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Medical Policy Manual Genetic Testing, Policy No. 62 

Genotyping for Single Nucleotide Variants to Predict Risk of 
Cardiovascular Disease or Aneurysm 

Effective: April 1, 2024 
Next Review: May 2024 
Last Review: March 2024 

 

IMPORTANT REMINDER 

Medical Policies are developed to provide guidance for members and providers regarding coverage in 
accordance with contract terms. Benefit determinations are based in all cases on the applicable contract 
language. To the extent there may be any conflict between the Medical Policy and contract language, the contract 
language takes precedence. 

PLEASE NOTE: Contracts exclude from coverage, among other things, services or procedures that are 
considered investigational or cosmetic. Providers may bill members for services or procedures that are 
considered investigational or cosmetic. Providers are encouraged to inform members before rendering such 
services that the members are likely to be financially responsible for the cost of these services. 

 

DESCRIPTION 
Single nucleotide variants (SNVs, also known as single nucleotide polymorphisms [SNPs]), 
including variants in the 9p21 locus, have been associated with myocardial infarction and other 
manifestations of cardiovascular disease. Genotyping for SNPs may be offered as an 
approach to identify patients who may be at increased risk of some of these outcomes. 

MEDICAL POLICY CRITERIA  
 

Note: This policy does not address testing for specific inherited cardiovascular disorders 
(e.g., cardiac ion channelopathies, cardiomyopathies).  

I. Testing for cardiovascular risk with single nucleotide variants, including 9p21 testing 
and polygenic risk scores, is considered investigational, including but not limited to 
identification of: 
A. Patients who may be at increased risk of cardiovascular disease or its 

manifestations (e.g., myocardial infarction, ischemic stroke, peripheral arterial 
disease, coronary artery calcification); or 
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B. Patients who may be at increased risk for aneurysmal disease (e.g., abdominal 
aortic aneurysms, intracranial aneurysms, polypoidal choroidal vasculopathy). 

 

NOTE: A summary of the supporting rationale for the policy criteria is at the end of the policy. 

CROSS REFERENCES 
1. Genetic and Molecular Diagnostic Testing, Genetic Testing, Policy No. 20 

BACKGROUND 
Single nucleotide variants (SNVs) occur normally throughout a person’s DNA. They occur once 
in every 300 nucleotides on average, which means there are roughly 10 million SNVs in the 
human genome. Most commonly, these variations are found in the DNA between genes. They 
can act as biological markers, helping scientists locate genes that are associated with disease. 
When SNVs occur within a gene or in a regulatory region near a gene, they may play a more 
direct role in disease by affecting the gene’s function. 

SNVs are not absolute indicators of disease development. Most SNVs have no effect on health 
or development. SNVs do not cause disease, but they can help determine the likelihood that 
someone will develop a particular illness. Some of these genetic differences, however, have 
proven to be very important in the study of human health. Researchers have found SNVs that 
may help predict an individual’s response to certain drugs, susceptibility to environmental 
factors such as toxins, and risk of developing specific diseases. SNVs can also be used to 
track the inheritance of disease genes within families. Many studies have identified SNVs that 
are associated with cardiovascular disease, including variants at chromosome 9p21. 

9P21 AND CARDIOVASCULAR DISEASE 

In 2007, genome-wide association studies using single SNV arrays resulted in the near 
simultaneous reporting of the first common genetic variant that affects the risk of coronary 
heart disease (CHD) in Caucasians at chromosome 9p21.3 (also known as 9p21). CHD is 
defined as inadequate circulation to cardiac muscle and surrounding tissue resulting in 
myocardial infarction (MI), unstable angina pectoris, coronary revascularization, or death.[1-4] 
Estimates of CHD risk were confirmed in case-control replication studies in a variety of study 
populations, showing that the identified SNVs were associated with CHD and even more 
specifically with MI.[5] In all studies, the association of any identified SNV with CHD risk was 
shown to be independent of traditional risk factors.[5] 

Several studies have extended the 9p21 association to other vascular diseases including 
ischemic stroke; thus, 9p21 may be reported as associated with cardiovascular disease (CVD) 
outcomes, defined as including CHD outcomes plus ischemic stroke. Associations have also 
been reported with abdominal aortic aneurysm and with intracranial arterial aneurysm.[6] 

