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Purpose: (i) To report the prevalence of participants to a first-line intervention for OA in Sweden using over-the-counter (OTC) and/ 
or prescribed NSAIDs; (ii) To estimate the accuracy of dispensed prescriptions of NSAIDs recorded in a Swedish health-care register 
to capture the use of NSAID considering clinician-report as reference standard.
Methods: Register-based study. We used data from OA individuals who participated in the Swedish first-line intervention recorded in the 
Swedish Osteoarthritis Register (SOAR). SOAR includes clinician-reported use of NSAIDs in the three months preceding the intervention. 
We used the Prescribed Drug Register to retrieve data on NSAID prescriptions dispensed in the same period. We estimated the prevalence of 
OTC users (individuals with clinicians-reported use of NSAID but no prescription dispensed), prescription users (individuals with 
clinicians-reported use of NSAID and a prescription dispensed) and non-users (neither of the previous). We calculated sensitivity, specificity, 
positive predictive value, and negative predictive value of dispensed prescriptions of NSAIDs vs clinician-report.
Results: We included 116,162 individuals (mean age [Standard Deviation]: 66 [9.6] years, 79% women, 77% knee OA). Overall, 
24.7% (95% Confidence Intervals [CI] 24.5%; 25.0%) used OTC NSAIDs only, 18.2% (18.0%; 18.5%) used prescribed NSAIDs, 
6.6% (6–4%; 6.7%) reported not using NSAIDs while having an NSAID prescription dispensed. Of the 49,913 individuals with 
clinician-reported use of NSAIDs, 21,190 had a prescription dispensed (sensitivity: 42.5% [95% CI 42.0%, 42.9%]; positive predictive 
value: 73.5% [73.0%, 74.0%]). Of the 66,249 individuals reporting not using NSAIDs, 58,617 did not have a prescription dispensed 
(specificity: 88.5% [88.2%, 88.7%]; negative predictive value: 67.1% [66.8%, 67.4%]).
Conclusion: Overall, 24.7% of participants in a first-line intervention for OA used OTC NSAIDs only while 18.2% used prescribed 
NSAIDs. Dispensed prescriptions of NSAIDs have high specificity but low sensitivity and can correctly identify about 70% of both the 
non-users and users in this population.
Keywords: osteoarthritis, NSAID, register, validation

Introduction
Osteoarthritis (OA) affects more than 500 million people worldwide causing pain and disability.1 In the last 30 years, the 
prevalence of OA has increased by nearly 50%, a trend that is expected to continue.2 Without disease-modifying treatments, 
oral Non-Steroidal Anti-Inflammatory Drugs (NSAIDs) are the most used pharmaceutical for OA pain control and are at least 
conditionally recommended by clinical practice guidelines as second-line treatments for OA.3,4 Still, NSAIDs are often 
preferred to first-line treatments – exercise, weight loss, and self-management – and are with opioids the most used treatment 
for OA in the US.5

NSAIDs are considered safe at low doses and for brief treatment periods. Nevertheless, their use is associated with 
a significant health burden due to frequent adverse events.6 Electronic medical records are important to study trends, side 
effects, and burden on society over long periods, which would otherwise be impossible in randomized controlled trials. 
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However, many NSAIDs can be purchased over the counter (OTC) and are seldom recorded in health-care registers. A report 
from the 2011 five European countries (5EU) National Health and Wellness Survey (NHWS) suggested that 64% of people 
with OA report using NSAIDs, of which 17% use OTC-only and 9% use both.7 Other reports using insurance records showed 
a similar prevalence of prescribed and OTC NSAIDs among analgesic users in France.8 These results suggest that using 
prescribed NSAIDs may underestimate the proportion of real NSAID users, leading to the underestimation of the costs and 
burdens of these pharmaceuticals.

The aims of this study are: (i) to report the prevalence of participants to a first-line intervention for OA in Sweden using 
OTC and/or prescribed NSAIDs; (ii) to estimate the accuracy of dispensed prescriptions of NSAIDs recorded in a Swedish 
health-care register to capture the use of NSAID considering clinician-report as reference standard.

