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Introduction: Multiple Sclerosis (MS) is a chronic neurological disorder,
prevalent in young adults. MS leads in disability accrual, thus affecting overall
patients’ quality of life. Moreover, the management of MS poses significant
burden on health systems worldwide. The present study delves into the impact
of different health providing settings (e.g. private office/Clinic vs. specialized MS
Center) on the effectiveness of MS management, as well as on patient-reported
outcomes related to the quality of life (Axis A). Moreover, the study addresses their
relative effectiveness in a health crisis, such as the COVID-19 pandemic (Axis B).
Methods: Data were collected based on questionnaires administered
to people with MS (pwMS). Upon the pandemic and prior to the
COVID-19 vaccines being available, all data were collected via online
questionnaires. Since March 2021, data were collected both online and
in person.

Results: Overall, 776 pwMS participated in the study and answered Axis
B questionnaire. Of those, 215 additionally answered Axis A questionnaire.
Regarding Axis A, disease management by a specialized MS Center was
associated with increased access to healthcare professionals (p<0.001) and/or
MRI examinations (p < 0.001) and was also linked to improved time-to-diagnosis
following symptom onset, compared to the disease management in a private
office/Clinic (p < 0.001). Regarding Axis B, specialized MS centers demonstrated
remarkable adaptability during the pandemic, swiftly implementing remote care
solutions to ensure continuity of care.

Discussion: These findings suggest that care delivered in specialized MS
centers is associated with improved access to healthcare services and better
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patient-reported outcomes, both under routine care conditions and during

healthcare crises.
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1 Introduction

Multiple Sclerosis (MS) is a chronic neurological demyelinating
and neurodegenerative disease of the Central Nervous System
(CNS) (1). MS can lead to a wide range of symptoms, including
physical disability, cognitive disruption, and emotional disturbance
(2). Due to its unpredictable course on a personalized level, as well
as the variability in terms of the associated functional disability, MS
bears a profound impact on a patient’s quality of life (3). Globally,
the prevalence of MS has been increasing, placing significant
demands on healthcare systems that must manage the lifelong
needs of those affected (4).

Managing MS effectively typically requires a multidisciplinary
approach that brings together neurology, rehabilitation, and
psychological care. General healthcare settings may offer basic
support, but the complexity of MS often necessitates more
specialized care (5). Over time, dedicated MS centers have been
established to address the specific challenges posed by the disease.
These specialized centers aim to provide a range of services,
from advanced diagnostic tools to continuous disease monitoring,
all geared toward which may contribute to improved patient
outcomes. (6).

Several studies have highlighted the benefits of specialized
MS centers. For example, research by Freeman et al. (7) found
that patients receiving care in specialized centers had lower
rates of relapse and hospitalization compared to those managed
in general neurology settings. Additionally, specialized centers
often engage in clinical trials and research, providing patients
with access to experimental therapies that may not be available
in general healthcare settings (8). This access to cutting-edge
treatments and therapies can significantly improve long-term
outcomes for people with MS (pwMS). Moreover, the patient-
centered approach of specialized MS centers has been associated
with higher patient satisfaction and better adherence to treatment.
A study by Wilski et al. (9) emphasized the importance of
addressing the psychological and social aspects of MS, noting that
patients who receive comprehensive care that includes mental
health support report better quality of life and lower levels of
anxiety and depression. This holistic approach is a distinguishing
feature of specialized centers and contributes to their success in
managing complex, chronic conditions like MS.

The onset of the COVID-19 pandemic also brought
unprecedented challenges to healthcare systems around the
world, particularly in the management of chronic diseases like MS
(10, 11). Routine medical care was disrupted, leading to delays in
diagnosis, treatment, and follow-up care (12). For MS patients, who
often require regular monitoring and timely adjustments to their
treatment plans, the pandemic created significant vulnerabilities.
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Access to essential services like MRI scans, physical therapy,
and consultations with specialists was limited due to social
distancing measures and the repurposing of healthcare resources
to combat the virus. We, and others, previously reported that the
psychological impact of the pandemic, which heightened stress and
anxiety for many, further complicated the management of chronic
conditions like MS (13, 14). However, specialized MS centers were
better positioned to navigate these challenges by quickly adopting
telemedicine and other remote care options to ensure that patients
continued to receive the necessary support (15). This adaptability
highlighted the essential role of specialized centers in managing
chronic diseases, particularly during times of crisis.

The present study aims to assess the effectiveness of specialized
MS centers in Greece in managing MS and improving the quality of
life for patients, with a special focus on the challenges posed by the
COVID-19 pandemic.

2 Materials and methods
2.1 Study design

This study is an initiative of the Hellenic Academy of
Neuroimmunology (HEL.A.NL)
University Department of the Aristotle University of Thessaloniki
(AUTH) in collaboration with the Laboratory of Medical Physics
and Digital Innovation. This study used a descriptive-comparative

and the 2nd Neurological

design to evaluate the effectiveness of specialized Multiple Sclerosis
(MS) centers in managing disease and enhancing the quality of life
for pwMS. The study was conducted in two axes as following: Axis
A: study of the impact of different health providing settings (e.g.
private office/clinic vs. specialized MS Center) on the effectiveness
of MS management, as well as on patient-reported outcomes related
to the quality of life and Axis B: study of the relative effectiveness
of these health providing settings under circumstances of a health
crisis, such as the COVID-19 pandemic. Both quantitative and
qualitative data were collected to create a comprehensive picture of
patient experiences and outcomes.

The study followed a convergent mixed-methods design,
in which quantitative and qualitative data were collected
during the same study period and analyzed in parallel to
provide complementary insights into the research questions.
Quantitative data derived from structured questionnaires
were used to evaluate healthcare access, disease management
characteristics, and patient-reported outcomes. Qualitative data
derived from semi-structured interviews were used to explore
in greater depth patients’ experiences with healthcare provision
settings and their perceptions of care during the COVID-19
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pandemic. The qualitative findings were interpreted alongside
the quantitative results to provide contextual understanding of
the observed associations. This mixed-methods approach allowed
the integration of patient-reported experiences with statistical
analysis of healthcare access and outcomes, providing a more
comprehensive understanding of the effectiveness of healthcare
provision settings in the management of Multiple Sclerosis.

To address Axis A, the study compared outcomes for patients
treated in specialized MS centers with those managed in general
healthcare settings. Variables such as access to care, hospitalization
rates, and quality of life were examined. Additionally, to address
Axis B, the study explored how the pandemic influenced healthcare
services and patient perceptions comparatively in specialized MS
centers and in general healthcare, also by comparing outcomes
upon pre - and post - (SARS-CoV-2) vaccination era. The study
was in accordance to the Declaration of Helsinki and received
the approval of the Bioethics Committee of the Department of
Medicine of AUTH (6.656/23-3-2021).

The study objectives were addressed through two distinct
analytical axes designed to explore different research questions.
Axis A examined associations between healthcare provision settings
(specialized MS Centers vs. private neurological practices or other
clinics) and patient-reported outcomes related to healthcare access,
diagnostic procedures, and quality of life under routine healthcare
conditions. Axis B focused on healthcare system responsiveness
during a health crisis, specifically the COVID-19 pandemic.
This axis evaluated patient-reported access to healthcare services,
access to treatments, and perceived continuity of care during the
pandemic period.

The two analytical axes addressed complementary but
independent aspects of the study objectives and were therefore
analysed separately. Axis A investigated differences in healthcare
delivery structures under routine conditions, while Axis B explored
healthcare access and service continuity during an external
system-level disruption. No hierarchical relationship between the
two analytical axes was assumed. Each analytical axis was evaluated
separately using descriptive and inferential statistical analyses. This
structure allowed the study to address both routine healthcare
delivery conditions (Axis A) and healthcare system performance
under crisis conditions (Axis B).

2.2 Participant recruitment

PwMS who were clinically followed by the Multiple Sclerosis
Center of the 2nd University Neurology Clinic at AHEPA
University General Hospital in Thessaloniki, Greece were
consecutively recruited to participate in the study. An additional
cohort of pwMS was invited to participate in the study by filling an
online questionnaire in the site of the HELANI. These participants
were invited via e-mail by the Hellenic Federation of Persons
with Multiple Sclerosis (HFoPwMS). PwMS who participated
in the study via the online form were asked to declare whether
they were followed by a specialized MS Center, a Neurologist
in a private office/other Neurological Clinic, or both. Thus, all
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participants were categorized based on their healthcare provision
setting. Participant recruitment was conducted from April 2020
to March 2023. The anti-SARS-CoV-2 vaccines were available in
Greece since February 2021, therefore, pwMS who participated
before and after this date were considered as participants upon pre
- and post - vaccination era, respectively. Sample size estimation
was calculated using population sampling methods. Based on
the estimated MS population in Greece, approximately 21,218
individuals (16), and using parameters such as a 95% confidence
level and a 5% margin of error, the required sample size was
determined to be 779 patients. This sample size was sufficient
to draw valid conclusions about the MS population in Greece.
A total of 779 people with Multiple Sclerosis participated in the
study. However, not all participants completed all questionnaire
components. Axis B included questions related to healthcare
access and healthcare system performance during the COVID-19
pandemic and was completed by 776 participants. Axis A included
additional questions related to healthcare provision settings and
detailed disease management characteristics and was completed
by a subset of 215 participants who provided complete responses
to the relevant sections of the questionnaire. Participants with
incomplete responses in specific sections were excluded only
from the corresponding axis analyses. All participants provided
informed consent, either in paper or online, and they were assured
of their right to withdraw from the study at any time without
consequence. Data confidentiality and anonymity were strictly
maintained throughout the research process. In compliance with
the European Union General Data Protection Regulation (GDPR),
all personal data were anonymized and securely stored.

