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ABSTRACT

Introduction: Inflammatory bowel disease
(IBD) is associated with greater risk of throm-
boembolic events (TEs) due to the link between
systemic inflammation and hypercoagulability.
This study assessed the rates of TEs among
patients with IBD versus patients without
immune-mediated disease (IMD) and the cost of
TEs among patients with IBD in the United
States.
Methods: This study used the IBM MarketScan�

Commercial and Medicare Supplemental

Databases (2014–2018). To assess the incre-
mental rates of TEs (deep vein thrombosis
[DVT], pulmonary embolism [PE], ischemic
stroke [IS], myocardial infarction [MI]), patients
with IBD were matched to patients without
IMD. Unadjusted and adjusted incidence rate
ratios (IRRs) of TEs were used to compare
cohorts. To assess the cost of TEs, patients with
IBD with TEs were matched to patients with IBD
without TEs. Costs were assessed 30 days and
1 year post index date.
Results: There were 34,687 matched pairs
included in the rates of TE analyses. Compared
to patients without IMD, patients with IBD had
greater rates of DVT (adjusted IRR [95% confi-
dence interval] 2.44 [2.00, 2.99]; p\0.01) and
PE (1.90 [1.42, 2.54]; p\0.01). Increased rates
were not observed for IS and MI. There were
1885 matched pairs included in the cost of TE
analyses. Patients with IBD with TEs incurred
greater healthcare costs over 30 days and 1 year
versus patients without TEs (adjusted total cost
difference: 30 days $20,784; 1 year $44,630;
p\0.01 for both).
Conclusions: Patients with IBD experienced
greater rates of DVT and PE compared to
patients without IMD; this elevated risk was
associated with a substantial economic burden.
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Key Summary Points

Why carry out this study?

Inflammatory bowel disease (IBD) has
been linked to an increased risk of
thromboembolic events (TEs)

Given the serious nature of TEs, there is a
growing interest in understanding the
incremental rates of TEs associated with
IBD as well as the economic burden of TEs
among patients with IBD; however, there
is limited evidence available on these
topics

What was learned from the study?

Compared to patients without immune-
mediated diseases, patients with IBD had
significantly increased rates of deep vein
thrombosis (adjusted incidence rate ratios
[IRR]: 2.44; p\ 0.01) and pulmonary
embolism (adjusted IRR: 1.90; p\ 0.01),
although increased rates were not
observed for ischemic stroke and
myocardial infarction

Patients with IBD with TEs had
significantly higher healthcare costs 30
days and 1 year following their TE event
compared to patients with IBD without
TEs (adjusted total cost difference: 30 days
$20,784; 1 year $44,630; both p\ 0.01)

INTRODUCTION

Inflammatory bowel disease (IBD) is a risk factor
for vascular complications due to the complex
interplay of systemic inflammation, hyperco-
agulability and predisposing factors (e.g.,
comorbidities, medications) [1, 2]. Patients with
IBD face a 2–3-fold greater risk of thromboem-
bolic events (TEs) relative to patients without
IBD and the general population [1, 3, 4]. TEs,
which encompass venous events (i.e., deep vein
thrombosis [DVT] and pulmonary embolism

[PE]) and arterial events (i.e., ischemic stroke
[IS] and myocardial infarction [MI]), have been
associated with increased morbidity and mor-
tality among patients with IBD [1, 5]. For
example, patients with IBD with TEs have been
shown to experience more than one episode of
a TE in atypical sites (e.g., intracardiac, cerebral,
innominate veins) [6], and mortality has been
reported to range from 8 to 25% of patients with
IBD who experienced TE [6, 7]. The increased
morbidity and mortality associated with TE
among patients with IBD have been reported to
negatively affect patients’ quality of life and
result in extensive healthcare resource use [8].

IBD and TEs are each associated with a con-
siderable economic burden [9–12]. An eco-
nomic report cited direct and indirect costs
associated with IBD between $14.6 and $31.6
billion in 2014 [9]. Regarding TEs, conservative
cost estimates of the annual incident venous
TEs (VTEs) have been reported to range from $7
to $10 billion annually and have been linked
to[500,000 annual hospitalizations in the
United States (US) [11, 13]. Despite awareness
regarding the high economic burden associated
with IBD and TEs individually, the magnitude
of the economic burden among patients with
IBD who experience TEs is largely unknown.
While there have been studies on healthcare
resource use and costs of TE among patients
with cancer and those undergoing surgery (e.g.,
hip replacement), less is known about the eco-
nomic burden of TE among patients with
immune-mediated diseases (IMDs), such as IBD
[9–12, 14–16]. As IBD is a key risk factor for TEs,
there is an impetus to characterize the burden
in this patient population.

