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Introduction

Summary

Glucocorticoid treatment increases venous thromboembolism (VTE) risk.
Whether this is due to the medication or the underlying disease, or affects
the risk of VTE recurrence, has been difficult to determine. The aim of our
present study was to quantify the risk for first and recurrent VIE associ-
ated with oral glucocorticoids use, considering the underlying disease. A
total of 2547 patients with VTE from the Multiple Environmental and
Genetic Assessment of Risk Factors for Venous Thrombosis (MEGA) study
were linked to the Dutch Pharmaceutical Statistics register. The risk of first
VTE during periods of exposure with oral glucocorticoids was estimated by
the self-controlled case series method and that of recurrent VTE was exam-
ined in a cohort design. The incidence rate ratio (IRR) of first VIE in the
period of glucocorticoid treatment was 3-51 [95% confidence interval (CI)
2-55—4-80]. This IRR was 2-53 (95% CI 1-10-5-72) in the week before treat-
ment started, 528 (95% CI 2-89-9-53) in the first 7 days of treatment,
remained elevated afterwards and decreased to 1-55 (95% CI 0-85-3-12)
after 6 months, as compared to unexposed periods. The hazard ratio for
recurrence was 2-72 (95% CI 1-64—4-78) in treatment periods as compared
with no treatment. The increased risk of VTE associated with oral gluco-
corticoid treatment is due to a combined effect of the treatment and the
underlying disease, remaining high during the first months of prescription.

Keywords: thrombosis, glucocorticoids, coagulation, risk factors, inflamma-
tion.

that for first VTE,'® it is worthwhile studying the effect of glu-
cocorticoids prescription on recurrent VTE as well. As far as

Glucocorticoids are potent anti-inflammatory drugs used for
a variety of conditions, e.g. allergy, pulmonary, dermatologi-
cal and rheumatic disorders and malignancies."* It is well-
known that long-term use of glucocorticoids can cause severe
adverse events, e.g. diabetes, osteoporosis, hypertension and
arterial cardiovascular diseases.’

The risk of venous thromboembolism (VTE) has also been
reported to be two- to threefold higher with the use of gluco-
corticoids.* ® However, to what extent this is due to the medi-
cation or the underlying disease has been difficult to
determine as several of the indications for which glucocorti-
coids are prescribed are considered provoking risk factors for
VTE,” e.g. chronic diseases,® 12 periods of disease exacerbation
or flares,'">'*'> comorbidities'® and concomitant medica-
tions."” As the absolute risk of recurrence is much higher than
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we know, such studies have not been performed to date.

We studied individuals who used oral glucocorticoids and
their risk of first VTE employing the self-controlled case-ser-
ies (SCCS) method, which eliminates between-person con-
founding and time-invariant confounding by design.'® We
also assessed the absolute risk of recurrent VTE with oral
glucocorticoid therapy in a standard follow-up design.

Patients and methods

Population description and clinical outcomes

This study enrolled patients from the population-based case-
control study of the Multiple Environmental and Genetic
Assessment of Risk Factors for Venous Thrombosis (MEGA)
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study and from the MEGA follow-up study. The MEGA
study was approved by the Ethics Committee of the Leiden
University Medical Center and written informed consent was
obtained from all participants at the date of inclusion in the
study.

Between February 1999 and August 2004, 4956 consecutive
patients, aged 18-70 years, with a first acute VTE [deep vein
thrombosis (DVT) or pulmonary embolism (PE)] were iden-
tified at six anticoagulation clinics in the Netherlands.??*!
An extensive questionnaire on putative risk factors for VTE
was completed and blood was sampled on the day of enrol-
ment in the study. Information about the diagnosis of VTE
was obtained from hospital discharge reports and general
practitioners. The diagnosis of DVT was confirmed with
Doppler ultrasonography and the diagnosis of PE was con-
firmed with a ventilation—perfusion lung scan, computed
tomography of the chest or angiogram. Unprovoked VTE
was defined as DVT or PE without surgery, trauma, plaster
cast, pregnancy or immobilisation in the 3 months immedi-
ately before the event, prolonged travel in the 2 months
immediately before the event, active malignancies in the
5 years prior to the event or hormone use (oral contracep-
tives or hormone-replacement therapy) at the time of the
event. Patients who had one or more of these risk factors at
time of their thrombotic event were classified as having had
a provoked VTE.*

A total of 4731 patients agreed to participate in a follow-
up study (MEGA follow-up study). These patients were fol-
lowed from their first episode of acute VTE until 2007-2009
when the vital status of all MEGA follow-up participants was
acquired from the Dutch population registers, as described
previously.”” Questionnaires concerning recurrent VTE were
sent by mail between June 2008 and July 2009. Questions
were asked by telephone interview when questionnaires were
not returned. During the same period information about
recurrences was retrieved from the anticoagulation clinics,
where patients were initially included for their first event and
in case they moved house, also at the clinic nearest to their
new address. The diagnosis of recurrence was made accord-
ing to the information collected per patient.”> We considered
certain recurrences as outcome event only.