Regarding eligibility criteria and handling of missing data,
participants were considered eligible for inclusion in the study
if they had a confirmed diagnosis of Multiple Sclerosis and
were aged 18 years or older at the time of participation. All
participants were required to provide informed consent prior
to participation in the study, either electronically for the online
questionnaire or in written form for the in-person data collection.
Participants were also required to complete the core sections of the
questionnaire addressing demographic characteristics, healthcare
access, and disease-related outcomes to be included in the
analyses. Participants who provided incomplete responses to
specific variables were not excluded from the study entirely.
Instead, a case-wise exclusion approach was applied for the relevant
analyses. In this approach, participants with missing data for a
specific variable were excluded only from the statistical analyses
involving that variable, while remaining included in other analyses
for which complete data were available. This strategy allowed for
the use of the maximum available dataset while minimizing the
potential bias introduced by missing responses. In addition, the
completeness of the collected questionnaires was reviewed prior
to statistical analysis to ensure that key variables required for the
primary analyses were available. Participants who did not provide
sufficient information for the main study outcomes were excluded
from the specific axis analyses (Axis A or Axis B) where appropriate.
The proportion of missing data across variables was low and did not
substantially affect the statistical analyses.
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2.3 Data collection

Data were collected in two phases: quantitative data collection
through structured questionnaires and qualitative data collection
through semi-structured interviews, the latter being applicable
only for participants who were followed by the MS Center of
the 2nd Neurological Department of AUTH and participated in
person in the study. This mixed-methods approach allowed the
study to gather both measurable outcomes and deeper insights into
patient experiences.

2.3.1 Quantitative data collection

Structured questionnaires were administered to gather key data
on healthcare access, disease progression, and quality of life. These
questionnaires were completed in person during patient visits to
the Neurology Clinic after obtaining informed consent. The data
collected covered demographics, disease characteristics, healthcare
utilization, patient satisfaction, and self-reported quality of life.
Specific tools used in this phase included:

o EuroQol 5 dimensions (EQ-5D): A standardized
instrument for assessing health-related quality of life
across five dimensions: mobility, self-care, usual activities,
pain/discomfort, and anxiety/depression (3).

e Patient determined disease steps (PDDS): A self-reported
scale measuring the level of disability in MS patients, ranging
from normal functioning to severe disability (17).

e Patient-reported outcomes (PROs):  Questionnaires
capturing patients’ perceptions of their health outcomes,
healthcare effectiveness, and overall satisfaction with
care (18).

The questionnaires also included items specific to the COVID-
19 pandemic, such as delays in care, access to remote care services,
and the psychological impact of the pandemic on MS management.

Validated patient-reported outcome instruments were used to
assess key clinical outcomes, including the EQ-5D for health-
related quality of life and the Patient Determined Disease Steps
(PDDS) scale for functional status. Additional questions related to
healthcare access, barriers to care, and service continuity during the
COVID-19 pandemic were specifically developed for the purposes
of this study to capture patient experiences within the Greek
healthcare system. These items were exploratory in nature and were
designed to complement the validated clinical instruments used in
the analysis.

2.3.2 Qualitative data collection

To complement the quantitative data, semi-structured
interviews were conducted with a subset of participants who agreed
to share more detailed insights into their healthcare experiences.
These interviews explored patient perceptions of care, challenges
faced during the pandemic, and satisfaction with specialized MS
centers vs. general healthcare settings. Interviews were recorded

with consent and later transcribed for analysis.

Frontiers in Public Health

10.3389/fpubh.2026.1801437

2.4 Data analysis

The data analysis involved both quantitative and qualitative
methods to provide a well-rounded understanding of the findings.

2.4.1 Quantitative data analysis

SPSS (IBM SPSS Statistics 27.0) and R (The R Project for
Statistical Computing 4.3.3) were used to analyze the quantitative
data, identifying trends and relationships between variables.
Descriptive statistics (means, medians, standard deviations)
summarized the data, while inferential statistics (¢-tests, chi-square
tests) were applied where appropriate. Multiple linear regression
analysis was conducted to identify variables associated with quality
of life among people with Multiple Sclerosis. Functional status
(PDDS score), fatigue (MFIS Physical score), and healthcare
utilization variables were included as explanatory variables. Quality
of life, as measured by the EQ-5D score, was used as the dependent
variable. To account for potential confounding, demographic and
disease-related characteristics were also included in the model,
including age, disease duration, and educational level. These
variables were considered important potential confounders, as
previous studies have shown that demographic characteristics
may influence patient-reported outcomes and access to healthcare
services. Multiple linear regression analysis was conducted to
examine variables associated with quality of life among people
with Multiple Sclerosis. Quality of life, as measured by the
EQ-5D score, was used as the dependent variable. Independent
variables included functional status (PDDS score), fatigue (MFIS
Physical score), healthcare provision setting (specialized MS Center
vs. private practice/other neurological clinic), and healthcare
utilization characteristics.

To account for potential confounding, demographic and
disease-related characteristics were also included in the model,
including age, disease duration, and educational level. These
variables were considered important potential confounders, as
demographic characteristics and disease severity may influence
both healthcare access and patient-reported outcomes. The
regression model therefore allowed the estimation of the
association between healthcare provision setting and quality of life
while adjusting for potential confounding variables.

The time period of questionnaire completion (pre - vs. post -
COVID-19 vaccination era) was also considered in the descriptive
comparisons in order to explore potential temporal differences in
healthcare access during the pandemic.

Regression model outputs were reported as adjusted beta
coefficients with corresponding 95% confidence intervals. Model
diagnostics were also examined to assess the robustness of the
regression results.

2.4.2 Qualitative data analysis

The qualitative data from the interviews were analyzed using
thematic analysis, focusing on recurring themes related to access to
care, the role of specialized centers, and the challenges of managing
MS during the pandemic. The findings from the qualitative analysis
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TABLE 1 Age distribution across healthcare provision settings.

Healthcare provision Median age (IQR) p-

value

setting

MS center 35.0 (30.0-45.5) <0.05

Private office/other neurological 45.5 (38.0-51.0)

clinic
Both 43.0 (37.0-52.0)
Total 39.0 (35.0-50.0)

MS, Multiple Sclerosis.

were integrated with the quantitative results to offer a holistic
understanding of the study’s outcomes.

3 Results

3.1 Participants’ descriptives

A total of 779 pwMS participated in the study. Of these
participants, 776 completed the questionnaire components related
to Axis B analyses, while 215 participants provided complete
responses to the sections relevant to Axis A analyses. Of them,
538 were women and 206 were men, with the majority having
completed the questionnaire online (85%). The average age of the
participants was 45.34 + 11.32 years (Median: 39 years). Overall,
pwMS followed by a specialized MS Center were younger (Median:
35 years) compared to those who were followed by a private
doctor/other Neurological Clinic (Median: 45.5 years) (p < 0.05,
Table 1). These differences in demographic characteristics between
healthcare provision settings were considered in the statistical
analysis in order to reduce the potential influence of confounding
factors when interpreting the study findings. Regarding the time of
completion of the questionnaire, ~70% of pwMS completed the
questionnaire after the introduction of vaccines against COVID-
19. Regarding the geographical distribution of the participants, the
majority was from Greece (~98%), with the largest number of
participants in the sample reportedly living in 1) the prefecture
of Attica with N = 258 and a percentage of 33% and 2) Central
Macedonia with N = 204 and a participation rate of 26%. Of
note, the average level of education of the participants was high, as
approximately 7 out of 10 (78%) reported a University degree. The
most frequent disease form reported was Relapsing-Relapsing MS
(N = 555, 71%) and the least frequent was Secondary Progressive
MS (N = 64, 8%). It is noted that 8% responded that they did not
know/did not answer the question regarding their disease form.
The majority (~81%) of the participants were receiving MS-specific
disease-modifying treatment at the time of their participation in the
study. The most frequently used disease-modifying treatments in
the participant population were dimethyl fumarate (N = 122, 20%),
interferon-p (N = 114, 19%) and fingolimod (N = 97, 16%) (data
not shown).

