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Abstract

Background: Gastric intestinal Metaplasia (GIM) and Gastric At-
rophy (GA) are pre-neoplastic lesions that can lead to gastric can-
cer. Nowadays, there are no recognized good biomarkers of GIM
and GA. The neutrophil-to-lymphocyte ratio (NLR) is an economi-
cal, effective, and repetitive indicator of inflammation. We aimed
to comparatively evaluate Red Cell Distribution Width (RDW) and
the NLR.

Methods: 88 patients with GIM and 48 patients with GA and 64
patients with non-atrophic-non-metaplastic gastritis were includ-
ed in the study. NLR and RDW levels were measured in patients
and controls.

Results: NLR levels were significantly higher in patients with
GIM than in controls (p < 0.05). NLR level was correlated positively
with presence of GIM (p < 0.05), H.pylori presence in GIM and GA
(p <0.05), and menopause (p < 0.05). A multiple logistic regression
analysis showed the GIM was predictor for elevated NLR (p < 0.05).
According to the ROC curve analysis, the best cut-off NLR value to
differentiate between patients with GIM from GA and/or controls
was >2.92 (p < 0.05). In this study, we mainly found a significant
association between GIM and NLR.

Conclusions: NLR is significantly higher in patients with GIM.
NLR can be an independent determinant factor for GIM.
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Introduction

Gastric Cancer (GC) is the fifth most common malignancy
and third leading cause of death from cancer worldwide [1]. It
is important to determine at early stages for high-risk group of
GC for early diagnosis, management, and effective surveillance.
Gastric intestinal Metaplasia (GIM) and Gastric Atrophy (GA) are
pre-neoplastic lesions that can lead to GC. GA is a characterized
by the death of the parietal cells and the loss of gastric glandu-
lar epithelium. GIM is histologically defined as the replacement
of glandular and/or foveolar epithelium by intestinal epithelium
and is characterized by its morphological similarity to entero-
cytes. The most common cause of GIM and GA is Helicobacter
pylori (H pylori) gastritis [2]. Both of GIM and AG are intimately
associated with immune activation and localized or systemic in-
flammation [3-6]. The diagnosis of GIM and GA usually based
on endoscopic features and histopathological findings. Some-
times it is difficult to make the diagnoses of GA and GIM [7]. The
combined measurement of serum pepsinogen | and Il (sPGI, sP-
Gll) with serum gastrin-17 (sG17) and GastroPanel have been
been proposed as a biomarker of GA [8]. Unfortunately these
biomarkers are not are not easily accessible tests everywhere.
In addition, nowadays there is no reliable marker of GIM.

Recently, Neutrophil-to-Lymphocyte Ratio (NLR), calculated
as a ratio of neutrophil to lymphocyte in peripheral blood, is
regarded as a readily available indicator for the severity and
extension of systemic inflammation [9-12]. The Red Cell Distri-
bution Width (RDW) is one of the standard parameters which
are measured in the complete blood count and it is an indicator
of the anisocytosis in the erythrocytary which circulates in the
blood. Recently it was shown that elevated RDW levels related
with generally increased progressive inflammation, increase in
the cytokines and the diseases such as cardiovascular disease,
rheumatoid arthritis and inflammatory bowel disease [13-16].

To date no studies have investigated whether both NLR and
RDW play a role in the progression of GA and GIM. Thus, the
purpose of this study was the first to comparatively evaluate
the changes and relationship between NLR and RDW levels in
patients with GIM and GA and non-atrophic and non-metaplas-
tic chronic gastritis.

