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• Low-dose aspirin andNSAIDs both increase the risk of serious

upper gastrointestinal events. This risk can be reduced by

concomitant prescription of a gastroprotective agent.

• Various national and international guidelines have

been issued regarding gastroprotective strategies in

high-risk NSAID users, but recommendations on the

prescription of gastroprotective agents in low-dose

WHAT THIS STUDY ADDS
• This study shows that the prescription of

gastroprotective agents is far lower in high-risk low-

dose aspirin users than in high-risk NSAID users,

events in these high-risk groups. Less familiarity with

the recommendations for low-dose aspirin users may

play a role. However, even for NSAID users there is

room for improvement in guideline adherence.

reimbursement policy of proton pump inhibitors had the

clearest visible effect on prescription of gastroprotective

agents in both low-dose aspirin and NSAID users,

demonstrating the influence of such policy measures on

guideline adherence.
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WHAT IS KNOWNABOUT THIS SUBJECT

AIMS
Low-dose aspirin (LDA) and non-steroidal-anti-inflammatory drugs (NSAIDs)
both increase the risk of upper gastrointestinal events (UGIEs). In the
Netherlands, recommendations regarding the prescription of gastroprotective
agents (GPAs) in LDA users were first issued in 2009 in the HARM-Wrestling
consensus. National guidelines on gastroprotective strategies (GPSs) in NSAID
users were issued in the first part of the preceding. The aim of the present study
was to examine time-trends in GPSs in patients initiating LDA and those
initiating NSAIDs between 2000 and 2012.
aspirin users were not issued until more recently.
METHODS
Within a large electronic primary healthcare database, two cohorts were
selected: (i) patients newly prescribed LDA and (ii) patients newly prescribed
NSAIDs between 2000 and 2012. Patients who had been prescribed a GPA in
the previous six months were excluded. For both cohorts, patients’ risk of a
UGIE was classified as low, moderate or high, based on the HARM-Wrestling
consensus, and the presence of an adequate GPSwas determined.
despite a comparable risk of upper gastrointestinal

RESULTS
A total of 37 578 patients were included in the LDA cohort and 352 025 patients in
the NSAID cohort. In both cohorts, an increase in GPSs was observed over time, but
prescription of GPAs was lower in the LDA cohort. By 2012, an adequate GPS was
present in 31.8% of high-risk LDA initiators, vs. 48.0% of high-risk NSAID initiators.
• Of the environmental factors investigated, a change in the
CONCLUSIONS
Despite a comparable risk of UGIEs, GPSs are prescribed less in high-risk LDA
initiators than in high-risk NSAID initiators. For both groups of patients, there is
still room for improvement in guideline adherence.
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Introduction guidelines [20, 21]. With regard to LDA and NSAID
users, various environmental factors may have influ-
Low-dose aspirin (LDA) and non-steroidal anti-inflamma-
tory drugs (NSAIDs) are both widely used in primary
care [1, 2]. They are associated with an increased risk of
serious upper gastrointestinal events (UGIEs), such as ul-
ceration, bleeding and perforation [3–7]. The risk of the
occurrence of a UGIE is influenced by various factors, in-
cluding age, comorbidity and concomitant use of other
ulcerogenic medications [3, 4, 8, 9]. The risk can be re-
duced by concomitant prescription of a gastroprotective
agent (GPA) [10–12]. For NSAIDs, prescription of a cyclo-
oxygenase-2 (COX-2) selective NSAID (coxib) rather than
a non-selective NSAID also helps to lower the risk of a
UGIE [11].

In the last decade, several national and international
guidelines have been developed, aimed at reducing
the number of NSAID-related UGIEs [11, 13, 14]. In the
Netherlands, a multidisciplinary guideline for the preven-
tion of UGIEs in NSAID users was first issued in 2003 [13].
For the prevention of UGIEs in LDA users, however,
national recommendations were issued until 2009, when
the HARM-Wrestling report was published (initially in
Dutch, with a subsequent, definitive version in English)
[15, 16]. This consensus report was issued by a multidisci-
plinary task force, and contained revised recommenda-
tions on the prescription of GPAs in high-risk NSAID
users and new recommendations on the prescription of
GPAs in high-risk LDA users. As LDA is less ulcerogenic
than NSAIDs, risk groups for LDA users were defined
separately, to equate the risk of a UGIE in high-risk LDA
users and high-risk NSAID users. The risk of UGIEs is thus
comparable in high-risk LDA users and high-risk NSAID
users, and both high-risk groups have an equally strong
indication for prescription of a GPA [16].

