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a b s t r a c t

Objectives. – To gather, synthesize, and meta-analyze data regarding the risk factors asso-

ciated with a severe course of COVID-19 among patients with multiple sclerosis (pwMS).

Methods. – MEDLINE, Embase, Scopus, and WoS were searched in May 2021. Briefly, the

eligibility criteria included: 1) studies assessing COVID-19 severity among adult pwMS; 2)

definitive diagnoses or high clinical suspicion of COVID-19; 3) a categorization of COVID-19

severity into at least two categories; 4) quantitative effect size and precision measurements;

and 5) English language; and 6) clear effect size/precision measures. internal validity of

studies was assessed using the NIH Quality Assessment Tools. A list of possible risk factors

was created based on the search results and was later used in extraction, synthesis, and

meta-analysis of the data.

Results. – Thirteen studies were included in the syntheses. Outcome measures were either

extracted from the papers, obtained from the primary researchers or calculated manually.

The meta-analyses showed a significantly (P < 0.05) increased odds of a severe COVID-19 in

pwMS with all of the assessed risk factors, except smoking and most DMTs.
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Conclusion. – This study facilitates evidence-based risk/benefit assessments in practice.

Older men with progressive MS on anti-CD20 therapies are more at risk of an unfortunate

COVID-19 outcome.

# 2021 Elsevier Masson SAS. All rights reserved.
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1. Introduction

Since the beginning of the COVID-19 pandemic, major

concerns were raised among the people with Multiple

Sclerosis (pwMS) and their physicians, considering their

disabilities, their chronic states of immunosuppression, and

their higher susceptibility to infections and their unfortunate

outcomes [1]. Therefore, ever since, a lot of research has been

aiming at investigating the possible relationships between

COVID-19 and Multiple Sclerosis (MS). Identification of the risk

factors, which render pwMS more susceptible to worse

COVID-19 outcomes, has been among the aims of these

studies. Results however, have been contrary, as expected

from primary observational investigations. Managing pwMS

during the pandemic, requires careful evidence-based assess-

ments of individual risk/benefit profiles. Therefore, we aimed

to gather and synthesize the published evidence concerning

the risk factors reportedly associated with a more severe

course of COVID-19, in a systematic review of literature,

followed by a meta-analysis.

2. Methods

2.1. Framework, search strategy and eligibility criteria

The PRISMA guidelines were followed in the conduction of

this study. Initially, a comprehensive search of MEDLINE,

Embase, Scopus and Web of Science was conducted by two

independent reviewers (SM and MB, the search team) in May

2021, using the terms: (coronavirus disease 2019 OR COVID-19

OR SARS-CoV-2 OR COVID) AND (Multiple Sclerosis). The

search team used the Mendeley application to detect, scan,

and remove duplicates. The same application was used to

identify the reviews, case reports, and commentaries, which

were excluded after confirmation. The remaining studies were

scanned for relevant titles/abstracts. This process was

conducted two separate times by two independent reviewers.

The studies that at least one reviewer from the search team

considered relevant, were sought for retrieval.

The inclusion criteria were pre-defined as: 1) observational

studies assessing COVID-19 severity among adult (> 18 years

old) pwMS ; 2) laboratory- or radiology-based diagnoses or high

clinical suspicion of COVID-19; 3) a categorization of COVID-19

severity into at least two clearly defined categories (e.g., mild,

severe, or similar terminologies); 4) estimation of the outcome

of possible pre-defined risk factors, using proper quantitative

effect size and precision measurements; and 5) studies

published in the English language. Exclusion criteria included:

1) unclear effect size and/or precision measures. Full texts of

the relevant papers were assessed for eligibility and quality
independently by two reviewers (AAS and HN, the methodo-

logy team). In cases of reviewers not reaching a consensus

regarding a study, a third reviewer’s (NS) opinion was sought.

For quality (internal validity) assessments, the NIH Quality

Assessment Tools were used [2].

2.2. Risk factors and outcomes, eligibility for syntheses,
and data extraction

The search team created an initial list of risk factors before

data extraction, including all of the assessed risk factors in the

relevant studies from their search. Later, if a specified risk

factor was not assessed in at least two of the included studies,

it was excluded from the final list of assessed risk factors

(Table 1). The COVID-19 infection severity was defined as the

outcome: mild or severe, with mild describing a patient who

did not require hospitalization and severe a patient who did,

regardless of ICU admission or final disease outcomes.

