
Decreased acid secretion is thought to adversely af-
fect the absorption of calcium and increase the risk 
of fracture by causing a decrease in bone density. The 
meta-analyses of observational studies conducted with 
heterogeneous populations showed that the risk of any 
fracture (OR: 1.29, 95% CI: 1.18-1.41) and hip fracture 
(OR: 1.23, 95% CI: 1.11-1.36) slightly increased with PPI 
depending on the dose and regardless of duration; but 
no risk increase was detected with H2RA use (1,2).

There are meta-analyses with different methodologies 
reporting that high gastric pH values developing due 
to acid inhibition increases Clostridium difficile infec-
tions by altering the intestinal microflora and in ob-
servational studies conducted with different patient 

populations. This risk has been reported to be higher in 
PPI treatment (OR: 2.15, 95% CI: 1.81-2.55) compared to 
H2RA (OR: 1.44, 95% CI: 1.22-1.70) (3,4).

It was reported in the meta-analysis published in 2013 
that bacterial overgrowth increased with the use of 
PPI (OR: 2.26, 95% CI: 1.24-4.2) (5). Spontaneous bacte-
rial peritonitis that develops due to the translocation 
of enteric pathogens is a significant cause of mortal-
ity for cirrhotic patients. The hypothesis that the risk of 
spontaneous bacterial peritonitis may increase due to 
easy proliferation of intestinal bacteria with decreased 
stomach acid has been confirmed in the meta-analysis 
of observational studies in which the relationship with 
PPI was investigated (OR: 3.15, 95% CI: 2.09-4.74). On the 
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ABSTRACT

The meta-analyses of observational studies (OBS) showed the risk of any fracture and hip fracture slightly in-
creased with proton pump inhibitor (PPI) treatment depending on the dose and regardless of time. This was not 
observed with histamine-2 receptor antagonists (H2RA). The risk of bacterial overgrowth and spontaneous bac-
terial peritonitis were increased with PPI therapy, but not with H2RA. In meta-analyses of OBS, a slight increase 
was observed in the risk of community-acquired pneumonia (CAP) in the early stages (<1 month) of PPI use and 
particularly at high doses. In a five-year LOTUS study, no difference was found in vitamin B12, folic acid, vitamin 
D, and calcium values in terms of the initial and end of follow-up levels. No increase in the risk of premalignant 
gastric lesions was observed in the meta-analysis of RCTs in which PPI treatment (≥6 months) was given to 
Helicobacter pylori negative patients. The risk of hypomagnesemia with PPI use was increased in patients having 
GFR<60, using diuretics, and over 65 years of age. Quasi-experimental studies showed a reduced zinc absorp-
tion with PPI use. In the meta-analysis of OBS, long-term (>1 year) PPI use increased the risk of fundic polyps, but 
no risk was found in shorter use. The meta-analyses of RCTS showed no difference between PPI and surgery or 
placebo arms and between the arms of H2RA and placebo in terms of all side effects. No difference was found 
between the PPI and H2RA arms both in all and serious adverse effects. 
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other hand, no risk increase was found with H2RA use (OR: 1.71, 
95% CI: 0.97-3.01) (6).

Community-acquired pneumonia (CAP) and hospital-acquired 
pneumonia (HAP) are other problems that are associated 
with the treatment of acid inhibition. In the meta-analysis of 
observational studies, a slight increase in the risk of CAP was 
observed with the use of PPI in early stages (<1 month) and es-
pecially with high doses (OR: 1.38, 95% CI: 1.1-1.76). In the long-
term use of PPI therapy, risk increase was found to be non-sig-
nificant for CAP (OR: 1.1, 95% CI: 0.9-1.2) or HAP (OR: 1.04, 95% 
CI: 0.58-1.88). It was shown that neither of the two drug groups 
differed for HAP in hospitalized patients (RR: 1.06, 95% CI: 0.73-
1.52) in the meta-analysis of randomized controlled trials (7-9).

Though it was reported that the inhibition of gastric acid nega-
tively affected the absorption of vitamin B12, folic acid, vitamin 
D, and calcium, no difference was found between the initial 
and end of follow-up levels in a five-year LOTUS study in which 
PPI and surgical arms were compared (10). 

