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Abstract

Background Thrombotic events, such as venous thromboembolism (VTE) are a major health complication linked to
rheumatoid arthritis (RA). We performed a meta-analysis to evaluate the risk of VTE, including deep vein thrombosis
(DVT) and pulmonary embolism (PE), in adults with RA compared to the general population.

Methods MEDLINE and EMBASE databases were searched from inception to April 2022 to identify publications
meeting the following criteria: (1) prospective and retrospective original data from cohort or case-control studies; (2)
pre-specified RA definition; (3) clearly defined VTE outcomes; (4) reported risk estimate and 95% confidence intervals
(95% Cls); (5) at least sex- and age-matched to comparison group; and (6) English language. Of 372 studies screened,
14 were included (602,760 RA patients, 123,076 VTE events) and their quality was assessed by an adaptation of the
STROBE quality scoring scale.

Results The pooled risk ratios of VTE, DVT and PE in patients with RA were 1.57 (95% Cl 1.41-1.76), 1.58 (95% Cl
1.26-1.97) and 1.57 (95% Cl 1.30-1.88), respectively. The 12 value of 92%, 94% and 92% for VTE, DVT and PE analyses,
suggesting considerable heterogeneity. There were no significant differences in risk estimates among the five
subgroup analyses: quality score (P=0.35, 12=0%); sex (P=0.31, 1°=1.7%); study year (P=0.81, =0%); population
source (P=0.35, 17 =0%); study design (P=0.62, I>=0%).

Conclusions Results show that patients with RA are at a higher risk of VTE, DVT and PE compared to the general
population.
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Introduction

Rheumatoid arthritis (RA) is a chronic and disabling
autoimmune disease associated with systemic inflam-
mation that affects 1% of the global population [1]. RA
causes joint pain, progressive joint destruction and
functional limitations, which may affect quality of life
of patients [2—4]. Additionally, RA is associated with an
increased risk of mortality including from cardiovascular
disease among other complications [5]. A major health
complication linked to RA is thrombotic events includ-
ing venous thromboembolism (VTE) [5-8]. VTE, which
includes deep vein thrombosis (DVT) and pulmonary
embolism (PE), is the third most common vascular event
in patients with RA [9].

In RA and other rheumatic diseases, VTE is thought to
occur as a complication of inflammation by up-regulat-
ing procoagulants, down-regulating anticoagulants, and
suppressing fibrinolysis [10-12]. The global burden of
thrombosis was estimated to account for 1 to 2 cases of
death per 1000 people worldwide in 2016 making it one
of the leading causes of death [13-14]. This rate is even
higher in patients with chronic inflammatory diseases
[25].

Risk estimates for the development of VTE amongst
patients with RA in previous studies are wide ranging,
from a 1.5 to 6.0-fold increased risk. These risk differ-
ences are likely due to methodological limitations and
heterogeneity [15-26]. These include population source
(clinical vs. community-based), length of follow-up, case
and outcome ascertainment, and the use of inception
cohorts that can impact the risk estimate of VTE among
RA patients [17-19, 27]. To provide a more accurate
assessment of this risk by accounting for the factors men-
tioned above, we conducted a comprehensive system-
atic review and a meta-analysis of the literature with the
objective of evaluating the risk of VTE among patients
with RA compared to the general population and assess-
ing sources of heterogeneity.

Methods

This meta-analysis has been designed according to the
2020 Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) statement guideline
checklist [28].

Data sources and searches strategy

A medical librarian systematically searched MEDLINE
and EMBASE databases for all eligible studies that iden-
tified key published material in English related to the
reported risk estimate of DVT, PE, and VTE in adult
patients with RA. The original search was conducted
from the database inception to October 2020, then
updated in April 2022. Records from database searches
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were downloaded and imported into an EndNote library
to facilitate removal of duplicates and screening.

Our search strategy employed mapped subject head-
ings together with keywords for unindexed concepts
relating to the themes of RA and VTE. Some major
search terms included (but were not limited to): RA,
VTE, DV, PE, relative risk, and odds ratio (OR). Search
terms were used alone and in combination (e.g., “rheu-
matoid arthritis” AND “relative risk” or “relative risks”
or “odds ratio” or “hazard ratio (HR)” or “incidence rate
ratio (IRR)” AND “VTE” or “venous thromboembo-
lism” or “thromboembolic events” or “thrombosis”). The
authors also identified additional references via hand-
searches of references in relevant papers. A summary of
the literature search methodology and resources is pro-
vided in Additional File 1.

