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|dentification of Risk Factors for COVID-19
Hospitalization in Patients With Anti-Rheumatic
Drugs: Results From a Multicenter Nested
Case Control Study
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Patients with inflammatory rheumatic diseases (IRDs) do not have an increased risk for coronavirus disease 2019
(COVID-19) compared with the general population. However, it remains uncertain whether subgroups of patients with
IRD using different immunosuppressive antirheumatic drugs carry a higher risk for severe COVID-19 compared with
other patients with IRD. The aim of this study is to identify risk factors for severe COVID-19, requiring hospitalization
in patients with IRD. This is a multicenter nested case control study conducted in the Netherlands. Cases are
hospital known patients with IRD requiring hospitalization for COVID-19 between March 1, 2020, and May 31, 2020.
Controls are hospital known patients with IRD not requiring hospitalization for COVID-19 in this period, included at

a 4:1 ratio. Patient, disease, and treatment characteristics were extracted from electronic medical records and a
questionnaire. Potential risk factors were analyzed using unconditional logistic regression, corrected for confounders
and multiple testing. Eighty-one cases and 396 controls were included. General risk factors of older age and obesity
apply to patients with IRD as well (odds ratio (OR) for age > 75 3.5, 95% confidence interval (Cl) 1.9-6.3, OR for
body mass index > 40 4.5, 95% Cl 1.5-14). No significantly increased ORs for COVID-19 hospitalization were

found for any antirheumatic agent or IRD. A protective effect was found for use of methotrexate (OR 0.53, 95% ClI
0.31-0.92). In conclusion, similar to the general population, elderly and obese patients with IRD have a higher risk
for hospitalization for COVID-19. We did not identify a specific antirheumatic agent or IRD to increase the risk of
COVID-19 hospitalization in patients with IRD, except for a possible protective effect of methotrexate.

Study Highlights

WHAT DOES THIS STUDY ADD TO OUR
KNOWLEDGE?

WHAT IS THE CURRENT KNOWLEDGE ON THE
TOPIC?

M The majority of the studies performed on coronavirus dis-
ease 2019 (COVID-19) risk in inflammatory rheumatic diseases
(IRDs) show no increased risk for severe COVID-19 in these
patients, who often receive immunosuppressive antirheumatic
drugs. Case-control studies are, however, a scarce commodity
and most of the data is derived from registry-based studies.
WHAT QUESTION DID THIS STUDY ADDRESS?

M In this study, we aimed to determine whether certain pa-
tients with IRD carry a higher risk for COVID-19-related
hospitalization, for example, due to the use of antirheumatic
agents.

V] The overall finding that no specific antirheumatic drugs
or IRD enhances the risk of severe COVID-19, requiring hos-
pitalization, is reassuring for patients and medical personnel.
Additionally, the finding that methotrexate has a possible pro-
tective effect for severe COVID-19 is of high interest in an en-
during pandemic and still imperfect protection by vaccination.
HOW MIGHT THIS CHANGE CLINICAL PHARMA-
COLOGY ORTRANSLATIONAL SCIENCE?

M Our finding might spark interest in further investigations
into methotrexate as an avenue for prospective clinical investi-
gation in COVID-19 treatment and prevention.
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In 2020, coronavirus discase 2019 (COVID-19) developed
into a worldwide pandemic. Risk factors for hospitalization for
COVID-19 in the general population include older age, male
sex, obesity, and cardiovascular and pulmonary comorbidities.'
Important questions are whether these generic risk factors apply
for patients with inflammatory rheumatic diseases (IRDs) as well,
and whether these patients carry a higher risk due to the use of
antirheumatic immunomodulatory agents (IAs).

Patients with IRD have a modest increased risk of infections,z*’5
possibly due to the IRD itself, general risk factors (e.g., smokingand
comorbidities) that are more prevalent in this population,6 or [A
use. Although proven to be safe and effective, some IAs are associ-
ated with a slightly enhanced infection risk.>” Dataon COVID-19
risk and course in patients with IRD is still quite scarce, but seems
to support the fact that these patients do not have a substantially
increased risk for hospitalization due to COVID-19 as compared
with the general population. However, use of (high dose) gluco-
corticoids and possibly rituximab (RTX) may be associated with a
higher risk for severe COVID-19.>""?

