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Abstract

Background and Aims Fundic gland polyps (FGPs) are

incidentally found when an endoscopy is performed for a

non-related indication. Some authors suggested a rela-

tionship with proton pump inhibitor (PPI) intake. We

aimed to determine their prevalence and association with

PPI intake.

Methods We prospectively studied 1,780 patients who

underwent a gastroduodenal endoscopy at our ambulatory

care center between June 2007 and August 2008. PPI

intake during a period of at least 12 months, female gender

and age were statistically evaluated as risk factors for the

presence of FGPs. Then, a multiple logistic regression

analysis was applied to these variables.

Results Gastric polyps were found in 129 patients (7.2%)

and 77 (4.33%) were FGPs. Five patients with no available

histology were excluded for the assessment of risk factors.

PPI intake was detected in 49 patients with FGPs (63.6%)

and 264 without FGPs (15.5%) (P \ 0.0001). Fifty-nine

patients with FGPs (76.7%) and 987 without FGPs (58.1%)

were women (P \ 0.001). The mean age was 58.91 ±

11.82 years in patients with FGPs and 50.34 ± 15.04 years

in patients without FGPs (P \ 0.0001). The three variables

remained significant in the multiple model: PPI intake:

P \ 0.0001, OR 9.00 (95% CI 5.44–14.89); female gender:

P = 0.0001, OR 2.95 (95% CI 1.69–5.15); age: P = 0.001,

OR 1.03 (95% CI 1.01–1.05).

Conclusions In our population, the prevalence of FGPs

was high. Although female gender and age were also

significant, PPI intake was the strongest risk factor asso-

ciated with the presence of FGPs.
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Introduction

Fundic gland polyps (FGPs) are incidentally found when an

upper gastroduodenal endoscopy is performed for a non-

related indication. It has been reported that benign gastric

polyps in patients undergoing upper endoscopy have a

prevalence ranging from 0.5 to 14% [1–4]. The proportion

of these gastric polyps that are FGPs also varies widely and

ranges from 3 to 77% [4, 5]. The wide range of both

prevalences has not been fully explained to date but FGPs

prevalence seems to be increasing in recent years. A recent

series based on a large pathology database of biopsy

specimens from private endoscopy practice showed a

6.35% overall prevalence of gastric polyps, representing

FGPs in 77% of them [2].

There are two different types of FGPs: sporadic FGPs

and FGPs in patients with familial adenomatous polyposis

(FAP) syndrome [6, 7]. There are not histological differ-

ences between the two types but dysplasia is frequent in

FAP-associated FGPs (30–50%) and scarce in sporadic

FGPs (1%) [8–10]. Regarding their etiology, FGPs were

initially considered as hamartomatous but later mecha-

nisms related to acid suppression were proposed by some

authors and questioned by others [9–11]. Proton pump

inhibitor (PPI) intake causes secretory changes of the

corpus mucosa that could favour the development of FGPs,

but animal experiments with omeprazole and some epide-

miological observations have challenged this causal
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relationship [11]. Genetic studies show that sporadic FGPs

are linked to the somatic mutations in the b-catenin gene

and FAP-associated FGPs to germ-line mutations in the

APC tumour-suppressor gene, but this last mutation is also

observed in sporadic FGPs with dysplasia. Although both

mutations occur in the same genetic pathway, they show

differing biological properties and may not be enough to

clarify the pathogenesis of FGPs [12].

In 1992, Graham reported three cases of FGPs developed

after one year of omeprazole intake [13]. Since that report,

the association of FGPs with PPI intake has been considered

by several authors but most assumptions were based on

small or retrospective series and not all the authors con-

firmed it [8, 11, 14]. The hypothesis that the increasing and

massive consumption of PPIs should be reflected by an

increase in FGPs prevalence has also been addressed [2].

Middle-aged women have been considered to be prone to

develop FGPs but it was not completely determined if age

and gender are independent risk factors [2, 8]. Helicobacter

pylori infection also plays a role in the development of

FGPs. It has been postulated that the progressive eradication

of Helicobacter pylori should favour a lower prevalence of

polyps associated with chronic and atrophic gastritis, such

as hyperplastic inflammatory polyps and adenomas, with

a relative increase in the prevalence of FGPs [2]. This

prevalence should also increase with the eradication because

it has been observed that almost all FGPs grow in

Helicobacter pylori-free gastric mucosa [2, 8].

In this prospective study we aimed to determine the

prevalence of FGPs in our population and its association

with PPI intake, considering gender and age as possible

confounding factors. Although Helicobacter pylori infec-

tion was not a primary aim, it was also partially evaluated

on the basis of available data.

