
World Journal of
Clinical Cases

ISSN 2307-8960 (online)

World J Clin Cases  2021 November 6; 9(31): 9320-9698

Published by Baishideng Publishing Group Inc



WJCC https://www.wjgnet.com I November 6, 2021 Volume 9 Issue 31

World Journal of 

Clinical CasesW J C C
Contents Thrice Monthly Volume 9 Number 31 November 6, 2021

FRONTIER

Gut-liver axis in cirrhosis: Are hemodynamic changes a missing link?9320

Maslennikov R, Ivashkin V, Efremova I, Poluektova E, Shirokova E

REVIEW

Pharmaconutrition strategy to resolve SARS-CoV-2-induced inflammatory cytokine storm in non-alcoholic 
fatty liver disease: Omega-3 long-chain polyunsaturated fatty acids

9333

Jeyakumar SM, Vajreswari A

Major depressive disorder: Validated treatments and future challenges9350

Karrouri R, Hammani Z, Benjelloun R, Otheman Y

MINIREVIEWS

Gene × environment interaction in major depressive disorder9368

Zhao MZ, Song XS, Ma JS

Deep learning driven colorectal lesion detection in gastrointestinal endoscopic and pathological imaging9376

Cai YW, Dong FF, Shi YH, Lu LY, Chen C, Lin P, Xue YS, Chen JH, Chen SY, Luo XB

ORIGINAL ARTICLE

Case Control Study

Cognitive behavioral therapy on personality characteristics of cancer patients9386

Yuan XH, Peng J, Hu SW, Yang Y, Bai YJ

Retrospective Cohort Study

Extrapancreatic necrosis volume: A new tool in acute pancreatitis severity assessment?9395

Cucuteanu B, Negru D, Gavrilescu O, Popa IV, Floria M, Mihai C, Cijevschi Prelipcean C, Dranga M

Establishment of a risk assessment score for deep vein thrombosis after artificial liver support system 
treatment

9406

Ye Y, Li X, Zhu L, Yang C, Tan YW

Retrospective Study

Clinical management and susceptibility of primary hepatic lymphoma: A cases-based retrospective study9417

Hai T, Zou LQ

Association of serum pepsinogen with degree of gastric mucosal atrophy in an asymptomatic population9431

Cai HL, Tong YL



WJCC https://www.wjgnet.com II November 6, 2021 Volume 9 Issue 31

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 31 November 6, 2021

Risk factors for relapse and nomogram for relapse probability prediction in patients with minor ischemic 
stroke

9440

Yu XF, Yin WW, Huang CJ, Yuan X, Xia Y, Zhang W, Zhou X, Sun ZW

Incidence, prognosis, and risk factors of sepsis-induced cardiomyopathy9452

Liang YW, Zhu YF, Zhang R, Zhang M, Ye XL, Wei JR

Associations with pancreatic exocrine insufficiency: An United Kingdom single-centre study9469

Shandro BM, Chen J, Ritehnia J, Poullis A

Retrospective analysis of influencing factors on the efficacy of mechanical ventilation in severe and critical 
COVID-19 patients

9481

Zeng J, Qi XX, Cai WW, Pan YP, Xie Y

Observational Study

Vitamin D deficiency, functional status, and balance in older adults with osteoarthritis9491

Montemor CN, Fernandes MTP, Marquez AS, Poli-Frederico RC, da Silva RA, Fernandes KBP

Psychological impact of the COVID-19 pandemic on Chinese population: An online survey9500

Shah T, Shah Z, Yasmeen N, Ma ZR

Outcomes of different minimally invasive surgical treatments for vertebral compression fractures: An 
observational study

9509

Yeh KL, Wu SH, Liaw CK, Hou SM, Wu SS

META-ANALYSIS

Glycated albumin as a biomarker for diagnosis of diabetes mellitus: A systematic review and meta-
analysis

9520

Xiong JY, Wang JM, Zhao XL, Yang C, Jiang XS, Chen YM, Chen CQ, Li ZY

CASE REPORT

Rapid response to radiotherapy in unresectable tracheal adenoid cystic carcinoma: A case report9535

Wu Q, Xu F

Clinical observation of pediatric-type follicular lymphomas in adult: Two case reports 9542

Liu Y, Xing H, Liu YP

Malignant adenomyoepithelioma of the breast: Two case reports and review of the literature9549

Zhai DY, Zhen TT, Zhang XL, Luo J, Shi HJ, Shi YW, Shao N

Validation of diagnostic strategies of autoimmune atrophic gastritis: A case report9557

Sun WJ, Ma Q, Liang RZ, Ran YM, Zhang L, Xiao J, Peng YM, Zhan B

Characteristics of primary giant cell tumor in soft tissue on magnetic resonance imaging: A case report9564

Kang JY, Zhang K, Liu AL, Wang HL, Zhang LN, Liu WV



WJCC https://www.wjgnet.com III November 6, 2021 Volume 9 Issue 31

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 31 November 6, 2021

Acute esophageal necrosis as a complication of diabetic ketoacidosis: A case report9571

Moss K, Mahmood T, Spaziani R

Simultaneous embolization of a spontaneous porto-systemic shunt and intrahepatic arterioportal fistula: A 
case report

