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Abstract

Objective: To identify risk of serious infections (Sl) according to initial conventional synthetic DMARDs (csDMARD) and CS, in patients recruited
to the National Early Inflammatory Arthritis Audit.

Methods: An observational cohort study was used, including adults in England and Wales with new diagnoses of RA between 2018 and 2023.
The main outcome was Sl events, defined as infections requiring hospitalization/or resulting in death. Secondary analyses evaluated Sl-related
mortality alone. Hazard ratios (HR) were calculated using cox proportional hazards models. Primary predictor was initial treatment strategy, with
confounder adjustments.

Results: A total of 17472 patients were included, of whom 10997 were on MTX-based strategies, 4540 on other csDMARDs and 13680 re-
ceived CS. There were 1307 Sl events, corresponding to incidence rates (IR) per 100 person-years of 3.02 (95% Cl 2.86-3.19) and 311 cases of
Sl-related mortality (IR 0.69, 95% CI 0.61-0.77). MTX-based strategies were associated with reduced risk of S| events compared with other
csDMARDs (adjusted HR 0.72, 95% CI 0.63-0.82). In unadjusted models, CS was associated with higher risk of Sl events, but in adjusted mod-
els this association was no longer significant (adjusted HR 0.99, 95% CI| 0.87-1.12). Increasing age, being a current/or ex-smoker (relative to
non-smoker), having a comorbidity, being seropositive and having high DAS based on 28 joint count (DAS28) were all associated with increased
incidence of SI. One unit increase in baseline DAS28 increases the risk of Sl event by 10%.

Conclusion: MTX-based regimens associated with a reduced risk of SI compared with other strategies. Patient-level and disease-related factors
at diagnosis are important predictors of Sl in individuals with new RA.

Keywords: early rheumatoid arthritis, rheumatoid arthritis, infection, mortality, serious infections, initial treatment strategy, csDMARDs, methotrexate,
corticosteroids.

Rheumatology key messages

* Evidence on serious infection risk in early RA remain limited.

* In early RA, MTX-based strategies were associated with low infection rates.

* Patient factors and disease severity, over drug choice, are the most relevant factors when assessing the infection risk in early RA.
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Introduction

Infections are among the common causes of morbidity and
mortality in RA, driven by both immune dysfunction and im-
munosuppressive therapies [1, 2]. Understanding the interac-
tion between RA treatment and infection risk is essential for
optimizing patient outcomes [3, 4].

Over the past three decades, there has been a substantial
shift in RA treatment strategies, with an emphasis on early in-
tervention to optimize disease outcomes during the critical
‘window of opportunity’ [5]. Despite therapeutic advance-
ments, CS are widely used in RA, while safety concerns re-
main debated [6]. Conventional synthetic DMARDs
(csDMARD:s) continue to form the cornerstone of RA main-
tenance therapy [7-9] with little evidence available that spe-
cifically considers the safety of treatments for early RA, as
most available evidence comes from individuals with well-
established disease and a high comorbidity burden.

Using the National Early Inflammatory Arthritis Audit
(NEIAA) data we aimed to: (i) describe serious infection (SI)
incidence in early RA; and (ii) compare SI risk across treat-
ment strategies, including MTX and CS at diagnosis. A sec-
ondary aim was to evaluate Sl-related mortality separately.

Methodology
Data source

NEIAA is a quality improvement initiative commissioned by
the Health Quality Improvement Partnership, aimed at en-
hancing the quality of care for patients with early inflamma-
tory arthritis. This is achieved by assessing healthcare services
against six predefined metrics based on the National Institute
for Health and Care Excellence guidelines (NICE) [10]. Full
details on NEIAA collection have been previously published
[11]. NEIAA collects data on adults referred to secondary
care rheumatology services with suspected inflammatory ar-
thritis. Patients with a confirmed inflammatory arthritis diag-
nosis are eligible for further follow-up.

Outcome data are obtained through linkage with the
Office for National Statistics, Hospital Episode Statistics
database in England and the Patient Episode Database for
Wales, of which outcomes are recorded using the International
Classification of Diseases, 10th Revision (ICD-10) codes.
NEIAA is supported by patients’ groups, who contribute to
study designs, interpretation and findings dissemination.