Study selection

We reviewed titles and abstracts to select literature that
met the following inclusion criteria: (1) prospective and
retrospective original data from cohort or case-control
studies; (2) pre-specified RA through methods such as
ICD codes, clinical diagnosis (by a general practitioner
(GP) or rheumatologist), chart review, American College
of Rheumatology classification criteria [29], prescription
of antirheumatic drugs; (3) clearly defined VTE outcomes
through methods such as International Classification of
Diseases (ICD) codes, drug prescription (e.g. anticoagu-
lants), clinical diagnosis, chart review, hospital admission
data, imaging studies (CT scan, angiography, ultrasound);
(4) reported risk ratio (RR), odds ratio (OR), hazard ratio
(HR), incidence rate ratio (IRR), or standardized inci-
dence ratio (SIR) and corresponding 95% confidence
intervals (CI); (5) sex- and age-matched or adjusted com-
parisons from the general population; and (6) English
language. The exclusion criteria included articles report-
ing postoperative outcomes, articles that compared the
risk of VTE under different rheumatic medications and
grey literature including unpublished articles, reports,
protocols, editorials, and conference abstracts. Addition-
ally, any previous meta-analyses or meta-syntheses were
excluded but their references were searched for relevant
studies that met the inclusion criteria. If there were mul-
tiple publications using the same study population, the
publication with the higher quality, more recent data or
with the most detailed information was included.

Two amongst the group of four reviewers (AMA-
G, ZAF, SM, JK) were randomly paired and assigned to
assess each title and abstract independently through a
meta-analysis software, COVIDENCE, and any differ-
ences were adjudicated by consensus between the two
authors in conflict. Both authors would need to be in
consensus that the abstracts met the inclusion criteria to
be carried forward for full-text review. The same process
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was used to independently review all potentially relevant
full-text articles against eligibility criteria amongst the
same four reviewers and reasons for excluding studies at
this stage were recorded. Any conlflicts that could not be
resolved by each reviewer pair were decided by an inde-
pendent reviewer (JAA-Z).

Assessment of quality

To assess the quality of each study, we used an adaptation
of the STROBE quality scoring scale for observational
epidemiological studies [30]. The quality of each study
was assessed by two independent authors (AMA-G, ZAF,
SM or JK) using criteria such as the study population,
cohort/control selection, comparability and outcome def-
inition with a total of 12 points allowed for cohort stud-
ies and 10 points for case-control studies. Any conflicts
in the scoring were adjudicated by an independent author
(JAA-Z). The quality scoring scale used to evaluate both
case-control and cohort studies is included in Additional
File 2.

Data extraction

For each study meeting the eligibility criteria, we
extracted following data: author name, year of publica-
tion, study reference, country, sample size and population
source (e.g., clinical vs. community-based), enrollment
period, total number of cases and controls, mean follow-
up time, case and outcome ascertainment, total num-
ber of VTE (including DVT/PE) events, adjustments
for covariates (e.g., age, sex, body mass index, smoking,
cholesterol, diabetes mellitus), and the risk estimate with
95% Cls.

Statistical analysis

This meta-analysis was carried out in Review Man-
ager software (RevMan 5.2), STATA (version 17.0) and
HePIMA (version 2.1). The weight-pooled summary of
the risk estimates and 95% Cls for VTE outcomes were
calculated using the random effects model. The Hig-
gins’s (I?) statistic was used to evaluate heterogeneity,
whereby 0-40%, 30—60%, 50-90% and 75-100% I? val-
ues indicated low, moderate, substantial, and consider-
able heterogeneity, respectively [31]. Publication bias
was assessed with funnel plots [32] and the Egger linear
regression test [32]. Subgroup analyses were conducted
to evaluate whether the results differed according to the
following characteristics: study quality score (=7), sex
(male subjects>25%), year of study (before or after the
introduction of JAK inhibitors as a treatment for RA in
North America in 2018), population source (community-
based vs. clinical-based), and study design (inception vs.
non-inception). Subgroup analyses were only conducted
for the risk of VTE among patients with RA relative to
the general population, meaning that studies that only
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reported results for the outcomes of DVT and/or PE, but
not VTE were not included.

Results

Search results

Our first search was conducted in October 2020 and a
final search was updated in April 2022, identifying 372
records. After removing duplicates, 371 abstracts pub-
lished over the last 76 years were identified and selected
for title and abstract screening. A total of 35 studies were
then retrieved for detailed evaluation of which 12 stud-
ies were included in the meta-analysis. The other 23 stud-
ies were excluded for the following reasons: eight had no
original data, four had the wrong patient population, six
had the wrong study design, three had no comparison
group, one had no pre-specified RA definition, and one
did not have an adequate outcome definition. The paper
by Ramagopalan et al. [19] had three cohorts investigat-
ing the same RA-VTE association but with different time
periods, which we counted individually, increasing the
total count of included studies from the original 12 to the
final 14. The PRISMA flow diagram (Fig. 1) visually sum-
marizes the study selection process.

Study characteristics The 14 studies included 602,760
RA patients with 123,076 VTE events. 13 were cohort
studies and one was a case control study; the characteris-
tics of these studies are provided in Table 1. Nine of these
studies were performed in Europe, four in North America
and one in Asia. Ten of these studies used community-
based samples (#=239,557) and only four were clinical
population samples (2=339,793). All studies adjusted
for at least age and sex, while eleven of the studies also
adjusted for additional potential confounders (e.g., obe-
sity, cancer, bed rest, major surgery, congestive heart fail-
ure, varicose veins, fractures, estrogens, stroke, multiple
trauma). The mean quality score for the articles included
within the cohort studies was 7.67 (range 5-10) on a
12-point scale, and 10 points for the case-control study
on a 10-point scale (Table 2).

