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INTRODUCTION
Long-term use of acid-suppressing drugs has led to recent 
concerns about gastric structural and functional changes.(1) It has 
been reported that the prevalence of fundic gland polyps and 
enterochromaffin-like cells increased after long-term proton pump 
inhibitor (PPI) therapy.(1) PPIs, developed in the 1980s, have been 
widely used for the treatment of acid-related disorders. PPIs are 
frequently used for long-term maintenance therapy of patients 
with gastro-oesophageal reflux disease (GERD) and long-term use 
of low-dose aspirin for cardiovascular disease or non-steroidal 
anti-inflammatory drugs for arthropathy. The administration of 
PPIs is continuously increasing worldwide, and the long-term 
safety of acid-suppressing agents is important. Vonoprazan 
(VPZ), a potassium-competitive acid blocker, was first available 
in 2015. VPZ is widely used for the long-term treatment of GERD 
and Helicobacter pylori (H. pylori) eradication therapy.(2,3) VPZ 
blocks H+-K+ exchange in gastric parietal cells competitively and 
reversibly, resulting in superior acid suppression to that afforded 
by PPIs.(4)

The long-term use of PPIs is associated with various gastric 
mucosal lesions such as fundic gland polyps, gastric hyperplastic 
polyps, multiple white elevated lesions and cobblestone-like 
mucosa.(5,6) There are no reports about the influence of long-
term VPZ use, compared to PPIs, on the morphological changes 
of gastric mucosa, despite its strong acid suppression and the 
increasing use of VPZ. There is concern that the stronger acid 
suppression effect of VPZ may lead to more gastric morphological 
changes than those caused by PPIs. Clarification of the 
morphological changes due to VPZ or PPI use facilitates risk 
estimation and helps to clarify the benefits of their long-term use. 
This study aimed to investigate gastric morphological changes 
during long-term acid suppression therapy using VPZ compared 
to PPIs and histamine-2 receptor antagonists (H2RAs).

METHODS
This retrospective observational study was based on endoscopic 
findings and medical records. The inclusion criterion was 
having undergone oesophagogastroduodenoscopy (EGD) 
between November 2018 and November 2019 at the Shinozaki 
Medical Clinic, Utsunomiya, Japan. The exclusion criteria were:  
(a) receiving acid suppression therapy for less than one year in 
patients currently treated with acid-suppressing drug; (b) current 
H. pylori infection; and (c) prior oesophageal or gastric surgery. 
When multiple EGDs were performed on one patient during the 

study period, we included only the first EGD. At our clinic, we 
always try to identify all medications that a patient is taking before 
EGD by checking their personal ‘medicine notebook’ issued by 
the Japan Pharmaceutical Association, which documents all 
prescriptions for the patient regardless of the prescribing facility. 
Therefore, we confirmed the one-year administration of acid-
suppression drugs by reviewing both the medical records and 
the ‘medicine notebook’.

We used ultrathin endoscopes including EG-L580NW7, 
EG-580NW and EG-580NW2 (Fujifilm Corporation, Tokyo, 
Japan). We began using an endoscopic system for linked 
colour imaging in March 2019. Endoscopic reporting included 
the grade of gastric atrophy and the presence or absence of 
fundic gland polyps, gastric hyperplastic polyps, multiple white 
elevated lesions (Fig. 1a) and cobblestone-like mucosa (Fig. 1b) 
as compulsory items.(5,7) It also included the number and size of 
fundic gland polyps and gastric hyperplastic polyps. In the case 
of multiple fundic gland polyps, the size of a fundic gland polyp 
was expressed as the diameter of the largest polyp. All EGDs 
were performed by the first author (Shinozaki S) and recorded on 
video. The endoscopist evaluated the compulsory items during 
the endoscopic procedure and completed a standardised formal 
endoscopic report form immediately after the procedure. The 
degree of gastric atrophy observed endoscopically was classified 
using the Kimura-Takemoto system.(8) Open-type atrophy was 
considered severe atrophy. When the endoscopist was confident 
of the diagnosis of fundic gland polyps, multiple white elevated 
lesions or cobblestone-like mucosa, biopsy was not performed. 
Only the incidence of multiple white elevated lesions and 
cobblestone-like mucosa was recorded.(9,10) All polyps suspicious 
for being a gastric hyperplastic polyp were biopsied. However, 
if the number of such polyps was too large, we biopsied the 
largest polyp. The presence of H. pylori was determined by serum 
Immunoglobulin G, stool antigen and/or the 13C urea breath test. 
Eradication history of H. pylori was determined by a review of 
the medical records or directly from the patient.