The implementation of gastroprotective strategies
(GPSs) in high-risk NSAID users has been previously stud-
ied and was found to be around 40–60% in the years
following publication of the first guideline on this topic
in 2003 [17, 18]. However, much less is known about
the prescription of GPAs in high-risk LDA users. As the
HARM-Wrestling consensus defined high-risk users of
LDA in such a way that their risk corresponded as closely
as possible to the risk in high-risk NSAID users, one might
expect the prescription patterns of GPAs to be similar in
both populations.

Many factors are known to play a role in the level of
adherence to guidelines. Firstly, factors relating to
healthcare professionals, such as awareness of a guide-
line and familiarity with its content, are known to play a
role [19]. As guidelines for LDA users are relatively new,
adherence may therefore currently be lower than for
NSAID users.

Secondly, environmental factors such as electronic
decision systems, economic and policy-related factors
have also been demonstrated to affect adherence to
590 / 80:3 / Br J Clin Pharmacol
enced the prescription of GPAs over the last decade:
(i) medication surveillance for drug–drug interactions,
which were introduced at various time points, depend-
ing on the electronic prescribing systems used; (ii) the
introduction of two inspectorate summative indicators
for community pharmacists: one in 2008, measuring
the percentage of NSAID users aged over 70 years re-
ceiving a GPS, and one in 2011, measuring the per-
centage of high-risk LDA users receiving a GPA; (iii)
the availability of cheaper generic proton pump inhib-
itors (PPIs) since March 2002 [22]; (iv) the introduction
of a policy in July 2008 which allowed health insurance
companies only to reimburse a specific selection of
medications, including PPIs, of their choosing [23];
and (v) an alteration in the national reimbursement
policy for PPIs in January 2012: incidental prescriptions
of PPIs were no longer reimbursed, but chronic use
was still reimbursed, with the exception of the first
prescription issued [24]. Concerns regarding both the
cardiovascular safety of coxibs and a possible negative
effect of PPIs on the efficacy of clopidogrel may also
have affected the prescription of these medications
[16, 17, 25].

The objective of the present study was to examine
time trends in GPSs both in LDA users and NSAID
users, by performing a population-based cohort study
among incident LDA users and incident NSAID users
between 2000 and 2012. We also explored temporal
relationships with various environmental factors that
may have played a role.
Methods

Study design
A cohort study was conducted among incident LDA
users and incident NSAID users. Only incident users
were included as prescribers tend to adhere to
pharmacotherapeutic guidelines more stringently in
new users than in prevalent users [26].

Setting
Data for this study were retrieved from the Integrated Pri-
mary Care Information (IPCI) database. This longitudinal pri-
mary healthcare database contains the electronic patient
records of over 1.5 million patients registered with general
practitioners (GPs) throughout the Netherlands. In the
Netherlands, GPs form the first point of care and act
as gatekeepers to secondary care. The medical records
can therefore be assumed to contain all relevant
medical information. They contain all journal entries
by the GP, coded diagnoses using the International
Classification for Primary Care (ICPC) [27], and referrals,
clinical findings by specialists, laboratory findings and
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hospitalizations. In addition, there is a complete record
of all drug prescriptions, their dosage regimen and the
Anatomical Therapeutic Chemical (ATC) classification
code [28]. More extensive details on the database have
been reported elsewhere [29, 30].
Study cohorts
The source population comprised all patients contribut-
ing data to the IPCI database between 2000 and 2012,
with at least 12months of valid database history
before the date of study entry. From this source
population, two cohorts of patients were identified
and included in the present study. The first cohort
consisted of all patients newly prescribed LDA (defined
as acetylsalicylic acid (ASA) ≤80mg day–1 or carbasalate
calcium ≤100mg day–1). A new prescription was defined
as the drug not being used in the previous six months.
Only the first LDA prescription for each patient was in-
cluded, and the date this was issued was defined as
the index date. In this LDA cohort, patients were ex-
cluded if they were using an NSAID on the index date,
because recommendations on gastroprotection are
more stringent for patients using NSAIDs [16]. The sec-
ond cohort consisted of all patients newly prescribed a
non-selective NSAID or a coxib. Again, only the first
NSAID prescription for each patient was included and
the date this was issued was defined as the index
date. In both cohorts, patients who had received a
GPA in the six months prior to the index date were ex-
cluded, to avoid overestimation of adherence, as these
patients may have had other indications for using
GPAs. As the same source population was used for
each cohort, patients could be included in both. All
prescriptions were identified based on the ATC code
(for specification see Appendix 1).
Risk of a UGIE
In order to determine if patients were at an increased risk of
developing a UGIE, each patient’s age, medical history and
use of co-medication were recorded. Concomitant use
of medication was defined as overlapping duration of
use on the index date. Definitions of UGIE risk were
based on the HARM-Wrestling consensus for both
cohorts and are described in Table 1 [16]. The HARM-
Wrestling consensus also defined concomitant use of
therapeutic doses of low-molecular-weight heparin
(LMWH) as a risk factor. This risk factor was not in-
cluded in our definition of UGIE risk as LMWH is mostly
used for bridging while starting anticoagulants, so in-
cluding LMWH as a risk factor would have led to
false-positive high-risk cases.

