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Abstract

Serum pepsinogens have been widely acknowledged as gastric mucosal biomarkers; how-

ever, a multicountry report on the benefits of pepsinogens as biomarkers has not yet been

published. We analyzed 1,206 sera and gastric mucosal samples collected from Bangla-

desh, Bhutan, Indonesia, Myanmar, Nepal and Thailand then assessed the association

between gastric mucosal changes and Helicobacter pylori infection. The new cutoff values

for serum pepsinogen values were evaluated using a receiver operating characteristic anal-

ysis. The participants with H. pylori infection had significantly lower pepsinogen I and higher

pepsinogen II values, but a lower pepsinogen I/II ratio than participants without the infection

(all P < .001). The pepsinogen I and pepsinogen I/II values were significantly higher and

lower, respectively, in individuals with atrophic gastritis than in those without (both P < .001).

Among uninfected individuals, only the pepsinogen I/II ratio was significantly lower in atro-

phic individuals. Pepsinogen I/II ratio also were significantly different between disease

among H. pylori-positive and H. pylori-negative individuals, suggesting the pepsinogen I/II

ratio is a robust biomarker for determining both chronic and atrophic gastritis. The cutoffs for

detecting chronic and atrophic gastritis for the pepsinogen I/II ratio were 4.65 and 4.95,

respectively. In conclusion, pepsinogen levels are useful biomarker for both chronic gastritis

and atrophic gastritis, but they should be used with caution. Population-based validation is
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necessary to determine the best cutoff values. Among all pepsinogen values, the pepsino-

gen I/II ratio was the most reliable gastric mucosal-change biomarker.

Introduction

After the discovery of Helicobacter pylori, the bacteria that induce progressive gastric mucosal

inflammation, a clearer explanation of the pathogenesis of gastric cancer was established.

Long-term H. pylori infection induces a multistep histological cascade, starting with chronic

gastritis, and progressing to atrophic gastritis, then changing to intestinal metaplasia and ulti-

mately leading to adenocarcinoma [1, 2]. Based on that pathogenesis cascade, the loss of gastric

glandular cells in chronic atrophic gastritis is an important precursor lesion, which commonly

leads to gastric adenocarcinoma. The gold standard to determine gastric atrophy is histological

examination, given that it can diagnose the grade of gastric mucosal atrophy as well as the

topographical distribution [3]. However, histological examinations have some limitations,

including the need for endoscopy, the difficult process of obtaining the gastric specimens, and

the need for an expert pathologist. Therefore, cheaper, more convenient, and simpler serum

pepsinogens (PGs) are a useful alternative for atrophic gastritis and gastric cancer screening

[4].

PGs originating from the gastric mucosa can be classified into two immunochemically dis-

tinct groups: pepsinogen I (PGI); and pepsinogen II (PGII), which are mostly secreted into the

gastric lumen, with only 1% of total PGs circulating in the blood [5]. PGI is mainly secreted by

mucosal cells in the fundus, whereas PGII is mainly secreted by chief cells, the proximal duo-

denal mucosa, and the pyloric glands [6]. In terms of screening for atrophic gastritis, an

increasing PGII level and a decreasing PG I/II ratio have recently been associated with the

grade of inflammation [7, 8]. These data suggest an opportunity for the application of PG levels

when assessing patients with chronic gastritis [9]. It is important to note that certain variables,

such as race, age, sex, and H. pylori infection, also influence PG levels [10–12]. Thus, discrimi-

native baseline PG levels might vary by country of origin and should be recalculated, given

that several factors, including geographic area, also contribute to these levels. In combination

with H. pylori infection status as determined by IgG anti-H. pylori testing, ABC method is

widely used to classify the high and low risk for developing gastric cancer based on the combi-

nation of pepsinogens values and the H. pylori statusH. pylori-negative/PG-negative (group

A); H. pylori-positive/PG-negative (group B); H. pylori-positive/PG-positive (group C); and H.

pylori-negative/PG-positive (group D) [4]. The high-risk groups for developing gastric cancer

are groups C and D; PG-positive group as the marker of the presence of atrophic gastritis [4].

Age-standardized incidence rates (ASR) of gastric cancer are 5.3/100,000 and 5.7/100,000 for

South Asia and Southeast Asia, respectively (GLOBOCAN 2018 [available from: http://gco.

iarc.fr/]). South Asia includes Bangladesh and Nepal, which are considered countries at low

risk of gastric cancer, with ASRs of 5.2 and 6.3 per 100,000 population, respectively (GLOBO-

CAN 2018); as well as Bhutan, which is considered a high-risk country, with an ASR of 19.2/

100,000 population. On the other hand, Southeast Asia includes Indonesia and Thailand,

which are considered to be at low risk (ASR 1.2 and 3.6 per 100,000 population, respectively);

as well as Myanmar, which is an intermediate-risk country, with an ASR of 12.8/100,000

population.

Serum pepsinogen level had been reported to have many benefits in several populations,

including populations in Asia. Serum pepsinogen was useful for diagnostic tools of gastric
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cancer in India [13]. The similar benefit for gastric cancer screening was also reported in Ban-

gladesh, but validation is required [14]. Additionally, the serum PGI/II ratio also had a signifi-

cant association to the increasing risk of gastric cancer in Korean population [15]. In addition

to the benefit for the gastric cancer screening tools, serum pepsinogen was also had benefit in

the detecting H. pylori eradication status and gastric acidity. It is reported the PGI and PGI/II

ratio was showing good accuracy for determining gastric acidity status ranging from 80–93%

of analysed case. This benefit was improved after stratification of the H. pylori infection status

[16]. The PG values, especially PGI/II ratio was increased in the case of succesful treatment of

H. pylori eradication with an excellent diagnostic accuracy, suggesting the recovery of gastric

mucosal condition after eradication therapy. These data showing the benefit of serum PG val-

ues in several population, however those are only showing in only one contry. There is no data

in the multicountries approach. In this study, we analyzed the PG levels across participants

from six countries in South and Southeast Asia. We also calculated the best cutoff and predic-

tive values for discriminating chronic and atrophic gastritis based on PG levels.

Materials and methods

Study population

We conducted a cross-sectional study and enrolled patients to undergo an endoscopy exami-

nation on October to December 2014 in Surabaya, Indonesia; on February 2016 in Medan,

Indonesia; on January 2016 in Chiang Kong and Chiang Saen, Thailand; on August 2015 in

Ranong, Thailand; and on November 2014 in Dhaka, Bangladesh. Additionally, we used PG

data from Nepal, Myanmar, and Bhutan from our previous studies [17–19]. Our exclusion cri-

teria were individuals with a history of partial or total gastrectomy, nonfasted individuals, and

those with a contraindication for upper endoscopy examination. Our ethical committee in

each country only allowed us to take maximum two biopsies in cases of absence of gastric can-

cer. During the endoscopic examination procedure, we obtained two gastric biopsy specimens;

one from the lesser curvature of the antrum, approximately 3 cm from the pyloric ring, and

another from the greater curvature of the corpus. Those two specimens were used for the his-

tological examination. The clinical outcome for peptic ulcer diseases (PUD) and gastric adeno-

carcinoma was determined by endoscopic examination and was confirmed by histological

examination. Gastritis was determined based on the histological examination. We also col-

lected fasting serum on the day of the endoscopy, and the samples were stored at −20˚C. We

obtained written informed consent from all participants prior to study participation. The

study protocol was approved by the ethics committees of the Dr. Soetomo Teaching Hospital

(Surabaya, Indonesia), the H. Adam Malik Hospital (Medan, Indonesia), the Thammasat Uni-

versity (Pathum Thani, Thailand), the Bangladesh Medical Research Council (Dhaka, Bangla-

desh), and the Oita University Faculty of Medicine (Yufu, Japan).

