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Abstract

Objective: To describe the risks and predictors of coronavirus disease 2019 (COVID-19) hospitalization and mortality among patients with early
inflammatory arthritis (EIA), recruited to the National Early Inflammatory Arthritis Audit (NEIAA).

Methods: NEIAA is an observational cohort. We included adults with EIA from Feb 2020 to May 2021. Outcomes of interest were hospitalization
and death due to COVID-19, using NHS Digital linkage. Cox proportional hazards were used to calculate hazard ratios for outcomes according to
initial treatment strategy, with adjustment for confounders.

Results: From 14 127 patients with EIA, there were 143 hospitalizations and 47 deaths due to COVID-19, with incidence rates per 100 person-
years of 0.93 (95% CI 0.79, 1.10) for hospitalization and 0.30 (95% CI 0.23, 0.40) for death. Increasing age, male gender, comorbidities and
ex-smoking were associated with increased risk of worse COVID-19 outcomes. Higher baseline DAS28 was not associated with COVID-19
admissions [confounder adjusted hazard ratio (@aHR) 1.10; 95% CI 0.97, 1.24] or mortality (@HR 1.11; 95% CI 0.90, 1.37). Seropositivity was not
associated with either outcome. Higher symptom burden on patient-reported measures predicted worse COVID-19 outcomes. In unadjusted
models, CS associated with COVID-19 death (HR 2.29; 95% CI 1.02, 5.13), and SSZ monotherapy associated with COVID-19 admission (HR
1.92;95% CI 1.04, 3.56). In adjusted models, associations for CS and SSZ were not statistically significant.

Conclusion: Patient characteristics have stronger associations with COVID-19 than the initial treatment strategy in patients with EIA. An impor-
tant limitation is that we have not looked at treatment changes over time.

Keywords: COVID-19, COVID-19 mortality, COVID-19 admissions, inflammatory arthritis, rheumatoid arthritis, psoriatic arthritis, ankylosing spondylitis, early
inflammatory arthritis, DMARD, corticosteroids

Rheumatology key messages

* In patients with early inflammatory arthritis (EIA), no increased risk of coronavirus disease 2019 (COVID-19) mortality was observed
relative to the general population.

* Patients’ characteristics showed a strong association with an increased risk of COVID-19 admissions.

* There were no significant associations between the initial treatment strategy and severe COVID-19 outcomes in EIA.

Introduction

The coronavirus disease 2019 (COVID-19) pandemic has led
to significant morbidity and mortality worldwide, with over
190 million confirmed COVID-19 cases and over 4 million
COVID-19-related deaths by July 2021 [1]. While the impact
of the pandemic is declining, there remains an enormous
amount that we can learn from the disease and in particular
the impact of autoimmunity and immunosuppression on in-
fectious outcomes. At the beginning of the pandemic, several
countries identified patients with inflammatory arthritis as

potentially vulnerable to adverse COVID-19 outcomes, with
recommendations to shield [2]. There were concerns about
the impact of COVID-19 infection in people with inflamma-
tory arthritis, due to underlying immune dysregulation, im-
munosuppressant use, and a high prevalence of
comorbidities. RA patients were known to have higher mor-
tality and morbidity rates compared with the general popula-
tion [3, 4], and an increased risk of serious infections in
general, linked to the use of DMARDs and biologics [3, 6].
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Studies have been performed to assess the impact of COVID-
19 in people with inflammatory arthritis, albeit with conflicting
results. A number of studies reported that the risk of COVID-19
admissions and mortality in people with rheumatological dis-
eases were similar to those in the general population when
adjusting for socioeconomic factors and comorbidities [7-9],
while others reported higher COVID-19 admission and mortal-
ity rates [10-12]. Results could be explained by differing sample
sizes and underlying disease burdens in these cohorts.
Additionally, studies to date have mostly included patients with
well-established disease, with exposure to different DMARDs
and biologics. Outcomes from COVID-19 specifically in people
with early inflammatory arthritis (EIA), and without prior
DMARD exposure, are less clear.

To improve our understanding of COVID-19 outcomes in
people with EIA, in this study we describe the incidences of hos-
pitalization and mortality due to COVID-19 in patients enrolled
in the National Early Inflammatory Arthritis Audit (NEIAA) in
England. We analysed the risk of these outcomes according to
individual risk factors and the initial treatment strategy using
conventional synthetic DMARDs (csDMARDs) by 3 months.

Methods
Data source

NEIAA is an audit commissioned by the Health Quality
Improvement Partnership (HQIP), on behalf of the National
Health Services (NHS) England and the Welsh Government.
The main aim of the audit is to promote quality improvement
activity linked to EIA management by assessing care accord-
ing to the six metrics defined by the National Institute for
Health and Clinical Excellence (NICE) guidelines QS33 [13].

NEIAA started on May 2018 and collects data on adults
(aged >16years) referred to secondary care rheumatology
services in England and Wales with a suspected inflammatory
arthritis, irrespective of the ultimate diagnosis. Patients with a
confirmed EIA diagnosis are eligible for further follow-up.
Information on patient-reported and clinical outcomes are
gathered at baseline, 3 months and 12 months, for those with
confirmed EIA diagnosis. Full methodology on data collection
has been described in NEIAA’s annual report [14].

