
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Associations between cardiovascular risk factors, hyper- and hypocoagulability

Rafi, S.

Publication date
2011

Link to publication

Citation for published version (APA):
Rafi, S. (2011). Associations between cardiovascular risk factors, hyper- and
hypocoagulability. [Thesis, fully internal, Universiteit van Amsterdam].

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/associations-between-cardiovascular-risk-factors-hyper-and-hypocoagulability(493d1955-034e-4ffe-aa02-0dad6a6734ae).html


Ch apter 5
Non-Steroidal Anti-Infl ammatory 

Drugs and risk of pulmonary embolism

Sara Biere-Rafi , Marcello Di Nisio, Victor EA Gerdes, 

Ettore O Porreca, Patrick C Souverein, Anthonius de Boer, 

Harry R Büller and Pieter W Kamphuisen

Pharmacoepidemioly and drug safety 2011; 20: 635-42

Sara Rafi BW 9.indd   63Sara Rafi BW 9.indd   63 05-08-11   12:0505-08-11   12:05



Ch
ap

te
r 5

64

ABSTRACT

Purpose Non-steroidal anti-infl ammatory drugs (NSAIDs) have been associated with an increased 

risk of arterial thrombosis, but their effect on venous thrombotic events is less well established. 

The present study aimed to assess the risk of symptomatic pulmonary embolism (PE) in patients 

using NSAIDs and to evaluate any effect of type, dose, and duration of therapy.

Methods A case–control study was conducted using the PHARMO Record Linkage System, a Dutch 

population-based registry. Cases were patients hospitalized with a primary diagnosis of PE and 

were matched to controls without a history of PE. To exclude confounding by indication, the effect 

of painkillers without known hemostatic effects was assessed.

Results The study population consisted of 4433 cases and 16 802 controls. After adjustment for 

surgery, trauma, and malignancy, current use of NSAIDs was associated with PE (odds ratio (OR) 

2.39, 95% confi dence interval (CI) 2.06–2.77). The risk was highest for traditional NSAIDs, 

and the overall risk for NSAIDs was highest in the fi rst 30 days of exposure (OR 4.77, 95%CI 

3.92–5.81), as compared with chronic (<1 year; OR 1.83, 95%CI 1.47–2.28) or long-term use (>1 

year; OR 2.14, 95%CI 1.48–3.09). Use of acetaminophen and tramadol also increased the risk of 

PE (OR 1.74, 95%CI 1.42–2.14 and OR 4.07, 95%CI 2.86–5.75, respectively) with a similar time 

trend.

Conclusions Use of NSAIDs is associated with an increased risk of symptomatic PE. This association 

may partially be explained by underlying medical conditions, as suggested by a similarly increased 

thrombotic risk in patients receiving acetaminophen and tramadol.
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INTRODUCTION

Non-steroidal anti-infl ammatory drugs (NSAIDs) are used extensively for a broad spectrum of 

chronic and acute disorders and are available without prescription. Several studies have shown 

that both cyclo-oxygenase (COX)-2 selective and non-selective NSAIDs are associated with an 

increased risk of cardiovascular events and death.1–6 In addition, the risk appears to be dose and 

time related.7,8 

The mechanism by which NSAIDs enhance the cardiovascular risk is not completely clear. Tra-

ditional NSAIDs block both isoforms of COX but vary in their degree of selectivity. The associated 

risk of cardiovascular events seems higher for NSAIDs like diclofenac, which has a higher COX-2 

selectivity. Selective COX-2 inhibition may induce a prothrombotic state by inhibiting prostacyclin, 

which inhibits platelet aggregation induced by thromboxane and other agonists, vascular smooth 

muscle cell proliferation, vasoconstriction, and leukocyte–endothelial cell interactions.9,10 Fur-

thermore, prostaglandins stimulate the expression of thrombomodulin, a competent inhibitor of 

blood coagulation in human smooth muscle cells.11 A reduced prostaglandin synthesis as a result 

of COX inhibition may therefore have a prothrombotic effect. Both isoforms of the COX enzyme 

(COX-1 and COX-2) are expressed in arteries and veins. In fact, in a recent study by Bishop-Bailey et 

al. in patients undergoing coronary artery bypass surgery, COX was expressed in greater amounts 

in venous smooth muscle cells than in arterial cells.12 This fi nding underlines that COX inhibition 

might have effects in the venous vasculature too. 

