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Abstract
The objective of this study was to describe and compare the baseline epidemiological data of multiple sclerosis (MS) and
neuromyelitis optica spectrum disorder (NMOSD) patients included in RelevarEM (Clinical Trials registry number
NCT03375177).
Methods
RelevarEM is a longitudinal, strictly observational MS and NMOSD registry in Argentina. Epidemiological and comorbidity
data fromMS andNMOSD patients were described and compared. For comorbidities, the Charlson comorbidity index (CCI) was
used to calculate the burden at entry. CCI was stratified in 0 and ≥ 1 and described for the entire cohort.
Results
A total of 1588 and 75 MS and NMOSD patients (respectively) were included. For MS patients, the mean age was 42 ± 7 years,
female sex 65.3%, mean EDSS 2, and mean disease duration 8 ± 6 years. In NMOSD, the mean age was 40 ± 7 years, female sex
78.7%,mean disease duration 5 ± 3.5 years, and mean EDSS 2.5. Themost frequentMS phenotype was RRMS in 82.4%. InMS,
the CCI was 0 in 85.8.2% while ≥ 1 was in 14.2% of patients. Regarding phenotype stratification, CCI ≥ 1 was 3.9% in CIS,
13.5% in RRMS, 28.7% in SPMS, and 17.4% in PPMS (p < 0.001 between groups). In NMOSD, the CCI was 0 in 64%while ≥ 1
was in 36%. The MS/NMOSD ratio found was 21/1.
Conclusions
This is the first analysis of the longitudinal Argentinean registry of MS and NMOSD describing and comparing conditions that
contributes to provide reliable real-world data in the country.

* Juan Ignacio Rojas
rojasjuanignacio@gmail.com

Extended author information available on the last page of the article

Neurological Sciences
https://doi.org/10.1007/s10072-019-04230-6

http://crossmark.crossref.org/dialog/?doi=10.1007/s10072-019-04230-6&domain=pdf
http://orcid.org/0000-0002-9747-3626
mailto:rojasjuanignacio@gmail.com


Keywords Multiple sclerosis . Neuromyelitis optica spectrum disorder . Registry . Epidemiology . RelevarEM

Introduction

Multiple sclerosis (MS) is a chronic disease of the CNS, path-
ologically featured by the presence of multiple inflammatory
lesions that progress in time and that lead to significant dis-
ability in most affected patients 20 or 30 years after disease
onset [1–4].

Currently, there are several publications that deal with ep-
idemiological aspects of MS throughout the world; nonethe-
less, despite this wealth of data, current knowledge of MS
epidemiology in Latin America (LA) as well as Argentina is
limited [1–4].

MS registries are essential tools for providing relevant in-
formation such as epidemiological aspects of the disease, safe-
ty issues, and treatment effectiveness [5, 6]. Recently, we pre-
sented the methodology behind RelevarEM, the first nation-
wide MS registry in Argentina and Latin America (Clinical
Trials registry number NCT NCT03375177).

The objective of this study is to describe and compare
the baseline epidemiological data of MS and neuromyeli-
tis optica spectrum disorder (NMOSD) patients included
in RelevarEM.

Methods

RelevarEM is a longitudinal, strictly observational MS
and NMOSD registry in Argentina [7]. The registry is
open to all practicing neurologists and to MS specialists
and their teams across the country. It tracks the outcomes
of routine clinical practice of patients with MS and
NMOSD in a web-based platform that allows researchers
to register and follow up their patients. The primary ob-
jective of the registry was to create an MS physicians
network in Argentina that captures pragmatic and relevant
information from MS patients in terms of clinical and
demographic aspects [7].

Any patient diagnosed with MS, a clinically isolated
syndrome, a radiologically isolated syndrome, or an
NMOSD defined by current validated diagnostic criteria
(McDonald criteria 2005, 2010, and 2017 for MS [5, 8, 9]
and Wingerchuk 2015 for NMOSD [6]) can be entered
into the registry. To ensure the correct use of the diagnos-
tic criteria for MS and NMOSD in each center, the exec-
utive committee invited all MS centers and physicians
involved in the care of affected patients in Argentina. To
reduce the possibility of bias in the selection, each partic-
ipating physician was required to include all patients seen
in their practice or clinic.

For the objective of this study, data regarding demographic
and clinical characteristics of MS and NMOSD were obtained
from the anonymized patient medical records (Fig. 1). For
comorbidities, PIs use the Charlson comorbidity index (CCI)
to calculate the comorbidity burden at registry entry [7].

Statistical analysis

Analysis was performed using Stata version 10.1 [10].
Baseline characteristics of the cohort were reported in percent-
ages for categorical data and in mean with standard deviation
(SD) for the continuous data. For the comorbidity description,
the CCI was stratified in 0 and ≥ 1 and described for the entire
cohort as well as for the group stratified by age (< 20; 20–30;
30–40; 40–50; > 50 years) and by MS phenotype.

