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Abstract
Purpose of Review Proton pump inhibitor (PPI) use in gastro-
esophageal reflux disease (GERD) has been redefined, in light
of recent advances highlighting GERD phenotypes that re-
spond to PPIs, and fresh revelations of potential risks of
long-term PPI therapy.
Recent Findings Erosive esophagitis predicts excellent re-
sponse to PPI therapy, but non-erosive reflux disease
(NERD) with abnormal reflux parameters on ambulatory re-
flux monitoring also demonstrates a similar response. In con-
trast, response is suboptimal in the absence of abnormal reflux
parameters. In this setting, if an alternate appropriate indica-
tion for PPI therapy does not coexist, risks may outweigh
benefits of PPI therapy. Adverse events from long-term PPI
therapy continue to be reported, most based on association
rather than cause-and-effect.
Summary Appropriate indications need to be established be-
fore embarking on long-term PPI therapy. Future research will
define true risks of long-term PPI therapy, and develop alter-
nate management options for acid peptic diseases.

Keywords Gastroesophageal reflux disease . Proton pump
inhibitors: heartburn . Endoscopy . Ambulatory reflux
monitoring . Esophageal manometry

Introduction

Proton pump inhibitors (PPIs) were first introduced into clin-
ical use in the 1980s, and have remained the mainstay for acid
suppression ever since [1]. Omeprazole was the first agent
discovered in 1979, and introduced into the market in 1989.
Since then, several additional PPIs have been introduced, in-
cluding lansoprazole, rabeprazole, and pantoprazole. Two of
the original PPIs have been reintroduced with altered chemical
formulation: esomeprazole and dexlansoprazole. Omeprazole
has been marketed in combination with sodium bicarbonate,
thought to increase bioavailability. However, at their core,
PPIs suppress gastric acid secretion, and a meta-analysis of
studies evaluating various formulations of PPIs found that
there is negligible difference in efficacy between PPIs in the
anticipated therapeutic effect [2]. Regardless of formulation,
PPIs work by irreversible blockade of activated H+ K+ aden-
osine triphosphatase proton pump in the gastric parietal cells,
which is the mechanism for secretion of hydrochloric acid into
the gastric lumen. PPIs are administered orally and need to be
absorbed from the small intestine. The active ingredient is
carried by the blood stream to the gastric parietal cells. The
acid secretory effect is not immediate as the medication needs
to concentrate in the acidic secretory canaliculi in the parietal
cell before inhibiting the proton pump [1]. Acid production is
suppressed until new proton pumps regenerate, and the med-
ication is readministered on a daily basis to ensure continued
acid suppression. For optimal efficacy, PPIs need to be dosed
before meals, typically 30–60 min prior to the first meal of the
day with once daily usage, and the second dose similarly
administered before dinner with twice daily usage. There is
no clear benefit to additional dosing beyond twice daily.

Over the past three decades, it has become clear that PPIs
are extremely effective acid suppressants, and consequently,
resolve symptoms as well as improve clinical outcome in acid
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peptic disorders. In the late 1990s, the use of short-term PPI
therapy was explored as a diagnostic test for gastroesophageal
reflux disease (GERD) in patients presenting with typical
GERD symptoms [3, 4]. The sensitivity of symptom improve-
ment from a 7-day trial of omeprazole in diagnosing GERD
was reported to be approximately 80% against a gold standard
of erosive esophagitis on endoscopy, or a positive ambulatory
pHmonitoring study. Despite a modest specificity of 54% [5],
an empiric PPI trial is now considered a pragmatic and cost-
effective initial step in diagnosing and managing GERD in
patients without alarm symptoms. This has led to widespread
use of PPIs, often for symptoms that may not be acid peptic in
origin. The availability of PPIs over the counter without pre-
scription has further escalated use of these agents, in many
instances without instruction from a medical professional,
and often in the absence of established indications [6].
Initiation of PPIs by medical personnel involved in cross-
sectional care of emergency room or hospitalized patients of-
ten leads to continuing chronic use in symptomatic settings
where a clear indication is not documented [7]. This wide-
spread use has led to concerns regarding detrimental conse-
quences from chronic use of these agents, based on large as-
sociation studies, often without clear cause-and-effect rela-
tionships [8••].

In this context, this review seeks to define appropriate in-
dications for PPI use in GERD, and describe steps that can be
taken when an appropriate indication is not well established.
Further, the available data behind current concerns over PPI
side effects will be analyzed, and a practical approach to ap-
propriate long-term PPI use will be discussed.