For the pwMS who were followed by the MS Center of the
2nd Neurological Department of AUTH and for whom EDSS was
available, a significant percentage of participants (48%) had EDSS
scores between 1.5 and 2, while 29% had scores >3 and 13% had
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scores >6. The mean score on the scale was 2.70. In Figure 1,
data regarding the self-reported degree of disability (PDDS) for
all pwMS are presented. More specifically: 51% of the participants
reported normal status, 9% of the participants reported mild
disability, and 8% of the participants reported moderate disability,
without limitation in walking ability. It is noted that a higher
percentage of pwMS with increased self-reported disability (PDSS
> 5) (20%) were followed in a MS Center, that is, the pwMS
who were followed by the MS Center of the 2nd Neurological
Department of AUTH, compared to those who were followed in
a private practice/other Neurological clinic (0) and to those who
stated that they were followed by both healthcare provision settings
(7%), as answered in the online form. This observation may indicate
an increased frequency of preference for follow-up by an MS Center
in stages of the disease with increased needs for the use of health
services due to the accumulation of disability and the chronicity
of symptoms. However, caution is required in interpreting these
results, as a percentage of patients with an increased degree of
disability in the context of MS may present a reduced use of digital
tools (due to difficulty using upper limbs, cognitive impairment,
etc.), which makes it difficult to participate in the study via online
completion of the questionnaire.

3.2 Axis A: effectiveness of disease
management across different healthcare
provision settings.

3.2.1 Access to healthcare
professionals/facilities/procedures

As shown in Table 2, there was a tendency for significant
difference (p = 0.05) in patients’ access to a doctor or health
professional in the last 12 months from the completion of the
questionnaire for MS-related issues, other than a neurologist,
depending on the monitoring structure (in a MS Center, in a private
practice/other Neurological Clinic or in both). More specifically,
a percentage of 70% faced obstacles in accessing the doctor or
health professional they needed for MS-related issues when they
were monitored by a private practice/other Neurological Clinic,
compared to 25% when they were monitored by an MS Center.
Barriers to access were encountered by the majority of patients
not attending exclusively an MS Center (N = 76, 77%), while
the majority of patients (N = 69 or 75%) attending MS Center
did not encounter barriers to accessing a health professional for
MS-related issues. Additionally, patients who utilized both private
and public MS Center services experienced better outcomes, with
53% reporting no barriers. The difference was more prominent
when only pwMS followed either by an MS Center or a private
practice/other Neurological Clinic were directly compared. A
notable proportion — 75% of patients in specialized MS centers—
reported no barriers in accessing healthcare professionals. This is
a stark contrast to the 30% of patients in private practice/other
Neurological Clinic who reported the same level of access. These
differences were statistically significant (p < 0.001), confirming
that specialized MS centers offer more consistent access to
critical healthcare services. The number of healthcare professionals
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A

0-NORMAL

1-MILD DISABILITY

2 - MODERATE DISABILITY
3 - GAIT DISABILITY
4-EARLY CANE

5- LATE CANE

6- BILATERALSUPPORT

7 - WHEELCHAIR/SCOOTER
8- BEDRIDDEN

N/A

PDDS score

0 50 100 150 200 250 300 350 400
Number of cases

B Multiple Sclerosis Private practice / other

Center Neurological Clinic both

20%

m0-25 m3-45 m>5

FIGURE 1

Distribution of participants based on degree of disability (self-reported outcome). Distribution of participants based on degree of disability
(self-reported outcome) in total (A) and across different healthcare provision settings (B). (A) Bars represent number of cases. X axis represents range
in number of cases. Y axis represents PDDS total scores. (B) color annotations represent PDDS score range (blue: 0-2,5; orange: 3-4,5; green: >5)
Percentages represent the relative frequency of cases per PDDS score range accross healthcare provision settings. PDDS: Patient-Determined
Disease Steps rating scale. N/A, non-available.

TABLE 2 Obstacles/barriers in (a) visiting a doctor or healthcare professional for issues related to multiple sclerosis, (b) undergoing MRI examination as requested by the treating neurologist in the
last 12 months and (c) need for hospitalization upon disease onset, across different healthcare provision settings and across two different types of comparison.

Answer MS center Private doctor/clinic Both Total p-value

N (%) N (%) N (%) N (%)

(@) Q: In the past 12 months, have you faced any obstacles/barrier in visiting a doctor or healthcare professional for
issues related to multiple sclerosis, apart from your neurologist?

0.05*; <0.001**

19 (30%)

116 (54%)

28 (47%)

Yes 23 (25%) 45 (70%) 31 (53%) 99 (46%)

64 59 215

(b) Q: In the past 12 months, did you have an MRI as many times as requested by your neurologist or the neurologists

currently treating you?

u need to be hospitalize

No 5 (5%) 13 (20%) 12 (20%) 30 (14%) 0.073*; 0.05**
Yes 87 (95%) 51 (80%) 47 (80%) 185 (86%)
Total 92 64 59 215

No 75 (82%) 34 (53%) 38 (64%) 137 (64%) <0.05*; <0.05™*
Yes 17 (18%) 30 (47%) 21 (36%) 78 (36%)
Total 92 64 59 215

Q, question; MS, Multiple Sclerosis; pwMS, people with Multiple Sclerosis; N/A, non-applicable.
*Overall comparison; ** Comparison between pwMS followed either by an MS Center or a private practice / other Neurological Clinic. Percentages denote proportion over total N per healthcare
provision setting.
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consulted was used as an indicator of healthcare utilization and
access to different types of services rather than as a direct measure
of coordinated multidisciplinary care.

Of all participants, the majority (N = 185/215, 86%) reported
full access to MRI in the last 12 months. However, it is noted
that a greater percentage (95%) of patients who were followed by
a MS Center, compared to those who were followed by a private
practice/ other Neurological Clinic (80%) and compared to those
who were followed by both (80%), reported full access to MRI in
the last 12 months (Table 2). The difference was more prominent
when only pwMS followed either by an MS Center or a private
practice/other Neurological Clinic were directly compared, with
only 5% of patients visiting an MS Center experiencing obstacles.
In contrast, 1 in 5 patients (20%) visiting a private practice/other
Neurological Clinic faced obstacles in performing the required MRI
scan(s). The data indicate that patients followed in specialized MS
centers reported fewer barriers to timely diagnostic and/or follow-
up procedures, which is crucial for managing disease evolution and
for adjusting treatment plans accordingly.

The need for hospitalization upon disease onset was also
addressed comparatively across healthcare provision settings.
Only 18% of patients treated at specialized MS centers required
hospitalization following the onset of their symptoms, compared
to 47% of those treated in private practice/other Neurological
Clinic and 36% of those reportedly followed by both (p < 0.05).
However, this observation should be interpreted with caution.
Patients followed in specialized MS centers are often referred
after the initial diagnostic evaluation has been performed in other
healthcare settings. Therefore, previous hospitalizations related
to diagnostic procedures or initial disease evaluation may have
occurred before referral to the specialized center and may not
be fully captured in the current analysis. This difference was also
evident when comparing only patients who were followed at a MS
Center, vs. patients who were followed at a private practice/other
Neurological Clinic (p < 0.05) (Table 2). We hereby emphasize
on the heterogeneity of the population monitored by a specialized
MS Center with regard to diagnostic investigation, as patients
are often referred by Neurologists in private practices or other
healthcare provision settings, at a later time and after the diagnosis
of MS. It is often observed that patients referred to the MS
Center have initially received a diagnosis of MS based on clinical
and radiological criteria, without the conduction of a lumbar
puncture (LP). LP is a procedure that requires hospitalization,
being, however, not mandatory for the diagnosis of MS. In the
frame of the present study, the full disease history regarding
the accommodation of pwMS to the MS Center by referring
Neurologists was not addressed, therefore, the analysis does not
allow further investigation of this parameter.

3.2.2 Diagnosis and disease management

The study also examined the impact of the healthcare
provision setting on the management of the disease, particularly
in terms of regular monitoring, follow-up care, and access to
treatment options.
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In the setting of regular follow-up, pwMS followed by
a specialized MS Center reportedly underwent more frequent
MRI monitoring. As shown in Table 3, a statistically significant
difference (p < 0.05) was found in the number of MRI scans
performed by patients within the last year depending on the
MS follow-up structure. It is noted that approximately half of
the patients followed in a specialized MS Center underwent at
least 2 MRI scans within the last year of follow-up (47%, N =
43/92), compared to patients followed in a private doctor/other
Neurological Clinic where the majority of patients underwent 1
or no MRI scans within the last year of follow-up (75%, N =
48/64). This observation can be interpreted as follows: pwMS
are often referred to the MS Center in need of an alteration
in the disease-modifying therapy and change of their treatment
plan, either due to non-response to previous immunomodulatory
therapies (breakthrough disease) and the need for further
treatment escalation, or due to adverse reactions to previous
immunomodulatory therapies. In both cases, these are patients
in whom the monitoring protocol requires more frequent MRI
imaging within the year, more than once. A lower average frequency
of MRI (less than once/year, which is the recommended annual
check-up frequency) for patients who were monitored by a private
practice/other Neurological Clinic, is also noted.

