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Abstract

Background
Recently, endogenous glucocorticoid excess has been identified as a risk factor 

for venous thromboembolism (VTE). Whether exogenous use of glucocorticoids is 

associated with an increased risk of VTE is unclear. We aimed to quantify the risk of 

symptomatic pulmonary embolism (PE) in patients using corticosteroids.

Methods
A case-control study using the PHARMO Record Linkage System, a Dutch population 

based pharmacy registry, was conducted. Cases were 4,495 patients with a first 

hospital admission for PE between 1998 and 2008. Control subjects were 16,802 

sex- and age-matched subjects without a history of PE. International Classification of 

Diseases codes for hospitalization were used to retrieve information on underlying 

conditions.

Results
The risk of PE was highest in the first 30 days of glucocorticoid exposure (adjusted 

OR, 5.9; 95% CI, 2.3-3.9) and gradually decreased with increasing duration of use 

(OR, 1.9; 95% CI, 1.3-2.9) for long-term users (>1 year). Low-dose glucocorticoid use 

(prednisolone daily dose equivalent , 5 mg) carried a twofold increased risk of PE 

(OR, 1.8; 95% CI, 1.3-2.4), whereas a 10-fold increased risk was observed for the 

highest dose of glucocorticoids (prednisolone >30 mg) (OR, 9.6; 95% CI, 4.3-20.5). 

Stratification for both duration and dose of glucocorticoid showed the highest risk 

of PE in recently started users compared with long-term users at the time of PE, 

irrespective of the dose.

Conclusion
Patients treated with oral glucocorticoids may be at an increased risk of PE, 

especially during the first month of exposure. This hypothesis requires confirmation 

in future studies.

Abbreviations: ICD-9 5 International Classification of Diseases, Ninth Revision
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Introduction

Glucocorticoids regulate numerous physiologic processes and are the mainstay of 

treatment for inflammatory disease, autoimmune disease, and cancer.1 Since their 

discovery in the middle of the 20th century, glucocorticoids have become one of the 

most widely prescribed therapeutic agents and are currently used by about 1% of the 

adult population.2 The beneficial effects, however, are accompanied by numerous 

side effects, one of which is an increased risk of cardiovascular morbidity and 

mortality.3,4 Similarly, an increased risk of vascular events was found in patients with 

Cushing syndrome, which is characterized by chronic endogenous glucocorticoid 

excess.5-7 Major contributors to this risk are acute arterial thrombotic events, such 

as myocardial infarction and stroke, which are superimposed on the accelerated 

atherosclerosis accompanying glucocorticoid excess.8,9

Endogenous glucocorticoid excess has long been postulated as a risk factor for 

venous thromboembolism (VTE), which was confirmed in a large cohort study among 

patients with endogenous Cushing syndrome. In this cohort, we found increased 

incidence of VTE both during active disease and after surgery.10 However, it is yet 

to be established whether use of exogenous glucocorticoids is also associated 

with an increased risk of VTE. Several in vitro studies revealed that exogenous 

glucocorticoids enhance both synthesis and secretion of von Willebrand factor 

and plasminogen activator inhibitor-1, suggesting a direct activation of coagulation 

and inhibition of fibrinolysis.11-13 In a recent systematic review by our group, we 

found differential effects of glucocorticoids on the hemostatic system, depending 

on the clinical situation in which the treatment was given.14 It may be very difficult 

to separate the effect of glucocorticoids from the underlying disease; thus, the 

objective of the present study was to quantify the association between the use of 

oral glucocorticoids, including the effect of dose and duration of therapy, and risk of 

symptomatic pulmonary embolism in a population-based case-control study.

Materials and Methods

Setting
Data were retrieved from the PHARMO Record Linkage System (Pharmo Institute, 

www.pharmo.nl), which is a database that contains the demographic details and 

complete medication histories of >2 million community-dwelling residents of 25 

geographic areas in The Netherlands from 1985 onward. These medication histories 

are linked to hospital admission records. Because virtually all patients in The 

Netherlands are registered with a single community pharmacy, pharmacy records 
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for prescription drug use are essentially complete. For the objective of this study, 

drug-prescribing data, including type of drug, dose, and daily use, were used. Drugs 

were coded according to the Anatomic Therapeutic Chemical Classification. In 

addition, hospitalization data were used to ascertain the occurrence of pulmonary 

embolism and concomitant diseases. Hospital admission and discharge were coded 

according to the International Classification of Diseases, Ninth Revision (ICD-9), 

Clinical Modification. The study was approved by the Privacy Committee PHARMO 

(deBoer008; April 9, 2010).

