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Abstract
Introduction: Recent studies have shown that serological biomarkers such as 
pepsinogens may facilitate the early detection of gastric cancer. 
Objective: This study aims to evaluate the diagnostic performance of serum 
pepsinogen I (PGI) and the PGI/pepsinogen II ratio (PGR) in detecting gastric cancer 
and chronic atrophic gastritis. 
Methods: A systematic literature search was conducted using MeSH terms related 
to atrophic gastritis, gastric neoplasms, pepsinogen A, sensitivity, and specificity. 
Twenty-one eligible studies were included in the quantitative synthesis.
Results: For atrophic gastritis, the area under the curve was 0.74 (95% confidence 
interval [CI] = 0.70–0.77) for PGI and 0.78 (95% CI = 0.75–0.82) for PGR. The pooled 
sensitivity and specificity were 61.4% (95% CI = 48.2–73.2) and 86.4% (95% CI = 61.8–
96.1), respectively, for PGI, and 72.4% (95% CI = 61.0–81.4) and 76.9% (95% CI = 49.5–
91.9), respectively, for PGR. For gastric cancer detection, the area under the curve 
values were 0.76 (95% CI = 0.72–0.80) for PGI, 0.77 (95% CI = 0.73–0.80) for PGR, and 
0.79 (95% CI = 0.75–0.83) for the combined PGI+PGR model. The pooled sensitivity 
and specificity were 69.8% (95% CI = 55.0–81.3) and 70.8% (95% CI = 58.7–80.6), 
respectively, for PGI, 76.2% (95% CI = 65.4–84.2) and 66.1% (95% CI = 56.1–74.8), 
respectively, for PGR, and 61.5% (95% CI = 50.9–72.1) and 86.7% (95% CI = 79.4–94.1), 
respectively, for PGI+PGR. 
Conclusion: Serum PGI and PGR can be used as an additional screening for high-risk 
subjects who may require gastroscopy or biopsy. 
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1. Introduction
Globally, gastric cancer remains a serious health problem, 
despite a dramatic reduction in incidence and mortality 
over the last few decades.1 In Mongolia, gastric cancer is the 
second most common cancer, behind liver cancer, and has 
been rising.2 According to statistics from the International 
Agency for Research on Cancer, Mongolia has the highest 
incidence (35.5 per 100,000) and mortality (31.5 per 
100,000) of gastric cancer.3 Effective screening and early 
detection of gastric cancer could reduce mortality related 
to gastric cancer by 30–65%.4 Correa et al.5 have shown that 
gastric cancer is often caused by atrophic gastritis, which 
progresses to intestinal metaplasia and dysplasia, ultimately 
leading to cancer. Risk factors, such as Helicobacter pylori 
infection, salt intake, and other causes—such as damage 
and inflammation of the gastric mucosa, which triggers 
an immune response—lead to chronic inflammation and 
subsequent atrophic changes in the mucosa.6 

Although avoiding these risk factors and effective H. 
pylori eradication can decrease the risk of gastric cancer, 
the cancer risk remains if precancerous lesions are 
already present.7 Therefore, early detection and regular 
monitoring of precancerous lesions are fundamental for 
early screening and effective treatment of gastric cancer.8 
Currently, gastroscopic screening is the gold standard 
for the detection of gastric cancer in early stages and 
precancerous lesions. However, in some countries such as 
Mongolia, gastroscopic screening has several limitations, 
including a high non-attendance rate due to people’s 
negative attitudes and apprehension about the invasiveness 
of the procedure, limited availability of endoscopic devices 
in all regions, and a shortage of well-trained endoscopists 
to meet the increased demands. 