Exposure (use of oral glucocorticoids)

Information on oral glucocorticoid treatment was obtained by
linking patients from the MEGA study to the Stichting Farma-
ceutische Kengetallen [SFK (Dutch Foundation for Pharma-
ceutical Statistics)] register (ht'[p://www.sﬂ<.nl/english).21 In
the Netherlands, oral glucocorticoids are only available by pre-
scription, and >95% of the community pharmacies are repre-
sented in this register. The SFK contains information about
patient-specific drugs dispensed: the generic name of a drug,
the dose per pill, the Anatomical Therapeutic Chemical
(ATC6) classification, the date of prescription, the total num-
ber of pills prescribed and the daily doses.

Venous thromboembolism risk with glucocorticoids

Linkage was based on a combination of age, sex, four-
digit postal code and vitamin K antagonist use within the
first month after the initial VTE. Between 1999 and 2004,
the inclusion period for the MEGA study, low-molecular-
weight heparins (as well as direct oral anticoagulants) were
not regularly prescribed for long-term anticoagulation.*’ In
total, 2547 (54%) patients in the MEGA study could be
individually linked with the SFK. Linkage failure occurred
mainly due to the failure in matching the four-digit postal
code of MEGA study participants with that of the SFK
patients. Daily doses were missing in 2% of prescriptions
and were imputed considering the average daily dose pre-
scribed in the periods immediately previous and after the
missing doses for each patient. A gap period between pre-
scriptions lasting <4 weeks was considered as continuing
treatment. A new prescription starting after >4 weeks from
the end of the previous prescription was considered a new
period of treatment.

Study design

We investigated the risk of first VTE with oral glucocorti-
coid treatment using the SCCS design, in which patients
who experienced both the outcome (VTE) and exposure of
interest are included in the analysis and there is no cen-
soring by the outcome of interest.?* The risk for the out-
come is estimated comparing the within-patients rate of
events during periods of exposure and periods of non-ex-
posure. The SCCS method requires three key assump-
tions.'® First, recurrent events must be independent. If this
assumption is not met, the method can be applied by
using the first event. In this study, we used the SCCS
method to evaluate only first VTE. Second, the occurrence
of an event must not alter the probability of subsequent
exposure. Glucocorticoid use is a key therapy for several
inflammatory and autoimmune diseases. The occurrence of
VTE is not a contraindication (or indication) for glucocor-
ticoid treatment. Therefore, there is no reason to assume
that occurrence of a VTE alters the probability of gluco-
corticoid use. Even so, we included a pre-exposure period
to evaluate the risk of VTE shortly before the exposure. In
case that the event alters the probability of exposure, the
SCCS method can be applied if a pre-exposure period is
included.?”> Third, the occurrence of the event of interest
must not censor or affect the observation period. In this
study, VIE was not a reason for censoring. Using this
approach, patients with a first VIE and at least one pre-
scription of glucocorticoids during the inclusion period for
the MEGA study (February 1999 to September 2004) were
included in the analysis.

Next, in a longitudinal cohort study design, we investi-
gated the association of recurrent VIE with glucocorticoid
treatment. Patients with a first VTE who could be linked to
the SFK register were included in this analysis. Duration of
follow-up was estimated as the time at risk from the date of

© 2021 The Authors. British Journal of Haematology published by British Society for Haematology 1195
and John Wiley & Sons Ltd. British Journal of Haematology, 2021, 193, 1194-1202


http://www.sfk.nl/english

F. A. Orsi et al.

the index (first) VIE to the end of follow-up. The end of glucocorticoid and periods 4 and 5 represent long-term glu-
follow-up was defined as the date of a recurrent event and in cocorticoid use.”*** We considered non-exposure periods if a
the absence of a recurrence, the date of completing the fol- prescription was not provided and was not given in the fol-
low-up questionnaire or the last date the patient was known lowing 7 days.

to be recurrence free. Details of the end of follow-up assess- We also differentiated between agents according to their
ment were described previously.”” The association between degree of anti-inflammatory activity: hydrocortisone; pred-
oral glucocorticoids and recurrent VTE was examined using nisone, prednisolone and methylprednisolone; dexametha-
two different approaches. First, we evaluated the recurrence sone and betamethasone.’®*!

