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Aims: This meta-analysis aimed to assess the association of the polymorphisms of cholesterol ester transfer protein (CETP) rs708272 (G>A), rs5882 (G>A), rs1800775 (C>A), rs4783961 (G>A), rs247616 (C>T), rs5883 (C>T), rs1800776 (C>A), and rs1532624 (C>A) with coronary artery disease (CAD) and the related underlying mechanisms.



Methods: A comprehensive search was performed using five databases such as PubMed, EMBASE, Web of Science, Cochrane Library and Scopus to obtain the appropriate articles. The quality of the included studies was assessed by the Newcastle-Ottawa Scale. The statistical analysis of the data was performed using STATA 17.0 software. The association between CETP gene polymorphisms and risk of CAD was estimated using the pooled odds ratio (OR) and 95% confidence interval (95% CI). The association of CETP gene polymorphisms with lipids and with CETP levels was assessed using the pooled standardized mean difference and corresponding 95% CI. P < 0.05 was considered statistically significant.



Results: A total of 70 case-control studies with 30,619 cases and 31,836 controls from 46 articles were included. The results showed the CETP rs708272 polymorphism was significantly associated with a reduced risk of CAD under the allele model (OR = 0.846, P < 0.001), the dominant model (OR = 0.838, P < 0.001) and the recessive model (OR = 0.758, P < 0.001). AA genotype and GA genotype corresponded to higher high-density lipoprotein cholesterol (HDL-C) concentrations in the blood compared with GG genotype across the studied groups (all P < 0.05). The CETP rs5882 and rs1800775 polymorphisms were not significantly associated with CAD under the allele model (P = 0.802, P = 0.392), the dominant model (P = 0.556, P = 0.183) and the recessive model (P = 0.429, P = 0.551). Similarly, the other mentioned gene polymorphisms were not significantly associated with CAD under the three genetic models.



Conclusions: The CETP rs708272 polymorphism shows a significant association with CAD, and the carriers of the allele A are associated with a lower risk of CAD and higher HDL-C concentrations in the blood compared to the non-carriers. The CETP rs5882, rs1800775, rs4783961, rs247616, rs5883, rs1800776, and rs1532624 are not significantly associated with CAD.



Systematic Review Registration: https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42023432865, identifier: CRD42023432865.
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Introduction

Characterized by the narrowing of coronary arteries, coronary artery disease (CAD) is the leading cause of morbidity and mortality worldwide (1). The etiology and progression of CAD involve complex interactions between genetic and environmental factors (2), the latter includes age, gender, hypertension, smoking, and dyslipidemia (3). Dyslipidemia refers to lipid abnormalities that include high levels of low-density lipoprotein cholesterol (LDL-C), triglycerides (TG) and total cholesterol (TC), as well as low levels of high-density lipoprotein cholesterol (HDL-C). Substantial advances in understanding the genetic basis of dyslipidemia have recently suggested that the cholesteryl ester transfer protein (CETP) is involved in the pathogenesis of CAD (4). CETP is a plasma glycoprotein that facilitates the exchange of triglycerides for cholesterol ester from HDL to apolipoprotein B-containing lipoproteins, reducing the concentration of HDL-C (5). CETP is encoded by the homonymous gene on chromosome 16q13, and its polymorphisms influence protein activity and plasma lipid profiles, thus affecting CAD development and progression (6). Many studies evaluated the association between the polymorphisms of the CETP gene and the risk of CAD to find the underlying mechanisms and potential clinical implications. Most of the studies focused on three polymorphisms in the CETP gene, such as rs708272, rs5882, and rs180075. The first (also known as TaqIB) is one of the most common polymorphisms, consisting of a G-to-A substitution in the 279th nucleotide in the first intron of the gene (7). The second polymorphism is characterized by a single nucleotide polymorphism (SNP) that leads to the substitution of an isoleucine (I) with a valine (V) at the position 405 of the CETP protein sequence (8). The third polymorphism is characterized by an SNP at position 629 of the CETP gene, which results in the substitution of C-to-A (9). Although a review already in 2008 reported that CETP rs708272, rs5882, and rs180075 polymorphisms are significantly associated with the CAD risk (10), some recent studies published contradictory results. This meta-analysis aims to assess the association between CAD and common CETP gene polymorphisms represented by three SNPs (rs708272, rs5882, rs1800775), as well as five uncommon SNPs (rs4783961, rs247616, rs5883, rs1800776, rs1532624). Figure 1 illustrates the CETP gene structure and mutation locations.
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FIGURE 1
The structure of the CETP gene and the location of the mutations.




Methods

This meta-analysis was performed in accordance with the guidelines outlined by the statement of the Preferred Reporting Items for Systematic Reviews and Meta-analyses (PRISMA) (11).


Search strategy

We conducted a comprehensive search using the following databases: PubMed, EMBASE, Web of Science, Cochrane Library, and Scopus. The search spanned from January 1, 1988, to May 9, 2023. We used a comprehensive search strategy with the following keywords: “Cholesterol Ester Transfer Protein” or “CETP” and “Myocardial Infarction” or “Cardiovascular Stroke” or “Heart Attack” or “Coronary Disease” or “CAD” or “CHD” and “Polymorphism, Single Nucleotide” or “SNP” or “Genotype” or “mutant” or “variant”.



Inclusion and exclusion criteria

Clinical case-control studies that assessed the associations between CETP gene polymorphisms and CAD were included if they provided sufficient information on genotype counts for CAD patients and controls, allowing us to calculate the odds ratio (OR) and 95% confidence interval (95% CI). Additionally, all cases had to meet the diagnostic criteria for CAD.

We excluded duplicates, as well as articles related to animal experiments, reviews, meta-analyses, case reports, meeting abstracts, letters, and editorial comments. Non-English-language publications and those with insufficient statistical results were also excluded.



Data extraction and quality assessment

Two investigators, Ruizhe Zhang and Qingya Xie, independently extracted data from eligible articles using a standardized procedure that adhered to the inclusion and exclusion criteria. Any disagreements were resolved through discussion to achieve consensus. Data extracted from the articles included first authors' names, publication years, study population countries and ethnicities, diagnostic criteria (coronary stenosis or myocardial infarction), genotyping methods, case/control sources, age distributions of cases/controls, gender distributions of cases/controls, sample sizes of cases/controls, genotype counts in cases/controls, and p-values for Hardy-Weinberg Equilibrium (HWE). Additionally, if available, data on the associations of CETP gene polymorphisms with serum lipid concentrations and CETP levels, as well as mean and standard deviation values for CETP level, HDL-C, LDL-C, TG, and TC concentrations across genotypes, were extracted to elucidate underlying mechanisms.

The Newcastle-Ottawa Scale (NOS) was used to assess the quality of included studies. The NOS evaluation covered three aspects: selection (0–4), comparability (0–2), and outcome (0–3), with a total possible score ranging from 0 to 9 (12).



Statistical analysis

Statistical analysis was performed using the STATA software (Version 17.0, Stata Corporation, College Station, TX, USA). We estimated the association between CETP gene polymorphisms and CAD risk using the pooled OR and its 95% CI under three genetic models: the allele model (M vs. W), the dominant model (MM + MW vs. WW), and the recessive model (MM vs. WW + MW), where W represents the wild allele, M represents the mutant allele, WW stands for wild homozygote, WM for heterozygote, and MM for mutant homozygote. We assessed the association of CETP gene polymorphisms with lipid serum concentrations and CETP levels using the pooled standardized mean difference (SMD) and its corresponding 95% CI under two models: the homozygote model (MM vs. WW) and the heterozygote model (MW vs. WW). The statistical significance of the pooled OR and pooled SMD was evaluated using the Z test. The significant threshold P < 0.05 was selected. Cochran's Q-statistic and I2 tests were used to assess potential heterogeneity among the included studies. If the Q-test resulted in a P < 0.05 or I2 > 50% indicating a significant heterogeneity, we employed a random-effects model. Otherwise, a fixed-effects model was used (13). The genotype count in the control was measured for HWE using a chi-square test. Sensitivity analysis was performed to assess the impact of individual studies on the overall pooled OR and SMD by sequentially excluding one study at a time and examining the effect. We conducted sensitivity analysis by systematically excluding one study at a time and examining its impact on the overall pooled OR and SMD. To evaluate publication bias, we used funnel plots, Begg's test, and Egger's test (14). A significance threshold of P < 0.05 was selected for determining the statistical significance of Begg's test and Egger's test. Additionally, we applied the trim-and-fill method to estimate the potential number of missing studies and their outcomes, which could contribute to publication bias.




