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Purpose The association of serum lipids with gastric cancer is controversial. We clarified the role of serum lipids in the development,
progression, and prognosis of gastric cancer.

Materials and Methods In total, 412 patients diagnosed with gastric cancer were prospectively recruited, and 2,934 control subjects
who underwent screening endoscopy were enrolled from December 2013 to March 2017 to conduct a case-control study in a tertiary
center. Serum lipid profiles, including total cholesterol, high-density lipoprotein cholesterol (HDL-C), low-density lipoprotein cholesterol
(LDL-C), triglyceride (TG), apolipoprotein A-l (apoA-l), and apolipoprotein B, and clinicopathologic characteristics were analyzed.

Results The gastric cancer group showed significantly lower HDL-C, higher LDL-C, and lower apoA-| level than the control group. In
multivariate analysis, old age (odds ratio [OR], 1.051; p < 0.001), smoking (OR, 1.337; p < 0.001), a family history of gastric cancer
(OR, 2.038; p < 0.001), Helicobacter pylori seropositivity (OR, 4.240; p < 0.001), lower HDL-C (OR, 0.712; p=0.020), and higher LDL-C
(p=0.002) were significant risk factors for gastric cancer. Lower HDL-C and higher LDL-C remained significant after adjustments for
covariates, including age and sex. In a subgroup analysis of the gastric cancer group, lower TG levels were associated with undifferen-
tiated histology. No serum lipids were associated with overall survival.

Conclusion Lower HDL-C and higher LDL-C were associated with the risk of gastric cancer, even after adjusting for age, sex, and other
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factors. In the gastric cancer group, undifferentiated histology was associated with lower TG levels.
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Introduction

Gastric cancer is the second most common cancer world-
wide and the third leading cause of cancer-related death [1].
Genetic and environmental factors, such as male sex, older
age, smoking status, a family history of gastric cancer, Helico-
bacter pylori infection, and dietary habits, have been reported
to be associated with gastric cancer [2]. Dyslipidemia and
abnormal lipid metabolism are increasingly reported as
significant mechanisms of carcinogenesis [3]. Accordingly,
serum lipid components, including total cholesterol (TC),
high-density lipoprotein cholesterol (HDL-C), low-density
lipoprotein cholesterol (LDL-C), triglycerides (TGs), and apo-
lipoproteins, have been investigated for their associations
with cancer risk and prognosis.

However, previous studies have shown contradictory
results about the effect of lipids on various cancers, including

gastric cancer. TC had negative [4,5], positive [6], or no cor-
relation [7] with gastric neoplasms. In addition, few studies
have focused on the relationships of TG, LDL-C, or apolipo-
proteins with gastric cancer, as most reports have been based
on ancillary findings observed in a study of metabolic syn-
drome or statins. Furthermore, previous studies have includ-
ed specific underlying diseases or medications, which may
affect serum lipid levels and confound interpretation of the
association between serum lipids and gastric cancer.

Therefore, we conducted a prospective case-control study
to clarify the association of serum lipids level including TC,
HDL-C, LDL-C, TG, apolipoprotein A-I (apoA-I), and apoli-
poprotein B (apoB), with gastric cancer by analyzing their sig-
nificance in cancer risk, pathology, and prognosis.
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Fig. 1. Study flowchart.

Materials and Methods

1. Study subjects

A case-control study was conducted between December
2013 and March 2017 at Asan Medical Center, Seoul, Korea.
A total of 498 patients with pathologically confirmed gastric
cancer were prospectively screened. To assess the associa-
tion between serum lipid profile and gastric cancer, a con-
trol group was formed from a cohort of the health promotion
center. Patients with diabetes mellitus, chronic liver disease,
thyroid disease, a previous history of malignancy, and use of
lipid-lowering agents were excluded. Subjects who did not
complete a laboratory examination for lipid profiles or those
who were lost to follow-up were also excluded. Finally, 412
patients with gastric cancer and 2,934 controls were analyzed
(Fig. 1).

