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INTRODUCTION

Proton-pump inhibitors (PPIs) are highly effec-
tive drugs that have revolutionized the treatment of 
peptic acid disorders over the last two decades(20). 
Omeprazole was !rst introduced for clinical use as a 
PPI in 1988(6, 11).

Most patients who use PPIs do not have a medical 
indication for them, generating concerns about inap-
propriate use. PPIs frequently are used beyond the 
term of their short-term indication because of a belief  
that they provide bene!ts without causing harm and 
because of aggressive publicity directed at patients and 
doctors. The availability of PPIs as over-the-counter 
and generic medications, as well as their long time on 
the market, have contributed to their increased use(21).

Evidence for associations between PPI use and side 
effects has increased, although PPIs remain effective 
when properly indicated. More research is needed to 
understand the consequences of  excessive use(20, 21). 
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There is no consensus about how to de!ne chronic 
PPI use; whereas most professionals consider “chronic 
use” to be more than 12 continuous months, others 
propose a period ranging from 4 to 12 months(20). Me-
negassi et al. related PPI use to proliferative changes in 
the mucosa of the fundus and the gastric body, but the 
treatment time necessary to provoke such changes was 
not determined. Parietal cell hyperplasia, protrusion 
of the parietal cells in the lumen to the oxyntic glands, 
and cystic gland formation were among the described 
microscopic changes. The most common macroscopic 
change was the formation of sporadic fundic polyps 
that, rarely, were dysplastic(15).

The literature describes a relationship between 
the duration of PPI use and the risk of polyps, espe-
cially when PPIs are used for more than 12 months. 
Most PPI users with fundic gland polyps (FGPs) test 
negative for the bacteria Helicobacter pylori (HP). 
Regression of FGPs after HP infection has been re-
ported in chronic PPI users, with the appearance of 
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gastritis in the gastric body, indicating the inhibitory action 
of  HP infection on polyp development(11, 26). Reinforcing 
this impression, HP infection is less prevalent in patients 
with FGPs(26). Despite arguments in favor of long-term PPI 
treatment that include claims that PPIs do not accelerate or 
promote gastric atrophy in the presence of  HP infection, 
some authors have defended the strategy of  treating HP 
infection before starting long-term treatment with PPIs or 
for patients already in treatment(20).

Some controversy remains about the consequences of 
chronic PPI use. Therefore, we studied the endoscopic and 
histopathologic gastric changes arising from such use.

METHODS

This prospective study was performed on 105 patients who 
were treated at the outpatient clinics of various specialties 
at a tertiary public hospital. All patients underwent an up-
per-gastrointestinal endoscopy (UGIE) between May 2012 
and June 2013. Among the 105 patients, 81 were chronic PPI 
users (PPI group) and 24 were non-users (control group). We 
de!ned chronic use of PPIs as continuous use for longer than 
6 months(20). The Research Ethics Committee approved this 
study (no. 2182 of 2012).

Our main inclusion critery was the chronic use of PPIs. 
In the control group, were excluded only those who used 
PPIs irregularly and those who had prior gastric surgery, 
independent of other gastric complaints that led to the in-
dication of the UGIE.

After being given clari!cation about the purpose of the 
study, patients who agreed to participate signed an informed 
consent form. Before the UGIE was performed, they an-
swered a questionnaire with clinical and demographic infor-
mation, including age, sex, whether they used PPIs, duration 
of PPI use, and PPI dosage. Patients who did not respond to 
the questionnaire was excluded from the study.

All patients had an indication for UGIE to be per-
formed. We performed the procedure using the Olympus 
(GIF-Q150 and GIF-2T160) videogastroscopic device with 
an Exera-CLV-160 processor. Before performing the UGIEs, 
we collected 4 mL of blood to determine gastrin levels by 
chemiluminescence. Gastrin levels are reported in pg/mL. 
The normal reference range for gastrin is 13–115 pg/mL. 
All patients with increasead leves of gastrin and in use of 
PPIs were instructed to discontinue use and their levels were 
remeasured after 2 weeks(22). Among non users of PPI, other 
causes of mild hypergastrinemia were evaluated. All who had 
persistent increase of more than 500 pg/mL, levels suspected 
for gastrinoma, were referred for further investigation(22).

Where indicated by the endoscopist, we collected biopsies 
of the mucosa from areas of the antrum, incisura angularis, 
and gastric body. We immediately !xed the biopsies in 4% 
buffered formaldehyde, processed them, embedded them in 
paraf!n, and submitted them to microtomy. Slides stained 
with hematoxilin-eosin were made for general evaluation. 
Warthin-Starry staining was used to identify bacteria that 
were morphologically compatible with HP(19).

