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Abstract

Objective

The association between blood lipid levels and the risk of gastric cancer (GC) is well known.

Therefore, to clarify this association, all relevant prospective cohort studies were included in

this meta-analysis.

Methods

Our study was registered in PROSPERO (CRD42022354899) prior to its commencement.

A systematic review and meta-analysis were conducted in accordance with the PRISMA

recommendations. Chinese databases (CNKI, CBM, Wanfang, and VIP) and English data-

bases (PubMed, Embase, Web of Science, and the Cochrane Library) were systematically

searched up to October 2022. This study included all relevant cohort studies that reported

hazard ratios (HRs) or relative risks (RRs) and their corresponding 95% confidence intervals

(95% CIs) to examine the association between various lipid profiles (e.g., total cholesterol,

triglycerides, high-density lipoprotein cholesterol, and low-density lipoprotein cholesterol)

and the risk of developing gastric cancer (GC). Fixed effects or random effects models were

used based on the level of heterogeneity among the studies, and these models were

employed to obtain pooled hazard ratios. Additionally, sensitivity analysis and publication

bias analysis were conducted to ensure the robustness and reliability of the findings.

Results

After conducting a systematic search, a total of 10 studies were selected out of 10,525

papers involving a total of 5,564,520 individuals. Among these individuals, there were

41,408 GC cases. The analysis revealed that the highest versus lowest serum total choles-

terol (TC) concentration was associated with a pooled hazard ratio of 0.89 (95% CI = 0.87–

0.92, I2 = 15%). For triglycerides (TGs), the hazard ratio was 1.00 (95% CI = 0.96–1.04, I2 =

37%), while for high-density lipoprotein cholesterol (HDL-C), the hazard ratio was 0.90 (95%

CI = 0.86–0.93, I2 = 0%). The hazard ratio for low-density lipoprotein cholesterol (LDL-C)

was 0.96 (95% CI = 0.91–1.00, I2 = 0%).
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Conclusions

Based on the results of this meta-analysis, it was found that serum TC and HDL-C levels

were inversely correlated with the risk of GC. No association was observed between serum

TG levels and the risk of GC. Similarly, no association was found between serum LDL-C lev-

els and the risk of GC.

1. Introduction

Gastric cancer (GC) is a type of malignant tumor that develops in the tissue of the stomach.

The disease is usually caused by mutations and uncontrolled growth of cells in the inner lining

of the stomach wall [1, 2]. Cancer is a major impediment to increasing life expectancy in many

countries [3], and GC is among the leading illnesses contributing to the rising global burden of

cancer [4]. In 2020, there were 1,089,103 new cases of GC worldwide, leading to 768,793 deaths

[5]. Helicobacter pylori infection has been identified as a risk factor for GC [6], while recent

research suggests a connection between blood lipid levels and GC risk [7]. In medicine, a

serum lipid examination typically includes the measurement of four main elements: total cho-

lesterol (TC), triglyceride (TG), high-density lipoprotein cholesterol (HDL-C), and low-den-

sity lipoprotein cholesterol (LDL-C) [8]. The significance of serum blood lipid levels in

assessing the risk of cardiovascular disease is well established [9–11]. Moreover, research has

linked blood lipid levels to the risk of developing cancer [12]. The association between blood

lipid levels and the risk of colorectal [13] and lung cancer [14] has been firmly established.

However, despite numerous studies investigating the association between serum lipid levels

and GC risk, the findings have been inconsistent. While some studies have found no signifi-

cant association between serum TC levels and GC risk [15–17], others have reported a negative

association between the two variables [7, 18, 19]. Additionally, one study found this association

to be present only in men [20]. Furthermore, while some studies have shown a negative link

between GC risk and HDL-C [7], others have arrived at the opposite conclusion [16, 17, 21].

Conflicting evidence exists regarding the link between lipid levels and the risk of GC.

Therefore, this meta-analysis incorporates all relevant prospective studies to clarify the associa-

tion between lipid levels and the risk of GC.

2. Materials and methods

2.1 Eligibility criteria

The inclusion criteria were as follows: (1) cohort studies; (2) studies with adult participants

(i.e., over 18 years old); (3) studies that explicitly stated that GC was the outcomes; (4) studies

that clearly reported the effect size of TC, TG, HDL-C, or LDL-C; and (5) studies that reported

the effect size measures as RR or HR, along with the corresponding 95% CI.

