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INTRODUCTION

Pepsinogen (PG) is a precursor of pepsin, a gastric protease, 
that is converted into pepsin to aid in food digestion.1 Pepsin-
ogen I (PG I) is made by the chief cells and mucous neck cells 
in the gastric corpus, and pepsinogen II (PG II) is made by the 
gastric oxyntic glands and the duodenal Brunner’s gland.2 

Low PG I levels correlate with the severity of atrophy and in-
testinal metaplasia (IM) in the gastric corpus, whereas high 
PG II levels correlate with active inflammation induced by 
Helicobacter pylori.3 Therefore, gastroscopy is recommended 
when PG I levels or PG I/II ratios are low, especially in the ab-
sence of H. pylori infection.4 In addition to low PG I levels and 
low PG I/II ratios, high gastrin levels help discriminate patients 
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Serum pepsinogen (PG) testing is widely used as a non-invasive biomarker for gastric atrophy; 
however, its clinical interpretation varies depending on the severity and distribution of gastritis 
as well as on the assay methods. Autoimmune gastritis is characterized by markedly decreased 
PG I levels and PG I/II ratios, along with increased gastrin levels, reflecting profound corpus at-
rophy. In contrast, Helicobacter pylori–associated atrophy typically shows moderate reductions 
in PG I levels and PG I/II ratios, with variability according to the extent of antral and corpus in-
volvement. Accumulating evidence indicates that PG testing is more effective at identifying se-
vere atrophy and higher Operative Link on Gastritis Assessment stages than detecting mild at-
rophy. Notably, cutoff values differ substantially between assay systems, with higher PG I and PG 
I/II cutoff values observed in GastroPanel tests than in East Asian kits interpreted with the ABC 
method. Overall, PG testing is useful for detecting advanced corpus atrophy and stratifying 
gastric cancer risk when combined with gastrin measurement, but has limited sensitivity for 
early-stage disease. Monitoring low PG I/II ratios and high gastrin levels may improve risk assess-
ment, particularly in patients with corpus atrophy or persistent intestinal metaplasia after H. 
pylori eradication.
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with gastric neuroendocrine tumors (NETs), adenomas, and 
adenocarcinomas.5

Despite the widespread use of serum PG testing, its clinical 
interpretation remains challenging because of the variability in 
cutoff values across different assay systems and patient popula-
tions.6 This inconsistency may lead to misclassification of high-
risk individuals in clinical practice. Moreover, discrepancies 
between serologic findings and endoscopic or histologic atro-
phy may occur, especially in individuals with advanced or 
heterogeneous gastric mucosal changes. Such discrepancies 
highlight the need for cautious interpretation of PG results 
and underscore the complementary role of endoscopy. This 
review aims to not only summarize PG I levels, PG I/II ratios, 
and gastrin levels according to the severity and location of gas-
tric atrophy and IM but also critically evaluate differences in 
diagnostic performance across assay methods and clinical con-
ditions. Furthermore, practical considerations for interpreting 
PG test results in real-world settings are discussed, with their 
implications for gastric cancer risk stratification.

CORPUS-DOMINANT ATROPHY 
(TYPE A GASTRITIS)

Type A gastritis consists of autoimmune gastritis (AIG) that 
manifests as atrophy or IM in the corpus without involving the 
antrum. In H. pylori-endemic areas, AIG is diagnosed when 
serum anti-parietal cell antibodies (APCAs) or anti-intrinsic 
factor antibodies are positive in patients with corpus-dominant 
atrophy detected by endoscopy or microscopy.7 During gastros-
copy, transparent submucosal vessels are observed in the cor-

pus without gastric folds and atrophic borders. Typical micro-
scopic findings include loss of parietal cells, chief cells, and 
gastric glands in the corpus replaced by IM, pseudopyloric 
metaplasia, and enterochromaffin-like (ECL) cells.7

PG assay findings in patients with AIG
Patients with AIG show lowest PG I levels and PG I/II ratios 

among all types of gastritis because of loss of chief cells (Table 
1). In a Chinese study, most patients with AIG showed low PG 
I/II ratios of ≤1 and low PG I levels of <10 ng/mL.8 In a Japa-
nese study, PG I/II ratios <1.8, PG I levels <20.1 ng/mL, and 
gastrin levels >355 pg/mL were useful for discriminating pa-
tients with AIG.9 A study from Türkiye reported that PG I/II 
≤1.9 and PG I ≤13.5 ng/mL detected AIG with high sensitivity 
and specificity.10 Compared with Japanese kits, GastroPanel 
tests (Biohit Oyj) yield higher cutoff values for PG I/II ratios 
(≤3.1 vs. ≤2.33).11 The only exception is a study from Russia 
showing a low PG I/II cutoff ratio of ≤2 for detecting AIG even 
with the use of GastroPanel tests.12 In that study, 80.2% of the 
participants had H. pylori infection; hence, PG I/II ratios were 
further decreased because of increased PG II levels.

GastroPanel tests generally yield twice higher PG I levels than 
East Asian kits interpreted with the ABC method, leading to 
different thresholds for defining atrophy.13 A study reported 
that advanced corpus atrophy (PG I/II ≤2 and PG I ≤30 ng/mL) 
measured by a latex-enhanced turbidimetric immunoassay (L-
TIA) kit (HBI Co.) was more consistent with serologic atrophy 
determined by the GastroPanel test than corpus atrophy (PG I/
II ≤3 and PG I ≤70 ng/mL) determined by the ABC method.14 
Similarly, another Korean study revealed that a criteria using 

Table 1. Studies on cutoff values of pepsinogen levels for detecting autoimmune gastritis

Test (company)
Number of 
participants 

(country)
Cutoff value (sensitivity, specificity) H. pylori positive rate Study

ELISA (Biohit) 344 (France) PG I/II ≤3.1 (95.3%, 97.4%)
PG I ≤38.7 pg/mL (97.7%, 97.4%)

14.9% in AIG (30.3% in controls) Chapelle et al. (2023)11

87 (Latvia) PG I/II <3 (79%, 90%) 63.0% in AIG (45.5% in controls) Kriķe et al. (2022)56

237 (Russia) PG I/II ≤2 (80.7%, 78.5%)
PG I <22.5 μg/L (72.6%, 88.0%)

