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Abstract

Objective: Diagnosis of gastric intestinal metaplasia (GIM) relies on gastroscopy and histopath-

ologic biopsy, but their application in screening for GIM is limited. We aimed to identify sero-

logical biomarkers of GIM via screening in Guangdong, China.

Methods: Cross-sectional field and questionnaire data, demographic information, past medical

history, and other relevant data were collected. Blood samples were collected for pepsinogen

(PG)I, PGII, gastrin-17, and Helicobacter pylori antibody testing, and gastroscopy and histopatho-

logic biopsy were performed. Single factor and logistic regression analyses were used to evaluate

the correlation between these indicators and GIM, and decision tree models were used to

determine the cut-off points between indicators.

Results:Of 443 participants enrolled, 87 (19.6%) were diagnosed with GIM. Single factor analysis

showed that pepsin indicators (PGI, PGII, and PGI/PGII ratio) and the factors Mandarin as native

language, urban residency, hyperlipidemia, and age were associated with GIM. Logistic regression

analysis showed that PGI and age were associated with GIM.

Conclusions: Age is an important factor for predicting GIM progression; age >60 years

increased its risk. Detection of GIM was higher in individuals with PGI levels >127.20 ng/mL,

which could be used as a threshold indicating the need to perform gastroscopy and histopath-

ologic biopsy.
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Introduction

Gastric cancer is the fifth-most commonly

diagnosed malignancy and the third most

common cause of cancer-related mortality

worldwide.1 Although its incidence in

China has been declining in recent years, it

remains much higher than the global aver-

age. As early as 1975, Correa et al.2 pro-

posed a model for the stages of human

intestinal type gastric cancer, where in

normal gastric mucosa progresses to

chronic superficial gastritis, then to chronic

atrophic gastritis, intestinal metaplasia, dys-

plasia, early gastric cancer, and, finally, to

advanced gastric cancer. Gastric intestinal

metaplasia (GIM) is the transformation of

gastric mucosal epithelium and its glands

into intestinal mucosal epithelium and

glands under pathological conditions. As a

premalignant lesion of gastric cancer, GIM

involves a precancerous change of the gastric

mucosa with intestinal epithelium and is

associated with an increased risk of dysplasia

and cancer.3 The European management of

precancerous conditions and lesions in the

stomach (MAPS) guidelines noted that

GIM, as a marker of a high risk of gastric

cancer, would increase the risk of gastric

cancer.4–6 The global prevalence of GIM is

25%; developed countries, such as the

United States (11.7%) and Japan (6.2%),

have prevalence rates close to or below this

average, whereas developing countries see

comparatively higher rates.7–10 For example,

the prevalence of GIM is 28.9% in Vietnam,

and 30% to 32% in mainland China.11,12

Therefore, the key to reducing the incidence
of gastric cancer in China is to take interven-
tion measures at the GIM stage. At present,
GIM is diagnosed by invasive means such as
gastroscopy, which may lead to poor com-
pliance in patients. Additionally, scarce med-
ical resources limit the ability of staff to
perform gastroscopy and histopathologic
biopsy. If individuals at higher risk of
GIM can be identified through serological
screening, the detection of GIM can be
more beneficial. Some studies have shown
that pepsinogen (PG) has significance in
screening chronic atrophic gastritis, one of
the precancerous lesions of gastric cancer.13

However, there have been no reports on the
screening of serum PG in intestinal metapla-
sia. In this study, we conducted precancer-
ous disease screening and serological
analysis of the general population of
Guangdong, China. We aimed to investigate
the significance of predictive variables of
GIM-related factors, such as PG, to develop
a more targeted GIM screening process.

Materials and methods

Ethics

This study was performed in accordance
with the ethical standards laid down in the
1965 Declaration of Helsinki and its later
amendments and approved by the ethics
committee at the First Affiliated Hospital
of Guangdong Pharmaceutical University.
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All participants gave written informed con-
sent before inclusion in the study.

Participants

From 2015 to 2016, 91 townships in
Guangdong Province were investigated.
The participants were long-term residents
from 18 to 80 years old who were recom-
mended or volunteered for gastroscopy and
serological examination (both including
pathological examination). Exclusion crite-
ria were (1) a history of upper gastrointes-
tinal surgery; (2) long-term use of
anticoagulant drugs or antiplatelet drugs,
or the presence of coagulation dysfunction
such that endoscopic biopsy could not be
performed; (3) a lack of signed informed
consent; (4) not being considered suitable
for this study by researchers; and (5) gastric
cancer.