Medical records and endoscopic reports were retrospectively 
reviewed. The use of acid-suppressing medications including 
VPZ, PPI and H2RA was investigated. When endoscopic findings 
were unclear, we reviewed the endoscopic images and videos. 
The Institutional Review Board approved this retrospective review.

The frequency of gastric lesions was compared between 
the groups using chi-square test. To reduce the influence of 
confounding factors, we performed univariate and multivariate 
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logistic regression analysis. We selected factors for multivariate 
analysis based on clinical significance. StatFlex software 
version 7.0 (Artech Co Ltd, Osaka, Japan) was used to perform 
these analyses. Differences were considered significant when 
p  < 0.05.

RESULTS
During this period, 1111 patients underwent EGD. A  total of 
106  patients were excluded from the study for the following 
reasons: H. pylori positive status (n = 57), acid suppression 
therapy for less than one year in patients currently being treated 
with an acid-suppressing drug (n = 26) and a history of gastric 
surgery (n = 23). Consequently, 1,005 patients were included in 
the final analysis, where 441 patients received acid-suppression 
therapy using VPZ, PPI or H2RA, and 564 patients in the control 
group did not.

Indications for EGD in the remaining 1,005  patients 
included screening (n = 911), investigation of abdominal 
symptoms (n = 75), investigation of an abnormality on an upper 
gastrointestinal series (n = 12), investigation of anaemia (n = 4) and 
observation of known lesions (n = 3). Almost half of the patients 
underwent acid-suppressing therapy for more than one year 
(n = 441, 44%) and had a history of H. pylori eradication 
therapy (n = 447, 44%) (Table I). Severe gastric atrophy was 
present in 284  (28%) of patients. Among 216 PPI users, there 
were 82 esomeprazole, 63 rabeprazole, 46 lansoprazole and 
25 omeprazole users. Among 77 H2RA users, there were 
75 famotidine and two nizatidine users. No patient was using a 
combination of VPZ, PPI and H2RA. Among 447 patients with 
a history of H. pylori eradication therapy, the mean duration 
between eradication success and EGD was 5.5 years.

The overall prevalence of fundic gland polyps was 
30% (n = 303). The prevalence in the PPI group was significantly 
higher than that in the control, VPZ and H2RA groups (Fig. 2a). 
The VPZ group also had a higher prevalence than the control 
group. In multivariate analysis, female gender, VPZ and PPI use 
were positively associated with the prevalence of fundic gland 
polyps (Table II), while a history of H. pylori eradication and 
severe gastric atrophy were negatively associated.

The overall prevalence of gastric hyperplastic polyps was 
3% (n = 33). The prevalence in the VPZ and PPI groups was 
significantly higher than that in the control group (Fig. 2b). In 

multivariate analysis, severe gastric atrophy, VPZ use and PPI 
use were positively associated with the prevalence of gastric 
hyperplastic polyps (Table II).

The overall prevalence of multiple white elevated lesions was 
18% (n = 181). The prevalence in the PPI group was significantly 
higher than in the control, VPZ and H2RA groups (Fig. 2c). In 
multivariate analysis, advanced age, female gender, severe gastric 
atrophy and PPI use were positively associated with the prevalence 
of multiple white elevated lesions (Table II).

