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INTRODUCTION
Actuality and importance of the research: Although the incidence of gastric cancer (GC)
has decreased significantly in the last century, partly due to effective eradication and reduced
prevalence of H. pylori (HP), the disease is still one of the leading causes of cancer death
worldwide [ 13, 24, 44]. In the latest global cancer statistics, the disease ranks 5th after incidence
(8% of the total number of cancers) and is the 2nd leading cause of cancer death in both sexes
(10% of total deaths caused by neoplasms) [32, 43]. In Romania, gastric cancer is the 6th
malignant localization in both sexes, with an incidence of 5.2% [32]. Only 1-3% of people
infected with HP develop GC [44].
Upper digestive endoscopy (UDE) with biopsy is the "gold standard" for the diagnosis of
GC and precancerous gastric lesions (chronic atrophic gastritis (CAG), intestinal metaplasia (IM),
gastric epithelial dysplasia (GED)), but their use population-based screening is limited due to the
invasiveness of the method and the cost, but for high-risk patients it remains the only strategy
available [10, 21, 26, 38]. While many aspects of gastritis pathology remain to be elucidated,
consistent information indicates that CAG is the only, strongest predictor of the onset of intestinal
IM and GC [10]. Early diagnosis of gastric precancerous lesions in the general population and
surveillance of these patients are important considerations for early identification and reduction of
GC mortality, increased survival rate and improved quality of life of patients [8, 9, 13]. However,
at this moment, premalignant changes in the gastric mucosa are often ignored in clinical practice
or result in a variable frequency of surveillance or treatment [31].
Thus, based on the above, the purpose of this study is to elucidate the clinical/para-clinical
manifestations in patients with chronic atrophic gastritis depending on the morphological type of
existing gastric lesion.
In order to achieve the goal, the following general research objectives were stipulated:
1. Evaluation of clinical features in patients with chronic atrophic gastritis.
2. Determination the correlation between the severity of gastric mucosal damage in chronic
endoscopic atrophic gastritis and the stage of gastric mucosal atrophy according to the OLGA and
OLGIM systems.
3. Estimation of the role and value of non-invasive serological diagnosis in the prognosis of
chronic atrophic gastritis.
4. Study of the relationship between morphological examination and functional activity of
the gastric mucosa by determining the concentration of serological markers, followed by
comparison of morphological and serological data.
5. Elaboration of a diagnostic algorithm for patients with chronic atrophic gastritis.
The general research methodology was developed based on the publications of local
authors [10, 17, 19] and abroad [7, 28]. In this cross-sectional cohort clinical trial, patients were
selected according to inclusion and exclusion criteria. For the research and solution of the
problems approached in the thesis we used the methods: analytical epidemiological, investigation,
clinical examination, para-clinical investigations, statistical, mathematical procedures, monitoring
and evaluation tools.
Scientific novelty of the obtained results: The clinical, serological and morphological
features of CAG were highlighted depending on the degree of damage to the gastric mucosa. The
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correlation between invasive and non-invasive tests in the diagnosis of CAG was evaluated, with
the estimation of the role of HP, the severity of the clinical picture and the foveolar pattern of the
gastric mucosa. Physiological, morphological and clinical research has deepened data on the
characteristics of gastric precancerous conditions in relation to the inflammatory activity of the
gastric mucosa, streamlined the diagnosis of the disease and increased the specificity of screening
for patients at high risk of developing gastric precancerous pathology.
The applicative value of the study consists in the elaboration of an algorithm for early
diagnosis of CAG in order to prevent gastric cancer. Recommendations have been proposed for
the examination of patients infected with HP (immunological testing and histological staging of
CAG) to isolate cohorts with a high risk of developing GC.
Approval of the thesis results. The results of the study were presented and discussed in the
following national and international scientific forums:
1. Annual Conference of the University of Medicine and Pharmacy of Iasi "Gr T. Popa"
"Contemporary aspects in chronic atrophic gastritis", March 4-06, 2016, Iasi, Romania.
2. The third Congress of Internal Medicine "News in gastric precancerous lesions", October
24-25, 2017, Chisinau, Republic of Moldova.
3. Centenary Symposium of Romanian Internal Medicine in Cluj “Premalignant lesions and
gastric cancer”, October 24-26, 2019, Cluj-Napoca, Romania.
4. Meeting of the Romanian Society of Neurogastroenterology “Identifying precancerous
lesions - an important step in gastric cancer prevention”, 07-09 November 2019, Iași, Romania.
5. University Days and Annual Scientific Conferences of collaborators and students of
USMF IP “Nicolae Testemiţanu”, 2014, 2017, 2018, 2019, Chisinau, Republic of Moldova.
6. III Russian Gastroenterology Congress with international participation "Gastroenterology
of Russia from birth to old age (pediatric, therapeutic, surgical and medico-social aspects)",
"Precancerous diseases and stomach cancer". 29-30 October 2020, Saint-Petersburg, Russia.
The positive opinion of the Research Ethics Committee for the study was received on June
17, 2019 (the act nr. 38).
Keywords: chronic atrophic gastritis, atrophy of the gastric mucosa, intestinal metaplasia,
gastric epithelial dysplasia, advanced upper digestive endoscopy, morphological examination,
Helicobacter pylori.
Thesis publications. The materials of the thesis were reflected in 13 scientific papers,
including 3 articles without co-authors and 8 articles in reviewed editions, 11 active participations
with communications and posters at international and national scientific forums, a patent.
The volume and structure of the thesis. The paper is presented on 155 pages of text,
consists of introduction, 4 chapters, general conclusions, practical recommendations and
bibliographic index with 237 references. The illustrative material includes 39 figures, 25 tables, 4
statistical formulas and 6 annexes.
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1. CONTEMPORARY ASPECTS REGARDING DIAGNOSIS AND PROGNOSIS
OF CHRONIC ATROPHIC GASTRITIS
1.1. Definition, classification and epidemiology of chronic atrophic gastritis
Definition. CAG is a chronic inflammatory condition, characterized by loss of gastric
glandular structures [13, 20, 24, 30, 44]. Current perception of gastric mucosal atrophy (GMA)
includes two different phenotypes: (1) obvious disappearance of glandular units associated with
fibrotic expansions in the lamina propria - reduced glandular mass without changes in the original
epithelium (CAG by apoptosis) and (2) metaplastic replacement of native glands with glands with
ectopic cell arrangement (intestinal metaplasia and/or pseudo-pyloric metaplasia - CAG by
substitution) [9, 10, 14, 36].
Classification. In accordance with the Sydney system, CAG is classified according to
severity: (1) CAG is missing, (2) mild CAG (gastric antral atrophy), (3) moderate CAG
(extension to less curvature from the middle of the gastric body) and (4) Severe CAG
(pangastritis) [13, 32]. Although the updated Houston version of the Sydney classification is the
most widely used classification of gastritis, it does not express the gradation of GC risk in patients
with CAG [31]. In the Kimura-Takemoto classification there are three degrees of endoscopic