2. Data collection

All participants completed a questionnaire including
information on personal and family histories of cancer. Smok-
ing status was divided into three categories: never smokers,
former smokers, and current smokers. Serologic positivity
for H. pylori IgG was determined using an immunoassay
system (IMMULITE 2000, Siemens Healthcare Diagnostics
Products Ltd., Gwynedd, UK). The calibration range of this
immunoassay is 0.4-8.0 U/mL, and H. pylori IgG titers were
classified as follows: negative, 0-1.0 U/mL; positive, > 1.1 U/
mL. In addition, high-sensitivity C-reactive protein (hsCRP)
was measured. Participants with a body mass index (BMI) of
over 25 kg/m? were defined as obese according to the clas-
sification of the World Health Organization Western Pacific
Regional Office.
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Gastric cancer was classified into two groups according to
histopathologic findings. The differentiated group included
well or moderately differentiated cancer and the undifferen-
tiated group included poorly differentiated or signet ring cell
carcinoma. Clinical staging was performed based on the 7th
American Joint Committee on Cancer TNM staging system.
Informed consent was obtained from patients with gastric
cancer and those in the control group.

3. Serum lipid levels

All subjects were measured the serum lipids profile as the
baseline level at the time of inclusion in the study. The pro-
files of serum lipids, including TC, HDL-C, LDL-C, TG, and
apolipoproteins, were measured using a Beckman Coulter
AU 5800 chemistry analyzer (Beckman Coulter, Brea, CA)
after at least 12 hours of fasting. TC was categorized using
cutoff values of < 160, 160-179, 180-199, 200-239, and = 240
mg/dL. LDL-C was classified using cutoff values of < 100,
100-129, 130-159, and = 160 mg/dL. The low and high refer-
ence values were 40 mg/dL for HDL-C, 150 mg/dL for TG,
178 mg/dL for apoA-1, and 122 mg/dL for apoB.

4. Statistical analyses

Sample size was calculated with a significance level
(alpha) of 0.05 using a two-sided two-sample t test. This was
based on a previous report comparing a gastric cancer group
with an age- and sex-matched control group with mean LDL-
C of 121 mg/dL and 127 mg/dL, respectively, and standard
deviation of 35.0 [8]. The estimated sample size was 535
for each group to achieve 80% power to detect a difference
between the two groups. Considering a drop-out rate of 10%,
a total of 594 patients were required in each group. However,
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Fig. 2. Comparison of serum lipid levels the between control and gastric cancer groups. Comparison of total cholesterol levels between the
gastric cancer and control groups among the total population (A), male (B), and female (C) groups. High-density lipoprotein cholesterol
levels were significantly lower in the gastric cancer group than in the total population (D), male (E), and female (F) control groups. Low-

density lipoprotein cholesterol levels were higher in the gastric cancer group (G-I). No significant association was found between triglyc-

eride levels and gastric cancer in the (]) total population or (K) male group, but a significant association was found in the (L) female group.
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Table 2. Clinicopathologic characteristics of patients with gastric cancer

Total (n=412) Men (n=277) Women (n=135) p-value
Age (yr) 56 (49-64) 58 (51-66) 52 (47-59) <0.001
BMI (kg/m?) 23.7 (21.9-25.7) 24.1(22.2-25.9) 22.6 (21.2-24.5) 0.001
Diagnosis
Early gastric cancer 311 (75.5) 201 (72.6) 110 (81.5) 0.051
Advanced gastric cancer 101 (24.5) 76 (27.4) 25 (18.5)
Location in the stomach
Proximal 69 (16.7) 45 (16.2) 24 (17.8) 0.779
Distal 343 (83.3) 232 (83.8) 111 (82.2)
Maximal diameter (cm) 2.5(1.5-4.2) 2.6 (1.6-4.3) 2.4 (1.4-4.0) 0.825
Differentiation
Differentiated 190 (46.1) 146 (52.7) 44 (32.6) <0.001
Undifferentiated 222 (53.9) 131 (47.3) 91 (67.4)
Stage
I 317 (77.5) 209 (76.3) 108 (80.0) 0.797
I 31 (7.6) 23 (8.4) 8(5.9)
III 44 (10.8) 30 (10.9) 14 (10.4)
v 17 (4.2) 12 (4.4) 5(3.7)
Serum lipid level (mg/dL)
Total cholesterol 191 (172-216) 189 (169-213) 193 (178-220) 0.058
HDL-C 49 (41-57) 45 (39-54) 54 (48-62) <0.001
LDL-C 133 (115-155) 133 (115-153) 137 (114-157) 0.590
Triglyceride 97 (74-139) 103 (78-157) 88 (69-114) <0.001
Apolipoprotein A-I 140.5 (121.1-155.6) 133.6 (117.6-150.8) 147.6 (132.9-162.0) <0.001
Apolipoprotein B 99.8 (84.1-113.8) 100.0 (86.4-114.5) 98.4 (80.5-113.0) 0.097
Smoking status
Never smoker 201 (48.8) 73 (26.4) 128 (94.8) <0.001
Former smoker 85 (20.6) 84 (30.3) 1(0.7)
Current smoker 126 (30.6) 120 (43.3) 6(4.4)
Family history of gastric cancer 88 (21.4) 50 (18.1) 38 (28.1) 0.021
Helicobacter pylori 12G seropositivity 328 (79.6) 217 (78.3) 111 (82.2) 0.435