The overall prevalence of cobblestone-like mucosa was 5% 
(n = 49). The prevalence in the PPI group was significantly higher 
than that in the control, VPZ and H2RA groups (Fig. 2d). The 
prevalence in the VPZ group was also significantly higher than 
that in the control and H2RA groups (Fig. 2d). In multivariate 
analysis, male gender, VPZ use and PPI use were positively 
associated with the prevalence of cobblestone-like mucosa 
(Table II).

The number and size of fundic gland polyps in the 303 patients 
with fundic gland polyps were investigated. First, we evaluated 
the number of patients with ten or more fundic gland polyps in 
each group (Fig. 3a). The VPZ and PPI groups had significantly 
more patients with ten or more fundic gland polyps compared to 
the control group. Second, we assessed the number of patients 
with large fundic gland polyps (≥ 10 mm) in each group (Fig. 3b). 
The PPI group had significantly more patients with large fundic 
gland polyps compared to the control group.

DISCUSSION
This retrospective study reports gastric morphological changes 
in patients with long-term acid-suppressing agents, including 
VPZ. Long-term VPZ use increases the prevalence of fundic 
gland polyps, gastric hyperplastic polyps and cobblestone-like 
mucosa, and long-term PPI use increases the prevalence of fundic 
gland polyps, gastric hyperplastic polyps, multiple white elevated 
lesions and cobblestone-like mucosa. Long-term VPZ or PPI use 
also increases the number of fundic gland polyps per patient. 
This is the first study reporting gastric morphological changes 
after long-term use of VPZ.

A systematic review reported a clear association between long-
term PPI use and the prevalence of fundic gland polyps.(11) The 
malignant potential of fundic gland polyps is negligible.(12) The 
mechanism of fundic gland polyp formation due to long-term 

Fig. 1 Endoscopic images show (a) multiple white elevated lesions and (b) cobblestone-like mucosa using linked colour imaging.

1a 1b
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PPI therapy is characterised by the development of cystic gland 
dilation (fundic gland cysts) and parietal cell hyperplasia.(12) A 6% 
frequency of new fundic gland polyps after one year of PPI use 
has been reported,(13) and the incidence of fundic gland polyps is 
proportional to the duration of PPI use.(12) This study demonstrates 
that long-term use of VPZ increases the number of fundic gland 
polyps in each patient. Considering the strong acid-suppressing 
effect of VPZ, it is reasonable that long-term VPZ use also increases 
the prevalence of fundic gland polyps, similar to PPI.

The relationship between long-term PPI use and the prevalence 
of gastric hyperplastic polyps has not been clearly reported. The 
increased likelihood of gastric hyperplastic polyps in PPI users 
was reported in a Japanese study that included as many as 42% of 
H. pylori-infected individuals.(5) The development of new gastric 
hyperplastic polyps one year after starting rabeprazole was 4% 
in a Japanese prospective study, including 41% of H. pylori-
infected individuals.(13) Undoubtedly, the development of gastric 
hyperplastic polyps is strongly associated with H. pylori-positive 

Fig. 2 Charts show the prevalence of gastric lesions in (a) fundic gland polyps; (b) gastric hyperplastic polyps; (c) multiple white elevated lesions; and 
(d) cobblestone-like mucosa. All differences among groups were evaluated, but only statistically significant results are described. H2RA: histamine-2 
receptor antagonist; PPI: proton pump inhibitor; VPZ: vonoprazan
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Table I. Baseline characteristics of patients (n = 1,005).