Several genes are found at the 9p21 locus, including ANRIL, which encodes a large noncoding 
RNA that may have regulatory functions, and CDKN2A and CDKN2B, which encode cyclin-
dependent kinase inhibitors.[6] The mechanisms by which the SNVs lead to increased CHD risk 
have been largely unknown. Harismendy (2011) identified several potential enhancer 
regulatory DNA sequences in the 9p21 region.[7] They reported that the SNV rs10747278, 
consistently associated with increased risk of CHD, occurs in one of these enhancer 
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sequences and that the risk allele disrupts a transcription factor binding site involved in the 
inflammatory response (STAT1). The interaction of STAT1 with part of the inflammatory 
signaling pathway, interferon-gamma, is impaired in 9p21 risk carriers. Congrains (2012) 
genotyped 18 SNVs across the CVD-associated region and determined the impact of 9p21 
variants on gene expression.[8] The authors reported that, “several SNPs in 9p21 locus affect 
the expression of ANRIL, which is further in control of the regulation of CDKN2A/B and cell 
growth. Cell proliferation mediates the progression of atherosclerosis and is also directly or 
indirectly involved in the pathogenesis of diseases associated with this locus.” 

COMMERCIAL TESTING 

Quest Diagnostics offers the CardioIQ 9p21 Genotype test, which detects the rs10757278 A>G 
and rs1333049 G>C SNVs within the 9p21 locus of chromosome. The information on the 
website indicates that the SNVs are associated with the risk of coronary heart disease.[9] It is 
suggested that the test is suitable for individuals with an intermediate risk of CHD, but is not 
appropriate for use in African Americans. 

Cardiac risk genotyping panels offered by other laboratories may include and individually 
report SNV results. For example, the deCODE MI™ (deCODE Genetics) test genotypes 
9p21.3 rs10757278 in addition to seven other SNVs from other chromosomal loci to estimate 
the risk of coronary heart disease and MI. Quest Diagnostics offers the Cardio IQ® 9p21 
Genotype test for rs10757278 (A>G) and rs1333049 (G>C), and GeninCode offers the 
CARDIO inCode®-SCORE. 

REGULATORY STATUS 

There is no manufactured test kit for SNV genotyping for cardiovascular risk that has been 
reviewed by the U.S. Food and Drug Administration (FDA). Clinical laboratories may develop 
and validate tests in-house for 9p21 (“home-brew”) and market them as a laboratory service; 
such tests must meet the general regulatory standards of the Clinical Laboratory Improvement 
Act (CLIA). The laboratory offering the service must be licensed by CLIA for high-complexity 
testing. 

EVIDENCE SUMMARY 
Human Genome Variation Society (HGVS) nomenclature[10] is used to describe variants found 
in DNA and serves as an international standard. It is being implemented for genetic testing 
medical evidence review updates starting in 2017. According to this nomenclature, the term 
“variant” is used to describe a change in a DNA or protein sequence, replacing previously-
used terms, such as “mutation.” Pathogenic variants are variants associated with disease, 
while benign variants are not. The majority of genetic changes have unknown effects on 
human health, and these are referred to as variants of uncertain significance. 

Validation of the clinical use of any genetic test focuses on three main principles: 

1. Analytic validity, which refers to the technical accuracy of the test in detecting a variant 
that is present or in excluding a variant that is absent;  

2. Clinical validity, which refers to the diagnostic performance of the test (i.e., sensitivity, 
specificity, positive and negative predictive values) in detecting clinical disease; and  

3. Clinical utility, which refers to how the results of the diagnostic test will be used to 
change disease management and whether these changes in management lead to 
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clinically important improvements in health outcomes. 

This evidence review evaluates well-designed studies regarding the ability of test results to: 

• Guide decisions in the clinical setting related to either treatment, management, or 
prevention; and 

• Improve health outcomes as a result of those decisions.  

Because variants at 9p21 are among the best studied SNVs related to cardiovascular risk, the 
evidence review is focused on these variants. Additional SNVs are often included in panel 
tests that provide a composite risk score, but there is generally less evidence for these 
individual tests. 

9P21 VARIANTS AND CORONARY HEART DISEASE (CHD) 

Clinical utility is demonstrated when the evidence shows that using a test to change medical 
management for at least some patients significantly improves outcomes. Most of the evidence 
regarding the clinical utility of 9p21 testing is related to its role in risk-stratifying patients for 
coronary heart disease; a smaller body of evidence exists for its utility in other conditions. 
Direct evidence for how patient management is changed with 9p21 testing is not addressed in 
the literature. 

Systematic Reviews 

A systematic review and meta-analysis by Xu (2020) examined the association between the 
rs10757274 SNV, located in the CDKN2B-AS1 gene, and coronary artery disease (CAD).[11] 
The analysis included data from 11 case-control studies (n=52,209, cases: 7,990, controls: 
44,219), Five inheritance models were evaluated and all showed significant association 
between the SNV and CAD (allele model p <0.001, dominant model p < 0.001, recessive model 
p <0 .001, heterozygote codominant p =0 .002, homozygote codominant p <0 .001). There was 
significant heterogeneity between the studies for all models. 

