
LETTERS TO THE EDITOR
Increased Proton Pump
InhibitorsLInduced
Mortality Risk
in Hemodialysis Patients

To the Editor: de Francisco et al. carried out an
interesting study showing an association between the
use of proton pump inhibitors (PPIs) by hemodialysis
patients and increased risk of all-cause and cardiovas-
cular mortality.1 In addition to mechanisms that may
explain the relationship between the use of PPIs and
the increased risk of cardiovascular mortality
discussed in their article, there is now compelling
evidence for an additional mechanism that should be
taken into account. The chronic use of PPIs may
impair vascular function and increase the risk of
adverse cardiovascular events by interfering with the
nitrate�nitrite�nitric oxide (NO) pathway, which is
accepted as a major alternative source of NO to the
classical L-arginine�NO synthase pathway.2 First, this
mechanism involves the bioconversion of nitrate to
nitrite in the entero-salivary circulation by the action of
nitrate reductase enzymes from commensal bacteria in
the oral cavity. Once saliva containing nitrite enters the
acidic gastric lumen, nitrite is converted by
nonenzymatic reduction to NO and other bioactive NO-
related species, including S-nitrosothiols, which act as
relatively stable NO donors and may promote
cardiovascular protection.3 Proton pump inhibitors
reduce the excess of protons in the gastric juice, which
are necessary for the conversion of nitrite to NO,
consequently disrupting the nitrate�nitrite�NO
pathway. In addition, PPIs promote oxidative stress
mediated by increased xanthine oxidase formation of
superoxide, thus impairing endothelium-dependent
vasodilation.4 These results reported by de Francisco
et al. may critically involve mechanisms associated with
impaired nitrate–nitrite–NO pathway in patients taking
PPIs, which add to the mechanisms mentioned in their
article.
DISCLOSURE
All the authors declared no competing interests.

1. de Francisco ALM, Varas J, Ramos R, et al. Proton pump in-

hibitor usage and the risk of mortality in hemodialysis patients.

Kidney Int Rep. 2018;3:374–384.

2. Pinheiro LC, Montenegro MF, Amaral JH, et al. Increase in

gastric pH reduces hypotensive effect of oral sodium nitrite in

rats. Free Radic Biol Med. 2012;53:701–709.
Kidney International Reports (2019) 4, 505–506
3. Pinheiro LC, Amaral JH, Ferreira GC, et al. Gastric S-nitro-

sothiol formation drives the antihypertensive effects of oral

sodium nitrite and nitrate in a rat model of renovascular hy-

pertension. Free Radic Biol Med. 2015;87:252–262.

4. Pinheiro LC, Oliveira-Paula GH, Portella RL, et al. Omeprazole

impairs vascular redox biology and causes xanthine

oxidoreductase-mediated endothelial dysfunction. Redox Biol.
2016;9:134–143.

Jonas T. Sertorio1 and Jose E. Tanus-Santos1

1Department of Pharmacology, Faculty of Medicine of Ribeirao

Preto, University of Sao Paulo, Sau Paulo, Brazil

Correspondence: Jonas T. Sertorio, Department of Pharmacology,

Faculty of Medicine of Ribeirao Preto, University of Sao Paulo, Av.

Bandeirantes, 3900, Ribeirao, Sau Paulo 14049-900, Brazil. E-mail:

jonas.sertorio@gmail.com

Received 17 October 2018; accepted 22 October 2018; published
online 28 November 2018

Kidney Int Rep (2019) 4, 505; https://doi.org/10.1016/
j.ekir.2018.10.023

ª 2018 International Society of Nephrology. Published by

Elsevier Inc. This is an open access article under the CC BY-

NC-ND license (http://creativecommons.org/licenses/by-nc-

nd/4.0/).
The Authors Reply: We thank Jonas T.
Sertorio and Jose E. Tanus-Santos for their
interest in our study “Proton Pump Inhibitor

Usage and the Risk of Mortality in Hemodialysis
Patients.”1

The scope of the use of proton pump inhibitors
(PPIs) in hemodialysis patients is really worrying
because of its widespread use, often in the absence of
medical supervision and its implications have potential
adverse effects.

First, the use of PPIs has risen more than 500%
between 2000 and 2012, and Spain has notably
increased the rate of consumption in recent years, even
in hemodialysis patients, that is especially high
compared with other countries of the European Union.2

In addition, a significant percentage of prescriptions,
estimated at 25% in the European Union and 70% in
the United States, is not based on the approved
indications.3,4

Second, several observational studies suggest that
PPI use is associated with an increased risk of adverse
health outcomes and cardiovascular (CV) events in
particular.5 There would be different interpretations to
explain the association between PPIs and CV events in
a patient with acute myocardial ischemia. An important
opinion is based on the PPI’s reduction of the capacity
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