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Purpose: To evaluate the potential of Danish prescription registries to capture aspirin and 
non-aspirin non-steroidal anti-inflammatory drug (NSAID) use and to quantitatively evaluate 
the magnitude of bias from misclassification of true NSAID and aspirin use as apparent non- 
use in drug outcome studies.
Patients and Methods: In a population-based cohort study, we retrieved sales statistics for 
NSAIDs and aspirins based on nationwide data from the Danish Health Data Authority and 
the Danish National Prescription Registry. We estimated prevalence of recorded and non- 
recorded NSAID use in the prescription registry and resulting proportions of true NSAID and 
aspirin use misclassified as apparent non-use from 1999 to 2019 at population and patient 
levels.
Results: The prevalence of true use misclassified as non-use (mainly due to over-the-counter 
use) peaked at 4.7% in 2012 for NSAIDs overall, 5.5% in 2012 for ibuprofen, and at 5.9% in 
2002 for high-dose aspirin. Misclassification of other individual NSAIDs was near null. 
Misclassification of true low-dose aspirin use as non-use declined during the study period 
but remained around 1% since 2005. In subgroups of cardiac patients, the highest prevalence of 
true NSAID use misclassified as non-use was 5.0% in 2002 and 4.3% in 2017. Quantitative 
bias analyses showed how such misclassification of true NSAID and aspirin use as non-use 
remained minimal both at population and patient levels. In hypothetical examples simulating 
real study populations with differing exposure prevalence and prevalence of true NSAID and 
aspirin use misclassified as apparent non-use, the approximate percentage change due to 
misclassification of use as non-use did not exceed 5% and in most scenarios stayed around 1%.
Conclusion: The Danish prescription registries are valid data sources for assessing the 
effects of aspirin and NSAID use. The influence of non-recorded NSAID and aspirin use on 
estimates of association is virtually negligible.
Keywords: registries, over-the-counter, bias epidemiology

Introduction
Over the last decades, use of non-aspirin, non-steroidal anti-inflammatory drugs 
(NSAIDs) has increased.1 In addition to the well-established gastrointestinal side 
effects,2 evidence of cardiovascular risks associated with NSAID use has also 
accumulated.2,3 Outcomes related to NSAID and aspirin exposure are mainly 
studied by observational studies using healthcare registry data and therefore rely 
on accurate exposure data.3 In Danish pharmacoepidemiologic studies,4 NSAID 
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and aspirin use are primarily identified from the Danish 
prescription registries.5–8 Using health registries to assess 
use of drugs that are not exclusively available on prescrip-
tion requires consideration of potential exposure misclas-
sification due to non-recorded drug use. Previous reports 
on the potential of Danish prescription registries to capture 
NSAID and aspirin use with consideration of over-the- 
counter (OTC) use did not take bulk hospital sales into 
account or evaluated the influence on drug outcome 
studies.1 We therefore investigated the potential of 
Danish prescription data to capture aspirin and NSAID 
use and evaluated the potential magnitude of bias from 
true NSAID and aspirin use misclassified as apparent non- 
use.

Patients and Methods
Setting
In Denmark, the tax-supported health-care system pro-
vides free and equal access to general practitioners and 
hospitals as well as partial reimbursement for prescription 
medications.4 A unique personal identifier, received upon 
birth or immigration, ensures linkage across all Danish 
health databases.9

NSAID and Aspirin Data
Total NSAID and aspirin sales are comprised of hospital 
and primary care sales. We obtained statistics for total, 
primary-sector, and hospital-sector sales for the total 
Danish population (5.8 million in 2019) from January 1, 
1999, to December 31, 2019, from the Danish online drug 
use statistics MEDSTAT, managed by The Danish Health 
Data Authority.10 We assessed hospital drug sales and the 
proportion of OTC sales in primary care for each year of 
the study period to assess non-prescription use of NSAIDs 
and aspirins. The annual proportion of the Danish popula-
tion with OTC dispensation or prescription filling of 
NSAID or aspirin was presented as the annual prevalence 
of use.

