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Abstract
Objective To identify risk factors for an increased lethality of COVID-19 in patients with multiple sclerosis (MS).
Methods We searched scientific databases to identify cohort studies with the number of deaths in patients with MS. We fitted 
inverse-variance weighted meta-regressions with random-effects models to identify potential moderators (determinants) of 
COVID-19-related lethality (outcome).
Results After an independent screening, 18 articles satisfied the eligibility criteria; all data were collected before anti-SARS-
COV-2 vaccination was available. Out of 5,634 patients, 111 died, yielding a pooled death rate of 1.97% (95% confidence 
intervals 1.61–2.33). There was a substantial heterogeneity between the included studies (Q17 = 66.9, p < 0.001; I2 = 77.5%), 
but no relevant publication bias (p = 0.085). Higher lethality was observed in studies including older patients (β = 0.80, 
p = 0.025) and in studies with higher proportions of patients with comorbidity (β = 0.17, p = 0.046), progressive disease course 
(β = 0.15, p = 0.027), and current treatment with anti-CD20 agents (β = 0.18, p < 0.001). Otherwise, higher proportions of 
patients treated with interferon beta (β = – 0.16, p < 0.001) and teriflunomide (β = – 0.11, p = 0.035) were associated with 
lower lethality. These estimates did not change even in both multivariable meta-regressions including adjustment variables 
and leave-one-out sensitivity analyses.
Conclusion Except for age and comorbidities, risk factors in common with the general population, we identified MS-specific 
determinants influencing the lethality of COVID-19. Our findings suggest the implementation of a risk mitigation plan for 
patients with progressive MS and for those treated with anti-CD20 agents.

Keywords Multiple sclerosis · COVID-19 · SARS-COV-2

Introduction

Multiple sclerosis (MS) is a long-lasting inflammatory and 
neurodegenerative disease of the central nervous system 
(CNS) representing the leading cause of progressive dis-
ability in young adults [1]. The long-term accumulation of 
severe disability is not strictly an immediate cause of death 
[2], nonetheless patients with MS are at higher risk of death 
than the general population, with an estimated reduction 
of life expectancy of approximately one decade [3]. This 
increased mortality risk is mainly attributable to complica-
tions arising from severe disability and longer disease dura-
tion, i.e. infections, cardiovascular or respiratory illnesses 
[3].

The growing availability of disease-modifying treatments 
(DMTs) has unquestionably improved the prognosis and 
possibly reduced the MS-related mortality; nevertheless, 
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DMTs may increase the risk of infections [4], especially 
in older subjects [5]. This concern arose particularly fol-
lowing the current outbreak of the severe acute respiratory 
syndrome coronavirus-2 (SARS-COV-2) pandemic. The 
interplay between MS-related disability, DMT-induced 
alteration of immune homeostasis and the coronavirus dis-
ease-19 (COVID-19) may possibly result in a higher risk 
of morbidity and mortality in these patients [6]. Currently 
available data suggest an approximately 24%-increased risk 
of death from COVID-19 in patients with MS than in the 
general population [7], mainly attributed to comorbidities 
and disease burden (i.e. progressive disease course and 
worse disability level [8, 9]), whereas DMTs do not seem to 
affect survival [10, 11]. However, treatment with anti-CD20 
agents was shown as associated with an increased risk of 
hospitalization, while interferon beta was correlated with a 
reduced COVID-19 severity [8, 11, 12].

In the attempt to disentangle this conflicting literature 
data, we performed a meta-regression of published studies 
to explore possible determinants of COVID-19-related death 
rate in patients with MS.

Methods

Study design and registration

We registered on PROSPERO (Registration Number: 
CRD42021246205) the review protocol before starting the 
meta-analysis with meta-regression and we applied the rec-
ommendations of the Preferred Reporting Items for System-
atic Reviews and Meta-analyses (PRISMA) [13].

Search strategy

To identify studies on COVID-19 in patients with MS, we 
searched two medical (PubMed and Google Scholar) and 
one pre-print (MedRxiv) databases, using combinations of 
MeSH terms for articles published from January, the 1st 
2020 until July 31, 2021, as follows: (multiple sclerosis) 
AND ((COVID-19) OR (coronavirus) OR (SARS-CoV-2)).

To develop our literature search strategy, we applied the 
PI(E)COS framework [14], as follows: Participants (P): peo-
ple with multiple sclerosis; Intervention (I): not applicable; 
Exposure (E): COVID-19; Control (C): not applicable; Out-
come (O): death due to COVID-19; Study designs or Set-
tings (S): observational studies.