The clinical management of IBD has dra-
matically changed following the approval of
several advanced therapies for IBD [17, 18]. As a
result, there is a need to systematically assess
the association between IBD and TE in the
current therapeutic landscape. Such an assess-
ment can serve as a benchmark for newer agents
for IBD [18]. To obtain a comprehensive
understanding of the burden of TEs in patients
with IBD, this study characterized the incre-
mental rates of TEs among patients with IBD
versus patients without IMDs. The cost of TEs
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among patients with IBD in the US was also
assessed.

METHODS

Data Source and Compliance with Ethics
Guidelines

To assess the incremental rates and cost of TE,
this study used the IBM MarketScan� Com-
mercial and Medicare Supplemental Databases
(2014–2018). Informed consent and consent to
publish were not applicable to this study.
Institutional review board approval was not
required for this study. The pre-existing, retro-
spective data from the IBM MarketScan� Com-
mercial and Medicare Supplemental Databases
are represented by IBM MarketScan to be fully
de-identified in accordance with the Health
Insurance Portability and Accountability Act.
The data were provided under license agree-
ment with IBM.

Study Design and Sample Selection

This retrospective cohort study consisted of two
parts. The first part assessed the rates of TEs
among patients with IBD compared to patients
without IMDs and was based on a subgroup
analysis of a previously published claims-based
study that assessed the rates of TEs among
patients with IMDs compared to patients with-
out IMDs [19]. In that study, IMDs encom-
passed IBD in addition to the most common
IMDs including ankylosing spondylitis, atopic
dermatitis, multiple sclerosis, plaque psoriasis,
psoriatic arthritis, rheumatoid arthritis and
systemic lupus erythematosus. Patients with
C 2 diagnoses of IMDs on distinct dates were
matched on age, sex and index year (i.e., the
day after a randomly selected date of an IMD
diagnosis for the IMD cohort and a randomly
selected medical claim for the non-IMD cohort)
to patients with no evidence of IMD. All
patients were required to have 1 year of con-
tinuous enrollment prior to the index date
(baseline period), 30 days of continuous enroll-
ment following the index date and be C

18 years. Within the sample of patients with
IMD, those with IBD during the baseline period
and their matched non-IMD control patients
were included for the present analysis. The
study period was defined as the time from the
index date until the earliest of patient death,
end of continuous eligibility or end of data
availability.

The second part of this study assessed the
cost of TEs among patients with IBD. Patients
whose first diagnosis of an IMD was IBD were
separated into two cohorts. Patients in the TE
cohort were required to have a TE (see Supple-
mentary Material for diagnosis codes to identify
TEs) after the first diagnosis of IBD. Patients in
the no TE cohort were required to have no evi-
dence of a TE. Patients with TEs were matched
on age, sex and year of first IBD diagnosis to
patients without TEs. All patients were required
to have 6 months of continuous enrollment
prior to the index date, 1 year of continuous
enrollment following the index date and be C

18 years. The index date for the TE cohort was
defined as the date of first TE after IBD diagno-
sis. For the no TE cohort, the index date was
assigned so that the duration between the first
IBD diagnosis to the index date matched the
corresponding duration of the TE patient. The
study period was defined as the 30-day and
1-year periods following the index date (inclu-
sive). Data processing and statistical analyses
were performed using SAS Enterprise Guide
version 7.15 (SAS Institute Inc., Cary, NC).

Study Measures and Outcomes

Patient Characteristics
For both parts of this study, patient character-
istics assessed during the baseline period inclu-
ded demographics, age at index date, IMD and
non-IMD drugs, and select comorbidities (Sup-
plementary Material). The comorbidities selec-
ted for this analysis included risk factors for TE
and potential confounders for the association
between IMD and TE based on the literature and
clinical guidance. In the analysis of the rates of
TEs, patients with IBD were compared to
patients without IMD. In the analysis of the cost
of TEs, patients with IBD with TEs were
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compared to patients with IBD without TEs.
Continuous variables were described using
means and standard deviations; categorical
variables were described using counts and per-
centages. Statistical comparisons for matched
samples were performed using Wilcoxon
signed-rank tests for continuous variables and
McNemar tests for categorical variables.

