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ORIGINAL RESEARCH

Older age, comorbidity, glucocorticoid
use and disease activity are risk factors
for COVID-19 hospitalisation in
patients with inflammatory rheumatic
and musculoskeletal diseases

Rebecca Hasseli
Hanns-Martin Lorenz,4 Alexander Pfeil

ABSTRACT

Introduction Whether patients with inflammatory
rheumatic and musculoskeletal diseases (RMD) are at
higher risk to develop severe courses of COVID-19 has
not been fully elucidated. Aim of this analysis was to
describe patients with RMD according to their COVID-19
severity and to identify risk factors for hospitalisation.
Methods Patients with RMD with PCR confirmed
SARS-CoV-2 infection reported to the German COVID-19
registry from 30 March to 1 November 2020 were
evaluated. Multivariable logistic regression was used to
estimate ORs for hospitalisation due to COVID-19.
Results Data from 468 patients with RMD with SARS-
CoV-2 infection were reported. Most frequent diagnosis
was rheumatoid arthritis, RA (48%). 29% of the patients
were hospitalised, 5.5% needed ventilation. 19 patients
died. Multivariable analysis showed that age >65 years
(OR 2.24; 95%Cl 1.12 t0 4.47), but even more>75 years
(OR 3.94; 95%Cl 1.86 to 8.32), cardiovascular disease
(CVD; OR 3.36; 95%Cl 1.5 to 7.55), interstitial lung
disease/chronic obstructive pulmonary disease (ILD/
COPD) (OR 2.79; 95%Cl 1.2 to 6.49), chronic kidney
disease (OR 2.96; 95% Cl 1.16 to 7.5), moderate/high
RMD disease activity (OR 1.96; 95% Cl 1.02 to 3.76) and
treatment with glucocorticoids (GCs) in dosages >5 mg/
day (OR 3.67; 95% Cl 1.49 to 9.05) were associated with
higher odds of hospitalisation. Spondyloarthritis patients
showed a smaller risk of hospitalisation compared with
RA (OR 0.46; 95% Cl 0.23 t0 0.91).

Conclusion Age was a major risk factor for
hospitalisation as well as comorbidities such as

CVD, ILD/COPD, chronic kidney disease and current

or prior treatment with GCs. Moderate to high RMD
disease activity was also an independent risk factor for
hospitalisation, underlining the importance of continuing
adequate RMD treatment during the pandemic.
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Key messages

What is already known about this subject?

» Due to systemic inflammatory conditions and im-
munomodulating treatment, rheumatic and mus-
culoskeletal disease (RMD) patients might be at
increased risk of a more severe course of SARS-
CoV-2 infection.

» Only limited data on risk factors for a critical course
of COVID-19 in patients with RMD are available.

What does this study add?

» Age, comorbidities (cardiovascular disease, inter-
stitial lung disease/chronic obstructive pulmonary
disease and chronic kidney disease), the use of
glucocorticoids for the treatment of RMD and RMD
disease activity are independent risk factors for
COVID-19 hospitalisation.

How might this impact on clinical practice?

» Adequate treatment of RMD with control of disease
activity is crucial for the management of our patients
during the pandemic.

» Patients with RMD with risk factors identified with
this analysis should be closely monitored and receive
guidance about infection risk minimising behaviour.

