
Linked Color Imaging and Color Analytic Model Based on Pixel 
Brightness for Diagnosing H. Pylori Infection in Gastric Antrum

The incidence of gastrointestinal diseases has been on the 
increase both at home and abroad in the recent years, and 

the esophagogastroduodenoscopy has already become the 
main tool for diagnosing and treating gastrointestinal muco-
sal lesions.[1,2] Helicobacter pylori infection is one of the most 
common gastrointestinal disorders. H. pylori infection occurs 
often in the gastric antrum and it has been proved that H. py-

lori infection was associated with a series of human diseases 
and even a variety of malignancies.[3-5] Some patients with H. 
pylori infection may have non-specific dyspeptic symptoms 
such as abdominal distension, stomach pain, heartburn, and 
the like, while more than half of the patients can be asymp-
tomatic, making it easily neglected. The diagnosis of H. pylori 
can be confirmed by pathology and rapid urease test of the 
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biopsied mucosa in gastric antrum. H. pylori in the stomach 
has close relationships with the development and progres-
sion of mucosal atrophy, peptic ulcer, intestinal metaplasia, 
and gastric cancer.[6]

Our former research has found that linked color imaging 
(LCI) could be able to benefit the endoscopic diagnosis of 
H. pylori infection in the stomach.[7-9] LCI has been recently 
developed to improve the diagnostic efficacy of gastroin-
testinal endoscopy. Several previous studies have reported 
that LCI technique can make the red area redder and white 
area whiter by light modification and digital post-process-
ing. We have also proposed a color analytic model based 
on the objective calculations of pixel brightness values for 
red, green, and blue (RGB) to differentiate the hue charac-
teristics of LCI images.[9] However, whether pixel brightness 
value can be used as an objective parameter for making 
diagnosing has still not been clearly investigated. Thus, in 
this study, we first enrolled a training set of consecutive pa-
tients to establish a threshold of the pixel brightness val-
ues for diagnosing H. pylori infection in gastric antrum and 
then further included a validation set to confirm its diag-
nostic efficacy in routine practice.

Patients and Methods

Patients
A total of 166 consecutive adult patients who had indica-
tions and underwent esophagogastroduodenoscopy for 
the 1st time were enrolled in the Endoscopy Center of the 
Fifth Medical Center of Chinese PLA General Hospital from 
May 1, 2021, to August 31, 2021 (training set). Another 
set of 79 consecutive adult patients who had indications 
and underwent esophagogastroduodenoscopy for the 1st 
time from September 1, 2021, to October 30, 2021 was in-
cluded in the validation set. Patients with suspected ma-
lignant lesions and previous history of H. pylori infection 
were excluded. The flow chart of the study was shown in 
Figure 1. All the patients gave their written informed con-

sent, and our study was approved by the Ethic Committee 
of the Fifth Medical Center of Chinese PLA General Hospital 
(the 307 Hospital of Academy of Military Medical Science) 
in accordance with the Declaration of Helsinki. The demo-
graphic and clinical characteristics of all the patients were 
recorded.

Esophagogastroduodenoscopy and H. Pylori 
Infection
All the esophagogastroduodenoscopic examinations 
were completed using EC-L590ZW endoscope with the 
LASEREO system (FUJIFILM Co., Tokyo, Japan) by expe-
rienced endoscopists (>1000 esophagogastroduode-
noscopic procedures). No intravenous anesthesia was 
applied. The whole stomach was routinely checked. The 
target region of the antrum was pictured and then the bi-
opsy was performed (Fig. 2). Rapid urease test of biopsied 
gastric mucosa was applied to test H. pylori infection ac-
cording to the protocol.

Calculations of Pixel Brightness Value
MATLAB software (Matlab, the USA) was used to calcu-
late the R, G, and B pixel brightness value of the target 
regions in LCI images.[8] R, G, and B pixel brightness value 
of H. pylori infection and H. pylori non-infection was com-
pared. The diagnostic efficacy of R, G, and B pixel bright-
ness value for H. pylori infection was estimated and re-
ceiver-operating characteristic (ROC) curve was drawn. 
Sensitivity, specificity, and area under curve (AUC) were 
calculated.