Materials and methods

A total of 200 prospective and consecutive patients, consis-
tent with the study criteria, who applied to our center, gastro-
enterology polyclinic, during the period between January 2019
and Dec 2019 and have been included in the study after having
obtained their consents. Patients were split into three groups
as Gastric intestinal Metaplasia Group (GIMG), Gastric Atrophy
Group (GAG) and Control Group (CG). Each group, matched
with other for sex, age, menopause, current/past smoking sta-
tus, and family history of GC. Eighty-eight patients with GIM
and fourty-eight patients with GA and CG consisted of sixty-
four patients with nonatrophic gastritis who had no intestinal
metaplasia were enrolled to the study. In this study, population
characteristics were consist of sex, age, current/past smoking
status, menapause, H. pylori infection and family history of GC.
The exclusion criteria were as follows: 1, previous H.pylori erad-
ication; 2, intake of antibiotics, nonsteroidal antiinflammatory

drugs, statins, proton pump inhibitors, or H2-receptor blockers,
antiagregant and anticoagulant in the previous 2 months; 3,
who had been receiving any medications affecting the number
of leukocytes; 4, history or presence of cardiovascular disease;
5, diabetes mellitus; 6, immune-mediated and chronic inflam-
matory disorders; 7, active infection; 8, evidence of liver and
renal disease; 9, chronic obstructive lung disease; 10, pulmo-
nary hypertension; 11, malignancy and cytotoxic medicines; 12,
gastric and duodenal ulcer; 13, gastrointestinal hemorrhage;
14, pregnancy 15, anemia, vitamin B12, folate deficiency or any
hematological disorder; 16, blood transfusion made in the last
three months; 17, Thromboembolic disease; 18, receiving iron
deficiency, vitamin B12, folate treatment with their histories
and patients who refused the protocol’s agreement.

Histopathologic evaluation

Mucosal samples of all patients were stained with hema-
toxylin and eosin. Histopathologic parameters were determined
according to updated Sydney system [17]. Hematoxylin—eosin-
stained sections were evaluated for the presence of intestinal
metaplasia, gastric atrophy, nonatrophic gastritis (with no intes-
tinal metaplasia) and H. pylori by updated Sydney system.

Assessment of H. pylori Infection

H. pylori infection was assessed by both histopathologic ex-
amination and local rapid urease test. Subjects were considered
H. pylori positive to be positive for H. pylori infection if the bac-
teria were histopathologically detected and/or the local rapid
urease test was positive.

Blood samples and biochemical analyses

The blood samples were obtained from the patients within
12 h of fasting. The blood samples were collected in contain
ethylene diamine tetra acetic acid (EDTA) anticoagulant. Com-
plete blood cell counts and RDW were studied using Mindray
BC-6800 (Shenzen Mindray Bio-Medical Electronics Co., Ltd,
China). NLR was calculated as a ratio of neutrophil-to lympho-
cyte in peripheral blood.

The present study was carried out according to the eth-
ics guidelines of the Declaration of Helsinki on biomedical re-
search involving human participants. All patients provided their
written informed consent before being involved in the study.
The approval of the ethics board was taken for study (num-
ber:180-08-14/19/06/2019).

Statistical analysis

Data were examined by SPSS 23.0 software. Kolmogorov
Smirnov and Shapiro-Wilks test were used to evaluate the distri-
bution pattern of the variables in the study. Differences between
numeric variables of groups were calculated by analysis of vari-
ance (ANOVA) test with post hoc Scheffe method. Chi-square
test was used for comparison of categorical variables. A corre-
lation between the NLR levels and variables was assessed by
using the Pearson’s or Spearman’s tests according to the distri-
bution pattern of the variables. The sensitivity and specificity of
NLR levels in predicting GIM were calculated using an optimal
cut-off point on the Receiver Operating Characteristic (ROC)
curve analysis with a 95% confidence interval. According to the
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results, elevated NLR levels were determined. Stepwise multi-
ple logistic regression was used, considering a normal/elevated
NLR levels as the independent variables including GIM, GA and
non-atrophic non-metaplastic chronic gastritis. p < 0.05 was
considered to be statistically significant. The Spearman’s test
and stepwise multiple logistic regression analysis were used for
the relationship between normal/elevated NLR levels and the
H. pylori status of the histological study groups.

