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Abstract
Background and aim. Atrophic gastritis is a precancerous gastric lesion, therefore its 
early detection is a priority in preventing gastric cancer. The aim of the present paper 
is to develop a narrative synthesis of the present knowledge on diagnostic methods of 
chronic atrophic gastritis.
Methods. A literature search was carried out on main databases: PubMed, Hinari, 
SpringerLink and Scopus (Elsevier) for the period 2000-2020. The searched keywords 
were: chronic atrophic gastritis, intestinal metaplasia and dysplasia + diagnosis. 
Inclusion criteria were focused on the articles about the invasive and non-invasive 
diagnosis of chronic atrophic gastritis and of precancerous gastric lesions, intestinal 
metaplasia and dysplasia; exclusion criteria were articles published before 2000 and 
those that did not include the proposed theme.
Results. The search returned 575 papers addressing the topic of precancerous lesions. 
From these, 60 articles were qualified representative for the materials published on 
the topic of this synthesis article, being those that met the inclusion criteria. The data 
emphasize the need to use upper digestive endoscopy with biopsies for the diagnosis 
of chronic atrophic gastritis. However serological diagnosis is available as alternative 
mainly recommended in follow up.
Conclusions. There are two main methodological approaches for the evaluation of 
chronic atrophic gastritis as a precancerous gastric lesions: invasive examination, 
which requires histological analysis of biopsy samples taken during upper digestive 
endoscopy, being the “gold standard” for diagnosis, and non-invasive serological 
examination using markers of gastric function.
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Introduction
Gastric cancer (GC) is one of the 

most common gastrointestinal neoplasias 
worldwide with high morbidity and 
mortality [1-5]. The histopathological 
cascade for the development of intestinal 
GC, also called Correa cascade of gastric 
carcinogenesis, is a stepped process: 
from normal gastric epithelium to chronic 
non-atrophic gastritis, chronic atrophic 
gastritis (CAG), intestinal metaplasia 
(IM), dysplasia and CG [1-3,6,7]. Thus, 
patients with premalignant gastric 
lesions (CAG, IM and dysplasia) have a 
considerable risk of developing GC, early 

detection of these lesions being important 
for early treatment and screening for GC 
(Figure 1) [2,8,9].

CAG, an important stage in this 
sequence, is characterized by loss of 
gastric glands and can be evaluated 
endoscopically, histologically and 
serologically [4,10]. Upper digestive 
endoscopy (UDE) with biopsy is the “gold 
standard” for the diagnosis of CAG, but 
this procedure is invasive, the accuracy 
of pathological biopsy depends largely 
on the endoscopist’s skill in obtaining 
multiple biopsy fragments, which,though 
more accurate, is not always available 
[4,6,9-15].
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With the exception of endoscopic visual inspection 
or histological diagnosis using updated Sydney systems, 
OLGA/OLGIM (Operative Link on Gastritis Assessment/ 
Operative Link on Gastric Intestinal Metaplasia 
Assessment) for CAG or IM, serum pepsinogens (PGs), also 
called “serological biopsy”, are non-invasive diagnostic 
biomarkers for CAG [6,8,9,16].

Simultaneously with the increase of the severity of 
the atrophy of the mucous glands in the antrum and/or the 
gastric body, the PG-I and PG-II levels change accordingly 
and result in a decrease of the PG-I / PG-II (PGR) ratio. 
Although various values have been suggested, PG-I≤70 
ng/ml and PGR≤3 have been widely accepted for CAG or 
GC prediction [8,9,11,14,16].

The diagnosis of chronic atrophic gastritis 
There are two main methodological approaches to 

CAG assessment:
1. Invasive examination - during UDE biopsy 

samples will be taken for histological analysis, being the 
“gold standard” for diagnosis [4,6,9,10,14,15]. 

2. Non-invasive serological examination using 
markers of gastric function: PG-I, PG-II or PG-I / PG-II 
ratio (PGR) with determination of gastrin 17 (G-17) and 
anti-Helicobacter pylori antibodies (HP-IgG).