CAG: missing (C0), mild (C1-C2), moderate (C3-O1) and severe (O2-O3) [34, 35]. In type C1
atrophic changes are not visible in the corpus and are visible only in the antrum. In types C2 and
C3 the border of atrophy is on the less curvature in the lower and upper part of the gastric body,
respectively. In type O1 the atrophic border is between the less curvature and the anterior wall of
the gastric body. In O2 atrophic changes extend on the anterior wall, and in O3 the limit is
between the anterior wall and the large curvature [25, 34].
Epidemiology. Epidemiological data on the incidence and prevalence of HP, CAG, IM and
GED infection in different parts of the world are scarce, especially from population-based studies.
These lesions are difficult to assess due to the fact that they often remain clinically asymptomatic,
can only be detected in UDEs by histological examination of biopsies and, in part, difficult due to
inadequate biopsy sampling [1, 2, 9, 31]. However, the epidemiology of premalignant gastric
lesions is important due to their relationship with GC and the need to improve screening and
surveillance strategies [18].
Prevalence of Helicobacter pylori infection. HP infection is diagnosed on average in 50%
(5-80% in the general population worldwide) [15, 32, 40, 42]. The HP toll remains debatable in
the literature [13, 15, 23, 32, 42].
The prevalence of chronic atrophic gastritis worldwide correlates with age, is higher in
men, has considerable geographical and ethnic differences, and is frequently associated with HP,
especially with virulent CagA strains [23, 29]. The first line of diagnosis of CAG is UDE or
diagnosis based on serum PG. Confirmation is made in advanced endoscopy with methodical and
optically-guided biopsy. However, in general, CAG remains underdiagnosed [9, 31, 43]. Studies
conducted in areas with a high incidence of CAG (Japan, China) showed a prevalence between
33% and 84% [9, 43].
1.2. Pathophysiology and symptomatology of chronic atrophic gastritis
Pathophysiology. The development of intestinal gastric adenocarcinoma is the final stage of the
succession of inflammation - atrophy - metaplasia - dysplasia - carcinoma, named Correa cascade
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for gastric carcinogenesis. This model is confirmed by a considerable number of longitudinal
clinical-pathological and epidemiological studies [41].
Symptomatology of chronic atrophic gastritis. The clinical spectrum of CAG is not
clearly defined and is often nonspecific, with an overlap of the clinical features of the two entities
of CAG - autoimmune and associated with HP infection. Thus, in contrast to the classic
perception of a silent condition, patients with CAG report a wide range of gastrointestinal
symptoms, ranging from dyspeptic symptoms to symptoms of gastroesophageal reflux [20, 23].
Risk factors for CAG, IM and GC are: HP infection, genetic factors (age, duration of HP
infection, male sex, hereditary collateral history of GC), ulcer disease, enterogastric reflux,
smoking, alcohol dependence, use prolongation of proton pump inhibitors and non-steroidal antiinflammatory drugs, diet (diet low in fruits, vegetables and vitamin C, excessive salt consumption
and consumption of salt preservatives) [12, 37, 40, 43].
1.3. Contemporary methods for early diagnosis of chronic atrophic gastritis
At this stage there are three main methodological approaches for the early diagnosis of
CAG: 1. Serological examination - markers of gastric function: PG-I, PG-II, PGR, G-17 and HPIgG determination. 2. Advanced endoscopic examination with special techniques (high resolution,
special spectrum illumination, endoscopic magnification, endoscopy and optically guided biopsy).
3. Histological and histochemical examination to confirm serological and endoscopic data [21, 26,
38].
2. STUDY MATERIAL AND METHODS
2.1. General feature of the research methodology
To estimate the particularities of early diagnosis and prognosis of CAG in order to prevent
GC, a cross-sectional cohort clinical study was performed, based on: (1) evaluation of clinical,
serological and morphological features in patients with CAG, compared to (2) visible gastric
mucosal changes in the method of advanced digestive endoscopy. Patient data were coded in
specially developed sheets for statistical processing.
The volume of the representative sample was calculated in the EpiInfo 7.2.2.6 Program,
“StatCalc - Sample Size and Power” section for the analytical study based on the following
parameters:
1. The confidence interval for 95.0% significance of the results.
2. Statistical power - 80.0%.
3. The global prevalence of CAG in the general population is on average 33.0% (26-41%) in
endoscopic studies with biopsies [27].
For the 95.0% confidence interval, the calculated value of the sample is 25 patients, after
adjusting the design effect (sex, age, clinical form, serological outcome, risk factors) - 125
patients and including the rate of non -response of 10.0% - 138 patients.
Thus, the sample was representative for an error allowed of 5% and included 142 patients,
more than the representative minimum limit value of 138 patients. The research was carried out in
several stages, respecting the inclusion and exclusion criteria:
Step 1. Patients included in the study were investigated para-clinically (laboratory methods
and exploration instruments) and clinically. Following the results obtained, the self-division was
performed according to the clinical form of the disease.
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Step 2. Statistical processing of the obtained results.
Step 3. Evaluation of the basic indicators that characterize the study groups. Comparative
estimation of endoscopic changes, clinical and serological features depending on the type
morphology of the lesion with the development of an algorithm for early diagnosis of patients
with CAG for cancer prevention.
Step 4. Presentation of results.
Criteria for inclusion in the study: patients with CAG, morphologically confirmed; patients
aged 18 years and over; patients with a previous or current HP infection; patients diagnosed with
CAG not more than 5 years; patients who read and signed the informed consent to the study.
Exclusion criteria from the study: patients under 18 years of age; patients with malignant
tumors; patients with severe associated comorbidities that affect the course of the underlying
disease (central nervous system pathology, organic diseases of the endocrine glands, severe heart
failure, severe liver dysfunction, severe renal dysfunction, severe lung dysfunction,
haematological disorders, conditions requiring medical administration); pregnant women,
midwives and lactating women; patients with severe coagulation disorders: INR> 3; platelets
<30,000/Mmc; patients with active digestive bleeding; patients with a history of gastric surgery.
In the research were enrolled 142 patients with CAG selected consecutively in the Internal
Diseases section of IMSP Clinical Hospital of the Ministry of Occupational Health and Social
Protection. The general study group was divided into 3 subgroups depending on the
morphological type of the lesion: subgroup 1 - 51 patients with CAG, without MI and without
GED, subgroup 2 - 51 patients with CAG and IM and subgroup 3 - 40 patients with CAG and
GED.
2.2. General characteristic of study groups
Patients in all 3 study subgroups were age-appropriate. The mean age in subgroup 1 of
study was 54.94 ± 1.9 years, in subgroup 2 of study - 57.39 ± 1.4 years and in subgroup 3 of study
- 59.45 ± 1.7 years (p> 0.05). The distribution of patients in the study subgroups by age group was
also wide in all 3 study groups (Table 1).
Table 1. Distribution of patients with CAG from the study subgroups depending on age
groups
Study
Study
Study
subgroup 1
subgroup 2
subgroup 3
Age groups
p

