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Biomarkers of lipid metabolism in gastric £
cancer: a case control study
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Abstract

Background The aim of this study was to explore the correlation between biomarkers of lipid metabolism and
gastric cancer.

Methods 1120 gastric cancer patients and 1134 health examiners enrolled in this study. The clinic data and serum
lipid level, including Total cholesterol (TC), Triglyceride (TG), Low-density lipoprotein cholesterol (LDL-C) and High-
density lipoprotein cholesterol (HDL-C), were collected.

Results Serum TG and LDL-C levels in patients with gastric cancer were higher than those in the control group.
HDL-C levels were lower than the control group (P <0.05). HDL-C and LDL-C were significantly correlated with the risk
of gastric cancer. Concentrating on clinicopathological features, increased TG was more frequently in male patients
with distal gastric cancer, NO stage and early TNM stage. Increased TC was more frequently in early T, N and TNM stage.
Decreased HDL-C was more common in distal location and low-undifferentiated gastric cancer. LDL-C elevation was
more common in distal gastric cancer and early T stage.

Conclusions The serum lipid level of gastric cancer patients was higher than healthy controls. HDL-C and LDL-C
abnormal correlated with gastric cancer risk. However, as the progresses of gastric cancer, poor patient intake,
increased tumor consumption, and continuous declining in nutritional status, the levels of TC and TG gradually
decreased in advanced gastric cancer.
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Background

Gastric cancer is a common malignant tumor. In the
global malignant tumors, the incidence of gastric cancer
ranks sixth and the mortality rate ranks the third [1]. It
has high incidence in east Asia, especially in China, the
incidence and mortality of gastric cancer both rank the
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lipoproteins in the human body, usually manifested as
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the increase of TG, TC and LDL-C and/or the decrease
of HDL-C. It was found that the regulation mechanism of
abnormal lipid metabolism caused by dyslipidemia was
involved in promoting the occurrence and development
of various tumors, including gastric cancer.

At present, there are some studies on the correlation
between lipid metabolism and gastric cancer. However,
in these studies, the conclusions are still inconsistent.
Aleman et al. [3] illustrated that gastric cancer was one
of the obesity-related gastrointestinal tumors. Whereas,
Kyrgiou et al. [4] found that obesity had a smaller impact
on gastric cancer than other obesity-related cancers, such
as colon and breast cancer. Hashimoto et al. [6] reported
that the risk of gastric cancer for metabolically abnor-
mal obesity patients, in comparing with metabolically
healthy obese patients, was increased. Therefore, they
suggested that the occurrence of gastric cancer should
be more concerned with metabolic abnormalities, rather
than obesity itself. In this study, the correlation between
serum lipids and gastric cancer, including cancer risk and
clinicopathological features, was investigated by a case-
control study.

Methods and materials
Patients
Retrospective analysis was performed on patients with
gastric cancer who were treated from March 2016 to June
2017. Inclusion criteria: (1) Patients with gastric adeno-
carcinoma confirmed by histopathological examination.
(2) Patients with complete clinicopathological data, all
the clinicopathological stages were evaluated accord-
ing to the 8th pTNM staging criteria of gastric cancer in
2016. (3) Patients with complete follow-up data.
Exclusion criteria: (1) Patients received chemoradio-
therapy before biopsy. (2) Patients with other chronic
diseases or infectious diseases related to hyperlipidemia.
(3) with a history of other malignant tumors. (4) with
long-term regular application of lipid-regulating drugs.

Table 1 General conditions of gastric cancer group and the
control group

Factors GC'(N) Control (N) x2 P

n 1120 1134

Age(years)“ 60.480+10.334 59.814+10.537 1.514 0.130

Gender Male 818 822 0.086 0.777
Female 302 312

Cancer Yes 81 78 0.108 0.805

family No 1039 1056

history

Smoking  Yes 274 254 1320 0271

history No 798 830

Drinking ~ VYes 120 141 1.666 0210

history No 952 943

BMI* 25.09+3.52 24.88+3.78 1961 0.172

*GC: gastric cancer group; *Described by Mean + SD, compared by ¢ test
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According to the above criteria, 1120 patients with gas-
tric cancer were enrolled, with the median age of 62.0yrs
(range from 20 to 84yrs).