Both the non-invasive method (serological 
examination) and the invasive method (endoscopic / 
histological examination) provide indications for the 
quantification of atrophic gastric changes for the patients 
with a potential risk of developing GC [15].

Upper digestive endoscopy and histological 
examination

The diagnosis of CAG can only be established 
by histological examination - one of the key and reliable 
methods for detecting atrophic, inflammatory and 
destructive changes of the gastric mucosa. UDE is essential 
for the examination of the gastric mucosa and for obtaining 

multiple biopsy fragments. Although endoscopic diagnosis 
of CAG can contribute to risk stratification and personalized 
screening for GC, the sensitivity of conventional endoscopy 
in diagnosing CAG is only 42%, the accuracy of the 
pathological biopsy depends largely on the endoscopist’s 
skill in obtaining multiple biopsy fragments, which, though 
more accurate, is not always available [12,13].

There are several reports on the relationship 
between endoscopic and histological changes in CAG. 
According to the results of a study, the sensitivity and 
specificity of conventional white light endoscopy for the 
diagnosis of gastric mucosal atrophy (GMA), assessed on 
the basis of histological diagnosis, were 61.5% and 57.7% 
in the antrum, 46.8% and 76.4% in the gastric body [17]. 
A more recent study reported that endoscopically visible 
lesions (by conventional white light endoscopy) were poor 
predictors for HP infection or gastric precancerous disease: 
the positive and negative predictive values for HP were 
51.5% and 49.8%, respectively, for metaplastic CAG - 
33.3% and 72.3%, respectively [18].

Conventional white light endoscopy cannot 
accurately diagnose and differentiate precancerous 
gastric lesions. Classical studies of conventional white 
light endoscopy have found that the correlation between 
histological and endoscopic changes in the diagnosis and 
surveillance of precancerous gastric lesions remains far 
from satisfactory. The detection of premalignant gastric 
lesions in daily practice is further based on the histological 
evaluation of targeted (standardized) biopsies obtained 
during conventional endoscopy. Untargeted biopsies 
should be obtained mainly from the antrum, angulus and 
lesser curvature of the gastric body [1,17,19].

However, recent studies of conventional high-
definition white light endoscopy have shown promising 
results. For precancerous lesions, the method had an overall 
accuracy of 88% for the diagnosis of IM with a sensitivity 
of 74.6% and specificity of 94% [1,20]. In two prospective 
multicenter studies, the overall accuracy of this method 
was 88%, with a specificity of 98% for IM, but with a low 

Figure 1. Schematic representation of the sequential steps of precancerous gastric lesions cascade.
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sensitivity - 53-59%. For the diagnosis of premalignant 
lesions, these two studies showed low sensitivity - 74% and 
29%, respectively, although the specificity was higher - 95%
[1,21,22]. Conventional high-definition white light 
endoscopy with magnification may improve these results, but 
such data are too scarce to draw definitive conclusions [1,23].

Morphological changes of the gastric mucosa, 
infected with HP, can be reliably identified using 
conventional narrowband magnification endoscopy, which 
can also predict the histopathological severity of CAG [24]. 
The diagnostic accuracy for the determination of normal 
gastric mucosa was 0.87, for gastritis associated with HP 
infection - 0.65 and for GMA - 0.88. The method was 
superior to serological tests for the detection of GMA: 
0.88 and 0.74 (PGR<3; p<0.0001), 0.88 and 0.75 (PG-I 
<30 µg/l; p<0.0001) and white light endoscopy with 
magnification (0.88 and 0.81; p<0.0001) [25].

