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ABSTRACT
Background: Gastric cancer is the fifth most common malignancy and the third highest 
cancer-related mortality worldwide after lung and colorectal cancers. The gastric carcino-
genesis is started with precancerous lesion. Prompt diagnosis and management of gastric 
precancerous lesion may prevent disease progression. Midkine is a growth factor associ-
ated with various cancers and proposed as a marker for detecting gastric precancerous 
lesion. Objective: The aim of the study is to determine the association between serum mid-
kine level and gastric precancerous lesion in patients with gastritis. Methods: A cross sec-
tional study was conducted at Haji Adam Malik general hospital. Subjects were obtained 
by consecutive sampling. Inclusion criteria were patients aged 18 years or older, diagnosed 
with gastritis from gastroscopy and histopathology results, and willing to cooperate in the 
study. Each subjects underwent interview and endoscopic examination. Serum midkine 
level was determined using enzyme-linked immunosorbent assay (ELISA) method. Chi 
square, receiver operating characteristic (ROC) curve, and logistic regression tests were 
applied. Results: A total of 160 subjects were enrolled with 29.4% had gastric precancer-
ous lesion. Serum midkine level was associated with gastric premalignant lesion. Cut off 
point for serum midkine level was 252 pg/mL with area under the curve of 0.816 (p<0.001). 
It’s sensitivity, specificity, and accuracy in diagnosing gastric precancerous lesion were 
74.5%, 71.7%, and 72.5%, respectively. Helicobacter pylori infection, high serum midkine 
level, heavy alcohol drinker, and family history of gastric cancer were risk factors for gastric 
precancerous lesion. Conclusion: Serum midkine level is associated with gastric premalig-
nant lesion in patients with gastritis and has good diagnostic values.
Keywords: diagnostic, gastric, midkine, precancerous, risk.

1. BACKGROUND
Gastric cancer is the fifth most common malignancy and the third high-

est cancer-related mortality worldwide after lung and colorectal cancers (1, 
2). The gastric carcinogenesis is a multifactorial process involving genetic 
susceptibility and environmental factors (2). Gastric precancerous lesion is 
a condition preceding gastric cancer which consists of chronic atrophic gas-
tritis, metaplasia, foveolar hyperplasia, and gastric hyperplastic polyps (1, 2). 
The prevalence of gastric precancerous lesion is ranging from 3.2% to 19.8% 
(3). Up to 1 of 19 subjects with precancerous gastric lesion develops gas-
tric cancer within 20 years (4). Early detection and management of gastric 
precancerous lesions may prevent progression to gastric cancer and reduce 
morbidity and mortality from the disease (1).

Midkine is a heparin-binding growth factor from a retinoic acid-respon-
sive gene (5-7). It functions as modulator for proliferation and migration of 
various cells (6, 7). Rearrangement in the midkine coding gene results in el-
evated serum midkine level and ends in changing in cell cycle and malig-
nancy, including gastric cancer cells (5-7). Midkine promotes gastric cancer 
cell survival and growth through activation of Akt and ERK1/2 pathways and 
upregulation of cell-cycle-related proteins such as cyclin A, cyclin D1, Cdk2, 
Cdk4, and Cdk6 (6). Serum midkine level may be a promising biomarker for 
detecting malignancies and disease progression after treatment (8). However, 
study regarding the role of serum midkine level in the incidence of gastric 
precancerous lesion is scarce. In this study, we aimed to determine the as-
sociation between serum midkine level and gastric precancerous lesion in 
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patients with gastritis. Additionally, we also determined 
the diagnostic value of serum midkine level in detecting 
gastric precancerous lesion and risk factors for gastric 
precancerous lesion.

2. OBJECTIVE
The aim of this study is to determine the association 

between serum midkine level and gastric precancerous 
lesion in patients with gastritis.

3. MATERIAL AND METHODS
This was a cross sectional study conducted at Haji 

Adam Malik general hospital Medan, Indonesia. Sub-
jects were obtained by consecutive sampling method. 
Inclusion criteria were patients aged 18 years or older, 
diagnosed with gastritis from gastroscopy and histopa-
thology results, and willing to cooperate in the study. 
Exclusion criteria were patients receiving H. pylori erad-
ication therapy within the last six months, taking antibi-
otics commonly used in H. pylori eradication regiment, 
consuming proton pump inhibitors and H2 receptor 
antagonists for the last one month, diagnosed with sys-
temic diseases or malignancies, and pregnant women.