Methods

We prospectively studied 1,780 consecutive patients who

underwent an upper gastroduodenal endoscopy at our

ambulatory care centre between June 2007 and August

2008. Our centre is devoted to clinical gastroenterology and

endoscopy practice and virtually all patients who attend

belong to private health insurance systems. Endoscopies

were performed in the context of daily clinical practice by

five experienced endoscopists (LAV, PR, AW, FD and CB).

They used GIF-0140 and GIF-0150 video endoscopes

(Olympus Medical Systems Corp, Tokyo, Japan). All the

procedures were performed under propofol sedation (dose

range, 150–220 mg) and concluded without major compli-

cations. No special protocol was designed related to

endoscopy indication or biopsy obtention and international

practice guidelines were followed. Polypoid lesions were

systematically biopsied. Biopsies were taken using a stan-

dard biopsy forceps (Olympus Medical Systems Corp,

Tokyo, Japan), fixed in a 10% formalin solution and sent to

the pathology laboratory within the subsequent 24 h.

When patients attended the endoscopy unit they were

asked about PPI consumption. The following data were

recorded as possible risk factors for the presence of FGPs:

female gender, age and continuous PPI intake during a

period of at least 12 months. Consumption of PPIs in an

intermittent way (at least 2 months of non-consumption) or

during less than 12 months was considered as non-con-

sumption. The dose and the type of PPI were asked but not

recorded because patients changed PPI type and dose fol-

lowing self-indications and economic reasons.

Biopsy specimens were embedded in paraffin, stained

with hematoxylin and eosin, and analyzed by a single and

blinded pathologist (MG). Polyps were classified according

to their histology [15] and FGPs were specially considered

for the purpose of our study. Diagnostic criteria of FGPs

were one or more cystically dilated oxyntic glands, com-

posed of parietal and chief cells with a distorted glandular

architecture composed of microcysts admixed with normal

glands. In patients with PPI intake the associated hyper-

trophy and hyperplasia of parietal cells producing a serrate

profile were also considered [9, 16–18]. Criteria for the

diagnosis of dysplasia included nuclear enlargement or

pleomorphism, stratification and hyperchromatism [19].

Helicobacter pylori prevalence was evaluated in patients

with FGPs who underwent routine gastric biopsies to detect

this infection, based on the histological diagnosis using a

modified Giemsa stain.

The study was approved by the local ethical committee

and written informed consent for endoscopy was obtained

from all patients. The anonymous database was analyzed by

two independent gastroenterologists who did not per-

form the endoscopies (AZ, JLF). PPI intake, gender and

Helicobacter pylori infection were statistically evaluated

as dichotomous variables by a v2 test and age as a continuous

variable by an unpaired t test. Then, a multiple logistic

regression analysis was applied to these variables. A P value

lower than 0.05 was considered as significant and odds ratio

(OR), with its 95% confidence interval (CI), was used as a

measure of association. Statistical analysis was performed

with the computer software program R: A Language and

Environment for Statistical Computing (R Foundation for

Statistical Computing, Vienna, Austria 2008).

Results

Gastric polyps were found in 129 patients, representing a

prevalence of 7.25%. Histology was not available in five

patients (0.28%) only. The study profile is shown in Fig. 1
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and the distribution of polyps according to their histolog-

ical characteristics in Table 1.

FGPs were found in 77 patients, representing an overall

prevalence of 4.33% and 62.1% of the 124 gastric polyps

with histologically confirmed diagnosis. No known case of

FAP was detected in these patients. There were no biopsies

with dysplasia in the FGPs.

The five patients without histological diagnosis were

excluded from the assessment of risk factors for the

development of FGPs and a total population of 1,775

patients was considered for this purpose. PPI intake was

detected in 49 of 77 patients with FGPs (63.6%) and in 264

of 1,698 without FGPs (15.5%) [P \ 0.0001, OR 9.5 (95%

CI 5.9–15.3)]. Fifty-nine patients with FGPs (76.7%) and

987 without FGPs (58.1%) were women [P \ 0.001, OR

2.4 (CI 95% 1.4–4.0)]. Mean age was 58.91 ± 11.82 years

in patients with FGPs and 50.34 ± 15.04 years in patients

without FGPs, with a difference of 8.57 years (95% CI

5.13–12.00) (P \ 0.0001).

As shown in Table 2, the three variables maintained their

significance in the multiple model. The goodness of fit of the

model, measured as the area under the curve, was 81.3%.

According to the general rule given by Hosmer and Leme-

show, this figure indicates a very good discrimination [20].

Biopsies to detect Helicobacter pylori infection were

available in 306 patients. Sixty-eight of them had FGPs (66

Helicobacter pylori negative and 2 Helicobacter pylori

positive) and 238 did not have FGPs (188 Helicobacter

pylori negative and 50 Helicobacter pylori positive). Thus,

97.06% of FGPs grew in Helicobacter pylori-free mucosa

and the absence of Helicobacter pylori infection was a

significant predictor of FGP development [P \ 0.0001, OR

8.78 (CI 95% 2.29–33.49)]. In the 55 patients of this sub-

group without PPI consumption, Helicobacter pylori

infection was absent in 24 of 25 patients with FGPs and

in 21 of 30 patients without FGPs [P = 0.015, OR 10.29

(CI 95% 1.51–66.81)].