Second-generation narrowband endoscopy provides 
more accurate results and significantly increases the 
diagnostic efficiency of advanced gastric premalignant lesions 
(IM, dysplasia) and early GC compared to conventional 
high-definition white light endoscopy [1,22,26-28]. If the 
specificity for IM and CG were similar, then the sensitivity 
for IM (92% vs. 59%) and for CG (100% vs. 29%) had a 
much greater difference in second-generation narrowband 
endoscopy compared to white light endoscopy [1,22]. 
Narrowband magnification endoscopy allows the evaluation 
of the gastric mucosa pattern and the microvascular pattern 
of gastric lesions, is useful in diagnosing and differentiating 
focal lesions of the gastric mucosa and in facilitating the 
targeting of biopsies sampling sites [1,26,27]. Targeted 
biopsies or mapping biopsies on narrowband endoscopy had 
a 2-fold higher yield in detecting IM in patients at high risk 
for GC compared to biopsies guided by conventional high-
definition white light endoscopy [1,28].

Therefore, conventional white light and high 
definition endoscopy offers a wide spectrum of sensitivity 
(42.4-80%) and specificity (67-100%) in IM detection. 
Narrowband endoscopy technology has consistently 
demonstrated an improved sensitivity of approximately 70-
89%. However, the specificity varied considerably - between 
58% and 93%. Magnified endoscopy with or without 
narrowband/chromoendoscopy has a significantly higher 
sensitivity (80–94%) and specificity (93–100%) [1,20].

However, UDE is a subjective invasive diagnostic 
tool that requires expensive equipment, considerable 
professional experience and is not suitable for population-
based screening for GC [29].

Serological examination
Since 2003, the GastroPanel® serological panel has 

been discussed, it contains 4 biomarkers of blood serum 
(PG-I, PG-II, G-17 and HP-IgG) and is designed to provide 
information about the structure and function of the gastric 
mucosa. In addition to indicating the functional or structural 
nature of the lesion, GastroPanel® is able to determine 

its location - the antrum or gastric body. The major areas 
of use of the serological panel are: 1) first-line diagnosis 
in patients with dyspeptic symptoms and 2) screening 
of asymptomatic individuals for the risk of GC (HP and 
CAG). This is a promising non-invasive and useful method 
for diagnosing CAG, with the ability to diagnose and locate 
different degrees of atrophy. Several studies have confirmed 
the usefulness of the GastroPanel® test as a “serological 
biopsy” in the non-invasive assessment of CAG in patients 
with dyspepsia, and therapeutic procedures or decisions are 
made based on these results [29-34].

The results of the GastroPanel® test are interpreted 
by a special software (GastroSoft®), optimized for the 
use of gastritis classification according to the updated 
Sydney system, with the interpretation of the results in 
five diagnostic categories, reflecting gastric morphology: 
1) normal gastric mucosa, 2) chronic non-atrophic gastritis 
(HP), 3) antral CAG, 4) CAG in the body and 5) CAG 
in the antrum and body (atrophic pangastritis) [7,29,32-
34]. For HP infection there are three possible outcomes: 
a) active HP infection (HP-IgG >30 immune fermentative 
units with all other markers in a normal range), although 
an active and continuous HP infection can cause a severe 
inflammatory reaction with serum levels of any or all three 
biomarkers, b) successful eradication of HP (normalization 
of the values of the three markers with a delay of a few 
weeks, and HP-IgG levels may remain high for a longer 
period of time) and c) failed eradication of HP (slightly 
elevated levels of HP-IgG, PG-II and/or G-17 - a sign of a 
continuous inflammatory process) [7,29,32-34].

Determination of PG-I and PG-II levels in blood 
serum and PGR value is used as a screening method for the 
detection of CAG and GC. The sensitivity and specificity 
of this method are relatively low (84.6% and 73.5%, 
respectively) [4,6,8,9,14,15]. Serological tests for these 
biomarkers are non-invasive, low cost and convenient 
compared to non-serological tests such as UDE and 
histological investigations [14-16,21,30,31].