Study population

In this study, we included patients in England with confirmed
EIA diagnoses including RA, PsA, ankylosing spondylitis
(axSpA), undifferentiated inflammatory arthritis and other ar-
thritis (predominantly reflecting patients yet to be assigned a
diagnosis subtype in the database) enrolled in NEIAA. Data
for Wales were excluded from this report due to limitations of
data availability. In this cohort, patients with EIA are defined
as individuals prior to, or at the time of commencing,
c¢sDMARD therapy.

Exposures

Individuals were considered at risk from February 2020 (date
of first case of COVID-19 in NEIAA) or the date of diagnosis
(whichever was later), and censored at a COVID-19 event,
May 2021 or death (whichever was sooner).

Data collection
Baseline characteristics

Including age, gender, smoking status (current smoker, ex-
smoker and never smoked), working diagnosis, patient
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follow-up eligibility (as a result of a confirmed EIA diagnosis),
symptom duration, associated comorbidities including diabe-
tes, hypertension, lung diseases and the rheumatic disease co-
morbidity index (RDCl—a validated tool that gives a
weighted measure upon the history of cardiovascular disease,
hypertension, diabetes mellitus, chronic lung disease, peptic
ulcer disease, depression and cancer [15]), seropositivity sta-
tus for RF and anti-CCP and deprivation level [using index of
multiple deprivation (IMD)], scores were then grouped into
10 categories according to the English IMD 2015 guidance
[16]. Clinical and patient-reported measures collected at
baseline.

Markers of disease activity, including tender joint count (0—
28 joints), swollen joint count (0-28 joints), patient-reported
global assessment score (0-100 scale, from best to worst),
CRP (mg/l) and/or ESR (mm/h), were used to calculate a DAS
28 joints (DAS28) which is a validated tool to measure disease
activity in RA [17, 18]. A DAS28 was calculated irrespective
of the underlying diagnosis of EIA (i.e. RA, PsA, axSpA and
undifferentiated arthritis). The score was categorized to reflect
remission (0 to <2.6), low disease activity (2.6 to < 3.2),
moderate disease activity (> 3.2 to <5.1) and high disease
activity (> 5.1).

Physical function was assessed using the Health Assessment
Questionnaire version 2 (HAQ-II) [19]. The 10 items included
in this scale are summed to provide a total score ranging from
0 to 3, where higher scores indicate worse function.

Mental health (MH) was assessed using the four-item
Patient Health Questionnaire (PHQ-4) [20] which is the com-
bined form of the two-item PHQ-2 depression scale and two-
item Generalized Anxiety Disorder scale (GAD-2) [21].
Significant MH comorbidity (i.e. a likely diagnosis of anxiety
or depression) is defined if a response is >2 on either PHQ-2
or GAD-2 subscales.

Disease impact was assessed using the Musculoskeletal
Health Questionnaire (MSK-HQ). This 15-item questionnaire
evaluates how musculoskeletal symptoms affect day to day life
across a range of domains including pain, fatigue, emotional
well-being, and work and social activities. Scores range from 0
to 56, with higher scores indicating better MSK health [22].

Information on the initial treatment strategies (i.e.
csDMARDs monotherapy, csDMARDs combination therapy
and concomitant steroids) were collected by the treating clini-
cian at baseline and 3 months (steroids use was only collected
at baseline). MTX, SSZ and HCQ monotherapy and combi-
nation therapies use up to 3 months were included in this re-
port. Steroids use was considered as a separate adjacent
therapy.

COVID-19 outcomes definition

COVID-19 admission and death were identified using linkage
to NHS Digital Hospital Episodes Statistics (HES) and Office
for National Statistics (ONS) datasets. COVID-19 diagnosis
was coded according to the International Classification of
Diseases-10 codes [23]. COVID-19-related death was defined
according to Public Health England 28 mortality, which is
death in a person with a confirmed positive COVID-19 test
that occurred within (in or less than) 28 days of the first posi-
tive COVID-19 specimen [24]. COVID-19-related hospitali-
zation is defined as a hospital admission with a duration of
>24 h associated with a diagnosis of COVID-19 (either a pri-
mary infection or nosocomial acquisition) [25].
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Statistical analysis

For continuous measures, data were described as medians and
interquartile ranges (IQR). For categorical measures, absolute
numbers and percentages were used. Treatment strategies
were used as binary variables, as dose information was not
collected. Inferential statistics (i.e. P-values) were not reported
for differences in baseline characteristics due to the large sam-
ple sizes, and to avoid drawing inferences based upon multi-
ple hypothesis tests.

COVID-19 mortality rates in EIA patients were compared
with COVID-19 mortality rates in England’s general popula-
tion, using age- and gender-standardized incidence rates per
100 person-years. Age was used as the underlining time scale
in these analyses. General population data were downloaded
from the gov.uk coronavirus dashboard [26].

