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ABSTRACT

Objectives The impact of inflammatory rheumatic
diseases on COVID-19 severity is poorly known. Here,
we compare the outcomes of a cohort of patients with
rheumatic diseases with a matched control cohort to
identify potential risk factors for severe illness.
Methods In this comparative cohort study, we
identified hospital PCR+CQVID-19 rheumatic patients
with chronic inflammatory arthritis (IA) or connective
tissue diseases (CTDs). Non-rheumatic controls were
randomly sampled 1:1 and matched by age, sex and
PCR date. The main outcome was severe COVID-19,
defined as death, invasive ventilation, intensive care
unit admission or serious complications. We assessed
the association between the outcome and the potential
prognostic variables, adjusted by COVID-19 treatment,
using logistic regression.

Results The cohorts were composed of 456 rheumatic
and non-rheumatic patients, in equal numbers. Mean age
was 63 (IQR 53-78) years and male sex 41% in both
cohorts. Rheumatic diseases were 1A (60%) and CTD
(40%). Most patients (74%) had been hospitalised, and
the risk of severe COVID-19 was 31.6% in the rheumatic
and 28.1% in the non-rheumatic cohort. Ageing,

male sex and previous comorbidity (obesity, diabetes,
hypertension, cardiovascular or lung disease) increased
the risk in the rheumatic cohort by bivariate analysis.

In logistic regression analysis, independent factors
associated with severe COVID-19 were increased age
(OR 4.83;95% Cl 2.78 t0 8.36), male sex (1.93; Cl 1.21
to 3.07) and having a CTD (OR 1.82; Cl 1.00 to 3.30).
Conclusion In hospitalised patients with chronic
inflammatory rheumatic diseases, having a CTD but

not IA nor previous immunosuppressive therapies was
associated with severe COVID-19.

INTRODUCTION

The clinical spectrum of SARS-CoV-2 infection is
quite broad, ranging from asymptomatic to life-
threatening or fatal disease. Different factors have
been associated with poor prognosis, including older
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Key messages

What is already known about this subject?

» There is limited evidence on the outcomes of
COVID-19 in patients with rheumatic diseases
and the impact of age, comorbidity, therapy or
other factors associated to severity specifically
in these patients.

What does this study add?

» We found that severe COVID-19 occurred in
31.6% of the rheumatic and 28.1% of non-
rheumatic cohorts.

» Having a connective tissue disease but not its
therapy was significantly associated with severe
COVID-19.

» Other known risk factors as ageing or male sex
also apply to patients with rheumatic diseases.

How might this impact on clinical practice or

future developments?

» These findings have important implications to
guide COVID-19 recommendations to specific
groups of patients with rheumatic diseases
and to provide evidence-based advice on the
importance of maintaining therapies.

disease. Immune-mediated diseases and immuno-
suppressive therapies increase the susceptibility to
viral and bacterial infections, and therefore, under-
standing how COVID-19 impacts on these patients
is an urgent need.*

Since severe COVID-19 is associated with a hyper-
inflammatory process, it is of particular interest to
investigate how pre-existing inflammatory diseases
or the previous use of immunosuppressive agents
influence COVID-19 expression.” We have previ-
ously reported an increased prevalence of hospital
attended COVID-19 in patients with connective
tissue diseases (CTDs) and in patients treated with
targeted synthetic or biologic disease-modifying
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either increased risk of infection or increased severity.® In the
largest COVID-19 series, neither CTD nor immunosuppressive
therapies were represented, but incompleteness of information
on these specific factors is possible.'™ In a recent report of a
small cohort of hospitalised patients with rheumatic diseases,
a higher need for mechanical ventilation compared with non-
rheumatic controls was found, whereas in another similar series
no differences with controls were found.” ' A global registry of
patients with rheumatic diseases found glucocorticoids (GCs) but
not other therapies associated with a higher risk for hospitalisa-
tion."" In patients with inflammatory bowel disease, GC but not
anti-tumour necrosis factor-o (anti-TNF-o1) drugs independently
increase the risk of severe disease.'” Other immunosuppressed
patients, as solid organ transplanted, have more severe COVID-
19; however, the role of age or comorbidities and the lack of
controls do not permit to draw definitive conclusions.”* **

An additional concern among rheumatologists is that in most
chronic inflammatory rheumatic diseases, clinical and subclinical
metabolic and cardiovascular comorbidity is increased, which
may also put these patients at higher risk of poor outcomes." '¢
It is therefore necessary for contingency prevention plans to
identify vulnerable patients and specific features at high risk
requiring special vigilance or management.

We undertook a multicentric comparative cohort study to
investigate the relationship between underlying rheumatic
disease and COVID-19 outcomes and to identify specific risk
factors associated with poor outcomes.