The exclusion criteria were as follows: (1) studies from which we could not collect valid

data; and (2) duplicate publications.

2.2 Search strategy

To conduct our search, we utilized a combination of MeSH (medical subject heading) key-

words and non-MeSH keywords. Two researchers independently conducted searches for rele-

vant studies in Chinese databases (CNKI, CBM, Wanfang, and VIP) and English databases

(PubMed, Embase, Web of Science, and the Cochrane Library) up to October 2020. No lan-

guage limitations were applied. Our search terms included serum lipid, total cholesterol, TC,
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triglyceride, TG, high-density lipoprotein cholesterol, HDL-C, low-density lipoprotein choles-

terol, LDL-C, and stomach neoplasms (S1 Table). To ensure the inclusion of all relevant stud-

ies, two researchers manually reviewed additional pertinent journal articles, reviews, and other

sources and carefully examined the references of the included studies.

2.3 Data extraction

The following data were extracted into an electronic document: the first author’s name, publi-

cation year, region of study subjects, type of study, sample size, follow-up duration, and the

HR between the highest and lowest serum concentrations, along with the corresponding 95%

CI (S2 Table). Two researchers (SCX and YF) independently extracted data from eligible stud-

ies. In cases of disagreement, the entire team would vote to resolve the issue. When multiple

risk estimates were reported in a single study, the estimate with the most comprehensive

adjustment for confounding factors was selected.

2.4 Quality assessment

The quality assessment of each study was conducted independently by two researchers (SCX

and YF) using the Newcastle–Ottawa Quality Assessment Scale (NOS) [22]. The NOS score

categorizes the quality of each study into three groups based on their scores: low quality (<5),

medium quality (5–7), and high quality (�8).

2.5 Statistical analysis

The data were analyzed using Review Manager software (version 5.4.1) and Stata software

(version 17.0). The hazard ratio (HR) and associated 95% confidence interval (95% CI) were

calculated using either a fixed effects or random effects model depending on the degree of het-

erogeneity, which was quantified using the I2 statistic. Heterogeneity was considered signifi-

cant, moderate, or nonexistent when the I2 value was > 50%, 30%-50%, or<30%, respectively.

If I2 was less than 50%, a fixed effects model was used; otherwise, a random effects model was

used. Meta-regression was employed to assess the variability among subgroups, while Begg’s

and Egger’s tests were used to investigate publication bias. Statistical significance was set at a p

value below 0.05. Sensitivity analysis was conducted to assess the robustness of the results.

3. Results

3.1 Study characteristics

After conducting a systematic search, a total of 10,525 studies were retrieved. After removing

670 duplicate studies, the titles and abstracts of the remaining 9,855 studies were reviewed,

and 167 studies were identified for full-text screening to assess their eligibility. Following

exclusion of studies that were not related to blood lipid levels and risk of GC, a total of 7 stud-

ies were selected for inclusion in this meta-analysis. Manual searches of the reference lists of

the included studies yielded 3 additional papers, bringing the total number of studies included

in the meta-analysis to 10 (Fig 1). The included studies involved a total of 5,564,520 individuals

and 41,408 GC occurrences, and the studies were published between 1988 and 2022. The

median follow-up duration was 12.2 years. Of the 10 studies included, 5 were conducted in

Asia [7, 15, 19, 20, 23], and 5 were conducted in Europe [16–18, 21, 24] (S2 Table). The studies

reported NOS scores ranging from 7 (4 studies) to 8 (6 studies) (S2 Table).
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3.2 Meta-analysis

3.2.1 Serum total cholesterol. A total of 8 studies published between 1988 and 2022

reported on serum TC, including 4,243,457 individuals with 40,656 GC cases. Among these

studies, 5 were conducted in Asia [7, 15, 19, 20, 23], and 3 were conducted in Europe [16–18].

The results of the 8 studies showed a significant association between serum TC and GC risk

(HR = 0.89, 95% CI = 0.87–0.92, P<0.01) (Fig 2). No significant heterogeneity was observed

(I2 = 15%, P = 0.31), and there was no evidence of publication bias based on the Egger test

(P = 0.31) and Begg test (P = 0.86). The funnel plot did not exhibit any asymmetry (S1 Fig).