MEDSTAT has provided publicly available aggregate 
statistics on sales of pharmaceuticals since 1995 and com-
plete statistics from 1999 onward.11 This online data 
source complements the Danish prescription registries 
with information on aggregate drug sales, including pri-
mary- and hospital-sector sales.11 Such data permit calcu-
lation of a wider range of descriptive statistics including 
proportion of sales by prescription while allowing for 
stratification by age, sex and region.11 Primary health 

care drug sales include sales from pharmacies, non- 
pharmacy outlets, the Danish Health Data Authority, and 
general practices. Hospital drug sales include all drug sales 
to hospitals, including private hospitals and private 
clinics.10

The Danish National Prescription Registry is based on 
prescription data from all Danish retail pharmacies.7 Each 
prescription record includes information on personal iden-
tifier, Anatomical Therapeutic Chemical (ATC) 
classification,12 quantity dispensed (including number 
and strength of the pharmaceutical entities, eg, tablets, 
and defined daily doses per package), and date of filled 
prescription, transferred electronically from all Danish 
pharmacies.5

Regulations of OTC NSAID Use
In Denmark, OTC NSAID and aspirin sales are limited to 
preparations of aspirin and low-dose ibuprofen.13 In addi-
tion, diclofenac was available OTC from July 16, 2007, to 
December 14, 2008.14 To reduce suicide attempts by 
analgesic overdose, the Danish Health Authorities have 
implemented several restrictions over the last 20 
years.15–17 On October 1, 2004, packages of ≥30 tablets 
of aspirin and paracetamol were furnished with red label 
warnings alerting parents to read warnings and to store the 
drugs safely.15 On March 7, 2011, OTC sales of aspirin, 
paracetamol and ibuprofen were limited to persons ≥18 
years and a maximum of one package per purchase.16 

Since September 30, 2013, pack sizes have been further 
restricted to 10 g of aspirin, 10 g of paracetamol and 4 g of 
ibuprofen.17

Low-dose aspirin is primarily used as chronic 
thromboprophylaxis,18 which, like chronic use of high- 
dose ibuprofen and other NSAIDs, is more convenient on 
prescription, owing to reimbursement with reduced costs 
of the drugs and the OTC restrictions.5 In contrast, the vast 
majority of high-dose aspirin, and low-dose ibuprofen, is 
mostly used for acute transient pain conditions and remain 
available OTC.

Misclassification of True NSAID and 
Aspirin Use
Misclassification of true NSAID and aspirin use as non- 
use in register-based studies would result from OTC sales 
in primary care and bulk hospital drug sales. 
Misclassification of true non-use as NSAID or aspirin 
use will primarily result from patient non-adherence or 
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stockpiling of prescribed NSAIDs or aspirins. In contrast, 
misclassification of true NSAID and aspirin use as non-use 
will be present in the apparently non-exposed group (ie, 
those without filled prescriptions) and depend on the pro-
portion of NSAID and aspirin bulk sales in the hospital 
and community and the proportion of OTC use.

The proportion of OTC use of any NSAID and aspirin 
equals the prevalence of true use misclassified as apparent 
non-use by primary care sales. However, the impact of this 
prevalence of true NSAID and aspirin use misclassified as 
non-use depends on the prevalence of use, which leads to the 
misclassification of true use as non-use based on the hospital- 
sector sales proportion of NSAID and aspirin sales; this is 
equally true for the bulk sales proportion in the hospital 
sector. These estimates will be presented as misclassification 
of true NSAID and aspirin use as apparent non-use in the 
primary and hospital sectors, respectively.

Statistical Analyses
To explore the prevalence of true NSAID and aspirin use 
misclassified as apparent non-use based on NSAID and aspirin 
data from Danish prescription registries, we examined the 
following aspects: (1) The theoretical relationship between 
the proportion of non-prescription drug use and drug preva-
lence and the resulting misclassification of true use misclassi-
fied as apparent non-use; (2) the prevalence of true NSAID and 
aspirin use misclassified as non-use at the population level; (3) 
the prevalence of true NSAID and aspirin use misclassified as 
non-use at the patient level (using cardiac patients as example); 
and (4) the magnitude of bias resulting from such misclassifi-
cation of true NSAID and aspirin use as non-use.

