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Abstract

Background Non-steroidal anti-inflammatory drugs (NSAIDs)
are widely used in the elderly. NSAIDs may cause a series
of adverse drug reactions, of which gastrointestinal,
renovascular/cardiovascular and bleeding complications
are of particular concern. Concomitant use of several other
drugs may further increase the risk of these adverse effects.
Objective To examine the extent of chronic use of NSAIDs
and co-prescription of drugs which may seriously interact
with NSAIDs in elderly subjects, by using data from the
Norwegian Prescription Database.

Results A total of 7.3% of all individuals (71,681/984,457)
over 60 years of age filled at least one prescription for
reimbursed NSAIDs during the 1-year study period (2006).
Co-prescription of medications which may interact with
NSAIDs was prevalent for drugs used for hypertension and/
or heart failure (59.5%), antithrombotic drugs (35.1%),
systemic glucocorticoids (12.9%) and SSRI antidepressants
(8.3%). As many as 4.8 and 3.8% of NSAID users were co-
prescribed warfarin or oral methotrexate respectively.
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Introduction

Non-steroidal anti-inflammatory drugs (NSAIDs) are wide-
ly used, in particular by the elderly. By inhibiting
prostanoid and thromboxane synthesis, NSAIDs interfere
with essential regulatory mechanisms and may cause a
series of adverse events, either induced by the NSAID
acting alone or in concert with other, and thus interacting,
drugs. The most important adverse events associated with
NSAID use are gastrointestinal complications, including
ulcers and bleeding [1, 2], and renovascular/cardiovascular
reactions with fluid retention and in some cases deteriorated
renal function, resulting in elevated blood pressure and an
increased risk for heart failure [3—6]. NSAIDs also affect
coagulation and blood vessel homeostasis with an ensuing
propensity for either bleeding or thromboembolic compli-
cations [7]. The old and infirm are disproportionally over-
represented as far as all of these complications are
concerned [1-7].

Concomitant use of drugs which alter the risk of
gastric ulceration and/or bleeding [gastroprotective
agents, antithrombotic drugs, selective serotonin reup-
take inhibitors (SSRIs), systemic glucocorticoids], drugs
used for hypertension and/or congestive heart failure
agents [digitalis glycosides, diuretics, beta blockers,
calcium antagonists, angiotensin converting enzyme

@ Springer



824

Eur J Clin Pharmacol (2010) 66:823—-829

(ACE) inhibitors and angiotensin II receptor antagonists]
and potentially toxic drugs which are critically depen-
dent on intact renal function for their elimination
(methotrexate, lithium) may modify the risks involved
[8]. The aim of this study was to explore the extent of
chronic use of NSAIDs and the frequency of co-
prescription of potentially interacting drugs in subjects
aged 60 years or older.

Materials and methods
Prescription database

The Norwegian Prescription Database (NorPD) is a record of
all prescriptions filled by individual patients outside institu-
tions from January 1, 2004, and covers the entire Norwegian
population of approx. 4.7 million inhabitants [9]. NSAID
prescriptions are reimbursed by the government when used
for chronic (duration >3 months annually) gout, rheumatoid
arthritis, ankylosing spondylitis (Bekhterev’s disease) and
severe forms of cox- and gonarthrosis; these prescriptions
can be specifically identified in the database by drug
reimbursement codes.

The data collected from NorPD and used in this study
included unique patient identifiers (encrypted), age,
dispensing date and drug information, including the code
according to the Anatomical Therapeutic Chemical (ATC)
classification system, the defined daily dose (DDD) and
the appropriate drug reimbursement code. For this study,
the ATC/DDD version valid from 2009 was used [10].