Patel (2019) published a meta-analysis of data from the GENIUS-CHD Consortium to examine 
the association between 9p21 rs1333049 and subsequent cardiac events in participants with 
established CHD.[12] The analysis included data from 93,115 participants, and the primary 
outcome in the analysis was CHD death or myocardial infarction (MI). No significant 
association was found between this outcome and 9p21 (odds ratio [OR] 1.02, 95% confidence 
interval [CI] 0.99 to 1.05). 

Chen (2015) performed a meta-analysis to evaluate the association between the rs10757278 
variant (or its proxy rs1333049) on chromosome 9p21 with MI susceptibility in individuals of 
Caucasian and Chinese ancestry, pooling data from 17 large case-control studies (n=14,924 
cases and 28,039 controls).[13] The investigators reported a significant association between 
rs10757278 and MI with a modest OR of 1.29 (95% CI 1.22 to 1.36, p=6.09×10-22) in the 
pooled population. Further subgroup analysis found significant association between 
rs10757278 variant and MI in Asian (OR 1.21, 95% CI 1.16 to 1.27, p=1.82×10−17) and 
Caucasian populations (OR 1.34, 95% CI 1.28 to 1.40, p=8.51×10−39). Since this is the first 
report of a strong association between rs10757278 and MI, directly conflicting with previously 
published reports, addition studies of this size are needed. 

In a systematic review and meta-analysis, Patel (2014) compared the association between 
variants at the chromosome 9p21 locus and risk of first versus subsequent CHD events.[14] The 
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authors identified 31 cohorts reporting on 193,372 individuals. Among the 16 cohorts of 
individuals without prior CHD (n=168,209), there were 15,664 first CHD events. Variants in 
9p21 were associated with first event with a pooled hazard ratio (HR) of 1.19 (95% CI 1.17 to 
1.22) per risk allele. In individuals with established CHD (n=25,163) there were 4,436 
subsequent events providing >99% and 91% power to detect a per-allele HR of 1.19 or 1.10, 
respectively. The pooled HR for subsequent events was 1.01 (95% CI 0.97 to 1.06) per risk 
allele. There was strong evidence of heterogeneity between the effect estimates for first and 
subsequent events (p-value for heterogeneity=5.6x10-11). The authors concluded that 9p21 
shows differential association with risk of first versus subsequent CHD events. 

In a meta-analysis of 21 studies that included patients with information on CAD, MI status and 
9p21 genotype (n=33,673), Chan (2013) also found associations with CAD and the 9p21 
locus.[15] The authors suggest that the 9p21 has a stronger association with CAD compared to 
MI.  

Another meta-analysis, by Dong (2013) of 21 case-control studies evaluated the association 
between 9p21 SNVs and CHD in an East Asian population, including 25,945 cases and 31,777 
controls, and found a significant association between the rs1333049 and CHD (OR 1.30, 95% 
CI 1.25 to 1.35, p<0.001).[16] 

Zhou (2012) conducted a meta-analysis of seven case-control studies (n=7,123 total). Authors 
suggest the genetic variation on the 9p21 chromosome may contribute to early-onset CAD, 
however the effect size was small.[17] Another 2014 meta-analysis by different authors 
evaluating case-control studies had similar findings.[18] 

Schunkert (2011) conducted a meta-analysis of 14 genome-wide association studies of 
CAD.[19] Authors concluded that their large-scale meta-analysis identified the association of 
CAD with 13 novel chromosomal loci. Authors suggested these newly identified loci affect CAD 
risk carriers and may improve treatment of this common disease. 

The Coronary Artery Disease Genetics Consortium meta-analyzed four large genome-wide 
association studies of CAD and identified five loci newly associated with CAD.[20] Authors 
suggested their findings may implicate new pathways for CAD susceptibility. These results 
compare well with those of Palomaki (2010), who conducted the first formal systematic review 
of the 9p21 literature to estimate the strength of the association between established 9p21 
SNVs and coronary heart disease and to examine clinical utility.[21] Authors reviewed the 
published literature for effect size, heterogeneity, publication bias, strength of evidence, and 
evidence of clinical utility of the test. Authors analyzed 47 data sets from 22 articles were 
analyzed including 35,872 cases and 95,837 controls. The authors concluded that the 
association between 9p21 SNVs and heart disease, which varied by age at disease onset, was 
statistically significant; however, the magnitude of the association was small. 

