
  189Molander V, et al. Ann Rheum Dis 2023;82:189–197. doi:10.1136/ard-2022-223050

Rheumatoid arthritis

EPIDEMIOLOGICAL SCIENCE

Venous thromboembolism with JAK inhibitors and 
other immune- modulatory drugs: a Swedish 
comparative safety study among patients with 
rheumatoid arthritis
Viktor Molander    ,1,2 Hannah Bower    ,1 Thomas Frisell    ,1 
Benedicte Delcoigne    ,1 Daniela Di Giuseppe,1 Johan Askling    ,1,2 The ARTIS study 
group

To cite: Molander V, 
Bower H, Frisell T, 
et al. Ann Rheum Dis 
2023;82:189–197.

Handling editor Josef S 
Smolen

 ► Additional supplemental 
material is published online 
only. To view, please visit 
the journal online (http:// dx. 
doi. org/ 10. 1136/ ard- 2022- 
223050).

1Clinical Epidemiology Division, 
Department of Medicine Solna, 
Karolinska Institutet, Stockholm, 
Sweden
2Rheumatology, Karolinska 
University Hospital, Stockholm, 
Sweden

Correspondence to
Viktor Molander, Clinical 
Epidemiology Division, 
Karolinska Institutet, Stockholm 
171 77, Sweden;  
 viktor. molander@ ki. se

Received 5 July 2022
Accepted 27 August 2022
Published Online First 
23 September 2022

© Author(s) (or their 
employer(s)) 2023. Re- use 
permitted under CC BY- NC. No 
commercial re- use. See rights 
and permissions. Published 
by BMJ.

ABSTRACT
Objective To assess and compare the incidence 
of venous thromboembolism (VTE) in patients with 
rheumatoid arthritis (RA) treated with Janus kinase 
inhibitors (JAKi), tumour necrosis factor inhibitors (TNFi) 
or other biological disease modifying antirheumatic 
drugs (bDMARDs). For contextualisation, to assess VTE 
incidences in the Swedish general population and in the 
RA source population.
Methods We performed a nationwide register- based, 
active comparator, new user design cohort study in 
Sweden from 2010 to 2021. The Swedish Rheumatology 
Quality Register was linked to national health registers 
to identify treatment cohorts (exposure) of initiators 
of a JAKi, a TNFi, or a non- TNFi bDMARD (n=32 737 
treatment initiations). We also identified a general 
population cohort (matched 1:5, n=92 108), and an 
’overall RA’ comparator cohort (n=85 722). Outcome 
was time to first VTE during the follow- up, overall and 
by deep vein thrombosis (DVT) and pulmonary embolism 
(PE). We calculated incidence rates (IR) and multivariable- 
adjusted HRs using Cox regression.
Results Based on 559 incident VTE events, the age- 
and sex- standardised (to TNFi) IR (95% CI) for VTE was 
5.15 per 1000 person- years (4.58 to 5.78) for patients 
treated with TNFi, 11.33 (8.54 to 15.04) for patients 
treated with JAKi, 5.86 (5.69 to 6.04) in the overall RA 
cohort and 3.28 (3.14 to 3.43) in the general population. 
The fully adjusted HR (95% CI) for VTE with JAKi versus 
TNFi was 1.73 (1.24 to 2.42), the corresponding HR for 
PE was 3.21 (2.11 to 4.88) and 0.83 (0.47 to 1.45) for 
DVT.
Conclusions Patients with RA treated with JAKi in 
clinical practice are at increased risk of VTE compared 
with those treated with bDMARDs, an increase 
numerically confined to PE.

INTRODUCTION
Patients with rheumatoid arthritis (RA) are at 
50%–100% increased risk of venous thromboem-
bolism (VTE), that is, pulmonary embolism (PE) 
and deep vein thrombosis (DVT), compared with 
individuals without RA.1–6 In part, this increase may 
be explained by an increased occurrence of estab-
lished VTE risk factors, such as cancer, immobilisa-
tion and joint replacement surgery7 in patients with 

RA. Importantly, inflammation is known to upreg-
ulate procoagulatory factors and cause endothelial 
damage8 9; we and others recently demonstrated an 
association between RA disease activity and VTE 
risk.10–12

Janus kinase inhibitors (JAKi) are the most 
recently introduced class of disease- modifying anti-
rheumatic drugs (DMARDs), also referred to as 
targeted synthetic (ts)DMARDs. Initially, a signal 
for VTE risk was identified by an increased number 
of VTE events in randomised controlled trials 
of baricitinib and upadacitinib versus placebo.13 
Further, the very recently published ORAL surveil-
lance postauthorisation safety trial of tofacitinib 
versus etanercept/adalimumab observed a dose- 
dependent increase in VTE risk in the two tofac-
itinib arms compared with the tumour necrosis 
factor inhibitors (TNFi) reference arm.14 Based on 

WHAT IS ALREADY KNOWN ON THIS TOPIC
 ⇒ Meta- analyses of phase III trials of Janus kinase 
inhibitors (JAKi), and a recent postapproval 
safety trial of tofacitnib versus tumour necrosis 
factor inhibitors (TNFi), both indicate a higher 
risk of venous thromboembolism (VTE) with 
JAKi.