Determination of H. pylori serology and PG levels

We separated the collected serum to measure H. pylori antibody titers and PG levels. We then

measured the anti-H. pylori IgG levels with an anti-H. pylori enzyme-linked immunosorbent

assay (ELISA) kit (Eiken, Co. Ltd., Tokyo, Japan), whereas the PGI and PGII levels were mea-

sured with a PG ELISA kit (Eiken, Co. Ltd.), following the manufacturer’s recommendation.

We considered participants were infected with H. pylori when the serum H. pylori antibody

titers were�10 U/mL, as recommended by the manufacturer. In addition, we classified the

participants with a PGI/II ratio�3.0 and PGI <70 ng/mL as PG positive, according to the cri-

teria of Miki [4]. According to those two values, we classified the participants into four groups:

H. pylori-negative/PG-negative (group A); H. pylori-positive/PG-negative (group B); H. pylori-
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positive/PG-positive (group C); and H. pylori-negative/PG-positive (group D), as previously

described and known as the ABC method [4].

Histology and immunohistochemistry

All the biopsy specimens were fixed in 10% buffered formalin prior to the histology examina-

tion and then were embedded in paraffin for section cutting. The cut sections were stained

with hematoxylin-eosin (HE) and May–Giemsa to determine the degree of gastritis and the H.

pylori infection status. The determination of inflammation, atrophy, degree of intestinal meta-

plasia (IM) and bacterial load density were classified into four grades according to the updated

Sydney system as 0, normal; 1, mild; 2, moderate; and 3, marked [20]. We considered samples

as positive for H. pylori when bacterial loads were�grade 1.

To increase the accuracy of H. pylori detection, we also performed an immunohistochemis-

try (IHC) examination, as previously described [21]. Briefly, after antigen retrieval and inacti-

vation of endogenous peroxidase activity, tissue sections were incubated with anti-α-H. pylori
antibody (DAKO, Glostrup, Denmark) overnight at 4˚C. After washing, the sections were

incubated with biotinylated goat anti-rabbit IgG (Nichirei Co., Tokyo, Japan), followed by

incubation with an avidin-conjugated horseradish peroxidase solution (Vectastain Elite ABC

Kit; Vector Laboratories Inc., Burlingame, CA, USA). Peroxidase activity was detected using

an H2O2/diaminobenzidine substrate solution. To minimize potential bias, the same experi-

enced pathologist (TU) who also performed the experiments for Myanmar, Vietnam, Bhutan,

Dominican Republic, and Indonesia [22–27] evaluated all the specimens in this study.

The topographically predominant gastritis was determined as follows: antral-predominant

gastritis was considered when the atrophic score in the antrum was greater than those atrophic

scores in the corpus; corpus-predominant gastritis was considered when the atrophic score in

the antrum was lower than atrophic scores in the corpus; pan-gastritis was considered when

the atrophic score was equal between the antrum and the corpus [28–30].

Gastric Cancer Risk Index and virulence factors

The Gastric Cancer Risk Index (GCRI) was assessed based on the modification of the original

Meining’s GCRI [31] in the study by Tanaka, et al. [32]. Briefly, there are five categories of

scoring, including antral atrophy, corporal atrophy, antral intestinal metaplasia (IM), corporal

IM, and distribution of chronic gastritis. Mild, moderate, and severe atrophy both in the

antrum and in the corpus were scored as 1, 2, and 3, respectively. The presence of IM was

scored as 1. As for the distribution of gastritis, antral predominant gastritis, pan-gastritis, and

corpus predominant gastritis were scored as 1, 2, and 3, respectively. The determination of

cagA and vacuolating cytotoxin A (vacA) status was performed by polymerase chain reaction

and sequencing, as previously described [33].

Data analyses

Discrete variables were tested using Pearson’s chi-squared test; the ordinal class variables were

tested with the Mann–Whitney U-test for two groups comparison and Kruskall-Wallis test for

more than 2 groups comparison. Correlations between PG levels and gastric mucosal inflam-

mation, atrophy, and H. pylori infection status were evaluated by Spearman’s rank coefficients

(r). The normality of the continuous variables was evaluated by the Shapiro–Wilk normality

test. Receiver-operating characteristic (ROC) curves were constructed to calculate the best cut-

off values, including the area under the curve (AUC), positive predictive value (PPV), negative

predictive value (NPV), and accuracy for discriminating H. pylori positivity, chronic gastritis,

and atrophic gastritis. A multivariate analysis was performed to determine the odds ratio (OR)
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for the highest gastric cancer index among the countries, considering confounding factors

including age, sex, and H. pylori infection. The entire statistical analysis was performed using

SPSS statistical software package version 23.0 (SPSS Inc., Chicago, IL, USA).

Results

Pepsinogens and H. pylori
The newly enrolled participants were 540 individuals, consisting of 227 females and 313 males,

with a median 44 years (range 13–92 years). The participants were from Surabaya (n = 70) and

Medan (n = 40), Indonesia; Chiang Kong (n = 100), Chiang Saen (n = 46), and Ranong

(n = 147), Thailand; and Dhaka (n = 130), Bangladesh. We also included previous PG data

from Nepal (n = 146) [18], Myanmar (n = 252) [19], and Bhutan (n = 371) [22]. There were 91

participants with PUDs, and 12 participants had gastric cancer who were analyzed separately.

All gastric cancer cases were advanced stage with adenocarcinoma. Finally, we analyzed 1,206

participants, comprising 548 females and 658 males, with a median age of 44 years (range 13–

88 years). Among these 1,206 participants, we found 302 individuals with no neutrophils,

monocyte infiltration, nor glandular atrophy on the antrum or corpus. Therefore, we defined

them as normal individuals. We found that the age, PGI, PGII and PGI/II levels were not nor-

mally distributed.

Table 1 shows the PG level based on sex and clinical outcome. We found that females had a

higher median PGI level, PGII level, and lower PGI/II ratio, but not statistically significant.

We found a significant positive correlation between age and PGI and PGII (r = 0.16 and

r = 0.15, respectively, both P< .001). The normal individuals had significantly lower PGI levels

than those with gastritis as well as individuals with PUD (53.1 ng/ml vs. 59.5 ng/ml and 66.6

ng/ml; P = .002 and P< .001, respectively). The PGII and PGI/II ratio of the normal individu-

als were significantly lower and higher, respectively, than were those of the individuals with

other clinical diagnoses (all P< .001). Overall, PGI and PGII levels were significantly higher in

individuals with H. pylori infection than in those without (61.8 ng/ml vs. 54.6 ng/ml and 17.9

Table 1. The pepsinogen level between gender and H. pylori infection status.

Variables N PGI (ng/ml) PGII (ng/ml) PGI/II ratio

Gender

Male 695 56.4 12.25 4.9

Female 614 59.8 12.85 4.7

Clinical Outcome

Normal 302 53.1��� 8.5�� 6.0��

Gastritis 904 59.5 14.2 4.4

PUD 91 66.6 19.1 4.0

Gastric Cancer 12 69.3 16.0 4.4

H. pylori status‡

Positive 530 61.8� 17.9� 3.5�

Negative 779 54.6 9.3 5.7

Data are shown as median. PUD; Peptic Ulcer Disease
‡) Determined by histology and IHC

�) P < 0.001 between H. pylori negative and H. pylori positive

��) P < 0.01 between normal and other clinical diagnosis

���) P<0.001 between normal and gastritis as well as PUD

PG: Pepsinogen

https://doi.org/10.1371/journal.pone.0230064.t001
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ng/ml vs. 9.3 ng/ml, both P< .001, respectively), whereas PGI/II levels were significantly

lower in individuals with H. pylori than they were in those without (3.5 vs. 5.7, P< .001).

