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Multiple sclerosis (MS) is an autoimmune demyelinating disease of
the central nervous system (CNS), typically presenting in young adults
(20-50 years old). Clinical manifestations are heterogeneous, depend-
ing on which part of the CNS demyelination occurs. Therefore, this
study aims to assess whether different symptoms at first acute man-
ifestation of MS are associated with worse functional outcomes. We
enrolled all patients with a confirmed diagnosis of MS, regardless of
the subtype, so long as it fulfilled the McDonald's 2017 criteria. A step-
wise multiple linear regression model included statistically significant
(p < 0.05) variables in the Mann-Whitney U test. A total of 195 pa-
tients with MS were included in the final analysis, of which 140 (78.5%)
were female. Acute blurry vision, acute paralysis, acute hypoesthesia,
autonomic syndrome, and Lhermitte’s sign at disease outbreak were
found to be associated with worse EDSS (Expanded Disability Status
Scale) in univariate tests. In adjusted analysis, the independent predic-
tors of worse EDSS were acute blurry vision (Beta = 0.183; p = 0.010)
and autonomic syndrome (Beta = 0.219; p = 0.003). These results may
help better understand the relationship between MS symptomatology,
functionality, and patient prognosis, potentially assisting physiciansin
determining MS patient's initial treatment.
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Introduction

Multiple sclerosis (MS) is an autoimmune demyelinating disease of
the central nervous system (CNS), typically presenting in young adults
(20-50years old). MS affects around two to three times more women than
men. There are 2.8 million people in the world living with MS, with a higher
prevalence in North America and Europe. Clinical manifestations are het-
erogeneous since demyelination can happen in any part of the CNS (1). It
may cause physical and cognitive impairment during the disease’s devel-
opment, such as fatigue and loss of self-efficacy. Therefore, MS provokes
significant disability and harmfully affects patients' functional indepen-
dence.

The current literature lacks studies regarding clinical factors asso-
ciated with patients' personal experiences with the disease. Therefore,
health professionals could direct care to minimize the impact of MS symp-
tomology on the patient’s life and improve functionality. Data regarding
the effect of specific symptoms on functionality and outcomes are often
controversial, for example regarding the effect of paralysis and hypoes-

Genomic Press

Ca

From neurons to behavior and better health

Table 1. Demographic and clinical characteristics of the study
population, including data regarding clinical course, EDSS at
admission, and number of relapses. The table also details the
prevalence of symptoms at disease onset and their association
with the EDSS in the univariate analysis

Variables
Demographics
Age (mean; sd) 39.89 (11.57)
Sex
Male 45 (28.2%)
Female 140 (71.8%)
Race
Black 44 (22.6%)
Mixed 90 (46.2%)
White 58 (29.7%)

Clinical characteristics

Clinical course

Relapsing-remitting 173 (88.7%)

Primary progressive 19 (9.7%)

Unknown 3 (1.6%)
EDSS at admission (median, IQR) 2 (1-4)
Number of relapses (median, IQR) 2 (1-4)
Years since onset (median, IQR) 8 (5-13)
Symptoms of onset p-value
Acute blurry vision 77 (39.5%) <0.001
Acute blindness 17 (8.7%) 0.257
Acute paresis 122 (62.6%) 0.167
Acute paralysis 22 (11.3%) 0.021
Acute paresthesia 131 (67,2%) 0.139
Acute hypoesthesia 106 (54.4%) 0.005
Autonomic syndrome 71 (36.4%) <0.001
Nausea 34 (17.4%) 0.656
Vomiting 22 (11.3%) 0.984
Ataxia 107 (54.9%) 0.471
Cranial nerves dysfunction 92 (47.2%) 0.993
Headache 93 (47.7%) 0.659
Lhermitte sign 57 (29.2%) 0.017

SD = Standard Deviation; IQR = Interquartile range.

thesia in functionality (2-4). Thus, this study aims to clarify the associa-
tion between these clinical features and patients’ functional outcomes,
evaluated through the Extended Disability Status Scale (EDSS).

Results

A total of 195 patients were diagnosed with relapsing-remitting (173 pa-
tients, 88.7%) and primary progressive MS (19 patients, 9.7%) and in-
cluded in the final analysis. Three (1.6%) patients had the clinical course
of MS that was still under investigation at admission to the study. A
total of 140 patients were women (71.8%), and the average age was
39.89 4+ 11.57 years. Their median EDSS at admission was 2 points (IQR
1-4) (Table 1). General information about the symptoms of the first acute
manifestation of the disease is also described in Table 1.