No increase in the risk of premalignant gastric lesions was ob-
served in the meta-analysis of randomized controlled trials in 
which PPI treatment was given to H. pylori negative patients for 
more than 6 months (11).

The relationship between hypomagnesaemia and acid inhibi-
tor therapy was considered to be an idiosyncratic situation. In 
the cross-sectional and case-controlled studies, in which the 
presence of hypomagnesaemia-related disease and the use 
of medication are taken as exclusion criteria, no relationship 
was found between magnesium deficiency and PPI (12,13). 
However, in two cross-sectional studies that were conducted 
recently, it was noted that the risk increased with the use of PPI 
in patients using diuretics (p<0.001), having GFR<60, and over 
65 years of age (p=0.03) (14,15).

In quasi-experimental studies that were conducted with 
omeprazole and ranitidine, and included a small number of 
patients, it was indicated that the absorption and levels of zinc 
could be reduced (16,17).

It has been suggested that hypergastrinemia induced with PPI 
therapy increases the risk of fundic polyps by causing prolifera-
tion in parietal cells. In the meta-analysis of 5 observational stud-
ies that were evaluated through a systematic literature review, 
the use of PPI was found to increase the risk of fundic polyps (OR: 
2.89, 95% CI: 1.62-5.16) (18-22). When its relationship with dura-
tion was considered, it was observed that long-term (>1 year) 
PPI use increased the risk of fundic polyp 6-fold, but there was no 
risk in shorter use (OR: 1.03, 95% CI: 0.64-1.69) (21,22).

In the meta-analysis of 17 randomized controlled trials in 
which reflux patients were included and PPI was compared 
with the arms of surgery or placebo, no difference was ob-

served in terms of all of the adverse effects (RR: 1.04, 95% CI: 
0.98-1.11) (23-39). In the meta-analysis of 6 randomized trials 
in which H2RA and placebo were compared, the incidence of 
all of the adverse effects was similar among the arms (RR: 1.13, 
95% CI: 0.97-1.31) (39-44). In the meta-analysis of 8 randomized 
trials that compared PPI and H2RA, no difference was found 
between the two groups of drugs in terms of all of the adverse 
effects (RR: 0.94, 95% CI: 0.86-1.02) and serious adverse effects 
(RR: 0.93, 95% CI: 0.85-1.01) (39,45-51).

RECOMMENDATIONS
•	 There is a slight increase which is proportional to the 

dose in the risk of fracture in patients taking a PPI. Such 
a risk is not observed for patients using H2RA (Level of 
evidence: 3a). However, the presence of osteoporosis 
in patients with indication should not prevent PPI use. 
Osteoporosis should be treated independently (Level 
of evidence: 5).

•	 PPI use increases the risk of Clostridium difficile infec-
tion (Level of evidence: 3a). But PPI treatment should 
not be stopped in order to protect patients with indi-
cation from infection (Level of evidence: 5). H2RA use 
increases the risk of C. difficile infection, albeit in a les-
ser degree (Level of evidence: 3a).

•	 PPI use increases the risk of spontaneous bacterial pe-
ritonitis (Level of evidence: 3a). PPI use should not be 
discontinued in patients if there is an indication for its 
use (Level of evidence: 5).

•	 There is a risk of bacterial overgrowth with the use of 
PPI (Level of evidence: 2a). This should be considered 
in patients in whom the development of bacterial 
overgrowth may pose a risk (Level of evidence: 5).

•	 The risk of CAP slightly increases with especially high 
doses and during the first weeks of PPI use (Level of 
evidence: 3a). No increase in the risk of HAP is seen 
with the PPI use in observational studies (Level of evi-
dence: 2a); a mild increase is observed with the use 
of H2RA in comparison to placebo (Level of eviden-
ce: 1a). However, the risk is similar when compared 
with PPI (Level of evidence: 1a). Therefore, the risk of 
pneumonia should be considered while deciding on 
the treatment selection between two agents (Level of 
evidence: 5). Acid inhibition should not be made un-
necessarily in hospitalized patients (Level of evidence: 
5).