First, we illustrated how the prevalence of true NSAID and 
aspirin use misclassified as apparent non-use depends on both 
the prevalence of NSAID and aspirin use, ie, the number of 
individuals using NSAIDs and aspirins, and the prevalence of 
non-prescription NSAID and aspirin use. We assigned fixed 
values of either non-prescription NSAID and aspirin use or 
prevalence of NSAID and aspirin use, and the other parameter 
was assigned all possible values (0–100%) to simulate 
a multitude of possible study exposure compositions and 
resulting prevalence of true drug use misclassified as non-use.

Second, we calculated the annual proportion of in- 
hospital and community NSAID and aspirin sales in the 
total Danish population and the associated prevalence of 
true NSAID and aspirin use misclassified as apparent non- 
use in the entire population. Consequently, we identified 
the proportion of non-prescription NSAID and aspirin use 
based on hospital-sector sales and primary-sector OTC use 

for the total population. Estimates for the prevalence of 
true aspirin and NSAID use misclassified as non-use were 
calculated and graphically illustrated, overall and based on 
primary care and hospital sales, separately (1999–2019). 
Data on all individual NSAIDs and aspirins on the Danish 
market were included in the analyses (listed in 
Supplementary Material Tables S1–S6). Separate results 
were illustrated for the individual drugs comprising the 
majority of non-prescription NSAID and aspirin sales (ie, 
low-dose aspirin, high-dose aspirin, and ibuprofen).

Third, to ascertain clinical relevance of the population- 
level estimates, we calculated the prevalence of true 
NSAID use misclassified as apparent non-use in patients 
with cardiac disease, using actual prescribed proportions 
of NSAID use between 2002 and 2017.19 As specific OTC 
use for cardiac patients was not available, we used popula-
tion-level OTC and hospital-sector sales proportions of 
total sales in the calculations. All graph trend lines were 
generated using smooth function; exact numbers are pro-
vided in Supplementary Tables S1–S6.

Lastly, to quantify bias on estimates of association due to 
misclassification of true NSAID and aspirin use as apparent 
non-use in drug-outcome studies, we calculated the magni-
tude of bias based on simulations of different prevalence of 
NSAID and aspirin use and true NSAID and aspirin use 
misclassified as non-use in a case–control design.

Results
The interplay between the prevalence of NSAID and aspirin 
use, non-prescription NSAID and aspirin use, and the result-
ing misclassification of true NSAID and aspirin use as non- 
use is illustrated in Figure 1. If the overall NSAID or aspirin 
prevalence is high (>20%), the non-recorded NSAID or 
aspirin use proportion has to be small to keep the prevalence 
of true NSAID or aspirin use misclassified as non-use low 
(Figure 1A, red line). However, if the proportion of non- 
recorded NSAID or aspirin use is high, the prevalence of true 
NSAID or aspirin use misclassified as non-use will remain 
minimal if the prevalence of NSAID or aspirin use is low 
(Figure 1B, red line).

Prevalence of True NSAID and Aspirin 
Use Misclassified as Non-Use at the 
Population Level
NSAIDs
Over the 20-year study period, 97% of NSAIDs were sold in 
the primary care sector and 3% was used in the hospital 
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sector. The overall NSAID prevalence, ie, the percentage of 
individuals using NSAIDs in the total population, including 
both hospital- and primary-sector use, increased from 16% 
in 1999 to 18% in 2002 and then decreased to 16% in 2019 
(Figure 2 and Table S1). The prevalence of ibuprofen use in 

the total population was 9.3% in 1999, peaked at 16% in 
2016, and then decreased to 14% in 2019.