PATIENTS AND METHODS
We performed a retrospective observational matched cohort
study from the databases of five reference centres pertaining to
a public research network for the investigation of inflammation
and rheumatic diseases (RIER, https://red-rier.org/). Each of the
included centres has accessibility to updated medical record ID
lists of adult patients under follow-up in rheumatology depart-
ments and was a reference centre for microbiology, where all
SARS-CoV-2 PCR diagnostic tests in the covered population
were performed. Patients’ medical record IDs were matched
against central SARS-CoV-2+PCR hospital registers up to 17
April, just after the incidence peak of SARS-CoV-2 infection had
been reached in Spain (https://cnecovid.isciii.es/COVID-19).
Electronic medical records were reviewed to confirm COVID-19
diagnosis and to obtain clinical data. Since at that time, avail-
ability of CoV-2 PCR testing was limited due to shortages, these
registries only include patients attending referral hospitals and
exclude the less severe community cases that did not require
hospitalisation nor referral to hospitals’ emergency departments.
The rheumatology cohort included all adult patients diagnosed
with chronic inflammatory arthritis (IA), including rheumatoid
arthritis, psoriatic arthritis (PsA) and spondyloarthritis (SpA);
CTD, including systemic lupus erythematosus (SLE), Sjogren’s
syndrome (SS), systemic sclerosis, polymyalgia rheumatica
(PMR), vasculitides and so on (online supplementary table S1)
with a PCR+COVID-19 diagnosis. The control cohort was
assembled from the Microbiology databases of the participating
centres matched on a 1:1 basis with the rheumatic cohort on
the date of COVID-19 diagnosis (‘index date’), sex and age, and
blinded to outcome or other variables. In this control cohort,
patients with CTD were excluded.

Variables and measurements
We collected the following data from the electronic health
record to describe COVID-19 evolution: evidence of pneumonia

Table 1 Description of the cohorts compared
Non-rheumatic ~ Rheumatic

Characteristics n n=228 n=228 P value
Age, median (IQR) 456 65 (53-77) 63 (54-78)  0.865
Age >60 years 456 132 (57.9) 127 (55.7) 0.636
Male sex 456 95 (41.7) 87 (38.2) 0.444
Comorbidity

Obesity 451 38 (16.6) 71 (31.7) <0.001

Diabetes 456 39(17.1) 46 (20.2) 0.400

Hypertension 455 99 (43.4) 111 (48.9) 0.241

Cardiovascular disease 455 42 (18.4) 64 (28.2) 0.014

Lung disease 455 48 (21.1) 45(19.8) 0.745

Values in cells represent n (%) unless otherwise indicated.

by plain X-ray, respiratory insufficiency, oxygen necessi-
ties (collected as ordinal variable ranging from 0 ‘no external
oxygen required’, to 1 ‘oxygen by nasal cannula’, 2 ‘reservoir’,
3 ‘non-invasive ventilation’ and 4 ‘tracheal intubation’), serious
complications (including myocarditis or heart failure, encepha-
lopathy, thrombosis, kidney failure and septic shock as defined
in online supplementary information), duration of admission
and death. Laboratory data were also collected at baseline and at
peak levels for the following variables: C reactive protein (CRP),
interleukin-6 (IL-6), lymphocyte counts, D-dimer, lactate dehy-
drogenase and ferritin.

The primary outcome was a composite outcome, ‘severe
COVID-19’, including death, intensive care unit admission,
intratracheal intubation or serious COVID-19 complications as
previously enumerated. The definitions of these complications
are described in online supplementary information.

Factors studied in relation to the outcome were those
common to all patients with COVID-19, such as age (with a

Table 2 Baseline therapies of patients with rheumatic diseases

Treatment n (%)
Glucocorticoids 91 (40.1)
Dose*, m+SD when taken 9.9+11.5
>10 mg/day prednisone equivalent 15 (6.6)
¢sDMARD 129 (56.6)
Methotrexate 64 (28.1)
Antimalarial drugs 28(12.4)
Leflunomide 20 (8.9)
Sulfasalazine 17 (7.5)
Other immunosuppressants 28(12.3)
Mofetil mycophenolate 12 (5.3)
Azathioprine 7(3.1)
Cyclophosphamide 2(0.8)
Calcineurin inhibitors 7(3.1)
ts/bDMARD 53(23.2)
TNF-oc antagonists 35(15.4)
Rituximab 5(2.2)
IL-17/IL-23 antagonists 4(1.8)
Abatacept 3(1.3)
Tocilizumab 2(0.8)
Sarilumab 1(0.4)
Tofacitinib 3(1.3)

*In mg/day of prednisone equivalents.