Characteristic No./No. (%)

Overall participants 
(n = 1,005)

Control group  
(n = 564)

VPZ users  
(n = 148)

PPI users  
(n = 216)

H2RA users  
(n = 77)

Age* (yr) 62 ± 14 58 ± 14 65 ± 10 67 ± 11 67 ± 9

Male gender 467 (46) 265 (47) 69 (47) 103 (48) 30 (39)

History of H. pylori eradication 447 (44) 240 (43) 75 (51) 92 (43) 40 (52)

Degree of atrophy

None 433 261 56 89 27

Mild (closed type) 288 155 45 67 21

Severe (open type) 284 148 47 60 29

*Data presented as mean ± standard deviation. H. pylori: Helicobactor pylori; H2RA: histamine‑2 receptor antagonist; PPI: proton pump inhibitor; VPZ: vonoprazan
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Fig. 3 Charts show the proportion of patients with (a) ≥ 10 fundic gland polyps; and (b) large fundic gland polyps (≥ 10 mm). All differences among groups 
were evaluated, but only statistically significant results are described. H2RA: histamine-2 receptor antagonist; PPI: proton pump inhibitor; VPZ: vonoprazan
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Table II. Presence of factors associated with gastric lesions.

Factor Univariate analysis Multivariate analysis

OR 95% CI p‑value OR 95% CI p‑value

Fundic gland polyp

Age ≥ 60 yr 0.953 0.721–1.260 0.737 – – –

Male gender 0.585 0.444–0.770 < 0.001 0.536 0.389–0.738 < 0.001

History of H. pylori eradication 0.156 0.112–0.219 < 0.001 0.192 0.131–0.282 < 0.001

Severe gastric atrophy 0.131 0.083–0.208 < 0.001 0.221 0.133–0.370 < 0.001

VPZ use 1.092 0.750–1.591 0.644 2.204 1.411–3.442 < 0.001

PPI use 3.459 2.529–4.730 < 0.001 5.702 3.856–8.431 < 0.001

H2RA use 0.688 0.399–1.188 0.179 – – –

Gastric hyperplastic polyp

Age ≥ 60 yr 1.830 0.817–4.101 0.142 – – –

Male gender 1.087 0.543–2.177 0.813 – – –

History of H. pylori eradication 1.725 0.855–3.480 0.127 0.990 0.440–2.229 0.980

Severe gastric atrophy 3.185 1.582–6.411 0.001 3.140 1.404–7.022 0.005

VPZ use 2.628 1.224–5.641 0.013 3.372 1.439–7.902 0.005

PPI use 1.617 0.757–3.451 0.214 2.361 1.014–5.495 0.046

H2RA use 0.772 0.181–3.287 0.725 – – –

Multiple white elevated lesion

Age ≥ 60 yr 3.190 2.215–4.789 < 0.001 2.250 1.455–3.479 < 0.001

Male gender 0.539 0.385–0.754 < 0.001 0.498 0.348–0.711 < 0.001

History of H. pylori eradication 1.259 0.912–1.738 0.161 0.979 0.667–1.439 0.915

Severe gastric atrophy 1.644 1.171–2.308 0.004 1.554 1.028–2.349 0.036

VPZ use 0.863 0.539–1.381 0.538 1.222 0.733–2.038 0.442

PPI use 4.007 2.834–5.665 < 0.001 3.946 2.694–5.782 < 0.001

H2RA use 0.919 0.495–1.707 0.788 – – –

Cobblestone‑like mucosa

Age ≥ 60 yr 2.324 1.146–4.713 0.019 1.686 0.794–3.579 0.173

Male gender 1.875 1.041–3.378 0.036 1.955 1.064–3.592 0.030

History of H. pylori eradication 1.018 0.572–1.813 0.951 – – –

Severe gastric atrophy 1.127 0.604–2.102 0.707 0.941 0.486–1.820 0.855

VPZ use 1.137 0.522–2.477 0.746 2.550 1.029–6.321 0.043

PPI use 5.447 3.026–9.805 < 0.001 6.444 3.217–12.907 < 0.001

H2RA use 0.000 0.000–1000 0.999 – – –

CI: confidence interval; H. pylori: Helicobactor pylori; H2RA: histamine‑2 receptor antagonist; OR: odds ratio; PPI: proton pump inhibitor; VPZ : vonoprazan
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status.(14) The present study excluded H.   pylori-positive 
individuals to diminish any bias incurred owing to the influence 
of H. pylori-associated active inflammation. As a result, the 
prevalence of gastric hyperplastic polyps in the VPZ group was 
similar to that in the PPI group.