We randomly selected health controls by systematic
sampling in the same period. Criteria of control group:
health examiner who underwent physical examination in
the cancer prevention department of our hospital from
March 2016 to June 2017. Exclusion criteria: (1) Patients
with other chronic diseases or infectious diseases related
to hyperlipidemia. (2) with a history of malignant tumors.
(3) with long-term regular application of lipid-regulating
drugs. 1134 health examiner who were selected as the
control group, with the median age of 63.0yrs (range
from 23 to 85yrs). The comparison of general condi-
tions in gastric cancer patients and control was shown in
Table 1.

This study was approved by the Medical Ethics Com-
mittee of Tianjin Medical University Cancer Institute and
Hospital.

Smoking and alcohol consumption

Based on WHO’s standardized recommendations on
smoking survey methods, we defined smoking history
as those who smoked more than 1 cigarette per day for
6 consecutive or cumulative months. According to China
Monitoring Report of Chronic Diseases and Their Risk
Factors 2007 Standard, we defined people who drank
more than 25 g/d/m (15 g/d/m for women) as having a
history of alcohol consumption.

Blood lipid profile and reference range

5 ml of morning venous blood was collected from the
subjects 12 h after fasting, TC, TG, HDL-C and LDL-C
were detected by enzyme direct method. Hitachi auto-
matic biochemical analyzer (7600) and the original
reagents were used. External quality assessments (EQA)
were progressed twice/year, the application and results
analysis were according to National Center for Clini-
cal Laboratories of China National Health Commis-
sion. Normal level reference range: TG (0.4-1.8mmol/L),
TC (2.8-5.2mmol/L), HDL-C(1.07-1.89mmol/L),
LDL-C(1.9-3.1mmol/L).

Statistical analysis

SPSS 20.0 software was used for statistical analysis. Age,
TC, TG, HDL-C and LDL-C of gastric cancer patients
and control group were all in normal distribution,
Mean=*SD was used to describe continuous variable, ¢
test was used to analyze the differences. The x” test and
fisher’s exact test were used to compare the categorical
variable. The risk of gastric cancer was analyzed by Logis-
tic regression, and P<0.05(two side) was considered sta-
tistically significant.
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Table 3 Logistic regression for serum lipid level and the risk of gastric cancer

Factors  Total Male Female

Age-OR M-OR Age-OR M-OR Age-OR M-OR
TG 1.091(1.002-1.187) 1.061(0.975-1.156) 1.002(0.908-1.106) 0.989(0.892-1.096) 1.438(1.177-1.757) 1.307(1.063-1.605)
P 0.045 0171 0.965 0.833 <0.001 0011
TC 1.068(0.990-1.151) 0.892(0.779—-0.106) 1.040(0.945-1.144) 0.891(0.761—0.106) 1.124(0.990-1.276) 0.948(0.744-1.208)
P 0.088 0.068 0425 0.064 0.071 0.668
HDL 0.675(0.553-0.824) 0.612(0.490-0.763) 0.685(0.529-0.886) 0.649(0.491-0.859) 0.601(0.422-0.856) 0436(0.296-0.642)
P <0.001 <0.001 0.004 0.002 0.005 <0.001
LDL 1.320(1.200-1.454) 1.548(1.341-1.787) 1.372(1.181-1.490) 1.517(1.290-1.784) 1.324(1.111-1.577) 1.493(1.067-2.090)
P <0.001 <0.001 <0.001 <0.001 0.002 0019

ORis described as OR (95%Cl). Age-OR: Age adjusted OR. M-OR: OR in multivariate analysis

distal gastric cancer, low- and un-differentiated gas-
tric cancer. Elevated LDL-C was common in patients at
T1+T2 stage (Table 4).

In female patients, TC increase was more common in
patients with distal gastric cancer(P=0.001) and gastric
cancer at early T stage(P<0.001), Table 4.