Study population

We included adult (aged >18 years) patients in England and
Wales with a clinician confirmed RA diagnosis enrolled in
NEIAA from May 2018 to April 2023 [RA diagnosis was
based on clinician assessment and although classification cri-
teria (i.e. ACR/EULAR) are likely to have informed clinical
decisions, this was not mandated or explicitly recorded in
the audit dataset]. The data flow chart can be seen in
Supplementary Fig. S1, available at Rheumatology online.

Outcomes

The primary outcome of this study was the occurrence of a
serious infection (SI) episode, defined as either a hospital ad-
mission due to infection or an infection-related death, where
an infectious event was listed as the primary cause of the ad-
mission. A hospitalized infection was defined as an
unplanned hospital admission within a government-funded
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healthcare system (the National Health Service in the UK),
where hospitalization is reserved for patients with clinical
compromise requiring inpatient management. We excluded
new infectious complications occurring during hospital
admissions for other primary causes. The secondary outcome
was an infection-related mortality. Bacterial, viral, fungal
and all other infectious related diseases were identified using
a predefined ICD-10 code list (Supplementary Table S1,
available at Rheumatology online) using the World Health
Organization sheet for ICD-10 [12]. ICD codes were identi-
fied by two clinical researchers (M.A.A., LK.). Disagreements
were resolved after discussion with a third and fourth clinical
researcher with expertise in infectious disease (V.A., ].B.G.).
Individuals were considered at risk from the date of their
RA diagnosis until the date of the outcome of interest, death
from another cause or 1 April 2023, whichever came first.

Covariates

Patient demographics were tabulated at baseline, including
age, gender, socioeconomic position [measured using the
Index of Multiple Deprivation (IMD)] and smoking status
(current smoker, ex-smoker and never smoked). Disease
characteristics recorded included symptom duration prior to
diagnosis, seropositivity status for RF and anti-CCP anti-
body, tender joint count (0-28 joints), swollen joint count
(0-28 joints), patient-reported global assessment score (0—
100 scale), CRP (mg/l) and/or ESR (mm/h). The DAS based
on 28 joint count (DAS28) was calculated using either CRP
or ESR, depending upon data availability. In our cohort,
baseline DAS28 was predominantly based on CRP (94%),
while only 6% of scores were derived using ESR. Data on
comorbidities at baseline, included the presence of pre-
existing diabetes, hypertension and chronic lung disease.

Treatment strategies

Information on the initial treatment strategies (i.e.
c¢sDMARDs monotherapy, csDMARDs combination therapy
and concomitant steroids) were collected by the treating clini-
cian at baseline and 3 months (steroids use was collected at
baseline). MTX-based strategies (monotherapy or in combi-
nation with other csDMARDSs) and other csDMARD:s strate-
gies were defined based on information recorded in NEIAA
at baseline and at 3 months (i.e. an individual was defined as
being on a MTX strategy if this had been recorded by
3 months). Steroids use was considered as a separate adjuvant
therapy at baseline—in NEIAA, steroid use is only captured
at baseline, not at later time points. Treatment route of ad-
ministration and doses are not recorded in NEIAA. A sensi-
tivity analysis was undertaken to examine the SI risk
(primary outcome) across individual csDMARDs monothera-
pies compared with MTX monotherapy.

Statistical analysis

For continuous measures, data were described as medians
and interquartile ranges (IQR). For categorical measures, ab-
solute numbers and percentages were used. Treatment strate-
gies 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 sample sizes, and to avoid drawing inferences based
upon multiple hypothesis tests. Fine and Gray proportional
hazards survival models were used to identify factors associ-
ated with increased risk of SI occurring, accounting for death
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due to any non-infective cause as a competing risk. Single
failure models were used for all analyses. Robust standard
errors were estimated to account for clustering of patients
within the health trusts. All models were adjusted for age,
gender, socioeconomic position, smoking status, comorbid-
ities, seropositivity status and baseline disease severity.
Analyses adjusted for only age and gender are available in the
Supplementary Materials, available at Rheumatology online.

Multi-level imputation model was used to reduce bias at-
tributable to missing data in baseline covariates including
comorbidities, social deprivation, baseline DAS28 and sero-
positivity. Full methodology for the imputation model is in
the Supplementary File, available at Rbeumatology online.
Risks were reported as hazard ratios (HRs) and 95% CI.
Graphical display of the event rates over time are presented
using cumulative incidence plots.

For all models, statistical significance was assessed at the
5% level. No corrections for multiple hypothesis testing
were made.