The history of the diseases and conditions de-
scribed in Table 1 was assessed based on ICPC coding
and free-text search strings (see Appendix 1 for speci-
fications). In the case of diabetes and severe
rheumatoid arthritis, the use of specific types of medi-
cation, identified based on the ATC classification code,
was also taken into account, in addition to ICPC coding
as a proxy for the identification of these comorbidities
(see Appendix 1 for specifications).
GPS
For all included patients, we subsequently assessed
whether a GPS was implemented. In line with the defini-
tive HARM-Wrestling consensus [16], a GPS was defined
as follows:

• For the LDA cohort: concomitant prescription of a PPI or
double-dose histamine-2 receptor antagonist (H2RA).

• For the NSAID cohort: (i) prescription of a non-selective
NSAID or coxib with concomitant prescription of a PPI
or double-dose H2RA or (ii) prescription of a coxib
alone, provided that there was no concomitant use of
LDA.

According to the HARM-Wrestling consensus [16],
such a GPS should only be implemented in high-risk
users. We also determined whether a GPS was pre-
scribed in other risk groups, to examine whether GPs
take this into account. Double-dose H2RA was defined
as H2RA in a prescribed daily dosage of at least twice
the defined daily dosage. Concomitant prescription
was defined as overlapping duration of use on the
index date or within two days after the index date.
In line with the HARM-Wrestling consensus, we did
not consider diclofenac–misoprostol to be an adequate
GPS [15], but we did determine the frequency of pre-
scription of this combination, as misoprostol has been
suggested for gastroprotection in previous literature
and guidelines [11, 13].
Statistical analysis
For each cohort, a comparison was made between pre-
scription of a GPS in patients at a high or moderate risk,
and a low risk of a UGIE, and odds ratios (ORs) and their
95% confidence intervals (CIs) were determined using
univariate logistic regression. Univariate logistic regres-
sion was also used to compare the odds of a GPS in
high-risk LDA users with those in high-risk NSAID users.
For 2012, potential predictors of high UGIE risk patients
receiving a GPS were examined, to evaluate which risk
factors influence the GP’s decision to implement a
GPS. Crude ORs and their 95% CIs were calculated by
performing univariate logistic regression analyses. In
addition, multivariate logistic regression was per-
formed to calculate ORs adjusted for age (ORadj). We
chose not to adjust for other UGIE risk factors because
of the potential interactions between these factors. All
analyses were performed using SPSS version 20 (SPSS,
Chicago, IL, USA).
Br J Clin Pharmacol / 80:3 / 591



Table 1
Definition of low, moderate and high risk of a UGIE in each cohort

UGIE risk
group Definition in LDA cohort Definition in NSAID cohort

High risk At least one of the following

high risk factors:

At least one of the following

high risk factors:

History of UGIE History of UGIE

Age ≥ 80 Age ≥ 70

Age 70–79 and ≥ one other

moderate risk factor

≥ Two moderate risk factors

Age 60–69 and ≥ two

moderate risk factors

Moderate
risk

No high risk and at least one

of the following moderate

risk factors:

No high risk and at least one

of the following moderate

risk factors:

Age 70–79 Age 60–69 years

Use of VKA History of DM

Use of clopidogrel History of HF

Use of a corticosteroid History of severe RA

Use of SSRI Use of VKA

Use of spironolactone Use of LDA

Use of clopidogrel

Use of a corticosteroid

Use of an SSRI

Use of spironolactone

High-dose NSAID

Low risk No moderate or high risk No moderate or high risk

DM, diabetes mellitus; HF, heart failure; LDA, low-dose aspirin; NSAID, non-
steroidal anti-inflammatory drug; RA, rheumatoid arthritis; SSRI, serotonin-
reuptake inhibitor; UGIE, upper gastrointestinal event; VKA, vitamin K antagonist.

Table 2
Baseline characteristics of the two study cohorts

Cohort

LDA NSAID

n = 37 578 n = 352 025

n (%) n (%)

Age, years (mean ± sd) 66.2 (± 14.1) 46.1 (± 17.9)

Gender (% male) 20 758 (55.2) 156 122 (44.3)

Type of index-prescription

Non-selective NSAID NA 312 179 (88.7)

Diclofenac–misoprostol NA 25 288 (7.2)

Coxib NA 14 558 (4.1)

Individual UGIE risk factors

Age 60–69 years 10 163( 27.0) 44 988 (12.8)

Age 70–79 years 9107 (24.2) 24 914 (7.1)

Age ≥ 80 years 6529 (17.4) 10 691 (3.0)

History of UGIE 1757 (4.7) 7750 (2.2)