To quantify the main histopathologic changes found, we 
used the criteria suggested by the Sydney System(7, 8): chronic 
in"ammation, in"ammatory activity, intestinal metaplasia, 
glandular atrophy, and HP quantity. We categorized the vari-
ables as “absent” or “present”. When applicable, we graded 
them as “slight”, “moderate,” or “intense”(7, 8). We tried to 
evaluate the presence of  erosion or ulceration, scarring, 
lymphatic follicles, reactive gastropathy, and epithelial or 
polypoid hyperplasia.

We classi!ed the biopsies obtained from the different 
areas of the stomach according to the type of mucosa, as 
“antral”, “antrum-fundic transition” (AFT), and “fundic”. 
AFT-type mucosa is most commonly found in the area called 
the angular incisure of the stomach. The fundic type is found 
in its body of the stomach(19). A single medical pathologist 
evaluated all of the biopsies.

The obtained results were entered into a database for 
statistical analysis via Microsoft Access 2000®. BIOSTAT® 
(version 5.0) was used to perform the statistical calcula-
tions. We applied Fisher’s exact, the partitioning X2, and 
Mann-Whitney tests. The tests were considered signi!cant 
when the probability of rejecting the null hypothesis was less 
than 5% (P<0.05).

RESULTS

Of the 81 chronic PPI users, 97.5% used omeprazole. 
Of the omeprazole users, 67.1% used a dose of 20 mg/day, 
29.1% a dose of 40 mg/day, and 3.8% a dose of 60 mg/day. 
The remaining 2.5% used pantoprazole at a dose of 40 mg/
day. No one reported using other types of PPIs. Most patients 
(88.9%) used PPIs for more than 12 months.

Table 1 summarizes the demographic characteristics and 
gastrin levels of  the sample. Women predominated both 
groups and were the only patients to have gastrin levels above 
115 pg/mL. Four patients in the control group had elevated 
gastrin values of 154, 169, 282, and 967 pg/mL, respectively. 
One of them had positive serologies for Chagas’ disease and 
four HP infection. Only one had serum gastrin higher than 
500 pg/mL and was referred for further investigation(22).

TABLE 1. Age, sex, race, and serum gastrin levels in patients who were 
chronic users of proton-pump inhibitors (PPIs) and controls. Both groups 
underwent upper-gastrointestinal endoscopy between May 2012 and 
June 2013

Characteristics
Controls
(n=24)

Chronic PPI users
(n=81)

Age (years) 45.9 (17-72) 55.9 (23-79)

Sex 70.8% women 83.9% women

29.2% men 16.0% men

White 66.7% 76.5%

Non-white 33.3% 23.5%

Elevated gastrin* 16.7% 34.6%

Source: Data collected by the authors (2012-2013). *Serum gastrin level > 115 pg/mL.
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Among chronic PPI users, 34.6% had increased gastrin 
levels, ranging 119–1080 pg/mL. Stopping using the PPI 
was recommended and their levels were remeasured after 
2 weeks(22). Most of  them showed normal levels of  serum 
gastrin. Only four remained with hypergastrinemia, being 
referred for investigation, all with positive serology for Cha-
gas disease. Only one patient persisted with levels of gastrin 
higher than 500pg/mL and was referred for investigation of 
other causes of hypergastrinemia(22). 

Table 2 shows the macroscopic !ndings of  the UGIEs 
in the two patient groups, which did not reveal statistically 
signi!cant differences between the groups. The UGIEs were 
considered normal in 50% of the controls and 30.9% of the 
chronic PPI users. Despite the identi!cation of polyps on the 
UGIEs in two chronic PPI users, either the polyps were not 
con!rmed histologically or representative samples of these 
polyps were not collected. An FGP was con!rmed in only one 
lesion, described as submucosal, in the chronic PPI group. 
This patient had been taking omeprazole for more than 12 
months, had an increased gastrin level (578 pg/ mL), and 
was HP negative. One polyp was con!rmed in the control 
group, in a patient who had a normal gastrin level and was 
HP negative.