The majority of studies on risk factors for COVID-19 hos-
pitalization in patients with IRD are based on (online) registry
data, introducing bias due to low quality of data, no correction for
the improvement of care, and other second order effects (social
distancing) for patients with COVID-19 during the pandemic.
Additionally, these data lack detailed information on potentially
important co-mediators. For example, a possible moderating effect
in COVID-19 severity might be cross-vaccination effects, as BMR
vaccinations have been suggested to be associated with less severe
cases of COVID-19."%!"" Other indirect evidence indicates that
patients with vitamin D deficiency might experience more severe
cases of COVID-19."? Additional potential risk modifiers that
remain uncharted include lifestyle, certain medication (including
ACE-inhibitors and proton pump inhibitors (PPIs)”), and compli-
ance with social distancing measures.

To further elucidate which patients with IRD are at higher risk
for hospitalization due to COVID-19 and to avoid biases often
present in registry studies, we performed an in-depth nested case-
control study during a fixed span of time in the beginning of the
pandemic.

METHODS
Study design

Multicenter, nested case control study conducted in four rheumatol-
ogy centers in the Netherlands (Mdxima Medical Centre Eindhoven,
Elizabeth TweeSteden Hospital Tilburg, Bernhoven Uden, and
Amphia Hospital Breda) in a region heavily affected by COVID-19
by a first wave in the spring of 2020. This study’s cohort exists of pa-
tients treated for an IRD in one of the participating hospitals. Ethical
approval was not required, as assessed by the local ethics committee
(Commissie Mensgebonden Onderzoek region Arnhem-Nijmegen,
2020-6689). Written informed consent was obtained from all patients,
except for seven patients that gave oral consent and for the case patients
who died. The STROBE checklist for case control studies was used
(Table S3).

Participants
Case patients were defined as patients with IRD with COVID-19 requir-
ing hospitalization, between March 1,2020, and May 31, 2020. Controls
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were defined as patients with IRD who did not require hospitalization
for COVID-19 within this period. They were randomly selected at the
outpatient clinic (at physical visits as well as during telephonic consulta-
tions and recruited by different healthcare professionals, such as rheuma-
tologists and physician assistants) and were included at a 4:1 ratio. IRDs
included were rheumatoid arthritis (RA), psoriatic arthritis, axial spon-
dylarthritis (SpA), unspecified arthritis, gout, polymyalgia rheumatica
(PMR), and systemic inflammatory diseases (e.g., systemic lupus erythe-
matosus (SLE), Sjégren). We selected cases early in the pandemic to min-
imize bias due to different COVID-19 measures over time, and after this
initial episode we commenced our in-depth analysis and no additional
cases were included.

Data collection

Patient, disease, and treatment characteristics were extracted from the
electronic health records (EHRs). In addition to this, patients received a
questionnaire in order to collect additional data.

Outcomes
Primary outcomes are the odds ratio (OR) point estimates of potential
risk factors on COVID-19 hospitalization in patients with IRD.

Analyses

Categorical variables are expressed as numbers (percentage) and numer-
ical variables as mean (+SD) or median (interquartile range (IQR)), de-
pending on the distribution. To calculate crude and adjusted ORs for
(potential) risk factors for hospital admission for COVID-19, uncondi-
tional logistic regression was used. Due to the explorative nature of this
study, there was no correction for multiple testing. If relevant, the analy-
ses were corrected for one or more confounders (Table S1). All analyses
were performed using Stata 13 for Windows.

RESULTS

Patient characteristics

Eighty-one cases and 396 controls were included. Cases overall
were older, more often men, and had more comorbidities than
controls (Table 1). Twenty-six patients with COVID-19 died, of
which 7 were on the intensive care unit, 18 in the general hospital
ward, and 1 at home.

Risk factors for hospitalization due to COVID-19

Adjusted ORs are displayed in Table 2, unadjusted ORs can
be found in Table S$2. Age > 75 years was significantly asso-
ciated with hospitalization (OR 3.5, 95% confidence interval
(CI) 1.9-6.3). ORs for (morbid) obesity (OR for obesity 2.1,
95% CI 1.2-3.8, OR for morbid obesity 4.5, 95% CI 1.5-14)
and use of ACE-inhibitors were increased as well (OR 2.0, 95%
CI 1.1-3.8).

We did not find a significantly increased risk for certain IRDs or
use of a particular IA. We did observe that patients with IRD using
methotrexate (MTX) had a significantly lower OR for COVID-19-
related hospitalization (OR 0.53, 95% CI 0.31-0.92).