Recent studies have shown that serological assays, such 
as pepsinogens (PGs), can facilitate the early detection 
of gastric cancer.9-12 Serum pepsinogens, precursors of 
the enzyme pepsin, are well-established biomarkers for 
detecting gastric atrophy. Pepsinogen I (PGI) is exclusively 
produced by chief cells in the gastric corpus, whereas 
pepsinogen II (PGII) is released throughout the stomach 
and the proximal duodenum. In cases of atrophic gastritis 
affecting the corpus, PGI levels significantly decrease, 
while PGII levels remain stable. This pattern allows the 
reduced PGI concentration and decreased PGI/PGII ratio 
(PGR) to serve as effective biomarkers for detecting gastric 
atrophy, especially corpus atrophy.13 However, results from 
studies on the accuracy of these biomarkers have been 
inconsistent; therefore, this study aimed to evaluate the 
diagnostic value of serum PGI and PGR for identifying 
gastric cancer and gastric atrophy.

2. Materials and methods
This meta-analysis was conducted in accordance with the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines. The meta-analysis 
question was defined by the PIT format: 

(i)	 Population (P): An adult person who underwent 
gastroscopy in both screening and clinical settings.

(ii)	 Index test (I): Serum PGI, PGII, and PGR.
(iii)	Target condition (T): Gastric cancer and chronic 

atrophic gastritis.

2.1. Search strategy 

To identify relevant studies, the Medline database 
(PubMed) and ScienceDirect were searched using the 
keywords ((“Gastritis, Atrophic”[MeSH]) OR “Stomach 
Neoplasms”[MeSH]) AND “Pepsinogen A”[MeSH]) AND 
“Sensitivity and Specificity”[MeSH]) for publications 
published up to April 2025. ScienceDirect was also searched 
using separate synonyms of the keywords as follows:

(i)	 “Neoplasm, Stomach” OR “Stomach Neoplasm” OR 
“Neoplasms, Stomach” OR “Gastric Neoplasms” OR 
“Gastric Neoplasm” OR “Neoplasm, Gastric” OR 
“Neoplasms, Gastric” OR “Cancer of Stomach” OR 
“Stomach Cancers” OR “Gastric Cancer” OR “Cancer, 
Gastric” OR “Cancers, Gastric” OR “Gastric Cancers” 
OR “Stomach Cancer” OR “Cancer, Stomach” OR 
“Cancers, Stomach” OR “Cancer of the Stomach” OR 
“Gastric Cancer, Familial Diffuse.”

(ii)	 “Atrophic Gastritides” OR “Atrophic Gastritis” OR 
“Gastritides, Atrophic.”

(iii)	“Pepsinogen” OR “Pepsinogen I” OR “Uropepsinogen” 
OR “Pepsinogen 3, Group I” OR “Pepsinogen 5, Group 
I.”

(iv)	 “Sensitivity” AND “Specificity.”

2.2. Study selection criteria

Studies were included if they met the following criteria:

(i)	 Studies written in English. 
(ii)	 Full-text articles available.
(iii)	Studies in which gastroscopy (with biopsies) was 

performed as a reference test. 
(iv)	 Studies with available data on variables such as age, 

gender, and H. pylori infection status.
(v)	 Serum or plasma PGs measured by enzyme 

immunoassay or radioimmunoassay were acceptable, 
and expressed in ng/mL or equivalent.

(vi)	 All relevant studies, whether data were collected 
retrospectively or prospectively, that evaluated the 
accuracy of at least PGI or PGR in the detection of 
chronic atrophic gastritis or gastric cancer.

https://doi.org/10.36922/EJMO026110126
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(vii)	Sufficient diagnostic sensitivity, specificity, and other 
necessary data, or the possibility of constructing a 2 × 
2 table of true positive (TP), false positive (FP), false 
negative (FN), and true negative (TN) values.

Reviews, meta-analyses, meeting abstracts, letters, 
editorials, and guidelines were excluded. Two authors (GD 
and TL) independently reviewed the title and abstract 
and screened the full text to identify relevant studies in 
accordance with the eligibility criteria. Any disagreements 
in study selection were resolved through discussion among 
all authors. The study selection process for the final analysis 
was presented in a PRISMA flowchart (Figure 1).