Definition of Cases and Control Subjects
A population-based case-control study was conducted. Cases were defined as 

patients with a first hospital admission for pulmonary embolism between 1998 and 

2008 who were aged ≥18 years at the time of the admission (index date) and who 

had at least a 1-year history in the PHARMO database prior to the index date. For 

each case, up to four control subjects matched for sex, age (±5 years), and index 

date were randomly selected from the PHARMO database through risk-set sampling. 

Control subjects were defined as not having been hospitalized for pulmonary 

embolism prior to the index date of the matched case, which does not exclude 

hospitalization for other reasons. We retrieved data on diagnostic procedures used 

in a random sample of 10% of cases to verify whether the diagnosis of pulmonary 

embolism had been confirmed by objective tests (i.e., CT scan angiography, 

ventilation-perfusion scanning).15,16 Diagnosis was confirmed in >95% of the cases.

Exposure Assessment
For each patient, we identified all prescriptions for oral (systemic) glucocorticoids, 

including cortisone, hydrocortisone, prednisone, prednisolone, triamcinolone, 

methylprednisone, dexamethasone, and betamethasone. Drug exposure was 

categorized according to the timing of use in relation to the index date. Nonusers 

were patients without a registered prescription for glucocorticoids in the 

PHARMO database between 1998 and 2008. Patients either with a prescription 

of glucocorticoids in a 90-day time window prior to the index date or with the 

theoretical end date of an earlier prescription within or after this time window were 

considered current users. If the end date of the last prescription was between 90 

and 365 days prior to the index date, patients were considered former users (Fig 1A).

For current users, we assessed the duration of current glucocorticoid use 

at the index date by calculating the first prescription date and the number of 

consecutive supplies. We categorized duration of use as recent use (index date in 

the first 30 days of exposure), intermediate use (index date between 31 and 365 

days of exposure), and long-term use (index date >1 year of exposure) (Fig 1B). 
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Only continuous use of glucocorticoids (allowing a 30-day time gap between 

refills) was studied when assessing the influence of duration of use on the risk of 

pulmonary embolism. Daily dose equivalents of prednisolone 10 mg were as follows: 

cortisone 37.5 mg, hydrocortisone 30 mg, prednisone 10 mg, triamcinolone 7.5 

mg, dexamethasone 1.5 mg, and betamethasone 1.5 mg. The cumulative dose was 

obtained by summing all doses before the index date and was classified as missing 

when one or more doses were not registered in the database.

Covariates
ICD-9 codes for hospitalization were used to retrieve information on conditions 

that are potentially associated with a high risk of VTE and were present within 

3 months prior to the index date. These conditions were trauma and fractures, 

malignancy, pregnancy, cardiovascular disease, diabetes, and surgery. Additionally, 

hospitalizations for diseases related to corticosteroid use in the past year were 

noted, including rheumatoid arthritis, inflammatory bowel disease, asthma, and 

COPD. Further, in the 3-month period prior to the index date, use of vitamin 

K antagonists, heparins, antiplatelet agents (i.e., aspirin, clopidogrel bisulfate, 

dipyridamole), and other medications that may either influence the occurrence of 

pulmonary embolism directly or indicate the presence of an underlying risk factor 

for pulmonary embolism (i.e., antibiotics, drugs for obstructive airway diseases, 

antidepressants, hormone replacement therapy, oral contraceptives) were identified 

from medication histories.

Former use
Current use

-365 days -90 days

-30 days

Index date

Index date-365 days

No use
Recent use
Intermediate use
Chronic use

A

B

Figure 1.
Duration of glucocorticoid use prior to the event. A, Timing of use prior to the index date. B, Duration of 
use prior to the index date.
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Data Analysis
Continuous variables are expressed as mean ± SD or median with range, depending 

on the distribution of data. Categorical variables are presented as number (%). The 

strength of the association between glucocorticoid use and pulmonary embolism 

was ascertained by conditional logistic regression analysis that used no use as the 

reference value and was expressed as crude and adjusted ORs with 95% CIs. The 

analysis was stratified for dose and duration of glucocorticoid therapy.