<45 years
45-64 years
≥65 years

abs.
10
28
13

%
19,6
54,9
25,5

abs.
4
35
12

%
7,8
68,6
23,5

abs.
4
22
14

%
10,0
55,0
35,0

>0,05
>0,05
>0,05

Socio-demographic data (living environment, educational level, martial status, socioprofessional category) of patients from all study subgroups were statistically significant. In study
subgroup 2, compared to study subgroup 1, statistically significant were more men (51.0% and
21.6%, respectively; p<0.01) and fewer women (49.0% and 78,4%, respectively; p <0.01) (Table
2).
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Table 2. General characteristic of patients with CAG from the study subgroups
Study
Study
Study
subgroup 1
subgroup 2
subgroup 3
Parameter
p
(1)
(2)
(3)
abs.
%
abs.
%
abs.
%
Gender:
- mens
11
21,6
26
51,0
18
45,0
1-2**
- women
40
78,4
25
49,0
22
55,0
1-2**
Residential status:
- urban environment
32
62,7
34
66,7
24
60,0
- rural environment
19
37,3
17
33,3
16
40,0
Studies:
- primary
9
17,6
6
11,8
6
15,0
- medium
21
41,2
29
56,9
18
45,0
- superior
21
41,2
16
31,4
16
40,0
Marital status:
- married
38
74,5
40
78,4
23
57,5
- unmarried
5
9,8
3
5,9
3
7,5
- Widower
3
5,9
3
5,9
10
25
- divorced
5
9,8
5
9,8
4
10,0
Social group:
- employee
34
66,7
34
66,7
22
55,0
- Unemployed
3
5,9
2
5,0
- not valid
3
5,9
1
2,0
1
2,5
- retired
11
21,6
16
31,4
15
37,5
Note: statistically significant differences ** - p<0,01
2.3. Investigation methods and diagnostic criteria.
Clinical methods. The accumulation of primary data was performed by applying the
elaborated structured questionnaire, extracting data from medical documentation, the results of the
primary visit and repeated visits, clinical and para-clinical investigations.
Biochemical methods. Blood was collected from the patients' ulnar veins in the first half of
the day after 12 hours of fasting. Blood samples were immediately centrifuged at 4 ° C, obtaining
5 ml of stored serum (within 2 hours of collection) at -70 ° C until testing (within 6 months).
GastroPanel biomarkers - pepsinogen-I (PG-I), pepsinogen-II (PG-II), gastrin-17 (G-17) and
antibodies to Helicobacter pylori IgG (HP-IgG) - were determined with commercial
GastroPanel® enzyme immunoassays (Analyzer: Seac-Radim, Alisei QS, Italy) in accordance
with the manufacturer's instructions, and the pepsinogen-I / II (PGR) ratio was calculated. Serum
PGs were determined for the diagnosis of CAG. GMA was considered 'absent' (PG-Ⅰ> 70 μg / l or
PG-Ⅰ / Ⅱ> 3), 'mild' (PG-Ⅰ ≤70 and> 50 μg / l and PG-Ⅰ / Ⅱ ≤3 and> 2), 'moderate' (PG-Ⅰ≤50 and>
30 μg / l and PG-Ⅰ / Ⅱ≤3 and> 2) and 'severe' (PG-Ⅰ≤30 μg / l and PG-Ⅰ / 2) [8].
The current HP infection was found by two methods: 1) histological evidence of HP
infection by Giemsa staining and 2) urease test. To distinguish the previous infection from the
9

current HP infection, we used two methods: 1) measuring the level of serum HP-IgG and 2)
checking the history of treatment to eradicate the HP infection.
Instrumental methods. For the purpose of diagnosing CAG, the following investigations
were performed: 1. Upper digestive endoscopy (UDE) and collection of gastric mucosa biopsies
were performed on the Olympus® Evis Exera III endoscopic system with high performance
endoscope (GIF-HQ190, Olympus Medical Systems Corp., Tokyo, Japan), with intravenous
anesthetic support and spontaneous breathing. All patients were examined by a single endoscopist
with special training. In all cases, meticulous examination of the gastric mucosa was performed
under advanced HD-Near Focus-WLE-NBI⁺ imaging.

A

B

Figure 1. Endoscopic images representative of chronic atrophic gastritis A - in HD-Near
Focus-WLE regime, the antral region has a thin and transparent mucosa with accentuation of
the submucosal vasculature, foveolar pattern represented by small foveae, surrounded by fine
capillary network, with orderly arrangement of subepithelial capillaries, honeycomb-like,
which is interspersed with a network of spider-like microvenules composed of collecting
venules. B - in HD-Near Focus-NBI + regime where the gastric mucosa is thin, transparent,
alternating with large areas without foveolar structure and gastric glands with excessive
highlighting of the submucosal vascular system, microvascular architecture characterized by
rolling, wavy, altered vessels sectors of the ultrafine microvascular network.