As the studies used different variables to measure the

effect size of each risk factor, the most abundant effect

measure among all, for each risk factor, was considered the

primary effect measure and was used in the syntheses. We

tried to minimize the exclusion of data from studies that used

different variables to measure the effect size of each risk factor

and contacted the primary investigators of those studies. They

were asked to calculate and share the required effect

measures or share their raw data, enabling us to do so. If

the primary investigators failed to share the required

measures, the data extraction team (NS and MRM) aimed to

manually calculate the effect measures from the descriptive

data presented in their paper. Finally, if the required effect

measures could not be obtained, either way, the study was

excluded from synthesis regarding the particular risk factors.

Studies also differed in the method of effect measure

calculations (e.g., accounting for different confounding fac-

tors). This was regarded as a source of possible inter-study

heterogeneity. In the case of a study estimating a specific

effect size via different statistical methods, the result from the

method accounting for the most confounding factors was

extracted and used in the synthesis. The final list of risk

factors and their extracted effect and precision measures can

be interpreted from Table 1.

2.3. Syntheses and meta-analyses

Forest plots were used to display the results of syntheses

visually. Based on the inter-study heterogeneity regarding

each outcome, determined by Cochran’s Q and I-squared tests,

fixed- or random-effects models were used for meta-analysis

of homo- and heterogenous results, respectively. More

specifically, a random-effects model was used in the case of



Table 1 – Studied risk factors and their main effect measures.

Possible risk factors for COVID-19 severity in pwMS Effect and precision measures

Age OR per 10 years, 95% CI

Male sex OR compared to female, 95% CI

Comorbidities

Obesity OR compared to non-obese pwMS, 95% CI

Diabetes mellitus OR compared to non-diabetic pwMS, 95% CI

Cardiovascular comorbidities OR compared to pwMS without CV comorbidities, 95% CI

Pulmonary comorbidities OR compared to pwMS without pulmonary comorbidities, 95% CI

Hypertension OR compared to pwMS without hypertension, 95% CI

Past/current Smoking OR compared to non-smokers, 95%CI

Progressive MS OR compared to non-progressive MS, 95% CI

3 � EDSS < 6 OR compared to EDSS < 3, 95% CI

6 � EDSS OR compared to EDSS < 3, 95% CI

Disease duration Mean difference, 95% CI

Corticosteroids within 2 months OR compared to no corticosteroid therapy within 2 months, 95%CI

Disease Modifying Therapies (DMTs) OR compared to no DMT, 95% CI

pwMS: people with multiple sclerosis; CI: confidence interval; OR: odds ratio; CV: cardiovascular; EDSS: expanded disability status scale.
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I2 > 50%. In case of a significant inter-study heterogeneity

(I2 > 50%), a meta-regression analysis was utilized to assess

the inter-study difference in analysis methods as a possible

source of heterogeneity. Sensitivity analyses included per-

forming meta-analysis only on studies with good quality

based on NIH Quality Assessment Tools [2]. Egger’s test and

visual asymmetry of funnel plots were used to assess the risk

of bias due to missing results (reporting/publication bias)

in the syntheses. Statistical significance was defined as

P-value < 0.05. The certainty of evidence was rated using

the GRADE approach, by three independent reviewers (NS, ME,

and MRM). The STATA14 software for macOS was used to

gather, synthesize, and analyze the data.

2.4. Ethical considerations and registration

An approval from ethics committee was not required to

initiate this study, as it was not a primary investigation on

individuals. Before initiation, the protocol of the study was

approved and registered by the internal research board of

Isfahan University of Medical Sciences (registration number:

IR.MUI.MED.REC.1400.244).

3. Results

3.1. Study selection

The PRISMA flow diagram, describing the study selection

processes, from the search to the final inclusion in syntheses,

can be interpreted from Fig. 1. Thirteen studies were included

in the final syntheses based on the eligibility criteria. Two

studies [3,4] were excluded despite meeting the eligibility

criteria, because no data could be extracted from them in any

way. General information pertaining to each included study

and the extracted results from each can be interpreted from

Table 2. The reviewers did not detect any sign of duplicate data

among the included studies, although its possibility should be

acknowledged, considering the large extents of global and

regional shared data registries and databases.
3.2. Results of individual studies and syntheses

Regarding each risk factor, the extracted outcomes from each

study and the results of their synthesis along with Cochran’s Q

and I-squared results and methods of meta-analyses are

presented via forest plots and can be found in the supple-

mentary material. As mentioned, each study accounted for a

different set of confounding variables in its analyses, which

was regarded as a source of bias/heterogeneity. Studies

differed in their methodology, some being registry-based,

while others being questionnaire- and follow-up-based. Some

outcomes required for syntheses were not presented in most

of primary studies, forcing us to contact the primary

researchers, of which the majority could not share the

measures apart from the ones presented in their papers.

