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Abstract

Objectives. To ascertain if the use of hydroxychloroquine(HCQ)/cloroquine(CLQ) and other conventional DMARDs

(cDMARDs) and rheumatic diseases per se may be associated with COVID-19-related risk of hospitalization and

mortality.

Methods. This case–control study nested within a cohort of cDMARD users was conducted in the Lombardy,

Veneto, Tuscany and Lazio regions and Reggio Emilia province. Claims databases were linked to COVID-19 surveil-

lance registries. The risk of COVID-19-related outcomes was estimated using a multivariate conditional logistic re-

gression analysis comparing HCQ/CLQ vs MTX, vs other cDMARDs and vs non-use of these drugs. The presence

of rheumatic diseases vs their absence in a non-nested population was investigated.

Results. A total of 1275 patients hospitalized due to COVID-19 were matched to 12 734 controls. Compared with

recent use of MTX, no association between HCQ/CLQ monotherapy and COVID-19 hospitalization [odds ratio (OR)

0.83 (95% CI 0.69, 1.00)] or mortality [OR 1.19 (95% CI 0.85, 1.67)] was observed. A lower risk was found when

comparing HCQ/CLQ use with the concomitant use of other cDMARDs and glucocorticoids. HCQ/CLQ was not

associated with COVID-19 hospitalization as compared with non-use. An increased risk for recent use of either

MTX monotherapy [OR 1.19 (95% CI 1.05, 1.34)] or other cDMARDs [OR 1.21 (95% CI 1.08, 1.36)] vs non-use was

found. Rheumatic diseases were not associated with COVID-19-related outcomes.

Conclusion. HCQ/CLQ use in rheumatic patients was not associated with a protective effect against COVID-19-

related outcomes. The use of other cDMARDs was associated with an increased risk when compared with non-use

and, if concomitantly used with glucocorticoids, also vs HCQ/CLQ, probably due to immunosuppressive action.
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Sanità della Toscana, Florence, 9Department of Epidemiology ASL
Roma 1, Lazio Regional Health Service, Rome, 10Department of
Medical Sciences and Public Health, Faculty of Medicine and
Surgery, University of Cagliari, 11Regional Health Trust of Sardinia
Region, Cagliari, 12Epidemiology Observatory–Department of Health

of Lombardy Region, Milan, 13Azienda Zero of the Veneto Region,
Padua and 14Department of Diagnostics and Public Health,
University of Verona, Verona, Italy

Submitted 9 February 2021; accepted 7 April 2021

Correspondence to: Marco Massari, Pharmacoepidemiology Unit,
National Centre for Drug Research and Evaluation, Istituto Superiore
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Introduction

Between the end of December 2019 and 11 March

2021, the global coronavirus disease 2019 (COVID-19)

pandemic due to severe acute respiratory syndrome

coronavirus-2 (SARS-CoV-2) caused >2.5 million deaths

and >117.1 million infected patients [1]. To accelerate

the identification of drugs potentially preventing or cur-

ing COVID-19, there has been great interest in reposi-

tioning drugs that have already been approved for other

indications. Among these drugs, chloroquine (CLQ) and

HCQ, two molecules with a long-standing history in the

prophylaxis and treatment of malaria and the treatment

of chronic inflammatory diseases such as SLE and RA,

gained particular attention. In vitro studies demonstrated

that these drugs may exert antiviral activity against sev-

eral viruses, including Zika virus [2], Ebola virus [3] and

SARS-CoV-2, probably by blocking endosomal transport

[4, 5], even though there was no evidence that HCQ/

CLQ is beneficial in any acute viral infection in humans.

In addition, a recently published in vivo study ques-

tioned the actual antiviral effect of HCQ/CLQ against

SARS-CoV-2 [6].

Nevertheless, it has been hypothesized that HCQ/CLQ

may be effective in COVID-19 treatment thanks to its

immunomodulatory activity, by reducing cytokine pro-

duction, especially IL-1 and IL-6, and inhibiting toll-like

receptor signalling [7–9]. However, an increasing body

of evidence derived from both experimental and obser-

vational studies seems to suggest that HCQ/CLQ are

not beneficial (or may even be detrimental) in COVID-19

treatment [10–12], including among COVID-19 hospital-

ized patients [13, 14] and outpatients [15, 16] as well as

high-risk patients recently exposed to SARS-CoV-2,

where HCQ was used as post-exposure prophylaxis

[17–20].

Three recent cohort studies investigated the effects of

HCQ on the prevention of SARS-CoV-2 infection [21, 22]

and COVID-19 mortality [21, 23] in patients who

received this drug for the treatment of rheumatic dis-

eases before the pandemic. These studies reported

conflicting findings regarding the role of HCQ in prevent-

ing mortality due to COVID-19 [21, 23].

Despite the controversial evidence on the efficacy of

HCQ/CLQ in the COVID-19 treatment and prevention

and their known side effects (e.g. retinopathy, hypogly-

caemia and cardiomyopathy), these drugs have been

used as self-medication during the first wave of the pan-

demic [24]. Moreover, HCQ/CLQ self-medication is

particularly hazardous in patients for whom HCQ/CLQ

are contraindicated, such as patients with glucose-6-

phosphate dehydrogenase deficiency, in whom these

drugs can trigger haemolytic crises.

On the other hand, it has been demonstrated that ex-

posure to other conventional DMARDs (cDMARDs) in

patients with autoimmune diseases is associated with

an increased risk of COVID-19-related hospitalization

and mortality [25]. Likewise, an increased risk of COVID-

19 hospitalization has been reported with moderate–

high doses of glucocorticoids in patients with rheumatic

diseases [25], as a result of an immunosuppressant ac-

tion. Therefore the aim of the present study was to in-

vestigate the potential decrease in risk of COVID-19-

related hospitalization and mortality in patients with

rheumatic diseases or other immune-mediated inflam-

matory diseases treated with HCQ/CLQ as compared

with other cDMARDs. Secondary objectives of this study

were to explore the risk of COVID-19-related hospitaliza-

tion and mortality related to HCQ/CLQ or other

cDMARDs for rheumatic diseases or immune-mediated

inflammatory diseases vs non-use as well as the pres-

ence of rheumatic diseases vs absence.

Patients and methods

A large-scale nested case–control study in a cohort of

cDMARD users was conducted in the Lombardy,

Veneto, Tuscany and Lazio regions and the Reggio

Emilia (Emilia Romagna) Local Health Unit (LHU) that

cover an overall population of 25.1 million persons (42%

of the Italian population).

Data source

In Italy, residents have access to universal healthcare

services that are provided by the National Health

System (NHS). Use of these services is retrievable

through administrative claims databases that are widely

used for clinical research. The claims data used in this

study were routinely collected using systems that were

in place prior to the start of the study. These databases

provide information on hospital admissions, co-payment

exemptions and pharmacy claims. The latter were

updated as of 31 December 2019 in all catchment

areas. Medical diagnoses were coded using the

International Classification of Diseases, 9th Revision,

Clinical Modification (ICD-CM-9). Exposure to cDMARDs

was assessed using pharmacy claims in the last

Rheumatology key messages

. Exposure to hydroxychloroquine/chloroquine is not associated with a protective effect against COVID-19-related
outcomes.

. Exposure to other cDMARDs is associated with an increased risk of COVID-19-related outcomes.

. Concomitant use of glucocorticoids and cDMARDs might increase the risk of COVID-19-related outcomes.
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available 12 months. Drug data were recorded using the

Anatomical Therapeutic Chemical (ATC) classification

system and the National Drug Code (NDC) and the

defined daily dose (DDD) was used as the unit of meas-

ure for drug exposure. Co-payment exemption data-

bases were also searched to identify diseases

exempting patients from healthcare co-pays. All these

claims databases were linked to regional/local COVID-

19 surveillance registries available in each catchment

area through unique fully anonymized patient identifiers.

These registries were used to identify patients testing

positive for SARS-CoV-2 RNA by PCR of nasopharyn-

geal/throat swabs and who were hospitalized or subse-

quently died due to COVID-19. The registries’ data were

updated to 21 May 2020 for Lombardy, Veneto, Lazio

and Reggio Emilia and 10 June 2020 for Tuscany. To

perform distributed analyses, the Italian National

Institute of Health developed TheShinISS, an R-based

tool (R Foundation for Statistical Computing, Vienna,

Austria) tailored for the main epidemiological multidata-

base study designs: descriptive, cohort, case–control,

case–cohort and self-controlled case series. TheShinISS

was employed by each centre for elaborating and proc-

essing, at the local level, data on COVID-19 patients

and health archives through a common data model, per-

forming data quality control, matching cases and con-

trols, executing record linkage and, finally, creating the

anonymized dataset to be shared for centralized data

analyses (Supplementary Fig. S1, available at

Rheumatology online) [26–28].