Discussion

We demonstrated that the overall prevalence of FGPs in

our population was 4.33% and that PPI intake was the

strongest risk factor associated with their presence.

The prevalence of gastric polyps and FGPs varies

widely in the different published series (Table 3). Many

factors may account for this difference, including the

demographic characteristics of the population, the accuracy

of the histological diagnosis and the study methodology.

Previous reports have several biases that may underesti-

mate the true prevalence of these polyps, such as small

sample size, pathology-based or retrospective studies.

Our method, including all consecutive patients under-

going upper endoscopy, as it has been previously pointed

out [4], and obtaining systematic biopsies of virtually all

polypoid lesions, is the best way to establish a true prev-

alence. However, the prevalence that we observed is valid

for a particular segment of the population with a high

socioeconomic level but does not necessarily reflect the

overall prevalence in Argentina.

In our population, the prevalence of gastric polyps and

the proportion of gastric polyps that are FGPs were higher

than those in the vast majority of previous reports but agree

with the figures published since 2009 [2, 4]. This suggests

that it has augmented in recent years, probably due to the

widespread PPI intake, as will be discussed later. Other

authors found a prevalence of 0.09% for adenocarcinomas,

0.06% for lymphomas and 0.04% for carcinoids [2]. We

only diagnosed one carcinoid polyp (0.06%). Neither did we

observe dysplasia in FGPs as it was previously reported [8].

Fig. 1 Study profile. FGP fundic gland polyp, PPI proton pump

inhibitor

Table 1 Gastric polyps in 1,780 upper gastrointestinal endoscopies

Histology n %

Fundic gland polyp 77 4.33

Pseudopolypoid foveolar hyperplasia 26 1.46

Chronic gastritis 12 0.67

Hyperplastic polyp 8 0.45

Carcinoid polyp 1 0.06

Non available histology 5 0.28

Table 2 Proton pump inhibitor intake, age and gender as risk factors

for the development of fundic gland polyps in the multiple logistic

regression analysis

Risk factor P OR (95% CI)

PPI intake \0.0001 9.00 (5.44–14.89)

Female gender 0.0001 2.95 (1.69–5.15)

Age 0.001 1.03 (1.01–1.05)

PPI proton pump inhibitor, OR odds ratio, CI confidence interval
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The relationship between PPIs and FGPs was a central

issue in our study. So, the information about PPI use was

directly collected from each patient taking into account that

there is a recall bias about the exact duration of con-

sumption, the type of PPI and the dosage. We preferred a

dichotomous variable to evaluate PPI intake and we arbi-

trarily chose a cutoff of 12 months with continuous intake,

following previous observations suggesting that this may

be the critical threshold of duration for the development of

these polyps [4, 8].

Since PPIs were marketed in 1988, they are widely used

worldwide [14] and the association between the acid sup-

pression and the development of FGPs has been frequently

reported with sparse and controversial results [8, 11, 13,

14, 29–31]. Choudry et al. observed that 3.9% of patients

developed FGPs after 32 months of PPI therapy and sug-

gested a link between PPIs and FGPs [31]. Vieth and Stolte

challenged this idea because they observed that 5% of

30,347 patients developed FGPs either with or without PPI

intake, but it should be considered that they included

patients with only 4 weeks of therapy [11]. Jalving et al.

published a study in 599 patients and concluded that

PPI therapy longer than 1 year was associated with an

increased risk of FGPs [8]. Recently, Ally et al. observed

that PPI intake was an independent predictor of FGP

development on logistic regression [4]. These four studies

published as full papers have discordant results and some

biases may account for the difference: three are retro-

spective [4, 11, 31] and patients were prospectively

included in only one [8]. A different sample size and a

recall bias regarding PPI intake could also account for

these conflicting results. Our study aimed to avoid these

biases with a prospective design analyzing all the upper

endoscopies performed in our centre. A significant odds

ratio of 9 in the multiple logistic regression clearly dem-

onstrates that PPI consumption increases the risk of

developing FGPs.

The mechanisms by which PPIs induce FGPs remain

unknown and should be investigated in depth. The increase

of gastrin production secondary to acid suppression could

cause the enlargement of enterochromaffin-like and parie-

tal cells and the decrease of the number of chief cells

without affecting A-like cells [4, 32]. However, evidence

of gastrin acting as a growth factor in the stomach are

lacking [33] and it has been observed that gastrin FGPs

induced by PPIs are not related to the level of hypergas-

trinemia [34]. Besides, an increased resistance to glandular

outflow could cause retention of secretory products and

parietal cell protrusions, with development of gland dila-

tation and cystic change as alterations preceding FGPs

[35]. By contrast, other authors did not find an association

of parietal cell protrusion with these features of FGPs [36].