•	 It has been indicated that calcium and vitamin D defi-
ciency do not develop with PPI use (Level of evidence: 
1b). Routine vitamin D and calcium screening is not 
recommended (Level of evidence: 5).

•	 It has been shown that B12 and folic acid deficiency 
do not develop with the use of PPI (Level of evidence: 
1b). Routine B12 and folic acid screening is not recom-
mended (Level of evidence: 5).

•	 No increase is observed in the risk of premalignant 
gastric lesion in H. pylori (-) patients with long-term 
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nancy (Level of evidence: 5).
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magnesaemia with PPI use in the general population. 
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interfere with PPI use in patients with indication (Level 
of evidence: 5).

•	 The use of PPIs or H2RA does not have differences in 
terms of the incidence of side effects when compared 
with a placebo (Level of evidence: 1a). However, at-
tention should be paid in terms of fracture risk*, CAP*, 
spontaneous bacterial peritonitis*, C. Difficile infecti-
on*, and bacterial overgrowth** (Level of evidence: 
3a*, 2a**).

S59

Hatemi and Esatoğlu. Acid inhibitor treatment in GERDTurk J Gastroenterol 2017; 28(Suppl 1): S57-S60

https://doi.org/10.1370/afm.1243
https://doi.org/10.1016/j.bone.2010.12.015
https://doi.org/10.1016/j.cgh.2011.09.030
https://doi.org/10.1016/j.cgh.2012.12.011
https://doi.org/10.1111/jgh.12065
https://doi.org/10.1586/ecp.12.20
https://doi.org/10.1503/cmaj.092129
https://doi.org/10.1097/CCM.0b013e3182758734
https://doi.org/10.1053/j.ajkd.2013.02.373
https://doi.org/10.1016/j.ramb.2012.12.007
https://doi.org/10.1111/j.1532-5415.2011.03808.x
https://doi.org/10.1038/ki.2012.452
https://doi.org/10.1016/j.jtemb.2012.02.002
https://doi.org/10.1007/s10620-010-1493-x
https://doi.org/10.1016/S1607-551X(10)70011-5
https://doi.org/10.1309/XFWR-LXA7-7TK1-N3Q8
https://doi.org/10.1007/s10620-009-0993-z
https://doi.org/10.1111/j.1365-2036.2006.03127.x
https://doi.org/10.1038/ajg.2012.369
https://doi.org/10.1186/1471-230X-12-18
https://doi.org/10.1164/rccm.200910-1537OC
https://doi.org/10.1111/j.1365-2036.2010.04339.x


27.	 Uemura N, Inokuchi H, Serizawa H, et al. Efficacy and safety of 
omeprazole in Japanese patients with nonerosive reflux disease. 
J Gastroenterol 2008; 43: 670-8. [CrossRef ]

28.	 Kiljander TO, Harding SM, Field SK, et al. Effects of esomeprazole 
40 mg twice daily on asthma: a randomized placebo-controlled 
trial. Am J Respir Crit Care Med 2006; 173: 1091-7. [CrossRef ]

29.	 des Varannes SB, Sacher-Huvelin S, Vavasseur F, et al. Rabeprazole 
test for the diagnosis of gastro-oesophageal reflux disease: re-
sults of a study in a primary care setting. World J Gastroenterol 
2006; 12: 2569-73. [CrossRef ]

30.	 Johnson DA, Orr WC, Crawley JA, et al. Effect of esomeprazole on 
nighttime heartburn and sleep quality in patients with GERD: a 
randomized, placebo-controlled trial. Am J Gastroenterol 2005; 
100: 1914-22. [CrossRef ]

31.	 Littner MR, Leung FW, Ballard ED, 2nd, Huang B, Samra NK; Lan-
soprazole Asthma Study G. Effects of 24 weeks of lansoprazole 
therapy on asthma symptoms, exacerbations, quality of life, and 
pulmonary function in adult asthmatic patients with acid reflux 
symptoms. Chest 2005; 128: 1128-35. [CrossRef ]