In the primary sector, the proportion of overall NSAIDs 
sold on prescription decreased from 85% in 1999 to 75% in 
2013 and then increased to 78% in 2019 (Table S4). 
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Figure 1 Prevalence of true NSAID use misclassified as non-use in the apparent NSAID non-user group dependent on values of (A) non-prescription NSAID use (over-the- 
counter use + hospital use) and (B) prevalence of true NSAID use. Note different scales of y-axes.
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Figure 2 The proportion of the total Danish population using non-steroidal anti-inflammatory drugs (NSAIDs) in Denmark, 1999–2019.
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Ibuprofen constituted the main part of OTC use throughout 
the study period. The proportion of ibuprofen sold on pre-
scription decreased from 70% in 1999 to 66% in 2012 and 
then increased to 74% in 2019 (Figure 3B). For overall 
NSAIDs, the prevalence of true NSAID use misclassified 
as apparent non-use due to OTC use varied between 2.5% 
and 4.3%, with a peak around 2012 (4.3%). True use of 
ibuprofen misclassified as non-use increased until 2012 
(5.1%) and then decreased until 2019 (3.7%) (Figure 4B 
and Table S4). For all other individual NSAIDs, misclassi-
fication was near null (Table S5).

In the hospital sector, the proportion of total use of 
NSAIDs decreased from around 3.0% until 2009 to around 
2.5% thereafter. The proportion of ibuprofen hospital use 
remained around 2.5% over the 20-year study period. The 
prevalence of true NSAID use misclassified as apparent non- 
use due to non-prescribed NSAID use in the hospital sector 
was low (<0.6%) for NSAID use overall and for all individual 
NSAIDs (Figure 4A and Table S3). This misclassification was 
stable throughout the study period (0.4–0.5%) (Figure 4A). 
Between 0.3% and 0.4% of true ibuprofen use was misclassi-
fied as non-use due to hospital-sector use in the study period.

Considering both the hospital and primary care sectors, 
the prevalence of true NSAID use misclassified as appar-
ent non-use based on non-prescription drug use remained 
under 5%, peaking at 4.7% in 2012 (Figure 4C). A similar 
pattern of misclassification of true use as non-use was seen 
for ibuprofen, with a peak at 5.5% in 2012, decreasing to 
4.0% in 2019. Likewise, misclassification of true use as 
non-use for all other individual NSAIDs remained almost 
non-existent throughout the study period (Table S6).

Aspirin
Like NSAIDs, total low-dose aspirin sales were mainly 
comprised of primary-sector sales (99% in 2019). The 
prevalence of low-dose aspirin use in the total Danish 
population increased from 7.0% in 1999 to 8.5% in 2009 
and then decreased to 5.3% in 2019 (Figure 2 and Table 
S1). The prevalence of high-dose aspirin use peaked at 
6.0% in 2002 and then decreased steadily until 
2019 (2.5%).

In the primary care sector, the proportion of aspirin sales 
on prescription varied according to dose. Since 2006, the 
prescribed proportion of low-dose aspirin remained around 
90%, whereas the majority of high-dose aspirin was OTC 
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Figure 3 Proportion of non-prescribed non-steroidal anti-inflammatory drug (NSAID) use in the (A) hospital sector and (B) primary sector (over-the-counter use) in 
Denmark, 1999–2019. Note different scales of y-axes.
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(7% on prescription in 2019) (Figure 3B and Table S4). The 
prevalence of true low-dose aspirin use misclassified as 
apparent non-use due to OTC use decreased from around 
2.8% in 1999 to 0.6% in 2019 (Figure 4B and Table S5). 
True high-dose aspirin use misclassified as non-use due to 
OTC use increased until 2002 (5.9%) and then remained 
stable around 2.5% since 2006.

In the hospital sector, the proportion of low-dose 
aspirin use of total use was low (1.5% in 2019). 
Similarly, the proportion was low (0.05%) for high-dose 
aspirin throughout the study period (Figure 3A and Table 
S2). Misclassification of true low-dose aspirin use as non- 
use was stable around 0.1% from 1999 to 2019 and non- 
existent for high-dose aspirin (Figure 4A and Table S3).