Cox proportional hazards were used to calculate the risk of
COVID-19 admission and deaths in the EIA cohort. Single
failure models were used to examine time to first event
(COVID-19 hospital admission and COVID-19 death ana-
lysed as separate models).

Risks were reported as hazard ratios (HRs) and 95% CIL.
Possible confounders were selected based upon clinical
knowledge and available variables.

A confounder adjusted model included age, gender, smok-
ing status, comorbidities (diabetes, hypertension, lung dis-
ease), deprivation (using IMD). A disease severity adjusted
model included the above-mentioned variables plus disease
factors [seropositivity for RF and/or anti-CCP and disease se-
verity (DAS28) at baseline].

Missing baseline variables, including deprivation, comor-
bidities, baseline DAS28 and seropositivity, were imputed us-
ing multivariate sequential imputation models with 20
chained equations (at the end of each cycle, one imputed data-
set was generated and then the process was repeated to gener-
ate 20 imputed datasets). All missing data were imputed
regardless of the reason/second they were missing. The fol-
lowing variables with complete data were utilized for the im-
putation: age, gender and smoking status.

In the sensitivity analyses, we reported standardized differ-
ences in hazards ratios of COVID-19 outcomes for baseline
DAS28, HAQ, MSK-HQ and MH as these variables are mea-
sured on different scales. The variables were rescaled to a

NEIAA

N=41,225

Suspected EIA
(From Feb 2020-May 2021)

standardized value with a mean of zero and s.p. of one, and
then differences in s.n. were calculated.

For prediction models, statistical significance was assessed
at the 5% level. No correction for multiple hypotheses was
made. All statistical analyses were performed using Stata ver-
sion 17.0 (StataCorp, College Station, TX, USA).

Ethical approval

Approval to conduct this research using NEIAA’s dataset was
obtained from HQIP. Informed patient consent was not re-
quired, as NEIAA has permission from the UK Government
Secretary of State for Health to collect data for the purposes
of national audit. Ethical approval to undertake research in
NEIAA has been granted (Clinical Advisory Group
Reference: 19/CAG/0059; Research Ethics Committee refer-
ence: 19/EE/0082). Data access requests can be made through
HQIP and are subject to data-sharing agreement approval.

Results
Baseline characteristics

In total, 28 090 individuals were recruited to NEIAA between
February 2020 and May 2021 (Fig. 1). Of those, 14007
patients had a confirmed EIA diagnosis and were included in
further analyses. RA was the most frequent diagnosis
(n=9792), followed by PsA (n=1804), undifferentiated ar-
thritis (n=1661), other EIA (n=541) and axSpA (n=272).

Baseline characteristics by EIA diagnosis are shown in
Table 1. The median age was 57 (IQR 45, 69) years and 8677
(62%) were female. Some 2664 (19%) patients were current
smokers, while 4011 (29%) were ex-smokers. A total of 2563
(19%) had hypertension, 1187 (9%) had diabetes and 1280
(9%) had lung disease.

RF or anti-CCP antibodies were positive in 7082 (56%)
patients. Some 8919 (64%) patients had arthritis symptoms
for <6 months at the time of rheumatology assessment. Mean
DAS28 at presentation was 4.6 (1.5), with a median baseline
ESR of 24 (IQR 10.0, 41.0) and a median CRP of 10 (IQR
4.0, 26.0). The median HAQ score at baseline was 1.0 (IQR
0.5, 1.5) and median MSK-HQ score was 24 (IQR 17.0,
33.0). The median combined PHQ-2 and GAD score was 4
(IQR 1.0, 8.0).

N=28,090
Rheumatoid arthritis Psoriatic arthritis Axial Spondyloarthritis Undifferentiated arthritis Other
N=19,513 N=3,610 N=544 N=3,335 N=1,088

Confirmed EIA
(Eligible for follow-up)

N=14,007
Rheumatoid arthritis Psoriatic arthritis Axial Spondyloarthritis Undifferentiated arthritis Other
N=9,729 N=1,804 N=272 N=1,661 N=541

EIA: early inflammatory arthritis; N= population size; NEIAA: national early inflammatory audit.

Figure 1. Population flow chart
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Table 1. Baseline characteristics of patients with confirmed EIA in NEIAA