We selected only independent cohort studies, and 
excluded case series and case reports to minimize selec-
tion bias. To avoid the risk of missing relevant studies, we 
searched for additional articles through the bibliography 
of included ones and previously published reviews. Con-
ference abstracts and articles written in languages other 

than English were not considered. To minimize the risk 
of duplicated data, we checked for authors and/or coun-
tries where data were collected. When two or more articles 
were from the same country, we included multiple studies 
only on the condition that there was no author overlap and 
data were collected in different sites. We excluded studies 
supported by Pharma Industries that were preferentially 
focused on just one DMT, to avoid both data overlap with 
independent observational cohorts and sponsorship bias 
[15].

To assess eligibility, two investigators (LP and SH) 
independently searched for articles, and agreement 
between them was required to include an article; disagree-
ment was solved by a third author after reading the whole 
article (CT).

Study eligibility

Each cohort study had to fulfil the following additional cri-
teria to be included for quantitative synthesis: (i) patients 
must have a confirmed or suspected diagnosis of COVID-19; 
(ii) confirmed COVID-19 must be based on a laboratory-
based assay through reverse transcriptase polymerase chain 
reaction (RT-PCR) on nasal and pharyngeal swabs, or by 
a positive serological test; (iii) suspected COVID-19 must 
be based on clinical and/or radiological features highly 
suggestive of SARS-COV-2 infection, even in absence of 
laboratory-based confirmation; (iv) the number of deaths 
observed over the entire follow-up must be clearly reported.

Data extraction

The list of the extracted variables for each study eligible 
for meta-regressions was pre-specified and included: first 
author; publication year; country; sample size; number of 
deaths (outcome of interest) and hospitalization attribut-
able to COVID-19; proportion of patients with confirmed 
and suspected COVID-19; average age; proportion of male 
sex; proportion with comorbidity; average disability level 
expressed as expanded disability status scale (EDSS) score 
[16]; proportion with secondary or primary progressive dis-
ease course; proportion with recent steroid exposure (i.e. 
in the last 2 months before COVID-19 diagnosis); average 
lymphocyte count; proportion of untreated patients; propor-
tion of patients under treatment with specific DMTs, i.e. 
anti-CD20 agents (ocrelizumab, ofatumumab and rituxi-
mab), interferon beta, dimethyl fumarate, glatiramer acetate, 
natalizumab, pulsed immune-reconstitution therapy (alem-
tuzumab and cladribine), sphingosine 1-phosphate receptor 
modulators (fingolimod, ozanimod, ponesimod, siponimod), 
teriflunomide.
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Quality assessment

The methodological quality of each included study was 
assessed by the Newcastle–Ottawa Scale (NOS) [17], which 
is a risk of bias assessment tool for observational studies that 
is recommended by the Cochrane Collaboration. The NOS 
consists of 8 items with 3 subscales, and the total maximum 
score of these 3 subsets is 9. Three factors were considered 
to score the quality of included studies: (1) selection, includ-
ing representativeness of the exposed cohort, selection of the 
non-exposed cohort, ascertainment of exposure, and demon-
stration that at the start of the study the outcome of interest 
was not present; (2) comparability, assessed on the basis 
of study design and analysis, and whether any confound-
ing variables were adjusted for; and (3) outcome, based on 
the follow-up period and cohort retention, and ascertained 
by independent blind assessment, record linkage, or self-
report. By convention, a study scoring ≥ 6 is considered a 
high-quality study.

Statistical analysis

We estimated the pooled effect size (ES) of included studies 
on lethality of COVID-19, i.e. the death rate calculated as 
number of deaths divided by the total sample size for each 
study. We applied the double arcsine transformation that—
for rare events such as the death—is more appropriate than 
other commonly used transformation. The double arcsine 
transformation can accommodate studies with zero events 
without requiring a continuity correction and has variance-
stabilizing property, as the variance depends only on the 
sample size without any correlation with the transformed 
proportion estimates [18]. Pooled estimates were weighted 
by inverse variance, thereby giving more weight to larger 
than smaller studies.

Between-study heterogeneity and inconsistency were 
expressed as Cochran's Q and I2, respectively. The Cochran's 
Q is computed by summing the squared deviations of each 
study's ES from the pooled ES, weighting the contribution 
of each study by its inverse variance. The  I2 was derived 
by the Cochran’s Q according to the following formula: (Q 
− degree of freedom)/Q × 100%. We considered an I2 ≤ 40% 
as marginal, 30–60% moderate and 50–90% substantial het-
erogeneity, respectively (according to Cochrane Handbook 
for Systematic Reviews of Interventions, version 5.1.0; 
www. handb ook-5- 1. cochr ane. org). Risk of publication bias 
was assessed by visual inspection of contour-enhanced fun-
nel plot and the Egger test of asymmetry.