To compare the mortality event rates in NEIAA to the gen-
eral population, age-band stratified standardized mortality
ratios (SMR) were calculated using publicly available mortal-
ity data from England as the reference [13]. Infection-related
mortality was published until 2022, therefore an average
infection-related death for the general population was
calculated from 2018 to 2022. A sensitivity analyses was
performed excluding coronavirus disease 2019 (COVID-19)-
related mortality. All statistical analyses were performed
using Stata version 17.0 (StataCorp, College Station,
TX, USA).

Ethical approval

Approval to use the NEIAA dataset was obtained from
Healthcare Quality Improvement Partnership (HQIP).
Informed patient consent was not required, 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 reference: 19/EE/0082). Data ac-
cess requests are made through HQIP and are subject to data
sharing agreement approval.

Results
Population characteristics

A total of 17 803 patients with a confirmed diagnosis of RA
were recruited to NEIAA between May 2018 and April 2023.
Of those, 17472 patients had data available on their initial
treatment strategy using c¢sDMARDs and were included
in further analyses, with a mean follow-up time of 2.62 years
(s.p. 1.52).

Full baseline characteristics of the included patients can be
seen in Table 1. There was a predominance of females
(n=11081; 63%), a mean age of 59 years (s.n. 15); diabetes
mellitus (7=1660; 10%), chronic lung disease (n=1958;
11%) and hypertension (7=3665; 21%). Some 12070
(69.1%) of the cohort were seropositive for either RF or CCP
antibody. Mean baseline DAS28 was 4.9 (s.0. 1.4). In total,
79% of the cohort (13 680/17 472) received concomitant CS as
part of their initial treatment regimen. Details of the patient
characteristics separated by steroid strategy are presented in the
Supplementary Table S2, available at Rheumatology online.

There were no missing data for age, gender or smoking sta-
tus. Full details on missing data are shown in Supplementary
Table S3, available at Rheumatology online.

MTX was the most used csDMARD strategy, with 10 997/
17472 patients (63%) receiving a MTX-based regimen either
as monotherapy or in combination with another csDMARD.
Overall, 4540/17 472 patients (26%) received a csDMARD
regimen that did not include MTX and 1935/17472 (11%)
patients had delayed initiation of a csDMARDs by 3 months.
A slightly higher proportion of patients who were not started
on csDMARDs were over 75 years of age (20.7%). Patients
not started on a csDMARD had lower baseline DAS28
[DAS28: 4.6 (s.p. 1.6)] compared with MTX group [DAS28:
5.1 (s.0. 1.4)] and other csDMARDs group [DAS28: 4.6 (s.D.
1.5)]. Numerically lower CRP and ESR levels, and a lower
prevalence of seropositivity were seen in patients who did not
start csDMARD. Comorbidity differences were also ob-
served, with a higher proportion of lung disease in those not
started on MTX-based strategies 754 (17%) compared with
those on MTX 1000 (9%).

Sl events

During a total of 43232 person-years follow-up, there were
1307 SI events (defined as hospital admission or death due to
infection). The overall incidence rate (IR) of SI was 3.02
(95% CI 2.86-3.19) per 100 person vyears (Table 2).
Respiratory infections, COVID-19 and sepsis/bacteraemia
accounted for most of the SI events. The IR of SI events by or-
gan class can be seen in Fig. 1. Of the total SI events, 41%
were respiratory infections, followed by 15% COVID-19,
12% sepsis/bacteraemia, 10% genitourinary infections, 8%
gastrointestinal infections, 7% skin infections, 4% for other
infections, 1% bone infections, 0.23% cardiovascular infec-
tions, 0.15% for ear/nose and throat infections, while 0.08%
were haematological, ophthalmology and nervous system-re-
lated infections.

The IR and adjusted HR for SI related to csDMARD strat-
egy can be seen in Table 2. The IR for SI was higher among
those on non-MTX regimens (IR 3.63, 95% CI 3.29-4.0)
compared with those on MTX (IR 2.63, 95% CI 2.45-2.83),
corresponding to a reduced risk of SI in the MTX group com-
pared with the non-MTX group [adjusted HR 0.76 (95% CI
0.67-0.86, P <0.001)] (Fig. 2). Kaplan—-Meier survival curve
of csDMARDs SI can be seen in (Fig. 3). When we ran the
sensitivity analysis examining the SI risk with csDMARDs
monotherapy (Supplementary Table S4, available at
Rheumatology online), MTX monotherapy remains the most
commonly prescribed csDMARD and demonstrated the low-
est incidence of SI events in this cohort. SSZ and LEF mono-
therapies showed higher infection rates. In Cox regression
analyses, there was an excess risk of infection when com-
pared with MTX monotherapy in the unadjusted model, al-
though this did not persist after multivariate adjustment,
suggesting potential confounding by indication. HCQ mono-
therapy showed low infection risk with no significant in-
crease in hazards when compared with MTX monotherapy.