Questionnaire survey

After participants gave informed consent,
questionnaires were administered by profes-
sionals who interviewed the participants.
The questionnaire was designed based on
the literature of GIM and its related factors,
according to the epidemiology and incidence
of GIM in Guangdong Province, combined
with relevant measures of gastric cancer
screening. The questionnaire collected infor-
mation on demographic characteristics, life-
style, diet, medical history, and family
history.8 Smoking was defined as smoking
more than one cigarette a day continuously
or cumulatively for more than 6 months.
Alcohol consumption was defined as ethanol
consumption >40 g/day for men (>20 g/day
for women) or a history of heavy drinking
within 2 weeks (ethanol >80 g/day). Ethanol
consumption was calculated as alcohol con-
sumption (mL)� alcohol content (%)� 0.8
(proportion of ethanol). Mandarin was
defined as daily communication occurring

only in Mandarin. Helicobacter pylori (Hp)

infection was defined as positive serum Hp

antibody.

Serological testing

In the morning, 10 mL of fasting venous

blood was drawn into collection tubes

(Kangjian Medical, Taizhou City, China)

and serum was harvested by centrifugation

at 1006.2 �g for 10 minutes. Serum PGI,

PGII, gastrin-17 (G-17), and Hp antibodies

were then detected by enzyme-linked immu-

nosorbent assay (ELISA). The testing

reagents were purchased from Huian

Biotechnology Company (Shenzhen, China).

Gastroscopy and histopathologic biopsy

All participants were examined by gastros-

copy (GIF H260Z, Olympus, Tokyo,

Japan) and underwent histopathologic

biopsy. The biopsy criterion was as follows.

If no suspicious pathological mucosa was

found under the gastroscope, viable tissue

was taken 2 cm from the pylorus at the

large curvature of the gastric antrum and

8 cm from the cardia at the large curvature

of the gastric body.14,15 If a suspected lesion

was found under the gastroscope (i.e.,

change in local mucosal color and/or sur-

face structure), five pieces of viable mucosal

tissue of the suspected lesion were taken

with disposable biopsy forceps after magni-

fying and staining endoscopy observation

in addition to the above routine biopsies.

All tissues were fixed in 10% formaldehyde

solution after removal and sent to the lab-

oratory for examination.

Grouping of participants

Based on the results of gastroscopy and his-

topathologic biopsy, the participants were

divided into two groups: GIM group and

healthy gastric mucosa group.
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Efficiency validation of decision tree

model

In accordance with different cut-off

point values, an individual would have

serological screening to determine whether

their values exceeded the established cut-off

point values. If the predicted risk of a par-

ticipant was higher than the given cut-off

point value, the participant would be

included in the population with positive

intestinal metaplasia. Sensitivity and specif-

icity values (data not shown) were

calculated.

Statistical analysis

Epidata 3.1 (www.EpiData.dk) was used to

establish the database, and SPSS software,

version 20.0 (IBM Corp., Armonk, NY,

USA) was used for statistical analysis.

Descriptive analysis was performed on

basic information, previous medical histo-

ry, family history, and gastroscopy results.

Detection rates were compared using the v2

test. Logistic regression analysis was per-

formed to analyze factors related to GIM.

The test level was set at a¼ 0.05 (p< 0.05).

Results

A total of 518 participants were enrolled in

the study, all of whom completed question-

naires and underwent serological tests, gas-

troscopy, and histopathologic biopsy. After

eliminating samples with incomplete data,

443 effective samples were included (an

effective rate of 85.5%). Case inclusion

was continuous. There were 228 men and

215 women, accounting for 51.5% and

48.15% of the study population, respective-

ly. GIM was detected in 87 participants, for

an overall detection rate of 19.6%.

Comparison of PG between the GIM and

healthy gastric mucosa groups

Serum PG results showed that differences in

concentrations of PGI (Z¼ 1.44, p¼ 0.032)

and PGII (Z¼ 1.63, p¼ 0.010) were signif-

icant between the GIM and healthy gastric

mucosa groups. The median PGI and PGII

values of the GIM group were 129.24 and

12.49 ng/mL, respectively, both of which

were higher than that of the healthy

group. Conversely, the median PGI/PGII

ratio (PGR) in the healthy group was

12.24 ng/mL, which was higher than that

of the GIM group (p¼ 0.008). There was

no significant difference in G-17 level

between the groups (Z¼ 1.24) (Table 1).

Correlation analysis between PG and GIM

PGI, PGII, and PGR were used as indepen-

dent variables for a decision tree analysis of

GIM. A receiver operating characteristic

curve was used as the continuous variable

to obtain the following results. Optimal

prediction of GIM was obtained when

PGI was 127.20 ng/mL and PGII was

11.30 ng/mL (the point of tangency).