DISCUSSION

In the current study, we established that risk factors for severe
COVID-19 previously described in the general population
apply to patients with IRD as well. Older age and a high body
mass index (BMI) were identified as a risk factor for hospi-
talization due to COVID-19. We did not find a significantly
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Table 1 Patient characteristics

Table 2 Adjusted ORs for COVID-19 hospitalization

Cases Controls

(n =81) (n = 396)
Sex, n (% male) 47 (58%) 158 (40%)®
Age, years, median (IQR) 74 (67-79) 64 (56-72)°
BMI, kg/m?, median (IQR) 28(25-32) 26 (24-29)
[18.5-25]
Smoker, including current and ex- 49 (60%) 200 (51%)
smokers, n (%)
Inflammatory rheumatic disease, n (%)

RAP 44 (54%) 117 (58%)

SpA 9 (11%) 119 (30%)*

Gout 17 (21%) 14 (3.5%)*

PMR 7 (8.6%) 31 (7.8%)

Systemic inflammatory diseases 6 (7.4%) 15 (3.8%)

Comorbidities, n (%)

Diabetes mellitus 7 (21%) 49 (12%)

Cardiac disease® 42 (52%) 125 (32%)*

Renal impairment 19 (23%) 24 (6.1%)*

Pulmonary disease 28 (35%) 49 (12%)*

Malignancy 7 (8.6%) 4 (1.0%)*

One or more comorbidities 62 (77%) 182 (46%)*

Immunomodulatory agents, n (%)

Conventional synthetic DMARDs 47 (58%) 287 (75%)*
Methotrexate 34 (42%) 218 (55%)*
Hydroxychloroquine 8 (9.9%) 9 (15%)
Others 16 (20%) 1 (18%)

Biological DMARDs 13 (16%) 120 (30%)*
TNF-inhibitors 9 (11%) 90 (23%)*
Abatacept 0 (0.0%) 10 (2.5%)
IL6R-blockers 1(1.2%) 10 (2.5%)
RTX 1(1.2%) 2 (0.51%)

Targeted synthetic DMARDs 0 (0.0) 13 (3.3%)

Glucocorticoids >10 mg/day 7 (8.6%) 15 (3.8%)

Other medication, n (%)

NSAIDs 13 (16%) 121 (31%)*

ACE-inhibitors 22 (27%) 39 (9.9%)*

PPIs 51 (63%) 184 (46%)*

Vitamin D status, n (% sufficient)® 59 (73%) 265 (67%)

Environmental characteristics, n (%)

Healthcare worker 7 (8.4%) 45 (11%)

Living with two or more persons 10 (12%) 91 (23%)*

Living in a nursing home 2 (2.5%) 3 (0.76%)

Receiving home care 13 (17%) 22 (5.6%)*

BMI, body mass index; DMARDs, disease modifying antirheumatic drugs;

IQR, interquartile range; NSAIDs, nonsteroidal anti-inflammatory drug; PMR,
polymyalgia rheumatica; PPI, proton-pump inhibitor; RA, rheumatoid arthritis;
RTX, rituximab; SpA, axial spondylarthritis.

fIncluding unspecified arthritis.

bIncluding hypertension, cardiac failure, and myocardial infarction.

°Defined as sufficient vitamin D level (> 50 nmol/L if age > 70 years and > 30
nmol/L if age < 70 years) and/or receiving vitamin D suppletion.

*P <0.05
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Potential risk factor Adjusted OR (95% CI)

Generic risk factors

Age 65-75 years 1(0.63-1.8)
Age > 75 5 (1.9-6.3)*
Obesity, BMI 30-40 1(1.2-3.8)*
Morbid obesity, BMI > 40 4.5 (1.5-14)*
Male sex 7 (0.96-2.9)
Presence of > 1 comorbidityIO 1.8 (0.97-3.4)
Smoker, current or exsmoker 3(0.74-2.2)
IRD
RAC 3(0.70-2.4)
SpA 0.59 (0.27-1.3)
Gout 2(0.83-5.8)
Polymyalgia 0.37 (0.13-1.1)
Systemic diseases 7 (0.54-5.4)
Immunomodulatory agents
csDMARDs (any) 0.67 (0.33-1.4)
Methotrexate 0.53 (0.31-0.92)*
HCQ 0.55 (0.23-1.3)
Other 5(0.72-3.1)
bDMARDs (any) 0.72 (0.35-1.5)
TNF-inhibitors 0.60 (0.26-1.4)
IL6R-blockers 0.53 (0.065-4.3)
RTX 8 (0.55-110)
Glucocorticoids > 10 mg/day 4 (0.50-3.8)