To account for the expected intra- and inter-study hetero-
geneity, meta-regression equations were fitted as inverse-
variance weighted random-effects models based on an 
empirical Bayes variance estimate [19].

We inserted in univariate meta-regression equations 
all variables (moderators) hypothetically influencing 
the pooled ES (see also the data extraction paragraph 
for the full list of moderators). All moderators were 
log(X + 1)-transformed to reduce the possibility of highly 
skewed variables potentially violating the normal dis-
tribution assumption. Normality assumption was then 
checked for all variables entered in models and for their 
residuals. To make easier the interpretation of meta-
regression results, we provided bubble plots for relevant 
associations. We also ran multivariable meta-regressions 
including adjustment variables to confirm findings from 
univariate analyses. Moreover, we conducted subgroup 
analyses to further validate meta-regression findings; 
subgroups were defined by median-split stratification 
of moderators significantly associated with lethality of 
COVID-19. Finally, leave-one-out sensitivity analyses 
were conducted by iteratively removing one article at 
a time to confirm that meta-regression results were not 
driven by any single study.

Two-tailed p values less than 0.05 were considered sig-
nificant. Data were analyzed by using the freeware software 
JASP version 0.12.1 (JASP Team, 2020; www. jasp- stats. 
org).

Results

Search findings

Our search retrieved 525 articles; after removing duplicates 
and screening for title and abstract, we assessed 140 full-text 
articles for eligibility. Of these, 18 articles met the eligibility 
criteria [20–37]. See Fig. 1 for the study selection process.

Study characteristics

Most of the data were collected during the first pandemic 
wave, and anyway, before the anti-SARS-COV-2 vaccination 
was available. According to different articles, data collection 
was locked in April 2020 [32], May 2020 [23, 27, 31, 33], 
June 2020 [22, 24, 25, 28, 30], whereas data of the remain-
ing studies were collected until September 2020 [35, 36], 
October 2020 [20], December 2020 [26, 34], February 2021 
[21, 37], April 2021 [29].

Studies were conducted in the following countries: Iran (3 
articles) [23, 24, 33], United States (2 articles) [27, 32], Aus-
tria [26], Brazil [25], Chile [28], Czechia [37], France [31], 
Italy [36], Netherland [30], Poland [29], Saudi Arabia [21], 
Spain [22], Turkey [35]; two articles included data from dif-
ferent countries of Latin America [20] and North America 
[34]. Three articles included also data of 20 patients with 

https://www.handbook-5-1.cochrane.org
http://www.jasp-stats.org
http://www.jasp-stats.org
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neuromyelitis optica spectrum disorder that were removed 
from further analysis [20, 28, 37].

All included studies were of good methodologic qual-
ity in terms of selection and outcome assessment, whereas 
slighter quality occurred in studies with smaller sample size 
(Table 1).

Participants

The pooled data extracted from 18 articles consisted in 
5634 patients (see the Table 2 for the main characteristics 
of included cohorts). Their main age was 41.8 years and 
1590 (28.6%) of them were males (data on sex ratio were 

Fig. 1  PRISMA flow-chart for 
study selection

Table 1  Assessment of 
methodological quality 
of included studies by the 
Newcastle–Ottawa Scale [17] of 
included studies

Selection: 1. Representativeness of exposed cohort; 2. Selection of non-exposed cohort; 3. Ascertainment 
of exposure; 4. Demonstration that outcome of interest was not present at start of study; Comparability: 1. 
Adjust for the most important risk factors; 2. Adjust for other risk factors; Outcome: 1. Assessment of out-
come; 2. Follow-up length; 3. Loss to follow-up rate. One "★" means 1 point

First Author Selection Comparability Outcome Total 
quality 
score1 2 3 4 1 2 1 2 3

Alonso [20]  ★  ★   ★  ★ ★  ★ 6
Alshamrani [21]  ★  ★  ★  ★  ★  ★ 6
Arrambide [22]  ★  ★  ★  ★  ★  ★  ★  ★ 8
Barzegar [23]  ★  ★  ★  ★  ★  ★ 6
Bayat [24]  ★  ★  ★  ★  ★  ★ 6
Brum [25]  ★  ★  ★  ★  ★  ★ 6
Bsteh [26]  ★  ★  ★  ★  ★  ★  ★  ★ 8
Chaudhry [27]  ★  ★  ★  ★  ★  ★ 6
Ciampi [28]  ★  ★  ★  ★  ★  ★ 6
Czarnowska [29]  ★  ★  ★  ★  ★  ★ 6
Loonstra [30]  ★  ★  ★  ★  ★  ★ 6
Louapre [31]  ★  ★  ★  ★  ★  ★  ★  ★ 8
Parrotta [32]  ★  ★  ★  ★  ★  ★ 6
Sahraian [33]  ★  ★  ★  ★  ★  ★ 6
Salter [34]  ★  ★  ★  ★  ★  ★  ★  ★ 6
Sen [35]  ★  ★  ★  ★  ★  ★  ★  ★ 8
Sormani [36]  ★  ★  ★  ★  ★  ★  ★  ★ 8
Stastna [37]  ★  ★  ★  ★  ★  ★  ★  ★ 8