9577

Liu GF, Wang XZ, Luo XF

Ureteroscopic holmium laser to transect the greater omentum to remove an abdominal drain: Four case 
reports 

9584

Liu HM, Luo GH, Yang XF, Chu ZG, Ye T, Su ZY, Kai L, Yang XS, Wang Z

Forearm compartment syndrome due to acquired hemophilia that required massive blood transfusions 
after fasciotomy: A case report

9592

Kameda T, Yokota T, Ejiri S, Konno SI

Transforaminal endoscopic excision of bi-segmental non-communicating spinal extradural arachnoid 
cysts: A case report and literature review

9598

Yun ZH, Zhang J, Wu JP, Yu T, Liu QY

T-cell lymphoblastic lymphoma with extensive thrombi and cardiac thrombosis: A case report and review 
of literature

9607

Ma YY, Zhang QC, Tan X, Zhang X, Zhang C

Perfect pair, scopes unite — laparoscopic-assisted transumbilical gastroscopy for gallbladder-preserving 
polypectomy: A case report

9617

Zheng Q, Zhang G, Yu XH, Zhao ZF, Lu L, Han J, Zhang JZ, Zhang JK, Xiong Y

Bilateral hematoma after tubeless percutaneous nephrolithotomy for unilateral horseshoe kidney stones: A 
case report

9623

Zhou C, Yan ZJ, Cheng Y, Jiang JH

Atypical endometrial hyperplasia in a 35-year-old woman: A case report and literature review9629

Wu X, Luo J, Wu F, Li N, Tang AQ, Li A, Tang XL, Chen M

Clinical features and literature review related to the material differences in thread rhinoplasty: Two case 
reports

9635

Lee DW, Ryu H, Jang SH, Kim JH

Concurrent tuberculous transverse myelitis and asymptomatic neurosyphilis: A case report9645

Gu LY, Tian J, Yan YP

Diagnostic value of contrast-enhanced ultrasonography in mediastinal leiomyosarcoma mimicking aortic 
hematoma: A case report and review of literature 

9652

Xie XJ, Jiang TA, Zhao QY

Misidentification of hepatic tuberculosis as cholangiocarcinoma: A case report9662

Li W, Tang YF, Yang XF, Huang XY



WJCC https://www.wjgnet.com IX November 6, 2021 Volume 9 Issue 31

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 31 November 6, 2021

Brunner’s gland hyperplasia associated with lipomatous pseudohypertrophy of the pancreas presenting 
with gastrointestinal bleeding: A case report

9670

Nguyen LC, Vu KT, Vo TTT, Trinh CH, Do TD, Pham NTV, Pham TV, Nguyen TT, Nguyen HC, Byeon JS

Metachronous squamous cell carcinoma of pancreas and stomach in an elderly female patient: A case 
report

9680

Kim JH, Kang CD, Lee K, Lim KH

Iatrogenic giant pseudomeningocele of the cervical spine: A case report9686

Kim KW, Cho JH

Traditional Chinese medicine for gait disturbance in adrenoleukodystrophy: A case report and review of 
literature

9691

Kim H, Kim T, Cho W, Chang H, Chung WS



WJCC https://www.wjgnet.com X November 6, 2021 Volume 9 Issue 31

World Journal of Clinical Cases
Contents

Thrice Monthly Volume 9 Number 31 November 6, 2021

ABOUT COVER

Editorial Board Member of World Journal of Clinical Cases, Takeo Furuya, MD, PhD, Assistant Professor, Department 
of Orthopaedic Surgery, Chiba University Graduate School of Medicine, Chiba 2608670, Japan. furuya-
takeo@chiba-u.jp

AIMS AND SCOPE

The primary aim of World Journal of Clinical Cases (WJCC, World J Clin Cases) is to provide scholars and readers from 
various fields of clinical medicine with a platform to publish high-quality clinical research articles and 
communicate their research findings online.  
      WJCC mainly publishes articles reporting research results and findings obtained in the field of clinical medicine 
and covering a wide range of topics, including case control studies, retrospective cohort studies, retrospective 
studies, clinical trials studies, observational studies, prospective studies, randomized controlled trials, randomized 
clinical trials, systematic reviews, meta-analysis, and case reports.

INDEXING/ABSTRACTING

The WJCC is now indexed in Science Citation Index Expanded (also known as SciSearch®), Journal Citation 
Reports/Science Edition, Scopus, PubMed, and PubMed Central. The 2021 Edition of Journal Citation Reports® 
cites the 2020 impact factor (IF) for WJCC as 1.337; IF without journal self cites: 1.301; 5-year IF: 1.742; Journal 
Citation Indicator: 0.33; Ranking: 119 among 169 journals in medicine, general and internal; and Quartile category: 
Q3. The WJCC's CiteScore for 2020 is 0.8 and Scopus CiteScore rank 2020: General Medicine is 493/793.

RESPONSIBLE EDITORS FOR THIS ISSUE

Production Editor: Yan-Xia Xing; Production Department Director: Xiang Li; Editorial Office Director: Jin-Lei Wang.