Each subject underwent interview to obtain demo-
graphic and health-related data. Smoking habit was 
measured using Brinkman index with a formula: mean 
amount of cigarettes consumed daily multiplied by 
smoking duration in year. Subjects then grouped into 
mild smoker (0-199) moderate smoker (200-599), and 
heavy smoker (>600). Alcohol consumption was mea-
sured using a formula: amount of alcohol consumed 
daily multiplied by drinking duration in year. Alcohol 
beverages measured including branded or traditional al-
cohol beverages. Subjects were grouped into non-drink-
er, mild to moderate drinker (<24 gram-year), and heavy 
drinker (>24 gram-year). Measuring unit for 10 grams 
ethanol were a glass/small bottle/can (285-330 mL) of 
beer, 30 mL of whiskey, and 120 mL of wine. Family his-
tory of gastric cancer was determined positive if there 
was a first-degree family member who had gastric can-
cer. Subject was categorized as overweight if body mass 
index was >23 kg/m2.

Endoscopy was conducted to examine gastric muco-
sa. Characteristics of mucosa were determined includ-
ing edema, erythema (spotted, patchy, linear), exudate, 
bleeding, and erosion. Mucosal biopsies were obtained 
for histopathology examination. Biopsies were obtained 
from five locations: major curvature (A1), minor dis-
tal antrum (A2), incisura angularis of minor curvature 
(A3), anterior wall of proximal corpus (C1), and pos-
terior wall of proximal corpus (C2). Biopsies were also 
obtained from suspicious locations other than the above 
mentioned. Patients were diagnosed with gastric pre-
cancerous lesions if they had one of the following from 
histopathology examination: chronic atrophic gastritis, 
intestinal metaplasia, or dysplasia. Helicobacter pylori 
infection diagnosis was established from positive results 
of carbon-14 urea breath test (14C-UBT) and/or rapid 
urease test (Pronto Dry, France). Serum midkine level 
was determined using Human Midkine ELISA kit (Avis-

cera Bioscience Inc. CA, USA) from peripheral blood 
sample.

Qualitative data was presented in frequency and per-
centage while quantitative data undergo normality test. 
Normally-distributed data was presented in mean and 
standard deviation but non-normally-distributed one 
was presented in median and minimum-maximum val-
ue. Chi square test was utilized to determine the asso-
ciation between qualitative data. Receiver operating 

Characteristics n (%)
Gender
Male
Female

86 (53.8)
74 (46.3)

Age
≥50 years
<50 years

84 (52.5)
76 (47.5)

Education
Low
High

34 (21.3)
126 (78.8)

Ethnicity
Batak
Non-Batak

91 (56.9)
69 (43.1)

Overweight
Yes
No

59 (36.9)
101 (63.1)

Alcohol consumption
Heavy drinker
Non- and mild to moderate drinker 

25 (15.6)
135 (84.4)

Smoking
Moderate and heavy smoker
Non- and mild smoker

65 (40.6)
95 (59.4)

Family history of gastric cancer
Yes
No

7 (4.4)
153 (95.6)

H. pylori infection
Yes
No

86 (53.8)
74 (46.3)

Gastric precancerous lesion
Yes
No

47 (29.4)
113 (70.6)

Table 1. Characteristic of subject

Figure 1. Receiver operating caracteristic curve of midkine in 
determining gastric precancerous lesion
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characteristic curve was used to de-
termine the cut off point of serum 
midkine level in diagnosing gastric 
precancerous lesion. Diagnostic val-
ues were determined using the ob-
tained cut off point. Logistic regres-
sion test was used to determine the 
risk factors for gastric precancerous 
lesion. All statistical analyses were 
done with 95% confidence interval 
and a p-value of <0.05 was consid-
ered significant. Statistical Package 
for the Social Sciences software was 
utilized to support the analysis. This 
study had been approved by Ethical 
Committee of Medical Faculty of 
Universitas Sumatera Utara.