We collected antral-type gastric mucosa samples from 
70.8% of patients in the control group and 76.5% of patients 
in the PPI group (Table 3). Glandular body atrophy in the 
antral mucosa was classi!ed as “slight” in all cases from the 
control group. It was classi!ed as “slight” in 76.5% (Figure 
1A), “moderate” in 17.6%, and “severe” in 5.9% of atrophy 
cases from the PPI group (P>0.05). We collected AFT-type 
mucosa samples from 66.7% of patients in the control group 

TABLE 2. Macroscopic !ndings of the upper-gastrointestinal endoscopies 
for chronic users of proton-pump inhibitors (PPIs) and the control group. 
Both groups underwent upper-gastrointestinal endoscopy between May 
2012 and June 2013

Endoscopic !ndings
Controls %

(n=24)
Chronic PPI users %

(n=81)

Antral gastritis 33.3 51.8

Gastritis in the body 4.2 1.2

Atrophic gastritis 8.3 6.2

Submucosal lesion 4.2 2.5

Gastric stasis 0 2.5

Pangastritis 4.2 7.4

Paresis 0 1.2

Polyps 4.2 2.5

Intestinal metaplasia 0 1.2

Ulcer 0 4.9

Scarring 0 3.7

Source: Data collected by the authors (2012-2013); Fisher’s exact test

TABLE 3. Histopathologic !ndings in the antral-type gastric mucosa 
for patients who were chronic users of proton-pump inhibitors (PPIs) 
and for the control group. Biopsies were performed between May 2012 

and June 2013

Histopathologic !ndings
Controls %

(n=17)
Chronic PPI users %

(n=62)

Erosion 0 0

Scarring 5.9 8.1

Lymphatic follicle 35.3 17.7

Chronic in"ammation* 88.2 83.9

In"ammatory activity* 35.3 41.9

Atrophy of glandular bodies 17.6 27.4

Intestinal metaplasia 17.6 27.4

Reactive gastropathy 0 0

Helicobacter pylori 41.2 33.9

Epithelial hyperplasia 0 4.8

Polyps 0 0

Source: Data collected by the authors (2012-2013); Fisher’s exact test except to chronic in"am-

mation and in"ammatory activity (Mann-Whitney test).

FIGURE 1. Histology slide of the antral-type gastric mucosa with slight 
atrophy (A), characterized by a reduction in the number of gland bodies 
in PPI user. (B) Fundic glands of a proton-pump user. A polyp of the 
fundic glands can be observed in panoramic view, highlighting the dila-
tion of the crypts. (C) Magni!cation of the fundic gland polyp, showing 
the dilated crypt covered by fundic-type mucosa. (D) Numerous spiraled 
bacteria (black) are present on the surface of the epithelium and in the 
interior of the crypt in PPI user. (A and C – Hematoxylin-eosin, 400×; 
B – Hematoxylin-eosin, 100×, D – Wartin-Starry, 400×).

and 55.6% of patients in the PPI group (Table 4). Glandular 
body atrophy in the AFT mucosa was classi!ed as “slight” 
in all cases in both groups (P>0.05). Samples of fundic-type 
gastric mucosa were obtained from 95.8% of patients in the 
control group and 95% of patients in the PPI group (Table 5). 
Glandular body atrophy in the fundic mucosa was classi!ed 
as “slight” among all PPI users.
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Epithelial hyperplasia was described as parietal cells 
and polyps in the two groups as FGPs (Figure 1B and C). 
There was a statistically signi!cant difference only when we 
compared the absence of atrophy and HP infection (Figure 
1D) in the fundic-type gastric mucosa between the control 
group (P=0.0038) and the PPI group (P=0.0001) using the 
partitioning X2 test. There was no statistically signi!cant 
difference when we compared other histopathologic !ndings 
in the fundic-type gastric mucosa between the two groups.

We compared the histologic changes in the three types 
of mucosa in samples from chronic PPI users with increased 
serum gastrin levels. We found HP infection in 36.3% of 
antral mucosa samples, 38.4% of AFT samples, and 53.6% 
of fundic samples (P>0.05) from patients who were chronic 
users of PPIs and had elevated serum gastrin levels.

DISCUSSION

Peptic-acid diseases are disorders in which gastric acid 
and pepsin are the necessary but insuf!cient pathogenic 
factors. Although inherently caustic, they generally do not 
cause lesions or gastric or esophageal symptoms because of 
the existence of  intrinsic defense mechanisms. Peptic-acid 
diseases can occur when these defense mechanisms are 
lost. Treatment and prevention strategies of these disorders 
primarily focus on reducing gastric acid levels. The most 
powerful suppressors of  gastric acid secretion are PPIs(25). 
Although PPIs are medically safe, various studies empha-
size their indiscriminate use and the lack of an indication 
for chronic use. Many prescriptions are improperly given 
to hospitalized patients and maintained after discharge, 
necessitating a more appropriate de!nition for PPI use(14).

