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Background: Glucocorticoids, the class of steroids used in management of asthma, have
been observed to be associated with adverse events such as increased coagulation and
inhibition of fibrinolysis. This study evaluated the risk of VTE in relation to the use of
glucocorticoids in patients with asthma.

Methods: We conducted a nested case—control study among patients aged 2059 years with
asthma who received at least one glucocorticoid prescription during 1995-2015 in the UK-
based Clinical Practice Research Datalink GOLD. We used descriptive analyses and condi-
tional logistic regression to evaluate the risk of VTE associated with glucocorticoid use.
Results: The adjusted ORs (aORs) (95% CI) for VTE in patients exposed to glucocorticoids
were 1.9 (1.6-2.3), 1.4 (1.1-1.8), and 1.2 (0.9-1.5) for current, recent, and past glucocorti-
coid users, respectively, compared to the unexposed. The aORs (95% CI) for VTE in patients
exposed to systemic glucocorticoid and inhaled glucocorticoids, compared to the unexposed,
were 3.5 (2.7-4.5) and 1.5 (1.3—1.8), respectively.

Conclusion: Current and systemic glucocorticoid use was associated with a dose-response
increased risk of incident idiopathic VTE.
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Introduction

Asthma, a chronic inflammatory disease of the airways, is a prevalent pulmonary
condition, that afflicts close to 7% of the US population each year.! Inhaled
glucocorticoids are widely accepted as standard care for maintaining lung function
and controlling asthma symptoms, while oral and intravenous glucocorticoids may
be used in acute asthma exacerbation and for severe symptoms.

Glucocorticoids, which have a precursor similar to sex hormones, are the class of
steroids prescribed for asthma. Sex hormones are associated with cardiovascular risk
factors such as insulin resistance and adverse lipid profiles and are thought to have
a complex link with cardiovascular disease.” > Contrary to studies on testosterone that
have shown conflicting results,® glucocorticoids have been observed to increase coa-
gulation and inhibit fibrinolysis.” Therefore, there is biological plausibility for the
hypothesis that glucocorticoid use may be associated with an increased risk of venous
thromboembolism (VTE) which includes pulmonary embolism (PE) or deep venous
thrombosis (DVT).*’ VTE continues to be an important cause of morbidity and
mortality.'®'? In the United States, over half a million VTE events are treated
yearly'? with mortality rates as high as 1-6% for DVT and 12-23% for PE.'* "¢
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Earlier studies conducted among patients with varied
indications for glucocorticoid use (including asthma, joint
disorders, connective tissue disorders, inflammatory bowel
disease, upper and lower respiratory disorders) compared to
non-users have shown increases in the risk of VTE.”-!"!7-22
However, it is challenging to tease apart the prothrombotic
effect of glucocorticoids from the inflammatory and hyper-
coagulable state induced either chronically by the disease
state or acutely with episodes of asthma exacerbation. In
this study, we used a population-based nested case—control
study in the United Kingdom Clinical Practice Research
Datalink (CPRD) GOLD to evaluate the association between
glucocorticoid use in patients with asthma and the risk of
developing VTE.

Methods

CPRD GOLD is an ongoing longitudinal database, estab-
lished in 1987, of over 400 general practices in the UK. It
contains data on a representative sample of more than
10 million UK patients recorded by general practitioners
(GPs) using standard software and coding systems. In
addition to patient demographic information, CPRD
GOLD includes information on medical diagnoses, pre-
scriptions issued in primary care (including dosage and
quantity), hospitalizations, referrals, deaths, laboratory
tests, and lifestyle habits, such as smoking and alcohol
use. Large validation studies have demonstrated the accu-
racy and completeness of data captured in CPRD GOLD
for use in pharmacoepidemiological research.'*?*

The study population was comprised of asthma patients
who had at least one glucocorticoid prescription between
January 1, 1995, and December 31, 2015, in CPRD GOLD
and who were aged 2059 years at the first glucocorticoid
prescription. Patients were required to have at least 1 year
of recorded history in the database before their study entry
date (later of date of the first asthma diagnosis or first
glucocorticoid prescription). We then excluded all patients
who had any diagnosis of non-melanoma skin cancer, or

strong cardiovascular risk factors***

(defined as patients
with a history of VTE, cerebrovascular disease, coronary
heart disease, heart failure, coagulopathies, vasculitis, and
chronic kidney disease) before the study entry date, to
include only relatively healthy patients in the study

population.