NAME OF JOURNAL INSTRUCTIONS TO AUTHORS

World Journal of Clinical Cases https://www.wjgnet.com/bpg/gerinfo/204

ISSN GUIDELINES FOR ETHICS DOCUMENTS

ISSN 2307-8960 (online) https://www.wjgnet.com/bpg/GerInfo/287

LAUNCH DATE GUIDELINES FOR NON-NATIVE SPEAKERS OF ENGLISH

April 16, 2013 https://www.wjgnet.com/bpg/gerinfo/240

FREQUENCY PUBLICATION ETHICS

Thrice Monthly https://www.wjgnet.com/bpg/GerInfo/288

EDITORS-IN-CHIEF PUBLICATION MISCONDUCT

Dennis A Bloomfield, Sandro Vento, Bao-Gan Peng https://www.wjgnet.com/bpg/gerinfo/208

EDITORIAL BOARD MEMBERS ARTICLE PROCESSING CHARGE

https://www.wjgnet.com/2307-8960/editorialboard.htm https://www.wjgnet.com/bpg/gerinfo/242

PUBLICATION DATE STEPS FOR SUBMITTING MANUSCRIPTS

November 6, 2021 https://www.wjgnet.com/bpg/GerInfo/239

COPYRIGHT ONLINE SUBMISSION

© 2021 Baishideng Publishing Group Inc https://www.f6publishing.com

© 2021 Baishideng Publishing Group Inc. All rights reserved. 7041 Koll Center Parkway, Suite 160, Pleasanton, CA 94566, USA

E-mail: bpgoffice@wjgnet.com  https://www.wjgnet.com

https://www.wjgnet.com/bpg/gerinfo/204
https://www.wjgnet.com/bpg/GerInfo/287
https://www.wjgnet.com/bpg/gerinfo/240
https://www.wjgnet.com/bpg/GerInfo/288
https://www.wjgnet.com/bpg/gerinfo/208
https://www.wjgnet.com/2307-8960/editorialboard.htm
https://www.wjgnet.com/bpg/gerinfo/242
https://www.wjgnet.com/bpg/GerInfo/239
https://www.f6publishing.com
mailto:bpgoffice@wjgnet.com
https://www.wjgnet.com


WJCC https://www.wjgnet.com 9431 November 6, 2021 Volume 9 Issue 31

World Journal of 

Clinical CasesW J C C
Submit a Manuscript: https://www.f6publishing.com World J Clin Cases 2021 November 6; 9(31): 9431-9439

DOI: 10.12998/wjcc.v9.i31.9431 ISSN 2307-8960 (online)

ORIGINAL ARTICLE

Retrospective Study

Association of serum pepsinogen with degree of gastric mucosal 
atrophy in an asymptomatic population

Hao-Lei Cai, Yu-Ling Tong

ORCID number: Hao-Lei Cai 0000-
0002-5669-1600; Yu-Ling Tong 0000-
0002-3772-9327.

Author contributions: Cai HL 
performed the research and wrote 
the paper; Tong YL designed the 
research, contributed to the 
analysis, and supervised the 
report.

Supported by National Natural 
Science Foundation of China, No. 
71804161 and No. 72074188.

Institutional review board 
statement: This study was 
reviewed and approved by the 
Human Research Ethics Committee 
of the Second Hospital Affiliated to 
Zhejiang University School of 
Medicine (No. 2015-079).

Informed consent statement: All 
subjects provided written informed 
consent prior to enrollment in this 
study.

Conflict-of-interest statement: The 
authors declare that they have no 
related financial relationships to 
disclose.

Data sharing statement: No 
additional data are available.

Open-Access: This article is an 
open-access article that was 
selected by an in-house editor and 

Hao-Lei Cai, Department of Surgery, The Second Affiliated Hospital of Zhejiang University 
School of Medicine, Hangzhou 310009, Zhejiang Province, China

Yu-Ling Tong, International Healthcare Center, The Second Affiliated Hospital of Zhejiang 
University School of Medicine, Hangzhou 310009, Zhejiang Province, China

Corresponding author: Yu-ling Tong, MD, Doctor, International Healthcare Center, The Second 
Affiliated Hospital of Zhejiang University School of Medicine, No.88 Jiefang Road, Hangzhou 
310009, Zhejiang Province, China. tongyl0313@zju.edu.cn

Abstract
BACKGROUND 
Atrophic gastritis is a precancerous lesion of the stomach. It has been reported 
that pepsinogen (PG) can reflect the morphology and function of the gastric 
mucosa, and it is therefore used as a marker for the early diagnosis of atrophic 
gastritis.

AIM 
To evaluate the diagnostic value of serum PG for degree of gastric mucosal 
atrophy in asymptomatic Chinese upon physical examination.

METHODS 
Medical data were collected from subjects who underwent transnasal gastroscopy 
between October 2016 and October 2018. For each study subject, serum PG levels 
and presence of Helicobacter pylori (H. pylori) infection were investigated. 
Pathology was evaluated using the Operative Link for Gastritis Assessment 
(OLGA) classification and Operative Link on Gastric Intestinal Metaplasia 
Assessment (OLGIM) systems. All statistical analyses were carried out using SPSS 
statistical software.

