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EPIDEMIOLOGICAL SCIENCE

Impact of the COVID-19 pandemic on morbidity and
mortality in patients with inflammatory joint diseases
and in the general population: a nationwide Swedish

cohort study

Hannah Bower,' Thomas Frisell

Helena Forsblad-d'Elia,” Alf Kastbom

UIf Lindstrom @ > Carl Turesson
The ARTIS Study Group
ABSTRACT

Objectives To estimate absolute and relative risks
for all-cause mortality and for severe COVID-19 in

inflammatory joint diseases (I)Ds) and with antirheumatic

therapies.

Methods Through Swedish nationwide multiregister
linkages, we selected all adult patients with rheumatoid
arthritis (RA, n=53 455 in March 2020), other 1JDs (here:
spondyloarthropathies, psoriatic arthritis and juvenile
idiopathic arthritis, n.=57 112), their antirheumatic drug
use, and individually matched population referents. We
compared annual all-cause mortality March—September
2015 through 2020 within and across cohorts, and
assessed absolute and relative risks for hospitalisation,
admission to intensive care and death due to COVID-19
March—September 2020, using Cox regression.
Results During March—September 2020, the absolute
all-cause mortality in RA and in other 1JDs was higher
than 2015-2019, but relative risks versus the general
population (around 2 and 1.5) remained similar during
2020 compared with 2015-2019. Among patients
with 1JD, the risks of hospitalisation (0.5% vs 0.3% in
their population referents), admission to intensive care
(0.04% vs 0.03%) and death (0.10% vs 0.07%) due
to COVID-19 were low. Antirheumatic drugs were not
associated with increased risk of serious COVID-19
outcomes, although for certain drugs, precision was
limited.

Conclusions Risks of severe COVID-19-related
outcomes were increased among patients with 1JDs,
but risk increases were also seen for non-COVID-19
morbidity. Overall absolute and excess risks are low
and the level of risk increases are largely proportionate
to those in the general population, and explained by
comorbidities. With possible exceptions, antirheumatic
drugs do not have a major impact on these risks.

INTRODUCTION

,' Daniela Di Giuseppe,' Bénédicte Delcoigne,’
Gerd-Marie Ahlenius,? Eva Baecklund,’ Katerina Chatzidionysiou

. Lars Klareskog
¢ Christopher Sjowall

TNils Feltelius,*
," Elisabet Lindquist,”

° Johan Askling @,

What is already known about this subject?

» The impact of COVID-19 on morbidity and
mortality among patients with rheumatoid
arthritis and other inflammatory joint diseases
(1JDs) is not completely understood. Since
many of the available studies have internally
compared characteristics among patients with
different rheumatic diseases and COVID-19,
absolute risks and how they relate (excess and
relative risks) to the corresponding risks in
the general population remain unknown, but
are necessary for risk communication. For the
same reason, the impact of disease-modifying
antirheumatic drugs remains incompletely
understood.

What does this study add?

» During the first period (March—September)
of the COVID-19 pandemic in 2020, the
increased all-cause mortality in all patients
with rheumatoid arthritis and other 1JDs was
largely proportionate to that in the general
population (relative risks around 2 and 1.5,
respectively, that were not higher during 2020
than during 2015-2019), and largely explained
by comorbidities.

» During March-September 2020, the average
absolute risks for hospitalisation listing
COVID-19 (0.5%), admission to intensive care
due to COVID-19 (0.04%) and death due to
COVID-19 (0.1%) in patients with 1JDs were
low, although higher than in the general
population, corresponding to excess risks in the
order of 0.2, 0.01 and 0.03 per 100 patients,
respectively).

» With the possible exception of rituximab and
JAK inhibitors, antirheumatic treatment does
not appear to have a major impact on the risk
of severe COVID-19.

To cite: Bower H,
Frisell T, Di Giuseppe D,
et al. Ann Rheum Dis
2021;80:1086-1093.

The SARS-CoV-2 pandemic has raised concerns
regarding its impact in individuals with chronic
inflammatory joint diseases (IJDs) such as rheuma-
toid arthritis (RA), with a morbidity and mortality
pattern already higher than in the general

population,'™ and with treatments (disease-
modifying antirheumatic drugs, DMARDs) on the
one hand linked with increased risks for serious
infections, and on the other hand suggested to
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How might this impact on clinical practice or future

developments?