80.2% Chebotareva et al. (2025)12

ELISA (Eiken) 332 (Japan) PG I/II <1.8 (83.9%, 93.7%)
PG I <20.1 ng/mL (90.3%, 91.0%)
Gastrin >355 pg/mL (83.9%, 93.4%)

19.4% in AIG (35.2% in controls) Kishikawa et al. (2022)9 

ELISA (Epitope) 147 (Türkiye) PG I/II ≤1.9 (100%, 100%)
PG I ≤13.5 ng/mL (100%, 100%)

77.4% in AIG (71.9% in controls) Ogutmen and Bektas (2022)10

CLEIA (Fujirebio) 344 (France) PG I/II ≤2.33 (95.6%, 95.6%)
PG I ≤16.3 pg/mL (95.6%, 97.1%)

14.9% in AIG (30.3% in controls) Chapelle et al. (2023)11

CLEIA (Abbott) 28 (Japan) PG I/II <2.1 (100%, 95%)
PG I <14.5 ng/mL (83%, 85%)

0% (64.3% with past infection) Wada et al. (2022)57

ELISA, enzyme-linked immunosorbent assay; PG, pepsinogen; AIG, autoimmune gastritis; CLEIA, chemiluminescent enzyme immunoassay.
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PG I/II ≤3 and PG I ≤70 ng/mL measured by the L-TIA kit was 
consistent with a combination of PG I/II ≤5.3 and PG I ≤100 
ng/mL measured by GastroPanel tests.15 These differences may 
arise from different calibration methods used in PG assays.16

Test findings in patients with AIG according to 
H. pylori infection status

Patients with both AIG and H. pylori infection exhibit high-
er PG II levels and lower PG I levels than those without H. py-
lori infection.17 Compared with H. pylori–naïve patients with 
AIG, H. pylori–exposed patients with AIG show lower gastrin 
levels because of atrophy in the antrum.18 Notably, H. pylori in-
fection status is often confused in patients with AIG because 
non–H. pylori, urease-producing bacteria are increased be-
cause of high gastric pH, which leads to false-positive test find-
ings in the rapid urease tests and urea breath tests.19 Further-
more, spontaneous regression of H. pylori may occur in AIG 
because of severe atrophy and IM.

Diagnosis of AIG in H. pylori–infected stomachs is challeng-
ing owing to full-thickness inflammation that conceals AIG 
(Fig. 1). Early-stage AIG may start with autoimmune activity 
following H. pylori infection, and APCA plays an important 
role in progression of corpus atrophy.20 Conversely, some auto-
immune activities are suppressed because H. pylori inhibits 

CD4+ T helper 1 (Th1) cells.21 In that study, suppression of 
Th1-mediated AIG development was terminated after H. pylo-
ri eradication, allowing autoreactive Th1 cells to produce au-
toantibodies that attack parietal cells. As a result, some cases of 
AIG were detected after H. pylori eradication.

Gastrin levels and gastric cancer risk in patients with 
AIG

H. pylori gastritis is not rare entity in patients with AIG who 
develop gastric cancer.22 In a recent study, gastric adenocarci-
noma was 15.6 times more common in patients with gastric 
NETs with ≥3 risk factors, such as severe corpus atrophy, mi-
cronodular ECL hyperplasia, positive H. pylori serology find-
ings, low hemoglobin levels, low vitamin B12 levels, low ferritin 
levels, and high gastrin levels.23 Patients with AIG and H. pylo-
ri gastritis with high gastrin levels require gastroscopic surveil-
lance because parietal cell loss leads to overproduction of gas-
trin, which binds to the cholecystokinin-2 receptor to stimulate 
parietal cells and proliferate ECL cells.24 Avoiding long-term 
use of potassium-competitive acid blockers (PCABs) and pro-
ton pump inhibitors (PPIs) is important in patients with gas-
tric atrophy because these drugs further stimulate gastrin 
production.25

A
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F
Fig. 1. Autoimmune gastritis masked by H. pylori–associated inflammation. A: Diffuse redness in the fundus and upper body indicates H. pylori 
infection. B: Thick gastric folds and diffuse redness are observed in the greater curvature side of the body. C: The antrum has irregular mucosal 
nodularity, indicating metaplastic gastritis. D: One year after successful H. pylori eradication, diffuse redness is replaced by atrophy. Serologic at-
rophy (PG I: 15.5 ng/mL, PG II: 17.4 ng/mL, and PG I/II: 0.9) was reported. E: Atrophy is observed without gastric folds. APCA revealed positive 
test finding. F: There are no notable findings in the antrum. APCA, anti-parietal cell antibodies; PG, pepsinogen.
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ANTRUM-DOMINANT ATROPHY 
(TYPE B GASTRITIS)

Type B gastritis consists of atrophy and IM initiated by H. 

pylori infection, which starts from the opposite side of AIG.26 
When atrophy is limited in the antrum, PG I levels are stable, 
but PG I/II ratios decrease because of high PG II levels.27 In 
addition, gastrin-17 (G-17) levels are low because of the loss of 

Table 2. Studies on cutoff values for detecting the severity of gastric atrophy based on the updated Sydney system or the operative link on the 
gastritis assessment stage

Test (company)
Number of 
participants 

(country)
Diagnosis Cutoff value (sensitivity, specificity)

H. 
pylori 

positive 
rate

Study

ELISA (Biohit) 162 (Japan) Moderate to severe atrophy PG I/II <3 and/or PG I ≤30 μg/L (40%, 94%) NA Iijima et al. (2009)29

404 (Finland) Moderate to severe atrophy 
in the antrum

PG I <25 µg/L and fasting G-17 <5 pmol/L 
(79%, 91%)

PG I <25 µg/L and postprandial G-17 
<5 pmol/L (83%, 95%)

34% Väänänen et al. 
(2003)58

ELISA (Eiken) 157 (Kazakhstan) Moderate to severe atrophy 
in the corpus

PG I/II ≤2 and PG I ≤30 ng/mL 
(50.0%, 90.9%)

PG I/II ≤3 and PG I ≤70 ng/mL 
(50.0%, 73.5%)

NA Mezmale et al. 
(2019)28

646 (Indonesia) Moderate to severe atrophy 
in the corpus

PG I/II <4.75 (81.5%, 78.7%)
PG II >12.45 ng/mL (59.3%, 77.1%)