rates of VIE in patients according to oral glucocorticoids use To standardise the glucocorticoid doses, we first converted
around the time of first VTE. Next, we investigated after the the daily dose into equivalent prednisolone dose.’** Next,
first event whether prescriptions of oral glucocorticoids dur- we calculated the initial daily dose and 30-day cumulative
ing follow-up affected the risk of recurrent VTE, as an dose. The initial daily dose was a priori divided into four
approach to evaluate the safety of oral glucocorticoid treat- categories of clinical effect,””* as <7.5 mg, 7-5-20 mg, 21—
ment in patients with a prior VTE. 39 mg and >40 mg equivalent prednisolone dose/day. The

30-day cumulative dose was categorised into three groups, as
<300 mg, 300-2000 mg and >2000 mg equivalent pred-

Statistical analysis
% nisolone dose. Incidence rate ratios (IRRs) and 95% confi-

For the SCCS design, we defined periods of exposure and dence intervals (95% Cls) for first VTE were estimated using
non-exposure to oral glucocorticoids. The observation period conditional Poisson regression for the total period with glu-
used in the SCCS design for each patient was firstly divided cocorticoid treatment and for the sub-periods, as compared
into two periods: the period when patients were unexposed with the unexposed period. IRRs for first VTE were also esti-
to glucocorticoids (unexposed period) and the total period mated for types of oral glucocorticoids and initial and 30-
of oral glucocorticoid treatment, defined as the date treat- day cumulative prednisolone dose.
ment started until the end date of the prescription. For the cohort study, we firstly estimated absolute risks
Next, we separated a period immediately before the start of recurrence in patients with an otherwise provoked or
of treatment to allow assessment of the effect of disease unprovoked first VTE during a period of oral glucocorti-
activity on the risk of VTE (shortly) before glucocorticoids coid treatment. Incidence rates and 95% Cls of recurrent
were prescribed. Thereby, we could distinguish between dis- VTE were estimated as the number of events over the total
ease effect (e.g. procoagulant state) and medication effects person time split for periods with and without glucocorti-
(e.g. pro-coagulant response to glucocorticoids), as previ- coid treatment. Periods with glucocorticoid treatment were
ously described.?®?’ In total, the exposure to oral glucocorti- defined as the total period of glucocorticoid use by a
coids period was separated into five periods (Fig 1): (i) the patient and then split into two periods; (i) first 180 days
7-day period immediately before a prescription was given, with treatment and (ii) >180 days with treatment. Hazard
when we expected to observe the effect of the exacerbation ratios (HRs) and 95% ClIs for recurrent VIE were esti-
of the disease on the risk of VTE, (ii) the first 7 days with mated using Cox regression with glucocorticoid treatment
glucocorticoid treatment, (iii) 8—30 days with oral glucocorti- as a time-dependent covariate and were adjusted for age
coid treatment, (iv) 31-180 days with oral glucocorticoid and sex. All statistical analysis were performed with the use
treatment and (v) >180 days with oral glucocorticoid treat- of STATA software (version 14-1; StataCorp., College Sta-
ment. Periods 2 and 3 represent short-term use of oral tion, TX, USA).

v

A A y A ‘y ?

Start of the Initiation of End of prescription |nitiation of new End of new End of the
observation period  prescription prescription prescription observation
period

[ Baseline [17 day preexposure [ 7 days with 8- 30 dayswith [ 31-180days Il More than 180 days
period period treatment treatment with treatment with treatment

Fig 1. Study analysis. The observation period coincided with the inclusion period for the Multiple Environmental and Genetic Assessment of Risk
Factors for Venous Thrombosis (MEGA) study (between February 1999 and September 2004). Periods with treatment were defined according to
the day of prescription. Six risk periods were defined: (i) baseline (unexposed) period (without oral glucocorticoids); (ii) 7-day pre-exposure per-
iod; (iii) first 7 days with oral glucocorticoids treatment; (iv) 8-30 days with oral glucocorticoids; (v) 31-180 days with oral glucocorticoids and
(vi) >180 days with oral glucocorticoids (not drawn to scale). A new baseline period started the day after the end of prescription.
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Results

A total of 2547 patients with first VIE were linked to the
SFK data register and were included in the study. Baseline
demographic and clinical characteristics of these patients at
the time of their first VIE are summarised in Table SI
The mean age was 51 years and 47% of the patients
(n = 1197) were male. Patients who could be linked to the
SFK registry had similar demographic and clinical charac-
teristics as those who could not be linked to the SFK, as
shown in Table SI