Table 1. Comparison of serum PGI, PGII, and G-17 levels between participants with healthy gastric mucosa
and those with gastric intestinal metaplasia

Group PGI (ng/mL) PGII (ng/mL) G-17 (pmol/L) PGI/PGII

Healthy 106.60 (76.46, 152.90) 8.33 (5.51, 15.42) 8.45 (1.87, 15.90) 12.24 (8.84, 16.32)

GIM 129.24 (83.04, 190.57) 12.49 (6.00, 20.60) 5.60 (1.70, 14.60) 10.02 (6.60, 17.79)

Z 1.44 1.63 1.24 1.66

p-value# 0.032 0.010 0.092 0.008

Values are means with 25th and 75th percentiles in parentheses; #¼ nonparametric rank sum test.

PGI, pepsinogen I; PGII, pepsinogen II; G-17, gastrin-17.
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According to the decision tree classification

cut-off points, PGI was divided into
groups: �127.20 and >127.20 ng/mL, and

PGII was divided into groups �11.30 and
>11.30 ng/mL. The detection rate of GIM
was higher when PGI was >127.20 ng/mL

than when PGI was �127.20 ng/mL
(v2¼ 8.63, p¼ 0.03) (Figure 1). The detec-

tion rate of GIM was higher when PGII
was >11.30 ng/mL than when PGII was

�11.30 ng/mL (v2¼ 10.45, p¼ 0.011)
(Figure 2). The detection rate of GIM was

lower when the PGR was between 11.960
and 17.870 compared with >17.870 or
<11.960 (v2¼ 13.907, p¼ 0.034) (Figure 3).

Correlations between social demography,

lifestyle, family history of gastrointestinal

cancer, and GIM

The distribution of GIM differed in partic-

ipants with different languages (v2¼ 10.44,

p¼ 0.015); the proportion of GIM in the

Mandarin group (29.8%) was higher than

that in other language groups. The distribu-

tion of GIM in different age groups was

significant (v2¼ 20.48, p< 0.001): the detec-

tion rate of GIM was higher in the older age

group than in the younger age group, and

the incidence was highest in those> 60

years old. The proportion of GIM in

Figure 1. Decision tree analysis of gastric intestinal metaplasia (GIM) and pepsinogen I (PGI), indicating
higher detection of GIM when PGI was> 127.20 ng/mL than when PGI was �127.20 ng/mL
HC, healthy control.

Figure 2. Decision tree analysis of gastric intestinal metaplasia (GIM) and pepsinogen II (PGII), indicating
higher detection of GIM when PGII was> 11.30 ng/mL than when PGII was �11.30 ng/mL
HC, healthy control.
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urban residents was higher than that in
rural or township residents (v2¼ 6.98,
p¼ 0.03). The detection rate of GIM in
patients with a history of hyperlipidemia
was higher than that in patients without
hyperlipidemia or without examination
(v2¼ 8.08, p¼ 0.018). We found no signifi-
cant differences in the distribution of GIM
in patients of different sexes and with or
without smoking and drinking habits,
family history of gastrointestinal cancer,
Hp infection, diabetes, or hypertension
(Table 2).

Logistic regression analysis of GIM

Logistic regression analysis was performed
for the correlation factors that were signif-
icant in the single factor analysis; that is,
PGI, PGII, PGR, Mandarin as the native
language, age, urban residence, and history
of hyperlipidemia. Regression results
showed that age and PGI were statistically
significant, and the odds ratio (OR) value
of age was 1.66 (p< 0.001), indicating that
in participants over 40 years old, GIM risk
increased by a factor of 1.66 for every 10
years of age over the age of 40 years. The
risk of GIM in individuals with
PGI> 127.20 ng/mL was 1.59 times higher

than that individuals with PGI � 127.20 ng/

mL (p¼ 0.047) (Table 3).

Discussion

At present, gastric cancer remains the third

leading cause of death related to cancer

worldwide.1 GIM is an important precan-

cerous lesion that may increase the risk of

gastric cancer.16,17 Therefore, clarifying the

screening indicators of GIM is very impor-

tant in early gastric cancer screening. At

present, the diagnosis of GIM mainly

relies on gastroscopy and histopathologic

biopsy, but endoscopy is an invasive proce-

dure that is poorly tolerated, and dynamic

monitoring of GIM is difficult. Therefore, it

would be of great clinical value to establish

a noninvasive method, such as serological

examination, to screen for changes in the

intestinal metaplasia of the gastric mucosa.
Studies have suggested that serum PGR