An univariate analysis was performed using the symptoms of the first
acute manifestation of the disease, as well as demographic information
such as sex and age. From these, five variables showed statistically sig-
nificant correlation with worse EDSS at admission, were they: acute blurry
vision (U = 3204.5; p < 0.001; r = —0.251), acute paralysis (U = 1326.5;
p = 0.021; r = —0.165), acute hypoesthesia (U = 3444.5; p = 0.005;
r = —0.204), autonomic syndrome (U = 2696.5; p < 0.001; r = —0.325),
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Table 2. Multiple linear regression analysis showing the relationship between symptoms at onset and the EDSS. The table includes
unstandardized (B) and standardized (Beta) coefficients, t-statistics, p-values, 95% confidence intervals, and odds ratios (OR) for each predictor
Unstandardized Standardized 95% Confidence
Coefficients Coefficients Interval for B
Std. Lower Upper 0dds ratio
B Error Beta T p-value Bound Bound (OR)
Acute blurry vision 0.891 0.341 0.183 2.614 0.010 0.219 1.563 1.201
Acute hypoesthesia —0.013 0.018 —0.048 —0.706 0.481 —0.049 0.023 0.953
Acute paralysis 0.391 0.545 0.052 0.718 0.474 —0.683 1.465 1.053
Autonomic syndrome 1.088 0.364 0.219 2.991 0.003 0.371 1.806 1.245
Lhermitte sign 0.523 0.364 0.100 1.438 0.152 —0.194 1.240 1.105
Std. = Standard.

and Lhermitte sign (U = 2617.5; p = 0.017; r = —0.181). All variables
showed a small effect size, excluding the autonomic syndrome, which
showed a moderate effect size.

The linear regression model included the five variables that showed
a correlation with the EDSS. The final model was statistically significant
(R? = 0.117; p < 0.001), although with a low R?, indicating poor model
fit to data. Two variables were shown to be independent predictors of
worse EDSS at admission: acute blurry vision (Beta = 0.183; p = 0.010;
1C95% = 0.219-1.563; OR = 1.201) and autonomic syndrome (Beta =
0.219; p = 0.003; 1C95% = 0.371-1.806; OR = 1.245). Therefore, patients
with acute blurry vision or autonomic syndrome at presentation have, re-
spectively, 20% and 24.5% more chance of developing worse functional
status. The test statistics for each variable and the model are described
in Table 2.

Discussion

This study highlights how some symptoms at diagnosis are associated
with worse prognosis based on EDSS, such as acute blurry vision, acute
paralysis, acute hypoesthesia, autonomic syndrome, and Lhermitte sign,
although with a small effect size, except for autonomic syndrome, which
showed a moderate effect size. In multivariate analysis, acute blurry vi-
sion and autonomic syndrome were shown to be independent predictors
of worse prognosis.

As expected, all symptoms at first presentation associated with higher
EDSS are evaluated by the scale, except for the Lhermitte sign. Lhermitte's
sign typically presents in cervical spine lesions or low brainstem lesions
(5). This could help to explain why this sign might be associated with
worse outcomes while other brainstem signs (such as cranial nerve im-
pairments) are not. A previous study tried to assess the correlation be-
tween Lhermitte's sign and prognostic factors but bared unfruitful results
(6). However, the main difference between the presenting study and the
previous is the moment when LS was present, which in the latter was in
any moment of disease.

Acute blurry vision at presentation was considered to be an indepen-
dent predictor of worse EDSS in our study. Besides visual acuity being
evaluated in EDSS, blurry vision is a symptom directly related to possible
affection in pathways, such as the optic nerve. Some studies have associ-
ated alterations in the retina and optic nerve, and even acuity, with worse
functionally measured by EDSS (7, 8). This can be explained by the asso-
ciation of these features with central inflammation, which plays a signif-
icant role in the pathophysiology of MS (9). Furthermore, a study showed
that increasing annual rates of atrophy of the inner retinal layers are as-
sociated with worsening ambulation, significantly increasing the EDSS
score (10).