Overall risk of venous thromboembolism, deep vein
thrombosis, and pulmonary embolism

In total, 11 studies (n=444,253 RA cases) assessed
the overall risk of VTE, eight studies (#=180,483 RA
cases) assessed the overall risk of DVT, and nine stud-
ies (1=262,503 RA cases) assessed the overall risk of PE
(Fig. 2A-C). The risk of incident VTE was significantly
increased by 57% in patients with RA compared to the
general population (pooled RR 1.57 (95% CI 1.41-1.76)).
There was a 58% increase in the risk of DVT in patients
with RA (pooled RR 1.58 (95% CI 1.26—1.97)). There
was a 57% increase in the risk of PE in patients with RA
(pooled RR 1.57 (95% CI 1.30-1.88)). The I? value was
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Fig. 1 Search methodology and study selection summary

92%, 94%, and 92% for VTE, DVT, and PE analyses, sug-
gesting considerable heterogeneity (Fig. 2A-C). Results
stratified by study design are shown in Fig. 2A-C. The
test for subgroup differences comparing cohort and case-
control studies was statistically significant for the VTE
(p=0.0002) and PE (p=0.0001) outcomes, but not for
DVT (p=0.12). Additional results regarding heterogene-
ity for VTE are presented in Additional File 3.

Publication bias

The funnel plots for VTE and PE showed some asymme-
try indicating publication bias in small studies (Fig. 3A-
C). The VTE funnel plot showed one study occupying
the southeastern part of the plot while the PE funnel plot
showed more studies occupying the right-hand side of
the overall effect line. The P value of Egger’s test for both
these outcomes was >0.05, indicating that publication
bias was negligible in our meta-analysis. The funnel plot
for DVT had an approximate symmetry to the distribu-
tion and this indicated no presence of publication bias,
although the horizontal spread of studies is wide.

Subgroup analyses

To investigate potential causes of heterogeneity, sub-
group analyses were conducted stratified by qual-
ity score for the individual studies (=7), sex (% male
participants>25%), year of study (before or after the

introduction of JAK inhibitors as a treatment for RA in
North America in 2018), population source (community-
based vs. clinical-based), and study design (inception vs.
non-inception). Of the 14 studies included in our meta-
analysis, 11 reported results for VTE and were included
in subgroup analyses. There were no significant differ-
ences among any of the five subgroup analyses: quality
score (P=0.35, I>=0%); sex (P=0.31, I*=1.7%); study year
(P=0.81, 1>=0%); population source (P=0.35, >=0%);
study design (P=0.62, I’=0%) (Additional File 4). Within
all subgroup analyses, pooled risk estimates indicated
a statistically significant increased risk of VTE among
patients with RA relative to the general population. Addi-
tionally, heterogeneity, as measured by the I* statistic,
remained high (>75%) in all subgroups.

Discussion

From this meta-analysis, the pooled risk estimates of
VTE, DVT, and PE in patients with RA were found to be
~60% for all outcomes indicating that patients with RA
had a higher risk of VTE compared to the general pop-
ulation. This increased risk remained significant even
when stratified by quality score for the individual studies
(=7), sex (% male participants>25), year of study, popu-
lation source (community-based vs. clinical-based), and
study design (inception vs. non-inception), meaning that
these variables did not modify the effect of RA on VTE.
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Table 1 Main characteristics of the included studies in the meta-analysis
First author and year Design Country Period Source  Assessment of cases Outcome Assessment of Qual-
of cases outcomes ity
score
Bacani 2012 Cohort USA 1980-2007 EMR ACR criteria VTE, PE MR +lab/imaging 9
Choi 2013 Cohort UK 1986-2010 EMR Diagnostic VTE,DVT,  Hospital code+anti- 9
code+DMARD PE coagulant OR hospital
code +DC/autopsy
Chung 2014 Cohort Taiwan 1998-2008 Claims ACR criteria DVT, PE |CD-9 code 10
data
Holmqvist 2012 Cohort Sweden 1997-2009 Registry  ACR criteria VTE,DVT, ICD-10 code 9
PE
Johannesdottir 2012 Case-control Denmark 1999-2009 Registry  ICD-8/ICD-10codes ~ VTE,DVT, ICD 8-10 9
PE
Kim 2013 Cohort USA 2001-2008 Claims Two physician VTE,DVT, ICD-9 8
data visits +1CD-9 PE code +anticoagulants
code + DMARD
Li 2021 Cohort Canada 1997-2009 Claims Two physician vis- VTE, DVT, ICD-9/ 9
data its+1CD-9 code PE ICD-10+anticoagulants
Ramagopalan (a) 2011 Cohort England, 1963-1998 EMR ICD 7-10 code VTE |CD 7-10 code 6
UK
Ramagopalan (b) 2011 Cohort England, 1998-2008 EMR ICD 7-10 code VTE |CD 7-10 code 6
UK
Ramagopalan (c) 2011 Cohort England, 1998-2009 EMR ICD 7-10 code VTE ICD 7-10 code 6
UK
Zoller 2012 Cohort Sweden 1964-2008 EMR ICD 7-10 code PE ICD 7-10 code 6
Galloway 2020 Cohort England, 1999-2018 EMR Diagnostic codes VTE, DVT,  Diagnostic codes 8
UK PE
Molander 2021 Cohort Sweden 2006-2018 Registry  Diagnosis by clinician ~ VTE ICD-10 code 6
Setyawan 2021 Cohort USA 2014-2018 Claims ICD-9 and ICD-10 DVT, PE Diagnosis by clinician 7
data