Study cohort

The study cohort comprised patients �18 years of age

who received at least one prescription of cDMARDs for

rheumatic diseases or other immune-mediated inflam-

matory diseases including mycophenolic acid (ATC:

L04AA06), leflunomide (ATC: L04AA13), sulfasalazine

(ATC: A07EC01), ciclosporin (ATC: L04AD01), MTX

(ATC: L04AX03, L01BA01), azathioprine (ATC: L04AX01),

auranofin (ATC: M01CB03), sodium aurotiosulfate (ATC:

M01CB02), tacrolimus (ATC: L04AD02), CLQ (ATC:

P01BA01) and HCQ (ATC: P01BA02) in the period be-

tween 1 January 2019 and 31 December 2019 within

the catchment areas of the centres participating in the

study.

Cases and controls

From the study cohort we identified as cases those test-

ing positive for SARS-CoV-2 RNA by PCR of nasopha-

ryngeal/throat swabs and who were hospitalized due to

COVID-19 as recorded in the COVID-19 surveillance

registries. In addition, as the primary outcome we spe-

cifically evaluated those patients who died within

30 days since hospital admission due to COVID-19. For

each case, up to 10 controls were randomly selected

from the cohort of cDMARD users not affected by

COVID-19 and matched for catchment area, sex and

age at the date of hospital admission of the case.

Exposure definition

Exposure of interest was the use of any cDMARD,

grouped into the following mutually exclusive categories:

HCQ/CLQ monotherapy; MTX monotherapy (main com-

parator); other cDMARDs, except for HCQ/CLQ (sec-

ondary comparator); other cDMARDs, except for MTX

and HCQ/CLQ; and other cDMARDs plus MTX or HCQ/

CLQ. Patients were considered to be exposed to each

of these categories if they had at least one pharmacy

claim within 3 months prior to 31 December 2019, i.e.

the index date (ID). In addition, we classified patients

exposed to the study drugs only during a period ranging

from 12 to 3 months prior to the ID as past users of any

cDMARDs. Exposure to corticosteroids was assessed in

the 3 months prior to the ID (October–December 2019).

Corticosteroids were classified as high cumulative doses

(>40 DDD) and low cumulative doses (�40 DDD) during

the exposure period.

Covariates

The following covariates were considered: age, sex,

catchment area (matching factors); Charlson comorbidity

index, evaluated within 10 years prior to the ID; number

of drug claims in the last 12 months; number of hospital-

izations in the last 10 years; prior use of drugs for acid-

related disorders, lipid-modifying agents, anticoagulants,

platelet aggregation inhibitors, anti-arrhythmics, antibiot-

ics, anti-HIV drugs, anti-Parkinson’s drugs, anti-epilep-

tics, antipsychotics and antidepressants; recent use of

NSAIDs, corticosteroids, targeted DMARDs and biologic

DMARDs; chronic comorbidities (e.g. cerebro- and car-

diovascular diseases, hepatopathies, diabetes, demen-

tia, hypertension, chronic kidney failure, chronic

obstructive pulmonary disease, cancer) and rheumatic

diseases (overall and specifically restricted to those

approved for HCQ/CLQ treatment, i.e. RA and SLE).

Information on comorbidities was extracted from hos-

pital discharge, co-payment exemption and pharmacy

claims databases within the last 10 years

(Supplementary Table S1, available at Rheumatology on-

line). Prior and recent drug use was considered as hav-

ing drug claims within the last available 12 and

3 months, respectively.

Statistical analysis

Categorical and continuous variables were reported as

frequencies and medians along with interquartile ranges

(IQRs). We compared the characteristics of cases and

controls through descriptive analysis. In the primary ana-

lysis, risks of COVID-19 hospitalization and/or mortality

were estimated as odds ratios (ORs) along with 95%

CIs, using a multivariate conditional logistic regression

analysis, by comparing HCQ/CLQ vs MTX (primary com-

parator) and other cDMARDs (secondary comparator).

Covariates significantly associated with COVID-19-

related outcomes (potential confounders) were selected

following a stepwise procedure based on the Akaike in-

formation criterion method and subsequently included in

Risk of COVID-19 hospitalization and mortality in RA patients treated with HCQ or cDMARDs
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the final multivariate models. All statistical analyses were

performed using Stata version 16 (StataCorp, College

Station, TX, USA) and R version 3.6. Statistical signifi-

cance was set up at P<0.05.

Subgroup and sensitivity analyses

To evaluate the consistency of the results and to better

assess the potential confounding effects on the risk esti-

mates, we conducted a number of subgroup and sensi-

tivity analyses. First, we restricted the analysis to

patients with RA or SLE only, approved indications for

HCQ/CLQ. Second, we assessed risk estimates in those

patients concomitantly treated with corticosteroids (as

either any use or high cumulative dosage, i.e. greater

than the median cumulative DDD within 3 months prior

to ID). Moreover, in a sensitivity analysis we conducted

a case–control study in the general population (i.e. not

nested in a cohort of cDMARD users) of Lombardy,

Veneto and Lazio regions and Reggio Emilia LHU to

evaluate COVID-19-related outcomes associated with

recent use of HCQ/CLQ, MTX and other cDMARDs (indi-

vidually) vs non-use and the presence of rheumatic dis-

eases (RA and SLE specifically) vs absence of these

diseases.

Results

Overall, from 21 February 2020 (date of the first COVID-

19 diagnosed patient in Italy) to 21 May 2020 in

Lombardy, Veneto, Lazio and Reggio Emilia and to 10

June 2020 in Tuscany, 1275 cases were included in the

study, with Lombardy accounting for 78.9% of them.

Cases were matched to 12 734 controls (Fig. 1). The

median age at ID was 70.0 years (IQR 60.0–78.0) and

51% were women (matching factors).

Overall, cases were more likely to have worse pre-

existing health conditions, as documented by a more

frequent history of hospitalizations, and a higher fre-

quency of a Charlson comorbidity index �3 and of sev-

eral relevant comorbidities such as cardiovascular

diseases (e.g. heart failure and ischaemic heart disease),

chronic pulmonary diseases and chronic kidney disease.

Moreover, among others, recent use of corticosteroids,

as well as past use of drugs for acid-related disorders,

lipid-modifying agents, platelet aggregation inhibitors,

anti-arrhythmics, antibiotics and antidepressants were

also associated to COVID-19-related hospitalization and

mortality (Table 1).

In the primary analysis, we found a trend towards a

lower risk of COVID-19 hospitalization associated with

recent HCQ/CLQ monotherapy vs recent use of MTX

[OR 0.83 (95% CI 0.69, 1.00)], which did not reach stat-

istical significance. Instead, a statistically significant

slight reduction of COVID-19 hospitalization risk with

HCQ/CLQ as monotherapy was observed when compar-

ing recent use of HCQ/CLQ vs recent use of other

cDMARDs [OR 0.82 (95% CI 0.69, 0.98)]. Nevertheless,

recent use of HCQ/CLQ was not associated with any

difference in the risk for COVID-19-related mortality as

compared to recent use of MTX [OR 1.19 (95% CI 0.85,

1.67)] or other cDMARDs [OR 1.08 (95% CI 0.79, 1.46)].

Similarly, we found no increased risk for COVID-19 mor-

tality when HCQ/CLQ was compared to MTX as mono-

therapy and other cDMARDs (Table 2).

In the subgroup analysis restricted to patients with RA

or SLE, we did not observe any statistically significant

difference in the risk of COVID-19 hospitalization or mor-

tality associated with recent use of HCQ/CLQ as

FIG. 1 Selection of cases and controls from cDMARD users identified in the data sources used in the study

Stefania Spila Alegiani et al.

4 https://academic.oup.com/rheumatology

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/advance-article/doi/10.1093/rheum
atology/keab348/6226505 by guest on 30 August 2021



T
A

B
L

E
1

D
e
m

o
g

ra
p

h
ic

a
n
d

c
lin

ic
a
lc

h
a
ra

c
te

ri
s
ti
c
s

o
f
p

a
ti
e
n
ts

w
h
o

w
e
re

h
o

s
p

it
a
liz

e
d

o
r

d
ie

d
b

e
c
a
u
s
e

o
f
C

O
V

ID
-1

9
a
n
d

th
e
ir

m
a
tc

h
e
d

c
o

n
tr

o
ls

C
h

a
ra

c
te

ri
s
ti

c
s

C
O

V
ID

-1
9
-r

e
la

te
d

h
o

s
p

it
a

li
z
a

ti
o

n
C

O
V

ID
-1

9
-r

e
la

te
d

m
o

rt
a

li
ty

C
a

s
e

s
(n

5
1
2
7
5
)

C
o

n
tr

o
ls

(n
5

1
2

7
3
4
)

O
R

(9
5
%

C
I)

C
a

s
e

s
(n

5
3
6
9
)

C
o

n
tr

o
ls

(n
5

3
6
8
4
)

O
R

(9
5
%

C
I)

C
e
n
tr

e
,
n

(%
)