Results


Flowchart and initial selection

 Figure 2 shows the flowchart of the details of the selection procedure. Initially, 908 articles were collected from five databases. A total of 763 publications were excluded based on their titles and abstracts, the full texts were evaluated, and additional 99 articles were removed. Finally, 46 articles meeting the inclusion criteria were included (15–60).


[image: Figure 2]
FIGURE 2
The flowchart shows the procedure for selecting studies.




Characteristics of included studies

Seventy case-control studies, meeting the inclusion criteria, were included in this meta-analysis, comprising a total of 30,619 cases and 31,836 controls from 46 articles. The main characteristics of the selected studies and the genotypic distributions of CETP gene polymorphisms are shown in Tables 1, 2.


TABLE 1 Main characteristics of the selected studies of CETP gene polymorphisms.
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TABLE 2 The genotypic distributions of CETP gene polymorphisms.
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Among these eligible studies, 33 involved the relationship between CETP rs708272 polymorphisms and CAD (15–47). Other 37 studied five other polymorphisms in the CETP gene, and 14 of them focused on rs5882 (15, 22, 26, 29, 31, 32, 35, 44, 46, 50, 53, 55, 59, 60), 11 on rs1800775 (26, 27, 31, 32, 35, 44, 52, 57–60)3 on rs4783961 (16, 35, 51), 3 on rs247616 (19, 48, 56), 2 on rs5883 (49, 54), 2 on rs1800776 (44, 60), and 2 on rs1532624 (19, 26). In addition, 6 studies deviated from HWE (19, 30, 32, 39, 41, 46). Among all 46 articles, 10 mentioned information on lipid serum concentrations including HDL-C, LDL-C, TG and TC for rs708272 (19–21, 23, 25, 26, 30, 31, 38, 44). One article was on the association between CETP rs708272 polymorphism and CETP level (23).



Study populations and diagnostic criteria

Thirty-one articles mentioned studies performed among Caucasians (15, 16, 18, 19, 21–25, 28–30, 33–35, 37–44, 48–50, 53, 57, 58, 60), and 15 among Asians (17, 20, 26, 27, 31, 32, 36, 45, 46, 51, 52, 54–56, 59).

Thirty-six articles involved cases with coronary stenosis (15–17, 19, 20, 22–34, 36, 38–40, 43, 44, 46–54, 56, 57, 59), and 10 involved cases with myocardial infarction (18, 21, 35, 37, 41, 42, 45, 55, 58, 60).



Genotyping methods

Genotyping methods varied among the included studies. Polymerase chain reaction-restriction fragment length polymorphisms (PCR-RFLP) is a molecular biology technology that analyzes genetic polymorphisms and sequence variations in DNA samples by combining the strength of PCR amplification with the precision of restriction enzyme cleavage. It offers relatively high resolution. NON-RFLP techniques employ methods that do not depend on restriction enzyme cleavage, such as TaqMan PCR, ARMS-PCR, MassARRAY and other approaches. Its resolution and specificity depend on the chosen approach. Twenty-three articles performed the genotyping using PCR-RELP (16, 18–22, 24, 26, 31, 35, 42, 46, 48–51, 53–59), and 23 used other methods (NON-RELP) (15, 17, 23, 25, 27–30, 32–34, 36–41, 43–45, 47, 52, 60).



Control types and sample sizes

Control types and sample sizes varied across the studies.

Hospital-based (HB) control was used in 22 articles (15–18, 20, 23, 26, 28, 29, 32–34, 36, 37, 49, 52–54, 56, 57, 59, 60), and population-based (PB) control was used in 24 articles (19, 21, 22, 24, 25, 27, 30, 31, 35, 38–48, 50, 51, 55, 58).

Fourteen articles used a sample size of coronary cases ≥500 (20, 22, 24, 27, 30, 32, 35, 39, 41, 42, 51, 53, 58, 60), while 32 had used a sample size of coronary cases <500 (15–19, 21, 23, 25, 26, 28, 29, 31, 33, 34, 36–38, 40, 43–50, 52, 54–57, 59). Fourteen articles used a sample size of the controls ≥500 (16, 22, 24, 27, 30, 35, 39, 41, 42, 44, 51, 53, 58, 60), while 32 used a sample size of the controls <500 (15, 17–21, 23, 25, 26, 28, 29, 31–34, 36–38, 40, 43, 45–50, 52, 54–57, 59).



Gender and age

Gender and age are known to be influential factors in the association between SNPs and the occurrence of CAD. Gender ratio and mean age varied across the studies.

There were 35 articles where man predominated in the case groups (16, 18–22, 24, 25, 29–41, 43, 45–50, 52, 54, 56–60), 4 articles where women did (15, 23, 26, 53), and 7 articles with insufficient information on the gender distribution in the case groups (17, 27, 28, 42, 44, 51, 55). There were 29 articles where men predominated in the control groups (18–22, 24, 25, 30–32, 34–40, 43, 45–49, 52, 54, 58–60), 8 articles where women did (23, 26, 35, 41, 47, 50, 53, 57), and 9 articles with insufficient information on the gender distribution in the control groups (16, 17, 27, 29, 33, 42, 44, 51, 55).

There were 21 articles with a mean age of the cases greater than or equal to 55 years (15, 16, 18, 20–22, 26, 34, 36, 37, 39, 44, 45, 47–49, 54, 56, 58–60), 12 articles with a mean age of cases less than 55 years (19, 25, 30–33, 38, 40, 43, 52, 53, 57), and 13 articles lacking sufficient information on the age distributions of cases (17, 23, 24, 27–29, 33, 35, 42, 46, 50, 51, 55). There were 17 articles with a mean age of controls greater than or equal to 55 years (15, 20, 23, 26, 34, 36, 37, 39, 44, 45, 47–49, 54, 56, 58, 60), 19 articles with a mean age of the controls less than 55 years (16, 18, 19, 21, 22, 25, 28, 30–32, 38, 40, 41, 43, 50, 52, 53, 57, 59), and 10 articles lacking sufficient information on the age distributions of controls (17, 24, 27, 29, 33, 35, 42, 46, 51, 55).

The NOS scores of the included articles were ≥5 and the average was 6.8.



Association of the three common CETP gene polymorphisms with CAD

The details of the overall and subgroup analyses of the association of the CETP rs708272, rs5882 and rs180075 polymorphisms with CAD are listed in Table 3.


TABLE 3 Overall and subgroup analysis of the association of the CETP rs708272, rs5882 and rs180075 polymorphisms with CAD.
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The overall analyses of all the 33 studies on rs708272 indicated that the carriers of the allele A were significantly associated with a reduced risk of CAD than the non-carriers under the allele model (OR = 0.846, 95% CI = 0.798–0.897, P < 0.001) (Figure 3), the dominant model (OR=0.838, 95% CI = 0.769–0.913, P < 0.001) and the recessive model (OR=0.758, 95% CI = 0.687–0.836, P < 0.001). Since a moderate heterogeneity was observed under the allele model (I2 = 59.5%, P < 0.001), the dominant model (I2 = 57.5%, P < 0.001), and the recessive model (I2 = 51.4%, P < 0.001), the random effects model was used.
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FIGURE 3
Forest plot of the meta-analysis between the CETP rs708272 polymorphism and CAD under the allele model (Avs.G).


After the exclusion of the studies deviating from HWE in the control, the statistical significance of the analysis did not substantially change. Subgroup analysis based on ethnicity identified a significance of association of the CETP rs708272 polymorphism with CAD both in Caucasians and Asians. The allele rs708272-A based on CAD subtypes significantly reduced the risk of myocardial infarction under the allele model (OR=0.849, P = 0.032) and recessive model (OR = 0.874, P = 0.005), but not under the dominant model (OR = 0.965, P = 0.361). Substantial heterogeneity in the coronary stenosis subgroup under the three genetic models (I2 = 62.0%, I2 = 60.2%, I2 = 56.5%) was not observed in the myocardial infarction subgroup (I2 = 0.0% for all). Table 3 also shows significant associations in NON-RFLP, RFLP, HB, and PB subgroups (all P < 0.05). Based on the patient sample size, the risk estimation in studies with large samples (size ≥ 500) appeared relatively conserved under the allele model (OR = 0.907, P = 0.006), dominant model (OR = 0.883, P = 0.02) and recessive model (OR = 0.831, P = 0.001), while the risk estimation in studies with small samples (size < 500) was slightly overestimated. Based on the size of the control, the heterogeneity of both studies with large samples (size ≥ 500) and small samples (size < 500) decreased under the allele model (I2 = 49.7%, I2 = 57.9%) and dominant model (I2 = 20.5%, I2 = 51.4%), suggesting that the heterogeneity might originate from this factor. Based on the gender ratio, the CETP rs708272 polymorphism was found to have a significant association with CAD under the three genetic models (all P < 0.05) in the cases and controls where males constituted the majority. However, in the cases where females predominated, this SNP was not significantly associated with CAD under the allele model (OR = 0.786, P = 0.091), dominant model (OR = 0.784, P = 0.360), or recessive model (OR = 0.668, P = 0.006). This non-association was also found in the female-dominated controls under the dominant model (OR = 0.818 P = 0.075). Based on the mean age of cases/controls, the significant association of this SNP with CAD was observed in all age groups under the three genetic model (all P < 0.05), and this finding was consistent with the overall analysis.

