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ABSTRACT
Objective: Determine the adherence to
recommendations of concomitant proton-pump
inhibitor (PPI) treatment in regular low-dose of aspirin
(LDASA) users, taking factors associated with the
probability of receiving a PPI into account.
Design: Cohort study.
Setting: Data were obtained from 120 Dutch primary
care centres participating in the Netherlands
Information Network of Primary Care (LINH).
Participants: Patients 18 years and older who
were regularly prescribed LDASA (30–325 mg) in
2008–2010 were included.
Main outcome measures: Regular medication
use was defined as receiving each consecutive
prescription within 6 months after the previous one.
Based on national guidelines, we categorised LDASA
users into low and high gastrointestinal (GI) risk. A
multilevel multivariable logistic regression analysis
was applied to identify patient characteristics that
influenced on the probability of regular PPI
prescriptions.
Results: We identified 12 343 patients who started
LDASA treatment, of whom 3213 (26%) were at
increased risk of GI complications. In this group,
concomitant regular use of PPI was 46%, 36% did not
receive PPI prescriptions and 18% obtained
prescriptions irregularly (p<0.0001). The chance to
obtain regularly PPI prescriptions versus no PPI was
significantly influenced by, among others, previous GI
complications (OR 13.9 (95% CI 11.8 to 16.4)), use of
non-steroidal anti-inflammatory drugs (OR 5.2 (4.3 to
6.3)), glucocorticosteroids (6.1 (4.6 to 8.0)), selective
serotonin reuptake inhibitors (9.1 (6.7 to 12.2)), drugs
for functional GI disorders (2.4 (1.9 to 3.0)) and
increased age.
Conclusions: Primary care physicians do not fully
adhere to the current recommendations to prescribe
PPIs regularly to LDASA users with an increased GI
risk. More than 50% of the patients with an increased
GI risk are not treated sufficiently with a concomitant
PPI, increasing the risk of GI side effects. This finding
underlines the necessity to consider merging
recommendations into one common, standard and
frequently used recommendation by primary care
physicians.

INTRODUCTION
Worldwide, the number of deaths from car-
diovascular disease was estimated at 17.3
million in 2008, and it is expected to increase
to approximately 23.6 million by 2030.1

Treatment with low-dose of aspirin (LDASA)
is recommended for the prevention of cardio-
vascular events in patients with a history of
myocardial infarction, stroke, transient ischae-
mic attack or (in)stable angina.2–4 While
LDASA use is associated with a decreased risk
of cardiovascular events,5 its use is also asso-
ciated with a wide variety of gastrointestinal
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(PPIs) for patients who are at increased risk for
GI complications is advised.

▪ Adherence and persistence of PPI use in primary
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indefinite.
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▪ Thirty-six per cent of the LDASA users with an
increased GI risk and treated in primary care,
obtained no PPI prescriptions, and 18% obtained
prescriptions irregular.
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tions, or why they became an irregular PPI user.
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(GI) side effects, such as dyspepsia, peptic ulcers and
upper and lower GI bleedings.6 7

GI complications associated with LDASA use are more
frequently present in patients who are older than
70 years, have a history of peptic ulcer, have had an
infection with Helicobacter pylori and/or used concomi-
tant drug therapies with non-steroidal anti-inflammatory
drugs (NSAIDs), including cyclooxygenase-2 (COX-2)
inhibitors, other antiplatelet agents or anticoagulants,
glucocorticosteroids and/or selective serotonin reuptake
inhibitors (SSRIs).6 7 Concomitant proton-pump inhibi-
tor (PPI) therapy is associated with a reduction of the
risk of GI complications.8–11

Therefore, concomitant use of PPIs for patients who
use regular LDASA and are at increased risk for GI com-
plications has been described in guidelines from
medical societies and scientific associations from both
the USA and Europe.12 13 In the Netherlands—the
setting of our study—an expert group with a focus on
optimising extramural medication safety published spe-
cific recommendations for adequate GI protection, that
is, prescribing PPIs in regular LDASA users with an
increased risk of GI complications in 2008, which was
finalised in 2009.14 These recommendations are in line
with the USA, National Institute for Health and Clinical
Excellence (NICE) and European Society of Cardiology
(ESC) guidelines,12 13 15 and describe that PPIs are the
preferred agents for the therapy and prophylaxis of
aspirin-associated GI injury.12 Risk reduction due to PPI
treatment observed in case–control and cohort studies
ranged in most cases from 40% to 80%.16