Values are presented as median (IQR) or number (%). BMI, body mass index; HDL-C, high-density lipoprotein cholesterol; IQR, interquartile

range; LDL-C, low-density lipoprotein cholesterol.

during the study period, patient recruitment took longer
than expected to achieve the expected sample size. Thus,
enrollment ended when 498 patients had agreed to partici-
pate in the study.

Categorical variables were analyzed using chi-square or
Fisher exact tests, and continuous variables were analyzed
using a Mann-Whitney U test. Logistic regression analysis
was used to estimate odds ratios (ORs) and 95% confidence
intervals (CIs) for the risk of developing gastric cancer asso-
ciated with lipid components. Models adjusted for age, sex,
and multivariate factors (including age, sex, H. pylori IgG
seropositivity, BMI, smoking status, and a family history
of gastric cancer) were also used. Correlation between the
pathologic variables of gastric cancer and serum lipid com-
ponents was analyzed using Spearman’s rank correlation
analysis. Cox proportional regression analysis was used to

assess prognostic factors related to the overall survival of
gastric cancer. p < 0.05 were considered statistically signifi-
cant. Statistical analyses were performed using SPSS statisti-
cal software ver. 21.0 (IBM Corp., Armonk, NY).

Results

1. Baseline characteristics of the study population

Median age was 56 years (interquartile range [IQR], 49 to
64) in the gastric cancer group and 53 years (IQR, 48 to 57)
in the control group. Overall, 2,242 men and 1,104 women
were included in the study. Baseline characteristics of the
two groups are shown in Table 1. Compared with those in
the control group, significantly more patients in the gastric
cancer group had a family history of gastric cancer (p <0.001)

VOLUME 53 NUMBER 2 APRiL 2021 449
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Table 3. Univariate and multivariate analyses for gastric cancer risk factors

Univariate analysis

Multivariate analysis

OR 95% CI p-value OR 95% CI p-value

Age 1.048 1.036-1.059 <0.001 1.051 1.039-1.065 <0.001
Sex 0.988 0.793-1.231 0.916
BMI 0.995 0.963-1.029 0.769
Smoking

Never smoker >0.99 >0.99

Former smoker 0.620 0.475-0.810 <0.001 0.598 0.452-0.792 <0.001

Current smoker 1.280 1.006-1.630 0.045 1.377 1.054-1.800 0.019
Family history 2.072 1.596-2.691 <0.001 2.038 1.539-2.698 <0.001
Helicobacter pylori IgG seropositivity 4.470 3.480-5.742 < 0.001 4.240 3.281-5.481 <0.001
Total cholesterol 1.021 0.939-1.111 0.624
HDL-C > 40 0.624 0.482-0.806 <0.001 0.712 0.535-0.947 0.020
LDL-C

<100 >0.99 >0.99

100-129 1.775 1.213-2.597 0.003 1.792 1.202-2.670 0.004

130-159 1.938 1.322-2.839 0.001 1.854 1.243-2.766 0.002

> 160 1.743 1.152-2.638 0.009 1.542 0.998-2.382 0.051
Triglyceride > 150 0.976 0.757-1.259 0.853
Apolipoprotein A-I >178 0.564 0.376-0.847 0.006 0.691 0.452-1.057 0.089
Apolipoprotein B > 122 0.843 0.638-1.113 0.228

BMLI, body mass index; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol;

OR, odds ratio.

and H. pylori serum IgG positivity (p <0.001) among the total
population, male, and female groups.