Fig 1. Flow diagram of the studies selection process.

https://doi.org/10.1371/journal.pone.0288111.g001

Fig 2. Forest plot of the association between serum total cholesterol and risk of GC.

https://doi.org/10.1371/journal.pone.0288111.g002
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3.2.2 Serum triglyceride. A total of 4 studies published between 2009 and 2022 reported

on serum TG, including 3,611,979 individuals with 19,177 GC cases. Among these studies, 1

was conducted in Asia [7], and 3 were conducted in Europe [17, 21, 24]. The results of the 4

studies showed no significant association between serum TG and GC risk (HR = 1.00, 95%

CI = 0.96–1.04, P = 1.00) (Fig 3). There was moderate heterogeneity (I2 = 37%, P = 0.19), and

no evidence of publication bias was found based on the Egger test (P = 0.12) and Begg test

(P = 0.09). The funnel plot did not exhibit any asymmetry (S1 Fig).

3.2.3 Serum high-density lipoprotein cholesterol. A total of 4 studies published between

2009 and 2022 reported on serum HDL-C, including 3,484,919 individuals with 19,196 GC

cases. Among these studies, 1 was conducted in Asia [7], and 3 were conducted in Europe [16,

17, 21]. The results of the 4 studies showed a significant association between serum HDL-C

and GC risk (HR = 0.90, 95% CI = 0.86–0.93, P<0.01) (Fig 4). No heterogeneity was observed

(I2 = 0%, P = 0.67), and there was no evidence of publication bias based on the Egger test

(P = 0.18) and Begg test (P = 0.09). The funnel plot did not exhibit any asymmetry (S1 Fig).

3.2.4 Serum low-density lipoprotein cholesterol. A total of 3 studies published between

2012 and 2022 reported on serum LDL-C, including 3,331,682 individuals with 18,573 GC

cases. Among these studies, 2 were conducted in Asia [7, 15], and 1 was conducted in Europe

[17]. The results of the 3 studies showed no significant association between serum LDL-C and

GC risk (HR = 0.96, 95% CI = 0.91–1.00, P = 0.07) (Fig 5). No heterogeneity was observed (I2

= 0%, P = 0.47), and there was no evidence of publication bias based on the Egger test

(P = 0.31) and Begg test (P = 0.60). The funnel plot did not exhibit any asymmetry (S1 Fig).

3.3 Sensitivity analysis and subgroup analysis

A sensitivity analysis was conducted to examine the relationship and variability between

serum levels and the risk of GC in greater depth. The findings of the study were consistent, as

the results remained unaffected even when an individual study was excluded.

We conducted several targeted subgroup analyses based on the characteristics of the study

to investigate the sources of heterogeneity (Table 1). However, due to the insufficient number

Fig 3. Forest plot of the association between serum triglycerides and the risk of GC.

https://doi.org/10.1371/journal.pone.0288111.g003

Fig 4. Forest plot of the association between serum high-density lipoprotein cholesterol and risk of GC.

https://doi.org/10.1371/journal.pone.0288111.g004
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of studies on TGs, HDL-C, and LDL-C, we only conducted a subgroup analysis of TC. The

subgroups analyzed included Asia (HR = 0.88, 95% CI = 0.84–0.92), Europe (HR = 0.89, 95%

CI = 0.79–1.00), follow-up duration of�12 years (HR = 0.92, 95% CI = 0.88–0.96), follow-up

duration of>12 years (HR = 0.86, 95% CI = 0.83–0.90), high-quality studies (HR = 0.89, 95%

CI = 0.86–0.93), and medium-quality studies (HR = 0.88, 95% CI = 0.80–0.97).

4. Discussion

This meta-analysis examined the association between blood lipid levels and the risk of GC by

analyzing all prospective studies on this topic. The study included a substantial number of par-

ticipants, making the results highly reliable. The findings revealed that serum TG and LDL-C

levels were not associated with the risk of GC. However, higher levels of serum TC and

HDL-C were associated with a lower risk of GC. The sensitivity analyses and publication bias

tests supported the validity of these findings. These results help to clarify the earlier debate on

Fig 5. Forest plot of the association between serum low-density lipoprotein cholesterol and risk of GC.

https://doi.org/10.1371/journal.pone.0288111.g005

Table 1. Subgroup analysis of the association between serum total cholesterol level and risk of gastric cancer.