csDMARD, conventional synthetic disease-modifying antirheumatic drug; IL,
interleukin; TNF, tumour necrosis factor; ts/bDMARD, targeted synthetic or biological
disease-modifying antirheumatic drug.
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cut-off at 60 years), male sex, cardiovascular disease, obesity,
diabetes, hypertension and lung disease. Specific factors
for rheumatic diseases included diagnostic group, disease
duration, treatments—such as GCs, conventional synthetic
disease-modifying antirheumatic drugs (csDMARDs), other
immunosuppressants (including azathioprine, cyclophospha-
mide, mofetil mycophenolate and calcineurin inhibitors), or
ts/bDMARD, including Jakinibs (tofacitinib or baricitinib), or
any biological agents (TNF-a, IL-1, IL-6 or IL-23/IL-17 antag-
onists, abatacept or rituximab). COVID-19 treatment was also
collected and treated as potentially confounding covariate. The
most commonly used treatments were hydroxychloroquine,
antivirals (lopinavir/ritonavir and remdesivir), GC and anticy-
tokines. We used summary statistics to describe the cohorts,
and t tests, %, Fisher’s exact and log rank tests to refute hypo-
thetical differences between them. For time to variables, we
used 15 May as censor date.

We then estimated the risk of developing severe COVID-19
in each cohort, in terms of point estimates and 95% Cls, risk
difference, risk ratio and attributable fractions for the rheumatic
and total population. The relative risk of prognostic factors was
estimated, and the hypothesis of an effect modification of having
a CTD rheumatic disease tested with the Mantel-Haenszel
method.

Subsequently, we run bivariable and multivariable logistic
regression models to assess the association between rheumatic
diseases and severe COVID-19 in detail, where the composite
outcome was the dependent variable. We used several approaches
to building the models: (1) using the allsets command, (2) auto-
matic backward stepwise starting with a full model with all vari-
ables with a p value <0.25 in the bivariable and (3) a manual
stepwise method, keeping cohort and confounding variables
in the model. The best model was selected on the basis of the
Akaike information criterion and the Bayesian information crite-
rion, and the area under the receiver operating characteristic
(ROC) curve and predictive capacity of the best model estimated
as described."” All analyses were done in Stata V.12.

All data were anonymised.

RESULTS

The total sample was 456, evenly distributed into 228 patients
per cohort. The diagnoses of patients with rheumatic diseases
were [A (n=136, 60%): RA (n=65, 29%), SpA (n=35, 16%),
PsA (n=36, 15%) and CTD (92, 40%) as detailed in online
supplementary table S1. The mean duration of the rheumatic
disease was 10 years (SD 8.3) with no differences across diseases.

Table 1 shows a description of both cohorts. These were
matched in terms of age and sex, and well balanced regarding
most other variables. However, clinician-reported only refers to
obesity, and cardiovascular disease were more frequent among
patients with rheumatic diseases versus controls.

Regarding treatments previously used by patients with rheu-
matic diseases that could predispose them to infection, most
patients were on csDMARDs (57%), followed by GCs (40%),
biologic agents (23%), mostly TNF-o antagonists and 12%
on other immunosuppressants (table 2) before the onset of
COVID-19 symptoms. In most patients (§6%) on any immuno-
suppressant therapy but GC, including methotrexate and leflun-
omide among csDMARD or any ts/bDMARD (n=125 with this
information available), it was withdrawn either at symptom
onset or at hospital admission. Physician-reported activity of the
different rheumatic diseases (active or on remission) by diagnos-
tics is described in online supplementary table S1.

Table 3 Description of evolution and therapy of COVID-19 in the
compared cohorts

Non-rheumatic Rheumatic

COVID-19 evolution n n=228 n=228 P value

No days before PCR+* 428 7.9+6.0 7.0+6.4 0.117

Radiographic pneumonia 443 183 (83.2) 154 (69.1) <0.001

Hospitalisation 455 175 (77.1) 162 (71.1) 0.142

Duration of hospital stay* 267 12.6+10.0 12.0+8.7 0.626

Respiratory insufficiency 455 143 (62.7) 128 (56.4) 0.169

ICU admission 453 16 (7.1) 15 (6.7) 0.882

Respiratory category 453 0.103
No oxygen was necessary 96 (42.1) 100 (44.4)

Oxygen by nasal cannula 99 (43.4) 103 (45.8)
Oxygen with reservoir 14 (6.1) 3(1.3)
Non-invasive ventilation 13 (5.7) 11 (4.9)
Invasive ventilation 6(2.6) 8(3.6)

Significant complications 452 55 (24.1) 63 (28.1) 0.333
Heart failure 448 4(1.8) 11 (5.0) 0.056
Encephalopathy 449 8 (3.5 3(1.4) 0.140
Thrombotic event 448 6(2.6) 6(2.7) 0.962
Kidney failure 449 32 (14.0) 30(13.6) 0.888
Septic shock 447 11 (4.8) 15 (6.9) 0.361

Death 455 30(13.2) 41 (18.1) 0.150
Days from first symptom* 431 52.0+17.9 47.6£19.5 0.191