Study population

All subjects born in 1946 or before who during 2006
received at least one reimbursed (i.e., having a treatment
duration of at least 3 months) oral NSAID prescribed for
either chronic gout (reimbursement code 3), rheumatoid
arthritis or ankylosing spondylitis (code 17) or cox- or
gonarthrosis (code 35) were included in the study. The
drugs defined as NSAIDs were those belonging to ATC
group MOIA excluding MO1A X, which encompasses
glucosamine (which is not an NSAID) and nabumetone
(which was negligibly used). By 2006, the selective
COX-2 inhibitors had been omitted from the Norwegian
reimbursement regime. In addition we retrieved informa-
tion on all the other drugs these subjects had received
during the same year. Individuals having at least one
prescription for any of the potentially interacting agents
dispensed from the pharmacy during 2006 were included
in further analysis. These drugs were chosen on the basis
of the possible significance of the interactions with
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NSAIDs [8].
included:

The following groups and agents were

* Gastroprotective drugs

Histamine H, receptor antagonists (ATC group A02B A)
Misoprostol (ATC group A02B B)
Proton pump inhibitors (ATC group A02B C)

* Antithrombotic drugs

Warfarin (ATC code BO1A A03)

Clopidogrel (ATC code BO1A C04)

Ticlopidine (ATC code BO1A CO05)

Acetylsalicylic acid, low dose (ATC code BO1A C06)
Dipyridamole (ATC code BO1A CO07)

* Drugs used for hypertension and/or congestive heart
failure

Digitalis glycosides (ATC group CO1A A)

Thiazide diuretics (ATC group C03A)

Loop diuretics (ATC group C03C)

Beta blockers, including combination preparations
(ATC group C07)

Calcium antagonists (ATC group CO08)

ACE inhibitors and angiotensin II receptor antagonists,
including combination preparations (ATC group C09)

Glucocorticoids for systemic use (ATC group HO2A B)
Methotrexate, tablets (ATC code LO4A X03)

Lithium (ATC code NOSA NO1)

SSRI antidepressants (ATC group NO6A B)

If a subject received an NSAID which was reimbursed in
accordance with one of the reimbursement codes listed
above, she or he was considered to be a chronic NSAID
user. At least one co-prescription of any of the potentially
interacting drugs during 2006 was interpreted as co-
administration of the drugs in question. Patients with an
incomplete person identifier represented <1% of prescrip-
tions of interest and were excluded from further analysis.

Statistical comparisons were performed using chi-
squared tests. When various age groups were compared,
chi-squared tests for trend were applied. P values less than
0.05 were considered statistically significant.

Results

The number of individuals >60 years of age prescribed
NSAIDs for chronic gout, rheumatoid arthritis/ankylosing
spondylitis and/or severe cox- and gonarthrosis amounted to
71,681, corresponding to 7.3% of the total population of
984,457 of this age. In the age groups 60—69, 70-79 and
>80 years, the proportions were 7.6, 7.9 and 5.9% respectively.



Eur J Clin Pharmacol (2010) 66:823-829

825

The median and mean numbers of DDDs of NSAIDs
dispensed to the 71,681 chronic users during 2006 were 133
and 179 respectively. Of all users, 22,944 (32.0%) received
90 DDDs or less, 20,259 (28.3%) received 91-180 DDDs,
11,794 (16.5%) received 181-270 DDDs, 7,414 (10.3%)
received 271-360 DDDs and 9,271 (12.9%) received more
that 360 DDDs during the year. Using co-prescription of
warfarin (ATC code BO1A A03), low dose acetylsalicylic
acid (ATC code BO1A C06) and ACE inhibitors and
angiotensin II receptor antagonists (ATC group C09) as
sentinels, we found no major differences in the distribution
of annual NSAID use in DDDs as a function of whether the
patients had received co-prescribed interacting drugs or not
(data not shown).

The degree of co-prescription of potentially interacting
agents is shown in Table 1. Co-prescription was prevalent
for gastroprotective drugs, antithrombotic drugs and drugs
used for hypertension and/or congestive heart failure,
whereas systemic glucocorticoids, methotrexate, SSRIs
and lithium were co-prescribed to a lower degree.