Number of studies HR (95%CI) I2 Pa Pb

Areas Asian 5 0.88 (0.84,0.92) 32.00 0.18 0.82

Europe 3 0.89 (0.79,1.00) 0 0.42

Duration of follow-up �12 3 0.92 (0.88,0.96) 0 0.39 0.09

>12 5 0.86 (0.83,0.90) 0 0.65

Quality of study Medium quality 6 0.88 (0.80,0.97) 26 0.24 0.99

High quality 2 0.89 (0.86,0.93) 8.2 0.35

Adjustment for confounding factors

Hyperlipidemia medication use YES 2 0.91 (0.87,0.95) 62 0.07 0.31

NO 6 0.87 (0.83,0.91) 0 0.80

BMI YES 6 0.88 (0.85,0.92) 21.10 0.26 0.65

NO 2 0.91 (0.78,1.09) 41.50 0.19

Exercise YES 4 0.9 (0.87,0.93) 0 0.44 0.59

NO 4 0.88 (0.8,0.95) 33.80 0.20

Smoking YES 6 0.88 (0.85,0.92) 21.10 0.26 0.50

NO 2 0.91 (0.76,1.09) 41.50 0.19

Alcohol drinking YES 5 0.89 (0.85,0.93) 26.20 0.23 0.50

NO 3 0.87 (0.78,0.98) 10.50 0.33

Two aforementioned confounding factors YES 6 0.88 (0.85,0.92) 21.00 0.26 0.13

NO 2 0.91 0.76,1.09 41.50 0.19

Pa: P values for subgroup study heterogeneity.

Pb: P values of meta regression.

https://doi.org/10.1371/journal.pone.0288111.t001
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the association between blood lipid levels and the risk of GC. Furthermore, these findings can

help with the use of blood lipid profiles to predict the occurrence of GC in high-risk popula-

tions in the future.

Previous studies have suggested a potential link between high serum TC levels and an

increased risk of cancer [13]. For this meta-analysis, we systematically reviewed 8 studies [7,

15–20, 23] investigating the association between TC and GC risk, but we found conflicting

results. Even subgroups based on study area, follow-up duration, and study quality showed

similar outcomes. A previous meta-analysis on blood lipid levels and lung cancer risk also

reported comparable findings [14]. One hypothesis for this association is that cholesterol plays

a crucial role in the production of steroid hormones [25, 26], which are essential for antitumor

procedures [27, 28]. For example, androgens and glucocorticoids can control antitumor

immune responses by influencing the metabolism and expression of CD8 T cells in the tumor

microenvironment [29]. Moreover, research indicates that hormone replacement therapy

(HRT) users have a lower risk of GC [30], while those who use tamoxifen anti-hormone ther-

apy may have an increased risk of GC [31]. However, further investigation is necessary to elu-

cidate the underlying mechanisms.

While earlier studies [16, 17, 21] did not find any connection between HDL-C and the

risk of GC, recent research [7] has shown that higher serum HDL-C levels are associated

with a decreased risk of GC. In this study, the findings from various studies were integrated

for the first time, revealing a negative association between HDL-C and the risk of GC with

no heterogeneity (I2 = 0). This association is consistent with a previous meta-analysis of pro-

spective studies [32] and a prospective trial with 116728 samples monitored for 25 years

[33], both of which reported that high serum HDL-C levels reduce the risk of gastrointestinal

cancer. The underlying mechanism may be due to the antioxidant and anti-inflammatory

properties of HDL-C, which can inhibit the proliferation of cancer cells. HDL-C can remove

damaging oxidants, which can harm healthy DNA cells and encourage their transformation

into cancer cells [34]. By preventing cell damage, HDL-C’s antioxidant qualities may ulti-

mately halt the development of cancerous cells [35]. The role of HDL in the prevention of

GC was previously overlooked due to the unclear connection between HDL and the risk of

GC. Further investigation of its potential benefits in decreasing the occurrence of GC should

be pursued in the future.

Based on a comprehensive analysis of four papers [7, 17, 21, 24], it was found that the risk

of GC was not associated with serum TG levels. The analysis revealed moderate heterogeneity

(I2 = 37%) and strong stability in the sensitivity analysis. In addition, a nested case–control

study conducted by Loosen [36] involving 61,936 participants also did not find any association

between TGs and gastrointestinal malignancies. However, a separate study [37] found that pre-

menopausal women with high serum TG concentrations had an increased risk of developing

breast cancer. It appears that the effect of TG on cancer risk varies by site. Therefore, further

research is necessary to fully explore the relationship between TG and other malignancies.