Unadjusted and Adjusted Incremental Risks
of TEs
Using the sample of IBD and matched non-IMD
patients, patients with venous and arterial TEs
were identified as those with C 1 diagnosis code
from the International Classification of Dis-
eases, Ninth/Tenth Revision, Clinical Modifica-
tion for DVT, PE, IS or MI (Supplementary
Material) during the study period. Incidence
rates (IRs) of TEs, overall and separately for DVT,
PE, IS and MI, were calculated as the total
number of TEs divided by the total patient-years
during the study period. Both unadjusted and
adjusted incidence rate ratios (IRRs) were used
to compare the IR of TEs among patients in the
IBD cohort versus patients in the non-IMD
cohort. The 95% confidence intervals (CI) and
p values were estimated using generalized esti-
mating equations. The adjusted IRRs were
adjusted for age at index date, female sex,
baseline comorbidities (i.e., cancer, cardiovas-
cular diseases, chronic kidney disease, chronic
obstructive pulmonary disease, type 1 and type
2 diabetes, fractures, peripheral vascular disease
and pregnancy), baseline non-IMD drugs (i.e.,
hormone replacement therapies, testosterone
replacement therapies, oral contraceptives) and
baseline TEs of interest.

Healthcare Costs of TEs
Unadjusted and adjusted costs and costs differ-
ences between patients with IBD in the TE and
no TE cohorts were assessed during the 30-day
and 1-year periods following the index date.
Statistical comparisons for unadjusted costs
were performed using the Wilcoxon signed-
rank test for continuous variables. Adjusted
costs were estimated using generalized estimat-
ing equations. The adjusted models were
adjusted for the following variables: age at

index date, female sex, index year, healthcare
plan type (capitation), baseline comorbidities
(i.e., cancer, cardiovascular diseases, chronic
kidney disease, chronic obstructive pulmonary
disease, type 1 and type 2 diabetes, fractures,
peripheral vascular disease and pregnancy),
baseline non-IMD drugs (i.e., hormone
replacement therapies, testosterone replace-
ment therapies, oral contraceptives) and base-
line IMD drugs (i.e., tumor necrosis factor [TNF]
inhibitors, interleukin inhibitors, other biolog-
ics, methotrexate, other non-biologics,
5-aminosalicyclic-acid derivative agents, gluco-
corticoids and nonsteroidal anti-inflammatory
drugs [NSAIDs]).

TE-related healthcare costs (i.e., cost of
medical visits with a TE diagnosis) were also
reported during the 30-day and 1-year periods
following the index date.

RESULTS

Risks of TEs in IBD

Patient Characteristics
After applying the sample selection criteria and
matching 1:1 on age, sex and index year, the
IBD and non-IMD cohorts each comprised
34,687 patients (Fig. 1). In both cohorts, the
mean age was 49.0 years and 54.4% of patients
were female (Table 1). In the IBD cohort, a sig-
nificantly greater proportion of patients had
C 1 baseline TE compared to patients in the
non-IMD cohort (4.7% vs. 2.6%; p\ 0.01). The
mean Charlson Comorbidity Index was signifi-
cantly higher among patients in the IBD cohort
compared with patients in the non-IMD cohort
(0.7 vs. 0.4, p\ 0.01). The most prevalent
comorbidities were cardiovascular diseases and
hypertension (cardiovascular diseases [44.6%
vs. 42.2%]; hypertension [32.5% vs. 30.5%];
both p\ 0.01).

Incidence of TEs in Patients with IBD
During the study period, the total person-years
for the IBD and non-IMD cohorts were 47,233
and 44,315, respectively (Table 2). The unad-
justed rates of DVT were 0.089 and 0.024 per
person-year for the IBD and non-IMD cohorts,
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respectively, while the unadjusted rates of PE
were 0.048 and 0.015 per person-year. Patients
with IBD had a 3.75 (95% CI 3.02, 4.64) and
3.15 (95% CI 2.34, 4.24) times greater rate of
having DVT and PE, respectively (p\ 0.01 for
both), compared to patients without IMD. The
increased risk of VTE in patients with IBD
remained significant after adjustment (adjusted
IRR [95% CI] DVT 2.44 [2.00, 2.99], PE 1.90
[1.42, 2.54], both p\0.01). No significant
increase in rates was observed for arterial events
(IS: 1.32 [95% CI 1.03, 1.69]; MI: 0.81 [95% CI
0.9, 1.11]). After adjustments, such increases
were not observed (adjusted IRRs: IS 1.15 [0.89,
1.50], p = 0.278; MI 0.62 [0.44, 0.88], p = 0.008).