Abbreviations: ACR=American College of Rheumatology; BC=British Columbia; DC=death certificate; DMARDs=disease modifying anti-rheumatic drugs;
DVT=deep vein thrombosis; EMR=electronic medical records; ICD=International Classification of Diseases; MR=Medical record; NAV=not available; PE=pulmonary
embolism; UK=United Kingdom; USA=United States of America; VTE=venous thromboembolism

Table 2 Descriptive statistics regarding venous thromboembolism for included studies

First author and year Number of RA  Number of Sex (% female) Meanageor VTE point DVT point PE
patients comparators age range estimate estimate point
esti-
mate
Bacani 2012 464 464 69 555+£155 HR3.6 NAV NAV
Choi 2013 9589 95,776 69.4 583+14.1 RR 2.14 RR2.16 RR2.16
Chung 2014 29,238 116,952 77 520+159 NAV HR 3.36 HR 2.07
Holmaqvist 2012 7904 37,350 69 570+15.0 HR 1.6 HR 1.6 HR1.8
Johannesdottir 2012 1808 147,210 NAV NAV IRR 1.2 IRR 1.3 IRR 1.0
Kim 2013 22,143 88,572 75 5224120 HR 1.4 HR 1.2 HR 1.9
Li 2021 39,142 78,078 65.8 595+157 HR 1.28 HR1.3 HR1.25
Ramagopalan (a) 2011 14,231 313,716 73 NAV RR 1.45 NAV NAV
Ramagopalan (b) 2011 11,241 187,609 72 NAV RR 1.57 NAV NAV
Ramagopalan (c) 2011 268,005 3,707,315 71 NAV RR 1.75 NAV NAV
Zoller 2012 82,020 NAV 70.5 NAV NAV NAV SIR1.91
Galloway 2020 23,410 93,640 711 59 HR 1.54 HR 1.64 HR1.57
Molander 2021 46,316 215,843 74 NAV RR 1.88 NAV NAV
Setyawan 2021 47,249 182,431 NAV NAV NAV IRR 1.04 IRR 1.08

Abbreviations: DVT=deep vein thrombosis; HR=hazard ratio; IRR=incidence rate ratio; PE=pulmonary embolism; NAV=not available; RA=rheumatoid arthritis;
RR=risk ratio; VTE=venous thromboembolism
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Fig. 2 Forest plot for (A) venous thromboembolism, (B) deep vein thrombosis, (C) pulmonary embolism outcomes in patients with rheumatoid arthritis

compared to the general population
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Fig. 3 Funnel plot evaluating the risk of (A) venous thromboembolism,
(B) deep vein thrombosis, (C) pulmonary embolism outcomes in patients
with rheumatoid arthritis compared to the general population. Each dot
represents an individual study. The horizontal line is the random-effects
pooled estimate of log (HR).

Our meta-analysis builds on a previously published
meta-analysis by Ungprasert et al. in 2014 on the risk
of VTE in patients with RA [33]. As reported in their
paper, the authors identified nine relevant publications
and reported pooled RRs of 1.96 (95% CI 1.81-2.11),
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2.17 (95% CI 2.05-2.31), and 2.08 (95% CI 1.75-2.47)
for VTE, PE, and DVT, respectively, for patients with
RA versus patients without RA. Similarly, another meta-
analysis from 2014 by Lee & Pope assessed the risk of
VTE in inflammatory rheumatic diseases [34]. Their
findings indicated a positive association between RA
and VTE, with a resultant OR of 2.23 (95% CI 2.02-2.47)
from 10 included studies, comparing patients with RA to
age-, sex-, and other comorbidity-matched populations.
More recently, Hu et al. conducted a meta-analysis in RA
patients relative to healthy controls, finding pooled ORs
of 2.23 (95% CI 1.79-2.77), 2.15 (95% CI 1.39-3.49), and
2.25 (95% CI 1.70-2.98) for VTE, PE, and DVT, respec-
tively [35]. We have aimed to expand on this prior work
by utilizing more stringent entry criteria (e.g., excluding
older publications that used the same dataset as a more
recent publication, excluding cross-sectional studies).
Additionally, we planned subgroup analyses, given that
previous meta-analyses had identified moderate or high
between-study heterogeneity in their analyses. However,
our five subgroup analyses were unable to explain the
considerable heterogeneity.