Appropriate Indications for PPI Therapy

Gastroesophageal Reflux Disease

Although gastroesophageal reflux disease (GERD) results
from motor or structural disruption of the esophagogastric
junction (EGJ) barrier, medical management typically does
not target GERD pathophysiology. Instead, acid suppression
is utilized to reduce noxious acidic refluxate, thereby improv-
ing symptoms and healing eroded mucosa in the distal esoph-
agus [9]. As a consequence, acidic reflux episodes are con-
verted to weakly acidic or non-acidic reflux [10], which tends
not to be irritant to the esophageal mucosa in the vast majority
of settings. Suppression of gastric acid production therefore
allows resolution of reflux symptoms (especially heartburn),
and healing of erosive esophagitis.

An empiric trial of PPI therapy is considered the initial
approach to typical GERD symptoms (heartburn, acid regur-
gitation), utilized in lieu of diagnostic testing in patients with-
out alarm symptoms [11•, 12•] despite suboptimal specificity
of a PPI trial in GERD diagnosis [5]. An 8-week trial of a PPI

results in symptom improvement in as many as 70% of
uninvestigated heartburn in meta-analysis, with a number
needed to treat (NNT) of 2.2 for symptom improvement
[13••]. Healing of endoscopic esophagitis is noted in 86%,
with NNT of 1.8 [14]. With erosive esophagitis, complete
relief of typical reflux symptoms with PPI therapy is reported
in 72% (95% confidence intervals 68–74%) [15••]. In the
absence of erosive esophagitis on endoscopy (non-erosive re-
flux disease, NERD), similar results are achieved if the diag-
nosis of NERD is based on abnormal ambulatory reflux mon-
itoring (73.5% complete symptom relief, 95% CI 69.1–
77.6%) [15••]. In contrast, the likelihood of symptom resolu-
tion is only 50.5% (95% CI 43.5–57.5%) if NERD diagnosis
is based on heartburn and normal endoscopy, without inde-
pendent documentation of abnormal esophageal acid expo-
sure [15••]. This implies that non-GERD mechanisms, partic-
ularly functional esophageal disorders (functional heartburn,
reflux hypersensitivity) contribute to perception and presenta-
tion of heartburn [16••], and symptoms identical to NERD can
be reported with functional heartburn despite lack of acid trig-
gering of symptoms [17]. In recognition of these factors, the
modern diagnosis of NERD requires documentation of abnor-
mal esophageal acid exposure in addition to absence of ero-
sive esophagitis and other mucosal processes (especially eo-
sinophilic esophagitis) on endoscopy [16••]. PPIs are also pre-
scribed in patients with confirmed intestinal metaplasia on
histopathology (Barrett’s esophagus), particularly long-
segment Barrett’s esophagus, which is a reliable predictor of
abnormal esophageal acid burden [18, 19••]. Peptic strictures
in the distal esophagus are another indicator of pathologic
GERD, and are managed with long-term PPI therapy in addi-
tion to endoscopic dilation [19••, 20••].

Acid suppression is much less effective in resolving
regurgitation-predominant GERD, and atypical GERD symp-
toms (non-cardiac chest pain, pulmonary symptoms, laryngeal
symptoms) [21–24]. Regurgitation as a GERD symptom re-
sponds to PPI therapy in only 26–44%, with only a 17%
therapeutic gain over placebo [21, 25]. Similarly, improve-
ment of chronic cough is noted in <25% with PPI therapy
and resolution of cough is rare [22, 26]. Response of laryngeal
symptoms in the absence of heartburn is similar to that seen
with placebo [24]. Asthmatics may improve their nocturnal
symptoms and pulmonary function parameters in settings
where asthma coexists with heartburn, erosive esophagitis or
Barrett’s esophagus; improvement is not consistently seen in
the absence of these select circumstances [27]. Non-cardiac
chest pain is the only atypical GERD setting where PPI re-
sponse can be substantial. If abnormal reflux parameters can
be demonstrated on objective testing, PPI response can be
seen in as many as 56–85%, in contrast to 0–17% when such
evidence is absent [23]. This probably reflects the fact that
patients interpret their retrosternal sensations as either heart-
burn or chest pain, and heartburn may be reported as chest
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pain or vice versa. Consequently, use of a PPI trial has a
sensitivity of 84% and specificity of 74% in predicting a reflux
etiology when cardiac etiologies have been excluded [28, 29],
similar to that initially reported with heartburn.