INTRODUCTION

In Germany, the first cases of SARS-CoV-2
infection (COVID-19) were reported at the
end of January 2020." Similar to other Euro-
pean countries, SARS-CoV-2 spread rapidly
in Germany. The course of infection with
SARS-CoV-2 ranges from asymptomatic to
fatal. In the general population, higher age,
male gender and comorbidities are associ-
ated with the severity of SARS-CoV-2 infec-
tion.”? Since the outbreak of the pandemic,
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concerns have been raised regarding the probability of
developing a severe or even life-threatening course in
patients with inflammatory rheumatic and musculoskel-
etal diseases (RMD).*® Patients with RMD are charac-
terised by an overall increase in risk of infection due to
the autoimmune disease itself and immunomodulatory
drugs.” The risk of infection is dependent on age, func-
tional capacity, comorbidities and immunomodulatory
treatment with biological disease-modifying antirheu-
matic drugs (bDMARDs) and glucocorticoids (GC).1°
Immunomodulatory drugs with anti-inflammatory action
may limit overwhelming immune responses that appear
to be responsible for the severe pulmonary complications
in COVID-19."" '* However, not all immunomodulatory
treatments seem to influence the risk for a critical course
in the same direction. Whereas registry data had shown
a beneficial effect of biological DMARDs regarding the
development of sepsis and mortality in patients with rheu-
matoid arthritis (RA) and serious infections, it had also
shown a significantly increased risk conveyed with GCs."
Data from the COVID-19 Global Rheumatology Alli-
ance (GRA) physician-reported registry indicate that GC
=10mg/day are associated with a higher hospitalisation
rate with SARS-CoV-2 infection in patients with RMD,"*
which underlines the importance of controlling disease
activity with DMARDs in order to decrease GC dose.

Furthermore, the recommendations from EULAR
and DGRh (German Society for Rheumatology) state
that immunomodulating therapy should be main-
tained during the SARS-CoV-2 pandemic to avoid RMD
relapse.'”'®

Limited data are available as for whether and to what
extent patients with RMD are at an increased risk for
SARS-CoV-2 infection'' " '® and for a more severe course
of COVID-19. For this reason, a national registry was
established allowing a rapid and timely collection of RMD
cases with confirmed SARS-CoV-2 infections in Germany
in order to analyse the clinical course of COVID-19 in
patients with RMD and to develop guidance for the
management of patients with RMD during the COVID-19
pandemic.'” The aim of this analysis was to identify risk
factors for hospitalisation, comparing non-hospitalised
patients with RMD to hospitalised patients, stratified by
the need for invasive ventilation.

METHODS
Data source
In March 2020, the German Society for Rheumatology,
together with the Justus-Liebig-University Giessen,
founded a national registry for patients with pre-existing
inflammatory rheumatic diseases (RMD) and SARS-CoV-2
infection confirmed by PCR test. Rheumatologists volun-
tarily enter the data into an online database with imple-
mented plausibility checks (URL https://www.covid19-
rheuma.de).

The ascertained data include SARS-CoV-2 infection-
specific items such as symptoms, duration, treatment and

outcome, RMD specific items such as diagnosis, physi-
cian assessed disease activity (categorised into remission,
low, moderate or high disease activity), and treatment of
RMD, and general items such as sociodemographic infor-
mation and comorbidities. Missing data on diagnosis
and treatment of RMD and outcome of COVID-19 can
be queried by contacting participating physicians. Data
collection was done retrospectively. Participating centres
consist of academic and non-academic rheumatology
departments and private practices in Germany.

The German registry’s content is harmonised with the
EULAR COVID-19 database (https://www.eular.org/
eular_covid19_database.cfm) to allow joint analysis. The
study is registered at EuDRACT 2020-001958-21#.

Statistical analysis

Descriptive statistics were applied to compare non-
hospitalised patients with hospitalised patients, either
without or with invasive ventilation.