Several observational studies described the use of con-
comitant PPI in patients receiving NSAID including
aspirin, and showed that 67–90% of the users with at
least one risk factor did not receive gastroprotective
therapy as recommended.17–19 Two studies focused on
LDASA patients; in one study the definition of increased
GI risk was limited, namely a positive H pylori status, the
other study had a small sample size of LDASA
patients.20 21 Although evidence regarding the adher-
ence to concomitant PPI use in patients with an
increased risk for GI complications is increasing, the
adherence and persistence of PPI use is still indefinite.
The objective of this study is to determine the adher-

ence to recommendations of concomitant PPI treatment
in regular LDASA users, taking factors associated with
the probability of receiving a PPI into account.

METHODS
Data were obtained from the Netherlands Information
Network of Primary Care Physicians (LINH), a database
derived from primary care centres that record data on
morbidity, and drug prescriptions on continuous basis in
electronic medical records (EMR). The LINH network
consists of a dynamic cohort of 700 000 patients who are
registered at 120 centres.22 The network is a representa-
tive sample of the Dutch population, it started in 2001

and registration is still on-going.22 In the Netherlands,
all citizens are registered with a primary care physician
who act as a gatekeeper for access to specialised care.23

Prescription data were classified according to the
Anatomical Therapeutic and Chemical (ATC) classifica-
tion,24 and morbidity was coded by using the International
Classification of Primary Care (ICPC) scheme.25 The
privacy regulation of LINH was approved by the Dutch
Data Protection Authority. According to Dutch legislation,
neither obtaining informed consent nor approval by a
medical ethics committee is obligatory for database
studies.
In this longitudinal, observational study, all patients

aged 18 years and older who started with regular use of
LDASA (30–325 mg) treatment between 1 January 2008
and 31 December 2010 were included under the condi-
tion that their history was available at least 1 year before
the date of the first prescription of LDASA. This time
period was chosen to confirm that no LDASA prescrip-
tions were given in the year prior to inclusion. Regular
use of LDASA was defined as receiving each consecutive
prescription within 6 months after the previous one. A
gap of maximal 6 months was chosen because in daily
practice patients rarely collect a subsequent prescription
exactly on the day their supply of their previous prescrip-
tion has ended, normally 90 days, but rather earlier
(overlap of two prescriptions) or later (gap between two
prescriptions). In order not to bias our results towards
irregular user categorisation, we used a maximum
period of 6 months. Irregular LDASA users, according
to our definition, were excluded from the analyses as
well as users with just one LDASA prescription. Aspirin
therapy was identified by a prescription of acetylsalicylic
acid (ATC-codes B01AC06, N02BA01 and N02BA51),
carbasalate calcium (B01AC08, N02BA15 and N02BA65)
or acetylsalicylic acid in combination with other drugs
(B01AC30).
Based upon the HARM-WRESTLING recommenda-

tions,14 we categorised new LDASA users into low or
increased risk of GI complications. Patients with an
increased risk of GI complications were identified by the
following selection rules applied in consecutive order:
(1) 80 years or older; (2) 70 years or older with simul-
taneous use of NSAIDs, oral anticoagulants, platelet
aggregation inhibitors, glucocorticosteroids, SSRIs
and/or spironolacton or (3) 60 years or older with a
history of a peptic ulcer.
PPI treatment was identified by ATC-code A02BC.