Interestingly, in a large population-based study on potential risk factors for venous thrombo-

embolism (VTE), Huerta and colleagues suggested that NSAID use was associated with a twofold 

to threefold higher risk of venous thrombosis and pulmonary embolism (PE), especially in the fi rst 

30 days of treatment.13 Specifi cation of the type and dose of NSAIDs was, however, not provided. 

Considering the potential thrombogenicity of NSAIDs in combination with their widespread 

use in the general population, we evaluated the infl uence of traditional NSAIDs and COX-2 inhibi-

tors on symptomatic PE and analyzed the effect of type, dose, and duration of NSAIDs therapy. In 

addition, because the risk of NSAID use on thrombosis may be explained by underlying illnesses, 

we also assessed the use of acetaminophen and tramadol, two painkillers unrelated to hemostatic 

activity.

METHODS

Study design and population

All patients were selected via the PHARMO Record Linkage System (Pharmo Institute, Utrecht, 

The Netherlands; available at http://www.pharmo.nl). This system includes demographic details 

and complete medication histories of patients visiting Dutch community pharmacies. Data 

of more than 2 million community-dwelling residents residing in 25 geographic areas in the 
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Netherlands are available from 1985 to the present. The medication histories are linked to hospital 

admission records. Because virtually all patients in the Netherlands are registered with a single 

community pharmacy, pharmacy records are essentially complete insofar as prescription drug use 

is concerned. For the purpose of this study, drug prescribing data including type of drug, dosages, 

and daily use and hospitalization data were used. Drugs were coded according to the Anatomical 

Therapeutic Chemical (ATC) Classifi cation. The hospital admission and discharge codes were 

coded according to the International Classifi cation of Diseases Ninth Revision (ICD 9), Clinical 

Modifi cation. The design of the study was a case–control study. Cases and controls were selected 

from the database in the period from 1990 until 2006. In the period prior to 1990, the number of 

patients in the database was substantially lower (approximately 300 000) than presently. 

Cases were all patients, aged 18 years and older, with a fi rst hospitalization because of PE. 

Patients were not allowed to have a history of PE. The date of the fi rst hospitalization for PE 

was considered the index date. In a random sample of 10% of the cases, we verifi ed whether the 

diagnosis had been confi rmed by objective tests including computed tomography or ventilation 

perfusion scanning, by retrieving data on confi rmation of the diagnosis. Diagnosis was confi rmed 

correctly in >95% of the cases.

For each case patient, up to four control subjects were selected from the cohort by risk set sam-

pling. This entails identifying all eligible controls for each case, being all patients in the database 

who on the index date of the corresponding case had not experienced PE and met the matching 

criteria gender, calendar period (i.e., index date), age (±5 years) and geographic region. From the 

set of eligible controls, randomly four controls per case were selected.

Defi nition of exposure

The association of traditional or non-selective NSAIDs (diclofenac ATC M01AB05, ibuprofen 

ATC M01AE01, naproxen ATC M01AE02, indometacin ATC M01AB01, ketoprofen ATC M01AE03, 

piroxicam ATC M01AC01, nabumetone ATC M01AX01) and COX-2 selective drugs (celecoxib ATC 

M01AH01, meloxicam ATC M01AC06, etoricoxib ATCM01AH05), tramadol (ATC N02AX02) and 

acetaminophen (ATC N02BE01) with PE was studied. Traditional NSAIDs inhibit both COX-1 

and COX-2 isoenzymes in contrast to COX-2 selective drugs, which selectively inhibit COX-2. We 

analyzed prescription use of NSAIDs before the index date. The duration of use of a dispensed 

drug was calculated by dividing the number of dispensed units by the prescribed number to be 

used per day. Current use of NSAIDs was defi ned as a prescription reaching the index date (NSAID 

use at time of PE/index date) or a prescription of NSAIDs ending within the last 3 months before 

the index date (NSAID use≤90 days and ≥1 day prior toPE/index date). When a prescription ended 

more than 3 months prior to the index date, it was considered past use. In addition, we analyzed 

the duration of use of NSAIDs by calculating the fi rst prescription date and the number of con-

secutive supplies. We divided use of NSAIDs in short-term use (index event occurring in the fi rst 

30 days of exposure), chronic use (from 31 days to 365 days), and long-term use (more than 1 year). 