M
a
tc

h
in

g
fa

c
to

r
M

a
tc

h
in

g
fa

c
to

r
L
o

m
b

a
rd

y
1
0
0
6

(7
8
.9

)
1
0

0
4
5

(7
8
.9

)
3
0
2

(8
1
.8

)
3
0
1
4

(8
1
.8

)
L
a
zi

o
4
2

(3
.3

)
4
2
0

(3
.3

)
8

(2
.2

)
8
0

(2
.2

)

R
e
g

g
io

E
m

ili
a

3
0

(2
.4

)
3
0
0

(2
.4

)
1
1

(3
.0

)
1
1
0

(3
.0

)
T

u
s
c
a
n
y

7
8

(6
.1

)
7
7
9

(6
.1

)
2
1

(5
.7

)
2
1
0

(5
.7

)

V
e
n
e
to

1
1
9

(9
.3

)
1
1
9
0

(9
.3

)
2
7

(7
.3

)
2
7
0

(7
.3

)
G

e
n
d

e
r,

n
(%

)
M

a
tc

h
in

g
fa

c
to

r
M

a
tc

h
in

g
fa

c
to

r
F

e
m

a
le

6
5
0

(5
1
.0

)
6
4
9
6

(5
1
.0

)
1
6
0

(4
3
.4

)
1
5
9
9

(4
3
.4

)

A
g

e
,
m

e
d

ia
n

(I
Q

R
),

y
e
a
rs

7
0
.0

(6
0
.0

–
7
8
.0

)
7
0
.0

0
(6

0
.0

–
7
8
.0

)
7
6
.0

()
7
6
.0

(6
9
.0

–
8
2
.0

)
A

g
e

(y
e
a
rs

),
n

(%
)

M
a
tc

h
in

g
fa

c
to

r
M

a
tc

h
in

g
fa

c
to

r

1
8
–
4
9

1
0
8

(8
.5

)
1
0
7
6

(8
.4

)
2

(0
.5

)
2
0

(0
.5

)
5
0
–
5
9

1
9
4

(1
5
.2

)
1
9
3
9

(1
5
.2

)
2
9

(7
.9

)
2
8
9

(7
.8

)
6
0
–
6
9

3
0
7

(2
4
.1

)
3
0
6
6

(2
4
.1

)
6
8

(1
8
.4

)
6
7
9

(1
8
.4

)

7
0
–
7
9

3
8
9

(3
0
.5

)
3
8
8
5

(3
0
.5

)
1
3
6

(3
6
.9

)
1
3
5
6

(3
6
.8

)
8
0
–
8
9

2
5
7

(2
0
.2

)
2
5
6
8

(2
0
.2

)
1
2
4

(3
3
.6

)
1
2
4
0

(3
3
.7

)
�

9
0

2
0

(1
.6

)
2
0
0

(1
.6

)
1
0

(2
.7

)
1
0
0

(2
.7

)

C
h
a
rl
s
o

n
c
o

m
o

rb
id

it
y

in
d

e
x
,
n

(%
)

0
6
0
2

(4
7
.2

)
8
0
3
0

(6
3
.1

)
R

e
f.

1
4
3

(3
8
.8

)
2
1
5
8

(5
8
.6

)
R

e
f.

1
–
2

5
1
1

(4
0
.1

)
3
9
8
9

(3
1
.3

)
1
.7

5
(1

.5
4
,
1
.9

8
)

1
5
5

(4
2
)

1
2
6
2

(3
4
.3

)
1
.8

8
(1

.4
8
,
2
.3

8
)

�
3

1
6
2

(1
2
.7

)
7
1
5

(5
.6

)
3
.1

7
(2

.6
0
,
3
.8

0
)

7
1

(1
9
.2

)
2
6
4

(7
.2

)
4
.4

1
(3

.0
2
,
5
.6

7
)

H
o

s
p

it
a
liz

a
ti
o

n
s

in
th

e
p

re
v
io

u
s

2
y
e
a
rs

,
n

(%
)

0
6
7
7

(5
3
.1

)
8
8
2
2

(6
9
.3

)
R

e
f.

1
7
8

(4
8
.2

)
2
4
7
2

(6
7
.1

)
R

e
f.

1
2
5
8

(2
0
.2

)
2
1
3
9

(1
6
.8

)
1
.5

9
(1

.3
7
,
1
.8

5
)

7
2

(1
9
.5

)
6
2
6

(1
7
.0

)
1
.6

(1
.2

0
,
2
.1

3
)

�
2

3
4
0

(2
6
.7

)
1
7
7
3

(1
3
.9

)
2
.5

3
(2

.2
0
,
2
.9

2
)

1
1
9

(3
2
.2

)
5
8
6

(1
5
.9

)
1
.8

2
(2

.2
0
,
3
.6

1
)

C
o

m
o

rb
id

it
ie

s
in

th
e

p
re

v
io

u
s

1
0

y
e
a
rs

,
n

(%
)

C
e
re

b
ro

v
a
sc

u
la

r
d

is
e
a
s
e
s

9
4

(7
.4

)
7
3
6

(5
.8

)
1
.3

1
(1

.0
4
,
1
.6

4
)

4
1

(1
1
.1

)
2
9
0

(7
.9

)
1
.4

7
(1

.0
4
,
2
.0

8
)

Is
c
h
a
e
m

ic
h
e
a
rt

d
is

e
a
s
e

1
6
1

(1
2
.6

)
1
0
4
3

(8
.2

)
1
.6

6
(1

.3
8
,
1
.9

9
)

6
7

(1
8
.2

)
3
6
6

(9
.9

)
2
.0

6
(1

.5
4
,
2
.7

5
)

A
tr

ia
lfi

b
ri
lla

ti
o

n
8
4

(6
.6

)
5
9
6

(4
.7

)
1
.4

5
(1

.1
4
.1

.8
5
)

3
2

(8
.7

)
2
3
2

(6
.3

)
1
.4

2
(0

.9
6
,
2
.0

1
)

H
e
a
rt

fa
ilu

re
1
1
7

(9
.2

)
5
2
9

(4
.2

)
2
.3

8
(1

.9
2
,
2
.9

4
)

5
9

(1
6
)

1
9
4

(5
.3

)
3
.4

9
(2

.5
4
,
4
.8

)
H

y
p

e
rt

e
n
si

o
n

9
6
4

(7
5
.6

)
8
1
8
7

(6
4
.3

)
1
.8

7
(1

.6
2
,
2
.1

6
)

3
1
2

(8
4
.6

)
2
6
7
8

(7
2
.7

)
2
.1

5
(1

.6
,
2
.9

)
H

e
p

a
to

p
a
th

ie
s

6
4

(5
.0

)
4
6
6

(3
.7

)
1
.4

0
(1

.0
7
,
1
.8

4
)

1
9

(5
.1

)
1
1
9

(3
.2

)
1
.6

5
(1

,
2
.7

3
)

C
h
ro

n
ic

k
id

n
e
y

d
is

e
a
s
e

2
2
2

(1
7
.4

)
1
0
0
1

(7
.9

)
2
.5

4
(2

.1
6
,
2
.9

9
)

6
7

(1
8
.2

)
2
8
2

(7
.7

)
2
.7

5
(2

.0
4
,
3
.7

1
)

D
ia

b
e
te

s
m

e
lli

tu
s

2
9
6

(2
3
.2

)
2
2
2
3

(1
7
.5

)
1
.4

5
(1

.2
6
,
1
.6

7
)

1
1
0

(2
9
.8

)
7
7
9

(2
1
.1

)
1
.5

9
(1

.2
6
,
2
.0

2
)

C
h
ro

n
ic

p
u
lm

o
n
a
ry

d
is

e
a
s
e

1
9
3

(1
5
.1

)
7
7
2

(6
.1

)
2
.8

2
(2

.3
8
,
3
.3

5
)

7
4

(2
0
.1

)
2
4
6

(6
.7

)
3
.5

9
(2

.6
8
,
4
.8

)

C
a
n
c
e
r

2
6
0

(2
0
.4

)
1
8
9
5

(1
4
.9

)
1
.4

8
(1

.2
8
,
1
.7

1
)

8
7

(2
3
.6

)
6
3
5

(1
7
.2

)
1
.4

9
(1

.1
5
,
1
.9

2
)

D
e
m

e
n
ti
a

2
5

(2
.0

)
1
5
6

(1
.2

)
1
.6

3
(1

.0
6
,
2
.5

0
)

1
3

(3
.5

)
6
5

(1
.8

)
2
.0

6
(1

.1
2
,
3
.7

9
)

(c
o

n
ti
n
u
e
d

)

Risk of COVID-19 hospitalization and mortality in RA patients treated with HCQ or cDMARDs

https://academic.oup.com/rheumatology 5

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/advance-article/doi/10.1093/rheum
atology/keab348/6226505 by guest on 30 August 2021