» Our risk estimates may be used for patient counselling, and
suggest that for COVID-19, the general health status matters
more than a diagnosis of inflammatory joint disease per se, or
its treatment. Signals for rituximab and JAK inhibitors call for
replication.

exert beneficial effects on severe COVID-19.*° These concerns
have led to considerable challenges in clinical practice and for
patient counselling.

Commendable efforts to address these questions have been
carried out.®'® Local patient cohorts have been followed up
through surveys,” local/regional hospital databases have been
queried,® ? and the COVID-19 Global Rheumatology Alli-
ance has established a repository of COVID-19 cases among
patients with rheumatic diseases.'® While providing prelimi-
nary evidence, interpretation of these results is not straightfor-
ward.'” Studies based on questionnaires may miss fatal cases.
Hospital queries may miss cases dying out of hospital. Case
repositories based on active reporting suffer from unknown
selection processes, and lack of external comparators make
it impossible to assess absolute risks, let alone put these into
context, for example, to COVID-19-related risks in individ-
uals without rheumatic disease, or to risks in individuals with
rheumatic disease but not COVID-19.

Through a COVID-19-specific update to a multiregister
linkage by the Anti-Rheumatic Therapy in Sweden group,
see for example,'® we are able to address several of these
outstanding issues by evaluating morbidity and mortality
related to COVID-19 in nationwide, unselected cohorts of
practically all patients with IJD, and individually matched
general population referents, followed through a system of
virtually complete national registers.

Our study has the following aims: (1) To assess whether the
mortality among patients with IJDs, per se as well as compared
with that of the general population, was different during the
first period of the COVID-19 pandemic in 2020 compared
with 2015-2019, (2) To assess absolute, excess and relative
risks of COVID-19-related outcomes among patients with I[JD
compared with the general population, and (3) In relation to
specific DMARDs.

SUBJECTS AND METHODS

Setting

Swedish healthcare is universally available to all residents.
Patients with IJDs treated with DMARDs are managed by
rheumatologists, mainly through hospital-based clinics. The
COVID-19 pandemic had reached Sweden by March 2020,
and by September 2020 resulted in 5000 deaths (online supple-
mental figure 1); one of the higher mortality rates per 100 000
inhabitants in Europe and the USA."” General recommendations
(not legally binding) urged social distancing when possible, in
particular for risk groups and those aged above 70 years. There
have been no specific recommendations for patients with IJDs.

Patient and public involvement

This study was designed in response to frequent questions asked
by patients with IJD, but did not contain any active patient or
public involvement.

Data sources

We updated a previously described linkage between several
national Swedish registers: the Swedish Rheumatology Quality
Register (SRQ), The Patient Register, the Prescribed Drug
Register, the Cause of Death Register and the Population
Register, with data until September 2020, and added data on
admission to intensive care units (ICUs) through linkage to the
Intensive Care Quality Register (online supplemental table 1).

Study population

We used previously devised algorithms based on data from the
Rheumatology Quality Register, International Classification of
Diseases 10th Revision (ICD-10) codes in the Patient Register,
and anatomical therapeutic chemical (ATC) codes in the
Prescribed Drug Register (online supplemental table 2) to iden-
tify two open cohorts of individuals above 18 years; all prev-
alent RA March 2015 through September 2020 (n alive on 1
March 2020=53 455), and other IJDs (here: psoriatic arthritis,
ankylosing spondylitis, other spondyloarthropathies, or juvenile
idiopathic arthritis, n alive on 1 March 2020=57 112)."*2° Each
unique individual was matched on year of birth, sex and region
of domicile (Sweden is organised in 21 regions) to five randomly
selected population subjects (n alive 1 March 2020=484 277)
from the Swedish Population Register, required to be alive and
free from IJD at the time their index individual qualified into
his/her cohort.

DMARD treatments

Among the individuals with IJD, and based on treatment data in
the Rheumatology Quality Register and dispensing of DMARDs
from the Prescribed Drug Register, we created DMARD cohorts
defined by the treatment status 1 March 2020. We identified
33 296 individuals on active treatment with a conventional
synthetic (cs) DMARD (methotrexate, sulfasalazine, antimalar-
ials, leflunomide, or azathioprine, excluding those on biologic
(b) or targeted synthetic (ts) DMARD), and 28 336 subjects on
active treatment with any b/tsDMARD, defined as abatacept
(n=1324), janus kinase inhibitors (JAKi) (baricitinib or tofaci-
tinib, n=1725, baricitinib being the most common), rituximab
(n=2180), tumour necrosis factor inhibitors (TNFi) adalim-
umab, certolizumab pegol, etanercept, golimumab or infliximab,
n=22 070) and tocilizumab (n=1037). As only 2% changed
their DMARD status between March and September 2020, we
did not update the DMARD status over time.