The tissue for biopsy was collected according to the OLGA / OLGIM protocol. The biopsies
from each area were placed in separate marked containers [3, 4]. Gastric mucosal atrophy (GMA)
was evaluated endoscopically according to the Kimura-Takemoto classification: atrophy is
missing (C0), mild atrophy (C1-C2), moderate atrophy (C3-O1) and severe atrophy (O2-O3) [5,
6].
1. Morphological examination. The sampled tissues were fixed for 24-48 hours in 10%
buffered neutral formalin and subsequently included in paraffin wax, the histological sections
were cut to a thickness of 3 µm. Usual staining methods were used (hematoxylin and eosin
according to Carazzi, picrofuxin according to the van Gieson method). Additional IM staining
techniques were used to characterize IM: Alcian blue pH 2.5/Schiff acid periodic alkian, Alcian
blue-colloidal iron/Alcian blue pH 2.5. Chronic inflammation and activity, HP, CAG, IM, GED or
GC were determined in each biopsy specimen. The final diagnosis included the most severe
histological lesion of all biopsies analyzed. HP infection was considered positive in the presence
of bacteria in at least one of the five biopsies analyzed [2].
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Figure 2. Biopsy fragment of antral gastric mucosa, covered by columnar unistratified epithelium,
with foveoles and pyloric glands, with moderate atrophy. Lymphocytic infiltrate is found in the connective
tissue of the lamina propria.

The histopathological examination was performed by two anatomo-pathologists, one of
whom had more than 15 years of experience who did not know the identity of the samples and did
not have access during the examination to the clinical, biological and endoscopic data of the
subjects.
Methods of statistical processing of results. Primary data processing was performed using
the functions and modules of SPSS version 16.0 for Windows (SPSS Inc., Belmont, CA, USA,
2008) and Microsoft Office Excel 2019 on the personal computer through descriptive and
inferential statistical procedures. To estimate the significant differences between the means of two
groups, the t test was used for independent samples, and between the group means - the t test for
pair-samples. For multiple comparisons (3 or more) we used the analysis of variance (One-Way
ANOVA) with the application of post-hoc tests or the non-parametric Kruskal-Wallis test with the
application of Bonferroni correction. To assess the degree of intensity of statistical links we used
the correlation procedure. Contingency table data were analyzed by the method of variational
statistics (χ²). Statistically significant we considered the differences with the bilateral value
p<0.05.
3. CLINICAL-PARACLINICAL MANIFESTATIONS REGISTERED IN PATIENTS
WITH
CHRONIC
ATROPHIC
GASTRITIS
ACCORDING
TO
THE
MORPHOLOGICAL TYPE OF THE INJURY: Comparative analysis of clinical,
serological and morphological features in the study subgroups
Subgroup 1 included CAG cases, without IM and without GED, subgroup 2 included CAG
and IM cases, subgroup 3 included CAG and GED cases. Comparative analysis of sociodemographic characteristics in patients with different morphological type of CAG found that in
study subgroup 1, compared to study subgroup 2, there were statistically significantly fewer men
(21.6% and 51.0%, respectively; p<0.01) and statistically significant more women (78.4% and
49.0%, respectively; p<0.01).
All 3 study subgroups were classified according to age characteristics, environment and
living conditions, marital status, education, social group, activity character, weight loss and family
history of GC. There was a tendency to increase the mean value of age concomitantly with the
11

morphological worsening of CAG: 54.94 ± 1.9 years in patients in study subgroup 1, 57.39 ± 1.4
years in patients in study subgroup 2, and 59.45 ± 1.7 years in patients in study subgroup 3.
The evaluation of CAG risk factors revealed that in study subgroup 3, compared to study
subgroup 2, there were statistically significant more people who frequently consumed (6-7 times a
week) vegetables (22.5% and 2.0% , respectively; p<0.01) and frequently administered (6-7 times
per week) non-steroidal anti-inflammatory drugs, including antiplatelet aspirin (60.0% and 27.5%,
respectively; p<0.01), in study subgroup 1 there were statistically significant more non-smokers
(70.6% and 45.1%, respectively; p<0.01), compared to study subgroup 2, and more normalweight people (68.6% and 32.5%, respectively; p<0.01), compared to study subgroup 3. Although
all patients in all 3 study subgroups reported present or supported HP infection, there was only a
tendency to reduce the frequency of current HP infection and a tendency to increase the frequency
of HP infection with a history of CAG worsening.
The frequency of previous treatment for HP infection was even higher in patients in all 3
study subgroups (Figure 3).

100

72.5 82.5

80

88.2 82.4

72.5

68.6

60
31.4

40

27.5
17.5

20
0
Current HP
infection

Subgroup I

History of HP
infection

Subgroup II

Previous treatment
of HP infection

Subgroup III

Figure 3. Frequency (%) of HP infection and treatment of HP infection in the
background according to the study subgroup