Multiple white elevated lesions are frequently observed in 
patients with long-term use of acid-suppressing drugs and are 
characterised by hyperplastic changes in the foveolar epithelium 
and parietal cell protrusions.(6) An association between the 
presence of multiple white elevated lesions and PPI use has been 
reported.(5,6,15) The high frequency of female gender and advanced 
age in patients with the morphological changes in the present 
study is consistent with previous Japanese studies.(5,9,15) Among 
healthy individuals, postprandial gastrin levels in women are 
two- to three-fold higher than in men.(16) During GERD therapy 
with PPIs, women also have higher gastrin levels compared 
to men.(17) This persistently higher level of gastrin in women 
compared to men may influence the prevalence of multiple white 
elevated lesions as well as fundic gland polyps.

Cobblestone-like mucosa is a phenotype of gastric mucosal 
hyperplasia and is strongly associated with PPI use.(10) Its pathological 
characteristics are parietal cell hyperplasia/protrusions and cystic 
dilation of fundic glands.(18) Serum gastrin concentration is not related 
to the presence of cobblestone gastric mucosa.(18) In the present 
study, cobblestone-like mucosa is strongly associated with long-term 
use of VPZ and PPIs and is more frequently seen in men than in 
women. Interestingly, the male preponderance of cobblestone-like 
mucosa is consistent with the results of a recent Japanese study(5) 
but shows an inverse result compared to the female preponderance 
of multiple white elevated lesions. Further studies are necessary to 
clarify the mechanism of this morphological change.

We acknowledge that this study has some limitations. 
First, this is a retrospective observational study. Second, the 
duration of the use of acid-suppressing medications was not 
uniform. As the VPZ group might include patients who had a 
history of previous PPI use, long-term PPI use before taking VPZ 
could have contributed to the observed gastric morphological 
changes, which would not be solely due to VPZ alone. The 
duration of PPI therapy may have been longer than treatment 
with VPZ, which was released fairly recently in 2015. Although 
we made efforts to obtain a complete medication history based 
on the ‘medicine notebook’, which is widely used by patients 
in Japan, there could be missing information regarding previous 
use of acid-suppressing medications in the control group. 
Third, previous chronic H.   pylori infection in patients with 
a history of eradication might cause morphological changes. 
Fourth, the endoscopist was not blinded to the use of acid-
suppressor medications or reports of previous endoscopic 
evaluations. Linked colour imaging may facilitate the detection 
of morphological changes. Fifth, the key morphological findings 
were not confirmed by biopsy and the decision was dependent 
on the endoscopist.

There are also some important strengths to this study. First, the 
definition of long-term use of acid-suppressing drugs was more 
than one year for all patients. Second, only H. pylori-negative 

individuals were included. Third, the number of VPZ or PPI users 
was large.

In conclusion, this is the first report of morphological changes 
during long-term VPZ therapy involving a large number of 
patients. We found that the prevalence of fundic gland polyps, 
gastric hyperplastic polyps and cobblestone-like mucosa was 
significantly associated with VPZ as well as PPI use. It is important 
to be aware of gastric morphological changes in long-term VPZ 
and PPI users.

 ACKNOWLEDGEMENTS
Authors Shinozaki S, Osawa H and Miura Y received honoraria from 
Takeda Pharmaceutical Company and Otsuka Pharmaceuticals. 
Authors Hayashi Y, Sakamoto H and Yamamoto H received 
honoraria from Takeda Pharmaceutical Company. All other 
authors declare no conflicts of interest regarding this study. The 
funding source had no role in the design, practice or analysis of 
this study.

