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ABSTRACT
Objectives To estimate the incidence of serious 
infections (SIs) in patients with rheumatoid arthritis (RA) 
and psoriatic arthritis (PsA) treated with tumour necrosis 
factor inhibitor (TNFi), and compare risk of SIs between 
patients with RA and PsA.
Methods We included patients with RA and PsA from 
the NORwegian- Disease Modifying Anti- Rheumatic Drug 
registry starting TNFi treatment. Crude incidence rates 
(IRs) and IR ratio for SIs were calculated. The risk of SIs in 
patients with RA and PsA was compared using adjusted 
Cox- regression models.
Results A total of 3169 TNFi treatment courses (RA/
PsA: 1778/1391) were identified in 2359 patients. 
Patients with RA were significantly older with more 
extensive use of co- medication. The crude IRs for SIs 
were 4.17 (95% CI 3.52 to 4.95) in patients with RA 
and 2.16 (95% CI 1.66 to 2.81) in patients with PsA. 
Compared with the patients with RA, patients with 
PsA had a lower risk of SIs (HR 0.59, 95% CI 0.41 to 
0.85, p=0.004) in complete set analysis. The reduced 
risk in PsA versus RA remained significant after multiple 
adjustments and consistent across strata based on age, 
gender and disease status.
Conclusions Compared with patients with RA, the risk 
of SIs was significantly lower in patients with PsA during 
TNFi exposure.

INTRODUCTION
Treatment of rheumatoid arthritis (RA) and psori-
atic arthritis (PsA) has advanced considerably over 
the past two decades. Tumour necrosis factor inhib-
itors (TNFis) are pivotal in the management of RA 
and PsA.1–3 Given their immunosuppressive effects, 
infections related to TNFi treatment is a concern. In 
patients with RA, TNFi therapy is associated with an 
increased risk of serious infections (SIs) compared 
with conventional synthetic disease modifying anti- 
rheumatic drugs (DMARDs).4–7 Few observational 
studies have addressed incidence rates (IRs) of SIs 
in PsA8–11 and studies comparing the risk of SIs 
between patients with RA and PsA are sparse.11 12 
The future risk of infections should be considered 
when making treatment decisions.13

We aimed to estimate the incidence of SIs in 
patients with RA and PsA treated with TNFi and 

compare the risk of SIs between these two disease 
populations, and across strata.

METHODS
Data sources
Data from the prospective observational multi- 
centre NORwegian- Disease Modifying Anti- 
Rheumatic Drug (NOR- DMARD) study were 
used.14 We included adult patients diagnosed 
with clinical RA or PsA, starting treatment with a 
TNFi between January 2009 and December 2018. 
All were diagnosed by a rheumatologist. In addi-
tion, diagnoses were defined according to inter-
national classification criteria (American College 
of Rheumatology/European Alliance Of Associa-
tions For Rheumatology (ACR/EULAR)) n=773, 
ACR n=550, ClASsification criteria for Psoriatic 
ARthritis (CASPAR) n=597). Each patient could 
contribute more than one treatment course. Start of 

Key messages

What is already known about this subject?
 ► Previous studies have assessed serious infection 
(SI) in rheumatoid arthritis (RA) populations 
treated with tumour necrosis factor inhibitor 
(TNFi), but data are scarce regarding the risk 
of SI in patients with psoriatic arthritis (PsA) 
treated with TNFi and the comparative risk of 
infection in TNFi treated RA versus patients with 
PsA.

What does this study add?
 ► We observed that the risk of SI is significantly 
lower in patients with PsA compared with 
patients with RA treated with a TNFi.

How might this impact on clinical practice or 
future developments?

 ► Although the results need to be interpreted with 
caution given the many important differences 
between the RA and PsA population, our 
findings indicate that the clinician should 
consider the rheumatological diagnoses when 
assessing the risk of future SI in patients 
starting a TNFi.

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2021-221007 on 8 O

ctober 2021. D
ow

nloaded from
 

http://www.eular.org/
http://ard.bmj.com/
http://orcid.org/0000-0002-8429-8152
http://orcid.org/0000-0002-6881-9552
http://orcid.org/0000-0001-5442-902X
http://dx.doi.org/10.1136/annrheumdis-2021-221007
http://dx.doi.org/10.1136/annrheumdis-2021-221007
http://dx.doi.org/10.1136/annrheumdis-2021-221007
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2021-221007&domain=pdf&date_stamp=2022-02-02
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/
http://ard.bmj.com/


399Christensen IE, et al. Ann Rheum Dis 2022;81:398–401. doi:10.1136/annrheumdis-2021-221007

Treatment

observation was the start of treatment. End of observation was 
the first occurrence of following; last visit or withdrawal from 
NOR- DMARD, death, emigration or censor date. A 30- day 
observation period was added to capture infections registered 
after the last visit.