Outcomes

We defined the following five outcomes: death from any cause
(based on death notifications from the Tax agency), death from
COVID-19 (based on main and contributory causes of death
recorded on death certificates March until September 2020),
hospitalisation for any cause and due to COVID-19 (data from
the Patient Register), and admission to intensive care due to
COVID-19 (the Intensive Care Register).

Covariates

The register linkage provided data on age, sex, region of domi-
cile, characteristics of the IJD including disease activity score-28
(DAS28) and disease duration, concomitant csDMARD and
steroid use, the prevalence of specific comorbid conditions
including history of hospitalisations, educational level, country
of birth and civil status at cohort entry (see online supplemental
table 4 for definitions). All covariates were updated over time to
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reflect status at start of follow-up, in each analysis. No imputa-
tion of missing data was performed.

Statistics

To assess whether the absolute all-cause mortality during March-
September 2020 in each cohort differed compared with the corre-
sponding time periods 2015-2019, we defined annual cohorts of
all prevalent individuals with IJD, and of their matched popula-
tion comparator subjects, on 1 March, and followed these until
September each year, emigration or death. Within each cohort
(RA, other IJD, population referents), we calculated weekly
crude mortality rates as the number of deaths divided by person
time for each year, and weekly excess mortality as the difference
between the mortality during 2020 and the corresponding aver-
ages 2015-2019. We used Cox regression to estimate relative
risks (expressed as HRs) comparing individuals with IJD to the
general population March-September each year 2015 through
2020. We calculated unadjusted HRs (age, sex and region of
domicile were accommodated through matching) as well as HRs
adjusted for comorbidities, healthcare resource utilisation and
socioeconomy; see tables 2 and 3 and online supplemental table
4 for details. We tested whether the mortality rate was higher
in 2020 than during 2015-2019 by inclusion of an interaction
term between indicator variables for year 2020, and for patients
with IJD.

In each cohort, we next calculated absolute risks for hospital-
isation, admission to intensive care and death due to COVID-19,
defined as the ratio of the number of incident events 1 March
through 1 September 2020 and the number of individuals at

risk in each cohort 1 March 2020. We calculated excess risks
(IJD vs the general population) as the difference in risk between
the IJD and its population comparator cohort, and relative risks
via unadjusted and adjusted Cox models as described above. To
contextualise the COVID-19-related outcomes, we also assessed
all-cause death and hospitalisation.

To investigate the association between DMARDs and each of
the outcomes, we first estimated propensity scores for the prob-
ability of belonging to each DMARD group, separately for RA,
other IJDs and all IJDs combined (online supplemental methods,
online supplemental tables 8—10 and online supplemental figures
2-4). We then fitted inverse probability of treatment-weighted
Cox regressions, additionally adjusted for use of oral gluco-
corticosteroids and c¢sDMARD combinations (whether with
c¢sDMARD or b/tsDMARD). We abstained from calculating HRs
for comparisons based on fewer than five events. The online
supplemental materials describe a post hoc analysis of patients
treated with sulfasalazine. We used Stata V.16.1 and SAS V.9.4.

RESULTS

All-cause mortality in 1JDs and their matched general
population subjects March-September 2020 and 2015-2019
Between 1 March and 1 September 2020 (55 336 person-years),
1310 (1.2%) of the 110 567 individuals with IJD died (968
(1.8%) with RA, and 342 (0.6%) with other IJDs), (tables 1-3).
Figure 1 describes the weekly mortality rate in each IJD cohort
and in their general population comparator cohorts during this
period, and the average mortality rate in the corresponding