History of DM 7575 (20.2) 25 378 (7.2)

History of HF 7763 (20.7) 21 746 (6.2)

History of severe RA 134 (0.4) 923 (0.3)

Use of VKA 1361 (3.6) 3106 (0.9)

Use of clopidogrel 2815 (7.5) 557 (0.2)

Use of corticosteroids 558 (1.5) 1324 (0.4)

Use of an SSRI 1220 (3.2) 9322 (2.6)

Use of spironolactone 802 (2.1) 687 (0.2)

Use of LDA NA 14 916 (4.2)

High-dose NSAID NA 190 662 (54.2)

UGIE risk group*

Low risk 17 565 (46.7) 111 462 (31.7)

Moderate risk 10 709 (28.5) 151 570 (43.1)

High risk 9304 (24.8) 88 993 (25.3)

Gastroprotective agent

PPI 5309 (14.1) 61 733 (17.5)

H RA double dose 7 (0.0) 26 (0.0)

M. Warlé-van Herwaarden et al.
Study approval
This study was approved by the Board of Directors of the
IPCI database.
2

Gastroprotective strategy† 5316 (14.1) 72 240 (20.5)

DM, diabetes mellitus; HF, heart failure; H2RA, histamine-2 receptor antagonist; LDA,
low-dose aspirin; NA, not applicable; NSAID, non-steroidal anti-inflammatory drug;
PPI, proton pump inhibitor; RA, rheumatoid arthritis; SSRI, selective serotonin-
reuptake inhibitor; UGIE, upper gastrointestinal event; VKA, vitamin K antagonist.
*As defined separately for each cohort. †Gastroprotective strategy: concomitant PPI
or double-dose H2RA; in NSAID cohort also coxib (provided that concomitant LDA
was not prescribed).
Results

Baseline characteristics
In total, 37 578 patients were newly prescribed LDA
between 2000 and 2012 and were included in the LDA
cohort (Table 2). The mean age at prescription was 66.2
(± 14.1) years and 55.2% of the cohort was male. In this
cohort, 24.8% of patients were found to have a high risk
and 28.5% a moderate risk of a UGIE. Overall, 14.1% of
patients in this cohort received a GPS.

In the NSAID cohort, 352 025 patients were included
(Table 2). The mean age at prescription was 46.1
(± 17.9) years and 44.3% of the cohort was male. In this
cohort, 25.3% of patients had a high risk and 43.1% a
moderate risk of a UGIE. Overall, 20.5% of the cohort re-
ceived a GPS.

GPS for each UGIE risk group
In both cohorts, over the entire period, patients were
more likely to receive an adequate GPS if they had a
592 / 80:3 / Br J Clin Pharmacol
moderate or high UGIE risk (Table 3). In the LDA cohort,
a GPS was prescribed in 7.7% of low-risk patients, 16.4%
of moderate-risk patients and 23.7% of high-risk patients
[OR 2.3 (2.2–2.5) and 3.7 (3.5–4.0) for moderate-risk vs.
low-risk patients, and high-risk vs. low-risk patients, re-
spectively]. In the NSAID cohort, these percentages were
10.7% for low-risk, 15.6% for moderate-risk and 41.2% for
high-risk patients [OR 1.6 (1.6–1.7) and 6.2 (6.0–6.3) for
moderate-risk vs. low-risk and high-risk vs. low-risk pa-
tients, respectively]. This meant that within all high-risk
patients, the odds of LDA users receiving a GPS were half
that of NSAID users [OR 0.5 (0.4–0.5) for high-risk LDA
users versus high-risk NSAID users].



Table 3
Gastroprotective strategy in each cohort for each GI risk group

UGIE risk
group*

Gastroprotective strategy† OR

P-value

No Yes

(95% CI)n (%‡) n (%‡)

LDA cohort n = 32 262 n = 5316

Low risk 16 210 (92.3) 1355 (7.7) 1 (ref)

Moderate risk 8954 (83.6) 1755 (16.4) 2.3 (2.2–2.5) < 0.001

High risk 7098 (76.3) 2206 (23.7) 3.7 (3.5–4.0) < 0.001

NSAID cohort n = 279 785 n = 72 240

Low risk 99 482 (89.3) 11 980 (10.7) 1 (ref)

Moderate risk 127 955 (84.4) 23 615 (15.6) 1.5 (1.5–1.6) < 0.001

High risk 52 348 (58.8) 36 645 (41.2) 5.8 (5.7–5.9) < 0.001

CI, confidence interval; H2RA: histamine-2 receptor antagonist; LDA: low-dose
aspirin; NSAID: non-steroidal anti-inflammatory drug; OR, odds ratio; PPI, proton
pump inhibitor; UGIE, upper gastrointestinal event. *As defined separately for
each cohort. †Gastroprotective strategy: concomitant PPI or double-dose
H2RA; in NSAID cohort also coxib (if no concomitant LDA). ‡Row percentage.