Results about age and gender as risk factors for FGP

development are also discordant. Some authors found that

age was higher in patients with FGPs [8] but others did not

[2, 4, 28]. FGPs were more frequently found in female

patients by some authors [28] but not by others [4, 8]. We

hypothesized that age and gender might be confounding

factors related to PPI intake. However, the multiple logistic

regression revealed that they maintained a weak but

significant association as independent risk factors.

Biopsies for Helicobacter pylori were not available in

most patients because ours was a real-life study and these

biopsies were taken on the basis of clinical criteria. So, it

Table 3 Prevalence of gastric polyps, proportion of fundic gland polyps and prevalence of fundic gland polyps in the literature

Year Author Country n GPs

prevalence (%)

FGPs proportion

(% of GP)

FGPs

prevalence (%)

1985 Niv and Bat [21] Israel 13,500 pts 0.53 23.61 0.13

1989 Deppisch and Rona [22] USA 121 GPs NR 17.36 NR

1990 Roseau et al. [23] France 13,000 pts 1.47 9.97 0.15

1993 Marcial et al. [3] Puerto Rico 5,554 pts NR NR 0.79

1994 Stolte et al. [24] Germany 5,515 GPs NR 47 NR

1996 Archimandritis et al. [1] Greece 12,974 pts 1.21 \18 NR

1998 Papa et al. [5] Italy 121 GPs NR 3.31 NR

2002 Ljubicic et al. [25] Croatia 6,700 pts 0.46 9.68 0.04

2003 Gencosmanoglu et al. [26] Turkey 150 GPs NR 14.00 NR

2007 Morais et al. [27] Brazil 26,000 pts 0.58 16.3 0.09

2009 Carmack et al. [2] USA 121,564 pts 6.35 77 4.99

2009 Genta et al. [28] USA 103,385 pts NR NR 5.88

2009 Ally et al. [4] USA 385 14.3 78 11.1

2010 Our series Argentina 1,780 7.25 62.1 4.33

GPs gastric polyps, FGPs fundic gland polyps, pts patients, NR not reported
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should have been misleading to include Helicobacter

pylori as a risk factor in our multivariate analysis. Never-

theless, data obtained on the basis of available biopsies

allow us to reach some conclusions. First, 97% of our

patients who underwent a biopsy had Helicobacter

pylori-free mucosa, in agreement with several previous

observations [2, 28, 37]. Second, the absence of Helico-

bacter pylori had a strong association with the presence of

FGPs in these patients. This association remained statisti-

cally valid in patients with no PPI consumption, although

the confidence interval was wide due to the small size of

the subgroup. Some mechanisms have been proposed for

this protective effect of Helicobacter pylori. The parietal

cell protrusion is the first step in the development of FGPs,

probably related to trophic effect of high gastrin levels, to

pharmacological blocking of acid secretion or to Helico-

bacter pylori gastritis. This protrusion may cause the

obstruction of the glandular isthmus with outflow blocking,

leading to the formation of fundic gland cysts. Finally, these

cysts may enlarge and progress to FGPs. Helicobacter pylori

protease could induce the enzymatic degradation of gastric

mucus and facilitate the glandular outflow, thus protecting

against retention and cystic dilation [35].

Considering that the prevalence of Helicobacter pylori

infection in Argentina is 35.7% [38], a lower prevalence of

FGPs should have been expected. However, both the

inverse relationship between Helicobacter pylori infection

and high socioeconomic level [38] and its massive eradi-

cation in the last decade [4] may attenuate this effect. In

fact, Helicobacter pylori prevalence in our patients with

available biopsy was lower than that in the Argentine

general population (17.0%), probably due to the high

socioeconomic status of most of them. Indirect evidence of

the lower impact of this infection is the scant prevalence in

our patients of hyperplastic polyps that were prevalent in

older series [1, 5, 21, 25–27] and believed to be associated

with Helicobacter pylori.

We conclude that PPI intake is the strongest risk factor

for the development of FGPs and their prevalence has

increased due to the massive use of these drugs. The nat-

ural history and long-term clinical implication of FGPs

remain to be elucidated. Some cases of dysplasia in spo-

radic FGPs have been reported [8, 9, 12] and FGPs have

been associated with colonic adenomas in women over

60 years of age [28]. However, there is no current evidence

suggesting an increased risk of dysplasia or cancer in

sporadic FGPs as it has been observed in FGPs associated

with FAP [39, 40]. FGPs seem to have a benign course and

limitation to prolonged PPI therapy or follow-up endos-

copies are not guaranteed.
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