Table 1

Characteristics of adult Swedish residents with rheumatoid arthritis (RA) and other inflammatory joint diseases (1JDs, defined as

ankylosing spondylitis, psoriatic arthritis, other spondyloarthropathies and juvenile idiopathic arthritis) in Sweden, 1 March 2020, and their matched

general population comparator subjects

Matched general population

RA Other 1JD All 1JDs combined referents*
Individuals* 53 455 57 112 110 567 484 277
Age, median (IQR) 69 (57 to 77) 55 (43 to 67) 62 (49 to 73) 60 (47 to 71)
Women 73% 51% 62% 62%
Years since diagnosis, median (IQR) 10 (5 to 16) 10 (5 to 15) 10 (5to 16) -
Comorbidities
History of cancer 4% 3% 3% 3%
History of diabetes 14% 1% 12% 10%
History of heart failure 4% 2% 3% 2%
History of ischaemic heart disease 7% 4% 6% 3%
History of infections 7% 4% 5% 2%
History of lung diseases 1% 6% 9% 4%
History of kidney failure 4% 2% 3% 1%
History of stroke 4% 2% 3% 2%
History of joint surgery 18% 8% 12% 5%
History of venous thromboembolism 1.3% 0.7% 1.0% 0.5%
Highest achieved education
<9 years 16% 6% 1% 9%
9-12 years 56% 60% 58% 55%
12+ years 28% 34% 31% 36%
Civil status: married 50% 48% 49% 48%
Born in Sweden 87% 90% 89% 84%
Hospitalisation: days past year, median (IQR), among 53 1to12) 4(2t09) 53to11) 4210 8)
hospitalised
Hospitalisation: days past 10 years to 1 year, median 8 (4t021) 6 (3 to 14) 7310 17) 5(3to11)

(IQR), among hospitalised

*Individually matched to each individual with an IJD, that is, to the column ‘All 1JDs combined'. Note that full variable definitions are presented in online supplemental table 4.
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Table 2  All-cause mortality March—September each year 2015 through 2020 among Swedish residents with rheumatoid arthritis (RA), other
inflammatory joint diseases (1JDs, defined as ankylosing spondylitis, psoriatic arthritis, other spondyloarthropathies and juvenile idiopathic arthritis),

compared with their general population comparator subjects through HRs from Cox regression

N deaths in the
inflammatory joint disease

P for interaction 2020

Condition Year cohort# HR model 1* HR model 2t versus 2015-2019
All

2015 1077 1.99 (1.85t0 2.14) 1.13(1.04t0 1.21)

2016 995 1.81 (1.68 to 1.95) 1.00 (0.92 to 1.08)

2017 1088 1.90 (1.77 t0 2.04) 1.12 (1.04 to 1.20)

2018 1127 1.84 (1.72 to0 1.98) 1.08 (1.00 to 1.16)

2019 1097 1.90 (1.77 t0 2.04) 1.14 (1.06 to 1.23)

2020 1247 1.88 (1.76 t0 2.01) 1.12 (1.04 to 1.20) 0.57
RA

2015 813 2.10(1.93 t0 2.28) 1.21(1.11 10 1.32)

2016 756 1.93 (1.77 10 2.10) 1.07 (0.98 t0 1.17)

2017 821 2.00 (1.84 t0 2.18) 1.19 (1.09 to 1.29)

2018 833 1.94 (1.78 10 2.10) 1.13(1.04t0 1.23)

2019 817 2.04 (1.88 10 2.22) 1.23 (1.13 t0 1.34)

2020 925 1.99 (1.84 10 2.16) 1.18 (1.09 to 1.28) 0.80
Other 1D

2015 264 1.61(1.40 to0 1.85) 0.94 (0.82 to 1.09)

2016 239 1.41 (1.22 t0 1.63) 0.83 (0.71 to 0.96)

2017 267 1.53(1.3410 1.76) 0.96 (0.84 t0 1.11)

2018 294 1.52 (1.33t0 1.73) 0.94 (0.82 to 1.08)

2019 280 1.50 (1.31t0 1.71) 0.96 (0.83 t0 1.10)

2020 322 1.52 (1.34t0 1.73) 0.96 (0.84 to 1.09) 0.66

*Cox model, matched for age, sex and geographical region.

tCox model additionally adjusted for history of cancer, heart failure, ischaemic heart disease, infections, lung disease, kidney failure, stroke, joint surgery, venous
thromboembolism, region of domicile, education, civil status, country of birth and time hospitalised in days (previous 10 years, and previous 1 year).
tNote that follow-up in this table ends 18 August, which is why numbers and HRs differ slightly compared with all other analyses of all-cause mortality in which follow-up ends

1 September.

cohorts 2015 through 2019. In all cohorts, the mortality during
2020 was higher than during previous years. Figure 2 displays
the excess mortality during 2020 (compared with the average
in the same cohort 2015 through 2019). By mid-April 2020
(the peak of the period under study) the RA cohort had a more
pronounced excess mortality than that observed in the general
population.