4. RESULTS
A total of 160 subjects were en-

rolled in this study. Subjects were 
dominated by males, aged 50 years 
or older, with higher education lev-
el, with history of gastric cancer, and 
with H. pylori infection. Most sub-
jects were not overweight, did not 
drink or only mild to moderately 
drink alcohol, did not smoke ciga-
rette or only mild smoker, and with-
out family history of gastric cancer. 
From our study, we found 29.4% 
subjects with gastric precancerous 
lesion (Table 1).

The median serum midkine level 
in our study was 240 pg/mL with a 
range of 65 to 400 pg/mL. We con-
tinued the analysis with receiver 
operating characteristic curve and 
found a cut off point of 252 pg/mL with area under the 
curve of 0.816 and a p-value of <0.001 (Figure 1). Sub-
jects with serum midkine level below 252 pg/mL was 
categorized as low and vice versa. We used the cut off 
point to determine the diagnostic values of serum mid-
kine level in diagnosing gastric precancerous lesion. The 
sensitivity, specificity, positive predictive value, nega-
tive predictive value, positive likelihood ration, negative 
likelihood ratio, and accuracy were 74.5%, 71.7%, 52.2%, 
87.1%, 2.63, 0.36, and 72.5%, respectively at serum mid-
kine level of >252 pg/mL.

Bivariate analysis using chi square test showed that 
age, alcohol consumption, H. pylori infection, family 
history of gastric cancer, and high serum midkine level 
were associated with the incidence of gastric precan-
cerous lesion. The prevalence ratio for each factor were 
1.75, 1.85, 3.18, 2.6, and 4.05, respectively (Table 2).

All the five associated variables were involved in mul-
tivariate analysis. Of the all risk factors, only H. pylori 
infection, serum midkine level, alcohol consumption, 
and family history of gastric cancer which were relat-
ed with incidence of gastric precancerous lesion if they 

present altogether. Infection of H. pylori and high serum 
midkine level had the highest relative risk (9.14 and 7.57, 
respectively) compared to subjects without infection 
and with low serum mudkine level (Table 3).

5. DISCUSSION
Gastric precancerous lesion is more frequent in males 

compared to females. Huang et al. reported that 62% of 
subjects with gastric precancerous lesion were males (9). 
Rentien et al. also reported similar result (10). However, 
Gu et al. found that females are dominating subjects with 
gastric precancerous lesion in China (11). A study from 
Italy by Dore et al. had similar result with previous study 

Risk factors Gastric precan-
cerous lesion p PR (95%CI)

Yes No
Gender
Male
Female

30 (34.9%)
17 (23.0%)

56 (65.1%)
57 (77.0%) 0.099 1.52

(0.91 – 2.52)
Age
≥50 years
<50 years

31 (36.9%)
16 (21.1%)

53 (63.1%)
60 (78.9%) 0.028* 1.75

(1.05 – 2.94)
Education
Low
High

12 (35.3%)
35 (27.8%)

22 (64.7%)
91 (72.2%) 0.393 1.27

(0.74 – 2.17)
Ethnicity
Batak
Non-Batak

31 (34.1%)
16 (23.2%)

60 (65.9%)
53 (76.8%) 0.135 1.47

(0.88 – 2.46) 
Overweight
Yes
No

18 (30.5%) 
29 (28.7%)

41 (69.5%) 
72 (71.3%)

0.810 1.06
(0.65 – 1.74)

Alcohol consumption
Heavy drinker
Non- and mild to moder-
ate drinker

12 (48.0%)
35 (25.9%)

13 (52.0%)
100 (74.1%) 0.026* 1.85

(1.13 – 3.05)

Smoking
Moderate and heavy 
smoker
Non- and mild smoker

15 (23.1%)
32 (33.7%)

50 (76.9%)
63 (66.3%) 0.148 0.69

(0.41 – 1.16)

H. pylori infection
Yes
No

37 (43.0%)
10 (13.5%)

49 (57.0%)
64 (86.5%) <0.001* 3.18

(1.7 – 5.95)
Family history of gastric 
cancer
Yes
No

5 (71.4%)
42 (27.5%)

2 (28.6%)
111 (72.5%) 0.024* 2.6

(1.52 – 4.44)

Serum midkine level
High
Low

280 (180 – 400)
35 (52.2%)
12 (12.9%)

204 (65 – 
318)
32 (47.8%)
81 (87.1%)

< 0.001*
< 0.001*

NA
4.05
(2.28 – 7.2)