The overall analysis indicated that the CETP rs5882 and rs180075 polymorphisms were not significantly associated with CAD under the allele model (OR = 0.846, P < 0.001), dominant model (OR = 0.838, P < 0.001) and recessive model (OR = 0.758, P < 0.001) (Figures 4, 5), accompanied by a significant heterogeneity. This result contradicted the 2008 review mentioned earlier, which suggested that these two SNPs were associated with CAD.
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FIGURE 4
Forest plot of the meta-analysis between the CETP rs5882 polymorphism and CAD under the allele model (Avs.G).
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FIGURE 5
Forest plot of the meta-analysis between the CETP rs1800775 polymorphism and CAD under the allele model (Avs.C).


The exclusion of the studies with deviations from HWE in the control group did not substantially alter the statistical significance of the analysis. The subgroup analysis on the rs5882 polymorphism suggested that it was associated with an increased risk of CAD under the dominant model (OR = 1.288, 95% CI = 1.037–1.599, P = 0.022) in the NON-RFLP subgroup. However, all the other subgroups except this one showed that the CETP rs5882 polymorphism was not significantly associated with CAD under the three genetic models. According to genotyping methods, the CETP rs180075 polymorphism was associated with an increased risk of CAD under the dominant model (OR = 1.271, 95% CI = 1.009–1.599, P = 0.041) in the NON-RFLP subgroup, with reduced risk of CAD under the recessive model (OR = 0.824, 95% CI = 0.696–0.975, P = 0.024) in the PCR-RFLP subgroup. According to the sample size of the control, the CETP rs180075 polymorphism was associated with an increased risk of CAD under the allele model (OR = 1.247, 95% CI = 1.022–1.521, P = 0.03) and the dominant model (OR=1.35, 95% CI = 1.025–1.777, P = 0.032) in studies using small samples (size < 500). On the contrary, the CETP rs180075 polymorphism was associated with a reduced risk of CAD under the recessive model (OR = 0.85, 95% CI = 0.74–0.977, P = 0.022) in studies using large samples (size ≥ 500). The heterogeneity decreased in studies with both large samples (size ≥ 500) and small samples (size < 500) under the three genetic models, suggesting that the heterogeneity might be attributed to variations in sample size.



Association of the five uncommon CETP gene polymorphisms with CAD

 Table 4 shows no significant associations of CETP rs4783961, rs247616, rs5883, rs1800776, and rs1532624 polymorphisms with CAD under the three genetic models. The results might be more susceptible to random factors due to the limited sample size, which might contribute to an increased heterogeneity. Subgroup analysis was not performed due to the lack of a sufficient number of studies.


TABLE 4 Overall analyses of the association of the three uncommon CETP gene polymorphisms with CAD.
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Association of the CETP rs708272 polymorphism with CETP level and lipid serum concentrations

A meta-analysis was performed after the extraction of the data of CETP and lipid levels to find the association. Table 5 shows which information should be extracted using HDL-C as an example. Table 6 shows the association of the CETP rs708272 polymorphism with CETP level and HDL-C, LDL-C, TG, and TC concentrations in the patients, control, and all subjects under the homozygote model and the heterozygote model. AA genotype had higher HDL-C concentrations compared with the GG genotype in the case group (SMD = 0.459, P < 0.001) and control group (SMD = 0.279, P < 0.001) without significant heterogeneity (I2 = 0.0%, I2 = 40.6%) (Figure 6). Similarly, the GA genotype had higher HDL-C concentrations than the GG genotype in the patient group (SMD = 0.216, P < 0.001) and control group (SMD = 0.197, P < 0.001) without significant heterogeneity (I2 = 20.6%, I2 = 0.0%). The overall analysis indicated that the AA genotype and GA genotype were statistically significant compared with the GG genotype, with considerable heterogeneity (I2 = 83.0%, I2 = 74.0%) which might result from the types of groups. In conclusion, the carriers of allele A had higher HDL-C concentrations than the non-carriers. HDL particles play a pivotal role in removing excess cholesterol from peripheral tissues, reducing inflammation, protecting the endothelium, and preventing oxidative damage—all of which contribute to their anti-atherogenic properties. Higher levels of HDL in the blood are generally associated with a lower risk of atherosclerosis and cardiovascular disease. No significant correlation was found between the CETP rs708272 polymorphism and TC, TG, and LDL-C across the studied groups under two genetic models.


TABLE 5 Selected studies including the data of the HDL-C concentrations across the CETP rs708272 polymorphism genotypes.
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TABLE 6 Overall and subgroup analyses of the association of the CETP rs708272 polymorphisms with CETP and lipids levels.
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FIGURE 6
Forest plot of the meta-analysis between the CETP rs708272 polymorphism and HDL-C concentrations under the homozygote model (AAvs.GG).


In the patient group, the AA genotype had a lower CETP level (SMD = −0.485, P = 0.010) compared with the GG genotype. However, this conclusion is not reliable due to the limited sample size and the presence of only one study.



Meta-regression analysis

The subgroup analysis of rs708272 and rs1800775 indicated that the heterogeneity might be due to the sample size which was equivalent to the sum of each genotype count. Univariate and multivariate meta-regression analyses, including three types of genotype counts of case/control, were conducted to find potential sources of heterogeneity in the studies on the association of CETP gene polymorphism with CAD. As regards rs708272, the heterogeneity could be explained by GG genotype counts of the patients and AA and GG genotype counts of the control under the allele model (P = 0.027, P = 0.004, P = 0.041). AA and GA genotype counts of the patients and AG genotype counts of the control could explain the source of heterogeneity under the recessive model (P = 0.002, P = 0.001, P = 0.002). AA and GA genotype counts of the case/control could explain the source of heterogeneity under the dominant model (P = 0.003, P = 0.025, P = 0.001, P = 0.049). As regards rs5882, the heterogeneity could be explained by the GG genotype counts of the control under the allele model (P = 0.012). The meta-regression analysis failed to find the source of heterogeneity under the dominant model and the recessive model. As regards rs1800775, the source of heterogeneity was explained by the AA and CA genotype counts of the patients under the recessive model (P = 0.007, P = 0.019). The source of heterogeneity was explained by the AA and CA genotype counts of the patients and CC genotype counts of the control under the allele model (P = 0.008, P = 0.032, P = 0.010). The source of heterogeneity was explained by the CC genotype counts of the control under the allele model (P = 0.008).



Sensitivity analysis and publication bias

The sensitivity analysis of the association between the CETP gene polymorphism and CAD indicated that no single study affected the overall OR and the statistical significance under the three genetic models. As regards the rs708272 polymorphism, the funnel plot showed an imbalance between the number of data points on the left and right sides, resulting in an asymmetrical appearance (Figure 7). The Egger's test confirmed a remarkable publication bias under the allele model (P = 0.014), dominant model (P = 0.035), and recessive model (P = 0.02). The Begg's test did not detect any publication bias. The trim-and-fill method did not trim any studies for imputation. The Egger's test revealed the disappearance of publication bias under the allele model (P = 0.190) and the dominant model (P = 0.504), but not under the recessive model (P = 0.045) after excluding studies with significant departure from HWE. As regards the rs5882 polymorphism and rs1800775 polymorphism, the shapes of the funnel plots did not show any evident asymmetry (Figures 8, 9). Egger's test confirmed no publication bias under the allele model (P = 0.191, P = 0.173), the dominant model (P = 0.298, P = 0.400), and the recessive model (P = 0.097, P = 0.138).
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FIGURE 7
Funnel plot of the meta-analysis between the CETP rs708272 polymorphism and CAD under the allele model (Avs.G).
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FIGURE 8
Funnel plot of the meta-analysis between the CETP rs5882 polymorphisms and CAD under the allele model (Avs.G).
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FIGURE 9
Funnel plot of the meta-analysis between the CETP rs1800775 polymorphism and CAD under the allele model (Avs.C).