9.1% Miftahussurur et al. 
(2022)59

146 (Nepal) OLGA stages ≥I PG I/II <4.65 (71.7%, 61.1%) 43.8% Miftahussurur et al. 
(2015)33

OLGA stages ≥II PG I/II <3.45 (86.7%, 66.4%)
252 (Myanmar) OLGA stage ≥I PG I/II ≤6.25 (62.9%, 76.1%) 48.0% Myint et al. (2015)34

OLGA stage ≥II PG I/II ≤5.35 (81.8%, 67.2%)
CLEIA (Eiken) 319 (Japan) Moderate to severe atrophy PG I/II <4.0 (82.6%, 82.9%) 69.0% Takao et al. (2011)38

Moderate to severe atrophy 
in the corpus

PG I/II <3.2 (73.6%, 74.6%)

≥Closed–type atrophy* PG I/II <3.9 (68.0%, 66.0%)
≥Open–type atrophy* PG I/II <2.9 (67.9%, 70.4%)

CLEIA (Fujirebio) 162 (Japan) Moderate to severe atrophy PG I/II ≤2.0 and PG I ≤30 μg/L (45%, 96%) NA Iijima et al. (2009)29

L-TIA (Shima) 2558 (Korea) ≥Mild atrophy PG I/II <3.0 (63.7%, 60.9%) 60.2% Lee et al. (2014)37

≥Closed–type atrophy* PG I/II <3.2 (64.1%, 60.2%)
CMIA (Abbott) 996 (China) Mild to moderate atrophy PG I/II ≤5.15 (41.7%, 74.5%)

PG I ≤50.3 ng/mL (63.9%, 49.1%)
40% Tong et al. (2017)30

Severe atrophy PG I/II ≤4.28 (76.9%, 83.4%)
PG I ≤53.6 ng/mL (76.9%, 47.0%)

1922 (China) Mild to moderate atrophy PG I/II ≤9.8 (71.1%, 51.8%)
PG I ≤73.1 ng/mL (55.7%, 62.1%)

39.4% Tong et al. (2021)31

Severe atrophy PG I/II ≤9.09 (88.1%, 53.0%)
PG I ≤63.9 ng/mL (59.3%, 67.2%)

273 (Vietnam) OLGA stages ≥II PG I/II ≤5.2 and PG I ≤63.5 ng/mL 
(49.4%, 82.1%)

34.1% Nguyen et al. (2022)36

≥Closed–type 3 atrophy* PG I/II ≤4.6 and PG I ≤69.0 ng/mL 
(73.0%, 83.9%)

CMIA (Shenzen) 300 (China) OLGA stages II–IV PG I/II <2.08 (67.80%, 84.23%) 25.7% Zhang et al. (2025)32

*Kimura–Takemoto classification.
ELISA, enzyme-linked immunosorbent assay; PG, pepsinogen; G-17, gastrin-17; NA, not available; OLGA, Operative Link on Gastritis As-
sessment; CLEIA, chemiluminescent enzyme immunoassay; L-TIA, latex-enhanced turbidimetric immunoassay; CMIA, chemiluminescent 
microparticle immunoassay.
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G cells in the antrum.

PG levels for detecting the severity of atrophy based 
on the updated Sydney system

Studies that reported cutoff values for detecting moderate-
to-severe atrophy are summarized in Table 2. For detecting 
more severe atrophy in the corpus, a combination of PG I/II 
≤2 and PG I ≤30 ng/mL showed good diagnostic utility with 
the aid of Japanese assay kits.28 Similar to the findings in pa-
tients with AIG, East Asian kits showed lower PG I/II cutoff 
ratios than did GastroPanel tests (≤2.0 vs. <3).29

In two large-scale studies, patients with severe atrophy had 
lower PG I/II ratios and PG I levels than those with mild-to-
moderate atrophy.30,31 Sensitivities and specificities for detecting 
mild-to-moderate atrophy were unsatisfactory in both stud-
ies; therefore, PG assay is better suited for detecting patients 
with severe atrophy than those with mild or moderate atrophy.

PG levels for detecting the severity of atrophy based 
on the Operative Link on Gastritis Assessment stage

Similar to the updated Sydney system, PG assays perform 
better in detecting higher Operative Link on Gastritis Assess-
ment (OLGA) stages with severe atrophy (Table 2). A Russian 
study reported that either PG I/II ≤2 or PG I <22.5 μg/L is 
useful for detecting OLGA stages III–IV in patients with 
AIG.12 A Chinese study reported that PG I/II <2.08 is useful 
for detecting OLGA stages II–IV.32 Studies from Nepal and 
Myanmar showed lower PG I/II cutoff values for detecting 
OLGA stages ≥II than for detecting OLGA stage ≥I.33,34 Given 
the lower sensitivities and specificities for detecting OLGA 
stage I reported in those studies, PG assays should be used 
for detecting OLGA stages II–IV.

PG levels for detecting the severity of atrophy based 
on the Kimura–Takemoto classification

During gastroscopy, the extent of gastric atrophy can be 
categorized from closed-type 0 (C-0, no atrophy) to Op (open-
type pan-atrophy) according to the Kimura–Takemoto classi-
fication.35 A study from Vietnam revealed that a combination 
of PG I/II ≤4.6 and PG I ≤69.0 ng/mL helped identify individ-
uals with ≥C-3 atrophy.36 In their study, the sensitivities and 
specificities were higher when the Kimura–Takemoto classi-
fication was used instead of the OLGA stage. In Korea, PG I/II 
<3.2 could be used to detect closed-type atrophy; however, the 
sensitivity and specificity were too low to apply in daily prac-
tice.37 In a Japanese study, a lower PG I/II cutoff ratio was need-
ed for detecting open-type atrophy compared with that for 
closed-type atrophy (<2.9 vs. <3.9).38 Taken together, PG assay 
showed higher accuracy for detecting open-type atrophy than 

closed-type atrophy.

PG levels after successful H. pylori eradication
Although PG assay is not a confirmatory test, a decrease in 

PG II levels and an increase in PG I/II ratios suggest successful 
H. pylori eradication.39 Reportedly, an increase in the PG I/II 
ratio was more profound in patients with severe corpus atro-
phy.40 Patients with H. pylori infection and PG I/II ratios <3.0 
showed ≥40% increase in PG I/II ratio after eradication, where-
as those with PG I/II ratio between ≥3.0 and <5.0 showed ≥25% 
increase. Moreover, patients with PG I/II ratios ≥5.0 showed 
only ≥10% increase after successful eradication. These chang-
es were mostly observed within 1–2 years after eradication.