No statistically significant differences were found regarding the allegations of patients in the
study subgroups. Epigastric pain reported 49 (96.1%) patients in study subgroup 1, 48 (94.1%)
patients in study subgroup 2 and 40 (100.0%) patients in study subgroup 3. Meteorism recorded
26 (51.0%), 20 (39.2%) and 17 (42.5%) patients, heartburn –39 (76.5%), 41 (80.4%) and 33 (82,
5%) patients, feeling of postprandial fullness - 43 (84.3%), 48 (94.1%) and 36 (90.0%) patients,
feeling of early satiety - 38 (74.5%), 35 (68.6%) and 28 (70.0%) patients, respectively.
The frequency, severity and number of symptoms mentioned were also similar in patients in
all 3 study subgroups. However, in study subgroup 3, compared to the other 2 study subgroups,
none of the patients mentioned the presence of one or two symptoms.
Medications to alleviate the above-mentioned charges were administered by 47 (92.2%)
patients in study subgroup 1, 41 (80.4%) patients in study subgroup 2 and 34 (85.0%) patients in
subgroup 3 study. Proton pump inhibitors administered 33 (70.2%) patients in study subgroup 1,
34 (82.9%) patients in study subgroup 2 and 26 (76.5%) patients in study subgroup 3. study, H2blockers - 2 (4.3%), 0 (0%) and 0 (0%) patients, both preparations - 12 (25.5%), 7 (17.1%) and 8
(23, 5%) patients, respectively.
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Depending on the frequency, 10 (21.3%) patients in study subgroup 1, 10 (24.4%) patients
in study subgroup 2 and 4 (11.8%) patients in study subgroup 3 administered the remedies once a
week, respectively, 7 (14.9%), 16 (39.0%) and 12 (35.3%) patients - twice a week, 23 (48.9%), 10
(24.4 %) and 13 (38.2%) patients - 3 times a week, 7 (14.9%), 5 (12.2%) and 5 (14.7%) patients 4 or more times a week.
According to the patients, the preparation was most effective in 8 (17.0%) people in study
subgroup 1, in 11 (26.8%) people in study subgroup 2 and in 8 (23.5%) people in subgroup 3
study, partially effective - in 32 (68.1%), 29 (70.7%) and 17 (50.0%) people, inefficient - in 7
(14.9%), 1 (2.4% ) and 9 (26.5%) people, respectively.
Treatment (frequency and duration of drug administration) were similar in all 3 study
subgroups. Only the inefficiency of the remedy used was statistically significantly higher in
patients in study subgroup 3, compared to patients in study subgroup 2 (26.5% and 2.4%,
respectively; p<0.01).
Therefore, the comparative analysis of socio-demographic characteristics, risk factors,
allegations, status of Helicobacter pylori infection and treatment for the eradication of HP
infection did not find significant associations with the morphological severity of CAG in most
cases.
The assessment of clinical features in people with CAG found the presence of the main
symptoms in all patients in all 3 study subgroups. The frequency, severity and number of
symptoms mentioned were also similar in patients in all study subgroups. The majority of patients
in study subgroup 1 (92.1%) and study subgroup 2 (90.2%) and all patients in study subgroup 3
(100.0%) had 3-5 gastrointestinal symptoms. Data that suggested that patients with CAG and
GED present a severe state of severity, compared to patients in the other 2 study subgroups:
severe clinical picture, high frequency of ineffectiveness of treatment administered, clear
associations with risk factors.
The comparative analysis of the prevalence of GMA forms, determined according to the
Kimura-Takemoto endoscopic classification, found that the mild form of GMA was statistically
significant with a higher frequency in study subgroup 1 (54.9% and 2.5%, respectively; p<0.001)
and in study subgroup 2 (37.3% and 2.5%, respectively; p<0.001), compared to study subgroup 3.
The moderate form of GMA was statistically significant with a higher frequency in study
subgroup 3, compared to study subgroup 1 (82.5% and 2.5%, respectively; p <0.001) and study
subgroup 2 (82.5% and 56.9%, respectively; p<0.01), the severe form of GMA was similar in all
3 study subgroups (Table 3).
Table 3. Frequency of CAG forms by Kimura-Takemoto in the study subgroups
CAG
CAG with
CAG with
without IM
Form of CAG
IM
GED
and without
(Kimurap
(2)
(3)
GED (1)
Takemoto)
abs.
%
abs.
%
abs.
%
Mild (C1-C2)
28
54,9
19
37,3
1
2,5
1-3***, 2-3***
Moderate(C3-O1)
17
33,3
29
56,9
33
82,5
1-3***, 2-3**
Severe (O2-O3)
6
11,8
3
5,9
6
15,0
NS
Note: statistically significant differences ** - p<0.01, *** - p<0.001
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The evaluation of the preponderance of OLGA system stages in patients in the study
subgroups established that OLGA stage I was statistically significant with a higher frequency in
study subgroup 1, compared to study subgroup 3 (29.4% and 2.5%, respectively; p <0.001), and
stage II OLGA - in study subgroup 1 (41.2% and 7.5%, respectively; p <0.001) and in study
subgroup 2 (58.8% and 7.5%, respectively; p <0.01), compared to study subgroup 3. OLGA stage
III was statistically significant with a higher frequency in study subgroup 3, compared to study
subgroup 1 (70.0% and 27.5%, respectively; p <0.001) and study subgroup 2 (70, 0% and 27.5%,
respectively; p <0.01), and stage IV OLGA - in study subgroup 3, compared to study subgroup 1
(20.0% and 2.0%, respectively; p<0.01) and with study subgroup 2 (20.0% and 0%, respectively;
p<0.01) (table 4).
Table 4. Frequency of OLGA stages in the study subgroups
CAG
Total
CAG with
CAG with
without IM
IM
GED
OLGA
and without
p
(2)
(3)
stage
GED (1)
abs.
%
abs.
%
abs.
%
abs.
%
I
15
29,4
7
13,7
1
2,5
23
16,2
1-3***
II
21
41,2
30
58,8
3
7,5
54
38,0
1-3***, 2-3**
III
14
27,5
14
27,5
28
70,0
56
39,4
1-3***, 2-3**
IV
1
2,0
0
0
8
20,0
9
6,4
1-3**, 2-3**
Note: statistically significant differences ** - p<0.01, *** - p<0.001
The analysis of the correlation between the severity of the morphological damage of the
gastric mucosa in CAG and the GMA and IM stage, established according to the OLGA and
OLGIM staging systems, confirmed that concomitant with the association of IM and GED
increases the severity of OLGA and OLGIM stages. There is a direct (positive) association, of
medium intensity and statistically significant between CAG forms and OLGA stages (ρ=0.49,
p<0.001), a direct, strong and statistically significant association between CAG forms and
OLGIM stages (ρ=0.85, p<0.001).
Table 5. Correlation between OLGA system and Kimura-Takemoto classification in CAG
Form of CAG
(KimuraTakemoto)