Risk of first VTE with oral glucocorticoid treatment

A total of 363 patients with a first VTE received at least one
outpatient prescription of oral glucocorticoids between
February 1999 and September 2004 and were included in the
SCCS analysis. Table I summarises the baseline demographic
and clinical characteristics of these patients. The median [in-
terquartile range (IQR)] number of prescriptions was 2 [1-3]
per patient and the median (IQR) duration of oral glucocor-
ticoid treatment was 102 (36-238) days per prescription. A
total of 85 patients (23%) had their first VTE event during a
period of glucocorticoid use.

Table II shows the IRR of first VTE for oral glucocorticoid
treatment. The risk of a first VTE event was 3-51-fold (95%
CI 2-55-4-80) higher in the total period of oral glucocorti-
coid treatment as compared with unexposed periods. The
IRR of a first VTE event was 2-53 (95% CI 1-10-5-72) in the
week before treatment started, reflecting the risk for VTE
related to the underlying condition, and increased to 5-28
(95% CI 2-89-9-53) after glucocorticoid treatment started
(first 7 days with treatment). The IRR of first VTE remained
elevated (IRR 3:67, 95% CI 2-64-5-23) until 6 months of
treatment and was reduced to 1-55 (95% CI 0-85-3-12) dur-
ing prolonged treatment (>6 months of oral glucocorticoids),
as compared with unexposed periods (Table II).

The observed risk of VIE did not change with the type of
the oral glucocorticoid prescribed. The IRR of a first VTE was
3-15 (95% CI 2-23—4-55) for prednisone, prednisolone or tri-
amcinolone use and 3-39 (95% CI 1-80-6-56) in periods of
dexamethasone or betamethasone use, as compared with peri-
ods without oral glucocorticoid treatment. For this analysis we
did not consider treatments with cortisone, hydrocortisone or
with combinations of several types of glucocorticoids sepa-
rately because the number of prescriptions in these groups was
small. A dose-dependent relationship between oral glucocorti-
coids and VTE risk was not observed with increases either in
30-day cumulative dose or with the initial dose (Table II).

The IRRs for DVT (3-89, 95% CI 2-45-6-03) and PE
(3-11, 95% CI 2-01-4-86) were similar and the IRR for
unprovoked VTE (2-44, 95% CI 1-33-4-72) was lower than
the IRR for provoked VTE (4-16, 95% CI 2-90-6-02). To rule
out the effect of malignancy on the risk of provoked VTE,
we performed a sensitivity analysis removing 94 patients who

Venous thromboembolism risk with glucocorticoids

Table I. Demographic and clinical characteristics of patients
included in the SCCS analysis. A total of 363 patients with a first
VTE from the MEGA Study (the Netherlands, 1999-2004) received
at least one outpatient prescription of oral glucocorticoids and were
included in the SCCS analysis.

Patients with VTE and a
prescription of oral

Variable glucocorticoids (n = 363)
Age, years, mean (SD) 54-2 (11-3)
N (%)
Male 168 (46)
DVT only 182 (50)
PE + DVT 181 (50)
Provoked VTE 241 (66)
Unprovoked VTE 103 (28)
Inflammatory disease*® 84 (23)
Rheumatoid arthritis 22 (26)
Multiple sclerosis 3 (4)
Emphysema 13 (15)
Chronic bronchitis 46 (55)
Malignancy in the previous 5 years 94 (26)
Time since diagnosis
0 to 3 months 36 (39)
>3 months to 1 year 22 (24)
>1 to 3 years 23 (25)
>3 to 5 years 12 (13)
Main sites of malignancy
Lung 18 (19)
Myeloma 8 (9)
Other haematological malignanciest 16 (17)
Gastrointestinal 11 (12)
Breast 12 (13)
Other female malignancies} 5 (5)
Male malignancies§,* 7 (7)
Urinary 3(3)

DVT, deep vein thrombosis; MEGA study, Multiple Environmental
and Genetic Assessment of Risk Factors for Venous Thrombosis
Case-Control Study; PE, pulmonary embolism; SCCS, self-controlled
case series; VTE, venous thromboembolism.

Provoked VTE was considered if: malignancy, trauma/surgery/
immobilisation, plaster cast, oestrogen use, pregnancy/puerperium,
travel >4 h

*The diseases listed in this table were self-reported. Data on chronic
disease or malignancy in the past 5 years were missing in 38 patients.
Data on the date of malignancy diagnosis was missing in one patient.
tNon-Hodgkin lymphoma, Hodgkin lymphoma, leukaemia.