Healthcare Costs of TEs in IBD

Patient Characteristics
In the analysis on healthcare costs, a total of
1885 matched pairs of patients with IBD were

included in the TE cohort and no TE cohort
(Fig. 2). In both cohorts, the mean age was
58.9 years and 52.6% of patients were female
(Table 3). In the TE cohort, the most common
index event was DVT (47.1%), followed by IS
(25.8%), MI (17.2%) and PE (15.8%). The mean
Charlson Comorbidity Index was significantly
higher among patients with TE versus no TE
(1.2 vs. 0.5, p\0.01). The most common
comorbidities included hypertension (TE
cohort: 49.7%; no TE cohort: 35.4%; p\ 0.01)
and hyperlipidemia (TE cohort: 35.2%; no TE
cohort: 30.9%; p = 0.004).

Healthcare Costs
Patients with IBD in the TE cohort incurred
greater costs compared with patients with IBD
in the no TE cohort. The total 30-day all-cause
healthcare costs were $24,061 and $1715 for the
TE and no TE cohorts, respectively (unadjusted
cost difference $22,346, p\0.01; data not
shown). After adjustments, the 30-day cost

Fig. 1 Sample selection of patients with IBD and without
IMD. IBD inflammatory bowel disease, IMD immune-
mediated disease. aIMD included ankylosing spondylitis,
atopic dermatitis, inflammatory bowel disease, multiple
sclerosis, plaque psoriasis, psoriatic arthritis, rheumatoid
arthritis and systemic lupus erythematosus. bQualifying
diagnoses were identified on the inpatient and/or

outpatient services claims datasets. cFor patients with C 1
IMD, the index date was the day after a randomly selected
date of a claim for an IMD. For patients without IMD, the
index date was the day after a randomly selected date of a
claim. dThe baseline period was the 12-month period prior
to the index date
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Table 1 Patient demographics and clinical characteristics measured during the baseline perioda—patients with IBD and
matched patients with non-immune-mediated disease

Inflammatory bowel disease Non-immune-mediated p value
(n = 34,687) (n = 34,687)

Age at index date (years)

Mean ± SD 49.0 ± 16.1 49.0 ± 16.1 0.14

Sex (female), n (%) 18,880 (54.4) 18,880 (54.4) –

Index year, n (%)

2015 9422 (27.2) 9422 (27.2) –

2016 9282 (26.8) 9282 (26.8) –

2017 7945 (22.9) 7945 (22.9) –

2018 8038 (23.2) 8038 (23.2) –

Immune-mediated disease, n (%)

Inflammatory bowel disease 34,687 (100) 0 (0) –

Rheumatoid arthritis 642 (1.9) 0 (0) –

Psoriasis 539 (1.6) 0 (0) –

Ankylosing spondylitis 238 (0.7) 0 (0) –

Atopic dermatitis 180 (0.5) 0 (0) –

Systemic lupus erythematosus 162 (0.5) 0 (0) –

Psoriatic arthritis 118 (0.3) 0 (0) –

Multiple sclerosis 116 (0.3) 0 (0) –

History of thromboembolic events, n (%) 1613 (4.7) 887 (2.6) \ 0.01

Deep vein thrombosis 810 (2.3) 326 (0.9) \ 0.01

Ischemic stroke 443 (1.3) 327 (0.9) \ 0.01

Pulmonary embolism 355 (1.0) 144 (0.4) \ 0.01

Myocardial infarction 306 (0.9) 212 (0.6) \ 0.01

Charlson Comorbidity Index

Mean ± SD 0.7 ± 1.4 0.4 ± 1.1 \ 0.01

Comorbidities, n (%)

Cancer 3412 (9.8) 2318 (6.7) \ 0.01

Cardiovascular diseases 15,474 (44.6) 14,622 (42.2) \ 0.01

Atherosclerosis 2415 (7.0) 2005 (5.8) \ 0.01

Atrial fibrillation 1253 (3.6) 895 (2.6) \ 0.01

Heart failure 963 (2.8) 687 (2.0) \ 0.01

Hyperlipidemia 10,336 (29.8) 10,350 (29.8) 0.90
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Table 1 continued

Inflammatory bowel disease Non-immune-mediated p value
(n = 34,687) (n = 34,687)

Hypertension 11,266 (32.5) 10,582 (30.5) \ 0.01

Chronic kidney disease 1313 (3.8) 843 (2.4) \ 0.01

Chronic obstructive pulmonary disease 1596 (4.6) 1043 (3.0) \ 0.01

Diabetes

Type 1 457 (1.3) 405 (1.2) 0.08

Type 2 3782 (10.9) 3937 (11.4) 0.05

Fracture (hip or leg) 224 (0.6) 221 (0.6) 0.89

Peripheral vascular disease 1797 (5.2) 1096 (3.2) \ 0.01

Pregnancyb 855 (4.5) 1077 (5.7) \ 0.01

Common classes of drugs, n (%)