Our study defines autonomic dysfunction as urinary or fecal inconti-
nence/retention. These symptoms are also correlated with spinal symp-
toms, which can also be associated with gait disturbances, pyramidal,
and sensitive symptoms thus resulting in higher EDSS (11-14). Another
important feature while interpreting this finding is that EDSS itself
measures sphincteric dysfunction since it is a great cause of functional
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dependence, especially both fecal and urinary incontinence (15). More-
over, urodynamic dysfunction signs are associated with higher EDSS in
previous studies (16-19). Alterations in the anal sphincter were not as-
sociated with differences in EDDS in previous studies (2). However, some
older studies suggest an association of sphincter involvement with unfa-
vorable prognosis (3).

The effects of acute blurry vision and autonomic dysfunction are not
to be taken lightly. They showed 20% and 24.5% increased odds of worse
functional outcomes, respectively. For instance, many clinical variables
such as sex, age at onset, and family history of MS have no significant
effect on functional outcomes. Moreover, known predictors such as the
number of relapses have similar or even lower effect sizes on long-term
disability (4).

Although hypoesthesia and paralysis were associated with worse EDSS
in the univariate analysis, their effects were not significant in the mul-
tivariate analysis. As for hypoesthesia, this may be related to a possible
relationship between hypoesthesia and dynamic postural control (20),
maybe leading patients to subjectively associate hypoesthesia and ataxia.
As ataxia is evaluated in the EDSS, the effect of hypoesthesia in the uni-
variate analysis may be exaggerated by a possible correlation with ataxia.
In a previous study, sensory symptoms did not affect long-term disability
outcomes (4).

As for acute paralysis, the evidence supporting this finding is contro-
versial in the literature (3, 4). We see it as counterintuitive since motor
function is evaluated through the EDSS, and severe motor impairment
has higher punctuation on the scale (15). Therefore, we expected patients
with acute paralysis to have worse functional outcomes. More studies are
needed to confirm or discard this correlation and to help understand why
it may have happened.

In this setting, the findings of our study may potentially help physi-
cians in defining initial disease-modifying therapies (21). For example,
severe motor or cerebellar involvement is considered a criterion of sever-
ity of onset and worse prognosis. Therefore, these clinical features are
taken into account when deciding on the initial therapy or changing to
high-efficacy therapies. In the future, acute blurry vision and sphinc-
teric involvement may further integrate recommendations in stratify-
ing the risk of MS worsening, and for this reason, impact major clinical
decisions.

Our study has some limitations. First, symptoms at onset are suscepti-
ble to memory bias since the patient may recall more severe symptoms
than others. This is particularly important because it may erroneously
overestimate or underestimate the frequency of specific symptoms.
Therefore, the associations found in the study may not correspond per-
fectly to the daily basis clinical practice reality. Second, we only assessed
sphincteric symptoms to characterize an autonomic syndrome. However,
other symptoms related to dysautonomia are also described in MS. Other
essential elements, such as the number of white matter lesions and lo-
cations, are not collected in this study. Also, the scale directly measures
most symptoms that showed significant association with EDSS. For that
reason, other functional status scales could enhance this analysis.
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Despite these limitations, this study contributes significantly to in-
vestigations and understanding of MS progression. The only first acute
manifestations of MS irrespectively correlated to worse functional out-
comes were acute blurry vision and autonomic syndrome. Although some
other symptoms were significantly associated with higher EDSS, such as
acute paralysis, acute hypoesthesia, and Lhermitte sign, they were shown
not to be independent predictors of worse functional outcomes, probably
because of inevitable interactions with factors that had not been taken
into account in the univariate analysis. For that matter, these results may
help better understand the relationship between MS symptomatology
and functionality and, in specific settings, may help the physician estab-
lish the patient’s prognosis.

However, further studies, preferentially prospective cohorts from the
time of diagnosis, are needed to help establish other potential predictors
of worse functional outcomes. Also, following patients since the diagno-
sis and/or the first acute manifestation of the disease may mitigate the
memory bias and potentially allow for objective neurological examination
in this context. Furthermore, other models that better account for con-
founding variables, such as disease progression indicators (number of re-
lapses, neuroimaging features), may provide a more reliable association.
Interventional studies would also help explore possible interventions to
mitigate the effect of these independent predictors of functionality.

Methods

Participants

From January 2019 to May 2022, all patients with confirmed diagnosis
of MS based on the 2017 McDonald criteria were enrolled in a Neuroim-
munology Diseases referenced center (22). Exclusion criteria were as fol-
lows: (1) later diagnosis of another neuroimmunology disease that bet-
ter explained the symptoms; (2) disease relapse within 3 months before
admission to the study; (3) incomplete information about demographic
characteristics and clinical features of the first acute manifestation of MS.