Results

Up to 31March 2019, 56 centers and 98 professionals distrib-
uted throughout Argentina have become part of the Registry.
A total of 1588 and 75 MS and NMOSD patients
(respectively) were included. For MS patients, the mean age
was 42 ± 7 years (range 18–56) and female sex 65.3%
(Table 1). MS phenotypes described were 82.4% relapsing-
remitting MS; 5.5% secondary progressive MS; 4.2% primary
progressive MS; and 6.5% clinically isolated syndromes. The
mean EDSS of MS patients was 2 ± 1.5 (range 0–8), 82.4% of
patients were under disease modifying treatment, and 14%
were retired due to MS (Table 1). Regarding comorbidities
in MS, CCI was 0 in 85.8.2% while ≥ 1 was in 14.2% of
patients. When stratified by age, CCI ≥ 1 was 3.5% in patients
less than 20 years; 5.9% in 20–29; 10.5% in 30–39; 13.9% in
40–49; and 23% in ≥ 50 years (p < 0.001 between groups)
(Table 2). Regarding phenotype stratification, CCI ≥ 1 was
3.9% in CIS, 13.5% in RRMS, 28.7% in SPMS, and 17.4%
in PPMS (p < 0.001 between groups).

For NMOSD patients, the mean age was 40 ± 7 years
(range 31–53), female sex 78.7%, mean disease duration 5 ±
3.5 years, andmean EDSS 2.5 ± 3 [1–5, 7–9] (Table 1). A total
of 97% of included NMOSD patients were tested with aqua-
porin 4 test, being positive in 56%. Almost 79% of patients
were on specific treatment for NMOSD (rituximab 37%, mo-
fetil mycophenolate 5.3%, azathioprine 37.3%). Almost
14.7% were retired due to the disease (Table 1). In NMOSD,
the CCI was 0 in 64% while ≥ 1 was in 36%.

The female/male ratio was 1.88/1 and 1.2/1 in MS and
NMOSD respectively while the MS/NMOSD ratio was 21/1.
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Table 1 Baseline characteristics of included MS and NMOSD patients

MS patients 1588 NMOSD patients 75 p value

Mean age (years), SD, (range) 42 ± 7 (18–56) 40 ± 7 (31–53) 0.12

Female sex, n (%) 1037 (65.3) 59 (78.7) 0.23

Female/male ratio 1.88/1 1.2/1 0.03

MS phenotype, n (%)

CIS 103 (6.5) – –

RRMS 1308 (82.4) – –

SPMS 87 (5.5) – –

PPMS 67 (4.2) – –

RIS 23 (1.4) – –

Mean disease duration, years (SD) 8 ± 6 5 ± 7.9 0.18

Aquaporin 4 test performed, n (%) – 73 (97) –

Positive aquaporin 4 test, n (%) – 41 (56.2) –

Negative aquaporin 4, test n (%) – 32 (43.8) –

Techniques used for aquaporin 4 test 21 (28.6) –

IFI, n (%) 1 (1.4) –

ELISA, n (%) 51 (70) –

Cell-based assessment, n (%)

Patients under DMT or immunosuppression, n (%) 1309 (82.4) 59 (79) 0.14

Mean EDSS ± SD (range) 2 ± 1.5 (0–8) 2.5 ± 3 (1–8) 0.32

Working status

Currently working, n (%) 569 (35.8) 28 (37.33) 0.42

Retired due to the disease, n (%) 222 (14) 11 (14.7) 0.67

MS/NMOSD ratio 21/1

MSmultiple sclerosis, NMOSD neuromyelitis optica spectrum disorder, CIS clinically isolated syndrome, RRMS relapsing-remitting multiple sclerosis,
SPMS secondary progressive multiple sclerosis, PPMS primary progressive multiple sclerosis, RIS radiologically isolated syndrome, DMT disease
modifying therapy

Fig. 1 Demographic and clinical
characteristics of MS and
NMOSD. MS multiple sclerosis,
NMOSD neuromyelitis optica
spectrum disorder, CCI Charlson
comorbidity index
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Discussion

This is the first analysis of the longitudinal Argentinean reg-
istry of MS. In this study, we describe 1588 MS patients and
75 NMOSD. The most frequent MS phenotype was RRMS
(82.4%), and 9.7% were progressive forms of MS. A total of
82.4% of patients were under specific treatment for MS.
Regarding comorbidities, we found a low CCI that was higher
in progressive forms and older patients. Regarding NMOSD
patients, most described were females, the aquaporin 4 test
was positive in 56.2%, and 79%were on immunosuppression.
In NMOSD patients, the mean EDSS was 2.5. It is important
to mention that despite disability generally has been rated
using the EDSS inNMOSD, the scale is insensitive to changes
and modified scales are under development and validation to
improve NMOSD patients follow up for future [11]. It is in-
teresting to highlight the high percentage of NMOSD patients
that fulfill the diagnostic criteria but are seronegative for aqua-
porin 4 test. A possible explanation could be provided by the
technique used to assess the serum status. Although the ma-
jority was evaluated by cell-based technique, there is a high
percentage that were evaluated by IFI, a technique with a low
sensitivity. The MS/NMOSD ratio found was 21/1.