Gastrointestinal safety and co-prescription

Antithrombotic medication was prescribed to 35.1% of
chronic NSAID users 60 years or older (Table 1). The two
drugs most widely used concomitantly were acetylsalicylic
acid and warfarin, which were prescribed to 28.4 and 4.8%
of the NSAID users respectively (Table 2). Clopidogrel,
ticlopidine and dipyridamole were used by <2% each. The
frequency of co-prescription of antithrombotic medication
increased significantly with age (P<0.001) (Table 1, Fig. 1).

Of the patients prescribed NSAIDs, 12.9 and 8.3% were
also prescribed a systemic glucocorticoid or an SSRI
antidepressant drug respectively (Table 1).

In total, 20.6% filled prescriptions for a gastroprotective
drug, either a proton pump inhibitor (16.9%) or a histamin H,
receptor antagonist (4.7%). Although the use of antithrom-
botic drugs increased with age, this pattern was not found for
the prescription of gastroprotective medications (Fig. 1).

Cardiovascular safety and co-prescription

Prescription of drugs which lower blood pressure or are
used to treat congestive heart failure was highly prevalent,
with a total co-prescription rate of 59.5% (Table 1).
Notably, the use increased considerably with age, from
50.9% in the age group 60-69 years, to 72.4% in the age
group 80 years and above (P<0.001). The drugs most often
used in concert with NSAIDs were ACE inhibitors/
angiotensin II receptor antagonists (36.4%), beta blockers
(28.0%), calcium antagonists (19.5%) and loop diuretics
(15.6%). Thiazide diuretics and digitalis glycosides were
prescribed to 4.8 and 2.3% respectively (Table 3).

We separately analysed the frequency of co-prescription
of cardiovascular agents in our group of NSAID users
compared to the rest of the population in the same age group.
With the exception of digitalis glycosides, the NSAID users
were significantly overrepresented as far as co-prescribed
cardiovascular drugs were concerned (Table 4).

Methotrexate and lithium

Oral methotrexate was prescribed to 3.8% of our group of
presumably chronic NSAID users aged 60 or above. Just
204 individuals (i.e., 0.3%) were prescribed lithium, and
121 of these were in the 60—69 years age group (Table 1).

Discussion

The study population comprised patients aged 60 years or
above who had at least one reimbursed prescription of
NSAIDs for either cox- or gonarthrosis, rheumatoid
arthritis/alkylosing spondylitis or chronic gout, dispensed
at Norwegian pharmacies during 2006. Since less than half
of the NSAID use in a community, irrespective of age, is
related to arthritic conditions [1], our study population
represents a minority as far as NSAID users in general are
concerned. However, the risk of gastrointestinal [1, 2],

Table 1 Number of chronic NSAID users who received at least one prescription of a potentially interacting drug

Age (years) 60-69 70-79 80 and above Total

Total number of chronic NSAID users 34,175 23,162 14,344 71,681
Gastroprotective drugs (%) 6,784 (19.9) 5,000 (21.6) 3,008 (21.0) 14,792 (20.6)
Antithrombotic drugs (%) 9,053 (26.5) 9,302 (40.2) 6,803 (47.4) 25,158 (35.1)
Drugs for hypertension/congestive heart failure (%) 17,399 (50.9) 14,877 (64.2) 10,387 (72.4) 42,663 (59.5)
Systemic glucocorticoids (%) 4,264 (12.5) 3,203 (13.8) 1,805 (12.6) 9,272 (12.9)
Oral methotrexate (%) 1,742 (5.1) 790 (3.4) 219 (1.5) 2,751 (3.8)
Lithium (%) 121 (0.4) 63 (0.3) 20 (0.1) 204 (0.3)
SSRI antidepressants (%) 2,708 (7.9) 1,838 (7.9) 1,369 (9.5) 5,915 (8.3)
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Table 2 Number of chronic
NSAID users who received at
least one prescription of a