Register linkages
To identify events (SIs), we linked NOR- DMARD to the Norwe-
gian Patient Registry (NPR) and Norwegian Cause of Death 
Registry. Comorbidities were identified through linkage to the 
Norwegian Control and Payment of Health Reimbursement 
database and NPR, receiving data from primary and specialist 
healthcare services respectively. At discharge from hospital stay, 
diagnoses are reported to the NPR by the attending physician 
according to the International Classification of Diseases version 
10 (ICD- 10). The NPR is considered reliable from 2008, and 
2009 was thus selected as the first year included in the anal-
yses.15 Patients signed informed consent.

Outcomes
The outcome, SI, was defined as an infection requiring hospital 
admission with at least one- night hospital stay and/or as an 
infection causing death according to a predefined list of ICD- 10 
diagnoses (online supplemental table 1). The infection had to 
be listed as the primary diagnosis at discharge, or as the first 
contributory diagnosis given that the primary diagnosis was RA 
or PsA. Only the first SI for each treatment course was included 
in our analyses.

Covariates
Disease activity
At each NOR- DMARD visit, disease activity measures and 
markers of inflammation were recorded and the Disease Activity 
Score for 28 joints (DAS28) was calculated. Comprehensive 
questionnaires including the use of medication and the modified 
Health Assessment Questionnaire were completed.14

Comorbidities
The following were considered potential confounders; diabetes, 
chronic obstructive pulmonary disease (COPD) or asthma.16

Statistical analyses
Baseline demographics are presented as means (SD), medians 
(IQR) or frequencies (%) and compared between cohorts by 
appropriate bivariate methods. Crude IRs of SI for RA and 
PsA were presented as events per 100 person- years and the IR 
ratio (IRR) of IR between RA and PsA was estimated. Robust-
ness of results was examined in models adjusted for multiple 
confounders. To ensure comparable models, cases without 
missing values for included variables were used in the main 
results. IRs and risk of SI in RA versus PsA were estimated in the 
stratum. Analyses were made in STATA V.16.

Sensitivity analyses
Baseline variables were compared between patients with 
complete dataset and those who had missing data for key vari-
ables. Cox regressions were performed in cohorts with missing 
versus not missing for key variables. The linear relationship 
between time and risk of SI was explored in models censored at 
12- month and 24- month follow- up.

RESULTS
Population characteristics
A total of 3169 TNFi treatment courses were identified (RA/
PsA 56/44%), in 2359 patients (RA/PsA 1352/1007). Patients 
with PsA were younger and more frequently male. Patients with 
RA had significantly longer disease duration, a higher baseline 
DAS28- CRP (C reactive protein) score, more likely to receive 
co- medication at baseline and more often had COPD (table 1).

Incidence and risk of SIs
A total of 187 cases of SIs occurred during the study period, 
131 with RA versus 56 with PsA. The majority (37%) were 
respiratory tract infections. The IRR between PsA and RA was 
0.52 (95% CI 0.37 to 0.71) (table 2). Patients with PsA had a 
lower risk of SI (HR 0.59, 95% CI 0.41 to 0.85) compared with 
patients with RA when adjusted for age and gender, and across 
subgroups, except in those using methotrexate as sole co- medi-
cation (table 3, online supplemental table 2).

Sensitivity analyses
The HR for SI was explored across cohorts of patients with 
missing versus not- missing data for key variables (online supple-
mental table 3 and figure 1) and after adjustment for components 

Table 1 Baseline characteristics for the treatment courses

Variable
RA
(n=1778)

PsA
(n=1391) P value

Age in years, mean (SD) 53.2 (13.8) 48.2 (11.9) <0.001

Age, n (%)

  <50 years 651 (36.6) 755 (54.3) <0.001

  ≥50 years 1127 (63.4) 636 (45.7)

Female gender, n (%) 1341 (75.4) 797 (57.3) <0.001

Years on treatment, 
median (IQR)

