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NEL RISPETTO DELLE NUOVE DISPOSIZIONI IN MATERIA DI ECM, A SE GUITO

DELL’ATTUAZIONE DELL’ACCORDO STATO-REGIONI DEL 5/11/09 E SUCCESSIVE

MODIFICHE, AL FINE DI GARANTIRE LA MASSIMA TRASPARENZA IN MA TERIA DI

CONFLITTO DI INTERESSI SI INFORMANO I DISCENTI CHE PRESSO IL DESK RELATORI

SONO DISPONIBILI I DOCUMENTI ATTESTANTI LE EVENTUALI COLLA BORAZIONI CHE I

DOCENTI ABBIANO AVUTO NEL CORSO DELL’ULTIMO BIENNIO CON AZI ENDE

FARMACEUTICHE E/O DIAGNOSTICHE DALLE QUALI SIA DERIVATA L’ EROGAZIONE DI

COMPENSI O FINANZIAMENTI.
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Are PPIs safe ?



Use of PPIs and articles reporting on their
potential risks

Freedberg et al, Gastroenterology 2017;152:706–715



Abramovitz et al, Otolaryn Head Neck Surg 2016;155:547–554



Abramovitz et al, Otolaryn Head Neck Surg 2016;155:547–554



Risks associated with chronic PPI use- signal 
or noise? 

Kia & Kahrilas, JAMA Int Med 2016;176: 238–246  

Effect sizes <3 are usually wrong and more appropri ately classified as ‘noise, not 
signal’



Limitations of observational epidemiology

Grimes et al. Obstet Gynecol 2012;120:920–927

Association  ≠ Causation



Summary of evidence for potential PPI-associated 
adverse effects

Freedberg et al, Gastroenterology 2017;152:706–715



Summary of evidence for the benefit of long-term 
PPIs

Freedberg et al, Gastroenterology 2017;152:706–715



Absolute and relative risks for adverse 
effects associated with long-term PPIs 

Freedberg et al, Gastroenterology 2017;152:706–715
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PPI and bone fractures



Putative mechanisms underlying the effect 
of PPIs on bone

• Diminished absorption of Ca2+ from the intestine
• Secondary bacterial overgrowth → malabsorption
• Hypomagnesemia → inhibits parathyroid function
• Direct effect on H+-K+ pump in osteoclasts→ blocking • Direct effect on H+-K+ pump in osteoclasts→ blocking 

repair of microfractures?
• Some yet unidentifiable mechanism predisposing to 

fracture



Risk of hip fractures in cohort and case-
control studies

Ngamruengphong S, et al. Am J Gastroenterol 2011;106:1209-18.  



Risk of vertebral or wrist/forearm fracture in 
patients receiving PPIs

Ngamruengphong S, et al. Am J Gastroenterol 2011;106:1209-18.  

We found a modest association between PPI use and i ncreased risk of 
hip and vertebral fractures
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Association between PPI use and SIBO

Ratuapli et al, Am J Gastroenterol 2012; 107:730–735



Ratuapli et al, Am J Gastroenterol 2012; 107:730–735

In this large, adequately powered equivalence study, PPI use was not
found to be significantly associated with the presence of SIBO as 
determined by the GHBT.



Gut microbiota in PPI users vs non users

↑

↑↓

↓

Imhann F, et al. Gut 2016;65:740–748

↑

Conclusions The differences between PPI users and  non-users 
observed in this study are consistently associated with changes 
towards a less healthy gut microbiome. These differences are in 
line with known changes that predispose to C. difficile infections



Microbiota taxonomic differences between
PPI and non-PPI subjects

Clooney et al, Aliment Pharma Ther 2016; 43: 974–984

While no significant differences in alpha diversity were found between the PPI 
users and controls, after controlling for pertinent confounders, we discovered a 
decrease in Bacteroidetes and an increase in Firmicutes at the phylum level, 
which may pre-dispose to the development of CDI



Changes in fecal microbiotal diversity and specific 
taxa with and without PPI (a cross-over study)

Freedberg et al, Gastroenterology 2015;149:883–885

We found no significant within-individual difference in microbiome diversity when we 
compared changes during baseline vs changes on PPIs. There were, however, 
significant changes during PPI use in taxa associated with CDI and taxa associated 
with gastrointestinal bacterial overgrowth



Summary of taxonomic associations with 
PPI use

Jackson et al. 
Gut 2016;65: 
749–756

We identified a significantly lower abundance in gut commensals and 
lower microbial diversity in PPI users, with an associated significant 
increase in the abundance of oral and upper GI tract commensals. In
particular, significant increases were observed in Streptococcaceae.