During the last decade, there has been a surge of interest in
the epidemiology of MS in Latin America, and several inves-
tigations have begun to provide a reasonable estimate of the
disease in the region. In a systematic review of the frequency
of MS in Latin America, it was found that the incidence re-
ported ranged from 0.15 to 3 cases per 100,000 person-years.
Prevalence ranged from 0.75 to 38.2 cases per 100,000

inhabitants in 13 studies analyzed. However, no studies came
from registries [7]. Recently, prevalence and incidence were
described in certain regions of Argentina [2, 12–14]; however,
scarce information about epidemiological aspects in large
populations exist in the country.

In Argentina, some differences in frequency and distribu-
tion were previously reported when compared with North
America and Europe [2, 14, 15]. In our current description,
consistency with previous reports augments the evidence
based on the previously observed differences [2]. The rea-
sons for these differences are unknown; however, some stud-
ies strongly suggest that certain environmental and genetic
factors may play a role [16, 17]. In the case of the former,
increased solar exposure and subsequent vitamin D levels
have been associated with a decreased risk of developing
MS [16]. This may explain the increased risk observed in
areas located at a greater distance from the equator [16]. It
has also been proposed that improved hygiene, which par-
tially explains the reduced rate of infections in western coun-
tries, is at the origin of increased incidence of allergic and
autoimmune diseases [18]. Several factors contribute to this
so-called hygiene hypothesis [18]. A striking association
was initially described between hay fever and family size,
as well as position in household in childhood [19]. Thus, the
incidence of Chron’s or atopic diseases is higher in first-born
children who are not exposed in their infancy to the infec-
tions of siblings [19]. This social effect is observed in many
areas of LAC and could be a factor involved in the low
prevalence of autoimmune diseases observed in the region
[18]. In addition, individual and collective hygiene, such as
quality of drinking water and food, as well as vaccinations,
might also contribute to explain differences in prevalence
between LAC and the countries of Western Europe and
North America [18, 19]. Regarding genetic factors, the
Argentinean population is very heterogeneous, constituted
by Caucasian and mestizos, a complex admixture of
Caucasian and Amerindian [20–22].

No real-world observational studies are free from criticism,
highlighting the difficulty of eliminating biases even with rig-
orous statistical analysis [23]. In our study, we describe the
population and, consequently, risk bias analysis is low. It
should also be noted that much of the effort of the project is
dedicated to compliance with the necessary and required reg-
ulatory aspects as well as the use of various strategies that aim
to increase the quality of the data obtained.

When compared with other international registries, we ob-
served similar distribution in terms of MS phenotypes at reg-
istry starts (Table 3). The registries described in Table 3 show
national and international registry collaborations. The meth-
odology applied among them is quite similar, despite possible
differences in the moment of implementation, and likely rein-
forces the fact that distribution of the MS phenotype is quite
similar among the regions [2, 31–33]. We were not able to

Table 2 Baseline comorbidity index in included MS and NMOSD
patients

MS patients 1588 NMOSD patients 75 p value

CCI global

0 1363 (85.8%) 48 (64%) < 0.001

≥ 1 225 (14.2%) 27 (36%) 0.004

CCI ≥ 1 stratified by age groups

< 20 1/28 (3.5) 4 (5) 0.88

20–29 13/221 (5.9%) 8 (10) 0.63

30–39 46/438 (10.5%) 11 (15) 0.632

40–49 64/461 (13.9%) 26 (35) 0.003

> 50 101/440 (23%) 26 (35) 0.006

CCI ≥ 1 in CIS 4/103 (3.9%) – –

CCI ≥ 1 in RRMS 176/1308 (13.5%) – –

CCI ≥ 1 in SPMS 25/87 (28.7%) – –

CCI ≥ 1 in PPMS 16/67 (17.4%) – –

MS multiple sclerosis, NMOSD neuromyelitis optica spectrum disorder,
CIS clinically isolated syndrome, RRMS relapsing-remitting multiple
sclerosis, SPMS secondary progressive multiple sclerosis, PPMS primary
progressive multiple sclerosis, DMT disease modifying therapy, CCI
Charlson comorbidity index
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compare the distribution of MS phenotypes in our registry
with other Latin American registries.

In summary, this study provides updated information on
epidemiological features of MS and NMOSD in Argentina.
Patient registries gather valuable long-term patient informa-
tion from the real world which are useful to a wide range of
purposes (epidemiology, economic impact, healthcare access,
and aspects concerning safety and effectiveness) [5, 6]. A
wider use of MS disease registries in the region would be
desirable in the near future in order to better understand the
behavior of the disease in our region.
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