Serum PGs (PG-I and PG-II) are proenzymes of 
pepsin, an endoproteinase present in gastric juice. PG-I is 
secreted exclusively by the main cells and mucous cells of 
the fundus glands and gastric body, and PG-II is secreted 
by all gastric glands and proximal glands of the duodenal 
mucosa (Brunner’s glands). Only 1% of PG secreted into 
the gastric lumen is detected in serum. G-17 is secreted by 
G cells in the pyloric part of the gastric antrum and at lower 
rate by G cells in the duodenum. The main function of G-17 
is to stimulate the secretion of gastric acid by the parietal 
cells of the gastric body, as well as to increase the motility 
of the gastric antrum. Thus, serum PG levels, primarily the 
combination of PG-I and PGR, with or without G-17 and 
HP-IgG determination, can be used to reflect morphological 
aspects, the functional (secretory) state of the gastric 
mucosa and to predict the development of GC [4,6-11,14-
16,29,32-35].
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The secretory capacity of the gastric mucosa is 
usually intact if there is no infection or an acute HP infection 
[35]. PG-I and PGR levels decrease in gastric body atrophy 
and multifocal CAG, but remain within a normal range 
in all other conditions. This reduction is progressive and 
closely correlates with CAG severity. Elevated PG-II 
levels reflect mucosal inflammation, the highest values 
being detected in non-atrophic gastritis associated with 
HP infection [29,32,34,36]. The G-17 value is higher in 
body atrophy, caused by hypo- or achlorhydria. The same 
situation applies when acid production is inhibited by 
prolonged use of proton pump inhibitors. When the antral 
mucosa is atrophied and G cells disappear, G-17 secretion 
remains very low, even after protein stimulation, a method 
that increases the performance of this test. In body and 
antral CAG, PG-I, PG-II and G-17 are substantially 
reduced [29,32,34,37]. However, due to the low sensitivity 
of the G-17 test, scientists do not recommend the separate 
use of serum G-17 for screening of antral CAG, but only in 
combination with serum PG and HP-IgG [37].

Therefore, the loss of glandular cells in the gastric 
mucosa in CAG induces significant functional changes. 
Atrophy in the gastric antrum reduces G-17 secretion, and 
atrophy in the gastric body decreases PG-I and PGR levels. 
PG-II, being synthesized in all gastric glands, decreases in 
patients with multifocal CAG [5,34,38].

Although various values have been suggested, yet 
PG-I≤70 ng/ml and PGR≤3 have been widely accepted 
for CAG or GC prediction [8,9,14,16,35]. A systematic 
review and recent meta-analysis revealed sensitivity 
and specificity of threshold values (PG-I≤70 ng/ml 
and PGR≤3) for the diagnosis of CAG (0.59 and 0.89, 
respectively) and for the diagnosis of GC (0.59 and 
0.73, respectively). Due to their high specificity, non-
invasiveness and easy interpretation, serum PGs have the 
potential for screening CAG or GC [35].

A systematic review and meta-analysis, which 
included 31 studies with 1,520 patients with GC and 2,265 
patients with CAG, assessed the significance of serum 
PG in GC and CAG screening. The summary sensitivity 
and summary specificity for GC screening were 0.69 and 
0.73, and for CAG screening - 0.69 and 0.88, respectively. 
Subgroup analysis found that the use of the combination 
of PG-I level and PGR value for GC screening increased 
sensitivity (0.70) and specificity (0.79) compared to 
the separate use of PG-I concentration - 0.55 and 0.79, 
respectively. For CAG screening, the use of the combination 
of PG-I level and PGR value increased sensitivity (0.79) 
and specificity (0.89) compared to the separate use of 
PGR value (0.69 and 0.84, respectively), and separate 
use of PG-I concentration (0.46 and 0.93, respectively). 
Thus, serum PGs have great potential as a non-invasive, 
population-based screening tool in GC and CAG [3,5,39].

According to the results of recent literature 
reviews, HP-IgG provides significant additional diagnostic 

information to these 3 biomarkers. HP-IgG levels cause 
2 potentially different conditions: active HP infection or 
previous exposure to HP. Abnormal HP-IgG alone indicates 
chronic non-atrophic gastritis associated with HP infection. 
In case of association with abnormal values of the other 3 
markers, high HP-IgG levels confirm the diagnosis of CAG 
associated with HP infection [29,32,33]. In addition, the 
accuracy of combining the serum PG assay with HP-IgG 
and/or G-17 for CAG and GC prediction was confirmed 
[8,9,14,16,35].