All patients were divided into three categories: no user,
irregular or regular user of PPIs. Patients who never
received a prescription of PPI during the follow-up
period were defined as no PPI users. In line with our def-
inition of a regular LDASA user, patients were defined
as regular PPI users if they received each consecutive pre-
scription within 6 months after their previous one. All
others were considered as irregular users.
We considered patients to be previous starters of PPIs

when they received a prescription of PPI in the year
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prior to the first prescription of LDASA. Patients who
started the use of PPIs within a week after the first pre-
scription of LDASA were considered as simultaneous star-
ters of PPIs. Patients who received a prescription of PPI
more than a week after the first prescription of LDASA
were subsequent starters of PPIs.
Relevant comorbidity was determined in the year before

and after the date of the first prescription of LDASA.
Cardiovascular and cerebrovascular diseases were identi-
fied by ICPC-codes K71, K73-K84, K89-K96 and K99.
Hypertension was considered present when the patient
had a medical record of ICPC-codes K86 or K87. Patients
were classified as diabetic if a diagnosis code for diabetes
(T90) was identified, or when they received antidiabetic
therapy (ATC-codes A10A and A10B). Patients who had a
diagnosis of lipid disorder (T93) or when they received
lipid modifying agents (C10) were considered as hyperch-
olesterolaemic. GI complications, including peptic ulcers,
were identified by D02, D03, D09, D10, D14, D16, D85-87
and D90 (see online supplementary appendix I). To clas-
sify patients as having an increased GI risk based on
HARM-WRESTLING recommendation, we determined
prescriptions for NSAIDs (M01), including Cox-2 inhibi-
tors, oral anticoagulants and platelet aggregation inhibi-
tors (B01AA and B01AC), glucocorticosteroids (H02AB
and H02) and SSRIs (N06AB).14 In addition, we identified
all prescriptions for cardiovascular system (C01–C10), acid-
related disorders (A02 (PPIs excluded)) and functional GI
disorders (A03) in the year before and after the date of
the first LDASA prescription. Finally, cardiac therapy was
defined as a prescription of an ATC-code C01 in the year
before or after the first LDASA prescription.

Statistical analysis
Differences between groups were tested with a χ2 test.
To identify the relative influence of patient characteris-
tics on the probability to obtain regular PPI prescrip-
tions, multilevel multivariable logistic regression analyses
(backward elimination method) was conducted. The
models were estimated taking the clustering of patients
(level 1) within primary care centres (level 2) into
account. The probability of receiving a PPI was deter-
mined by comparing no PPI users with regular PPI
users. This analysis was performed without the irregular
users to rule out the effect of these users. In addition,
separate analyses were performed for increased GI risk
patients. All data were analysed using the statistical
program SAS V.9.2 (SAS Institute, Cary, North Carolina,
USA) and ‘Multilevel models for windows’ (MLwin
2.02). Adjustment for multiple testing was performed by
using a False Discovery Rate correction.
Choices of our definition of subsequent and simultan-

eous start of PPIs, and our period of describing patients’
characteristics were based on assumptions, and therefore
we tested the robustness of our findings by performing
sensitivity analyses. We made the definition of simultan-
eous starters of PPIs more strictly, that is, receiving a pre-
scription of PPIs at exactly the same date as the first

prescription of LDASA. Second, we changed the
medical and prescription history into only 1 year before
the date of the first LDASA prescription. Third, as
LDASA therapy was frequently prescribed for patients
with cardiovascular diseases, a separate analysis with
solely cardiovascular patients was conducted. Finally, we
investigated the influence of irregular users of PPIs into
our analysis by performing two analyses in which we (1)
merged irregular users with regular users of PPIs and in
which we (2) added irregular users to the no PPI users
group.

Role of the funding source
The sponsor had no decisive role in the study, that is,
the sponsor thought along with the study and supplied
suggestions regarding the content of the study, but the
sponsor was not involved in the decisions regarding the
analysis, the conduct of the study, nor the publication.
JCK and LvD had full access to all data in the study and
take responsibility for the integrity of the data and accur-
acy of the data analysis. All authors had final responsibil-
ity for the decision to submit for publication.