The IR and adjusted HR for SI according to CS use can be
seen in Table 2. Patients who started CS had a numerically
higher SI rate (IR 3.14, 95% CI 2.96-3.34) compared with
those not on CS (IR 2.56, 95% CI 2.25-2.90); however, in
adjusted models, CS use was not significantly associated with
increased risk of SI (adjusted HR 0.99, 95% CI 0.87-1.12,
P=0.92) (Supplementary Fig. S2, available at Rheumatology
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Table 1. Baseline characteristics of patients with RA in NEIAA by treatment strategy

Total patients starting Any MTX strategy Any other
c¢sDMARD by (mono or c¢sDMARD
three months combination) strategy No DMARD*

Variables =17472 =10997 N=4540 N=1935
Age, years, mean (s.D.) 59 (15) 59 (15) 59 (17) 60 (16)
Age band, n (%)

16— years 324 (1.9) 197 (1.8) 94 (2.1) 33(1.7)

25— years 1841 (10.5) 1004 (9.1) 621 (13.7) 216 (11.2)

40-years 8164 (46.7) 5330 (48.5) 1950 (43.0) 884 (45.7)

65— years 4053 (23.2) 2661 (24.2) 990 (21.8) 402 (20.8)

75— years 3090 (17.7) 1805 (16.4) 885 (19.5) 400 (20.7)
Gender, 7 (%)

Male 6391 (36.6) 4135 (37.6) 1530 (33.7) 726 (37.5)

Female 11081 (63.4) 6862 (62.4) 3010 (66.3) 1209 (62.5)
Smoking status, 7 (%)

Current smoker 3327 (19.0) 2127 (19.3) 822 (18.1) 378 (19.5)

Ex-smoker 5043 (28.9) 3178 (28.9) 1345 (29.6) 520 (26.9)

Never smoked 7477 (42.8) 4690 (42.6) 1918 (42.2) 869 (44.9)

Not known 1625 (9.3) 1002 (9.1) 455 (10.0) 168 (8.7)
Social deprivation (IMD quintiles), 7 (%)

1 (most deprived) 2889 (17.5) 1837 (17.7) 722 (16.8) 330 (17.6)

2 3427 (20.7) 2066 (19.9) 985 (22.9) 376 (20.0)

3 3492 (21.1) 2248 (21.7) 872 (20.3) 372 (19.8)

4 3258 (19.7) 2109 (20.3) 750 (17.4) 399 (21.3)

5 (least deprived) 3487 (21.1) 2119 (20.4) 969 (22.5) 399 (21.3)
Ethnicity, 7 (%)

White 14821 (84.8) 9509 (86.5) 3696 (81.4) 1616 (83.5)

Black 462 (2.6) 252(2.3) 144 (3.2) 66 (3.4)

Asian 1371 (7.8) 744 (6.8) 473 (10.4) 154 (8.0)

Mixed 86 (0.5) 40 (0.4) 37(0.8) 9(0.5)

Other 552 (3.2) 340 (3.1) 147 (3.2) 65 (3.4)

Not known 180 (1.0) 112 (1.0) 43 (0.9) 25 (1.3)
Comorbidities, 7 (%)

Diabetes mellitus 1660 (10) 1038 (9) 428 (9) 194 (10)

Hypertension 3665 (21) 2310 (21) 963 (21) 392 (20)

Lung disease 1985 (11) 1000 (9) 754 (17) 231 (12)
Serostatus, 7 (%)

Seronegative 5402 (30.9) 3277 (29.8) 1428 (31.5) 697 (36.0)

RF positive 2676 (15.3) 1532 (13.9) 749 (16.5) 395 (20.4)

CCP positive 1850 (10.6) 1155 (10.5) 523 (11.5) 172 (8.9)

Double positive (RF and CCP) 7544 (43.2) 5033 (45.8) 1840 (40.5) 671 (34.7)
Duration of symptoms, 7 (%)

