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Burden of comorbidities in
people with multiple sclerosis: a
population-based study in
Catalonia

Toni Mora*

School of Economics & Social Sciences, Universitat Internacional de Catalunya, Barcelona, Spain

Background: People with multiple sclerosis (MS) often present with chronic
comorbidities that complicate care and affect prognosis. Population-based
evidence in Europe is limited.

Objective: To describe the prevalence of selected comorbidities among
individuals with MS in Catalonia, Spain, using administrative health records.
Methods: We analysed data from 9,998 people diagnosed with MS (2013-
2017), including demographic and diagnostic information across all care levels.
Prevalence estimates for 23 comorbidities were stratified by age and sex, and,
where available, compared with those of the general population.

Results: The MS population had a higher prevalence of psychiatric, metabolic,
and autoimmune comorbidities in all age groups. Young women (18-40 years)
showed increased rates of depression, anxiety, thyroid disease, and migraine,
while middle-aged men (50-60 years) had higher rates of hypertension,
hyperlipidaemia, and diabetes.

Conclusion: MS is associated with a substantial, early-onset comorbidity
burden, underscoring the need for integrated, multidisciplinary care across the
life course.
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Introduction

Multiple sclerosis (MS) is a chronic, immune-mediated demyelinating disorder of the
central nervous system, typically diagnosed in early adulthood with progressive disability. The
clinical course of MS is highly variable, and its impact extends beyond neurological
impairment (1-3).

Increasing evidence suggests that individuals with MS are more likely to experience
multiple comorbidities compared to the general population. These comorbid conditions may
influence progression, treatment choices, and quality of life (4, 5). In particular, comorbidity
has been associated with delayed diagnosis, increased relapse rates, worse functional outcomes,
and higher healthcare resource utilisation.

Despite its relevance, comprehensive population-level data on the prevalence of
comorbidities in MS remain limited, especially in European contexts (6). Many studies rely on
clinical cohorts or insurance data, underrepresenting some groups.

In this study, we examine the burden of comorbidities among individuals diagnosed with
MS in Catalonia, Spain, using a large, adult population-based administrative dataset. By
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leveraging linked data across healthcare settings, we aim to provide
robust epidemiological estimates of selected chronic conditions in the
MS population, stratified by age and gender, and to compare these
patterns with the general population where feasible.

Patients and methods
Study design and data source

We conducted a population-based, cross-sectional study using
administrative health records from the Agency for Health Quality and
Assessment of Catalonia (AQuAS). The database consolidates
information from the public healthcare system of Catalonia,
encompassing all adults diagnosed with MS between 2013 and 2017
(9,998 individuals). Therefore, the study cohort represents virtually
the entire adult population with MS in Catalonia receiving care within
the national health system.

The dataset includes linked records across primary care, hospital
admissions, and emergency departments, using anonymised
identifiers. Variables included visit dates, diagnoses (coded using
ICD-9, extracted 2019), age, sex, and drug copayment status. I[CD-9
coding was used throughout, as this was the system provided by
AQUuAS at the time; no recoding to ICD-10 was performed. All
records were harmonised across care levels (primary care, hospital,
emergency). Duplicate diagnoses were removed, and prevalence was
calculated using aggregated unique identifiers per patient and ICD-9
category. The study received approval from the Ethical Review Board
at Hospital Clinic de Barcelona.

The Catalan Health Service provides near-universal coverage, and
even individuals partially managed in private settings are included in
the public system, as disease-modifying therapies and chronic
medications are dispensed and co-financed through public
pharmacies. This ensures that nearly all MS patients in Catalonia are
captured within the AQuAS database, minimising selection bias.
However, the dataset does not include certain clinical variables, such
as MS phenotype, disease duration, disability level (as measured by
EDSS), or detailed treatment information. The absence of these
parameters limits the ability to explore how disease characteristics
influence comorbidity patterns. Moreover, as the design is cross-
sectional, the temporal sequence between MS and comorbidities
cannot be established, and causal inference is therefore precluded.
Because diagnoses were captured cross-sectionally over 2013-2017,
the temporal sequence between MS onset and comorbidity diagnosis
could not be determined.

