
Ed
uc

at
io

n 
A

rt
ic

le
ISSN 2334-9492 (Online)

Hospital Pharmacology. 2024; 11(2):1396-1402 UDC: 615.243.4.033

Exploring and Understanding Adverse 
Effect of Proton Pump Inhibitors
A
Majedul M. Hoque
 
Department of Pharmacy, Jahangirnagar University, Savar, Dhaka-1342, Bangladesh
 
SUMMARY

Introduction: Over the past few decades, proton pump inhibitors (PPIs) have been used 
more often; nonetheless, there are concern regarding misuse and the severe adverse ef-
fects that have been described.
Methods: This paper will present information from relevant professional/scientific sources 
including Scopus, EBSCO, PubMed regarding unwanted adverse events of PPIs.
Topic: The causality of correlations between PPI usage and possible adverse effects is un-
known. Increased risk of kidney, liver, and cardiovascular disease; dementia; gastrointesti-
nal tract enteroendocrine tumors; susceptibility to respiratory and gastrointestinal infec-
tions; and reduced nutritional absorption are just a few of the long-term adverse effects 
of widespread use of PPI that have come to light. Thus, given growing concerns regarding 
PPI overuse in the general population, the purpose of this investigation is to review the 
relationship between PPI usage and the risk of major side consequences.
Conclusion: Due to the numerous known side effects of PPIs on the system, further study 
is necessary, including changing the drug’s molecular structure and creating a new medica-
tion from its parent. By administering these drugs effectively for the relevant diagnosis, 
reevaluating patients’ symptoms on a regular basis to determine the least amount and 
duration of therapy, and closely monitoring any potential side effects, it is feasible to 
minimize expenditures with health risk and maximize beneficial outcomes.

Keywords: Proton Pump Inhibitors, PPI, Ulcer, Adverse Effect, Liver Diseases, Respira-
tory, Malabsorption
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INTRODUCTION

Acid secretion is decreased by proton pump 
inhibitors (PPIs), which are irreversible in-
hibitors of the stomach H+K+ATPase in pari-
etal cells. Although PPIs have a brief plasma 
half-life, they bind to proton pumps irrevers-
ibly, necessitating the synthesis of new proton 
pumps before acid secretion may be resumed. 
Repeated PPI dose causes stomach hypoacidity 
to a degree and duration significantly greater 
than that of competitive histamine 2 receptor 
antagonists (H2RA) [1,2], almost completely 

eliminating a biological function that has been 
phylogenetically well-preserved [3]. PPIs have 
long been used for the treatment of gastroin-
testinal disorders linked to acid production, 
including GERD and peptic ulcers. Nonethe-
less, throughout the past several decades, a 
rise in the usage of PPIs has been extensively 
documented in numerous nations [4,5]. This 
increase is perceived to be caused by the wide-
spread use of PPIs in treatment of dyspepsia 
and prevention of gastrointestinal bleeding 
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in patients prescribed antiplatelet therapy 
or non-steroid anti-inflammatory drugs 
(NSAIDs), coupled with the belief that PPIs 
have few adverse effects. Furthermore, even 
though the indications for PPI use have ex-
panded, numerous studies have documented 
prevalent inappropriate PPI prescription [6,7]. 
PPI side effects appear to be mostly brought 
on by the medication’s intended purpose [8], 
which is to promote stomach hypoacidity, 
which may be harmful either directly or indi-
rectly. PPIs’ short-term effects have been well 
researched, but long-term profound acid inhi-
bition’s effects are less well understood since 
epidemiological studies sometimes have short 
observation periods insufficientto uncover 
disorders. The (Figure 1) represents how PPIs 
reduce acid production in the stomach.

METHODS

A computerized literature search was per-
formed using the SCOPUS, PubMed and EB-
SCO database from 2023 November to 2024 
March. Components that were each tied to a 
distinct causal relationship in a formal problem 
structure were used to conduct the literature 
search. Proton pump inhibitor, GERD, over-
utilization, risk(s), renal disorders, cardiovas-
cular diseases, bone/hip/osteoporotic fracture, 
vitamin/mineral malabsorption, dementia, 
and liver disease were among the terms used 
in the search to find all papers. Following their 
evaluation of the publications’ abstracts found 
by the search, the authors evaluated the whole 
manuscripts that satisfied the inclusion re-
quirements on their own. A critical assessment 
was conducted on the study’s design, methods, 
and appropriate and relevant outcomes that 
are pertinent to the present practice of medi-

cation and gastroenterology, hepatology, and 
nephrology. The side effects connected to PPIs 
were identified in extensively. 