PG levels after reinfection or new infection
Seroconversion of anti-H. pylori IgG titer may occur in se-

ronegative individuals; however, only 9.8% have true H. pylori 
infection.41 Compared with patients without true infection, 
those with new infection or re-infection had higher PG II lev-
els and lower PG I/II ratios in that study. In Koreans, PG I/II 
ratios <4.35 and PG II levels >12.95 ng/mL suggest H. pylori 
infection.42 In a previous study, compared with 256 H. pylori–
naïve individuals, 1003 patients with infection and 743 with 
past infections had lower PG I/II ratios and higher incidence of 
gastric cancer.43 In that study, H. pylori–naïve individuals 
showed mean PG I level of 51.0±15.6 ng/mL, PG II level of 
8.4±3.0 ng/mL, and PG I/II ratio of 6.2±1.3.

PAN-ATROPHY UNRELATED TO AIG

Antrum-dominant atrophy may progress to pan-atrophy if 
H. pylori is not eradicated at an early stage.44 In patients with 
pan-atrophy and no clear history of H. pylori eradication, spon-
taneous regression or unintended eradication at a later stage 
can be suspected. Despite the severe atrophy observed on gas-
troscopy, patients with pan-atrophy may have normal PG test 
findings (Fig. 2). Different from AIG, such discrepancies be-
tween the endoscopic and serologic test findings are not rare in 
H. pylori–induced pan-atrophy. Therefore, H. pylori–related 
pan-atrophy should be considered if PG assay findings are 
within the normal range in patients with severe atrophy on gas-
troscopy (Fig. 3).

PG levels in patients with atrophy in the corpus
Several studies have reported cutoff values for detecting cor-

pus atrophy without testing autoimmune antibodies for AIG 
(Table 3). High gastrin levels, low PG I levels, and low PG I/II 
ratios were useful for detecting corpus atrophy in those stud-
ies. A study from Iran revealed that either G-17 <2.6 pmol/L or 



280   https://doi.org/10.7704/kjhugr.2026.0034

KJHUGR

>40 pmol/L was useful for detecting atrophy in the fundus.45 
As shown in a previous study, G-17 levels can decrease even in 
the presence of corpus atrophy if there is an advanced atrophy 
in the antrum.5

Studies using Biohit’s enzyme-linked immunosorbent assay 
(ELISA) kits provided a larger range of PG I/II cutoff ratios 
(from ≤2.2 to ≤10.0) than did Eiken’s ELISA kits and other as-

says (Fig. 4). A study from Chile showed a low PG I/II cutoff 
value of ≤2.2 even with the use of GastroPanel tests.46 The 
majority of participants in that study (79.7%) had H. pylori in-
fection; as a result, PG I/II ratios were further reduced due to 
elevated PG II levels in patients with infection.

A

D

B

E

C

F
Fig. 2. Pan-atrophy in H. pylori–exposed stomach unrelated to autoimmune gastritis. A: Atrophy is observed without a gastric fold. B: A flat and 
raised subepithelial lesion is seen on the greater curvature side of the upper body. Primary low-grade, MALT lymphoma was diagnosed using 
the biopsied specimens. The Giemsa staining result was positive, and H. pylori was eradicated. C: Atrophy is observed in the antrum. D: Four 
years later, the atrophic mucosa looks whitish and pale compared with that in the initial test findings. Despite severe endoscopic atrophy, there 
was no serologic atrophy (PG I: 34.2 ng/mL, PG II: 9.3 ng/mL, and PG I/II: 3.7). E: After MALT lymphoma regression, the gastric body is re-
placed by atrophy. Both APCA and AIFA testing returned negative results. F: The antrum exhibits atrophy and IM, with small erosions. MALT, 
mucosa-associated lymphoid tissue; IM, intestinal metaplasia; APCA, anti-parietal cell antibody; AIFA, anti-intrinsic factor antibody; PG, pep-
sinogen.

PG I ↓ & gastrin ↑ Normal PG in H. pylori-exposed individuals PG I ↑ & gastrin ↑

Check corpus- 
dominant atrophy 

and test APCA/AIFA 
to confirm AIG.

Check pan-atrophy 
and extensive IM 
to confirm false- 
negative PG test.

Check antrum- 
dominant atrophy 
and limited IM to 

confirm false-negative 
PG test.

Check medication 
(PPIs or PCABs)

• ‌�Lowest PG I/II ratio
• ‌�High gastrin levels and 

low PG I/II ratios suggest 
a higher risk of gastric 
NET, adenoma, and 
adenocarcinoma.

• ‌�Higher PG I/II ratios 
than AIG

• ‌�Low PG I/II ratios 
suggest a higher risk 
of adenoma and 
adenocarcinoma.

• ‌�Higher PG I/II ratios 
than pan-atrophy

• ‌�Low PG I/II ratios 
suggest a higher risk 
of adenoma and 
adenocarcinoma.

• ‌�Highest PG I/II ratios
• ‌�High gastrin levels 

suggest a higher risk of 
gastric tumors induced 
by hypergastrinemia.

Fig. 3. Brief interpretation of serum pepsinogen and gastrin levels. PG, pepsinogen; APCA, anti-parietal cell antibody; AIFA, anti-intrinsic factor 
antibody; AIG, autoimmune gastritis; NET, neuroendocrine tumor; IM, intestinal metaplasia; PPI, proton pump inhibitor; PCAB, potassium-com-
petitive acid blocker.
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PG levels in patients with IM
Few studies have reported cutoff values for detecting IM 

(Table 4). Two studies revealed that PG I/II levels <3.1 and 3.25 

are useful for detecting IM when Japanese kits are used.47,48 In 
the later study, the PG assay showed better performance for 
detecting IM than for detecting mild and moderate atrophy. 