The etiology of VTE events in RA is still unclear,
although the mechanisms are likely multifactorial. Vir-
chow’s triad of vascular injury, hypercoagulation, and
venous statis has been used to describe the basic mecha-
nisms leading to thrombosis. It is believed that systemic
inflammation induced by RA may affect at least two of
these three components: vascular injury and hyperco-
agulation. Regarding vascular injury, a proinflammatory
state in the early disease stages has been demonstrated
to lead to activation of endothelial cells, altered endo-
thelial permeability, and increased leukocyte and platelet
adhesion [36]. In terms of hypercoagulability, inflamma-
tion modulates a thrombotic response by upregulating
procoagulants, downregulating anticoagulants, and sup-
pressing fibrinolysis [12]. There is insufficient evidence at
present assessing the role of venous statis and VTE risk
in patients with RA. However, a number of acute-phase
reactants, such as C-reactive protein, erythrocyte sedi-
mentation rate, fibrinogen, coagulation factor VIII, and
von Willebran factor, are elevated in inflammatory dis-
ease patients and also known to increase plasma viscos-
ity, a risk factor for thrombosis [37].

Among patients with RA, the risk of VTE is great-
est in the first year after diagnosis, and then decreases
thereafter [16, 18, 21]. The evidence suggests that earlier
stages of RA involve higher levels of inflammation, after
which the maximum benefits of antirheumatic therapy
are achieved. However, even with newer and more potent
antirheumatic therapies, recent studies demonstrate that
patients with RA have an increased risk of VTE years
after diagnosis. For instance, Li et al. found that within
five years after diagnosis, patients with RA were still at an
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increased risk compared to individuals without RA (HR
1.28 (95% 1.20-1.36)) [21].

Anti-inflammatory therapies may affect the rela-
tionship between RA and VTE. Over the past several
decades, advances in the treatment and management of
RA have occurred, including the introduction of inflam-
mation-reducing medications such as anti-TNF- a agents
beginning in the 1990 and 2000 s in North America,
and the shift towards a treat-to-target approach in 2010,
which targets remission or low disease activity [38, 39].
These introductions may impact the relationship between
RA and VTE, although we were unable to assess this,
given that studies included in our meta-analysis had long
follow-up times, covering the introduction of these treat-
ments. Quasi-experimental study designs such as inter-
rupted time series would be well-suited to studying the
effect of the introduction of anti-inflammatory medica-
tions and the treat-to-target approach on VTE outcomes.

Other VTE risk factors are also present among indi-
viduals with RA. Smoking and obesity are commonly
observed in RA patients [38]; similarly, major surgery
(e.g., knee, hip) and hospitalization with immobilization
are more common, and risk factors for VTE [40]. Certain
RA therapies are also known to increase the risk of VTE,
including cyclooxygenase-2 inhibitors (2-fold increase in
risk) [41] and glucocorticoids (2-3-fold increase in risk
for short-term use) [42]. The evidence is still mixed for
certain other RA medications, including JAK inhibitors.
In a pooled analysis of four phase III placebo-controlled
trials of baricitinib in patients with RA, an imbalance
was reported in VTE incidence for 4 mg daily dose ver-
sus 2 mg daily dose or placebo (1.3 and O events per
100 patient-years, respectively) [43]. However, a recent
meta-analysis by Yates et al. found that VTE risk was
not increased among patients with immune-mediated
inflammatory diseases taking JAK inhibitors relative to
placebo groups [44].

Our study findings have practical implications. Given
the increased risk of VTE, including DVT and PE, among
patients with RA, strategies for the primary prevention of
VTE are suggested. Patients with RA may require addi-
tional monitoring by health care providers, particularly
during high-risk periods such as immediately after diag-
nosis or after surgery. Increased awareness of this risk
may need to be communicated to patients with RA with
other VTE risk factors, as listed above and VTE prophy-
laxis could be discussed between clinicians and patients.
Finally, additional research is needed for biomarkers
related to this increased risk, as well as early VTE identi-
fication strategies and improved treatments.

The strengths of our meta-analysis are the rigorous
methods used to conduct the review, extensive literature
search by an experienced medical librarian, and a repro-
ducible search strategy, extraction, and synthesis. We
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had a stringent approach to study inclusion, wherein the
majority of the studies included were high-quality. Our
findings provide an accurate and contemporary assess-
ment of the risk of VTE among individuals with RA by
accounting for the factors mentioned above. Our results
can have implications for the clinical management of
patients with RA, potentially improving morbidity and
mortality rates.

