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The aim of the study was to estimate the value of detecting pepsinogen (PG) I, PGII and gastrin-17 (G-17) levels in serum
for chronic atrophic gastritis (CAG) screening and to determine the clinical applicability of combined measurement of
serum G-17, pepsinogens (PGI, PGII) and PGI/PGII ratio (PGR) as a screening test for CAG. The PGI, PGII and G-17 levels
were detected by ELISA in 68 patients with CAG and 86 healthy volunteers who underwent gastroscopy for gastroduodenal
diseases at Taizhou Municipal Hospital between January 2016 and December 2016. Concentrations of all measured serum
markers were lower in patients with CAG in comparison to healthy volunteers and achieved statistical significance (p<0.01)
in PGI (93.25 vs. 126.98) and PGR (12.67 vs. 17.09). Receiver operating characteristic (ROC) curve analysis revealed the
optimal cut-off values for PGI, PGII, PGR and G-17 at 98.10 μg/l, 6.92 ng/l, 15.77 and 1.94 pmol/l, with sensitivities of
72.10%, 58.10%, 61.60% and 59.30%, and specificities of 61.8%, 51.50%, 77.90% and 55.90%, respectively. The areas under
the curve (AUCs) of PGI, PGR and G-17 were 0.728, 0.726 and 0.556, respectively. The increase of AUC was observed only
in PGR and G-17 combination (0.741) with increased sensitivity (69.10% vs. 61.60%) of screening for CAG, whereas the
specificity was reduced (72.10% vs. 77.90%) in comparison to PGR alone. Combination of serum indicators can raise the
diagnostic accuracy of CAG in some respects. However, further research including a larger sample size is necessary in order
to accurately determine the sensitivity and specificity of combined detection of serum indicators.
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Chronic atrophic gastritis (CAG) is a well-established
precursor lesion. The prevalence of CAG is higher in populations with higher rates of gastric cancer and the risk of gastric
cancer is substantially increased in individuals with CAG
[1,2]. Gastric cancer is the fourth most common malignant
tumor worldwide and it is highly related to lifestyle, such as
diet, alcohol consumption, smoking, and so on [3]. It is also
the second most common cause of death from cancer. The
high mortality and poor prognosis related to gastric cancer
are the main causes of cancer death [4]. Early detection, early
diagnosis and early treatment as a secondary prevention
strategy for gastric cancer are key factors for reducing the
mortality associated with gastric cancer and for prolonging
survival among patients with gastric cancer. Therefore, it is
particularly important to predict and screen high-risk groups
for gastric cancer. CAG is a common precancerous lesion of
gastric cancer [5–6] that needs regular follow-up to improve
the early diagnosis rate and reduce the mortality associated
with gastric cancer [7]. Furthermore, early diagnosis and

treatment of CAG is important for preventing the occurrence
of gastric cancer.
Currently, CAG and GC still need to be confirmed by
pathological examination of specimens obtained by gastroscopy. However, the cost of gastroscopic screening is very high
and the compliance of patients is poor. Thus, it is difficult
to apply gastroscopy and biopsy for large-scale screening
of CAG and GC. Fortunately, the serum concentrations of
some specific molecules secreted by the gastric mucosa,
such as pepsinogen (PG) and gastrin-17 (G-17) change
when gastric mucosa atrophy occurs; thus, these molecules
may serve as candidate markers for the screening of GC
and CAG. Previous studies have reported that PG and G-17
could be used to monitor changes in gastric mucosal atrophy
[8–9]. The purpose of this study was to estimate the value of
detecting the levels of PG and G-17 in serum for screening of
CAG and to determine the clinical applicability of combined
measurement of serum G-17 and PGI, PGII and the PGI/
PGII ratio as a screening test for CAG.
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Patients and methods

(p<0.05). The SPSS 17.0 statistical software, logistic regression analysis and the ROC curve were used to calculate sensitivity, specificity and the best boundary value.

Research population. This study is a case-control study.
The subjects were patients who underwent gastroscopy for
gastroduodenal diseases at Taizhou Municipal Hospital
between January 2016 and December 2016. All subjects
underwent gastroscopy before serological examination. Two
biopsy specimens were obtained from the gastric antrum and
gastric body. Furthermore, biopsy specimens were obtained
when mucosal lesions were found on gastroscopy. The
patients were divided into two groups according to the histopathological examination results: (1) Group CAG (n = 68):
gastric mucosa biopsy showed mild-to-moderate chronic
atrophic gastritis with or without intestinal metaplasia,
(2) Control group (n=86): gastric mucosa biopsy showed
normal or mild-to-moderate non-atrophic gastritis in gastric
mucosa. Distribution of sex and age within the two groups is
shown in Table 1. No subject had a history of administering
special medication (including proton pump inhibitors, H2
receptor antagonists, etc.) one week before inclusion into the
study. The written consents were obtained from all subjects.
Serological detection. Blood samples were collected
under fasting and serum was collected after centrifugation.
The serum samples were stored in a −70 °C low-temperature
freezer. Enzyme-linked immunosorbent assay (ELISA) was
used to detect the levels of PGI, PGII and G-17 in the serum.
The PGI, PGII and G-17 antibodies used in the enzyme
immunoassay were highly specific monoclonal antibodies
and were operated strictly according to the kit instructions.
Statistical analysis. The serum PGI, PGII G-17 levels
and the PGR of the two groups were all expressed as mean
± standard deviation. The PGI, PGII and G-17 levels of the
two groups were analyzed using the t-test with SPSS 17.0
statistical software. The difference was statistically significant

