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Proton pump inhibitors (PPIs) are among the most
widely used drugs in the world. Representing the
first choice of treatment for various disorders that
affect the digestive system, these drugs are also
among the most sought after for self-medication,
since they are over-the-counter. The massive and
prolonged use of PPIs ended up bringing to light
adverse reactions that were eventually serious and
often avoidable if they were used rationally. One of

the main concerns about the chronic use of these
drugs concerns their potential to cause vitamin B12
deficiency in chronic users, with damage ranging
from  megaloblastic  anemia to  severe
neuropsychiatric disorders. Numerous studies have
already addressed the topic without reaching a
consensus. Currently, several indications postively
relate the use of PPIs with vitamin B12 deficiency,
and many others show the absence of a significant
relationship. In general, the evidence is considered
weak, and the recommendation among prescribers
is that no action regarding serum monitoring or
routine VB12 supplementation is necessary in
patients on chronic use of proton pump inhibitors.

Proton pump inhibitors, Vitamin B12,
SIBO.

Since the introduction of omeprazole to the pharmaceutical market in 1989, proton pump
inhibitors (PPIs) have become the mainstay of the treatment of disorders related to gastric acidity,
being among the most widely used medications in the world (Targownik et al., 2022). When confronted
with previously used agents, such as histamine H2 receptor antagonists (H2RAS), synthetic
prostaglandin analogues, and anticholinergics, PPIs demonstrate excellent patient tolerance, excellent
safety, and more expressive suppression of gastric acid serrection (Strand et al, 2017), being the first
choice for the treatment of esophagitis. non-erosive reflux disease, peptic ulcer disease, prevention of
ulcers associated with non-steroidal anti-inflammatory drugs, Zollinger-Ellison syndrome, functional
dyspepsia (Lassen, 2007), as well as an integral part of Helicobacter pylori eradication therapy
(Hagiwara et al., 2015).

There is a growing perception of the indiscriminate use of PPIs worldwide, resulting from both
medical overprescription and self-medication, since they are over-the-counter drugs (Kelly et al., 2015;
Boardman et al., 2015). In the West, 25% of the population reports having heartburn at least once a
month and 5% describe daily symptoms, explaining the high demand for these drugs (Paroni et al.,
2016).
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As PPIs have become more popular and more widely used, there has been an increase in the
emergence of potentially adverse effects related to them (Elias; Targownik, 2019) with studies relating
them to chronic kidney disease, bone fractures, pneumonia, dementia to, more recently, COVID-19,
although the mechanisms and causalities of these relationships have not been pointed out (Targownik
et al., 2022). Among these effects, the intestinal alterations evoked by the prolonged use of PPIs, such
as mucosal damage and alteration of the microbiota, with consequent impact on nutrient absorption
and the response of the immune barrier system and, finally, on the general health of the patient, have
gained a lot of attention from researchers in recent years, however, research involving this theme
presents conflicting and unclear results (Gémez-Escudero, 2023).

Several studies have positively linked the inhibition of gastric acid secretion with a higher
frequency of small intestinal bacterial overgrowth syndrome (SIBO) (Fried et al., 1994; Thorens et al.,
1996; Saettone et al., 2009; Zwolinska et al., 2013; Jacobs et al., 2013; Zhang et al., 2020). A study
conducted with 200 PPI users observed that their risk of developing SIBO was up to eight times higher
than among non-users, and that the severity of symptoms increased the longer the duration of treatment
(Lombardo et al., 2010). A meta-analysis that related the use of PPIs and the occurrence of SIBO
confirmed this association in aspirated colonies of the duodenum and ileum (Lo & Chan, 2013). These
studies suggest that patients being treated with PPIs may have a high prevalence of digestive
symptoms, especially of intestinal origin (Fujimori, 2015).