RESULTS
In the study population, 18 137 new LDASA users of
18 years and older were identified of whom 12 343 were
regular users during the years 2008–2010 (figure 1). Of
these incident regular LDASA users, 3213 (26%) were at
increased risk for GI complications. The vast majority
was at an increased GI risk due to their age. In total,
64.5% of the patients who were at increased GI risk
obtained a PPI prescription; 46.1% was a regular and
18.4% an irregular user. In the group of patients with an
increased GI risk without PPI prescription, the main
reason for having an increased GI risk was age, above
80 years (n=994, 87%). Cardiovascular diseases are
reported in almost half of the patients, and are signifi-
cantly more prevalent among patients with increased GI
risk (49.3% vs 46.0%, p=0.002). The use of comedication
is generally higher in the increased GI risk group, with
the exception of lipid modifying agents (table 1).
In total, 4204 (34.1%) patients were regular PPI users,

2456 (19.9%) were irregular users and 5683 (46%) used
no PPI (table 2). Of the regular PPI users nearly half of
the patients (48%) started PPI therapy previously, 25%
started PPI therapy simultaneously and 27% started sub-
sequently. Patients that started PPI previously, more
often were prescribed with drugs for functional GI disor-
ders or acid-related disorders, cardiac therapy, diuretics,
β-blocking agents and vasoprotective agents.
Table 3 shows the probability of receiving regular PPI

prescriptions versus no PPI usage. This probability is sig-
nificantly increased by different risk factors for GI side
effects, by morbidity, medication and increased age.
LDASA users with a history of GI complications were
more likely to receive regular PPI prescriptions (adjusted
OR 13.9; 95% CI 11.8 to 16.4), as was found for the
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different medications used to define patients with an
increased GI risk. Simultaneous use of SSRIs (adjusted
OR 9.1 (6.7 to 12.2)), NSAIDs (5.2 (4.3 to 6.3)), gluco-
corticosteroids (6.1 (4.6 to 8.0)), and being 80 years and
older (1.9 (1.5 to 2.3)) were strongly related to receiving
a PPI regularly. Sensitivity analyses for the group with an
increased GI risk did not alter our findings; similar pre-
dicting factors influenced the probability with equal
magnitude, except for age. Age was no longer a predict-
ing factor (data not shown).
Applying the different sensitivity analyses did not alter

our findings.

DISCUSSION
We showed that 36% of the regular LDASA user who
have an increased GI risk did not receive prescriptions
for PPIs by their primary care physician at all, and
another 18% were irregular PPI users. So, both groups
(54%) were not treated according to recent recommen-
dations. Several factors increased the probability to
obtain PPI prescription regularly; most important factors
were previous GI complications, use of SSRIs, NSAIDs,
glucocorticosteroids or drugs for functional GI disorders
and increased age. The majority of LDASA users started

with the PPI treatment before the initiation of LDASA
treatment.
A large primary care population-based cohort-study of

50 126 NSAID users between 1996 and 2006 showed that
physicians are not always aware of the need for gastro-
protection when prescribing NSAID. Almost 60% of new
NSAID users with at least one GI risk factor and 52% of
patients with a history of GI bleeding/ulceration were
not prescribed any gastroprotective agent. These
numbers are almost in the same range as our results;
however, this study made no distinction between specific
types of NSAIDs.17 A Spanish cross-sectional, multicentre
study in which 3357 patients from 713 primary care phy-
sicians participated, found that 82% of the NSAID and/
or LDASA users with an increased GI risk received PPIs
and 62% of the low GI risk patients.20 So, the vast major-
ity of all NSAID/LDASA users, even the patients with a
low risk, received a PPI prescription, which is much
higher than observed in our study. Yet, our study has a
longitudinal design, and consequently has the informa-
tion to label a patient as regular or irregular user of PPI.
If we drop the strict condition of being a regular PPI
user, to mimic a cross-sectional design, 64.5% of the
patients with an increased risk obtained PPIs and 50.2%
of the low risk patients. These numbers are more in line
with the Spanish results, although still lower. Next to the

Figure 1 Study flow diagram. GI, gastrointestinal; irreg., irregular; LDASA, low-dose acetylsalicyclic acid; PPI, proton-pump

inhibitors; reg., regular.
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Table 1 Characteristics of regular low-dose aspirin users with low risk of GI complications and low-dose aspirin users with

an increased risk of GI complications, based on HARM-WRESTLING recommendations

Patients with increased

risk of GI complications

N=3.213

Patients with low risk

of GI complications

N=9.130 p Value*

Risk factors for GI complications at first prescription of LDASA (%)