Non-immune-mediating drugs

Anticoagulants 1377 (4.0) 903 (2.6) \ 0.01

Hormone replacement therapiesb 1424 (7.5) 1199 (6.4) \ 0.01

Testosterone replacement therapiesb 448 (2.8) 327 (2.1) \ 0.01

Oral contraceptivesb 2,570 (13.6) 2133 (11.3) \ 0.01

Immune-mediating drugsc

Biologics 4089 (11.8) 2 (0) –

TNF inhibitors 3835 (11.1) 2 (0) –

Interferon beta-1a 13 (0) 0 (0) –

Interleukin inhibitors 194 (0.6) 0 (0) –

Other biologics 152 (0.4) 0 (0) –

JAK inhibitors 19 (0.1) 1 (0) –

Non-biologic immunomodulators 6695 (19.3) 180 (0.5) –

Methotrexate 797 (2.3) 15 (0) –

S1P receptor modulators 5 (0) 0 (0) –

Other non-biologic immunomodulators 6078 (17.5) 170 (0.5) –

5-Aminosalicyclic-acid derivative agents 15,811 (45.6) 23 (0.1) –

Glucocorticoids 13,058 (37.6) 5730 (16.5) \ 0.01
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difference between the cohorts was $20,784
(p\ 0.01) (Table 4).

The total 1-year all-cause healthcare costs
were $71,004 and $20,418 for the TE and no TE
cohorts, respectively (unadjusted cost difference
$50,586, p\0.01; data not shown). After
adjustments, the 1-year cost difference between
the cohorts was $44,630 (p\ 0.01; Table 4). TE-
related costs were $20,036 and $25,311 in the
30-day and 1-year period for the TE cohort.

DISCUSSION

The present study characterized the rates of TEs
among patients with IBD versus patients with-
out IMD as well as the cost of TEs in patients
with IBD with and without TEs. Overall,
patients with IBD experienced significantly
greater rates of TEs compared to patients with-
out IMD. More specifically, patients with IBD
had increased rates of DVT and PE, before and
after adjustments for potential confounding
factors. These trends were not observed for IS
and MI. Patients with IBD with TEs incurred
significantly greater costs relative to patients
with IBD without TEs over the 30-day and
1-year study periods.

In this study, the increased risk of TEs asso-
ciated with IBD was mainly due to increased risk
of VTE (i.e., DVT and PE), which aligns with

prior research. The analysis of the risks of TEs
was a subgroup analysis of previously published
results among a sample of patients with IMDs
[19]. In that study, the incremental risks of TEs
were 1.78 and 1.66 for DVT and PE, respectively,
among patients with IMD versus patients with-
out IMD, while the present study found incre-
mental risks of 2.44 and 1.90 among patients
with IBD compared to the non-IMD cohort. The
observed incremental risk of venous events in
the IBD cohort vs. non-IMD cohort in this study
was greater than the incremental risk observed
among the IMD cohort versus non-IMD cohort
in the previously published study [19]. The
magnitude of the rates of DVT and PE in this
study (2.44 and 1.90, respectively) also align
with a meta-analysis that found that patients
with IBD experienced an approximate two-fold
increased risk for VTE compared to patients
without IBD [20]. Similarly, the present study’s
finding that there was no increased risk of
arterial TEs (i.e., IS and MI) among patients with
IBD also aligns with prior evidence [21]. A sys-
tematic review across 33 studies found no
increased risk of arterial TEs (relative risk: 1.15,
95% CI 0.91, 1.45) [21]. However, to date,
results regarding the risk of arterial TEs in
patients with IBD have been inconsistent due to
factors such as type of arterial TE, severity of
IBD and patient characteristics [4, 21, 22].

Table 1 continued

Inflammatory bowel disease Non-immune-mediated p value
(n = 34,687) (n = 34,687)

NSAIDs 5864 (16.9) 6556 (18.9) \ 0.01

JAK Janus kinase, NSAIDs nonsteroidal anti-inflammatory drugs, S1P sphingosine 1-phosphate, SD standard deviation,
TNF tumor necrosis factor
aThe baseline period was defined as 1-year period prior to the index date
bThe proportions of patients with pregnancy, hormone replacement therapies and oral contraceptives were reported out of
the total number of females in each group. The proportion of patients with testosterone replacement therapies was reported
out of the total number of males in each group
cSome of the biologics and other immune-mediating drugs had minimal utilization in the non-immune-mediated cohort.
These drugs are occasionally used off-label for conditions that were not included the present study. In addition, there is
always a risk of misclassification of patients in a retrospective claims study given the use of real-world data, but such
misclassification would likely be inconsequential
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Table 2 Unadjusted and adjusted incidence rate ratios during the study period