Table 2 describes unadjusted and adjusted annual HRs of
all-cause mortality in the IJD cohorts compared with general
population comparators March until September (here: through
August 18) each year 2015 through 2020. Unadjusted models
demonstrated an increased mortality among individuals with RA
(eg, HR 2020 = 1.99, 95% CI 1.84 to 2.16), and other IJD (eg,
HR 2020 = 1.52, 95% CI 1.34 to 1.73). Importantly, the HRs
for 2020 were not different from those of 2015 through 2019.
Within each calendar year, once adjusted for comorbid condi-
tions and socioeconomy, most of the increased mortality in RA
(adjusted HR 2020 = 1.18, 95% CI 1.09 to 1.28), and all of
the increased mortality in other IJD (adjusted HR 2020 = 0.96,
95% CI 0.84 to 1.09) disappeared.

Risks, excess risks and relative risks for COVID-19-related

and other outcomes among individuals with 1JD and in the
general population March-September 2020

Among all individuals with IJD, the risk for hospitalisation
because of COVID-19 during March through September 2020
was 0.5% (vs 0.3% in their general population referents), 0.04%
(vs 0.03%) for admission to ICD due to COVID-19 and 0.10%
(vs 0.07%) for death from COVID-19. For comparison, the

absolute risk for hospitalisations for any cause was 8.1% (vs
5.0%) and the risk for death from any cause was 1.2% (vs 0.6%,
table 3).

The unadjusted HRs for each of these outcomes were all
elevated (with the exception of HRs for admission to intensive
care due to COVID-19 in other IJDs) with somewhat higher
HRs for the COVID-19-specific outcomes than for hospitalisa-
tion or for death from any cause in the RA cohort. Adjustment
for comorbidities and socioeconomy lowered the associations
between IJD and the COVID-19-related outcomes, though less
clearly so for admission to intensive care (table 3).

COVID-19-related and other outcomes in relation to DMARDs
Online supplemental tables 5-7 display characteristics of the
DMARD cohorts. Before weighting, there were differences
across the DMARD cohorts. Online supplemental table 8-10
display the level of balancing achieved through the weighting,
expressed as standardised mean differences. After weighting, all
standardised mean differences were below 0.2.

Using csDMARD:s as reference (see table 4 for crude risks and
HRs), we noted no risk increase with b/tsDMARDs for hospi-
talisation listing COVID-19 (HR=1.08, 95% CI 0.73 to 1.58),
admission to intensive care due to COVID-19 (HR=1.74, 95%
CI 0.63 to 4.84) or death from COVID-19 (HR=1.26, 95% CI
0.60 to 2.64), nor for hospitalisation for any cause. When we
assessed HRs for the above outcomes by individual b/tsDMARD
(using csDMARD as reference) we noted no signal of increased
risks with TNFi, abatacept and tocilizumab, but for several
assessments the numbers of events were small. For rituximab,

Bower H, et al. Ann Rheum Dis 2021,80:1086—1093. doi:10.1136/annrheumdis-2021-219845 1089

1ybuAdoo
Aq pa193101d "19MISIBAIUN BAWN T TZ0Z ‘0E Jagquwiadaq uo /wod [wg pley:dny wouy papeojumoq "Tz0gz Areniqad £Z Uo G861 2-T202Z-SIpwnayiuue/9eTT 0T St paysiignd 1si1 :SIg Wnayy uuy


https://dx.doi.org/10.1136/annrheumdis-2021-219845
https://dx.doi.org/10.1136/annrheumdis-2021-219845
http://ard.bmj.com/

Epidemiology

Table 3 Absolute and relative risks for COVID-19-related events and other outcomes in Swedish residents with rheumatoid arthritis (RA), and
other inflammatory joint diseases (1JDs, defined as ankylosing spondylitis, psoriatic arthritis, other spondyloarthropathies and juvenile idiopathic
arthritis) compared with matched general population comparator subjects 1 March through September 2020