Total RA PsA axSpA Undifferentiated arthritis Other
N=14007 N=9729 N=1804 N=272 N=1661 N=541
Age, years, median 57 (45, 69) 60 (49, 71) 47 (35, 58) 37(30,49) 55 (41,68) 53(38,65)
(IQR)
Age band, 7 (%)
16-24 380 (2.7) 163 (1.7) 87 (4.8) 30(11.0) 73 (4.4) 27(5.0)
25-39 2120 (15.1) 1039 (10.7) 542 (30.0) 124 (45.6) 295 (17.8) 120 (22.2)
40-54 3540 (25.3) 2285 (23.5) 581(32.2) 78 (28.7) 450 (27.1) 146 (27.0)
55-64 3114 (22.2) 2325(23.9) 333 (18.5) 23 (8.5) 331 (19.9) 102 (18.9)
65-74 2859 (20.4) 2277 (23.4) 196 (10.9) 11 (4.0) 295 (17.8) 80 (14.8)
>75 1994 (14.2) 1640 (16.9) 65(3.6) 6(2.2) 217 (13.1) 66 (12.2)
Gender, 1 (%)
Male 5330 (38.1) 3547 (36.5) 792 (43.9) 159 (58.5) 625 (37.6) 207 (38.3)
Female 8677 (61.9) 6182 (63.5) 1,012 (56.1) 113 (41.5) 1036 (62.4) 334 (61.7)
Ethnicity, 7 (%)
White 11970 (85.5) 8264 (84.9) 1609 (89.2) 232 (85.3) 1418 (85.4) 447 (82.6)
Black 354 (2.5) 283 (2.9) 16 (0.9) 7 (2.6) 41 (2.5) 7 (1.3)
Asian 1039 (7.4) 720 (7.4) 113 (6.3) 21(7.7) 135 (8.1) 50(9.2)
Mixed 80 (0.6) 50(0.5) 11 (0.6) 0(0.0) 17 (1.0) 2(0.4)
Other 371 (2.6) 272 (2.8) 27 (1.5) 10 (3.7) 43 (2.6) 19 (3.5)
Smoking status, 7 (%)
Current smoker 2664 (19.0) 1940 (19.9) 319 (17.7) 58(21.3) 263 (15.8) 84 (15.5)
Ex-smoker 4011 (28.6) 2894 (29.7) 465 (25.8) 51(18.8) 458 (27.6) 143 (26.4)
Never smoked 6336 (45.2) 4240 (43.6) 865 (47.9) 132 (48.5) 833 (50.2) 266 (49.2)
Comorbidity, 7 (%)
None 8175 (59.2) 5407 (56.2) 1234 (69.3) 197 (73.8) 981 (60.2) 356 (68.2)
One 2947 (21.3) 2086 (21.7) 358(20.1) 44 (16.5) 355(21.8) 104 (19.9)
Two or more 2698 (19.5) 2128 (22.1) 188 (10.6) 26 (9.7) 294 (18.0) 62 (11.9)
Diabetes mellitus, 72 (%)
No 12633 (91) 8732 (91) 1664 (93) 254 (95) 1491 (91) 492 (94)
Yes 1187 (9) 889 (9) 116 (7) 13 (5) 139 (9) 30 (6)
Hypertension, 7 (%)
No 11257 (81) 7613 (79) 1586 (89) 248 (93) 1353 (83) 457 (88)
Yes 2563 (19) 2008 (21) 194 (11) 19 (7) 277 (17) 65 (12)
Lung disease, 72 (%)
No 12540 (91) 8551 (89) 1717 (96) 259 (97) 1512 (93) 501 (96)
Yes 1280 (9) 1070 (11) 63 (4) 8 (3) 118 (7) 21 (4)
Disease characteristics Duration symptoms, 7 (%)
<1 month 1125 (8.1) 775 (8.0) 96 (5.4) 9(3.3) 190 (11.5) 55(10.4)
1-3 months 4489 (32.4) 3377 (35.1) 390 (22.0) 37 (13.7) 526 (31.8) 159 (29.9)
3-6 months 3305 (23.8) 2350 (24.4) 419 (23.6) 29 (10.7) 391 (23.6) 116 (21.8)
6-12 months 2578 (18.6) 1770 (18.4) 391 (22.0) 46 (17.0) 279 (16.9) 92 (17.3)
>12 months 2367 (17.0) 1361 (14.1) 479 (26.9) 149 (55.1) 269 (16.2) 109 (20.5)
RF or anti-CCPA positive, 7 (%)
No 5493 (43.7) 2641 (29.1) 1279 (89.3) 137 (95.1) 1141 (77.4) 295 (67.8)
Yes 7082 (56.3) 6447 (70.9) 154 (10.7) 7 (4.9) 334 (22.6) 140 (32.2)
Baseline DAS28, mean 4.6 (1.5) 4.9 (1.4) 4.2 (1.4) 2.7 (1.4) 4.1(1.4) 3.5(1.5)
(SD)
ESR mm/h, median 24.0 (10.0,41.0) 27.0(12.0,44.0) 16.0(7.0,32.0)  7.0(2.0,25.0) 20.0 (8.0, 38.0) 17.0 (6.0, 33.5)
(IQR)
CRP mg/L, median 10.0 (4.0,26.0) 11.0 (4.0,29.0) 7.0 (3.0,17.0) 5.0 (2.0, 16.0) 8.0 (3.0,22.0) 6.0 (3.0, 18.0)
(IQR)
Patient-reported outcomes, median (IQR)
MSK-HQ score 24.0 (17.0,33.0) 24.0(16.0,33.0) 26.0(18.0,34.0) 25.0(17.0,33.0) 25.0(17.5,33.5) 27.0 (17.0, 36.0)
HAQ 1.0 (0.5,1.6) 1.1 (0.6,1.6) 0.9 (0.5,1.4) 0.8 (0.5,1.4) 0.9 (0.5,1.5) 0.9 (0.4,1.4)
PHQ and GAD 4.0 (1.0, 8.0) 4.0 (1.0, 8.0) 4.0 (1.0, 7.0) 4.0 (2.0,7.0) 4.0 (1.0, 8.0) 4.0 (1.0, 7.0)

combined total (MH)