Table 3. Studies on cutoff values for detecting corpus atrophy confirmed by histology

Test (company)
Number of 
participants 

(country)
Diagnosis Cutoff value (sensitivity, specificity)

H. pylori 
positive 

rate
Study

ELISA (Biohit) 81 (China) Corpus atrophy PG I/II <8.1 (89%, 83%)
PG I <97.1 µg/L (67%, 76%)

54.3% Wu et al. (2004)60

309 (Iran) Atrophy in the fundus PG I/II <5 (75.0%, 91.0%)
PG I <56 µg/L (61.9%, 94.8%)
G-17 <2.6 pmol/L or >40 pmol/L (81.0%, 73.3%)

84.5% Nasrollahzadeh et al. 
(2011)45

142 (Korea) Corpus atrophy in the 
greater curvature side

PG I/II <3.5 (70.0%, 78.4%)
PG I <59.3 µg/L (83.3%, 78.4%)

NA Song et al. (2010)61

567 (Chile) Corpus–dominant 
atrophy

PG I/II ≤2.2 (56%, 100%)
PG I ≤61.5 µg/L (78%, 91%)
G-17 >13.3 pmol/L (67%, 96%)

79.7% Rollan et al. (2006)46

308 (Brazil) Corpus atrophy PG I <30 µg/L (50.0%, 93.2%) 29.9% Mattar et al. (2020)62

L-TIA (Shima) 95 (Korea) Corpus atrophy PG I/II ≤3.5 (68.4%, 81.6%) 24.2% Kim et al. (2015)63

RIA (Sorin) 284 (14 
European 
countries)

H. pylori–related corpus–
dominant or multifocal 
atrophy

PG I/II <4.7 (77.1%, 87.4%) 90% Broutet et al. (2003)64

226 (Sweden) Corpus atrophy PG I/II <2.5 (62%, 95%)
Gastrin >116 ng/L (60%, 83%)

39.3% Sanduleanu et al. 
(2003)65

544 (UK) Corpus atrophy PG I <80 ng/mL and H. pylori–seropositive 
(88.9%, 92.3%)

5.3% Knight et al. (1996)66

ELISA, enzyme-linked immunosorbent assay; PG, pepsinogen; G-17, gastrin-17; NA, not available; L-TIA, latex-enhanced turbidimetric im-
munoassay; RIA, radioimmunoassay.

Fig. 4. Pepsinogen I/II cutoff ratios for detecting corpus atrophy confirmed by histology. Cutoff values are shown with references.
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Conversely, GastroPanel tests revealed higher cutoff values of 
PG I/II ≤10.0 and PG I/II <6.0 for detecting IM with low accu-
racy.49,50

A study from Iran reported that a combination of PG I/II 
ratios ≤3 and G-17 levels >17 pmol/mL is useful for detecting 
IM in the corpus.51 Despite its high specificity (97.8%), the sen-

Table 4. Studies on cutoff values for detecting intestinal metaplasia confirmed by histology

Test (company)
Number of 

participants (country)
Diagnosis Cutoff value (sensitivity, specificity)

H. pylori 
positive rate

Study

ELISA (Biohit) 72 (Malaysia) IM or corpus atrophy PG I/II ≤10.0 (83.3%, 77.9%)
PG I ≤87.2 µg/L (66.7%, 85.3%)

NA Loong et al. (2017)49

160 (India) IM PG I/II <6.0 (64%, 52%) 38.8% Ghoshal et al. (2011)50

481 (Iran) IM in the corpus PG I/II ≤3 and G-17 >17 pmol/mL 
(14.8%, 97.8%)

78.7% Haj–Sheykholeslami 
et al. (2008)51

Corpus–dominant 
atrophy

PG I/II ≤3 and G-17 >17 pmol/mL 
(9.4%, 99.0%)

ELISA (Eiken) 752 (Mongolia) IM or corpus atrophy PG I/II <3.1 (67.2%, 61.0%) 77% Gantuya et al. (2019)47

353 (Sri Lanka) IM PG I/II <3.25 (83.3%, 95.4%)
PG I <15.5 U/mL (50.0%, 98.8%)

2.0% Doohan et al. (2021)48

Moderate atrophy PG I/II <4.75 (66.7%, 83.3%)
PG I <111 U/mL (50.0%, 66.3%)

Mild atrophy PG I/II <7.65 (33.1%, 76.4%)
PG I <92.45 U/mL (48.1%, 60.9%)

ELISA, enzyme-linked immunosorbent assay; IM, intestinal metaplasia; PG, pepsinogen; NA, not available; G-17, gastrin-17.

Table 5. Summary on pepsinogen and gastrin test findings

Condition
Pepsinogen I 

level
Pepsinogen I/II 

ratio
Fasting gastrin 

level
Fasting gastrin-17 

level
Risk of gastric 

cancer
Normal stomach Normal 

(30–160 ng/mL)
Normal 

(>3.0)
Normal 

(13–109 pg/mL)
Normal 

(1–7 pg/mL)
No risk

Corpus–dominant 
atrophy induced by 
autoimmune gastritis

Extremely low because of the loss of chief 
cells

High because of 
compensatory 
response to high 
gastric pH

Extremely high 
(>30 pg/mL), extremely 
low (<0.4 pg/mL) when 
combined with H. pylori–
induced atrophy

Increased in patients 
with low PG I/II 
ratios or high gastrin 
levels

Antrum–dominant 
atrophy induced by 
H. pylori

Normal Low in H. pylori–
infected patients 
because of high 
PG II levels

Variable Low because of the loss of 
G cells

Increased in patients 
with low PG I/II 
ratios

Pan–atrophy induced 
by H. pylori

Low or normal High or normal Low or normal Increased in patients 
with low PG I/II 
ratios

Long–term use of PPIs 
or PCABs

High because of compensatory response 
to high gastric pH

High because of compensatory response to 
high gastric pH

Increased in H. pylori–
exposed patients 
with high gastrin 
levels

Ulcerogenic drugs High Variable Low if gastric pH is low NA
Gastrectomy Low if the corpus is resected Variable Low if the antrum is 

resected
NA

Renal insufficiency High because of reduced renal clearance High because of reduced renal clearance NA
Gastroparesis Variable depending on the degree of 

corpus atrophy and use of drugs
High because of remnant foods in the stomach NA

PG, pepsinogen; PPI, proton pump inhibitor; PCAB, potassium-competitive acid blocker; NA, not available.
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sitivity was too low (14.8%) for application in clinical practice. 
Considering the high H. pylori infection rate (78.7%) in their 
study, the PG assay seems to be less accurate for detecting IM, 
particularly in the presence of H. pylori infection.

