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ABSTRACT

Objective To examine proton pump inhibitor (PPI) and
histamine-2 receptor antagonist (H2RA) prescribing
patterns over a 29-year period by quantifying annual
prevalence and prescribing intensity over time.

Design Population-based cross-sectional study.

Setting More than 700 general practices contributing
data to the UK Clinical Practice Research Datalink (CPRD).
Participants Within a cohort of 14 242 329 patients
registered in the CPRD, 3 027 383 patients were
prescribed at least one PPl or H2RA from 1 January 1990
to 31 December 2018.

Primary and secondary outcome measures Annual
prescription rates were estimated by dividing the number
of patients prescribed a PPl or H2RA by the total CPRD
population. Change in prescribing intensity (number of
prescriptions per year divided by person-years of follow-
up) was calculated using negative binomial regression.
Results From 1990 to 2018, 21.3% of the CPRD
population was exposed to at least one acid suppressant
drug. During that period, PPI prevalence increased from
0.2% to 14.2%, while H2RA prevalence remained low
(range: 1.2%—3.4%). Yearly prescribing intensity to PPIs
increased during the first 15 years of the study period but
remained relatively constant for the remainder of the study
period. In contrast, yearly prescribing intensity of H2RAs
decreased from 1990 to 2009 but has begun to slightly
increase over the past 5 years.

Conclusions While PPI prevalence has been increasing
over time, its prescribing intensity has recently plateaued.
Notwithstanding their efficacy, PPIs are associated with a
number of adverse effects not attributed to H2RAs, whose
prescribing intensity has begun to increase. Thus, H2RAs
remain a valuable treatment option for individuals with
gastric conditions.

INTRODUCTION

Proton pump inhibitors (PPIs) and hista-
mine 2 receptor antagonists (H2RAs) are
acid suppressant drugs used in the manage-
ment of gastric conditions, including peptic
ulcer disease and gastro-oesophageal reflux
disease.' 2 The first H2RA, cimetidine, was
approved for use in the UK in 1976, while
omeprazole, a PPI, was later approved in

Strengths and limitations of this study

» Largest and most comprehensive study to date de-
scribing trends of acid suppressant drug prescribing
over a 29-year period.

» Large sample size allows detailed description of
trends by age group, sex and indication.

» Prescriptions in the Clinical Practice Research
Datalink are issued by general practitioners, so it
was not possible to assess patient adherence.

» We did not have data on prescriptions recorded in
hospital, by specialists, or from over the counter.

shown to have superior efficacy in reducing
stomach acid compared with H2RAs' and
are thus more favourably used. Nonetheless,
both drug classes are among the top 25 most
prescribed medications in the hospital setting
in the UK.

In recent years, there have been concerns
about the increasing uptake of PPIs, with
emerging evidence that they are being
prescribed to individuals without an evidence-
based indication or for longer durations than
necessary.” " Indeed, the number of individ-
uals using PPIs has been increasing signifi-
cantly since their introduction in 1989."" In
England alone, more than 50 million PPI
prescriptions were dispensed in 2015.° In
contrast, there is limited information on the
older drug class, H2RAs, with regard to their
prescribing patterns in recent years. It is also
less well known whether H2RAs are also being
overprescribed in a similar fashion to PPIs.

While PPIs are generally well tolerated and
perceived to have an excellent safety profile,'?
recent evidence suggests that long-term use,
beyond the recommended 4-8 weeks dura-
tion for most conditions, may be associated
with certain adverse health outcomes. These
include enteric infections such as Clostridium
difficile, acute interstitial nephritis, hypomag-

Dr Laurent Azoulay; 1989.% * While both drug classes have been nesaemia and increased intestinal colonisa-
laurent.azoulay@mcgill.ca used for over three decades, PPIs have been  tion with multidrug-resistant organisms.3 12-15
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Given their widespread use and these potential adverse
effects, the National Institute for Health and Care Excel-
lence (NICE) recommended new treatment guidelines
for PPI use in primary care in 2014."® These new guide-
lines emphasise an annual review to determine ongoing
need, and to use the lowest dose of PPI on an as-needed
basis for symptom relief.'® Treatment with H2RAs is
recommended when patients are unresponsive to PPIs."®
Prescribing patterns of PPIs have not been evaluated
since the publication of these guidelines, and it remains
unknown if the guidelines had an impact on the uptake
of H2RAs. Thus, the objective of this utilisation study was
to determine the prescribing patterns of PPIs and H2RAs
in UK primary care over a 29-year period.