Multivariable logistic regression was used to estimate
odds ratios (OR) and 95% CIs for the main outcome
parameter of this analysis, which is hospitalisation due
to COVID-19 as indicator for severity of the SARS-CoV-2
infection. Simple logistic regressions with one explan-
atory variable were performed to determine the set of
regressors for the multivariable regression. Variables
with a p<0.1 were included in the final model. Covari-
ates included in the model were age group, rheumatic
disease group (RA, spondyloarthritis, connective tissue
diseases (CTDs) and vasculitis, other rheumatic diseases),
inflammatory activity of the rheumatic disease, specific
comorbidities (cardiovascular disease (CVD), hyper-
tension without CVD, interstitial lung diseases (ILD) or
chronic obstructive pulmonary disease (COPD), diabetes
mellitus, chronic kidney disease, cancer), prior and/or
current use of GC (none, up to 5mg/day, over 5mg/
day). Spondyloarthritides included psoriatic arthritis
(PsA), axial spondyloarthritis (axSpA) and enteropathic
arthritis. CTDs and vasculitis included systemic lupus
erythematosus, Sjogren’s syndrome, systemic sclerosis,
mixed CTDs, overlap syndromes, polymyalgia rheu-
matica, granulomatosis with polyangiitis (GPA), eosino-
philic GPA, microscopic polyangiitis, large vessel vaculitis,
Behcet’s disease and other types of vasculitis. For patients
belonging to more than one rheumatic disease category,
we used the following hierarchy for prioritisation: CTD/
vasculitis>RA>spondyloarthritides>other rheumatic
diseases. In this way, disjoint categories are created, estab-
lishing a clear reference group for interpretation of the
regression model and avoiding collinearities. In order to
avoid collinearity between CVD and hypertension, hyper-
tension in the model refers to patients who had hyper-
tension but not CVD. Missing values for obesity, disease
activity state, GC dose and non-steroidal antirheumatic
agents were derived by multiple imputation using full
conditional specification.”” Results of the logistic regres-
sion analyses for 10 imputed datasets were pooled by
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Table 1 Patient characteristics stratified for non-hospitalisation, hospitalisation without ventilation and hospitalisation with

invasive ventilation

Hospitalised Hospitalised
without invasive with invasive
Parameter Non-hospitalised ventilation ventilation Total
N 332 (70.9) 110 (23.5) 26 (5.5) 468
General
Age (years) 54 (19) 66 (21) 66.5 (15) 57 (19)
Male sex 111 (33.5) 35 (31.8) 13 (50) 159 (34)
Duration of symptoms (days) 12 (9) 7 (13) 32.5(12) 14 (13)
Smoking 27 (8.1) 0(9.1) 3(11.5) 40 (8.5)
Further outcomes
Death 1(0.3) 5 (4.5) 13 (50) 19 (4.1)
ARDS 0 1(0.9) 15 (57.7) 16 (3.4)
Sepsis 0 1(0.9) 14 (53.8) 15 (3.2)
RMD
Moderate/high RMD disease activity 35 (10.5) 29 (25.9) 9 (33.5) 72 (15.4)
RA 146 (44) 62 (56.4) 17 (65.4) 225 (48.1)
Spondyloarthritides 105 (31.6) 15 (13.6) 5(19.2) 15 (26.7)
Connective tissue diseases/vasculitis 65 (19.6) 31 (28.2) 7 (26.9) 103 (22)
Other RMD diagnoses 26 (7.8) 8 (7.3) 1(3.8) 35 (7.5)
Comorbidities
No of comorbidities 0 (1) 1) 2(2) 1@)
Arterial hypertension 92 (27.7) 48 (43.6) 16 (61.5) 156 (33.3)
Cardiovascular disease 16 (4.8) 25 (22.7) 8 (30.8) 49 (10.5)
Interstitial lung disease 6(1.8) 3(2.7) 2(7.7) 11 (2.4)
Chronic obstuctive pulmonary disease 7 (2.1) 12 (10.9) 6 (23.1) 25 (5.3)
Asthma 31 (9.3 9(8.2) 1(3.8) 41 (8.8)
Chronic kidney disease 9(2.7) 21 (19.1) 2(7.7) 32 (6.8)
Cancer 1(3.3) 1(10) 1(3.8) 23 (4.9
Obesity (BMI =30 kg/m?) 59 (17.6) 25 (22.4) 5(18.5) 88 (18.8)
Diabetes 27 (8.1) 18 (16.4) 3(11.5) 48 (10.3)
Osteoporosis 9 (5.7) 14 (12.7) 1(3.9) 34 (7.3)
No comorbidity 154 (46.4) 19 (17.3) 3(11.5) 176 (37.6)
Therapy
No DMARD 58 (17.5) 26 (23.6) 5(19.2) 89 (19)
csDMARD mono 137 (41.3) 49 (44.5) 7 (26.9) 193 (41.2)
tsDMARD 11 (3.3) 6 (5.5) 2(7.7) 19 (4.1)
bDMARD 126 (38) 29 (26.4) 12 (46.2) 167 (35.7)
TNFi 91 (27.4) 13 (11.8) 2(7.7) 106 (22.6)
ABA 4(1.2) 3(2.7) 1(3.8) 8(1.7)
B-cell depletion 10 () 7 (6.4) 7 (26.9) 24 (5.1)
IL1i 1(0.3) 0 0 1(0.2)
IL6i 6 (1.8) 2(1.8) 2(7.7) 10 (2.1)
Other ILi 14 (4.2) 4 (3.6) 0 18 (3.8)
Glucocorticoids 103 (31) 59 (53.6) 18 (69.2) 180 (38.5)
Glucocorticoids <5mg/day 91 (27.3) 42 (38.2) 12 (46.2) 145 (30.9)
Glucocorticoids >5 mg/day 12 (3.7) 17 (15.5) 6 (23.1) 35 (7.6)
Continued
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Table 1 Continued