Statistical Analysis
All the statistical analysis was performed by SPSS soft-
ware. Continuous and categorical data were presented 
as mean±standard deviation and percentage (%), respec-
tively. The student t-test and Chi-square test were used to 
check the differences. A two-tailed P value less than 0.05 
was considered as statistical significance.

Figure 1. Flow chart of this study.

Figure 2. Typical LCI images of gastric antrum and the manual selec-
tion of target region for biopsy and pixel brightness value calcula-
tions by MATLAB software.
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Results

Demographic and Clinical Characteristics of the 
Training Set
In the training set, 25 patients had H. pylori infection. There 
were no significantly statistical differences on the age, gen-
der, and main symptoms (all p>0.05) (Table 1). H. pylori in-
fection was obviously correlated with chronic atrophic gas-
tritis (p=0.000).

Pixel brightness values for R and B in patients with H. pylori 
infection were greatly higher than those in patients without 
H. pylori infection (R: 210.203±27.233 vs. 196.401±29.018, 
p=0.043; B: 127.621±26.112 vs. 125.334±27.812, p=0.025).

Diagnostic Efficacy for H. Pylori Infection
ROC on pixel brightness value of R and B for diagnosing H. 
pylori infection was drawn, respectively. At the cut off of R 
= 210 and B = 127, the specificity, sensitivity, and AUC were 
0.696, 0.701, and 0.748, respectively (Table 2).

Validation
In the validation set, 10 patients had H. pylori infection. 
There were no significantly statistical differences on the 
age, gender, and main symptoms (all p>0.05) (Table 3). H. 
pylori infection was obviously correlated with chronic atro-
phic gastritis (p=0.002).

Pixel brightness values for R and B in patients with H. 
pylori infection were greatly higher than those in pa-
tients without H. pylori infection (R: 212.311±28.004 
vs. 197.106±28.182, p=0.031; B: 128.718±28.202 vs. 
124.984±27.832, p=0.044). Using the criteria of R > 210 

and B > 127 for diagnosing H. pylori, the specificity, sensi-
tivity, and AUC were 0.679, 0.681, and 0.712, respectively 
(Table 4).

Discussion
In many countries, H. pylori infection in the stomach has 
been routinely detected.[10,11] The prevalence of H. pylori is 
on the increase, possibly with the increased awareness of 
the population on its importance. For patients with con-
firmed H. pylori infection, it is highly suggested that proper 
eradication therapy should be administrated, especially for 
those with high risk for gastric cancer.[12,13] Gastrointestinal 
endoscopy can directly observe the changes of the gastric 
mucosa, which can help diagnose the presence of H. pylori 
infection in the stomach. However, white light endoscopy 
as the routine technique could not be able to differenti-
ate such minor gastric mucosal lesions including H. pylori 
infected mucosa. Many new imaging and post-processing 
technique is being integrated into the field of endoscopic 
analysis.[14-17] LCI endoscopic technique was specially de-
signed to enhance the color contrast between normal and 
abnormal mucosa, making it easy for the endoscopists to 
identify.[18] Thus, in this study, we objectively explored the 
clinical value of LCI application in diagnosing H. pylori in-

Table 1. Demographic and clinical characteristics of training set (n=166)

Training set (n=166) Patients with H. pylori Patients without H. pylori p 
  infection (n=25) infection (n=141)

Demographic and clinical characteristics
 Age, mean (range), years 46.7 (19–67) 45.3(18–63) 0.230
 Male gender, n (%) 16 (64.0) 83 (58.7) 
Main symptoms, n (%)   0.954
 Heartburn 10 (40.0) 58 (41.1) -
 Stomach pain 9 (36.0) 53 (37.6) -
 Abdominal distension 6 (24.0) 30 (21.3) -
Pathology for biopsy, n (%)   0.000
 Chronic atrophic gastritis 15 (60.0) 35 (24.8) -
 Chronic non-atrophic gastritis 10 (40.0) 106 (75.2) -
Pixel brightness value calculations   
 R 210.203±27.233 196.401±29.018 0.043
 G 134.432±24.554 136.008±23.509 0.115
 B 127.621±26.112 125.334±27.812 0.025