Outcome
The study outcome was incident (first ever code for VTE),
idiopathic VTE (DVT or PE) that occurred after study

entry. Only idiopathic VTE cases, those that did not have
a code for another proximate cause of VTE (including
pregnancy, immobility, prolonged hospitalization, frac-
tures, multiple traumas, orthopedic surgery involving
long bones or pelvis, and other major surgery) recorded
in CPRD GOLD within 90 days prior to the VTE diag-
nosis date, were included. Patients were required to have
one or more codes for anticoagulants (including unfractio-
nated heparin, low-molecular-weight heparins (LMWH)
and fondaparinux) present after the VTE diagnosis to be
considered a case. This requirement was implemented to
increase the specificity of our case definition.

The index date was defined as the date of the first VTE
diagnosis in the cases or the matched date for controls.

Control Selection

From the base population, we matched up to four controls
to each case on index date (same date as their matched
case), age within 3 years, sex, general practice and the
patient’s record start date in CPRD GOLD + 3 years.
Where insufficient numbers of controls were found, we
removed the requirement to match on GP practice. The
same exclusion criteria used in cases were applied to
controls.

Exposure

Glucocorticoid use was derived from medication codes
available in CPRD GOLD. We evaluated exposure in
three different ways to assess the timing of glucocorticoid
exposure and risk of VTE. We defined exposure as any
glucocorticoid prescription whose filled use ended within
1 year before the index date (where use was defined as the
prescription length + 30 days). Glucocorticoid use that
ended more than 1 year before the index date was con-
sidered as unexposed.

We also categorized glucocorticoid use according to
the timing of the most recent glucocorticoid prescription
received prior to the index date. Current use was defined
as any glucocorticoid use that continued to the index date.
Recent use was defined as any glucocorticoid use that
ended less than 180 days prior to the index date, and not
including the index date. Past use was defined as any
glucocorticoid use that ended from 180 days to less than
1 year prior to the index date. Unexposed was defined as
glucocorticoid use that ended 1 year or more prior to the
index date.

We further categorized exposure by route of adminis-
tration: systemic use comprising oral and injectable
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[intramuscular (IM) or intravenous (IV)] glucocorticoids,
and inhalational use comprising inhaled, intranasal, and
nebulized glucocorticoids. There were only 45 records of
IM or IV glucocorticoid use (0.8%) in this population;
therefore, we were unable to assess IM/IV glucocorticoid
use independently.

We also evaluated duration of glucocorticoid use as the
number of prescriptions recorded any time before the index
date (1-6, 7-24, 25-49, 50+). We evaluated the total cumu-
lative dose of glucocorticoids (sum of number of pills in
each prescription times prescription strength for oral gluco-
corticoids; sum of number of inhalers times dose for inhaled
use; and number of injections times strength for injectable
glucocorticoids) recorded before the index date (1-999;
1000-9999; 10,000+ pg). We further subcategorized the
number and dose of glucocorticoid prescription by the
recency of exposure prior to the index date, ie, current,
recent, or past.

Covariates

We controlled for confounding by age, sex, calendar time,
and general practice attended through matching. We eval-
uated additional covariates as potential confounders,
including age at first glucocorticoid prescription, smoking
(current, past, never smoker or unknown, BMI (<25, 25—
<30, >30kg/m” and unknown), oral contraceptive or hor-
mone replacement use, and comorbidities (including his-
tory of phlebitis, COPD, epilepsy, alcohol use, diabetes,
and hypertension). A patient was considered to have
a comorbidity if there was at least one Read code for the
condition in their record prior to the index date.

Data Analysis

We estimated crude and adjusted ORs and 95% CI of the
association of glucocorticoid use compared to no gluco-
corticoid exposure using conditional logistic regression
modelling for matched pairs using PROC LOGISTIC. In
addition to the matching factors, we also evaluated vari-
ables that were structurally deemed to be potential con-
founders. A covariate was included in the model if it
changed the main effect measure by at least 10%.

We conducted stratified analyses to examine effect
measure modification (EMM) by sex, age group, and obe-
sity status.

Separate analyses were also conducted to examine the
independent association of recency of glucocorticoid use
and route of glucocorticoid administration with VTE. In

both cases, the unexposed group served as the reference
category.

We conducted sensitivity analyses to test whether the
effect estimate would change materially if we limited the
analysis to cases who did not have a hormone replacement
therapy or oral contraceptive pill prescription recorded in
the 90 days before the index date (n=5335). In separate
sensitivity analyses, we restricted to patients who were
matched perfectly to controls, that is, those that could be
matched to controls within the same GP practice. Analyses
were conducted using SAS statistical software (version
9.4, SAS Institute).

