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Abstract
Non-steroidal anti-inflammatory drugs (NSAIDs) are among the most commonly used medications worldwide and have
analgesic, antipyretic and anti-inflammatory properties. Although NSAIDs are recognised as generally safe and effective,
non-medical and extra-medical use of these products can occur. Unlike the use of illegal and many prescription drugs,
which are subject to extensive research attention, inappropriate use of NSAIDs has been less well investigated. This scoping
review collates and describes what is known regarding non-medical and extra-medical use of NSAIDs. In total, 72 studies
were included in this scoping review. Three themes emerged from the review: (1) indicative profile of people who engage in
non-medical or extra-medical use of NSAIDs; (2) antecedents for non-medical or extra-medical use; and (3) adverse health
effects of non-medical and extra-medical use of NSAIDs. The review concluded that there is a need for enhanced patient
education, including among sports people; pharmacovigilance in terms of clinician recognition of aberrance; and prescriber
and pharmacist awareness of the potential for extra-medical and non-medical use and the related health harms.
Key Points
Non-/extra-medical use of NSAIDs has increased over
time.
Excessive use of NSAIDs amongst elite and non-elite
athletes was found to be common and likely to be medically unjustified.
NSAID use amongst the general population was found to
be largely unsupervised and with limited awareness for
potential harms to many organ systems.
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1 Introduction
Non-steroidal anti-inflammatory drugs (NSAIDs) are among
the most commonly used medications worldwide and have
analgesic, antipyretic and anti-inflammatory properties [1].
The global NSAID market size in 2019 was $US15.58 billion and is projected to reach $US24.35 billion by 2027
[2]. Because of their general safety and effectiveness, many
NSAIDs (e.g. ibuprofen, aspirin) can be bought over the
counter (OTC) in different countries. However, stronger
doses of some of these drugs, as well as other NSAIDs (e.g.
diclofenac, mefenamic acid, naproxen), are only available
by prescription [3]. NSAIDs are reported to be safe and
effective if used within medical guidelines. However, inappropriate use has also been reported in the literature [4–8].
This can result in a broad spectrum of harms, including
gastrotoxicity, hepatoxicity, nephrotoxicity, cardiotoxicity,
overdose and even death [9, 10], and increases the burden
on healthcare systems.
There is a need for enhanced patient education, pharmacovigilance and prescriber and pharmacist awareness in
terms of non- and extra-medical use of NSAIDs and the
related health harms.
Anecdotal reports, as well as several case reports and
mini reviews, have highlighted the trend of extra-medical
(using more than prescribed or recommended, for a medical reason) or non-medical (using for reasons other than
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medical, such as to intoxicate) use of NSAIDs [5, 8, 11, 12].
This inappropriate use of NSAIDs has increased in recent
times, perhaps attributable to the self-care revolution [27],
the increasing number and accessibility of medicines and the
wide availability of online health information [13].
There have been reports of non-medical use of NSAIDs
among athletes who use NSAIDs before exercise as pain
prophylaxis to increase their stamina and extend their workout hours [14–16], and early warning reports highlighted
other forms of non-medical use amongst the general population [17–20]. Some reports documented intoxicating effects
[12], either alone [11] or in combination with illicit drugs
[21]. Moreover, the fifth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-5) included a
specific mention, for the first time, of NSAID use disorder
in the “other (or unknown) substance use disorders” subcategory, along with drugs such as anabolic steroids and
antihistamines.
Unlike use of illegal and many prescription drugs, which
are subject to extensive research attention, inappropriate
(i.e., extra-medical and non-medical) use of NSAIDs has
been less well investigated. This scoping review collates and
describes what is known regarding non-medical and extramedical use of NSAIDs.