WHAT THIS STUDY ADDS
 ⇒ Our study (1) confirms a 50%–100% increased 
risk of VTE for JAKi as used in clinical practice, 
(2) demonstrates that the VTE rate with JAKi 
is higher than with TNFi, with other biological 
disease- modifying antirheumatic drugs, 
and in the background rheumatoid arthritis 
population, and (3) shows that the increased 
VTE rate seems to be explained by an increased 
rate of pulmonary embolism rather than deep 
venous thrombosis.

HOW THIS STUDY MIGHT AFFECT RESEARCH, 
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VTE risk in patients treated with JAKi, and 
underscore the need for VTE risk stratification 
before initiating JAKi treatment.
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interim results from this trial, regulatory agencies (European 
Medicines Agency (EMA) and U.S. Food and Drug Administra-
tion (FDA)) issued warnings regarding VTE risk with the class of 
JAKi.15 16 So far, however, published data on VTE risk with JAKi 
as used in clinical practice (from the U.S. CorEvitas RA registry 
and from U.S. insurance claims) have not demonstrated any 
increased risk.17 18 Importantly, ORAL surveillance used TNFi 
as reference, thus providing relative estimates of risk where the 
effect of the comparator on the baseline risk of VTE is not fully 
understood, and may not be neutral.

The aims of this study were therefore to assess and compare 
the incidence of VTE, by type, in patients with RA treated with 
JAKi or biological DMARDs (bDMARDs) as used in clinical 
practice (using TNFi as reference), and to contextualise these 
rates by estimation of the corresponding incidences in the overall 
RA population, irrespective of specific DMARD treatment, and 
in the general population.

METHODS
Study design
We conducted a nationwide register- based, active compar-
ator, new user design cohort study that made use of prospec-
tively recorded and linked data from clinical and other Swedish 
registers.

Setting
In Sweden, healthcare and drug prescriptions are publicly 
funded with an annual threshold of payment for the indi-
vidual patients of €230. Prescription of drugs approved by 
EMA and the national drug reimbursement agency is at the 
discretion of individual physicians with guidelines issued by 
the Swedish Society for Rheumatology. The vast majority of 
patients with RA are treated by rheumatologists at public 
rheumatology clinics. VTE events are usually diagnosed and/
or treated at public hospitals.

Data sources
The Swedish Rheumatology Quality Register (SRQ) is a 
longitudinal clinical register capturing information on RA 
disease activity and treatment, based on data entered by the 
treating rheumatologist as well as the patients at outpatients 
visit. The estimated national coverage in SRQ for patients 
with RA and any DMARD treatment is 85%–90%. The 
National Patient Register (NPR) contains information on 
inpatient care since 1969 (nationwide since 1987) and non- 
primary outpatient care since 2001, with diagnoses coded 
according to International Classification of Diseases (ICD). 
The coverage for somatic conditions such as RA and VTE, 
and typical RA comorbidities, is reported to be over 95%.19 
The Prescribed Drug Register (PDR) contains information 
on all filled prescriptions, coded according to the Anatomic 
Therapeutic Chemical Classification system (ATC) since 
2005. The Cause of Death Register contains information on 
all deaths and cause(s) of death registered using ICD codes 
since 1961. The Swedish Population Register contains infor-
mation on residency, civil status (marriage or civil partner-
ship/union) and migration data for all Swedish residents. 
The Longitudinal integrated database for health insurance 
and labour market studies (LISA) includes information on 
sick leave and disability pension since 1990. For details 
of the data sources, please see online supplemental table 
S1. Through personal identification numbers, issued to all 

Swedish residents, individual- level data from registers and 
other data sources may be linked together.

Study population
Through SRQ, we identified all b/tsDMARD treatment initia-
tions between 1 January 2010 and 31 December 2020 among all 
registered patients with RA above 18 years of age.

Using validated algorithms applied to NPR,20 we further 
identified the entire RA population in Sweden (the ‘overall RA 
cohort’) defined by at least two separate visits listing RA at a 
rheumatology or internal medicine clinic before or during the 
study period.

For each patient with RA who contributed to any of the b/
tsDMARD cohorts, we randomly matched five individuals 
without RA from the general population by age, sex and resi-
dential area (at time of RA diagnosis for the index RA patient).