Data Collection

General data included age, sex, disease duration (years since onset), to-
tal number of relapses, and EDSS score. The first acute manifestation of
the disease variables included various symptoms, such as acute blurry vi-
sion, acute blindness, acute paresis, acute paralysis, acute paresthesia,
acute hypoesthesia, autonomic syndrome (defined as acute bladder dys-
function or acute sphincter dysfunction), nausea, vomiting, ataxia, cranial
nerves dysfunction, headache and Lhermitte sign (described as a shock-
ing or tingling sensation that runs through the limbs or trunk during neck
flexion).

The EDSS is the most used scale to quantify disability, clinical progres-
sion, and therapeutic efficacy in MS. It ranges from 0 (normal function
and examination) to 10 (death). Between 1 and 10, the intervals are di-
videdinto 0.5 points. Scores bigger than 6 are associated with MS-related
deficits, and the interval between 4 and 6 is highly influenced by deam-
bulation (15).

Statistical Analysis

SPSS 26.0 statistical software (IBM Corp., Armonk, NY, USA) was used for
the statistical analysis. The Kolmogorov-Smirnov and Shapiro-Wilk tests
were used to analyze whether the data were normally distributed. A uni-
variate analysis using the Mann-Whitney U test was performed to assess
the association between clinical and demographic features and worse
functional outcomes. The Mann-Whitney U was used since our study deals
with an ordinal dependent variable, the EDSS, and various dichotomous
symptoms as independent variables. Effect sizes were estimated by the
“r" statistics, derived from the z-value, in which a r below 0.3 is consid-
ered a small effect size, r between 0.3 and 0.5 is of medium effect size,
and above 0.5 is considered a large effect size. A stepwise multiple linear
regression model included statistically significant (p < 0.05) variables in
the Mann-Whitney U test or those with clinical plausibility. Multicollinear-
ity was tested and verified.

The sample size was estimated by the maximum possible number of
independent predictors in the multivariate analysis, considering the vari-
ables used in the univariate analysis. The estimative was of 154 partici-
pants, based on 13 independent possible variables.
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Study Approval

This study was approved by the Ethics Committee of the University Hos-
pital Professor Edgard Santos, CAAE: 50819021.1.0000.0049. Informed
consent was obtained from all participants before data collection. Data
confidentiality is ensured by password-protected databases, which are
only accessed by the authors responsible for the statistical analysis.

Data Availability

Data availability is restricted due to human subject involvement and is
non-public. All data used in the analysis are available upon reasonable
request to the corresponding author.

Author Disclosures
All contributors have confirmed that no conflict of interest exits.

Author Contributions

Manuscript: JPFG, GSMN, MYSL, LDMA, FABM
Idea: ACSF

Statistics: JPFG, CSTA, GSMN

Revision: CSTA, PAP]

References

1. Ando H, Cousins R, Young CA. Understanding quality of life across different clinical
subtypes of multiple sclerosis: a thematic analysis. Qual Life Res. 2022;31(7):2035-
46.D0I: 10.1007/s11136-021-03041-7. PMID: 34822047

2. Marola S, Ferrarese A, Gibin E, Capobianco M, Bertolotto A, Enrico S, et al. Anal sphinc-
ter dysfunction in multiple sclerosis: an observation manometric study. Open Med
(Wars). 2016;11(1):509-17. DOI: 10.1515/med-2016-0088. PMID: 28352843; PMCID:
PM(C5329875.

3. Langer-Gould A, Popat RA, Huang SM, Cobb K, Fontoura P, Gould MK, et al. Clinical and
demographic predictors of long-term disability in patients with relapsing-remitting
multiple sclerosis: a systematic review. Arch Neurol. 2006;63(12):1686-91. DOI:
10.1001/archneur.63.12.1686. PMID: 17172607.