There are limitations that should be mentioned. The
degree of heterogeneity among all analyses and subgroup
analyses is a shortcoming. Some degree of heterogene-
ity was expected due to factors such as the difference in
assessment of VTE outcome, risk factors with VTE and
their adjustment within studies as well as the extent
to which studies were consistent in their definition of
cases and outcomes. Some of the heterogeneity in our
results can be attributed to the number of cohort stud-
ies included within our meta-analysis. The large number
of cohort studies included may have skewed our data but
these have the benefit of avoiding recall bias and reduc-
ing the possibility of selection bias or reverse causation.
We were unable to perform multiple meta-regression
to examine this heterogeneity due to the small number
of included studies. The funnel plots for VTE and DVT
outcomes also showed asymmetry indicating possible
publication bias. In subgroup analyses, no statistically
significant difference of effect was demonstrated for any
of the subgroups and the pooled effect remained signifi-
cantly elevated in each subgroup. Thus, this meta-analy-
sis provides a more comprehensive investigation on the
risk of VTE in patients with RA compared to the general
population by accounting for factors that have tradition-
ally resulted in a wide range of risk estimates. Future
research should build on these findings to investigate the
role of inflammation in the association between RA and
VTE.

Conclusions

Our meta-analysis demonstrates that there is a statisti-
cally significant increased risk of VTE among patients
with RA compared to the general population. As VTE is
associated with a high morbidity and mortality amongst
patients with RA, our study suggests that physicians
should carefully monitor patients with RA for VTE.

Abbreviations

95% ClI 95% confidence interval

DVT Deep vein thrombosis

GP General practitioner

HR Hazard ratio

ICD International Classification of Diseases

IRR Incidence rate ratio

OR Odds ratio

PE Pulmonary embolism

PRISMA  Preferred Reporting Items for Systematic Reviews and
Meta-Analyses

RA Rheumatoid arthritis



Fazal et al. BMC Rheumatology (2024) 8:5

RR Risk ratio
SIR Standardized incidence ratio
VTE Venous thromboembolism

Supplementary Information
The online version contains supplementary material available at https://doi.
org/10.1186/541927-024-00376-9.

[ Supplementary Material 1 ]

Acknowledgements
The authors thank Ms. Mary-Doug Wright, Apex Information for assisting with
the initial and updated literature searches for the meta-analysis.

Author contributions

JAAZ takes responsibility for the integrity of the data and the accuracy of the
data analysis. All authors have read, provided critical feedback on intellectual
content, and approved the final manuscript. Concept and design: JAAZ.
Screening articles: ZAF, AMAG, SM, JK. Drafting of the manuscript: ZAF, AMAG,
SM. Critical review of the manuscript: JA, NL, JAAZ. Statistical analysis and data
verifying: ZAF, SM, NL.

Funding

This research did not receive any specific funding. Dr. Avifa-Zubieta is the
British Columbia Lupus Society research scholar and the Walter and Marilyn
Booth research scholar.

Availability of data and material
All data generated or analyzed during this study are included in this published
article and its additional files.

Declarations

Ethics approval and consent to participate

This meta-analysis relies solely on data obtained from published research
literature and, therefore, obtaining institutional ethical approval or consent for
participation was not required.

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Received: 19 September 2023 / Accepted: 21 January 2024
Published online: 02 February 2024

References

1. Helmick CG, Felson DT, Lawrence RC, Gabriel S, Hirsch R. Estimates of the
prevalence of arthritis and other rheumatic conditions in the United States:
part . Arthritis Rheum. 2008;58(1):15-25.

2. Wolfe F, Mitchell DM, Sibley JT, Fries JF, Bloch DA, Williams CA, et al. The
mortality of rheumatoid arthritis. Arthritis Rheum. 1994;37(4):481-94.

3. PincusT, Brooks RH, Callahan LF. Prediction of long-term mortality in patients
with rheumatoid arthritis according to simple Questionnaire and Joint Count
measures. Ann Intern Med. 1994;120(1):26-34.

4. Erhardt CC, Mumford PA, Venables PJ, Maini RN. Factors predicting a poor
life prognosis in rheumatoid arthritis: an eight year prospective study. Ann
Rheum Dis. 1989:48(1):7-13.

5. Avina-Zubieta JA, Thomas J, Sadatsafavi M, Lehman AJ, Lacaille D. Risk of
incident cardiovascular events in patients with rheumatoid arthritis: a meta-
analysis of observational studies. Ann Rheum Dis. 2012;71(9):1524-9.

6. Solomon DH, Karlson EW, Rimm EB, Cannuscio CC, Mandl LA, Manson JE, et
al. Cardiovascular Morbidity and Mortality in Women Diagnosed with Rheu-
matoid Arthritis. Circulation. 2003;107(9):1303-7.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Page 9 of 10

del Rincon ID, Williams K, Stern MP, Freeman GL, Escalante A. High incidence
of cardiovascular events in a rheumatoid arthritis cohort not explained by
traditional cardiac risk factors. Arthritis Rheum. 2001;44(12):2737-45.
Maradit-Kremers H, Crowson CS, Nicola PJ, Ballman KV, Roger VL, Jacobsen
SJ, etal. Increased unrecognized Coronary Heart Disease and Sudden deaths
in rheumatoid arthritis: a Population-based Cohort Study. Arthritis Rheum.
2005;52(2):402-11.