Summary of effects of PPI use on the colonic 
microbiota and its potential predisposition for CDI 

Melgar et al,Gastroenterology 2015;149:848–863
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Toxinogenic C. difficile colonization trends 
over time

Zacharioudakis et al, Am J Gastro 2015;110:381-90



Meta-analysis of the association between 
CDI and PPI use

In this rigorously conducted systemic review and meta-analysis, we found very 

Tleyjeh et al, 
PLOS One 
2012;7:e50836

In this rigorously conducted systemic review and meta-analysis, we found very 
low quality evidence (GRADE class) for an association between PPI use and 
CDI that does not support a cause-effect relationship



Antibiotics vs PPIs as risk factor for CDI

ClindamycinGatifloxacinCephalosporinsPPI IBS

Dial S, et al. CMAJ 2008;179:767-72.
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PPI and Vit. B12 deficiency (1)

• PPIs may reduce the absorption of vitamin B12 probably 
by inhibiting intragastric proteolysis and, thus, its release 
from food required prior to binding to R-proteins and 
gastric intrinsic factor.

• Under certain circumstances, the treatment may lower • Under certain circumstances, the treatment may lower 
serum vitamin B12 levels.

• Long-term studies have shown that vitamin B12
concentrations remain within the normal limit within the 
initial 3 years of treatment, but longer duration of therapy 
has shown a small but significant downward trend 

McKoll KEL. Am J Gastro 2009;104:S5 – S9



PPIs and vitamin B12 deficiency (2)

• Several studies have examined the association between 
long-term PPI use and the risk of developing vitamin B12
deficiency; most but not all reported a 2-4-fold increased 
risk of B12 deficiency associated with PPI therapy.

• A recent meta-analysis found that PPI long-term use was • A recent meta-analysis found that PPI long-term use was 
significantly associated with development of vitamin B12
deficiency (hazard ratio 1.83 , 95% CI: 1.36-2.46, P-
value 0.0001). 

Jung et al, Intern Med J 2015;45:409-1;  
Freedberg et al, Gastroenterology 2017;152:706–715



• Case series describing hypomagnesemia in association with 
long-term PPI use (>6 months)

• Clinical presentations vary from life-threatening conditions to 
muscle cramps and paresthesias

• The underlying mechanism is unknown

Hypomagnesaemia and PPI use

• The underlying mechanism is unknown
• High index of suspicion required in PPI users for 

unexplained ↓Mg, ↓Ca, ↓K, or associated symptoms
• Caution in patients with cardiac arrhythmias or seizures

Hoorn EJ, et al. Am J Kidney Dis 2010;56:112–6.
Broeren MA, et al. Ann Intern Med 2009;151:755-6.



The FDA in March 2011 issued a warning to 

= 29 patients

Chen, J Clin Gastro 2012;46:93

The FDA in March 2011 issued a warning to 
product labels of all PPIs claiming:

“these drugs can cause low-serum Mg levels if 
taken for prolonged periods of time”



PPI use and risk of hypomagnesemia

Park et al, PLOS One 2014;9:e112558

PPI use may increase the risk of hypomagnesemia. However, significant 
heterogeneity among the included studies prevented us from reaching a 
definitive conclusion



Conclusions

• Based on the quality of overall evidence, the benefits of 
PPI treatment outweigh the risk, especially if PPI use is 
based on a relevant and appropriate indication.

• On the contrary, patients treated without an appropriate • On the contrary, patients treated without an appropriate 
therapeutic indication are only exposed to potential risks.    



Conditions with AGA/ACG guideline 
recommendations or FDA approval 

supporting long-term daily PPI

Laine et al, Am J Gastro 2016; 111:913–915;





Association between PPI use and 
spontaneous bacterial peritonitis  

Yu et al, Dig Liv Dis 2016; 48:353–359 

PPI use was associated with SBP (OR = 2.11, 95% CI: 1.46–3.06). The association was 
limited in case–control studies (OR = 2.97, 95% CI: 2.06–4.26) but not in cohort studies 
(OR = 1.18, 95% CI: 0.99–1.14). 



PPI use and risk of iron deficiency: a case-
control study

Lam et al,Gastroenterology 2017;152:821–829



PPI & idiosyncratic reactions

Scarpignato et al, BMC Medicine 2016;14:179
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Scarpignato et al, BMC Medicine 2016;14:179