Serum lipid level according to TNM stage of gastric cancer

In all patients, Serum TC was higher in early T stage
(t=5.667, P=0.000); Serum TG and TC were higher in
NO stage patients (t=3.444, P=0.001, t=3.101, P=0.002)
and I+II stage patients (¢=3.513, P<0.001, t=4.653,
P<0.001). In male patients, TC was higher in T1+T2



Li et al. BMC Cancer (2024) 24:455 Page 5 of 7

o 3 o g o 3 o o o g o stage (t=5.367, P<0.001); Serum TG and TC were

ol 2922 SSs5S 29499 higher in NO stage patients (t=3.298, P=0.001, t=3.562,

P<0.001) and I+II stage patients (¢=3.468, P=0.001;
5%6% car® —ccam t=4.277, P<0.001). In female patients, Serum TC was

2l 0808 oHxTd 0P o g higher in T1+T2 stage (¢=2.086, P=0.038, Fig. 1).

+ a0l g8 3T oIS

SRRl F

v Discussion
[=2) —~ o~~~ —~ o~ — —
£ 5 3 < 3 E % S 'é a a g8 Dyslipidemia is associated with various chronic diseases,
Sslo T BFoornoNodm I including cancers. The association between dyslipidemia
E +[D 1N O — 0 O O VW OV ® A N O O N K K
il A and cancer was first reported in 1909, which found that
_ _ the presence of “fatty crystals” prevented the tumor from
8 § g2 8 § I8 g2 being immobilized by alcohol during the biopsy. In recent
el o vVoS S o Voo oo oo years, more and more studies have shown that dyslipid-
L L emia is a factor inducing many kinds of malignant dis-

o @ ; @ % S E @ § NN eases. Wei et al. [7] showed that dyslipidemia was related

g osres-TanSTc 3 to the occurrence of breast cancer, and lower HDL-C and

Z/H o0 — N T O — N — — ®m O N O . .

higher TG levels can promote the progression of breast

o G R @B cancer. Choi et al. [8] reported that low levels of HDL-C

g R - g g g § E 5? increase the risk of colorectal cancer.

2 F3 0TI gogR8os =% In this study, TG, TC and LDL-C levels of gastric can-

cer patients were higher than those of the control group,

2 3 om 3 3 0y = g 2 o while HDL-C levels were lower. In Logistic regression

ol ZST9SS 2922 Y99 ;;malcilsis,hH}Il)L-C1 ar;d LDL-C were silsc,rnliﬁcantlly[c]omrec-I
ated with the risk of gastric cancer. Zaleska et al. [9] an

Reocga —~~RGOR —~ —~ —~ ~ Hager et al. [10] had reported that the use of many obe-

J “aoarRs Doy ©O=Od . - . ; .
5l sSsg_28gg .. 8a2¢% sity-related drugs [lipid-lowering (statins) or anti-diabe-
% FIR TR 2RFIILR2IRIA tes (metformin)] could reduce the risk of cancer. Campos
= et al. [11] demonstrated that as one of the intracellular
2ol | 898 #5957 aesas lipid binding proteins (iLBPs), the fatty acid binding pro-
AR SRR N B N S m v S . L. . .
§ ZtnSpsgsdnssessecss tein 5(FABP5) is involved in regulating the uptake, trans-
slEtEm e s ¥ s e s s s e N port and metabolism of fatty acids. It is highly expressed
= _ _ in a variety of malignancies and has been proved to be an
(48] .

o 8832 5338 2888 oncogene promoting the occurrence and development of
%5 N M O~ — N O & < N Mm@

o o RIS S oV - c o oo cancer. Dong [12] and Bibi et al. [13]reported that tran-
o

3 | scription factor STAT5A is the main molecular mecha-
*0‘3 2 o3 -8 8.2 as _=a nism involved in FABP5 promoting cancer.

Cly To838ds3 28338 82 az The correlation between serum TG levels and gastric
S & S8R FEEEI-2aA= cancer was inconsistent in previous literatures. Lindkvist
MES L L et al. [14] illustrated that when TG was used as a continu-
=25 dsx3s Reocx Te803 ous variable, its increase was observed to be significantly
VIl eI oo Y IsI . . . .