T
A

B
L

E
1

C
o

n
ti
n
u
e
d

C
h

a
ra

c
te

ri
s
ti

c
s

C
O

V
ID

-1
9
-r

e
la

te
d

h
o

s
p

it
a

li
z
a

ti
o

n
C

O
V

ID
-1

9
-r

e
la

te
d

m
o

rt
a
li
ty

C
a

s
e

s
(n

5
1
2
7
5
)

C
o

n
tr

o
ls

(n
5

1
2

7
3
4
)

O
R

(9
5
%

C
I)

C
a

s
e

s
(n

5
3
6
9
)

C
o

n
tr

o
ls

(n
5

3
6
8
4
)

O
R

(9
5
%

C
I)

R
h
e
u
m

a
ti
c

d
is

e
a
s
e
s

a
p

p
ro

v
e
d

fo
r

H
C

Q
/C

L
Q

u
s
e

a
4
6
3

(3
6
.3

)
5
0
7
5

(3
9
.9

)
0
.8

5
(0

.7
5
,
0
.9

6
)

1
2
7

(3
4
.4

)
1
4
2
0

(3
8
.5

)
0
.8

3
(0

.6
6
,
1
.0

4
)

O
th

e
r

rh
e
u
m

a
ti
c

d
is

e
a
s
e
sb

1
5
3

(1
2
.0

)
1
5
6
9

(1
2
.3

)
0
.9

7
(0

.8
1
,
1
.1

6
)

3
4

(9
.2

)
4
0
4

(1
1
.0

)
0
.8

2
(0

.5
7
,
1
.1

9
)

D
ru

g
c
la

im
s

in
th

e
p

re
v
io

u
s

y
e
a
r,

m
e
d

ia
n

(I
Q

R
)

4
9

(2
9
.0

0
–
7
4
.0

0
)

3
4

(1
9
.0

0
–
5
4
.0

0
)

1
.0

1
(1

.0
1
,
1
.0

2
)

5
3

(3
7
–8

1
)

4
0

(2
4
,
5
9
)

1
.0

2
(1

.0
1
,
1
.0

2
)

P
ri
o

r
d

ru
g

u
s
e
,
n

(%
)c

D
ru

g
s

fo
r

a
c
id

-r
e
la

te
d

d
is

o
rd

e
rs

9
7
0

(7
6
.1

)
7
9
3
3

(6
2
.3

)
1
.9

9
(1

.7
3
,
2
.2

8
)

2
9
7

(8
0
.5

)
2
4
7
3

(6
7
.1

)
2
.0

7
(1

.5
8
,
2
.7

1
)

L
ip

id
-m

o
d

if
y
in

g
a
g

e
n
ts

4
8
6

(3
8
.1

)
3
7
1
1

(2
9
.1

)
1
.5

4
(1

.3
6
,
1
.7

4
)

1
4
8

(4
0
.1

)
1
2
3
0

(3
3
.4

)
1
.3

5
(1

.0
8
,
1
.6

8
)

A
n
ti
c
o

a
g

u
la

n
ts

3
0
0

(2
3
.5

)
2
0
4
2

(1
6
.0

)
1
.6

4
(1

.4
2
,
1
.8

8
)

9
9

(2
6
.8

)
6
8
6

(1
8
.6

)
1
.6

2
(1

.2
7
,
2
.0

8
)

P
la

te
le

t
a
g

g
re

g
a
ti
o

n
in

h
ib

it
o

rs
4
0
6

(3
1
.8

)
3
1
7
2

(2
4
.9

)
1
.4

4
(1

.2
6
,
1
.6

3
)

1
4
3

(3
8
.8

)
1
1
1
7

(3
0
.3

)
1
.4

7
(1

.1
8
,
1
.8

5
)

A
n
ti
-a

rr
h
yt

h
m

ic
s,

c
la

ss
I
a
n
d

II
I

7
2

(5
.6

)
4
8
4

(3
.8

)
1
.5

3
(1

.1
8
,
1
.9

8
)

2
9

(7
.9

)
1
7
7

(4
.8

)
1
.7

1
(1

.1
3
,
2
.6

0
)

A
n
ti
b

io
ti
c
s

7
5
4

(5
9
.1

)
6
3
9
2

(5
0
.2

)
1
.4

4
(1

.2
8
,
1
.6

2
)

2
2
4

(6
0
.7

)
1
8
6
0

(5
0
.5

)
1
.5

2
(1

.2
2
,
1
.8

9
)

A
n
ti
-H

IV
d

ru
g

s
4
6

(3
.6

)
2
8
5

(2
.2

)
1
.6

5
(1

.2
0
,
2
.2

8
)

1
2

(3
.3

)
8
4

(2
.3

)
1
.4

5
(0

.7
8
,
2
.0

7
)

A
n
ti
-P

a
rk

in
s
o

n
’s

d
ru

g
s

2
4

(1
.9

)
1
6
9

(1
.3

)
1
.4

3
(0

.9
3
,
2
.2

1
)

8
(2

.2
)

5
8

(1
.6

)
1
.4

(0
.6

6
,
2
.9

4
)

A
n
ti
-e

p
ile

p
ti
c
s

1
6
4

(1
2
.9

)
1
1
6
6

(9
.2

)
1
.4

7
(1

.2
3
,
1
.7

5
)

4
6

(1
2
.5

)
3
5
2

(9
.6

)
1
.3

5
(0

.9
7
,
1
.8

8
)

A
n
ti
p

s
y
c
h
o

ti
c
s

3
8

(3
.0

)
2
9
5

(2
.3

)
1
.3

0
(0

.9
2
,
1
.8

3
)

1
5

(4
.1

)
8
9

(2
.4

)
1
.7

3
(0

.9
8
,
3
.0

3
)

A
n
ti
d

e
p

re
s
s
a
n
ts

2
4
0

(1
8
.8

)
1
9
6
9

(1
5
.5

)
1
.2

8
(1

.1
0
,
1
.4

9
)

7
3

(1
9
.8

)
5
9
0

(1
6
.0

)
1
.3

2
(0

.9
9
,
1
.7

4
)

R
e
c
e
n
t
d

ru
g

u
s
e
,
n

(%
)d

N
S

A
ID

s
1
9
2

(1
5
.1

)
1
8
0
3

(1
4
.2

)
1
.0

8
(0

.9
1
,
1
.2

7
)

4
9

(1
3
.3

)
5
1
4

(1
4
.0

)
0
.9

4
(0

.6
9
,
1
.3

0
)

C
o

rt
ic

o
s
te

ro
id

s
fo

r
s
y
s
te

m
ic

u
s
e

5
4
4

(4
2
.7

)
3
8
8
2

(3
0
.5

)
1
.7

1
(1

.5
2
,
1
.9

2
)

1
6
3

(4
4
.2

)
1
2
4
0

(3
3
.7

)
1
.5

6
(1

.2
6
,
1
.9

4
)

T
a
rg

e
te

d
D

M
A

R
D

s
1
1

(0
.9

)
1
2
2

(1
.0

)
0
.9

0
(0

.4
8
,
1
.6

7
)

3
(0

.8
)

3
2

(0
.9

)
0
.9

3
(0

.2
8
,
3
.1

0
)

B
io

lo
g

ic
D

M
A

R
D

s
6
1

(4
.8

)
7
3
2

(5
.7

)
0
.8

2
(0

.6
3
,
1
.0

8
)

1
2

(3
.3

)
1
7
2

(4
.7

)
0
.6

8
(0

.3
7
,
1
.2

4
)

a
H

o
s
p

it
a
liz

a
ti

o
n

o
r

e
x
e
m

p
ti
o

n
c
o

d
e
:

R
A

,
S

L
E

,
o

th
e
r

c
o

n
n
e
c
ti
v
it
is

(i.
e
.

s
y
s
te

m
ic

s
c
le

ro
s
is

a
n
d

u
n
s
p

e
c
ifi

e
d

d
if
fu

se
c
o

n
n
e
c
ti
v
e

ti
s
su

e
d

is
e
a
s
e
).

b
H

o
s
p

it
a
liz

a
ti
o

n
o

r
e
x
e
m

p
ti
o

n
c
o

d
e
:

g
ia

n
t

c
e
lls

a
rt

e
ri
ti
s
,

p
o

ly
m

y
a
lg

ia
rh

e
u
m

a
ti
c
a
,

p
s
o

ri
a
ti
c

a
rt

h
ro

p
a
th

y
,

a
n
k
y
lo

s
in

g
s
p

o
n
d

y
lit

is
a
n
d

o
th

e
r

in
fl
a
m

m
a
to

ry
s
p

o
n
d

yl
o

p
a
th

ie
s
.

c
E

v
a
lu

a
te

d
u
s
in

g
p

h
a
rm

a
c
y

c
la

im
s

w
it
h
in

th
e

la
s
t

a
v
a
ila

b
le

1
2

m
o

n
th

s
p

ri
o

r
to

ID
.

d
E

v
a
lu

a
te

d
u
s
in

g
p

h
a
rm

a
c
y

c
la

im
s

w
it
h
in

th
e

la
s
t

a
v
a
ila

b
le

3
m

o
n
th

s
p

ri
o

r
to

ID
.