When we used PG level to determine H. pylori positivity, the cutoff value of PGII was 12.35

(sensitivity, specificity, PPV, NPV, and accuracy: 77.5%, 65.8%, 58.4%, 82.4%, and 70.2%,

respectively), and the PGI/II ratio was 4.55 (sensitivity, specificity, PPV, NPV, and accuracy:

77.1%, 78.0%, 68.5%, 84.5%, and 77.6%, respectively) (S1 Table).

By using the cutoff value according to the manufacturer’s recommendations (positive

if� 10 U/mL), we observed the sensitivity, specificity, PPV, and NPV of the ELISA kit IgG for

H. pylori infection compared with the histology confirmed by IHC to determine positive and

negative groups (81.0%, 86.3%, 87.9.0%, and 78.6%, respectively), with an AUC of 0.910 (95%

confidence interval [CI] 0.893–0.927) (Fig 1). We observed that 105 (8.70%) patients had a

past H. pylori infection, determined by the positive anti-H. pylori result, but a negative result of

histology confirmed by IHC. We found no association between past infection status and PGI,

PGII, and PGI/II ratio (P = .851, P = .672, P = .356, respectively).

Pepsinogens and countries

Among the H. pylori-negative cases, we observed significant variations between country of ori-

gin and PGI, PGII, and PGI/II ratio (all P< .001, Fig 2). Individuals from Nepal had a higher

median PGI value than did individuals from Bhutan and Thailand (73.4 ng/ml vs. 52.5 ng/ml

and 55.2 ng/ml; P< .001 and P = .003, respectively). As for PGII values, individuals from

Nepal had significantly higher values than those from Indonesia, Myanmar, Thailand, and

Bangladesh (16.9 ng/ml vs. 9.5 ng/ml, 10.0 ng/ml, 11.8 ng/ml, and 12.8 ng/ml, respectively; all

P< .001). Individuals from Myanmar had the highest median value of PGI/II, and it was sig-

nificantly higher than that of individuals from other countries (6.8 vs. 3.8, 4.3, 4.6, 4.9, 5.8, and

6.8; all P< .001, Fig 2). The lowest median value of PGI/II was from Nepali participants,

which was only significantly lower the median value of PGI/II of participants from Indonesia

and Myanmar (both P< .001). Similar results were found among the individuals with H. pylori
infection based on culture and histological examination. The lowest PGI level was among the

participants from Bhutan, and individuals from Nepal had the highest PGII levels. PGI levels

were significantly lower in individuals from Bhutan than they were in those from Myanmar

and Thailand (56.9 vs. 69.2 and 79.2, P = .01 and P = .004, respectively; S2 Table).

Pepsinogens and chronic gastritis

Chronic gastritis was defined as when monocyte infiltration was�1 regardless of the location.

We found that PGI and PGII levels were significantly higher and PGI/II levels were signifi-

cantly lower in patients with chronic gastritis than in those without it (60.8 vs. 51.8, 14.8 vs.

8.5, and 4.2 vs. 5.9, respectively; all P< .001, Fig 3). When we analyzed only the patients who

were H. pylori-negative, we still observed the same trend in which PG I levels and the PG I/II

ratio were significantly higher and lower in individuals with chronic gastritis than they were in

those without (58.7 vs. 51.7 and 5.6 vs. 5.9, P = .04 and P = .01, respectively). There was no

association between PG levels and predominant gastritis type.

When we considered a monocyte infiltration score�1 as positive for chronic gastritis, the

best cutoff value of PG I/II for discriminating chronic gastritis was 4.85 (sensitivity, specificity,

PPV, NPV, and accuracy: 63.4%; 75.6%; 83.9%; 50.8%; and 67.5%, respectively) with an AUC

of 0.743 (95% CI 0.716–0.771) (S1 Table). When we used PG level as a test for moderate-severe

gastritis, we classified those patients with an inflammation score >2 as the positive group and

those without chronic gastritis as the negative group. The best cutoff value of PG I/II for identi-

fying those with chronic gastritis was 4.65, with a sensitivity, specificity, PPV, and NPV of
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76.9%, 84.1%, 81.2%, and 80.4%, respectively. The overall accuracy was 80.7%, with an AUC of

0.882 (95% CI 0.857–0.907) (S1 Table).

Pepsinogens and atrophic gastritis

Compared to individuals with nonatrophic gastritis, those with atrophic gastritis had signifi-

cantly higher PGII levels and lower PGI/II ratio (14.7 ng/ml vs. 9.1 ng/ml and 4.2 vs. 5.7; P<
.001 and P = .001, respectively) (Fig 4). However, when we analyzed only H. pylori-negative

samples, the PG I/II ratio was significantly lower in cases of atrophic than nonatrophic gastritis

Fig 1. Receiver-operating characteristic (ROC) curve for determining the optimal cutoff of IgG for H. pylori infection

compared to histology confirmed by IHC. Sensitivity, specificity, PPV, and NPV were 81.0%, 86.3%, 87.9%, and 78.6%,

respectively.

https://doi.org/10.1371/journal.pone.0230064.g001
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(6.0 vs. 5.4, P< .001). In addition, we observed a significant negative correlation between the

PG I/II ratio and the degree of atrophy both in the antrum and corpus (P< .001, r = −0.13 and

Fig 2. The pepsinogen level of H. pylori negative individuals by country. Bhutan was country with lowest PGI and PGI/II ratio values, Nepal was country with the

highest PGII value.

https://doi.org/10.1371/journal.pone.0230064.g002

Fig 3. The pepsinogen level and chronic gastritis status. The PGI and PGII were significantly higher, whereas PGI/II ratio was significantly lower in the individuals

with chronic gastritis than non-chronic gastritis one.

https://doi.org/10.1371/journal.pone.0230064.g003
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P< .01, r = −0.29, respectively). Finally, those patients with antral predominant atrophic gas-

tritis had significantly lower PGII median values than those with panatrophic gastritis (P =

.002, Table 2), whereas the PG I/II level of those with antral predominant atrophic gastritis

had significantly higher median PGI/II ratio than those with corporal and panatrophic gastritis

(both P< .001, Table 2).

When we used the Miki criteria to define PG-positive status (PGI/II ratio� 3.0 and

PGI� 70 ng/ml), we found that the overall prevalence of PG-positive individuals was very low

(10.6%, 128 of 1206) compared with the histological observations (58.6%, 707 of 1,206). As

expected, when we used both PG I/II ratios�3.0 and PGI�70 ng/ml for atrophic scores�1,

the sensitivity, specificity, PPV, NPV, and accuracy were 15.9%, 96.9%, 89.3%, 44.9%, and

49.5%, respectively. Regarding the low sensitivity of the Miki criteria, we determined the best

cutoff value of PGI, PGII, and the PG I/II ratio with a ROC curve analysis. The AUCs for the

PGI, PGII, and PGI/II ratio discriminating an atrophy score�1 were 0.527 (95% CI 0.493–

0.568), 0.664 (95% CI 0.633–0.696), and 0.718 (95% CI 0.689–0.747), respectively. The optimal

cutoff values for the PGII and PGI/II ratio for discriminating an atrophy score�1 were 10.35

ng/mL for PGII (sensitivity 72.6% and specificity 56.9%, PPV 70.5%, NPV 59.4%, and accuracy

Fig 4. The pepsinogen level and gastritis atrophy status. The PGII was significantly higher and PGI/II ratio was significantly lower in the individuals with gastritis

atrophy than non-gastritis atrophy one.

https://doi.org/10.1371/journal.pone.0230064.g004

Table 2. The pepsinogen level by the predominant atrophic gastritis type.