Contrary to this evidence, Weitsman et al. (2022), through microbiome sequencing and culture,
stated that the use of PPIs does not cause hyperproliferation of Clostridium difficile or increase in the
incidence of SIBO. However, in the analysis of the gut microbiome, users of IPBs showed higher
abundances of the families Camphylobacteraceae and Bifidobacteriaceae and a lower number of
Clostridiaceae families when compared to non-users, not observing any difference in the alpha and
beta diversity of the duodenal microbiome nor significant differences in phylum, class or order level
between individuals. A meta-analysis conducted in 2020, including 3192 patients, also found no
association between PPIs and SIBO (Shah et al., 2020).

Although there is no consensus among researchers about the increased incidence of SIBO as a
result of the chronic use of PPIs, it is possible to observe in all studies an alteration of the microbiota
in the Small Intestine (DI), which can generate consequences with varying impacts on the user's health,
depending on factors such as general health status, dose and duration of treatment. Significant
alterations in the bacterial flora of the small intestine have a great impact on the nutritional status of
the host once a competition for critical nutrients is established, in addition to causing changes in
metabolism, damage to the absorptive mucosa and gastrointestinal symptoms that decrease the

individual's food intake (Zaidel & Lin, 2003;
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Even though the efficiency of digestion and absorption of nutrients is the responsibility of the
intestine, it does not depend exclusively on it. The stomach plays an essential role in the assimilation
of nutrients, so changes in its typical characteristics, such as acidity, possibly interfere with these
absorption mechanisms (Losurdo et al., 2023). Several studies (Graziani et al., 1995; Saltzman et al.,
1994) proved the importance of gastric acid secretion in the absorption of vitamins and minerals. The
reduction of iron, making it more soluble and easily absorbed, is dependent on gastric acidity, and the
stomach, in hypochlorhydria or achlorhydria induced by PPIs, may cause body iron depletion with
consequent anemia. Achloridia also significantly decreases calcium absorption, since the ionization of
its salts, an essential step for the absorption of the mineral, requires low pH (Dado et al., 2017).

Among the most impacted nutrients, both by the growth of anaerobic bacteria in the ID, which
increases their use in addition to initiating a competition in the absorptive membrane (Quigley et al.,
2020), and by the increase in gastric pH induced by PPIs, is vitamin B12 (VB12), also called
cyanocobalamin. This vitamin depends on several factors for it to be absorbed. First, it must be released
from the food matrix through peptic enzymes and low stomach pH, this same pH then favors the
binding between vitamin B12 and Haptocorrine, preventing its hydrolysis by gastric acid and reducing
its degradation by the intestinal microbiota. In the duodenum, vitamin B12 loses affinity for
haptocorriin binding to intrinsic factor that aids in the absorption of B12 through the intestinal wall in
the distal ileum by binding to Cubulin, the receptor of the B12-IF complex (Guéant et al., 2022). It is
foreseeable, therefore, that a stomach in achloridia, resulting from the prolonged use of PPIs, will make
it impossible to extract VB12 from the food matrix, with its availability for absorption in the ileum
decreased (Damodharan et al., 2021). These theoretical aspects are reinforced by several population-
based studies already conducted (Porter et al., 2021; Dries et al., 2022).

The first study to demonstrate reduced absorption of VB12 in response to the use of PPIs, in a
dose-dependent manner, was conducted in healthy subjects who received omeprazole for two weeks.
(Marcuard et al., 1994). After the publication of these data, several other studies were published
corroborating their results. Termanini et al. (1998) demonstrated the increased risk of vitamin B12
deficiency due to long-term use of PPIs in a prospective study in patients with Zollinger-Ellison
syndrome, indicating a 10.3-fold higher risk of vitamin B12 deficiency among users. A meta-analysis
conducted in 2015 with 4 case-control studies and an observational study encompassing, in total, 4,254
cases and 19,228 controls, also found a positive association between chronic use of PPIs and the risk
of developing vitamin B12 deficiency (Jung et al., 2015).