Only continuous use of NSAIDs (allowing a 30-day time gap between refi lls) was studied when 
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assessing the infl uence of duration of use on the risk of PE. Prescriptions for NSAIDs contained 

information on type of drug and dosage. For diclofenac, a dose higher than 150 mg was consid-

ered a high dose. The association between use of acetaminophen and tramadol and PE was studied 

in a similar manner.

Potential confounders

By using ICD codes for hospitalization, comorbidity potentially associated with a higher risk of 

VTE (i.e. trauma/fractures (ICD 800–869, 76–81), malignancy (ICD 150–157, 162, 172, 174, 179, 

180, 182, 183, 185, 188, 201–208), pregnancy and pregnancy, labor, and delivery-related complica-

tions (ICD 640–669), myocardial infarction (ICD 410–412), stroke (ICD 433–434), peripheral ath-

erosclerosis and arterial embolism and thrombosis (ICD 440, 444), diabetes mellitus (ICD 250), 

rheumatoid arthritis (ICD 714), pneumonia (ICD 480–488), chronic respiratory failure (490–496), 

cardiac failure (ICD 428), urinary tract infection (ICD 590, 594), nephrolithiasis (ICD 592, 594), 

nephrectomy (ICD 55.4, 55.520), non-infectious colitis (555–558) prostatectomy, pancreatic 

disease (ICD 577), liver disease (ICD 571–572), appendectomy (ICD 47), hysterectomy (ICD 68), 

cholelithiasis (ICD 574), and obesity (ICD 278)) occurring 3 months prior to the index date was 

retrieved. This 3-month period was used because hospitalizations (comorbidity) prior to this 

period were less likely to have infl uenced the occurrence of PE on the index date. All operations are 

referred to as ‘surgery’ throughout the manuscript, although the various operations were added as 

separate covariates in the analysis.

Use of antiplatelet agents (i.e., aspirin, clopidogrel bisulfate, dipyridamole (ATC B01AC)), vita-

min K antagonists (ATC B01AA07) and heparins (ATC B01AB), and other medication (methotrex-

ate (ATC L01BA01), antihypertensives (ATC C02-C10), insulin and other blood glucose-lowering 

drugs (ATC A10A, A10B), HMG-CoA reductase inhibitors (ATC C10AA), and oral anticonceptives 

(ATC G03)) that may infl uence the occurrence of PE was identifi ed using medication histories.

Statistical analyses

Differences between cases and controls were tested by both chi-squared and Mantel–Haenszel 

testing. Data were expressed as means ± standard deviation or medians with range, depending 

on the distribution of the data. Conditional logistic regression models were used to estimate 

the risk of PE associated with current or past use of NSAIDs, tramadol, or acetaminophen com-

pared with non-use within the population. The risk was expressed as crude and adjusted odds 

ratios (ORs) with 95% confi dence intervals (CIs). The effect estimates were stratifi ed for COX-2 

selective inhibitors and traditional NSAIDs, type, dose, number, and duration of painkiller 

therapy. For the covariates age, gender, trauma, malignancy, surgery, and use of oral anticon-

ceptives, an association with PE was presumed and therefore not tested in a univariate analysis. 

The covariates tramadol and acetaminophen were also forced into the model without testing 

the association in a univariate model. The infl uence of all other possible confounding factors 

(co-medication and hospitalizations mentioned previously) was analyzed in a univariate model. 
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If a signifi cant contribution ( p-value <0.1) was found for any of the independent factors, these 

variables were added as covariates to the multivariate logistic regression model. Also, effect 

modifi cation of age and sex was studied by entering relevant interaction terms in the models. 

All statistical analyses were performed using the SPSS software version 15 (SPSS Inc., Chicago, 

Illinois).

RESULTS

The study population consisted of 4433 cases and 16 802 control subjects (Table 1). The median 

age was 60 years (range 18–96), and 57% were women. The study period (fi rst enrollment) dated 

from October 1990 to December 2006. The median duration of follow-up was 8 years (range 11 

months to 16 years). In the cases, all potential confounders (hospitalizations and drugs) were 

more prevalent than those in the controls (Table 1). Nearly 60% (n = 12 905) of the study popula-

tion was either current or past user of NSAIDs, and 80% of current users were receiving traditional 

NSAIDs. Use of COX-2 selective drugs was considerably less prevalent among the current users 

(1.0% of the cases and 0.6% of the controls, p = 0.001). Of the current users, 57.6% of the cases 

used NSAIDs for a short period of time (1–30 days), whereas this was only 36.8% in the controls. 