<1month 1380 (8.0) 873 (8.0) 361 (8.0) 146 (7.6)

1-3 months 5905 (34.0) 3811 (34.9) 1496 (33.1) 598 (31.2)

3-6 months 4171 (24.0) 2675 (24.5) 1043 (23.1) 453 (23.6)

6-12 months 3212 (18.5) 2021 (18.5) 837 (18.5) 354 (18.5)

>12 months 2682 (15.3) 1539 (13.9) 778 (17.1) 365 (18.8)
Baseline DAS28, mean (s.D.) 9(1.4) 1(1.4) 4.6 (1.5) 4.5 (1.6)
ESR mm/h, median (IQR) 27 0 (12.0, 45.0) 28 0 (13.0, 46.0) 26.0 (11.0, 44.0) 24.0 (9.0, 43.0)
CRP mg/L, median (IQR) 11.0 (4. 0 29.0) 13.0 (5.0, 32.0) 10.0 (4.0, 26.0 9.0 (4.0, 24.0)
Adjuvant baseline CS, 7 (%) 13680 (79 9141 (83) 3292 (73) 1247 (65)

% No DMARD strategy is when the patient was not started/entered a treatment strategy during the rheumatology visit by 3 months. NEIAA: National
Early Inflammatory Arthritis Audit; sDMARD: conventional synthetic DMARD; DAS28: DAS based on 28 joint counts; IQR: interquartile range; IMD:

Index of Multiple Deprivation.

online). Kaplan-Meier curve of CS SI are shown in
(Supplementary Fig. S3, available at Rheumatology online).
Predictors of SI events in fully adjusted models across all
treatment strategies can be seen in Table 3. In multivariable
models, a number of variables were associated with an in-
creased risk of SI: increasing age (adjusted HR 1.03 per 1 year
increase, 95% CI 1.02-1.04), current smoking (adjusted HR
1.38, 95% CI 1.17-1.64) or past smoking (adjusted HR
1.41, 95% CI 1.24-1.59), and comorbidities [diabetes (ad-
justed HR 1.77, 95% CI 1.53-2.06), hypertension (adjusted
HR 1.30, 95% CI 1.15-1.46), lung disease (adjusted HR

2.06, 95% CI 1.83-2.31)], higher baseline disease severity
(adjusted HR 1.10 per 1 unit increased in DAS28, 95% CI
1.06-1.15) and seropositivity for RF (adjusted HR 1.57,
95% CI 1.06-1.44) predicted higher SI events. The associa-
tion was not significant for CCP positive although the direc-
tion of effect was towards an increased risk (adjusted HR
1.14, 95% CI 0.93-1.38). This may relate to small number of
patients being CCP positive (7= 1850; 10.6%). Asian ethnic-
ity (compared with White ethnicity) was associated with few
SI events (adjusted HR 0.60, 95% CI 0.44-0.82). Other eth-
nicities did not emerge as significant. Unadjusted and age/
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Table 2. The risk of Sl events in patients with RA in relation to initial treatment strategies and CS use (imputed analyses)

No DMARD strategy
Any non- MTX compared with any
Whole cohort strategy MTX non-MTX strategy No steroid Steroid
Number of patients 17472 4540 10997 1935 3721 13680
Exposure (per 100 43232 11054 27500 4669 9413 33689
patient-years)
No. of SI events 1307 402 725 180 241 1061
IR of SI events (95% CI) 3.02 (2.86-3.19) 3.63(3.29-4.00) 2.63 (2.45-2.83) 3.85(3.33-4.46) 2.56(2.25-2.90) 3.14 (2.96-3.34)
HR SI events, unad- N/A Ref 0.72 (0.63-0.82), 1.32 (1.18-1.57), Ref 1.22 (1.07-1.38),
justed (95% CI), P <0.001 P=0.001 P <0.005
P-value
HR SI events, age, N/A Ref 0.71 (0.63-0.80), 1.29 (1.00-1.52), Ref 1.05 (0.93-1.19),
gender adjusted (95% P <0.001 P<0.05 P=0.36
CI), P-value
HR SI events, fully N/A Ref 0.76 (0.67-0.86), 1.36 (1.15-1.59), Ref 0.99 (0.87-1.12),

adjusted® (95% CI),
P-value

P <0.001

P<0.001

P=0.92

The IR and HR of SI (admissions and mortality) in patients with early RA in relation to initial treatment strategies and CS use (imputed analyses). Any MTX
strategy and no DMARD strategy were compared with any non-MTX strategy. Steroids compared with no steroids use. *Fully adjusted are adjusted for age,
gender, smoking status, social deprivation using IMD, comorbidity [diabetes mellitus, hypertension and lung disease, baseline disease severity (DAS28) and