Regarding serum lipid profiles, the gastric cancer group
had significantly lower HDL-C (p < 0.001), higher LDL-C
(p=0.011), and lower apoA-I (p < 0.001) levels (Fig. 2). Lower
HDL-C and lower apoA-I levels were found in both male
and female gastric cancer groups; however, the male gas-
tric cancer group also had lower apoB levels and the female
gastric cancer group had higher LDL and TG levels than the
control group.

2. Clinicopathologic characteristics of gastric cancer

The clinicopathologic characteristics of 412 patients with
gastric cancer, including 277 men and 135 women, are sum-
marized in Table 2. Compared to the male group, the female
group had a significantly higher proportion of undifferenti-
ated histology (67.4% vs. 47.3%, p < 0.001).

The male group had significantly lower HDL-C (median,
45 mg/dL vs. 54 mg/dL; p < 0.001), higher TG (median, 103
vs. 88 mg/dL; p < 0.001), and lower apoA-I (median, 133.6
mg/dL vs. 147.6 mg/dL; p < 0.001) levels than the female
group, but there were no remarkable differences in serum TC
and LDL-C levels between the male and female groups.

450 CANCER RESEARCH AND TREATMENT

3. Serum lipid levels and gastric cancer risk

Univariate analysis showed that old age, smoking, a fam-
ily history of gastric cancer, H. pylori IgG positivity, lower
HDL-C, higher LDL-C, and lower apoA-I as significant fac-
tors for gastric cancer (Table 3). Multivariate analysis showed
that old age (OR, 1.051; p < 0.001), smoking status (OR, 1.054;
p=0.019), a family history of gastric cancer (OR, 2.038; p <
0.001), H. pylori IgG positivity (OR, 4.240; p < 0.001), lower
HDL-C (OR, 0.712; p=0.020), and higher LDL-C (LDL-C,
100-129: OR, 1.202; p=0.004 and LDL-C, 130-159: OR, 1.854;
p=0.002) were significantly associated with gastric cancer.

The ORs for gastric cancer based on serum lipid level cat-
egories are shown in Table 4. After adjusting for age and sex,
HDL-C (OR, 0.620; 95% CI, 0.475 to 0.809) and apoA-I (OR,
0.580; 95% CI, 0.376 to 0.859) were inversely correlated with
gastric cancer, while LDL-C (LDL-C, 100-129: adjusted OR,
1.831; LDL-C, 130-159: adjusted OR, 1.915; LDL-C, > 160:
adjusted OR, 1.774) was positively associated with gastric
cancer. After multivariate factors, including age, sex, H.
pylori IgG positivity, BMI, smoking status, and a family his-
tory of gastric cancer, were adjusted, HDL-C (adjusted OR,
0.723; 95% CI, 0.542 to 0.965) and LDL-C (LDL, 100-129:
adjusted OR, 1.815; LDL, 130-159: adjusted OR, 1.897; and
LDL = 160: adjusted OR, 1.554) were associated with gastric
cancer.
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Table 4. Serum lipid levels associated with gastric cancer (age-, sex-, and multivariate-adjusted ORs and 95% Cls)

Age- and sex-adjusted model
95% CI

Multivariate-adjusted model”
95% CI

Gastric cancer/
Total (%) OR

p-value OR

p-value

Total cholesterol

<160 63/519 (12.1) >0.99 >0.99

160-179 75/637 (11.8) 1.021 0.711-1.467 0.909 1.041 0.711-1.524 0.836

180-199 103/800 (12.9) 1.136 0.808-1.597 0.462 1.125 0.786-1.610 0.520

200-239 172/1,084 (11.7) 0.981 0.708-1.361 0.910 0.965 0.683-1.363 0.839

=240 44/306 (14.4) 1.346 0.883-2.051 0.167 1.281 0.824-1.992 0.272
HDL-C

<40 88/513 (17.2) >0.99 >0.99

=40 324/2,833 (11.4) 0.620 0.475-0.809  <0.001 0.723 0.542-0.965 0.028
LDL-C

<100 36/476 (7.6) >0.99 >0.99

100-129 149/1,175 (12.7) 1.831 1.245-2.693 0.002 1.815 1.215-2.713 0.004

130-159 146/1,067 (13.7) 1.915 1.301-2.819 0.001 1.897 1.267-2.841 0.002

=160 78/625 (12.5) 1.774 1.167-2.698 0.007 1.554 1.002-2.409 0.049
Triglyceride

<150 327/2,644 (12.4) >0.99 >0.99

>150 85/702 (12.1) 1.047 0.805-1.361 0.731 0.994 0.753-1.313 0.968
Apolipoprotein A-I