Other medication

NSAIDs 0.94 (0.46-1.9)
ACE-inhibitors 2.0 (1.1-3.8)*
PPIs 1.3(0.79-2.3)
Other
Vitamin D sufficient® 2 (0.64-2.3)
Healthcare worker 7 (0.67-4.2)
Received BMR vaccination 0.35(0.10-1.2)
Receiving home care 8 (0.75-4.3)
Living in a nursing home 0.75 (0.064-8.7)
Living with two or more other persons 4 (0.61-3.1)

bDMARDs, biological disease modifying antirheumatic drugs; BMI, body
mass index; Cl, confidence interval; COVID-19, coronavirus disease 2019;
csDMARDs, conventional synthetic disease modifying antirheumatic drugs;
HCQ, hydroxychloroquine; IQR, interquartile range; IRD, inflammatory
rheumatic disease; NSAIDs, nonsteroidal anti-inflammatory drug; OR,

odds ratio; PMR, polymyalgia rheumatica; PPI, proton-pump inhibitor; RA,
rheumatoid arthritis; RTX, rituximab; SpA, axial spondylarthritis.

*P < 0.05.

?Including cardiac disease, pulmonary disease, malignancy, diabetes mellitus,
and renal impairment.

bIncluding unspecified arthritis.

°Defined as sufficient vitamin D level (> 50 nmol/L if age 70 years and > 30
nmol/L if age < 70 years) and/or receiving vitamin D suppletion.

increased risk for COVID-19 hospitalization for any IRD or
IA, except for a possible protective effect for MTX. However,
our study may be underpowered to detect differences between
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some IRDs and IAs, as others report increased risks for severe
COVID-19 in patients with IRD that use RTX and/or gluco-
corticoids > 10 mg/<:lay.8’l3’14
We did find an increased OR for COVID-19-related hospital ad-
mission in patients with IRD using ACE-inhibitors. Evidence on this
topic was mixed in the beginning of the pandemic, however, several
meta-analyses show no increased risk for the use of ACE-inhibitors
in the general population.15’16 Therefore, this finding might be a
spurious finding or due to residual confounding. Intriguingly, a
lower risk for MTX use is seen. MTX is one of the most frequently
used IAs in the treatment of various IRDs.!” MTX has various anti-
inflammatory effects, and is, for example, known to influence T cells
and cause decrease of TNF-ot and IL-6 levels.'® These immunomod-
ulatory effects could be beneficial in COVID-19 as they may sup-
press the hyperinflammatory response observed in COVID-19.”
Strengths of this study include low bias by second order effects
due to inclusion of cases only early in the pandemic. By selecting
only the “early cases,” the effects of (unbalanced) adaption of behav-
ior, differences between COVID-19 measures in the Netherlands
(e.g., lockdowns, vaccination, and testing capacity), and evolving
treatment strategies have been minimalized. Another strength is the
completeness of the determinants, not only of those present in the
EHRs but also of determinants collected from the questionnaires.
However, these questionnaires could not be sent to deceased patients.
Information was looked up in the EHRs (admission reports often
contain information on smoking status, receiving home care, etc.).
Due to the collaboration of four rheumatology centers and in-
clusion of all IRDs, we expect our results to be generalizable to the
IRD population. However, vaccination programs and lockdown
measures may vary between countries, so results may only apply to
countries comparable to the Netherlands. Other limitations could
be residual confounding and the relatively small sample size, possi-
bly explaining the observed increased OR for severe COVID-19
for use of ACE-inhibitors and the nonsignificant trend toward a
higher risk that is seen in patients with gout. Even though we did
correct for the most likely confounders (including comorbidities,
age, BMI, and sex), there may be other factors that play a role in
the risk of severe COVID-19. Finally, there may be “missed cases”
(e.g., patients that were admitted to other hospitals due to capac-
ity problems or patients that did require hospitalization but were
not admitted; e.g., because of old age or comorbidities). However,
information on admission in other hospitals is expected to be com-
plete and any case patient that was identified during the enrollment
period was asked to participate. Ultimately, there could be a small
bias regarding the controls as no deceased controls were included.
In conclusion, risk factors for COVID-19 hospitalizations stud-
ied in the general population, such as older age and high BMI,
apply to patients with IRD as well. In this study, no specific IRD
or A was identified as a risk factor for severe COVID-19. On the
other hand, use of MTX might protect patients with IRD from
hospitalization due to COVID-19.

SUPPORTING INFORMATION
Supplementary information accompanies this paper on the Clinical
Pharmacology & Therapeutics website (www.cpt-journal.com).
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