Exposure b/tsDMARDs were categorised into the following 
treatment initiation cohorts: TNFi (etanercept, infliximab, 
adalimumab, golimumab, certolizumab pegol), rituximab, inter-
leukin 6 inhibitors (IL6i) (tocilizumab, sarilumab), abatacept 
and JAKi (tofacitinib, baricitinib, upadacitinib). Dates for intro-
duction of each JAKi on the Swedish market are presented in 
online supplemental table S2. Treatment initiation was defined 
as the registered date of treatment start in the SRQ. For each 
of these treatment cohorts, we used a first initiation per mole-
cule approach, meaning that one individual could contribute 
to each treatment cohort more than once, but only once with 
each individual drug. For instance, an individual who, during the 
study period, initiated treatment with adalimumab, switched to 
rituximab, and later to etanercept contributed two initiations to 
the TNFi cohort, and one to the rituximab cohort. Similarly, an 
individual who initiated treatment with baricitinib followed by 
tofacitinib contributed two initiations to the JAKi cohort. Switch 
from an originator to biosimilar was considered the same treat-
ment episode, as was restarting the same treatment within 90 
days after discontinuation (180 days for rituximab) if no other 
bDMARD was initiated in between. In an additional analysis, 
baricitinib and tofacitinib were assessed as separate cohorts.

Outcome
The outcome was defined as the first registration with an ICD10 
code for VTE in primary or secondary position in the NPR, or 
PE listed as the underlying cause of death in the Cause of Death 
Register during follow- up, plus the requirement of a filled anti-
coagulant prescription within 30 days (unless death from any 
cause within 30 days). See online supplemental table S3 for all 
ICD and ATC codes. Subjects with a VTE registered during the 
year prior to start of follow- up were excluded. This outcome 
definition was recently validated in our RA study population 
and was found to have a PPV of 98% (95% CI 95% to 100%), 
with only a minor loss in sensitivity (86%) compared with when 
not applying anticoagulant requirement and not excluding those 
with VTE within the previous year.21 We used a time- to- first 
event approach for each drug. One individual could thus only 
contribute one VTE event for each individual drug treatment- 
exposure, but could contribute VTE events to more than one 
drug or drug class. VTE events that occurred within the 60- day 
window after discontinuation of one b/tsDMARD but after the 
start of any new b/tsDMARD (n=9) were attributed to both 
exposures. We also defined two separate outcomes: first PE and 
first DVT during the follow- up, with the same requirement of 
dispensation of anticoagulant as for the main outcome.

https://dx.doi.org/10.1136/ard-2022-223050
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Follow-up
Start of follow- up was defined as the registered date of treat-
ment start in SRQ. In the main analysis we used an on- drug 
approach. Treatment discontinuation was defined as either of 
(1) registered date for discontinuation in the SRQ, (2) start of 
alternative b/tsDMARD in SRQ or (3) date of filled prescrip-
tion for alternative b/tsDMARD from the PDR, whichever came 
first. For the overall RA cohort, follow- up started at first day 
of study period (or at the time point of the second ICD10 code 
registration for RA, if later). For the matched general population 
cohort, follow- up started at the time point of the first recorded 
treatment initiation in the corresponding index individual with 
RA. For all cohorts, follow- up ended at 60 days after discontin-
uation of the DMARD treatment in question, first VTE event, 
death, emigration or end of study period (31 December 2021), 
whichever came first.

Statistical analyses
We calculated crude as well as age- and sex- standardised inci-
dence rates (using the TNFi cohort as standard). HRs comparing 
the rate of VTE between the treatment cohorts (using TNFi 
as reference) were estimated using Cox proportional hazards 
regression, adjusted for age, sex and number of previous b/
tsDMARDs (ever) (HR1), additionally adjusted for relevant 
comorbidities and treatments, healthcare consumption and 
socioeconomic variables (HR2) and for RA disease- related vari-
ables and smoking (HR3). Table 1 (except rows 1–4) includes all 
variables used in these models, each covariate reflecting status at 
start of follow- up for each observation in each model). For vari-
ables with missing data (HR2: one variable, HR3: five variables), 
we used the missing indicator method. See table 1 for a full list of 
variables and their definitions. Since the overall RA cohort was 
partially comprised of patients from the treatment cohorts, and 
was followed irrespective of any treatment initiation, HRs were 
not calculated for this cohort.

We also performed separated analyses by sex, RA serostatus, 
number of previous b/tsDMARDs and time since start of 
follow-up(0to≤1year,1to≤5yearsand≥5years).Totestthe
proportional hazards assumption, we used an interaction term 
between follow-up time (0 to≤1year, 1 to≤5 years and≥5
years) and exposure.