Data Use and Ethical Approval

This study is based in part on data from the Clinical
Practice Research Datalink obtained under license from
the UK Medicines and Healthcare Products Regulatory
Agency. The data is provided by patients and collected
by the NHS as part of their care and support. This study
was approved by the Independent Scientific Advisory
Committee (ISAC) for
Products Regulatory Agency database research (protocol

Medicines and Healthcare
no: 17 138R), and the protocol was made available to
the journal reviewers upon request. All data accessed
complied with relevant data protection and privacy
regulations.

Results

We identified 3336 VTE cases in the population of
437,842 asthma patients aged 20-59 years who met the
study inclusion criteria. After applying our exclusion cri-
teria, 1168 idiopathic VTE cases remained to which we
matched 4672 controls.

The distribution of potential VTE risk factors and
patient characteristics among cases and controls as well
as bivariate ORs and associated 95% ClIs are presented
in Table 1. The distribution of most risk factors was
similar between cases and controls. However, cases
were more likely than controls to have a history of
diabetes, phlebitis, COPD, smoking and a higher BMI
(>30 kg/m?). Women with VTE were more likely to have
received hormone replacement therapy or an oral contra-
ceptive prescription than controls. Twenty-five percent of
cases had not received a glucocorticoid prescription in
the year prior to their VTE diagnosis compared to 38%
among matched controls. Fifty-seven percent, 10%, and
7% of cases were current, recent, and past glucocorticoid
users respectively compared to 43%, 11%, and 9% of
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Table | Characteristics and Bivariate Odds Ratios in Venous Thromboembolism (VTE) Cases and Matched Controls: Asthma
Patients Aged 20-59 Years in CPRD GOLD 1995-2015

Cases (n=1168) Controls (n=4672) OR 95% CI
Age at Index Date (years)
20-29 86 (7.4) 344 (7.4) NA? NA?
30-39 207 (17.7) 828 (17.7) NA? NA?
40-49 284 (24.3) 1136 (24.3) NA? NA?
50-59 591 (50.6) 2364 (50.6) NA® NA®
Sex
Male 483 (41.4%) 1932 (41.4%) NA® NA?
Female 685 (58.7%) 2740 (58.7%) NA* NA*
BMI (kg/m?)
<18 11 (0.9%) 48 (1.0%) 1.4 0.7-2.8
18-24 241 (20.6%) 1526 (32.7%) 1.0 (reference) | 1.0 (reference)
25-30 289 (24.7%) 1357 (29.1%) 1.4 1.1-1.7
>30 532 (45.6%) 1284 (27.5%) 2.7 2.3-3.2
Unknown 95 (8.1%) 457 (9.8%) 1.3 1.0-1.7
Smoking Status
Non-smoker 490 (42.0%) 2219 (47.5) 1.0 (reference) | 1.0 (reference)
Current smoker 286 (24.5%) 989 (21.2) 1.3 I.1-1.5
Past-smoker 361 (30.9%) 1342 (28.7) 1.2 1.0-1.4
Unknown 31 (2.7%) 122 (2.6) 1.1 0.7-1.8
Comorbidities
Phlebitis 101 (8.7%) 66 (1.4) 6.8 4994
Hypertension 196 (16.8%) 842 (18.0) 0.9 0.8-1.1
Diabetes 69 (5.9%) 189 (4.1) 1.5 1.1-2.0
Hyperlipidemia 96 (8.2%) 495 (10.6%) 0.7 0.6-0.9
Alcohol abuse 14 (1.2%) 48 (1.0%) 1.2 0.6-2.1
COPD 114 (9.8%) 327 (7.0%) 1.5 1.2-1.9
Epilepsy 6 (0.5%) 15 (0.3%) 1.6 0.6—4.1
Other Proximate Causes of VTE within 90 Days
HRT or OC use® 123 (10.5%) 382 (8.2%) 1.4 1.1-1.7

Notes: *Matching factor; "Among women only.
Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; NA, not applicable; HRT, hormone replacement therapy; OC, oral contraceptive.

controls. A high proportion of cases (15%) had systemic Table 2 shows the distribution of patient characteristics
(injectable or oral) glucocorticoid use in the year prior to  and potential confounders by glucocorticoid exposure sta-
the index date compared to 6% in controls. tus among controls. Glucocorticoid exposed patients were
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Table 2 Characteristics of Exposed and Unexposed Controls at