Table 2. Bivariate analysis of risk factors for gastric precancerous lesion. *p<0.05; PR 
prevalence ratio; CI confidence interval

Risk factors p RR (95%CI)
H. pylori infection
High serum midkine level 
Heavy alcohol drinker
Family history of gastric 
cancer
Age ≥50 years

<0.001*
0.002*
0.011*
0.046*
0.250

9.14 (3.46 – 18.75)
7.57(2.6 – 16.45)
4.05 (1.92 – 11.06)
4.0 (1.80 – 9.37)
2.58 (0.89 – 6.65)

Table 3. Multivariate analysis of risk factors for gastric 
precancerous lesion. RR relative risk; CI confidence interval
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(12). Song et al. found a slightly higher female domina-
tion in their study (4). Mean age of subjects with gastric 
precancerous lesion was reported to be 57.5 years (9). In 
a study from China, the mean age was 51.63 years (11). 
In Sweden, the mean age for subjects with this condition 
was 56 years. Advanced lesion was observed in line with 
advanced age (4). The abovementioned results were sup-
ported by Adjarkosh et al. They reported a mean age of 
57.87 years (3). In this study, males were dominating the 
proportion of subjects with gastric precancerous lesion. 
Subjects aged 50 years or older were also tend to suf-
fer from gastric precancerous lesion compared to their 
counterparts.

Education level was reported to be associated with 
the incidence of gastric precancerous lesion. The higher 
the education level, the higher the risk of gastric pre-
cancerous lesion. Body mass index had no significant re-
lationship with gastric precancerous lesion. According 
to a study, body mass index of subjects with the condi-
tion was 23.51 kg/m2. Regarding alcohol consumption, 
a study from China declined its association with gastric 
precancerous lesion. More than 90% of subjects with the 
disease did not consume alcohol. Similar with alcohol 
consumption, smoking was not significantly associat-
ed with gastric precancerous lesion. The proportion of 
subjects with such condition who smoke cigarette was 
lower than 25% (11). There is no specific publication dis-
cussing the role of ethnicity in the incidence of gastric 
precancerous lesion. In our study, subjects with gastric 
precancerous lesion tended to have higher education 
and were non- or only mild smoker. Both were not asso-
ciated with the incidence of gastric precancerous lesion. 
Majority subjects with the lesion were non- or mild to 
moderate alcohol drinker. We found significant associ-
ation between alcohol consumption and gastric precan-
cerous lesion. Similar with previous study, majority sub-
jects with lesion in this study were not overweight but 
there was a significant association between overweight 
and the incidence of gastric precancerous lesion.

Genetic predisposition plays important role in the 
progression of gastric cancer. Family history of gastric 
cancer increases the risk for gastric precancerous le-
sion and H. pylori infection (13). Other conditions such 
as gastric lymphoma, atrophic gastritis, and intestinal 
metaplasia and dysplasia are also associated with the 
risk of gastric precancerous lesion. The lesion still can 
be detected even if the previous conditions have been 
eliminated (10). However, there is a study confronting 
previous results. They found that only 15.41% of sub-
jects with gastric precancerous lesion who have family 
history of malignant diseases (11). Similar with the last 
study, dominant subjects with gastric precancerous le-
sion in our study did not have family history of gastric 
cancer. But in contrast, we found significant association 
between family history of gastric cancer and the inci-
dence of gastric precancerous lesion.

Several tumor markers have been studied and pro-
posed to aid in detecting progressivity of precancerous 
lesion into malignancy in stomach. Jeong et al. in their 
study reported that mitochondrial microsatellite insta-