The influence of key potential confounding factors perceived to be important 

was analyzed by evaluating the influence of a potential confounder on the effect 

estimate of the exposure of interest. If a change in crude OR of >5% was found 

for any independent factor, the variable was added to the multivariate model. 

All statistical analyses were performed using SPSS version 17 (IBM Corporation) 

software. The study is reported according to STROBE (Strengthening the Reporting 

of Observational Studies in Epidemiology) guidelines.17

Results

Patient characteristics are shown in Table 1. A total of 4,495 cases and 16,802 control 

subjects were included in the study. Mean age in both cases and control subjects 

was 60 years, and women comprised 57% of both groups. The mean duration of 

years in the database prior to the hospitalization index date was 4.5 years (range, 1-7 

years) for the cases and 7.9 years (range, 1-7 years) for the control subjects.

Use of Glucocorticoids
Current use of glucocorticoids was more frequent among cases (13.1%) than 

control subjects (2.5%), yielding a crude OR of 6.1 (95% CI, 5.3-7.1). Adjustment for 

confounders reduced the risk estimate to an OR of 4.4 (95% CI, 3.8-5.0) (Table 2). 

Former use (cases, 8.4%; control subjects, 6.7%) only moderately increased the risk 

of pulmonary embolism, with an adjusted OR of 1.2 (95% CI, 1.1-1.3). (Table 2).

Duration and Dose of Current Use of Glucocorticoids
Among current users, the risk of pulmonary embolism was highest within the first 

30 days of glucocorticoid use (adjusted OR, 5.9; 95% CI, 2.3-7.9) and gradually 

decreased with longer duration of use. The adjusted OR was 1.9 (95% CI, 1.3-2.9) 

for long-term use (>1 year). The association between glucocorticoids and pulmonary 

embolism varied depending on the dose of glucocorticoids used. A clear dose-

response relationship was observed, with low-dose glucocorticoids carrying a 

twofold increased risk of pulmonary embolism (adjusted OR, 1.8; 95% CI, 1.3-2.4) up 



89

to a 10-fold increased risk for the highest daily dose of glucocorticoids (adjusted OR, 

9.6; 95% CI, 4.3-20.5). Table 3 shows the risk of pulmonary embolism stratified by 

dose and duration of use of glucocorticoids. Almost always, the risk of pulmonary 

embolism was highest within the first 30 days of glucocorticoid use, irrespective of 

the dose (Table 3).

Discussion

In this large population-based case-control study of ≥20,000 individuals, we found 

that use of oral glucocorticoids was associated with a fourfold increased risk of 

Table 1. Patient Characteristics

Characteristic
Cases

(n= 4,495)
Control Subjects

(n= 16,802)

Median age (range), y 60.4 (18 - 94) 59.7 (18 - 96)

Female sex 2,561 (57) 9,637 (57)

Mean follow-up prior to index date (range), y 4.5 (1 - 7) 7.9 (1 - 7)

Acquired risk factors for venous thrombosis a

Malignancy 246 (5.5) 77 (0.5)

Pregnancy 13 (0.3) 8 ( <0.1)

Surgery 296 (6.6) 177 (1.1)

Trauma 48 (1.1) 20 (0.1)

Cardiovascular disease 100 (2.2) 151 (0.9)

Diabetes 322 (7.2) 1,203 (7.2)

Diseases related to glucocorticoid use b

Inflammatory bowel disease 25 (0.6) 16 (0.1)

Inflammatory arthritides 42 (0.9) 62 (0.4)

Asthma and COPD 59 (1.3) 55 (0.3)

Medication use c

Heparins 108 (2.4) 33 (0.2)

Antiplatelet drugs 699 (15.6) 2,072 (12.1)

Antibiotics 1,179 (26.2) 1,572 (9.7)

Drugs for obstructive airway diseases 758 (16.9) 1,202 (7.2)

Vitamin K antagonists 169 (3.8) 539 (3.2)

Antidepressants 328 (7.3) 844 (5.0)

Oral contraceptives and hormone replacement therapy 463 (10.3) 1,188 (7.1)

a Hospitalizations ≤90 and ≥1 d prior to index date.
b Hospitalizations ≤365 and ≥1 d prior to index date.
c Medication use ≤90 and ≥1 d prior to index date.
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Table 2. Risk of Pulmonary Embolism Associated With the Use of Glucocorticoids