N events (risk, %) in N events (risk, %) in Crude excess risk
Condition Outcome the 1JD cohort the general population per 100 patients* HR model 1t HR model 2t
All
Hospitalisation, all causes 8971 (8.1%) 24273 (5.0%) 3.1 1.65 (1.61 to 1.69) 1.18 (1.15t0 1.21)
Hospitalisation, COVID-19 581 (0.5%) 1443 (0.3%) 0.2 1.77 (1.61 to 1.95) 1.32 (1.19 to 1.46)
Admission to ICU, COVID-19 45 (0.04%) 162 (0.03%) 0.01 1.22 (0.88 to 1.70) 1.17 (0.82 to 1.66)
Death, all causes 1310 (1.2%) 3036 (0.6%) 0.6 1.90 (1.78 to 2.02) 1.13(1.05 to 1.21)
Death, COVID-19 161 (0.10%) 338 (0.07%) 0.03 2.09 (1.73 t0 2.52) 1.18(0.97 to 1.44)
RA
Hospitalisation, all causes 5275 (9.9%) 13072 (5.9%) 4.0 1.71 (1.66 to 1.77) 1.21(1.17 t0 1.25)
Hospitalisation, COVID-19 379 (0.7%) 784 (0.4%) 03 2.02 (1.78 t0 2.28) 1.40 (1.23 to 1.60)
Admission to ICU, COVID-19 31 (0.06%) 79 (0.04%) 0.02 1.63 (1.08 to 2.48) 1.53 (0.98 to 2.40)
Death, all causes 968 (1.8%) 2026 (0.9%) 0.9 1.99 (1.85 to 2.15) 1.18 (1.09 to 1.28)
Death, COVID-19 134 (0.30%) 245 (0.11%) 0.19 2.28 (1.85t0 2.81) 1.27 (1.02 to 1.59)
Other D
Hospitalisation, all causes 3696 (6.5%) 11201 (4.3%) 2.2 1.54 (1.48 to 1.59) 1.16 (1.11 t0 1.20)
Hospitalisation, COVID-19 202 (0.4%) 659 (0.3%) 0.1 1.41 (1.20 to 1.65) 1.20 (1.02 to 1.41)
Admission to ICU, COVID-19 14 (0.02%) 83 (0.03%) -0.01 0.78 (0.44 10 1.37) 0.76 (0.43 t0 1.37)
Death, all causes 342 (0.6%) 1010 (0.4%) 0.2 1.56 (1.38 to 1.76)" 0.98 (0.86 to 1.12)
Death, COVID-19 27 (0.05%) 93 (0.04%) 0.01 1.34(0.87 to 2.05) 0.83 (0.54 to 1.28)

*Defined as the difference between the risk in the inflammatory joint disease cohort and that in its matched population comparator cohort.

tCox model unadjusted, matched for age, sex and geographical region; general population comparators are the reference.

$Cox model additionally adjusted for history of cancer, diabetes, heart failure, ischaemic heart disease, infections, lung disease, kidney failure, stroke, joint surgery, venous thromboembolism,
country of birth, highest educational achievement, civil status, region, number of days in hospital (in previous 1 year and 10 years).

ICU, intensive care unit.

we noted increased risks for death from COVID-19 (HR=3.20,
95% CI 1.19 to 8.57) and for death from any cause (HR=2.52,
95% CI 1.56 to 4.07). For JAKi, we noted increased risk for
hospitalisation due to COVID-19 (HR=2.72, 95% CI 1.14
to 6.47) and death (HR=10.03, 95% CI 2.35 to 42.76) from
COVID-19, both of which were higher than the HRs for hospi-
talisation and death from any cause.

In post hoc analysis contrasting patients on sulfasalazine
monotherapy to patients on any other csDMARD therapy, we

noted increased point estimates for hospitalisation and admis-
sion to ICU due to COVID-19 (details in online supplemental
material).

DISCUSSION

We covered excess mortality and COVID-19-related outcomes
among practically all patients with RA or other IJDs during the
first period of the COVID-19 pandemic in the entire country of
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Figure 1  All-cause mortality in adult Swedish residents with rheumatoid arthritis (RA) or other inflammatory joint diseases (lJDs, defined as
ankylosing spondylitis, psoriatic arthritis, other spondyloarthropathies and juvenile idiopathic arthritis), and among individually matched general
population subjects, during 1 March until September 2020 compared with the corresponding average mortality during the same seasons 2015

through 2019.
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Figure 2 Difference (excess or deficit) in all-cause mortality for
Swedish residents with rheumatoid arthritis (RA), other inflammatory
joint diseases (1JDs, defined as ankylosing spondylitis, psoriatic arthritis,
other spondyloarthropathies and juvenile idiopathic arthritis) and in
their individually matched general population cohorts 1 March until
September 2020, estimated as the difference between the mortality

in each cohort 2020 compared with the average mortality in the same
cohort during the same seasons 2015 through 2019.