1.1 (0.4–2.6) 1.1 (0.5–2.7) 0.65

Disease duration, years, 
median (IQR)*

6.9 (2.3, 14.5) 5.2 (1.6, 11.8) <0.001

Current smoking, n (%) 252 (14.2) 225 (16.2) 0.12

DAS28- CRP, mean (SD)† 4.0 (1.3) 3.5 (1.2) <0.001

MHAQ, median (IQR)‡ 0.6 (0.3, 1.0) 0.6 (0.3, 1.0) 0.22

MTX co- medication, 
n (%)§

1265 (73.2) 798 (59.1) <0.001

Prednisolone co- 
medication, n (%)§

976 (56.5) 400 (29.6) <0.001

Prednisolone dose, 
n (%)

  >0–5 mg 412 (23) 135 (10) <0.001

  >5–10 mg 264 (15) 68 (5) <0.001

  >10 mg 269 (16) 87 (6) <0.001

Comorbidities

  COPD and/or 
asthma, n (%)

180 (10.1) 93 (6.7) 0.001

  Diabetes, n (%) 127 (7.1) 116 (8.3) 0.209

Continuous variables presented as mean (SD) or median (IQR), dichotomous 
variables presented as number (%).
*Disease duration missing in 266 patients with RA, and 286 patients with PsA.
†DAS28- CRP missing in 228 patients with RA and 200 patients with PsA.
‡MHAQ missing in 58 patients with RA and 50 patients with PsA.
§MTX and prednisolone co- medication missing in 50 patients with RA and 41 
patients with PsA.
COPD, chronic obstructive pulmonary disease; CRP, C reactive protein; DAS28, 
Disease Activity Score for 28 joints; MHAQ, Modified Health Assessment 
Questionnaire; MTX, methotrexate; PsA, psoriatic arthritis; RA, rheumatoid arthritis; 
TNFi, tumour necrosis factor inhibitor.
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of DASs (online supplemental table 4). In sensitivity analyses 
with 12- month and 24- month follow- up, the risk of SI remained 
significantly lower in PsA versus patients with RA (HR 0.47, 
95% CI 0.28 to 0.78) at 12 months and (HR 0.46, 95% CI 0.30 
to 0.71) at 24 months.

DISCUSSION
In this register linkage data study, we found a significantly lower 
risk of SI for patients with PsA compared with patients with 
RA receiving TNFi therapy. This result remained significant in 
the adjusted models with complete cases only, supporting the 
robustness of our results. Patients with RA were older, more 
often female, with higher DAS28- CRP and more frequent users 
of co- medication at baseline. Adjustment for multiple factors, 
including the above- mentioned differences, were made in multi-
variate analyses, and did not alter the risk- difference. However, 
the additive effect of multiple risk factors in the RA population, 
including more frequent prednisolone use, may explain some of 
the increased risk of SIs in patients with RA. Another explana-
tion could be the RA disease itself, through disease- related alter-
ations in host defence.17

While several studies have quantified the risk of SIs in patients 
with RA treated with biological DMARDs (bDMARDs) with IRs 
ranging from 2.6 to 5.6/100 person- years,7 13 16 18 the risk of SIs 
in patients with PsA has been far less studied. The few observa-
tional studies assessing IRs of SIs in patients with PsA treated 
with biologicals have reported widespread estimates from 2.7 
to 19.6/100 person- years.8–11 The IRs found in our analyses are 
thus in line with these previously reported estimates.

Few studies have compared the risk of SIs between patients 
with RA and PsA. A recent case–control study from DANBIO, 
the Danish rheumatology registry, reported the risk of SIs within 
the first year after bDMARD initiation in bionaive RA, PsA and 
axial spondyloarthrtitis compared with matched population 
controls. The study was not specifically designed to compare the 
risk of SIs between patient groups, but concluded that the risk 
is similar.11 However, in this study, the follow- up period was 
defined as 12 months regardless of drug discontinuation, and 
difference in drug retention between patients with RA and PsA 
were not accounted for. A study using administrative data found 
no significant difference in risk between patients with RA, PsA 
and/or severe psoriasis.12 However, the PsA population was here 
categorised in the same cohort as patients with psoriasis.12