TOPIC

Renal disease

Acute interstitial nephritis, or AIN, was origi-
nally linked to PPI usage in 1992. Over ten 
years later, AIN caused by PPIs was acknowl-
edged as a distinct clinical condition [9]. Due 
to their widespread use, PPIs are now consid-
ered to be among the most common causes of 
drug-induced AIN worldwide [10]. There is 
no clear explanation for the reported elevated 
risk of CKD among PPI users. When the re-
nal tubular proton pump (H+-ATPase) in an 
in vitro rat tubule solution appeared to be im-
pacted by high doses of omeprazole, it was first 
wondered if medications intended to block the 
stomach proton pump also inhibited other 
proton pumps [11]. At first, doctors thought 
that proton pumps in the renal tubule and oth-
er organs in addition to the stomach may be 
inhibited by PPIs, but there isn’t enough solid 
proof to support this in a clinical context.

Gastrointestinal malignancies

The relationship between PPIs and the de-
velopment of neuroendocrine tumors and 
gastrointestinal tract carcinomas can be ex-
plained by the fact that PPIs reduce stomach 
acid production, thus compensatory elevation 
of gastrin levels in patients has a proliferative 
effect on the formation of enterochromaffin-
like cells [12,13]. PPIs also contribute to the 
gastric pan-colonization of Helicobacter py-
lori by reducing the usual acidic environment 
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Figure 1. How PPIs work inside 
stomach
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of the stomach. Epidemiological investigations 
corroborated the mechanistic studies’ findings 
that hypoacidity and hypergastrinemia raise 
the incidence of stomach cancer in the corpus/
fundus.

Liver diseases

Using PPIs has been associated with a higher 
incidence of complications from cirrhosis, 
including spontaneous bacterial peritonitis, 
liver cancer, and hepatic encephalopathy [14]. 
These effects appear to be related to chronic 
PPI use, as patients who underwent more than 
one year of follow-up after initiating treatment 
with PPIs had twice the risk of hepatocellular 
carcinoma than did those with no more than 
one year of follow-up [15]. Patients with liver 
illness may be more susceptible to enhanced 
hepatotoxicity from PPIs, which might re-
sult in hypergastrinemia-induced carcino-
genic consequences, particularly on liver cells 
[16,17]. PPIs are metabolized in the liver. Last-
ly, the scientists revealed that following PPI ex-
posure, the gene expression in cultured human 
liver cells resembled those of established liver 
carcinogens.

Micronutrient deficiency

Increased risk of vitamin B12 deficiency has 
been a concern since absorption of protein-
bound, but not unbound, vitamin B12 was 
found to be reduced during PPI use [18]. How-
ever, a considerable number of other studies 
has not reproduced these findings and there 
seems to be insufficient evidence for routine 
measurements of B12 concentration in blood. 
 Patients with stomach hypoacidity 
may have decreased iron absorption; this is 
seen in those using omeprazole and oral fer-
rous sulphate supplements [19]. It’s interest-
ing to note that individuals with hereditary 
hemochromatosis absorb less non-heme iron 
from their diets, and using PPIs also appears 
to lessen the need for phlebotomies [20]. PPI 
usage has been linked, in a large case-control 
study, to an increased risk of iron shortage; 
however, the clinical significance of this asso-
ciation has been questioned, and the extent of 
impaired iron absorption is probably minor in 
most persons [21]. 
 The absorption of calcium may be 
hampered by profound acid inhibition [22]. 
However, prolonged PPI does not appear to 

decrease the absorption of dietary calcium or 
water-soluble calcium salts, which has further 
undermined the theory that abnormal calcium 
metabolism raises the risk of fracture.

Cardiovascular disease

PPI usage has been linked to increased cardio-
vascular morbidity and death within the last 
ten years [23,43]. Long-term or heavy PPI use 
has been linked to an increased risk of signifi-
cant acute cardiovascular events, such as acute 
myocardial infarction and stroke [24]. By in-
hibiting the enzymatic activity of dimethylar-
ginine dimethyl-aminohydrolase, which is in 
charge of clearing asymmetric dimethylargi-
nine and thus lowering nitrous oxide synthase 
activity, PPI usage may result in a decrease in 
endothelial nitrous oxide levels [25]. PPIs like-
ly to raise blood levels of chromogranin A, a 
significant neuroendocrine tumor marker that 
may possibly be a biomarker for cardiovascu-
lar disease, according to research [26,44].

Fracture risk

Retrospective studies have suggested the ex-
istence of a dose-dependent relationship be-
tween PPIs and decreased bone mineral den-
sity, leading to an increase in fracture risk, 
especially hip fractures. The risk appears to 
be higher in patients with a risk factor for os-
teoporosis, such as renal dysfunction. Routine 
prophylaxis for osteoporosis is suggested for 
PPI users to prevent osteoporotic fractures 
[27]. Hypochlorhydria-associated malabsorp-
tion of calcium (absorption of which is indis-
pensable to maintaining bone microstructure), 
gastrin-induced parathyroid hyperplasia, and 
inhibition of bone resorption by blocking lo-
cal H+/K+ ATPase are some of the proposed 
mechanisms that link long-term PPI-based 
therapy with decreased bone mineral density 
[28,29].