Severe COVID-19t 456 64 (28.1) 72 (31.6) 0.413

Laboratory tests (peak value)*

C reactive protein (mg/dL) 386 12.5£12.0 11.0£10.1 0.199
IL-6 (ug/mL) 87 496+1990 134+8535 0.268
Lymphocytes (cells/pL) 386 903+480 993+1586 0.445
D-dimer (pg/L) 291 2356+5605 2505+10769 0.883
Serum creatinine (mg/dL) 375 1.0+0.7 1.2+1.1 0.030
Lactate dehydrogenase (U/L) 355 390+210 377+174 0.558
Ferritin (ug/L) 207 1056+1098 1201+2244 0.551

COVID-19 therapy
Hydroxychloroquine 450 172 (76.1) 157 (70.1) 0.150
Azithromycin 450 128 (56.6) 103 (46.0) 0.024
Antivirals
Lopinavir/ritonavir 449 94 (41.8) 86 (38.4) 0.464
Remdesivir 450 2(0.9) 2(0.9) 0.685
Glucocorticoids 449 53 (23.5) 57 (25.6) 0.603
Anticytokines 456 24 (10.5) 16 (7.1) 0.185
IL-6 inhibitors 448 22 (9.8) 15 (6.7) 0.241
IL-1 inhibitors 449 2(0.9 3(1.4) 0.684
Jakinibs 450 1(0.4) 1(0.5) 1.000
Intravenous immunoglobulin 449 = 1(0.5) 0314

Values in cells represent n (%) unless otherwise indicated.
*Mean=SD.

tDeath, ICU admission or serious COVID-19 complication.
ICU, intensive care unit; IL, interleukin.

No patient in the non-rheumatic cohort was taking any of
these drugs, except for a patient who was taking GC at a dose of
5 mg/day for other reasons.

The evolution of the COVID-19 disease and its comparison
between cohorts are described in table 3. The bivariable anal-
ysis shows a larger proportion of radiographic pneumonia in the
non-rheumatic cohort and a non-statistically larger proportion
of heart failure and higher peak serum creatinine in the rheu-
matic cohort. All other variables measured were similar between
groups, which were also treated with similar COVID-19 drugs,
with the exception of a non-statistically significant larger use of
azithromycin in the non-rheumatic cohort.
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Table 4 Analysis of individual risk factors for poor outcome: total

and by cohort

Variable

Relative risk (95%

Cl)

Non-rheumatic cohort

Rheumatic cohort

P value*

Age over 60 years
Male sex

Obesity

Diabetes
Hypertension

CV disease

Lung disease

3.70 (1.99 to0 6.93)
2.16 (1.39 to 3.35)
1.22 (0.72 to 2.06)
0.95(0.53 t0 1.70)
1.64 (1.07 to 2.53)
1.44 (0.90 to0 2.33)
1.57 (1.00 to 2.46)

4.04 (2.30 to 7.08)
1.58 (1.09 to 2.29)
1.62 (1.10 to 2.36)
1.93 (1.34 t0 2.79)
2.27 (1.49 to 3.46)
2.92 (2.04 to 4.17)
1.74 (1.19 to 2.55)

0.841
0.286
0.393
0.038
0.290
0.020
0.723

Bold values indicate statistically significant associations with outcome.

*From a Mantel-Haenszel test of homogeneity. If p<0.01, the cohort of origin is
modifying the effect.

CV, cardiovascular.

The risk of a severe COVID-19 was 28.1% in the non-
rheumatic cohort and 31.6% in the rheumatic cohort, that is, a
risk difference of 3.5% (95% CI —4.9% to 11.9%), a risk ratio
of 1.13 (95% CI 0.84 to 1.49), an attributable fraction of the
exposed of 11.1% and in the population of 5.9% (p=0.413).

Table 4 shows the relative risk of variables common to both
cohorts, by cohort. Age =60 years and all comorbid variables
were associated with outcome in the rheumatic cohort, but only
age, hypertension and lung disease in the non-rheumatic cohort.
No clear effect modification of the cohort on the associations
was present, as by the results of the homogeneity test.

The results of the bivariable and multivariable logistic regres-
sion analysis are shown in table 5. Variables with very low
observations were not analysed or combined into meaningful
categories. The best model was the stepwise automatic one,
in which specific variables were forced in (obesity, diabetes,
heart failure and GCs) to adjust results for, and its results are