Table 1. Baseline characteristics

Cases (n=4433)
N (%)

Controls (n=16 802)
N (%)

Age, median (range) 60 (18-96) 60 (18-96)

Sex, female 2562 (57) 9577 (57)

Follow-up (mean) years 6 6

Previous hospitalizations*

Acute Infection 91 (2.0) 37 (0.2)

Infl ammatory bowel disease 20 (0.4) 8 (<0.1)

Surgery 332 (7.4) 211 (1.1)

Heart failure 25 (0.6) 13 (0.1)

Cardiovascular disease 100 (2.2) 151 (0.9)

Malignancy 246 (5.5) 77 (0.5)

Pregnancy 13 (0.3) 8 (<0.1)

Medication use*

Heparins 175 (3.9) 73 (0.4)

Platelet drugs 869 (19.3) 2464 (14.7)

Coumarins 321 (7.1) 801 (4.8)

Antihypertensives^ 1604 (35.6) 4561 (27.1)

Anti-diabetes drugs^ 322 (7.2) 1203 (7.2)

* Hospitalizations and medication use ≤90 days and ≥ 1 day prior to index date
^ Combination of hospitalizations and medication use
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Among the controls, a larger number of individuals (48.5%) used NSAIDs for a longer period 

(31–365 days).

Current use of NSAIDs was more prevalent among patients with PE in cases (9.8%) than those 

in controls (4.1%) (crude OR 3.15, 95%CI 2.75–3.60). An association with PE for some covariates 

(see Methods section) was assumed, and these covariates were added to the model beforehand. 

Tramadol and acetaminophen were also forced into the model. The infl uence of all other possible 

confounding factors (co-medication and hospitalizations mentioned in the Methods section) 

was analyzed in a univariate model. Apart from diabetes mellitus, liver and pancreatic disease, 

and chronic respiratory failure, all variables tested in the univariate analysis were associated with 

the outcome and were added as covariates to the model. After adjustment for these variables, the 

association between current use of NSAIDs and PE persisted (OR 2.39, 95%CI 2.06–2.77) (Table 

2). Past use only moderately increased the risk of PE (OR 1.23, 95%CI 1.14–1.34). To ascertain that 

the results of our regression analysis were not dependent on the selected periods, an additional 

period was added. Recent use was defi ned as the use of NSAIDs 3 months prior to the index date, 

reaching up to 6 months prior to the index date. Past use was redefi ned as the use of NSAIDs 

more than 6 months prior to the index date. A time-dependent increase in risk was observed. Past 

Table 2. Risk of PE associated with use of NSAIDs

Cases
N=4,433 (%)

Controls
N=16,802(%)

Adjusted OR*
(95% CI)

All NSAIDs

No use 1547 (34.4) 7283 (43.3) Ref

Past use 2944 (65.5) 8835 (52.6) 1.23 (1.14-1.34)

Current use 442 (9.8) 684 (4.1) 2.39 (2.06-2.77)

 Duration of use ^ 
 1-30 days 255 (5.7%) 252 (1.5%) 4.77 (3.92-5.81)

 31-365 days 139 (3.0%) 332 (2.0%) 1.83 (1.47-2.28)

 > 1 year 48 (1.1%) 100 (0.6%) 2.14 (1.48-3.09)

 Number of NSAIDS^ 
 1 428 (9.5 %) 671 (4.0%) 2.01 (1.80-2.24)

 ≥1 14 (0.3%) 13 (0.1%) 2.78 (1.63-4.69)

Switching between NSAIDS
Current use of non-selective drugs and 
previous use of selective drugs 
 

34 (0.77%) 63 (0.37%) 1.43 (0.91-2.24)

Current use of selective drugs and 
previous use of non-selective drugs

34 (0.77%) 78 (0.46%) 2.10 (0.23-19.3)

Current use of selective drugs without 
history of non-selective drugs

10 (0.23%) 18 (0.11%) 1.53 (1.08-2.18)

* Adjusted for hospitalizations and use of anticoagulants ≤90 days and ≥ 1 day prior to index date 
(e.g hospitalizations for malignancy, fractures, surgery, see table 1) 
^sub-group analyses based on current users and no users where no use is the reference category

Sara Rafi BW 9.indd   69Sara Rafi BW 9.indd   69 05-08-11   12:0505-08-11   12:05



Ch
ap

te
r 5

70

use was associated with the lowest risk of PE (adjusted OR 1.17, 95%CI 1.08–1.27). The risk of 

PE slightly increased with recent use (adjusted OR 1.92, 95%CI 1.74–2.11) and was highest with 

current use (adjusted OR 3.11, 95%CI 2.71–3.57). 