2 Methods
Scoping reviews are typically used where broader research
questions exist and where research topics are under-documented in the literature [22–25]. They are used to identify
gaps in knowledge; examine the extent (i.e. size), range (i.e.
variety), and nature (i.e. characteristics) of the evidence on
a certain topic or question (in this case, non-medical use of
NSAIDs); collate findings from a wide range of sources; and
make research and policy recommendations [22, 24, 26–28].
We adhered to Arksey and O’Malley’s [22] five-stage iterative
process scoping review methodology. These stages included
the following: (1) identifying the essential research question,
(2) identifying relevant studies, (3) selecting studies, (4) charting the data, and (5) collecting, summarising, and reporting the
results. The review was underpinned by the research question,
“What do we know about non-medical and extra-medical use
of NSAIDs?” and collated and summarised all available published empirical and grey literature in the English language
on this topic. No restriction was placed on date of publication or study type. The search was conducted in September
2020. The following databases were accessed: Web of Science,
Cochrane Library, MEDLINE, PsycINFO, Social Science
Citation Index, PubMed, Science Direct, and ResearchGate.
The following key search terms informed the search strategy:
aspirin, ibuprofen, ketoprofen, diclofenac, naproxen, celecoxib,
indomethacin, loxoprofen, etoricoxib, mefenamic acid, and
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non-steroidal anti-inflammatory drugs (NSAIDs) in conjunction with abuse, misuse, off-label use, and non-medical use.
Manual searching of reference lists was also undertaken.
Eligibility criteria focused on the non-medical use of
NSAIDs. Inclusion and exclusion criteria were discussed and
agreed with all members of the research team: records that
referred to medical or prescribed use were excluded. The initial
search identified 42,579 articles; following initial screening,
30,150 were removed for lack of relevance, with the remaining 12,429 screened for inclusion in the study. Finally, duplicates (n =10,945) and further records that were not relevant
were removed (n = 1416), leaving 72 records in total (Fig. 1).
The 66 records were charted and thematically analysed, as per
Arksey and O’Malley [22], by authors RB and MW. A table
was created to chart relevant data (year of publication, author,
location, method, key findings) and to analyse the extracted
data thematically (Table 1). The textual dataset was re-read
numerous times so researchers became familiar with the data
and to identify and code emerging themes. Thematic manual
coding then organised and subsequently structured the data
into themes through patterns identified in associated categories (conducted by RB) [29]. Three themes emerged from the
review: (1) indicative profile of people who engage in nonmedical or extra-medical use of NSAIDs; (2) antecedents
for non-medical or extra-medical use; and (3) adverse health
effects of non-medical and extra-medical use of NSAIDs.

3 Results
3.1 Profile of Studies Reviewed
In total, 72 studies were included in this scoping review
(Table 1). The included records referred to a range of
NSAID users (Table 2).
The findings from these 72 studies are presented under
headings directly relating to the research question (“What
do we know about non-medical use of NSAIDs?”) and that
emerged from the data analysis process: (1) indicative profile of people who engage in non-medical or extra-medical
use of NSAIDs; (2) antecedents for non-medical or extramedical use; (3) adverse health effects of non-medical and
extra-medical use of NSAIDs.

3.2 Theme 1: Indicative Profile of People Who
Engage in Non‑Medical or Extra‑Medical Use
of Non‑Steroidal Anti‑Inflammatory Drugs
(NSAIDs)
3.2.1 Non‑Medical Use in Elite and Non‑Elite Athletes
Across the included records, excessive use of NSAIDs
amongst elite and non-elite athletes was described as a
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Fig. 1  Flow diagram. NSAIDs
non-steroidal anti-inflammatory
drugs

Table 1  Types of studies reviewed
Type of study

Number

Experimental studies
Systematic literature review
Mixed-methods studies
Quantitative surveys
Observational study with follow-up quantitative survey
Quantitative cross-sectional evaluation using literacy and
numeracy instruments
Quantitative evaluations of datasets containing information
on medical patients
Analyses of doping control forms
Analysis of drug-related overdose data
Content analysis of physician’s records
Structured interview study based on DSM-IV-TR
Qualitative study
Clinical case reports/series
Scoping review
Narrative reviews
Editorials
Letters to the editor
Reports (including one online and one undergraduate)
Commentary