Stefania Spila Alegiani et al.

6 https://academic.oup.com/rheumatology

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/advance-article/doi/10.1093/rheum
atology/keab348/6226505 by guest on 30 August 2021



T
A

B
L

E
2

A
s
s
o

c
ia

ti
o

n
b

e
tw

e
e
n

re
c
e
n
t
u
s
e

o
f
H

C
Q

/C
L
Q

vs
M

T
X

a
n
d

o
th

e
r

c
D

M
A

R
D

s
a
n
d

C
O

V
ID

-1
9
-r

e
la

te
d

h
o

s
p

it
a
liz

a
ti
o

n
a
n
d

m
o

rt
a
lit

y

D
ru

g
u

s
e

C
O

V
ID

-1
9
-r

e
la

te
d

h
o

s
p

it
a

li
z
a

ti
o

n
C

O
V

ID
-1

9
-r

e
la

te
d

m
o

rt
a
li
ty

C
a

s
e

s
(n

5
1
2
7
5
)

C
o

n
tr

o
ls

(n
5

1
2

7
3
4
)

U
n

a
d

ju
s
te

d
a

O
R

(9
5
%

C
I)

A
d

ju
s
te

d
b

O
R

(9
5
%

C
I)

C
a

s
e

s
(n

5
3
6
9
)

C
o

n
tr

o
ls

(n
5

3
6
8
4
)

U
n

a
d

ju
s
te

d
a

O
R

(9
5
%

C
I)

A
d

ju
s
te

d
b

O
R

(9
5
%

C
I)

R
e
c
e
n
t

u
s
e

o
f

M
T

X
m

o
n
o

th
e
ra

p
y

3
0
0

(2
3
.5

)
3
3
3
5

(2
6
.2

)
R

e
f.

R
e
f.

7
5

(2
0
.3

)
1
0
8
4

(2
9
.4

)
R

e
f.

R
e
f.

H
C

Q
/C

L
Q

m
o

n
o

th
e
ra

p
y

2
2
5

(1
7
.6

)
2
7
7
3

(2
1
.8

)
0
.8

8
(0

.7
3
,
1
.0

5
)

0
.8

3
(0

.6
9
,
1
.0

0
)

8
1

(2
2
.0

)
8
6
4

(2
3
.5

)
1
.3

2
(0

.9
5
,
1
.8

4
)

1
.1

9
(0

.8
5
,
1
.6

7
)

O
th

e
r

c
D

M
A

R
D

s
(e

x
c
e
p

t
M

T
X

o
r

H
C

Q
/C

L
Q

)
4
0
0

(3
1
.4

)
2
7
1
6

(2
1
.3

)
1
.7

0
(1

.4
5
,
2
.0

0
)

1
.1

5
(0

.9
6
,
1
.3

7
)

1
1
2

(3
0
.4

)
7
0
0

(1
9
.0

)
2
.4

0
(1

.7
5
,
3
.2

8
)

1
.4

6
(1

.0
2
,
2
.0

8
)

O
th

e
r

c
D

M
A

R
D

s
(w

it
h

M
T

X
o

r
H

C
Q

/C
L
Q

)
6
7

(5
.3

)
5
4
1

(4
.2

)
1
.3

7
(1

.0
4
,
1
.8

2
)

1
.2

0
(0

.9
0
,
1
.6

0
)

1
8

(4
.9

)
1
3
4

(3
.6

)
1
.9

3
(1

.1
2
,
3
.3

3
)

1
.7

8
(1

.0
2
,
3
.1

0
)

P
a
s
t
u
s
e

o
f
a
n
y

c
D

M
A

R
D

s
2
8
3

(2
2
.2

)
3
3
6
9

(2
6
.5

)
0
.9

4
(0

.7
9
,
1
.1

1
)

0
.9

3
(0

.7
8
,
1
.1

0
)

8
3

(2
2
.5

)
9
0
2

(2
4
.5

)
1
.3

3
(0

.9
6
,
1
.8

5
)

1
.1

9
(0

.8
6
,
1
.6

7
)

R
e
c
e
n
t

u
s
e

o
f

O
th

e
r

c
D

M
A

R
D

s
(e

x
c
e
p

t
H

C
Q

/C
L
Q

)
7
1
2

(5
5
.8

)
4
5
4
6

(6
9
.3

)
R

e
f.

R
e
f.

1
9
1

(7
0
.2

)
1
3
4
7

(6
8
.5

)
R

e
f.

R
e
f.

H
C

Q
/C

L
Q

m
o

n
o

th
e
ra

p
y

2
2
5

(1
7
.6

)
2
0
1
6

(3
0
.7

)
0
.6

9
(0

.5
8
,
0
.8

1
)

0
.8

2
(0

.6
9
,
0
.9

8
)

8
1

(2
9
.8

)
6
1
9

(3
1
.5

)
0
.9

3
(0

.7
0
,
1
.2

4
)

1
.0

8
(0

.7
9
,
1
.4

6
)

a
U

n
iv

a
ri
a
te

c
o

n
d

it
io

n
a
l

lo
g

is
ti
c

m
o

d
e
l

m
a
tc

h
e
d

fo
r

c
e
n
tr

e
,

a
g

e
a
n
d

g
e
n
d

e
r.

b
M

u
lt
iv

a
ri
a
te

c
o

n
d

it
io

n
a
l

lo
g

is
ti
c

re
g

re
ss

io
n

m
o

d
e
l

(s
te

p
w

is
e

fo
rw

a
rd

b
a
s
e
d

o
n

A
k
a
ik

e
in

fo
rm

a
ti
o

n
c
ri
-

te
ri
o

n
K
¼

3
.8

4
1
5
)

m
a
tc

h
e
d

fo
r

c
e
n
tr

e
,

a
g

e
a
n
d

g
e
n
d

e
r

a
n
d

a
d

ju
s
te

d
fo

r
th

e
fo

llo
w

in
g

e
lig

ib
le

v
a
ri
a
b

le
s
:

n
u
m

b
e
r

o
f

h
o

s
p

it
a
liz

a
ti
o

n
s
,

C
h
a
rl
so

n
c
o

m
o

rb
id

it
y

in
d

e
x
,

n
u
m

b
e
r

o
f

p
re

-

s
c
ri
p

ti
o

n
s
,

d
ru

g
s

fo
r

p
e
p

ti
c

u
lc

e
r,

a
n
ti
c
o

a
g

u
la

n
ts

,
p

la
te

le
t

a
g

g
re

g
a
ti
o

n
,

lip
id

-m
o

d
if
yi

n
g

a
g

e
n
ts

,
a
n
ti
b

io
ti
c
s
,

a
n
ti
-H

IV
d

ru
g

s
,

a
n
ti
-P

a
rk

in
s
o

n
d

ru
g

s,
a
n
ti
-e

p
ile

p
ti
c
s
,

a
n
ti
p

s
y
c
h
o

ti
c
s
,

a
n
ti
d

e
p

re
s
sa

n
ts

,
a
n
ti
-a

rr
h
y
th

m
ic

s
,

N
S

A
ID

s
,

c
o

rt
ic

o
s
te

ro
id

s,
ta

rg
e
te

d
D

M
A

R
D

s
,

b
io

lo
g

ic
D

M
A

R
D

s
,

h
y
p

e
rt

e
n
s
io

n
,

c
e
re

b
ro

va
s
c
u
la

r
d

is
e
a
s
e
s
,

h
e
p

a
to

p
a
th

ie
s
,

d
ia

b
e
te

s
,

d
e
m

e
n
ti
a
,

c
h
ro

n
ic

k
id

n
e
y

fa
ilu

re
,

c
h
ro

n
ic

o
b

s
tr

u
c
ti
v
e

p
u
lm

o
n
a
ry

d
is

e
a
s
e
,

n
e
o

p
la

s
m

s
,

a
rt

e
ry

c
a
rd

ia
c

d
is

e
a
s
e
,

rh
e
u
m

a
ti
c

d
is

e
a
s
e
s

(w
it
h

o
r

w
it
h
o

u
t

in
d

ic
a
ti
o

n
fo

r
c
D

M
A

R
D

s)
.