RESULTS 
A total of 2256 subjects were enrolled and 1922 cases were finally included in the 
study. Based on the OLGA grading system, the levels of PGI were slightly 
decreased, while those of PGII were slightly increased. The PGI/PGII ratio (PGR) 
was reduced with increasing atrophy. The association between PG and OLGA 
grading was higher compared with that between PG and the OLGIM grading 
system. Compared with the OLGA-0 group, a statistically significant difference 
was observed in the mean age of OLGA-I, III, and IV groups (P < 0.05). In the H. 
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pylori-positive subjects, the PGR levels were notably lower in the OLGA-I, II, and 
III groups compared with the OLGA-0 group (P < 0.05). H. pylori-positive subjects 
exhibited significantly higher PGI and PGII serum levels and a significantly lower 
PGR compared with H. pylori-negative patients in different OLGA groups (P < 
0.05).

CONCLUSION 
Serum PG levels may represent a non-invasive screening marker for gastric 
mucosal atrophy in asymptomatic subjects.

Key Words: Pepsinogen; Helicobacter pylori; Operative Link for Gastritis Assessment; 
Atrophic gastritis; Gastric mucosal atrophy; Biomarker

©The Author(s) 2021. Published by Baishideng Publishing Group Inc. All rights reserved.

Core Tip: The current study evaluated the diagnostic value of serum pepsinogen (PG) as 
a screening marker for atrophic gastritis in asymptomatic healthy check-up populations 
in different regions of China. Serum PG levels were closely associated with Operative 
Link for Gastritis Assessment grading and could be used as an effective non-invasive 
screening tool for atrophic gastritis in asymptomatic subjects. In addition, better results 
could be obtained in Helicobacter pylori-positive individuals. Screening is more 
necessary in the elderly, and the application of the aforementioned screening tool may 
be beneficial for this population.

Citation: Cai HL, Tong YL. Association of serum pepsinogen with degree of gastric mucosal 
atrophy in an asymptomatic population. World J Clin Cases 2021; 9(31): 9431-9439
URL: https://www.wjgnet.com/2307-8960/full/v9/i31/9431.htm
DOI: https://dx.doi.org/10.12998/wjcc.v9.i31.9431

INTRODUCTION
In 2014, approximately 410400 new cases of gastric cancer (GC) were diagnosed in 
China, accounting for 10.79% of all cancer cases[1]. The prognosis of GC is closely 
associated with the times of diagnosis and treatment. The 5-year survival rate of 
advanced GC is less than 30%, while early GC, with a 5-year survival rate of over 90%, 
can be treated by endoscopy[2]. Therefore, improving the diagnostic rate of early GC is 
an efficient and feasible method to improve the survival rate of patients with GC.

GC follows the previously described Correa cascade of active gastritis-atrophic 
gastritis-intestinalization-intraepithelial neoplasia-GC, where atrophic gastritis is 
considered as the turning point and is referred to as a gastric precancerous lesion. 
Therefore, effective screening of subjects with gastric precancerous lesions and 
appropriate intervention can reduce the incidence of GC and increase the diagnostic 
rate of early GC.

In 2005, the International Atrophy Study Group proposed the Operative Link for 
Gastritis Assessment (OLGA) grading and staging system for chronic gastritis[3]. This 
staging system represents the extent and degree of gastric mucosal atrophy to link the 
histopathology of chronic gastritis to the risk of GC. In terms of pathological diagnosis, 
the consistency of gastric mucosal atrophy diagnosis among different physicians is 
low, while that of intestinal metaplasia is high. Therefore, in 2010, the standard 
Operative Link on Gastric Intestinal Metaplasia Assessment (OLGIM) staging system 
put forth the proposal to replace the term “atrophy” with “intestinal metaplasia”[4]. 
Several studies have now confirmed that the OLGA/OLGIM staging system, reflecting 
the severity of atrophic gastritis and the risk of GC, facilitates the identification of 
patients with a high risk of developing GC (OLGA/OLGIM stages III and IV), thus 
promoting the early diagnosis and prevention of the disease[5,6].

Endoscopy is an invasive diagnostic approach that requires a large number of 
samples, and its diagnostic accuracy is affected by the practicing pathologists 
themselves. Therefore, endoscopy is not considered as an ideal method in clinical 
practice, particularly for the physical examination of healthy individuals. Never-
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theless, screening for atrophy and risk of GC in healthy individuals using non-invasive 
approaches is of great importance.

Serum levels of pepsinogen (PG) can reflect the morphology and function of the 
gastric mucosa. PGI reflects the function of gastric acid secretion of the gastric gland. 
Therefore, it has been reported that the levels of PGI are reduced when gastric mucosal 
glands are atrophied. Additionally, the PGII serum levels are mainly associated with 
the extent of lesions in the gastric mucosa of the gastric fundus. Increased PGII serum 
levels are associated with gastric fundus atrophy, intestinal metaplasia, or pseudo-
pyloric metaplasia and dysplasia. Several studies have demonstrated that the 
PGI/PGII ratio (PGR) was associated with progressive gastric mucosal atrophy and 
GC[7,8].

The current study aimed to evaluate the diagnostic value of the serum PG levels and 
the presence of Helicobacter pylori (H. pylori) infection as a screening tool for atrophic 
gastritis in asymptomatic Chinese who attend standard health check-up in China.