RF/CCP seropositivity]. HR: hazard ratio; IMD: Index of Multiple Deprivation; IR: incidence rate; SI: serious infection; DAS28: DAS based on 28

joint counts.
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Figure 1. Incidence rates of serious infections in rheumatoid arthritis, stratified by organ system with respiratory infections being the most common

gender-adjusted predictor variable models are presented in
Supplementary Table S5, available at Rheumatology online.

Infection-related mortality

Details on Sl-related mortality are summarized in
Supplementary Table S6, available at Rheumatology online.
There were 311 SI-related mortality events over the study pe-
riod. The overall IR of SI deaths was 0.69 (95% CI 0.61-
0.77) per 100 person years.

To contextualize the data, SMR were calculated by com-
paring observed serious infections to expected infection-
related mortality in the general population.

The overall SMR in our cohort was higher for RA patients
compared with the general population (SMR 3.94, 95% CI
3.53-4.39). The increased mortality risk was more pro-
nounced in males and younger patients. Details on the SMR

by age and gender can be seen in Supplementary Fig. S4 and
Table S7, available at Rheumatology online. A subanalysis
was done on SMR excluding COVID-19 (SMR 7.19, 95% CI
6.41-8.04), with the highest SMR observed in the
50-64 years age group (Supplementary Fig. S5 and Table S8,
available at Rheumatology online).

Analyses looking into treatment strategies and infection-
related mortality revealed similar patterns to the SI analysis,
with higher infection-related mortality in those on non-MTX-
based regimens (IR 0.81, 95% CI 0.66-0.99) compared with
those on MTX regimens (IR 0.57, 95% CI 0.49-0.66), though
the adjusted HR was not statistically significant (adjusted HR
0.80, 95% CI 0.60-1.07). Similarly, patients starting CS had a
higher mortality rate (IR 0.71, 95% CI 0.63-0.81) vs no CS (IR
0.59, 95% CI 0.46-0.77), but this was not significant in the ad-
justed model (adjusted HR 0.77, 95% CI 0.56-1.06) (presented
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Figure 3. Five-year survival probability comparing methotrexate-based versus any other csDMARD strategies with confidence intervals

in previously mentioned Supplementary Table S6, available at
Rbheumatology online).

Predictors of SI mortality are shown in Supplementary
Table S9, available at Rheumatology online. Older age, smok-
ing exposure, comorbidities, higher DAS28, and being RF and
CCP positive were associated with higher SI mortality. Female
gender was associated with fewer SI deaths compared with
males. SI mortality did not emerge as significantly different
between the different ethnicities. Unadjusted and age/gender
adjusted models are also shown in (Supplementary Table S10,
available at Rheumatology online).

Patients who did not receive a csDMARD at diagnosis had
worse outcomes compared with who started on csDMARDs,
in terms of both SI events (IR 3.85, 95% CI 3.33-4.46) and
SI-related mortality (IR 1.10, 95% CI 0.84-1.44), though the

latter was not significant (Table 2 and Supplementary Table
S6, available at Rbheumatology online).

Discussion

This report quantifies the risk of SI in a large contemporary
cohort in England and Wales of patients starting treatment
for RA, offering insights into early treatment strategies using
csDMARDs and CS. The overall IR of SI was 3.02 per 100
person years and Sl-related mortality of 0.69 per 100 patient-
years. Respiratory infections were the most common, consis-
tent with previous reports on established RA [14, 15].
Although most guidelines advise limiting CS use in RA,
their use is still common, with 30-60% of patients with RA
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Table 3. Predictors of Sl events in fully adjusted models
(imputed analyses)