Considering the multidisciplinary approach advocated in
the management of MS, the present study also addressed the
average number of healthcare professionals apart from the treating
Neurologist that pwMS visited in the last 12 months, across
different healthcare provision settings. A significant finding is that
30% of patients monitored at a specialized MS Center visited
more than two doctors for issues related to their condition, while
more than 50% of those monitored by a private doctor/other
Neurological Clinic (N = 34 or 53%) did not visit other healthcare
professionals apart from the treating Neurologist for MS-related
issues (p < 0.05, Table 4). This observation may reflect differences
in healthcare organization and access to multidisciplinary services
among patients followed in MS centers and the management of
MS-related chronic symptoms, through the engagement and the
collaboration with a network of health professionals of several
specialties, in addition to the Neurologist. Of note, the present
study did not address whether the healthcare professionals, other
than the Neurologist, were contacted in the frame of an MS-
Center-coordinated network, or by the patients independently.
Although the findings should be interpreted with caution, a
possible explanation may be increased rate of referral to other
specialists by the treating Neurologist, based on increased alertness
towards holistic disease management. More outcomes designed
to address referral patterns and communication pathways among
healthcare professionals are needed in order to further investigate
this assumption.

It is noted that the time from onset of MS to diagnosis was
reportedly <30 days in 65% of patients followed by a MS Center vs.
25% of patients followed by a private practice/other Neurological
Clinic. The distribution was statistically significant in the overall
comparison described in Table 5 (p = <0.001), as well as when the
comparison concerned only patients followed by a MS Center vs.
patients followed by a private practice/other Neurological Clinic
(p = <0.001).
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TABLE 3 Frequency of MRI examination in the past 12 months across different healthcare provision settings and across two different types of comparison.

Q: How many times did you have an MRI in the past 12 months?

Nr of MRI MS center Private doctor/clinic Both Total

examinations

0 4 (4%) 8 (13%) 5 (8%) 17 (8%) <0.05*; <0.001**
1 45 (49%) 40 (63%) 29 (49%) 114 (53%)

2 31 (34%) 12 (19%) 18 (31%) 61 (28%)

>2 12 (13%) 4(6%) 7 (12%) 23 (11%)

Total 92 64 59 215

Q, question; MRI, Magnetic Resonance Imaging; MS, Multiple Sclerosis; pwMS, people with Multiple Sclerosis; N/A, non-applicable.
*Overall comparison; **Comparison between pwMS followed either by an MS Center or a private practice / other Neurological Clinic. Percentages denote proportion over total N per healthcare
provision setting.

TABLE 4 Number of healthcare professionals apart from the treating Neurologist visited in the last 12 months, across different healthcare provision settings.

Q: Apart from the neurologist or neurologists currently treating you, which and how many of the following
healthcare professionals did you visit in the past 12 months for the management of Multiple Sclerosis and its effects?

Nr of MS center Private doctor/clinic Both Total p-value
healthcare N (%) N (%) N (%) N (%)

professionals

0 35 (38%) 34 (53%) 24 (41%) 93 (43%) <0.05

1 29 (32%) 16 (25%) 19 (32%) 64 (30%)

2 13 (14%) 9 (14%) 9 (15%) 31 (14%)

>3 15 (16%) 5 (8%) 7 (12%) 27 (13%)

Total 92 64 59 215

MS, Multiple Sclerosis. Numbers denote how many healthcare professionals were visited, apart from the treating Neurologist for the management of Multiple Sclerosis. Percentages denote
proportion over total N per healthcare provision setting. Data regarding type of healthcare professionals are not shown.

TABLE 5 Time between the initial seeking of medical care and the diagnosis of Multiple Sclerosis across different healthcare provision settings.

Q: From the moment you sought medical care, how much time passed until the diagnosis of Multiple Sclerosis?

Healthcare setting <30 Days <12 Months Years (> 1) Total P
N (%) N (%) N (%) N (%)

In a private practice/clinic 16 (25%) 30 (47%) 18 (28%) 64 <0.001

In an MS center 59 (65%) 26 (28%) 7 (9%) 92

Both 15 (25%) 35 (56%) 11 (19%) 59

Zvoro 90 89 36 215

MS, Multiple Sclerosis. Percentages denote proportion over total N per healthcare provision setting.

3.2.3 Quality of life - patient-reported outcomes

The EQ-5D tool revealed that patients in specialized centers
faced fewer limitations in mobility, self-care, and daily activities,
along with lower levels of pain, discomfort, and anxiety. These
differences were statistically significant (p < 0.05), suggesting that
care in specialized MS centers is associated with better patient-
reported quality-of-life outcomes. The present study also addressed
how changes in the functional status of MS patients would impact
their quality of life. Regression coefficients were converted into
percentage changes to facilitate interpretation of the magnitude
of associations between predictors and patient-reported quality of
life outcomes. This analysis was conducted separately for patients
monitored within a specialized MS Center and for those followed
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by a private doctor or other Neurological Clinic. Specifically: for
patients monitored within a specialized MS Center: if the EQ-5D
score increases by one unit, the quality of life of patients increases
by 8.7%. Conversely, if the MFIS Physical score decreases by 1 unit,
the quality of life increases by 7.1%. For patients monitored by a
private doctor or Clinic: if the EQ-5D score increases by one unit,
the quality of life improves by 4.2%. If the MFIS Physical score
decreases by 1 unit, the quality of life improves by 3.8% (Table 6).
The reported percentages reflect the relative change in predicted
quality-of-life scores derived from the regression coefficients of
the model. Other variables used in the model influenced the
quality of life in MS patients only numerically without statistical
significance. Tools including the EQ-5D, MFIS Physical, and PDSS
can be considered important predictive factors for the quality of
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TABLE 6 Correlation between patient QoL and EQ-5D and MFIS Physical parameters for patients monitored within a specialized MS Center and in a private office / other neurological clinic.

Correlation between patient QoL and EQ-5D and MFIS Physical parameters for patients monitored within a

specialized MS Center.

QoL EQ-5D
0-5.0 5.1-8.0 8.1-11.0 11.1-14.0 14.1-18.0 P-value
18.7% 42.9% 64.4% 86.6% 100% <0.001
MEFIS physical
0-1 2-5 6-8 9-10 - P-value
7.9% 36,8% 76.7% 100% - <0.001

Correlation between patient QoL and EQ-5D and MFIS Physical parameters for patients monitored in a private

office/other neurological clinic

QoL EQ-5D
0-5.0 5.1-8.0 8.1-11.0 11.1-14.0 14.1-18.0 P-value
12.4% 34.1% 56.3% 78.2% 100% <0.001
MEFIS physical
0-9.0 9.1-18.0 18.1-27.0 27.1-36.0 - P-value
5.1% 27,7% 62.3% 100% - <0.001

QolL, quality of life; EQ-5D, EuroQol Questionnaire; MFIS, Modified Fatigue Impact Scale; MS, Multiple Sclerosis.

TABLE 7 Multivariate linear regression analysis of factors associated with quality of life
(EQ-5D).

Predictor B 95% ClI
coefficient

Age (years) —0.010 —0.021-0.001 0.072

Disease duration (years) —0.002 —0.009-0.005 0.612

Educational level 0.061 0.014-0.108 0.012

(university vs

non-university)

EDSS score —0.118 —0.166- <0.001
—0.070

MEFIS physical score —0.094 —0.121- <0.001
—0.067

Healthcare setting (MS 0.069 0.018-0.120 0.008

Center vs private clinic)

Model statistics: N = 776; R* = 0.41; Adjusted R? = 0.39.

life in pwMS. Quality of life reduction was strongly correlated with
patient-reported outcomes (EQ-5D and MFIS Physical), whereas
correlations with clinical parameters were weak (Tables 7, 8).

3.3 Impact of health crisis across different
healthcare provision settings

The COVID-19 pandemic introduced significant challenges
to healthcare delivery, particularly for patients with chronic
conditions like MS. This study explored how specialized MS centers
adapted to these challenges and the impact of the pandemic on
patient care and outcomes.
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TABLE 8 Correlation between Quality of Life and Multiple Sclerosis clinical parameters /
patient-reported outcomes.

Parameter ro P
EQ-5D 0.824 <0.001
MEFIS physical 0.802 <0.001
EDSS 0.625 <0.001
MEFIS total 0.374 <0.001
Age 0.021 0.640
Year of diagnosis 0.004 0.823

EuroQol Questionnaire; MFIS, Modified Fatigue Impact Scale; EDSS, Expanded Disability
Status Scale; r5: (0-0.11 weak correlation, 0.12-0.22 moderate correlation, 0.23-1
strong correlation).