Unadjusted Adjusteda

Inflammatory
bowel disease

Non-
immune-
mediated

Rate ratio of IBD vs.
non-immune-mediated
(95% CI)b

p value Rate ratio of IBD vs.
non-immune-mediated
(95% CI)b

p value

(n = 34,687) (n = 34,687)

Total

person-

years

47,233 44,315

Total

number of

TEs

9087 4186

Event rate

per year

0.192 0.094 2.04 (1.78, 2.34) \ 0.01 1.49 (1.30, 1.71) \ 0.01

Total

number of

DVT

events

4188 1049

Event rate

per year

0.089 0.024 3.75 (3.02, 4.64) \ 0.01 2.44 (2.00, 2.99) \ 0.01

Total

number of

PE events

2273 677

Event rate

per year

0.048 0.015 3.15 (2.34, 4.24) \ 0.01 1.90 (1.42, 2.54) \ 0.01

Total

number of

IS events

2163 1535

Event rate

per year

0.046 0.035 1.32 (1.03, 1.69) 0.026 1.15 (0.89, 1.50) 0.278

Total

number of

MI events

901 1046

Event rate

per year

0.019 0.024 0.81 (0.59, 1.11) 0.187 0.62 (0.44, 0.88) 0.008

CI confidence interval, DVT deep vein thromboembolism, IBD inflammatory bowel disease, IS ischemic stroke, MI
myocardial infarction, PE pulmonary embolism, TE thromboembolic event. The study period was defined as the time from
the index date until the earliest of patient death, end of continuous eligibility or end of data availability
aThe adjusted incidence rate ratios controlled for the following: cohort assignment, age at index date, sex (female), baseline
comorbidities, baseline non-immune-mediating drugs and baseline TE of interest (yes/no)
bIncidence rate ratios, 95% confidence intervals and p-values were estimated using generalized linear models with a Poisson
distribution and a sandwich (robust) variance estimator. An offset was used to account for varying lengths of follow-up time
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The association between coagulation and
inflammation is suggested to increase the risk of
VTE in patients with IBD [22–25]. As such, the
greater risk of VTEs among patients with IBD
may be due to the close relationship between
systemic inflammation and hypercoagulability
in patients with IBD [1]. While the specific
mechanisms that contribute to TE have yet to
be elucidated, factors that promote thrombosis
within the microvasculature of the intestinal
tract are believed to have a critical role in
pathogenesis [1]. Due to the interplay of IBD as
a risk factor of TEs, there is a growing impetus to
develop therapies to improve outcomes in this
patient population [26]. It has been reported
that certain treatments (i.e., corticosteroids, JAK
inhibitors) [27, 28] may exacerbate the risk of

TEs; the potential association between IBD
therapies and increasing risk of DVT and PE
requires further investigation [1]. The elevated
risk of TE should be carefully considered when
selecting treatment options to minimize risks.

Patients with IBD are a heterogeneous pop-
ulation due to differences in prognosis and
disease severity and activity. As such, the risk for
TEs could vary within the population. A limi-
tation of this study is that the claims data did
not have the clinical details necessary to stratify
the analysis by disease activity and severity as
well as behavioral factors such as smoking.
Future studies with these clinical data elements
available should evaluate how the incremental
risk of TEs vary by IBD disease severity/activity
and behavioral factors. Additionally, this study

Fig. 2 Sample selection of patients with IBD with and
without TE. IBD inflammatory bowel disease, TE throm-
boembolic event. aPatients were not allowed to have a
diagnosis of any of the following IMDs prior to their first
IBD diagnosis: ankylosing spondylitis, atopic dermatitis,
multiple sclerosis, plaque psoriasis, psoriatic arthritis,
rheumatoid arthritis and systemic lupus erythematosus.
bQualifying diagnoses for autoimmune disorders were
identified on the inpatient and/or outpatient services
claims datasets. All patients were required to have

eligibility data. cTEs included deep vein thrombosis,
pulmonary embolism, ischemic stroke and myocardial
infarction. dMatching between the TE cohort and no TE
cohort was done with a 1:13 ratio to keep as many eligible
patients with TEs as possible. eFor TE patients with[ 1
eligible matched no TE patient, 1 no TE patient was
randomly selected
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Table 3 Patient demographics and clinical characteristics measured during the baseline period—patients with IBD with
and without TE

Thromboembolic event No thromboembolic event p value
(n = 1885) (n = 1885)

Age at index date (years)

Mean ± SD 58.9 ± 15.5 58.9 ± 15.5 \ 0.01

Sex (female), n (%) 991 (52.6) 991 (52.6) –

Index year, n (%)