Xu J, Lupu F, Esmon CT, Inflammation. Innate immunity and blood coagula-
tion. Hamostaseologie. 2012;30(1):5-6.

Heit JA. Venous thromboembolism: disease burden, outcomes and risk fac-
tors. J Thromb Haemost. 2005;3(8):1611-7.

van der Poll T, Biiller HR, ten Cate H, Wortel CH, Bauer KA, van Deventer SJ, et
al. Activation of Coagulation after Administration of Tumor Necrosis factor to
normal subjects. N Engl J Med. 1990;322(23):1622-7.

Fox EA, Kahn SR. The relationship between inflammation and venous
thrombosis. A systematic review of clinical studies. Thromb Haemost.
2005;94(2):362-5.

White RH. The epidemiology of venous thromboembolism. Circulation.
2003;107(23suppl 1):14-8.

Wendelboe AM, Raskob GE. Global burden of thrombosis: epidemiologic
aspects. Circ Res. 2016;118(9):1340-7.

Chung W-S, Peng C-L, Lin C-L, Chang Y-J, Chen Y-F, Chiang JY, et al.
Rheumatoid arthritis increases the risk of deep vein thrombosis and
pulmonary thromboembolism: a nationwide cohort study. Ann Rheum Dis.
2014;73(10):1774-80.

Choi HK, Rho Y-H, Zhu'Y, Cea-Soriano L, Avifa-Zubieta JA, Zhang Y. The

risk of pulmonary embolism and deep vein thrombosis in rheumatoid
arthritis: a UK population-based outpatient cohort study. Ann Rheum Dis.
2013;72(7):1182-7.

Johannesdottir SA, Schimdt M, Hordth-puhd E, Serensen HT. Autoimmune
skin and connective tissue diseases and risk of venous thromboembolism: a
population-based case-control study. J Thromb Haemost. 2012;10(5):815-21.
Zoller B, Li X, Sundquist J, Sundquist K. Risk of pulmonary embolism in
patients with autoimmune disorders: a nationwide follow-up study from
Sweden. Lancet. 2012;379(9812):244-9.

Ramagopalan SV, Wotton CJ, Handel AE, Yeates D, Goldacre MJ. Risk of
venous thromboembolism in people admitted to hospital with selected
immune-mediated diseases: record-linkage study. BMC Med 2011;9(1).
Holmgqvist ME, Neovius M, Eriksson J, Mantel A, Wéllberg-Jonsson S,
Jacobsson LTH, et al. Risk of venous thromboembolism in patients with Rheu-
matoid Arthritis and Association with Disease Duration and Hospitalization.
JAMA. 2012;308(13):1350-6.

Li L, Lu N, Avina-Galindo AM, Zheng Y, Lacaille D, Esdaile JM, et al. The risk
and trend of pulmonary embolism and deep vein thrombosis in rheuma-
toid arthritis: a general population-based study. Rheumatology (Oxford).
2021,60(1):188-95.

Bacani AK, Gabriel SE, Crowson CS, Heit JA, Matteson EL. Noncardiac vascular
disease in rheumatoid arthritis: increase in venous thromboembolic events?
Arthritis Rheum. 2012;64(1):53-61.

Kim SC, Schneeweiss S, Liu J, Solomon DH. Risk of venous thromboem-
bolism in patients with rheumatoid arthritis. Arthritis Care Res (Hoboken).
2013,65(10):1600-7.

Setyawan J, Mu F, Yarur A, Zichlin ML, Yang H, Fernan C, et al. Risk of thrombo-
embolic events and Associated Risk Factors, including treatments, in patients
with Immune-mediated diseases. Clin Ther. 2021;43(8):1392-1407e1.
Galloway J, Barrett K, Irving P, Khavandi K, Nijher M, Nicholson R, et al. Risk of
venous thromboembolism in immune-mediated inflammatory diseases: a
UK matched cohort study. RMD Open. 2020;6(3):e001392.

MolanderV, Bower H, Frisell T, Askling J. Risk of venous thromboembolism in
rheumatoid arthritis, and its association with disease activity: a nationwide
cohort study from Sweden. Ann Rheum Dis. 2021;80(2):169-75.

Matta F, Singala R, Yaekoub A, Najjar R, Stein P. Risk of venous thromboembo-
lism with rheumatoid arthritis. Thromb Haemost. 2009;101(01):134-8.

Page MJ, McKenzie JE, Bossuyt PM, Boutron |, Hoffman TC, Mulrow CD, et al.
The PRISMA 2020 statement: an updated guideline for reporting systematic
reviews. BMJ. 2021;372:n71.