Methods
National Data Sources
We conducted a study using data from two National Swedish registers. The Swedish Osteoarthritis Register (SOAR) 
contains data from persons with knee or hip OA, who have participated in a face-to-face first-line treatment offered in 
more than 500 different physical therapist units all over Sweden.9 The Prescribed Drug Register contains information on 
all drugs prescribed and then dispensed at one of the pharmacies in the country, with data available from July 2005 and 
provided data on the dispensation of prescribed NSAIDs. The data from the different registers are linked through the 
personal unique identification number assigned to all residents in Sweden by the Swedish Tax Agency. The study was 
approved by the Lund University Ethics Committee (Dnr 2011e432 with amendments Dnr 2014_276, and Dnr 
2018_233). We reported the study according to the Strengthening the Reporting of Observational Studies in 
Epidemiology (STROBE) guidelines.10 Data management and analysis was performed in accordance with the General 
Data Protection Regulation (GDPR).

Study Population
All participants to the first-line intervention for OA recorded in SOAR have an OA diagnosis─which includes hip, knee, 
hand and shoulder OA─according to the recommendations from the Swedish National Board of Health and Welfare.9,11 

The first-line intervention includes education (mandatory) and exercise (voluntary). The intervention has been described 
previously.12–14 Patients cannot take part in the intervention and are not registered in SOAR if: (i) there are reasons other 
than OA for joint problems (eg, sequel hip fractures, chronic widespread pain, inflammatory joint diseases, or cancer); 
(ii) they received a total joint replacement within the past 12 months or other surgery of the knee or hip joint within the 
past 3 months, and (iii) they are unable to read or understand Swedish.

Inclusion and Exclusion Criteria
We included all the people recorded in the BOA register who underwent the baseline visit of the intervention between 
January 1st 2008 and December 31st 2019. If a person had several baseline visits (eg, due to undergoing the program multiple 
times), we selected the first one. Persons with missing values for clinician-reported NSAID use were also excluded.

NSAIDs Regulations in Sweden
Sweden has publicly funded healthcare with a high-cost protection scheme where there is a ceiling for out-of-pocket 
payments for health-care visits and medications. This means that after reaching this ceiling threshold within a period of 
12 months any additional care is free of charge.15 Treatments for OA ─ including surgery, prescribed analgesics, and 
physiotherapy ─ are included in this scheme. For drug dispensation, the ceiling threshold for a patient’s co-payments 
over 12 months (starting from the first purchase) is SEK 2400 (at the date of data extraction, equivalent to≈ EUR 220) 
after which any dispensation within 12 months is free of charge. Certain pharmaceuticals are also available OTC. 
Although each dispensing of OTC analgesics is confined to maximum pack sizes (eg, 12 g of Ibuprophen), there are no 
restrictions on the number of packages sold per person per day.16 Direct-to-consumer advertisement is allowed for OTC 
drugs if it provides a current, factual and balanced presentation that promotes the appropriate use of the drug.16
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Clinician-Reported Use of NSAIDs
During the baseline visit, the patient is asked by the physiotherapist to list the drugs used in the last three months to 
manage the joint symptoms (has the patient taken drugs for the joint in the last three months? [yes/no]). The 
physiotherapist then first marks if the person has used drugs, and which specific drug was used choosing between 
paracetamol, NSAIDs or acetylsalicylic acid, glucosamine, hyaluronic acid injections, cortisone injection, natural 
remedies, other based on the information from the patient (ie, it is the physiotherapist that allocates the reported drugs 
to the above categories).

NSAIDs Dispensation
We used ATC codes to identify dispensed prescriptions of NSAIDs from the Prescribed Drug Register according to the 
list provided in Supplementary File 1, which has been used to identify NSAIDs use in Swedish register studies.17 Despite 
acetylsalicylic acid is not an NSAID, it was included in the list to reflect the grouping of NSAIDs used in the BOA 
register. All the drugs recorded in the Prescribed Drug Register have been prescribed and then dispensed.