Missing data is a limitation to our analyses. Cases with missing 
information for disease duration had less severe disease activity, 
and excluding this population from the analyses may have given a 
falsely high- risk estimate. Also, smoking could not be adjusted for 
due to missingness. Another limitation is the possibility of residual 
confounding. Although the risk estimate was not changed by 
including disease activity measurements in the model (table 3, online 
supplemental table 4), we have to consider that disease activity in 
PsA was not fully captured by variables registered in NOR- DMARD. 
Further, we cannot exclude the possibility of misclassification of 
outcomes, as physicians might be more aware of infections among 
patients with RA than in patients with PsA, resulting in patients with 
RA being hospitalised for less severe infections more frequently than 
patients with PsA. However, our definition of SIs limits the risk of 
non- SIs being misclassified. Stratified analyses over co- medication 
indicate that differences in prednisolone use between patients with 
RA and PsA may partly explain the risk difference, and the effects of 
prednisolone should be further explored. Finally, we cannot account 
for initiation and discontinuation of co- medication during TNFi 
exposure, as only baseline co- medication data were accessible, and 
this limitation needs to be considered when interpreting the results.

Multi- centre high- quality observational prospective register data 
reflective of real- world clinical practice is a major strength to this 
study. The outcome (SI) was well defined using ICD- 10 registered 
by the attending physician. Also, our patient population is defined 
according to international classification criteria.

In conclusion, this study found a significantly lower risk of SIs 
in patients with PsA than in patients with RA, during exposure to 
TNFi. The results need to be interpreted with caution given the 
many important differences between the RA and PsA population, 
especially with regards to the use of co- medication. Recognising the 
elevated risk in patients with RA supports the heightened awareness 
of SIs during follow- up of these patients.
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Table 2 Incidence of serious infection

RA PsA

Treatment courses TNFi, n 1778 1391

Person- years 3139 2590

Serious infection, n 131 56

Crude IR/100 PY (95% CI) 4.17 (3.52 to 4.95) 2.16 (1.66 to 
2.81)

Incidence rate ratio (95% CI) 0.52 (0.37 to 0.71)

IR, incidence rate; PsA, psoriatic arthritis; PY, person years; RA, rheumatoid arthritis; 
TNFi, tumour necrosis factor inhibitor.

Table 3 Adjusted HRs of serious infection in patients with PsA 
versus RA treated with tumour necrosis factor inhibitor

Number HR (95% CI) P value

Model A: adjusted for age and gender

  PsA vs RA 2675 0.59 (0.41 to 0.85) 0.004

Model B: adjusted for age, gender, DAS28- CRP, MHAQ

  PsA vs RA 2675 0.58 (0.40 to 0.84) 0.004

Model C: adjusted for age, gender, concomitant MTX, baseline prednisolone
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  PsA vs RA 2675 0.58 (0.40 to 0.83) 0.003

Model E: adjusted for all variables in models A–D

  PsA vs RA 2675 0.65 (0.44 to 0.95) 0.025

COPD, chronic obstructive pulmonary disease; CRP, C reactive protein; DAS28, 
Disease Activity Score for 28 joints; MHAQ, Modified Health Assessment 
Questionnaire; MTX, methotrexate; PsA, psoriatic arthritis; RA, rheumatoid arthritis.
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Supplementary data 1 

Supplementary table S1 ICD-10 and International Classification of Primary Care 2 

(ICPC) diagnoses  3 

Comorbidities 

 Data 
source 

ICD-10 ICPC 

Diabetes NPR and 
KUHR 

E10-E14 T89, T90 

Chronic obstructive pulmonary 
disease and asthma 

NPR and 
KUHR 

J40-J47 R95, R96 

Serious infection  

Infection site Data 

source 

ICD-10  

Respiratory tract 

NPR and 
NCDR 

J00, J010, J011, J012, J013, J014, J018, J019, 
J020, J028, J029, J030, J038, J039, J040, J041, 
J042, J050, J051, J060, J068, J069, J09, J100, 
J101, J108, J110, J111, J118, J120, J121, J122, 
J123, J128, J129, J13-J160, J168, J170, J171, J172, 
J173, J178, J180, J181, J182, J188, J189, J200-
J211, J218, J22, J440, J690, J387, J80, J850, J851, 
J852, J853, J86, J860, J869, A310, A15, A151, 
A152, A153, A154, A155, A156, A157, A158, A159, 
A160, A161, A162, A163, A164, A165, A167, A168, 
A169, A170, A171, A178, A179, A180, A181, A182, 
A183, A184, A185, A186, A187, A188, A310, A370, 
A371, A378, A379, B371, B440, B441, B442, B447, 
B448, B449, B450, B460, J90 
 