2.3. Data extraction

Data were extracted from each selected study using a 
Microsoft Excel data extraction form. The extracted data 
included the following information:

(i)	 First author.
(ii)	 Year of publication.
(iii)	 Geographical origin of the study.
(iv)	 Study design and type.
(v)	 Sample size.
(vi)	 Age and gender of participants.
(vii)	 Index test.
(viii)	Description of reference test.
(ix)	 Target conditions.
(x)	 Threshold values of biomarkers.
(xi)	 H. pylori infection status.
(xii)	 Use of a proton pump inhibitor.

2.4. Risk of bias assessment

Studies that met the inclusion and exclusion criteria were 
entered into Review Manager 5.4.1 software (RevMan 
Version 5.4; The Cochrane Collaboration, United 
Kingdom), and the methodological assessment was 
performed using the Quality Assessment of Diagnostic 
Accuracy Studies-2 (QUADAS-2) questionnaire. 
QUADAS-2 is an instrument that assesses the bias of the 
study as “high,” “low,” or “uncertain” in four key domains, 
including participant selection, index test, reference test, 
and flow of participants through the study and timing.

2.5. Statistical analysis

The meta-analysis was conducted using Review Manager 
5.4.1 and Stata/IC 17.0 (StataCorp LLC, United States). 
The TP, FP, FN, and TN parameters were extracted 
and calculated from each study, and a 2 × 2 table was 
entered into Review Manager 5.4.1. Given the presence 
of a threshold effect, the area under the curve (AUC) was 
prespecified as the primary outcome of overall diagnostic 
accuracy, while pooled sensitivity and specificity were 

considered secondary outcomes. A forest plot of pooled 
sensitivity and specificity was generated using a bivariate 
model. Due to variability in diagnostic thresholds between 
the studies, a hierarchical summary receiver operating 
characteristic model was applied. Heterogeneity across the 
studies was evaluated by visual inspection (95% prediction 
contour) and the I2 index. Additionally, publication bias 
was determined using Deeks’ funnel plot asymmetry test. 

3. Results
3.1. Search results

A total of 383 records from PubMed and ScienceDirect 
were identified using the keywords. During the initial 
screening of titles and abstracts, studies were excluded 
for the following reasons: review articles (n = 50), meta-
analyses (n = 6), animal studies (n = 20), and publications 
not written in English (n = 10). 

After full-text evaluation, studies were excluded for 
the following reasons: not found full-text articles (n = 
8) not relevant to the research question (n = 201) and 
inappropriate study populations and outcomes (n = 55). 
However, because there was insufficient information to 
construct a 2 × 2 table, 10 studies were excluded from 
the quantitative analysis. One study was excluded due to 
duplication. Finally, a total of 22 studies were included in 
the qualitative synthesis (Figure 1). 

3.2. Risk of bias assessment

Figure 2 presents the results from the methods section 
of the remaining 22 studies in the quantitative analysis, 
including participant selection, index and reference test 
methods, and the QUADAS-2 assessment of the study 
processes. After reviewing each study’s methods and 
methodology, the study by Zhang et al.14 was considered 
to have a high risk of bias in index test interpretation; 
therefore, we excluded this study from further analysis. 

3.3. Study characteristics

The included studies were conducted between 1999 and 
2024 across 13 countries in Asia, Europe, and the United 
States. After the QUADAS-2 assessment, 21 studies were 
included; 7 evaluated biomarkers for chronic atrophic 
gastritis and 17 evaluated biomarkers for gastric cancer, 
with overlap between study populations assessing both 
conditions. The study design, population, sample size, age, 
and gender of participants, index test, target conditions, 
cut-off values, and H. pylori infection status of the selected 
studies are shown in Table 1. There were 11 cross-sectional, 
4 case-control, and 6 cohort studies. Regarding index tests, 
five studies used the Gastropanel test as the index, and the 
others used serum PGI, PGII, and PGR biomarkers. 

https://doi.org/10.36922/EJMO026110126
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Figure 1. Preferred Reporting Items for Systematic reviews and Meta-Analyses flowchart of the study selection

3.4. PGI and PGR for the detection of atrophic 
gastritis 

Since TP, FP, FN, and TN parameters were available for 
each of the seven studies that identified chronic atrophic 
gastritis, a meta-analysis was performed, and the AUC, 
pooled sensitivity, specificity, and positive and negative 
likelihood ratios were calculated. Figure 3 shows the forest 
plot of sensitivity and specificity with 95% confidence 
intervals (CIs) for PGI and PGR for the detection of chronic 
atrophic gastritis separately. The AUC of PGI and PGR for 
identifying chronic atrophic gastritis were 0.74 (95% CI 
= 0.70–0.77) and 0.78 (95% CI = 0.75–0.82), respectively 
(Figure 4). 