No individual studies substantially influenced the overall SMD when associated with HDL-C. The funnel plots were almost symmetrical (Figure 10). Egger's test and Begg's test did not find any publication bias. The inclusion of studies investigating the association of the CETP rs708272 polymorphism with other lipid serum concentrations did not have any significant impact on the overall SMD. The funnel plots showed nearly symmetrical distribution of the studies. Egger's test and Begg's test did not detect any evidence of publication bias.


[image: Figure 10]
FIGURE 10
Funnel plot of the meta-analysis between the CETP rs708272 polymorphism and HDL-C concentrations under the homozygote model (AAvs.GG).





Discussion

In the present meta-analysis, our findings suggested that carriers of allele A of the CETP rs708272 polymorphism had higher HDL-C concentrations, lower CETP levels, and lower risk of CAD than no-carries. However, the reliability of the association between the CETP rs708272 polymorphism and CETP level was questionable considering the restricted sample size and the absence of additional studies. HDL particles exhibit a diverse range of atheroprotective activities including the efflux of cellular cholesterol, reduction of the inflammatory responses, and protection against pathological oxidation (61). Therefore, the potential mechanism underlying the observed association between the CETP rs708272 polymorphism and a reduced risk of CAD might be due to the increase of HDL-C concentrations attributed to the rs708272 G-to-A mutation. Based on the findings mentioned above, our speculation was that CETP inhibitors might prevent the development of CAD. Although some studies showed promising effects, including a modest increase in HDL cholesterol levels and a potential reduction in LDL cholesterol and triglyceride levels, the translation of these lipid-modifying effects into significant improvements in cardiovascular outcomes such as the decrease in the incidence of CAD has been inconsistent (62–65). It is possible that HDL-C concentrations may not fully reflect the functionality and diversity of HDL particles, since they primarily served as a general measure of cholesterol carried by HDL. Subgroup analyses was evaluated to examine the potential effects of CAD sub-type, genotyping techniques, source of control, sample size, gender, and age on the connection between genetic polymorphisms and CAD. The findings of the subgroup analysis revealed a significant association between the CETP rs708272 polymorphism and a decreased risk of CAD in almost all subgroups. It's worth noting that in case and control groups predominantly composed of females, no significant association was found. However, due to the limited number of studies and small sample sizes, these conclusions are not reliable. During the analysis of articles, we observed that the majority of studies include case and control groups with a significantly higher number of males than females, and gender differences were not further analyzed. This suggests that future researchers should pay more attention to the impact of gender.

However, no significant association of the CETP rs5882 and rs1800775 polymorphisms with the risk of CAD was found, which was in contradiction with the finding reported by the previous review. Subgroup analysis revealed no significant association between these two SNPs and CAD in most subgroups. It was worth noting that rs1800775 polymorphism was associated with a reduced risk of CAD in studies using large samples, while it was associated with an increased risk of CAD in studies using small samples. More accurate results might be obtained including more studies with larger sample sizes.

No significant correlation was identified between the five uncommon CETP gene polymorphisms and CAD. However, the reliability of these results was limited due to the inclusion of only 2–3 studies for each SNP.

SNPs are closely associated with the occurrence and progression of many diseases (66). The association between SNPs and specific diseases might help identifying the role of genetic factors in disease development, providing a basis for an early diagnosis, prevention, and personalized treatment (67). This meta-analysis revealed a significant association between the CETP rs708272 polymorphism and CAD. Furthermore, it is worth considering the potential for early intervention strategies aimed at individuals carrying the CETP rs708272 risk allele, with the goal of preventing CAD. Our results might help in the determination of disease etiology, as well as improve early intervention to delay or prevent the onset of CAD.

Our current meta-analysis has certain potential limitations. Firstly, studies published in English were the only included, resulting in an insufficient sample size and a limited number of studies for some SNPs. Secondly, a significant heterogeneity was found in our study, potentially compromising the robustness of the findings. Thirdly, only the relationship between each SNP and CAD was investigated due to the lack of sufficient raw data, without examining the interactions between SNPs. While these limitations are acknowledged, it is also prudent to consider the potential impact of publication bias. Publication bias, whereby studies with significant or positive findings are more likely to be published, could introduce a bias in our meta-analysis results. Although we made efforts to minimize this bias through a comprehensive literature search, it remains a potential limitation that should be recognized.