{Cervix, endometrium, ovary.

§Prostate or testis cancer. Gastrointestinal cancer included: colon,
stomach, oesophagus, liver or pancreas cancer. Urinary cancer
included bladder or kidney cancer.

had VTE and malignancy. This analysis did not substantially
change the results (Table III).

Risk of recurrent VTE with oral glucocorticoid treatment

All 2547 patients with a first VTE event who were linked to
the SFK data register were included in these analyses. During
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Table II. Results from the SCCS analysis for the use of oral gluco-
corticoid and risk of first VTE. A total of 363 patients with a first
VTE from the MEGA Study (the Netherlands, 1999-2004) received
at least one outpatient prescription of oral glucocorticoids and were
included in the SCCS analysis.

All VTE episodes

(363 cases)
IRR (95% CI)

Oral glucocorticoid

Any oral glucocorticoid
reference
3.51 (2-50; 4-88)

No oral glucocorticoid
Use of glucocorticoid
Type of glucocorticoid drug
reference
3.15 (2:23; 4-55)
3.39 (1-80; 6-56)

No oral glucocorticoid
Prednisone Prednisolone or Triamcinolon
Dexamethasone or Betamethasone
Initial daily equivalent prednisolone dose*
0 mg reference
<7.5 mg 3.68 (2:07; 6-45)

7-5-20 mg 3.08 (1-89; 4-92)
21-39 mg 3.72 (1.91; 7:23)
>40 mg 404 (2-13; 7-67)
30-day cumulative equivalent prednisolone dose at the time of VTE#
0 mg Reference
<300 mg 3.38 (2-28; 5:02)
300-2000 mg 3-51 (2-34; 5-33)
>2000 mg 4.87 (1-72; 14-01)

Days since prescription start date

reference

2:53 (1-10; 5:72)
5.28 (2-89; 9-53)
3-83 (2-32; 6-34)
3:59 (2-41; 5:27)
1-55 (0-85; 3-12)

No oral glucocorticoid

7 days before prescription

First 7 days with glucocorticoid treatment
8-30 days with glucocorticoid treatment
31-180 days with glucocorticoid treatment
>180 days with glucocorticoid treatment

CI, confidence interval; IRR, incidence rate ratio; MEGA study, Mul-
tiple Environmental and Genetic Assessment of Risk Factors for
Venous Thrombosis Case-Control Study; SCCS, self-controlled case
series; VTE, venous thromboembolism.

*Initial daily doses were obtained from the first prescription of the
treatment.

#Cumulative dose was calculated by summing the consecutive daily
doses in the last 30 days of the treatment.

a median (IQR) follow-up of 2071 (632-2658) days, 2123
patients did not receive prescriptions of oral glucocorticoids
and 424 patients received a total of 857 oral glucocorticoids
prescriptions. The median (IQR) number of prescriptions
was 1 (1-2) per patient and the median (IQR) duration of
oral glucocorticoid treatment was 128 (46—-304) days per pre-
scription. The mean (SD) age of those who received oral glu-
cocorticoid prescriptions was 53 (12) years, 47% were male
and 19% had had a malignancy in the previous 5 years.
Among those who did not receive oral glucocorticoid pre-
scriptions, the mean (SD) age was 49 (12) years, 46% were
male and 7% had had a malignancy in the previous 5 years.
A total of 367 patients had a recurrent VTE during the
follow-up period. Of them, 13 patients (8%) had a VTE
recurrence during oral glucocorticoid use. As shown in

Table III. Results from the SCCS analysis for the use of oral gluco-
corticoid and risk of different types of VIE during the glucocorticoid
treatment period. A total of 363 patients with a first VTE from the
MEGA Study (the Netherlands, 1999-2004) received at least one out-
patient prescription of oral glucocorticoids and were included in the
SCCS analysis.

Type of VTE (n = 363) IRR (95% CI)

3-89 (2:45; 6:03)
3-11 (2-01; 4-86)
2-44 (1-33; 4-72)
4-16 (2-90; 6:02)
5-03 (3:08; 8-23)

DVT only (n = 182)

PE £ DVT (n = 181)

Unprovoked (n = 103)

Provoked (n = 241)

Provoked without malignancy (n = 147)

CI, confidence interval; DVT, deep vein thrombosis; IRR, incidence
rate ratio; MEGA study, Multiple Environmental and Genetic Assess-
ment of Risk Factors for Venous Thrombosis Case-Control Study;
PE, pulmonary embolism; SCCS, self-controlled case series; VTE,
venous thromboembolism.