Six studies were included in the meta-analysis for 
identifying chronic atrophic gastritis using PGI, with a 
total population of 2,447. The sensitivity and specificity of 
PGI biomarkers for detecting chronic atrophic gastritis in 
each study ranged from 38% to 77% and from 50% to 99%, 
respectively (Figure 3A), with a pooled sensitivity of 61.4% 
(95% CI = 48.2–73.2) and a pooled specificity of 86.4% 
(95% CI = 61.8–96.1) (Figure 4A). 

Although the study by Koivurova et al.23 was identified 
as potentially influential in the influence analysis, with 
a relatively high Cook’s distance compared to the other 
studies, further sensitivity analysis demonstrated that its 

exclusion did not materially alter the pooled estimates of 
diagnostic accuracy. Specifically, the overall sensitivity, 
specificity, and heterogeneity measures remained largely 
unchanged after removing this study. This suggests that, 
despite its apparent influence, the study has a relatively 
minor effect on the robustness or stability of the meta-
analysis results. Therefore, it was retained in the final 
analysis to preserve the completeness of the available 
evidence. The diagnostic odds ratio (DOR) for the PGI 
biomarker in detecting atrophic gastritis was 10.1 (95% 
CI = 2.5–41.5), indicating that it is approximately 10-fold 
more likely to discriminate between patients with atrophic 
gastritis and healthy individuals (Table 2). 

However, the meta-analysis of PGR included seven 
studies with a total population of 3,249 participants. The 
sensitivity and specificity of the PGR for detecting atrophic 
gastritis ranged from 50% to 90% and 38% to 99%, 
respectively (Figure 3B), with a pooled sensitivity of 72.4% 
(95% CI = 61.0–81.4) and a pooled specificity of 76.9% 
(95% CI = 49.5–91.9) (Figure 4B). The DOR for PGR in 
detecting atrophic gastritis was 8.7 (95% CI = 2.7–27.7) 
(Table 2). 

Moreover, PGI demonstrated a positive likelihood ratio 
(LR+) of 4.5 (95% CI = 1.4–14.6) and a negative likelihood 
ratio (LR−) of 0.4 (95% CI = 0.3–0.6), while PGR showed 
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Figure 2. Risk of bias and applicability concerns summary. (A) Review authors’ judgments for each domain across the individual included studies. (B) 
Proportion of studies with each level of judgment for each domain, expressed as percentages across all included studies.
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an LR+ of 3.1 (95% CI = 1.3–7.7) and an LR− of 0.4 (95% 
CI = 0.2–0.5) (Table 2). Because the 95% prediction region 
in the summary receiver operating characteristic was wide, 
we assessed heterogeneity across studies. A significant 
heterogeneity was observed across the included studies, 
with an I2 value of 98% (95% CI = 97–99) and 99% (95% 
CI = 98–99) for PGI and PGR, respectively. However, 
the proportion of heterogeneity attributable to threshold 
effects was minimal (2% for PGI, 16% for PGR), suggesting 

that differences in cut-off values were not the primary 
source of variability. 

3.5. PGI and PGR biomarkers for gastric cancer 
detection

A total of 17 studies were included to evaluate the 
diagnostic accuracy of PGI and PGR in the detection of 
gastric cancer. Among these, seven studies were included 

Figure 3. Forest plot showing the diagnostic performance of (A) PGI and (B) PGR biomarkers for the detection of chronic atrophic gastritis
Abbreviations: CI: Confidence interval; FN: False negative; FP: False positive; PGI: Pepsinogen I; PGR: Pepsinogen I/pepsinogen II ratio; TN: True 
negative; TP: True positive.