2279Journal of Neurology (2022) 269:2275–2285 

1 3

Ta
bl

e 
2 

 S
um

m
ar

y 
of

 th
e 

m
ai

n 
ch

ar
ac

te
ris

tic
s o

f i
nc

lu
de

d 
stu

di
es

N
/A

, n
ot

 a
va

ila
bl

e;
 a

nt
i-C

D
20

, a
ge

nt
s 

in
cl

ud
e 

oc
re

liz
um

ab
 (

n =
 85

8)
, r

itu
xi

m
ab

 (
n =

 22
3)

, o
fa

tu
m

um
ab

 (
n =

 3)
; I

RT
, i

m
m

un
e-

re
co

ns
tit

ut
io

n 
th

er
ap

y 
in

cl
ud

e 
cl

ad
rib

in
e 

(n
 =

 72
), 

al
em

tu
zu

m
ab

 
(n

 =
 58

); 
S1

P,
 sp

hi
ng

os
in

e-
1-

ph
os

ph
at

e 
in

cl
ud

e 
fin

go
lim

od
 (n

 =
 58

2)
, s

ip
on

im
od

 (n
 =

 20
), 

oz
an

im
od

 (n
 =

 4)
, p

on
es

im
od

 (n
 =

 3)

Sa
m

pl
e 

si
ze

 (n
)

D
ea

th
 (n

)
M

ea
n 

ag
e,

 
ye

ar
M

al
e

Se
x 

(%
)

Pr
es

en
ce

 o
f 

co
m

or
bi

d-
ity

 (%
)

M
ed

ia
n 

ED
SS

Pr
og

re
s-

si
ve

 c
ou

rs
e 

(%
)

N
o 

tre
at

-
m

en
t (

%
)

A
nt

i-
C

D
20

 
ag

en
ts

 
(%

)

D
im

et
hy

l 
fu

m
ar

at
e 

(%
)

G
la

tir
am

er
 

ac
et

at
e 

(%
)

In
te

rfe
ro

n 
B

et
a 

(%
)

N
at

al
i-

zu
m

ab
 

(%
)

Pu
ls

ed
 

IR
Ts

 (%
)

S1
P-

re
ce

pt
or

 
m

od
ul

at
or

s 
(%

)

Te
rifl

un
o-

m
id

e 
(%

)

A
lo

ns
o 

[2
0]

12
9

0
41

.5
40

.3
40

.3
3.

5
8.

5
9.

3
17

.1
10

.1
1.

6
16

.3
6.

2
7.

0
23

.3
9.

3

A
ls

ha
m

ra
ni

 
[2

1]
70

0
33

.7
28

.6
N

/A
1.

5
11

.4
24

.3
10

.0
10

.0
0.

0
18

.6
5.

7
1.

4
18

.6
11

.4

A
rr

am
bi

de
 

[2
2]

32
6

7
44

.8
32

.2
46

.6
2.

0
19

.3
18

.1
17

.2
12

.6
4.

0
11

.0
7.

7
7.

4
8.

3
11

.0

B
ar

ze
ga

r 
[2

3]
66

1
37

.3
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A
N

/A

B
ay

at
 [2

4]
76

2
38

.5
30

.3
32

.9
N

/A
13

.2
15

.8
15

.8
10

.5
6.

6
35

.5
0.

0
0.

0
14

.5
1.

3
B

ru
m

 [2
5]

94
1

40
.6

22
.3

20
.2

N
/A

N
/A

13
.8

7.
4

18
.1

5.
3

9.
6

21
.3

1.
1

17
.0

5.
3

B
ste

h 
[2

6]
12

6
4

43
.2

28
.6

34
.9

2.
0

22
.2

28
.6

9.
5

15
.1

8.
7

4.
8

7.
9

3.
2

12
.7

1.
6

C
ha

ud
hr

y 
[2

7]
40

4
52

.8
40

.0
85

.0
N

/A
22

.5
20

.0
30

.0
15

.0
7.