Pepsinogen level (median) Predominant Atrophic Gastritis

Antral Corporal Pangastritis

PGI (ng/ml) 57.4 52 60.7

PGII (ng/ml) 13.9� 16.2 18.0

PGI/II ratio 4.4�� 3.2 3.4

�) Significantly lower pan-atrophic gastritis individuals

��) Significantly higher than corporal and pan-atrophic gastritis individuals

https://doi.org/10.1371/journal.pone.0230064.t002
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66.1%) and 4.95 for PGI/II (sensitivity 66.2%, specificity 67.5%, PPV 74.3%, NPV 58.5%, and

accuracy 66.8%) (S1 Table).

Finally, we considered patients with any inflammation and atrophy as having an abnormal

observation, and individuals without any abnormality were considered as normal individuals.

We observed that PGI and PGII levels were higher and PG I/II ratios were lower among those

patients observed with a gastric abnormality than they were among normal individuals (all P
< .001) (Fig 5).

Pepsinogens and the ABC method

A comparison of the ABC method between the countries is presented in Table 3. By using

�10 U/mL for H. pylori infection status combined with PGI�70 ng/mL and a PGI/II ratio�3

for PG positivity, we determined the distribution of the four groups in each country according

to the ABC method as proposed by Miki [4]. Overall, group A (683 of 1,206, 56.6%) was the

most predominant, followed by group B (395 of 1,206, 32.7%), group C (94 of 1,206, 7.8%),

and group D (34 of 1,206, 2.8%). There was a statistically significant difference in the distribu-

tion of the ABC classification between countries (P< .001). As the ABC group had an associa-

tion to the incidence of AG, we calculate the OR of AG presence for each group. The odds of

group B, C and D for AG were 6.67, 22.16 and 4.19 fold higher than group A, respectively

(95%CI: 4.95–8.96; 9.55–51.38; 1.92–9.13, respectively).

As expected, Bhutan had the highest proportion of group C individuals and the lowest pro-

portion of group A individuals compared with those from other countries. In agreement with

gastric cancer risk based on GLOBOCAN 2018 data, Indonesia (ASR 1.5/100,000) had the

highest proportion of group A individuals and the lowest proportion of group C individuals

(83.9% and 1.9%, respectively). Interestingly, Bangladesh had a considerably high percentage

of group D individuals (5.6%), even though it was categorized as a low-risk gastric cancer

country in GLOBOCAN 2018.

The Pepsinogens, Gastric Cancer Risk Index, and virulence factor

There was no significant mean GCRI score difference between sexes (Table 4). We observed a

significant positive and negative correlation between PGII level, PGI/II ratio, and GCRI index

(r = 0.267 and r = −0.378, all P< .001, respectively). Bhutan had the highest GCRI index

(mean [median] 2.4 [2]), and it was significantly higher than the rest of the countries (all P<
.001). Bhutan, Nepal, and Bangladesh had higher odds of presenting a high GCRI index than

did Indonesia (OR 8.55, OR 1.70, and OR 1.66, respectively). After adjusting for age, sex, and

H. pylori infection status, Bhutan had a 6.9-fold higher odds of presenting a high GCRI index

(95% CI 4.38–10.86, P< .001) than Indonesia.

In addition, we analyzed the association between H. pylori virulence factors and PG levels.

We observed that the distribution of the CagA type was different in each country. Bangladesh,

Myanmar, Nepal, and Thailand were countries with predominantly Western-type CagA,

whereas Bhutan and Indonesia were countries with predominantly East-Asian-type CagA

(Table 5). We observed that PGI levels were higher in individuals with Western-type CagA

than in those with the East-Asian-type CagA (63.2 vs. 58.7, P = .046), whereas the PGI/II ratio

was significantly lower in those with East-Asian type CagA than in those with the Western-

type CagA (3.4 vs. 3.6, P = .015) (Fig 6). As for the vacA genotype, we did not find any associa-

tion between vacA genotype and PG levels (P> .05).
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Discussion

This study employed a multicountry approach to analyze the serum PG levels of individuals

from six countries in the South Asia and Southeast Asia regions to assess correlations between

PGs and gastroduodenal abnormalities. We also calculated the best cutoff values to predict the

presence of chronic and atrophic gastritis based on PG levels. We observed that both PGI and

PGII levels were significantly higher in the individuals infected with H. pylori than in those

who were not. In addition, the PGI/II ratio of infected individuals was significantly lower than

it was those patients who were not infected. The negative correlation of PGI/II with H. pylori
positivity despite a positive correlation between both PGI and PGII with H. pylori infection

was attributed to increasing PGII levels instead of decreasing PGI levels. This phenomenon

was also supported by the higher correlation coefficient of PGII compared with that of PGI.

Our finding is in concordance with that of previous studies which mentioned increasing PGII

levels along with increasing severity of gastric mucosa inflammation [7, 34]. Additionally,

increasing serum PGII was reported as a common observation with active H. pylori infection,

which might be a result of hyperacidic conditions in the stomach [35]. In concordance with

Fig 5. The pepsinogen level and the gastric abnormality. The gastric abnormality was assessed as any gastric mucosal changes either neutrophil and monocyte

infiltration, gland atrophy or intestinal metaplasia. We observed the PGI and PGII was significantly higher and PGI/II ratio was significantly lower in individual with

gastric abnormality than normal one.

https://doi.org/10.1371/journal.pone.0230064.g005

Table 3. Distribution of ABC method by the countries.

Country n The ABC Classification (%)

Group A Group B Group C Group D

Bangladesh 126 80 (63.5) 33 (26.2) 6 (4.8) 7 (5.6)

Bhutan 324 95 (29.3) 167 (51.6) 55 (16.9) 7 (2.2)

Indonesia 106 89 (83.9) 14 (13.2) 2 (1.9) 1 (0.9)

Myanmar 239 149 (62.3) 80 (33.5) 5 (2.1) 5 (2.1)

Nepal 128 71 (55.5) 42 (32.8) 11 (8.6) 4 (3.1)

Thailand 283 199 (70.3) 59 (20.9) 15 (5.3) 10 (3.5)

https://doi.org/10.1371/journal.pone.0230064.t003
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previous studies, our study also showed that increasing age was significantly associated with

increased PGI and PGII levels [36, 37]. However, the increase in PG might not be affected by

age alone, but might also be influenced by factors such as gastric inflammation and atrophic

gastritis [37]. These findings showed the PG levels were strongly influenced by many factors

including increasing age, gastric condition and even the different gender, suggesting the inter-

pretation PG level need to consider those factors and adjustment by age and sex is necessary.