 

Central nervous system 

G000, G001, G002, G003, G008, G009, G01, G020, 
G021, G028, G038, G039, G041, G040, G042, 
G049, G048, G050, G051, G052, G060, G061, 
G062, G07, G08, G374, A812, A840, A841, A849, 
A85, A86, A87, A878, A879, A89, A390, A321 

 

Genitourinary N10, N110, N111, N118, N119, N12, N136, N151, 

N159, N160, N300, N301, N308, N309, N33, N330, 

N340, N370, N390, N412, N413, N418, N419, N510, 

N511, N512, N518 

 

Skin/soft tissue A46, H050, K610, K611, K612, K613, K614, L00, 

L010, L011, L020, L021, L022, L023, L024, L028, 

L029, L030, L031, L032, L033, L038, L039, L040, 

L041, L042, L043, L048, L049, L050, L05, L080, 
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L088, L089, L303, M600, N481, N482, N499, N61, 

N726, N751, A46 

Bone/joint 

M000, M001, M002, M008, M009, M010, M011, 
M012, M013, M014, M015, M016, M018, M462, 
M463, M465, M600, M630, M631, M632, M650, 
M651, M680, M710, M711, M726, M728, M86, 
M860, M861, M862, M863, M864, M865, M866, 
M868, M869, K102 

 

Sepsis A327, A400, A401, A402, A403, A408, A409, A410, 

A411, A412, A413, A414, A415, A418, A419, A420, 

A421, A422, A427, A428, A429, A430, A431, A438, 

A439, A440, A441, A448, A449, A480, A481, A482, 

A483, A484, A488, A490, A491, A492, A493, A498, 

A499, R572, R65, R650, R651, A391, A392, A393, 

A394, A395, A398, A399 

 

Gastrointestinal/intraabdominal 

K352, K353, K358, K37, K570, K572, K574, K578, 
K630, K650, K659, K670, K671, K672, K673, K678, 
K750, K770, K800, K803, K804, K810, K818, K819, 
K830, K850, K858, K859, K870, K871, K930, A000, 
A001, A009, A010, A011, A012, A013, A014, A020, 
A021, A022, A028, A029, A030, A031, A032, A033, 
A038, A039, A040, A041, A042, A043, A044, A045, 
A046, A047, A048, A049, A05, A050, A051, A052, 
A053, A054, A058, A059, A060, A061, A062, A063, 
A064, A065, A066, A067, A068, A069, A070, A071, 
A072, A073, A078, A079, A080, A081, A082, A083, 
A084, A085, A090, A099, B971 

 