Hospitalised Hospitalised

without invasive with invasive
Parameter Non-hospitalised ventilation ventilation Total
N 332 (70.9) 110 (23.5) 26 (5.5) 468
Other RMD medication 6 (1.8) 11 (10) 4 (15.4) 21 (4.5)
NSAID 84 (25.4) 23 (21.3) 3(11.9) 111 (23.7)
Anti hypertension drugs 67 (20.2) 35 (31.8) 15 (57.7) 117 (25)

For continuous variables, median (IQR) is given, for categorical variables, N (%) is given. The following numbers of missing values exist:

88 (18.8%) for duration of symptoms, 51 (10.9%) for obesity, 31 (6.6%) for disease activity state, 1 for glucocorticoid dose (0.6%, among
patients receiving glucocorticoids) and 33 (7.1%) for non-steroidal antirheumatic agents. Absolute numbers may be rounded for some
variables due to multiple imputation. Collagenoses include Sjogren syndrome, systemic sclerosis, mixed collagenoses, overlap_collagenoses
and polymyositis/dermatomyositis/inclusion body myositis. Other RMD include fibromylagia, sarcoidosis, TRAPS, FMF and adult-onset Still’s
disease. Other RMD medication include colchicine, mesalazine, and mucofenolate.

ABA, abatacept; ARDS, acute respiratory distress syndrome; bDMARD, biological DMARD; BMI, body mass index; csDMARD, conventional
synthetic DMARD; DMARD, disease-modifying antirheumatic drug; IL, interleukin; NSAID, non-steroidal anti-inflammatory drug; RA,
rheumatoid arthritis; RMD, rheumatic and musculoskeletal disease; TNFi, tumour necrosis factor inhibitor; tsSDMARD, targeted synthetic

DMARD.

Rubin’s rules. Calculations were carried out with the soft-
ware packages SAS, V.9.4, and R, V.3.6.3.

RESULTS

Patients characteristics

Between March 30 (first patient in) and 1 November
2020 (database lock), 468 patients with RMD and a PCR-
confirmed SARS-CoV-2 infection were documented in
the German registry, 309 patients were female. Median
age was b7 years. Regarding RMD diagnosis, RA was
most common with 48%, followed by 14% PsA, and 12%
axSpA.

Patient characteristics are shown in table 1, stratified
into the three groups: non-hospitalised patients, hospi-
talised patients without or with need for invasive ventila-
tion. The following numbers of missing values exist: 88
(18.8%) for duration of COVID-19 symptoms, 51 (10.9%)
for obesity, 31 (6.6%) for inflammatory activity state, 1 for
GC dose (0.6%, among patients receiving GCs) and 33
(7.1%) for non-steroidal antirheumatic drugs. There was
no missing data on outcome of SARS-CoV-2 infection, so
all patients either fully recovered or died.