MATERIALS AND METHODS
Study population
A total of nine health management centers from different areas of China participated 
in the study, which was conducted between October 2016 and October 2018. The 
centers were the No. 924 Hospital of the People's Liberation Army of China (southern 
China), the Second Affiliated Hospital of Zhejiang University College of Medicine, the 
Zhongshan Affiliated Hospital of Xiamen University, the Kunshan Hospital of 
Traditional Chinese Medicine (all in eastern China), the Sichuan Provincial People’s 
Hospital, the Southwest Affiliated Hospital of the Third Military Medical University 
(both in southwest China), the Jilin City People’s Hospital (northeast China), the PLA 
General Hospital, and the Jingzhou Hospital of Traditional Chinese Medicine (both in 
central-northern China). More specifically, subjects between 20-80 years of age, 
without gastrointestinal symptoms, and who presented for asymptomatic health 
check-up that included transnasal endoscopy were enrolled in the present study.

Participants with one of the following symptoms or clinical findings were excluded 
from the present study: (1) Subjects with contraindications to transnasal gastroscopy; 
(2) Previous history of definitive benign or malignant diseases of the upper 
gastrointestinal tract, including peptic ulcers, gastric polyps, esophageal cancer, and 
GC, or history of surgery; (3) Treatment with acid suppressants within the past month; 
(4) Serious organic diseases, including heart, liver, and kidney diseases; (5) Severe 
mental illness precluding an ability to cooperate; or (6) Current pregnancy or lactation.

Determination of serum PG levels, H. pylori test, and endoscopy
All participants received serum PG testing, H. pylori testing, and transnasal endoscopy 
in a single-day hospital visit. Approximately 5 mL of fasting blood was collected from 
each subject. Serum PG levels were measured by particle-based chemiluminescence 
immunoassay using the PGI and PGII kits (Abbott Laboratories Inc., Chicago, IL, 
United States). H. pylori infection was evaluated using a 13C-urea breath test (Shenzhen 
Zhonghe Headway Bio-Sci & Tech Co., Ltd., Shenzhen, China) or serum H. pylori 
antibodies (MP Biomedicals, Santa Ana, CA, United States) in combination with 
pathological H. pylori findings. Individuals with a positive result for any of the 
aforementioned three tests were categorized into a H. pylori-positive group, while 
those with a negative result for all tests were categorized into a H. pylori-negative 
group. Endoscopy was performed by experienced endoscopists who were blinded to 
the H. pylori and PG test results. Pathological samples were obtained from the gastric 
body, angulus, and antrum according to the Chinese Consensus on Screening and 
Endoscopic Diagnosis and Treatment of Early GC (2014 version)[9]. Additional 
biopsies were performed at the sites where lesions were detected.

Statistical analysis
The data are expressed as the mean ± SD for normally distributed data and as the 
median ± interquartile range for non-normally distributed data. Statistical analyses 
were performed using SPSS statistical software (version 20; IBM Corp., Armonk, NY, 
United States). Age, PGI and PGII levels, and PGR were tested for normal distribution 
by the Kolmogorov-Smirnov test. After confirming a normal distribution, ANOVA 
with post hoc Scheffe’s test was used for further assessment. Bonferroni’s correction 
and Pearson’s chi-square test were used to evaluate the differences between H. pylori-
negative and H. pylori-positive patients. Receiver operating characteristic (ROC) curve 
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analysis was used to estimate the cutoff values for PGI and PGR. P values less than 
0.05 were considered statistically significant.

RESULTS
Among the total 2256 subjects included in the current study, 14 were diagnosed with 
GC (0.6%), including six cases of early GC. In addition, one subject was diagnosed 
with pharyngeal cancer. There were 326 cases (15.9%) of atrophic gastritis and 391 
cases (19.0%) of intestinal metaplasia, while the total H. pylori infection rate was 41.7%. 
A total of 1922 subjects, with an average age of 52.3 ± 9.8 years and male to female 
ratio of 1.2:1 (1065/857), underwent serological, gastroscopic, and pathological 
examinations (Table 1).

Based on OLGA grading, the PGI serum levels were slightly decreased, while those 
of PGII were slightly increased. In addition, the PGR was reduced in conjunction with 
increasing degrees of atrophy. Compared with the OLGA-0 group, the PGII levels 
were slightly increased and PGR was slightly decreased in the OLGA-I to IV groups (P 
< 0.05). Additionally, compared with the OLGA-I and II groups, PGR levels in the 
OLGA-III and IV groups were significantly reduced (P < 0.05). A statistically 
significant difference was also observed in the PGR between the OLGA-II and OLGA-
III/IV groups (P < 0.05). A notable difference in PGR was also identified between the 
GC group and both OLGA-0 and I groups (P < 0.05; Table 2).

Furthermore, as shown in Table 2, compared with the OLGIM-0 group, the PGI 
levels were significantly lower in the OLGIM-II, III, and IV groups (P < 0.05), and PGR 
was reduced in the OLGIM-II and III groups (P < 0.05). The PGI serum levels were 
significantly lower in the OLGIM-III/IV groups, and PGR was also markedly 
decreased in the OLGIM- II/ III groups compared with the OLGIM-I group (P < 0.05). 
Finally, compared with the OLGIM-II group, the OLGIM-III group exhibited 
significantly reduced PGR (P < 0.05; Table 3).