3
1
3
19
1
1
3
2
1
2
1
1
13
1
10
4
2
3
1

DSM-IV-TR Diagnostic and Statistical Manual of Mental Disorders,
Fourth Edition, Text Revision

common practice. Although NSAIDs are not considered
a performance-enhancing drug by the World Anti-Doping
Agency [60], and evidence for their efficacy in exercise
enhancement is limited [37], they may be considered a
performance “enabling” drug in the athletic community
because much of their use is centred on the prevention of
pain during sporting events or training to enhance performance [14]. The evidence that this is effective is limited
[6]. As an example, high levels of use of NSAIDs were
documented during the 2014 FIFA (Fédération Internationale de Football Association) World Cup: 67% of players took various types of medication during the tournament, most commonly NSAIDs. This was also noted in the
2010 [56], 2002 and 2006 [68] World Cups, as was the use
of NSAIDs in wheelchair athletes in the Paralympics [65].
A Swiss narrative review referred to the use of NSAIDs in
sport as “routine” and reported that over one-half of the
professional football players reviewed in their study used
NSAIDs. Additionally, up to one-third of all players used
NSAIDs prior to every match, regardless of whether they
played or not. Most athletes are unaware of the potentially
dangerous effects of NSAIDs after strenuous exercise and
rarely ask doctors for advice [15].
Survey data indicated high rates of use amongst athletes. A South African survey found that, despite negative

920
Table 2  Typology of NSAID
users
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NSAIDs users

Number
of studies

Medical patients (including elderly patients and a person living with HIV)
Pharmacist patients
Elite and non-elite athletes/sports players
Members of the general population (including one study focusing on dental patients)
People who use anabolic androgenic steroids
Student population samples (two of which were student athletes)
Physiotherapist patients
People who use herbal products

26
10
15
15
1
3
1
1

NSAIDs non-steroidal anti-inflammatory drugs

side effects experienced through taking NSAIDs, the prevalence of use in all runners was high, particularly during
training and recovery, especially in ultramarathon runners
[55]. Another study, conducted in France and focused on
ultramarathon runners, found that almost 90% of participants were unaware of the dangers of such NSAID consumption and considered such use normal [43]. A US
survey found that 75% of 681 student athletes had used
NSAIDs in the previous 3 months, and 15% were daily
users [76]. An Irish survey found that over one-fifth of
students (n = 149) surveyed exceeded the recommended
dosage of NSAIDs, and poor knowledge of the side effects
and dangers were noted [16]. A South African survey of
triathletes found that 196 (59.9%) participants reported
using NSAIDs in the previous 3 months; of these, 25.5%
(n = 50) consumed NSAIDs the day before the race, 17.9%
(n = 35) consumed them immediately before the race and
47.4% (n = 93) consumed them during the race. Of these,
48.5% (n = 95) did not have a medical prescription [58].
An Italian study found that the most declared NSAIDs
used by athletes were ibuprofen (13.8%), diclofenac (12.7%),
aspirin (7.4%), naproxen (6.9%) and other NSAIDs such as
propyphenazone [4]. An observational study undertaken in
Switzerland of competitive mountain bikers, with a followup survey, found that 10% who finished the race consumed
NSAIDs at least once during the competition day (immediately before, during or immediately after the race). A large
majority (79%) of them reported using only ibuprofen, two
individuals reported using diclofenac and one individual
reported using nimesulide. Diclofenac was used before and
after the competition, whereas nimesulide was used during
the competition [38]. Excessive dosages of NSAIDs were
also noted in an Australian survey of physiotherapy patients
[75].
3.2.2 Non‑and Extra‑Medical Use in the General Population
Evidence for non-medical use of NSAIDs dates back to
1966 in the literature [8], and a recent German study