Time-trends in the prescribing of gastroprotective agents
GPS for each UGIE risk group over time
Figure 1 shows the percentage of incident users pre-
scribed an adequate GPS over time for each UGIE risk
group, for each cohort.

In the LDA cohort (Figure 1a), prescription of a GPS
was fairly stable in all risk groups in the first part of the
decade. In the second part of the decade, an increase
was observed in all risk groups, with the strongest in-
crease occurring in the high UGIE risk group. By 2012, a
GPS was present in 31.8%, 24.2% and 11.8% of patients
with a high, moderate and low risk of UGIE, respectively.

In the NSAID cohort (Figure 1b), a slight increase
in gastroprotection in patients with a high UGIE risk
had been observed before publication of the first
national guideline on this topic in 2003. A temporary de-
crease was observed in 2005, and from 2006 onwards a fur-
ther increase over time was observed in all risk groups. In
2012, a GPS was prescribed in 48.0% of incident users with
a high UGIE risk, 19.4% of those with moderate risk and
12.6% of those with low risk.
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Figure 1
Percentage of patients prescribed a gastroprotective strategy per year for each
cohort). LDA, low-dose aspirin; NSAID, UGIE, upper gastrointestinal event
Types of GPSs
Figure 2 shows the types of GPS over time in high-risk pa-
tients in each cohort. In both cohorts, double-dose H2RA
is rarely prescribed. An increase in PPI prescription was
present in the second part of the decade in both cohorts,
but this trend did not continue into 2012, with a decrease
occurring, particularly in the NSAID cohort. In the NSAID
cohort, there was a sudden drop in coxib prescription in
2005. The combination of diclofenac–misoprostol, which
was recommended in the early guidelines but not in the
HARM-Wrestling consensus in 2009, was still being pre-
scribed in 9.7% of high-risk NSAID patients in 2012.
Predictors of adequate GPS in patients at high
UGIE risk in 2012
Table 4 shows the predictors of prescription of a GPS in
patients at high UGIE risk within each cohort in 2012. In
the LDA cohort, a history of UGIE was not significantly as-
sociated with a GPS prescription [ORadj 1.2 (95% CI 0.9–1.5),
P=0.237]. When compared with patients aged< 60years,
those aged 70–79with at least onemoderate risk factor were
significantly more likely to receive a GPS [ORadj 2.5 (95% CI
1.5–3.0), P< 0.001], as were those aged 60–69 with at least
two other moderate risk factors [ORadj 2.6 (95% CI 1.1–6.4),
P=0.032], but for those aged≥80years no statistically signi-
ficant association was found [ORadj 1.3 (95% CI 0.8–2.1),
P=0.216]. Of the moderate risk factors, concomitant use
of an SSRI and corticosteroids were the strongest predic-
tors of a GPS [ORadj 4.2 (95% CI 2.9–6.1), P<0.001 and
3.4 (95% CI 2.2–5.3), P< 0.001, respectively].

In the NSAID cohort, all individual high-risk factors
were associated with increased odds of being prescribed
a GPS. For the high-risk factor ‘≥ 2moderate risk factors’, the
odds of a GPS varied depending on the combination of risk
factors present (Table 4). Of the moderate-risk factors, most
were significantly associated with the presence of a GPS,
with the exception of ‘a history of severe RA’ [ORadj 1.1
(95% CI 0.8–1.6), P=0.431] and ‘prescription of a high-dose
NSAID’ [ORadj 1.1 (95% CI 1.0–1.1), P=0.610]. For a history of
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upper gastrointestinal event risk group (as defined separately for each
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Figure 2
Type of gastroprotective strategy in high-risk patients per year. H2RA, histamine-2 receptor antagonist; LDA, low-dose aspirin; NSAID, non-steroidal
anti-inflammatory drug; PPI, proton pump inhibitor

M. Warlé-van Herwaarden et al.
diabetes mellitus and heart failure, negative associations
were found [ORadj 0.8 (95% CI 0.8–0.9), P< 0.001 for both
diabetes and heart failure].
Discussion

The present study shows that the prescription of a GPA is
lower in high-risk LDA users than in high-risk NSAID
users, despite a comparable risk of UGIEs in these high-
risk groups. These results tend to confirm that there is
a misconception that LDA is not gastrotoxic, despite
evidence to the contrary. Although adherence to recom-
mendations regarding gastroprotection improved over
time in both cohorts, an adequate GPS was present in
only 31.8% of high-risk LDA initiators in 2012, compared
with 48.0% of high-risk NSAID initiators. Less familiarity
with the recommendations for LDA users, which were
not issued until 2009, may have played a role. However,
environmental factors also appear to affect adherence.