The aforementioned results indicated that the PG serum levels were more relevant 
to OLGA grade compared with the OLGIM grade. Therefore, the OLGA grading 
system was applied for the subsequent analyses.

Rugge et al’s[10] prospective study confirmed that the high-risk stage (defined as 
stage III or IV by the OLGA classification) is closely associated with high risk of GC. 
Accordingly, OLGA I and II groups were then combined in a low-risk group and 
compared with the OLGA-0 group. The best cutoff for low risk was estimated at PGI 
73.14 ng/mL [area under the curve (AUC) = 0.585, sensitivity = 62.1%, specificity = 
53.8%] and PGR 11.54 (AUC = 0.611, sensitivity = 43.2%, specificity = 77.7%) (Figure 1). 
The OLGA III and IV groups were combined in a high-risk group and compared with 
the remaining three groups; the best cutoff for high risk was estimated at PGI  64.00 
ng/mL (AUC = 0.631, sensitivity = 67.2%, specificity = 61.2%) and PGR  9.11 (AUC = 
0.740, sensitivity = 53.0%, specificity = 91.8%) (Figure 2).

Compared with the OLGA-0 group, the mean ages in the OLGA-I, III, and IV 
groups were significantly higher (P < 0.05) and increased with an increasing OLGA 
grade. In addition, a statistically significant difference was observed in the H. pylori 
positivity rate between the OLGA-I/II/III/IV groups and the OLGA-0 group (P < 0.05; 
Table 4).

Further analyses were performed with the H. pylori-negative or positive groups. In 
the OLGA-0 group, H. pylori positive subjects exhibited significantly higher PGI and 
PGII serum levels and a significantly lower PGR compared with H. pylori-negative 
patients (P < 0.05). The same trend was observed among H. pylori-positive/H. pylori-
negative subjects in the OLGA-I group (P < 0.05). Additionally, H. pylori-positive 
subjects in the OLGA-II group had significantly elevated PGI and PGII levels 
compared with the H. pylori-negative subjects (P < 0.05). In the OLGA-III group, 
significantly increased serum levels of PGII were observed in the H. pylori-positive 
group compared with the H. pylori-negative group, while the ratio PGI/PGII was 
notably reduced. By contrast, no statistically significant differences were obtained in 
the PG levels between the H. pylori-positive/H. pylori-negative subjects in the OLGA-
IV and GC groups (P > 0.05).

In the H. pylori-positive population, compared with the OLGA-0 group, both PGI 
levels and PGR were significantly lower in the OLGA-I and III groups (P < 0.05), and 
PGR was also notably reduced lower in the OLGA-II group (P < 0.05). In the H. pylori-
negative population, the serum levels of PGI and PGR were markedly decreased in the 
OLGA-I/II (P < 0.05) and GC groups (P < 0.05; Table 5).
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Table 1 Baseline characteristics of the 1922 subjects involved in the study, n (%)

Age 52.3 ± 9.8

Gender (male) 1065 (55.41)

Helicobacter pylori 757(39.39)

Gastric cancer 10 (0.52)

Table 2 Serum pepsinogen levels in different OLGA groups

OLGA grade n PGI (ng/mL) PGII (ng/mL) PGR

0 1590 90.4 ± 82.2 8.3 ± 8.6 10.1 ± 9.3

I 185 68.7 ± 71.21 7.8 ± 8.5 8.1 ± 5.61

II 88 73.7 ± 80.71 9.8 ± 8.8 7.5 ± 4.61

III 43 60.8 ± 51.11 11.7 ± 12.81,2 6.7 ± 4.41,2,3

IV 6 52.1 ± 37.31 15.5 ± 9.9 4.1 ± 3.71,2,3

1P < 0.05, compared with the OLGA-0 group.
2P < 0.05, compared with the OLGA-I group.
3P < 0.05, compared with the OLGA-II group.
OLGA: Operative Link for Gastritis Assessment; PG: Pepsinogen; PGR: Pepsinogen I/pepsinogen II ratio.

Table 3 Serum pepsinogen levels in different OLGIM groups

OLGIM grade n PGI (ng/mL) PGII (ng/mL) PGR

0 1522 91.1 ± 83.8 8.5 ± 8.9 9.9 ± 8.8

I 252 79.2 ± 80.71 8.1 ± 8.4 9.0 ± 8.3

II 89 66.4 ± 76.51 8.8 ± 7.6 7.3 ± 6.31,2,3

III 41 56.3 ± 45.11,2 9.5 ± 6.72 6.3 ± 4.11,2,3

IV 8 60.8 ± 26.41,2 8.6 ± 11.7 6.7 ± 18.8

1P < 0.05, compared with the OLGIM-0 group.
2P < 0.05, compared with the OLGIM-I group.
3P < 0.05, compared with the OLGIM-II group.
OLGA: Operative Link for Gastritis Assessment; PG: Pepsinogen; PGR: Pepsinogen I/pepsinogen II ratio.