<178 279/2,984 (12.7) >0.99 >0.99

>178 27/356 (7.6) 0.580 0.384-0.878 0.010 0.657 0.430-1.004 0.052
Apolipoprotein B

<122 337/2,711 (12.4) >0.99 >0.99

=122 67/627 (10.7) 0.842 0.636-1.115 0.230 0.751 0.560-1.008 0.056

CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; OR, odds ratio. ?Multi-
variate-adjusted for age, sex, Helicobacter pylori infection (H. pylori IgG positivity), body mass index (= 25.0 kg/m?), smoking status, and a

family history of gastric cancer.

4. Serum lipid levels and gastric cancer characteristics

Serum lipids levels (TC, TG, HDL-C, LDL-C, apoA-],
and apoB) showed no correlation with cancer size or stage
according to pathology reports in the total population group.
Lower TG was correlated with undifferentiated histology
in the total population group (p=0.001) and the male group
(p=0.013) (Table 5). In the female group, TG was lower in the
undifferentiated cancer group; however, the difference was
not statistically significant (p=0.329). In addition, lower TC
and lower LDL-C were associated with undifferentiated his-
tology (p < 0.001 and p=0.024, respectively) (Fig. 3) in the
female group.

5. Serum lipid levels and gastric cancer prognosis

During a median follow-up of 55 months (IQR, 42 to 61),
41 patients (10%) in the gastric cancer group died. In Cox-
regression multivariate analysis, smoking (hazard ratio [HR],
4.283; p=0.003), advanced stage (stage II: HR, 3.022; p=0.094;
stage III: HR, 3.298; p=0.031, and stage IV: HR, 376.884;
p <0.001), and hsCRP (HR, 2.161; p=0.003) were significant

factors for overall survival of patients with gastric cancer
(Table 6). Both male and female groups showed no association
between any component of serum lipid levels or overall sur-
vival.

Discussion

The association of gastric cancer with serum lipid levels,
including TC, HDL-C, LDL-C, TG, and apolipoproteins, has
been researched with inconsistent and contradictory results,
and no consensus of their significance has been established.
This study was conducted to clarify the association between
serum lipid components and gastric cancer. Lower HDL-C
and higher LDL-C were determined to be risk factors for gas-
tric cancer, and TG was correlated with cancer differentia-
tion. None of the serum lipids were shown to be prognostic
factors for the overall survival of gastric cancer. Analysis of
risk and prognostic factors were identical in the male, female,
and total population groups.
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0.148

188 (169-217)
51 (42-59)
129 (111-154)

Total population

46 (40-55)
138 (119-155)

Differentiated Undifferentiated p-value
108 (81-161)

Table 5. Comparison of serum lipid levels between differentiated and undifferentiated gastric cancer groups
194 (176-216)

Total cholesterol

HDL-C
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0.024
0.329

129 (108-155)

83 (63-109)
147.6 (133.6-162.6) > 0.99

142 (125-159)
102 (78-138)
145.5 (129.6-160.8)

0.095
104.0 (87.8-115.0)

0.013

130 (114-153)

0.108
0.001

LDL-C

98 (74-142)

92 (69-122)

Triglyceride

0.265
0.532

0.690
0.790

135.9 (119.9-152.7) 142.3 (123.1-156.5)

103.0 (87.9-115.0)
Values are presented as median (interquartile range). HDL-C, high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol.

Apolipoprotein A-I

952 (77.6-111.0) > 0.9

96.3 (84.8-114.0)

96.3 (82.3-113.0)

Apolipoprotein B

Previous epidemiologic studies reported that HDL-C and
LDL-C were involved in cancer development. Lower HDL-
C levels have been associated with increased gastric cancer
risk, regardless of ethnicity [9,10]. HDL-C is known as an
antioxidant and anti-inflammatory factor in cancer [11]. In
addition, reduced HDL-C levels in patients with gastric can-
cer may be explained by the development of HDL receptors
to prevent the accumulation of intracellular cholesterol dur-
ing tumor development [12]. Furthermore, H. pylori infection
has been reported to reduce HDL-C levels [13]. As H. pylori
is a significant risk factor for gastric cancer, the association of
low HDL-C and gastric cancer can be deduced.