19952015

Index Date: Asthma Patients Aged 20-59 Years in CPRD GOLD

Exposed (n=2909)

Unexposed (n=1763)

OR (95% ClI)

Age at Index (years)

20-29 176 (6.1%) 168 (9.5%) 1.0 (reference)
30-39 392 (13.5%) 436 (24.7%) 0.9 (0.7-1.1)
40-49 665 (22.9%) 471 (26.7%) 1.3 (1.1-1.7)
50-59 1676 (57.6%) 688 (39.0%) 2.3 (1.8-2.9)
Sex

Male 1213 (41.7%) 719 (40.8%) 1.0 (reference)
Female 1696 (58.3%) 1044 (59.2%) 1.0 (0.9-1.1)
BMI (kg/m?)

<I8 30 (1.0%) 18 (1.0%) I.1 (0.6-1.9)
18-24 928 (31.9%) 598 (33.9%) 1.0 (reference)
25-30 859 (29.5%) 498 (28.3%) 1.1 (1.0-1.3)
>30 852 (29.3%) 432 (24.5%) 1.3 (1.1-1.5)
Unknown 240 (8.3%) 217 (12.3%) 0.7 (0.6-0.9)
Smoking Status

Non-smoker 1351 (46.4%) 868 (49.2) 1.0 (reference)
Current smoker 596 (20.5%) 393 (22.3) 1.0 (0.8-1.1)
Past-smoker 898 (30.9%) 444 (25.2) 1.3 (1.1-1.5)
Unknown 64 (2.2%) 58 (3.3) 0.7 (0.5-1.0)
Comorbidities

Phlebitis 51 (1.8%) 15 (0.9%) 2.1 (1.2-3.7)
Drug abuse 10 (0.3%) 9 (0.5%) 0.7 (0.3-1.7)
Hypertension 611 (21.0%) 231 (13.1%) 1.8 (1.5-2.1)
Diabetes 138 (4.7%) 51 (2.9%) 1.7 (1.2-2.3)
Hyperlipidemia 345 (11.9%) 150 (8.5%) 1.4 (1.1-1.8)
Alcohol abuse 33 (1.1%) 15 (0.9%) 1.3 (0.7-2.5)
COPD 293 (10.1%) 34 (1.9) 5.7 (4.0-8.2)
Epilepsy 12 (0.4%) NR 2.4 (0.7-8.6)
HRT or OCP Use

<90 days before index 253 (8.7%) 129 (7.3%) 1.2 (1.0-1.5)

Notes: Categorical variables are presented as N (%). Exposed = glucocorticoid use less than | year prior to the index date; Unexposed = glucocorticoid use | year or more
prior to the index date; Current use = glucocorticoid use that continued to the index date; Recent use = glucocorticoid use less than 180 days prior to the index date; Past
use= glucocorticoid use 180 days-less than | year prior to the index date.
Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval; HRT, hormone replacement therapy; OCP, oral contraceptive pills; NA, not applicable; NR, not

reportable.
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Table 3 The Association Between Any Glucocorticoid Exposure and VTE for Asthma Patients Aged 20-59 Years in CPRD 1995-2015

(n=5840)
Odds Ratio (95% Confidence Interval) for Venous Thromboembolism (VTE)
Cases/Controls Model 1? OR (95% CI) Model 2° OR (95% CI) Model 3 OR (95% CI)

Exposure Status
Unexposed 296/1763 1.0 (reference) 1.0 (reference) 1.0 (reference)
Exposed 872/2909 1.8 (1.6-2.1) 1.7 (1.5-2.0) 1.7 (1.5-2.0)
Recency
Unexposed 296/1763 1.0 (reference) 1.0 (reference) 1.0 (reference)
Current 670/1992 2.1 (1.8-2.5) 1.9 (1.6-2.3) 1.9 (1.6-2.3)
Recent | 18/495 1.4 (1.1-1.8) 1.4 (1.1-1.8) 1.4 (1.1-1.8)
Past 84/422 1.2 (0.9-1.6) 1.2 (0.9-1.6) 1.2 (0.9-1.5)
Route of
Exposure
Unexposed 296/1763 1.0 (reference) 1.0 (reference) 1.0 (reference)
Systemic 171/281 3.8 (3.04.8) 3.5 (2.74.5) 3.5 (2.74.5)
Inhaled 701/2628 1.6 (1.4-1.9) 1.5 (1.3-1.8) 1.5 (1.3-1.8)

Notes: *Unadjusted. bAdjusted for phlebitis, COPD, diabetes, BMI, smoking. Conditional on the matching factors. “Adjusted for phlebitis, COPD, diabetes, BMI, smoking,
hormone replacement/OCP, epilepsy, alcohol. Conditional on the matching factors. Exposed = glucocorticoid use less than | year prior to the index date. Unexposed =
glucocorticoid use | year or more prior to the index date; Current use = glucocorticoid use less than 90 days prior to the index date; Recent use = glucocorticoid use 90
days—less than 180 days prior to the index date; Past use = glucocorticoid use 180 days—less than | year prior to the index date.