Table 5 Association of risk factors with poor outcome in COVID-19

OR (95% CI) OR (95% ClI)
Factors Bivariable P value Multivariable P value
Rheumatic 1.29 (0.86 t0 1.93) 0.218
disease
CTD 1.64 (1.02 to 2.66) 0.042 1.82 (1.00 to 3.30) 0.050
Chronic 1A 0.90 (0.58 to 1.41) 0.659
Age >60 years 6.06 (3.65 to 10.06) <0.001 4.83(2.78t08.37)  <0.001
Male sex 2.34 (1.55 t0 3.53) <0.001 1.93 (1.21 t0 3.07) 0.006
Comorbidity
Obesity 1.78 (1.13 t0 2.81) 0.013 1.47 (0.86 to 2.51) 0.164
Diabetes 1.81 (1.11 t0 2.95) 0.018 0.82 (0.46 to 1.46) 0.493
Hypertension  2.60 (1.72 to 3.94) <0.001
Heart failure 3.49 (2.21 to 5.51) <0.001 1.57 (0.93 to 2.66) 0.092
Lung disease  2.15 (1.34 to 3.45) 0.001
Medication
Glucocorticoids 2.20 (1.36 to 3.54) 0.001 1.10 (0.60 to 2.01) 0.755
(any dose)
HCQ 1.15(0.51 t0 2.62) 0.733
c¢sDMARDs 1.04 (0.64 t0 1.72) 0.864
ts/bDMARDs 0.45 (0.21 t0 0.96) 0.039
Other IS 0.99 (0.40 to 2.44) 0.981
COVID-19 drugs used
HCQ 2.26 (1.35 t0 3.79) 0.002
Antivirals 2.37 (1.58 to 3.59) <0.001 2.05(1.30t03.23)  <0.001

csDMARD, conventional synthetic disease-modifying antirheumatic drug; CTD, connective
tissue disease; HCQ, hydroxychloroquine; IA, inflammatory arthritis; IS, immunosuppressants;
ts/bDMARD, targeted synthetic or biological disease-modifying antirheumatic drug.
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Figure 1 ORs with 95% Cls of the best fitted model to predict ‘severe
COVID-19', adjusted for selected comorbidities and glucocorticoids use.
CV, cardiovascular; CTD, connective tissue disease.

shown in the right part of the table and in figure 1. The model
correctly classified 72.23% of the patients (area under the ROC
curve=0.753).

An independent association between CTD (OR 1.82; CI 1.00
to 3.30), age (OR 4.83; CI 2.78 to 8.37) and male sex (OR
1.93; CI 1.21 to 3.07) with higher risks for the composite severe
COVID-19 outcome was found, whereas all other factors such
as [A, comorbidities and active antirheumatic therapies were not
confirmed in the multivariable adjusted analysis. A higher use of
antivirals also remained associated to severity.

Since TA, and particularly CTD, include a heterogeneous
group of patients with different diagnostics, we performed a
subanalysis of groups with more homogeneous categories in
terms of clinical or pathophysiological characteristics. By multi-
variable analysis, these four groups: SpA (including PsA); RA;
SLE, SS and primary antiphospholipid syndrome (PAPS); and
PMR, giant cell arteritis (GCA) and vasculitis showed a similar
association as IA or CTD groups where they had been included
(online supplementary tables S2 and S3).

DISCUSSION
In this matched cohort study, we show that among hospital
patients with chronic inflammatory rheumatic diseases, having
a systemic CTD but not an IA is an independent risk factor
for poor COVID-19 outcomes. Comorbidities associated with
severe COVID-19 in the general population are also associated
with greater risk to these patients by bivariable analyses.'” 1
This is of particular interest because some of them as cardiovas-
cular disease or obesity are also associated with inflammatory
disease as shown in our cohort.'® '8 However, there was no inde-
pendent association between these morbidities and severity in
the fully adjusted multivariable analysis, suggesting some collin-
earity mainly with ageing and also with inflammatory disease.
Our data are in agreement with a previous study in a smaller
COVID-19 hospitalised cohort, which identified a higher odds of
intensive care admission/mechanical ventilation among hospital-
ised patients with rheumatic diseases versus matched controls.’
In contrast with ours, this study combined all patients with IA
and CTD. Our data illustrate how IA and CTD groups carry a
different risk for severe COVID-19. Whether specific diagnos-
tics within the heterogeneous CTD group may have a different
risk cannot be ruled out. Our subanalysis of different groups
such as vasculitides (including PMR/GCA) and SLE and related
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conditions showed similar associations with severe COVID-19
but further analyses would be needed to more precisely evaluate
the severity of specific CTD.

Concerning previous use of therapies by patients with rheu-
matic diseases, the use of GC was associated with poorer outcome
by bivariable analysis, whereas no substantial risk was detected
neither for traditional immunosuppressants nor csDMARDS
(methothrexate and leflunomide), nor for ts/bDMARD (mostly
anti-TNF-a). Interestingly, the use of ts/bDMARD was associated
in the bivariable with lower odds of complications. They did not
make it into the final models probably because of the collinearity
with other variables and not being the full rheumatic sample
included, thus encountering problems of statistical power.