Environmental factors potentially influencing
prescribing behaviour
After the alteration in national reimbursement policy for
PPIs in January 2012, a sudden decrease in PPI prescrip-
tions was seen in high-risk NSAID initiators (Figure 2). In
the LDA cohort, no decrease was observed, but the prior
increase in PPI prescriptions appeared to stabilize,
despite the introduction in 2011 of an inspectorate indi-
cator measuring adherence to LDA recommendations.
The effect of the new reimbursement policy may be less
strong in this cohort, because in contrast to NSAIDs, LDA
tends to be prescribed chronically. In this case, patients
only have to pay for the first PPI prescription.

Medication surveillance for drug–drug interactions
may also play a role, as concomitant use of most types
of ulcerogenic medication is predictive of a GPS in
both cohorts (Table 4). While this may, of course, also
be explained by GPs’ knowledge of the literature and
guidelines, it is notable that factors such as a history
594 / 80:3 / Br J Clin Pharmacol
of diabetes, heart failure and severe rheumatoid arthri-
tis, which do not lead to warnings within these surveil-
lance systems, were not associated with increased
prescription of a GPS. One way of improving adher-
ence in the future may thus be the implementation
of more sophisticated decision support modules into
GP electronic systems. These could provide a more
in-depth risk profile of the patients, allowing for more
differentiated warnings when a high-risk NSAID or
LDA initiator should receive a GPA.

In the NSAID cohort, a decrease in coxib prescrip-
tion was observed in 2005. This decrease has also
been found in previous studies and appears to be in
response to the removal of rofecoxib from the market
in 2004, after evidence emerged that its use was
associated with an increased incidence of ischaemic
cardiovascular events [2, 25, 31]. Other environmental
factors, such as the availability of cheaper generic PPIs
since 2002, do not appear to have played a strong role
in prescribing behaviour. A relatively strong increase in
PPI prescriptions was seen in the LDA cohort in 2006.
It remains unclear which factors caused this temporary
additional increase, which was not seen in the NSAID
cohort.

Comparison with the existing literature
Recently, a Dutch cohort study was published regarding
predictors of PPI prescription in LDA users between
2008 and 2010 [32]. In this study, 46% of high-risk
patients prescribed LDA were found to receive regular
concomitant PPI prescriptions. In our cohort, concomi-
tant prescription of a PPI was found to be much lower
during this period (23%). This difference may be
explained, in part, by differences in cohort definition, as
the cohort described in the previous study consisted of all
regular LDA users, rather than only LDA initiators, and
patients who had used GPA prior to cohort entry were
not excluded. In addition, LDA users with concomitant
use of NSAIDs were not excluded. As the HARM-Wrestling
recommendations for NSAID users are more stringent than



Table 4
Predictors of prescription of gastroprotective strategy in patients at high risk of a UGIE in 2012 for each cohort

Gastroprotective strategy*

OR crude
(95% CI)

OR
adjusted†
(95% CI) P-value

No Yes

n (%‡) n (%‡)

LDA cohort 1479 689

Gender

Male 689 (69.3) 305 (30.7) 1 (ref) 1 (ref)

Female 790 (67.3) 384 (32.7) 1.1 (0.9–1.3) 1.1 (0.9–1.3) 0.428

High-risk factors

History of UGIE 322 (67.8) 153 (32.2) 1.0 (0.8–1.3) 1.2 (0.9–1.5) 0.237

Age ≥ 80 years 1031 (69.9) 445 (30.1) 0.8 (0.7–1.0) 1.3 (0.8–2.1)§ 0.216

Age 70–79 years and ≥ 1 other MRF 175 (55.6) 140 (44.4) 1.9 (1.5–2.4) 2.5 (1.5–4.0)§ < 0.001

Age 60–69 years and ≥ 2 other MRF 14 (53.8) 12 (46.2) 1.9 (0.9–4.0) 2.6 (1.1–6.4)§ 0.032

Moderate risk factors

Age 60–69 years 107 (67.3) 52 (32.7) 1.0 (0.7–1.5) 1.5 (0.9–2.6)§ 0.150

Age 70–79 years 258 (61.0) 165 (39.0) 1.5 (1.2–1.9) 2.0 (1.2–3.2)§ 0.005

Use of VKA 119 (68.4) 55 (31.6) 1.0 (0.7–1.4) 1.0 (0.7–1.4) 0.963

Use of clopidogrel 110 (49.3) 113 (50.7) 2.4 (1.8–3.2) 2.6 (1.9–3.4) < 0.001

Use of corticosteroids 34 (40.0) 51 (60.0) 3.4 (2.2–5.3) 3.4 (2.2–5.3) < 0.001

Use of an SSRI 49 (36.6) 85 (63.4) 4.1 (2.9–5.9) 4.2 (2.9–6.1) < 0.001

Use of spironolactone 73 (54.9) 60 (45.1) 1.8 (1.3–2.6) 1.9 (1.3–2.7) 0.001

NSAID cohort n = 9 806 n = 9 041

Gender

Male 4672 (54.6) 3880 (45.4) 1 (ref) 1 (ref)