American College of Rheumatology. Criteria. Rheumatology.org. 2019.
https://www.rheumatology.org/Practice-Quality/Clinical-Support/Criteria.
Cuschieri S. The STROBE guidelines. Saudi J Anaesth. 2019;13(Suppl
1):31-S34.

Cochrane. 9.5.2 identifying and measuring heterogeneity. Cochrane.

org. for%20the%20interpretation%200f,may%20represent%20


https://doi.org/10.1186/s41927-024-00376-9
https://doi.org/10.1186/s41927-024-00376-9
https://www.rheumatology.org/Practice-Quality/Clinical-Support/Criteria

Fazal et al. BMC Rheumatology

32.

33.

34.

35.

36.
37.
38.

39.

40.

(2024) 8:5

substantial%20heterogeneity*%3B; 2022. https://handbook-5-1.cochrane.
org/chapter_9/9_5_2_identifying_and_measuring_heterogeneity.
htm#:~:text=Thresholds%20.

Dalton JE, Bolen SD, Mascha EJ. Publication Bias: the Elephant in the review.
Anesth Analg. 2016;123(4):812-3.

Ungprasert P, Srivali N, Spanuchart |, Thongprayoon C, Knight EL. Risk of
venous thromboembolism in patients with rheumatoid arthritis: a systematic
review and meta-analysis. Clin Rheumatol. 2014;33(3):297-304.

Lee JJ, Pope JE. A meta-analysis of the risk of venous thromboembolism in
inflammatory rheumatic diseases. Arthritis Res Ther. 2014;16(5):435.

Hu L-J, Ji B, Fan H-X. Venous thromboembolism risk in rheumatoid arthritis
patients: a systematic review and updated meta-analysis. Eur Rev Med Phar-
macol Sci. 2021;25(22):7005-13.

Mameli A, Barcellona D, Marongiu F. Rheumatoid arthritis and thrombosis.
Clin Exp Rheumatol. 2009,27(5):846-55.

Smith BD, La Celle PL. Blood viscosity and thrombosis: clinical considerations.
Prog Hemost Thromb. 1982;6:179-201.

Smolen JS, Aletaha D, McInnes IB. Rheumatoid arthritis. Lancet.
2016;388(10055):2023-38.

Smolen JS, Aletaha D, Bijlsma JWJ, Breedveld FC, Boumpas D, Burmester G, et
al. Treating rheumatoid arthritis to target: recommendations of an interna-
tional task force. Ann Rheum Dis. 2010;,69(4):631-7.

Ketfi C, Boutigny A, Mohamedi N, Bouajil S, Magnan B, Amah G, et al. Risk

of venous thromboembolism in rheumatoid arthritis. Joint Bone Spine.
2021;88(3):105122.

41.

42.

43.

Page 10 of 10

Ungprasert P, Srivali N, Wijarnpreecha K, Charoenpong P, Knight EL.
Non-steroidal anti-inflammatory drugs and risk of venous thromboem-
bolism: a systematic review and meta-analysis. Rheumatology (Oxford).
2015;54(4):736-42.

Johannesdottir SA, Horvath-Puho, Dekkers OM, Cannegieter SC, Jargensen
JOL, Ehrenstein V, et al. Use of glucocorticoids and risk of venous thrombo-
embolism: a nationwide population-based case-control study. JAMA Intern
Med. 2013;173(9):743-52.

Genovese MC, Smolen JS, Takeuchi T, Burmester G, Brinker D, Rooney TP, et

al. Safety profile of baricitinib for the treatment of rheumatoid arthritis over a
median of 3 years of treatment: an updated integrated safety analysis. Lancet
Rheum. 2020;2(6):e347-57.

Yates M, Mootoo A, Adas M, Bechman K, Rampes S, Patel V, et al. Venous
thromboembolism risk with JAK inhibitors: a Meta-analysis. Arthritis Rheuma-
tol. 2021;73(5):779-88.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.


https://handbook-5-1.cochrane.org/chapter_9/9_5_2_identifying_and_measuring_heterogeneity.htm#:~:text=Thresholds%20
https://handbook-5-1.cochrane.org/chapter_9/9_5_2_identifying_and_measuring_heterogeneity.htm#:~:text=Thresholds%20
https://handbook-5-1.cochrane.org/chapter_9/9_5_2_identifying_and_measuring_heterogeneity.htm#:~:text=Thresholds%20

	﻿Risk of venous thromboembolism in patients with rheumatoid arthritis: a meta-analysis of observational studies
	﻿Abstract
	﻿Introduction
	﻿Methods
	﻿Data sources and searches strategy
	﻿Study selection
	﻿Assessment of quality
	﻿Data extraction
	﻿Statistical analysis

	﻿Results
	﻿Search results
	﻿Overall risk of venous thromboembolism, deep vein thrombosis, and pulmonary embolism
	﻿Publication bias
	﻿Subgroup analyses

	﻿Discussion
	﻿Conclusions
	﻿References