3.3.1 Adaptation of healthcare services

Participants followed in specialized MS centers reported
fewer difficulties accessing healthcare services, suggesting greater
adaptability of these structures during the pandemic during
the pandemic, swiftly implementing remote care solutions to
ensure continuity of care. According to the COVID-19 Impact
Questionnaire, 75% of patients in specialized centers reported no
difficulty to access a doctor/other healthcare professional related to
Multiple Sclerosis due to the pandemic, compared to only 5% of
patients in private practices (p < 0.001) (Table 9). Additionally, 76%
of patients in specialized centers stated that they received adequate
care despite the crisis, whereas only 49% of patients in private
practices reported feeling adequately supported (p < 0.05) (data
not shown). This indicates that specialized MS centers were more
proactive in adopting alternative care models to meet patient needs
during the crisis.

The distribution of responses was also studied with regard to
the pandemic period upon which they were provided, and more
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TABLE 9 Barriers to access the health system (visit to a doctor or health professional for issues related to Multiple Sclerosis) during the pandemic across different healthcare provision settings and

during the pandemic by period (pre- and post- vaccination era).

Q: Due to the novel coronavirus, have you recently faced obstacles in visiting a doctor or healthcare professional for
issues related to Multiple Sclerosis?

Answer MS center, N (%)

Private doctor/clinic, N (%) Total

88 (25%)

396 (93%)

484 (62%)

No

260 (75%)

22 (5%)

282 (36%)

N/A

0 (0%)

10 (2%)

10 (2%)

348 (45%)

Pre- vaccination era

428 (55%)

Post- vaccination era

108 (26%) 46 (13%) 154 (20%)
No 277 (67%) 307 (85%) 584 (75%)
N/A 28 (7%) 10 (3%) 38 (5%)
Total 413 (53%) 363 (47%) 776

MS, Multiple Sclerosis; N, number; N/A, non-available. Percentages denote proportion over total N per healthcare provision setting and per period (pre - and post - vaccination era).

specifically upon pre- and post-vaccination against SARS-CoV-2
era. A statistically significant difference (p < 0.001) was observed
in access to a doctor or health professional for MS-related issues
depending on the period, with the period before vaccination being
associated with a significantly higher frequency of difficulty in
access, compared to the post-vaccination era 26 (108/413) vs. 13%
(46/363), respectively (Table 9). These differences may partly reflect
temporal changes in healthcare system functioning during the
course of the pandemic, rather than differences attributable solely
to healthcare provision settings. Moreover, a significant proportion
of patients (47%, N = 363) experienced difficulty accessing disease-
modifying treatment for MS due to the pandemic (data not shown).
It is noted that the majority of patients (58%, N = 247/428) who
experienced difficulty accessing disease-modifying treatment for
MS were patients who were monitored outside the MS Center.
In contrast, 93% (N = 324/348) of patients followed by an MS
Center reported no difficulty in accessing medication for MS and
its effects (Table 10a). Regarding access to medication during the
pandemic period, no differentiation was observed regarding the
timing of the pandemic, specifically before and after the COVID-19
vaccination phase (data not shown). Overall, regarding the ability
of patients to perform the necessary tests required for MS-related
issues, it appears that a large percentage overall (75%, N = 581/776)
had access, despite the pandemic. Only 20% (N = 156/776) stated
that they faced difficulty accessing tests. It is important to mention
that of the patients who were followed by a private practice/ other
Neurological Clinic, the majority reported that they faced some
obstacle in carrying out their necessary tests due to the pandemic,
(50%, N = 213/428). Conversely, 91% (N = 318/248) of the patients
who were being followed up at an MS Center stated that they
did not face any difficulty in accessing necessary tests (Table 10b).
The analysis was also performed based on the period of the
pandemic, before and after the start of vaccinations. A statistically
significant difference (p < 0.001) was observed in access to tests
for the disease depending on the period of the pandemic, with the
frequency of difficulty accessing tests being significantly higher in
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the pre-vaccination era (27%), compared to the post-vaccination
era (12%) (data not shown).

3.3.2 Correlation between care and outcomes
across different healthcare provision settings

In order to quantify the relationship between the type of care
received and patient outcomes, a multiple linear regression model
was developed. The regression model included demographic and
disease-related characteristics to account for potential confounding
when evaluating the association between healthcare provision
setting and patient-reported outcomes. The analysis revealed that
the type of healthcare structure (specialized center vs. general
setting), along with patient demographics (age, education level)
and frequency of follow-ups, were significant predictors of patient
outcomes, including quality of life and disease progression (p
< 0.05). Spearman correlation analysis demonstrated strong
associations between QoL and EQ-5D, MFIS Physical, and EDSS
scores, whereas demographic variables such as age and year
of diagnosis showed weak and non-significant correlations with
QoL. Specifically, being followed in a specialized MS Center
was associated with a 12.5% increase in quality of life (EQ-5D)
scores compared to those followed in general healthcare settings.
Additionally, patients with more frequent follow-ups (>2 times
per year) showed a 9.3% improvement in their quality of life
scores compared to those with fewer follow-ups. Higher education
levels were also a significant predictor, with university graduates
reporting an 8.1% increase in their quality of life scores compared
to those with lower education levels. Conversely, the presence of
comorbidities was associated with a 14.7% reduction in quality of
life (p < 0.05).

Patients followed in specialized MS centers and reporting more
frequent follow-ups tended to report better outcomes across the
measured indicators. Additionally, younger patients and those with
higher levels of education tended to report a better quality of

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1801437
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Grigoriadou et al. 10.3389/fpubh.2026.1801437

TABLE 10 Barriers to access to (a) DMTs for MS and concomitant treatments and (b) laboratory tests (other than MRI) for MS due to the pandemic, across different healthcare provision settings.

MS center Private doctor/clinic Total
N (%) N (%) N

(@) Q: Due to the novel coronavirus, have you recently faced obstacles in accessing medications for Multiple
Sclerosis and its effects?

Answer p-value

23 (7%) 247 (58%) 270 (35%)

324 (93%) 172 (40%) 496 (64%)

1(0%) 9 (2%) 10 (1%)

348 428 776

(b) Q: Due to the new coronavirus, have you recently faced obstacles in getting laboratory tests (other than MRI) for
Multiple Sclerosis?

Yes 27 (3%) 213 (50%) 240 (31%) <0.001
No 318 (91%) 179 (42%) 497 (64%)

N/A 3 (1%) 36 (8%) 39 (5%)

Total 348 428 776

DMTs, disease-modifying treatments; MS, Multiple Sclerosis; MRI, magnetic resonance imaging; N/A, non-available. Percentages denote proportion over total N per healthcare provision setting.

life, suggesting that demographic factors influence how patients
experience their care. Specifically, patients monitored at specialized
MS centers reported an average EQ-5D score of 0.78, compared
to 0.64 for those followed in general healthcare settings (p <
0.05). Patients with higher education levels (university degree
or higher) had an 8.1% increase in their quality of life scores
compared to those with lower education levels (p < 0.05).
Conversely, the presence of other chronic conditions was negatively
correlated with quality of life, with patients reporting a 14.7%
reduction in their EQ-5D scores when comorbidities were present
(p < 0.05).

The complete regression results, including adjusted effect sizes
(B coeflicients) and corresponding 95% confidence intervals, are
presented in Table 7.

Overall, these findings underscore the importance of
specialized care structures in maintaining patient wellbeing
during healthcare crises. Specialized MS centers’ ability to adapt
quickly to changing circumstances and continue providing
essential services helped mitigate the negative impact of the
pandemic on MS patients.

4 Discussion

The present study sheds light on the role that specialized
Multiple Sclerosis (MS) centers may play in the management of
chronic diseases such as MS, particularly during healthcare crises
like the COVID-19 pandemic. The findings indicate that patients
who receive care at specialized MS centers reported better access to
healthcare services and higher quality-of-life scores compared with
those treated in general healthcare settings. Qualitative findings
provided contextual interpretation of the quantitative results,
offering additional insight into patient experiences regarding access
to care and continuity of healthcare services during the pandemic.
Furthermore, the study highlights the adaptability of specialized
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MS centers in times of crisis. By swiftly implementing remote
care solutions, these centers ensured continuity of care during
the pandemic, a crucial factor in maintaining patient health and
wellbeing. The results of this study underscore the importance
of specialized care structures in managing chronic diseases and
suggest that healthcare systems should prioritize the development
and support of such Centers.