Results

The characteristics of the GIMG, GAG and CG are shown
in (Table 1). There were no significant differences in age, sex,
menopause, smoking status, history of GCin family and H.pylori
positivity among three groups. In this study, 60.2% (55/88) of
cases with GIM were accompanied by GA. We had no patients
with GC in this study. NLR, RDW levels of the groups are shown
in Table 2. Serum NLR levels were significantly higher in GIMG
than in controls (2.50 + 0.20 versus 1.87 + 0.13, p = 0.031) (Ta-
ble 2). NLR level was higher in GIMG than in GAG (2.50 + 0.20
versus 2.13 + 0.15), but this difference did not reveal statistical
significance (p = 0.355). There was no significant difference in
NLR levels in GAG and controls (2.13 + 0.15 versus 1.87 + 0.13,
p = 0.639). There was no significant difference in RDW levels
among GIMG, GAG and CG (16.11 +2.72,16.23 +2.32,15.17
2.27 respectively p=0.069).

The associated parameters of NLR level are shown in (Table
3). When Pearson’s or Spearman’s correlation tests were used,
NLR level was correlated positively with type of study groups
(p = 0.005), presence of GIM (p = 0.008), H.pylori presence in
GIMG (p = 0.011), H.pylori presence in GAG (p = 0.024) and
presence of menopause (p = 0.031)

ROC curve analysis revealed that (although the sensitivity
was not high), NLR level >2.92 was the best cut-off value to
differentiate between patients with GIM from GA and/or non-
atrophic non-metaplastic chronic gastritis (sensitivity, 30.70%;
specificity, 85.70%; +likelihood ratio [LR], 2.14;- LR, 0.80; 95%
confidence interval [Cl]: 0.52—0.68; standard error [SE], 0.040;
p = 0.014) (Figure 1). The area under the ROC curve (AUC) was
0.619. In GIMG, 32.2% of the subjects (29/88) had NLR greater
than 2.92. This prevalence was 22.9% in GAG (11/48) and 12.5%
in CG (8/64). There was significant difference between groups (
p =0.019).

Results from the stepwise multiple logistic regression analy-
sis are shown in (Table 4). According to results of analyses, solely
the presence of gastric intestinal metaplasia (odds ratio,3.187;
95% confidence interval, 1.454—6.985; p=0,004) was predictor
for elevated NLR. None of the other variables included in the
analysis showed a significant association.

( Table 1: Population characteristics in controls and patients with gastric intestinal metaplasia and atrophic gastritis. \\

\_ J
Parameters Gastric intestinal metaplasia group Gastric atrophy group Controls P
Age (years) 51.18 £15.23 46.54 + 15.85 53.15+14.14 NS
Sex (female/male)(%) 55.3/44.3 58.3/41.7 65.6/34.4 NS
Menopause (%) 20.5 16.7 15.6 NS
Current/past smoker (%) 5.7 6.9 3.1 NS
H.pylori positivity* (%) 65.9 83.3 78.1 NS
History of gastric carcinoma in family (%) 4.5 10.4 3.1 NS

Subjects were considered H. pylori positive to be positive for H. pylori infection if the bacteria were histopathologically detected and/
or the local rapid urease test was positive. ANOVA and Chi-square test were used. P<0.05 was considered to be statistically significant.

( Table 2: The laboratory characteristics in controls and patients with gastric intestinal metaplasia and atrophic gastritis. \\
o
Parameters Gastric intestinal metaplasia group Gastric atrophy group Controls P
NLR 2.50+0.20 2.13+0.15 1.87+0.13 P<0.05
RDW (%) 16.11+2.72 16.23+2.32 15.17 £2.27 NS

Results were presented as mean +SD or median. NLR; neutrophil-to lymphocyte ratio, RDW; red blood cell distribution width.
ANOVA test was used. P<0.05 was considered to be statistically significant.

