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Learning objectives

 To identify the clinical indications for long-term 
PPI use

 To review the safety profile of  PPI’s

 To highlight the Choosing Wisely guidelines for 
PPI use



Reported associations with PPI use



Risk vs. Benefit



Benefits of  Long-Term PPI’s
 Erosive Esophagitis:

 Maintenance therapy with PPI maintains esophageal healing up to 10 
years (no tachyphylaxis)
 Vakil APT 2001

 Discontinuation of  PPI in healed esophagitis results in relapse rates 
of  up to 60% at 1 year
 Donnellan Cochrane Database Review 2004

 Barrett’s Esophagus:
 Maintenance PPI’s slow the progression of  Barrett’s esophagus in 

symptomatic and non-symptomatic patients

 NSAID prophylaxis:
 PPI’s reduce the risk of  ulcer related bleeding in high risk patients

 Eosinophilic esophagitis:
 Treatment of  choice for PPI responsive Esophageal Eosinophilia



Reported Risks of  Long-Term 
PPI use

 Chronic Kidney disease

 Dementia

 Bone fracture

 Myocardial infarction

 Infections

 Community Acquired pneumonia

 C. Diff  Associated Colitis

 SIBO

 SBP

 Micronutrient deficiencies 

 magnesium, calcium, iron

 Gastrointestinal malignancies



Observational Study Methodology

 Impractical to conduct RCTs with adequate size and duration to 
identify rare adverse events (e.g. 1:1000) 

 Observational studies on large databases are vital for capturing rare 
adverse effects of  drugs 

 Able to identify small true signals – as well as small erroneous
associations

 Limitations

 Confounding 

 Channelling bias 

 Protopathic bias 

 Publication bias 



Residual confounding

• Doctors are more likely to prescribe PPIs for frail older people 
who are at high risk for fractures/ MIs/CDAD/etc anyway -
irrespective of  the use of  PPIs. 

• So frailty/comorbidity is a confounder
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Slide used with permission G. Leontiadis



Channelling bias 

• Imagine two patients with the same risk of  upper GI bleeding, 

e.g. 5% per year 

Lobo FS et al. Res Social Adm Pharm 2006

Who is more likely to be prescribed a PPI prophylactically? 

Chronic NSAIDs plus 
history of Hp-
negative PUD

Chronic NSAIDs plus 
age 80 years

Channelling bias: a type of  selection bias resulting from tendency 
for clinicians to prescribe treatment based on their perception of  
a patient’s prognosis

Slide used with permission G. Leontiadis



PPIs not the only drugs associated with these long-
term risks 

• The following medications have been associated with multiple 

possible adverse effects (e.g. Community acquired 

pneumonia) : 

• statins

• ACE-inhibitors 

• digoxin 

• amiodarone 

• diuretics oral or inhaled corticosteroids 

• zopiclone

• benzodiazepines 

Remington LT et al. Curr Opin Pulm Med  2014
De Groot MCH et al. Eur J Epidemiol 2014



PPI and Clopidogril
 Clopidogrel is a pro-drug - activated by cytochrome P450 

isoenzyme CYP2C19 

 PPIs are also primarily metabolized by the same isoenzyme

 Concern that PPIs may decrease clopidogrel’s anti-platelet 
effect. 

 The COGENT study:

 randomized patients who were receiving daily aspirin to a 
combination pill containing omeprazole and clopidogrel
versus placebo. 

 N= 3761. There was no difference in the cardiovascular event 
rate between omeprazole-clopidogrel (4.9%) compared to 
clopidogrel alone (5.7%). 

Bhatt, D.L. et al. N Engl J Med. 2010; 363: 1909–1917



Bone Fracture
 Biologic plausibility:

 Hypochlorhydria-associated malabsorption of  calcium
 PPIs do not affect Ca absorption when Ca is taken with food 

(2 RCTs) 

 Inhibition of osteoclast-mediated bone resorption may 
lead to heterogeneous increase in bone mineral density, 
impaired microfracture repair, and thus to an increased 
risk of  fracture

 PPIs do not cause/worsen osteoporosis (1 RCT and 
9 observ. studies) 

 PPI use in observational studies associated with 
increased fall risk

Leontiadis GI et al. Curr Treat Opt Gastroenterol 2014
Hansen KE et al. J Bone Miner Res 2010 



Bone fractures and PPIs

What is the evidence?

The most recent Meta-analysis:

 25 observational studies (and 1 RCT)

 Case-control studies: OR 1.21 (1.07 to 1.38)

 Cohort studies: OR 1.30 (1.13 to 1.49)

 Quality (certainty) of  evidence: VERY LOW

 Currently, there are no data to support the routine use 
of bone mineral density monitoring or calcium/Vit D 
supplementation in PPI users

NNH = 2000: 

for 50 –year-old Canadian women [1 year]

Leontiadis GI et al. Curr Treat Opt Gastroenterol 2014 



C. Difficile Associated Diarrhea  

 Ingested C. difficile vegetative forms may survive in a 
stomach with reduced acidity

 Observational studies show an approximately 50% 
relative risk for CDI associated with PPIs., although 
CDAD remains rare. PPIs may be more important within 
specific populations—for example, in children.