Beyond the initial 8 weeks, PPIs need to be maintained
over the long term in patients with well characterized GERD
to avoid recurrence of symptoms or esophagitis [30•, 31].
Maintenance of healing of esophagitis is seen in 93% with
the use of continuous PPI therapy for 6 months, in contrast
to 29% with placebo [32]. Compared to the full PPI dose
typically used to initiate healing, a lower PPI dose can suffice
for maintenance of healing. However, use of alternate day
dosing or intermittent PPI use can be associated with recur-
rence of symptoms and dissatisfaction with therapy [30•],
which can be attributed to higher esophageal acid exposure
on days when the PPI is not taken in patients with proven
GERD [31]. On demand therapy, therefore, is best reserved
for patients with infrequent symptoms, in the absence of
esophageal mucosal manifestations such as erosive esophagi-
tis or Barrett’s esophagus. Acid suppression can sometimes be
stepped down to histamine-2 receptor antagonists (H2RA)
[33], an approach that can be successful in a third of patients
with symptomatic GERD without erosive esophagitis or
GERD complications; however, therapy will need to be
reverted back to PPIs if symptoms recur on H2RA therapy.

The most appropriate indications for PPI therapy in GERD,
therefore, consist of erosive esophagitis, Barrett’s esophagus
or peptic strictures on endoscopy, and evidence of abnormal
esophageal acid exposure on ambulatory reflux monitoring
[19••, 34•, 35]. These circumstances are termed “proven
GERD”, and represent clinical settings where there is strong
evidence for improved symptomatic and disease outcomes
with PPI therapy compared to placebo or lesser degrees of
acid suppression (e.g., H2RA). All other clinical settings are
termed “unproven GERD”, where invasive investigation (en-
doscopy, ambulatory reflux monitoring, esophageal manome-
try) can determine if the presence of GERD can be proven
[19••], or if an alternate mechanism for symptoms can be
determined [36].

The designations of proven and unproven GERD are im-
portant when esophageal symptoms fail to respond to seem-
ingly adequate PPI therapy (Fig. 1). In both proven and un-
proven GERD, endoscopy with biopsy could uncover non-
GERD mucosal processes (e.g., eosinophilic esophagitis, in-
fectious esophagitis, lichen planus, pill esophagitis) that could
be contributing to symptoms [37•, 38, 39•]. When GERD is
previously unproven, ambulatory reflux monitoring is per-
formed off acid suppression [16••, 19••], where findings either
document pathologic GERD (abnormal reflux parameters),
refute GERD (physiological reflux parameters) or are border-
line for GERD. When borderline parameters are encountered,
alternate investigative evidence (distal esophageal biopsies
showing reflux related findings, disruption of the

esophagogastric junction onmanometry, endoscopy or barium
studies) or novel reflux parameters on pH-impedance testing
(mean nocturnal baseline impedance, post-reflux swallow-in-
duced peristaltic wave index, numbers of reflux episodes) may
support evidence for reflux disease [19••, 40•]. With physio-
logical reflux parameters, motor disorders (especially achala-
sia andmajor motor disorders), and functional disorders (func-
tional heartburn, reflux hypersensitivity, supragastric
belching, rumination syndrome) need to be considered as
mechanisms for symptoms [16••, 36]. Functional esophageal
disorders can coexist with proven GERD. Therefore, when
symptoms persist while on maximal acid suppression in prov-
en GERD, ambulatory pH-impedance monitoring is per-
formed on PPI therapy, to determine if reflux metrics are ab-
normal despite PPI therapy, or if overlapping functional syn-
dromes coexist and participate in symptom generation [16••,
19••]. An organized approach to investigation of persisting
symptoms, therefore, can determine if reflux disease exists at
all, if reflux disease is truly refractory to PPI therapy, or if
alternate processes coexist with reflux disease.

In summary, within the realm of proven or suspected
GERD, PPI therapy has immense value when gastric acid is
documented to be the instigator of esophageal symptoms or
esophageal mucosal damage (Table 1). True refractoriness to
PPI therapy does exist, but is rare. Persisting esophageal
symptoms are often termed “refractory” to PPI therapy when
in fact non-GERD mechanisms may be driving symptoms,
and esophageal function testing can be useful in making this
determination [19••]. If GERD cannot be documented, the
need for ongoing or chronic PPI therapy depends on whether
an alternate appropriate indication exists for PPI therapy. If
there is no appropriate indication for PPI therapy, the
risk:benefit ratio does not favor continuation of PPI, and the
medication should be weaned off and discontinued.