4. Bsteh G, Ehling R, Lutterotti A, Hegen H, Di Pauli F, Auer M, et al. Long term clinical
prognostic factors in relapsing-remitting multiple sclerosis: insights from a 10-year
observational study. PLoS One. 2016;11(7):e0158978. DOI: 10.1371/journal.pone.
0158978. PMID: 27391947; PMCID: PMC4938610

5. Kempster PA, Rollinson RD. The lhermitte phenomenon: variant forms and their sig-
nificance. J Clin Neurosci. 2008;15(4):379-81. DOI: 10.1016/j.jocn.2007.05.002. PMID:
18280165

6. Beckmann Y, ﬁzakba§ S, Biilbiil NG, Koésehasanogullan G, Segil Y, Bulut O,
et al. Reassessment of Lhermitte’'s sign in multiple sclerosis. Acta Neurol Belg.
2015;115(4):605-8. DOI: 10.1007/s13760-015-0466-4. PMID: 25841671

7. Mirmosayyeb O, Yazdan PanahM, Mokary Y, Ghaffary EM, Ghoshouni H, Zivadinov R,
et al. Optical coherence tomography (OCT) measurements and disability in multiple
sclerosis (MS): A systematic review and meta-analysis. J Neurol Sci. 2023;454:120847.
DOI: 10.1016/j.jns.2023.120847. PMID: 37924591

8. Dolcetti E, Buttari F, Bruno A, Azzolini F, Gilio L, Di CaprioV, et al. Low-contrast
visual acuity test is associated with central inflammation and predicts dis-
ability development in newly diagnosed multiple sclerosis patients. Front Neu-
rol. 2024;15:1326506. DOI: 10.3389/fneur.2024.1326506. PMID: 38585351; PMCID:
PM(C10995923

9. Thompson AJ, Baranzini SE, Geurts ], Hemmer B, Ciccarelli 0. Multiple sclerosis.
Lancet. 2018;391(10130):1622-36. DOI: 10.1016/50140-6736(18)30481-1. PMID:
29576504

10. Gernert JA, Bohm L, Starck M, Buchka S, Kiimpfel T, Kleiter I, et al. Inner retinal layer
changes reflect changes in ambulation score in patients with primary progressive mul-
tiple sclerosis. Int J Mol Sci. 2023;24(16):12872. DOI: 10.3390/ijms241612872. PMID:
37629053; PMCID: PMC10454007

11. Pou Serradell A, Roquer Gonzalez J, Perich Alsina X. [Acute posterior cord lesions in
multiple sclerosis. An MRI study of the clinical course in 20 cases]. Rev Neurol (Paris).
2000;156(12):1126-35. PMID: 11139729

12. Wang J, Zhang H, Lin J, Yang L, Zhao L, Du A. Atypical and delayed spinal cord MRI
features of COVID-19-associated myelopathies: a report of four cases and literature
review. Neurol Sci. 2024;45(5):1835-43. DOI: 10.1007/s10072-024-07351-9. PMID:
38430399; PMCID: PM(C11021317

13. Presas-Rodriguez S, Grau-L6pez L, Hervds-Garcia JV, Massuet-Vilamajé A, Ramo-Tello
C. Myelitis: differences between multiple sclerosis and other aetiologies. Neurologia.
2016;31(2):71-5. DOI: 10.1016/j.nrl.2015.07.006. PMID: 26383061

14. Araki |, Matsui M, Ozawa K, Takeda M, Kuno S. Relationship of bladder dysfunction
to lesion site in multiple sclerosis. J Urol. 2003;169(4):1384-7. DOI: 10.1097/01.ju.
0000049644.27713.c8. PMID: 12629367

15. Kurtzke JF. Rating neurologic impairment in multiple sclerosis: an expanded disability
status scale (EDSS). Neurology. 1983;33(11):1444-52. DOI: 10.1212/wnl.33.11.1444.
PMID: 6685237

16. Nazari F, Shaygannejad V, Mohammadi Sichani M, Mansourian M, Hajhashemi V. The
prevalence of lower urinary tract symptoms based on individual and clinical param-
eters in patients with multiple sclerosis. BMC Neurol. 2020;20(1):24. DOI: 10.1186/
$12883-019-1582-1. PMID: 31952513; PMCID: PMC6966887

17. Bientinesi R, Coluzzi S, Gavi F, Nociti V, Gandi C, Marino F, et al. The impact of neuro-
genic lower urinary tract symptoms and erectile dysfunctions on marital relationship

https://doi.org/10.61373/bm024r.0073
3o0f4


https://bm.genomicpress.com
https://doi.org/10.1007/s11136-021-03041-7
https://doi.org/10.1515/med-2016-0088
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5329875
https://doi.org/10.1001/archneur.63.12.1686
https://doi.org/10.1371/journal.pone.0158978
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4938610
https://doi.org/10.1016/j.jocn.2007.05.002
https://doi.org/10.1007/s13760-015-0466-4
https://doi.org/10.1016/j.jns.2023.120847
https://doi.org/10.3389/fneur.2024.1326506
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10995923
https://doi.org/10.1016/S0140-6736(18)30481-1
https://doi.org/10.3390/ijms241612872
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10454007
https://doi.org/10.1007/s10072-024-07351-9
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11021317
https://doi.org/10.1016/j.nrl.2015.07.006
https://doi.org/10.1097/01.ju.0000049644.27713.c8
https://doi.org/10.1212/wnl.33.11.1444
https://doi.org/10.1186/s12883-019-1582-1
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6966887
https://doi.org/10.61373/bm024r.0073

18.