The association between NSAIDs and PE varied depending on the duration of NSAID admin-

istration. Short-term treatment carried a nearly fi vefold higher risk of PE (OR 4.77, 95%CI 

3.92–5.81) compared with a doubled rate with chronic (OR 1.83, 95%CI 1.47–2.28) and long-term 

use (>1 year; OR 2.14, 95% CI 1.48–3.09) (Table 2). 

Adding interaction terms for age and gender into the analysis did not alter the observed asso-

ciation. 

Switching between non-steroidal anti-infl ammatory drugs and concurrent use 
of multiple non-steroidal anti-infl ammatory drugs

The concurrent use of multiple NSAIDs entails the use of more than one NSAID (either multiple 

non-selective NSAIDs or a combination of selective and nonselective drugs) simultaneously. 

Switching between NSAIDs describes subjects who switch from one type of NSAID at one point 

to another type of NSAID in a different moment (i.e., switching from a selective NSAID to a non-

selective NSAID or vice versa). The majority of the current users in the study population were 

not concurrently using other types of NSAIDs (Table 2). Overall, users of NSAIDs did not have 

an increased risk of PE when using only one type of NSAID during the study period (OR 1.08, 

95%CI 0.97–1.19) compared with those who had used more than one type of NSAID (OR 1.73, 

95%CI 1.59–1.88). The majority of the NSAID users, however, had used other types of NSAIDs 

previously. Switching between different types of NSAIDs occurred in 71% of the cases and 59% 

of the controls ( p < 0.0001). Within the group of current users of NSAIDs, the infl uence of previ-

ous use of NSAIDs was assessed (Table 2). Although one would expect the association between 

NSAIDs and PE to be highest for current users who received COX-2 selective drugs and traditional 

NSAIDs simultaneously, the association did not reach statistical signifi cance (OR 2.1, 95%CI 

0.23–19.1). However, current use of traditional NSAIDs was associated with PE when these users 

were past users of COX-2 selective drugs (OR 1.43, 95%CI 0.91–2.24). Current users of COX-2 

selective drugs with a history of past use of traditional NSAIDs had a higher risk of PE (OR 2.10, 

95%CI 0.23–19.3). However, current users of COX-2 selective drugs without a history of past use 

of traditional NSAIDs had a somewhat lower risk of PE (OR 1.53, 95%CI 1.08–2.17).

Traditional non-steroidal anti-infl ammatory drugs 

Overall, use of traditional NSAIDs was associated with a threefold higher risk of PE (adjusted OR 

3.19, 95%CI 2.73–3.72). Diclofenac, ibuprofen, and naproxen increased the risk of PE (Figure 1), 

whereas the other NSAIDs were infrequently prescribed (Figure 1). 

A high dose of traditional NSAIDs was seldomly prescribed, and a dose-dependent risk asso-

ciation could be analyzed only for diclofenac. Compared with non-users, a high dose of diclofenac 

(>150 mg) was associated with a more than sixfold increased risk (OR 6.64, 95%CI 3.56–12.4) 
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compared with lower doses. When lowering the cut-off value for high dose of diclofenac to 100 

mg, the risk of PE remained high (OR 5.22, 95%CI 3.90–6.98) compared with use of a lower dose 

(<100 mg) (OR, 2.43 95%CI 3.90–6.99). 

Cyclo-oxygenase-2 selective drugs

In our study population, only 1% of the cases (n = 46) and 0.6% of the controls (n = 98) were 

using COX-2 selective agents on the index date, resulting in a nonsignifi cant increased risk of 

PE (adjusted OR 1.45, 95%CI 0.99–2.14). Furthermore, additional analysis per drug type showed 

non-signifi cant results, probably because of power limitations (Figure 1).