OLGA stage
I

II

III

IV

abs.
%
abs.
%
abs.
%
abs.
%
Mild (C1-C2)
19
39,6
27
56,3
2
4,2
0
0
Moderate(C3-O1)
4
5,1
24
30,4
44
55,7
7
8,9
Severe (O2-O3)
0
0
3
20,0
10
66,7
2
13,3
Analysis of the correlation between the severity of gastric mucosa damage according to the
Kimura-Takemoto classification in CAG, determined endoscopically, and GMA and IM stage,
established according to OLGA and OLGIM staging systems, found that concomitant with
increasing CAG severity increases the severity of OLGA stages (Table 5) and severity of OLGIM
stages (Table 6). There is a direct (positive) association, of medium intensity and statistically
significant between CAG forms and OLGA stages (ρ=0.62, p<0.001), a direct, medium intensity
and statistically significant association between CAG forms and OLGIM stages (ρ=0.33,
p<0.001).
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Table 6. Correlation between OLGIM system and Kimura-Takemoto classification in CAG
OLGIM stage
Form of CAG
(KimuraIV
0
I
II
III
Takemoto)
abs.
%
abs.
%
abs.
%
abs.
%
abs.
%
Mild (C1-C2)
28
58,3
13
27,1
7
14,6
0
0
0
0
Moderate(C3-O1)
18
22,8
15
19,0
34
43,0
9
11,4
3
3,8
Severe (O2-O3)
6
40,0
2
13,3
7
46,7
0
0
0
0
The correlation analysis revealed a direct, low intensity and statistically significant
association between PG-I and PG-II values (ρ=0.27, p<0.01), a direct, strong and statistically
significant association between PG-I values. I and PGR (ρ=0.74, p <0.001), a direct association,
of low intensity and statistically significant between the values of PG-II and PGR (ρ=0.2, p<0.01)
and a direct association, of low intensity and statistically significant between PG-II and G-17
values (ρ=0.13, p<0.05).
Simultaneously with the morphological worsening of CAG, there is a significant decreasing
trend of PG-I (p<0.001) and PGR (p<0.001) values, a significant progressive trend of nitric oxide
(NO) values in blood serum (p<0.001) and NO in gastric juice (p<0.001). Comparing these
divergences according to the study subgroup we found that the mean value of PG-I was
statistically significantly higher in patients in study subgroup 1, compared to patients in study
subgroup 2 (72.63 ± 3.5 µg / L and 60.80 ± 3.3 µg / L, respectively; p<0.01) and with patients in
study subgroup 3 (72.63 ± 3.5 µg / L and 40.67 ± 2.3 µg / L , respectively; p <0.001), in patients
in study subgroup 2, compared to patients in study subgroup 3 (60.80 ± 3.3 µg / L and 40.67 ± 2.3
µg/L, respectively; p<0.001) (Table 7). PG-I>70 µg/L was determined statistically significantly
with a higher frequency in patients in study subgroup 1, compared to patients in study subgroup 2
(58.8% and 31.4%, respectively; p<0.01) and with patients in study subgroup 3 (58.8% and 5.0%,
respectively; p<0.001), in patients in study subgroup 2, compared with patients in study subgroup
3 (31.4% and 5.0%, respectively; p<0.001).
Table 7. Mean values of serological examination determined in the study subgroups
CAG fără IM
CAG cu IM CAG cu GED
Total
Parametru
și fără GED
p
(2)
(3)
(1)
PG-I (µg/L)
72,63±3,5
60,80±3,3
40,67±2,3
59,38±2,1 1-2**
1-3***
2-3***
PG-II (µg/L)
14,06±0,9
15,08±0,6
14,98±0,4
14,69±0,4
PGR
5,80±0,4
4,29±0,3
2,65±0,1
4,37±0,2 1-2***
1-3***
2-3***
G-17 (µg/L)
5,94±0,7
7,89±0,8
4,95±0,4
6,36±0,4
NO in blood
1-2***
serum (µM/L)
59,24±0,8
67,83±0,7
84,45±1,3
69,43±1,0 1-3***
2-3***
NO in gastric
1-2***
juice (µM/g.prot)
29,38±1,1
37,38±1,0
43,59±1,0
36,26±0,8 1-3***
2-3***
Note: statistically significant differences ** - p<0.01, *** - p<0.001
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An inverse, statistically significant association was determined between the morphological
forms of CAG (subgroups in our study) and PG-I values (ρ=-0.52, p<0.001), an inverse,
statistically significant correlation between CAG forms and PGR values (ρ=-0.64, p<0.001), a
direct correlation, statistically significant between CAG forms and serum NO values (ρ=0.85,
p<0.001), a direct correlation, of medium intensity and statistically significant between the forms
CAG and NO values in gastric juice (ρ=0.65, p<0.001).
Therefore, the study of the relationship between morphological status and functional activity
of the gastric mucosa by determining the concentration of serological markers found a statistically
significant reduction in mean PG-I and PGR and a statistically significant increase in mean NO in
blood serum and NO in gastric juice concomitant with aggravation of CAG, determined
endoscopically and morphologically.
Therefore, the frequency of GMA diagnosis based on serological parameters depends on the
morphological type of gastric lesion: it is reduced in patients with CAG, without MI and without
GED, and increases simultaneously with the morphological worsening of CAG. A statistically
significant and significant reduction of PG-I and PGR was determined, a statistically significant
and significant increase of NO in blood serum and NO in gastric juice simultaneously with the
increase of the stages of OLGA and OLGIM systems. GMA, determined based on serological
parameters, is important for the non-invasive diagnosis and prognosis of CAG with MI and / or
CAG with GED, conditions that represent significant risk factors for the development of GC.
4. SUMMARY OF THE RESULTS OBTAINED
The comparative analysis of socio-demographic characteristics, risk factors, allegations, HP
infection and treatment for the eradication of HP infection did not find statistically significant
differences in most cases. Only an insignificant prevalence of the mean age was observed at the
same time as the morphological worsening of CAG and the following statistically significant
differences. In study subgroup 1 there were fewer men (21.6% and 51.0%, respectively; p <0.01),
more women (78.4% and 49.0%, respectively; p<0.01), more non-smokers (70.6% and 45.1%,
respectively; p <0.01), compared to study subgroup 2, and more normal-weight people (68.6%
and 32.5%, respectively; p <0.01), compared to study subgroup 3. In study subgroup 3, compared
to the other 2 study subgroups, patients mentioned only 3-5 symptoms. The ineffectiveness of the
remedy administered to relieve symptoms was statistically significantly higher in patients in study
subgroup 3, compared to patients in study subgroup 2 (26.5% and 2.4%, respectively; p <0.01).
Based on the present analysis, the need for additional studies to identify a specific symptomatic
model for CAG is highlighted.
According to the results of a recent cross-sectional retrospective study conducted in Italy
and published in 2018, which evaluated a group of 668 patients with a mean age of 57.8 ± 4.7
years and upper gastrointestinal symptoms, the clinical predictors of CAG with MI are over 55
years of age, current smoking, active HP infection and a feeling of postprandial fullness [42]. And
in the present study, these factors are more common in patients in subgroup 2 (CAG and IM) and
subgroup 3 (CAG and GED) of the study.
In the present study, the comparative analysis of the prevalence of GMA forms, determined
according to the Kimura-Takemoto endoscopic classification, found that the mild form of GMA
was statistically significant with a higher frequency in study subgroup 1 (54.9% and 2.5%,
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respectively); p<0.001) and in study subgroup 2 (37.3% and 2.5%, respectively; p<0.001),
compared to study subgroup 3. The moderate form of GMA was statistically significant with a