Study population

We included all individuals who received a diagnosis of MS
(ICD-9 code 340). For population-level comparisons, AQuAS
provided aggregated demographic data related to the adult prevalence
of each selected comorbidity from the general Catalan population for
the same period (6,155,980 individuals), stratified by age according to
clinicians’ indications from the Hospital Clinic de Barcelona, sex, and
copayment categories (7). The same ICD-9 coding system and study
period were used for both MS patients and the general population,
ensuring comparability.
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Comorbidities

Twenty-three chronic comorbidities were selected a priori by
clinicians based on clinical relevance and prevalence in prior
studies. These included psychiatric conditions (e.g., anxiety,
(e.g.,
hypertension, diabetes, hyperlipidaemia), autoimmune disorders,

depression), cardiovascular and metabolic diseases
and other neurologically or systemically relevant conditions.
Diagnoses were identified across all care levels using ICD-9 codes,
capturing both primary and secondary diagnostic positions. The
cancer category included ICD-9 codes for malignant neoplasms as
well as some benign and uncertain behaviour neoplasms, which
may partly explain the higher prevalence observed. Diabetes
consists of both type 1 and type 2 forms. The complete list of ICD-9

codes is provided in Supplementary Table S1.

Statistical analysis

We calculated the prevalence of each comorbidity per 10,000
inhabitants among individuals with MS and compared these
estimates to those from the general population. Prevalence was
reported overall and stratified by age group and sex. Descriptive
statistics were used to characterise the study population, and we
report the main differences in the prevalence of comorbidities in the
results section. Further comparative or regression analyses were not
performed, as the available datasets did not allow such analyses.
Given the cross-sectional design of the study and the nature of the
available data, no causal relationships between multiple sclerosis and
the observed comorbidities can be inferred. Formal tests of difference
in prevalence between the MS and general population were
conducted, and all reported comparisons reached statistical
significance (p < 0.05). Therefore, significance markers were omitted
from the figures for clarity. Confidence intervals were not displayed
in the statistics to improve visual clarity, but are available
upon request.

Results

Across all groups, individuals with MS consistently exhibited a
higher prevalence of psychiatric, metabolic, and autoimmune
conditions. This pattern was evident irrespective of age or sex,
indicating that the elevated comorbidity burden associated with MS
is not confined to specific population segments. A full summary of
prevalence estimates for all 23 comorbidities by age and sex is
provided in Supplementary Table S1.

The age and sex distribution of the MS population was strongly
skewed toward women (68.5%), with most cases occurring between
ages 40 and 60 (Supplementary Figure S0). The crude prevalence of
MS in the population was 13.3 per 10,000 population, with a female-
to-male ratio of more than 2:1.

The burden of comorbidities varied markedly by sex and age. In
women aged 18-40 years, the prevalence of depression and anxiety was
2,793.3 per 10,000, compared to 865.9 per 10,000 in general females.
Cancer was the second most common comorbidity in this group, with
1,678.5 cases per 10,000 among those with MS versus 364.1 per 10,000
in the general female population. Other notable conditions included
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thyroid disease (1,049.9 per 10,000), blood disorders (1,322.1 per
10,000), and migraine (868.4 per 10,000) (Figure 1). These patterns
indicate an elevated burden from early adulthood.

Among men aged 50-60 years, hypertension (2,882.7 per 10,000),
hyperlipidaemia (2,793.4 per 10,000), and depression/anxiety (1,989.8
per 10,000) were the most common comorbidities, all higher than in
general males. Cancer was also notably prevalent in this group
(1,849.5 per 10,000 vs. 638.0 per 10,000 in the general population).
Diabetes and cardiovascular disease also increased with age (Figure 2).

Discussion

This population-based study provides new evidence on the
burden of comorbidities among individuals with MS in Catalonia.
Our findings show that, compared to the general population, people
with MS exhibit a substantially higher prevalence of psychiatric
(e.g., depression, anxiety), endocrine (e.g., thyroid disorders,
diabetes), and autoimmune (e.g., inflammatory bowel disease,
rheumatoid arthritis) conditions across all age groups, with marked
differences among women. For example, the prevalence of
depression in women aged 30-44 years with MS was more than
three times higher than in their peers without MS, and the
prevalence of thyroid disorders was nearly doubled. These patterns
were consistent across other chronic conditions, confirming the
burden is not limited to older age.