Baseline characteristics of patients with EIA in England recruited to NEIAA. Individuals were considered at risk from February 2020 (date of first case of
COVID-19 in NEIAA) or date of diagnosis (whichever was later) and censored at a COVID-19 event, May 2021 or death (whichever was sooner). EIA: early
inflammatory arthritis; NEIAA: National Early Inflammatory Arthritis Audit; DAS28: DAS for 28 joints; GAD: Generalized Anxiety Disorder scale; HAQ:
HAQ Disability Index; IQR: interquartile range; MH: Mental Health based on (PHQ-2) and (GAD-2) combined score, significant MH comorbidity (i.e. a
likely diagnosis of anxiety or depression is present) is defined if a response is >2 on either PHQ or GAD; MSK-HQ: Musculoskeletal Health Questionnaire;
PHQ: Patient Health Questionnaire; COVID-19: coronavirus disease 2019.
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Table 2. Treatment strategy used in EIA patients by 3 months
Total RA PsA axSpA Undifferentiated arthritis Other
N=14007 N=9729 N=1804 N=272 N=1661 N=541
No DMARD, 7 (%) 2866 (21) 1223 (13) 452 (26) 201 (80) 689 (43) 301 (60)
MTX, 7 (%)
MTX monotherapy 6008 (44) 4591 (48) 954 (56) 13 (5) 385 (24) 65(13)
MTX combination 1346 (10) 1253 (13) 25 (1) 7 (3) 54 (3) 7 (1)
SSZ,n (%)
SSZ monotherapy 1280 (9) 798 (8) 224 (13) 10 (4) 202 (13) 46 (9)
SSZ combination 244 (2) 207 (2) 15(1) 3(1) 17 (1) 2 (0)
HCQ, 7 (%)
HCQ monotherapy 1813 (13) 1450 (15) 27 (2) 8 (3) 254 (16) 74 (15)
HCQ combination 1352 (10) 1282 (14) 7(0) 4(2) 51(3) 8 (2)
Missing treatment information, 7 351 236 91 21 57 37
Corticosteroids, 7 (%)
No 4080 (30) 2096 (22) 882 (51) 195 (79) 632 (40) 275 (55)
Yes 9513 (70) 7417 (78) 851 (49) 51(21) 968 (60) 226 (45)
Missing steroid information, # 414 216 71 26 61 40

Early treatment strategy used in patients with EIA in England recruited to NEIAA. Individuals were considered at risk from February 2020 (date of first case
of COVID-19 in NEIAA) or date of diagnosis (whichever was later) and censored at a COVID-19 event, May 2021 or death (whichever was sooner). EIA:
early inflammatory arthritis; NEIAA: National Early Inflammatory Arthritis Audit; 7: number of patients; COVID-19: coronavirus disease 2019.

Table 3. Incidence rate for COVID-19 admissions and deaths in patients with EIA using single failure Cox model

Variable All EIA RA PsA axSpA Undifferentiated arthritis Other
COVID-19 admissions
Total patients 14007 9729 1804 272 1661 541
n 143 104 11 2 19 7
PY 15291.89 10611.01 1961.69 298.67 1828.88 591.64

IR (95% CI) per 100 PY 0.93 (0.79, 1.10)
COVID-19 deaths

0.98 (0.80, 1.18)

0.56 (0.31, 1.01)

0.66 (0.16,2.67) 1.03 (0.66, 1.62) 1.18 (0.56, 2.48)

Total patients 14007 9729 1804 272 1661 541
n 47 36 1 0 N N
PY 15295.43 10613.52 1961.82 298.67 1829.45 591.97

IR (95% CI) per 100 PY 0.30(0.23,0.40) 0.33(0.24, 0.47)

0.05 (0.00, 0.36)

0(0,0.01) 0.27(0.11, 0.65) 0.84 (0.35,2.03)

Incidence rates of COVID-19 hospital admissions and deaths in patients diagnosed with EIA in England. EIA: early inflammatory arthritis; COVID-19:
coronavirus disease 2019; IR: incidence rate; 7z: number of patients with COVID-19 outcome; PY: person years.

Initial DMARD therapy by 3 months was known for
13 656/14 007 patients. Details on the monotherapy and com-
bination csDMARDs can be seen in Table 2. MTX was the
most common DMARD prescribed (54 %), followed by HCQ
(23%) then SSZ (11%). More than half of patients were tak-
ing steroids at baseline (70%).

COVID-19 admissions and mortality

Details on COVID-19 admissions and mortality by EIA diag-
nosis can be seen in Table 3. In total, there were 143 COVID-
19-related admissions in 14 007 patients with a confirmed
EIA diagnoses during the follow-up period, with an incidence
rate of 0.93 per 100 person-years (95% CI 0.79, 1.10). Six
patients had COVID-19 admissions before they were diag-
nosed with EIA and those patients did not contribute to the
estimates.