5
5.

0
5.

0
2.

5
5.

0
7.

5

C
ia

m
pi

 
[2

8]
14

0
34

.7
28

.6
92

.8
1.

5
0.

0
0.

0
14

.3
14

.3
0.

0
7.

1
7.

1
7.

1
35

.7
14

.3

C
za

rn
ow

-
sk

a 
[2

9]
39

6
1

40
.1

28
.8

26
.8

1.
0

6.
1

0.
0

5.
1

41
.4

10
.6

20
.7

8.
8

1.
5

4.
8

6.
3

Lo
on

str
a 

[3
0]

86
4

45
.5

30
.2

26
.7

3.
0

16
.3

14
.0

22
.1

20
.9

4.
7

5.
8

5.
8

1.
2

17
.4

5.
8

Lo
ua

pr
e 

[3
1]

34
7

12
44

.6
28

.2
22

.5
2.

0
18

.7
18

.2
15

.9
10

.1
9.

5
5.

8
16

.4
1.

2
12

.1
9.

5

Pa
rr

ot
ta

 
[3

2]
72

5
44

.9
40

.3
52

.8
N

/A
23

.6
16

.7
47

.2
5.

6
8.

3
4.

2
5.

6
0.

0
13

.9
0.

0

Sa
hr

ai
an

 
[3

3]
68

2
37

.3
17

.6
N

/A
N

/A
4.

4
2.

9
57

.4
2.

9
7.

4
14

.7
2.

9
0.

0
5.

9
2.

9

Sa
lte

r [
34

]
16

26
49

47
.7

25
.9

49
.0

1.
5

17
.2

14
.6

34
.7

13
.0

5.
2

3.
3

10
.5

1.
4

7.
6

5.
0

Se
n 

[3
5]

30
9

3
36

.9
29

.1
11

.7
1.

5
10

.4
8.

4
14

.2
9.

7
8.

7
20

.1
2.

3
0.

3
22

.0
13

.9
So

rm
an

i 
[3

6]
84

4
13

45
.0

29
.7

22
.3

2.
0

16
.0

17
.9

11
.1

20
.6

8.
3

8.
6

10
.1

3.
0

11
.1

7.
6

St
as

tn
a 

[3
7]

94
5

3
43

.5
28

.8
32

.1
N

/A
N

/A
12

.5
8.

6
9.

1
14

.3
25

.1
7.

8
3.

1
12

.0
8.

7

Po
ol

ed
5,

63
4

11
1

41
.8

28
.6

35
.1

2.
0

15
.4

14
.0

19
.4

15
.0

8.
0

11
.9

9.
1

2.
3

10
.9

7.
3



2280 Journal of Neurology (2022) 269:2275–2285

1 3

not available in one article [23]); 1,980 out 5,430 (35.1%) 
had one or more comorbidity (data not available in 3 arti-
cles [21, 23, 33]); their median EDSS score was 2.0 (data 
not available in 7 articles [23–25, 27, 32, 33, 37]); 699 out 
of 4,529 (15.4%) had a primary or secondary progressive 
disease course (data not available in 3 articles [23, 25, 37]).

Overall, 3,968 (70.4%) patients were diagnosed with 
COVID-19 by a positive RT-PCR on nasal and/or pharyn-
geal swabs, while in the remaining 1,666 (29.6%) the diag-
nosis was based on clinical and/or radiological suspicion. A 
total of 873 (15.5%) patients required hospitalization.

Effect size (lethality of COVID‑19)

In the pooled cohort, there were a total of 111 deaths due 
to COVID-19, yielding a pooled death rate of 1.97% (95% 
confidence intervals 1.61–2.33). As expected, there was 
a substantial heterogeneity between the included studies 
(Q17 = 66.9, p < 0.001; I2 = 77.5%).

The visual inspection of funnel plot (Fig. 2) showed that 
16 out of 18 studies are in non-significant areas, with only 
minimal asymmetry across the included studies, thereby 
indicating a low probability of publication bias. This was 
also confirmed by the Egger test (Z = 1.72; p = 0.085). Only 
two studies reporting an unexpected small number of deaths 
(in consideration of their sample size) are in areas of statisti-
cal significance [29, 37].

Meta‑regressions (univariate models)

The overall results of meta-regression equations are shown 
in Table 3; the normality assumption was met for all modera-
tors included in meta-regression models and their residuals 
(Appendix, Suppl. Table 1). We found no effect of world 
regions (America, Asia, and Europe) on lethality (p > 0.3).