Of the 468 patients, 136 (29%) were hospitalised of
whom 26 (5.5%) needed invasive ventilation. 19 patients
died, resulting in a case fatality rate of 4%. Eighteen of
these patients died in the hospital, 13 had received inva-
sive ventilation.

Most patients with RMD had comorbidities; only 38%
did not have any other chronic condition. The most
frequent comorbidity was arterial hypertension, followed
by obesity, CVD and diabetes.

Regarding RMD treatment, 19% of the patients did
not receive any DMARD. Thirty-six per cent were on
bDMARDs and 41% on conventional synthetic (cs)
DMARD monotherapy. Thirty-nine per cent of the
patients were on GC treatment, most of them (81%)
received low dose GCs of <5mg/day.

Comparison of non-hospitalised patients with hospitalised
patients without ventilation and hospitalised patients with
invasive ventilation

The percentage of men was larger among hospitalised
patients with ventilation (50%) compared with those
without ventilation (32%) or non-hospitalised (34%)
(table 1).

Forty-four per cent of the non-hospitalised patients
suffered from RA, compared with 56% and 65% in the
hospitalised groups. According to physicians’ assess-
ments, moderate to high RMD disease activity was
present in 11% of the non-hospitalised patients, 26% in
the hospitalised patients without ventilation and 34% in
the ventilated patients.

Regarding RMD treatment, 18% of the non-hospitalised
patients did not receive any DMARD compared with 24%
and 19% in the hospitalised groups. Tumour necrosis
factor inhibitors were documented as RMD treatment in
27% of the non-hospitalised patients, in 12% of the hospi-
talised group without ventilation and 8% in the venti-
lated patients. Twenty-seven per cent of the ventilated
patients were on B-cell-depletion treatment, whereas only
3% of the non-hospitalised and 6% of the hospitalised
patients without ventilation had received B-cell-depleting
treatment.

Factors associated with hospitalisation

Results of the univariate analyses comparing non-
hospitalised patients with hospitalised patients are shown
in table 2.

The results of the multivariable model are shown in
figure 1 and online supplemental table 1). Age>65 years
(OR 2.24; 95% CI 1.12 to 4.47), but even more>75 years
(OR 3.94; 95% CI 1.86 to 8.32), CVD (OR 3.36; 95% CI
1.5 to 7.55), lung disease (ILD/COPD) (OR 2.79;
95%CI 1.2 to 6.49) and chronic kidney disease (OR
2.96; 95%CI 1.16 to 7.5) were associated with higher

4

Hasseli R, et al. RMD Open 2021;7:€001464. doi:10.1136/rmdopen-2020-001464

"JybuAdoo Ag paroslold 1sanb Aq TZ0Z ‘82 1290190 U0 jw o9’ [wg uadopwi//:dny woly papeojumod "TzZ0z Arenuer Tz Uo 94 T00-020z-uadopwl/9eTT 0T Se paysiignd 1s.41 :uado Ny


https://dx.doi.org/10.1136/rmdopen-2020-001464
http://rmdopen.bmj.com/

8 Infections

Table 2 OR of COVID-19 hospitalisation in univariate analyses of patients with RMD

Variable OR 95% Cl P value
Age 66-75 years 2.470 1.393 t0 4.378 0.0020
Age >75 years 7.269 3.983 to 13.263 <0.0001
Gender, male 1.081 0.711 to 1.644 0.7155
Current smoking 1.194 0.596 to 2.390 0.6167
Moderate to high RMD disease activity 3.203 1.879 to 5.461 <0.0001
RMD diagnosis

spondyloarthritides (reference: RA)* 0.333 0.185 to 0.599 0.0002
CTDs/vasculitis (reference: RA)* 0.882 1.936 to 1.505 0.6438
other RMDs (reference: RA)* 1.283 0.674 to0 2.443 0.4473
Comorbidities