Elevated LDL-C and reduced HDL-C are reportedly rela-
ted to pro-inflammatory activity, and tumors including
gastric cancer exhibit abnormal regulation of specific genes
related to the LDL receptor [14]. Higher LDL-C was associat-
ed with increased gastric cancer risk in previous case-control
studies [15,16]. In addition, high levels of LDL-C have been
reported to affect the suppression of the host immune system
[17]. Recent studies have demonstrated that statins, lowering
LDL-C by inhibiting 3-hydroxy-3-methylglutaryl coenzyme
A reductase, reduced the risk of gastric cancer by inhibiting
cancer cell growth and cell death [18]. In this study, lower
HDL-C and higher LDL were risk factors for gastric cancer
in the age/sex-adjusted multivariate analysis and in the full
multivariate-adjusted model.

Similar to our study where no association of TG or TC with
gastric cancer was shown, previous large cohort studies have
shown the irrelevance of TG [10,19,20] and TC with gastric
cancer [5]. Few studies have reported contradictory results
showing the association of higher TG and gastric cancer [21]
and inverse correlation of TC with gastric cancer [22]. Based
on research that TG and TC are regulated by insulin and that
hyperinsulinemia is related to carcinogenesis [23], TG and
TC might mediate carcinogenesis rather than act as inde-
pendent risk factors.

TG has been reported as an independent indicator for fatty
acid oxidation involving tumor cell proliferation and growth
[24]. In this study, TG was correlated with cancer differentia-
tion in the total population and male groups. Several stud-
ies have shown that TG-rich remnant like particles regulate
pathways inducing cell proliferation and cancer-associated
cell growth [25]. Furthermore, very low-density lipoprotein
receptor expression, which significantly participates in TG
metabolism, was reportedly correlated with gastrointestinal
cancer differentiation [26].

To date, few studies have investigated the association
between gastric cancer differentiation and serum lipid com-
ponents. One previous study suggested that TG was asso-
ciated with poor gastric cancer differentiation [27]. In this
study, differentiation was correlated with TG levels in both
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Fig. 3. Comparison of serum lipid levels between differentiated and undifferentiated gastric cancer groups. Total cholesterol levels showed
no significant difference between the differentiated and undifferentiated gastric cancer subgroups among the total population (A) and
male groups (B), but a significant difference was seen in the female group (C). No significant association was found between high-density
lipoprotein cholesterol and differentiation in the total population (D), male (E), and female (F) groups. Low-density lipoprotein had no
significant difference between the differentiated and undifferentiated gastric cancer subgroups in the total population (G) and male groups
(H), but a significant difference was seen in the female group (I). Triglyceride levels were lower in the undifferentiated subgroup than in
the total population (J), male (K), and female (L) groups.
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Table 6. Univariate and multivariate analyses for overall survival of gastric cancer

Univariate

Multivariate
95% CI

95% CI p-value

Age 1.020 0.991-1.049 0.185 - - -
Sex 0.550 0.263-1.153 0.114 - - -
BMI 0.961 0.883-1.048 0.377 - - -
Smoking

Never smoker >0.99 0.080 >0.99 0.003

Former smoker 2.359 1.109-5.020 0.026 4971 1.837-13.446 0.002

Current smoker 1.669 0.796-3.501 0.175 4.283 1.660-11.050 0.003
H. pylori IgG positivity 0.596 0.304-1.168 0.132
Stage

1 >0.99 >0.99

I 3.428 1.105-10.631 0.033 3.022 0.829-11.014 0.094

1T 4.930 1.936-12.551 0.001 3.298 1.117-9.738 0.031

v 222411 80.806-612.169 < 0.001 376.884  100.982-1,406.604 < 0.001
Differentiation

Differentiated >0.99 -

Undifferentiated 1.900 0.984-3.668 0.056 - - -
hsCRP 3.568 2.331-5.461 < 0.001 2.161 1.292-3.616 0.003
Total cholesterol 0.919 0.719-1.176 0.503 - - -
HDL-C =40 0.572 0.296-1.104 0.096 - - -
LDL-C