One of the most significant findings of this study is the
effectiveness of specialized MS centers in providing comprehensive
care for MS patients. Those treated in these centers consistently
reported better access to necessary healthcare services, including
access to healthcare professionals, MRI scans, other laboratory
investigations, DMTs and other treatments and consultations with
other medical specialists. Although patients followed in specialized
MS centers reported contact with a greater number of healthcare
professionals, this measure reflects healthcare utilization rather
than the formal structure or coordination of multidisciplinary
teams. Therefore, the results should not be interpreted as direct
evidence of coordinated multidisciplinary care but rather as an
indication of broader access to different types of healthcare services
within specialized care settings. This aligns with existing research,
which indicates that specialized centers are better equipped to
offer tailored care that meets the unique needs of patients
with chronic conditions like MS. The multidisciplinary approach
employed by MS Centers—integrating neurology, rehabilitation,
and psychological support—proved essential for managing the
complex and unpredictable nature of MS (5). Specialized care
seems to enable earlier interventions, more accurate diagnoses,
and more consistent monitoring of disease progression (19-
21). In our study, although not specifically addressed, these
factors likely contributed to the lower hospitalization rates and
better disease management observed among patients treated at
specialized MS centers. Moreover, the higher levels of patient
satisfaction reported by those receiving care at specialized
centers is a crucial indicator of the success of healthcare
interventions. Research has shown that patient satisfaction is
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linked to better adherence to treatment plans and improved
health outcomes, further reinforcing the value of specialized
care (22).

The COVID-19 pandemic posed unprecedented challenges to
healthcare systems worldwide, particularly in managing chronic
diseases, such as MS (23). The study results highlight that patients
faced barriers to accessing care during the pandemic, including
delays in receiving routine services and reduced in-person visits,
and heightened psychological distress due to uncertainty about
their health. These findings are consistent with global reports
highlighting the negative impact of the pandemic on chronic
disease management (23). However, the study also revealed that
specialized MS centers are better positioned to adapt to these
challenges. Their rapid adoption of telemedicine and other remote
care options allow patients to continue receiving essential services
without compromising their safety. This adaptability underscores
the resilience of specialized care structures in times of crisis and
suggests that healthcare systems should invest in infrastructure
that supports remote care options during future emergencies (24).
The effectiveness of telemedicine in maintaining continuity of care
during the pandemic aligns with previous research demonstrating
that remote care options can effectively replace in-person visits
for routine MS care (25). Patients express high satisfaction with
remote care options services, citing the convenience and reduced
need for travel as significant benefits (25, 26). These findings
suggest that telemedicine and other remote care options should
be integrated into routine MS care, even beyond the context of a
health crisis. It should also be noted that improvements observed
during the post-vaccination period may partly reflect the gradual
normalization of healthcare system functioning as the pandemic
evolved. Therefore, these differences should not be interpreted as
evidence of structural superiority of specific healthcare settings but
rather as part of broader temporal changes in healthcare delivery
during the pandemic.

The findings of this study have important implications for
healthcare policy, particularly in the management of chronic
diseases, such as MS. The superior outcomes observed in
specialized MS centers suggest that healthcare systems should
prioritize the development and maintenance of such centers
to provide optimal care for chronic disease patients (27, 28).
Policymakers should consider allocating resources to expand access
to specialized care, particularly in regions where such services are
limited. Additionally, the study highlights the need for healthcare
systems to be flexible and adaptable during crises (29). The
success of telemedicine in maintaining continuity of care during
the COVID-19 pandemic suggests that healthcare policies should
support the integration of telemedicine into routine care for
chronic disease patients (30). This could involve investments in
telemedicine and other remote care infrastructure, training for
healthcare professionals, and ensuring that patients have access to
the technology needed for remote care. The study also underscores
the importance of patient-centered care in healthcare policy
(31). Patients’ perceptions of the care they receive are critical
for evaluating the effectiveness of healthcare interventions, and
their feedback should be incorporated into healthcare planning
and policy development (32). Ensuring that healthcare services
meet the needs of patients, particularly during crises, can
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lead to better health outcomes and higher levels of patient
satisfaction (5).

While this study provides valuable insights into the role of
specialized MS centers and the impact of healthcare crises on
chronic disease management, further research is needed to build
on these findings. One important area for future research is
the long-term impact of continuous care in specialized centers.
Longitudinal studies that track patients over extended periods
could provide a more comprehensive understanding of how
specialized care influences disease progression, quality of life, and
healthcare costs over time. Another area for future research is the
cost-effectiveness of specialized MS centers. While these centers
provide comprehensive care that improves patient outcomes,
they also require significant investment in infrastructure, staffing,
and technology (33). Comparative studies examining the cost-
effectiveness of specialized centers vs. general healthcare settings
could provide valuable insights for healthcare policymakers in
deciding where to allocate resources most efficiently.

While the methodology employed in this study was designed
to be robust, certain limitations must be acknowledged. Given
the cross-sectional observational design of the study, the
findings should be interpreted as associations rather than causal
relationships. Furthermore, demographic differences between
groups, particularly with regard to age and educational level,
may have influenced some of the observed associations. Younger
individuals and those with higher educational attainment may
have greater access to healthcare resources and may report
different perceptions of health-related quality of life (34). Although
demographic characteristics were considered in the statistical
analyses, the possibility of residual confounding cannot be
completely excluded. Additionally, geographic accessibility to
specialized MS centers may vary across regions, and individuals
living in rural areas may face greater barriers in accessing
specialized care. In addition, differences in baseline demographic
characteristics and disease severity between healthcare provision
settings may influence the observed associations. Younger patients
and individuals with higher educational attainment may have
different healthcare access patterns and may report different
perceptions of health-related quality of life. Of note, education is
a key social determinant of health, shown to affect MS outcomes
and aspects of MS-related quality of life (35). Patients followed
in specialized MS centers may also represent a heterogeneous
population, including individuals referred for more complex
disease management or treatment adjustments. These factors
should be considered when interpreting the relationship between
healthcare setting and patient-reported outcomes. The study
was conducted in Northern Greece and it should also be noted
that the findings of this study should be interpreted within
the context of the Greek healthcare system. The organization
of healthcare services, referral pathways, and reimbursement
mechanisms may differ substantially across countries. Therefore,
the observed patterns of healthcare access and utilization among
people with Multiple Sclerosis may reflect characteristics specific
to the Greek healthcare system. Consequently, caution should be
exercised when generalizing these findings to other healthcare
systems with different organizational structures or healthcare
financing models. In addition, a large proportion of responses
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were collected through online questionnaires, and the study
population included a relatively high proportion of participants
with university-level education. This may introduce potential
selection bias, as individuals with higher educational attainment
or greater digital access may have been more likely to participate
in the study. Furthermore, individuals with more severe disability
or limited digital literacy may have been underrepresented in the
online responses. Although efforts were made to provide both
online and in-person participation options, the possibility of
selection bias cannot be totally excluded. Therefore, the observed
associations should be interpreted with caution when attributing
differences solely to structural characteristics of healthcare
provision. The reliance on self-reported data may introduce recall
bias, particularly in the qualitative interviews. Although efforts
were made to cross-reference patient records, the self-reported
nature of the data remains a potential limitation. Additionally,
the interpretation of hospitalization rates should be approached
with caution. Patients referred to specialized MS centers may
have undergone diagnostic procedures or hospitalizations in other
healthcare settings prior to referral. As a result, hospitalization
rates observed in this study may not fully reflect the quality of
care within a specific healthcare setting but may instead reflect
referral patterns and differences in patient pathways within the
healthcare system.

In addition, several variables in the study relied on patient-
reported information regarding healthcare access and perceived
barriers to care. Although validated instruments were used to
measure quality of life (EQ-5D) and disability status (PDDS), the
questions related to healthcare access were study-specific items
developed to capture patient experiences during the COVID-19
pandemic. As a result, these responses may be subject to recall
bias or perception bias. Furthermore, the online completion of a
large proportion of questionnaires may influence response patterns.
These measurement limitations should therefore be considered
when interpreting the results.

This research is significant for several reasons. First, MS
is an increasingly prevalent condition that demands substantial
healthcare resources. As the number of MS patients continues to
rise (4), understanding the most effective care models becomes
crucial for optimizing resource allocation and improving patient
outcomes. Second, the COVID-19 pandemic has underscored
the importance of resilient healthcare systems that can adapt
to emergencies without compromising the care of vulnerable
populations. By examining how specialized MS centers responded
to the pandemic, this study provides important lessons for
enhancing healthcare delivery during future crises. Additionally,
the study emphasizes the importance of patient-centered care. MS
has a profound impact on patients’ lives, and their perceptions
of the care they receive are critical for evaluating healthcare
interventions (36, 37). This research highlights the value of
incorporating patient feedback into healthcare policy and service
development (32) to ensure that care models truly meet the needs
of those they are designed to serve. By providing real-time data
analysis of MS patient outcomes in Greece, the analysis fills a
critical gap in the literature. It offers valuable insights for healthcare
policymakers by examining how specialized centers adapted to the
pandemic, ultimately informing strategies for managing chronic
diseases during future crises.
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To conclude, the study highlights a significant association
between care in specialized MS centers and improved access to
healthcare services and patient-reported outcomes, particularly
during health crises such as the COVID-19 pandemic, by offering
a comprehensive, multidisciplinary approach that addresses the
multifaceted needs of MS patients. It highlights the necessity
for adaptable healthcare systems to implement patient-centered
strategies into chronic disease management to ensure continuity
of care. Policymakers are encouraged to invest in remote care
infrastructure and other remote care options for specialized centers,
and to prioritize patient feedback in healthcare policy development.
Further research is needed to explore the long-term impacts,
cost-effectiveness, and best practices for remote care solutions in
diverse contexts.