METHODS

Data source

This study was conducted using the Clinical Prac-
tice Research Datalink (CPRD), a large primary care
database with records of over 15 million patients,
shown to be well representative of the general UK
population.17 ' The CPRD contains information on
demographics, diagnoses and procedures,19 and
prescriptions issued by general practitioners are
recorded using the British National Formulary. The
data are audited regularly, and diagnoses recorded in
the CPRD have been extensively validated.*"*!

Study population

Using the CPRD, we identified a cohort of patients
who were registered with a general practitioner from
1 January 1990 to 31 December 2018. We did not
impose any age restrictions to allow the evaluation of
PPI and H2RA prescribing trends in both paediatric
and adult populations. Patients were followed from
the latest date at which their practice started contrib-
uting data to the CPRD, their personal date of regis-
tration with their general practice, or the start of the
study period (1 January 1990). Follow-up ended at the
carliest date at which their practice stopped contrib-
uting data to the CPRD, their personal end of regis-
tration with their general practice, or the end of the
study period (31 December 2018).

Exposure definition

We identified all PPIs and H2RAs prescriptions within the
study period using the British National Formulary (online
supplemental tables 1 and 2). This included five PPI types
(omeprazole, esomeprazole, lansoprazole, pantopra-
zole and rabeprazole) and four H2RA types (ranitidine,
cimetidine, famotidine and nizatidine). Prescription
duration was calculated using the number of days’ supply
recorded in the CPRD. If this value was not recorded, we
divided the prescription quantity by the numeric daily
dose to ascertain duration. If none of these variables were
recorded, we used the mode of the prescription duration
for PPIs and H2RAs, separately.

Statistical analysis

Prevalence

For each calendar year, we calculated the prevalence of
PPIs and H2RAs, separately. The numerator for these
prescription rates was the number of individuals receiving
at least one acid suppressant drug in a given year (PPI
and H2RA prescriptions were considered separately).
The denominator was the total number of patients regis-
tered in the CPRD in a given year. Thus, prevalence was
calculated per year by dividing the number of prescrip-
tions over the number of patients in the CPRD for each
calendar year between 1990 and 2018. Secondary analyses
were conducted to determine prevalence among certain
subgroups. Specifically, the rates were stratified by age
(<18, 18-39, 40-59 and 260), sex and individual drug
type.

Prevalence was also calculated among new users only by
restricting the population to individuals receiving their
first acid suppressant prescription (ie, PPI or H2RA)
within the study period. To determine new use, individ-
uals prescribed acid suppressants were required to have at
least 1 year of medical history in the CPRD prior to their
first prescription. Similarly, patients in the CPRD were
required to have at least 1 year of follow-up to contribute
to the denominator. Individuals coprescribed a PPI and
H2RA as their first prescription were excluded from
this analysis. Thus, prevalence was calculated for each
year between 1991 and 2018 in new users and stratified
according to the same variables described above.

Indications for use

Indications for use among new users (ie, first of either
a PPI or H2RA prescription within the study period)
was inferred using Read codes recorded at any time
prior to the first prescription. Indications were classi-
fied as evidence based (dyspepsia, gastroprotection,
gastro-oesophageal reflux disease, peptic ulcer disease,
Helicobacter pylori infection, Barrett’s oesophagus
and Zollinger-Ellison syndrome), non-evidence-based
gastroprotection, off-label (stomach pain and gastritis
or duodenitis), and no recorded indication.? To define
individuals using acid suppressant drugs for gastroprotec-
tion, we considered individuals prescribed nonsteroidal
anti-inflammatory drugs (NSAIDs) or dual antiplatelet
therapy within 90 days prior to their first PPI or H2RA
prescription. To be classified as evidence-based gastropro-
tection, these patients additionally required at least one
of the following risk factors (age =60, history of bleed or
ulcer, or concomitant use of anticoagulants, antiplatelets,
corticosteroids).” All individuals with a coprescription
for NSAIDs or dual antiplatelet therapy, but without a
risk factor, were assumed to be using acid suppressants
for non-evidence based gastroprotection. In secondary
analyses, we stratified indications by sex and illustrated
the incidence of indications over time by dividing the
number of patients with each indication per year by the
population in the CPRD with at least 1 year of follow-up.