Other Appropriate Indications for PPI Use

Peptic Ulcer Disease

Acid suppressive therapy was first introduced for the manage-
ment of peptic ulcer disease. Acid suppression targets the two
most common causes of peptic ulcer disease (PUD),
Helicobacter pylori and nonsteroidal anti-inflammatory drugs
(NSAIDs) [1]. Soon after recognition of an infectious etiology
for most PUD in the form of H. pylori infection, it became
evident that successful eradication of this organism led to
accelerated healing of ulcers, and more importantly, a signif-
icant reduction in recurrence rates of PUD [41]. By suppress-
ing gastric acid, PPIs allow H. pylori to get into a growth
phase where the organism is most susceptible to antibiotics;
further, PPIs are directly bacteriostatic against H. pylori [42].
Therefore, PPIs remain an integral part of H. pylori eradica-
tion regimens [43]. Beyond H. pylori eradication, acid
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suppression with a PPI heals PUD, and prevents ulcers and
ulcer complications in the setting of chronic aspirin or NSAID
use [44]. By extension of this indication, chronic PPI therapy
is also employed in high-risk patients on antiplatelet therapy,
or anticoagulants combined with antiplatelet agents. In
hypersecretory states associated with uncontrolled secretion
of gastrin (Zollinger-Ellison syndrome), high doses of PPIs
are used at diagnosis, and indefinitely if a curative resection
cannot be performed [45].

Intravenous PPI administration has now become the main-
stay of management of acute peptic ulcer bleeding [46, 47•].
This is introduced as either IV bolus or infusion at presenta-
tion, and particularly after endoscopic intervention for bleed-
ing ulcers, where this has been demonstrated to reduce
rebleeding, need for surgery and mortality from bleeding
PUD [47•]. IV administration is typically continued for 72 h,
following which the medication is transitioned to the oral
route.

Eosinophilic Esophagitis

Within the eosinophilic esophagitis (EoE) spectrum, a PPI
responsive phenotype (PPI responsive eosinophilic
esophagitis, PPI-REE) exists where symptom improvement
and mucosal healing can be expected with chronic PPI use
[39•]. On meta-analysis, as many as 61% report clinical im-
provement of EoE symptoms, and half have histologic healing
[48•]; this is not directly associated with abnormal esophageal
acid burden on ambulatory pH monitoring. While it is not
completely known why EoE patients benefit from PPI use,
the high response rate warrants an initial PPI course as the
first line management of EoE [39•, 49]. Reduction in mucosal
eosinophil counts with PPI is now considered a diagnostic test
for segregation of PPI-REE from EoE requiring steroid or
dietary therapy [49]. Chronic PPI use is generally indicated
for PPI-REE, and potentially as an adjunct even when eosin-
ophil counts do not return to baseline with PPI therapy alone.
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Fig. 1 A scheme for appropriate use of acid suppressive therapy in
GERD. Empiric PPI therapy is appropriate in the absence of alarm
symptoms, but documentation of reflux disease is worthwhile prior to
long term PPI therapy. Persisting symptoms despite PPI therapy
prompts further evaluation with esophageal function tests (endoscopy,
esophageal manometry, ambulatory reflux monitoring). Unproven
GERD is evaluated with ambulatory pH or pH-impedance monitoring

off PPI, while PPIs are continued in proven GERD, and the test
employed is pH-impedance monitoring. PPIs can be utilized as the
mainstay of management where there is documentation of GERD
evidence, when benefits outweigh risk. If there is no GERD evidence
on testing in unproven GERD, alternative diagnoses are pursued. In
proven GERD, PPIs are continued despite negative GERD evidence,
but overlapping diagnoses are considered as a mechanism for symptoms
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Stress Ulcer Syndrome

Mucosal erosive disease is often encountered in the stomach
and duodenum in critically ill patients admitted to intensive
care units (ICU), particularly in the setting of mechanical ven-
tilation, coagulopathy, stroke, multiple organ failure, and
burns [50]. Improved ICU care has significantly reduced the
likelihood of stress ulcer bleeding, estimated at 1% in the
present day [50]. H2RAs are considered the agents of choice
for prophylaxis of stress ulcer bleeding in patients with risk
factors [20••, 51, 52]. However, in the setting of stress ulcer
bleeding, PPI therapy is often employed, and has been dem-
onstrated to be of value in this setting [53]. Unfortunately,
many patients admitted to ICUs are prescribed PPIs in the
absence of risk factors, and the medications are maintained
at discharge without a clear ongoing indication [54].
Therefore, when PPIs are employed for stress ulcer syndrome
while hospitalized, reevaluation of need for continuation is
determined at hospital discharge.