Provoked VTE was considered if: malignancy, trauma/surgery/ immo-
bilisation, plaster cast, oestrogen use, pregnancy/puerperium, travel
>4 h; Unprovoked VTE was considered if no risk factor was present at
the time of the event. We considered VTE provoked by malignancy if
there was a diagnosis of neoplasia in the 5 years prior to the first VTE
event. Data on malignancy was missing in four patients.

Table IV, the absolute risk of recurrent VTE was 2-8%/year
during periods without oral glucocorticoids (unexposed peri-
ods) and was 7-5%/year during periods of oral glucocorticoid
treatment. The risk of recurrent VTE was 2-72-fold greater
(95% CI 1-64—4-78) during treatment periods as compared
to baseline periods and did not vary substantially according
to the duration of treatment.

We also estimated the incidence rate of recurrent VTE sepa-
rately for patients with provoked or unprovoked first VTE
event during a period of glucocorticoid treatment. The results
are shown in Table V. The lowest absolute risk of recurrent
VTE was seen in patients with provoked first VTE who were
not using glucocorticoids at the time of their event (2-2%/
year). This was elevated in patients with an unprovoked first
VTE (i.e. 4-5%/year) without glucocorticoids and in those
who had their first VTE during a period of oral glucocorticoid
treatment, either if their event was otherwise classified as pro-
voked (4-9%/year) or unprovoked (7-8%/year). The age- and
sex-adjusted HRs for recurrent VTE were 1-6 (95% CI 1-2—
2-0) in patients with unprovoked first VTE not associated with
oral glucocorticoids, 2:1 (95% CI 1-2-3-8) in those with gluco-
corticoid-related provoked first VTE and 2-3 (95% CI 1-2-7-0)
in those with glucocorticoid-related unprovoked VTE, as com-
pared with patients with a provoked first event not associated
with oral glucocorticoids (Table V). The results did not
change substantially after excluding patients with a history of
malignancy in the previous 5 years, as shown in Table VI.

Discussion

In the present study, the risk of incident VTE was 3-5-fold
higher during periods of treatment with oral glucocorticoids
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Table IV. Results from the cohort study for the risk of recurrent VTE related to periods of glucocorticoid use. All 2547 patients with a first VTE
from the MEGA Study (the Netherlands, 1999-2004) who were linked to the Stichting Farmaceutische Kengetallen (SFK) data register were
included in these analyses.

Observation  Recurrent  Incidence rate per

Oral glucocorticoids years events 1000 person-years (95% CI)  HR (95% CI) HR (95% CI)*
Aggregated period of oral glucocorticoid treatment

No oral glucocorticoid 12435 354 28-47 (25-67; 31-55) Reference Reference

Oral glucocorticoid treatment 172 13 7538 (43-78; 129-82) 2-45 (1-42; 4-36) 2:72 (1-64; 4-78)
Periods with treatment

No oral glucocorticoid 12435 354 28-47 (25-67; 31-55) Reference Reference

<180 days with glucocorticoid treatment 103 7 67-86 (32-28; 142-24) 248 (1-19; 5-15) 261 (1-23; 5-36)

>180 days with glucocorticoid treatment 69 6 86:69 (39-04; 193-09) 264 (1-23; 5-78) 2-86 (1-26; 6-56)

CI, confidence interval; HR, hazard ratio; IRR, incidence rate ratio; MEGA study, Multiple Environmental and Genetic Assessment of Risk Factors
for Venous Thrombosis Case-Control Study; VTE, venous thromboembolism.
*Adjusted for age and sex.

Table V. Results from the cohort study for the risk of recurrent VTE related to glucocorticoid use at the day of the first venous thromboem-
bolism. All 2547 patients with a first VTE from the MEGA Study (the Netherlands, 1999-2004) who were linked to the Stichting Farmaceutische
Kengetallen (SFK) data register were included in these analyses.

Observation Recurrent IRR per 1000
Oral glucocorticoids years events person-years (95% CI) HR (95% CI) HR (95% CI)*
Provoked 1st VTE/no glucocorticoids 8557 185 2162 (18:67; 24:97) Reference Reference
Unprovoked 1st VTE/no glucocorticoids 3447 156 45-26 (38-68; 52-94) 2:09 (1-72; 2:56) 1-62 (1-24; 2:0)
Provoked 1st VTE/glucocorticoids 245 12 48-98 (27-82; 86-24) 2:27 (1-26; 4-04) 2:06 (1-22; 3-76)
Unprovoked 1st VTE/glucocorticoids 64 5 78-41 (32-55; 188-32) 3:37 (1-38; 8-34) 2:29 (1-19; 7-04)

Ist VTE, first venous thromboembolism; CI, confidence interval; HR, hazard ratio; IRR, incidence rate ratio; MEGA study, Multiple Environmen-
tal and Genetic Assessment of Risk Factors for Venous Thrombosis Case-Control Study.
*Adjusted for age and sex.