Although the findings highlight potential advantages of
specialized care settings in the management of Multiple Sclerosis,
the results should be interpreted cautiously when considering
policy implications. The present study is observational and
cross-sectional and does not include economic evaluations or
cost-effectiveness analyses. Therefore, the policy implications
discussed should be considered as hypotheses supported by
associative evidence rather than definitive recommendations.
Future research incorporating economic analyses and long-term
outcome assessments would be required to inform healthcare policy
decisions more robustly.

Data availability statement

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Ethics statement

The studies involving humans were approved by Bioethics’
Committee of the Department of Medicine of AUTH (6.656/23-
3-2021). The studies were conducted in accordance with the
local legislation and institutional requirement. The participants
provided their written and/or online (e-consent) informed consent
to participate in this study.

Author contributions

EG: Data curation, Formal analysis, Investigation,
Methodology, Writing - original draft, Writing - review &
editing. EP: Data curation, Formal analysis, Methodology,
Writing - review & editing. CB: Data curation, Formal analysis,
Methodology, Writing - review & editing. CM: Formal analysis,
Writing - review & editing. EK: Formal analysis, Writing - review
& editing. TT: Data curation, Writing — review & editing. EN:
Data curation, Writing - review & editing. NK: Data curation,
Writing - review & editing. CS: Data curation, Writing — review
& editing. AV: Data curation, Writing — review & editing. GP:

Writing - review & editing. PB: Writing - review & editing. MB:

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1801437
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Grigoriadou et al.

Conceptualization, Supervision, Writing - review & editing. NG:
Conceptualization, Supervision, Writing - review & editing.

Funding

The author(s) declared that financial support was not received
for this work and/or its publication.

Conflict of interest

MB reports a relationship with Hellenic Foundation for
Research and Innovation that includes: funding grants. MB
reports a relationship with Biogen that includes: funding grants.
MB reports a relationship with Novartis that includes: travel
reimbursement. MB reports a relationship with Teva that includes:
speaking and lecture fees. MB reports a relationship with Genesis
that includes: speaking and lecture fees and travel reimbursement.
CB reports a relationship with Novartis that includes: speaking
and lecture fees and travel. NG reports a relationship with Biogen
that includes: funding grants, speaking and lecture fees and
travel reimbursement. NG reports a relationship with Novartis
that includes: funding grants, speaking and lecture fees and
travel reimbursement. NG reports a relationship with Merck that
includes: funding grants, speaking and lecture fees and travel
reimbursement. NG reports a relationship with TEVA that includes:
speaking and lecture fees and travel reimbursement. NG reports a

References

1. Liu R, Du S, Zhao L, Jain S, Sahay K, Rizvanov A, et al. Autoreactive lymphocytes
in multiple sclerosis: pathogenesis and treatment target. Front Immunol. (2022)
13:996469. doi: 10.3389/fimmu.2022.996469

2. Ford H. Clinical presentation and diagnosis of multiple sclerosis. Clin Med. (2020)
20:380-3. doi: 10.7861/clinmed.2020-0292

3. Beckmann H, Heesen C, Augustin M, Blome C. The 27-item multiple sclerosis
quality of life questionnaire: a new brief measure including treatment burden and work
life. Int ] MS Care. (2022) 24:147-53. doi: 10.7224/1537-2073.2020-088

4. Walton C, King R, Rechtman L, Kaye W, Leray E, Marrie RA, et al. Rising prevalence
of multiple sclerosis worldwide: insights from the atlas of MS, third edition. Multiple
sclerosis. (2020) 26:1816-21. doi: 10.1177/1352458520970841

5. Soelberg Sorensen P, Giovannoni G, Montalban X, Thalheim C, Zaratin P,
Comi G. The Multiple Sclerosis care unit. Multiple sclerosis. (2019) 25:627-36.
doi: 10.1177/1352458518807082

6. Mattarozzi K, Baldin E, Zenesini C, Solari A, Amato MP, Leone M, et al. Effect of
organizational features on patient satisfaction with care in Italian multiple sclerosis
centres. Eur ] Neurol. (2017) 24:631-7. doi: 10.1111/ene.13263

7. Freeman J, Hendrie W, Jarrett L, Hawton A, Barton A, Dennett R, et al.
Assessment of a home-based standing frame programme in people with
progressive multiple sclerosis (SUMS): a pragmatic, multi-centre, randomised,
controlled trial and cost-effectiveness analysis. Lancet Neurol. (2019) 18:736-47.
doi: 10.1016/51474-4422(19)30190-5

8. Kamm CP, Barin L, Gobbi C, Pot C, Calabrese P, Salmen A, et al. Factors
influencing patient satisfaction with the first diagnostic consultation in multiple
sclerosis: a swiss multiple sclerosis registry (SMSR) study. J Neurol. (2020) 267:153-61.
doi: 10.1007/s00415-019-09563-y

9. Wilski M, Brola W, Luniewska M, Tomczak M. The perceived impact of multiple
sclerosis and self-management: the mediating role of coping strategies. PLoS ONE.
(2021) 16:€0248135. doi: 10.1371/journal.pone.0248135

Frontiers in Public Health

10.3389/fpubh.2026.1801437

relationship with ROCHE that includes: funding grants, speaking
and lecture fees and travel reimbursement.

The remaining author(s) declared that this work was conducted
in the absence of any commercial or financial relationships that
could be construed as a potential conflict of interest.

Generative Al statement

The author(s) declared that generative AI was not used in the
creation of this manuscript.

Any alternative text (alt text) provided alongside figures
in this article has been generated by Frontiers with the
support of artificial intelligence and reasonable efforts have
been made to ensure accuracy, including review by the
authors wherever possible. If you identify any issues, please
contact us.

Publisher’s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated
organizations, or those of the publisher, the editors and the
reviewers. Any product that may be evaluated in this article, or
claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

10. Barzegar M, Mirmosayyeb O, Gajarzadeh M, Afshari-Safavi A, Nehzat N, Vaheb
S, et al. COVID-19 among patients with multiple sclerosis: a systematic review.
Neurol Neuroimmunol Neuroinflamm. (2021) 8:e1001. doi: 10.1212/NXI.00000000000
01001

11. Boziki MK, Mentis AA, Shumilina M, Makshakov G, Evdoshenko E, Grigoriadis N.
COVID-19 Immunopathology and the central nervous system: implication for multiple
sclerosis and other autoimmune diseases with associated demyelination. Brain sciences.
(2020) 10:345 doi: 10.3390/brainscil 0060345

12. Korsukewitz C, Reddel SW, Bar-Or A, Wiendl H. Neurological immunotherapy in
the era of COVID-19 - looking for consensus in the literature. Nat Rev Neurol. (2020)
16:493-505. doi: 10.1038/s41582-020-0385-8

13. Boziki M, Styliadis C, Bakirtzis C, Grigoriadou E, Sintila AS, Nikolaidis I.
et al. A national representative, cross-sectional study by the hellenic academy
of neuroimmunology (HELANI) on COVID-19 and multiple sclerosis: overall
impact and willingness toward vaccination. Front. Neurol. (2021) 12:757038.
doi: 10.3389/fneur.2021.757038

14. Vacaras V, Nistor C, Schiopu AM, Vacaras C, Marin GE, Muresanu DF. The
psychological impact of the COVID-19 pandemic on people with multiple sclerosis.
Mult Scler Relat Disord. (2023) 76:104825. doi: 10.1016/j.msard.2023.104825

15. Keszler P, Maloni H, Miles Z, Jin S, Wallin M. Telemedicine and Multiple Sclerosis:
a survey of health care providers before and during the COVID-19 pandemic. Int ] MS
Care. (2022) 24:266-70. doi: 10.7224/1537-2073.2021-103

16. Bakirtzis C, Grigoriadou E, Boziki MK, Kesidou E, Siafis S, Moysiadis T, et al. The
administrative prevalence of multiple sclerosis in greece on the basis of a nationwide

prescription database. Front Neurol. (2020) 11:1012. doi: 10.3389/fneur.2020.
01012

17. Learmonth YC, Motl RW, Sandroff BM, Pula JH, Cadavid D. Validation of patient
determined disease steps (PDDS) scale scores in persons with multiple sclerosis. BMC
Neurol. (2013) 13:37. doi: 10.1186/1471-2377-13-37

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1801437
https://doi.org/10.3389/fimmu.2022.996469
https://doi.org/10.7861/clinmed.2020-0292
https://doi.org/10.7224/1537-2073.2020-088
https://doi.org/10.1177/1352458520970841
https://doi.org/10.1177/1352458518807082
https://doi.org/10.1111/ene.13263
https://doi.org/10.1016/S1474-4422(19)30190-5
https://doi.org/10.1007/s00415-019-09563-y
https://doi.org/10.1371/journal.pone.0248135
https://doi.org/10.1212/NXI.0000000000001001
https://doi.org/10.3390/brainsci10060345
https://doi.org/10.1038/s41582-020-0385-8
https://doi.org/10.3389/fneur.2021.757038
https://doi.org/10.1016/j.msard.2023.104825
https://doi.org/10.7224/1537-2073.2021-103
https://doi.org/10.3389/fneur.2020.01012
https://doi.org/10.1186/1471-2377-13-37
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

Grigoriadou et al.