Conclusion

The CETP rs708272 polymorphism is significantly associated with a lower risk of CAD and higher HDL-C concentration. However, the CETP rs5882 and rs1800775, rs4783961, rs247616, rs5883, rs1800776, and rs1532624 do not show any significant association with CAD.
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Rayat et al. (15) 2022 Caucasian | Coronary stenosis | PCR-RELP 57.61+1144 | 572451120 | 37/64 1708272(G>A)
100 | 100 [5761+1144 | 572421120 | 37/64 | 6447 | rs5882(GA) 06405
Vargas et al. (16) 2021 | Mexico Caucasian | Coronary stenosis NON-RFLP | HB HB 216 604 59+8.89 53+8.15 170/49 NA rs708272(G>A) 02342 6
218 604 59+ 889 53+8.15 170/49 NA rs4783961(G>A) 05007
Raina et al. (17) 2020 | India Asian Coronary stenosis | PCRRELP | HB | HB 400 | 400 NA NA NA NA | rs708272(G>A) 0.1444 7
Bordoni et al. (48) 2020 | Poland Caucasian | Coronary stenosis NON-RFLP | HB PB 394 153 66.4+11.7 66.3 * 8.1 269/125 | 269/125 1rs247616(C>T) 0.3305 8
Amer et al. (18) 2019 | Egypt Caucasian | Myocardial infarction | NON-RFLP | HB HB 36 26 55.83 +1.88 | 40.08 + 1.05 29/7 16/10 rs708272(G>A) 0.8448 8
Arikan et al. (49) | 2019 | Turkey Caucasian | Coronary stenosis | NON-RFLP | HB | HB 45 45 590121072 5802875 | 3312 | 2817 | rs5883(C>T) 0.755 5
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etal. (53)
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Mehlig et al. (24) | 2014 | Sweden Caucasian | Coronary stenosis | NON-RFLP | PB | PB 618 | 2921 NA NA 435/165 | 1,378/453 | 15708272(G>A) 05365 6
Abd El-Aziz 2014 | Egypt Caucasian | Coronary stenosis PCR-RELP | HB PB 116 19 4241673 41.9£66.4 90/26 63/56 rs708272(G>A) 0.6488 7
etal (25)
Zende etal. (55) | 2014 | India Asian Myocardial infarction | NON-RFLP | HB | PB 100 | 100 NA NA NA NA 135882(G>A) 0.4047 6
‘Wang et al. (26) 2013 | China Asian Coronary stenosis NON-RFLP | HB HB 418 420 66+225 66+25 167/253 168/256 1s708272(G>A) 0.8392 8
a8 | a2 66225 | 66=25 | 167/253 | 168/256 | rs1800775(C>A) 02096
o1 | 4 664225 6625 | 167/253 | 1681256 | rs5882(G>A) 0.1485
a4 | au 665225 6625 | 167/253 | 168/256 | rs1532624(C>A) 02037
Lu etal. (27) 2013 | Singapore | Asian Coronary stenosis | PCRRELP | HB | PB 659 | 927 NA NA NA NA | 15708272(G>A) 00553 7
659 912 NA NA NA NA rs1800775(C>A) 0.3895
Xu et al. (56) 2013 | China Asian Coronary stenosis NON-RFLP | HB HB 289 330 62.07£9.50 | 63.41+9.21 210/80 245/86 1s247616(C>T) 0.0844 8
Rahimi et al. (28) | 2011 | Iran Caucasian | Coronary stenosis | PCRRELP | HB | HB 207 92 NA 54385 | NA 47145 | 15708272(G>A) 02109 6
Kolovou et al. (29) | 2011 | Greece Caucasian | Coronary stenosis | PCR-RELP | HB | HB 374 9% NA NA 315/41 NA | 1s708272(G>A) 05732 7
374 96 NA NA 315/41 NA 155882(G>A) 0.0107*
Corella et al. (30) | 2010 | Spanish Caucasian | Coronary stenosis | PCRRELP | PB_ | PB 557 | 1180 | 539:73 | 538272 | 445/112 | 932/428 | rs708272(G>A) 05571 8
Poduri et al. (31) | 2009 | India Asian Coronary stenosis | NON-RELP | HB | PB 265 | 150 | 4752+77 | 4701%81 | 2243 | 14/36 | rs708272(G>A) 0252 Z
265 150 47.52+7.7 47.01£8.1 222/43 114/36 151800775(C>A) 0.1554
265 | 150 | 47.52:77 | 4701281 | 22243 | 14/36 | rs5882G>A) 0.0958
Kaestner et al. (33) | 2009 | Greece Caucasian | Coronary stenosis | PCR-RELP | HB | HB 204 35 NA NA 17826 | NA | 1s708272(G>A) 07782 6
Padmaja et al. (32) 2009 | India Asian Coronary stenosis PCR-RELP | HB HB 504 338 50.71 £8.64 | 49.66 * 6.61 458/46 300/38 rs708272(G>A) 0.3862 8
504 338 50.71 £8.64 | 49.66 * 6.61 458/46 300/38 1s1800775(C>A) 0.0079*
504 | 338 | 5071+8.64 | 4966661 | 458/46 | 300/38 | r1s5882(G>A) 01027
Tanrikulu et al (57) | 2009 | Turkey Caucasian | Coronary stenosis | NON-RFLP | HB | HB 120 | 120 5429 5210 | 94026 | 58/62 | rs1800775(C>A) 09034 6
Rejeb et al. (34) 2008 | Tunisia Caucasian | Coronary stenosis | PCR-RELP | HB | HB 212 | 104 | 606106 | 594%119 | 14171 | 5846 | rs708272(G>A) 0.959% 6
Meiner et al. (35) | 2008 | USA Caucasian | Myocardial infarction | NON-RFLP | PB_ | PB 550 | 620 NA NA 321/256 | 308/351 | rs708272(G>A) 0.1981 6
557 | 629 NA NA 321/256 | 308/351 | rs4783961(G>A) 0.1822
556 628 NA NA 321/256 | 308/351 | rs1800775(C>A) 0.5039
562 630 NA NA 321/256 | 308/351 155882(G>A) 0.1981
Hsieh et al. (36) | 2007 | China Asian Coronary stenosis | PCR-RELP | HB | HB 101 | 264 | 64342105 [ 581521231 | 57/44 | 148/116 | rs708272(G>A) 09198 7
Dedoussis et al. (37) | 2007 | Greece Caucasian | Myocardial infarction | PCR-RELP | HB | HB 27 | 27 5813 57+7 | 182/52 | 185/52 | 1s708272(G>A) 05295 6
Zee et al. (58) 2006 | USA Caucasian | Myocardial infarction | NON-RFLP | PB_ | PB 523 | 2002 | 583204 | 584202 | 5230 | 20920 | rs1800775(C>A) 02399 6
Zheng etal. (39) | 2005 | China Asian Coronary stenosis | NON-RFLP | HB | HB 203 | 209 554+65 | 548+87 | 137666 | 141/68 | rs1800775(C>A) 05853 2
203 209 55.4%65 54887 137/663 141/68 rs5882(G>A) 0.5634
‘Whiting et al. (39) 2005 | USA Caucasian | Coronary stenosis PCR-RELP | PB PB 2392 827 6511 59+13 2,522/ 706/679 1s708272(G>A) 0.0388" 6
797
Falchi et al. (40) | 2005 | France Caucasian | Coronary stenosis | PCRRELP | HB | PB 100 | 100 46003 | 37004 | 8515 | 6040 | rs708272(G>A) 0.581 5
Yilmaz et al. (38) | 2005 | Turkey Caucasian | Coronary stenosis | PCRRELP | HB | PB 173 | 111 | 526+106 | 525:126 | 119/54 | 68/49 | rs708272(G>A) 00926 7
Keavney et al. (41) | 2004 | UK Caucasian | Myocardial infarction | PCR-RELP | HB | PB 4442 | 3273 | 5056012 | 46262014 | 3052/ | 1537/ | rs708272(G>A) 00054 8
1633 | 1923
Andrikopoulos et al. | 2004 | Greece Caucasian | Myocardial infarction | NON-RFLP | PB | PB 1635 | 735 NA NA NA NA | 15708272(G>A) 0.1901 5
2
“Tobin et al. 2004 | UK Caucasian | Myocardial infarction | PCRRELP | HB | HB 547 | 505 619292 | 586+107 | 3721175 | 313/192 | rs1800775(C>A) 0.468 7
547 505 61.9+92 586+10.7 | 372/175 | 313/192 135882(G>A) 04559
547 | 505 61992 | 586107 | 372/175 | 313192 | rs1800776(C>A) 0209
Isbir et al. (43) 2003 | Turkey Caucasian | Coronary stenosis | PCR-RELP | HB | PB 87 69 526121069 525721268 | 119/54 | 68149 | 1s708272(G>A) 03717 7
Freeman et al. (44) | 2003 | UK Caucasian | Coronary stenosis | PCR-RELP | PB | PB 499 | 1005 | 569251 | 567:52 | NA NA | 1s708272(G>A) 07325 8
498 | 1107 | 569=51 | 56752 | NA NA | rs1800775(C>A) 0.886
498 1,105 56.9 +5.1 56.7£52 NA NA rs5882(G>A) 04372
498 1,107 569 +5.1 56.7£52 NA NA 1s1800776(C>A) 0.8695
Liu et al. (45) 2002 | China Asian Myocardial infarction | PCR-RELP | PB | PB 384 | 384 59585 | 59583 | 38410 | 384/0 | rs708272(G>A) 0.628 8
W et al. (46) 2001 | China Asian Coronary stenosis | NON-RELP | HB | PB 149 | 274 NA NA 138/62 | 155/130 | 1s708272(G>A) 00072 7
195 | 283 NA NA 138/62 | 155/130 | 1s5882(G>A) 0.6433
Arca et al. (47) 2001 | Ttaly Caucasian | Coronaty stenosis | PCR-RELP | HB | PB 408 | 180 59696 | 598+116 | 34075 | 93/95 | rs708272(G>A) 01125 7
UK: United Kingdom, PCR-RELP: polymerase chain reaction-estriction fragment length HB: hospi , PB: popt L SNPs: single nucleotide HWE NOS,