Table VI. Results from the cohort study for the risk of recurrent VTE stratified by glucocorticoid use at the time of first venous thromboem-
bolism, excluding patients with malignancy. All 2547 patients with a first VTE from the MEGA Study (the Netherlands, 1999-2004) who were
linked to the Stichting Farmaceutische Kengetallen (SFK) data register were included in these analyses.

Observation Recurrent IRR per 1000
Oral glucocorticoids years events person-years (95% CI) HR (95% CI) HR (95% CI)*
Provoked 1st VTE/no glucocorticoids 7907 161 20-36 (17-39; 23-76) Reference Reference
Unprovoked 1st VTE/no glucocorticoids 3447 156 45-26 (38-68; 52-94) 222 (1-78; 2:77) 1-64 (1-32; 2-13)
Provoked 1st VTE/glucocorticoids 207 10 48-21 (25-89; 89-58) 2:27 (1-24; 4-39) 2:20 (1-21; 4-24)
Unprovoked 1st VTE/glucocorticoids 64 5 7843 (32-56; 188-32) 3.58 (1-47; 8-84) 2-44 (1-19; 7-34)

Ist VTE, first venous thromboembolism; CI, confidence interval; HR, hazard ratio; IRR, incidence rate ratio; MEGA study, Multiple Environmen-
tal and Genetic Assessment of Risk Factors for Venous Thrombosis Case-Control Study.
*Adjusted for age and sex.

than in periods without glucocorticoids, and were notably
highest during the first weeks after prescription of glucocorti-
coids. These results are consistent with observational data
from a large population-based case-control study® and from
a recent SCCS study® that reported a roughly threefold
increase in the risk of VTE. An important advantage of our
present study is that the SCCS method by design adjusts for
fixed confounders such as age, frailty and socioeconomic sta-
tus, including both measured and unmeasured confounders.

However, as with the other observational studies,*® our pre-
sent results are susceptible to time-varying confounders,
mainly represented by exacerbation of the underlying disease.
To address this issue, we separated the total period of expo-
sure to oral glucocorticoids into five periods representing the
effect of the exacerbation of the disease on the risk of VTE
and short- and long-term glucocorticoid use.”*?* Relative to
the unexposed period, the risk of incident VTE increased by
2-5-fold 1 week before the prescription of an oral
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glucocorticoid and by four to fivefold in the following weeks
after the treatment started. These results demonstrate that
there is an increased risk of VIE due to the underlying dis-
ease, particularly when the condition is severe enough to
require a glucocorticoid treatment. However, after starting
treatment this risk further increases and remains elevated
during the entire treatment period, also when the disease
activity is expected to be controlled. Therefore, our present
findings suggest that oral glucocorticoid use adds to the dis-
ease-associated risk of VTE. Pathophysiological studies sup-
port such an association from a causal point of view, as it
has been shown previously in a randomised clinical trial that
oral glucocorticoids induce a pro-coagulant state in healthy
individuals.”®

While observing a time-dependent relationship, we did
not find a clear dose-response association between oral glu-
cocorticoids and VTE risk. We observed that VTE risk was
increased >three-times with doses as low as 7-5 mg (pred-
nisone equivalent)/day. These findings are confirmatory to
Waljee et al,® who have previously described a threefold
increase in the risk of VIE with doses of <20 mg/day.
Although the association between low-dose glucocorticoids
and VTE risk may appear counterintuitive, concerns about
the side-effects of low dosages exist’> and several adverse
events, including weight gain, eye cataract, acne and skin
bruising, also occur in patients taking low doses of the
drug.®® Given that low-dose glucocorticoids are often pre-
scribed when the disease activity of the initial condition war-
ranting its prescription is not severe, these results further
suggest that oral glucocorticoids have a direct effect on the
risk of VTE that seems independent of the underlying disease
activity. Therefore, it is possible that VTE could be a Type B
adverse event of oral glucocorticoids; i.e. an adverse event
that is independent of dose and affects a previously suscepti-
ble population.”