 The most recent meta-analysis:
 51 observational studies 
 OR 1.65; 95% CI 1.47 to 1.85

 No evidence for the use of prophylactic probiotics 
currently

NNH for: 

• Hospitalized patients [14 days]

• on antibiotics 50

• not on antibiotics 367

• General population [1 year]: 3925

Tleyjeh IM et al. PLoS ONE 2013



Community Acquired 
Pneumonia

 The OBERON study randomized 2426 ambulatory adults to a PPI 
versus placebo for 26 weeks for the purpose of  ulcer prevention 
and found similar rates of  pneumonia (0.9% with PPIs vs 1.9% 
with placebo).

 Meta-analysis of  24 short-term RCTs:

 incidence of  pneumonia was similar in patients randomized 
to PPIs compared to placebo.

 Randomized studies of  PPIs for stress ulcer prophylaxis in the 
ICU have not shown an association between PPIs and ventilator-
associated pneumonia.

Scheiman, J.M. et al, Heart. 2011;97:797–802.
Estborn, A etal Aliment Pharmacol Ther. 2015;42:607–613.
Krag, M. et al, Intensive Care Med. 2014;40:11–22.



Micronutrient deficiencies
 Prospective studies in human participants:

 Calcium – inconsistent data on absorption

 Iron – ZES - 6 years of  high dose PPI therapy not 
associated with decreased iron absorption

 Magnesium – idiosyncratic reaction is susceptible 
individuals 

 Vitamin B12 – Inconsistent results – most report a 2-
4% increased risk of  B12 deficiency associated with 
PPI use.

Serfaty-Lacrosniere, C. et al. Journal of the American College of Nutrition. 1995;14:364–368.
Stewart, C.A. et al. Alimentary Pharmacology & Therapeutics. 1998;12:83–98.



Gastric Malignancy
 PPIs have the potential to increase risk for gastrointestinal malignancies 

by facilitating gastric pan-colonization by Helicobacter pylori and by 
causing hypergastrinemia. 

 Analysis of  randomized controlled trials have not confirmed an 
association between PPIs and gastric cancer or gastric NETs.

 PPI use a marker for cancer related symptoms

 Example - Long term observation of  patients entered into anti-reflux 
surgery trials – no increased risk 

 Song, H., Zhu, J., Lu, D. Long-term proton pump inhibitor (PPI) use and the development of  
gastric pre-malignant lesions. Cochrane Database Syst Rev. 2014;12:CD010623

 Song, H., Zhu, J., Lu, D. Long-term proton pump inhibitor (PPI) use and the development of  
gastric pre-malignant lesions. Cochrane Database Syst Rev. 2014;12:CD010623

 Attwood, S.E., Ell, C., Galmiche, J.P. et al, Long-term safety of  proton pump inhibitor therapy 
assessed under controlled, randomised clinical trial conditions: data from the SOPRAN and 
LOTUS studies. Aliment Pharmacol Ther. 2015;41:1162–1174.



Dementia
 Biologic plausibility:

 Build-up of  amyloid-β (Aβ) protein predisposes to 
Alzheimer’s disease. Microglial cells use V-type ATPases
to degrade amyloid-β, and PPIs may block this V-ATPases

 Insurance database covering more than half  of  the 
German population over 75 years old

 44% higher risk for dementia in regular PPI users 
compared to non-users

 Adults selected for PPIs had strikingly higher baseline 
rates of  depression, stroke, and polypharmacy. 

 Significant concern in the reviewers regarding statisctial
methods for adjusting for these differences

Gomm, W. et al. JAMA Neurol. 2016; 73: 410–416



My take on the PPI and 
harms literature to date:

 Observational studies have shown very modest associations 
between PPI therapy and several long-term risks 

 Difficult to know if  the increased reported risks are true rare 
AE’s of  a widely prescribed drug or the result of  observational 
bias and confounding

 Prospective RCT’s, case control studies:

 Weak signal for C. diff  – possible true association

 Very weak evidence for bone fractures and Vitamin B12 
malabsorption

 No convincing evidence to date for gastric malignancy, or 
community acquired pneumonia



Conclusions
 PPIs should not be withheld from patients who genuinely 

require them

 E.g. erosive GERD, Barrett’s esophagus

 For each individual patient, physicians should 

 Discuss benefits against risks

 Quality of  evidence

 Degree of  risk

 E.g. NNH – 2000 for bone fracture

 2-4% lifetime risk of  B12 deficiency

 PPI’s should be taken in the lowest effective dose and only for 
as long as clinically indicated. 



Long term PPI use:
 Don’t maintain long term Proton Pump Inhibitor 

(PPI) therapy for gastrointestinal symptoms 
without an attempt to stop/reduce PPI at least 
once per year in most patients.