Considering both the hospital and primary care sectors, 
misclassification of true aspirin use as non-use based on 
non-prescription use was similar to the results based solely 
on OTC use (Figure 4C and Table S6).

Prevalence of True NSAID Use 
Misclassified as Non-Use at the Patient 
Level
The prevalence of true NSAID use misclassified as appar-
ent non-use did not differ substantially between the popu-
lation and patient levels (Table 1). Among the different 
cardiac subgroups, the highest prevalence of NSAID use 

misclassified as non-use was overall 5.0% in 2002 and 
4.3% in 2017.19 The corresponding estimates at the popu-
lation level were 3.3% in 2002 and 3.4% in 2017. The 
calculation can be illustrated by the 1-year prescribed 
prevalence of NSAID use in 2002 among patients with 
angina pectoris (24.7%), who had the highest prevalence 
of NSAID use of the cardiac subgroups.19 Assuming 
a prescribed proportion equivalent to that of the total 
Danish population (85%) and a hospital-sector misclassi-
fication of true NSAID use as non-use of 0.6%, the pre-
valence of true NSAID use in patients with angina pectoris 
would be 29%, and the prevalence of true NSAID use 
misclassified as non-use would be 5.0% (calculations 
detailed in Table 1 footnote). The prevalence of true 
NSAID use misclassified as non-use was lower in all 
other cardiac subgroups who had lower prevalence of 
NSAID use (Table 1). Theoretically, in a subpopulation 
with 100% prevalence of true ibuprofen use and 30% OTC 
use, 30% of true ibuprofen use would be misclassified as 
non-use. However, it is unlikely that NSAID use would be 
comprised solely of ibuprofen. Moreover, since the pre-
valence of NSAID use in most cardiac subgroups was 
below 20%, it is unlikely that the prevalence of true 
NSAID use misclassified as apparent non-use would 
exceed 5% and even less likely 10% (upper limit included 
in Table 2).
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Figure 4 Misclassification of true NSAID use as apparent non-use from non-prescribed drug use in the (A) hospital sector and (B) primary sector (over-the-counter use) 
and (C) total population (hospital sector + primary sector). Denmark, 1999–2019. Note different scales of y-axes.
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Impact of Misclassification on Estimates of 
Association
The size of bias resulting from misclassification of true 
NSAID and aspirin use as apparent non-use remains 
minimal as long as the prevalence of true NSAID and 
aspirin use misclassified as non-use is not overly large 
(Table 2). This fact can be illustrated in different 
hypothetical examples based on case–control studies 
with varying prevalence of NSAID exposure among 
cases and controls (Table 2). Assuming true NSAID use 
in the control group is similar to that of the total popula-
tion (15% exposed and 85% non-exposed) and 20% of 
cases are true NSAID users, the resulting true odds ratio 
would be 1.42 (95% CI 0.68–2.96) (calculations detailed 

in Table 2 footnote). When assuming a 5% non- 
differential misclassification of true NSAID use as appar-
ent non-use (see above), ie, 5% of the true NSAID users 
is allocated to the non-exposed group in both cases 
(19.0%) and controls (14.3%), it is possible to calculate 
the resulting biased odds ratio (1.41, 95% CI 0.67–2.99) 
and the approximate percentage change (0.36%) due to 
misclassification of true NSAID use as non-use. The 
impact on estimates of association from misclassification 
of true NSAID use as apparent non-use remained mini-
mal despite changes in the prevalence of NSAID use 
among cases and controls, and thereby the derived mag-
nitude of the point estimate, independent of study design 
(eg, cohort study) and sample size (Table 2).