Risk of COVID-19 hospitalization and mortality in RA patients treated with HCQ or cDMARDs

https://academic.oup.com/rheumatology 7

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/advance-article/doi/10.1093/rheum
atology/keab348/6226505 by guest on 30 August 2021



T
A

B
L

E
3

S
u
b

g
ro

u
p

a
n
a
ly

s
is

o
f
th

e
ri
s
k

o
f
C

O
V

ID
-1

9
-r

e
la

te
d

h
o

s
p

it
a
liz

a
ti
o

n
a
n
d

m
o

rt
a
lit

y
a
s
s
o

c
ia

te
d

w
it
h

th
e

re
c
e
n
t
u
s
e

o
f
H

C
Q

/C
Q

L
vs

M
T

X
a
n
d

o
th

e
r

c
D

M
A

R
D

s

D
ru

g
u

s
e

C
O

V
ID

-1
9
-r

e
la

te
d

h
o

s
p

it
a

li
z
a

ti
o

n
C

O
V

ID
-1

9
-r

e
la

te
d

m
o

rt
a

li
ty

C
a

s
e

s
,
n

(%
)

C
o

n
tr

o
ls

,
n

(%
)

U
n

a
d

ju
s
te

d
a

O
R

(9
5
%

C
I)

A
d

ju
s
te

d
b

O
R

(9
5
%

C
I)

C
a

s
e

s
,

n
(%

)
C

o
n

tr
o

ls
,

n
(%

)
U

n
a

d
ju

s
te

d
a

O
R

(9
5
%

C
I)

A
d

ju
s
te

d
b

O
R

(9
5
%

C
I)

P
a
ti
e
n
ts

a
ff

e
c
te

d
b

y
R

A
o

r
S

L
E

M
T

X
m

o
n
o

th
e
ra

p
y

1
3
2

(6
0
.3

)
5
4
3

(5
8
.6

)
R

e
f.

R
e
f.

2
9

(4
7
.5

)
1
5
5

(5
9
.6

)
R

e
f.

R
e
f.

H
C

Q
/C

Q
L

m
o

n
o

th
e
ra

p
y

8
7

(3
9
.7

)
3
8
3

(4
1
.4

)
0
.8

7
(0

.6
1
,
1
.2

2
)

0
.8

2
(0

.5
7
,
1
.1

6
)

3
2

(5
2
.5

)
1
0
5

(4
0
.4

)
1
.6

0
(0

.8
4
,
3
.0

6
)

1
.6

5
(0

.8
0
,
3
.4

0
)

O
th

e
r

c
D

M
A

R
D

s
1
6
7

(6
8
.2

)
4
4
1

(6
2
.7

)
R

e
f.

R
e
f.

3
8

(5
5
.9

)
1
2
3

(6
4
.4

)
R

e
f.

R
e
f.

H
C

Q
/C

Q
L

m
o

n
o

th
e
ra

p
y

7
8

(3
1
.8

)
2
6
2

(3
7
.3

)
0
.7

7
(0

.5
6
,
1
.0

7
)

0
.7

5
(0

.5
4
,
1
.0

6
)

3
0

(4
4
.1

)
6
8

(3
5
.6

)
1
.3

3
(0

.7
4
,
2
.0

4
)

1
.7

3
(0

.8
4
,
3
.5

6
)

R
e
c
e
n
t
u
s
e

o
f
c
o

rt
ic

o
s
te

ro
id

sc

M
T

X
a
s

m
o

n
o

th
e
ra

p
y

1
4
3

(6
1
.9

)
5
0
9

(5
5
.8

)
R

e
f.

R
e
f.

4
2

(5
5
.3

)
1
8
3

(5
8
.8

)
R

e
f.

R
e
f.

H
C

Q
/C

Q
L

m
o

n
o

th
e
ra

p
y

8
8

(3
8
.1

)
4
0
4

(4
4
.2

)
0
.8

3
(0

.5
8
,
1
.1

7
)

0
.7

8
(0

.5
4
,
1
.1

3
)

3
4

(4
4
.7

)
1
2
8

(4
1
.2

)
1
.3

5
(0

.7
3
,
2
.4

9
)

1
.2

3
(0

.6
3
,
2
.3

7
)

O
th

e
r

c
D

M
A

R
D

s
3
0
6

(7
8
.1

)
6
8
6

(6
8
.2

)
R

e
f.

R
e
f.

8
5

(7
2
.0

)
2
2
7

(6
9
.4

)
R

e
f.

R
e
f.

H
C

Q
/C

Q
L

m
o

n
o

th
e
ra

p
y

8
6

(2
1
.9

)
3
2
0

(3
1
.8

)
0
.6

3
(0

.4
8
,
0
.8

5
)

0
.6

8
(0

.5
1
,
0
.9

2
)

3
3

(2
8
.0

)
1
0
0

(3
0
.6

)
0
.9

4
(0

.5
8
,
1
.5

4
)

0
.9

2
(0

.5
3
,
1
.5

7
)

R
e
c
e
n
t
u
s
e

o
f
h
ig

h
-d

o
s
e

c
o

rt
ic

o
s
te

ro
id

s
(>

4
0

D
D

D
)c

M
T

X
a
s

m
o

n
o

th
e
ra

p
y

6
1

(6
7
.8

)
1
0
6

(5
4
.1

)
R

e
f.

R
e
f.

1
5

(6
0
.0

)
2
9

(5
7
.7

)
R

e
f.

R
e
f.

H
C

Q
/C

Q
L

m
o

n
o

th
e
ra

p
y

2
9

(3
2
.2

)
9
0

(4
5
.9

)
0
.5

2
(0

.2
6
,
1
.0

6
)

0
.3

7
(0

.1
5
,
0
.9

3
)

1
0

(4
0
.0

)
2
5

(4
6
.3

)
0
.6

2
(0

.1
1
,
3
.3

4
)

d

O
th

e
r

c
D

M
A

R
D

s
1
2
9

(8
3
.8

)
1
7
5

(7
0
.6

)
R

e
f.

R
e
f.

3
4

(8
1
.0

)
5
1

(7
2
.9

)
R

e
f.

R
e
f.

H
C

Q
/C

Q
L

m
o

n
o

th
e
ra

p
y

2
5

(1
6
.2

)
7
3

(2
9
.4

)
0
.4

1
(0

.2
3
,
0
.7

2
)

0
.4

5
(0

.2
3
,
0
.8

6
)

8
(1

9
.0

)
1
9

(2
7
.1

)
0
.4

5
(0

.1
3
,
1
.6

0
)

d

a
U

n
iv

a
ri
a
te

c
o

n
d

it
io

n
a
l

lo
g

is
ti
c

m
o

d
e
l

m
a
tc

h
e
d

fo
r

c
e
n
tr

e
,

a
g

e
a
n
d

g
e
n
d

e
r.

b
M

u
lt
iv

a
ri
a
te

c
o

n
d

it
io

n
a
l

lo
g

is
ti
c

re
g

re
s
s
io

n
m

o
d

e
l

(s
te

p
w

is
e

fo
rw

a
rd

b
a
s
e
d

o
n

A
k
a
ik

e
in

fo
rm

a
ti
o

n
c
ri
-

te
ri
o

n
K
¼

3
.8

4
1
5
)

m
a
tc

h
e
d

fo
r

c
e
n
tr

e
,

a
g

e
a
n
d

g
e
n
d

e
r

a
n
d

a
d

ju
s
te

d
fo

r
th

e
fo

llo
w

in
g

e
lig

ib
le

v
a
ri
a
b

le
s
:

n
u
m

b
e
r

o
f

h
o

s
p

it
a
liz

a
ti
o

n
s
,

C
h
a
rl
so

n
c
o

m
o

rb
id

it
y

in
d

e
x
,

n
u
m

b
e
r

o
f

p
re

-

s
c
ri
p

ti
o

n
s
,

d
ru

g
s

fo
r

p
e
p

ti
c

u
lc

e
r,

a
n
ti
c
o

a
g

u
la

n
ts

,
p

la
te

le
t

a
g

g
re

g
a
ti
o

n
,

lip
id

-m
o

d
if
yi

n
g

a
g

e
n
ts

,
a
n
ti
b

io
ti
c
s
,

a
n
ti

H
IV

d
ru

g
s,

a
n
ti
-P

a
rk

in
s
o

n
’s

d
ru

g
s,

a
n
ti
-e

p
ile

p
ti
c
s
,

a
n
ti
p

s
y
c
h
o

ti
c
s
,

a
n
ti
d

e
p

re
s
s
a
n
ts

,
a
n
ti
-a

rr
h
yt

h
m

ic
s,

N
S

A
ID

s
,

c
o

rt
ic

o
s
te

ro
id

s
,

ta
rg

e
te

d
D

M
A

R
D

s
,

b
io

lo
g

ic
D

M
A

R
D

s
,

h
y
p

e
rt

e
n
s
io

n
,

c
e
re

b
ro

v
a
sc

u
la

r
d

is
e
a
s
e
s,

h
e
p

a
to

p
a
th

ie
s
,

d
ia

b
e
te

s,
d

e
m

e
n
ti
a
,

c
h
ro

n
ic

k
id

n
e
y

fa
ilu

re
,

C
O

P
D

,
n
e
o

p
la

s
m

s
,

a
rt

e
ry

c
a
rd

ia
c

d
is

e
a
s
e
,

rh
e
u
m

a
ti
c

d
is

e
a
s
e
s

(w
it
h

o
r

w
it
h
o

u
t

in
d

ic
a
ti
o

n
fo

r
c
D

M
A

R
D

s
).

c
E

x
p

o
s
u
re

to
c
o

rt
ic

o
st

e
ro

id
s

w
a
s

a
s
s
e
s
se

d
fr

o
m

O
c
to

b
e
r

2
0
1
9

to
D

e
c
e
m

b
e
r

2
0
1
9
.

d
M

u
lt
iv

a
ri
a
te

m
o

d
e
l

n
o

t
c
o

n
v
e
rg

e
d

o
r

to
o

fe
w

d
is

c
o

rd
a
n
t

o
b

se
rv

a
ti
o

n
s
.