Gastrin levels and gastric cancer risk after eradication
High gastrin levels and severe atrophy are common in pa-

tients who develop metachronous gastric cancer.52 In a previ-
ous study, PPI-independent elevation of gastrin levels over 99 
pg/mL (sensitivity 61.6%, and specificity 80.0%) correlated with 
the occurrence of metachronous gastric cancers. Other two 
studies also recommended to avoid using PCABs or PPIs after 
eradication because these drugs increased the risk of meta-
chronous gastric cancers.53,54 Taken together, H. pylori–exposed 
individuals with corpus atrophy or persistent IM should be 
monitored for serum gastrin levels when using these drugs.55 
Furthermore, serum PG testing should not be used as a stand-
alone diagnostic tool but as a triage biomarker in gastric can-
cer screening, as summarized in Table 5.

CONCLUSIONS

Serum PG testing provides valuable information on gastric 
mucosal status, particularly for identifying AIG and advanced 
corpus atrophy (OLGA stages II–IV) in the absence of H. py-
lori infection. However, its diagnostic performance is limited 
in patients with mild atrophy, OLGA stage I, and closed-type 
atrophy. AIG is characterized by the most profound reduc-
tions in PG I/II ratios and PG I levels, whereas H. pylori–asso-
ciated atrophy shows more variable patterns depending on 
disease distribution. The limitations of PG testing are particu-
larly evident in patients with pan-atrophy, in whom serologic 
findings may remain within normal ranges despite severe en-
doscopic atrophy. Thus, careful interpretation in the appro-
priate clinical context is essential because H. pylori infection, 
recent medications, impaired renal function, dietary factors, 
age, sex, and genetic backgrounds may further influence PG 
levels. Furthermore, variability in cutoff values across different 
assay systems should be considered when using GastroPanel 
tests instead of East Asian kits interpreted with the ABC meth-
od. Future studies should focus on standardizing assay-specific 
cutoff values and developing integrated diagnostic algorithms 
that combine serologic, endoscopic, and clinical parameters to 
improve risk prediction and guide surveillance strategies. In 
summary, monitoring low PG I/II ratios and high gastrin lev-
els is recommended during gastric cancer surveillance, partic-
ularly in patients with corpus atrophy or persistent IM even 
after H. pylori eradication.

ORCID iD
Sun-Young Lee	 https://orcid.org/0000-0003-4146-6686

REFERENCES
1.	Gritti I, Banfi G, Roi GS. Pepsinogens: physiology, pharmacology 

pathophysiology and exercise. Pharmacol Res 2000;41:265-281.
2.	Samloff IM. Pepsinogens I and II: purification from gastric mucosa 

and radioimmunoassay in serum. Gastroenterology 1982;82:26-33. 
3.	Miki K, Ichinose M, Shimizu A, et al. Serum pepsinogens as a screen-

ing test of extensive chronic gastritis. Gastroenterol Jpn 1987;22:133-
141.

4.	Dinis-Ribeiro M, Libânio D, Uchima H, et al. Management of epithe-
lial precancerous conditions and early neoplasia of the stomach 
(MAPS III): European Society of Gastrointestinal Endoscopy (ESGE), 
European Helicobacter and Microbiota Study Group (EHMSG) and 
European Society of Pathology (ESP) guideline update 2025. Endos-
copy 2025;57:504-554. 

5.	Lee SY, Moon HW, Ahn YS, Song JH, Kim JH, Sung IK. A prospective 
study on the detection of gastric neoplasms using pepsinogen and 
gastrin-17 levels. Gut Liver 2025;19:548-558.

6.	Lim SH, Choi Y, Kim N. The role of serum pepsinogen tests for de-
tecting gastric cancer between sexes and among age groups. Gut Liver 
2026;20:176-198.

7.	Kamada T, Watanabe H, Furuta T, et al. Diagnostic criteria and en-
doscopic and histological findings of autoimmune gastritis in Japan. 
J Gastroenterol 2023;58:185-195.

8.	Hu H, Li R, Shao L, Zhang Q, Xu R, Zhang S. Gastric lesions in pa-
tients with autoimmune metaplastic atrophic gastritis: a retrospective 
study in a single center. Scand J Gastroenterol 2022;57:1296-1303. 

9.	Kishikawa H, Nakamura K, Ojiro K, et al. Relevance of pepsinogen, 
gastrin, and endoscopic atrophy in the diagnosis of autoimmune gas-
tritis. Sci Rep 2022;12:4202. 

10.	Ogutmen Koc D, Bektas S. Serum pepsinogen levels and OLGA/OL-
GIM staging in the assessment of atrophic gastritis types. Postgrad 
Med J 2022;98:441-445.

11.	Chapelle N, Martin J, Osmola M, et al. Serum pepsinogens can help 
to discriminate between H. pylori-induced and auto-immune atro-
phic gastritis: results from a prospective multicenter study. Dig Liver 
Dis 2023;55:1345-1351.

12.	Chebotareva MV, Nikolskaya KA, Andreev DN, et al. [Serological 
markers as predictors of the severity of gastric mucosal atrophy in au-
toimmune and Helicobacter рylori-associated gastritis]. Ter Arkh 2025; 
97:651–659. Russian 

13.	Miki K, Fujishiro M. Cautious comparison between East and West is 
necessary in terms of the serum pepsinogen test. Dig Endosc 2009;21: 
134-135.

14.	Lee SY, Ahn YS, Moon HW. Comparison between the GastroPanel 
test and the serum pepsinogen assay interpreted with the ABC meth-
od-a prospective study. Helicobacter 2024;29:e13056. 

15.	Choi Y, Kim N, Park JH, et al. Role of serum pepsinogen tests in de-
tection of gastric atrophy, intestinal metaplasia, gastric adenoma, and 
gastric cancer in South Korea. Gut Liver 2025;19:809-820. 

16.	Leja M, Camargo MC, Polaka I, et al. Detection of gastric atrophy by 
circulating pepsinogens: a comparison of three assays. Helicobacter 
2017;22:e12393.

17.	Notsu T, Adachi K, Mishiro T, et al. Prevalence of autoimmune gastri-
tis in individuals undergoing medical checkups in Japan. Intern Med 
2019;58:1817-1823.