included NSAIDs in its analysis of harms associated with
drugs with addictive potential [31]. This review found
that the majority of NSAID use in the general population
was unsupervised and therefore created an opportunity
for overdose, despite high levels of awareness around the
abuse potential of analgesics in general found in one study
[70]. A mixed-methods study looking at excessive use and
overdose in pharmacy recipients of OTC medicines found
that a combination analgesic containing ibuprofen and
codeine was one of the top three specific products most
frequently associated with non-/extra-medical use [10],
although this is likely to be attributable to the codeine
ingredient. The majority of NSAID overdoses are asymptomatic, which poses a serious risk to people who use
NSAIDs in higher doses or more frequently than recommended [35]. Use of NSAIDs for over 7 consecutive days
and in doses larger than recommended (e.g. Davis and
Robson [9]) was noted in the general population in the
majority of the studies reviewed. Moreover, a survey in
Jordan found that, where patients used NSAIDs under the
supervision of a pharmacist, patients’ awareness regarding safe use remained low, and the pharmacist’s role in
advising in this regard was said to be inadequately performed [17]. Of the total number of overdose cases studied in Northern Ireland, 6.8% involved aspirin and 3.2%
involved ibuprofen, each either on its own or combined
with other drugs [71].
A survey conducted in Yemen found that 57.7% of pharmacists suspected excessive NSAID use in their customers. Ketoprofen (an NSAID) was named amongst the drugs
most commonly ‘abused’. Most pharmacists (83.3%) noticed
an increase in such excessive use. Despite this knowledge,
some pharmacists were afraid not to dispense the drugs
because customers carried weapons [21]. These findings
were supported in a qualitative study in the same region
[36]. In Nigeria, 74% of a survey sample population sourced
their NSAIDs from legitimate pharmaceutical outlets with
poor dispensing practices. The majority (79%) of these
individuals had clinical conditions likely to be worsened by
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extra-medical NSAID use, whereas over 23% ingested more
than two different NSAIDs at a time [66]. An Indian mixedmethods study found that 49% of patients did not follow the
regimen and continued consuming NSAIDs of their own
accord [50]. In Pakistan, use of NSAIDs without prescription was common, and a survey found that the most commonly used NSAID was mefenamic acid (n = 191 [40.8%]).
Awareness around potential toxicity was very low [47].
A large number (63%) of 1750 respondents in a US
household survey reported NSAID use within the previous
12 months. NSAIDs were not well recognized by generic or
brand names, and many respondents were unaware or unconcerned about potential harms. A total of 19% reported using
more than the recommended dose, and 24% reported using
multiple NSAIDs together at the same time. Overall, NSAID
use appears to have increased in the USA since 2002 [48]. A
US report found that, of 1326 people who used ibuprofen,
11% exceeded the daily limit and 4% exceeded the recommended maximum daily dose for other NSAIDs. Patients
who have confidence in their own judgement of what correct dose to take have greater odds of exceeding the daily
limit [20].
A Polish survey found that 57% of OTC medicines bought
by Polish consumers were analgesics, including NSAIDs.
Although the majority of participants understood the harms
of misusing NSAIDs, many disadvantageous behaviours
were observed, such as not adhering to label instructions
[45]. Another survey of university students conducted in
Poland found that over 77% of the respondents confirmed
that they used NSAIDs. Knowledge about the dangers associated with the use of NSAIDs was low. Use for longer periods of time than recommended was noted, and five individuals reported having a psychological dependence upon
NSAIDs [52].
An Australian survey found that dental patients who used
NSAIDs reported using ibuprofen (37%), acetaminophen
(27%), acetaminophen/aspirin combination product (8%),
naproxen (8%) and aspirin (4%) [67].
Interestingly, abuse of topically applied NSAIDs emerged
as a theme from a scoping review conducted in Jordan,
including a case series of five males and six females with
corneal melting associated with misuse and abuse of topical
NSAIDs and three cases of corneal melting following topical
use of NSAIDs [41].
An experimental study conducted in India also found that
members of the general population may have been consuming NSAIDs unknowingly. This was discovered through the
development of a liquid chromatography-mass spectrometry
time-of-flight-based strategy to detect herbal products adulterated with steroids and NSAIDs. This was applied to 58
such products in India; ten were found to contain diclofenac
as a synthetic adulterant, and all had been dispensed by practitioners of alternative medicines [63].