Analysis
For aim (i), we used the clinician-reported NSAID use (yes or no) in the last 90 days before the visit and the NSAID-dispensed 
prescription during the same time interval to define NSAID-use status. People with clinician-reported NSAID use and without 
any dispensed prescription were classified as OTC users only. People with clinician-reported NSAID use and a dispensed 
prescription were considered using prescribed NSAIDs (this category includes users of prescribed NSAIDs only or of 
prescribed NSAIDs in combination with OTC NSAIDs). People with neither clinician-reported use nor dispensed prescription 
were regarded as non-users. We used the Stata command “proportions” to compute logit-transformed CIs for the NSAID use 
status. For aim (ii), we used clinician-reported NSAID use as the reference standard, to test the ability of registry records of 
dispensed prescriptions to identify people using NSAIDs. We used the Stata command “diagt” to calculate sensitivity, 
specificity, positive predictive value (PPV), and negative predictive value (NPV) of dispensed NSAIDs with 95% exact 
binomial confidence intervals.18 We reported the percentage of individuals correctly classified (number of individuals with the 
same status in both NSAID variables/total sample) to provide a single metric of the observed agreement between the analyzed 
variables and facilitate comparison with previous studies. Considering that using prescribed NSAIDs may depend on the 
baseline pain, age, and year of enrollment in the OA intervention, we repeated the analysis stratified by pain (measured with 
a 0–10 NRS scale; mild 0–3, moderate 4–6, severe 7–10), age (<60, 60–69, 70–79, 80+) and calendar year (2008 to 2019). To 
increase comparability between strata, we standardized by sex, and age (5-year strata) the analyses stratified by pain; by sex 
and pain (mild, moderate, severe) the analysis stratified by age while we standardized for age, sex and pain the analysis 
by year. Standardizations were based on the distribution of sex, age, and pain in the entire sample. Finally, people may have 
reported using NSAIDs that were prescribed and dispensed >90 days before the visit. As a further sensitivity analysis, we 
extended the time for the dispensation date to 120 days prior to the baseline visit.

Results
A total of 123,642 individuals were recorded in SOAR. After excluding duplicate cases (n = 555), 116,162 participants (mean 
age [Standard Deviation (SD)]: 66 [9.6] years, 79% women, 77% with knee OA) without missing data on the clinician- 
reported NSAID use for OA were included in the study (Figure 1, Table 1). When looking at the NSAID use in the whole 
sample, 24.7% (24.5%; 25.0%) of the individuals were classified as OTC users only, 18.2% (18.0%; 18.5%) as users of 
dispensed NSAID prescriptions, and 6.6% (6.4%; 6.7%) as non-users with a dispensed NSAID prescription (Figure 2, 
Supplementary File 2). When considering clinician-reported NSAID use as reference to identify users and non-users, 
dispensed NSAID could correctly classify 69% of the sample. Among the 49,913 individuals reporting using NSAIDs for 
their OA, 21,190 had a dispensed prescription (sensitivity 42.5%; 95% CI 42.0%; 42.9%) (Table 2). Overall, the probability of 
being an NSAID user for those with a prescription for NSAIDs (PPV) was 73.5% (73.0%; 74.0%). Among the 66,249 
individuals reporting no use of NSAIDs, 58,617 had no prescription (specificity 88.5%; 95% CIs 88.2%; 88.7%). Overall, the 
probability of being a non-user for those without a prescription (NPV) was 67.1% (66.8%; 67.4%).
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The secondary analyses showed that the prevalence of OTC NSAID use was stable across pain strata, while the prevalence 
of prescription users was lowest among those with mild pain and higher among those with severe pain (Figure 2, 
Supplementary File 2). Sensitivity and specificity also varied in the different pain strata. Sensitivity was lowest among people 

123,642 records registered in the 
BOA register between January 1st

2008 and December 31st 2019

123,084 unique individuals

558 records were excluded 
because duplicates of participants 

attending multiple times

6,922 individuals were excluded 
because they had missing values 
in their reported use of NSAIDs

116,162 individuals included in 
the study

Figure 1 Study flowchart.

Table 1 Demographics and Sample Characteristics by NSAID User Category

OTC Usersa 

N:27,723 
(24.7%)

Prescription 
Usersb N:21,190 

(18.2%)

Non-Users with 
Dispensed Prescriptionc 

N:7632 (6.6%)

Non-Usersd 

N: 58,617 
(50.5%)

Sex, N (%)

Male 8033 (28.0%) 6274 (29.6%) 2522 (33.0%) 20,244 (34.5%)

Female 20,690 (72.0%) 14,916 (70.4%) 5110 (67.0%) 38,373 (65.5%)
Age, mean (SD) 64.9 (9.5) 63.8 (9.3) 65.5 (9.6) 67.9 (9.6)