18.	Choudhuri J, Hall S, Castrodad-Rodriguez CA, et al. Features that aid 
identification of autoimmune gastritis in a background of active Heli-
cobacter pylori infection. Arch Pathol Lab Med 2021;145:1536-1543. 

19.	Furuta T, Baba S, Yamade M, et al. High incidence of autoimmune 
gastritis in patients misdiagnosed with two or more failures of H. py-



284   https://doi.org/10.7704/kjhugr.2026.0034

KJHUGR

lori eradication. Aliment Pharmacol Ther 2018;48:370-377.
20.	 Ito M, Haruma K, Kaya S, et al. Role of anti-parietal cell antibody in 

Helicobacter pylori-associated atrophic gastritis: evaluation in a coun-
try of high prevalence of atrophic gastritis. Scand J Gastroenterol 2002; 
37:287-293.

21.	Ohana M, Okazaki K, Oshima C, et al. Inhibitory effects of Helico-
bacter pylori infection on murine autoimmune gastritis. Gut 2003;52: 
1102-1110.

22.	Ahn S, Kim TS, Kushima R, Lee JH, Kim KM. Autoimmune gastritis 
in Korean patients with gastric tumors: clinicopathologic correlations 
and diagnostic histological features. Gut Liver 2025;19:177-188.

23.	Kalkan C, Acehan F, Atay A, et al. Risk factors associated with adeno-
carcinoma development in gastric neuroendocrine tumors: a multi-
center 10-year follow-up study. J Investig Med 2026;74:74-83.

24.	Orgler E, Dabsch S, Malfertheiner P, Schulz C. Autoimmune gastritis: 
update and new perspectives in therapeutic management. Curr Treat 
Options Gastro 2023;21:64-77.

25.	Weltermann T, Schulz C, Macke L. Effect of frequently prescribed 
drugs on gastric cancer risk. Best Pract Res Clin Gastroenterol 2021; 
50-51:101741. 

26.	Strickland RG, Mackay IR. A reappraisal of the nature and signifi-
cance of chronic atrophic gastritis. Am J Dig Dis 1973;18:426-440.

27.	He CY, Sun LP, Gong YH, Xu Q, Dong NN, Yuan Y. Serum pepsino-
gen II: a neglected but useful biomarker to differentiate between dis-
eased and normal stomachs. J Gastroenterol Hepatol 2011;26:1039-
1046.

28.	Mezmale L, Isajevs S, Bogdanova I, et al. Prevalence of atrophic gastri-
tis in Kazakhstan and the accuracy of pepsinogen tests to detect gas-
tric mucosal atrophy. Asian Pac J Cancer Prev 2019;20:3825-3829.

29.	 Iijima K, Abe Y, Kikuchi R, et al. Serum biomarker tests are useful in 
delineating between patients with gastric atrophy and normal, healthy 
stomach. World J Gastroenterol 2009;15:853-859. 

30.	Tong Y, Wu Y, Song Z, Yu Y, Yu X. The potential value of serum pep-
sinogen for the diagnosis of atrophic gastritis among the health check-
up populations in China: a diagnostic clinical research. BMC Gastro-
enterol 2017;17:88.

31.	Tong Y, Wang H, Zhao Y, et al. Diagnostic value of serum pepsinogen 
levels for screening gastric cancer and atrophic gastritis in asymptom-
atic individuals: a cross-sectional study. Front Oncol 2021;11:652574.

32.	Zhang T, Zhou X, Meng X, et al. The potential value of serum pep-
sinogen and gastrin-17 for the diagnosis of chronic atrophic gastritis 
at different stages of severity: a clinical diagnostic study. BMC Gas-
troenterol 2025;25:428. 

33.	Miftahussurur M, Sharma RP, Shrestha PK, et al. Helicobacter pylori 
infection and gastric mucosal atrophy in two ethnic groups in Nepal. 
Asian Pac J Cancer Prev. 2015;16:7911-7916.

34.	Myint T, Shiota S, Vilaichone RK, et al. Prevalence of Helicobacter py-
lori infection and atrophic gastritis in patients with dyspeptic symp-
toms in Myanmar. World J Gastroenterol 2015;21:629-636.

35.	Quach DT, Hiyama T. Assessment of endoscopic gastric atrophy ac-
cording to the Kimura-Takemoto classification and its potential appli-
cation in daily practice. Clin Endosc 2019;52:321-327.

36.	Nguyen CL, Dao TT, Phi TN, Nguyen TP, Pham VT, Vu TK. Serum 
pepsinogen: a potential non-invasive screening method for moderate 
and severe atrophic gastritis among an Asian population. Ann Med 
Surg (Lond) 2022;78:103844.

37.	Lee JY, Kim N, Lee HS, et al. Correlations among endoscopic, histo-
logic and serologic diagnoses for the assessment of atrophic gastritis. J 
Cancer Prev 2014;19:47-55. 

38.	Takao T, Ishikawa T, Ando T, et al. Multifaceted assessment of chronic 
gastritis: a study of correlations between serological, endoscopic, and 
histological diagnostics. Gastroenterol Res Pract 2011;2011:631461. 

39.	Gatta L, Di Mario F, Vaira D, et al. Quantification of serum levels of 
pepsinogens and gastrin to assess eradication of Helicobacter pylori. 

Clin Gastroenterol Hepatol 2011;9:440-442.
40.	Furuta T, Kaneko E, Baba S, Arai H, Futami H. Percentage changes in 

serum pepsinogens are useful as indices of eradication of Helicobacter 
pylori. Am J Gastroenterol 1997;92:84-88. 

41.	Kim YJ, Lee SY, Kim JH, Sung IK, Park HS. Incidence of infection 
among subjects with Helicobacter pylori seroconversion. Clin Endosc 
2022;55:67-76.

42.	 Jeong JH, Lee SY, Kim JH, Sung IK, Park HS. Useful serum pepsinogen 
levels for detecting ongoing Helicobacter pylori infection in asymp-
tomatic subjects: a cross-sectional study based on 13C-urea breath test 
findings. Dig Dis Sci 2022;67:5602-5609. 

43.	Na JH, Lee SY, Kim JH, Sung IK, Park HS. Helicobacter pylori infec-
tion status and gastric tumor incidence according to the year of birth. 
Gut Liver 2024;18:457-464.