Dementia

Headaches and vertigo/dizziness have been 
connected to neurological adverse effects of 
various PPIs, including pantoprazole, lan-
soprazole, and esomeprazole. The central 
nervous system is associated with less often 
reported adverse effects, such as depression, 
diplopia, sleep disturbance, sleepiness, in-
somnia, tremor, anxiety, and anomalies of the 
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senses and perception, such as hallucinations 
and delirium [30, 41]. The impact of PPIs on 
ionic pumps that regulate neuronal membrane 
potential appears to account for the neurologi-
cal effects of the drugs, despite the fact that 
the exact mechanisms behind these effects re-
main unclear [31]. The lysosomes of patients 
taking PPIs seem to be less acidic than those 
of patients not taking them, which may make 
cells less able to degrade amyloid-beta protein, 
the principal substance that accumulates in 
the brain in patients with Alzheimer’s disease. 
Other hypotheses include that PPI and H2 
receptor antagonist use have indirect effects 
related to systemic abnormalities (i.e., magne-
sium and vitamin B12 deficiency) [32,33,42].

Uncommon adverse effect

Fundic gastric polyps seem to be the result 
of the stomach mucosa’s cystic reaction to 
long-term, significant acid inhibition-induced 
physiological changes [35]. Long-term PPI use 
was linked to a four-fold rise in the prevalence 
of fundic gastric polyps, although the risk of 
dysplasia was minimal, according to a study 
involving 599 patients undergoing gastroscopy 
[36]. During physiological reflux, the suppres-
sion of gastric acid results in an increase in the 
colonization of bacteria in the upper gastro-
intestinal tract and aspiration of the gut flora. 
Three sizable case control studies with up to 

360 000 participants and seven years of follow-
up showed that PPI users had a 16–50% higher 
risk of pneumonia [37,38]. Acute interstitial 
pneumonia caused by proton pump inhibitors 
is rare, although a rising number of cases are 
being documented [39]. Vitamin B12 absorp-
tion is decreased by proton pump inhibitor 
medication, most likely due to inhibition of 
intragastric proteolysis and subsequent release 
from food, which is necessary for the vitamin 
to bind to R-proteins and gastric intrinsic fac-
tor and then be released from the terminal il-
eum [40].

CONCLUSION

It is trending with new technology [34], to 
combat with diseases smartly going on ahead. 
When prescribing PPIs, physicians should 
take into account the known and probably un-
discovered negative effects of long-term stom-
ach acid inhibition, according to the findings 
of mechanistic research, which includes trials 
on animals. Generally, PPI usage has advan-
tages and disadvantages that should be care-
fully assessed, particularly for young patients 
whose treatment with these medications may 
persist for many years. PPIs have a number of 
documented system-related adverse effects; 
as a result more research including modifica-
tion of drug’s molecular structure and design-

Figure 2. Possible risk of long 
term use of proton pump inhibi-
tor
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ing new drug from parent drug is demanding. 
Minimizing costs and maximizing positive 
outcomes can be achieved by using these med-
ications appropriately for the right diagnoses, 
periodically reevaluating patient symptoms to 
find the least amount and length of therapy, 
and closely monitoring any possible side ef-
fects.
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Pretraživanje i razumevanje neželjnih dejstava 
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KRATAK SADRŽAJ

Uvod: Tokom poslednjih nekoliko decenija, inhibitori protonske pumpe (PPI) se sve 
češće koriste; ipak, postoji zabrinutost u vezi sa zloupotrebom i ozbiljnim štetnim 
efektima koji su opisani.
Metode: Ovaj rad će predstaviti informacije iz relevantnih stručnih/naučnih izvora 
uključujući Scopus, EBSCO, PubMed u vezi sa neželjenim neželjenim događajima IPP.
Tema: Uzročnost korelacije između upotrebe PPI i mogućih štetnih efekata nije 
poznata. Povećan rizik od bolesti bubrega, jetre i kardiovaskularnog sistema; de-
mencija; enteroendokrini tumori gastrointestinalnog trakta; osetljivost na respira-
torne i gastrointestinalne infekcije; i smanjena nutritivna apsorpcija su samo neki od 
dugoročnih štetnih efekata široke upotrebe PPI koji su izašli na videlo. Stoga, imajući 
u vidu rastuću zabrinutost u vezi sa prekomernom upotrebom IPP u opštoj populaciji, 
svrha ovog istraživanja je da se preispita odnos između upotrebe PPI i rizika od velikih 
nuspojava.
Zaključak: Zbog brojnih poznatih neželjenih efekata IPP-a na sistem, neophodno je 
dalje proučavanje, uključujući promenu molekularne strukture leka i stvaranje novog 
leka od njegovog roditelja. Efikasnim davanjem ovih lekova za relevantnu dijagnozu, 
redovnom procenom simptoma pacijenata kako bi se odredila najmanja količina i tra-
janje terapije i pomnim praćenjem svih potencijalnih neželjenih efekata, moguće je 
minimizirati troškove sa zdravstvenim rizikom i maksimizirati korisne ishode.

Ključne reči: PPI, čir, ulcus, neželjeno dejstvo, bolesti jetre, respiratorna infekcija, 
malapsorpcija
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