Newcastle-Ottawa Scale; NA, not available.
Bolded values indicate P<0.05
*P <0.05 by HWE test.
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Rayat et al. (15) 15708272(G>A)
1s5882(G>A)
Vargas et al. (16) 2021 1708272(G>A) 52 109 55 213 219 187 285 132 659 549
r54783961(G>A) 65 118 3 248 188 138 310 156 586 622
Raina et al. (17) 2020 1708272(G>A) 81 215 104 377 423 72 212 116 356 444
Bordoni et al. (48) 2020 15247616(C>T) 43 173 178 259 529 17 76 60 110 196
Amer et al. (18) 2019 15708272(G>A) 3 2% 9 30 42 4 13 9 21 31
Arikan et al. (49) 2019 rs5883(C>T) 0 5 40 5 85 0 4 41 4 86
Mirhafez et al. (50) 2019 rs3882(G>A) 25 89 76 139 241 n 40 44 62 128
Twanicka et al. (19) 2018 1708272(G>A) 36 123 80 195 283 46 131 63 223 257
15247616(C>T) 2 9% 119 138 332 26 112 75 164 262
151532624(C>A) 41 119 7 201 273 44 128 52 216 232
Cai et al. (20) 2018 15708272(G>A) 106 256 195 468 646 80 186 148 346 482
Wau et al. (51) 2018 | rs4783961(G>A) 29 281 467 339 1215 39 240 452 318 1,144
Maksoud et al. (21) 2017 1708272(G>A) 4 24 2 32 48 5 16 9 2 34
Devi et al. (52) 2017 151800775(C>A) 1 13 36 15 85 1 17 2 19 81
Cyrus et al. (22) 2016 15708272(G>A) 160 454 376 774 1,206 114 321 183 549 687
1s5882(G>A) 178 523 178 879 879 147 297 174 591 645
Goodarzynejad et al. (53) 2016 1s5882(G>A) 74 234 23 382 680 77 246 230 400 706
Ganesan et al. (54) 2016 rs5883(C>T) 0 18 305 18 628 0 13 287 13 587
Kaman et al. (23) 2015 1708272(G>A) 44 81 85 169 251 2 45 26 103 97
Mehlig et al. (24) 2014 15708272(G>A) % 313 209 505 731 563 1,420 938 2546 | 3296
Abd El-Aziz et al. (25) 2014 1708272(G>A) 18 60 38 9 136 32 57 30 121 17
Zende et al. (55) 2014 rs3882(G>A) 2 46 32 % 110 18 44 38 80 120
Wang et al. (26) 2013 15708272(G>A) 50 192 176 292 544 74 207 139 355 485
151800775(C>A) 100 216 102 416 420 83 22 116 388 454
rs3882(G>A) 71 215 135 357 485 63 219 142 345 503
151532624(C>A) 29 183 209 241 601 34 191 199 259 589
Lu et al. (27) 2013 15708272(G>A) 109 322 228 540 778 191 491 25 873 981
151800775(C>A) 163 331 165 657 661 243 468 201 954 870
Xu et al. (56) 2013 1247616(C>T) 1 74 204 % 482 10 71 249 91 569
Rahimi et al. (28) 2011 1708272(G>A) 5 144 57 156 258 20 52 20 92 92
Kolovou et al. (29) 2011 15708272(G>A) 46 202 126 294 454 2 45 2 103 89
1s5882(G>A) 41 171 162 253 495 4 52 40 60 132
Corella et al. (30) 2010 15708272(G>A) 86 247 224 419 695 161 537 482 859 1,501
Poduri et al. (31) 2009 15708272(G>A) 41 107 17 189 341 35 82 33 152 148
151800775(C>A) 28 110 127 166 364 7 38 105 52 248
rs5882(G>A) 39 110 116 188 342 7 36 107 50 250
Kaestner et al. (33) 2009 15708272(G>A) 37 114 53 188 220 6 16 13 28 2
Padmaja et al. (32) 2009 15708272(G>A) 77 264 163 418 590 91 161 86 343 333
151800775(C>A) 79 235 190 393 615 49 129 160 227 449
rs5882(G>A) 124 233 147 481 527 92 154 92 338 338
Tanrikulu et al (57) 2009 151800775(C>A) 27 56 37 110 130 2 58 40 102 138
Rejeb et al. (34) 2008 15708272(G>A) 15 93 104 123 301 12 47 45 7 137
Meiner et al. (35) 2008 1708272(G>A) 9 282 173 472 628 134 320 166 588 652
154783961(G>A) 148 256 153 552 562 182 297 150 661 597
151800775(C>A) 120 301 135 541 571 133 321 174 587 669
rs5882(G>A) 69 247 246 385 739 83 270 277 436 824
Hsieh et al. (36) 2007 15708272(G>A) 35 47 19 17 85 130 111 2 371 157
Dedoussis et al. (37) 2007 15708272(G>A) 33 121 8 187 287 39 120 78 198 276
Zee et al. (58) 2006 151800775(C>A) 128 266 129 522 524 548 1,019 525 2115 | 2069
Zheng et al. (59) 2005 | rs1800775(C>A) 40 104 59 184 22 2 99 68 183 235
rs5882(G>A) 31 109 63 171 25 43 9 67 185 233
Whiting et al. (39) 2005 1708272(G>A) 401 1,200 791 2002 | 2782 170 377 280 717 937
Falchi et al. (40) 2005 15708272(G>A) 13 57 30 83 17 18 52 30 88 112
Yilmaz et al. (38) 2005 15708272(G>A) 35 72 66 142 204 2 46 39 98 124
Keavney et al. (41) 2004 15708272(G>A) 790 2175 | 1477 | 3755 | 5129 646 1527 | 1100 | 2819 | 3727
Andrikopoulos et al. (42) 2004 15708272(G>A) 190 741 694 L121 | 2129 87 355 293 529 941
‘Tobin et al. 2004 131800775(C>A) 11 293 143 515 579 140 244 121 524 486
rs5882(G>A) 58 248 241 364 730 62 219 24 343 667
151800776(C>A) 2 88 457 92 1,002 1 76 428 7 932
Isbir et al. (43) 2003 15708272(G>A) 1 30 46 52 122 7 35 27 49 89
Freeman et al. (44) 2003 15708272(G>A) 76 259 164 411 587 25 541 339 991 1219
151800775(C>A) 9 261 139 457 539 270 551 286 1091 | 1123
rs3882(G>A) 49 211 238 309 687 25 541 339 991 1219
151800776(C>A) 7 71 420 85 911 6 146 955 158 2,056
Li et al. (45) 2002 15708272(G>A) 63 19 125 322 446 69 193 122 331 437
Wu et al. (46) 2001 1708272(G>A) 25 79 4 129 169 52 159 63 263 285
1s5882(G>A) 2 110 63 154 236 45 131 107 21 345
Arca et al. (47) 2001 15708272(G>A) 68 187 153 323 493 36 77 67 149 21

SNPs, single nucleotide polymorphisms: W, wild allele: M, mutant allele: WW, wild WM, - MM, mutant
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Lipids | Group | Studies (n) | Sizes (n) Homozygote Model Heterozygote Model

95% Cl P value SMD 95% CI P value
UL L UL
0204 | 0149
All subjects 3 1,118 1701 3.640 0086 | 97.20% 0207 | 0078 | 033 | 0002 | 9590%
Case 5 1,704 0459 0600 | <0.001 0% 0216 | 0111 | 0321 | <0001" | 2060%
Control 8 3335 0279 0433 | <0001 | 40.60% 0197 | 0197 | 0274 | <0001" | 0.00%
LDLC | Overall 13 4201 0026 0.115 0576 560% 0046 | -0021 | 013 | 0182 | 25.10%
All subjects 3 1,186 0110 0274 0191 000% 0116 | —0011 | 0243 | 0074 0.00%
Case 4 1205 -o0112 0178 000% | —0040 | —0.164 | 0084 | 0525 0.00%
Control 6 1801 0.066 0207 0358 | 37.40% 0058 | —0.044 | 0161 0262 | 47.60%
TG Overall 1 3,786 0026 0277 0842 | 8L70% 0106 | 0214 | 0246 | 0893 | 87.80%
All subjects 5 1,186 0224 0918 0527 | 8590% 0242 | -027 | 0754 | 0354 | 8690%
Case 3 940 —0031 0152 0738 000% | —0.122 | 0327 | 0083 | 0244 | 4410%
Control 3 1421 ~0.106 0135 0387 | 38.00%  -0053 | 0215 | 0109 | 052 | 2580%
C Overall 13 4201 -007 0.020 0126 | 3010%  -0027 | 0094 | 0040 | 0424 | 30.60%
All subjects 3 1,186 —0.088 0076 0293 | 2960% —0076 | 0203 | 0051 | 0240 7.00%
Case 4 1205 ~0.100 0063 0228 000% | —0029 | —0.153 | 0095 | 0649 | 19.40%
Control 6 1541 ~0034 0107 0639 | 60.40% 0005 | 0097 | 0107 | 0921 | 5220%
CETP | Case 1 210 —0.485 0116 | 0010° | 000% 0012 | 0292 | 0316 | 0939 0.00%
LDL-C, ty lipoprotein HDL-C: higt ty lipoprotein TG, TC, total cholesterol.

Bolded values indicate P < 0.05.
*P <005
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95% Cl P value Z 95% Cl P value 7 OR 95% Cl P value 12
LL | UL LL

15708272 (G>A)

Overall | 3 [ 18069/17,093 | 0846 | 0798 | 0897 | <0001 | 595% | 0838 | 0769 | 0913 | <0001* | 57.5% | 0758 | 0687 | 0836 | <0001" | 5L4%
Based on HWE | 30 | 11,086/12,719 | 083 | 0785 | 0891 | <0001" | 565% | 0820 | 0747 | 0899 | <0.001" | 50.8% | 0739 | 0657 | 0830 | <0001" | 534%
Based on ethnicity

Caucasian [ 2 [ 14,632/13,522 [ 0873 | 0825 | 0925 | <0001t | a1s% | 0sss | 0820 | 0963 | 0004 | 356% | 0761 | 0677 | 0855 | <0001" | 504%
Asian [ 9 | 3,437/3,571 | 0945 | 0898 | 0995 | 0002 | 759% | 0733 | 0592 | 0908 | 0004* | 737% | 0752 | 0620 | 0912 | 0004 | 57.2%
Based on CAD sublype

Coronary stenosis | 2% [ 07551788 [ 0821 [ 0763 | 0883 | <0001t | 620% | 0806 | 0724 | 0898 | <0001* | 602% | 0735 | 0649 | 0832 | <0001" | 565%
Myocardial infarction | 7 | 7.314/5,305 [ 0849 | 0802 | 089 | 0032 | 00% | 095 | 0895 | 1041 | 0361 | 00% | 0874 | 0795 | 090 | 0005 | 00%
Based on genotyping methods