Therefore, multiple systematic reviews and meta-
analyses, cohort and case-control studies support the use 
of PGR separately or in combination with serum PG-I 
for the serological definition of CAG and may be useful 
as a screening test for GC in epidemiological studies 
population-based [40-46]. The definition of CAG based 
exclusively on PGR may be even superior to the definition 
of CAG based only on PG-I or on the combination of PGR 
and PG-I [43,44,47,48]. The separate use of serum levels of 
PG-I or PG-II is not sensitive enough for the diagnosis of 
CAG [31,42,43,45,48].

In the last 15 years, the GastroPanel® test has been 
validated in a large number of clinical trials and screening 
studies, based on confirmations of biopsies taken at 
endoscopy [7,29,32-34,46,47,49-51]. The excellent clinical 
performance of this test was also validated in two recent 
meta-analyses. According to the results of a meta-analysis, 
published in 2016, which included 27 studies published up 
to May 2016 with 8,654 patients from different geographical 
areas, GastroPanel® demonstrated a better diagnosis of 
body CAG than antral CAG: sensitivity 70.2% and 51.6%, 
specificity 93.9% and 84.1%, respectively. Normal values 
of PG-I, PG-II and PGR exclude CAG with a negative 
predictive value of over 95% [7,29,32,34,47,51]. Another 
meta-analysis, published in 2017, which brought together 
20 studies with a number of 4,241 patients, evaluated the 
performance of the panel test for the diagnosis of CAG 
of any location and severity. The summary sensitivity of 
the test was 74.7%, the summary specificity - 95.6%, the 
negative predictive value - 91% and the positive predictive 
value - 86%. Both the prevalence of CAG (89.5% and 
83.7%, respectively) and the prevalence of HP infection 
(81.4% and 84.9%, respectively) based on histological 
examination were similar to those based on GastroPanel® 
[33,46].

The diagnosis of HP infection is necessary for any 
gastritis and is the etiological factor of CAG. There are 2 
groups of methods - direct and indirect. The morphological 
study of biopsy specimens is recognized as a “gold standard” 
of reliability. Determination of HP by stool antigen test is 
a cheap and simple method that allows the identification 
of indirect signs of secretory insufficiency of the stomach 
[38]. But the most widely used tests (urea breath test 
and stool antigen test) have several limitations. These 
limitations are completely avoided by the GastroPanel® 
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test, in which the HP-IgG determination is supplemented 
by 3 other biomarkers (PG-I, PG-II, G-17), which are 
sensitive indicators of inflammation of the gastric mucosa. 
This panel has no known shortcomings (false-negative and 
false-positive results) of conventional HP tests and has 
added value by detecting (with great accuracy) another 
major risk factor of the GC - CAG - with all its potential 
clinical sequelae [5,29].

Therefore, the use of serum biomarkers in the 
diagnosis of premalignant gastric lesions presents an 
attractive alternative to endoscopy with histopathological 
examination of gastric biopsy specimens. The method is 
non-invasive, involves simple blood sampling and provides 
consistent results [44]. The non-invasive GastroPanel® 
test strongly correlates with the results of the histological 
examination and should be used to differentiate with high 
precision subjects with healthy gastric mucosa and those 
with lesions of the gastric mucosa. The test is a reliable tool 
for the diagnosis of CAG, which should be used as a first 
line for the diagnosis and screening of people or populations 
at high risk for GC [3,4,7,9,29,32,33,46,47,52,53].