Female 5134 (49.9) 5161 (50.1) 1.2 (1.1–1.3) 1.2 (1.1–1.3) < 0.001

High-risk factors

History of UGIE 1017 (56.0) 798 (44.0) 0.8 (0.8–0.9) 1.2 (1.1–1.3) 0.001

≥ 70 years 2782 (39.2) 4315 (60.8) 2.3 (2.2–2.4) 2.8 (2.6–3.0)§ < 0.001

≥ 2 moderate risk factors 7395 (55.1) 6033 (44.9) 0.7 (0.6–0.7) 1.4 (1.3–1.6)§ < 0.001

Age 60–69 years + risk medication 617 (42.7) 829 (57.3) 1.5 (1.3–1.7) 2.4 (2.2–2.8)§ < 0.001

Age 60–69 years + HF/DM/RA 1548 (55.0) 1266 (45.0) 0.9 (0.8–0.9) 1.5 (1.3-1.6)§ < 0.001

Age 60–69 years + high-dose NSAID 2889 (57.0) 2180 (43.0) 0.8 (0.7–0.8) 1.4 (1.3–1.5)§ < 0.001

Moderate risk factors

Age 60–69 years 3927 (56.6) 3017 (43.4) 0.8 (0.7–0.8) 1.4 (1.3–1.5)§ < 0.001

History of DM 3023 (56.3) 2348 (43.7) 0.8 (0.7–0.8) 0.8 (0.8–0.9) < 0.001

History of HF 3307 (54.8) 2 725 (45.2) 0.8 (0.8–0.9) 0.8 (0.8–0.9) < 0.001

History of severe RA 76 (51.0) 73 (49.0) 1.0 (0.8–1.4) 1.1(0.8–1.6) 0.431

Use of VKA 230 (35.3) 421 (64.7) 2.0 (1.7–2.4) 1.7 (1.4–2.0) < 0.001

Use of clopidogrel 54 (42.2) 74 (57.8) 1.5 (1.0–2.1) 1.4 (1.0–2.0) 0.080

Use of corticosteroids 95 (36.4) 166 (63.6) 1.9 (1.5–2.5) 2.1 (1.6–2.8) < 0.001

Use of an SSRI 596 (42.1) 819 (57.9) 1.5 (1.4–1.7) 2.6 (2.3–2.9) < 0.001

Use of spironolactone 49 (39.5) 75 (60.5) 1.7 (1.2–2.4) 1.4 (1.0–2.0) 0.078

Use of LDA 1121 (41.5) 1577 (58.5) 1.6 (1.5–1.8) 1.4 (1.3–1.6) < 0.001

High-dose NSAID 6469 (53.7) 5569 (46.3) 0.8 (0.8–0.9) 1.0 (1.0–1.1) 0.610

CI, confidence interval; DM, diabetes mellitus; HF, heart failure; H2RA, histamine-2 receptor antagonist; LDA, low-dose aspirin; MRF, moderate-risk factor; NSAID, non-steroidal
anti-inflammatory drug, OR, odds ratio; PPI, proton pump inhibitor; RA, rheumatoid arthritis; SSRI, selective serotonin-reuptake inhibitor; UGIE, upper gastrointestinal event; VKA,
vitamin K antagonist. *Gastroprotective strategy: concomitant PPI or double-dose H2RA; in NSAID cohort also coxib (if no concomitant LDA). †Adjusted for age. ‡Row percentage. §Reference
group is age< 60 years.
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those for LDA users, this may have increased the percent-
age of LDA users with concomitant PPI found. Indeed, con-
comitant NSAID use was found to be one of the strongest
predictors of PPI prescription in this previous cohort of
LDA users. The fact that we excluded patients with con-
comitant NSAID use from our LDA cohort allows for a better
estimate of adherence to the HARM-Wrestling recommen-
dations for LDA users.