The potential therapeutic effect of anticytokine biologicals
and Jakinibs on COVID-19 is being tested through numerous
observational and randomised trials.'” Since most of these drugs
have long-term immunological effects even if withdrawn, their
previous use in patients with rheumatic diseases might have a
different influence on COVID-19 evolution than their use as
therapy for COVID-19 acute inflammatory complications in
non-rheumatic patients. In our previous analysis of the preva-
lence of hospital PCR+cases in patients with rheumatic diseases
and the general population, a higher prevalence was observed
in ts/bDMARD but not csDMARD-treated patients.® There-
fore, our observations regarding ts/bDMARD should be consid-
ered with caution because we cannot exclude the possibility
of confounding by indication of the therapies in the different
included diseases, that is, the preferential use of ts/bDMARD in
IA. Larger cohorts of patients treated with these drugs or meta-
analysis are warranted to clarify the real impact of ts/bDMARD
on COVID-19 susceptibility or severity in patients with rheu-
matic diseases.

Our study has additional limitations. Our conclusions are
limited to hospitalised cases, excluding a large proportion of
patients with rheumatic diseases with less severe COVID-19.
As patients with rheumatic diseases and matched controls were
selected on the same date, we do not expect to have selection
bias on the initial patient’s and control profiles.

Also, the role of the use of antivirals remains unclear. Although
it was associated with worse outcome, a strong bias by its indi-
cation for the most severe patients seems the most plausible
interpretation, since the most used drug (lopinavir/ritonavir)
has resulted neither efficacious nor deleterious in randomised
trials.?’

Since ageing and having a CTD are the most relevant risk
factors for severe COVID-19 in patients with rheumatic disease,
shared immune-pathogenetic factors that might modify defensive
and inflammatory responses need to be identified. Exhaustion of
adaptive T-cell responses and increased effector inflammatory
responses associated to accumulation of senescent cells, termed
inflammaging, have been identified in both situations.?’™ In
experimental models of murine coronavirus infection, biolog-
ical ageing induced by telomere dysfunction is also associated
with lethality and higher cytokine responses.* In our cohorts,
additional differences between rheumatic and control patients
in the expression of COVID-19 were not detected. Despite the
proinflammatory background of patients with CTD, the biolog-
ical response to the infection is similar to that of controls in
most studies.” '* This suggests that the severity is not necessarily
related to quantitative differences in the cytokines response (ie,
IL-6/CRP) and additional factors should be searched for.

In conclusion, among hospitalised patients with inflammatory
rheumatic diseases, having a CTD pose a significantly greater
risk for poor outcomes, whereas immunosuppressive therapies

do not. Previously known risk factors as ageing and male sex
also apply to patients with rheumatic diseases. This observation
should help to tailor recommendations to specific diagnostic and
therapeutic groups of patients with rheumatic diseases during
this or future coronavirus pandemics.

Author affiliations

"Servicio de Reumatologia, Instituto de Investigacién Hospital 12 de Octubre,
Madrid, Spain

“Universidad Complutense de Madrid, Madrid, Spain

3|nstituto de Salud Musculoesquelética (INMUSC), Madrid, Spain

“Servicio de Reumatologfa, Hospital Universitario Marqués de Valdecilla (IDIVAL),
Santander, Spain

>Servicio de Reumatologia, Hospital General Universitario Gregorio Marafion,
Instituto de Investigacion Sanitaria Gregorio Marafién (liSGM), Madrid, Spain
SServicio de Reumatologfa, Hospital Clinico Universitario de Santiago, Instituto de
Investigacion Sanitaria de Santiago (IDIS), Santiago de Compostela, Spain

"UGC de Reumatologia, Hospital Regional Universitario de Mélaga, Instituto de
Investigacion Biomédica de Malaga (IBIMA), Malaga, Spain

Acknowledgements We are grateful to Celia Iglesias for valuable help in the
preparation of the manuscript.

Collaborators RIER investigators group: Rodrigo Aguirre, Alvaro Seijas-Lopez,
Francisco J Blanco, (Servicio de Reumatologia, INIBIC-Complejo Hospitalario
Universitario A Corufia, Universidad de A Corufia, A Corufia, Spain); Patricia Carreira,
Marfa Martin-Lopez (Servicio de Reumatologia, Instituto de Investigacion Hospital
12 de Octubre (imas12), Universidad Complutense de Madrid, Madrid, Spain);
Antonio Gonzalez (Instituto de Investigacion Sanitaria de Santiago (IDIS), Santiago
de Compostela, Spain); Amaya Puig-Krdger, Luis Salas (Instituto de Investigacion
Sanitaria Gregorio Marafion (liSGM), Madrid, Spain).

Contributors JLP, MG and LC take responsibility for the integrity of the data, data
analysis and statistical analyses. JLP and LC drafted the manuscript and all authors.
All authors participated in acquisition of data, designing the analyses, interpreting
the results and critical revision of the manuscript. RIER investigators participated in
the design and partially collaborated in acquisition of data. All authors approved the
final manuscript.

Funding The RIER network was supported by the Fondo de Investigacion Sanitaria,
Instituto de Salud Carlos Il (RD16/0012 RETICS program) and cofinanced by the
European Regional Development Fund (FEDER).

Competing interests None declared.

Patient and public involvement Patients and/or the public were not involved in
the design, or conduct, or reporting, or dissemination plans of this research.