Variable
Cases

(n = 4,495)

Control 
Subjects 

(n=16,802)

Crude OR a

(95% CI)
Adjusted OR b 

(95% CI)

Glucocorticoids

No use 3,530 (78.5) 15,254 (90.8) Reference Reference

Former use 376 (8.4) 1,120 (6.7) 1.5 (1.3 - 1.7) 1.2 (1.1 - 1.3)

Current use 589 (13.1) 428 (2.5) 6.1 (5.3 - 7.1) 4.4 (3.8 - 5.0)

Duration of current use at time of pulmonary embolism

1-30 d 191 (4.2) 89 (0.5) 9.3 (7.0 - 12.3) 5.9 (2.3 - 3.9)

31-365 d 337 (7.5) 260 (1.5) 6.4 (4.9 - 8.2) 3.9 (3.2 - 5.0)

>1 y 61 (1.4) 79 (0.5) 2.9 (2.0 - 4.1) 1.9 (1.3 - 2.9)

Dose of current use at time of pulmonary embolism

Prednisolone daily dose equivalent c

<5 mg 116 (2.6) 154 (0.9) 3.1 (2.4 - 4.0) 1.8 (1.3 - 2.4)

5-20 mg 228 (5.1) 156 (0.9) 6.7 (5.3 - 8.6) 3.4 (2.3 - 4.7)

20-30 mg 188 (4.2) 106 (0.6) 8.4 (6.3 - 11.0) 5.4 (4.5 - 6.7)

>30 mg 57 (1.3) 12 (0.1) 22.0 (10.9 - 44.6) 9.6 (4.3 - 20.5)

Data are presented as No. (%) unless otherwise indicated.
a Adjusted for age and sex.
b Adjusted for age; sex; hospitalizations (for malignancy, pregnancy, trauma, surgery, inflammatory 
bowel disease, inflammatory arthritides, chronic respiratory failure); and use of anticoagulants, drugs 
for respiratory diseases, antibiotics, antidepressants, and hormone replacement therapy and oral 
contraceptives within 90 days prior to the index date.
c Prednisolone 10 mg daily dose equivalents were as follows: cortisone 37.5 mg, hydrocortisone 30 mg, 
prednisone 10 mg, triamcinolone 7.5 mg, dexamethasone 1.5 mg, and betamethasone 1.5 mg.

Table 3. Duration and Intensity of Current Use of Glucocorticoids and Risk of Pulmonary Embolism

Duration of Current Use at Time of Pulmonary 
Embolism a

Dose of Current Use at Time of Pulmonary Embolism

1-30 d 31-365 d >1 y

Prednisolone daily dose equivalent b

<5 mg 4.5 (2.3-8.9) 2.3 (1.6-3.2) 1.3 (0.8-2.3)

5-20 mg 4.7 (2.7-7.4) 3.8 (3.3-5.9) 3.6 (1.7-6.9)

20-30 mg 6.0 (4.0-8.9) 5.3 (4.4-6.7) 4.3 (1.1-23.3)

>30 mg 8.2 (2.5-26.7) 9.9 (4.4-22.4) …

Data are presented as OR (95% CI).
a Adjusted for age; sex; hospitalizations (for malignancy, pregnancy, trauma, surgery, inflammatory 
bowel disease, inflammatory arthritides, chronic respiratory failure); and use of anticoagulants, drugs 
for respiratory diseases, antibiotics, antidepressants, and hormone replacement therapy and oral 
contraceptives within 90 days prior to the index date.
b Prednisolone 10 mg daily dose equivalents were as follows: cortisone 37.5 mg, hydrocortisone 30 mg, 
prednisone 10 mg, triamcinolone 7.5 mg, dexamethasone 1.5 mg, and betamethasone 1.5 mg.
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pulmonary embolism both in a time- and in a dose-dependent fashion. The greatest 

risk was observed within the first 30 days of glucocorticoid use (sixfold increased 

risk) and for the highest daily dose (10-fold increased risk). However, even among 

low-dose glucocorticoid users, patients were at the highest risk of pulmonary 

embolism within the first month after treatment onset compared with longterm users.