18. Bharadia T, Vandercappellen ], Chitnis T, Eelen P, Bauer B, Brichetto G, et al.
Patient-reported outcome measures in MS: do development processes and patient
involvement support valid quantification of clinically important variables? Mult
Scler ] Exp Transl Clin. (2022) 8:20552173221105642. doi: 10.1177/205521732211
05642

19. Solomon AJ, Weinshenker BG. Misdiagnosis of multiple sclerosis: frequency,
causes, effects, and prevention. Curr Neurol Neurosci Rep. (2013) 13:403.
doi: 10.1007/s11910-013-0403-y

20. Solomon AJ, Klein EP, Bourdette D. “Undiagnosing” multiple sclerosis:
the challenge of misdiagnosis in MS. Neurology. (2012) 78:1986-91.
doi: 10.1212/WNL.0b013e318259e1b2

21. Brownlee WJ, Ciccarelli O. All relapsing multiple sclerosis patients should
be managed at a specialist clinic - YES. Multiple sclerosis. (2016) 22:873-5.
doi: 10.1177/1352458516636474

22. Hoffmann O, Paul F, Haase R, Kern R, Ziemssen T. Preferences, adherence, and
satisfaction: three years of treatment experiences of people with multiple sclerosis.
Patient Prefer Adherence. (2024) 18:455-66. doi: 10.2147/PPA.S452849

23. Portaccio E, Fonderico M, Hemmer B, Derfuss T, Stankoff B, Selmaj K, et al. Impact
of COVID-19 on multiple sclerosis care and management: results from the european
committee for treatment and research in Multiple Sclerosis survey. Multiple sclerosis.
(2022) 28:132-8. doi: 10.1177/13524585211005339

24. Emami SG, Lorenzoni V, Turchetti G. Towards resilient healthcare systems: a
framework for crisis management. Int | Environ Res Public Health. (2024) 29:21.
doi: 10.3390/ijerph21030286

25. Li V, Roos I, Monif M, Malpas C, Roberts S, Marriott M, et al. Impact of
telehealth on health care in a multiple sclerosis outpatient clinic during the COVID-
19 pandemic. Mult Scler Relat Disord. (2022) 63:103913. doi: 10.1016/j.msard.2022.
103913

26. Pogorzelska K, Chlabicz S. Patient Satisfaction with Telemedicine during the
COVID-19 pandemic-a systematic review. Int ] Environ Res Public Health. (2022)
19:6113. doi: 10.3390/ijerph19106113

27. Bierman AS, Wang J, O’Malley PG, Moss DK. Transforming care for people
with multiple chronic conditions: agency for healthcare research and quality’s
research agenda. Health Serv Res. (2021) 56:973-9. doi: 10.1111/1475-6773.
13863

Frontiers in Public Health

15

10.3389/fpubh.2026.1801437

28. Clarke JL, Bourn S, Skoufalos A, Beck EH, Castillo DJ. An innovative approach to
health care delivery for patients with chronic conditions. Popul Health Manag. (2017)
20:23-30. doi: 10.1089/pop.2016.0076

29. Carter J, Burke H. An adaptive healthcare organization can effectively respond to
medical crises. Int ] Public Health. (2023) 68:1605581. doi: 10.3389/ijph.2023.1605581

30. Ma Y, Zhao C, Zhao Y, Lu J, Jiang H, Cao Y, et al. Telemedicine application in
patients with chronic disease: a systematic review and meta-analysis. BMC Med Inform
Decis Mak. (2022) 22:105. doi: 10.1186/s12911-022-01845-2

31. Rieckmann P, Boyko A, Centonze D, Elovaara I, Giovannoni G, Havrdova E, et al.
Achieving patient engagement in multiple sclerosis: a perspective from the multiple
sclerosis in the 21st Century Steering Group. Mult Scler Relat Disord. (2015) 4:202-18.
doi: 10.1016/j.msard.2015.02.005

32. Oreja-Guevara C, Potra S, Bauer B, Centonze D, Giambastiani MP, Giovannoni
G, et al. Joint healthcare professional and patient development of communication
tools to improve the standard of MS care. Adv Ther. (2019) 36:3238-52.
doi: 10.1007/s12325-019-01071-9

33. Turner-Stokes L, Harding R, Yu P, Dzingina M, Gao W. Cost-efficiency of specialist
inpatient rehabilitation for adults with multiple sclerosis: a multicentre prospective
cohort analysis of the UK Rehabilitation Outcomes Collaborative national clinical
dataset for rehabilitation centres in England. Mult Scler ] Exp Transl Clin. (2020)
6:2055217320912789. doi: 10.1177/2055217320912789

34. Zajacova A, Lawrence EM. The relationship between education and health:
reducing disparities through a contextual approach. Annu Rev Public Health. (2018)
39:273-89. doi: 10.1146/annurev-publhealth-031816-044628

35. Aboseif A, Abbatemarco JR, McGinley MP, O’Mahony ], Conway DS, Kantarci
OH, et al. Navigating challenges and embracing opportunities toward achieving
equitable multiple sclerosis care. Mult Scler Relat Disord. (2025) 101:106579.
doi: 10.1016/j.msard.2025.106579

36. Buchanan RJ, Kaufman M, Zhu L, James W. Patient perceptions of multiple
sclerosis-related care: comparisons by practice specialty of principal care physician.
NeuroRehab. (2008) 23:267-72. doi: 10.3233/NRE-2008-23309

37. Wilski M, Kocur P, Gorny M, Koper M, Nadolska A, Chmielewski B, et al.
Perception of Multiple Sclerosis impact and treatment efficacy beliefs: mediating effect
of patient’s illness and self-appraisals. ] Pain Symptom Manage. (2019) 58:437-44.
doi: 10.1016/j.jpainsymman.2019.06.013

frontiersin.org


https://doi.org/10.3389/fpubh.2026.1801437
https://doi.org/10.1177/20552173221105642
https://doi.org/10.1007/s11910-013-0403-y
https://doi.org/10.1212/WNL.0b013e318259e1b2
https://doi.org/10.1177/1352458516636474
https://doi.org/10.2147/PPA.S452849
https://doi.org/10.1177/13524585211005339
https://doi.org/10.3390/ijerph21030286
https://doi.org/10.1016/j.msard.2022.103913
https://doi.org/10.3390/ijerph19106113
https://doi.org/10.1111/1475-6773.13863
https://doi.org/10.1089/pop.2016.0076
https://doi.org/10.3389/ijph.2023.1605581
https://doi.org/10.1186/s12911-022-01845-2
https://doi.org/10.1016/j.msard.2015.02.005
https://doi.org/10.1007/s12325-019-01071-9
https://doi.org/10.1177/2055217320912789
https://doi.org/10.1146/annurev-publhealth-031816-044628
https://doi.org/10.1016/j.msard.2025.106579
https://doi.org/10.3233/NRE-2008-23309
https://doi.org/10.1016/j.jpainsymman.2019.06.013
https://www.frontiersin.org/journals/public-health
https://www.frontiersin.org

	Effectiveness of disease management across healthcare settings: the Multiple Sclerosis Center is a pillar for multi-disciplinary practices that promote quality of life for people with Multiple Sclerosis
	1 Introduction
	2 Materials and methods
	2.1 Study design
	2.2 Participant recruitment
	2.3 Data collection
	2.3.1 Quantitative data collection
	2.3.2 Qualitative data collection

	2.4 Data analysis
	2.4.1 Quantitative data analysis
	2.4.2 Qualitative data analysis


	3 Results
	3.1 Participants' descriptives
	3.2 Axis A: effectiveness of disease management across different healthcare provision settings.
	3.2.1 Access to healthcare professionals/facilities/procedures
	3.2.2 Diagnosis and disease management
	3.2.3 Quality of life - patient-reported outcomes

	3.3 Impact of health crisis across different healthcare provision settings
	3.3.1 Adaptation of healthcare services
	3.3.2 Correlation between care and outcomes across different healthcare provision settings


	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Conflict of interest
	Generative AI statement
	Publisher's note
	References