This group also addressed clinical utility with a reclassification analysis, evaluating whether 
genotyping helped reclassify individuals more accurately than traditional risk factors according 
to their known outcomes, which was measured by calculating the net reclassification index 
(NRI) with data from three studies (four data sets).[21] None of the NRIs were statistically 
significant. In addition, the study showing the largest NRI achieved most of the risk 
reclassification because of reduced risk in individuals without events, which would have less 
chance of improving outcomes. Moreover, in two individual studies the NRI actually worsened 
when 9p21 risk alleles were added to algorithms that also included family history as a CAD risk 
factor.[22, 23] Therefore based on this meta-analysis, evidence for clinical utility of 9p21 testing is 
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insufficient. 

Randomized Controlled Trials 

While there have been no randomized trials focused on genetic testing for 9p21 SNVs, Anand 
(2016) published the results of a single-blind, randomized trial of a digital health intervention 
designed to reduce the burden of MI in South Asian people living in Ontario and British 
Columbia, a group with a relatively high burden of premature MI.[24] The main outcome of the 
study was a change in MI risk score, which included clinical risk measures as well as genetic 
risk as determined by 9p21 risk alleles. The intervention used emails or text messages to 
promote diet and physical activity changes but found no significant differences between groups 
after one year. Additionally, the follow-up results did not appear to be influenced by 
participants’ knowledge of their genetic risk. 

Nonrandomized Studies 

Several studies analyzing individual patient cohorts or case-control populations for association 
of 9p21 and CHD/CAD have been published since the systematic reviews described above.[25-

32] Most have found statistically significant, but small associations, with substantial 
heterogeneity between subgroups.  

Evidence for the clinical utility of 9p21 variant testing is not addressed in the literature. Risk 
assessment may influence patient and provider decisions about preventive interventions and 
behavioral change. However, as Palomaki (2010)[21] noted, only 37% of U.S. physicians 
reported regular use of a heart disease risk score,[33] and the evidence that such risk scores 
translate into net clinical benefits is minimal.[34] Thus, the clinical utility of 9p21 genotyping 
cannot be assumed even if risk assessment is improved. As noted, the evidence related to the 
clinical utility of 9p21 testing is related to its role in risk-stratifying patients for coronary heart 
disease; a smaller body of evidence exists for its utility in other conditions.[22, 23, 35-39] 

Section Summary 

The clinical utility of 9p21 testing, or how patient management may change as a result of this 
testing, has not been established. The contribution of 9p21 to overall cardiovascular risk, 
above that of traditional risk factors, is small and not likely to be clinically important. Studies of 
risk reclassification do not report that 9p21 testing results in substantial numbers of patients 
being reclassified to clinically relevant categories. Additionally, a study testing a digital health 
intervention found no improvements in MI risk associated with knowledge of 9p21 genetic risk. 

9P21 ASSOCIATION WITH ISCHEMIC STROKE  

Several analytical and clinical validity studies have reported, with mixed results, on the 
association of 9p21 with ischemic stroke. There are no clinical utility studies which address 
how 9p21 test results are used to improved health outcomes in patients at risk for ischemic 
stroke. 

Systematic Reviews 

A meta-analysis by Bai (2022) focused on SNVs in the ANRIL locus and included data from 25 
studies (11,527 cases and 12,216 controls).[40] Eight of the 15 variants in the analysis were 
significantly associated with risk of ischemic stroke (rs10757274, rs10757278, rs2383206, 
rs1333040, rs1333049, rs1537378, rs4977574, and rs1004638). For several of the variants, 
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the associations differed by population, with rs2383206 and rs4977574 associated with stroke 
mainly in Asians, and rs10757274, rs1333040, and rs1333049 associated mainly in 
Caucasians. 

Anderson (2010) conducted a meta-analysis of eight studies, focusing on two 9p21 SNVs, 
s1537378 and rs10757278.[41] Authors concluded that the variants on 9p21 were associated 
with ischemic stroke. 

In a meta-analysis by Traylor (2012) of 15 studies that included 12,389 individuals with 
ischemic stroke and 62,004 controls, the 9p21 locus was only associated with large-vessel 
stroke.[42]  

Ni (2014) reported results of a meta-analysis of genetic association studies between 9p21 
variants and ischemic stroke, which included 21 studies with 34,128 patients and 153,428 
controls.[43] The rs10757278 variant was significantly associated with increased overall 
ischemic stroke risk (per allele OR for ischemic stroke: 1.11, 95% CI 1.07 to 1.15, p<10-5) and 
increased large-vessel stroke risk (per-allele OR for large vessel stroke, 1.15, 95% CI 1.10 to 
1.19), but not with small vessel, cardioembolic, or other types of stroke. 

Randomized Controlled Trials 

There have been no randomized trials of genetic testing 9p21 SNVs for stroke risk. 

Nonrandomized Studies 

Since publication of the recent meta-analyses, several nonrandomized studies have evaluated 
the association between 9p21 variants and ischemic stroke.  