higher frequency in study subgroup 3, compared with study subgroup 1 (82.5% and 2.5%,
respectively; p<0.001) and study subgroup 2 (82, 5% and 56.9%, respectively; p<0.01), and the
severe form of GMA was similar in all 3 study subgroups.
The analysis of the OLGA system stages in the patients in the present study established that
OLGA stage I had a higher frequency in study subgroup 1, compared to study subgroup 3 (29.4%
and 2.5%, respectively; p<0.001), and OLGA stage II - in study subgroup 1 (41.2% and 7.5%,
respectively; p<0.001) and in study subgroup 2 (58.8% and 7.5%, respectively; p<0.01),
compared to study subgroup 3. Stage III OLGA was statistically significant with a prevalent
frequency in study subgroup 3, compared to study subgroup 1 (70.0% and 27.5%, respectively;
p<0.001) and study subgroup 2 (70.0 % and 27.5%, respectively; p <0.01), and stage IV OLGA in study subgroup 3, compared to study subgroup 1 (20.0% and 2.0%, respectively; p<0.01) and
with study subgroup 2 (20.0% and 0%, respectively; p<0.01).
In the current cohort of 142 patients with CAG, OLGA stages I and II were determined in
54.2% of cases, and OLGA stages III and IV - in 45.8% of cases. A recent case-control study,
based on histopathological data, found OLGA stages 0-II in 87.7% of cases and OLGA stages III
and IV - in 12.3% of cases [28]. The higher frequency of patients with OLGA stages III and IV in
the present study is determined by the serious health status of hospitalized patients.
The finding that most cases of GED (36 - 90.0%) were found in patients with OLGA stages
III and IV and 4 (10%) were in OLGA stage I and II coincides with the results of the
aforementioned study (90.0% and 10.0%, respectively). The determination of GED in 4 of 77
(5.2%) patients with OLGA I and II in the present study requires further investigation, as it is
considered that this group of patients traditionally does not require prospective surveillance with
ESU [28]. The analysis of the distribution of the stages of the OLGIM system noticed statistically
significant differences in 2 cases: stage 0 OLGIM was statistically significant with a higher
frequency in study subgroup 1, compared to study subgroup 3 (100.0% and 2.5%, respectively;
p<0.001), and stage I OLGIM - in study subgroup 2, compared to study subgroup 3 (51.0% and
10.0%, respectively; p<0.001).
In the present study we found a direct correlation between the severity of gastric mucosa
damage in CAG, determined endoscopically, and GMA and IM stage, established according to the
OLGA and OLGIM staging systems, found that concomitant with increasing CAG severity
increases the severity of OLGA and OLGIM stages. There is a direct (positive) correlation, of
medium intensity and statistically significant between CAG forms and OLGA stages (ρ=0.62,
p<0.001), a direct correlation, of medium intensity and statistically significant between CAG
forms and OLGIM stages (ρ=0.33, p<0.001).
Therefore, CAG, according to the Kimura-Takemoto classification, correlates well with
morphological CAG (the subgroups in the given study), OLGA system and OLGIM system.
Several cohort studies have found that moderate-severe CAG (Kimura-Takemoto) is significantly
associated with the presence of advanced precancerous gastric lesions and GC, as well as with the
development of GC [34].
Comparative examination of OLGA stages with OLGIM stages in the general group of the
present study found that the vast majority of cases with low risk of developing GC according to
the OLGA system (98.7%) coincided with cases with low risk of developing GC according to
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OLGIM system. Only 1 case (1.3%) with a low risk of developing GC according to the OLGA
system was classified as a case with a high risk of developing GC according to the OLGIM
system. Only 16.9% of the cases with high risk of developing GC according to the OLGA system
coincided with the cases with high risk of developing GC according to the OLGIM system, and
83.1% of the cases with high risk of developing GC according to the OLGA system were
classified as low-risk cases of GC development according to the OLGIM system. The χ2 MantelHaenszel test indicates a strong and statistically significant link (χ2=24.51, p<0.001) between the
results of the OLGA system and the results of the OLGIM system. The downgrade of high-risk
OLGA stages to lower-risk OLGIM stages has been noted in other studies. For this reason, the
assessment of gastric mucosal changes should include the overall assessment of mucosal atrophy
[36], and in patients with low OLGA, MI should be considered as a high risk marker for GC [35].
In the current cohort of 142 patients with CAG, HP was diagnosed in 37 (26.1%) cases by
the morphological method and in 37 (26.1%) cases by the urease test, and HP-IgG was
determined in 39 (27.5%) cases. Although significant differences in the detection of HP by these
methods depending on the study subgroup were not found, a tendency to reduce the determination
of these parameters was found simultaneously with the morphological worsening of CAG.
The correlation analysis was inversely proportional, of medium intensity and statistically
significant between the CAG forms, determined by histological examination, and the PG-I values
(ρ=-0.52, p<0.001), an inversely proportional correlation, of medium intensity and statistically
significant correlation between CAG forms and PGR values (ρ=-0.64, p<0.001), a directly
proportional, strong and statistically significant correlation between CAG forms and serum NO
values (ρ=0.85, p<0.001), directly proportional, medium intensity and statistically significant
correlation between CAG forms and NO values in gastric juice (ρ=0.65, p<0.001).
Simultaneously with the atrophy of the mucous glands in the antrum and / or the gastric
body, the levels of PG-I and PG-II change accordingly and result in a decrease in PGR [14, 39]. It
was found that 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 GMA
detection accuracy (85%) [ 39]. PG-I and PGR levels decrease significantly in patients with CAG
[25] in direct proportion to the extent of GMA, and correlate with histological outcomes [25] and
endoscopic Kimura-Takemoto classification [31]. In addition, low serum PG-I levels and low
PGR correlate with the severity of GMA and the association of early gastric neoplasms, thus
suggesting that these parameters are sensitive biomarkers of gastric precancerous lesions and
early GC [11].
Therefore, the use of serum biomarkers offers new possibilities in diagnosing premalignant
gastric lesions (CAG, IM and GED) and in assessing the risk of GC, presents a sorting solution to
UDE with biopsy and histopathological examination. Existing clinical practice has confirmed that
"serological biopsy" of the gastric mucosa can be an objective information base for the screening,
diagnosis and treatment of gastric diseases. The method can be used to perform prior screening of
the population with screening patients for UDE and targeting indications for gastric mucosa
biopsy in the population at high risk of GC [16, 22].
Based on the analysis of data from the literature [9, 14, 33] and the results of the present
study, we developed an algorithm for diagnosis and surveillance of patients with CAG (Figure 4).
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PERSISTENT GASTROINTESTINAL SYMPTOMS
Dyspeptic syndrome
Pain syndrome
Anemic syndrome
Bacterial overpopulation syndrome
Weight loss