<100 >0.99 -

100-129 0.585 0.229-1.496 0.263 - - -

130-159 0.412 0.152-1.115 0.081 - - -

> 160 0.558 0.194-1.610 0.281 - - -
Triglyceride 1.221 0.599-2.491 0.583 - - -
Apolipoprotein A-I 0.704 0.170-2.916 0.629 - - -
Apolipoprotein B 1.252 0.578-2.710 0.569 - - -

BML, body mass index; CI, confidence interval; HDL-C, high-density lipoprotein cholesterol; HR, hazard ratio; hsCRP, high-sensitivity

C-reactive protein; LDL-C, low-density lipoprotein cholesterol.

total population and male groups, but it was associated with
TC and HDL-C in the female group. Baseline TC and LDL-
C levels showed no significant differences between the male
and female groups. A previous study demonstrated that
intestinal type gastric cancer was frequent in men and dif-
fuse type cancer developed more in women [28]. One possi-
ble explanation is that differences in the association between
cancer differentiation and serum lipids may result from
different compositions of diffuse and intestinal type cancer
according to sex.

Despite research predicting the prognosis of gastric cancer
by serum lipid levels, there have been no remarkable find-
ings published showing an association. A previous study
reported that lipid markers including HDL-C, LDL-C, and
TG did not have a prognostic significance in gastric cancer
[29]. One previous study that retrospectively analyzed 184
patients showed that low HDL-C was a poor prognostic fac-
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tor in patients with gastric cancer, but the study had a small
sample size and was limited by its retrospective design [30].
Another study showed LDL-C as an independent risk factor
for death from gastric cancer [8]. In this study, the baseline
serum levels of TC, HDL-C, LDL-C, TG, apoA-L, and apoB
showed no association with the overall survival of gastric
cancer. A strength of our study was that baseline diseases or
medications that affect serum lipids, such as lipid-lowering
agents, were excluded. However, cancer treatment such as
gastrectomy can change postoperative lipid levels along with
changes in dietary habits. As such, future studies should seri-
ally follow serum lipid levels to elucidate associations with
gastric cancer.

This study has several limitations. First, serum lipid levels
were measured only once when the patients were enrolled in
the study as a baseline value; however the serum lipids level
may change over time depending on the patient’s clinical
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course and disease status. In addition, 311 patients (75.5%)
were diagnosed with early gastric cancer which is higher
proportion than advanced gastric cancer. Considering that
weight loss is presented more frequently in patients with
advanced gastric cancer than early gastric cancer, compari-
son between the two groups would be necessary to further
clarify the association between lipid profile and gastric can-
cer. Second, this is a case-control study from a single tertiary
center. Several studies on serum lipid levels have shown
inconsistent results between different ethnicities, and mul-
tinational and multicenter research will further clarify the
role of lipids in patients with gastric cancer. Third, the gastric
cancer group included patients who visited an out-patient
clinic after diagnosis or suspicion of cancer, while the control
group comprised of people who visited the health care center
for regular health examinations. Although we had adjusted
for sex, age, H. pylori infection, and smoking in the multivari-
ate analysis, selection bias may remain. In addition, individ-
uals who voluntarily participate in routine health check-ups
may have more awareness of healthcare than those who do
not, and this may have resulted in significant differences in
age and smoking status in this study. Lastly, information on
social status and dietary habits, which can be risk factors for
gastric cancer, were not included. However, we adjusted for
multivariate factors, including age, sex, BMI, H. pylori IgG
positivity, a history of gastric cancer, and smoking status.
Nonetheless, this study included a large number of subjects.

In conclusion, serum lipid profiles are associated with the
development of gastric cancer, but not with prognosis. Low-
er HDL-C and higher LDL-C levels were risk factors for gas-
tric cancer, suggesting that serum lipid levels may be used
as predictive factors for screening and follow-up of gastric

cancer. In addition, TG levels were correlated with gastric
cancer differentiation, but no serum lipid components were
associated with overall survival. Ultimately, studies showing
the association of serum lipid levels and gastric cancer will
be fundamental in determining screening models related to
lipid metabolism.
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