We found a positive correlation between lethality of 
COVID-19 and mean age of study populations (β = 0.80, 
p = 0.025), proportions of patients with any comorbidity 
(β = 0.17, p = 0.046), progressive disease course (β = 0.15, 
p = 0.027), treatment with anti-CD20 agents (β = 0.18, 
p < 0.001). By contrast, we found a negative correlation 
between lethality and proportions of patients under treatment 
with interferon beta (β = –0.16, p < 0.001) and teriflunomide 

Fig. 2  Contour-enhanced funnel plot of included studies. For each 
study, the effect size (on x-axis) is plotted against the standard error 
(on  y-axis), so that larger studies are placed towards the top and 
smaller studies more widely at the bottom

Table 3  Meta-regressions 
exploring the effect of 
demographic and clinical 
variables (moderators) on 
death rate due to COVID-19 in 
multiple sclerosis

Anti-CD20, agents include ocrelizumab, ofatumumab, rituximab; IRT, immune-reconstitution therapy 
(alemtuzumab and cladribine); S1P, sphingosine-1-phosphate (fingolimod, ozanimod, ponesimod, siponi-
mod); SE, standard error
Bold indicates significant two-tailed p-values < 0.05

n β SE p value 95% confidence intervals Q I2

Lower bound Upper bound

Age 18 0.798 0.356 0.025 0.100 1.496 51.2 71.9
Sex 17 0.149 0.233 0.522 − 0.307 0.605 65.1 78.1
Comorbidity 15 0.170 0.085 0.046 0.003 0.337 53.7 74.5
Progressive course 15 0.148 0.064 0.027 0.097 0.375 25.9 68.2
EDSS 11 0.182 0.171 0.288 − 0.154 0.518 27.6 64.4
Untreated 17 0.062 0.041 0.131 − 0.019 0.144 54.3 74.6
Anti-CD20 agents 17 0.176 0.044  < 0.001 0.089 0.263 26.4 43.2
Dimethyl fumarate 17 − 0.088 0.075 0.239 − 0.237 0.059 64.8 76.1
Glatiramer acetate 17 − 0.016 0.062 0.799 − 0.138 0.106 53.1 78.2
Interferon beta 17 − 0.157 0.039  < 0.001 − 0.233 − 0.081 23.3 41.9
Natalizumab 17 − 0.026 0.062 0.673 − 0.147 0.095 66.1 79.0
Pulsed IRT 17 − 0.055 0.059 0.355 − 0.170 0.060 60.0 77.4
S1P-receptor modulators 17 − 0.026 0.090 0.774 − 0.202 0.150 65.7 78.4
Teriflunomide 17 − 0.115 0.054 0.035 − 0.221 −0.008 50.2 70.6
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(β = – 0.11, p = 0.035). Figure. 3 shows bubble plots for these 
relevant associations, suggesting no influence of study sizes 
on meta-regression findings.

Meta‑regressions (multi‑variable models)

Multivariable meta-regressions by including two covari-
ates in single analyses showed no effect of age and progres-
sive disease course (p > 0.2), as well as no effect of age and 
comorbidities (p > 0.2) on lethality of COVID-19, thus sug-
gesting that these variables were dependent on each other. 
Otherwise, comorbidities and progressive disease course 
(p < 0.05) were independently associated with the lethality 
even when entered together in meta-regression equation. As 
few data were available on average lymphocyte count and 
proportion of patients with recent steroid exposure, we did 
not perform further analysis on these two variables.

The significant associations observed between lethal-
ity and specific DMTs survived even in multivariable 
meta-regressions including age and progressive disease 
course as adjustment variables: anti-CD20 agents (β = 0.13, 
p = 0.011), interferon beta (β = –0.14, p = 0.038) and teri-
flunomide (β = –0.10, p = 0.047); similar estimates were 
found even including other combination of adjustment vari-
ables (data not shown). This indicates that the effect of anti-
CD20 agents (detrimental), as well as interferon beta and 

teriflunomide (favourable) on lethality was not influenced 
by the intrinsic characteristics of analysed cohorts.

We failed to identify any additive effect on lethality of the 
interaction of anti-CD20 agents with age and/or comorbidity 
(data not shown).

Subgroup and sensitivity analyses

To validate meta-regression findings, we performed sub-
group analyses on moderators significantly associated with 
lethality of COVID-19. We found significant subgroup 
effects (p values < 0.05) indicating increased lethality in 
study cohorts with older age (on average > 43 years), greater 
proportions (> 13%) of patients with progressive disease 
course and current treatment with anti-CD20 agents (> 15%). 
On the other hand, we found reduced lethality (p = 0.007) 
in the subgroup with greater proportions of patients under 
interferon beta treatment (> 10%). No effect was found in 
subgroups identified after median-split of proportions with 
comorbidity and current treatment with teriflunomide (p 
values > 0.1). Figure 4 shows a graphical representation of 
subgroup analyses.