RISK FACTORS FOR GASTRIC CANCER
Age ≥50 years
Family history of GC in a first degree relative
History of HP infection
Persistent HP infection
Specific diet (excess salt, excess consumption of salt preserves);
lifestyle (smoking, alcoholism)

Yes

No

Serological tests (Gastro-Panel, etc.)
 Standard
UDE
with
indicative
assessment for AMG, MI and early
gastric cancer and for HP
 Gastric mucosa biopsies in the OLGA /
OLGIM system
 GC risk stratification

CAG in stage 0-II
OLGA / OLGIM

HP eradication
and / or drug
treatment
of
CAG

CAG in stage III-IV
OLGA / OLGIM
without GED

PG-I ≤ 70 μg/L
PGR ≤ 3 μg/L
HP negative in
serological test

CAG in stage III-IV
OLGA / OLGIM with
GED

ENDOSCOPIC monitoring

Expert UDE with biopsy
sampling in the OLGA /
OLGIM system every 3
years after HP
eradication *

PG-I > 70 μg/L
PGR > 3 μg/L

HP testing and
eradication,
optimal
symptomatic
treatment

Expert UDE with biopsy in the
OLGA / OLGIM system every 12
months (LGD) or 6 months (HGD)
after HP eradication;
Target biopsy of dysplastic areas *

Figure 4. Diagnostic and dynamic surveillance algorithm of patients with chronic
atrophic gastritis (* MAPS I 2012, MAPS II 2019 [14, 33]).
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GENERAL CONCLUSIONS
1. The assessment of clinical features in people with chronic atrophic gastritis found the presence
of the main symptoms in all patients in all 3 study subgroups. The frequency, severity and
number of symptoms mentioned were also similar in patients in all study subgroups. Patients
with chronic atrophic gastritis and dysplasia of the gastric epithelium, compared to patients in
the other 2 study subgroups (p<0.05), have a more severe condition, with a more severe
clinical picture and a higher frequency of treatment inefficiency administered.
2. The analysis of the correlation between the severity of gastric mucosal damage in chronic
atrophic gastritis determined endoscopically with the stage of gastric mucosal atrophy and
intestinal metaplasia, established histologically in the staging systems OLGA and OLGIM,
found that with increasing severity of chronic atrophic gastritis in the OLGA system and the
OLGIM system. A direct, moderate and statistically significant correlation was found between
the forms of chronic atrophic gastritis and OLGA stages (ρ=0.6, p<0.001), a direct, weak and
statistically significant correlation between the forms of chronic atrophic gastritis and OLGIM
stages (ρ=0.3, p<0.001).
3. The diagnosis of gastric mucosal atrophy analyzed on the basis of serological test (pepsinogen
I and II and PGI / II ratio) demonstrated statistically confirmed objectivity. The value of the
serological test is represented by the non-invasiveness, simplicity and accessibility of the work
and determines the primary role of the serological test to determine atrophy of the gastric
mucosa as a first-line diagnostic method in patients with risk factors for gastric cancer.
4. The study of the relationship between morphological status and functional activity of the
gastric mucosa, by determining the concentration of serological markers, found a statistically
significant reduction in mean PG-I and PGR and a statistically significant increase in mean
serum NO values and values averages of NO in gastric juice concomitantly with the
morphological aggravation of the degree of atrophy of the gastric mucosa found
endoscopically and histologically.
5. Based on the study, an algorithm for diagnosis and surveillance of patients with chronic
atrophic gastritis was developed, approved and recommended for implementation in clinical
practice.
PRACTICAL RECOMMENDATIONS
1. Serological testing is recommended as a first-line diagnostic method for patients with risk
factors for chronic atrophic gastritis and gastric cancer.
2. Patients with positive serological test for chronic atrophic gastritis, associated with risk factors
for atrophic gastritis and gastric cancer, patients after standard endoscopic examination, with or
without stigmas for gastric mucosal atrophy, associated with positive serological test for
chronic atrophic gastritis , requires endoscopic evaluation at expert level with mapped
evaluation of the foveolar and vascular pattern of the gastric mucosa, methodical biopsy in
OLGA and OLGIM system, and target biopsy of areas with endoscopic stigmas for mild
gastric epithelial dysplasia, gastric epithelial dysplasia of severe degree and early neoplasms.
3. Methodological endoscopic and histological monitoring, with mapped imaging
documentation, is recommended for chronic atrophic gastritis and for intestinal metaplasia on
the background of atrophy of the gastric mucosa.
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4. Early neoplasms and foci of dysplasia on the background of atrophic gastric mucosa require
histological confirmation and interventional endoscopic treatment.
5. Consistent with the serological test, it is recommended to determine the antibodies and
antigens for HP, and during the endoscopic examination - to perform the rapid urease test for
HP, the presence of which is recommended to determine the histological evaluation of gastric
mucosa biopsies.
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