Table 1 Prevalence of True Non-Aspirin NSAID Use Misclassified as Apparent Non-Use in Subgroups of Patients with Cardiac 
Disease

Prevalence of 
NSAID Use 
(Prescribed)*

OTC 
NSAID 
Use†

Hospital-Sector 
Misclassification of NSAID 
Use as Non-Use‡

Prevalence of 
True NSAID Use 
(Total)§

Misclassification of 
True NSAID Use as 
Non-Use||

2002
Overall 22.7% 15% 0.6% 26.7% 4.6%

Ischemic heart disease 20.9% 15% 0.6% 24.6% 4.3%

Angina pectoris 24.7% 15% 0.6% 29.1% 5.0%
Myocardial infarction 18.0% 15% 0.6% 21.2% 3.8%

NSTEMI 20.3% 15% 0.6% 23.9% 4.2%
STEMI 16.3% 15% 0.6% 19.2% 3.5%

Atrial fibrillation/flutter 20.4% 15% 0.6% 24.0% 4.2%

Heart failure 21.0% 15% 0.6% 24.7% 4.3%
Venous thromboembolism 24.1% 15% 0.6% 28.4% 4.9%

Ischemic stroke 20.6% 15% 0.6% 24.2% 4.2%

Valvular heart disease 22.5% 15% 0.6% 26.5% 4.6%
Infective endocarditis 18.6% 15% 0.6% 21.9% 3.9%

2017
Overall 13.5% 19% 0.4% 16.7% 3.6%

Ischemic heart disease 9.9% 19% 0.4% 12.2% 2.7%

Angina pectoris 13.8% 19% 0.4% 17.0% 3.6%
Myocardial infarction 8.7% 19% 0.4% 10.7% 2.4%

NSTEMI 9.6% 19% 0.4% 11.9% 2.7%

STEMI 7.0% 19% 0.4% 8.6% 2.0%
Atrial fibrillation/flutter 10.9% 19% 0.4% 13.5% 3.0%

Heart failure 8.8% 19% 0.4% 10.9% 2.5%

Venous thromboembolism 16.6% 19% 0.4% 20.5% 4.3%

Ischemic stroke 10.4% 19% 0.4% 12.8% 2.8%

Valvular heart disease 15.3% 19% 0.4% 18.9% 4.0%

Infective endocarditis 11.8% 19% 0.4% 14.6% 3.2%

Notes: *Based on prescribed prevalence of non-aspirin NSAIDs in specific cardiac patient groups.19 †Assumed proportion of OTC non-aspirin NSAID use based on total 
population OTC proportion in 2002 and 2017. ‡Assumed prevalence of true non-aspirin NSAID use misclassified as apparent non-use based on hospital-sector use (total 
population). §Calculated as: Prevalence of NSAID use/ OTC NSAID use. ||Calculated as: OTC NSAID use × prevalence of true NSAID use + hospital sales misclassification 
of true NSAID use as non-use. 
Abbreviations: NSAID, non-steroidal anti-inflammatory drug; OTC, over-the-counter; NSTEMI, non-ST-elevation myocardial infarction; STEMI, ST-elevation myocardial 
infarction.
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Discussion
Population-level misclassification of true NSAID and 
aspirin use as apparent non-use has remained low during 
the last 20 years. The prevalence of hospital-sector- and 
primary sector-based misclassification of true NSAID and 
aspirin use as non-use has remained below 5.5% for 
NSAIDs and below 6.0% for aspirin and decreased since 
2012. These population-level estimates did not substan-
tially differ from the estimated prevalence of true NSAID 
use misclassified as non-use in subgroups of cardiac 
patients. Furthermore, the magnitude of bias on estimates 
of association due to misclassification of true NSAID and 
aspirin use as non-use was negligible.