These results have clinical and public health implications. The
high rates of depression, anxiety, and other chronic conditions

10.3389/fneur.2025.1699641

observed even in younger adults underscore the need for early and
proactive management of multimorbidity in MS care. Comprehensive,
multidisciplinary approaches should be considered as part of routine
follow-up, particularly for women who may experience a greater
cumulative burden of disease. This study informs healthcare planning
in Spain by quantifying the early and persistent burden of
comorbidities in people with MS using real-world, population-level
data. These findings may inform national strategies to promote
integrated care models that address both neurological and
non-neurological health needs across the lifespan.

Our study builds on an earlier population-based, case—control
study in Catalonia (8) that reported elevated odds of specific
comorbidities in people with MS—such as stroke, epilepsy, bipolar
disorder, and depression. While their research focused on a narrower
set of conditions, our analysis extends this by including a broader
spectrum of 23 comorbidities (psychiatric, metabolic, and
autoimmune) and providing prevalence measures stratified by age
and sex. Notably, we quantify differences such as a tripled rate of
depression in young women and a twofold increase in thyroid disease
across all age groups. By doing so, we provide a more comprehensive
depiction of the comorbidity burden, informing more targeted and
equitable interventions and health resource planning. Some apparent
discrepancies, such as the comparatively low prevalence of migraine
and the high prevalence of certain systemic conditions, likely reflect
coding and grouping variability within administrative data. Less
disabling or less frequently coded conditions, such as primary
headaches, may be underrepresented compared to chronic or
severe diagnoses.
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FIGURE 1
Prevalence of selected comorbidities among women aged 18-40 years diagnosed with MS, compared to the general female population in the same
age group. We report those statistically significant differences (p < 0.05).
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group. We report statistically significant differences (p < 0.05).

Prevalence of selected comorbidities among men aged 50-60 years diagnosed with MS, compared to the general male population in the same age

Although most comorbidities were more frequent among people
with MS, some conditions appeared less common, possibly reflecting
differential diagnostic attention or coding practices within
neurological care. The observed sex- and age-specific patterns may
reflect both biological susceptibility and differences in healthcare
utilisation, including more frequent contact with health services
among women. This study is strengthened by the use of large-scale
administrative data covering the entire publicly insured population
of Catalonia. Nonetheless, some limitations apply. Diagnoses were
based on ICD-9 coding from administrative records and may
underreport conditions that are less frequently coded. Diagnoses may
be underreported or inaccurately coded, which could affect
prevalence estimates. Additionally, mild or asymptomatic conditions
may remain underdiagnosed in administrative records, particularly
when they do not require specialised care. Moreover, MS patients are
more closely monitored and undergo more tests, which may result in
a more comprehensive recording of comorbidities compared to the
general population. MS patients exhibit higher attendance
rates compared to the general population. However, given the near-
universal nature of the Catalan public health system and the inclusion
of patients co-financed for disease-modifying therapies,
underrepresentation of individuals followed partly in private settings
is unlikely. To strengthen the evidence base, future research should
adopt longitudinal designs, control for confounding variables,
evaluate relevant clinical outcomes, and explore the mechanisms
underlying these associations, as well as their long-term impact on
health and services (9). Additionally, the dataset lacked information
on relevant potential confounders such as body mass index, disability
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status, medication use, or lifestyle factors, which limits the capacity
for adjusted analyses and causal interpretation. Although the dataset
included all identified MS patients over a five-year period, the present
analysis focused on aggregated prevalence rather than individual
trajectories; therefore, causal relationships cannot be established.

Conclusion

People with multiple sclerosis (MS) frequently present comorbid
chronic conditions that may influence diagnosis, prognosis, and
treatment. Most evidence on comorbidity in MS comes from selected
samples or registries, with limited population coverage. This study
quantifies the early and persistent burden of psychiatric, metabolic,
and autoimmune comorbidities in a whole-population MS cohort,
highlighting marked sex- and age-specific differences. It highlights
sex- and age-specific differences, with an early burden of mental
health conditions that persists throughout the life course. This study
provides population-wide evidence on the burden of psychiatric,
metabolic, and autoimmune comorbidities among MS patients using
administrative health data.

Data availability statement

The datasets analyzed during the current study are not publicly
available due to legal restrictions. The datasets are based on
administrative health registers owned by the regional public

frontiersin.org


https://doi.org/10.3389/fneur.2025.1699641
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Mora

administration of Catalonia and the necessary authorization was
obtained for data access and analysis. Requests to access the datasets
should be directed to TM, tmora@uic.es.