In our present study, oral glucocorticoids were associated
not only with the risk of a first VTE event, but also with the
risk of recurrent VTE. Having had a first VTE event while
taking oral glucocorticoids doubled the risk of a recurrent
event, regardless of the cause of the first event (provoked or
unprovoked). Our present results also showed that the prog-
nosis of glucocorticoid-associated VTE was worse than that
of unprovoked VTE, as the risk of recurrence was 1-6-fold
increased with unprovoked VTE and twofold increased with
glucocorticoid-associated VTE. Unprovoked VTE is a predic-
tor of worse prognosis and may be an indication for contin-
uous anticoagulation.”® Therefore, a careful follow-up of
patients with glucocorticoid-associated VTE may be neces-
sary. We also observed that the risk of recurrent VTE was
increased more than twice during a period of oral glucocorti-
coid use, regardless of the duration of the treatment. This
finding highlights that patients with a prior VTE are under
higher risk of recurrence in periods of glucocorticoid treat-
ment indication. This finding further reinforces that careful
follow-up during these periods may be necessary.

Some limitations to our present study need to be consid-
ered in order to interpret the results. First, we had data on
glucocorticoid use for only half of the patients of the MEGA
study, as only half of the patients could be linked to the SFK
registry. Linkage was based on age, sex, four-digit postal code
and anti-coagulant use in the month after VTE, which did
not lead to a unique match with a Dutch citizen for >54% of
the patients. However, clinical characteristics of patients
linked or not linked to the SFK registry were similar, suggest-
ing no bias because of this limitation. Furthermore, the inci-
dence rate of recurrent thrombosis among linked patients
was similar to that of the entire MEGA study patients. The
overall incidence rate of recurrent VTE amongst linked
patients was 29-11 per 1000 person-years (95% CI 26-25—
32-21), while the reported incidence rate of recurrent VTE in
the MEGA study was 26-40 per 1000 person-years (95% CI
24-18-28-78).%° Second, we could not detect the condition
that motivated the prescription of oral glucocorticoids
because these diagnoses were not available in the SFK reg-
istry. By using the SCCS method, we controlled for fixed
confounding such as chronic disease and socio-economic sta-
tus. Time-varying confounding was controlled for using
information on the pre-exposure period and initial and
cumulative doses as surrogate measurements for disease
severity. This approach seems justifiable as the condition
must be sufficiently severe before a treatment with oral glu-
cocorticoids is prescribed, particularly at high dose, and must
be under control when the dose is reduced."* The choice of a
7-day pre-exposure period could be a limitation, as periods
may vary according to the underlying disease. However, the
7-day period was chosen because VTE events are mostly
diagnosed within 7 days from the onset of symptoms*® and
we assumed this period to be representative of the underly-
ing disease exacerbation peak as it shortly preceded the
requirement for glucocorticoid treatment. Even though it is
not possible with our present data to completely separate the
effect of the drug from that of the underlying condition
because these effects are coincident, it is worth noting that
no observational study design would be capable of com-
pletely separating these effects, while SCCS with the use of
different time periods is the design that comes closest to that
purpose. Third, we only evaluated data on outpatient oral
glucocorticoid treatment, so treatments during hospital stays
were not available. Furthermore, treatments with non-oral
glucocorticoids (inhaled, injections, intestinal-acting) were
not evaluated because the systemic bioavailability of these
drugs is heterogeneous,*"** particularly when compared with
that of oral glucocorticoids.43 Also, data on intravenous
drugs were incomplete, as data on treatments during hospital
stays were not available. Fifth, we only adjusted for age and
sex in the Cox regression analysis because of small numbers
and it is possible that other confounders played a role in the
results on recurrent VTE.

In conclusion, patients receiving oral glucocorticoids have
a more than threefold increase in the risk of a first VTE.

1200 © 2021 The Authors. British Journal of Haematology published by British Society for Haematology
and John Wiley & Sons Ltd. British Journal of Haematology, 2021, 193, 1194-1202



Patients with prior VTE have a twofold increase in the risk
of VTE recurrence during periods of oral glucocorticoid
treatment. As oral glucocorticoids are commonly prescribed
for a wide range of conditions,** awareness of the drug-asso-
ciated risk of VTE may improve treatment strategies to pre-
vent this complication. Although there is not enough
evidence to support changes in current indication for oral
glucocorticoid treatment, patients with a higher risk of VTE,
including those with a prior VTE event, should be treated
and followed with caution. Given the risk of incident and
recurrent VTE associated with oral glucocorticoids, future
studies are warranted to examine whether prophylactic anti-
coagulation is beneficial for patients starting oral glucocorti-
coid treatment, in particular for those at high risk of VTE.
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