2

Abrahami D, et al. BMJ Open 2020;10:€041529. doi:10.1136/bmjopen-2020-041529


https://dx.doi.org/10.1136/bmjopen-2020-041529
https://dx.doi.org/10.1136/bmjopen-2020-041529

Prescribing intensity

For each calendar year, we calculated the prescribing
intensity of PPI and H2RA use, separately. The numer-
ator for these rates was the number of prescriptions
received for either acid suppressant drug in a given year
(prescriptions longer than 30 days were converted into
30-day equivalents (eg, one 90-day prescription was equiv-
alent to three 30-day prescriptions), for a maximum of 12
prescriptions per year). The denominator for these rates
was the total person-years of follow-up that were contrib-
uted by drug users in a given year. Thus, yearly prescribing
incidence rates were calculated by dividing the number
of prescriptions over the person-years of follow-up for
each year between 1990 and 2018. To determine whether
prescribing intensity changed during the study period,
we stratified the study period by b-year intervals and esti-
mated incidence rate ratios with 95% CIs using negative
binomial regression, with log of follow-up time included
as an offset variable.

Persistence

As there is some evidence that PPIs are being used for
inappropriate durations,”” but there is limited evidence
on H2RA use, we examined persistence to both drugs by
calculating the cumulative incidence of discontinuation
in new users of PPIs and H2RAs. Time to discontinua-
tion was defined as the time from the first prescription
of an acid suppressant drug to the end of the first treat-
ment episode. Exposure was considered continuous if the
duration of one prescription overlapped with the start of
the subsequent prescription, allowing for a 30-day grace
period. The end of a treatment episode was defined as
the first of: (1) a treatment gap exceeding 30 days, (2)
a switch from PPI to H2RA or vice versa, or (3) adminis-
trative censoring (ie, if a practice stopped contributing
data to the CPRD, a patient was no longer registered with
their general practice, or if the study period ended). The
length of the grace period was changed to 7 and 60 days in
a sensitivity analysis. We used Kaplan-Meier curves to illus-
trate the cumulative incidence of discontinuation of PPIs
and H2RAs, separately, as a function of duration of use to
show the cumulative probability of persisting to the first
treatment episode. In a secondary analysis, we described
the cumulative incidence of discontinuation according to
indications for use (evidence-based, non-evidence-based
gastroprotection, off-label and no recorded indication).
All analyses described above were conducted with SAS
V.9.4 (SAS institute) and R (R Foundation for Statistical
Computing, Vienna, Austria).

Patient involvement

We did not include patients as study participants, as our
study involved the use of secondary data. Patients were
not involved in the design or implementation of the
study. We do not plan to involve patients in the dissemi-
nation of results, nor will we disseminate results directly
to patients.

RESULTS

Within a cohort of 14 242 329 patients (51.4% female)
registered in the CPRD, 3 027 383 (21.3%) patients were
prescribed at least one PPI or H2RA during the study
period, corresponding to 58 926 373 and 9 386 908
prescriptions, respectively. Among patients prescribed
an acid suppressant drug, there were 1 654 323 (54.7%)
females and 2 920 176 (96.5%) adults (at least 18 years
old). Throughout follow-up, there were 2 714 785
(19.1%) individuals prescribed at least one PPI, 855 248
(6.0%) individuals prescribed at least one H2RA, and 542
650 (3.8%) individuals prescribed both drug classes.