H. pylori: Helicobacter pylori.

Table 2. Diagnostic efficacy analysis in the training set

Cut-off value R>210 and B>127

Specificity 0.696
Sensitivity 0.701
AUC 0.748
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fection in the gastric antrum by introducing the RGB color 
mode and calculating pixel brightness values. These results 
could serve as a pilot artificial intelligence diagnostic sys-
tem for screening H. pylori infection.

Conventionally, the endoscopic diagnosis has mainly de-
pended on the judgment of the endoscopists and their ex-
perience. With the rapid development of the computerized 
science, the analysis of specific images can be introduced 
to the gastrointestinal endoscopy. Our previous study has 
already investigated the application of pixel brightness 
values in the objective analysis of color features of the en-
doscopic images for distal gastric diseases.[9] Those results 
were consistent with other researches.[19-21] Sun and Zhao 
also validated that RGB pixel brightness value can serve as 
a useful and objective parameter for distinguishing early 
gastric cancer from LCI images.[19] Besides pixel bright-
ness value, the International Commission on Illumination 
L*a*b* color space system can also be used to objectively 
assess the color differences of the images,[22,23] but the later 
is more complicated and difficult to understand than the 
former. All these quantifiable parameters will be of vital 
importance in the establishment of artificial intelligence 
model for gastrointestinal endoscopy.[24]

A training set and a validation set were both enrolled in this 
study. We first optimized the cut-off value of pixel bright-
ness value for differentiating H. pylori infection from nor-
mal mucosa based on the data from training set and then 
validated the cut-off value in the validation set. The de-
mographical and clinical characteristics between patients 
with and without H. pylori infection in both two sets were 
comparable (all p<0.05). Our results demonstrated that the 
criteria of R > 210 and B > 127 used for diagnosing H. pylori 
were relatively specific and sensitive (training set 0.696 and 
0.701 vs. validation set 0.679 and 0.681), which can be rec-
ommended in clinical application.

There were still limitations in our study. First, all the patients 
were from one single center, and the sample size was small. 
A multi-center large-scale investigation could be planned 
for both internal and external validation. Second, we did 
not include patients with previous history of H. pylori infec-
tion or eradication, and all the patients underwent esopha-
gogastroduodenoscopy for the 1st time. The diagnostic role 
of pixel brightness value for patients with H. pylori eradica-
tion could be further examined in our future research.
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Table 3. Demographic and clinical characteristics of the validation set (n=79)

Validation set Patients with H. pylori Patients without H. pylori p 
  infection (n=10) infection (n=69) 

Demographic and clinical characteristics
 Age, mean (range), years 42.7 (18-68) 44.5(18-67) 0.380
 Male gender, n (%) 7 (70.0) 45 (65.2) 
Main symptoms, n (%)   0.975
 Heartburn 5 (50.0) 33 (47.8) -
 Stomach pain 3 (30.0) 20 (29.0) -
 Abdominal distension 2 (20.0) 16 (23.2) -
Pathology for biopsy, n (%)   0.002
 Chronic atrophic gastritis 16 (64.0) 20 (29.0) -
 Chronic non-atrophic gastritis 9 (36.0) 49 (71.0) -
Pixel brightness value calculations
 R 212.311±28.004 197.106±28.182 0.031
 G 137.633±24.470 135.012±24.926 0.102
 B 128.718±28.202 124.984±27.832 0.044

H. pylori: Helicobacter pylori.

Table 4. Diagnostic efficacy analysis in the validation set

  R>210 and B>127

Specificity 0.679
Sensitivity 0.681
AUC 0.712
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