Lu (2015) published a case-control analysis of six SNVs on 9p21 and their association with 
ischemic stroke and carotid plaque in 528 patients with ischemic stroke (375 with carotid 
plaque and 153 without carotid plaque) and 258 controls.[44] The SNVs rs2383206 (OR 1.472, 
p=0.021) and rs4977574 (OR 1.519, p=0.013) were significantly associated with ischemic 
stroke without carotid plaque compared to controls. SNVs rs2383206 and rs4977574 were also 
modestly associated with a risk of carotid plaque among patients with ischemic stroke above 
age 65 (OR 2.329, p=0.018 and OR 1.997, p=0.049, respectively). However, all six SNVs 
tested were in linkage disequilibrium with each other and were no longer significantly 
associated after correction for multiple testing. 

Bi (2015) published a case-control analysis of four SNVs on 9p21 and their association with 
ischemic stroke in 116 cases and 118 controls.[45]  The authors reported that the SNVs 
rs10757278, rs1537378 and rs1333047 conveyed anywhere between a 1.64- to 2.0-fold 
increased risk of ischemic stroke. However, these results were marginally significant and once 
corrected for multiple testing, would not have fallen within the limit considered significant. In 
addition, there was also a significant association between rs10757278 and lipid levels. 

Yue (2015) reported that the significant statistical associations between the SNVs rs2383207, 
rs3731245, and rs1537378 were significantly associated with cerebral infarction in a Chinese 
Han population (OR 1.18, 95% CI 1.01 to 1.37; OR 1.29, 95% CI 1.06 to 1.56; OR 1.30, 95% 
CI 1.05 to 1.60, respectively).[46] 

Dichgans (2014) analyzed data from the CARDIOGRAM/C4D consortium study described 
above[19, 47] in conjunction with data from the METASTROKE consortium[42] to evaluate 
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whether CAD and ischemic stroke share genetic risk in respect to common genetic variants.[48] 
The authors found that the 9p21 locus was significantly associated with both CAD and the 
phenotype of large artery stroke (PLAS 3.85x10-6, Spearman’s rho coefficient for large artery 
stroke/CAS 0.85, p=2.9E-35). 

Section Summary 

Studies on the clinical and analytical validity of 9p21 association with ischemic stroke reported 
mixed results. Further, the clinical utility of 9p21 variant testing for ischemic stroke has not 
been established.  

9P21 ASSOCIATION WITH ANEURYSM  

The 9p21 locus has been associated with risk of both intracranial and abdominal aortic 
aneurysms. There are no clinical utility studies on the association of 9p21 with aneurysm. 

Systematic Reviews 

A meta-analysis by Adamou (2022) evaluated the link between 9p21 SNPs and intracranial 
aneurysm in data from case-control studies and reported statistically significant associations 
for the rs1333040 and rs10757278 variants, with OR ranging between 1.38 and 1.42 for 
various genetic models.[49] 

Yu (2020) published a meta-analysis of the association between CDKN2B-AS polymorphisms 
and intracranial aneurysm, which included five studies: two with Caucasian populations and 
three with Asian populations.[50] The results of the analysis indicated that the rs10757272, 
rs1333040, and rs6475606 polymorphisms was significantly associated with aneurysm (OR 
1.21, 95% CI 1.13 to 1.29 p <0 .001; OR 1.26, 95% CI 1.07 to 1.48, p = 0.005; and OR 1.48, 
95% CI 1.14 to 1.93, p = 0.005, respectively). There was no significant difference found 
between Caucasian and Asian populations on subgroup analysis. 

Alg (2013) reported results from a systematic review and meta-analysis of all genetic 
association studies of sporadic intracranial aneurysm to identify genetic risk factors for 
intracranial aneurysm[51]. The authors included 66 cohort or case-control studies of intracranial 
aneurysms that examined a total of 41 SNVs, not limited to the 9p21 locus, in 29 genes. 
Among variants with the strongest associations with intracranial aneurysm were the 9p21 
SNVs rs10757278 (OR 1.29, 95% CI 1.21 to 1.38) and rs1333040 (OR 1.24, 95% CI 1.20 to 
1.29). 

Randomized Controlled Trials 

There have been no randomized trials of 9p21 SNV testing for aneurysm risk. 