To test the robustness of our results, we performed several 
sensitivity analyses in which we investigated alternative outcome 
and follow- up definitions (see online supplemental table S3 for 
a full description). To maximise statistical precision, our main 
analysis used data from 2010. Since JAKis were introduced to 
the Swedish market in 2016, we performed a separate analysis 
restricted to data from 2016 to 2021. To investigate the role of 
missingness, we performed a complete case analysis (ie, excluding 
patients with missing values for the disease- related variables and 
smoking), as well as an analysis using multiple imputation for 
variables with missing data (see the online supplemental file 
for a full description of the imputation). We further performed 
a separate analysis of patients fulfilling relevant inclusion and 
exclusion criteria for the ORAL surveillance study, to assess how 
such enrichment for cardiovascular risk factors affected the VTE 
incidence and HRs for each exposure (details in online supple-
mental file 1). All analyses were performed using SAS Enterprise 
Guide V.7.1 and Stata V.15.

RESULTS
Table 1 displays baseline characteristics of the b/tsDMARD treat-
ment exposure cohorts and the general population referents. 

Overall, 27 610 unique patients with RA contributed with 32 737 
b/tsDMARDs treatment exposures. The overall RA cohort 
encompassed 85 722 patients and the general population cohort 
encompassed 91 207 individuals. Compared with TNFi, patients 
starting other b/tsDMARDs were generally slightly older, had 
longer- lasting RA, more comorbidities and a higher level of 
healthcare consumption. Additional covariates are presented in 
online supplemental table S4, and proportions of missing data 
are presented in online supplemental table S5.

VTE occurrence and incidence
Table 2 presents the number of VTE events and age- and sex- 
standardised incidence rates for the b/tsDMARD exposure 
cohorts, the overall RA cohort and the general population 
cohort. In the b/tsDMARD exposure cohorts, a total of 559 
incident VTE events were observed, corresponding to an overall 
standardised VTE incidence of 6.09 (95% CI 5.60 to 6.61) per 
1000 person- years. For patients initiating TNFi, the standardised 
incidence rate per 1000 person- years was 5.15 (95% CI 4.58 to 
5.78) compared with 11.33 (95% CI 8.54 to 15.04) for patients 
initiating JAKi. For patients initiating other bDMARDs, the inci-
dence was generally higher than in the TNFi cohort. Based on 
4476 VTE events, the standardised VTE incidence in the overall 
RA cohort was 5.86 (95% CI 5.69 to 6.04), compared with 3.28 
(95% CI 3.14 to 3.43) in the general population.

Relative risks for VTE
Figure 1 presents unadjusted Kaplan- Meier curves for the treat-
ment and general population cohorts. Table 2 presents crude 
and adjusted HRs for VTE. Using TNFi as reference, the fully 
adjusted HR for VTE for patients treated with JAKi was 1.73 
(95% CI 1.24 to 2.42). When separating individual JAKis (78% 
were bariticinib initiations, 18% tofacitinib and 4% upadaci-
tinib), the HR for baricitinib was 1.79 (95% CI 1.25 to 2.55) 
and 1.66 (95% CI 0.77 to 3.59) for tofacitinib. HRs were not 
calculated for upadacitinib due to low follow- up time and 0 VTE 
events. For non- TNFi bDMARDs, HRs were close to 1 except 
for IL6i for which HRs were generally increased (although not 
statistically significant) with a fully adjusted HR of 1.25 (95% 
CI 0.94 to 1.67). For the general population versus TNFi, the 
age- and sex- adjusted HR was 0.66 (95% CI 0.57 to 0.76). The 
overall number of observations, events and person- years at risk 
in each model is presented in online supplemental table S6, 
and HRs by time since treatment start in online supplemental 
table S7. When using JAKi as reference, HRs were lower for all 
bDMARDs, although not statistically significant for IL6i (online 
supplemental table S8).

Occurrence and relative risks for PE and VTE
When assessing time to first event for PE and DVT separately, 
the overall incidence rate per 1000 person- years was 2.91 (95% 
CI 2.59 to 3.28) for PE and 3.51 (95% CI 3.15 to 3.92) for 
DVT. The fully adjusted HR for PE in patients initiating treat-
ment with JAKi versus TNFi was 3.21 (95% CI 2.11 to 4.88), 
and the corresponding HR for DVT was 0.83 (95% CI 0.47 to 
1.45). The corresponding HRs for DVT and PE with non- TNFi 
bDMARDs were generally closer to 1 and not statistically signif-
icant (figure 2).