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval.

older, more likely to be obese, have a history of phlebitis,
diabetes, hypertension and COPD than unexposed patients.

We observed a twofold increase in the risk of VTE
among current glucocorticoid users (aOR=1.9, 95% CI:
1.6-2.3), a minimal increase in risk for recent glucocorti-
coid users (aOR=1.4, 95% CI:1.1-1.8), and a near null
effect for past glucocorticoid users (aOR=1.2, 95% CI:
0.9-1.5) compared to the unexposed. See Table 3. We
observed the highest risk of VTE among current and
recent glucocorticoid users with fewer glucocorticoid pre-
scriptions and lower cumulative dose. Patients who had
current exposure with 1-6 prescriptions or less than 1000
pug of cumulative glucocorticoid dose had a threefold
higher risk of VTE compared to unexposed patients. In
contrast, patients with 25+ prescriptions or over 10,000
pg of past use had no increased risk of VTE when com-
pared to the unexposed, suggesting an acute effect of
glucocorticoids on the risk of VTE. See Table 4.

When we examined the route of glucocorticoid admin-
istration, we observed a higher risk among those exposed
to a systemic glucocorticoid (aOR=3.5, 95% CI: 2.7-4.5)

than among those exposed to an inhaled glucocorticoid
(aOR=1.5, 95% CI: 1.3—1.8) compared to the unexposed,
suggesting a dose-response relationship between gluco-
corticoid use and risk of idiopathic VTE. See Table 5.

When we examined the recency and route of adminis-
tration (Table 5), we observed an effect primarily in cur-
rent users and in those with systemic glucocorticoid use
(aOR=4.8, 95% CI: 3.7-6.4); further supporting a dose—
response effect.

Suppl 1 shows the results stratified by sex. The effect
was in the same direction for males and females, but the
magnitude of effects differed in models where we exam-
ined recency of administration (female current glucocorti-
coid use: aOR= 2.3, 95% CI:1.9-2.9; male current
glucocorticoid use: aOR= 1.5, 95% CI: 1.2-2.0), and
route of administration (female systemic glucocorticoid
use: aOR= 3.9, 95% CI: 2.9-5.3; male systemic glucocor-
ticoid use: aOR= 2.9 95% CI: 1.9-4.4). This was not
explained by hormone replacement therapy or oral contra-
ceptive pill use. When we stratified the analyses by age,
the aORs were slightly higher in patients aged 20-39
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Table 4 Crude and Adjusted Odds Ratios for the Association Between Glucocorticoid Exposure and Venous Thromboembolism by
Timing of Use and Number of Prescriptions Received: Asthma Patients Aged 20-59 Years in CPRD GOLD 1995-2015

Odds Ratio (95% Confidence Interval) for Venous Thromboembolism (VTE)

Cases/Controls (1168/4672)

Model 12 OR (95% CI)

Model 2° OR (95% CI)

Model 3¢ OR (95% CI)

Recency and

Number of Glucocorticoid Prescriptions

Unexposed 296/1763 1.0 (reference) 1.0 (reference) 1.0 (reference)
Current use 670/1992 2.1 (1.8-2.5) 1.9 (1.6-2.3) 1.9 (1.6-2.3)
1-6 133/297 2.8 (2.1-3.6) 29 (2.2-3.8) 29 (2.2-3.7)
7-24 195/585 2.1 (1.7-2.5) 1.9 (1.6-2.4) 1.9 (1.6-2.4)
25-49 152/455 2.1 (1.7-2.6) 1.8 (1.4-2.2) 1.8 (1.4-2.2)
50+ 190/655 1.8 (1.4-2.2) 1.6 (1.2-2.0) 1.6 (1.2-2.0)
Recent use 118/495 1.4 (1.1-1.8) 1.4 (1.1-1.8) 1.4 (1.1-1.8)
1-6 38/148 1.5 (1.1-2.3) 1.6 (1.1-2.4) 1.6 (1.1-2.4)
7-24 48/201 1.4 (1.0-2.0) 1.4 (1.0-1.9) 1.4 (1.0-1.9)
25-49 19/93 1.2 (0.7-2.1) 1.1 (0.7-1.9) 1.1 (0.7-1.9)
50+ 13/53 1.5 (0.8-2.8) 1.5 (0.8-3.0) 1.5 (0.8-3.0)
Past use 84/422 1.2 (0.9-1.6) 1.2 (0.9-1.6) 1.2 (0.9-1.5)
1-6 46/185 1.5 (1.1-2.1) 1.6 (1.1-2.2) 1.5 (1.1-2.2)
7-24 27/177 0.9 (0.6-1.4) 0.9 (0.6-1.4) 0.9 (0.6-1.4)
25+ 11/60 I.1 (0.6-2.1) 0.9 (0.5-1.9) 0.9 (0.5-1.9)