>80 years old 2.543 (79.1) NA NA

>70 years old and simultaneous use of NSAIDs, oral

anticoagulants, glucocorticosteroids, SSRIs and/or

spironolacton

623 (19.4) NA NA

>60 years old and history of an ulcer 47 (1.5) NA NA

Sex (%)

Men 1.283 (39.9) 5.352 (58.6) <0.0001

Age (years) (SD) 82.6 (6.1) 62.1 (10.8) <0.0001

LDASA plus PPI use (%)

No user of PPI 1.142 (35.5) 4.541 (49.8) <0.0001

Regular user of PPI 1.480 (46.1) 2.724 (29.8)

Irregular user of PPI 591 (18.4) 1.865 (20.4)

Comorbidity (%)†

GI tract

GI complications 664 (20.7) 1.475 (16.2) <0.0001

Duodenal ulcer 24 (0.8) 21 (0.2) <0.0001

Peptic ulcer 34 (1.1) 11 (0.1) <0.0001

Hiatus hernia 29 (0.9) 58 (0.6) 0.13

Heart burn 75 (2.3) 233 (2.6) 0.52

Haematemesis 7 (0.2) 10 (0.1) 0.19

Rectal bleeding 50 (1.6) 97 (1.1) 0.04

Cardiovascular diseases

Cardiovascular diseases‡ 1.584 (49.3) 4.196 (46.0) 0.002

Acute myocardial infarction 223 (6.9) 792 (8.7) 0.003

Heart failure 432 (13.5) 257 (2.8) <0.0001

Atrial fibrillation 237 (7.4) 509 (5.6) 0.0003

Ischaemic heart disease with angina 476 (14.8) 1.328 (14.6) 0.72

Ischaemic heart disease without angina 173 (5.4) 638 (7.0) 0.003

Atherosclerosis 176 (5.5) 644 (7.1) 0.003

Cerebrovascular diseases‡ 756 (23.5) 1.480 (16.2) <0.0001

Stroke 362 (11.3) 731 (8.0) <0.0001

TIA 326 (10.2) 541 (5.9) <0.0001

Hypertension 1.307 (40.7) 3.546 (38.8) 0.08

Diabetes mellitus 779 (24.3) 1.960 (21.5) 0.002

Hypercholesterolaemia 1.567 (48.8) 6.374 (69.8) <0.0001

Comedication (%)†

Other drugs for acid-related disorders 196 (6.1) 477 (5.2) 0.07

Drugs for functional GI disorders 277 (8.6) 544 (6.0) <0.0001

Cardiac therapy 964 (30.0) 2.152 (23.6) <0.0001

Antihypertensive agents 2.748 (85.5) 7.357 (80.6) <0.0001

Antihypertensives 55 (1.7) 171 (1.9) 0.58

Diuretics 1.594 (49.6) 2.456 (26.9) <0.0001

β-blocking agents 1.728 (53.8) 5.250 (57.5) 0.0005

Calcium channel blockers 825 (25.7) 2.113 (23.1) 0.005

RAAS agents 1.672 (52.0) 4.616 (50.6) 0.17

Peripheral vasodilators 4 (0.1) 11 (0.1) 1.00

Vasoprotectives 103 (3.2) 232 (2.5) 0.06

Lipid modifying agents 1.557 (48.5) 6.311 (69.1) <0.0001

Antidiabetics 624 (19.4) 1.604 (17.6) 0.03

*p Values are corrected for multiple testing by using false discovery rate.
†Determined in the year before and after the first prescription of LDASA.
‡Not all indications are included, only the major ones.
GI, gastrointestinal; LDASA, low-dose acetylsalicyclic acid; NSAIDs, non-steroidal anti-inflammatory drugs; PPIs, proton-pump inhibitors;
RAAS, renin-angiotensin-aldosterone system; SSRIs, selective serotonin reuptake inhibitors; TIA, Transient ischaemic attack.
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Table 2 Characteristics of regular low-dose aspirin users and low-dose aspirin plus irregular and regular proton-pump inhibitors users, stratified by time of proton-pump

inhibitor use

No use of

LDASA

N=5.683

Irregular use of

PPI

N=2.456

Regular use of PPI

N=4.204

p Value*

Previous starters of

PPI

N=2.015

Simultaneous starters of

PPI

N=1.064

Subsequent starters of

PPI

N=1.125

Age

18–50 599 (10.5) 208 (8.5) 176 (8.7) 58 (5.4) 81 (7.2) <0.0001

51–65 2.026 (35.7) 829 (33.8) 592 (29.4) 292 (27.4) 331 (29.4)