Stratified analyses
When analysed separately by sex, the incidence rates of VTE 
were approximately 50% higher in males than in females, and 
the HRs were numerically higher for males compared with 

https://dx.doi.org/10.1136/ard-2022-223050
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https://dx.doi.org/10.1136/ard-2022-223050
https://dx.doi.org/10.1136/ard-2022-223050
https://dx.doi.org/10.1136/ard-2022-223050
https://dx.doi.org/10.1136/ard-2022-223050
https://dx.doi.org/10.1136/ard-2022-223050
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females for those treated with IL6i versus TNFi (2.30 (95% CI 
1.43 to 3.70) for males and 0.91 (0.63 to 1.32) for females) as 
well as JAKi versus TNFi (2.66 (95% CI 1.44 to 4.92) for males 
and 1.53 (1.02–2.30) for females). When stratified by history of 
VTE, the incidence rate of VTE was almost nine times higher 
for individuals with a previous VTE versus those without, but all 
HRs for b/tsDMARDs versus TNFi were close to 1 (table 3). By 
contrast, among those without a previous VTE, the HRs were 

increased with IL6i versus TNFi (1.42 (95% CI 1.03 to 1.96)) 
and with JAKi versus TNFi (1.95 (1.33 to 2.87). All stratified 
analyses are presented in table 3.

Sensitivity analyses
Sensitivity analyses altering the definition of VTE as well as 
the definition of follow- up showed similar results as our main 

Table 1 Characteristics at each treatment initiation for the RA population (by b/tsDMARD treatment cohort and overall) and general population 
referents, in Swedish patients ith RA from 2010 to 2020

b/tsDMARD treatment cohort

Gen popTNFi Rituximab IL6i Abatacept JAKi

Treatment initiations (n) 19 950 4032 3019 3382 2354 92 180

Individuals (n) 15 090 4032 2956 3382 2150 91 207

Year of treatment start, median 2015 2014 2015 2015 2019 2014

Follow- up, median years (IQR) 2 (1–4) 3 (1–6) 2 (1–4) 2 (1–4) 2 (1–3) 7 (4–10)

Age at Tx start, median (IQR) 57 (47–67) 62 (54–72) 58 (49–68) 60 (52–70) 60 (51–70) 57 (48–68)

Females (%) 77 75 80 80 82 76

Ever smoker (%) 58 65 59 62 59 n/a

Clinical RA data

  RA duration, median years (IQR) 7 (3–15) 12 (6–22) 11 (5–19) 12 (5–21) 13 (7–23) n/a

  No previous biologics, median (IQR) 0 (0–1) 1 (0–2) 2 (1–3) 2 (1–3) 3 (1–4) n/a

  Seropositive (%) 77 90 80 81 79 n/a

  DAS28CRP, median (IQR) 4.3 (3.5–5.1) 4.6 (3.8–5.3) 4.8 (4.0–5.5) 4.5 (3.8–5.2) 4.4 (3.5–5.1) n/a

  CRP, median (IQR) 6 (3–17) 9 (4–24) 10 (4–27) 7 (3–20) 5 (2–16) n/a

  HAQ, median (IQR) 1.0 (0.5–1.5) 1.3 (0.8–1.8) 1.3 (0.9–1.8) 1.3 (0.9–1.8) 1.3 (0.8–1.8) n/a

Comorbidities*

  Previous VTE, since 2001 (%) 3 5 5 5 5 2

  ACS (%) 2 3 2 3 2 1

  Other cardiac disease (%) 21 33 25 32 29 15

  Cerebrovascular disease (%) 2 3 2 3 2 2

  Chronic kidney disease (%) 1 2 2 2 2 1

  Cancer (in past 10 years) (%) 3 11 4 5 4 5

  Hospitalisation listing infection (%) 9 18 13 18 16 4

  Coagulopathy (%) 0 1 1 1 1 0

  Varicose veins (%) 2 2 2 3 2 1

  Major surgery previous 3 months (%) 3 4 4 4 3 2

  Diabetes (%) 9 11 10 12 10 7

  COPD or asthma (%) 14 20 16 22 19 11

Treatments†

  HRT or oestrogen contraceptive (%) 13 14 15 17 14 12

  Antipsychotics (%) 1 2 1 1 1 2

  NSAID/ASA (%) 63 61 65 62 58 23

  Anticoagulant (%) 6 11 8 10 10 5

  Oral corticosteroids (%) 70 78 75 76 73 6

Healthcare consumption

  No of specialist care visits, median (IQR) 13 (7–22) 19 (10–32) 19 (10–30) 21 (12–33) 25 (15–39) 2 (0–6)

  No of hospitalisations, median (IQR) 0 (0–1) 1 (0–2) 0 (0–2) 1 (0–2) 1 (0–2) 0 (0–0)

  No of filled prescriptions previous year, median (IQR) 22 (13–36) 30 (18–45) 28 (17–42) 31 (19–48) 29 (18–46) 5 (1–16)