Cardiovascular disease 6.327 3.346 to 11.966 <0.0001
Art. hypertension 1.508 0.975 to 2.331 0.0647
ILD/COPD 4.994 2.448 t0 10.191 <0.0001
Asthma 0.771 0.367 to 1.619 0.4916
Chronic kidney disease 7.305 3.283 to 16.255 <0.0001
Obesity (BMI >30 kg/m?) 1.283 0.767 to0 2.145 0.3419
Diabetes 2.063 1.122 to 3.794 0.0198
Cancer 2.568 1.086 to 6.074 0.0318
RMD treatment

No DMARD (reference: csDMARDS) 1.308 0.765 to 2.234 0.3264
B/tsDMARD (reference: csDMARD) 0.875 0.558 to 1.373 0.5614
Glucocorticoids <5mg/day (reference: no 1.755 1.153 t0 2.671 0.0087
glucocorticoids)t

Glucocorticoids >5mg/day (reference: no 5.250 2.533 to 10.881 <0.0001
glucocorticoids)t

NSAID 0.710 0.429 to 1.175 0.1825

For each variable, a separate logistic regression analysis was run containing only an intercept term and the variable in question. For disease
activity, obesity, glucocorticoid use and NSAID, missing values were imputed 10 times and the analysis was conducted on each imputation
stratum. Subsequently, combined results were obtained following Rubin’s rules. Variables presenting a p<0.1 were entered into the

multivariable model.

*The variable RMD diagnosis is jointly represented by three dummy regressors.

TThe variable glucocorticoid use is jointly represented by two dummy variables.

.BMI, body mass index; COPD, chronic obstructive pulmonary disease; CTD, connective tissue disease; DMARD, disease-modifying
antirheumatic drug; ILD, interstitial lung disease; NSAID, non-steroidal anti-inflammatory drug; RA, rheumatoid arthritis; RMD, rheumatic and

musculoskeletal disease.

odds of hospitalisation. Patients with spondyloarthritides
showed a lower risk of hospitalisation compared with RA
(OR 0.46; 95% CI 0.23 to 0.91). Moderate to high RMD
disease activity was furthermore significantly associated
with hospitalisation (OR 1.96; 95% CI 1.02 to 3.76), as
well as treatment with GC in dosages>5 mg/day (OR 3.67;
95% CI 1.49 t0 9.05).

DISCUSSION

In the challenging situation of the SARS-CoV-2 pandemic,
physicians and patients need rapid access to the evolving
evidence to close the gaps of knowledge which are
stressful for patients with chronic conditions. When the
pandemic started, it was unclear whether patients with
RMD are at an increased risk to get infected or whether

they have a higher risk of a severe course of COVID-
19. In this analysis, hospitalisation was used as indi-
cator for a more severe course. Older age, CVD, ILD/
COPD, chronic kidney disease, treatment with GC at
doses of >b mg/day, and moderate to high RMD disease
activity were identified as independent risk factors for
hospitalisation.

Our results are in line with the recently published anal-
ysis of the GRA." In the GRA analysis, the cases from the
German registry had not yet been included, so these two
cohorts are independent. Similar results have also been
found in a meta-analysis on autoinflammatory diseases
including RMDs.*!

Age seems to be the most important factor associated
with a more severe course of COVID19***** and this
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Figure 1 Multivariable logistic regression was used to
estimate ORs and 95% Cls for the main outcome parameter
of this analysis, hospitalisation due to COVID-19 versus non-
hospitalisation as indicator for severity of the SARS-CoV-2
infection. COPD, chronic obstructive pulmonary disease;
CVD, cardiovascular disease; DA, disease activity; GC,
glucocorticoid; ILD, interstitial lung disease; RA, rheumatoid
arthritis.

holds also true for patients with RMD as described in our
analysis and other reports.**®

Importantly, moderate to high RMD disease activity
was identified as an independent risk factor for hospi-
talisation. This is an important finding, not only in that
this is a risk factor specifically related to RMDs but also
with implications for the daily management, reaffirming
recent recommendations that state the importance of
RMD disease control during the pandemic.'” '

The influence of comorbidities is also widely recognised
since the first reports of COVID-19.2 In our cohort, CVD,
ILD/COPD and chronic kidney disease were significantly
associated with hospitalisation. Interestingly, asthma was
not associated with an increased risk as was also described
in the UK.? This is in accordance with an asthma-specific
analysis where the authors did not find an association of
asthma with hospitalisation.” This effect is in contrast to
other pulmonary comorbidities such as ILD and COPD.