2015 331 (17.6) 338 (17.9) 0.39

2016 649 (34.4) 657 (34.9) 0.54

2017 504 (26.7) 485 (25.7) 0.16

2018 401 (21.3) 405 (21.5) 0.65

Immune-mediated diseasea, n (%)

Inflammatory bowel disease 1885 (100) 1885 (100) –

Psoriatic arthritis 37 (2.0) 16 (0.8) \ 0.01

Systemic lupus erythematosus 19 (1.0) 17 (0.9) 0.74

Psoriasis 13 (0.7) 3 (0.2) 0.01

Rheumatoid arthritis 6 (0.3) 3 (0.2) 0.32

Multiple sclerosis 5 (0.3) 3 (0.2) 0.48

Ankylosing spondylitis 4 (0.2) 3 (0.2) 0.71

Atopic dermatitis 1 (0.1) 3 (0.2) 0.32

Charlson Comorbidity Index

Mean ± SD 1.2 ± 1.8 0.5 ± 1.0 \ 0.01

Comorbidities, n (%)

Cancer 301 (16.0) 196 (10.4) \ 0.01

Cardiovascular diseases 1,155 (61.3) 897 (47.6) \ 0.01

Atherosclerosis 328 (17.4) 139 (7.4) \ 0.01

Atrial fibrillation 179 (9.5) 73 (3.9) \ 0.01

Heart failure 152 (8.1) 38 (2.0) \ 0.01

Hyperlipidemia 663 (35.2) 582 (30.9) \ 0.01

Hypertension 937 (49.7) 667 (35.4) \ 0.01

Chronic kidney disease 180 (9.5) 68 (3.6) \ 0.01

Chronic obstructive pulmonary disease 201 (10.7) 82 (4.4) \ 0.01

Diabetes

Type 1 40 (2.1) 16 (0.8) \ 0.01
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Table 3 continued

Thromboembolic event No thromboembolic event p value
(n = 1885) (n = 1885)

Type 2 374 (19.8) 250 (13.3) \ 0.01

Fracture (hip or leg) 24 (1.3) 9 (0.5) \ 0.01

Peripheral vascular disease 217 (11.5) 92 (4.9) \ 0.01

Pregnancyb 16 (1.6) 14 (1.4) 0.68

Common classes of drugs, n (%)

Non-immune-mediating drugs

Anticoagulants 321 (17.0) 57 (3.0) \ 0.01

Hormone replacement therapiesb 60 (6.1) 64 (6.5) 0.71

Testosterone replacement therapiesb 31 (3.5) 24 (2.7) 0.35

Oral contraceptivesb 61 (6.2) 70 (7.1) 0.37

Immune-mediating drugs

Biologics 168 (8.9) 159 (8.4) 0.59

TNF inhibitors 157 (8.3) 156 (8.3) 0.95

Interferon beta-1a 0 (0) 0 (0) –

Interleukin inhibitors 5 (0.3) 2 (0.1) 0.26

Other biologics 7 (0.4) 3 (0.2) 0.22

JAK inhibitors 0 (0) 0 (0) –

Non-biologic immunomodulators 354 (18.8) 308 (16.3) 0.04

Methotrexate 41 (2.2) 26 (1.4) 0.07

S1P receptor modulators 1 (0.1) 0 (0) –

Other non-biologic immunomodulators 317 (16.8) 284 (15.1) 0.14

5-Aminosalicyclic-acid derivative agents 781 (41.4) 816 (43.3) 0.25

Glucocorticoids 693 (36.8%) 404 (21.4%) \ 0.01

NSAIDs 235 (12.5%) 204 (10.8%) 0.11

The baseline period was defined as 1-year period prior to the index date
IBD inflammatory bowel disease, JAK Janus kinase, NSAIDs nonsteroidal anti-inflammatory drugs, S1P sphingosine
1-phosphate, SD standard deviation, TNF tumor necrosis factor
aIMDs were reported at any time prior to the index date
bThe proportions of patients with pregnancy, hormone replacement therapies, and oral contraceptives were reported out of
the total number of females in each group. The proportion of patients with testosterone replacement therapies was reported
out of the total number of males in each group
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focused on quantifying the overall incremental
risk of TEs associated with IBD, including the
IBD disease itself and treatments for IBD. It
would be helpful for future studies to determine
how much of the incremental risk of TEs asso-
ciated with IBD can be attributed to the IBD
disease itself, such as the inflammatory and
hypercoagulable state, and how much can be
attributed to the treatments for IBD, such as
corticosteroid use.