However, the authors of a study, published in 2014, 
concluded that the serological panel is not accurate enough 
for the diagnosis of CAG and its systematic use in clinical 
practice cannot be recommended [54]. Moreover, the 
guidelines of the British Society of Gastroenterology also 
consider that although biomarkers help to detect patients 
with CAG, there is not enough evidence to support their 
use in population screening. High definition endoscopy 
combined with biopsy sampling and histopathological 
examination is the best test for accurate detection and 
stratification of CAG and IM risk. However, there is 
insufficient evidence to support endoscopic screening in a 
population at low risk of GC, but endoscopic surveillance 
every 3 years should be provided to patients with extensive 
CAG and IM [3].

Comparison of endoscopic/histological and 
serological examinations

Reports on the value of endoscopy for the diagnosis 
of CAG are still controversial. However, the endoscopic 
method, histological examination and serological diagnostic 
tests of CAG correlate relatively well [55,56]. The value of 
PGR separately and in combination with PG-I decreased 
significantly (p<0.001) simultaneously with the increase of 
the degree of GMA and the threshold value of distinction 
between the presence and absence of endoscopic CAG was 
3.0-3.2 [55].

Serum PG levels correlate well with abnormal 
endoscopic findings. PGR was inversely correlated with 
CAG (transparency of blood vessels with a demarcation 
line - atrophic border) and IM (whitish spots with or 
without depressed hyperemic lesions) (p<0.001) [57]. PGR 
is closely correlated with histological CAG, and PGR<3.0 
is considered an optimal value for the diagnosis of CAG 

with high sensitivity (71%), specificity (86%) and PPV 
(85%) [11]. A significant correlation was found between 
CAG, determined endoscopically and histologically, and 
the sensitivity and specificity of the endoscopic diagnosis 
were 65.9% and 58.0% for the gastric antrum, 71.3% and 
53.7% for the gastric body, respectively [55].

The PGR value separately and in combination with 
the serum level of PG-I correlates statistically significantly 
inversely with the OLGA and OLGIM staging systems 
[1,15,58-60] and these differences were more pronounced 
in the high-risk stages (OLGA/OLGIM III-IV) [58,59]. 
Low serum PG-I levels, especially when associated with 
HP-negative serological status, may identify patients at 
higher risk for GC, requiring endoscopic evaluation and 
monitoring [1].

Therefore, several studies have shown that 
histological staging and serological stratification have 
similar important roles in predicting precancerous lesions, 
and their staging, including OLGA and OLGIM systems, 
combined with serum PG levels, can provide important 
information for GMA and IM risk assessment. Serum 
PG-I levels and PGR values, especially PGR, are valuable 
markers of changes in the gastric mucosa. Moreover, 
G-17 levels and serum PG levels may provide important 
clinical data in identifying the area of atrophy [58]. 
However, the sensitivity and specificity of endoscopic 
findings and serological results for the diagnosis of CAG 
are not high, and the histological diagnosis has some 
limitations. Thus, given the limitations of these three 
methods, a multifactorial evaluation is needed to improve 
the accuracy of CAG diagnosis [55]. Therefore, for 
accurate prediction of GC risk in clinical practice, CAG 
staging, including OLGA and OLGIM systems, must be 
combined with serum PG values [58].

Conclusions
There are two main methodological approaches for 

the evaluation of chronic atrophic gastritis: 1) invasive 
examination, which requires histological analysis of 
biopsy samples taken during upper digestive endoscopy, 
being the “gold standard” for diagnosis; 2) non-invasive 
serological examination using markers of gastric function 
(serum pepsinogens I, II and pepsinogen ratio I/II with 
determination of gastrin 17 and anti-Helicobacter pylori 
antibodies. Upper digestive endoscopy is essential for 
the examination of the gastric mucosa and for obtaining 
multiple biopsy fragments. Simultaneously, endoscopic 
diagnosis of chronic atrophic gastritis can contribute to 
risk stratification and personalized screening for gastric 
cancer, and the implementation of GastroPanel® test in 
clinical practice would be of significant importance in the 
early diagnosis of chronic atrophic gastritis among people 
at high risk of gastric cancer and lead to better overall 
patient survival rates. 
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