Although a biologic basis for a causal role of glucocorticoids in the development 

of venous thrombosis has frequently been described by means of hypercoagulability 

in both in vitro and in vivo studies,11-13 it remains questionable whether the observed 

association should be interpreted as such or merely reflects the underlying disease 

for which glucocorticoids were prescribed. Many of the underlying disorders are 

inflammatory diseases, which by themselves make patients more prone to venous 

thrombosis. For example, an increased incidence of venous thrombosis has been 

reported in patients with COPD,18-20 heart failure,21 inflammatory bowel disease,22-24 

cancer,25,26 pregnancy,27 and inflammatory arthritides.28-30 It must be noted, however, 

that many of these patients were also treated with glucocorticoids and that the 

referred studies were not designed to separate the influence of underlying disease 

from the influence of steroid therapy. The present observations, consistently point 

toward an increased risk of pulmonary embolism for patients using glucocorticoids, 

and this risk persisted after adjustment for many underlying diseases and 

coprescriptions, which further underlines an association between glucocorticoids 

and pulmonary embolism.

Nevertheless, the findings may be biased as result of confounding by disease 

severity because patients using higher doses of oral glucocorticoids are likely to be 

more severely affected by the underlying disease. Besides, short-term treatment 

with high-dose glucocorticoids often is prescribed for acute exacerbations of chronic 

inflammatory disease, also reflecting (temporary) aggravation of the disease. During 

an exacerbation or aggravation of an underlying disease, a patient may be more 

prone to pulmonary embolism, and glucocorticoids might eventually reduce the risk 

of venous thrombosis by downgrading the inflammatory response. This may explain 

the differences not only in observed risk between high- and low-dose glucocorticoid 

therapy but also between the first month of treatment (active inflammation) and long-

term glucocorticoid use (low-grade inflammation), irrespective of the dose. However, 

one could also postulate that glucocorticoid-induced prothrombotic changes further 

imbalance an already activated hemostatic system against a background of active 

and ongoing inflammation.

Patients with endogenous Cushing syndrome experience a variety of 

complications, such as obesity, dyslipidemia, hypertension, and diabetes. 

Theoretically, both glucocorticoid excess itself and the accompanying complications 

can be the cause of a hypercoagulable state in these patients. In the present study, 
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however, patients seemed to be at the highest risk of pulmonary embolism within the 

first month of treatment, irrespective of the dose of corticosteroids, implying a direct 

effect of glucocorticoid excess because obesity, dyslipidemia, hypertension, and 

diabetes usually only come into play during prolonged exposure to glucocorticoids.

Some of the methodological aspects of this study require comment. The 

study represents a large sample size of a well-defined population with precise 

documentation of drug prescription. The study design, however, has obvious 

limitations inherent to all population-based cohort studies. For example, because 

the diagnosis of pulmonary embolism was derived from ICD-9 codes, some concern 

could be raised about the accuracy of the diagnosis. However, verification of 10% 

of the cases showed that objective methods and international criteria were nearly 

always used in the diagnosis of pulmonary embolism. Additionally, a study on 

the accuracy of ICD discharge diagnosis codes yielded satisfactory sensitivity for 

identifying objectively confirmed pulmonary embolism.17 Further, the diagnoses of 

possible underlying diseases were derived from ICD-9 codes of patients who had 

been admitted to the hospital, raising concern about the completeness of these 

diagnoses because underlying diseases that had only been treated at the outpatient 

clinic were not taken into account. However, medical conditions for which hospital 

admission is not required were identified by medication use.

Another limitation of this study is that it did not investigate deep venous 

thrombosis (DVT). DVT usually does not lead to hospital admission; therefore, it 

was considered a softer end point of venous thrombosis compared with pulmonary 

embolism. Medication non-compliance must be accounted for, yet this would have 

been the case in both cases and control subjects.

Although we acknowledge that the results of this study are hypothesis generating 

rather than definitive, the findings provide more insight into the association between 

glucocorticoid use and the risk of pulmonary embolism. Given the high prevalence 

of glucocorticoids prescribed in all areas of modern medicine, clinicians should be 

aware of this possible association. It would be interesting to unravel the mechanisms 

underlying the association among glucocorticoids, inflammation and disease, 

and venous thrombosis, but it may be clinically irrelevant. Future clinical studies 

are necessary to adequately assess the risks and benefits of glucocorticoid use 

in specific disorders so that the anti-inflammatory, and thus beneficial, effects of 

glucocorticoid treatment can be weighed against the risk of adverse effects, such as 

venous thrombosis.
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