Therefore, some of the required outcomes were calculated

manually using univariate analysis and others were excluded

from syntheses. This should be regarded as a source of

possible bias, which was investigated in the sensitivity

analyses, by performing no manual calculations and extract-

ing all the outcome measures from the studies with good

quality based on NIH Quality Assessment Tools [2]. Further-

more, most studies were conducted with the primary goal of

investigating the contraction of COVID-19 rather than inves-

tigating its different courses among pwMS. This led to limited

numbers of COVID-19-contracted pwMS being a subgroup in

the study samples and therefore, may have presented possible

biases due to limited sample sizes and analytic power. This

problem might have been amplified by using the random-

effects model regarding the risk factors that showed inter-

study heterogenous results. This was also investigated via the

sensitivity analyses, in which the meta-analyses were per-

formed on the studies with sufficient sample sizes and

analytic powers. The results of bias assessments in each

individual study, using NIH Quality Assessment Tools [2], can

be retrieved from the supplementary material.

The final results of syntheses and meta-analyses are

summarized in Table 3 and Fig. 2. Egger’s test showed

statistically significant results in case of male sex (P = 0.039),

interferons (P = 0.029), and glatiramer (P = 0.012) (Online



Fig. 1 – PRISMA flow diagram.
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material). Funnel plots for each risk factor can be found in the

supplementary material. Sensitivity analyses confirmed the

effect measure estimation for each risk factor, except for four

risk factors, namely obesity, hypertension, EDSS and corti-

costeroid administration within two months (Online mate-

rial). This may indicate an overestimation of the effects of

obesity, hypertension, and EDSS, and an underestimation of

the effects of corticosteroid administration within two

months, in the overall analyses.

Overall, as it can be interpreted from Table 3, older age,

male sex, obesity, diabetes mellitus, cardiovascular and

pulmonary comorbidities, hypertension, progressive pheno-

types of MS, higher EDSS, longer disease duration, adminis-

tration of corticosteroids within two months, and anti-CD20

therapies were significantly associated with a severe course of

COVID-19. On the other hand, interferons significantly

reduced the odds of a severe COVID-19 (P = 0.001). Other
DMTs and smoking did not show any significant correlation

with a severe course of COVID-19.

Meta-regression did not explain the inter-study heteroge-

neities and its source remains unclear. Detailed results of

meta-regression can be retrieved from the supplementary

material.

4. Discussion

This study provided robust evidence regarding the risk factors

of a severe COVID-19 among pwMS, guiding clinicians to better

assess individualized risk profiles and better manage each

patient in clinical practice. Among the studied risk factors, a

progressive phenotype of MS seems to multiply the odds of a

severe course of COVID-19, by roughly four times, which is an

alarming number. Therefore, close observations of these



Table 2 – Included studies and the extracted results used in the syntheses.

Study Country/
region

Number of
participants
(female/male ratio)

Study
qualitya

Extracted results regarding risk factors (X: yes)

Age Male sex Obesity DM CV Pulm HTN Smoking PMS EDSS DD CS DMTc

[5] North America 1626 Good X X X X X X X X X X X X X

[6] Italy 844 Good X X X X X X X X X X X X

[7] International 715 Fair X X X X X X X X

[8] France 347 Good X X X X X X X X X

[9] International 344 Fair X X X X X X X

[10] Turkey 309 Fair X X X X X X

[11] Latin America 129 Fair X X X X X X

[12] Spain 93 Fair X X X X X X X X X X X X

[13] The Netherlands 86 Fair X X X

[14] United States 76 Fair X X X X X X X X

[15] Iran 68 Fair X X X

[16] Spain 51 Fair X X X X X X X X X X

[17] United States 40 Fair X X X X X X Xb X X

DM: diabetes mellitus; CV: cardiovascular comorbidities; Pulm: pulmonary comorbidities; HTN: hypertension; PMS: progressive multiple

sclerosis; EDSS: expanded disability status scale; DD: disease duration; CS: corticosteroid within 2 months; DMT: disease-modifying therapy.
a Based on a consensus reached by two independent reviewers (AAS and HN), using NIH quality assessment tools.
b Only extracted data for EDSS > 6.
c Data pertaining to some DMTs could not be extracted from some mentioned studies.