potentially interacting
antithrombotic drug

Age (years) 60-69 70-79 80 and above  Total

Total number of chronic NSAID users 34,175 23,162 14,344 71,681
Warfarin (%) 921 (2.7) 1,399 (6.0) 1,119 (7.8) 3,439 (4.8)
Clopidogrel (%) 440 (1.3) 404 (1.7) 238 (1.7) 1082 (1.5)
Ticlopidine (%) 9 (0.03) 7 (0.03) 9 (0.06) 25 (0.03)
Acetylsalisylic acid (%) 7,377 (21.6) 7,459 (32.2) 5,528 (38.5) 20,364 (28.4)
Dipyridamole (%) 240 (0.7) 289 (1.2) 240 (1.7) 769 (1.1)

cardiovascular [3—5] and renovascular [6] adverse events
associated with NSAID use increases massively as a
function of age [1-7], and drug interactions are clearly a
more common problem in advanced age. The study
population thus represents the relevant age group. Reim-
bursement criteria for all NSAID prescriptions in the
current analysis include chronicity in the sense that patients
must require drug therapy over a period exceeding 3 months
per year. Assuming that one DDD corresponds to an
average daily dose, 1/3 of patients in our cohort were
dispensed NSAIDs corresponding to up to 3 months of
treatment and about 40% were dispensed NSAIDs
corresponding to a treatment period of 6 months or more.
As far as ascertained, there were no major differences
between amounts of NSAID prescribed to patients given
the potentially interacting drugs and patients not co-
prescribed such drugs. Thus, the population largely meets
the requirement of being chronic NSAID users. It is also
important to notice that data on drugs given to patients in
health institutions are not available at the individual level in
the NorPD. Thus, we have probably underestimated the
number of users, particularly among individuals of ad-
vanced age, where an increasing proportion will be
institutionalised.

70
60 —— Antithrombotic drugs
—a&— Gastroprotective drugs
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Fig. 1 Changes in the co-prescription frequency of gastroprotective
and antithrombotic drugs with increasing age in chronic NSAID users.
Chi-squared test for trend: P<0.001 for antithrombotic drugs
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In addition, we only know that the prescriptions have
been filled at the pharmacies; with the current methodology,
there is no way to ascertain that any of the drugs in question
were actually consumed. Moreover, although the NSAID
and the potentially interacting drug were prescribed during
the same year, we do not know that they were actually used
simultaneously. The amount of NSAIDs dispensed, with a
mean number of DDDs per patient of 179, is nevertheless
considerable. With a few exceptions, most notably gastro-
protective agents and to some extent SSRIs, the potentially
interacting agents are used for chronic conditions. It may
also be argued that the prescription of two or more drugs
with a propensity for serious interactions within the same
time frame nevertheless reflects a potential health hazard
for the patients involved.

We had no access to outcome data such as death or
hospitalisation in our cohort of patients. The facts that
many of the interactions investigated may evade diagnosis
in these patients, that many of the patients are treated
outside of hospitals, and that the rate of autopsies and
postmortem toxicological analyses is low in Norway raise
the additional issue of reliability in outcome data.

The time period for the study (the year 2006) was chosen
because of the assumed heightened awareness about
adverse events associated with use of NSAIDs in general
in the aftermath of the COX-2 inhibitor debacle brought
about by the worldwide withdrawal of rofecoxib (Vioxx) in
late 2004. Thus, it seems reasonable to assume that the
prescriptions have been made by physicians who at least
must have had some notion about NSAID-related safety
issues, and that the data do not reflect a “worst case”
scenario.