Nonrandomized Studies 

Research on the association of 9p21 with abdominal aortic aneurysm (AAA) includes several 
studies that reported 9p21 allele-specific estimates of risk in the range of 1.2 to 1.8.[25, 52-55] 
Biros (2010) combined the results of their study with the results of previous studies and 
reported a combined estimate of about 1.3 for both 9p21 SNVs (rs10757278 and 
rs1333049).[55] This estimate is lower than other well-characterized risk factor estimates for 
AAA such as age, family history, and smoking.[56] Wei (2014) reported slightly higher risk of 
AAA associated with homozygosity for the rs10757278 and rs1333040 risk alleles in a Chinese 
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Han population, after controlling for other AAA risk factors (OR 2.31, 95% CI 1.22 to 4.36; OR 
2.14, 95% CI 1.13 to 4.05, respectively).[57] 

Section Summary 

The evidence that addresses the clinical validity of 9p21 for both intracranial and abdominal 
aortic aneurysms is limited. Further, the clinical utility of 9p21 variant testing for aneurysm has 
not been established. 

9P21 ASSOCIATION WITH OTHER CONDITIONS 

Analytical and clinical validity studies have been reported, with mixed results, on the 
association of 9p21 with other conditions. There are no clinical utility studies on the association 
of 9p21 with the other conditions described below. 

A few studies have explored the association of 9p21 variants with a variety of other conditions 
such as peripheral arterial disease,[58] coronary artery calcification,[59-61] aortic calcification,[60] 
polypoidal choroidal vasculopathy (characterized by aneurismal dilations at the border of the 
choroidal vascular network)[62], cardiovascular mortality in the absence of coronary lesions[63], 
and arterial stiffness in hypertensive individuals.[64] The strength of the associations was 
modest and none suggested clinical use. 

In contrast, Folsom (2013) found no association between SNVs at the 9p21 locus with arterial 
elasticity and retinal microvascular diameter.[65] 

Downing (2014) evaluated the impact of adding 9p21 variant (rs10757269) in a risk-factor-
based model predicting peripheral artery disease.[66] Among 393 subjects in the prospective 
Genetic Determinants of Peripheral Artery Disease study who met study inclusion criteria, the 
rs10757269 allele was associated with the presence of peripheral artery disease (defined as 
ankle–brachial index <0.9) after controlling for traditional cardiovascular risk factors and other 
biomarkers (OR 1.92, 95% CI 1.29 to 2.85). The addition of 9p21 genotype to a previously-
validated peripheral artery disease risk model (including age, sex, race, smoking history, body 
mass index, hypertension stage, diabetes status, and history of cardiovascular disease, 
congestion heart failure, and CAD) led to improved risk classification (net reclassification index 
33.5%, p=0.001).  

Section Summary 

Evidence that addresses the analytical and clinical validity, as well as the clinical utility of 9p21 
association with other conditions, including but not limited to peripheral artery disease, 
coronary artery calcification, aortic calcification, polypoidal choroidal vasculopathy, and arterial 
stiffness is insufficient.  

SNV GENOTYPING PANELS FOR CARDIOVASCULAR RISK 

A number of SNV panel tests for cardiovascular risk have been developed and marketed, 
which include SNVs at other loci in addition to 9p21 variants. While various test scores have 
been associated with certain CVD outcomes,[67-73] there is limited evidence regarding their 
clinical utility. Additional research is needed to know how this risk testing could be incorporated 
into clinical practice to improve health outcomes for patients. 

PRACTICE GUIDELINE SUMMARY 
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AMERICAN COLLEGE OF CARDIOLOGY/AMERICAN HEART ASSOCIATION 

In 2013, the American College of Cardiology (ACC) Foundation and the American Heart 
Association (AHA)Task Force on Practice Guidelines issued guidelines on the assessment of 
cardiovascular risk, which did not address assessment of 9p21 variants.[74] 

The 2019 ACC/AHA Guideline on the Primary Prevention of Cardiovascular Disease included 
recommendations regarding the assessment of cardiovascular risk did not discuss testing for 
9p21 variants.[75] 

A 2022 scientific statement from the AHA on polygenic risk scores (PRS) for CVD stated that, 
“Future PRS research should be encouraged in existing and planned randomized controlled 
trials to conduct post hoc analyses to further assess clinical utility. Specifically, further work 
should examine the incremental value of PRSs over clinical scores, as well as treatment 
changes based on PRSs and resultant clinical outcomes.”[76] 

EGAPP WORKING GROUP (EWG) 

The EGAPP Working Group (EWG) published a recommendation on “genomic profiling to 
assess cardiovascular risk to improve cardiovascular health” which included a 
recommendation on 9p21 profiling alone based on Palomaki (2010).[21] In general, the EWG 
found “… insufficient evidence to recommend testing for the 9p21 genetic variant or 57 other 
variants in 28 genes . . . to assess risk for cardiovascular disease (CVD) in the general 
population, specifically heart disease and stroke.” The EWG found that the magnitude of net 
health benefit from use of any of these tests alone or in combination is negligible. The EWG 
discouraged clinical use unless further evidence supports improved clinical outcomes. Based 
on the available evidence, the overall certainty of net health benefit was deemed “Low.”[77] 

SUMMARY 

There is not enough research to show that testing for single nucleotide variants to assess 
cardiovascular risk, including 9p21 variants, can improve health outcomes for patients with 
any conditions. Also, there are no practice guidelines based on research that recommend 
this testing for any purpose. Therefore, these genotyping tests for cardiovascular risk are 
considered investigational. 