( Table 3: The association of NLR level to various parameters. \\
- J
Correlation analysis Presence of gastric atrophy NS
Parameters p H.pylori positivity in gastric intestinal metaplasia P<0.05
Age NS H.pylori positivity in gastric atrophy P<0.05
Sex NS H.pylori positivity in non-atrophic non-metaplastic gastritis NS
Type of the study groups P<0.05 Smoking status NS
H.pylori positivity NS Family history of gastric carcinoma NS
Presence of gastric intestinal metaplasia P<0.05 Menopause P<0.05

NLR; neutrophil-to lymphocyte ratio, H. pylori; Helicobacter pylori. Pearson's or Spearman’s test was used accordings to the distribution pattern

of the variables.P<0.05 was considered to be statistically significant.
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\‘\/ Table 4: The association of NLR level to various parameters. )

o /

Logistic regression analysis

Predictors for elevated NLR 0dds ratio (95% Cl) p

0.977 (0.939
Age NS
-1.016)
0.877 (0.259
Sex NS
-2.971)
Menopause 1.456 (0.636-3.337) NS
. 0.851 (0.066-
Smoking status NS
11.041)

Family history of gastric carcinoma 0.224 (0.036-1.418) NS

H.pylori positivity 2.6 (0.520-12.993) NS

3.187 (1.454—

Presence of gastric intestinal metaplasia <0,05
6.985)
. . 2.857 (0.675-
Presence of atrophic gastritis NS
12.096)

H.pylori positivity in gastric intestinal meta-

R 0.857 (0.330-2.229) NS
plasia

H.pylori positivity in gastric atrophy 0.395 (0.098-1.600) NS

H.pylori positivity in non-atrophic non-

. e 0.721 (0.287-6.071) NS
metaplastic gastritis

NLR; neutrophil-to lymphocyte ratio, H. pylori; Helicobacter
pylori, Stepwise multiple logistic regression was used, consider-
ing a normal/elevated (<2.92 versus >2.92) NLR level (see the
text) as the dependent variable and including age (continuous
variable), sex (female or male), menopause (presence versus
absence), family history of gastric carcinoma (positive versus

no history), H. pylori status (positive or negative), gastric in-
testinal metaplasia (presence versus absence), gastric atrophy
(presence versus absence). H.pylori positivity in gastric intes-
tinal metaplasia (presence versus absence), H.pylori positivity
in gastric atrophy (presence versus absence), H.pylori positiv-
ity in non-atrophic non-metaplastic gastritis (presence versus
absence). A p value less than 0.05 was considered statistically
significant.

Discussion

In this study, we mainly found a significant association GIM,
and inflammation on the basis of NLR, a simple and reliable in-
dicator of inflammation. We also analyzed RDW formula in this
study. We did not find any difference or correlation in RDW lev-
els between the groups. This may be related to the fact that
all hematological disorders are within our exclusion criteria, we
have limited number of cases and lack of sufficient sensitivity of
RDW for GIM and GA without micronutricient deficiency.