NON-RELP [ 12 [ 5,703/7,052 [ 0835 [ 0771 | 0904 | <0001t | a3a% | 0780 | oeso | 0894 | <0001 | s60% | 0803 [ 0725 | 090 | <000 | o00%
PCRRFLP | 21 | 12,366/10,041 | 0853 | 0787 | 0924 | <0001' | 644% | 0880 | 0792 | 0978 | 0017 | 524% | 0727 | 0627 | 0843 | <000 | 654%
Based on source of control

HB [ 14 | 3,776/3,230 [ 0807 | 0707 [ 0921 | o001~ | 672% | 0835 | 0703 | 0992 | oo040r | s3sw | 0633 | 0494 | 0810 | <0001 | 9.1%
B | 19 | 14,923/13,863 [ 0875 | 082 | 0927 | 0023 | 471% | 0842 | 0763 | 0930 | 000" | 608% | 0835 | 0782 | 0892 | <0001" | 00%
Based on sample size of case

>=500 | 10 [ 12,894/11,853 [ 0907 [ 0847 | 0972 | o006 | e04% | 0ss3 | 0795 | 0980 | 00200 | 660% | 0831 | 0743 | 0930 | ooor | s36%
<500 | 23 | 5,175/5,240 [ 0813 | 0751 | 0880 | <0001 | 473% | 0799 | 0699 | 0914 | 0001 | 49.6% | 0689 | 0592 | 0803 | <0001" | 445%
Based on sample size of control

>=500 [ 10 | 12,548/12,810 | 089 | 0864 | 0950 | 0001+ | 497% | o0sss | 0801 | 0976 | 0015 | 618% | 0835 | 0768 | 0908 | <0001* | 205%
<500 | 23 | 5,521/4,283 | 0807 | 0732 | 0889 | <0001t | 57.9% | 0799 | 0695 | 0918 | <0001' | 528% | 0683 | 0577 | 0810 | <0001" | 5L4%
Based on gender ratio of case

MIF>=1 25 13,951/13.214 0888 | 0773 | 0907 | <ooor | 575% | 0930 | 0692 | 1250 | o001 | s62% | 0766 | 0693 | 0847 | <0001 | 39.0%
MIE<1 3 728/620 0786 | 0594 | 1039 | 0091 | 607% | 0784 | 0467 | 1319 | 0360 | 738% | 0668 | 073 | 1475 | 0006 | 00%
NA 5 3,390/3,259 0869 | 0753 | 1002 | 0054 | 705% | 1070 | 0793 | 1444 | 009 | 545% | 0501 | 0491 | 0891 | 0083 | 836%
Based on gender ratio of control

M/F>=1 21 8,064/8,598 0.838 0976 0.907 <0.001* 54.2% 0825 0731 0932 0.002* 55.2% 0.739 0.640 0.854 <0.001* 51.8%
ME<1 5 6,028/4,593 0838 | 0725 | 0968 | 0016 | 703% | 0818 | 0655 | 1020 | 0075 | 721% | 0834 | 075 | 0921 | <000 | 00%
NA 7 3,97713.902 0867 | 0757 | 0991 | 0037 | 90% | 087 | 0730 | 1029 | 0102 | 562% | 0769 | 0602 | 0983 | 003 | 688%
Based on mean age of case

>=55 4 6,590/5313 0870 | 0812 | 0933 | <o0or | 264% | 0881 | 0778 | 0997 | o045 | 457% | 0773 | 0699 | 0854 | <000 | o00%
<55 10 6,483/5,580 0812 0.701 0.939 0.005" 74.7% 0.772 0.626 0952 0.015* 72.6% 0.760 0611 0.945 0.014% 60.9%
NA ¥ 4,596/6,200 0.831 0.741 0.932 0.002" 66.5% 0.819 0.708 0.949 0.008" 52.3% 0.709 0.553 0.908 0.007* 74.9%
Based on mean age of control

>=55 12 6,508/4,753 0858 | 0790 | 0933 | <000 | 460% | 0853 | 0739 | 0984 | 0029° | 587% | 0776 | 0701 | 0860 | <0001 | 00%
<55 13 698216332 0804 | 0709 | 0910 | 000" | 685% | 0797 | 0671 | 0947 | 0010° | 6Le% | 0677 | 0535 | 0857 | 0001 | 69.6%
NA 8 4,579/6,008 0871 | 0778 | 0975 | 0016 | 641% | 0849 | 0731 | 0987 | 0033 | 542% | 079 | 0652 | 0978 | 0030° | 616%
rs5882 (G>A)

Overall 14 [ 5,369/5,206 [ 1021 [ 070 | 1198 | 0802 | 858% | 1071 | 0853 | 1344 | 055 | 857% | 0918 | 0743 | 1135 | 0429 | 68.0%
Based on HWE | 13 | 4,995/5,110 | 1015 | 0858 | 1200 | 0866 | S68% | 1081 | 0850 | 1375 | 0524 | 868% | 0883 | 0719 | 1084 | 0234 | 662%
Based on ethnicity

Caucasian [ 8 | 3,681/3,702 [ 092 [ o755 [ 1125 | o421 [ 863% | 0930 [ 0692 | 1250 | 0632 | s77% | 0843 [ oear | 1107 [ 0219 | e95%
Asian | 6 | 1,688/1,504 [ 1181 | 0902 | 1548 | 0226 | 843% | 1305 | 0924 | 1842 | 0130 | 795% | 1042 | 0736 | 1475 | 0818 | 65.8%
Based on CAD subiype

Coronary stenosis 11 [ 4,160/3,971 [ 1020 [ 0829 | 1254 [ 0852 | ssow | 1070 | 0793 | 1444 | o0ess | sso% | 0920 | 0702 | 1205 | 0543 | 743%
Myocardial infarction | 3 | 1,209/1,235 | 0997 | 0ss6 | 1122 | 0966 | 00% | 1030 | 0877 | 1209 | 0722 | 00% | 098 | 0731 | L178 | 0537 | 00%
Based on genotyping method

NON-RELP [ 9 | 3,346/3,062 [ 1138 | 0976 [ 1327 | 0098 [ 7a5% | 1288 | 1037 | 1599 | o022 | 736% | 0989 [ 0798 | 1225 [ 0917 | s09%
PCRRFLP | 5 | 2,02312,144 |02 |02 | 1090 | 0174 | 870% | 0757 | 0530 | 1080 | 0125 | 836% | 0799 | 0513 | 1244 | 0321 | 782%
Based on source of control

HB | 7 [ 2,680/2,225 [ 0972 [ 0894 | 1057 | 0506 | o00% | 0973 | 0ses | 1097 | 0ess | oo | 0939 | 0775 | 1139 | o055 | 255%
PB | | 2,689/2,981 [ s [ 0807 | 1538 | 0512 | 931% | 1246 | 0788 | 1972 | 0347 | 931% | 0924 | 0630 | 1354 | 0685 | 79.9%
Based on sample size of case

=500 [ | 3,023/2,644 [ 1000 | 0926 [ 1070 | 0995 [ o0% | 1077 [ 0895 | 1205 | 0717 | e33% | 0878 | o762 | 1010 | 0069 | 00%
<500 I i 2,346/2,562 | 1055 | 0780 | 1428 | 0728 | 908% | 1076 | 0722 | 1604 | 0431 | 89.4% | 1017 | 0666 | 1553 | 0937 | 79.6%
Based on sample size of control

>=500 [ 5 [ 30173411 [ 0894 [ 0696 | 1148 | 0378 | 913% | 0942 | oeas | 1378 | o758 | 924% | 0769 | 0575 | 1029 | 0077 | 750%
<500 | 2,352/1,759 [ an7 [ 008 | 1372 | 0295 | 782% | 1168 | 0889 | 1536 | 0265 | 724% | 1075 | 079 | 1450 | 0639 | 59.1%
Based on gender ratio of case

MIF>=1 8 351612715 1134 | 0954 | 1348 | 0155 | 787% | 125 | 0982 | 1607 | 0069 | 787% | 0994 | 0773 | 1279 | 0965 | 593%
MF<1 4 1,255/1,286 0970 | 085 | 1130 | 0645 | 194% | 097 | 0817 | 1165 | 0785 | 1l4% | 0951 | 075 | 119 | 0.668 89%
NA 2 598/1,205 0806 | 0370 | 1758 | 0588 | 925% | 0764 | 0290 | 2011 | 0585 | 897% | 0708 | 0241 | 2079 | 0530 | 87.3%
Based on gender ratio of control