3.2.3 Extra‑Medical Use in Medical Patients
In patients using NSAIDs that were legitimately prescribed
for medical conditions, excessive or extra-medical use was
also noted in many of the reviewed studies. One clinical
case series in the USA documented five cases where pain
had actually increased through overuse of NSAIDs and was
alleviated when NSAID consumption was discontinued.
The NSAIDs documented in these cases were ibuprofen,
Naprosyn and Toradol [78]. Another clinical case series
documented in Australia found that three patients of 27 had
hypokalaemia, and one patient required dialysis associated
with use of high doses of NSAIDs such as ibuprofen [61].
Several clinical case presentations linked extra-medical use of NSAIDs with complications. In the USA, a
48-year-old previously healthy woman presented with
medical diffuse myalgias and severe generalized weakness of all extremities and polyuria for a few weeks. The
patient revealed that she had been taking about 20 tablets of ibuprofen daily for the last 3 months to control her
ankle pain [11]. Also in the USA, a 58-year-old female
living with HIV met DSM-V criteria for moderate substance use disorder with regards to NSAIDs [42]. In the
UK, a 49-year-old man presented with epigastric discomfort, vomiting, lethargy and weakness. He denied use of
the ibuprofen + codeine combination. Once discharged,
he was subsequently resubmitted, once with a psychotic
episode. The patient’s general practitioner confirmed the
abuse of the ibuprofen + codeine combination of at least
24 tablets on a number of occasions and a report of tablets
concealed in an unmarked bottle at his bedside. Ibuprofen + codeine combination misuse was determined as the
cause of his recurrent hypokalaemia episodes [73]. In Serbia, a 17-year-old male presented with moderate low back
pain. Haematuria, eosinophilia and decreased creatinine
clearance were detected and attributed to NSAID toxicity [39]. In Australia, a 39-year-old man presented after a
3-day binge of ibuprofen + codeine combination tablets
and caffeinated energy drink with profound hypokalaemia attributed to ibuprofen-mediated type 2 renal acidosis
combined with the effects of caffeine [62].
Other types of studies confirmed extra-medical use
amongst medical patients. A mixed-methods study of
patients with chronic pain using an algorithm called the
Abuse Index determined that, after 12 months, 2.5% of
people using NSAIDs were misusing. This meant that
people were using more than prescribed and experiencing withdrawals and an inability to stop use [69]. A study
based on DSM-IV-Text Revision (TR) criteria conducted
in Germany with 400 patients found that 28 (7%) fulfilled
the criteria for non-opioid analgesic (including NSAIDs)
dependence: 24 patients were currently dependent and
four were in remission. All patients showed tolerance
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and/or withdrawal symptoms. NSAIDs were involved in
the majority of cases (n = 25 [89.3%]) [33]. One Turkish study found that NSAID use was significant among
patients with gastric perforation. Only nine of 60 (20.0%)
patients had sourced their NSAIDs through a prescription [34]. A Maiduguri survey found that several patients
with peptic ulcer were using NSAIDs indiscriminately and
lacked knowledge of their potential to worsen their health.
The NSAIDs misused were ibuprofen (19.0%), piroxicam
(3.4%), diclofenac (14.8%), naproxen (1.11%), acetylsalicylic acid (3.0%) and ketoprofen (1.3%) [19]. A similar
finding was presented in a 2011 study of patients with
chronic conditions contradictory to the use of NSAIDs
who were using NSAIDs in a manner that might worsen
their condition [59].
A narrative review conducted in the USA found that older
adults were particularly at risk from harms caused by excessive use of NSAIDs because of underlying health conditions
and larger repertoires of other prescribed medications. Many
older patients did not adhere to the recommendations on
the OTC medication labels. If misused, NSAIDs can cause
congestive heart failure in older adults [18]. The risk of
NSAID harm almost doubles with every decade of age after
55 years, and the majority of patients have painless bleeding.
Ketorolac is said to present a higher risk than ibuprofen in
older adults [40]. Of concern is that, according to a report
in Manitoba, Canada, 75–80% of patients (approximately
16,500) received inappropriate and long-term NSAID prescriptions, particularly older adults, females, people living
in rural areas and people with lower incomes [72].
3.2.4 Non‑Medical Use in People with Mental Health
Issues/Problematic Use of Other Drugs
We included some clinical case presentation data to suggest
that people experiencing mental health issues or problematic
use of other drugs may also be at risk of non-medical use
of NSAIDs. In the UK, a 28-year-old female presented with
weakness, vomiting and a history of mental health issues.
Excessive dosing of NSAIDs was disclosed [74]. In France,
a 17-year-old patient with a history of mental health issues
presented with many ibuprofen-dependence symptoms.
After being prescribed ibuprofen for pain, she progressively
increased the dosage from 400 mg four times daily to 400 mg
eight times daily. During the treatment, she developed withdrawal symptoms [51]. Additionally, in Australia, a 34-yearold woman in the third trimester of pregnancy presented
with type 1 or distal renal tubular acidosis, acute-on-chronic
renal dysfunction and hypokalaemia related to ibuprofen
and codeine abuse. Some renal dysfunction continued after
cessation of use and the delivery of the baby. Consensual
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urinary drug screening detected benzodiazepines, cannabis
metabolites, amphetamine-like substances, methadone and
opiates [57]. Most of the people who used analgesics studied
in Yemen also used khat (Catha edulis Forsk.) [21, 36], a
plant drug traditionally used by various peoples of the Horn
of Africa, Yemen and the international diaspora populations
of these cultures. It is considered a central nervous system
(CNS)-stimulant drug as it contains phenylalkylamines (such
as cathine, cathinone and norephedrine), which bear close
structural resemblance to the neurotransmitters dopamine
and norepinephrine and are of greatest importance to the
stimulant activity of khat [81].