In our study, the age band and the distributions by 
sex and skin color were similar to those described in the 
literature(15, 20). As the patient’s age increases, he or she is 
more likely to have comorbidities and to be using other 
medications, thus increasing the risk of  side effects. There-
fore, greater care must be taken with older patients. Studies 
about PPIs and interactions with medications emphasize 
that, despite their effectiveness in equivalent doses, the 
choice of  PPI type is important, particularly in older pa-
tients(27). Most of  our patients used omeprazole, probably 
because this PPI has been on the market for a long time(11), 
is freely distributed by Brazilian Health Units, and is inex-
pensive within the Brazilian Federal Government’s People’s 
Pharmacy Program(16). Most patients in both groups were 
considered to be white. Although we did not obtain speci!c 
information about the ethnicity of  the target population, 
this fact is relevant to the metabolism of PPIs. Asian people 
tend to metabolize PPIs more slowly than white or black 
people, which could in"uence the effectiveness or toxicity 
of  these drugs(25).

Hypergastrinemia can occur as a physiologic response 
to the PPI-induced inhibition of  gastric acid(9, 22) and ap-
pears to have a trophic effect on oxyntic mucosa(10). When 
treatment is suspended, this phenomenon reverses itself. 
In a previous report, 10%–30% of  chronic PPI users, espe-
cially patients infected by HP or with higher gastrin levels, 
had hyperplasia of  the enterochromaf!n cells(9). Studies of 
PPI safety have noted that PPI-related hypergastrinemia is 
not intense(18). These !ndings are consistent with those of 
this study, except for patients who had gastrin levels above 
500 pg/mL and had positive serology for Chagas disease, 
other cause of  hypergastrinemia(17, 24). In addition, atrophic 
gastritis, pernicious anemia, hyperplasia of  G cells in the 
gastric antrum, vagotomy, intestinal resection, in"amma-
tory bowel disease, Helicobacter pylori infection, hepatic or 
renal insuf!ciency, hypercalcemia, gastrinoma and other 
neuroendocrine tumors may increase gastrina levels(22). In 
cases of  gastrinoma, is expected to increase of  the gastrina 
levels from 5 to 10 times this dosage in serum in 90% of 
cases. Dosages greater than 1000 pg/mL is considered to 
be very suspicious for gastrinoma(22).

TABLE 4. Histopathologic !ndings in the antral-fundus transition (AFT)-
-type mucosa for chronic users of proton-pump inhibitors (PPIs) and for the 

control group. Biopsies were performed between May 2012 and June 2013

Histopathologic !ndings
Controls %

(n = 16)
Chronic PPI users %

(n = 45)

Erosion 0 0

Scarring 6.2 4.4

Lymphatic follicle 43.7 17.8

Chronic in"ammation* 93.7 86.7

In"ammatory activity* 37.5 35.5

Atrophy of glandular bodies 12.5 17.8

Intestinal metaplasia 6.2 8.9

Reactive gastropathy 0 0

Helicobacter pylori 31.2 37.8

Epithelial hyperplasia 0 0

Polyps 0 0

Source: Data collected by the authors (2012-2013); Fisher’s exact test except to chronic in"am-

mation and in"ammatory activity (Mann-Whitney test)

TABLE 5. Histopathologic !ndings in the fundic-type mucosa for chronic 
users of proton-pump inhibitors (PPIs) and for the control group. Biopsies 
were performed between May 2012 and June 2013

Histopathologic !ndings
Controls %

(n = 23)
Chronic PPI users %

(n = 77)

Erosion 0 0

Scarring 0 2.6

Lymphatic follicle 21.7 18.2

Chronic in"ammation* 78.3 72.7

In"ammatory activity* 30.4 36.4

Atrophy of glandular bodies 0 3.9

Intestinal metaplasia 0 2.6

Reactive gastropathy 0 0

Helicobacter pylori 34.8 40.2

Epithelial hyperplasia 0 2.6

Polyps 4.3 1.3

Source: Data collected by the authors (2012-2013); Fisher’s exact test except to chronic in"am-

mation and in"ammatory activity (Mann-Whitney test).
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Mott et al. studied Chagas patients and found hypergas-
trinemia under basal conditions. This !nding was explained by 
the low levels of hydrochloric acid in the patients’ gastric secre-
tions, the hypersensitivity of their G cells to denervation, and 
their increased production of extragastric gastrin(17). Troncon 
et al. demonstrated that chronic Chagas patients with reduced 
gastric acid levels did not have signi!cantly increased G-cell 
populations in the antrum. They indicated that in Chagas 
disease, the increase in gastrin associated with destruction of 
the intrinsic innervation of the stomach should be measured 
by the G-cell hyperfunction rather than by hyperplasia(24).