Figure 4. Summary receiver operating characteristic plots of sensitivity and specificity. (A) PGI for atrophic gastritis. (B) PGR for atrophic gastritis. Each 
circle represents an individual study; the red point indicates the pooled estimate of sensitivity and specificity; inner ellipses represent the 95% confidence 
region; outer ellipses represent the 95% prediction. 
Abbreviations: AUC: Area under the curve; PGI: Pepsinogen I; PGR: Pepsinogen I/pepsinogen II ratio; SENS: Sensitivity; SPEC: Specificity; SROC: 
Summary of receiver operating characteristic. 

https://doi.org/10.36922/EJMO026110126


Eurasian Journal ofEurasian Journal of
Medicine and OncologyMedicine and Oncology Pepsinogen in gastritis and gastric cancer

Volume X Issue X (2026)	 10� doi: 10.36922/EJMO026110126

in the meta-analysis of PGI biomarkers for gastric cancer 
detection, with a total of 3,668 participants. The forest plot 
demonstrated that the sensitivity and specificity of PGI 
for gastric cancer detection ranged from 35% to 92% and 
from 42% to 87%, respectively (Figure 5A). The pooled 
sensitivity and specificity were 69.8% (95% CI = 55.0–81.3) 
and 70.8% (95% CI = 58.7–80.6), respectively. The DOR 
for PGI in detecting gastric cancer was 5.6 (95% CI = 3.6–
8.8) (Table 2).

The meta-analysis evaluating the diagnostic accuracy of 
PGR included 10 studies with a total of 8,568 participants. 
The sensitivity and specificity of PGR for gastric cancer 
detection ranged from 38% to 100% and from 38% to 
84%, respectively (Figure 5B). The pooled sensitivity was 
76.2% (95% CI = 65.4–84.2) and the pooled specificity was 
66.1% (95% CI = 56.1–74.8). The DOR for gastric cancer 
detection of PGR was 6.2 (95% CI = 4.0–9.6) (Table 2). The 
AUCs of PGI and PGR for identifying gastric cancer were 
0.76 (95% CI = 0.72–0.80) and 0.77 (95% CI = 0.73–0.80), 
respectively (Figure 6A and Figure 6B). PGI demonstrated 
an LR+ of 2.4 (95% CI = 1.8–3.2) and an LR− of 0.4 (95% 
CI = 0.3–0.6), while PGR showed an LR+ of 2.2 (95% CI = 
1.8–2.8) and an LR− of 0.4 (95% CI = 0.3–0.5) for gastric 
cancer detection. 

Additionally, considerable heterogeneity was identified 
among the studies, with an I2 value of 99% (95% CI = 98–99) 
and 98% (95% CI = 97–98) for PGI and PGR, respectively. 
A large proportion of the observed heterogeneity was 
likely attributable to threshold effects (69% for PGI, 50% 
for PGR), suggesting that differences in cut-off values 

contributed substantially to the variability in diagnostic 
performance between studies. 

Furthermore, the diagnostic accuracy of combining PGI 
and PGR for the detection of gastric cancer was evaluated. 
This meta-analysis included 11 studies with a total of 
28,721 participants. Forest plot analysis showed that the 
sensitivity and specificity of PGI+PGR ranged from 34% 
to 88% and from 61% to 96% (Figure 5C). Hierarchical 
summary receiver operating curves were built based on 11 
studies, with a pooled sensitivity of 61.5% (95% CI = 50.9–
72.1) and a pooled specificity of 86.7% (95% CI = 79.4–
94.1). The AUC of PGI+PGR for identifying gastric cancer 
was 0.79 (95% CI = 0.75–0.83) (Figure 6C). The DOR for 
detecting gastric cancer for the PGI+PGR combination 
was 10.4 (95% CI = 6.6–16.6) (Table 2).