Age groups

<60 7831 (27.3%) 6690 (31.6%) 1991 (26.1%) 10,654 (18.2%)
60–69 11,208 (39.0%) 8539 (40.3%) 2934 (38.4%) 20,540 (35.0%)

70–79 8304 (28.9%) 5220 (24.6%) 2231 (29.2%) 21,624 (36.9%)

80+ 1380 (4.8%) 741 (3.5%) 476 (6.2%) 5799 (9.9%)
Affected joint, N (%)

Hip 8904 (31.0%) 6486 (30.6%) 2339 (30.6%) 18,635 (31.8%)

Knee 19,336 (67.3%) 14,419 (68.0%) 5087 (66.7%) 38,195 (65.2%)
Hand 469 (1.6%) 280 (1.3%) 199 (2.6%) 1738 (3.0%)

Shoulder 14 (0.0%) 5 (0.0%) 7 (0.1%) 49 (0.1%)

Pain 0–10, mean (SD) 5.6 (2.0) 6.0 (2.0) 5.7 (2.1) 5.2 (2.1)
Pain groups

Mild; NRS 0–4 7436 (25.9%) 4096 (19.3%) 1963 (25.7%) 19,846 (33.9%)

Moderate; NRS 5–7 16,153 (56.2%) 12,093 (57.1%) 4070 (53.3%) 30,313 (51.7%)
Severe; NRS 8–10 5134 (17.9%) 5001 (23.6%) 1599 (21.0%) 8458 (14.4%)

BMI, mean (SD) 27.7 (4.9) 28.4 (5.1) 28.0 (4.9) 27.3 (4.9)

Notes: aClinician-reported users without a dispensed prescription (false negatives); bClinician-reported users with a dispensed pre-
scription (true positive); cClinician-reported non-users with a dispensed prescription (false positives), dClinician-reported non-users 
without a dispensed prescription (true negatives). 
Abbreviations: OTC, Over The Counter; N, numbers; SD, Standard Deviation; NRS, Numeric Rating Scale; BMI, Body Mass Index.
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with mild pain and highest in people with severe pain. Specificity showed the opposite trend, but differences were smaller and 
values were relatively high in all groups (Supplementary File 3). The analyses by age strata showed that the prevalence of both 
OTC and prescribed NSAID use was highest in the youngest age stratum and decreased with increasing age (Figure 2, 
Supplementary File 2). The same trend was observed for the sensitivity, while specificity showed an opposite trend decreasing 
with increasing age. The analysis by year of participation in the OA intervention showed that the prevalence of OTC use was 
stable over time while the prevalence of prescription users decreased over the years (Figure 3, Supplementary File 4). Finally, 
NSAID dispensation within 120 days before enrollment (instead of 90) could correctly classify as user or non-user 66% of the 
sample. Sensitivity, specificity, as well as PPVs and NPVs were similar to the ones obtained from the main analysis 
(Supplementary File 3).

Discussion
We investigated the use of NSAIDs in a large cohort of more than 100,000 individuals with hip or knee OA participating 
in a first-line intervention. We found that 43% of the individuals reported using NSAIDs while 25% had a dispensed 
prescription. Thus, we classified 25% of the total sample as OTC-only users and 18% as prescription users. Overall, 
dispensed prescriptions of NSAIDs have poor sensitivity and high specificity to identify NSAID users for OA. 
Nevertheless, PPVs and NPVs suggest that roughly 30% of the individual may be misclassified when using health 
records of dispensed NSAIDs prescription to identify NSAID users for OA.

NSAIDs are a largely used class of pharmaceuticals among people with OA. The prevalence of reported use of NSAIDs in 
our cohort is in line with previous studies. Among OA patients referred to an outpatient rehabilitation center for OA in the 
Netherlands, 30% reported using NSAIDs, while in a large cohort of participants to a similar first-line intervention in 
Denmark, the prevalence of NSAID use was 37%.19,20 For what concerns NSAIDs prescription, the prevalence in our cohort 
(25%) was similar to what was reported in study analyzing a general population of OA patients (n = 1,760) sampled from 
France, Germany, Italy, Spain and the UK, where nearly 28% self-reported to use NSAIDs under prescription.7