The Pelayo Correa cascade delineates a sequence of histo-
logical lesions leading to the possible development of GC, be-
ginning with chronic gastritis and evolving into GA, GIM, and
finally, cancer [18]. H.pylori is major cause of chronic gastritis.
Duodenal ulcer, gastric ulcer and GC are well known disease as-
sociated with H. pylori. GIM and GA are most often secondary
to chronic long-standing Helicobacter pylori gastritis [19]. It is
not clear whether GIM almost always come with GA [20]. In our
study, we determined presence of GA in 60.2% of the patients
with GIM. Some studies have demonstrated the following as
risk factors for developing GIM: An age of > 61, the ingestion
of spicy food, a history of smoking, male gender, a family his-
tory of gastric cancer, the consumption of dairy products, and
dietary factors, such as excessive salt consumption, deficient
ascorbic acid, and insufficient ingestion of carotene. However,
among the risk factors, H. pylori is a major cause of the transdif-
ferentiation into GIM and GA [20]. Molecular pathogenesis of
the progression of GIM from H.pylori gastritis has just begun
to be understood. The nature of the host immune or inflam-
matory responses is also important in determining disease con-
sequence after chronic H.pylori gastritis [21]. T helper 1 (Th1)
immune response and interferon-gamma (IFN-y) released from
Thi-cells might be important in the progression of GA and in-
testinal metaplastic formation in a concurrent infection model
with Helicobacter felis and helminth. Hence, Th1 predominant
inflammatory response to H. pylori may be a key factor of the
transdifferentiation to GA and GIM [3]. The nuclear factor kappa
B (NF-kB) pathway, which regulates the expression of a wide
variety of inflammatory cytokines, is another critical pathway
involved in H.pylori induced gastritis and metaplasia [5,6]. En-
hanced angiogenesis is another biomechanism that triggers the
progression of GIM [22]. Angiogenesis, the sprouting of new
capillaries from pre-existing vessels, is a fundamental process
accelerating GC progression. Angiogenesis is a complex multi-
step process regulated by compounding factors. Previous evi-
dence has demonstrated that excessive angiogenesis is signifi-
cantly correlated with facilitated cell proliferation, the initiation
of GIM and progression of GC [22-24].

The increased NLR has been demonstrated in diseases, such
as certain malignancies, cardiovascular disease and rheumatoid
arthritis [9-13]. NLR is an economical, effective, and repetitive
indicator of inflammation [25]. Few studies have shown that
there was a correlation between NLR and H.pylori infection
[11,26]. Aksoy et al. [27] found that RDW and NLR were dif-
ferent in GC patients than in GIM patients. But in their retro-
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spective study, important reasons affecting the complete blood
count parameters such as gastrointestinal hemorrhage, anemia,
or vitamin B12, folate deficiency are not excluded. Recent re-
searches have reflected that NLR signifies the balance between
immunosurveillance (function of anti-tumor immune) and tu-
mor-promoting inflammation (activation of pro-tumor inflam-
matory pathway). Neutrophils are recognized as the primary
source of vascular endothelial growth factor, which serves as an
angiogenic mediator involved in tumor angiogenesis, and thus-
ly promoted the development and proliferation of malignancy
[28-30]. Zeng et al. showed that increased early angiogenesis in
gastric precancerous lesions such as GIM and gastric epithelial
dysplasia in rats [22]. To sum up, increased angiogenesis may
play a more dominant role for GIM in the gastric carsinogenesis
pathway where chronic gastric inflammation turns into GIM or
GA. According to the results of our study, distinctive significant
elevation of NLR in cases with GIM might be considered as clinic
hematologic reflection of Th1, IFN-y, NF-«kB related immunore-
action and increased angiogenesis.

In present study, H. pylori presence in cases with GIM and GA
strongly related with elevated NLR. This observation causes to
consider that especially severity of chronic inflammatory pro-
cess which stems from H.pylori is related to the levels of NLR.
Besides, NLR level was correlated positively with menopause in
our study. Our this finding is agreement with the previous re-
port in the literature [31].

Another interesting finding in our study was related to NLR
cut-off values. ROC curve analysis revealed that although the
sensitivity was not high, NLR level >2.92 was the best value to
differentiate between patients with GIM from GA and/or non-
atrophic non-metaplastic chronic gastritis. Even though the sen-
sitivity is low, > 2.92 NLR level with high specificity is promising
for GIM. In addition to other serological markers (such as sPGl,
sPGll, sG17, GastroPanel and neopterin).

Conclusion

In conclusion, NLR is significantly higher in patients with
GIM. NLR can be an independent determinant factor for GIM.
NLR may be a simple, economical and useful marker for detect-
ing especially GIM in the clinical setting and it may help patients
not to delay endoscopic screening.

Conflict of interest: We have no any intervening grant or fi-
nancial support or conflict of interest in this study. The authors
of this study declined to declare any competing interests.
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