32.	 Johnsson F, Hatlebakk JG, Klintenberg AC, Roman J. Symptom-
relieving effect of esomeprazole 40 mg daily in patients with 
heartburn. Scand J Gastroenterol 2003; 38: 347-53. [CrossRef ]

33.	 Miner P Jr, Orr W, Filippone J, Jokubaitis L, Sloan S. Rabeprazole in 
nonerosive gastroesophageal reflux disease: a randomized placebo-
controlled trial. Am J Gastroenterol 2002; 97: 1332-9. [CrossRef]

34.	 Vakil NB, Shaker R, Johnson DA, et al. The new proton pump in-
hibitor esomeprazole is effective as a maintenance therapy in 
GERD patients with healed erosive oesophagitis: a 6-month, ran-
domized, double-blind, placebo-controlled study of efficacy and 
safety. Aliment Pharmacol Ther 2001; 15: 927-35. [CrossRef ]

35.	 Galmiche JP, Zerbib F, Ducrotte P, et al. Decreasing oesophageal acid 
exposure in patients with GERD: a comparison of rabeprazole and 
omeprazole. Aliment Pharmacol Ther 2001; 15: 1343-50. [CrossRef]

36.	 Johnson DA, Benjamin SB, Vakil NB, et al. Esomeprazole once daily for 
6 months is effective therapy for maintaining healed erosive esopha-
gitis and for controlling gastroesophageal reflux disease symptoms: a 
randomized, double-blind, placebo-controlled study of efficacy and 
safety. Am J Gastroenterol 2001; 96: 27-34. [CrossRef]

37.	 Caos A, Moskovitz M, Dayal Y, Perdomo C, Niecestro R, Barth J. Rabe-
prazole for the prevention of pathologic and symptomatic relapse of 
erosive or ulcerative gastroesophageal reflux disease. Rebeprazole 
Study Group. Am J Gastroenterol 2000; 95: 3081-8. [CrossRef]

38.	 Richter JE, Bochenek W. Oral pantoprazole for erosive esophagitis: a 
placebo-controlled, randomized clinical trial. Pantoprazole US GERD 
Study Group. Am J Gastroenterol 2000; 95: 3071-80. [CrossRef]

39.	 Richter JE, Campbell DR, Kahrilas PJ, Huang B, Fludas C. Lanso-
prazole compared with ranitidine for the treatment of nonero-
sive gastroesophageal reflux disease. Arch Intern Med 2000; 160: 
1803-9. [CrossRef ]

40.	 Hongo M, Kinoshita Y, Haruma K. A randomized, double-blind, 
placebo-controlled clinical study of the histamine H2-receptor 

antagonist famotidine in Japanese patients with nonerosive re-
flux disease. J Gastroenterol 2008; 43: 448-56. [CrossRef ]

41.	 Simon TJ, Roberts WG, Berlin RG, Hayden LJ, Berman RS, Reagan 
JE. Acid suppression by famotidine 20 mg twice daily or 40 mg 
twice daily in preventing relapse of endoscopic recurrence of 
erosive esophagitis. Clin Ther 1995; 17: 1147-56. [CrossRef ]

42.	 Cloud ML, Offen WW. Nizatidine versus placebo in gastroesopha-
geal reflux disease. A six-week, multicenter, randomized, double-
blind comparison. Nizatidine Gastroesophageal Reflux Disease 
Study Group. Dig Dis Sci 1992; 37: 865-74. [CrossRef ]

43.	 Sabesin SM, Berlin RG, Humphries TJ, Bradstreet DC, Walton-Bow-
en KL, Zaidi S. Famotidine relieves symptoms of gastroesopha-
geal reflux disease and heals erosions and ulcerations. Results of a 
multicenter, placebo-controlled, dose-ranging study. USA Merck 
Gastroesophageal Reflux Disease Study Group. Arch Intern Med 
1991; 151: 2394-400. [CrossRef ]

44.	 Johansson KE, Boeryd B, Johansson K, Tibbling L. Double-blind 
crossover study of ranitidine and placebo in gastro-oesophageal 
reflux disease. Scand J Gastroenterol 1986; 21: 769-78. [CrossRef ]