There were 47 COVID-19 deaths in 14007 patients with
confirmed EIA diagnoses during our follow-up period, with
an incidence rate of 0.30 per 100 person-years (95% CI 0.23,
0.40).

Overall, the standardized mortality ratio (SMR) for
COVID-19 mortality in patients with EIA was not signifi-
cantly different to the general population in England
(matched by age and gender), as shown in Fig. 2. The SMR

also did not vary by gender: males 1.05 (95% CI 0.65, 1.45)
and females 1.04 (95% CI 0.58, 1.50).

Predictors of COVID-19 admissions and mortality

Details on factors associated with COVID-19 admissions and
deaths in different adjusted models can be seen in
Supplementary Table S1, available at Rheumatology online.

In confounder adjusted models, the risk of both COVID-19
admissions and deaths increased with increasing age: adjusted
hazard ratio (aHR) 1.02, 95% CI 1.01, 1.04, and aHR 1.07,
95% CI 1.04, 1.10, for each year older, respectively. Female
gender and living in a less deprived area significantly associ-
ated with fewer admissions: aHR 0.69, 95% CI 0.49, 0.97,
and 0.92 per decile (95% CI 0.87, 0.98), respectively. There
were no significant associations found between COVID-19
deaths and gender. Results were consistent when we adjusted
for disease severity, except for the association between gender
and COVID-19 admissions, where it was no longer
significant.

Current smoking did not show any significant associations
with COVID-19 admissions or deaths, whereas ex-smoking
status associated with COVID-19 admissions (aHR 1.62,
95% CI 1.10, 2.38) but not mortality (aHR 1.68, 95% CI
0.85, 3.33).
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Figure 2. Smoothed graph of COVID-19 deaths in patients with EIA and the general population in males and females from Feb 2020 to May 2021.
Smoothed graph of the standardized incidence rate of COVID-19 deaths in males and females diagnosed with EIA and the general population in England.
COVID-19 mortality rates in EIA patients were compared with COVID-19 mortality rates in England’s general population, using age- and gender-
standardized incidence rates per 100 person-years. Age was used as the underlining time scale in these analyses. General population data were
downloaded from the gov.uk coronavirus dashboard [26]. COVID-19: coronavirus disease 2019; EIA: early inflammatory arthritis

Comorbidities (diabetes mellitus, hypertension and lung
disease) were significantly associated with COVID-19 admis-
sions. Diabetes and hypertension were significantly associated
with COVID-19 deaths (aHR 3.66, 95% CI 1.99, 6.74) and
(aHR 1.99, 95% CI 1.09, 3.62), respectively. Associations be-
tween lung disease and COVID-19 deaths were non-
significant (aHR 1.85, 95% CI 0.92, 3.69).

Disease severity was not significantly associated with
COVID-19 admissions (aHR 1.10, 95% CI 0.97, 1.24) or
death (aHR 1.11, 95% CI 0.90, 1.37). Also, there were no
significant associations between seropositivity for RF or anti-
CCP and admissions (aHR 0.84, 95% CI 0.58, 1.20) or mor-
tality (aHR 1.51, 95% CI 0.77, 2.95).

Higher HAQ was associated with both COVID-19 admis-
sions (aHR 2.49, 95% CI 1.64, 3.80) and death (aHR 2.61,
95% CI 1.29, 5.25). Lower MSK-HQ scores (indicating
greater functional impairment) and higher MH (the likelihood

diagnosis of anxiety of depression) were associated with
COVID-19 admissions (aHR 0.96, 95% CI 0.93, 0.98, and
aHR 1.06, 95% CI 0.99, 1.14), respectively, but not mortal-
ity. To describe the impact of different predictors using a com-
mon scale, the standardized differences in HRs for baseline
DAS28, HAQ, MSK-HQ and MH in predicting COVID-19
outcomes can be seen in the Supplementary Table S2, avail-
able at Rheumatology online.

COVID-19 admissions, mortality and early treatment
strategy used in patients with EIA