Results
Comparison of the serum levels of PGI, PGII, G-17 and
the PGR in the two groups. The serum levels of PGI and
PGR in the two groups were significantly lower than those in
the control group (CAG) and the difference was significant
(p<0.01). The PGII and G-17 levels of the CAG group were
not significantly different from those of the control group
(p>0.05), as shown in Table 2.
Sensitivity, specificity and optimal threshold value
of serum PGI, PGII and G-17 levels and the PGR in
diagnosing CAG. Considering CAG as the case group and
the normal control group as the reference, ROC curves of
PGI, PGII, PGR and G-17 were plotted (Figure 1). The
optimal critical values of PGI, PGII, PGR and G-17 for
CAG diagnosis were 98.10 and 6.92 µg/l, and 15.77 and 1.94
pmol/l, respectively, as shown in Table 3.
Sensitivity, specificity and AUC of the combination of
serum markers in diagnosing CAG. The sensitivity, specificity and AUC of the combination of PGI and G-17 in
diagnosing CAG were 69.10%, 64.00% and 0.728, respectively. The sensitivity, specificity and AUC of the combination of PGII and G-17 in diagnosing CAG were 57.40%,
51.20% and 0.507, respectively. The sensitivity, specificity
and AUC of the combination of PGR and G-17 in diagnosing
CAG were 69.10%, 72.10% and 0.741, respectively (Table 4,
Figure 2).
Discussion
The results of our study showed that PGI and PGR had a
relatively high accuracy in screening for CAG and predicting
the risk of gastric cancer (AUCs of 0.728 and 0.726, respectively). The high accuracy of PG in screening for CAG or GC
has been reported in previous studies as well. One study [10]
reported a sensitivity and specificity of PG for early screening

Table 1. Distribution of demographic data.
Group
Control group
Group CAG

n
86
68

sex (male/female, n)
48/38
29/39

age (x ± s, years)
52.23±8.38
53.47±9.36

Table 2. Levels of serum gastric markers in different groups.
Group
Control group
Group CAG

n
86
68

PGI (ng/l)
126.98±41.21
93.25±38.00

PGII (ng/l)
8.67±6.18
8.16±4.16

PGI/PGII ratio
17.09±6.27
12.67±4.80

G-17 (pmol/l)
6.70±10.36
5.91±9.92

Table 3. The accuracy of different serum gastric markers in diagnosing CAG.
Serum marker
PGI (ng/l)
PGII (ng/l)
PGI/PGII ratio
G-17 (pmol/l)

Sensitivity (%)
72.10
58.10
61.60
59.30

Specificity (%)
61.80
51.50
77.90
55.90

AUC
0.728±0.041
0.516±0.047
0.726±0.041
0.556±0.048

95%CI
0.648~0.807
0.423~0.608
0.645~0.806
0.462~0.650

Cut-off
98.10
6.92
15.77
1.94

VALUE OF SERUM MARKERS FOR SCREENING PRE-CANCEROUS LESIONS

639

Figure 1. The ROC curve of PGI, PGR and G-17 in CAG

Figure 2. The ROC curve for combination of serum G-17 and PGI/PGII/PGR in diagnosing CAG

Table 4. The combination of serum G-17 with PGI, PGII and PGR in diagnosing CAG.
Serum marker
PGI (ng/l) and G-17 (pmol/l)
PGII (ng/l) and G-17 (pmol/l)
PGI/PGII ratio and G-17 (pmol/l)

Sensitivity (%)
69.10
57.40
69.10

Specificity (%)
64.00
51.20
72.10

of GC of 67% and 47%, respectively. Coincidentally, another
study [11] reported that the AUC of PGI and PGI combined
with PGI/PGII screening for gastric atrophy (GA) were 0.78
and 0.79, respectively. Therefore, PGI and PGI combined
with PGI/PGII can be used as effective biological indicators
for screening of GA and predicting the risk of gastric cancer,
as well as for screening individuals in high-risk areas of
gastric cancer. This can improve the diagnostic rate of gastric
precancerous lesions and early gastric cancer, lead to timely
treatment and a consequent improvement in the quality

AUC
0.728±0.040
0.507±0.047
0.741±0.040

95%CI
0.649~0.807
0.415~0.599
0.663~0.820

of patients’ life. Our study showed that the AUC of G-17
screening for CAG was relatively low (about 56%), which is
consistent with the findings of Shafaghi [12], who reported
an AUC of G-17 screening for GA of 59%. However, some
preliminary studies have shown that G-17 has a relatively
high accuracy in screening of GA or GC. Nasrollahzadeh [11]
reported that the area under the curve of G-17 for screening
of GA was 77%. The study by Kikushi and other studies have
shown that G-17 can be used as a good biological indicator
for diagnosing GA. Therefore, the validity of G-17 screening
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for predicting GA and the risk for gastric cancer remains to
be further confirmed.
Our study showed that the sensitivity of the combination
of gastrin G-17 and PGI for diagnosing CAG was 69.10%,
which was lower than using PGI alone; however, the specificity (64%) was higher. The sensitivity of gastrin G-17
combined with PGR in diagnosing CAG was 69.10%, which
is higher than that of PGR alone; however, the specificity
was lower than that of only PGR. Combination of serum
indicators can raise the diagnostic accuracy of CAG in
some respects. In the future clinical work, when the serum
indicators are used to diagnose CAG, two of which can be
combined flexibly to raise the accuracy. When combined
detection yielded positive results, it was necessary to screen
the patients carefully using gastroscopy for early diagnosis
and treatment.
In conclusion, the use of serum indicators has brought
convenience to the diagnosis of CAG. However, the sample
size of our study is small, which is not enough to be extended
to the level of screening. Therefore, it is necessary to
conduct further research with a larger sample size, in order
to accurately determine the sensitivity and specificity of
combined detection of serum indicators.
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