The low prevalence of true NSAID and aspirin use 
misclassified as apparent non-use in the study period 
derived from both user prevalence and non-recorded drug 
use. Even for drugs with high unrecorded use, eg, high- 
dose aspirin use (93% OTC use), valid registry-based 
studies are feasible if the true prevalence is low, eg, 1%, 
as false-negative exposure in the apparently unexposed 
group in this example would be less than 1%, and no 
material misclassification of true use would be present in 
the exposed group. This relationship also explains why the 
prevalence of true NSAID and aspirin use misclassified as 
non-use varied over time as the two parameters are influ-
enced by changes in guidelines and prescription practice. 
Until 2001, high-dose aspirin exhibited a low prevalence, 
resulting in low misclassification of true use despite nearly 
100% OTC use. When the prevalence of high-dose aspirin 
increased in the population, so did the prevalence of true 
use misclassified as non-use. However, as OTC use began 
to decrease slightly, misclassification of true high-dose 
aspirin use was reduced likewise. The pattern for low- 
dose aspirin was mainly explained by an increasing OTC 
proportion (11% in 2019) and accentuated by a lower user 
prevalence in recent years, possibly due to the national 
Danish and European guidelines, no longer recommending 
low-dose aspirin as routine thromboprophylaxis in patients 
over 65 years in the absence of cardiovascular disease.20 

For NSAIDs overall, the misclassification of true use as 
non-use was primarily due to OTC availability of ibupro-
fen. The increase in prescribed proportion of ibuprofen 
from 2012 to 2019 was paralleled by a lower user pre-
valence, resulting in a reduction in misclassified preva-
lence of true ibuprofen use as non-use. The recent 
increase in prescription use was probably due to the 
restrictions in OTC use of NSAIDs allowing only one 

daily package of 10–20 tablets,21 while the decrease in 
prevalence over the last two decades may partly be 
explained by increasing evidence of cardiovascular risks 
associated with NSAID use and the subsequent changes in 
guidelines.3,22 These examples demonstrate the impact of 
guideline changes on prevalence of true NSAID and 
aspirin use misclassified as non-use and emphasize the 
importance of considering such changes when evaluating 
potential bias.

Our estimates of the prevalence of true NSAID and 
aspirin use misclassified as apparent non-use were based 
on data from the total Danish population. Therefore, the 
results cannot readily be applied to other study populations 
if the prevalence of either true NSAID and aspirin use or 
non-prescribed use differs substantially from those of the 
general population. The OTC restrictions in Denmark limit 
potential misclassification of true use as non-use to ibu-
profen and all preparations of aspirin. Thus, the only 
difference in non-prescription NSAID and aspirin use 
between specific study populations and the total Danish 
population depends on OTC proportions of these drugs. In 
most cases, as NSAID and aspirin prevalence increases, 
one would expect a simultaneously higher proportion of 
NSAID and aspirin use on prescription (low non-recorded 
drug use), which would further reduce bias from misclas-
sification. Although the prevalence of true NSAID and 
aspirin use in specific study groups may differ from the 
population prevalence, the misclassification estimates will 
most likely not be substantially different, as also seen in 
our study.

We described the maximum population-level misclas-
sification of true NSAID and aspirin use as apparent non- 
use in patients based on prescription registry data, as we 
did not account for non-adherence to non-prescription 
drugs in the registered non-user group. Patients registered 
as non-users, non-adhering to OTC drugs, would effec-
tively be non-users and therefore not lead to misclassifica-
tion and bias. Furthermore, any patient recorded as 
exposed had to have purchased and filled a prescription, 
and the exposed status was therefore not influenced by any 
unrecorded NSAID and aspirin use. However, in the 
apparently exposed group, there may be misclassification 
due to non-adherence. No data exist on patient 
adherence in the Danish prescription registries. However, 
the prescription registries include information on number 
of pharmaceutical entities, typically tablets, and defined 
daily dosages per prescription,5 which enable estimation of 
exposure more accurately, eg, in chronic users of low-dose 
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aspirin who generally take one pill daily.23 In any case, as 
the Danish prescription registries prospectively record pre-
scriptions, misclassification of true NSAID and aspirin use 
as apparent non-use due to non-adherence or non-recorded 
use would be non-differential and bias estimates towards 
the null. Thus, based on the presented data, the Danish 
prescription registries are reliable data sources for capture 
of aspirin and NSAID use with a large potential to reflect 
actual drug use. Risk estimates and etiologic fraction in the 
exposed group will not be affected by misclassification of 
the size observed. However, etiologic fraction in the popu-
lation will be underestimated.