Socioeconomics

  Married/partnership (%) 51 51 52 52 52 50

  Sick leave in previous year (%) 17 13 17 16 16 7

  Disability pension in previous year (%) 2 2 2 2 1 1

*Registered within the last 5 years before treatment initiation, unless otherwise stated.
†Registered within the last year before treatment initiation.
ACS, acute coronary syndrome; ASA, acetylsalisylic acid; b/tsDMARD, biologic/targeted synthetic disease modifying anti- rheumatic drug; COPD, chronic obstructive pulmonary 
disease; DAS28CRP, Disease Activity Score 28 C reactive protein; HAQ, Health Assessment Questionnaire; HRT, hormone replacement therapy; IL6i, interleukin 6 inhibitor; JAKi, 
Janus kinase inhibitor; n/a, not applicable; NSAID, non- steroidal anti- inflammatory drugs; Gen pop, general population; RA, rheumatoid arthritis; TNFi, Tumour necrosis factor 
inhibitor; tx, treatment; VTE, venous thromboembolism.
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analyses, although the HRs were generally lower when extending 
follow- up from 60 days after exposure- drug discontinuation 
until start of (any) next treatment (online supplemental figure 
S1). When using multiple imputation for variables with missing 
data, the fully adjusted HR for JAKi versus TNFi was 1.63 (95% 
CI 1.16 to 2.30) (see online supplemental Table S9 for additional 
results). When limiting the study period to 2016–2021, HRs 
were very similar to those in the main analysis (online supple-
mental table S10 and figure S2). When performing a complete 
case analysis, HRs for JAKi and IL6i versus TNFi were close to 
identical compared with the main analysis (online supplemental 
table S11).

Oral surveillance trial emulation
When analysing the subgroup of those fulfilling an emulation 
of the inclusion and exclusion criteria of the ORAL surveillance 
study, the incidence rates of VTE were around 50% higher, 
although the HRs for JAKi versus TNFi were similar or lower 

compared with our main analysis (online supplemental table 
S12).

DISCUSSION
In this nationwide study including 32 737 b/tsDMARD initiations 
from clinical practice, we made the following important obser-
vations: (1) the incidence of VTE in patients with RA treated 
with JAKi was 50%–100% higher than the corresponding inci-
dence in patients treated with TNFi, (2) this increase was at least 
numerically confined to PE rather than DVT, (3) the increase of 
VTE in the JAKi cohort was on average double that observed in 
the entire pool of patients with RA, and tripled compared with 
that in the general population, (4) when restricting the study 
population to mimic that of ORAL surveillance, the VTE inci-
dence generally increased by some 50% but the HR for JAKi 
versus TNFi remained largely the same as in our overall analysis.

So far, a few studies have studied the association between 
VTE risk in patients treated with JAKi using real world data. 
A comparative safety study for tofacitinib versus a combined 
bDMARD group from 2021 using the US CorEvitas RA registry 
(3152 tofacitinib PYs and 12 869 bDMARD PYs) showed no 
difference in age- and sex- standardised incidence rates of VTE 
per 100 PYs for JAKi versus bDMARDs (0.29 (95% CI 0.13 to 
0.54) versus 0.33 (95% CI 0.24 to 0.45)).17 Another study on 
tofacitinib versus TNFi from 2021 using three US claims data-
bases (5301 tofacitinib PYs and 75 824 TNFi PYs) resulted in a 
pooled propensity score- weighted HR of 1.13 (95% CI 0.77 to 
1.65).18 For several reasons, the results from these studies are 
difficult to compare to our current study. First, these previous 
studies only include tofacitinib initiations, whereas our current 
study includes both baricitinib and tofacitinib (80% of JAKi PYs 
were from baricitinib). Second, the CorEvitas study compared 
standardised incidence rates and used no measure for rela-
tive risks due to lack of power. Third, the claims database was 
restricted to inpatient VTEs. Fourth, use of claims database 
increases the risk of selection and attrition bias and provides no 
information on clinical RA variables such as disease activity.

The recently published ORAL surveillance study was a post-
authorisation randomised open- label safety study for tofacitinib 
that enrolled patients with active RA above 50 years of age and 
with at least one additional cardiovascular risk factor.14 Although 
not powered to assess VTE, this study found an increased 

Table 2 Number of treatment initiations, person- years at risk, VTE events, age- and sex- standardised incidence rates, and HRs for VTE in Swedish 
patients with RA (by treatment b/tsDMARD cohort and overall) and matched individuals from the general population between 2010 and 2020

Obs.
PYs at 
risk

VTE 
events

Standardised IR/1000 PYs 
(95% CI)

Unadjusted HR 
(95% CI)

HR (95% CI)
Model 1*

HR (95% CI)
Model 2†

HR (95% CI)
Model 3‡

Cohort

  TNFi 19 950 55 765 287 5.15 (4.58 to 5.78) 1 (ref) 1 (ref) 1 (ref) 1 (ref)