REFERENCES 
 
1. Wellcome Trust Case Control Consortium. Genome-wide association study of 14,000 

cases of seven common diseases and 3,000 shared controls. Nature. 
2007;447(7145):661-78. PMID: 17554300 

2. McPherson R, Pertsemlidis A, Kavaslar N, et al. A common allele on chromosome 9 
associated with coronary heart disease. Science. 2007;316(5830):1488-91. PMID: 
17478681 

3. Helgadottir A, Thorleifsson G, Manolescu A, et al. A common variant on chromosome 
9p21 affects the risk of myocardial infarction. Science. 2007;316(5830):1491-3. PMID: 
17478679 

4. Samani NJ, Erdmann J, Hall AS, et al. Genomewide association analysis of coronary 
artery disease. N Engl J Med. 2007;357(5):443-53. PMID: 17634449 



GT62 | 11 

5. Scheffold T, Kullmann S, Huge A, et al. Six sequence variants on chromosome 9p21.3 
are associated with a positive family history of myocardial infarction: a multicenter 
registry. BMC cardiovascular disorders. 2011;11:9. PMID: 21385355 

6. Johansen CT, Lanktree MB, Hegele RA. Translating genomic analyses into improved 
management of coronary artery disease. Future cardiology. 2010;6(4):507-21. PMID: 
20608823 

7. Harismendy O, Notani D, Song X, et al. 9p21 DNA variants associated with coronary 
artery disease impair interferon-gamma signalling response. Nature. 
2011;470(7333):264-8. PMID: 21307941 

8. Congrains A, Kamide K, Oguro R, et al. Genetic variants at the 9p21 locus contribute to 
atherosclerosis through modulation of ANRIL and CDKN2A/B. Atherosclerosis. 
2012;220(2):449-55. PMID: 22178423 

9. Quest Diagnostics Cardio IQ 9p21 Genotype.  [cited 5/9/2023]. 'Available from:' 
https://testdirectory.questdiagnostics.com/test/test-detail/90648/cardio-iq-9p21-
genotype?q=90648&cc=MASTER. 

10. den Dunnen JT, Dalgleish R, Maglott DR, et al. HGVS Recommendations for the 
Description of Sequence Variants: 2016 Update. Human mutation. 2016;37(6):564-9. 
PMID: 26931183 

11. Xu LB, Zhang YQ, Zhang NN, et al. Rs10757274 gene polymorphisms in coronary 
artery disease: A systematic review and a meta-analysis. Medicine. 2020;99(3):e18841. 
PMID: 32011499 

12. Patel RS, Schmidt AF, Tragante V, et al. Association of Chromosome 9p21 with 
Subsequent Coronary Heart Disease Events: A GENIUS-CHD Study of Individual 
Participant Data. Circulation Genomic and precision medicine. 2019. PMID: 30897348 

13. Chen G, Fu X, Wang G, et al. Genetic Variant rs10757278 on Chromosome 9p21 
Contributes to Myocardial Infarction Susceptibility. Int J Mol Sci. 2015;16:11678-88. 
PMID: 26006241 

14. Patel RS, Asselbergs FW, Quyyumi AA, et al. 5Genetic variants at chromosome 9p21 
and risk of first versus subsequent coronary heart disease events: A systematic review 
and meta-analysis. Journal of the American College of Cardiology. 2014. PMID: 
24607648 

15. Chan K, Patel RS, Newcombe P, et al. Association between the chromosome 9p21 
locus and angiographic coronary artery disease burden: a collaborative meta-analysis. 
Journal of the American College of Cardiology. 2013;61(9):957-70. PMID: 23352782 

16. Dong L, Wang H, Wang DW, et al. Association of chromosome 9p21 genetic variants 
with risk of coronary heart disease in the East Asian population: a meta-analysis. 
Annals of human genetics. 2013;77(3):183-90. PMID: 23347249 

17. Zhou LT, Qin L, Zheng DC, et al. Meta-analysis of genetic association of chromosome 
9p21 with early-onset coronary artery disease. Gene. 2012;510(2):185-8. PMID: 
22975211 

18. Lian J, Ba Y, Dai D, et al. A replication study and a meta-analysis of the association 
between the CDKN2A rs1333049 polymorphism and coronary heart disease. Journal of 
atherosclerosis and thrombosis. 2014;21(11):1109-20. PMID: 24930384 