4. Discussion
Gastric cancer is one of the leading cancers, particularly in 
Mongolia. The systematic review found that the incidence 
rate of gastric cancer in patients with chronic atrophic 
gastritis was 1.7 cases per 1,000 person-years, ranging from 
1.5 to 1.9.35 Moreover, a large retrospective study evaluated 
the risk factors for gastric tumorigenesis in patients with 
underlying mucosal atrophy. Gastric neoplasms, including 
adenocarcinoma and dysplasia, were found to occur in 
0.1% of participants without atrophic change, 1.6% of those 
with mild atrophic gastritis, 5.2% of those with moderate 
atrophic gastritis, and 12.0% of those with severe atrophic 
gastritis.35 This suggests that as the stages of gastric atrophy 
increase, the probability of developing gastric neoplasm 
increases. In addition, the mean time intervals from gastric 

Table 2. Diagnostic accuracy of pepsinogens for the detection of chronic atrophic gastritis and gastric cancer

Biomarker Study 
population

AUC
(95% CI)

Sensitivity
(95% CI)

Specificity
(95% CI) LR+ (95% CI) LR− (95% 

CI) DOR (95% CI)

Chronic atrophic gastritis

            PGI 6/2,447 0.74 (0.70–0.77) 61.4 (48.2–73.2) 86.4 (61.8–96.1) 4.5 (1.4–14.6) 0.4 (0.3–0.6) 10.1 (2.5–41.5)

            PGR 7/3,249 0.78 (0.75–0.82) 72.4 (61.0–81.4) 76.9 (49.5–91.9) 3.1 (1.3–7.7) 0.4 (0.2–0.5) 8.7 (2.7–27.7)

Gastric cancer

            PGI 7/3,668 0.76 (0.72–0.80) 69.8 (55.0–81.3) 70.8 (58.7–80.6) 2.4 (1.8–3.2) 0.4 (0.3–0.6) 5.6 (3.6–8.8)

            PGR 10/8,568 0.77 (0.73–0.80) 76.2 (65.4–84.2) 66.1 (56.1–74.8) 2.2 (1.8–2.8) 0.4 (0.3–0.5) 6.2 (4.0–9.6)

            PGI+PGR 11/28,721 0.79 (0.75–0.83) 61.5 (50.9–72.1) 86.7 (79.4–94.1) 4.6 (2.9–7.3) 0.4 (0.3–0.5) 10.4 (6.6–16.6)

Abbreviations: AUC: Area under the curve; CI: Confidence interval; DOR: Diagnostic odds ratio; LR+: Positive likelihood ratio; LR−: Negative 
likelihood ratio; PGI: Pepsinogen I; PGR: Pepsinogen I/pepsinogen II ratio.
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Figure 5. Forest plot showing the diagnostic performance of (A) PGI, (B) PGR, and (C) PGI+PGR biomarkers for the detection of gastric cancer
Abbreviations: CI: Confidence interval; FN: False negative; FP: False positive; PGI: Pepsinogen I; PGR: Pepsinogen I/pepsinogen II ratio; TN: True 
negative; TP: True positive.

Figure 6. Summary receiver operating characteristic plots of sensitivity and specificity. (A) PGI for gastric cancer. (B) PGR for gastric cancer. (C) PGI+PGR 
for gastric cancer. Each circle represents an individual study; the red point indicates the pooled estimate of sensitivity and specificity; inner ellipses 
represent the 95% confidence region; outer ellipses represent the 95% prediction. 
Abbreviations: AUC: Area under the curve; PGI: Pepsinogen I; PGR: Pepsinogen I/pepsinogen II ratio; SENS: Sensitivity; SPEC: Specificity; SROC: 
Summary of receiver operating characteristic.
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atrophy to gastric neoplasm were significantly shorter 
in participants with severe atrophic gastritis compared 
to those with mild and moderate atrophic gastritis.36 
Therefore, the early detection and management of atrophic 
gastritis are crucial to reduce the burden of gastric cancer.