Recency and

Cumulative Dose of Glucocorticoid Prescriptions

Unexposed 296/1763 1.0 (reference) 1.0 (reference) 1.0 (reference)
Current use 670/1992 2.1 (1.8-2.5) 1.9 (1.6-2.3) 1.9 (1.6-2.3)
1-999 116/281 2.5 (2.0-3.3) 2.6 (2.0-3.5) 2.6 (2.0-3.4)
1000-9999 265/796 2.1 (1.7-2.5) 1.9 (1.6-2.4) 1.9 (1.6-2.3)
10,000+ 289/915 2.0 (1.7-2.4) 1.7 (1.4-2.1) 1.7 (1.4-2.1)
Recent use 118/495 1.4 (1.1-1.8) 1.4 (1.1-1.8) 1.4 (1.1-1.8)
1-999 27/110 1.5 (1.0-2.3) 1.6 (1.0-2.5) 1.6 (1.0-2.5)
1000-9999 65/256 1.5 (1.1-2.0) 1.4 (1.1-2.0) 1.4 (1.1-2.0)
10,000+ 26/129 1.2 (0.8-1.9) 1.2 (0.8-1.9) 1.2 (0.8-1.9)
Past use 84/422 1.2 (0.9-1.6) 1.2 (0.9-1.6) 1.2 (0.9-1.5)
1-999 37/146 1.5 (1.0-2.2) 1.6 (1.1-2.4) 1.6 (1.1-2.3)
1000-9999 30/190 1.0 (0.6—1.4) 0.9 (0.6-1.4) 0.9 (0.6-1.4)
10,000+ 17/86 I.1 (0.7-2.0) I.1 (0.6-1.9) 1.1 (0.6-1.9)

Notes: *Unadjusted. ®Adjusted for phlebitis, COPD, diabetes, BMI, smoking. Conditional on the matching factors. ‘Adjusted for phlebitis, COPD, diabetes, BMI, smoking,
hormone replacement/OCP, epilepsy, alcohol. Conditional on the matching factors. Unexposed = glucocorticoid use | year or more prior to the index date. Current use =
glucocorticoid use 30 days or less prior to the index date; Recent use = glucocorticoid use 90 days—less than 180 days prior to the index date; Past use = glucocorticoid use

180 days—less than | year prior to the index date.

Abbreviations: OR, odds ratio; 95% Cl, 95% confidence interval.
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Table 5 Crude and Adjusted Odds Ratios for the Association Between Glucocorticoid Exposure and Venous Thromboembolism by
Timing of Use and Route of Administration: Asthma Patients Aged 20-59 Years in CPRD GOLD 1995-2015

Odds Ratio (95% Confidence Interval) for Venous Thromboembolism (VTE)
Cases/ Model 1? OR (95% CI) Model 2° OR (95% CI) Model 3 OR (95% CI)
Controls
Recency and Route of
Glucocorticoid Prescriptions
Unexposed 296/1763 1.0 (reference) 1.0 (reference) 1.0 (reference)
Systemic 1717281 3.8 (3.04.8) 3.5 (2.74.5) 3.5 (2.74.5)
Inhaled 701/2628 1.6 (1.4-1.9) 1.5 (1.3-1.8) 1.5 (1.3-1.8)
Current Use 670/1992 2.1 (1.8-2.5) 1.9 (1.6-2.3) 1.9 (1.6-2.3)
Systemic 142/177 5.2 (4.0-6.8) 4.9 (3.7-6.5) 4.8 (3.7-6.4)
Inhaled 528/1815 1.8 (1.6-2.2) 1.7 (1.4-2.0) 1.7 (1.4-2.0)
Recent Use 118/495 1.4 (1.1-1.8) 1.4 (1.1-1.8) 1.4 (1.1-1.8)
Systemic 14/51 1.7 (0.9-3.1) 1.6 (0.8-2.9) 1.6 (0.8-2.9)
Inhaled 104/444 1.4 (1.1-1.8) 1.4 (1.1-1.8) 1.4 (1.1-1.8)
Past Use 84/422 1.2 (0.9-1.6) 1.2 (0.9-1.6) 1.2 (0.9-1.5)
Systemic 15/53 1.8 (1.0-3.2) 1.6 (0.9-3.0) 1.7 (0.9-3.0)
Inhaled 69/369 I.1 (0.8-1.5) I.1 (0.8-1.5) 1.1 (0.8-1.5)