This meta-analysis revealed that there is no significant association between LDL-C level

and GC risk, although some case–control studies [38, 39] have reported the opposite. One pos-

sible explanation for this discrepancy is that the low-density lipoprotein receptor (LDLR) plays

a crucial role in maintaining cholesterol balance by clearing LDL-C from the bloodstream [40,

41]. Research has shown that abnormal expression of LDLR in certain malignancies can lead

to abnormal serum LDL-C levels [42]. Furthermore, LDL-C plays an essential role in trans-

porting cholesterol outside the liver [43], which may be important for the conversion of TC

into steroid hormone-mediated antitumor immunity. Thus, the positive association between

LDL-C and GC risk observed in some case–control studies may be a secondary phenomenon

resulting from GC cell proliferation.
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Our study possesses several notable strengths. This meta-analysis specifically focused on

prospective cohort studies, rather than case–control studies, thus mitigating the potential limi-

tations of case–control designs that may affect the accuracy of the results. By including a sub-

stantial number of individuals and high-quality studies, this meta-analysis provides a highly

reliable analysis of the data. Moreover, the results of the sensitivity analysis indicated that the

findings were robust and consistent, and there was no evidence of publication bias in any of

the studies. Overall, these factors contribute to the credibility and validity of the study’s

conclusions.

However, importantly, this study has certain limitations that need to be considered.

The effect size of the comparison between maximum and minimum serum concentrations

was considered for inclusion criteria. However, differences in how these values were

defined across studies may have skewed the results of our analysis. For instance, some

studies divided their groups based on the interquartile range of serum concentration,

while others used the normal range. Therefore, caution should be exercised when inter-

preting our findings. Furthermore, the studies that were analyzed herein only included

populations from Asia and Europe, which limits the overall representativeness of the ana-

lysis’s findings.

5. Conclusion

In summary, this meta-analysis found no significant relationship between the risk of GC and

serum levels of TG and LDL-C. However, there was an inverse association between GC risk

and serum levels of TC and HDL-C. Further investigation is necessary to assess the efficacy of

clinical therapies in reducing the incidence of GC, as well as to fully understand the underlying

mechanisms of action.

Supporting information

S1 Checklist. PRISMA 2020 checklist.

(PDF)

S1 Table. Searching strategy for PubMed.

(PDF)

S2 Table. Characteristics of the included studies.

(PDF)

S1 Fig. Funnel plot of the association between lipid levels and the risk of gastric cancer.

(RAR)

Author Contributions

Conceptualization: Shicong Xu, Xianrong Li.

Data curation: Shicong Xu, Ying Fan, Ling Zhang.

Formal analysis: Shicong Xu, Yuyue Tan.

Software: Ling Zhang.

Writing – original draft: Shicong Xu.

Writing – review & editing: Shicong Xu.

PLOS ONE Association between blood lipid levels and risk of gastric cancer: a systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0288111 July 7, 2023 8 / 11

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0288111.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0288111.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0288111.s003
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0288111.s004
https://doi.org/10.1371/journal.pone.0288111


References
1. Ferro A, Peleteiro B, Malvezzi M, Bosetti C, Bertuccio P, Levi F, et al. Worldwide trends in gastric cancer

mortality (1980–2011), with predictions to 2015, and incidence by subtype. Eur J Cancer. 2014; 50

(7):1330–44. https://doi.org/10.1016/j.ejca.2014.01.029 PMID: 24650579

2. Wang FH, Shen L, Li J, Zhou ZW, Liang H, Zhang XT, et al. The Chinese Society of Clinical Oncology

(CSCO): clinical guidelines for the diagnosis and treatment of gastric cancer. Cancer Commun (Lond).

2019; 39(1):10. https://doi.org/10.1186/s40880-019-0349-9 PMID: 30885279

3. The global burden of adolescent and young adult cancer in 2019: a systematic analysis for the Global

Burden of Disease Study 2019. Lancet Oncol. 2022; 23(1):27–52. https://doi.org/10.1016/S1470-2045

(21)00581-7 PMID: 34871551

4. Ning FL, Zhang NN, Zhao ZM, Du WY, Zeng YJ, Abe M, et al. Global, Regional, and National Burdens

with Temporal Trends of Early-, Intermediate-, and Later-Onset Gastric Cancer from 1990 to 2019 and

Predictions up to 2035. Cancers (Basel). 2022; 14(21). https://doi.org/10.3390/cancers14215417

PMID: 36358835

5. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et al. Global Cancer Statistics

2020: GLOBOCAN Estimates of Incidence and Mortality Worldwide for 36 Cancers in 185 Countries.