Among patients newly prescribed an acid suppressant
drug (n=2 085 825), 81.5% (n=1 699 837) were initially
prescribed a PPI, while 18.5% (n=385 988) were initially
prescribed a H2RA. Table 1 presents the characteristics of
these users at the time of their first prescription. PPI users
were slightly older than H2RA users at the time of initial
prescription, but there were no sex differences between
the two groups. Only 43.5% and 45.3% of PPI and H2RA
users, respectively, had an evidence-based indication for
use, with dyspepsia being the most common recorded
indication. Non-evidence-based gastroprotection was
more common in PPl users (21.4%) than the H2RA users
(18.83%). About one in five PPI and H2RA users did not
have a recorded indication for use. When stratifying indi-
cations by sex, females were more commonly prescribed
PPIs for off-label indications compared with males (online
supplemental table 3). The incidence of indications for
acid suppressant use was relatively consistent over time,
with gastro-oesophageal reflux disease the only evidence-
based indication that slightly increased over follow-up
(online supplemental figure 1).

Figures 1-3 illustrate the overall, sex and age-stratified
prevalence of PPI and H2RA, respectively. Throughout
follow-up, PPI prevalence sharply increased from 0.2%
in 1990 to 14.2% in 2018. In contrast, the prevalence of
H2RAs remained consistently low throughout the study
period (range: 1.2%-3.4%). PPIs were more commonly
prescribed in females and both drug classes were more
commonly prescribed in adults at least 60 years old.
Overall and sex-stratified prevalence of use were similar
among new users (online supplemental figures 2 and 3),
though the prevalence of H2RA use among new users was
consistent across all age categories over the past decade
(online supplemental figure 4). Omeprazole was the
most commonly prescribed PPI during the study period,
followed by lansoprazole (online supplemental figure
5). At the beginning of the study period, ranitidine and
cimetidine were both frequently prescribed, though after
2004 ranitidine was almost exclusively the only H2RA
prescribed (online supplemental figure 5).

Throughout the study period, the prescribing intensity
of PPIs ranged from 0.07% in 1990, increasing to a peak
intensity of 0.98% in 2012. In contrast, the prescribing
intensity of H2RA use decreased over the study period
from the highest intensity of 1.95% in 1990, to the lowest
intensity of 0.08% in 2013 (online supplemental figure 6).
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Table 1 Characteristics of individuals newly prescribed proton pump inhibitors (PPI) and histamine-2 receptor antagonists

(H2RA)

Characteristic PPI H2RA"

Total 1699 837 385 988

Male, n (%) 768 781 (45.2) 167 683 (43.4)

Age, years (mean, SD) 53.4 (18.9) 48.6 (21.1)

Age group, n (%)
<18 years 34 590 (2.0) 30 057 (7.8)
18-39 years 393 052 (23.1) 109 205 (28.3)
40-59 years 596 469 (35.1) 116 174 (30.1)
>60 years 675 726 (39.8) 130 552 (33.8)

( )

Evidence-based indication, n (%)*
Dyspepsia
Gastroprotection
Gastro-oesophageal reflux disease
Peptic ulcer disease
Helicobacter pylori infection
Barrett’s oesophagus
Zollinger-Ellison syndrome
Non-evidence based gastroprotection, n (%)
Off-label indication, n (%)*
Stomach pain
Gastritis or duodenitis
No recorded indication, n (%)
Reason for discontinuationt
Switch to other class
Treatment gap >30 days
Administrative censoring

740 177 (43.5)
316 831

288 360

158 405

50 239

41 430

4180

24

363 992 (21.4)
253 591 (14.9)
231 715

35 908

342 077 (20.1)

43 988 (2.6)
893 230 (52.5)
762 619 (44.9)

174 836 (45.3
112 737

41 350

33 480

14 453

2526

137

5

51 476 (13.3)
72 431 (18.8)
64 188

13 096

87 245 (22.6)

124 648 (32.3)
122 928 (31.8)
138 412 (35.9)

*Indication categories are not mutually exclusive.

tMedian (IQR) duration of first treatment course for PPl users and H2RA users was 144 (59-870) days and 279 (61-1645) days, respectively.