Table 4 Age, sex, and presence of Helicobacter pylori infection in different Operative Link for Gastritis Assessment groups, n (%)

OLGA grade 0 I II III IV

Sex (male) 866 (54.5) 109 (58.9) 57 (64.8) 25 (58.1) 3 (50.0)

Age 51.9 ± 9.9 54.99 ± 9.11 53.49 ± 8.8 55.42 ± 9.91 56.33 ± 8.21

Helicobacter pylori-positive 583 (36.7) 86 (46.5)1 51 (60.0)1 27 (62.8)1 5 (83.3)1

1P < 0.05, compared with the OLGA-0 group.
OLGA: Operative Link for Gastritis Assessment.

DISCUSSION
Atrophic gastritis is considered as one of the main precursor lesions in the Correa 
cascade, which may eventually result in GC. A study reported that the odds of 
developing GC 5 years after the diagnosis of atrophic gastritis, enterocolitis, mild to 
moderate atypical hyperplasia, and severe atypical hyperplasia were 0.1%, 0.25%, 
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Table 5 Serum pepsinogen levels in the OLGA groups after stratification according to the presence of Helicobacter pylori infection

OLGA-0 I II III IV
Helicobacter 
pylori-(n = 
1007)

Helicobacter 
pylori + 
(583)

Helicobacter 
pylori - (n = 
99

Helicobacter 
pylori+ (n = 
86)

Helicobacter 
pylori- (n = 
37)

Helicobacter 
pylori+ (n = 
51)

Helicobacter 
pylori- (n = 
16

Helicobacter 
pylori+ (n = 
27)

Helicobacter 
pylori-(n = 
1)

Helicobacter 
pylori+ (n = 
5)

PGI 
(ng/mL)

82.18 ± 78.64 101.70 ± 
89.011

56.71 ± 
66.102

73.05 ± 
78.201,2

55.40 ± 54.18
2

92.12 ± 
73.511

60.00 ± 47.55 60.8 ± 54.302 34.3 63.50 ± 43.88
2

PGII 
(ng/mL)

7.35 ± 6.61 10.80 ± 
11.361

6.60 ± 6.31 10.05 ± 
10.231

7.10 ± 4.88 13.00 ± 
10.491

7.00 ± 6.13 13.5 ± 10.641 3.8 16.40 ± 8.70

PGR 10.68 ± 8.76 8.82 ± 9.891 8.77 ± 5.072 7.24 ± 6.281,2 7.94 ± 3.542 7.18 ± 5.512 8.32 ± 3.25 4.50 ± 3.451,2 9.026316 3.90 ± 2.652

1P < 0.05, within the same pathological subgroup, compared with the Helicobacter pylori- group.
2P < 0.05, within the same Helicobacter pylori subgroup, compared with the OLGA-0 group.
OLGA: Operative Link for Gastritis Assessment; PG: Pepsinogen; PGR: Pepsinogen I/pepsinogen II ratio.

Figure 1 Operating characteristics curve analysis of pepsinogen I and pepsinogen I/pepsinogen II ratio for the low-risk group. The 
Operative Link for Gastritis Assessment (OLGA) I and II groups were combined as the low-risk group and compared with the OLGA-0 group. PG: Pepsinogen; PGR: 
Pepsinogen I/pepsinogen II ratio; OLGA: Operative Link for Gastritis Assessment.

0.6%, and 6%, respectively[1].
The current study found that approximately 15.9% of the asymptomatic individuals 

undergoing standard physical examination exhibited atrophic gastritis and 19.0% 
exhibited enterocolitis. Among these patients, 2.5% suffered from severe atrophic 
gastritis (OLGA grade III or IV). These patients have a higher risk of progression to GC 
after 5 years. Therefore, effective screening of such individuals in the asymptomatic 
population via endoscopic surveillance interventions are important for reducing the 
incidence of GC and improving the diagnostic rate of early GC.

Serum PG levels reflect the morphological and functional status of the gastric 
mucosa. It has been reported that the gradual decrease of PGR is associated with the 
progression of gastric mucosal atrophy and GC[2]. A meta-analysis of 31 studies, 
including 1520 patients with GC and 2265 with atrophic gastritis, suggested that serum 
PG levels could be considered as a potent, non-invasive, population-based screening 
tool for the diagnosis of GC and atrophic gastritis[11]. Additionally, a study by 
Zoalfaghari et al[12] indicated that the serum PGI levels and PGR could be potential 
serological markers for the diagnosis of atrophic gastritis, with a high sensitivity and 
specificity. The present study also demonstrated that PGI levels and PGR were 
significantly decreased with increasing atrophy, with PGR showing more significant 
diagnostic value. The association between PG levels and OLGA grade was more 
pronounced compared with the OLGIM grading system, suggesting that PG could be 
more closely associated with atrophy compared with intestinal chemosis. Furthermore, 
ROC curve analysis showed that serum PGI levels and PGR could be used to predict 
atrophy and intestinal metaplasia of the gastric mucosa in asymptomatic health check-
up subjects in China.
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Figure 2 Operating characteristics curve analysis of pepsinogen I and pepsinogen I/pepsinogen II ratio for the high-risk group. The 
Operative Link for Gastritis Assessment (OLGA) III and IV groups were combined as the high-risk group and compared with OLGA 0, I, and II groups. PG: 
Pepsinogen; PGR: Pepsinogen I/pepsinogen II ratio; OLGA: Operative Link for Gastritis Assessment.