66–80 2.163 (38.1) 1.043 (42.5) 801 (39.8) 424 (39.9) 494 (43.9)

80+ 895 (15.8) 376 (15.3) 446 (2.1) 290 (27.3) 219 (19.5)

Sex

Men 3.308 (58.2) 1.288 (52.4) 912 (45.3) 530 (49.8) 597 (53.1) <0.0001

Risk of GI complications (%)†

Increased risk of GI complications 1.142 (20.1) 591 (24.1) 756 (37.5) 414 (38.9) 310 (27.6) <0.0001

Low risk of GI complications 4.541 (79.9) 1.865 (75.9) 1.259 (62.5) 650 (61.1) 815 (72.4)

Comorbidity (%)‡

GI complications 214 (3.8) 594 (24.2) 831 (41.2) 217 (20.4) 283 (25.2) <0.0001

Ulcers 6 (0.1) 24 (1.0) 38 (1.9) 9 (0.9) 13 (1.2) <0.0001

Cardiovascular diseases 2.447 (43.6) 1.190 (48.5) 1.110 (55.1) 456 (42.9) 547 (48.6) <0.0001

Cerebrovascular diseases 1.052 (18.5) 400 (16.3) 406 (20.2) 171 (16.1) 207 (18.4) 0.007

Hypertension 2.221 (39.1) 989 (40.3) 831 (41.2) 335 (31.5) 477 (42.4) <0.0001

Diabetes mellitus 1.189 (20.9) 544 (22.2) 458 (22.7) 292 (27.4) 256 (22.8) 0.0001

Hypercholesterolaemia 3.600 (63.4) 1.592 (64.8) 1.302 (64.6) 721 (67.8) 726 (64.5) 0.09

Comedication (%)‡

Other drugs for acid-related

disorders

227 (4.0) 144 (5.9) 163 (8.1) 54 (5.1) 85 (7.6) <0.0001

Drugs for functional GI disorders 151 (2.7) 211 (8.6) 275 (13.7) 83 (7.8) 101 (9.0) <0.0001

Cardiac therapy 1.142 (20.1) 664 (27.0) 672 (33.4) 324 (30.5) 314 (27.9) <0.0001

Antihypertensive agents 4.523 (79.6) 1.997 (81.3) 1.721 (85.4) 912 (85.7) 952 (84.6) <0.0001

Antihypertensives 102 (1.8) 36 (1.5) 44 (2.2) 22 (2.1) 22 (2.0) 0.48

Diuretics 1.607 (28.3) 782 (31.8) 826 (41.0) 410 (38.5) 425 (37.8) <0.0001

β-blocking agents 3.078 (54.2) 1.370 (55.8) 1.255 (62.3) 633 (59.5) 642 (57.1) <0.0001

Calcium channel blockers 1.078 (21.5) 571 (23.3) 551 (27.3) 286 (26.9) 309 (27.5) <0.0001

RAAS agents 3.221 (49.3) 1.205 (49.6) 1.081 (53.7) 576 (54.1) 624 (55.5) <0.0001

Vasoprotectives 111 (2.0) 77 (3.1) 84 (4.2) 25 (2.4) 38 (3.4) <0.0001

Lipid modifying agents 3.568 (62.8) 1.578 (64.3) 1.288 (63.9) 717 (67.4) 717 (63.7) 0.08