In our cohort, prior or current treatment with GC was
associated with a high risk of hospitalisation in accor-
dance with the GRA analysis'* and with previous evidence
of an increased infection risk in general."’

The interpretation of the influence of GC treatment on
hospitalisation has to be performed with caution. There
is a probability of confounding by indication since GC are
given under certain circumstances which may influence
the outcome itself like a high disease activity of the RMD.
Since uncontrolled RMD activity also enhances the risk
of infections, our results should not encourage stopping
GC treatment. However, GC should be administered in
the lowest possible dose, as recommended by the recently
published guidance for the management of COVID-19 in
RMD," '® as already a dose of >5mg/day was associated
with an increased risk of hospitalisation in our study.

Male gender hasalso been described asanimportantrisk
factor for a more severe course and higher mortality.”** In
our analysis, male gender was not associated with hospi-
talisation. This was also the case in the GRA analysis."*
However, regarding the results of the descriptive analysis
(table 1), male gender was much more common in the
group of ventilated patients compared with the other
patients. As already described in the general population,
male gender might therefore be associated with a worse
outcome also in patients with RMD.”** *!

Comparing the results from RMD with chronic inflam-
matory bowel disease (IBD), interesting parallels can be
found. In the first analysis of the international registry
for patients with IBD and confirmed SARS-Cov-2 infec-
tion, similar risk factors associated with worse COVID-19
outcome were identified, namely older age, number of
comorbidities and use of systemic GC.*

The strengths of our study include the large sample size
with PCR confirmed SARS-CoV-2 infections in patients
with RMD. As all patients were treated in Germany,
both the healthcare system and treatment strategies
for COVID-19 were comparable in all cases, reducing
confounding due to differences regarding these factors
as might be present in analyses including patients from
many countries. The completeness of data is high with
only a small percentage of missing values. Particularly,
the outcome ‘hospitalisation’ was known in all cases, as
all cases were documented after full recovery or death of
patient.

A limitation of our study is the observational design,
which is prone to confounding by indication. For
example, it is possible that patients taking GCs might be
hospitalised more often because of the potential risk of
a more severe outcome of the infection. Also, a potential
influence of the SARS-CoV-2 infection on the course of
the RMD cannot be assessed based on our data because
of the cross-sectional design. Only few details of the RMD
are known, as factors like disease duration, functional
capacity or treatment history are not captured in the
registry.

Although this is one of the largest RMD COVID-19
cohorts published so far, the number of cases was still too
low to include specific RMD treatments into the multi-
variable analysis. With increasing numbers of patients,
these analyses will probably become possible in the near
future.

Another limitation is that possibly more severe cases
were preferably documented, resulting in a selection
bias. However, we believe that the conclusions drawn
from our model are robust since there is no indication
that the impact of age, disease activity, specific comorbid-
ities or GC treatment is influenced by this bias.

In this large German cohort of patients with RMD with
SARS-CoV-2 infection, 29% were hospitalised. Age, RMD
disease activity, CVD, ILD/COPD and GC treatment
starting at doses of >5b mg/day were independently asso-
ciated with hospitalisation. These risk factors are similar
to those found in general COVID-19 cohorts. However,
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to our knowledge, this is the first analysis identifying
moderate to high RMD disease activity as independent
risk factor for hospitalisation due to COVID-19. It is
important to continue the documentation of patients
with RMDs and COVID-19 in order to generate more
evidence for counselling and to find the best therapeutic
management of our patients.
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