PPI yearly prescribing intensity sharply increased during
the first 5 years of the study period, moderately increased
until 2004, after which prescribing intensity plateaued
(online supplemental table 4). In contrast, H2RA yearly
prescribing intensity decreased from 1990 to 2009, and
has begun to increase slightly over the past 5 years.
Within new users of PPIs (n=1,699,837) the median
duration of the first treatment course was 144 (IQR (IQR):
59-870) days. Reasons for discontinuation are presented
in table 1, which illustrates that the majority of PPI users
(52.5%) discontinued their first treatment course due to
a gap of at least 30 days between prescriptions. Overall, a
small percentage (2.6%) of PPI users discontinued their
original treatment due to a switch to H2RAs. In contrast,
the median duration of the first H2RA treatment course
among new H2RA users (n=3 85 988) was 279 (IQR:
61-1645) days. Approximately one-third of H2RA users
discontinued use due to each of the following: a treat-
ment gap exceeding 30 days, administrative censoring, or
because of a switch to a PPI. Online supplemental table

5 presents duration of treatment and reasons for discon-
tinuation under alternate grace periods. When a grace
period of 7 days was applied, the median (IQR) duration
of PPT and H2RA use was 66 (36-560) and 149 (38-1479)
days, respectively. When a grace period of 60 days was
used, the median (IQR) duration of PPI use was 231
(89-1097) days, and H2RA use was 381 (91-1785) days.
The reasons for discontinuation remained consistent
when considering these alternate grace periods.

Figure 4 illustrates the time to discontinuation of
both drug classes. While persistence to PPIs and H2RAs
declined within the first year of use, 37.5% of PPI users
and 46.9% of H2RA users persisted to their original
treatment course beyond the 1 year recommended dura-
tion,'® and 12.6% of PPI users and 23.1% of H2RA users
persisted to their original treatment course after 5 years.
When examining persistence by indication, persistence to
both PPIs and H2RAs was highest among patients with
an off-label or no recorded indication for use (online
supplemental figures 7 to 10).
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DISCUSSION

To our knowledge, this is the largest and most compre-
hensive study conducted to date to examine prescribing
patterns of both PPIs and H2RAs in the UK. Throughout
the study period, 21.3% of the CPRD population received
atleast one prescription for an acid suppressant drug (PPI
only: 19.1%, H2RA only: 6.0%, PPTand H2RA: 3.8%). The
overall prevalence of PPI prescribing has increased from
1990 to 2018, while the prevalence of H2RA remained
low. Yearly prescribing intensity to PPIs increased during
the first 15 years of the study period but remained rela-
tively consistent for the remainder of the study period. In
contrast, yearly prescribing intensity of H2RAs decreased
from 1990 to 2009 but has begun to increase over the past
5 years.
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The overall high prevalence of PPI use in the UK is
consistent with a utilisation study of PPIs using CPRD
data, but whose follow-up period ended at the end of
2014." Importantly, our study further contextualises the
landscape of prescribing acid suppressant drugs by also
describing trends of H2RA use. While H2RAs are consid-
erably less popular than PPIs, we observed almost 10
million prescriptions within our study period, suggesting
that their use has not been completely supplanted by
PPIs. While use of H2RAs may be associated with delirium
and acute interstitial nephritis,”* they are generally well
tolerated. Indeed, H2RAs are more commonly associ-
ated with mild adverse effects like headache and consti-
pation,” not the serious adverse effects associated with
use of PPIs.> %1% Thus, H2RAs continue to represent an
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Figure 4 Persistence to original treatment course for proton
pump inhibitor (PPI) and histamine-2 receptor antagonist
(H2RA) initiators.
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important treatment option for individuals with gastric
conditions. Finally, while the prevalence of acid suppres-
sant drugs is consistent with the market availability of
both drug classes, it cannot be explained by an increase in
the incidence of indications for PPIs and H2RAs, which
have been relatively consistent over time.

To our knowledge, this is the first study to describe
contemporary prescribing practices following the
most recent NICE recommendations in 2014."® Given
that H2RA prescribing intensity has begun to increase
following publication of the guidelines, this may suggest a
gradual shift in prescribing to favour H2RAs. Indeed, the
guidelines recommend treatment with PPIs at the lowest
dose for the shortest amount of time, and thus may favour
longer-term H2RA prescriptions. Future studies should
investigate the impact of the NICE recommendations
more thoroughly.