Notes: *Unadjusted. bAdjusted for phlebitis, COPD, diabetes, BMI, smoking. Conditional on the matching factors. cAdjusted for phlebitis, COPD, diabetes, BMI, smoking,
hormone replacement/OCP, epilepsy, alcohol. Conditional on the matching factors. Unexposed = glucocorticoid use | year or more prior to the index date; Current use =
glucocorticoid use 30 days or less prior to the index date; Recent use = glucocorticoid use 90 days—less than 180 days prior to the index date; Past use = glucocorticoid use

180 days—less than | year prior to the index date.
Abbreviations: OR, odds ratio; 95% CI, 95% confidence interval.

compared to 40-59 for current and recent use and for
systemic use (Suppl 2). There was no effect measure
modification when we stratified by BMI (data not shown).

Effect estimates were not materially different when we
conducted sensitivity analyses restricted to patients who
did not receive hormone replacement therapy or oral con-
traceptives in the 90 days before the index date (n=5335)
(see Suppl 3), or to cases and their controls who were
perfectly matched (Suppl 4).

Discussion

In this sample of asthma patients aged 20-59 years, we
observed that current glucocorticoid use was associated
with an increased risk of VTE, particularly in those with
systemic use and prescriptions initiated within 6 months of
the index date. The association remained statistically sig-
nificant after adjustment for VTE risk factors, including
age, sex (adjusted through matching), BMI, history of
COPD, phlebitis, smoking, diabetes, hormone replacement

therapy, and oral contraceptive pill use, though the effect
diminished with increasing use. With a baseline asthma
prevalence of 2.5/1000 people in this study, a twofold
increase in the risk of VTE with glucocorticoid use
would result in an additional 2.5 VTE cases/1000 asthma
patients who initiate glucocorticoid.

Studies have demonstrated increased risks of VTE in
association with estrogen replacement therapy,> with risks
between 2 and 4 times higher among women on estrogens
compared to unexposed women.’* 2’ Results have been
mixed for testosterone, but some studies suggest a twofold
higher risk of VTE in the first 6 months of treatment in men
exposed to testosterone compared to unexposed men.***
Given the impact of steroids on the endocrine system, parti-
cularly on sex hormones, insulin resistance and obesity, ster-
oids including glucocorticoids may also increase VTE risk.

The apparent acute effect of steroids in the develop-
ment of VTE has been documented in other studies.
Sneeboer et al conducted a case—control study using
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a study design similar to the current study and showed
a fourfold increase in recurrent VTE risk with current use
of oral corticosteroids (OR 3.74; 95% CI 2.04—6.87) and
reduced risk with past use (OR 0.46; 95% CI 0.28-0.74).?"
A study conducted in Denmark showed a twofold increase
in VTE risk with systemic glucocorticoid use (OR: 2.31,
95% CI: 2.18-2.45) and inhaled glucocorticoid use (OR:
2.17, 95% CI: 1.72-2.86) compared to non-use.'
However, only new use of inhaled glucocorticoid was
associated with an increased risk of VTE. Haddad et al
found an OR of 1.54, (95% CI: 1.45-1.64) for preopera-
tive steroid use on post-operative thromboembolism using
data from the American College of Surgeons National
Surgical Quality Improvement Program (NSQIP).” Lieber
et al found a higher risk of PE and DVT in neurosurgical
patients exposed to at least 10 days of corticosteroid use
(OR=1.47, 95% CI: 1.13-1.90) and (OR=1.55, 95% CI:
1.28-1.87) respectively.® Similar to our study, Huerta et al
found that current oral corticosteroid use was associated
with the risk of VTE (OR: 3.05, 95% CIL: 2.51-3.69).'
The risk persisted with extended treatment, but the effect
estimates gradually decreased with longer duration of use.
Using a self-controlled design, Orsi et al showed
a fourfold increase in VTE risk (HR: 3.51, 95% CI:
2.55-4.80) during oral glucocorticoid treatment compared
to unexposed periods.'® The risk increased in the week
after treatment initiation and then gradually decreased over
time. In our study, >99% of systemic glucocorticoid use
was oral, and we found a fourfold increase in VTE risk
among current systemic glucocorticoid use compared to
the non-exposed. When we assessed the effect of duration
of use using the number of prescriptions received, we also
found a gradual decrease in the effect estimate with longer
duration.