Antidiabetics 974 (17.1) 420 (17.1) 378 (18.8) 244 (22.9) 212 (18.8) 0.0001

*p Values relate to the comparison of the five groups, and are corrected for multiple testing by using false discovery rate.
†Based on HARM-WRESTLING recommendations: patients who are >80 years old, or >70 years old and simultaneous use of non-steroidal anti-inflammatory drugs (NSAIDs), oral
anticoagulants, glucocorticosteroids, selective serotonin reuptake inhibitors (SSRIs) and/or spironolacton or >60 years old and history of an ulcer.
‡Determined in the year before and after the first prescription of LDASA.
GI, gastrointestinal; LDASA, low-dose acetylsalicyclic acid; PPIs, proton-pump inhibitors; RAAS, renin-angiotensin-aldosterone system.
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number of increased risk patients receiving PPIs, the
timing of the initiation of PPI treatment is important.
Our study showed that the vast majority of patients
started with PPI treatment before or simultaneously with
the first prescription of LDASA, thereby acting as pre-
ventive agent.
In line with the HARM-WRESTLING recommendations,

the USA, NICE and ESC guidelines also recommend to
prescribe PPIs to LDASA users who are 60–70 years of age
or older and/or concomitantly use of SSRIs, NSAIDs or
glucocorticosteroids.12 13 15 Therefore, we believe our find-
ings are not only relevant for the Netherlands but have
international implications as well.
The study of Lanas et al20 found that gastroprotective

treatment in LDASA users was significantly associated with
a prior history of peptic ulcer, high-dose NSAID therapy
and concomitant use of oral corticosteroids and antith-
rombotics. Our data support these findings. In several
other population-based studies, having a history of GI com-
plications, including ulcers, is the strongest predictor for
receiving a PPI, as is found in our study.6 7 26

Albeit the number of LDASA users with low GI risk
that obtain PPIs is significantly lower compared with the
high-risk population, over treatment with PPIs may
occur in this group. In total, 30% of patients with low GI
risk received regularly PPI treatment. Although PPI
treatment is considered to be cheap, relatively safe, long-
term treatment with this drug has been shown to
increase the susceptibility to GI infections and pneumo-
nia, and it has been associated with an increased risk of
fractures.27–29 Unfortunately, the reasons why these low
GI risk patients obtained (regular) PPI’s by their
primary care physician is very incompletely recorded in
our database, refraining us to comment on the necessity
of these prescriptions in patients with a low GI risk.
The only difference between patients who were at

increased GI risk with or without regular PPI therapy
was the reason of being a patient with an increased GI
risk; nearly 90% of the patients who were at increased
GI risk without regular PPI therapy were above
80 years, whereas of the patients with regular PPI use,
just 74% was above 80 years. Another possible

Table 3 Probability of receiving a proton-pump inhibitor (PPI) regularly versus no PPI in patients treated regularly with

low-dose aspirin

LDASA users

(N=9.887)

p Value*

Univariate analysis

(OR; 95% CI)

Multivariate analysis

(OR; 95% CI)

Age (ref=18–50)

51–65 1.28 (1.13 to 1.46) 1.09 (0.91 to 1.31) 0.39

66–80 1.77 (1.56 to 2.00) 1.54 (1.28 to 1.84) <0.0001

80+ 2.16 (1.88 to 2.48) 1.88 (1.54 to 2.30) <0.0001

Gender (ref=male) 1.48 (1.38 to 1.59) 1.26 (1.15 to 1.39) <0.0001

Increased risk of GI complications (ref=low)† 2.15 (1.99 to 2.33)

NSAIDs 4.05 (3.72 to 4.41) 5.20 (4.31 to 6.28) <0.0001

Oral anticoagulants 1.48 (1.30 to 1.68) 1.46 (1.12 to 1.90) 0.008

Glucocorticosteroids 4.39 (3.92 to 4.91) 6.06 (4.59 to 7.99) <0.0001

SSRIs 5.88 (4.95 to 6.99) 9.07 (6.73 to 12.22) <0.0001

Spironolacton 2.46 (2.04 to 2.96) 1.64 (1.22 to 2.22) 0.002

Ulcer 13.09 (6.75 to 25.40)

GI complications 14.88 (13.08 to 16.93) 13.89 (11.78 to 16.37) <0.0001

Cardiovascular diseases 1.37 (1.27 to 1.47)

Cerebrovascular diseases 0.98 (0.89 to 1.07)