44.	Liang Y, Yang Y, Nong R, et al. Do atrophic gastritis and intestinal 
metaplasia reverse after Helicobacter pylori eradication? Helicobacter 
2024;29:e13042.

45.	Nasrollahzadeh D, Aghcheli K, Sotoudeh M, et al. Accuracy and cut-
off values of pepsinogens I, II and gastrin 17 for diagnosis of gastric 
fundic atrophy: influence of gastritis. PLoS One 2011;6:e26957. 

46.	Rollan A, Ferreccio C, Gederlini A, Serrano C, Torres J, Harris P. Non-
invasive diagnosis of gastric mucosal atrophy in an asymptomatic pop-
ulation with high prevalence of gastric cancer. World J Gastroenterol 
2006;12:7172-7178.

47.	Gantuya B, Oyuntsetseg K, Bolor D, et al. Evaluation of serum markers 
for gastric cancer and its precursor diseases among high incidence and 
mortality rate of gastric cancer area. Gastric Cancer 2019;22:104-112. 

48.	Doohan D, Fauzia KA, Rathnayake J, et al. Pepsinogen and serum 
IgG detection is a valuable diagnostic method for Helicobacter pylori 
infection in a low-prevalence country: a report from Sri Lanka. Diag-
nostics (Basel) 2021;11:1364.

49.	Loong TH, Soon NC, Nik Mahmud NRK, et al. Serum pepsinogen 
and gastrin-17 as potential biomarkers for pre-malignant lesions in 
the gastric corpus. Biomed Rep 2017;7:460-468.

50.	Ghoshal UC, Kumar S, Krishnani N, Kumari N, Chourasia D, Tripa-
thi S. Serological assessment of gastric intestinal metaplasia and atro-
phy using pepsinogen-I, pepsinogen-II and gastrin-17 levels in a low 
incidence area of gastric cancer endemic for H. pylori infection. Trop 
Gastroenterol 2011;32:292-298.

51.	Haj-Sheykholeslami A, Rakhshani N, Amirzargar A, et al. Serum 
pepsinogen I, pepsinogen II, and gastrin 17 in relatives of gastric can-
cer patients: comparative study with type and severity of gastritis. Clin 
Gastroenterol Hepatol 2008;6:174-179.

52.	Teshima H, Takigawa H, Kotachi T, et al. A proton pump inhibitor in-
dependently elevates gastrin levels as a marker for metachronous gas-
tric cancer after endoscopic submucosal dissection. J Clin Med 2024; 
13:6599.

53.	Arai J, Miyawaki A, Aoki T, et al. Association between vonoprazan and 
the risk of gastric cancer after Helicobacter pylori eradication. Clin 
Gastroenterol Hepatol 2024;22:1217-1225.e6.

54.	Shiratori Y, Kim Y, Fukuda K, et al. Long-term use of potassium-
competitive acid blockers and proton pump inhibitors and the risk of 
metachronous gastric cancer after H. pylori eradication: a multicenter 
cohort study. Gastric Cancer 2026;29:347-356.

55.	 Jang Y, Park J, Kang D, et al. Safety of potassium-competitive acid 
blockers compared with proton pump inhibitors in patients with gas-
troesophageal reflux disease and peptic ulcer disease: a systematic re-
view and meta-analysis. J Gastroenterol Hepatol 2026;41:28-40.60

56.	Kriķe P, Shums Z, Poļaka I, et al. The diagnostic value of anti-parietal 
cell and intrinsic factor antibodies, pepsinogens, and gastrin-17 in 
corpus-restricted atrophic gastritis. Diagnostics (Basel) 2022;12:2784.

57.	Wada Y, Nakajima S, Mori N, et al. Evaluation of screening tests for au-
toimmune gastritis in histopathologically confirmed Japanese patients, 
and re-evaluation of histopathological classification. BMC Gastroen-



Atrophy and Intestinal Metaplasia
Sun-Young Lee

https://doi.org/10.7704/kjhugr.2026.0034   285

terol 2022;22:179. 
58.	Väänänen H, Vauhkonen M, Helske T, et al. Non-endoscopic diagno-

sis of atrophic gastritis with a blood test. Correlation between gastric 
histology and serum levels of gastrin-17 and pepsinogen I: a multicen-
tre study. Eur J Gastroenterol Hepatol 2003;15:885-891. 

59.	Miftahussurur M, Waskito LA, Syam AF, et al. Serum pepsinogen 
level as a biomarker for atrophy, reflux esophagitis, and gastric cancer 
screening in Indonesia. J Res Med Sci 2022;27:90.

60.	Wu KC, Li HT, Qiao TD, et al. Diagnosis of atrophic body gastritis in 
Chinese patients by measuring serum pepsinogen. Chin J Dig Dis 
2004;5:22-27. 

61.	Song HJ, Jang SJ, Yun SC, et al. Low levels of pepsinogen I and pepsin-
ogen I/II ratio are valuable serologic markers for predicting extensive 
gastric corpus atrophy in patients undergoing endoscopic mucosecto-
my. Gut Liver 2010;4:475-480.

62.	Mattar R, Marques SB, Ribeiro IB, Visconti TAC, Funari M, DE 
Moura EGH. Diagnostic accuracy of gastropanel® for artophic gastri-

tis in Brazilian subjects and the effect of proton pump inhibitors. Arq 
Gastroenterol 2020;57:154-160.

63.	Kim EH, Kang H, Park CH, et al. The optimal serum pepsinogen cut-
off value for predicting histologically confirmed atrophic gastritis. 
Dig Liver Dis 2015;47:663-668. 

64.	Broutet N, Plebani M, Sakarovitch C, Sipponen P, Mégraud F; Euro-
hepygast Study Group. Pepsinogen A, pepsinogen C, and gastrin as 
markers of atrophic chronic gastritis in European dyspeptics. Br J 
Cancer 2003;88:1239-1247. 

65.	Sanduleanu S, Bruïne AD, Biemond I, et al. Ratio between serum 
IL-8 and pepsinogen A/C: a marker for atrophic body gastritis. Eur J 
Clin Invest 2003;33:147-154. 

66.	Knight T, Wyatt J, Wilson A, et al. Helicobacter pylori gastritis and se-
rum pepsinogen levels in a healthy population: development of a bio-
marker strategy for gastric atrophy in high risk groups. Br J Cancer 
1996;73:819-824.