In a study from Denmark, the authors reported a 75% of agreement between reported use of NSAIDs to a physiotherapist 
and NSAID dispensation from a national register (ie, both variables were yes or both no).21 In our study, the observed 
agreement between the reported use of NSAIDs and dispensed NSAIDs is 69%. For what concerns the psychometric values of 
prescribed NSAIDs to identify people reporting to use NSAIDs for OA, we observed an overall high specificity of around 90% 
in both the full-sample and analyzed subgroups. Sensitivity, on the other hand, was low varying between 42% in the full 
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Figure 2 Prevalence of NSAID use in the whole sample and in age and pain categories. Confidence intervals of the estimate can be found in the Supplementary File 2.
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Table 2 Prevalence of Reported NSAID Use and Psychometric Values of Dispensed NSAIDs in the 90 Days Preceding a First-Line Intervention to Identify People Reporting Use of 
NSAIDs

Sample Sensitivity (95% CIs) Specificity (95% CIs) PPV (95% CIs) NPV (95% CIs) Prevalence of Clinician-Reported  
NSAIDs Users

All 42.5% (42.7%; 43.3%) 88.5% (88.2%; 88.7%) 73.5% (73.0%; 74.0%) 67.1% (66.8%; 67.4%) 43% (42.7%; 43.3%)

Pain strata (0/10 NRS scale)
Mild (0–4), N: 33.341 35.5% (34.6%; 36.4%) 91.0% (90.6%; 91.4%) 67.6% (66.4%; 68.8%) 72.7% (72.2%; 73.3%) 34.6% (34.1%; 35.1%)
Moderate (5–7), N: 62,629 42.8% (42.2%; 43.4%) 88.2% (87.8%; 88.5%) 74.8% (74.1% 75.5%) 65.2% (64.8%; 65.7%) 45.1% (44.7%; 45.5%)

Severe (8–10), N: 20,192 49.3% (48.4%; 50.3%) 84.1% (83.4%; 84.8%) 75.8% (74.7%; 76.8%) 62.2% (61.4%; 63.0%) 50.2% (49.5%; 50.9%)

Age strata (years)
<60, N:27,166 46.1% (45.3%; 46.9%) 84.3% (83.6%; 84.9%) 72.0% (71.4%; 72.6%) 77.1% (76.2% 77.9%) 57.6% (56.9%; 58.3%)

60–69, N:43,221 43.2% (42.5%; 43.9%) 87.5% (87.1%; 87.9%) 74.4% (73.6%; 75.2%) 64.7% (64.2%; 65.2%) 45.7% (45.2%; 46.2%)

70–79, N:37,379 38.6% (37.8%; 39.4%) 90.6% (90.3%; 91.0%) 70.1% (69.0%; 71.1%) 72.3% (71.7%; 72.8%) 36.2% (35.7% 36.7%)
>80, N: 8396 34.9% (32.9%; 37.0%) 92.4% (91.7%; 93.1%) 60.9% (58.1%; 63.6%) 80.8% (79.8%; 81.7%) 25.3% (24.3%; 26.2%)

Abbreviations: CIs, Confidence Intervals; PPV, positive Predictive Value; NPV, Negative Predictive Value; N, Number; NRS, Numeric Rating Scale.
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sample to 25% among individuals >80 years. These results suggest that the Swedish Prescribed Medication register may be 
adequate to identify individuals who use NSAIDs for OA with few false positives. However, sensitivity and specificity focus 
on the adequacy of a test (in this case the health record of dispensed NSAIDs) and should be interpreted carefully when 
deciding on individual people or population samples.22 When selecting a study population for an epidemiological study, the 
PPV and NPV may be more adequate metrics to consider. In our case, these metrics suggest a probability of around 30% to 
classify incorrectly a user (PPV) or a non-user (NPV) when using health records of NSAID dispensation to identify NSAID 
users. Whether these values are acceptable will largely depend on the research questions and scope of the study.22 However, 
the prevalence of the studied condition (use of NSAIDs in our case) should also be considered as it influences these metrics. In 
the analysis by age strata, we observed a change of ≈11% in PPV (decrease) and NPV (increase) between the age group <60 
years (prevalence of NSAIDs users 58%) and >80 years (prevalence of NSAIDs users 25%).