FGPs have been associated with an increase in gastrin 
levels stemming from a probable association with long-term 
PPI use. It has been suggested that PPI-induced FGPs are the 
result of damaged glandular "ow, owing to the mechanical 
obstruction of  the gland due to the hypergastrinemia-as-
sociated hyperplasia of  the parietal cells. However, this 
phenomenon does not appear to be related to the severity of 
hypergastrinemia, as equivalent degrees of hypergastrinemia 
have been described in PPI users with and without FGPs(3). 
We did not !nd an association between gastrin levels and 
FGPs, which varied in number and arose after various pe-
riods of  PPI use. In previous studies, the average time for 
FGPs to appear ranged from as high as 5 years(13) to as 48 
months(1). Thus, time seems to be a predictive factor. We did 
not !nd a statistically signi!cant association between PPI use 
and FGPs among patients who used PPIs for 6–12 months or 
for more than 12 months. The absence of a group of patients 
who used PPIs for more than 5 years could be a reason for 
this lack of an association.

Since the !rst reports of  FGPs in PPI users, this asso-
ciation has been controversial. Some studies suggest that 
long-term therapy leads to parietal cell hypertrophy, which 
correlates with the development of  these polyps. Others 
consider that long-term therapy with PPIs only leads to 
parietal cell hypertrophy and not to polyp formation, and 
that FGPs are an incidental !nding. These authors conclude 
that FGPs are not induced by PPIs and are negatively cor-
related to infection by HP(4). Various studies have described 
an association between FGPs and absence of  infection by 
HP(2, 5, 11, 26). We did not observe a statistically signi!cant 
association between FGPs and the absence of  HP. The HP 
infection rates found in the antral mucosa (33.9%), AFT 
mucosa (37.8%), and fundic mucosa (40.2%) among chronic 
users of  PPIs, together with the absence of  a group that had 
used PPIs for more than 5 years, might have in"uenced the 
low levels of  polyps.

The risk that FGPs will turn malignant in chronic users 
of PPIs is extremely low. Therefore, it is not currently recom-
mended that these lesions be removed or that patients with 
FGPs be tracked by endoscopy, unless they have a family 
history of  polyposis(3). Although chronic PPI use is not 
considered a risk for gastric cancer, changes to a model of 
gastritis have been described from the antrum to the gastric 
body, particularly in people infected by HP. These changes are 

associated with a risk of gastric cancer(20, 23). This association 
between HP infection and atrophic gastritis in the gastric 
body of chronic PPI users has been implicated in the recom-
mendation that HP be eradicated(20). Raughunath, Morain, 
McLoughin,(20) and Sanduleanu et al.(23) described a greater 
occurrence of atrophy in the gastric body of patients infected 
by HP. Here, we more frequently observed glandular body 
atrophy in the antral mucosa of patients who were chronic 
PPI users, whereas HP infection was more often present 
in the fundic mucosa. There was a statistically signi!cant 
difference only when we compared the absence of atrophy 
to the absence of  HP infection in the fundic-type mucosa 
within the two groups.

The sensitivity and speci!city of  histology to diagnose 
HP infection range from 53% to 90%, depending on the 
pathologist’s experience and the density of  colonization. 
Increasing the number of biopsies and using special color-
ing techniques, such as used in this study, can increase the 
sensitivity of the method(12). 

The slight parietal cell hyperplasia observed in chronic 
users of PPIs can be attributed to the trophic action of in-
creased gastrin. This hyperplasia included increases in the size 
and number of cells, as well as in the salience of the apical 
cell membrane of the gland’s lumen. The inhibition of the 
active secretion of the acid-!lled secretor canaliculi might 
also partially explain the hypersecretion of re"ux acid after 
interrupting treatment(5). We found parietal cell hyperplasia 
in the fundic-type gastric mucosa of  two chronic users of 
PPIs, one of whom had used omeprazole for more than 12 
months and the other for 6–12 months. However, when we 
compared these !ndings to the control group, the difference 
was not statistically signi!cant.

CONCLUSION

This study did not !nd an association between chronic 
PPI use and FGPs, parietal cell hyperplasia, HP infection, 
and other histopathologic or endoscopic changes. However, 
the absence of a group of patients who had used PPIs for 
more than 5 years might have in"uenced the results. One 
important !nding was a positive serology for Chagas disease 
in four chronic PPI users who had serum gastrin levels above 
500 pg/mL.
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