This study showed that, among patients with
IBD, those with TEs incurred higher costs than
those without TEs in both the 30-day and 1-year
periods following a TE. To date, few studies have
examined healthcare costs of TEs in patients
with IBD; however, previous results show that
patients across other disease areas with TEs
experience a significant economic burden

compared to healthy patients [29, 30]. One
study estimated that annualized median costs
were $17,512 and $18,901 for patients with
DVT and PE, respectively, versus $680 in the
control group [29]. However, the costs associ-
ated with TEs in the IBD cohort may differ from
costs of TEs in the general population as well as
in patients with non-IMDs due to differences in
both disease pathogenesis and progression [1].
Moreover, a history of TEs represents a signifi-
cant risk factor for recurrent events [31, 32]; the
risk of recurrence in patients with history of
VTE is 5–7% per year, which is 50 times higher
than the risk in patients without a history of
VTE [33]. Therefore, it is important to note that
the economic burden of TEs extends beyond the
diagnosis and treatment of the initial event as
costs of recurring TEs and associated long-term

Table 4 Adjusted cost differences among patients with IBD during the 30-day and 1-year study period

30-Day study period post TE 1-Year study period post TE

IBD
patients
with TEs

IBD patients
with no TEs

Cost
difference

p value IBD
patients
with TEs

IBD patients
with no TEs

Cost
difference

p value

(n = 1885) (n = 1885) (n = 1885) (n = 1885)

All-cause

healthcare

costs ($)a,b

Total costs 22,669 1886 20,784 \ 0.01 67,054 22,424 44,630 \ 0.01

Medical costs 21,433 1078 20,355 \ 0.01 53,801 12,769 41,032 \ 0.01

Inpatient 18,601 215 18,386 \ 0.01 34,290 3537 30,753 \ 0.01

Outpatient 1979 749 1229 \ 0.01 17,108 8557 8551 \ 0.01

Emergency

department

987 40 948 \ 0.01 2806 631 2175 \ 0.01

Pharmacy

costs

1199 751 448 \ 0.01 13,663 9367 4296 \ 0.01

IBD inflammatory bowel disease
aAdjusted results include predicted costs and p-values, estimated using generalized estimating equations with a Tweedie
distribution. The adjusted models controlled for the following: cohort assignment, age at index date, sex (female), index year,
plan type (capitation), baseline comorbidities, baseline non-immune-mediating medications and select baseline immune-
mediating treatments
bAll costs were inflated to 2019 US dollars
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effects can cumulatively add to the overall cost
burden. Inpatient costs were the main driver
behind the difference in healthcare costs
between patients with IBD with TEs and
patients with IBD without TEs. The difference in
inpatient costs accounted for 88% and 70% of
the adjusted total cost difference in the 30-day
and 1-year periods, respectively. This may be
due to the acute TE on index date and the
resulting inpatient stay from the TE. The insight
gained from the present analysis has the
potential to inform healthcare stakeholders and
serve as a benchmark for future efforts to
improve the clinical management in this
patient population.

This study should be considered within the
context of specific limitations. First, as with all
observational claims-based studies, the admin-
istrative claims databases used in this study may
be subject to coding errors or data omission.
Second, claims-based data only comprise diag-
nostic and procedure codes that are recorded for
reimbursement rather than research purposes.
As a result, the impact of variables that can
affect TE outcomes, such as the prescribing
behavior of healthcare providers and clinical
measures (e.g., body mass index, smoking status
and mobility status) could not be accounted for
as this information is unavailable in claims
data. Although other unmeasured and unob-
served confounders could not be adjusted for,
this study was able to adjust for a comprehen-
sive list of factors known to affect TE outcomes.
Third, this study was conducted in a commer-
cially insured US population. Therefore, the
results might not be generalizable to Medicare
and Medicaid populations, which have different
clinical and severity profiles than the commer-
cially insured population. Medicare and Medi-
caid patient populations may be older and have
more severe patient profiles than commercially
insured patients, so the cost estimate of TE
burden in those populations could potentially
be higher. Thus, the cost analysis in this dataset
may be a conservative estimate of the TE bur-
den. Lastly, due to the time interval analyzed in
the present study (i.e., 2014–2018), the gener-
alizability of the study’s findings is limited. For
example, recently approved treatments for IBD
may be underrepresented; furthermore, patients

may not have used the recorded medication as
prescribed after filling the prescription.

CONCLUSIONS

Patients with IBD experienced greater rates of
DVT and PE compared to patients without IMD;
this elevated risk was associated with a sub-
stantial economic burden. This study suggests
that the risk of VTEs should be carefully con-
sidered in the management and treatment of
patients with IBD.
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