CA Cancer J Clin. 2021; 71(3):209–49. https://doi.org/10.3322/caac.21660 PMID: 33538338

6. Lee YC, Chiang TH, Chou CK, Tu YK, Liao WC, Wu MS, et al. Association Between Helicobacter pylori

Eradication and Gastric Cancer Incidence: A Systematic Review and Meta-analysis. Gastroenterology.

2016; 150(5):1113–24.e5. https://doi.org/10.1053/j.gastro.2016.01.028 PMID: 26836587

7. Lim JH, Shin CM, Han K, Yoo J, Jin EH, Choi YJ, et al. Nationwide cohort study: cholesterol level is

inversely related with the risk of gastric cancer among postmenopausal women. Gastric Cancer. 2022;

25(1):11–21. https://doi.org/10.1007/s10120-021-01241-1 PMID: 34468870

8. Grundy SM, Cleeman JI, Daniels SR, Donato KA, Eckel RH, Franklin BA, et al. Diagnosis and manage-

ment of the metabolic syndrome: an American Heart Association/National Heart, Lung, and Blood Insti-

tute Scientific Statement. Circulation.2005; 112(17):2735–52. https://doi.org/10.1161/

CIRCULATIONAHA.105.169404 PMID: 16157765

9. Crea F. Dyslipidaemias and cardiovascular diseases: beyond cholesterol and atherosclerotic pla-

ques. Eur Heart J. 2020; 41(40):3865–9. https://doi.org/10.1093/eurheartj/ehaa889 PMID:

33175144

10. Blesso CN, Fernandez ML. Dietary Cholesterol, Serum Lipids, and Heart Disease: Are Eggs Work-

ing for or Against You? Nutrients. 2018; 10(4). https://doi.org/10.3390/nu10040426 PMID:

29596318

11. Vallejo-Vaz AJ, Fayyad R, Boekholdt SM, Hovingh GK, Kastelein JJ, Melamed S, et al. Triglyceride-

Rich Lipoprotein Cholesterol and Risk of Cardiovascular Events Among Patients Receiving Statin Ther-

apy in the TNT Trial. Circulation. 2018; 138(8):770–81. https://doi.org/10.1161/CIRCULATIONAHA.

117.032318 PMID: 29618599

12. Chang YC, Lin CJ, Yeh TL, Tsai MC, Hsu LY, Chien KL, et al. Lipid biomarkers and Cancer risk—a pop-

ulation-based prospective cohort study in Taiwan. Lipids Health Dis. 2021; 20(1):133. https://doi.org/10.

1186/s12944-021-01570-1 PMID: 34629064

13. Yang Z, Tang H, Lu S, Sun X, Rao B. Relationship between serum lipid level and colorectal cancer: a

systemic review and meta-analysis. BMJ Open. 2022; 12(6):e052373. https://doi.org/10.1136/

bmjopen-2021-052373 PMID: 35732386

14. Lin X, Lu L, Liu L, Wei S, He Y, Chang J, et al. Blood lipids profile and lung cancer risk in a meta-analysis

of prospective cohort studies. J Clin Lipidol. 2017; 11(4):1073–81. https://doi.org/10.1016/j.jacl.2017.

05.004 PMID: 28669687

15. Guan XM, Wu SL, Yang XL, Han X, Yang YH, Li XT, et al. Association of total cholesterol, low-density

lipoprotein cholesterol, and non-high-density lipoprotein cholesterol with atherosclerotic cardiovascular

disease and cancer in a Chinese male population. Int J Cancer. 2018; 142(6):1209–17. https://doi.org/

10.1002/ijc.31149 PMID: 29119548

16. Ahn J, Lim U, Weinstein SJ, Schatzkin A, Hayes RB, Virtamo J, et al. Prediagnostic total and high-den-

sity lipoprotein cholesterol and risk of cancer. Cancer Epidemiol Biomarkers Prev. 2009; 18(11):2814–

21. https://doi.org/10.1158/1055-9965.EPI-08-1248 PMID: 19887581

17. Wulaningsih W, Garmo H, Holmberg L, Hammar N, Jungner I, Walldius G, et al. Serum Lipids and the

Risk of Gastrointestinal Malignancies in the Swedish AMORIS Study. J Cancer Epidemiol. 2012;