The use of OTC NSAIDs is normally not recorded in drug use registers and is seldom investigated in people with OA. 
Kingsbury et al reported that, in a sample of subjects from the Osteoarthritis Initiative (OAI) progression cohort, 26% of 
the subjects used OTC medications, which included also other pharmaceuticals than NSAIDs.23 Moreover, only 8.7% of 
the study sample reported pain NRS scores greater than two units (on a 0–10 scale) in the month before the visit, a rather 
mild symptomatology for an OA population. All in all, comparison with other cohorts requires care as NSAID use 
(prescribed or OTC) can be strongly influenced by the characteristics of the population, the NSAIDs analyzed and 
national regulations, the impact of which is hard to evaluate.

In our sample, we observed that a large share of the OA population undergoing an education and exercise intervention uses 
OTC NSAIDs. OTC NSAIDs appear to be more common among younger OA patients with 29% of those aged <60 years 
using OTC medication compared to 16% of those >80 years. This could be expected considering that NSAIDs are not 
recommended in persons more than 75 years old or frail.3,24 Nevertheless, the proportion of people >80 years using OTC 
NSAIDs is almost double that of those with an NSAID prescription. These figures may suggest that people not receiving 
a prescription due to potential contraindications may resort to self-care. Analyses by calendar year showed a stable prevalence 
of OTC users over time while highlighting a decrease in the prevalence of prescription users of around 7% from 2009 to 2019. 
This trend can be the result of the growing attention around the safety of NSAIDs for the treatment of chronic painful 
conditions such as OA or could result from more patients entering the intervention at an earlier stage of the disease.25

Nearly 7% of the sample (7632 individuals) reported not using NSAIDs for the OA joint despite having a prescription 
dispensed in the previous three months, this figure was consistent in all the analyzed subgroups. A possible explanation may lie 
in the intermittent nature of OA pain and in clinical recommendations discouraging prolonged use of NSAIDs.3,26 In this 
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Figure 3 Prevalence of NSAID-user categories by calendar year. Confidence intervals of the estimate can be found in the Supplementary File 4.
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scenario, prescribers may instruct patients to take out the prescription and use the drug in case of pain bouts. Another possible 
explanation is that the NSAIDs were prescribed for other complaints than OA. In this scenario, the patients may have reported 
no use of NSAIDs for OA despite having a dispensed prescription.

This study has some important strengths, but also limitations that need to be acknowledged. We used a large cohort of more 
than 120,000 patients participating in a first-line intervention for OA provided nationwide in Swedish primary care. Results from 
this study are therefore expected to mirror the use of NSAIDs among patients seeking treatment for OA. The use of NSAID and 
the type of compound used were reported by the patient which implies that recall bias may be present and difficult to assess. 
Nevertheless, this information was collected during an interview with a physiotherapist which may reduce the risk of compounds 
being misclassified. Moreover, our sensitivity analysis showed that increasing by 30 days the time for a dispensed prescription 
did not increase the proportion of users correctly classified. For what concerns the drug prescriptions, we used electronic records 
based on prescriptions dispensed at any pharmacy in Sweden, which means that medications prescribed but not dispensed were 
not included. This is a strength for our research questions that concern the use of medications, but it limits the applicability of our 
results to studies on prescription patterns. Further, the question assessing the use of NSAIDs was specific for medication to 
relieve OA symptoms in the treated joint (knee and/or hip) while some of the dispensed NSAIDs may have been prescribed for 
other disorders (eg, low back pain or other local pain/inflammation such as tendonitis, shoulder pain, etc.). Nevertheless, the 
population included in this study was seeking care for hip or knee OA which increases the likelihood that the observed 
dispensations are linked to the joint problem. Finally, this study relies on data from Sweden. Given the large variations in the 
patterns of NSAIDs prescription and use across countries as well as across different subgroups of the same population (eg, age 
and pain severity), the generalizability of the results to countries with different health-care systems needs caution.

Conclusions
NSAIDs are commonly used by people with OA. In our sample, we could attribute 25% of the NSAID use to medications 
purchased OTC. Moreover, the share of OTC users appears to vary based on the age of the individuals. Overall, health 
records of dispensed prescriptions of NSAIDs could correctly classify 69% of the sample and showed high specificity but 
low sensitivity to identify NSAID users for OA. This suggests that prescribed NSAIDs may be adequate for selecting 
samples of NSAID users, but less adequate when trying to quantify the total number of users in a population.
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