Symptomatic Foregut Syndromes

PPIs are often prescribed in uninvestigated dyspepsia, but pre-
dictability of an acid peptic process with symptom relief is
neither sensitive nor specific (54, 65%, respectively) [55].

This is because there is significant overlap with functional
dyspepsia, where symptom resolution is not likely with PPI
use alone [56••]. Symptom benefit is most likely when there is
a component of GERD, or NSAID associated dyspepsia, both
of which can be PPI responsive. In contrast, functional heart-
burn (normal ambulatory pH or pH-impedance monitoring off
PPI), and reflux hypersensitivity (physiologic acid burden
with positive symptom-reflux association on ambulatory pH
or pH-impedance monitoring) do not respond adequately to
acid suppression [16••]. In settings whereH. pylori prevalence
is high, a “test and treat” approach is often utilized, followed
by PPI therapy if symptoms persist despite eradication [57], or
if the organism is not found—in these settings, symptom res-
olution is noted in 34%with NNTof 10 [58].When symptoms
improve, the medications can be tapered off over time, with
long-term therapy utilized only in patients with prompt symp-
tomatic recurrence off PPI [59].

Other miscellaneous indications for PPI therapy include
patients with persistent steatorrhea from chronic pancreatitis
on pancreatic enzyme replacement therapy where acid sup-
pression prevents gastric acid degradation of pancreatic en-
zymes, foregut mucositis from chemotherapy or radiation, ul-
cerations from therapy of esophageal varices (band ligation or
sclerotherapy), and medication-induced dyspepsia that re-
sponds to PPI therapy (Table 1) [20••].

Adverse Effects of PPI Therapy

PPIs have been clinically available for almost three decades
and are considered safe in the setting of appropriate use. PPI
intolerance is noted in 1–3% of the population, typically in the
form of headache, abdominal pain, diarrhea, flatulence, dys-
pepsia, and rarely, rash and allergy [20••]. In recent years,
there has been increasing concern regarding long-term PPI
use (Table 2), mainly based on large association studies eval-
uating prescription databases, and suggesting caution in long-
term users [8••, 20••, 60••, 61•]. Using data from association
studies, often with relatively low-risk estimates (odds ratios,
ORs) for the adverse effect in question, is problematic, as low
ORs are subject to potential confounding and bias, both unin-
tended and undetected bias [62]. These low OR associations
therefore do not necessarily indicate causality. It is believed
that the ORs in association studies need to be >3.0 for the
association to be considered clinically relevant [60••, 63].
There are very limited studies specifically designed to evalu-
ate the effect of acid suppression on gut function and overall
health, which makes evaluation of the available literature dif-
ficult and cumbersome [62]. Because of widespread transmis-
sion of available information in nonmedical press, there is
confusion, leading to panic among patients, concern among
treating physicians, and potential discontinuation of appropri-
ate PPI use.

Table 1 Appropriate clinical use of proton pump inhibitor therapy

Definitive

Gastroesophageal reflux disease (GERD)

Erosive esophagitis, especially higher grades

NERD with abnormal ambulatory reflux monitoring

Long-segment Barrett’s esophagus

Peptic strictures

PPI trial (typical symptoms, no alarm symptoms)

Eosinophilic esophagitis

Peptic ulcer disease including bleeding (short-term therapy)

Helicobacter pylori eradication

Mucosa associated-lymphoid tissue (MALT) syndrome

Gastro-protection with long-term NSAID therapy

Hypersecretory states (Zollinger-Ellison syndrome)

Stress ulcer bleeding (short-term therapy)

Chronic pancreatitis and refractory steatorrhea on pancreatic enzyme
replacement therapy

Short-term trials

PPI trial (atypical esophageal symptoms)

Uninvestigated dyspepsia

Dyspepsia responsive to PPI

NSAID-induced dyspepsia

Stress ulcer prophylaxis

Mucositis from chemotherapy or radiation

Band- or sclerotherapy-related ulcers after variceal therapy
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Idiosyncratic Reactions

Rare idiosyncratic effects on the kidneys can lead to acute
interstitial nephritis (AIN) and acute kidney injury [64, 65];
recurrent AIN can potentially result in chronic kidney disease
[66–68]. A rare form of profound hypomagnesemia has been
reported with chronic PPI use, which does not resolve without
discontinuation of PPI [69–71]. Microscopic colitis has been
reported, particularly with lansoprazole, with resolution upon
discontinuation of the agent [72, 73].