MIF>=1 7 2,693/2.203 1073 | 0863 | 1333 | 057 | 836% | 1216 | 0888 | 1666 | 0223 | 830% | 0869 | 0679 | LIl | 0262 | 536%
ME<1 4 1,704/1,702 1023 | 0927 | 1473 | 0647 00% | 1033 | 0900 | 118 | 0646 00% | 1026 | 0844 | 1248 | 079 00%
NA 3 972/1,301 089 | 0503 | 1595 | 0709 | 914% | 0803 | 0430 | 1502 | 0493 | 860% | 1066 | 035 | 3216 | 0910 883%
Based on mean age of case

>=55 6 2,648/2,961 0.866 0.673 1116 0.268 89.5% 0.900 0.604 1.343 0.607 91.0% 0.766 0.693 1.004 0.053 71.5%
<55 3 1,300/1,041 1321 | 0791 | 2204 | 0287 | 935% | 1388 | 0720 | 2675 | 0327 | 922% | 1254 | 0724 | 2173 | 0419 | 790%
NA 5 1,421/1,204 1047 | 0931 | 1179 | 0442 00% | 1091 | 0927 | 1270 | 0294 00% | 1002 | 0733 | 1482 | 0818 | 39.6%
Based on mean age of control

>=55 4 1,566/2,134 0802 | 0564 | 1140 | 0218 [ 913% | 0753 | o481 | 1180 | 0215 | 893% | 0745 | 0553 | 1004 | o028 | s22%
<55 6 2,572/1,963 1.164 0.920 1473 0.206 84.6% 1.328 0.954 1.848 0.093 83.3% 0.834 0.755 0921 0.895 60.9%
NA 4 1,231/1,109 1.032 0911 1.169 0.619 0.0% 1.069 0.900 1.029 0.449 0.0% 0.769 0.602 0.983 0.835 53.2%
151800775 (C>A)

Overall | 1 | 4,343/6,532 | 1055 | 0934 [ 1191 | 0392 [ 739% | 1121 | 0947 | 1327 | 0183 | e79% | 0957 | 0826 | 1107 | 0551 | 458%
Based on HWE | 10 | 3,839/6,194 [ 1033 | o9 | 1170 | 0617 | 879% | 1084 | 0913 | 1286 | 0359 | 840% | 0946 | 0808 | 1108 | 0494 | 768%
Based on ethnicity

Caucasian [ 5 | 2,244/4,452 [ 0949 | 0853 [ 1055 | 0334 | 459% | 1002 | 0sss | 1130 | 0978 | 00% | 0859 | 0717 | 1028 | 0098 | 462%
Asian [ 6 | 2,099/2,080 [ 1077 [ 0940 | 1473 | 0157 | 798% | 1245 | 0901 | 1721 | 0184 | 79.4% | 1089 | 0888 | 1337 | 0412 | 264%
Based on CAD sublype

Coronary stenosis | 8 | 2,7173,307 0957 | 0829 [ 1104 | 0222 [ 779% [ 1173 [ oo1a | 1506 [ 021 [ 752% | 1032 [ o0se9 | 1254 [ 0755 | a19%
Myocardial infarction | 3 | 1,626/3,225 [ 1117 | 0935 | 1334 | 0548 | 607% | 1034 | 0885 | 1207 | 0678 | 128% | 0858 | 0677 | 1087 | 0205 | 596%
Based on genotyping method

NON-RELP 6 [ 2,085/3,620 [ 171 [ooss | 1388 | 0069 | 7220 | 1271 | 1000 | 1599 | oo | e43% | 1085 | 0903 | 1303 | 03ss | 207%
PCR-RFLP [ 5 | 2,258/2912 | 0935 | 0804 | 1088 | 0384 | e58% | 0973 | 0773 | 1226 | 0818 | 655% | 0824 | 0696 | 0975 | 0024 | 250%
Based on source of control

HB [ 6 | 1,842/1,643 | 1054 | 0890 [ 1247 | 0545 [ 610% | 1129 [ 0929 | 1373 [ 0222 [ 365% | 1000 [ 0759 | 1317 [ 1000 | s32%
B [ 5 | 2,501/4,889 | 1065 | 0884 | 1283 | 0509 | 838% | 1140 | 0863 | 1505 | 0357 | 822% | 0930 | 0779 | L0 | 0420 | 471%
Based on sample size of case

>=500 [ 5 | 2,789/14,475 [ 0991 | 0873 [ 1124 | 0885 [ 678% | 1059 | 0874 | 1283 | 0560 | 651% | 0897 | 0771 | 1043 | 0158 | 357%
<500 [ 6 | 1,554/2,057 | 1146 | 0893 | 1472 | 0284 | 795% | 1199 | 0869 | 1655 | 0269 | 735% | L1l | 0809 | 1525 | 0514 | 554%
Based on sample size of control

>=500 | 5 T 278315224 [ 09290 [ 0853 | 1013 | 0004 | 379% | 0962 | 0854 | 1083 | 0520 | 147% | 0850 | 0740 | 0977 | 0022 | 335%
<500 [ | 1,560/1,288 L1247 | o2 | 1s | 00300 | e29% | 1350 | 1025 | 1777 | 0032° | 6L1% | 1212 | 0989 | 1485 | 0064 | 00%
Based on gender ratio of case

MF>=1 8 2,768/4092 1208 | 0935 | 1313 | 0236 | 764% | 1212 | 0973 | 1509 | 0087 | 8% | 0974 | oso | 1184 | o791 | a37%
M/F<1 i 418/421 1159 0.957 1.404 0.131 - 1178 0.865 1.605 0.298 & 1.281 0922 1779 0.140 =
NA 2 11572019 0890 | 0803 | 0987 | 0027 | oo% | 0872 | 0738 | 1031 | 0110 00% | 0838 | 0705 | 0995 | 0044 00%
Based on gender ratio of control

MIF>=1 3 209273344 1115 | 0ss2 | 1410 | 0363 [ s29% | 1226 | 0909 | 1654 | 01s2 | 774% | o9a9 | 0732 | 1231 | o0es | 529%
M/F<1 3 1,094/1,169 1115 0.992 1.254 0.067 0.0% 1.180 0979 1423 0.083 0.0% 1.141 0933 1.395 0.200 0.0%
NA 2 11572019 089 | 0803 | 0987 | 0027 | oo% | 0872 | 073 | 1031 | 0110 00% | 0838 | 0705 | 0995 | o00a | 00%
Based on mean age of case

>=55 5 2,189/4334 0958 | 0853 | 1076 | 0460 | 543% | 0996 | o0ss2 | 1126 | 0953 00% | 0880 [ 0710 [ 1089 | 0230 | e0s%
<55 4 939/658 1328 | 0944 | 1869 | 0103 | 719% | 1431 | 0925 | 2213 | 0107 | 704% | 1260 | 0928 | 1710 | 0139 00%
NA 2 1215/1,540 0985 | 0830 | 1169 | 0862 | 607% | 1001 | 0714 | 1404 | 0995 | 730% | 0951 | 0797 | 1136 | 058 00%
Based on mean age of control

>=55 4 1,986/4,125 0.944 0.828 1.077 0.393 62.6% 0.981 0.863 1115 0.768 0.0% 0.868 0678 1111 0.260 69.9%
<55 5 1,142/867 1267 | 0970 | 1657 | 0083 | 689% | 1386 | 0982 | 195 | 0064 | 650% | L171 | 0904 | 1516 | 0231 00%
NA 2 1,215/1,540 0985 | 0830 | 1169 | 0862 | 607% | 1001 | 0714 | 1404 | 0995 | 73.0% | 0951 | 0797 | 113 | 0582 00%
PCR-RELP, chain fragment length HB, I-based; PB, pop : W, wild allele; M, mutant allele; WW, wild WM, MM, mutant : HWE,

Hardy-Weinberg Equilibrium; CI, confidence interval; LL, lower limit; UL, upper limit; NA, not available.
Bolded values indicate P<0.05.
*P <005
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PCR-RELP, chain fragment length HB, hospi : PB, pop! ; W, wild allele; M, mutant allele; WW, wild WM, MM, mutant HWE,

Hardy-Weinberg Equilibrium; CI, confidence interval; LL, lower limit; UL, upper limit,
*P <005
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