Figure 1. Risk of pulmonary embolism with current use of traditional and COX-2 selective NSAIDs

Adjusted for hospitalizations and use of anticoagulants ≤90 days and ≥ 1 day prior to index date (e.g hospitalizations for 
malignancy, fractures, surgery, see table 1)

Acetaminophen and tramadol

Current use of acetaminophen and tramadol was signifi cantly associated with PE. All pre-specifi ed 

confounders (age, gender, malignancy, surgery, pregnancy, trauma, and use of oral anticoncep-

tives), all other confounders as tested in univariate analysis, and use of NSAIDs were added to the 

multivariate analysis, and the association remained (Table 2). Current acetaminophen users had 

an almost twofold higher increased risk of PE compared with non-users, with an adjusted OR of 

1.74 (95%CI 1.42–2.14). The risk of PE was only slightly increased with past use of acetaminophen 
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(OR 1.12, 95%CI 1.03–1.22). As for NSAIDs, short-term treatment with acetaminophen of less 

than 30 days was associated with the highest risk (Table 2). Also, current use of tramadol was 

highly associated with PE, with a more than fourfold increased risk (OR 4.07, 95%CI 2.86–5.75) 

(Table 3). This association was also strongest for short-term use.

Table 3. Use of acetaminophen and tramadol and the risk of pulmonary embolis

Cases
N=4,433 (%)

Controls
N=16,802(%)

Adjusted OR*
(95% CI)

Acetaminophen
No use 3055 (67.9) 12793 (76.1) Ref

Past use 1234 (27.5) 3690 (22.0) 1.12 (1.03-1.22)

Current use 206 (4.6) 319 (1.90) 1.74 (1.42-2.14)

 Duration of use 

 1-30 days 104 (2.3) 97 (0.58) 3.49 (2.58-4.72)

 31-365 days 81 (1.8) 148 (0.88) 1.84 (1.37-2.48)

Tramadol

No use 3938 (87.6) 15737 (93.7) Ref

Past use 462 (10.3) 999 (5.95) 1.41 (1.23-1.61)

Current use 95 (2.1) 66 (0.39) 4.07 (2.86-5.75)

 Duration of use 

 1-30 days 56 (1.25) 17 (0.10) 11.1 (6.28-19.7)

 31-365 days 32 (0.71) 34 (0.20) 3.15 (1.84-5.40)

NSAIDS
No use
Past use
Current use

1547 (34.4)
2944 (65.5)

442 (9.8)

7283 (43.3)
8835 (52.6)

684 (4.1)

Ref
1.23 (1.14-1.34)

2.39 (2.06-2.77)

 Duration of use
 1-30 days
 31-365 days

255 (5.7%)
139 (3.0%)

252 (1.5%)
332 (2.0%)

4.77 (3.92-5.81)
1.83 (1.47-2.28)

 * Adjusted for hospitalizations and use of anticoagulants ≤90 days and ≥ 1 day prior to index date (e.g malignancy, 
fractures, surgery, see table 1) 

DISCUSSION

In this nested case–control population-based study in over 20 000 individuals, current use of 

NSAIDs was associated with an almost threefold higher risk of PE. This association depended on 

the duration of NSAID use, the risk being higher during the fi rst 30 days of exposure compared 

with chronic and long-term use. In addition, for diclofenac, the association with PE increased 

when subjects were taking higher dosages, suggesting a dose–response relationship. However, 

because acetaminophen and tramadol, painkillers not related to a prothrombotic state, showed a 

similar association with PE, underlying medical conditions for which these drugs were prescribed 

may partially explain the association between NSAIDs and PE. 
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Non-steroidal anti-infl ammatory drugs are commonly used for a broad spectrum of acute and 

chronic medical conditions. In a recent nationwide study conducted in Denmark, almost 58% 

of the Danish citizens had used NSAIDs over an 8-year period.14 This fi nding is very comparable 

with the 60% prevalence of users found in our population. As observed in studies conducted in 

Denmark, the UK, and the USA,14,15 diclofenac, ibuprofen, and naproxen were the most frequently 

prescribed NSAIDs. Considering the frequent use of these drugs, even a slightly increased risk of 

thrombosis may have a large impact on the overall (thrombosis) incidence. Rofecoxib, for instance, 

has been associated with a 1.3-fold higher risk of cardiovascular events,5 which in absolute terms 

translates into a considerable number of cardiovascular events because of its widespread use.