REFERENCES
1.	 Malfertheiner P, Kandulski A, Venerito M. Proton-pump inhibitors: understanding 

the complications and risks. Nat Rev Gastroenterol Hepatol 2017; 14:697-710.
2.	 Deguchi H, Uda A, Murakami K. Current status of Helicobacter pylori diagnosis 

and eradication therapy in Japan using a nationwide database. Digestion 2020; 
101:441-9.

3.	 Shinozaki S, Osawa H, Kobayashi Y, et al. Long-term outcomes of patients with 
symptomatic gastroesophageal reflux disease treated with vonoprazan. Scand J 
Gastroenterol 2018; 53:897-904.

4.	 Kagami T, Sahara S, Ichikawa H, et al. Potent acid inhibition by vonoprazan in 
comparison with esomeprazole, with reference to CYP2C19 genotype. Aliment 
Pharmacol Ther 2016; 43:1048-59.

5.	 Kiso M, Ito M, Boda T, et al. Endoscopic findings of the gastric mucosa 
during long-term use of proton pump inhibitor - a multicenter study. Scand J 
Gastroenterol 2017; 52:828-32.

6.	 Hasegawa R, Yao K, Ihara S, et al. Magnified endoscopic findings of multiple 
white flat lesions: a new subtype of gastric hyperplastic polyps in the stomach. 
Clin Endosc 2018; 51:558-62.

7.	 Kamada T, Haruma K, Inoue K, Shiotani A. [Helicobacter pylori infection and 
endoscopic gastritis -Kyoto classification of gastritis]. Nihon Shokakibyo Gakkai 
Zasshi 2015; 112:982-93. Japanese.

8.	 Kimura K, Takemoto T. An endoscopic recognition of the atrophic border and 
its significance in chronic gastritis. Endoscopy 1969; 1:87-97.

9.	 Adachi K, Mishiro T, Okada M, Kinoshita Y. Prevalence of multiple white and 
flat elevated lesions in individuals undergoing a medical checkup. Intern Med 
2018; 57:1213-8.

10.	Miyamoto S, Kato M, Tsuda M, et al. Gastric mucosal cracked and cobblestone-
like changes resulting from proton pump inhibitor use. Dig Endosc 2017; 
29:307-13.

11.	Tran-Duy A, Spaetgens B, Hoes AW, de Wit NJ, Stehouwer CD. Use of proton 
pump inhibitors and risks of fundic gland polyps and gastric cancer: systematic 
review and meta-analysis. Clin Gastroenterol Hepatol 2016; 14:1706-19.e5.

12.	Jalving M, Koornstra JJ, Wesseling J, et al. Increased risk of fundic gland polyps 
during long-term proton pump inhibitor therapy. Aliment Pharmacol Ther 2006; 
24:1341-8.

13.	Hongo M, Fujimoto K; Gastric Polyps Study Group. Incidence and risk factor of 
fundic gland polyp and hyperplastic polyp in long-term proton pump inhibitor 
therapy: a prospective study in Japan. J Gastroenterol 2010; 45:618-24.

14.	Malfertheiner P, Megraud F, O’Morain CA, et al. Management of Helicobacter 
pylori infection-the Maastricht V/Florence Consensus Report. Gut 2017; 66:6-30.

15.	Majima K, Muraki Y, Shimamoto T. Multiple white and flat elevated lesions 
observed in the stomach: a prospective study of clinical characteristics and risk 
factors. Intern Med 2018; 57:2613-9.

16.	Feldman M, Richardson CT, Walsh JH. Sex-related differences in gastrin release 
and parietal cell sensitivity to gastrin in healthy human beings. J Clin Invest 
1983; 71:715-20.

17.	Helgadóttir H, Metz DC, Lund SH, et al. Study of gender differences in proton 
pump inhibitor dose requirements for GERD: a double-blind randomized trial. 
J Clin Gastroenterol 2017; 51:486-93.

18.	Takahari K, Haruma K, Ohtani H, et al. Proton pump inhibitor induction of 
gastric cobblestone-like lesions in the stomach. Intern Med 2017; 56:2699-703.