Other 

I301, I320, I321, I330, I400, I410, I411, I412, H000, 
H030, H031, H038, H191, H192, H162, H163, H168, 
H169, H440, H700, H600, H601, H610, H620, H621, 
H622, H623, H624, H660, H664, H669, H670, H671, 
H750, K041, K044, K046, K047, K052, K112, K113, 
K122, K149, N700, N709, N730, N732, N733, 735, 
N738, N740, N741, N742, N743, N744, N748, N751, 
N764, N450, N459, J36, J390, J391, A190, A191, 
A192, A198, A199, A200, A201-A203, A207, A208, 
A209, A210, A211, A212, A213, A217, A218, A219, 
A220, A221, A222, A227, A228, A229, A230, A231, 
A232, A233, A238, A239, A240, A241, A242, A243, 
A244, A250, A251, A259, A260, A267, A268, A269, 
A270, A278, A279, A280, A281, A282, A288, A289, 
A300, A301, A302, A303, A304, A305, A308, A309, 
A311, A318, A319, A320, A328, A329, A34, A35, 
A360, A361, A362, A363, A368, A369, A38, A500, 
A501, A502, A503, A504, A505, A506, A507, A509, 
A510, A511, A512, A513, A514, A515, A519, A520, 
A521, A522, A523, A527, A528, A529, A530, A539, 
A540, A541, A542, A543, A544, A545, A546, A548, 
A549, A55, A560, A561, A562, A563, A564, A568, 
A57, A58, A590, A598, A599, A600, A601, A609, 
A630, A638, A64, A65, A660, A661, A662, A663, 
A664, A665, A666, A667, A668, A669, A670, A671, 
A672, A673, A679, A680, A681, A689, A690, A691, 
A692, A698, A699, A70, A710, A711, A719, A740, 
A748, A749, A750, A751, A752, A753, A759, A770, 
A771, A772, A773, A778, A779, A78, A790, A791, 
A798, A799, A800, A801, A802, A803, A804, A809, 
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A810, A811, A812, A818, A819, A820, A821, A829, 
A830, A831, A832, A833, A834, A835, A836, A838, 
A839, A848, A850, A851, A852, A858, A86, A870, 
A871, A872, A878, A879, A880, A881, A888, A89, 
A920, A921, A922, A923, A924, A925, A928, A929, 
A930, A931, A932, A938, A94, A950, A951, A959, 
A960, A961, A962, A968, A969, A970, A971, A972, 
A979, A980, A981, A982, A983, A984, A985, A988, 
A99, B150, B159, B160, B161, B162, B169, B170, 
B171, B172, B178, B179, B000, B001-B009, B010-
B012, B018, B019, B020-B023, B027, B028, B029, 
B03, B04, B050, B051, B052, B054, B058, B059, 
B060, B068, B069, B07, B080, B081, B082, B083, 
B084, B085, B088, B09, B180, B181, B182, B188, 
B189, B190, B199, B200-B209, B210-B213, B217, 
B218, B219, B220-B222, B227, B230, B231, B232, 
B238, B24, B250, B251, B252, B258, B259, B260, 
B261, B262, B263, B268, B269, B270, B271, B278, 
B279, B300-B303, B308, B309, B330, B331, B332, 
B333, B334, B338, B340, B341, B342, B343, B344, 
B348, B349, B350, B351, B352, B353, B354, B355, 
B356, B358, B359, B360, B361, B362, B363, B368, 
B369, B370, B371, B372, B373, B374, B375, B376, 
B377, B378, B379, B380, B381, B382, B383, B384, 
B387, B388, B389, B390, B391, B392, B393, B394, 
B395, B399, B400, B401, B402, B403, B407, B408, 
B409, B410, B417-B419, B420, B421, B427, B428, 
B429, B430, B431, B432, B438, B439, B451, B452, 
B453, B457, B458, B459, B461, B462, B463, B464, 
B465, B468, B469, B470, B471, B479, B480, B481, 
B482, B483, B484, B485, B487, B488, B49, B500, 
B508, B509, B510, B518, B519, B520, B528, B529, 
B530, B531, B538, B54, B550, B551, B552, B559, 
B560, B561, B569, B570, B571, B572, B573, B573, 
B575, B580, B581, B582, B583, B588, B589, B600, 
B601, B602, B608, B64, B650, B651, B652, B653, 
B658, B659, B660, B661, B662, B663, B664, B665, 
B668, B669, B670, B671, B672, B673, B674, B675, 
B676, B677, B678, B679, B680, B681, B689, B690, 
B691, B698, B699, B700, B701, B710, B711, B718, 
B719, B72, B73, B740, B741, B742, B743, B744, 
B748, B749, B75, B760, B761, B768, B769, B770, 
B778, B779, B780, B781, B787, B789, B79, B80, 
B810, B811, B812, B813, B814, B818, B820, B829, 
B830, B831, B832, B833, B834, B838, B839, B850, 
B851, B852, B853, B854, B86, B870, B871, B872, 
B873, B874, B878, B879, B880, B881, B882, B883, 
B888, B889, B89, B900, B901, B902, B908, B909, 
B91, B92, B940, B941, B942, B948, B949, B950, 
B951, B952, B953, B954, B955, B956, B957, B958, 
B960, B961, B962, B963, B964, B965, B966, B967, 
B968, B970, B971, B972, B973, B974, B975, B976, 
B2977, B978, B980, B981, B99, T802, T814, T826, 
T827, T835, T836, T845, T846, T847, T857, T880, 
Z2230, D733, E060, E321, E350 

 1 
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Supplementary table S2 IRs and HRs of serious infection in subgroups 1 

 2 

Dichotomized variables      RA 
IR (95 % CI) 

PsA 
IR (95 % CI) 

PsA vs RA  
HR (95 % CI) 

P-value 

Age    
 

<50 2.62 (1.72, 3.97) 1.12 (0.67, 1.99) 0.39 (0.19, 0.81) 0.012 

>= 50 4.73 (3.78, 5.94) 2.88 (1.93, 4.30) 0.70 (0.44, 1.12) 0.140 

Gender     

Female  3.92 (2.67, 5.75) 1.78 (1.11, 2.87) 0.57 (0.34, 0.93) 0.026 

Male 4.03 (3.19, 5.09) 1.99 (1.28, 3.08) 0.69 (0.36, 1.33) 0.268 

DAS28-CRP remission  
(< 2.6) at 3 months 

    

