.

4. Discussion

The current longitudinal and exploratory study investigated the disease-related
changes in pwMS and their associations with lifestyle factors. The findings showed that
MS-related cognitive impairments and functional disabilities had significant and mostly
negative associations with lifestyle. The accumulation of disability in MS is a complex
multifactorial process, and recent research has enriched our understanding beyond the tra-
ditional markers of disease activity, particularly with regard to PIRA [35]. Although highly
effective DMTs have improved the suppression of classic disease activity, such as relapse
and new focal lesions on MRI, they show limited efficacy in halting the ongoing accumu-
lation of disability, especially in the progressive stages [35,37]. For instance, although the
majority of the patients in our cohort were being treated with high-efficacy DMTs, with no
significant difference in DMT use between the baseline and follow-up, we observed CDA in
one-third of the patients over the seven-year follow-up period. Additionally, three patients
experienced PIRA in the final year of observation, with worsened functional outcomes in
tests such as the SDMT, EDSS, 9HPT, and 25FWT regardless of the MS phenotype.

It is worth noting that most of the participants achieved NEDA-3 when considering
the clinical data in the previous year, which may have contributed to the improvement in
cognitive performance observed in our cohort. Whilst the improvement in the measures
of lexical access speed was better explained by age and years of education, it is known
that years of education has a protective effect [38]; the increase in verbal episodic mem-
ory occurred only for pwRRMS. This may indicate the potential for accurate treatment
to maintain cognitive performance and, consequently, the capacity to undertake daily
activities, such as physical exercise, technology use, and household activities. Similar
results were observed in prior studies, one with a follow-up of 6 years, and associated
with MRI volumetric measures, such as higher cortical volume in the regions of the left
hemispheric and subcortical regions at baseline [39,40]. In contrast, we observed worsening
in disabilities, particularly in psychomotor speed in pwPMS, as expected in the clinical
course of a progressive disease [41,42].

Despite the cognitive improvement, the burden of MS on employment capacity was
evident in our study, with over half of the patients being either unemployed or receiving
government benefits at both baseline and follow-up. The worsening disability, mostly in
terms of motor function, can more directly justify these findings. This trend is consistent
globally, where the unemployment rates range from 30% to 43% within 11 to 19 years of
disease onset [43—46], and MS diagnosis is also known to more than triple the likelihood
of the patient losing their existing job [12,47,48]. Job retention was diminished in patients
with progressive MS, consistent with previous data linking more severe MS phenotypes
and fatigue to lower employment rates [46,47,49]. Our study suggests that those patients
with RRMS were more likely to transition from unemployment to occupational activities.
Contrarily, pwPMS were more likely to be receiving government benefits, strengthening
the notion that disability accumulation in PMS is mostly an irreversible process [41,42,49].

The significant reduction in smoking observed at follow-up is a notable finding.
Although the reasons for smoking cessation were not explored in depth, it is encouraging
that this behavioral change occurred among both the RRMS and PMS participants, and
especially those with longer disease duration and clinical disability. This finding highlights
the need to reinforce lifestyle changes at any disease stage as smoking cessation is linked
to slower disease progression and a reduced risk of reaching disability milestones [50,51].
Thus, assessing lifestyle habits and their potential associations with functional outcomes
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may reveal the extent to which changes in a patient’s routine can positively influence their
functional status and vice versa [3,26,46].

Our data also suggest that those participants with PMS tended to present more seden-
tary behavior, reporting lower levels of physical activity, technology use, and engagement
in leisure or household activities. Although not all these differences reached statistical
significance, they reveal a concerning trend in individuals with greater disability accu-
mulation, who may be at risk of further decline due to inactivity [50,52,53]. Interestingly,
the participants with PMS read more than those with RRMS; this lifestyle habit plays a
fundamental role in maintaining cognitive status [54] and does not require great psychomo-
tor demands. Better cognitive performance and psychomotor speed and less disability
were associated with sleep quality, leisure activities, physical activity, technology use, and
household engagement, similar to previous studies [50,52,53]. Those participants who
engaged in hobbies prevailed in the RRMS group and had higher EDSS scores, with a
tendency toward CDA; this may explain the poorer performance in visual memory since the
presence of relapses and the accumulation of impairments led to a worse cognitive status.

The 7-year follow-up is one of the strengths of our study, which enabled us to observe
changes in both clinical and lifestyle factors over time. However, the relatively small sample
size limits the generalizability of our findings, and the absence of certain baseline lifestyle
data, such as technology use and household activity, may have hindered a more detailed
analysis of their long-term impact. Additionally, our reliance on self-reported lifestyle
measures introduces the possibility of recall bias. Furthermore, we did not collect data
on healthy control participants, which could contribute to more robust comparisons. At
the same time, associations of lifestyle data with neuroimaging acquisitions may provide
further insights into the findings of this work.

5. Conclusions

In conclusion, the current study provides additional evidence of the complex interplay
between MS progression, disability accumulation, and lifestyle factors. Changes in occupa-
tional activities and abandonment/loss of occupational activity can be justified by these
aspects. At the same time, verbal memory, psychomotor and processing speed, and mental
agility were associated with good lifestyle habits, mainly maintenance of household activi-
ties. While DMTs play a crucial role in managing disease activity, our findings highlight
the importance of maintaining physical and cognitive engagement in order to mitigate the
effects of disability and cognitive decline. Future research should explore interventions that
promote activity and participation in daily life as part of a comprehensive management
strategy for pwMS.
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