Predictor HR 95% CI P-value
Age 1.03  (1.02-1.04)  <0.001
Gender (female) 0.93 (0.83-1.05) 0.27
Ethnicity compared with White
Black 0.99  (0.73-1.32) 0.95
Asian 0.60  (0.44-0.82)  0.001
Mixed 0.57  (0.21-1.53) 0.27
Other 0.46  (0.29-0.72) 0.001
More socially deprived 0.98  (0.94-1.03) 0.60
(IMD quintile)
Smoking compared with
never smoked
Current smoker 1.38 (1.17-1.64) <0.001
Ex-smoker 1.41 (1.24-1.59)  <0.001
Unknown smoking status 1.46 (1.16-1.85) <0.005
Comorbidities
Diabetes mellitus 1.77 (1.53-2.06) <0.001
Hypertension 1.30  (1.15-1.46) <0.001
Lung disease 2.06 (1.83-2.31) <0.001
Disease characteristics
Baseline DAS28 1.10  (1.06-1.15)  <0.001
RF positive 1.24 (1.06-1.44) 0.005
CCP positive 1.14  (0.93-1.38) 0.18
Double positive (RF and CCP) 1.57 (0.98-1.35) 0.07

Predictors of serious infections events (deaths and admissions) in fully
adjusted models (imputed analyses) in patients with early RA. Presented
model is adjusted for age, gender, smoking status, social deprivation using
(IMD), comorbidity [diabetes mellitus, hypertension and lung disease,
baseline disease severity (DAS28) and RF/CCP seropositivity]. SI: serious
infection; DAS28: disease activity score at baseline based on 28 joint
counts; HR: hazard ratio; IMD: Index of Multiple Deprivation.

remaining on long-term steroid therapy [16, 17]. In our
analysis, unadjusted models showed an association between
steroids and SI. It is likely that confounding factors, as in-
creasing age, comorbidities and disease activity were driving
this risk, as the association was no longer observed in ad-
justed models. Our previous network meta-analysis of ran-
domized controlled trials (RCTs) in early RA did not identify
a clear link between any specific initial treatment including
steroids and an increased risk of infection, though the system-
atic review steroid data were mostly drawn from historic
RCTs [18, 19].

Previous cohort studies in established RA suggest a dose
and a duration-dependent risk of infections with steroids.
Long-term use of high doses (>10 mg/day) has been associ-
ated with more than double the risk of SI [17, 20, 21]. A
more recent cohort study using Swedish registry data on
patients with long-term RA reported an increased incidence
of SI with steroids with higher doses more than the lower
doses and with more recent steroids exposure compared with
past exposure [22]. A large systematic review on well-
established RA recorded an increased risk of steroids infec-
tions in observational studies but this risk was not observed
in RCTs, with reports on heterogeneity of exposures, out-
come measures and confounder adjustments in the included
observational studies [19].

Trials using low-dose CS suggested a modest risk of ad-
verse events [23, 24], suggesting that the way CS are pre-
scribed in early disease in England and Wales in our cohort
(short courses of low doses with rapid tapering) may mitigate
the infection risk. However, our result should be interpreted
with several caveats, as assessment of steroids exposure was

imperfect. The steroid data are captured at one time point,
and we do not collect steroid dose in NEIAA. CS should still
be used with caution especially with long-term use, and
should not be considered risk-free.

MTX has historically been linked to interstitial lung dis-
ease [25], possibly explaining why patients with baseline lung
disease were less likely to receive it (9% wvs 17% for other
csDMARDs). However, this association was recently chal-
lenged, with studies suggesting a reduced risk of RA-related
lung disease with MTX [26, 27]. Studies examining infection
risk with MTX are conflicting [17]—some report no in-
creased risk, while others suggest a modest risk [28-30]. A
large retrospective cohort in Canada included 27 710 patients
with well-established RA with 162710 patient-years of fol-
low up, and reported a reduction in risk of mild infections in
csDMARDs with no increased risk of serious infections (rate
ratio 0.88, 95% CI 0.79-0.99) [31].

Similarly, a recently published RCT on cardiovascular in-
flammation reduction enrolled 9300 participants for second-
ary prevention of cardiovascular disease compared MTX vs
placebo [32]. The trial showed no significant difference in SI
rates (2.2 vs 2.5 per 100 person-years, P=0.5) but indicated
a slight increase in overall infection risk. Collectively, these
findings suggest that MTX may slightly elevate the risk of
non-serious infections while having minimal impact on severe
infection risk. In our cohort, MTX was associated with a
lower rate of serious infections compared with other
DMARD strategies. While residual confounding may exist,
our findings suggest that concerns about MTX increasing in-
fection risk may be unfounded.