Our study showed that all PG levels, including PGI, PGII, and the PGI/II ratio were signifi-

cantly different between individuals with and without chronic gastritis. However, when we

analyzed only H. pylori-negative individuals, only PGI and PGI/II were significantly higher

and lower in those patients with chronic gastritis than in those without it, respectively. These

findings suggest that the PGI/II ratio might be a potential biomarker for determining chronic

gastritis even in the absence of H. pylori, which is a main risk factor for chronic gastritis. This

result is supported by that of a previous study that also reported that the PGI/II ratio was a use-

ful biomarker for chronic gastritis [38]. Interestingly, the PGI/II ratio was more reliable in dis-

criminating moderate-severe chronic gastritis than cases of mild gastritis, as shown by a better

AUC value in moderate-severe chronic gastritis.

Our analysis of the association between PG values and atrophic gastritis showed that PGII

and PGI/II were significantly affected by atrophic gastritis. However, when we analyzed only

patients who were H. pylori-negative, only the PGI/II ratio showed a significantly lower result

in patients with atrophic gastritis. This finding suggests that in determining atrophic gastritis

cases, the PGI/II ratio might be a more reliable biomarker compared with PGI or PGII alone.

Similar to this result, a previous study has also reported the reliability of the PGI/II ratio as an

Table 4. Gastric Cancer Risk Index among countries.

Characteristic n GCRI Score Mean [median]

1 2 3 4 5 6 7 8 9

Total 1206 94 599 298 120 58 24 11 1 1 2.64 [2]

Gender

Male 658 47 265 135 59 27 11 3 0 1 2.64 [2]

Female 548 47 334 163 61 31 13 8 1 0 2.65 [2]

Country

Bangladesh 126 12 68 33 10 1 2 0 0 0 2.41 [2]

Bhutan 324 9 73 115 66 39 13 7 1 1 3.40 [3]

Indonesia 106 10 74 14 5 2 1 0 0 0 2.22 [2]

Myanmar 239 37 123 54 13 6 4 2 0 0 2.36 [2]

Nepal 128 10 72 33 9 2 1 1 0 0 2.43 [2]

Thailand 283 16 189 49 17 8 3 1 0 0 2.38 [2]

https://doi.org/10.1371/journal.pone.0230064.t004

Table 5. Distribution of CagA type based on countries.

Country n CagA Type (%)

East-Asian type Western type

Bangladesh 45 0 (0.0) 45 (100)

Bhutan 201 186 (92.5) 15 (7.5)

Indonesia 9 8 (88.8) 1 (11.1)

Myanmar 63 5 (7.9) 58 (92.0)

Nepal 41 3 (7.3) 38 (92.7)

Thailand 67 29 (43.2) 38 (56.7)

https://doi.org/10.1371/journal.pone.0230064.t005
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atrophic gastritis biomarker [39]. Spearman’s rank correlation test showed that there were sig-

nificant negative correlations between the PGI/II ratio and the degree of atrophy; in other

words, the higher the atrophic score, the lower the PGI/II ratio value. This result is in concor-

dance with a previous study that reported that as the atrophic degree increases, the accompa-

nying PGII increase will be more prominent while the PGI level will decrease, leading to a

significant decrease in the PGI/II ratio [40, 41]. This finding suggested the most beneficial of

PG in the detection of atrophic gastritis is the PGI/II ratio value.

We also analyzed gastric cancer risk by using the GCRI index. Our results showed that out

of six countries, individuals from Bhutan and Indonesia had the highest and the lowest risk of

developing gastric cancer, respectively. This finding was in concordance with the gastric can-

cer ASR reported in Bhutan of 24.2 in men and 13.5 in women per 100,000 population (GLO-

BOCAN 2018, http://gco.iarc.fr/). On the other hand, the ASR of gastric cancer in Indonesia

was low (1.2/100,000 population), and was possibly the lowest worldwide (GLOBOCAN 2018,

http://gco.iarc.fr/). Therefore, our study has shown that the GCRI index might be a valuable

tool for assessing gastric cancer risk. However, a validation of the GCRI in various populations

and geographical areas is still necessary.

cagA is widely known as one of the most important virulence factors for H. pylori and is

strongly associated with the development of gastric mucosal inflammation [42, 43]. Our study

revealed that patients infected with East Asian-type CagA had significantly lower PGI/II ratio

compared with those infected by Western-type CagA. East Asian-type CagA has been reported

to be more virulent than Western-type CagA due to greater binding to the Src homology 2

domain-containing protein tyrosine phosphatase 2 [44]; thus, it has ability to generate more

severe gastric mucosal inflammation and is also associated with the development of atrophic

gastritis and gastric cancer and it is described as lower PGI/II ratio value. Therefore, our result

confirms the fact that the cagA genotype, especially the East-Asian type CagA, plays an impor-

tant role for inducing more damage in the gastric epithelial cell of individuals infected with H.

pylori.
Finally, we understand that PGI or PGII levels alone might not be sufficient to distinguish

between gastric diseases, such as chronic gastritis and atrophic gastritis. The levels of PGI and

Fig 6. The association between pepsinogen levels between different CagA type. Individuals infected by western type CagA type showed significantly higher PGI than

East-Asian one. Individuals infected by East-Asian CagA type were significantly lower PGI/II than western type one.

https://doi.org/10.1371/journal.pone.0230064.g006
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PGII might be affected by many factors, such as race, age, sex, geographic area, and lifestyle

[10, 12], resulting in inconsistent association with these diseases. However, our results have

shown that the PGI/II ratio was significantly reduced in cases of gastric diseases such as

chronic gastritis, atrophic gastritis, and H. pylori infection. Therefore, the PGI/II ratio might

be a more reliable biomarker to help clinicians distinguish between various gastric diseases. In

addition, even the PG levels had good advantage in the gastric cancer screening, our study

population mostly dominated by gastritis case and the sample size is considerably low for the

multi-country approach study. Therefore, further study with an increasing sample size, espe-

cially for gastric cancer case is necessary.

Conclusions

PG showed benefits as a gastric mucosal change biomarker for gastric diseases, including

chronic gastritis and atrophic gastritis, but it needs to be applied with caution. Population-

based validation is necessary to determine the best cutoff points. Among all PG values, the

PGI/II ratio appears to be the most reliable value as a gastric mucosal change biomarker.

Supporting information

S1 Table. Performance parameters of serum pepsinogen values to distinguish different dis-

ease groups.

(DOCX)

S2 Table. The characteristic of PG levels between countries on the H. pylori infected indi-

viduals.

(DOCX)

Author Contributions

Conceptualization: Langgeng Agung Waskito, Yoshio Yamaoka.

Data curation: Langgeng Agung Waskito.

Formal analysis: Langgeng Agung Waskito, Dalla Doohan.

Methodology: Hafeza Aftab, Ratha-korn Vilaichone, Phawinee Subsomwong, Iswan Abbas

Nusi, Ari Fahrial Syam, Thawee Ratanachu-ek, Gontar Siregar, Yudith Annisa Ayu

Rezkitha, Kartika Afrida Fauzia, Varocha Mahachai, Yoshio Yamaoka.

Resources: Hafeza Aftab, Ratha-korn Vilaichone, Phawinee Subsomwong, Iswan Abbas Nusi,

Ari Fahrial Syam, Thawee Ratanachu-ek, Dalla Doohan, Gontar Siregar, Yudith Annisa

Ayu Rezkitha, Kartika Afrida Fauzia, Varocha Mahachai, Yoshio Yamaoka.

Writing – original draft: Langgeng Agung Waskito, Dalla Doohan, Kartika Afrida Fauzia.

Writing – review & editing: Muhammad Miftahussurur, Langgeng Agung Waskito, Yoshio

Yamaoka.