Infections

Reduction in gastric acidity is thought to reduce the destruc-
tion of vegetative forms of Clostridium difficile, and increase
likelihood of C difficile colitis [74–76]. Other enteric

infections (salmonella, campylobacter) are also reported, with
OR for enteric infections of 3.3 (Table 2) [74, 77, 78]. From a
similar mechanism, small bowel bacterial overgrowth [79],
and spontaneous bacterial peritonitis (in cirrhotics) [80] have
been reported in the setting of long-term PPI use. While
community-acquired pneumonia has been suggested, robust
clinical data supporting this is scant [81–83].

Nutrient Deficiencies

Acid suppression has been suggested to cause calcium and
iron malabsorption, although clinical deficiency is rare [84,
85]. Calciummalabsorption with achlorhydria can be reversed
if calcium is administered in an acidic milieu, e.g., calcium
citrate or an acidic meal. Numeric reduction in vitamin B12
levels have been reported, with rare instances of vitamin B12
deficiency [86].

Bone Fracture

PPIs have been linked to increased bone fracture risk based on
association or observational studies with very low ORs
(pooled OR 1.25, 95% CI 1.14–1.37 in meta-analysis) [87,
88], thought to be based on calcium or vitamin B12 malab-
sorption, and a direct action of PPIs on osteoclasts [84].
However, cohort studies have not demonstrated reduction in
bone mineral density, and therefore, routine monitoring is not
recommended [8••].

Dementia

PPIs have been reported to block enzymes in microglial cells
that break down amyloid-β, build-up of which is seen in
Alzheimer’s dementia. Association studies report higher risk
of dementia in PPI users [89, 90], but baseline differences
between study cohorts, particularly in rates of depression,
stroke and polypharmacy in PPI users, could explain the find-
ings. A more recent report did not demonstrate a higher like-
lihood of dementia in PPI users [91].

Drug Interactions

PPIs were once thought to decrease the antiplatelet effect of
clopidogrel by competing with the cytochrome P450 enzyme
system that metabolizes PPIs, but activates clopidogrel. While
this effect was plausible in vitro, the COGENT study, a large
randomized controlled trial, demonstrated similar cardiac
events between patients on just clopidogrel (5.7%) and both
omeprazole and clopidogrel (4.9%), suggesting that PPIs in
the setting of clopidogrel use do not increase clinical risk for
myocardial infarction [92]. Clinically relevant interactions
from induction of the cytochrome P450 system are noted with

Table 2 Adverse events reported with long-term proton pump inhibitor
therapy

Potential adverse
event

Estimate of risk odds ratio
(OR) or hazard ratio (HR)
(95% confidence
intervals)

Strength
of
evidence

Consistency
of evidence

Clostridium
difficile
infection [76]

OR 2.10 (1.20–3.50) Moderate No

Bacterial
gastroenteritis
[78]

OR 3.33 (1.84–6.02) Moderate Yes

Small intestinal
bacterial
overgrowth [79]

OR 2.28 (1.23–4.21) Weak No

Spontaneous
bacterial
peritonitis [80]

OR 2.17 (1.46–3.23) Weak No

Outpatient
Pneumonia [83]

OR 1.49 (1.16–1.92) Weak No

Microscopic
colitis [72]

OR 7.3 (4.5–12.1) Moderate Yes

Acute interstitial
nephritis [65]

OR 5.16 (2.21–12.05) Moderate Yes

Acute kidney
injury [68]

OR 1.72 (1.27–2.32) Weak No

Chronic kidney
injury [66]

OR 1.50 (1.14–1.96) Weak No

Bone fracture [88] OR 1.44 (1.30–1.59) Weak No

Dementia [89] HR 1.44 (1.36–1.52) Weak No

Myocardial
infarction [97]

HR 1.16 (1.09–1.24) Weak No

Fundic gland
polyps [95]

OR 2.2 (1.3–3.8) Strong Yes

Vitamin B12
deficiency [86]

OR 1.65 (1.58–1.73) Weak No

Iron deficiency
[85]

OR 2.49 (2.35–2.64) Weak No

Hypomagnesemia
[71]

OR 1.78 (1.01–2.92) Weak Yes
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medications that have a narrow therapeutic window, such as
diazepam, warfarin, phenytoin, and methotrexate [20••].
Absorption of levothyroxine, ketoconazole, atazanavir,
defpodoxime, enoxacin, and dipyridamole may be decreased,
while nifedipine, alendronate, and digoxin levels may increase
with concomitant PPI therapy [93].