3.3 Theme 2: Antecedents for Non‑Medical
or Extra‑Medical Use
In the reviewed studies that referred to the use of NSAIDs
in the athletic community, motivators for use included the
following: to mask symptoms that are a natural consequence
of training adaptation, such as myalgia [44]; to prevent pain
so exercise can continue [6, 30, 38, 44, 60]; to decrease
pain, fatigue and cramping and improve performance [76];
to treat injuries [38, 58]; to treat pain or swelling or to “play
through” an injury [16, 38]; to obtain better relaxation and
sleep after the race; and to reduce muscle inflammation or
to treat a cold [38].
In medical patients, motivations or causal factors for
extra-medical use documented included poor practitioner
patient counselling, co-morbid diseases and lack of patient
awareness of the impact of NSAID use in influencing the
course of their disease progression [19]. This same study
posited other contributory factors to extra-medical use of
NSAIDs as including the unavailability of patients’ medication records or poor retrieval systems and consulting
multiple physicians, thereby increasing the chances for
poly-pharmacy.
The reviewed studies indicated that, in the general population, non-medical use was motivated by achieving a
euphoric state or ‘high’ [42, 51, 74, 79]; relieving tiredness,
stress or discomfort; curing hangovers or replacing other
medications [45]; and relieving headache, abdominal pains
and pain associated with menstruation [52]. Limited health
literacy is associated with misuse of OTC NSAIDs through
lack of understanding of correct dosing and adverse health
outcomes [32]. A US survey found that people with low
levels of education were significantly less likely to use the
NSAID safely or to seek medical assistance [1]. It has also
been reported that many older patients also did not adhere
to the recommendations on labels of the OTC medications
[18].

A scoping review of non-medical and extra-medical use of NSAIDs

3.4 Theme 3: Adverse Health Effects of Non‑Medical
and Extra‑Medical Use of NSAIDs
Current evidence as collated by this review is that nonmedical and extra-medical use of NSAIDs poses significant
health risks for individuals. A range of adverse health consequences were described, including nephrotoxicity (acute
renal failure and acute interstitial nephritis) [74]; damage to
the renal system; asthma exacerbation; gastrointestinal problems [14, 49, 60, 75]; hypertension and other cardiovascular
diseases [38]; gastric erosions and ulceration; chronic gastritis; renal necrosis and disease; hepatocyte necrosis [54]; type
1 respiratory failure [5]; oliguria/anuria and gastric bleeds
[15]; recurrent hypokalaemia episodes [57, 73]; withdrawal
symptoms [51]; haematuria, eosinophilia and decreased creatinine clearance [39].
The majority of NSAID overdoses are asymptomatic,
which poses a serious risk to people who use NSAIDs
excessively without experiencing any noticeable adverse
outcomes [35]. One example was found in a mixed-methods
study in India, where, although 49% of patients did not follow the prescribed regimen, the majority of the adverse drug
effects reported were mild to moderate in nature, with no
serious reactions [50]. Moreover, a South African survey
of triathletes found that the only symptoms reported were
gastrointestinal [58]. This is despite evidence that NSAID
use during athletic events poses major risks, including the
development of renal complications and exercise-associated
hyponatraemia. The South African National Kidney Foundation estimates that 10% of kidney failure is associated with
NSAID overuse [55]. Of concern is a study in Jordan which
found that the highest incidence of drug overdoses was in
children 5 years old and younger [46].
NSAIDs pose a particular risk to older adults and can
cause congestive heart failure if misused [18]. All NSAIDs
increase the risk of gastrointestinal bleeding, myocardial
infarction and stroke in patients aged >65 years [9]. One of
the side effects reported with the chronic use of analgesics,
including NSAIDs is the development of analgesic headache
or, as it is sometimes called, analgesic overuse headache
[53, 77]. The mechanism of analgesic overuse headache is
still unknown. However, some authors have suggested an
inter-dose withdrawal phenomenon [80, 82] or increase in
serotonin levels and upregulation of serotonin receptors in
the frontal cortex, which subsequently increase sensitivity
to pain [77].