Patient consent for publication Not required.

Ethics approval The study was approved by Comité de Etica de la Investigacion
del Hospital Universitario 12 de Octubre, CEIm number: 20/160.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available upon reasonable request.
Individual de-identified patient data will made available to researchers who provide
a reasonable and methodologically sound proposal. Proposals should be directed to
the corresponding author.

This article is made freely available for use in accordance with BMJ's website

terms and conditions for the duration of the covid-19 pandemic or until otherwise
determined by BMJ. You may use, download and print the article for any lawful,
non-commercial purpose (including text and data mining) provided that all copyright
notices and trade marks are retained.

ORCID iDs

Jose L Pablos http://orcid.org/0000-0001-7229-6005

Miriam Retuerto http://orcid.org/0000-0003-0248-657X

Ricardo Blanco http://orcid.org/0000-0003-2344-2285

Miguel A Gonzalez-Gay http://orcid.org/0000-0002-7924-7406
José M Alvaro-Gracia http://orcid.org/0000-0002-0343-3747
David Fernandez Fernandez http://orcid.org/0000-0003-4590-7821
Antonio Mera-Varela http://orcid.org/0000-0001-9380-6975
Sara Manrique-Avrija http://orcid.org/0000-0003-2284-7846
Natalia Mena Vazquez http://orcid.org/0000-0001-6173-2051
Antonio Fernandez-Nebro http://orcid.org/0000-0002-2962-9844

REFERENCES
1 Cummings MJ, Baldwin MR, Abrams D, et a/. Epidemiology, clinical course, and
outcomes of critically ill adults with COVID-19 in New York City: a prospective cohort
study. Lancet 2020;395:1763-70.

Pablos JL, et al. Ann Rheum Dis 2020;0:1-6. doi:10.1136/annrheumdis-2020-218296


http://orcid.org/0000-0001-7229-6005
http://orcid.org/0000-0003-0248-657X
http://orcid.org/0000-0003-2344-2285
http://orcid.org/0000-0002-7924-7406
http://orcid.org/0000-0002-0343-3747
http://orcid.org/0000-0003-4590-7821
http://orcid.org/0000-0001-9380-6975
http://orcid.org/0000-0003-2284-7846
http://orcid.org/0000-0001-6173-2051
http://orcid.org/0000-0002-2962-9844
http://dx.doi.org/10.1016/S0140-6736(20)31189-2

Epidemiology

2 LiangW, Liang H, Ou L, et a/. Development and validation of a clinical risk score to COVID-19 global rheumatology alliance physician-reported registry. Ann Rheum Dis
predict the occurrence of critical illness in hospitalized patients with COVID-19. JAMA 2020;79:859-66. / b
Intern Med 2020:¢202033. 12 Brenner EJ, Ungaro RC, Gearry RB, et al. Corticosteroids, but not TNF antagonists, are

3 ZhouF, YuT, DuR, et al. Clinical course and risk factors for mortality of adult associated with adverse COVID-19 outcomes in patients with inflammatory bowel
inpatients with COVID-19 in Wuhan, China: a retrospective cohort study. Lancet s (Fjisea,sedS: reriu!tsy\fﬂm/lxﬂ gﬂ, iﬂlzeffétionag fetgiitfgb?/?éff;’;f.’fefoﬁgy 2020t- ot
2020:395:1054-62. ernandez-Ruiz M, Andrés A, Loinaz C, et al. -19 in solid organ transplan

4 Singh JA, Cameron C, Noorbaloochi S, et al. Risk of serious infection in biological recipients: a single-center case series from Spain. Am J Transplant 2020;20:1849-58.
treatment of patients with rheumatoid arthritis: a systematic review and meta- 14 Trg\;]i gb\R/(I)I;S?gi R, Melr” M, et al. Clinical OLXCOT; in SO/“d Og%z%tginsmam recipients
analysis. Lancet 2015;386:258-65. wit -19: a single-center experience. Am J Transplant 2020;14. '

5 Gianfrancesco MA, Hyrich KL, Gossec L, et al. Rheumatic disease and COVID-19: 15 Mehra MR, Desai S5, Kuy S, et al. Cardiovascular disease, drug therapy, and mortality
initial data from the COVID-19 global rheumatology alliance provider registries. - Ithcovll‘dI_(} 3 IGV Eﬁg'{JDMQd§020;?E;2:e1|02. § stherosclerosi i
Lancet Rheumatol 2020. doi:10.1016/52665-9913(20)30095-3. [Epub ahead of print: hoen et‘ d erli ,C‘on? t‘, et;ao.oscie1 grgt;yat;rosc erosis in autoimmune
16 Apr 2020] theumatic diseases. Circulation 1112:3337-47. .