Patients not started on any DMARD had worse out-
comes—untreated RA has been reported previously to con-
tribute to poor health outcomes [33, 34]. The reasons why
¢sDMARDs were not recorded in some patients within the
first 3 months are not captured in NEIAA. This could reflect
patient-level factors (such as comorbidities, frailty or patient
choice) influencing the decision to start treatment or systemic
issues (such as delays in scheduling education or treatment
initiation) leading to delay in starting treatment. Further re-
search is needed to clarify this relationship.

The risk of SI events was found to be increased with age, in
patients who have/had a smoking exposure compared with to
those who never smoked, and in those with comorbidities.
The link between these variables were reported in other ob-
servational studies in individuals with established RA [35,
36]. We report that a one unit increase in baseline DAS28
score increases the risk of SI by 10%. These estimates are
lower than those reported in well-established RA, with a
DAS28 change of one unit during follow-up predicting a
27% increase in serious infection rates [37]. Seropositivity
also predicted higher SI events in our cohort and this was
also reported in the British Biologics Register [38]. Patients of
Asian ethnicity were observed to have a lower rates of SI
events compared with White patients. The reasons for this
are unclear, possible explanations include differentials in
healthcare-seeking behaviour, language barriers or access to
services. Previous research has reported disparities in care ac-
cess among ethnic minority groups [39, 40]. Further research
is warranted to better understand this association.

The SMR for infection-related mortality including
COVID-19 deaths was 3.94 (95% CI 3.53-4.39). These
results are lower than the previous published papers on
cause-specific SMRs, where they reported high SMRs for



pneumonia only compared with the general population
(SMR 5.2, 95% CI 2.3-10.3) [41, 42]. We included all ICD-
10 codes for infections and sepsis in our study and it has been
shown previously that sepsis mortality is high in patients
with RA [43, 44].

A sensitivity analysis excluding COVID-19 deaths yielded a
high SMR 7.19 (95% CI 6.41-8.04). This finding is consistent
with our previous work on COVID-19 mortality risk in RA,
which demonstrated that COVID-19 did not pose a substantially
increased mortality risk in early RA compared with the general
population [45]. The high SMR seen when excluding COVID-19
was consistent with an older study looking into septicaemia mor-
tality risk in early RA [46]. Despite advancements in RA manage-
ment, infection-related mortality persists [4, 46, 47].

The increased risk likely arises from a combination of fac-
tors, including immune dysregulation associated with RA,
age-related comorbidities, increased exposure to infections,
multidrug-resistant bacterial infections and treatment-related
effects extending beyond the initial treatment strategy.

Strengths and limitations

NEIAA represents the largest cohort of patients with early RA
in England and Wales, providing a unique opportunity to eval-
uate the impact of initial treatment decisions on these contem-
porary patients. By linking NEIAA data to national hospital
records, we ensured the robust identification of serious infec-
tion outcomes. We adopted a comprehensive approach to in-
fection classification by including all relevant ICD-10 codes
and stratifying serious infection risk by affected organ systems.
Our analyses accounted for multiple confounder variables,
thereby enhancing the validity of our findings.

Several limitations must be acknowledged. Treatment data
on csDMARDs were only available at the time of diagnosis
and up to 3 months. As a result, we were unable to account
for patients who subsequently transitioned to biologic or tar-
geted synthetic DMARDs or those who continued therapy.
At the time of publication, UK guidelines require failure of
two csDMARDs before biologics can be initiated. A recent
analysis of the same cohort reported that 8.3% of patients
were escalated to biologics within 12 months in NETAA [48].

Steroids data was only available at baseline limiting assess-
ment of long-term exposure. Unavailable data on treatment
adherence, route of administration and steroid dosing further
constrain interpretation.

Unmeasured confounders, as the type/severity of lung disease
(e.g. asthma or chronic obstructive pulmonary disease) are not
fully captured. The potential for ICD-10 coding misclassification
could not be excluded, particularly in the case of COVID-19.
Individuals with COVID-19 may have been assigned pneumonia-
related ICD codes, and vice versa. Future research incorporating
longitudinal treatment data and detailed patient-level validation
of outcomes will be necessary to build on these findings and re-
fine the understanding of infection risk in RA.

In summary, MTX-based regimens were associated with a
reduced risk of serious infections compared with other
csDMARD:s strategies. Channelling bias due to residual con-
founding is likely part of this explanation, but our data still
suggest that avoidance of MTX because of concerns sur-
rounding serious infection risk are not strongly supported by
evidence. The excess mortality from infections in patients
with RA remains a significant concern, highlighting the ongo-
ing need for infection prevention and management strategies
in this population.
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