bility (mtMSI) can be utilized as a marker of progressiv-
ity of gastric malignancy especially intestinal type. The 
presence of mtMSI in patients with gastric dysplasia will 
increase the risk for developing into gastric cancer (14). 
Other markers include cytokines produced by T-helper 
2 (Th2) cells. Elevation of CCL3/MIP1A, CCL20/MI-
P3A, interleukin (IL)-1β, IL-4, and IL-5 increase the risk 
of gastric precancerous development with odds ratios of 
2.69, 2.39, 3.02, and 3.07, respectively compared to the 
counterparts (15). Aridome et al. found that midkine is 
associated with the incidence of malignancy in digestive 
tract. Changing in midkine coding gene was absent in 
non-malignant group, but present in 12 of 16 subject 
with gastric cancer, in 8 of 13 subjects with colorectal 
cancer, in five of nine subjects with hepatocellular carci-
noma, and in all subjects with esophageal and duodenal 
ampulla cancers. Midkine was also detected in all sub-
jects with lymph node metastasis (5). Midkine also plays 
important role in diagnosing squamous cell carcinomas 
in head and neck region. Midkine can be utilized to 
monitor therapeutic response too. A study by Yamashita 
et al. found a positive correlation between serum mid-
kine level and immunohistochemistry scoring with sen-
sitivity and specificity of 57.3% and 85.3%, respectively 
at 482 pg/mL. Decreased serum midkine level was also 
associated with therapeutic response, especially chemo-
therapy. High serum midkine level was in line with unfa-
vorable outcome (8).

Elevated serum midkine level is also observed in pa-
tients with gastroesophageal cancer along with elevat-
ed serum IL-1, IL-6, IL-8, TNF-alpha, VEGF-A, and 
VEGF-C. Serum midkine level is associated with cancer 
staging and symptom such as weight loss (16). Xu et al. 
in their study found that midkine expression in gastric 
cancer cell is elevated compared to normal gastric cell. 
Midkine knockdown resulted in decreased gastric can-
cer cell proliferation and inhibition cancer progressivity 
(6). Huang et al. conducted a study in subjects with gas-
tric cancer. They reported that serum and urine midkine 
level are elevated in the study subjects. Further analysis 
using polymerase chain reaction method showed that 
midkine coding gene expression is higher in advanced 
cancer tissue. In contrast, this finding was not associat-
ed with tumor differentiation and size and lymph node 
involvement (7). In our study, there were significant 
difference in serum midkine level in subjects with gas-
tric precancerous lesion and their counterparts. High-
er serum midkine level was observed in subjects with 
gastric precancerous lesion and increased the risk for 
corresponding condition as high as 4.05 times. With a 
cut off point of 252 pg/mL, serum midkine level might 
predict the incidence of gastric precancerous lesion at 
74.5% sensitivity, 71.7% specificity, and 72.5% accuracy.

A study by Zhou et al. identified risk factors for gastric 
precancerous lesion. Advanced age increased the risk at 
1.027 times compared to younger age. Male and smoker 
were also risk factors with odds ratios of 1.303 and 1.142, 
respectively. Other significant risk factors were H. pylo-
ri infection and pepsinogen I level (odds ratios of 1.377 
and 1.536, respectively). Diet consisted of high fat had 
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protective effect with odds ratio of 0.731 (17). Ajdark-
osh et al. supported the previous results. They found 
that age and H. pylori infection are significantly affect 
the incidence of gastric precancerous lesion. Advanced 
age increased the risk as high as 3.1 times while H. pylori 
infection increased the risk as high as 3.56 times (3). An-
other study from Italy reported that H. pylori infection 
is significantly associated with increased risk for gastric 
precancerous lesion. In contrast, age and gender did not 
have significant association with the condition (9). Bile 
reflux was another risk factor for gastric precancerous 
lesion. After excluding other confounding factors such 
as gender and age, bile reflux was still significantly asso-
ciated with gastric precancerous lesion. Bile reflux itself 
was positively correlated with severity of gastric lesion 
(18). Logistic regression analysis in our study showed 
that H. pylori infection, high serum midkine level, heavy 
alcohol drinker, and family history of gastric cancer are 
risk factors for gastric precancerous lesion. The stron-
gest risk factor was H. pylori infection (OR 9.14) fol-
lowed by high serum midkine level (OR 7.57).

Our study was the first study determining the associ-
ation between serum midkine level and gastric prema-
lignant lesion. We suggest to use serum midkine level to 
aid in diagnosing gastric premalignant lesion in patients 
with gastritis. However, we did not include healthy 
subjects as controls. Therefore, further study enrolling 
healthy subjects as controls is mandatory to determine 
the role of serum midkine level in diagnosing gastric 
premalignant lesion in general population.

6. CONCLUSION
Serum midkine level is associated with gastric prema-

lignant lesion in patients with gastritis. Serum midkine 
level has good diagnostic values. Other risk factors for 
gastric premalignant lesion are H. pylori infection, heavy 
alcohol drinker, and family history of gastric cancer.
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