6 Mikuls TR, Johnson SR, Fraenkel L, et al. American College of rheumatology guidance 17 gg(e);lfz;sss.liy(i\&l\_/li1Y£.1Compar|son of model selection for regression. Neural Comput
for the ménaggment of rhe'u'manc disease in adult patients during the COVID-19 18 Sidiropoulos PI, Karvounaris SA, Boumpas DT. Metabolic syndrome in rheumatic
pandemic: version 1. Arthvitis fheumatol 2020. diseases: epidemiology, pathophysiology, and clinical implications. Arthritis Res Ther

7 Vabret N, Britton GJ, Gruber C, et al. Inmunology of COVID-19: current state of the 2008'10.'287 9. pathophysiology, P '
science. Immunity 2020;52:910-41. . - h

8 Pablos JL. Abasolo L Al Gracia M ! Preval  hospital PCR-confirmed 19 Scavone C, Brusco S, Bertini M, et a/. Current pharmacological treatments for

ablos 7, ADasol0 L, Avaro- ,rahc'ah . aﬂ- revalence o | ospita ‘C;’” rme COVID-19: what's next?. Br J Pharmacol 2020;9.
C,OV|D_19 cases in patlgnts W't_ d ronls Inflammatory an aqt0|mmune rheumatic 20 Cao B,Wang Y, Wen D, et al. A trial of Lopinavir-Ritonavir in adults hospitalized with
dlseases.Ar?n /.‘?heum Dis 2020;395. doi:10.1136/annrheumdis-2020-217763. [Epub severe Covid-19. N Engl J Med 2020;382:1787-99.
af)elad of print: 12 Jun 20201, o o 21 FulopT, Larbi A, Dupuis G, et al. Inmunosenescence and Inflamm-Aging as two sides

9 D'Silva KM, Serlllng—Bqu N, Wallwgrk R, et al. Clinical characteristics and . of the same coin: friends or Foes? Front Immunol 2017:8:1960.
outcomes of patients with coronavirus disease 2019 (COVID-19) and rheumatic 22 Ter Horst R, Jaeger M, Smeekens SP, et al. Host and environmental factors influencing
disease: a comparatiye cohort study from a US 'hot spot'. Ann Rheum Dis individual human cytokine responses. Cell 2016;167:1111-24.
2029;16:annrheumd|s-2020-21.7888. . ] . . 23 Vallejo AN, Weyand CM, Goronzy JJ. T-Cell senescence: a culprit of immune

10 Fredi M, Cavazzana |, Moschetti L, et al. COVID-19 in patients with rheumatic abnormalities in chronic inflammation and persistent infection. Trends Mol Med
diseases in northern ltaly: a single-centre observational and case—control study. 2004;10:119-24.
Lancet Rheumatol 2020. 24 Wong K-K, Maser RS, Sahin E, et a/. Diminished lifespan and acute stress-

11 Gianfrancesco M, Hyrich KL, Al-Adely S, et al. Characteristics associated with induced death in DNA-PKcs-deficient mice with limiting telomeres. Oncogene
hospitalisation for COVID-19 in people with rheumatic disease: data from the 2007,26:2815-21.

6 Pablos JL, et al. Ann Rheum Dis 2020;0:1-6. doi: 10.1136/annrheumdis-2020-218296


http://dx.doi.org/10.1001/jamainternmed.2020.2033
http://dx.doi.org/10.1001/jamainternmed.2020.2033
http://dx.doi.org/10.1016/S0140-6736(20)30566-3
http://dx.doi.org/10.1016/S0140-6736(14)61704-9
http://dx.doi.org/10.1016/S2665-9913(20)30095-3
http://dx.doi.org/10.1016/j.immuni.2020.05.002
http://dx.doi.org/10.1136/annrheumdis-2020-217763
http://dx.doi.org/10.1136/annrheumdis-2020-217888
http://dx.doi.org/10.1016/S2665-9913(20)30169-7
http://dx.doi.org/10.1136/annrheumdis-2020-217871
http://dx.doi.org/10.1053/j.gastro.2020.05.032
http://dx.doi.org/10.1111/ajt.15929
http://dx.doi.org/10.1111/ajt.16069
http://dx.doi.org/10.1056/NEJMoa2007621
http://dx.doi.org/10.1161/CIRCULATIONAHA.104.507996
http://dx.doi.org/10.1162/089976603321891864
http://dx.doi.org/10.1186/ar2397
http://dx.doi.org/10.1111/bph.15072
http://dx.doi.org/10.1056/NEJMoa2001282
http://dx.doi.org/10.3389/fimmu.2017.01960
http://dx.doi.org/10.1016/j.cell.2016.10.018
http://dx.doi.org/10.1016/j.molmed.2004.01.002
http://dx.doi.org/10.1038/sj.onc.1210099

	Clinical outcomes of hospitalised patients with COVID-19 and chronic inflammatory and autoimmune rheumatic diseases: a multicentric matched cohort study
	Abstract
	INTRODUCTION﻿﻿
	Patients and methods
	Variables and measurements

	Results
	Discussion
	References