Our study demonstrated a sex difference among PPI
prescribing patterns and an age difference among
prescribing patterns of both PPIs and H2RAs; women
were more frequently prescribed PPIs and adults at
least 60 years old were more frequently prescribed both
drug classes. As women are more likely to report symp-
toms of gastric reflux than men,** this would lead to
more frequent prescribing of acid suppressant drugs
to manage these symptoms. Moreover, dyspepsia, the
most common evidence-based indication, was more
commonly diagnosed in women. The age difference may
be explained by the increasing incidence of dyspepsia
with age,” or through an increased need for gastropro-
tection in the elderly, whereby patients over the age of 60
who are prescribed NSAIDs or dual antiplatelet therapy
are indicated to receive an acid suppressant drug for
gastroprotection.2

In recent years, there have been concerns about the
increasing inappropriate use of PPIs.®” Indeed, between
40% and 55% of primary care patients in the USA and
the UK do not have an evidence-based indication for
long-term PPI use.?® ” This is particularly relevant as
PPIs are associated with a number of serious adverse
events including enteric infections and hypomag-
neasemia.” '*"While there is some evidence that use of
PPIs may also be associated with dementia, pneumonia
and gastric cancer,” * not all studies have confirmed these
associations.” ™ Our study adds to the growing literature
surrounding inappropriate use, as we illustrated that
these issues extend to H2RA users as well. Indeed, a little
over 20% of PPT and H2RA users have no recorded indica-
tion for use, while 37.5% and 46.9%, respectively, remain
on their original treatment course at 1 year of follow-up,
despite recommendations to limit use to 4-8 weeks at a
time for symptomatic treatment of gastro-oesophageal
disease and peptic ulcer disease.'® As illustrated by the
stratified persistence patterns, a significant portion of
this high persistence is among patients with an off-label,
or no recorded indication for use. This provides further
evidence on the inappropriate use of acid suppressant
drugs.

This study has several strengths. To our knowledge,
this is the largest and most comprehensive study to date
describing the trends of acid suppressant drugs over time.
Our study describes the use of PPIs and H2RAs over a
29-year period, which is almost the entirety of PPI market
availability. Importantly, we provide new data on the
recent use of H2RAs, which indicates that this drug class
is gaining favour among general practitioners. Second,
the data we used in this study has been well validated,* *!
and shown to be representative of the UK general popu-
lation.'” ** Finally, the large sample size allowed us to
provide detailed information of trends by age group and
sex, and investigate use among rare indications, including
Barrett’s oesophagus and Zollinger-Ellison syndrome.

This study also has some limitations. Prescriptions
recorded in the CPRD are those issued by general prac-
titioners, and thus, it is not possible to assess patient
adherence or determine if a patient filled a prescription.
While this may slightly affect the estimate of cumulative
incidence of discontinuation, the rest of our analyses
focus on physician prescribing trends. These would not
be influenced by patient adherence and are a better
indicator of whether physicians are following guidelines.
Second, it is possible that the trends reported in this
study are underestimated, as we do not have information
on prescriptions recorded in hospital or by specialists.
However, this is unlikely to lead to substantial underesti-
mation, as general practitioners in the UK are responsible
for long-term patient care.”’ However, it remains possible
that the lack of hospitalisation data led to the underes-
timation of patients requiring short-term treatment with
acid suppressant drugs. Third, this study uses data from
the UK only, and as such, it is possible that prescribing
trends will differ in alternate settings. Finally, this study
did not include data on over the counter use of medi-
cations. Thus, the relatively high prevalence of patients
exposed to acid suppressant drugs (21.3%) would be
even higher if over the counter PPI and H2RA usage was
considered. Lack of over the counter data may have led
to the underestimation of patients using acid suppres-
sant drugs for gastroprotection, as it is possible that some
patients receive an NSAID prescription over the counter.

This study demonstrates that while prevalence of PPI
use has increased with time, its prescribing intensity has
plateaued over the past 15 years. In contrast, while preva-
lence of H2RAs was consistently low throughout the study
period, its prescribing intensity has begun to slightly
increase over the past b years. Given that PPIs are asso-
ciated certain adverse effects not attributed to H2RAs,
H2RAs remain a valuable treatment option for individ-
uals with gastric conditions.
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