45.	 van Zyl J, van Rensburg C, Vieweg W, Fischer R. Efficacy and safety 
of pantoprazole versus ranitidine in the treatment of patients 
with symptomatic gastroesophageal reflux disease. Digestion 
2004; 70: 61-9. [CrossRef ]

46.	 Kaspari S, Biedermann A, Mey J. Comparison of pantoprazole 20 
mg to ranitidine 150 mg b.i.d. in the treatment of mild gastro-
esophageal reflux disease. Digestion 2001; 63: 163-70. [CrossRef ]

47.	 Kovacs TO, Wilcox CM, DeVault K, Miska D, Bochenek W, Panto-
prozole USGSGB. Comparison of the efficacy of pantoprazole vs. 
nizatidine in the treatment of erosive oesophagitis: a random-
ized, active-controlled, double-blind study. Aliment Pharmacol 
Ther 2002; 16: 2043-52. [CrossRef ]

48.	 Armstrong D, Pare P, Pericak D, Pyzyk M; Canadian Pantoprazole GSG. 
Symptom relief in gastroesophageal reflux disease: a randomized, 
controlled comparison of pantoprazole and nizatidine in a mixed 
patient population with erosive esophagitis or endoscopy-negative 
reflux disease. Am J Gastroenterol 2001; 96: 2849-57. [CrossRef ]

49.	 Farley A, Wruble LD, Humphries TJ. Rabeprazole versus ranitidine 
for the treatment of erosive gastroesophageal reflux disease: 
a double-blind, randomized clinical trial. Raberprazole Study 
Group. Am J Gastroenterol 2000; 95: 1894-9. [CrossRef ]

50.	 van Zyl JH, de KGH, van Rensburg CJ, et al. Efficacy and tolerability of 20 
mg pantoprazole versus 300 mg ranitidine in patients with mild reflux-
oesophagitis: a randomized, double-blind, parallel, and multicentre 
study. Eur J Gastroenterol Hepatol 2000; 12: 197-202. [CrossRef]

51.	 Venables TL, Newland RD, Patel AC, Hole J, Wilcock C, Turbitt ML. 
Omeprazole 10 milligrams once daily, omeprazole 20 milligrams 
once daily, or ranitidine 150 milligrams twice daily, evaluated as ini-
tial therapy for the relief of symptoms of gastro-oesophageal reflux 
disease in general practice. Scand J Gastroenterol 1997; 32: 965-73. 
[CrossRef]

S60

Hatemi and Esatoğlu. Acid inhibitor treatment in GERD Turk J Gastroenterol 2017; 28(Suppl 1): S57-S60

https://doi.org/10.1007/s00535-008-2214-5
https://doi.org/10.1164/rccm.200507-1167OC
https://doi.org/10.3748/wjg.v12.i16.2569
https://doi.org/10.1111/j.1572-0241.2005.00285.x
https://doi.org/10.1378/chest.128.3.1128
https://doi.org/10.1080/00365520310002157
https://doi.org/10.1111/j.1572-0241.2002.05769.x
https://doi.org/10.1046/j.1365-2036.2001.01024.x
https://doi.org/10.1046/j.1365-2036.2001.01030.x
https://doi.org/10.1111/j.1572-0241.2001.03443.x
https://doi.org/10.1111/j.1572-0241.2000.03179.x
https://doi.org/10.1111/j.1572-0241.2000.03254.x
https://doi.org/10.1001/archinte.160.12.1803
https://doi.org/10.1007/s00535-008-2186-5
https://doi.org/10.1016/0149-2918(95)80093-X
https://doi.org/10.1007/BF01300384
https://doi.org/10.1001/archinte.1991.00400120040007
https://doi.org/10.3109/00365528609011116
https://doi.org/10.1159/000080130
https://doi.org/10.1159/000051885
https://doi.org/10.1046/j.1365-2036.2002.01366.x
https://doi.org/10.1111/j.1572-0241.2001.04237.x
https://doi.org/10.1111/j.1572-0241.2000.02233.x
https://doi.org/10.1097/00042737-200012020-00011
https://doi.org/10.3109/00365529708996509