In this meta-analysis, we investigated the diagnostic 
accuracy of serum PGI and PGR to detect gastric cancer 
and its precursor, chronic atrophic gastritis. The findings 
of this meta-analysis indicate that serum PG biomarkers 
demonstrate varying diagnostic performance for the 
detection of chronic atrophic gastritis and gastric cancer. 

For chronic atrophic gastritis, PGI showed a pooled 
sensitivity of 61.4% and a specificity of 86.4%, while PGR 
demonstrated a higher sensitivity of 72.4% with a lower 
specificity of 76.9%. The AUC values for PGI and PGR in 
detecting chronic atrophic gastritis were 0.74 and 0.78, 
respectively, indicating moderate diagnostic accuracy. 
The likelihood ratio analysis supports these findings. For 
chronic atrophic gastritis, PGI demonstrated an LR+ of 4.5 
and an LR− of 0.4, while PGR showed an LR+ of 3.1 and 
an LR− of 0.4. The findings of this meta-analysis indicate 
that both PGI and PGR demonstrate moderate diagnostic 
performance for the detection of atrophic gastritis and 
gastric cancer. The DOR for PGI and PGR were 10.1 and 
8.7, respectively, suggesting a relatively strong ability of 
these biomarkers to distinguish between chronic atrophic 
gastritis patients and healthy individuals, although the 
wide confidence intervals may reflect heterogeneity among 
the included studies. 

For gastric cancer detection, both PGI and PGR showed 
moderate diagnostic performance. PGI demonstrated a 
pooled sensitivity of 69.8% and specificity of 70.8%, while 
PGR showed a pooled sensitivity of 76.2% and specificity 
of 66.1%. The AUC values for PGI and PGR were 0.76 
and 0.77, respectively. In addition, LR+ values (2.4 for 
PGI and 2.2 for PGR) suggest limited ability to confirm 
disease, whereas LR− values indicate moderate ability to 
reduce the probability of disease when the biomarkers 
decrease in serum. Importantly, the combined use of 
PGI and PGR improved diagnostic specificity for gastric 
cancer detection. The pooled specificity increased to 
86.7%, while the sensitivity was 61.5%. The AUC for the 
combined biomarkers was 0.79, suggesting improved 
overall diagnostic performance compared with individual 
biomarkers. Moreover, the LR+ increased to 4.6, and the 
DOR reached 10.4, further supporting the potential benefit 
of using combined biomarker strategies for gastric cancer 
detection. These results highlight the limitations of using 
single PG biomarkers as standalone diagnostic tools for 
gastric cancer detection. However, combining PGI and 
PGR substantially improved diagnostic specificity for 

gastric cancer detection.

The results of the present study are consistent with 
previous literature. A meta-analysis conducted by Bang 
et al.37 reported sensitivity and specificity values of 59% 
and 89%, respectively, for detecting chronic gastritis, 
and 59% and 73% for detecting gastric cancer, which are 
comparable to the findings of this study. Similarly, a large 
systematic analysis by Zagari et al.,38 which included 4,241 
participants from 20 studies, reported that the Gastropanel 
test (including PGI, PGR, gastrin-17, and H. pylori 
immunoglobulin G) achieved a sensitivity of 74.7% and 
specificity of 95.6% for the detection of gastritis. In that 
study, threshold values of PGI ≤70 ng/mL and PGR ≤3 
were considered effective for identifying both gastritis and 
gastric cancer. Furthermore, several studies have suggested 
that combining serum PG levels with other biomarkers, 
such as ghrelin and gastrin, may further enhance 
diagnostic performance by improving both sensitivity and 
specificity.29,33,39,40