References
1. Kuipers EJ. Review article: exploring the link between Helicobacter pylori and gastric cancer. Alimentary

pharmacology & therapeutics. 1999;13 Suppl 1:3–11. https://doi.org/10.1046/j.1365-2036.1999.00002.

x PMID: 10209681.

2. Correa P, Piazuelo MB, Camargo MC. The future of gastric cancer prevention. Gastric Cancer. 2004; 7

(1):9–16. https://doi.org/10.1007/s10120-003-0265-0 PMID: 15052434.

PLOS ONE Serum pepsinogen in South and Southeast Asia

PLOS ONE | https://doi.org/10.1371/journal.pone.0230064 April 9, 2020 14 / 17

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0230064.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0230064.s002
https://doi.org/10.1046/j.1365-2036.1999.00002.x
https://doi.org/10.1046/j.1365-2036.1999.00002.x
http://www.ncbi.nlm.nih.gov/pubmed/10209681
https://doi.org/10.1007/s10120-003-0265-0
http://www.ncbi.nlm.nih.gov/pubmed/15052434
https://doi.org/10.1371/journal.pone.0230064


3. Carpenter HA, Talley NJ. Gastroscopy is incomplete without biopsy: clinical relevance of distinguishing

gastropathy from gastritis. Gastroenterology. 1995; 108(3):917–24. https://doi.org/10.1016/0016-5085

(95)90468-9 PMID: 7875496.

4. Miki K. Gastric cancer screening by combined assay for serum anti-Helicobacter pylori IgG antibody

and serum pepsinogen levels—"ABC method". Proc Jpn Acad Ser B Phys Biol Sci. 2011; 87(7):405–

14. https://doi.org/10.2183/pjab.87.405 PMID: 21785258; PubMed Central PMCID: PMC3171284.

5. Samloff IM. Pepsinogens I and II: purification from gastric mucosa and radioimmunoassay in serum.

Gastroenterology. 1982; 82(1):26–33. PMID: 7053333.

6. Gritti I, Banfi G, Roi G. Pepsinogens: physiology, pharmacology pathophysiology and exercise. Phar-

macological Research. 2000; 41(3):265–81. https://doi.org/10.1006/phrs.1999.0586 PMID: 10675278

7. Kiyohira K, Yoshihara M, Ito M, Haruma K, Tanaka S, Chayama K. Serum pepsinogen concentration as

a marker of Helicobacter pyloriinfection and the histologic grade of gastritis; evaluation of gastric

mucosa by serum pepsinogen levels. Journal of gastroenterology. 2003; 38(4):332–8. Epub 2003/05/

14. https://doi.org/10.1007/s005350300060 PMID: 12743772.

8. Miftahussurur M, Nusi IA, Akil F, Syam AF, Wibawa IDN, Rezkitha YAA, et al. Gastric mucosal status in

populations with a low prevalence of Helicobacter pylori in Indonesia. PloS one. 2017; 12(5):e0176203.

Epub 2017/05/04. https://doi.org/10.1371/journal.pone.0176203 PMID: 28463979; PubMed Central

PMCID: PMC5413002.

9. Miki K. Gastric cancer screening using the serum pepsinogen test method. Gastric cancer. 2006; 9

(4):245–53. https://doi.org/10.1007/s10120-006-0397-0 PMID: 17235625

10. Ang TL, Fock KM, Dhamodaran S, Teo EK, Tan J. Racial differences in Helicobacter pylori, serum pep-

sinogen and gastric cancer incidence in an urban Asian population. Journal of gastroenterology and

hepatology. 2005; 20(10):1603–9. https://doi.org/10.1111/j.1440-1746.2005.03898.x PMID: 16174081.

11. Bornschein J, Selgrad M, Wex T, Kuester D, Malfertheiner P. Serological assessment of gastric muco-

sal atrophy in gastric cancer. BMC Gastroenterol. 2012; 12:10. https://doi.org/10.1186/1471-230X-12-

10 PMID: 22289789; PubMed Central PMCID: PMC3280182.

12. Kikuchi S, Inaba Y, Wada O, Miki K, Tenjin H, Kaneko E, et al. The association of smoking and drinking

habits with serum pepsinogens. International journal of epidemiology. 1995; 24(2):346–53. Epub 1995/

04/01. https://doi.org/10.1093/ije/24.2.346 PMID: 7635595.

13. Parthasarathy G, Maroju NK, Kate V, Ananthakrishnan N, Sridhar MG. Serum pepsinogen I and II levels

in various gastric disorders with special reference to their use as a screening test for carcinoma stom-

ach. Trop Gastroenterol. 2007; 28(4):166–70. PMID: 18416347.

14. Begum A, Baten MA, Begum Z, Ahsan MM, Rahman SF, Chowdhury F, et al. Role of Serum Pepsino-

gen I and II Ratio in Screening of Gastric Carcinoma. Mymensingh Med J. 2017; 26(3):628–34. PMID:

28919620.

15. Cho JH, Jeon SR, Kim HG, Jin SY, Park S. The serum pepsinogen levels for risk assessment of gastric

neoplasms: New proposal from a case-control study in Korea. Medicine (Baltimore). 2017; 96(29):

e7603. https://doi.org/10.1097/MD.0000000000007603 PMID: 28723806; PubMed Central PMCID:

PMC5521946.

16. Iijima K, Koike T, Abe Y, Shimosegawa T. Cutoff serum pepsinogen values for predicting gastric acid

secretion status. Tohoku J Exp Med. 2014; 232(4):293–300. https://doi.org/10.1620/tjem.232.293

PMID: 24717778.

17. Shiota S, Mahachai V, Vilaichone RK, Ratanachu-ek T, Tshering L, Uchida T, et al. Seroprevalence of

Helicobacter pylori infection and gastric mucosal atrophy in Bhutan, a country with a high prevalence of

gastric cancer. Journal of medical microbiology. 2013; 62(Pt 10):1571–8. https://doi.org/10.1099/jmm.

0.060905-0 PMID: 23831768; PubMed Central PMCID: PMC3799224.

18. Syam AF, Miftahussurur M, Uwan WB, Simanjuntak D, Uchida T, Yamaoka Y. Validation of Urine Test

for Detection of Helicobacter pylori Infection in Indonesian Population. Biomed Res Int. 2015;

2015:152823. https://doi.org/10.1155/2015/152823 PMID: 26824034; PubMed Central PMCID:

PMC4707432.

19. Myint T, Shiota S, Vilaichone RK, Ni N, Aye TT, Matsuda M, et al. Prevalence of Helicobacter pylori

infection and atrophic gastritis in patients with dyspeptic symptoms in Myanmar. World journal of gastro-

enterology. 2015; 21(2):629–36. Epub 2015/01/22. https://doi.org/10.3748/wjg.v21.i2.629 PMID:

25605987; PubMed Central PMCID: PMC4296025.

20. Dixon M, Genta R, Yardley J, Correa P. Classification and grading of gastritis. The updated Sydney

System. International Workshop on the Histopathology of Gastritis, Houston 1994. Am J Surg Pathol.

1996; 20(10):1161–81. https://doi.org/10.1097/00000478-199610000-00001 PMID: 8827022.

21. Uchida T, Kanada R, Tsukamoto Y, Hijiya N, Matsuura K, Yano S, et al. Immunohistochemical diagno-

sis of the cagA-gene genotype of Helicobacter pylori with anti-East Asian CagA-specific antibody. Can-

cer science. 2007; 98(4):521–8. https://doi.org/10.1111/j.1349-7006.2007.00415.x PMID: 17284255.