19.

20.

21.

22.

Research Report
Gongalves et al.

in men with multiple sclerosis: a single cohort study. J Clin Med. 2022;11(19):5639.
DOI: 10.3390/jcm11195639. PMID: 36233507; PMCID: PMC9570884

Wiedemann A, Kaeder M, Greulich W, Lax H, Priebel J, Kirschner-Hermanns R, et al.
Which clinical risk factors determine a pathological urodynamic evaluation in pa-
tients with multiple sclerosis? an analysis of 100 prospective cases. World J Urol.
2013;31(1):229-33. DOI: 10.1007/s00345-011-0820-y. PMID: 22227822

Ineichen BV, Schneider MP, Hlavica M, Hagenbuch N, Linnebank M, Kessler TM. High
EDSS can predict risk for upper urinary tract damage in patients with multiple
sclerosis. Mult Scler. 2018;24(4):529-534. DOI: 10.1177/1352458517703801. PMID:
28367674

Dogru Huzmeli E, Duman T. Somatosensory impairments in patients with multiple scle-
rosis: association with dynamic postural control and upper extremity motor function.
Somatosens Mot Res. 2020;37(2):117-24. DOI: 10.1080/08990220.2020.1753685.
PMID: 32295464

Freedman MS, Devonshire V, Duquette P, Giacomini PS, Giuliani F, Levin MC, et al.
Treatment optimization in multiple sclerosis: canadian ms working group recom-
mendations. Can J Neurol Sci. 2020;47(4):437-55. DOI: 10.1017/cjn.2020.66. PMID:
32654681

Koch MW, Moral E, Brieva L, Mostert J, Strijbis EM, Comtois J, et al. Relapse recovery in
relapsing-remitting multiple sclerosis: An analysis of the CombiRx dataset. Mult Scler.
2023;29(14):1776-85. DOI: 10.1177/13524585231202320. PMID: 37830451; PMCID:
PM(C10687796

BRAIN MEDICINE
Genomic Press

bm.genomicpress.com

Publisher’s note: Genomic Press maintains a position of impartiality and neutrality
regarding territorial assertions represented in published materials and affiliations
of institutional nature. As such, we will use the affiliations provided by the authors,
without editing them. Such use simply reflects what the authors submitted to us and
it does not indicate that Genomic Press supports any type of territorial assertions.

@@@@ Open Access. This article is licensed to Genomic Press under the Cre-
OETE ative Commons Attribution-NonCommercial-NoDerivatives 4.0 Inter-
national License (CC BY-NC-ND 4.0). The license mandates: (1) Attribution: Credit
must be given to the original work, with a link to the license and notification of any
changes. The acknowledgment should notimply licensor endorsement. (2) NonCom-
mercial: The material cannot be used for commercial purposes. (3) NoDerivatives:
Modified versions of the work cannot be distributed. (4) No additional legal or tech-
nological restrictions may be applied beyond those stipulated in the license. Public
domain materials or those covered by statutory exceptions are exempt from these
terms. This license does not cover all potential rights, such as publicity or privacy
rights, which may restrict material use. Third-party content in this article falls un-
der the article’s Creative Commons license unless otherwise stated. If use exceeds
the license scope or statutory regulation, permission must be obtained from the
copyright holder. For complete license details, visit https://creativecommons.org/
licenses/by-nc-nd/4.0/. The license is provided without warranties.

https://doi.org/10.61373/bm024r.0073
40f4


https://bm.genomicpress.com
https://doi.org/10.3390/jcm11195639
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC9570884
https://doi.org/10.1007/s00345-011-0820-y
https://doi.org/10.1177/1352458517703801
https://doi.org/10.1080/08990220.2020.1753685
https://doi.org/10.1017/cjn.2020.66
https://doi.org/10.1177/13524585231202320
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC10687796
https://creativecommons.org/licenses/by-nc-nd/4.0/
https://doi.org/10.61373/bm024r.0073