Hypertension 1.13 (1.05 to 1.22) 0.83 (0.75 to 0.92) 0.001

Diabetes mellitus 1.21 (1.11 to 1.31)

Hypercholesterolaemia 1.19 (1.11 to 1.28) 1.19 (1.07 to 1.32) 0.003

Other drugs for acid-related disorders 1.84 (1.58 to 2.13)

Drugs for functional GI disorders 4.62 (3.96 to 5.40) 2.40 (1.92 to 3.00) <0.0001

Cardiac therapy 1.85 (1.71 to 2.00) 1.55 (1.39 to 1.73) <0.0001

Antihypertensive agents 1.62 (1.48 to 1.77) 1.34 (1.17 to 1.55) <0.0001

Vasoprotectives 1.91 (1.55 to 2.33) 1.42 (1.06 to 1.91) 0.03

Lipid modifying agents 1.18 (1.10 to 1.27)

Antidiabetics 1.22 (1.11 to 1.33) 1.11 (0.98 to 1.26) 0.1

*p Values presented are for the multivariate analyses and are corrected for multiple testing by using false discovery rate.
†Based upon HARM-WRESTLING recommendations: patients who are >80 years old, or >70 years old and simultaneous use of NSAIDs, oral
anticoagulants, glucocorticosteroids, SSRIs and/or spironolacton or >60 years old and history of an ulcer.
GI, gastrointestinal; LDASA, low-dose acetylsalicyclic acid, limited to the no use of PPI and regular users of PPI; NSAIDs, non-steroidal
anti-inflammatory drugs; SSRIs, selective serotonin reuptake inhibitors.
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explanation why not all patients with an increased GI
risk use PPIs regularly might be limited awareness of
primary care physicians of the current recommenda-
tion, since the draft version was first published in 2008
and the final version in 2009, during the first months
of our study period.
A strong point of our study is that we had a large rep-

resentative sample of patients monitored in daily prac-
tice. The vast majority of the primary care centres in the
Netherlands have a computerised EMR, allowing us to
use routinely recorded medical and prescription data
from primary care centres minimising the risk of recall
bias. The participating primary care centres are equally
distributed throughout the Netherlands and we took
possible differences between practices into account by
performing multilevel analyses. Another strength is that
in our large sample, we had complete data for each indi-
vidual patient, including all physicians’ diagnoses and
prescription data. This enabled us to study several differ-
ent subpopulations of patients combining LDASA and
PPI treatment. Finally, we performed a range of sensitiv-
ity analyses regarding exposure definition, and inclusion
and exclusion criteria.
A limitation of this study includes the lack of informa-

tion about prescriptions by medical specialists. If PPIs
were prescribed by medical specialists, the prescription
of the patient might not always appear in our dataset.
Yet, the Dutch guidelines for optimising primary care-
medical specialist communication support medical spe-
cialists to inform primary care physicians with the first
results of diagnostics and treatments of the referred
patient.30 31 Due to this, we may have underestimated
regular PPI use. However, it is plausible that LDASA pre-
scription was initiated by the same medical specialist, so
if PPI prescriptions are missing, probably LDASA pre-
scriptions are missing as well. In such a case the patient
was not included in our study, limiting the impact of
missing PPI prescriptions. Our results are based on an
observational study which may be subjected to residual
confounding due to potential unmeasured differences
in GI risk profile and patient characteristics between
LDASA users who received or did not receive PPI pre-
scriptions. Finally, we do not have any information why
patients with an increased GI risk did not obtain PPI
prescriptions, nor do we know the reason why patients
become an irregular PPI user, and whether this was
patient or physician related.
In conclusion, primary care physicians do not fully

adhere to the current recommendations to prescribe
PPIs regularly to LDASA users with an increased GI risk.
Despite widespread recommendations, more than half
of the patients with an increased GI risk are not treated
sufficiently with a concomitant PPI, increasing the risk
of GI side effects. This finding underlines the necessity
to consider merging recommendations in one common,
standard and frequently used recommendation by
primary care physicians. Further studies are needed to
determine which motivations and attitudes may play a

role for primary care physicians to be aware of the
guidelines and be able to accept, and adhere to them.
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