PLOS ONE Serum pepsinogen in South and Southeast Asia

PLOS ONE | https://doi.org/10.1371/journal.pone.0230064 April 9, 2020 15 / 17

https://doi.org/10.1016/0016-5085(95)90468-9
https://doi.org/10.1016/0016-5085(95)90468-9
http://www.ncbi.nlm.nih.gov/pubmed/7875496
https://doi.org/10.2183/pjab.87.405
http://www.ncbi.nlm.nih.gov/pubmed/21785258
http://www.ncbi.nlm.nih.gov/pubmed/7053333
https://doi.org/10.1006/phrs.1999.0586
http://www.ncbi.nlm.nih.gov/pubmed/10675278
https://doi.org/10.1007/s005350300060
http://www.ncbi.nlm.nih.gov/pubmed/12743772
https://doi.org/10.1371/journal.pone.0176203
http://www.ncbi.nlm.nih.gov/pubmed/28463979
https://doi.org/10.1007/s10120-006-0397-0
http://www.ncbi.nlm.nih.gov/pubmed/17235625
https://doi.org/10.1111/j.1440-1746.2005.03898.x
http://www.ncbi.nlm.nih.gov/pubmed/16174081
https://doi.org/10.1186/1471-230X-12-10
https://doi.org/10.1186/1471-230X-12-10
http://www.ncbi.nlm.nih.gov/pubmed/22289789
https://doi.org/10.1093/ije/24.2.346
http://www.ncbi.nlm.nih.gov/pubmed/7635595
http://www.ncbi.nlm.nih.gov/pubmed/18416347
http://www.ncbi.nlm.nih.gov/pubmed/28919620
https://doi.org/10.1097/MD.0000000000007603
http://www.ncbi.nlm.nih.gov/pubmed/28723806
https://doi.org/10.1620/tjem.232.293
http://www.ncbi.nlm.nih.gov/pubmed/24717778
https://doi.org/10.1099/jmm.0.060905-0
https://doi.org/10.1099/jmm.0.060905-0
http://www.ncbi.nlm.nih.gov/pubmed/23831768
https://doi.org/10.1155/2015/152823
http://www.ncbi.nlm.nih.gov/pubmed/26824034
https://doi.org/10.3748/wjg.v21.i2.629
http://www.ncbi.nlm.nih.gov/pubmed/25605987
https://doi.org/10.1097/00000478-199610000-00001
http://www.ncbi.nlm.nih.gov/pubmed/8827022
https://doi.org/10.1111/j.1349-7006.2007.00415.x
http://www.ncbi.nlm.nih.gov/pubmed/17284255
https://doi.org/10.1371/journal.pone.0230064


22. Vilaichone RK, Mahachai V, Shiota S, Uchida T, Ratanachu-ek T, Tshering L, et al. Extremely high

prevalence of Helicobacter pylori infection in Bhutan. World journal of gastroenterology. 2013; 19

(18):2806–10. Epub 2013/05/21. https://doi.org/10.3748/wjg.v19.i18.2806 PMID: 23687418; PubMed

Central PMCID: PMC3653155.

23. Shiota S, Murakami K, Fujioka T, Yamaoka Y. Population-based strategies for Helicobacter pylori-asso-

ciated disease management: a Japanese perspective. Expert review of gastroenterology & hepatology.

2010; 4(2):149–56. https://doi.org/10.1586/egh.10.7 PMID: 20350262; PubMed Central PMCID:

PMC2896743.

24. Shiota S, Cruz M, Abreu JA, Mitsui T, Terao H, Disla M, et al. Virulence genes of Helicobacter pylori in

the Dominican Republic. Journal of medical microbiology. 2014; 63(Pt 9):1189–96. https://doi.org/10.

1099/jmm.0.075275-0 PMID: 24965801; PubMed Central PMCID: PMC4140083.

25. Nguyen TL, Uchida T, Tsukamoto Y, Trinh DT, Ta L, Mai BH, et al. Helicobacter pylori infection and gas-

troduodenal diseases in Vietnam: a cross-sectional, hospital-based study. BMC gastroenterology.

2010; 10:114. https://doi.org/10.1186/1471-230X-10-114 PMID: 20920280; PubMed Central PMCID:

PMC2959090.

26. Nguyen LT, Uchida T, Tsukamoto Y, Trinh TD, Ta L, Mai HB, et al. Clinical relevance of cagPAI

intactness in Helicobacter pylori isolates from Vietnam. European journal of clinical microbiology &

infectious diseases: official publication of the European Society of Clinical Microbiology. 2010; 29

(6):651–60. https://doi.org/10.1007/s10096-010-0909-z PMID: 20372956; PubMed Central PMCID:

PMC3137892.

27. Miftahussurur M, Shiota S, Suzuki R, Matsuda M, Uchida T, Kido Y, et al. Identification of Helicobacter

pylori infection in symptomatic patients in Surabaya, Indonesia, using five diagnostic tests. Epidemiol-

ogy and infection. 2015; 143(5):986–96. https://doi.org/10.1017/S095026881400154X PMID:

25034254.

28. Bodger K, Wyatt JI, Heatley RV. Variation in serum pepsinogens with severity and topography of Helico-

bacter pylori-associated chronic gastritis in dyspeptic patients referred for endoscopy. Helicobacter.

2001; 6(3):216–24. https://doi.org/10.1046/j.1523-5378.2001.00031.x PMID: 11683924.

29. Capurso G, Carnuccio A, Lahner E, Panzuto F, Baccini F, Delle Fave G, et al. Corpus-predominant gas-

tritis as a risk factor for false-negative 13C-urea breath test results. Alimentary pharmacology & thera-

peutics. 2006; 24(10):1453–60. https://doi.org/10.1111/j.1365-2036.2006.03143.x PMID: 17032284.

30. Uchida T, Miftahussurur M, Pittayanon R, Vilaichone RK, Wisedopas N, Ratanachu-Ek T, et al. Helico-

bacter pylori Infection in Thailand: A Nationwide Study of the CagA Phenotype. PloS one. 2015; 10(9):

e0136775. https://doi.org/10.1371/journal.pone.0136775 PMID: 26355839; PubMed Central PMCID:

PMC4565646.

31. Meining A, Bayerdorffer E, Muller P, Miehlke S, Lehn N, Holzel D, et al. Gastric carcinoma risk index in

patients infected with Helicobacter pylori. Virchows Archiv: an international journal of pathology. 1998;

432(4):311–4. https://doi.org/10.1007/s004280050171 PMID: 9565339.

32. Tanaka A, Kamada T, Inoue K, Shiotani A, Kusunoki H, Manabe N, et al. Histological evaluation of

patients with gastritis at high risk of developing gastric cancer using a conventional index. Pathology,

research and practice. 2011; 207(6):354–8. https://doi.org/10.1016/j.prp.2011.03.001 PMID:

21664555.

33. Miftahussurur M, Syam AF, Makmun D, Nusi IA, Zein LH, Zulkhairi, et al. Helicobacter pylori virulence

genes in the five largest islands of Indonesia. Gut pathogens. 2015; 7:26. https://doi.org/10.1186/

s13099-015-0072-2 PMID: 26442711; PubMed Central PMCID: PMC4594740.

34. Kuipers EJ, Pals G, Pena AS, van Uffelen CW, Kok A, Westerveld BD, et al. Helicobacter pylori, pepsin-

ogens and gastrin: relationship with age and development of atrophic gastritis. European journal of

gastroenterology & hepatology. 1996; 8(2):153–6. Epub 1996/02/01. https://doi.org/10.1097/00042737-

199602000-00012 PMID: 8723421.