Stefania Spila Alegiani et al.

8 https://academic.oup.com/rheumatology

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/advance-article/doi/10.1093/rheum
atology/keab348/6226505 by guest on 30 August 2021



T
A

B
L

E
4

S
e
n
s
it
iv

it
y

a
n
a
ly

s
is

o
f

th
e

a
s
s
o

c
ia

ti
o

n
b

e
tw

e
e
n

ri
s
k

o
f

C
O

V
ID

-1
9
-r

e
la

te
d

h
o

s
p

it
a
liz

a
ti
o

n
/m

o
rt

a
lit

y
a
n
d

H
C

Q
/C

L
Q

,
M

T
X

o
r

o
th

e
r

c
D

M
A

R
D

s
u
s
e

(v
s

n
o

n
-u

s
e
)

a
n
d

th
e

p
re

s
e
n
c
e

o
f
rh

e
u
m

a
ti
c

d
is

e
a
s
e
s

o
r

R
A

/S
L
E

s
p

e
c
ifi

c
a
lly

(v
s

a
b

s
e
n
c
e
)
in

th
e

p
o

p
u
la

ti
o

n
-b

a
s
e
d

c
o

h
o

rt

V
a

ri
a

b
le

C
O

V
ID

-1
9
-r

e
la

te
d

h
o

s
p

it
a

li
z
a

ti
o

n
C

O
V

ID
-1

9
-r

e
la

te
d

m
o

rt
a

li
ty

C
a

s
e

s
(n

5
6
0

1
7
5
)

C
o

n
tr

o
ls

(n
5

6
0
1

7
5
0
)

U
n

a
d

ju
s
te

d
a

O
R

(9
5
%

C
I)

A
d

ju
s
te

d
b

O
R

(9
5
%

C
I)

C
a

s
e

s
(n

5
1
4

1
7
1
)

C
o

n
tr

o
ls

(
n

5
1
4
1

7
1
0
)

U
n

a
d

ju
s
te

d
a

O
R

(9
5
%

C
I)

A
d

ju
s
te

d
b

O
R

(9
5
%

C
I)

N
o

c
D

M
A

R
D

s
5
9

1
1
3

(9
8
.2

)
5
9
6

1
1
0

(9
9
.1

)
R

e
f.

R
e
f.

1
3

8
8
3

(9
8
.0

)
1
4
0

2
6
2

(9
9
.0

)
R

e
f.

R
e
f.

H
C

Q
/C

Q
L

a
s

m
o

n
o

th
e
ra

p
y

2
4
5

(0
.4

)
1
7
5
9

(0
.3

)
1
.4

1
(1

.2
3
,
1
.6

1
)

1
.0

4
(0

.9
1
,
1
.2

0
)

8
7

(0
.6

)
5
0
8

(0
.4

)
1
.7

3
(1

.3
8
,
2
.1

8
)

1
.2

7
(1

.0
0
,
1
.6

1
)

M
T

X
a
s

m
o

n
o

th
e
ra

p
y

3
2
0

(0
.5

)
2
0
0
0

(0
.3

)
1
.6

2
(1

.4
4
,
1
.8

2
)

1
.1

9
(1

.0
5
,
1
.3

4
)

7
3

(0
.5

)
5
4
0

(0
.4

)
1
.3

7
(1

.0
7
,
1
.7

5
)

0
.9

9
(0

.7
7
,
1
.2

7
)

O
th

e
r

c
D

M
A

R
D

s

(e
x
c
e
p

t
M

T
X

o
r

H
C

Q
/C

L
Q

)

4
3
6

(0
.7

)
1
5
4
0

(0
.3

)
2
.8

6
(2

.5
7
,
3
.1

8
)

1
.2

1
(1

.0
9
,
1
.3

6
)

1
1
1

(0
.8

)
3
1
5

(0
.2

)
3
.5

7
(2

.8
7
,
4
.4

4
)

1
.4

3
(1

.1
3
,
1
.8

2
)

O
th

e
r

c
D

M
A

R
D

s

(w
it
h

M
T

X
o

r
H

C
Q

/C
L
Q

)

6
1

(0
.1

)
3
4
1

(0
.1

)
1
.8

1
(1

.3
8
,
2
.3

7
)

1
.1

9
(0

.9
0
,
1
.5

7
)

1
7

(0
.1

)
8
5

(0
.1

)
2
.0

2
(1

.2
0
,
3
.4

1
)

1
.3

0
(0

.7
6
,
2
.2

4
)

R
h
e
u
m

a
ti
c

d
is

e
a
s
e
,
n
o

5
8

7
3
9

(9
7
.6

)
5
9
2

1
8
1

(9
8
.4

)
R

e
f.

R
e
f.

1
3

7
5
8

(9
7
.1

)
1
3
9

1
0
0

(9
8
.2

)
R

e
f.

R
e
f.

R
h
e
u
m

a
ti
c

d
is

e
a
s
e
,
y
e
s

1
4
3
6

(2
.4

)
9
5
6
9

(1
.6

)
1
.5

2
(1

.4
3
,
1
.6

0
)

1
.0

0
(0

.9
4
,
1
.0

7
)

4
1
3

(2
.9

)
2
6
1
0

(1
.8

)
1
.6

0
(1

.4
4
,
1
.7

8
)

0
.9

4
(0

.8
3
,
1
.0

6
)

R
A

o
r

S
L
E

,
n
o

5
8

7
3
9

(9
8
.8

)
5
9
2

1
8
1

(9
9
.2

)
R

e
f.

R
e
f.

1
3

7
5
8

(9
8
.5

)
1
3
9

1
0
0

(9
9
.0

)
R

e
f.

R
e
f.

R
A

o
r

S
L
E

,
y
e
s

7
4
1

(1
.2

)
4
9
3
4

(0
.8

)
1
.5

3
(1

.4
1
,
1
.6

5
)

0
.9

8
(0

.8
9
,
1
.0

7
)

2
1
1

(1
.5

)
1
3
5
1

(1
.0

)
1
.5

9
(1

.3
7
,
1
.8

4
)

0
.8

8
(0

.7
4
,
1
.0

5
)

a
U

n
iv

a
ri
a
te

c
o

n
d

it
io

n
a
l

lo
g

is
ti
c

m
o

d
e
l

m
a
tc

h
e
d

fo
r

c
e
n
tr

e
,

a
g

e
a
n
d

g
e
n
d

e
r.

b
M

u
lt
iv

a
ri
a
te

c
o

n
d

it
io

n
a
l

lo
g

is
ti
c

re
g

re
s
s
io

n
m

o
d

e
l

(s
te

p
w

is
e

fo
rw

a
rd

b
a
s
e
d

o
n

A
k
a
ik

e
in

fo
rm

a
ti
o

n
c
ri
-

te
ri
o

n
K
¼

3
.8

4
1
5
)

m
a
tc

h
e
d

fo
r

c
e
n
tr

e
,

a
g

e
a
n
d

g
e
n
d

e
r

a
n
d

a
d

ju
s
te

d
fo

r
th

e
fo

llo
w

in
g

e
lig

ib
le

v
a
ri
a
b

le
s
:

n
u
m

b
e
r

o
f

h
o

s
p

it
a
liz

a
ti
o

n
s
,

C
h
a
rl
so

n
c
o

m
o

rb
id

it
y

in
d

e
x
,

n
u
m

b
e
r

o
f

p
re

-

s
c
ri
p

ti
o

n
s
,

d
ru

g
s

fo
r

p
e
p

ti
c

u
lc

e
r,

a
n
ti
c
o

a
g

u
la

n
ts

,
p

la
te

le
t

a
g

g
re

g
a
ti
o

n
,

lip
id

-m
o

d
if
y
in

g
a
g

e
n
ts

,
a
n
ti
b

io
ti
c
s
,

a
n
ti
-H

IV
d

ru
g

s
,

a
n
ti
-P

a
rk

in
s
o

n
’s

d
ru

g
s,

a
n
ti
-e

p
ile

p
ti
c
s
,

a
n
ti
p

s
yc

h
o

ti
c
s
,

a
n
ti
d

e
p

re
s
s
a
n
ts

,
a
n
ti
-a

rr
h
yt

h
m

ic
s,

n
o

n
-s

te
ro

id
a
l

a
n
ti
-i

n
fl
a
m

m
a
to

ry
d

ru
g

s
,

c
o

rt
ic

o
s
te

ro
id

s,
ta

rg
e
te

d
D

M
A

R
D

s
,

b
io

lo
g

ic
D

M
A

R
D

s
,

h
y
p

e
rt

e
n
s
io

n
,

c
e
re

b
ro

v
a
s
c
u
la

r
d

is
e
a
s
e
s
,

h
e
p

a
to

p
a
-

th
ie

s
,

d
ia

b
e
te

s,
d

e
m

e
n
ti
a
,

c
h
ro

n
ic

k
id

n
e
y

fa
ilu

re
,

c
h
ro

n
ic

o
b

st
ru

c
ti
v
e

p
u
lm

o
n
a
ry

d
is

e
a
s
e
,

n
e
o

p
la

s
m

s
,

a
rt

e
ry

c
a
rd

ia
c

d
is

e
a
s
e
,

rh
e
u
m

a
ti
c

d
is

e
a
s
e
s

(w
it
h

o
r

w
it
h
o

u
t

in
d

ic
a
ti
o

n
fo

r
c
D

M
A

R
D

s
).