In unadjusted models, CS use within 3 months of assessment
associated with COVID-19 death (HR 2.29, 95% CI 1.02,
5.13). SSZ monotherapy associated with COVID-19 admis-
sion (HR 1.92, 95% CI 1.04, 3.56), but not COVID-19 mor-
tality. In age/gender, confounder and disease severity-adjusted
models, there were no significant associations between
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Table 4. Hazard ratios for COVID-19 admissions and mortality in patients with EIA in relation to early monotherapy treatment (imputed analyses)
Models MTX monotherapy SSZ monotherapy HCQ monotherapy Steroids
HR (95% CI) Pvalue HR(95% CI)  P-value HR (95% CI) P-value HR (95% CI) P-value
COVID-19 admissions
Unadjusted 1.23 (0.75,2.01) 0.39 1.92 (1.04,3.56)  0.03 1.43 (0.79, 2.61) 0.23  1.36(0.92,2.02) 0.11
Age- and gender-adjusted  1.10 (0.67, 1.80) 0.68 1.73(0.93,3.20)  0.08 1.37(0.75, 2.49) 0.30 1.04(0.70,1.54) 0.83
Confounder-adjusted® 1.11 (0.68, 1.81) 0.67 1.47(0.78,2.76)  0.22 1.25 (0.68, 2.28) 0.46 1.07(0.71,1.59) 0.74
Disease severity—adjustedb 1.02 (0.60, 1.72) 0.92 1.36(0.70,2.64)  0.35 1.19 (0.63,2.25) 0.58 1.00(0.64,1.56) 0.98
COVID-19 deaths
Unadjusted 0.97 (0.42,2.26) 0.96 1.39(0.45,4.25) 0.58 1.69 (0.65, 4.40) 0.27 2.29(1.02,5.13) 0.04
Age- and gender-adjusted  0.87 (0.37,2.03) 0.76 1.13(0.37,3.46)  0.82 1.58 (0.61,4.11) 0.34 1.40(0.62,3.16) 0.41
Confounder-adjusted® 0.89 (0.38,2.08) 0.80  1.02(0.33,3.13) 0.97 1.49 (0.57, 3.89) 0.41 1.49(0.66,3.36) 0.33
Disease severity—adjustedb 0.78 (0.31, 1.95) 0.60  0.88(0.25,3.05) 0.84 1.24 (0.43, 3.58) 0.68 1.14(0.48,2.67) 0.76

Hazards ratios of COVID-19 hospital admissions and deaths in patients diagnosed with EIA in England based on early treatment strategies (monotherapy)
compared with no DMARD start (0-3 months) and concomitant steroids use at baseline using single failure Cox regression models. Multiple imputation
model using chained equations (20 imputed datasets) was used for missing data in comorbidities, deprivation, baseline DAS28 and seropositivity. The
following variables with complete data were utilized for the imputation: age, gender and smoking.

* Confounder adjusted model adjusted for age, gender, smoking status, comorbidities (hypertension, diabetes mellitus, lung disease) and social deprivation

using deprivation index.

Adjusted for age and gender, confounders and baseline DAS28, RF or anti-CCP seropositivity. EIA: early inflammatory arthritis; COVID-19: coronavirus

disease 2019; HR: hazard ratio; DAS28: DAS for 28 joints.

COVID-19 admissions or deaths and DMARD monotherapy
(Table 4), combination therapy (Supplementary Table S3,
available at Rbheumatology online) or CS use (Table 4).

Discussion

To our knowledge, this is the first study to report COVID-19
deaths and admissions in patients with newly diagnosed in-
flammatory arthritis. We found no increased risk of COVID-
19 deaths in patients with early inflammatory arthritis relative
to the general population in England [SMR for males was
1.05 (95% CI 0.65, 1.45) and for females 1.04 (95% CI 0.58,
1.50)]. Age, male gender, social deprivation, ex-smoking,
comorbidities and patient-reported outcomes (HAQ and
MSK-HQ) were related to increased risk of COVID-19 hospi-
talization. In contrast, there were no associations between the
initial treatment strategy used in patients with EIA by
3 months and severe COVID-19 outcomes.

Our findings were broadly in agreement with previous
studies focusing on patients with established disease. A
Danish cohort reported higher odds of COVID-19 deaths in
patients with RA and CTDs, relative to the general popula-
tion, in unadjusted analyses. However, when adjusted for age
and gender, there was no increase in risk [27]. A large UK
study using the OpenSAFELY database reported a slightly
higher risk of deaths in patients with RA, psoriasis and SLE,
compared with the general population [28]. However, despite
the difference inference based on significance testing, the 95%
ClIs were consistent with this study. Other studies reported no
substantial differences in clinical outcomes between patients
with rheumatic diseases and the general population [11, 29].

Our findings demonstrated that older age, male sex, the
presence of comorbidities, living in a more deprived area,
worse physical function and frailty (i.e. worse HAQ, MSK-
HQ and MH scores) were risk factors for severe COVID-19
outcomes.

This has been shown in previous studies on patients with
rheumatic diseases [8, 10, 11, 29, 30]. In confounder-adjusted
analyses, seropositivity and disease severity using the DAS28
joint score did not significantly associate with adverse
COVID-19 outcomes. Other studies on patients with

inflammatory arthritis and CTD had shown an association
with higher disease activity and COVID-19 deaths [2, 31]. It
is important to recognize that most previous studies included
patients with well-established rheumatic disease, and these
patients were therefore more likely to be older and may have
had a substantially higher comorbidity burden, prior treat-
ment exposure and different immune dysregulation than
newly diagnosed EIA patients [32, 33].

The risk of being hospitalized due to COVID-19 was found
to be increased in ex-smokers (aHR 1.62, 95% CI 1.10, 2.38)
compared with non-smokers. There were no significant asso-
ciations between severe COVID-19 outcomes and current
smoking. These findings were reported in other observational
studies [34-38]. The exact effect of smoking on the severity of
COVID-19 outcomes is still ambiguous [39, 40]. There are a
number of plausible explanations for the difference between
current and ex-smokers including selection bias [41], unmeas-
ured confounders, (such as smoking related comorbidities in
ex-smokers) [37], and misclassification bias if smokers hospi-
talized with COVID-19 stopped during admission [38].