Yes 2.77 (1.98, 3.88) 1.04 (0.59, 1.83) 0.50 (0.24, 1.00) 0.050 

No 5.26 (4.11, 6.73) 3.10 (2.10, 4.60) 0.66 (0.41, 1.06) 0.086 

Prednisolone 
comedication baseline 

   
 

Yes 6.25 (4.89, 7.99) 2.71 (1.46, 5.04) 0.51 (0.26, 1.00) 0.051 

No 2.35 (1.67, 3.31) 1.70 (1.12, 2.47) 0.88 (0.52, 1.51) 0.653 

Methotrexate 
comedication baseline 

   
 

Yes 3.68 (2.92, 4.64) 2.07 (1.41, 3.05) 0.70 (0.44, 1.11) 0.132 

No 5.25 (3.57, 7.71) 1.56 (0.86, 2.81) 0.41 (0.19, 0.86) 0.018 

Subgroups of MTX and 
prednisolone use 

   
 

Both prednisolone and 
MTX 

4.96 (3.79, 6.49) 2.33 (1.33, 4.11) 0.63 (0.33, 1.20) 
0.159 

Prednisolone, not MTX 6.50 (4.10, 10.32) 2.24 (0.84, 5.97) 0.47 (0.15, 1.46) 
0.192 

MTX, not prednisolone 2.15 (1.40, 3.37) 1.82 (1.08, 3.07) 0.90 (0.44, 1.86) 
0.778 

TNFi monotherapy    
 

Yes 3.44 (1.29, 9.16) 0.92 (0.35, 2.46) 0.31 (0.07, 1.39) 0.126 

No 4.03 (3.29, 4.94) 2.16 (1.54, 3.04) 0.69 (0.46, 1.04) 0.078 

HRs adjusted for age and gender and performed on cases with no missingness for variables 
included in this model.  n = 2170 
HR; hazard ratio, DAS28; disease activity score for 28 joints,CRP; C-reactive protein, MHAQ; Modified Health 
Assessment Questionnaire, IQR; inter quartile range 

  3 
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Supplementary table S3 Comparison of cases with missing data with cases 1 

who had complete data  2 

Missing 
variable  Missing Not missing p-value 

 
Disease 
duration  

Age in years, mean (SD) 51.4 (13) 50.9 (13) 0.40 

Disease, n (%) 
RA:  266 (48)  
PsA: 286 (52) 

RA: 1512 (58) 
PsA: 1105 (42) 

<0.001 

Female gender, n (%) 390 (67) 1768 (68)  0.81 

DAS28-CRP, mean (SD) * 3.6 (1.3) 3.8 (1.3) 0.003 

MHAQ*, median (IQR) 0.6 (0.3, 1.0) 0.6 (0.3, 1.0) 0.02 

Prednisolone, n (%)* 160 (31) 888 (35) 0.14 

Smoking, n (%)* 78 (21)  399 (19) 0.11 

5 years historic data, n 
(%) 

409 (74) 1098 (42) 
<0.001 

DAS28-CRP Age in years 51.3 (13.4) 51.0 (13.2) 0.61 

Disease, n (%) 
RA: 228 (53.3) 
PsA: 200 (46.7) 

RA: 1550 (56.6) 
PsA: 1191 (43.5) 

0.20 

Female gender, n (%) 297 (69.4) 1841 (67.2) 0.36 

Disease duration 4.9 (1.6, 13.0) 6.2 (2.1, 13.5) 0.04 

MHAQ* 0.6 (0.3, 0.9) 0.6 (0.3, 1.0) 0.42 

Prednisolone* 107 (30) 941 (35) 0.10 

Smoking* 53 (19)  424 (19) 0.87 

5 years historic data 248 (58) 1259 (46) <0.001 

MHAQ Age in years 51.8 (13.2) 51.0 (13.3) 0.52 

Disease, n (%) 
RA: 58 (54.7) 
PsA: 48 (45.3) 

RA: 1720 (56.0) 
PsA: 1343 (43.9) 