Miscellaneous

PPI use is associated with parietal cell hyperplasia and fundic
gland polyps, which are benign findings [94, 95]. Although
neu roendoc r i ne tumo r s have been no t ed f rom
hypergastrinemia related to acid suppression in mice, a similar
effect has not been reported in humans [96]. While vasocon-
striction from blockade of nitric oxide synthase has been sug-
gested as a mechanism for myocardial infarction [97], high
quality data is not available to support this claim [97].

PPI use in the Modern era

Extensive availability of PPIs over the counter without a
prescription, and record high numbers of prescriptions
for PPIs has led to inappropriate use of PPIs worldwide
[6, 7]. In the present day, it is important to define what
symptom or syndrome is being treated with the PPI be-
fore relegating a patient to chronic PPI use. There are
reflux-related disorders where long-term PPI will im-
prove symptoms and health-related quality of life; PPIs
reduce life threatening complications like gastrointestinal
bleeding in patients on chronic NSAIDs, antiplatelet
drugs and anticoagulation. Many of the inappropriate
indications consist of gastro-protection when this is not
truly needed [98], or functional disease where acid sup-
pression is not expected to help anyway [16••, 99••].
Further, some prescriptions are continued following
short-term indications such as stress ulcer prophylaxis
and limited peptic ulcer disease [54].

Therefore, appropriate use of PPIs boils down to risk
vs. benefit. If there is a symptomatic benefit or a disease
state that is controlled with PPI use, some degree of
medication-related adverse events may need to be tolerat-
ed. However, it will be important to remain within the
bounds of appropriate usage, and the lowest dose neces-
sary to relieve symptoms should be utilized. For instance,
double dose regimens have not been demonstrated to im-
prove symptoms, and there may be a plateau effect be-
yond which additional dosing may not be of value.
Lifestyle measures (weight loss and sleeping with the
head end of the bed elevated with GERD, cessation of
smoking with peptic disease,) may provide adjunctive
benefit to PPI therapy, and could allow reduction in the

dose of the medication [100]. When it is not completely
clear as to what syndrome is being treated, objective test-
ing may be necessary [19••]. For instance, ambulatory pH
or pH-impedance monitoring off PPI can define if there is
increased esophageal reflux burden, and endoscopy with
biopsy can diagnose EoE, both conditions would benefit
from chronic PPI therapy (Fig. 1). A trial of weaning
down or stopping the PPI can sometimes define if the
PPI is truly necessary in nonspecific symptomatic states,
although rebound acid hypersecretion can cloud this as-
sessment in the first few days after withdrawal of the PPI.

When symptoms do not improve despite appropriately
administered PPI therapy, two possibilities need to be
considered: truly refractory states where alternate manage-
ment options need to be explored, and conditions that do
not have an acid peptic basis, which would not be expect-
ed to improve with acid suppressive therapy. In the for-
mer, surgical or invasive options may need to be consid-
ered, while in the latter, management will need to move
away from acid suppression. When there is partial benefit
from PPI therapy, complementary management ap-
proaches may need to be combined with PPI therapy.

Conclusions

PPIs, therefore, can be a friend in appropriately diagnosed
GERD and acid peptic disorders, and provide profound
benefit in terms of symptom improvement and healing of
erosive disease in these situations. However, when used for
inappropriate indications, risks can outweigh benefits, and
PPIs can be considered a foe. Further research is necessary
to define which long-term PPI risks are based on true
cause-and-effect relationships, and how these risks can be
mitigated when appropriate PPI use needs to continue.
Alternate treatment options for GERD and acid peptic dis-
ease, both pharmacologic and non-pharmacologic, contin-
ue to be studied. Careful consideration of the diagnosis
before prescribing long-term PPI therapy can go a long
way in improving appropriateness of PPI therapy.
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