may be a biomarker of precancerous gastric

lesions.18 Consistent evidence demonstrates

that the absolute value of PGI combined

with PGR is the best serological indicator

to judge the status of the gastric fundus

mucosa, and it is known as a “serological

biopsy” of gastric mucosa.19 Tu et al.20

Figure 3. Decision tree analysis of gastric intestinal metaplasia (GIM) and pepsinogen I/pepsinogen II ratio
(PGR), indicating lower detection of GIM when PGR was between 11.960 and 17.870 compared with
>17.870 or <11.960
HC, healthy control.
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noted that a very low PGI level (<30 ng/mL
vs. >70 ng/mL) resulted in increased
incidence of precancerous lesions or gastric
cancer, and that a higher PGII level
or a lower PGR was associated with a

dose–response relationship with precancer-
ous lesions or gastric cancer.

In this study, PGI level was correlated
with GIM, but PGII, PGR, and G-17
were not. The safety value range of PGI

Table 2. Comparison of the detection rate of gastric intestinal metaplasia in different populations

Group Total Healthy (%) GIM (%) v2 P-value

Sex

Male 228 182 (79.8) 46 (20.2) 0.086 0.77

Female 215 174 (80.9) 41 (19.1)

Language

Mandarin 57 40 (70.2) 17 (29.8) 10.44 0.015

Cantonese 128 96 (75.0) 32 (25.0)

Hakka 156 131 (84.0) 25 (16.0)

Teochow 102 89 (87.3) 13 (12.7)

Residence

Urban 175 132 (75.4) 43 (24.6) 6.98 0.03

Town 135 118 (87.4) 17 (12.6)

Rural 133 106 (79.7) 27 (20.3)

Age (years)

<40 68 63 (92.6) 5 (7.4) 20.48 <0.001

40–49 137 118 (86.1) 19 (13.9)

50–59 129 101 (78.3) 28 (21.7)

�60 109 74 (67.9) 35 (32.1)

Smoking

No 289 237 (82.0) 52 (18.0) 1.43 0.232

Yes 154 119 (77.3) 35 (22.7)

Drinking

No 377 30 (80.4) 74 (19.6) 0.00 0.990

Yes 66 53 (80.3) 13 (19.7)

Family history of gastrointestinal cancer

No 402 325 (80.8) 77 (19.2) 0.65 0.421

Yes 41 31 (75.6) 10 (24.4)

Helicobacter pylori

Negative 256 213 (83.2) 43 (16.8) 3.10 0.075

Positive 187 143 (76.5) 44 (23.5)

Diabetes

No 359 290 (80.8) 69 (19.2) 3.86 0.145

Yes 31 21 (67.7) 10 (32.3)

Hypertension

No 338 270 (79.9) 68 (20.1) 2.64 0.267

Yes 60 46 (76.7) 14 (23.3)

Not done 45 40 (88.9) 5 (11.1)

Hyperlipidemia

No 314 257 (81.8) 57 (18.2) 8.08 0.018

Yes 57 38 (66.7) 19 (33.3)

Not done 72 61 (84.7) 11 (15.3)
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was � 127.20 ng/mL, and the detection rate
of intestinal metaplasia of gastric mucosa
was 1.59 times higher in participants with
PGI> 127.20 ng/mL than in participants
with PGI � 127.20 ng/mL. This index and
threshold value can be used as a useful ref-
erence for the screening of GIM. However,
serological screening for GIM has not yet
been reported. It is generally believed that
PG and G-17 are closely related to develop-
ment of gastric mucosal lesions, reflecting
atrophy of the gastric mucosa, and can
better predict the risk of gastric cancer.21–23

The incidence of GIM was higher in
people over 40 years old in our study,
with the detection risk of GIM increasing
by a factor of 1.66 for every 10 years over
the age of 40 years. Furthermore, GIM inci-
dence was the highest in those over 60 years
old. Therefore, screening of GIM should be
increased in people over 40 years old.
Bellolio et al.24 reported that the risk of
GIM over the age of 50 years was signifi-
cantly increased, and Jiang et al.25 reported
that the incidence of GIM in Yangzhou,
China, was highest between 50 and 60
years old.

In conclusion, age and serum PGI level
were risk factors related to GIM in
Guangdong, China. Screening of GIM
should be increased in people over 40
years old, and a PGI value> 127.20 ng/mL
can be used as a serological indicator for
gastroscopy. However, our study popula-
tion consisted only of residents in
Guangdong, China, and the sample size
was limited. Further evaluation is needed
before this indicator can be applied in clin-
ical practice, and the accuracy of the critical

threshold value needs to be verified in
multi-center studies with larger sample
sizes and high-quality clinical data.
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