Serum PG levels may indicate the morphology 
and physiology of the gastric mucosa.41,42 PGI may 
be predominantly secreted by cells in the early phase 
of mucosal inflammation and could serve as a potent 
indicator of mucosal inflammation before atrophic changes 
occur. In the later stages of chronic atrophic gastritis, the 
loss of cells secreting the PGI leads to a reduction in PGI 
levels, consequently diminishing its diagnostic accuracy in 
the later stages of chronic atrophic gastritis.43 The meta-
analysis in this study demonstrates that PGI showed 
moderate diagnostic performance for atrophic gastritis. 
In addition, PGR plays a crucial role in detecting chronic 
atrophic gastritis cases across these studies, consistent 
with the pooled results of this meta-analysis. Numerous 
studies have concluded that dysregulated PG expression 
and a progressive decline in PGR are correlated with 
progression from normal gastric mucosa to precancerous 
lesions to gastric cancer.44,45 Moreover, recent studies have 
further highlighted the clinical importance of chronic 
and autoimmune-related gastric mucosal changes as 
precancerous conditions associated with an increased 
risk of gastric cancer.46 These findings suggest that serum 
PGs may play an important role in the detection of early-
stage atrophic changes in the gastric mucosa, in initiating 
effective treatment, and in preventing gastric cancer. 
Optimal cut-off points of serum PGs for gastric cancer 
may differ across different populations.47 

From a clinical perspective, serum PG testing may 
be particularly useful as a non-invasive screening tool 
for identifying individuals at increased risk of gastric 
mucosal pathology. Given its relatively high specificity 
for atrophic gastritis and improved specificity when 
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combined with PGR for gastric cancer detection, PG 
testing may be valuable in population-based screening 
programs, especially in regions with a high prevalence of 
gastric cancer. However, due to the moderate sensitivity 
and likelihood ratio values observed in this study, PG 
biomarkers have limited standalone rule-in capability. 
Therefore, they may be useful as a non-invasive screening 
tool for identifying individuals at high risk of gastric cancer 
and chronic atrophic gastritis and should ideally be used 
in combination with other diagnostic approaches, such as 
gastroscopy or additional serum biomarkers, to improve 
early detection of gastric cancer. 

Gastroscopy remains essential for early detection 
in high-prevalence settings. Serum biomarker-based 
detection can be used because population-based 
gastroscopy is difficult to perform in rural areas due to 
low population density, limited endoscopic equipment 
and human resources, discomfort during examination, 
and invasiveness, even though Mongolia has the highest 
prevalence of gastric cancer globally. 

Several limitations should be considered when 
interpreting the results of this study. First, significant 
heterogeneity was observed among the included studies, 
which may be attributed to differences in study population 
and diagnostic thresholds, particularly for specificity. 
With a small number of studies, meta-regression analyses 
may be underpowered and prone to spurious associations 
or overfitting. Therefore, the present meta-analysis 
could not quantitatively explore the potential sources of 
heterogeneity. Another limitation of this meta-analysis 
is that the literature search was restricted in scope. 
Consequently, some potentially eligible studies might have 
been missed, which may limit the comprehensiveness of the 
evidence included in this analysis. We assessed publication 
bias using Deeks’ funnel plot asymmetry test. The results 
showed no significant evidence of publication bias among 
the included studies (p > 0.05), suggesting that the pooled 
estimates are unlikely to be substantially affected by small-
study effects.

Overall, the findings of this meta-analysis suggest that 
serum PG biomarkers may be useful non-invasive tools for 
the detection of gastric mucosal atrophy. PGI appears to be 
particularly useful for identifying chronic atrophic gastritis 
due to its high specificity, whereas a combination of PGI 
and PGR may provide improved diagnostic performance 
for gastric cancer detection. However, the moderate 
sensitivity and likelihood ratio values indicate that these 
biomarkers may be more suitable for screening or risk 
stratification rather than for definitive diagnostic methods. 
Future studies should focus on validating serum PG levels’ 
clinical utility as screening tools for gastric cancer, while 

adjusting for differences in populations and other factors 
affecting PG levels, including age, sex, H. pylori infection, 
smoking, and dietary habits.

5. Conclusion
In conclusion, the moderate diagnostic value of serum 
PGI and PGR indicates that these non-invasive biomarkers 
are not suitable as a perfect alternative to gastroscopic 
examination for confirming the diagnosis of gastric cancer 
and its precancerous lesions. However, they can be useful 
in a multimodal screening approach or for identifying 
high-risk subjects who may need upper gastrointestinal 
endoscopy or a biopsy. 
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