2012:792034. https://doi.org/10.1155/2012/792034 PMID: 22969802

18. Törnberg SA, Carstensen JM, Holm LE. Risk of stomach cancer in association with serum cholesterol

and beta-lipoprotein. Acta Oncol. 1988; 27(1):39–42. https://doi.org/10.3109/02841868809090316

PMID: 3365353

PLOS ONE Association between blood lipid levels and risk of gastric cancer: a systematic review and meta-analysis

PLOS ONE | https://doi.org/10.1371/journal.pone.0288111 July 7, 2023 9 / 11

https://doi.org/10.1016/j.ejca.2014.01.029
http://www.ncbi.nlm.nih.gov/pubmed/24650579
https://doi.org/10.1186/s40880-019-0349-9
http://www.ncbi.nlm.nih.gov/pubmed/30885279
https://doi.org/10.1016/S1470-2045%2821%2900581-7
https://doi.org/10.1016/S1470-2045%2821%2900581-7
http://www.ncbi.nlm.nih.gov/pubmed/34871551
https://doi.org/10.3390/cancers14215417
http://www.ncbi.nlm.nih.gov/pubmed/36358835
https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.1053/j.gastro.2016.01.028
http://www.ncbi.nlm.nih.gov/pubmed/26836587
https://doi.org/10.1007/s10120-021-01241-1
http://www.ncbi.nlm.nih.gov/pubmed/34468870
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
https://doi.org/10.1161/CIRCULATIONAHA.105.169404
http://www.ncbi.nlm.nih.gov/pubmed/16157765
https://doi.org/10.1093/eurheartj/ehaa889
http://www.ncbi.nlm.nih.gov/pubmed/33175144
https://doi.org/10.3390/nu10040426
http://www.ncbi.nlm.nih.gov/pubmed/29596318
https://doi.org/10.1161/CIRCULATIONAHA.117.032318
https://doi.org/10.1161/CIRCULATIONAHA.117.032318
http://www.ncbi.nlm.nih.gov/pubmed/29618599
https://doi.org/10.1186/s12944-021-01570-1
https://doi.org/10.1186/s12944-021-01570-1
http://www.ncbi.nlm.nih.gov/pubmed/34629064
https://doi.org/10.1136/bmjopen-2021-052373
https://doi.org/10.1136/bmjopen-2021-052373
http://www.ncbi.nlm.nih.gov/pubmed/35732386
https://doi.org/10.1016/j.jacl.2017.05.004
https://doi.org/10.1016/j.jacl.2017.05.004
http://www.ncbi.nlm.nih.gov/pubmed/28669687
https://doi.org/10.1002/ijc.31149
https://doi.org/10.1002/ijc.31149
http://www.ncbi.nlm.nih.gov/pubmed/29119548
https://doi.org/10.1158/1055-9965.EPI-08-1248
http://www.ncbi.nlm.nih.gov/pubmed/19887581
https://doi.org/10.1155/2012/792034
http://www.ncbi.nlm.nih.gov/pubmed/22969802
https://doi.org/10.3109/02841868809090316
http://www.ncbi.nlm.nih.gov/pubmed/3365353
https://doi.org/10.1371/journal.pone.0288111


19. Asano K, Kubo M, Yonemoto K, Doi Y, Ninomiya T, Tanizaki Y, et al. Impact of serum total cholesterol

on the incidence of gastric cancer in a population-based prospective study: the Hisayama study. Int J

Cancer. 2008; 122(4):909–14. https://doi.org/10.1002/ijc.23191 PMID: 17957783

20. Iso H, Ikeda A, Inoue M, Sato S, Tsugane S. Serum cholesterol levels in relation to the incidence of can-

cer: the JPHC study cohorts. Int J Cancer. 2009; 125(11):2679–86. https://doi.org/10.1002/ijc.24668

PMID: 19544528

21. Lin Y, Ness-Jensen E, Hveem K, Lagergren J, Lu Y. Metabolic syndrome and esophageal and gastric

cancer. Cancer Causes Control. 2015; 26(12):1825–34. https://doi.org/10.1007/s10552-015-0675-4

PMID: 26450604

22. Stang A. Critical evaluation of the Newcastle-Ottawa scale for the assessment of the quality of nonran-

domized studies in meta-analyses. Eur J Epidemiol. 2010; 25(9):603–5. https://doi.org/10.1007/

s10654-010-9491-z PMID: 20652370
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