  Rituximab 4032 14 871 102 6.05 (4.98 to 7.34) 1.35 (1.08 to 1.70) 1.09 (0.86 to 1.38) 0.97 (0.76 to 1.23) 0.94 (0.74 to 1.20)

  IL6i 3019 8 354 66 7.54 (5.92 to 9.59) 1.54 (1.18 to 2.01) 1.44 (1.09 to 1.92) 1.30 (0.97 to 1.73) 1.25 (0.94 to 1.67)

  Abatacept 3382 8 651 56 5.69 (4.38 to 7.40) 1.25 (0.94 to 1.67) 1.10 (0.81 to 1.49) 0.89 (0.65 to 1.20) 0.89 (0.66 to 1.21)

  JAKi 2354 4 184 48 11.33 (8.54 to 15.04) 2.16 (1.59 to 2.93) 1.94 (1.40 to 2.70) 1.63 (1.17 to 2.28) 1.73 (1.24 to 2.42)

   Baricitinib§ 1825 3 412 41 11.35 (8.35 to 15.41) 2.27 (1.64 to 3.15) 2.00 (1.41 to 2.83) 1.69 (1.19 to 2.40) 1.79 (1.25 to 2.55)

   Tofacitinib§ 424 667 7 11.30 (5.39 to 23.70) 1.96 (0.92 to 4.15) 1.91 (0.89 to 4.11) 1.56 (0.72 to 3.35) 1.66 (0.77 to 3.59)

  Overall RA cohort 85 722 633 871 4476 5.86 (5.69 to 6.04) n/a n/a n/a n/a

  Gen pop 92 180 597 854 2001 3.28 (3.14 to 3.43) 0.67 (0.59 to 0.76) 0.66 (0.57 to 0.76) n/a n/a

*Model 1 adjusted for age, sex and line of therapy. Overall RA cohort excluded from model.
†Model 2 additionally adjusted for comorbidities and socioeconomic variables. Overall RA cohort and general population excluded from model.
‡Model 3 additionally adjusted for RA disease variables, civil status and smoking, using an indicator for missing variables. Overall RA cohort and general population excluded from model.
§Estimates obtained from a separate model where JAKi cohort is split into baricitinib and tofacitinib.
b/tsDMARD, biologic/targeted synthetic disease modifying anti- rheumatic drug; Gen pop, general population; IL6i, interleukin 6 inhibitor; IR, incidence rate; JAKi, Janus kinase inhibitor; n/a, not 
applicable; PY, person years; RA, rheumatoid arthritis; TNFi, tumour necrosis factor inhibitor; VTE, venous thromboembolism.
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Figure 1 Kaplan- Meier failure function for the incidence of VTE in 
Swedish patients with RA by b/tsDMARD treatment cohort and matched 
individuals from the general population between 2010 and 2021. b/
tsDMARD, biologic/targeted synthetic disease- modifying antirheumatic 
drug; JAKi, Janus kinase inhibitor; RA, rheumatoid arthritis; TNFi, Tumour 
necrosis factor inhibitor; VTE, venous thromboembolism.
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number of VTE events, especially with the 10 mg tofacitinib 
dose. For tofacitinib 5 mg, the dose currently approved for RA, 
the HR versus TNFi (etanercept/adalimumab) was 2.93 (95% 
CI 0.79 to 10.83) for PE and 1.54 (95% CI 0.60 to 3.97) for 
DVT. The study design raised the question whether these results 
could partially be explained by the population included in the 
study, since there is an overlap between risk factors for cardio-
vascular disease and VTE. In our study, the incidence of VTE was 
slightly higher for those fulfilling the ORAL surveillance inclu-
sion criteria, but the HRs for the risk of VTE for JAKi versus 
TNFi were similar or lower compared with our main analysis. 
The results indicate that the enrichment of cardiovascular risk 
factors may not be the main explanation for the observed results 
from the ORAL surveillance trial.

A common denominator of all the above studies is the use of 
TNFi (or all bDMARDs) as the comparator, which raises the 
question to what extent, and in what direction, this comparator 
itself alters the risk of VTE. In order to address this issue, we 
included an overall RA cohort to assess the incidence in the entire 
RA population including those not treated with any b/tsDMARD, 
and a general population cohort. Although comparing age- and 
sex- standardised incidence rates has its limitations in terms of 
confounding, the VTE incidence in the TNFi cohort, as well as 
the other bDMARD cohorts, was similar to the incidence in the 
overall RA cohort. In addition, when using JAKi as reference, 
HRs for VTE were very similar and lower (statistically signifi-
cant) for all bDMARDs except IL6i, where it was only numeri-
cally lower than that of JAKi. Thus, it is unlikely that the main 
results observed in this study are mainly explained by a decreased 
VTE risk with the active comparator (here: TNFi).