Several regional studies have demonstrated that the H. pylori infection rate is 
approximately 40%-55% in China. The overall H. pylori infection rate in the study 
population was 39.39%. The results showed that the PGI and PGII serum levels were 
significantly increased, and PGR was markedly decreased in the H. pylori-infected 
group. H. pylori infection also affected the levels of PG in different pathological 
subgroups[13]. Al-Ezzy et al[14] reported that H. pylori infection can affect the 
expression of the Fas gene through inflammatory factors, thus regulating PG concen-
tration.

Furthermore, the results of the current study also demonstrated that patients with 
high-grade lesions were older and had a higher rate of H. pylori infection. A positive 
association has been reported between the severity of gastric atrophy or intestinal 
metaplasia and the age of the subjects[15,16]. Additionally, a study showed that the 
prevalence of high-risk OLGA stage was increased with increasing age in H. pylori-
negative subjects[17]. A Korean study demonstrated that advanced age, long-term 
smoking, and H. pylori infection were independent risk factors associated with 
advanced stages determined by the OLGA staging system[18]. The transition from H. 
pylori infection into GC is a multistep process, including the progression of chronic 
gastritis into precancerous lesions and ultimately to GC[19]. The presence or absence 
of H. pylori infection allows a preliminary prediction of whether a patient is at high 
risk by OLGA staging. Therefore, it has been suggested that routine endoscopy may 
not be necessary for all patients by OLGA staging or those at a low-risk by OLGIM 
stage, since H. pylori eradication can effectively prevent the development of GC. 
Effectively eradicating H. pylori before the age of 40 years could reduce the number of 
routine endoscopies in individuals requiring GC surveillance and substantially reduce 
the related healthcare burden.

The current study has some limitations in. First, the overall sample size in the study 
was not large enough; in particular, the number of patients with OLGA stage III/IV 
and GC was insufficient, which could cause statistical bias. Therefore, further studies 
with increased sample size are needed to verify the results of the present study. 
Second, there could be a selection bias in this study, since all enrolled subjects 
voluntarily underwent physical examination and gastroscopy, suggesting that their 
economic status was moderate.

CONCLUSION
The present study demonstrated that serum PG levels were closely associated with 
OLGA classification. The results suggested that PG levels could be used as an effective 
non-invasive screening tool for atrophic gastritis in the asymptomatic population 
undergoing standard physical examination, while the diagnostic value of PG levels 
could be more potent in patients with H. pylori infection. This screening tool could be 
valuable and represent an important screening method for the elderly population.
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ARTICLE HIGHLIGHTS
Research background
Atrophic gastritis is a precancerous lesion of the stomach. Pepsinogen (PG) has been 
reported to reflect the morphology and function of the gastric mucosa.

Research motivation
PG can be used for non-invasive screening of atrophic gastritis and even gastric cancer 
(GC). Effective screening of subjects with gastric precancerous lesions and appropriate 
intervention can reduce the incidence of GC and increase the diagnostic rate of early 
GC.

Research objectives
The main objective of this research was to evaluate the diagnostic value of serum PG in 
the degree of gastric mucosal atrophy in an asymptomatic Chinese population 
undergoing standard physical examination.

Research methods
The study subjects underwent transnasal gastroscopy, and serum PG levels and the 
presence of Helicobacter pylori (H. pylori) infection were investigated to assess the 
diagnostic accuracy of PG for evaluating the degree of gastric mucosal atrophy. 
Pathology was evaluated using the Operative Link for Gastritis Assessment (OLGA) 
classification and Operative Link on Gastric Intestinal Metaplasia Assessment 
(OLGIM) systems. ANOVA with post hoc Scheffe’s test was used for further assessment 
of the differences in age, PGI and PGII levels, and PGI/PGII ratio (PGR). Bonferroni’s 
correction and Pearson’s chi-square test were used to evaluate the differences between 
H. pylori-negative and H. pylori-positive patients. Receiver operating characteristic 
curve analysis was used to estimate the cutoff values for PGI, PGII, and PGR.

Research results
The association between PG and OLGA grade was higher compared with that between 
PG and the OLGIM grading system. Based on the OLGA grading system, the levels of 
PGI were slightly decreased, while those of PGII were slightly increased. PGR was 
reduced with increasing atrophy (P < 0.05). A slightly increasing trend was observed 
in the mean age of different OLGA groups. H. pylori-positive subjects exhibited 
significantly higher PGI and PGII serum levels and a significantly lower PGR 
compared with H. pylori-negative patients in the different OLGA groups (P < 0.05).

Research conclusions
Serum levels of PG are closely associated with OLGA stage and could be used as an 
effective non-invasive screening tool for evaluating the degree of gastric mucosal 
atrophy in asymptomatic subjects.

Research perspectives
Future studies could focus on the cutoff values of PG for the diagnosis of precancerous 
lesions or early gastric cancer in different regions of China.
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