Sweden. We made the following observations: (1) During the
first period of the pandemic, patients with IJDs had approxi-
mately 1.5-2 times higher mortality from any cause than the
general population. (2) In relative terms, this increase was not
higher than during previous years, and could almost entirely
be explained by comorbidities and socioeconomic factors. (3)
In absolute terms, the risks for admission to hospital due to
COVID-19 (0.5%, an additional 0.2 per 100 persons compared
with the general population), to intensive care due to COVID-19
(0.04%, an additional 0.01 per 100 persons) and for death due to
COVID-19 (0.10%, an additional 0.03 per 100 persons) among
patients with IJDs were low. (4) The increased relative risks were
not specific to COVID-19-related outcomes but present also for
hospitalisations and deaths due to any cause. (5) Patients treated
with b/tsDMARDs were, on average, not at higher risk for
COVID-19-related outcomes than those on csDMARDs. (6) We
noted increased risks for rituximab and for JAKi for COVID-19
outcomes, based on a limited number of events.

Taking differences in study design and the comparisons made
(if any) in previous reports on COVID-19, our results add to the
emerging picture that a diagnosis of chronic IJDs per se does not
seem to increase the risk of serious COVID-19-related outcomes,
but that age and comorbidities are strong risk factors for these
outcomes.® ° This is not to say that IJDs themselves do not
increase mortality—our study population comprised unselected
patients with a mean disease duration around a decade. Many
comorbidities and socioeconomic characteristics may thus have
occurred as a consequence of the IJD. For the outcome admis-
sion to intensive care, adjustment had less effect on the HRs
suggesting that other triaging may have been at play.

Our results extend previous findings on COVID-19 by
anchoring them both to risks in individuals with IJD pre-
COVID-19, to risks (excess and relative) versus the general
population, and to risks not specifically from COVID-19. Impor-
tantly, our results indicate that during March-September of the
pandemic 2020, the increase in all-cause mortality and the risks
for COVID-19-related outcomes in patients with IJD remained
largely proportional to those in the general population. Our

Epidemiology

Table 4 Occurrence and relative risks of COVID-19-related events
and other outcomes in individuals with chronic inflammatory joint
diseases (rheumatoid arthritis, ankylosing spondylitis, psoriatic
arthritis, other spondyloarthropathies and juvenile idiopathic
arthritis), 1 March through September 2020, according to DMARD
treatment status 1 March

Crude
Outcome Cohort N events risk (%) HR (95% CI)*
Hospitalisation, csDMARD 2805 8.4 1 (ref)
all causes TNFi 1288 5.8 0.99 (0.89 to 1.10)
Abatacept 115 8.7 0.94 (0.69 to 1.26)
Tocilizumab 79 7.6 0.92 (0.64 to 1.33)
Rituximab 272 12.5 1.25(1.02 to 1.53)
JAKi 146 8.5 0.93 (0.67 to 1.27)
All b/tsDMARDs 1900 6.7 0.99 (0.90 to 1.10)
Hospitalisation csDMARD 207 0.6 1 (ref)
due to TNFi 67 03 1.05 (0.67 to 1.64)
CovID-19
Abatacept 5 0.4 0.49 (0.15 to 1.59)
Tocilizumab 4 0.4 -
Rituximab 24 1.1 1.03 (0.58 to 1.81)
JAKi 18 1.0 2.72 (1.14 10 6.47)
All b/tsDMARDs 118 0.4 1.08 (0.73 to 1.58)
Admission csDMARD 21 0.1 1 (ref)
tointensive gy 8 0.0 2.05 (0.70 t0 6.06)
care due to
COVID-19 Abatacept 1 0.1 -
Tocilizumab 0 0.0 -
Rituximab 2 0.1 -
JAKi 1 0.1 =
All b/tsDMARDs 12 0.0 1.74 (0.63 to 4.84)
All-cause death c¢sDMARD 412 1.2 1 (ref)
TNFi 73 0.3 0.71(0.49 t0 1.03)
Abatacept 16 1.2 1.12 (0.50 to 2.48)
Tocilizumab 7 0.7 1.11 (0.41 t0 3.02)
Rituximab 43 2.0 2.52 (1.56 to 4.07)
JAKi 16 0.9 1.30 (0.52 to 3.26)
All b/tsDMARDs 155 0.5 0.91 (0.67 to 1.24)
Death due to csDMARD 52 0.2 1 (ref)
CovID-19 TNFi 7 0.0 1.03 (0.40 to 2.61)
Abatacept 1 0.1 -
Tocilizumab 2 0.2 -
Rituximab 9 0.4 3.20 (1.19t0 8.57)
JAKi 5 0.3 10.03 (2.35 to 42.76)
All b/tsDMARDs 24 0.1 1.26 (0.60 to 2.64)