Author contributions

TM: Writing - review & editing, Software, Writing - original
draft, Conceptualization, Funding acquisition, Supervision, Resources,
Visualization, Data curation, Methodology, Validation, Project
administration, Formal analysis, Investigation.

Funding

The author declares that financial support was received for the
research and/or publication of this article. This research was supported
by an unrestricted grant from the Ministry of Science and Innovation
of the Government of Spain (PID2021-1240670B-C21).

Conflict of interest

The author declares that the research was conducted in the
absence of any commercial or financial relationships that could be
construed as a potential conflict of interest.

References

1. Marrie, RA, Reider, N, Cohen, J, Stuve, O, Trojano, M, Serensen, PS, et al. A
systematic review of the incidence and prevalence of comorbidity in multiple sclerosis:
overview. Mult Scler. (2015) 21:263-81. doi: 10.1177/1352458514564491

2. 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.
Mult Scler. (2020) 26:1816-21. doi: 10.1177/1352458520970841

3. Reich, DS, Lucchinetti, CF, and Calabresi, PA. Multiple Sclerosis. N Engl ] Med.
(2018) 378:169-80. doi: 10.1056/NEJMral1401483

4. Marrie, RA, Horwitz, R, Cutter, G, Tyry, T, Campagnolo, D, and Vollmer, T. The
burden of mental comorbidity in multiple sclerosis: frequent, underdiagnosed, and
under-treated. Mult Scler. (2009) 15:385-92. doi: 10.1177/1352458508099477

5. Fiest, KM, Fisk, JD, Patten, SB, Tremlett, H, Wolfson, C, Warren, S, et al.
Comorbidity is associated with pain-related activity limitations in multiple sclerosis.
Mult Scler Relat Disord. (2015) 4:470-6. doi: 10.1016/j.msard.2015.07.014

Frontiers in Neurology

05

10.3389/fneur.2025.1699641

Generative Al statement

The author declares that no Gen Al was 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.

Supplementary material

The Supplementary material for this article can be found online
at: https://www.frontiersin.org/articles/10.3389/fneur.2025.1699641/
full#supplementary-material

6. Rotstein, DL, Chen, H, Wilton, AS, Kwong, JC, Marrie, RA, Gozdyra, P, et al.
Temporal trends in multiple sclerosis prevalence and incidence in a large population.
Neurology. (2018) 90:e1435-41. doi: 10.1212/WNL.0000000000005331

7. Cayuela, L, Garcia-Muifioz, C, de la Maza, S. S., and Cayuela, A. Prevalence of
multiple sclerosis in Spain: estimates from the Primary Care Clinical Database
(BDCAP). Neurologia. (2025). 40, 447-455. doi: 10.1016/j.nr1.2023.06.006

8. Cardenas-Robledo, S, Otero-Romero, S, Passarell-Bacardit, MA,
Carbonell-Mirabent, P, Sastre-Garriga, J, Montalban, X, et al. Multiple sclerosis is
associated with higher comorbidity and health care resource use: A population-based,
case-control study in a western Mediterranean region. Eur ] Neurol. (2021) 28:4124-34.
doi: 10.1111/ene.15030

9. Lunde, HMB, Assmus, ], Myhr, KM, et al. Survival and cause of death in multiple
sclerosis: a 60-year longitudinal study. ] Neurol Neurosurg Psychiatry. (2017) 88:621-5.
doi: 10.1136/jnnp-2016-315238

frontiersin.org


https://doi.org/10.3389/fneur.2025.1699641
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
mailto:tmora@uic.es
https://www.frontiersin.org/articles/10.3389/fneur.2025.1699641/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2025.1699641/full#supplementary-material
https://doi.org/10.1177/1352458514564491
https://doi.org/10.1177/1352458520970841
https://doi.org/10.1056/NEJMra1401483
https://doi.org/10.1177/1352458508099477
https://doi.org/10.1016/j.msard.2015.07.014
https://doi.org/10.1212/WNL.0000000000005331
https://doi.org/10.1016/j.nrl.2023.06.006
https://doi.org/10.1111/ene.15030
https://doi.org/10.1136/jnnp-2016-315238

	Burden of comorbidities in people with multiple sclerosis: a population-based study in Catalonia
	Introduction
	Patients and methods
	Study design and data source
	Study population
	Comorbidities
	Statistical analysis

	Results
	Discussion
	Conclusion

	References