Gastrointestinal safety and co-prescription

Gastrointestinal adverse reactions to NSAIDs are reported to
account for in excess of 70,000 hospitalisations and 7,000
deaths in the US [11] and 1,200 deaths from complications
from ulcers in the UK [12] annually. Gastric complications,
including deaths, from NSAIDs are rare in younger
individuals, but increase sharply after the age of 60 [1].
Almost one-third of our cohort of chronic NSAID users
was co-prescribed low-dose acetylsalicylic acid, and ap-
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Table 3 Number (%) of chronic NSAID users who received at least one prescription of a potentially interacting drug used for hypertension or

congestive heart failure

Age (years) 60-69 70-79 80 and above Total

Total number of chronic NSAID users 34,175 23,162 14,344 71,681
Digitalis glycosides (%) 246 (0.7) 557 (2.4) 822 (5.7) 1,625 (2.3)
Thiazides (%) 1,387 (4.1) 1,229 (5.3) 793 (5.5) 3,409 (4.8)
Loop diuretics (%) 2,905 (8.5) 3,701 (16.0) 4,558 (31.8) 11,164 (15.6)
Beta blockers (%) 7,909 (23.1) 7,263 (31.4) 4,884 (34.0) 20,056 (28.0)
Calcium antagonists (%) 5,406 (15.8) 5,014 (21.6) 3,549 (24.7) 13,969 (19.5)
ACE inhibitors and angiotensin II antagonists (%) 11,361 (33.2) 9,174 (39.6) 5,584 (38.9) 26,119 (36.4)

proximately 5% of the patients were co-prescribed warfarin.
Co-administration of acetylsalicylic acid and an NSAID has
been associated with an increased risk for gastric ulceration
in both case control [13] and cohort [14] studies. Warfarin
and a NSAID should only be co-prescribed with extreme
caution, as concluded from a retrospective cohort study
[15]. A more recent case control analysis [16] has
suggested that the risk may be smaller than originally
perceived [15], but this particular drug combination is
nevertheless to be strongly discouraged. Of special concern
in our study group is the fact that the co-prescription of
these drugs increased significantly with age, with almost
8% of the chronic NSAID users >80 years of age being
prescribed warfarin.

About 1/10 of the NSAID-exposed elderly patients were
co-medicated with either an SSRI or a systemic glucocorti-
coid, both of which have been shown to significantly
enhance the risk of upper gastrointestinal toxicity [1, 17].

Prescriptions of gastroprotective medication, most fre-
quently proton pump inhibitors, were given to approxi-
mately 20% of our chronic NSAID users. Whereas
exposure to antithrombotic agents increased with age, this
trend was not seen with gastroprotective agents (Fig. 1).
Further analyses revealed that of the patients co-exposed to
both NSAIDs and warfarin (n=3,439), only 24.0% (n=825)
were given gastroprotective drugs. This seems at odds with
good clinical practice.

Cardiovascular safety and co-prescription

Epidemiological data have shown an association between
NSAID use and hypertension [18, 19], and meta-analyses
of clinical data have confirmed that NSAIDs may increase
blood pressure in both normotensive and hypertensive
individuals [3, 4] and antagonise the effect of antihyper-
tensive drugs [4]. Moreover, several observational studies
suggest an association between the use of NSAIDs and
heart failure [20-25], although there is controversy as to
whether this association relates to the onset or worsening of
the condition.

Almost 60% of the NSAID users in our study population
were co-prescribed drugs used for hypertension and/or
congestive heart failure. A large fraction (28-36%) of
patients filled prescriptions for calcium antagonists, beta
blockers, ACE inhibitors or angiotensin II receptor antag-
onists, whereas as few as 4.8% were prescribed thiazide
diuretics. Moreover, 2.3 and 15.6% were prescribed
digitalis glycosides or loop diuretics respectively, which
amongst other indications may reflect congestive heart
failure. Some of the other co-prescribed drugs (beta block-
ers, ACE inhibitors and angiotensin II receptor antagonists)
are also used in the treatment of heart failure. Data from the
observational investigations cited above [18-25] should, in
our view, be considered a major caveat against the use of
NSAIDs in patients with congestive heart failure. ACE