Interestingly, our study verifies the signal of a high number 
of PE events and thereby a disproportionate PE/DVT ratio, 
which was observed in JAKi randomised clinical trials and 
the ORAL surveillance study.14 PE in the absence of DVT has 
been described to have different risk factors than traditional 
PE (that arises from a DVT), such as higher age, female sex 
and cardiovascular disease, which are all enriched in RA.22 It 

has also been proposed that PE in the absence of DVT (or in 
situ pulmonary artery embolism) could be a separate entity 
triggered by local inflammation and ensuing imbalance in the 
coagulation system.23 On the other hand, since our previous 
study on RA disease activity and the risk of VTE observed a 
somewhat stronger association between RA disease activity 
and PE risk, compared with DVT risk, confounding by indi-
cation cannot be ruled out as a partial explanation for our 
findings (but not for those from ORAL surveillance and other 
trials).10

Whether, and how much, ongoing anticoagulant therapy alter 
the risk of VTE for patients with (or without) a history of VTE 
treated with any b/tsDMARD is an important clinical question; 
limited statistical precision precluded a detailed assessment of 
risks by history of VTE by anticoagulant use at treatment start 
and during the follow- up.

Although a definitive biological explanation for how JAK 
inhibition could increase VTE risk, PE in particular, is still 
lacking, our study adds to the body of evidence suggesting 
this is indeed the case, not only in trial populations but also 
when and as these drugs are used in clinical practice. Because 
of the relatively small sample size for tofacitinib, it is difficult 
to draw any specific conclusions regarding any difference in 
VTE risk between tofacitinib and baricitinib. In addition to 
the increased VTE risk for patients treated with JAKis, our 
study indicated a potential increase in VTE risk for patients 
treated with IL6i, especially in males. This raises the question 
whether the similarities between the mechanism of action for 
JAKis and IL6i may be a clue to a mechanism of the increased 
VTE risk.

Limitations
This study has some limitations. Defining the main outcome 
(VTE) from ICD codes in clinical registers might be a source 
of misclassification, especially since patients with RA might be 
at increased surveillance as well as having symptoms mimicking 

Figure 2 Events, incidence rates per 1000 person- years and HRs for VTE by treatment cohort (TNFi as reference), overall and by VTE subtype, in 
Swedish patients with RA between 2010 and 2021. b/tsDMARD, biologic/targeted synthetic disease- modifying antirheumatic drug; DVT, deep vein 
thrombosis; IR, incidence rate; JAKi, Janus kinase inhibitor; PE, pulmonary embolism; RA, rheumatoid arthritis; VTE, venous thromboembolism.
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those of a DVT. A recent validation study from our group revealed 
that a rheumatologist was involved in the VTE workup in only 
7% of cases of VTE in RA, and there was an initial suspicion of 
an RA- related symptom (instead of VTE suspicion) in only 1%, 
indicating a low surveillance and diagnostic bias regarding VTE 
specifically in the RA population.21

Our study has missing data for some variables (civil status, 
Disease Activity Score 28 components, Health Assessment 
Questionnaire and smoking), which is a potential source of 
residual confounding. On the other hand, results from the 
complete case analysis as well as multiple imputation were 
highly similar to the main results. It is therefore unlikely that 
this limited missingness has affected our results in any major 
way.

Our emulation of the ORAL surveillance study also had its 
limitations. First, our study mainly assessed baricitinib rather 
than tofacitinib, and our TNFi cohort was not limited to etaner-
cept and adalimumab. In addition, some of the inclusion and 
exclusion criteria were not possible to emulate due to the 
register- based nature of this study.

Strengths
SRQ includes more than 85% of all Swedish patients with RA 
treated by rheumatologists, and we linked this population to 
national and population- based health registers based on prospec-
tively collected data with high internal validity and coverage. 
Also, data on the outcome (VTE) was collected independently 
of the exposure (b/tsDMARD, and RA, status). This minimises 
the risk of selection and misclassification bias, and the external 
generalisability is likely to be high for many other settings. 
The inclusion of a general population cohort and an overall 
RA cohort, not restricted to those treated with b/tsDMARD, 
allowed for contextualisation of results which has not previously 
been performed.

CONCLUSION
In conclusion, as used in routine clinical practice to treat RA, 
JAKi (here: baricitinib and tofacitinib) are associated with a 
50%–100% increased risk of VTE compared with bDMARDs. 
This increase seems entirely confined to PE. Although our study 
results add to the concerns regarding cardiovascular safety of 
JAKi, these risks must be viewed in light of the cardiovascular 
risks in patients with active RA for whom alternative treatment 
options may not exist.
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