Recently, the association between current use of NSAIDs and the occurrence of VTE was sug-

gested in a prospective cohort study of 6550 primary care patients in the UK. NSAIDs increased 

the risk of both venous thrombosis and PE, with an overall OR of 1.86 (95%CI 1.65–2.10). Dose 

and type of NSAID were not specifi ed. Notably, the highest thrombosis risk occurred in the fi rst 

30 days of use. The thrombosis risk disappeared when the analysis was adjusted for osteoarthritis, 

suggesting confounding by indication.14 

Because the same pattern was noticed in patients using NSAIDs, we analyzed whether acet-

aminophen and tramadol, two other frequently prescribed painkillers, also increased the risk of 

PE. In contrast to NSAIDs, these drugs are not generally considered to be prothrombotic; thus, any 

association with PE would reasonably be non-causal. We found that short-term use of both acet-

aminophen and tramadol was also signifi cantly associated with a higher risk of PE, which ques-

tions a causal relationship between shortterm use of NSAIDs and the occurrence of PE. Patients 

may have been prescribed NSAIDs for underlying illnesses causing immobility, which would 

increase the risk for PE (confounding by indication). It is also possible that patients were treated 

with painkillers for acute pain, which may have been the result of deep venous thrombosis (DVT) 

or PE (protopathic bias). In case the PE was preceded by a symptomatic misdiagnosed or delayed 

diagnosis of DVT, cases could indeed have been prescribed painkillers for symptoms related to 

PE. In general, there is a considerable delay in diagnosing DVT and PE in patients presenting with 

pain of the chest or leg.16 

However, because recent and past uses of NSAIDs remained associated with PE, the infl uence 

of protopathic bias could be considered to be relatively small. After withdrawal of rofecoxib from 

the market, one could expect a depletion of susceptible bias in the results when assessing the 

infl uence of arterial thrombosis. Controls were matched for calendar period. So any possible 

infl uence of the withdrawal of rofecoxib was automatically corrected for. Furthermore, prescrib-

ing physicians might indeed have had objections prescribing NSAIDs to patients with increased 

risk of cardiovascular disease after the withdrawal of rofecoxib. However, no data were available 

on the risk of PE with use of NSAIDs in that period. So individuals at risk for PE were unlikely to 

be infl uenced by prescription behavior of their treating physicians. Some methodological aspects 

require comment. Our study represents a large sample size of a well-defi ned population, with a 

precise documentation of drug prescription. The study design has obvious limitations, inherent 
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to all population-based cohort studies. The diagnosis of PE was derived from ICD codes, which 

could raise concern about the accuracy. However, verifi cation of 10% of the PE cases in one study 

center showed that PE was nearly always diagnosed by objective methods. Additionally, Cazes et 

al. recently showed that ICD discharge diagnosis codes yield satisfactory sensitivity for identifying 

objectively confi rmed PE.17 Furthermore, because we only had data on the prescription-based use 

of NSAIDs and acetaminophen, over-the-counter (OTC) use of these drugs could not be accounted 

for. In the Netherlands, tramadol and COX-2 selective drugs are only available through prescrip-

tion; however, both traditional NSAIDs as well as acetaminophen can be purchased OTC. To our 

knowledge, there are no exact numbers available on the prevalence of OTC use of these drugs. 

Although under-reporting of the exposure drugs might be the case (the more so for acetamino-

phen than for NSAIDs), it is unlikely that under-reporting underlies the observed association 

between NSAIDs and PE, because we do not expect a different exposure of these drugs between 

thrombosis patients and controls. 

Furthermore, although we assumed no effect of acetaminophen on hemostasis, there are some 

studies that suggest that it may be a selective COX inhibitor.18 To our knowledge, no such associa-

tion has been reported for tramadol, which showed the strongest association. 

In addition, as mentioned before, medical conditions for which hospital admission is not 

required were identifi ed by medication use. Prognostic factors, like immobilization, are prob-

ably under-reported in our study. Nevertheless, again, this will be the case for both patients and 

controls.

In conclusion, this large study shows that use of NSAIDs is associated with an increased risk 

of PE, with a clear time-dependent risk pattern. Because use of acetaminophen and tramadol 

also increased PE risk, a real causal link between and NSAIDs and PE is uncertain. Underlying 

conditions for which this medication was prescribed may have contributed to the occurrence 

of thrombosis. Nevertheless, clinicians should be aware of the potentially higher risk of PE in 

patients who receive these frequently prescribed painkillers.
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