The leave-one-out analyses confirmed that estimates 
of univariate meta-regressions did not change substan-
tially even after iteratively removing one study at a time, 

Fig. 3  Bubble plots of relevant association between COVID-19 
lethality (effect size expressed as double arcsine-transformed death 
rate) and demographic, clinical and treatment variables (moderators) 

in observational studies on multiple sclerosis; each circle represents 
a study, with the circle area proportional to the sample size of that 
study
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indicating that the pooled results were not driven by any 
single study (Appendix, Suppl. Table 2).

Discussion

The aim of this study was to identify risk factors associated 
with an increased lethality of COVID-19 in patients with 
MS. We fitted meta-regression analyses of observational 
studies published so far, paying attention to avoid data dupli-
cation, and by handling data in the more appropriate way 
to deal with a rare event such as death (i.e. double arcsine 
transformation) [18].

We estimated a pooled death rate of 1.97%, a slightly 
lower proportion as compared with a published systematic 
review reporting a 3.0% death rate among patients with sus-
pected/confirmed COVID-19 cases [9]. However, this latter 
review included also conference abstracts, case report and 
case series [9], instead we choose to not include articles 
other than observational cohort studies to prevent the risk 
data duplication.

Other than age and presence of comorbidities—which 
are two known risk factors shared with the general popula-
tion [38]—we identified several MS-specific determinants 
influencing the lethality of COVID-19, namely a progressive 

disease course and current treatment with different DMTs 
(anti-CD20 agents, interferon beta, teriflunomide).

Notably, male sex and EDSS score did not associate 
with higher death rate, unlike prior studies [12, 39]. The 
low variability both in proportions of males (interquartile 
range 28–31%) and in median EDSS score (ranging from 
1.0 to 3.5) among the included cohorts may, at least par-
tially, explain this discrepancy. Moreover, in contrast with 
prior studies, our analysis did not show an increased risk of 
severe or fatal COVID-19 among untreated patients [31, 36], 
neither a decreased risk among those treated with fumarates 
and natalizumab [34].

MS‑specific determinants of death risk of COVID‑19

Patients with progressive disease course and worse disability 
level have an increased risk of severe or fatal COVID-19 [9, 
11] that is in line with previous observations on infections 
in general, especially those affecting the respiratory tracts 
[40–42].

Furthermore, our data indicate a diverse effect on lethality 
of COVID-19 from different DMTs used in MS. Anti-CD20 
agents showed a detrimental effect, while interferon beta 
and teriflunomide had a protective effect on the death risk.

Prolonged anti-CD20 treatment has been associated with 
hypogammaglobulinemia and impaired B-cell reconstitu-
tion that, in turn, may lead to increased infection risk [43], 
regardless of the underlying pathological condition. In a 
large cohort study, patients with MS treated with rituximab 
experienced a higher rate of serious infections than those 
under other DMTs [44]. Pivotal phase III trials showed a 
higher incidence of respiratory tract infections in ocreli-
zumab arm than placebo arm and interferon beta arm in 
patients with primary progressive and relapsing–remitting, 
respectively [45].

Several smaller studies included in our analysis did not 
document any significant effect of anti-CD20 agents on 
COVID-19 severity [20, 22, 26, 27, 29, 30, 32, 33], whilst 
the three largest studies showed a significant association [34, 
36, 37]. Other two large studies (not included in our meta-
regression to prevent data duplication), one combining data 
from Italy and France [39] and the other one aggregating 
data from 12 data-sources in 28 different countries [11], con-
firmed an increased risk for severe COVID-19 in patients 
treated with anti-CD20 agents. However, these studies were 
inconclusive concerning the risk of death from COVID-19, 
probably due to low statistical power to explore rare events.

Interestingly, anti-CD20 agents were the most prevalent 
DMTs, not only in the pooled cohort (almost 20%), but 
also in many of the included studies [20, 22, 27, 30–37]. 
While one can argue about the possibility of selection 
or reporting bias, another plausible explanation might 

Fig. 4  Subgroup analyses on moderators significantly associated with 
COVID-19-related lethality (effect size expressed as double arcsine-
transformed death rate) in univariate meta-regressions. The black dia-
mond represents the pooled effect size, whereas the white diamonds 
represent the effect size for each subgroup, as defined by median-split 
stratification of moderators. Percentages indicate the median age 
and proportions of patients in each subgroup
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encompass an increased susceptibility to SARS-COV-2 
infections due to current treatment with anti-CD20 agents 
[12].