Table 3 – Summary of findings.

Risk factor Meta-analysis of all studies Effect size measure Assessment of
certainty (GRADE)a

Effect size (95% CI) P-value

Overall demographics

Age 1.45 (1.17, 1.79) 0.001 OR per 10 years Moderateb

Male sex 1.54 (1.31, 1.81) < 0.001 OR vs. female High

Comorbidities

Obesity 1.87 (1.25, 2.80) 0.002 OR vs. non-obese) Moderateb

Diabetes 1.87 (1.46, 2.40) < 0.001 OR vs. non-diabetic High

Pulmonary comorbidities 1.50 (1.12, 2.01) 0.007 OR vs. no pulmonary comorbidities High

Cardiovascular comorbidities 1.96 (1.47, 2.60) < 0.001 OR vs. no CV comorbidities High

Hypertension 1.90 (1.30, 2.78) 0.001 OR vs. no HTN Moderateb

Current/past Smoking 0.98 (0.79, 1.22) 0.845 OR vs. never-smokers High

MS characteristics

Progressive MS 3.74 (2.57, 5.46) < 0.001 OR vs. non-progressive MS High

3 < EDSS < 6 2.12 (1.38, 3.28) 0.001 OR vs. EDSS < 3 Moderateb

EDSS > 6 3.48 (1.67, 7.24) 0.001

Disease duration 3.93 (3.07, 4.80) < 0.001 Mean difference Moderatec

Corticosteroid in past 2 months 2.63 (1.78, 3.87) < 0.001 OR vs. no corticosteroid in past 2 months Moderatec

DMTs

Interferons 0.37 (0.20, 0.67) 0.001 OR vs. no DMTs High

Glatiramer 0.78 (0.47, 1.32) 0.358 Moderated

Teriflunomide 0.66 (0.39, 1.12) 0.125 Moderatee

Fumarate 0.73 (0.50, 1.08) 0.116 Moderatee

Fingolimod 0.76 (0.50, 1.18) 0.222 Moderatee

Anti-CD20 1.43 (1.10, 1.88) 0.008 High

Natalizumab 0.82 (0.54, 1.24) 0.342 Moderatee

Alemtuzumab 0.80 (0.25, 2.52) 0.698 Lowf

Cladribine 0.28 (0.05, 1.58) 0.148 Lowf

CI: confidence interval; OR: odds ratio; CV: cardiovascular; HTN: hypertension; MS: multiple sclerosis; EDSS: expanded disability status scale;

DMT: disease-modifying therapy.
a Based on a consensus reached by three independent reviewers (NS, ME, and MRM). The baseline certainty was considered as moderate, as

the meta-analysis was performed on observational non-randomized studies, however, if the results from an adequate number of studies

showed no sign of inconsistency, imprecision, and risk of missing results, the certainty was upgraded to high.
b Due to inconsistency.
c Due to limited number of studies.
d Due to imprecision and risk of missing results.
e Due to imprecision.
f Due to imprecision and limited number of studies.
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Fig. 2 – Summary forest plot of the pooled results.
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pwMS and raising awareness among themselves and their

relatives to take the protective measures seriously, may be of

more importance than the general population or other pwMS.

Also, prioritizing their vaccination against COVID-19, advising

them of receiving booster doses and the continuation of

protective measures, even after being vaccinated, may be

reasonable. To a lesser extent, this also accounts for pwMS

with other risk factors as well.

Most DMTs did not show to be associated with a severe

COVID-19, and therefore, they can be continued with caution

throughout the pandemic; with anti-CD20 drugs, however, the

issue is slightly different. Anti-CD20 therapies were signifi-

cantly associated with a severe course of COVID-19 in our

meta-analysis, but whether or not anti-CD20 treatments

should be halted or replaced by other therapies is contro-

versial, and more practical approaches may be more appre-

ciated [18]. Overall, when it comes to recovery from the

infection, some suggest that B cells may not be the sole

requirement of the host’s immune system, with innate and

cellular immune components exerting their antiviral effects as

planned [19]. Currently, high-quality data on long-term

immunity against SARS-CoV-2 in pwMS treated with anti-

CD20 drugs is lacking. The matter gains more importance

considering the controversial data on post-vaccination cellu-

lar responses [20,21] and blunted humoral responses [21–24] in

these pwMS. As supported by theory, the reports of Sormani

et al. [22] and Stefanski et al. [23] showed delaying doses of

anti-CD20 therapies to be associated with more favorable

post-vaccination humoral responses – a key point to keep in

mind when developing vaccination strategies for pwMS on
anti-CD20 therapies, who were shown to be at higher risk of

unfavorable COVID-19 outcomes.