35. Lee SY. Endoscopic gastritis, serum pepsinogen assay, and Helicobacter pylori infection. The Korean

journal of internal medicine. 2016; 31(5):835–44. Epub 2016/09/09. https://doi.org/10.3904/kjim.2016.

166 PMID: 27604795; PubMed Central PMCID: PMC5016293.

36. Huang RG, Xiao HL, Zhou B, Song XH, Zhang J, Wang CM, et al. Serum Pepsinogen Levels Are Corre-

lated With Age, Sex and the Level of Helicobacter pylori Infection in Healthy Individuals. The American

journal of the medical sciences. 2016; 352(5):481–6. Epub 2016/11/21. https://doi.org/10.1016/j.

amjms.2016.08.005 PMID: 27865295.

37. Pilotto A, Vianello F, Di Mario F, Plebani M, Farinati F, Azzini CF. Effect of age on gastric acid, pepsin,

pepsinogen group A and gastrin secretion in peptic ulcer patients. Gerontology. 1994; 40(5):253–9.

Epub 1994/01/01. https://doi.org/10.1159/000213593 PMID: 7959081.

38. Yamaji Y, Mitsushima T, Ikuma H, Okamoto M, Yoshida H, Kawabe T, et al. Inverse background of Heli-

cobacter pylori antibody and pepsinogen in reflux oesophagitis compared with gastric cancer: analysis

PLOS ONE Serum pepsinogen in South and Southeast Asia

PLOS ONE | https://doi.org/10.1371/journal.pone.0230064 April 9, 2020 16 / 17

https://doi.org/10.3748/wjg.v19.i18.2806
http://www.ncbi.nlm.nih.gov/pubmed/23687418
https://doi.org/10.1586/egh.10.7
http://www.ncbi.nlm.nih.gov/pubmed/20350262
https://doi.org/10.1099/jmm.0.075275-0
https://doi.org/10.1099/jmm.0.075275-0
http://www.ncbi.nlm.nih.gov/pubmed/24965801
https://doi.org/10.1186/1471-230X-10-114
http://www.ncbi.nlm.nih.gov/pubmed/20920280
https://doi.org/10.1007/s10096-010-0909-z
http://www.ncbi.nlm.nih.gov/pubmed/20372956
https://doi.org/10.1017/S095026881400154X
http://www.ncbi.nlm.nih.gov/pubmed/25034254
https://doi.org/10.1046/j.1523-5378.2001.00031.x
http://www.ncbi.nlm.nih.gov/pubmed/11683924
https://doi.org/10.1111/j.1365-2036.2006.03143.x
http://www.ncbi.nlm.nih.gov/pubmed/17032284
https://doi.org/10.1371/journal.pone.0136775
http://www.ncbi.nlm.nih.gov/pubmed/26355839
https://doi.org/10.1007/s004280050171
http://www.ncbi.nlm.nih.gov/pubmed/9565339
https://doi.org/10.1016/j.prp.2011.03.001
http://www.ncbi.nlm.nih.gov/pubmed/21664555
https://doi.org/10.1186/s13099-015-0072-2
https://doi.org/10.1186/s13099-015-0072-2
http://www.ncbi.nlm.nih.gov/pubmed/26442711
https://doi.org/10.1097/00042737-199602000-00012
https://doi.org/10.1097/00042737-199602000-00012
http://www.ncbi.nlm.nih.gov/pubmed/8723421
https://doi.org/10.3904/kjim.2016.166
https://doi.org/10.3904/kjim.2016.166
http://www.ncbi.nlm.nih.gov/pubmed/27604795
https://doi.org/10.1016/j.amjms.2016.08.005
https://doi.org/10.1016/j.amjms.2016.08.005
http://www.ncbi.nlm.nih.gov/pubmed/27865295
https://doi.org/10.1159/000213593
http://www.ncbi.nlm.nih.gov/pubmed/7959081
https://doi.org/10.1371/journal.pone.0230064


of 5732 Japanese subjects. Gut. 2001; 49(3):335–40. Epub 2001/08/21. https://doi.org/10.1136/gut.49.

3.335 PMID: 11511553; PubMed Central PMCID: PMC1728449.

39. Broutet N, Plebani M, Sakarovitch C, Sipponen P, Megraud F. Pepsinogen A, pepsinogen C, and gas-

trin as markers of atrophic chronic gastritis in European dyspeptics. British journal of cancer. 2003; 88

(8):1239–47. Epub 2003/04/17. https://doi.org/10.1038/sj.bjc.6600877 PMID: 12698190; PubMed Cen-

tral PMCID: PMC2747577.

40. Haruki K, Kurokawa K, Adachi H, Obata H. Serum and gastric mucosal pepsinogens in atrophic gastri-

tis, particularly in type A gastritis associated with pernicious anemia in Japanese. Gastroenterologia

Japonica. 1993; 28(3):359–66. Epub 1993/06/01. https://doi.org/10.1007/bf02776979 PMID: 8344497.

41. Samloff IM, Varis K, Ihamaki T, Siurala M, Rotter JI. Relationships among serum pepsinogen I, serum

pepsinogen II, and gastric mucosal histology. A study in relatives of patients with pernicious anemia.

Gastroenterology. 1982;83(1 Pt 2):204–9. Epub 1982/07/01. PMID: 7084603.

42. Suzuki M, Mimuro H, Kiga K, Fukumatsu M, Ishijima N, Morikawa H, et al. Helicobacter pylori CagA

phosphorylation-independent function in epithelial proliferation and inflammation. Cell host & microbe.

2009; 5(1):23–34. Epub 2009/01/22. https://doi.org/10.1016/j.chom.2008.11.010 PMID: 19154985.

43. Yamaoka Y, Kita M, Kodama T, Sawai N, Kashima K, Imanishi J. Induction of various cytokines and

development of severe mucosal inflammation by cagA gene positive Helicobacter pylori strains. Gut.

1997; 41(4):442–51. Epub 1997/12/10. https://doi.org/10.1136/gut.41.4.442 PMID: 9391240; PubMed

Central PMCID: PMC1891528.

44. Higashi H, Tsutsumi R, Fujita A, Yamazaki S, Asaka M, Azuma T, et al. Biological activity of the Helico-

bacter pylori virulence factor CagA is determined by variation in the tyrosine phosphorylation sites. Pro-

ceedings of the National Academy of Sciences. 2002; 99(22):14428–33.

PLOS ONE Serum pepsinogen in South and Southeast Asia

PLOS ONE | https://doi.org/10.1371/journal.pone.0230064 April 9, 2020 17 / 17

https://doi.org/10.1136/gut.49.3.335
https://doi.org/10.1136/gut.49.3.335
http://www.ncbi.nlm.nih.gov/pubmed/11511553
https://doi.org/10.1038/sj.bjc.6600877
http://www.ncbi.nlm.nih.gov/pubmed/12698190
https://doi.org/10.1007/bf02776979
http://www.ncbi.nlm.nih.gov/pubmed/8344497
http://www.ncbi.nlm.nih.gov/pubmed/7084603
https://doi.org/10.1016/j.chom.2008.11.010
http://www.ncbi.nlm.nih.gov/pubmed/19154985
https://doi.org/10.1136/gut.41.4.442
http://www.ncbi.nlm.nih.gov/pubmed/9391240
https://doi.org/10.1371/journal.pone.0230064