4 Discussion
To our knowledge, this is the first large-scale mapping exercise to determine the nature and extent of research on nonmedical and extra-medical use of NSAIDs. The countries
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profiled were widespread and included France, the USA,
South Africa, Netherlands, Australia, Canada, Greece, Germany, Turkey, Yemen, Spain, Switzerland, Serbia, Ireland,
Jordan, Poland, Amman, Pakistan, the UK, Nigeria, Italy,
India and Northern Ireland. The accumulated evidence
across the reviewed studies suggests non-/extra-medical use
of NSAIDs has increased over time.
There is a substantial body of literature related to the
non-medical and extra-medical use of NSAIDs in athletic
populations. In total, 14 studies were relevant to NSAID
use in a wide range of athletes, including mountain bikers
[38], student athletes [16, 76], endurance runners [43, 55],
elite and non-elite athletes [14, 15, 58, 64], recreational runners [83] and elite footballers [6, 44], in addition to people
identified as using anabolic androgenic steroids [4]. Overall,
these studies reveal common and at times systematic use,
with usage above the recommended dose not unusual and
ibuprofen the NSAID used most frequently. For instance,
in a study of 149 Irish student athletes, 94% reported using
NSAIDs in the past, with 63.8% previously using them
before or after competition and/or practice; 13.9% took more
than the recommended dosage, and this was higher (22.9%)
for OTC NSAIDs. Similar findings have been reported in
professional football, with NSAIDs being the most used
medication at the 2014 World Cup, with 54.2% of all players using them. Thus, the high prevalence of use seems to
span both team and individual sports at both amateur and
professional levels.
The reviewed studies also provide insight into the dominant motivations for NSAID use in athletic populations.
Whilst these predominantly centre on pain management,
various approaches to pain management are apparent. Specifically, some athletes use NSAIDs in response to an injury,
others use them to manage pain from an existing injury and
others use them as a prophylactic against anticipated pain
or discomfort [6, 14, 43, 60]. Thus, whilst NSAID use to
manage or in response to injury may be considered performance-enabling motivations, use to offset anticipated pain
or discomfort represents a performance-enhancing motivation. Prophylactic use of NSAIDs appears to be common in
team [6, 84] and endurance [55, 83, 85] sports. For teamsport athletes, frequent users of NSAIDs do so because they
believe they facilitate performance by blocking pain before
it occurs. For endurance athletes, there is an apparent belief
that using NSAIDs can enhance performance by allowing a
higher intensity to be achieved without experiencing greater
discomfort, or the same intensity can be maintained with
reduced discomfort. Such use is in spite of the limited evidence for the efficacy of NSAIDs to help manage pain prophylactically [86]; therefore, no clear justification exists for
such use [15].
There is also evidence for a lack of awareness and/
or understanding of the risk of deleterious health effects
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stemming from NSAID use in athletic populations that may
help explain the patterns of NSAID use reported. Such risks
include gastric and renal side effects [86], as well as facilitating the development of exercise-associated hyponatremia
[87]. For instance, poor knowledge of the side effects and
dangers associated with NSAID use have been identified
in student athletes [16], endurance runners [43, 85], professional footballers [15] and recreational runners [83].
Another possible explanation stems from the incremental
model of doping behaviour and relates to the motivation to
enhance performance [79]. This model describes a sequence
of behavioural adaptations that occurs in response to the
increasing demands of sport as one progresses from recreational sport towards elite competition. These adaptations
advance from taking conscious control over one’s diet and
lifestyle through to use of prohibited substances and methods (i.e. doping). Interestingly, the use of prescribed and
OTC medications is included in the model, being situated
immediately prior to doping in the sequence of behavioural
adaptations. Thus, the frequent reporting of prophylactic
use of NSAIDs in the current review offers some support
for athletes adopting NSAID use as a way to cope with the
demands of high-level competitive sport. The limited understanding and awareness of possible harmful health effects of
NSAID use seen in many athletes could potentially increase
the likelihood of athletes adopting such strategies.
Similarly, amongst sections of the general population,
there is a distinct lack of appreciation of the potential deleterious effects of NSAIDs. NSAIDs are ubiquitous within