The protective role of interferon beta on the death risk 
from COVID-19 is not surprising. Type I interferons are 
abundantly secreted in response to viral infections, and 
for this reason they are considered as a potential treat-
ment for COVID-19 [46]. Individuals exhibiting low type 
I interferon secretion capacity are more vulnerable to 
SARS-COV-2 infection and life-threatening COVID-19 
pneumonia [47]. Other than inborn errors, autoimmune 
diseases (including MS) can be linked with altered pro-
duction of type I interferons [48]. Of note, a lower risk of 
pneumonia has been observed in patients currently treated 
with interferon beta in a large cohort of MS cases followed 
for an average time of 8.5 years [49].

The protective effect of teriflunomide on death rate, 
as by the present meta-regression, reinforces the putative 
antiviral role of inhibiting the pyrimidine biosynthesis to 
suppress transcription and replication of several viruses 
[50]. However, this latter finding should be interpreted 
with caution, as the antiviral role of teriflunomide is just 
hypothetical and, differently from interferon beta, not yet 
supported by clinical data.

Limitations

Despite the robust methodological and statistical approach, 
we are aware that our study has some limitations.

First, the clinical and statistical heterogeneity of the 
samples, resulting from pooling data from mixed MS 
cohorts.

Second, we included observational studies that, for their 
intrinsic nature, suffer from limited internal validity as 
affected by hidden confounding factors and reporting bias 
[51], as for example in regard to the aforementioned high 
prevalence of patients treated with anti-CD20 agents.

Third, we should consider the availability bias due to the 
absence of some data, thus forcing us to reduce the pooled 
sample size when analyzing several variables (comorbidi-
ties, EDSS score, progressive course) and not to fit sev-
eral meta-regressions exploring the death risk in relation 
with lymphocyte count, recent steroid exposure, timing 
from the last anti-CD20 administration, and timing from 
pulsed immune-reconstitution therapy with alemtuzumab 
or cladribine.

Lastly, when interpreting our meta-regressions, we should 
take into account the ecological fallacy of such an approach 
[52], considering that the association found in pooled data 
does not necessarily reflect the association found in indi-
vidual patient data reported by cohort studies included in 
our analyses [20–37]. Nevertheless, our findings appear 

biologically and clinically plausible, in line with those from 
larger observational studies [11, 34, 36, 37, 39].

Clinical implications

Despite the aforementioned limitations, we believe our 
study may have relevant clinical implications. Clinicians 
and patients with MS and should be made aware of a pos-
sible increased lethality of COVID-19 in case of advanc-
ing age, presence of comorbidity, and progressive disease 
course.

Risk mitigation plans should be implemented in patients 
treated with anti-CD20 agents, also considering the recent 
report of a reduced humoral response to anti-COVID-19 
vaccination in patients receiving ocrelizumab [53, 54]. 
When applicable, ocrelizumab and rituximab should 
be started after anti-COVID-19 vaccination, unless the 
risk:benefit ratio supports the need for an urgent treat-
ment [55]. In patients already on treatment with anti-CD20 
agents, the timing of vaccination should be scheduled with 
a delay of at least 3 months from the last administration, 
according to the most recent recommendations [55]. Inter-
feron beta, and to a lesser extent, teriflunomide, should 
be considered among the first treatment options in older 
patients with comorbidity who require lower-efficacy 
DMTs [56]. Notably, all the aforementioned suggestions 
came from expert consensus rather than clinical evidence, 
therefore they should be interpreted with caution and can-
not be considered as guidelines until validation by ‘ad hoc’ 
studies.

Conclusions

The present study extends findings from our recently pub-
lished pooled analysis of observational studies where we 
found a 24%-increased risk of death from COVID-19 in 
patients with MS by an indirect standardization method 
(using as reference the age-specific case-fatality rates of 
COVID-19 in general population obtained from the WHO 
website) [7].

In these meta-regressions of observational studies, we 
identified clinical determinants for an increased lethality of 
COVID-19 in patients with MS. These determinants include 
age, presence of comorbidity, progressive disease course, 
and current treatment with anti-CD20 agents. Interferon beta 
and teriflunomide were associated with a reduced lethality, 
thus suggesting their protective role.

We hope that these findings, despite their intrinsic and 
overwhelming limitations, may help neurologists in opti-
mizing the monitoring and treatment decision-making pro-
cesses in this global crisis due to the pandemic COVID-19 
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outbreak. Future investigation is warranted to determine if 
the introduction of anti-SARS-COV-2 vaccines would alter 
our findings regarding both the increased death risk and 
lethality determinants of COVID-19.
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