Lan et al (2013) in a case-control study comparing 25,956 patients with vitamin B12 deficiency
with 184,199 patients without vitamin B12 deficiency found a positive association between PPI use
and hypovitaminosis. Recently, a cohort study pointed out that the risk of developing VB12 deficiency
is 50% higher among patients using PPIs, also showing a suggestive difference, through the t-test,
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between the levels of the vitamin before and after treatment lasting two years (Mumtaz et al., 2022).
Even the use of IPBs for relatively short periods of six months can cause clinical manifestations of
vitamin B12 deficiency via oxidative stress, including neurotoxicity and cognitive decline (Dries et
al., 2022).

The apparent irrefutable nature of the above data is not supported in practice and is contested
by several studies. Starting with the fact that B12 hypovitaminosis is found in only 3.2% of adults in
chronic PPI use (Evatt et al., 2010). A study of 200 patients found that 12 months of PPI use did not
result in any changes in serum levels of cyanocobalamin and homocysteine (Qorraj-Bytyqi et al.,2018).
Den Elzen et al. (2008) compared the serum levels of vitamin B12 and homocysteine in elderly
individuals as well as the mean corpuscular volume between 125 PPI users for more than 3 years and
125 non-users, not finding any significant difference in the parameters between the groups.

Two studies that deserve to be highlighted (SOPRANO and LOTUS), because they encompass
users of PPIs for long periods of time (5-12 years), had their data sitetized, and no significant difference
in serum vitamin B12 levels was found between chronic and non-users of PPIs (Attwood et al., 2015).
Reinforcing these results, a cross-sectional study including 25,953 individuals, analyzing the same
parameters, also did not find any statistically significant difference between the groups, far from it, the
researchers observed higher levels of vitamin B12 among users of IPBs, although this data did not
show statistical significance (Lerman et al., 2022).

Basic differences between PPI users and non-users make it challenging to study potential
adverse effects of these drugs retrospectively. For this reason, despite a large number of studies, the
overall quality of the evidence for the adverse effects of PPIs ranges from low to very low. So many
conflicting results of questionable validity, dealing with one of the most widely used classes of drugs
in the world, has stimulated reviews and clinical recommendations carried out by experts aiming at the
rational use of these agents in order to avoid, as much as possible, the emergence of adverse effects or
even their inappropriate or unnecessary use (Freedberg et al., 2017).

Even though there is not enough evidence to recommend specific strategies to mitigate the
adverse effects of PPIs, the American Gastroenterological Association has published clinical
recommendations for good practices in the use of PPIs that have been recognized and implemented in
various parts of the world (Ladera et al., 2020; SNS, 2017; Bhatia et al., 2019, AGRJ, 2022). The
updates bring 10 recommendations, including the actions to be taken regarding the possible effects of
these drugs on the small intestine and the absorption of VB12. Briefly, it is recommended: Patients in
chronic use of PPIs should not take probiotics regularly in order to avoid infections (recommendation
7); Chronic users of PPIs should not routinely increase their intake of calcium, vitamin B12 or
magnesium beyond the Recommended Daily Allowance (recommendation 8); Routine screening and

monitoring of vitamin B12 levels in chronic users of PPIs (recommendation 9) is inappropriate
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(Freedberg et al., 2017). In 2022, a new update was published, giving greater emphasis to the
management of the deprescribing of this class of drugs (Targownik et al, 2022).

When [Bs are prescribed appropriately, their benefits are likely to outweigh their risks.
However, its inadequate prescription transforms modest risks into important ones, since there is no
potential benefit (Vaezi et al., 2017). Despite the overwhelming number of studies linking the chronic
use of proton pump inhibitors to vitamin B12 deficiency, the evidence is considered insufficient by
competent medical committees that do not recommend routine vitamin B12 supplementation for PPI
users.

Longer prospective studies, with careful monitoring of absorption and serum levels of VB12,
are extremely necessary to resolve the questions surrounding the subject, clarifying whether possible

serum changes occur and whether they are clinically relevant.
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