*HR from propensity score-weighted Cox regression, adjusted for oral steroids and
csDMARD co-medication. Separate models for individual drugs and for all b/tsDMARDs.
b/tsDMARD, biologic/targeted synthetic DMARD; csDMARD, conventional synthetic DMARD;
DMARD, disease modifying antirheumatic drug.

results have important implications for patient counselling in that
they suggest that (1) The absolute risk of death from COVID-19
among individuals with IJD between March and September was
in the order of 1 in a 1000, (2) The additional risk in individ-
uals with IJD compared with the general population was in the
order of 3 per 10000, and (3) In a given individual with RA
or another IJD, the health status seems much more important
than the IJD diagnosis per se, both for overall mortality and for
COVID-19-outcomes.

Previous reports have generally not suggested particular risks
with TNFi or other cytokine inhibitors, at least when used
in monotherapy,® ® and even suggested a protective effect of
TNFi.' Our results suggest that csDMARDs, TNFi, abatacept
and tocilizumab are neutral in terms of risks for serious COVID-
19-outcomes. Baricitinib has been reported to exert beneficial
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effects when used against COVID-19.%! While our results for
JAKi are in seeming disagreement, they were based on small
numbers and we cannot refute residual confounding. For ritux-
imab, for which there is also substantial clinical channelling, the
increased risks were not specific to COVID-19. Similar signals
for rituximab have been observed in reports on bDMARDs and
risks for other infections.”? In either case, these results call for
verification. An association between sulfasalazine and severe
COVID-19 was recently reported.”> Our post hoc analysis did
not unequivocally confirm or reject this signal (online supple-
mental analysis). Because of the intimate correlation between
disease activity and lack of alternative treatment options, and
since we did not have prospective information on glucocorticoid
dosing or disease activity from start of follow-up nor at the time
point of any COVID-19 infection, we adjusted for but abstained
from assessing risks specifically in relation to glucocorticoids.

Our study has limitations. We assessed risks for outcomes of
known COVID-19 cases, but similar to most previous studies
could not study risks for acquiring SARS-CoV-2 infection in the
first place. While we had the possibility to compare risks between
patients with IJDs to age-matched, sex-matched and domicile-
matched general population referents, all risks presented repre-
sent averages across age and sex and are as such not directly
applicable to individual patients. In the assessment of risks with
individual DMARDs, we used a propensity score weighting
approach to accommodate confounding by indication. For this,
we included a wide array of covariates from several different
domains and achieved good balance, but we cannot exclude
residual confounding, and lack reliable data on several known
COVID-19 risk factors such as body mass index and hyperten-
sion. We defined DMARD exposure on the basis of active treat-
ment at the beginning of the study period, but can only speculate
about patient-initiated discontinuations or dose reductions
related to fear of COVID-19. Our results should therefore be
viewed as an ‘intention to treat’ approach. Finally, while many
of our results had good precision, some estimates were based on
small numbers.

Our study has several strengths. Our study population encom-
passed virtually all DMARD-treated patients with RA, and other
IJDs in the country and throughout the entire first period of
the pandemic, thereby minimising bias due to patient selection.
We could prospectively follow-up each individual through regis-
ters of high quality, with outcome information assigned inde-
pendently of the IJD. This design enabled the estimation of
absolute risks and of the corresponding relative risks comparing
both within patients with inflammatory disease and versus the
general population, rather than, for example, a restriction to
internal comparisons within patients with rheumatic disease and
COVID-19."

In conclusion, the increased risks of hospitalisation and death
due to COVID-19 among patients with IJDs largely mirror those
in the general population, at least in relative terms. In absolute
terms, risks and excess risks are low. csDMARDs, TNF inhib-
itors, abatacept and tocilizumab as used in clinical practice
appear safe, but signals for rituximab and JAKis require veri-
fication to determine whether these are specific to COVID-19
or reflective of channelling. Finally, in demonstrating that the
overall mortality in unselected patients with IJDs remains mark-
edly elevated compared with the general population, also in
the absence of COVID-19, our study serves as a reminder of a
remaining large unmet need.
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