Table 4 Frequency of use of cardiovascular drugs in chronic NSAID users aged 60 years and above, and in the remaining Norwegian population

in the same age group

Percent use in the Percent use in the rest Relative risk P value

NSAID group of the population (95% confidence interval)
Digitalis glycosides 23 2.9 0.77 (0.73-0.81) <0.001
Thiazides 4.8 3.7 1.29 (1.25-1.34) <0.001
Loop diuretics 15.6 10.8 1.44 (1.41-1.46) <0.001
Beta blockers 28.0 252 1.11 (1.10-1.12) <0.001
Calcium antagonists 19.5 15.0 1.30 (1.28-1.32) <0.001
ACE inhibitors and angiotensin 1l antagonists 36.4 28.6 1.28 (1.26-1.29) <0.001
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inhibitors and angiotensin II receptor antagonists also have
an increased propensity for causing renal dysfunction in
combination with NSAIDs [8].

Data in Table 4 show that the relative risk for the use of
cardiovascular drugs except for digitalis glycosides is
higher in the NSAID group than in the general population
of the same age. NSAID therapy may in itself be a risk
factor for receiving treatment with antihypertensives [18,
19], or NSAIDs may worsen an established state of
hypertension or congestive heart failure and thus increase
the need for pharmacotherapy. However, it must be
emphasised that no consideration is given to duration of
treatment or sequence of and time period between pre-
scriptions filled. Furthermore, our study group includes
only users who received an NSAID in accordance with one
of the reimbursement codes, whereas users who filled non-
reimbursed prescriptions or purchased NSAIDs over the
counter are included in the control group. The relative risk
for exposure to cardiovascular drugs among NSAID users
may thus be even more pronounced than calculated.

Methotrexate and lithium

Although the detailed mechanism(s) remain subject to
speculation, the interactions between NSAIDs on one hand
and lithium or methotrexate on the other are well
established [8]. In both instances, co-medication may lead
to accumulation of the latter compounds and enhanced
lithium or methotrexate toxicity. As both of these drugs
display renal toxicities, have narrow therapeutic indices and
are cleared by the kidneys, these interactions may precip-
itate a “vicious circle” with rapid deterioration and,
occasionally, fatal outcomes. Elderly patients, and particu-
larly individuals with an already compromised renal
function, appear to be especially at risk. In our study
group, the co-prescription of NSAIDs and methotrexate
was relatively frequent, as would be expected from the
overlapping indications for these drugs, whereas NSAIDs
and lithium were not often used concomitantly.

Conclusion

In our study group, which included all Norwegians aged 60
or above prescribed chronic NSAID therapy for gout,
rheumatoid arthritis, ankylosing spondylitis or cox- and
gonarthrosis in primary healthcare, there was a high
incidence of co-prescriptions of potentially interacting
drugs. Antithrombotic drugs, drugs used for hypertension
and congestive heart failure, SSRIs, glucocorticoids and
oral methotrexate were all frequently co-prescribed to the
elderly NSAID users. In particular, it is noteworthy that as
many as 5% of the patients were prescribed an NSAID and
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warfarin within the same time frame. Monotherapy with
NSAIDs may confer serious toxicities, and the elderly—
and especially infirm individuals with compromised car-
diovascular and renal function—are particularly at risk. On
the other hand, available data suggest that NSAIDs are not
very effective when used in chronic conditions. For
example, a meta-analysis of NSAIDs in gonarthrosis
suggested that a majority of individuals would be unable
to discern the effect of NSAID therapy from that of placebo
[26]. This raises the worrying possibility that for many old
and chronic users, NSAIDs actually do more harm than
good. When these drugs in addition are co-prescribed with
other agents that in combination can cause severe and
possibly life-threatening interactions, the assumed benefit
may further deteriorate. Although we did not have access to
outcome data in the present study, our results suggest that
co-prescription of NSAIDs and interacting drugs in the
elderly constitutes a major problem. Improved educational
initiatives directed towards prescribers and enhanced
vigilance during all stages of prescription handling may
improve this state.
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