2|5 § SR @ad833ang % NgAa correlated with the incidence of gastric cancer. Kim et al.
g [15] found that higher TG levels were associated with an
T SNy ST 83589, increased risk of gastric cancer. In our study, although
g ol 2228 22282 S22z § the TG levels in gastric cancer patients were higher than
5 £ those in the control, the TG level of gastric patients grad-
S 2293 g3¥<¢% <T¥e= _§ ually decreased as the progress of the disease, which may
S eSS TFTFT R IL2Z be related to the poor intake of patients with gastric can-
E B S-S IRH=-X3 g cer, the increase of tumor consumption and the continu-
Slol= @ ous decline of nutritional status.

] SN S ® o |2 . . . .
o2E Sadd Q4T 2I A3 In this study, there was no significant difference in TC
55) g E_ 5 E g % % 8 § 5 § g o & % & % < level between gastric cancer patients and healthy control
<« g group. But the TC levels of gastric cancer patients with T,
% L2 = Y Y. w9 § w I E N and TNM stages were reduced. A case-control study

- = S c
gl |BLupLEB2xvuldsuy 8¢ of Kang et al. [16] found that low TC and HDL-C levels



Li et al. BMC Cancer (2024) 24:455

were associated with gastric cancer. They suggested that
abnormalities in the apolipoprotein 2 allele were involved
in the regulation of TC levels. Matsubara et al. [17] dem-
onstrated that preoperative TC-lymphocyte score was
often associated with poor prognosis, which could be
used as a new immune-nutritional predictor for the sur-
vival of gastric cancer.

Nam et al. [18] from the national cancer center in South
Korea showed that low serum HDL-C levels increased
the risk of gastric cancer by 2.67 times. Lindkvist et al.
[14] also showed that lower HDL-C levels were associ-
ated with an increased risk of gastric cancer. Soran et al.
[19] showed that the antioxidant properties of HDL-C
had a protective effect on tumor progression. Oxidants
can damage the DNA of normal cells and promote the
transformation into cancer cells. The main mechanism
of HDL-C metabolism is to remove harmful oxidants,
which can reduce cell damage and prevent cell canceriza-
tion. Xu et al’ s meta-analysis found that serum TC and
HDL-C levels were inversely correlated with the risk of
gastric cancer [20]. Our study showed that HDL-C lev-
els were significantly lower than those of healthy control,
which was an important risk factor for gastric cancer.
HDL-C levels in patients with gastric cancer were associ-
ated with poorly differentiated, low and undifferentiated
pathological types.

Limitations and recommendations: This study per-
formed external quality control (EQA) only twice/year.
Although, our specimen was cross-sectional case with
randomized control from one center to minimize sam-
pling bias, there are still confounding factors due to ret-
rospective analysis. While the eating habits and exercise
were important factor for both lipid and gastric cancer.
Nevertheless, all these factors were not able to be adjust
for, which was limitation in gastric cancer risk estima-
tion. So, a multicenter, large sample prospective study
including more influencing factors will be in demand.

HP was classified as group I Carcinogenic risk factor
to humans, especially for non-cardiac gastric cancer. In
Nam et al. [18] study, HP infection was associated with
higher BMI, high serum levels of TC, TG, LDL, fasting
plasma glucose, low serum HDL-C levels, which were
similar to those in a previous Korean study [21]. The met-
abolic changes in HP infected subjects may affect gastric
cancer risk. In this study, abnormal lipids of TG, TC and
HDL-C are more common in distal gastric cancer. It may
be associated with HP infection due to more common in
distal gastric cancer. However, in present, as well as many
of the previous studies on serum lipid and gastric cancer
risk, HP infection was not able to be adjust for, which was
another limitation in gastric cancer risk estimation.

In conclusion, serum TG, TC and LDL-C levels in
gastric cancer patients were higher than health control,
while HDL-C levels were relatively lower. HDL-C and

Page 6 of 7

LDL-C were significantly correlated with the risk of gas-
tric cancer. But as the progresses of gastric cancer, poor
patient intake, increased tumor consumption, and con-
tinuous declining in nutritional status, the levels of TC
and TG gradually decreased in advanced gastric cancer.

Therefore, high lipid levels are a risk factor for gastric
cancer. The daily monitoring of lipid levels and the pre-
vention and management of hyperlipidemia maybe ben-
eficial to reduce the incidence of gastric cancer.
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