In the same line, natalizumab is used as a second-line

therapy, and treated pwMS are likely to have a higher EDSS

when treatment is started. In fact, natalizumab therapy

associates with a small increased risk of upper respiratory

tract infections [25], and theoretically, due to its mechanism of

action, natalizumab could be effective in reducing lymphocyte

trafficking to the lung and mucosa [26]. However, natalizumab

did not show to be associated with a severe COVID-19 course in

this study.

Regarding corticosteroid therapy, a recent report in a

cohort of 1289 patients with cancer and COVID-19 showed no

significant effect of this therapy (long term or transient < 4

weeks) in a multivariate analysis of factors associated with all-

cause mortality by COVID-19 [27]. Moreover, in MS, corticos-

teroids are reserved for treating relapses, a scenario that could

be associated with an increase in neurological disability and,

therefore, probable complications of COVID-19.

The significant results of the Egger’s test regarding male

sex, interferons, and glatiramer most probably stem from the

use of multivariable analyses in the larger studies, rather than

publication/reporting bias, especially regarding male sex,

which is not an industry-involved factor. Smaller studies

with limited sample sizes are obligated to using univariate

analyses, as running multivariable analyses with insufficient

data results in inaccurate and inconclusive measures. Also, it

is worth mentioning that regarding DMT’s, results from

univariate analysis are probably far less accurate, as univa-

riate analysis does not account for the fact that the majority of
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pwMS receiving no DMT’s are among the older ones with more

comorbidities, progressive MS phenotypes and higher EDSS or

in other words, it does not account for age, comorbidities,

progressive MS, and EDSS as major confounders. This is most

probably the reason that the smaller studies, which ran

univariate analyses, falsely show protective effects for DMTs.

The heterogeneity seen in the results from different

studies, may be because of different COVID-19 situations

across the globe. For instance, the COVID-19 mortality among

general population in USA is roughly two times higher than in

Italy [28]. This may raise serious concerns regarding the

synthesis of data, as the pooling does not account for the

different situations in different regions as a confounder. Also,

as mentioned, the heterogeneity may stem in the use of

different models among studies (e.g., univariate and multi-

variable), which makes some statisticians to argue that the

pooling of the results from different models may not be

reasonable. On the other hand, exclusion of heterogenous

results solely because of their heterogeneity, and pooling the

homogenous results because of their homogeneity, may

introduce a significant amount of selection bias to the studies.

The answer to this problem may lie in gathering of data as

much as possible from all over the globe, and utilizing

statistical tools (e.g., meta-regression) to account for different

confounders and sources of inter-study heterogeneity. Never-

theless, this problem has been an issue over the years and still

remains to be discussed. In this study, aiming to reduce

selection bias, we approached the issue by including as much

studies as we could regardless of their locations, methods of

analysis, and overall heterogeneity compared to other studies,

including in the syntheses the results from all over the globe

and from both univariate and multivariable analyses, and

thereafter, utilized meta-regression to investigate the possible

source of inter-study heterogeneity. An alternative approach

(which a lot of statisticians would not approve) is to scan the

different studies, exclude the heterogenous ones, and syn-

thesize/meta-analyze the most homogenous.

Nevertheless, there is still a need for more evidence to

estimate the effects of mentioned risk factors more precisely

on the course of COVID-19. Future studies can also focus on

the mechanistic processes which render pwMS with risk

factors more susceptible to COVID-19. Unfortunately, dis-

cussions in this regard do not fit the present paper.

4.1. Limitations

Most of the limitations in each step of this study, and the

methods used to tackle them were mentioned in the methods

and results section. One of the unmentioned limitations of this

study, might be the two-levels outcome measurement. The

two-level outcome measurement based on hospitalization

was considered in order to facilitate the data extraction

processes, although it might have presented uncertainty to the

results. For instance, different countries have followed

different guidelines for hospitalizing patients and it could

not be determined if the hospitalized pwMS all experienced

similar disease courses, a problem that was not investigated in

this study and might have led to over- or underrepresentation

of the results. Also, a two-member search team and limited

searched databases still leaves a chance of missing relevant
studies and more sources of inter-study heterogeneity (e.g.,

differences of COVID-19 situations and managements in

different regions) could have been investigated in meta-

regression. Nevertheless, this was a meta-analysis of obser-

vational studies and therefore, bears their limitations.
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