Some investigators have questioned whether the asso-
ciation between glucocorticoid use and VTE can be
explained by the underlying disease condition.”’ Majoor
et al showed a higher incidence of pulmonary embolism in
severe asthma patients than mild-to-moderate patients and
concluded that oral corticosteroid use and severe asthma
were independent risk factors for pulmonary embolism
(HR: 282 (1.09-7.30) and 3.33 (1.16-9.93),
respectively).’’ Restricting our study to asthma patients
only allowed us to control for asthma and to evaluate the
independent effect of glucocorticoid use on the risk
of VTE.

In this study, for current exposure, the association with
VTE was greater in the 20-39 age group than the 40-59

age group. This may be explained by the lower back-
ground risk of VTE in younger patients compared to
older patients. The ORs of VTE were higher in females
than males. In both sexes, the strongest effect was among
which
However, the effect was stronger in females compared

current users supports a causal association.
with males (aORs 2.3 versus 1.5 for any current use and
3.9 versus 2.9 in current users of systemic glucocorti-
coids). These findings were not explained by use of oral
contraceptives or hormone replacement therapy. There was
no evidence of effect measure modification by obesity
(data not shown).

This study had several strengths. By limiting our study
to a homogenous population comprising asthma patients
without strong cardiovascular risk factors and by using an
active comparator, we limited the potential for confound-
ing by indication. We used a nested matched case—control
design for this study to efficiently control important con-
founding factors. The CPRD data provided detailed infor-
mation on exposure, dose, frequency, and type of
prescription, which made it possible to assess exposure
in several ways.

We attempted to control for confounding by indication
in this study, but the possibility of residual confounding by
severity of asthma exists. Severe asthmatics are more
likely to be prescribed oral glucocorticoids, while mild
asthmatics are more likely to be on intranasal or inhaled
glucocorticoids, and the risk of VTE might be higher with
severe asthma than mild asthma. We explored this by
assessing different proxies for asthma severity, including
dose and number of prescriptions. Our analyses showed
a higher risk of VTE with systemic glucocorticoids use,
however, dose and number of prescriptions were inversely
associated with VTE risk.

This study has some limitations. There is potential for
exposure misclassification in this study, but we do not
expect it to be differential between cases and controls
since the CPRD data are recorded prospectively without
knowledge of future outcomes. Therefore, any exposure
misclassification is more likely to bias the effect estimate
towards the null and would not explain these results.
Exposure misclassification could differ by severity of
asthma and by the number of recorded prescriptions.
Patients with severe disease and multiple prescriptions
are more likely to have filled and used the drug, compared
to patients with only a few prescriptions. Thus, patients
with few prescriptions are more likely to be misclassified.
Our results show that current glucocorticoid users with 1—
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6 prescriptions had a threefold increase in the odds of VTE
(aOR: 2.9, 95% CI: 2.2-3.7) (Table 4). If there were
misclassification, the effect estimate would be higher
which does not change our interpretation of the acute
drug effect with glucocorticoid use.

Outcome misclassification of PE is unlikely since docu-
mented PE diagnosis is expected to be objective. However,
outcome misclassification is still a possibility, especially for
DVTs. To address this concern, we included receipt of antic-
oagulation in the case definition to validate the diagnosis. By
conducting a case—control study with a well-defined out-
come (VTE identified using Read codes as well as antic-
oagulant prescription codes) we attempted to identify true
VTE cases and limit misclassification. Still, excluding cases
who did not have an anticoagulant prescription may have
resulted in the exclusion of fatal VTE and limited our cases
to only milder VTE patients, which could impact the gen-
eralizability of our findings.

In summary, in this study population of 20-59-year-old
asthma patients, we found evidence of an association
between glucocorticoid use and VTE, particularly in new
users of systemic glucocorticoids. Carefully weighing risk
and benefit prior to initiating glucocorticoids in patients
with asthma and monitoring for adverse events may be
prudent. Further research to evaluate this association is
warranted.
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