Risk of COVID-19 hospitalization and mortality in RA patients treated with HCQ or cDMARDs

https://academic.oup.com/rheumatology 9

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/advance-article/doi/10.1093/rheum
atology/keab348/6226505 by guest on 30 August 2021



compared with either recent MTX monotherapy [OR

0.82 (95% CI 0.57, 1.16) and OR 1.65 (95% CI 0.80,

3.40), respectively] or recent use of other cDMARDs [OR

0.75 (95% CI 0.54, 1.06) and OR 1.73 (95% CI 0.84,

3.56), respectively], even though an opposite trend for

the two outcomes was reported. The restriction of the

analysis to patients concomitantly treated with high

doses of corticosteroids before 3 months of the ID

showed that, compared with MTX monotherapy, HCQ/

CLQ monotherapy was associated with a statistically

significant reduction in COVID-19 hospitalization [OR

0.37 (95% CI 0.15, 0.93)] (Table 3).

The sensitivity analysis carried out in the general

population showed no increased risk of COVID-19 hos-

pitalization among recent users of HCQ/CLQ as com-

pared with non-use, whereas a mild statistically

significant increased risk for recent use of MTX as

monotherapy [OR 1.19 (95% CI 1.05, 1.34)] or other

cDMARDs, except MTX or HCQ/CLQ [OR 1.21 (95% CI

1.08, 1.36)], vs non-use was found. The slight increase

in the risk for mortality was confirmed only for recent

use of other cDMARDs, except MTX or HCQ/CLQ, vs

non-use [OR 1.43 (95% CI 1.12, 1.82)]. Finally, we found

that rheumatic diseases in general and RA/SLE specific-

ally were not associated with the risk of COVID-19 hos-

pitalization [vs absence; OR 0.98 (95% CI 0.89, 1.07)] as

well as mortality [vs absence; OR 0.88 (95% CI 0.74,

1.05)] (Table 4).

Discussion

The main finding of this large-scale Italian nested case–

control study was that recent exposure to HCQ/CLQ

was not associated with a protective effect regarding

COVID-19-related hospitalization and mortality com-

pared with MTX monotherapy in rheumatic patients.

This finding was confirmed when assessing those risks

in association with HCQ/CLQ vs non-use in a non-

nested population. The absence of a protective effect of

HCQ/CLQ against COVID-19-related severe outcomes is

in line with a large body of evidence from both in- and

outpatient settings accumulated so far [29], especially in

rheumatic patients [21, 23].

Conversely, we observed an increased risk of COVID-

19-related hospitalization and mortality among other

cDMARD users vs HCQ/CLQ, as well as vs MTX. Other

cDMARDs include several compounds that are used in

indications other than autoimmune disease, such as

transplanted patients, who may also be more likely to

develop severe COVID-19. Accordingly, differences in

the risk of COVID-19-related negative outcomes be-

tween HCQ/CLQ and other cDMARDs disappeared

when the analysis was restricted to RA/SLE patients.

The association between the use of other cDMARDs

and the increased risk of COVID-19-related hospitaliza-

tion and mortality has also been documented in a recent

systematic review and meta-analysis of both experimen-

tal and observational studies assessing the risk and

prognosis of COVID-19 in immune-mediated

inflammatory diseases [25] and in a Danish observation-

al study that found an increased risk of being hospital-

ized for COVID-19 in patients treated with ciclosporin,

tacrolimus and thiopurines [30].

Nevertheless, we found a statistically significant mar-

ginal increase in risk of COVID-19-related hospitalization

(and mortality only for other cDMARDs) with both MTX

as well as other cDMARDs when compared with non-

use in the general population. This finding may be due

to the immunosuppressive effects of these drugs, which

are known to be associated with an increased risk of

infections [31]. Instead, no increase in such a risk with

HCQ/CLQ was observed, as these drugs exert immuno-

modulatory and not immunosuppressant action.

Accordingly, a statistically significant protective effect

against COVID-19-related hospitalization and mortality

for HCQ/CLQ vs MTX and other cDMARDs in rheumatic

patients was only observed in patients who were con-

comitantly treated with high cumulative dosages of cor-

ticosteroids, thus emphasizing an even more

pronounced risk of severe COVID-19 in the presence of

synergistic immunosuppressant effects, as reported by

several recently published papers [30, 32–35].

In general, being affected by rheumatic diseases, and

RA/SLE specifically, was not found to be a risk factor

for COVID-19 hospitalization and mortality, thus indicat-

ing the absence of confounding by indication, when

assessing the risks associated with drugs used for the

treatment of these diseases. However, MTX and other

cDMARDs may be used in more severe forms of rheum-

atic diseases (and other immune-mediated inflammatory

diseases) than HCQ/CLQ and as such we cannot rule

out that the slight increased risk of COVID-19 hospital-

ization with use vs non-use is partly due to confounding

by severity and not to immunosuppressive effect alone.

The strengths of our study include the use of a large

multicentre database network with real-world data for

>200 000 cDMARD users from five Italian regions. This

large sample size allowed us to perform a number of

subgroup and sensitivity analyses, increasing the robust-

ness of our findings. The use of the COVID-19 patient

registries, which are daily updated by the Italian NHS,

leverages accurately collected data on patients testing

positive for SARS-CoV-2 RNA by PCR on nasopharyn-

geal/throat swabs. Linking Italian claims databases to

the COVID-19 registries at the individual patient level,

we were able to adjust the analyses for a large number

of potential confounders. Furthermore, since MTX is the

reference drug in the treatment of arthropathies and it

has a similar use pattern as HCQ/CLQ, we selected this

drug as the main comparator as well as carrying out a

subgroup analysis in patients with SLA/RE (approved

indications for HCQ) to better control for confounding

effects. However, this study also has some limitations.

As we assessed drug exposure until 31 December 2019

and identified COVID-19 cases until June 2020, we may

have misclassified drug exposure if patients stopped/

switched therapies in the period preceding COVID-19-

related hospitalization or mortality. However, it is

Stefania Spila Alegiani et al.

10 https://academic.oup.com/rheumatology

D
ow

nloaded from
 https://academ

ic.oup.com
/rheum

atology/advance-article/doi/10.1093/rheum
atology/keab348/6226505 by guest on 30 August 2021



reasonable to suppose that it is unlikely that patients with

rheumatic diseases changed or stopped treatment after

the beginning of the pandemic, as recommended by the

current guidelines of international societies of rheumatol-

ogy [36, 37]. Information on known risk factors for death

in COVID-19 patients, such as obesity and smoking, was

not available; however, the adjustment of the analysis for

comorbidities strongly correlated to these variables (e.g.

diabetes mellitus and chronic obstructive pulmonary dis-

ease), potentially accounting for their confounding effect.

Moreover, since some chronic comorbidities are not a

frequent cause of hospitalization, they may have been

partly underestimated, as they were mainly identified

from hospital discharge diagnoses.

Conclusion

In this large Italian nested case–control study, recent expos-

ure to HCQ/CLQ in rheumatic patients was not associated

with a protective effect against COVID-19-related hospitaliza-

tion and mortality compared with MTX. A slight statistically

significant increased risk for recent use of MTX as monother-

apy or other cDMARDs, except MTX or HCQ/CLQ, when

compared with non-use was found. Furthermore, when com-

pared with HCQ/CLQ, we observed an increased risk of

COVID-19 hospitalization and mortality in patients receiving

other cDMARDs, especially if concomitantly treated with

high-dose glucocorticoids. This is likely attributable to a syn-

ergistic immunosuppressive effect of those drugs, leading to

an increased risk of severe SARS-CoV-2 infection rather

than to an HCQ/CLQ protective effect.
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