Strengths and limitations
Strengths of the present study included the fact that it
was conducted using a database containing a large
Br J Clin Pharmacol / 80:3 / 595
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number of patients, reflecting the general population of
the Netherlands. By using consistent methods to include
cohorts of LDA and NSAID initiators from this population,
our study allowed for a comparison between adherence
to guidelines in these two patient groups. There were,
however, several limitations that should be considered
when reviewing the results. First, the HARM-Wrestling
recommendations not only contain measures which
should be taken to decrease the risk of UGIEs if LDA or
NSAIDs are prescribed, but also state that physicians
should carefully weigh the risks and benefits of prescrib-
ing these medications in patients at risk [33]. In the pres-
ent study, we did not examine the indications for
NSAID and LDA prescriptions and we were therefore
unable to assess whether GPs have become more cau-
tious in prescribing these drugs in high-risk patients.
Secondly, we only had access to prescriptions issued
by GPs. Neither prescriptions issued by specialists in
secondary care nor over-the-counter medications are
captured in this database. This may have led to some
underestimation of the number of patients with a high
risk of a UGIE. Finally, we did not determine the dura-
tion of prescription. LDA is generally prescribed for
continuous use, whereas NSAIDs are often prescribed
for shorter periods. The HARM-Wrestling recommenda-
tions on GPA prescription in NSAID users do not make
a distinction in the duration of NSAID treatment when
determining whether a GPA should be prescribed.
Nonetheless, GPs may take the expected duration of
prescription into account when deciding whether to
implement a GPS upon initial NSAID prescription, as
they may feel it is less appropriate to prescribe a
GPA for shorter treatment regimens. This may, in part,
explain the lack of adherence to guidelines on GPSs in
NSAID initiators.
Conclusion

Overall, the present study showed that GPSs are imple-
mented less in high-risk LDA users than in NSAID users,
despite a comparable risk of UGIEs. For both groups of
patients, there is still room for improvement in guideline
adherence. Of the various environmental factors that
could have played a role in the level of adherence
achieved, the change in the PPI reimbursement policy
had the clearest visible effect.
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Appendix 1

Specification of medications and comorbidities
Medication S
pecification
Clopidogrel A
TC code B01AC04 (clopidogrel), B01AC22 (prasugrel)

or B01AC30 (platelet aggregation inhibitors, combinations)
Corticosteroid A
TC code H02AB (glucocorticoids), with the exception

of topical or local application
Coxib A
TC code M01AH (coxibs)
Diclofenac-misoprostol A
TC code M01AB55 (Arthrotec)
H2RA A
TC code A02BA (H2RA)
High-dose NSAID Pr
escribed daily dosage ≥ the recommended daily maximum
Low-dose aspirin A
TC code B01AC06 (acetylsalicylic acid), B01AC08

(carbasalate calcium), B01AC30 (platelet aggregation inhibitors,

combinations), N02BA01 (acetylsalicylic acid) in dosage ≤ 80mg,

or N02BA15 (carbasalate calcium) in dosage ≤ 100mg
NSAID A
TC code M01A, with the exception of M01AX05

(glucosamine), M01AX12 (glucosaminoglycan polysulfate),

M01AX21 (diacerein), M01AX24 (oxaceprol), M01AX25

(chondroitin sulfate) andM01AX26 (avocado and soyabean oil)
Non-selective NSAID A
TC code M01A, with the exception of M01AH (coxibs),

M01AX05 (glucosamine), M01AX12 (glucosaminoglycan

polysulfate), M01AX21 (diacerein), M01AX24 (oxaceprol),

M01AX25 (chondroitin sulfate) and M01AX26 (avocado

and soyabean oil)
PPI A
TC codeA02BC (PPI) orM01AE52 (naproxen and esomeprazole)
Spironolactone A
TC code C03DA01 (spironolactone)
SSRI A
TC code N06AB (SSRI), N06AX21 (duloxetine) or

N06AX16 (venlafaxine)
VKA A
TC code B01AA (vitamin K antagonists)
Comorbidity S
pecification
History of UGIE O
ne of the following:

1) History of UGIE according to journal text (search algorithm)

2) ICPC code D85 (duodenal ulcer) or D86 (other peptic ulcer)
History of DM O
ne of the following:

1) History of DM according to journal text (search algorithm);

2) ICPC code T90 (DM)

3) ATC code A10 (drugs used in diabetes)
History of HF O
ne of the following:

1) History of HF according to journal text (search algorithm)

2) ICPC code K77 (HF)
History of severe RA B
oth of the following:

1) ICPC code L88 (RA)

2) prescription of at least one of the following in the year prior

to index date: ATC code A07EC01, L01AA01, L04AA13,

L04AA27, L04AB01, L04AB02, L04AB04, L04AB05, L04AB06,

L04AC03, L04AC07, L04AD01, L04AX01, L04AX03,

L01XC02, M01CB01, M01CC01, P01BA01 or P01BA02

(drugs used in severe RA)
ATC, Anatomical Therapeutic Chemical; DM, diabetes mellitus; HF, heart failure;

H2RA, histamine-2 receptor antagonist; ICPC, International Classification for

Primary Care; LDA, low-dose aspirin; NSAID, non-steroidal anti-inflammatory drug;

PPI, proton pump inhibitor; RA, rheumatoid arthritis; SSRI, selective serotonin-

reuptake inhibitor; UGIE, upper gastrointestinal event; VKA, vitamin K antagonist.
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