Strengths and Limitations
Complete data on prescribed and total sales in both the 
primary and hospital sectors from 1999 to 2019 were 
available through MEDSTAT.10 Although the number of 
OTC users was not available, data on proportion of sales 
on prescription enabled a sufficient evaluation. No data 

were available on non-recorded drug use by sex and age 
groups, as the publicly available data is not personally 
identifiable. This limited the possibility of estimating the 
prevalence of true NSAID and aspirin use misclassified as 
non-use between the two genders and within different age 
groups. It is conceivable that some OTC NSAID and 
aspirin use occurs concomitantly with prescribed NSAID 
and aspirin use. In these cases, there is no misclassification 
of exposure status, and our bias estimates would tend to be 
exaggerated. Unfortunately, there are no data to address 
the extent of co-used OTC and prescription NSAIDs and 
aspirins.

Conclusions
The Danish prescription registries can be considered valid 
data sources for assessing NSAID and aspirin use in 
Denmark, as the influence of non-differential misclassifi-
cation of true drug use is negligible. Furthermore, we 
observed an accordance between population-level and 

Table 2 Magnitude of Bias in Drug Outcome Studies, Illustrated from Case–Control Studies with Varying Prevalence of NSAID 
Exposure Among Cases and Controls and Varying Proportion of True NSAID Use Misclassified as Apparent Non-Use

Proportion of True NSAID Use Misclassified as Non- 
Use*

Prevalence of 
NSAID Exposure

Odds Ratio† (95% Confidence 
Interval)

Bias (%)‡

Controls Cases

0% (true value)§ 15% 20% 1.42 (0.68–2.96) 0.00

2% 14.70% 19.60% 1.41 (0.67–2.97) 0.15

5% 14.25% 19.00% 1.41 (0.67–2.99) 0.36
10% 13.50% 18.00% 1.41 (0.65–3.03) 0.72

0% (true value)§ 10% 30% 3.86 (1.77–8.42) 0.00
2% 9.80% 29.40% 3.83 (1.74–8.42) 0.63

5% 9.50% 28.50% 3.80 (1.71–8.43) 1.57

10% 9.00% 27.00% 3.74 (1.66–8.45) 3.09

0% (true value)§ 5% 15% 3.35 (1.17–9.62) 0.00

2% 4.90% 14.70% 3.34 (1.15–9.69) 0.24
5% 4.75% 14.25% 3.33 (1.13–9.80) 0.62

10% 4.50% 13.50% 3.31 (1.10–10.01) 1.22

0% (true value)§ 6% 25% 5.22 (2.04–13.39) 0.00

2% 5.88% 24.50% 5.19 (2.01–13.43) 0.54

5% 5.70% 23.75% 5.15 (1.97–13.49) 1.33
10% 5.40% 22.50% 5.09 (1.90–13.63) 2.64

0% (true value)§ 5% 35% 10.23 (3.81–27.49) 0.00

2% 4.90% 34.30% 10.13 (3.74–27.47) 0.96

5% 4.75% 33.25% 9.99 (3.63–27.45) 2.39
10% 4.50% 31.50% 9.76 (3.47–27.48) 4.72

Notes: *Color change indicate new example. †Odds ratio = (exposed cases × non-exposed controls)/(exposed controls × non-exposed cases). ‡Bias = ln(true OR/biased 
OR). Translates to the approximate percentage change shown as: 100 × ln(true OR/biased OR). §0% represent the scenario in each hypothetical example where no NSAID 
use is misclassified as non-use. 
Abbreviation: NSAID, non-steroidal anti-inflammatory drug.
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patient-level estimates. This finding supports the value of 
studies of NSAID and aspirin exposure in different patient 
subgroups based on prescription registry data. For future 
use, it will be important to stay vigilant for any major 
change in either non-recorded proportion or user preva-
lence, especially in connection with guideline changes or 
changes in OTC availability.
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