Of the four patient reported outcomes collected in NEIAA,
using standardized difference in HRs, physical function seems
to be a more important predictor for worse COVID-19 out-
comes compared with disease impact measures or mental
health. Only HAQ was associated with COVID-19 deaths in
our model. Both HAQ and MSK-HQ assess the impact of
musculoskeletal symptoms on the patient’s life and are highly
correlated. HAQ is more sensitive tool in differentiating
patients with extremely poor musculoskeletal health, while
MSK-HQ is better in differentiating patients with better
function [41].

In our model there was an association between worse men-
tal health scores measured by the PHQ GAD combined score
and COVID-19 admissions but not deaths. Psychological dis-
tress including depression and anxiety is considered a risk fac-
tor for COVID-19 hospitalization but not mortality [39]. It
was reported previously that mood and anxiety disorders are
not associated with a higher risk for COVID-19 mortality.
Only schizophrenia spectrum disorders were linked to
COVID-19 deaths; however, this is beyond our scope as we
did not report details on the psychiatric diagnosis [40].
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We also have demonstrated that there is no clear increased
risk of adverse COVID-19 outcomes in patients with EIA
from the use of csDMARDs monotherapy or combination
therapy in our adjusted analyses compared with no DMARDs
use. However, most of our patients were on c¢sDMARDs
monotherapy by 3 months, and this may affect our interpreta-
tion for the combination strategies risk. Similar findings on
the use of csDMARDs were reported previously [42, 43]. In
our analyses SSZ predicted COVID-19 admissions in the
unadjusted model. However, this result was no longer signifi-
cant when we adjusted for age, gender, confounders and dis-
ease severity.

There have been previous reports on the impact of SSZ
monotherapy use and poor COVID-19 outcomes [31, 44,
45]. Results may be affected by the selection bias in these
studies, different patient cohorts and/or by confounders. SSZ
is a long established DMARD and is considered to have a low
immunosuppressive effect [46], and this may have led to an
increased number of patients started on SSZ due to this con-
sideration at the beginning of the pandemic [31]. It is impor-
tant to note that these other studies included patients with
CTD, vasculitis and IBD [31, 45] while our study mainly
reported on patients with EIA. In the context of inflammatory
arthritis, our findings suggest that the link between SSZ and
COVID-19 mortality may be driven by confounding factors
rather than a true causal link.

There has also been considerable work surrounding the use
of DMARD:s, steroids and COVID-19 severity in long-lasting
rheumatic diseases [31, 47].

In our cohort the use of CS was associated with increased
risk of COVID-19 deaths in the unadjusted model, but this re-
lation was no longer significant when we accounted for age,
gender, confounders and disease severity. This finding was
similar to another study [48]. Our result should be interpreted
with several caveats as assessment of steroids exposure was
imperfect. The steroid data are captured at one time point
(which may reflect short-term induction therapy and not
long-term use) and we do not collect steroid dose in NEIAA.

Other data from observational studies suggest the associa-
tion between moderate to high dose of chronic steroids use
and worse COVID-19 outcomes [31, 49, 50]. The COVID-19
Global Rheumatology Alliance (C19-GRA) in 2021 indicated
that high-dose glucocorticoids (>10 mg/day of prednisolone-
equivalent) prior to infection increase the chance of adverse
COVID-19 outcomes [31]. Another analysis suggested that
the steroid risk maybe confounded by indication and that the
underlying rheumatic disease activity affected the risk of
COVID-19 death [51].

Strengths and limitations

NEIAA is one of the largest cohorts of patients with EIA. In
our analyses we included patients with inflammatory arthritis
only, and we adjusted for several important confounding fac-
tors including age, gender, comorbidities, disease severity,
and RA and/or anti-CCP seropositivity. We acknowledge that
our study has important limitations. The captured COVID-19
events were low in frequency, although our sample size was
large, and thus power and precision were low for some analy-
ses, particularly when considering subgroups. The informa-
tion on treatment needs to be considered in the context that
we did not capture any data on treatment changes over time,

Maryam A. Adas et al.

treatment adherence or dose. We did not capture information
on biologics or targeted treatment. We also analysed patients
with inflammatory arthritis as one group and have not
accounted for disease-specific risk.

In conclusion, we have shown that in an EIA population,
the risk factors for severe COVID-19 did not differ to the
known predictors in the general population. Importantly, the
initial treatment strategy did not appear to associate with
COVID-19 hospitalization or mortality. Although the impacts
of COVID-19 are reducing, there remains much that we can
learn from the pandemic, including how immune modulation
impacts upon viral hospitalization infection risk.

Supplementary material

Supplementary material is available at Rheumatology online.

Data availability

Data used in this study were collected for the National Early
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Partnership (HQIP)]. Data are available upon reasonable re-
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dependent scientific research, and will be provided following
review and approval of a research proposal and Statistical
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in the article. All figures and tables included in this article are
original.
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