0.77 

Female gender, n (%) 76 (71.7) 2062 (67) 0.34 

Disease duration 5.3 (1.3, 11.3) 6.1 (2.0, 13.4) 0.47 

DAS28-CRP* 3.6 (1.3) 3.8 (1.3) 0.26 

Prednisolone* 25 (37) 1023 (34) 0.63 

Smoking* 12 (23) 465 (19)  0.59 

5 years historic data 65 (61) 1442 (47) 0.004 

Prednisolone Age in years 50.9 (13.2) 51.0 (13.3) 0.97 

Disease, n (%) 
RA: 50 (55) 
PsA: 41 (45) 

RA: 1728 (56) 
PsA: 1350 (44) 

0.82 

Female gender, n (%) 65 (71) 2073 (67) 0.41 

Disease duration 5.0 (1.2, 14.9) 6.1 (2.0, 13.3) 0.60 

DAS28-CRP* 3.3 (1.2) 3.8 (1.3) 0.08 

MHAQ* 0.3 (0.0, 0.7) 0.6 (0.3, 1.0) <0.001 

Smoking* 6 (19.4) 471 (19.4) 0.98 

5 years historic data 66 (73) 1441 (47) <0.001 

Smoking Age in years 51.7 (13.3) 50.8 (13.3) 0.13 

Disease, n (%)  RA: 409 (58) RA: 1369 (56) 0.25 
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PsA: 296 (42) PsA: 1095 (44) 

Female gender, n (%) 494 (70) 1644 (67) 0.09 

Disease duration 5.7 (2.0, 12.9) 6.2 (2.0, 13.6) 0.40 

DAS28-CRP* 3.7 (1.3) 3.8 (1.3) 0.23 

MHAQ* 0.5 (0.2, 1.0) 0.6 (0.3, 1.0) 0.34 

Prednisolone* 433 (21) 1597 (79) 0.48 

5 years historic data 526 (75) 981 (40) <0.001 

5 years historic 
data 

Age in years 50.5 (13.3) 51.6 (13.2) 0.02 

Disease, n (%) 
RA: 995 (60) 
PsA: 667 (40) 

RA: 783 (52) 
PsA: 724 (48) 

<0.001 

Female gender, n (%) 1130 (68) 1008 (67) 0.51 

Disease duration 6.7 (2.2, 14.1) 5.6 (1.9, 12.3) 0.02 

DAS28-CRP* 3.9 (1.3) 3.6 (1.3) <0.001 

MHAQ* 0.6 (0.3, 1.0) 0.5 (0.3, 0.9) 0.02 

Prednisolone* 651 (40) 397 (28) <0.001 

Smoking* 311 (21) 166 (17) <0.001 

* DAS28-CRP, MHAQ, prednisolone use and current smoking at baseline 
HR; hazard ratio, DAS28; disease activity score for 28 joints, CRP; C-reactive protein, 
MHAQ; Modified Health Assessment Questionnaire, IQR; inter quartile range  

 

 1 

Supplementary figure S1 HRs with CIs of serious infection in cohorts with and 2 

without missingness for key variables 3 

Footnote: DAS28; disease activity score for 28 joints, MHAQ; Modified Health Assessment 4 

Questionnaire  5 

 6 

 7 

  8 
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 1 

Supplementary table S4 Cox regression of serious infection in patients with 2 

PsA vs RA, adjusted for disease activity measurements 3 

 4 

 Number HR (95 % CI) p-value 

Model A Adjusted for age and gender 

PsA vs RA 2328 0.63 (0.43, 0.93) 0.019 

Model B Adjusted for age, gender, DAS28-CRP, MHAQ, physicial global assessment, 
patient global assessment 

PsA vs RA 2328 0.65 (0.44, 0.96) 0.031 

Model B1 Adjusted for age, gender, DAS28-CRP  

PsA vs RA 2328 0.67 (0.46, 0.97) 0.036 

Model B2 Adjusted for age, gender, MHAQ 

PsA vs RA 2328 0.60 (0.41, 0.87) 0.008 

Model B3 Adjusted for age, gender, CRP 

PsA vs RA 2328 0.65 (0.44, 0.95) 0.025 

Model B4 Adjusted for age, gender, physician global assessment 

PsA vs RA 2328 0.63 (0.43, 0.93) 0.019 

Model B5 Adjusted for age, gender, patient global assessment 

PsA vs RA 2328 0.61 (0.41, 0.89) 0.011 

HR; hazard ratio, DAS28; disease activity score for 28 joints, MHAQ; Modified Health Assessment Questionnaire, 
CRP; C-reactive protein 
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