society, with their ease of availability influencing the commonly held belief that they are intrinsically benign. There
is some evidence that the lack of knowledge amongst those
engaging in inadvertent extra-medical use of NSAIDs may,
at least in part, be attributed to a lack of effective communication by some health professionals [17, 21, 75].
However, inappropriate use of NSAIDs within the general
population appears commonplace regardless of healthcare
system, geographical region or level of national income.
The drugs of use vary according to the specific licensing
of products and their availability. However, all countries
that have been studied have a high level of commonality.
A key feature of extra-medical use of NSAIDs is the fact
that acute overdose is often asymptomatic, reinforcing the
belief that the effects are harmless regardless of dosage or
frequency of self-administration. This may influence the
individual, leading to the chronic, repeated extra-medical
use with the potential for damage to multiple organs and
systems.
The issues related to the inappropriate use of NSAIDs
are not restricted to one section of the population. However,
high levels within older populations raise specific concerns
regarding the impact of high dosages and prolonged use of
NSAIDs within the elderly. Older populations are potentially
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more vulnerable to the adverse effects of these drugs, with
risks of untoward consequences being much higher amongst
those whose NSAID use may be just one of a cocktail of prescribed drugs and OTC preparations [33]. Younger people
have also been highlighted as an at-risk population, with
high levels of use amongst students identified [16, 52].
While the predominant reasons for extra-medical use of
NSAIDs within sports participants may be classified as the
management of inflammation and pain, either prophylactically or in the treatment of actual pain, the rationale for use
outside the sporting arena is less clear. Examples exist of
rationales supporting the use of NSAIDs, for example, the
management of adverse effects associated with prolonged
and regular use of khat [21]. However, the motivation(s) for
many users of NSAIDs is not understood. Wójta-Kempa and
Krzyżanowski [45] included explanations of extra-medical
use in terms of relieving stress, tiredness and discomfort,
highlighting the need for improved education, particularly
for those with low health literacy [32]. Further evidence of
this need for improved education of the general population
and training for health practitioners in delivering effective
advice regarding NSAIDs can be seen in research from
the USA [48]. Results showed high levels of use of multiple concomitant NSAIDs and commonly held beliefs that
higher doses were more effective. Overall, appreciation of
the potential adverse consequences of high dosages and/or
prolonged use of these drugs is low, and understanding of
how NSAIDs should be used effectively, in relation to both
the frequency of use and the maximum dosage, is missing.
A common feature across many of the studies was the
widely held belief that because a product can be obtained
without a prescription and purchased OTC, it does not
pose any significant threat to health. Therefore, there is
no necessity to read the accompanying safety leaflet, and
the drug’s administration in relation to both dosage and
frequency is at the discretion of the individual. There is
a clear need to change this mindset within sections of
the population and to alter the beliefs about and attitudes
towards OTC medications.

4.1 Limitations
The current review was conducted within the scoping
review framework so is limited to a broad summary of the
key areas of research relevant to non-medical and extramedical use of NSAIDs. As such, it was beyond the scope
of this work to provide specific insight into any one aspect
of the extant literature on this topic. This also means we
did not include an assessment of bias or the quality of the
studies within our review. Future researchers may conduct
one or more systematic reviews to address such issues.
Also, as our review was limited to ‘English language only’
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searches, it is possible we missed some relevant studies
published in non-English outlets. It may be worthwhile
in the future trying to identify relevant non-English publications that can add further to our understanding of this
topic.

2.

5 Conclusion
To our knowledge, this is the first large-scale mapping
exercise to determine the nature and extent of research on
non-medical and extra-medical use of NSAIDs. Emergent
themes indicate a need for enhanced patient education,
including among sports people; pharmacovigilance in
terms of clinician recognition of aberrance; and prescriber
and pharmacist awareness of the potential for extra-medical use and the related health harms.
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