19. Schunkert H, Konig IR, Kathiresan S, et al. Large-scale association analysis identifies 
13 new susceptibility loci for coronary artery disease. Nature genetics. 2011;43(4):333-
8. PMID: 21378990 

20. A genome-wide association study in Europeans and South Asians identifies five new 
loci for coronary artery disease. Nature genetics. 2011;43(4):339-44. PMID: 21378988 

https://testdirectory.questdiagnostics.com/test/test-detail/90648/cardio-iq-9p21-genotype?q=90648&cc=MASTER
https://testdirectory.questdiagnostics.com/test/test-detail/90648/cardio-iq-9p21-genotype?q=90648&cc=MASTER


GT62 | 12 

21. Palomaki GE, Melillo S, Bradley LA. Association between 9p21 genomic markers and 
heart disease: a meta-analysis. JAMA : the journal of the American Medical Association. 
2010;303(7):648-56. PMID: 20159873 

22. Paynter NP, Chasman DI, Buring JE, et al. Cardiovascular disease risk prediction with 
and without knowledge of genetic variation at chromosome 9p21.3. Annals of internal 
medicine. 2009;150(2):65-72. PMID: 19153409 

23. Talmud PJ, Cooper JA, Palmen J, et al. Chromosome 9p21.3 coronary heart disease 
locus genotype and prospective risk of CHD in healthy middle-aged men. Clinical 
chemistry. 2008;54(3):467-74. PMID: 18250146 

24. Anand SS, Samaan Z, Middleton C, et al. A Digital Health Intervention to Lower 
Cardiovascular Risk: A Randomized Clinical Trial. JAMA cardiology. 2016;1(5):601-6. 
PMID: 27438754 

25. Bendjilali N, Nelson J, Weinsheimer S, et al. Common variants on 9p21.3 are 
associated with brain arteriovenous malformations with accompanying arterial 
aneurysms. Journal of neurology, neurosurgery, and psychiatry. 2014;85(11):1280-3. 
PMID: 24777168 

26. Cakmak HA, Bayoglu B, Durmaz E, et al. Evaluation of association between common 
genetic variants on chromosome 9p21 and coronary artery disease in Turkish 
population. Anatolian journal of cardiology. 2015;15(3):196-203. PMID: 25333979 

27. Szpakowicz A, Kiliszek M, Pepinski W, et al. Polymorphism of 9p21.3 locus is 
associated with 5-year survival in high-risk patients with myocardial infarction. PloS one. 
2014;9(8):e104635. PMID: 25105296 

28. Tang O, Lv J, Cheng Y, et al. The Correlation Between 9p21 Chromosome rs4977574 
Polymorphism Genotypes and the Development of Coronary Artery Heart Disease. 
Cardiovascular toxicology. 2017;17(2):185-89. PMID: 27240780 

29. Matoo S, Fallah MS, Daneshpour MS, et al. Increased Risk of CHD in the Presence of 
rs7865618 (A allele): Tehran Lipid and Glucose Study. Archives of Iranian medicine. 
2017;20(3):153-57. PMID: 28287809 

30. Paquette M, Chong M, Saavedra YGL, et al. The 9p21.3 locus and cardiovascular risk 
in familial hypercholesterolemia. Journal of clinical lipidology. 2017;11(2):406-12. PMID: 
28502497 

31. Aleyasin SA, Navidi T, Davoudi S. Association between rs10757274 and rs2383206 
SNPs as Genetic Risk Factors in Iranian Patients with Coronary Artery Disease. J 
Tehran Heart Cent. 2017;12(3):114-18. PMID:  

32. Kashyap S, Kumar S, Agarwal V, et al. The association of polymorphic variants, 
rs2267788, rs1333049 and rs2383207 with coronary artery disease, its severity and 
presentation in North Indian population. Gene. 2018;648:89-96. PMID:  

33. Sposito AC, Ramires JA, Jukema JW, et al. Physicians' attitudes and adherence to use 
of risk scores for primary prevention of cardiovascular disease: cross-sectional survey in 
three world regions. Current medical research and opinion. 2009;25(5):1171-8. PMID: 
19323611 

34. Sheridan SL, Crespo E. Does the routine use of global coronary heart disease risk 
scores translate into clinical benefits or harms? A systematic review of the literature. 
BMC health services research. 2008;8:60. PMID: 18366711 

35. Davies RW, Dandona S, Stewart AF, et al. Improved prediction of cardiovascular 
disease based on a panel of single nucleotide polymorphisms identified through 
genome-wide association studies. Circulation Cardiovascular genetics. 2010;3(5):468-
74. PMID: 20729558 



GT62 | 13 

36. Dutta A, Henley W, Lang IA, et al. The coronary artery disease-associated 9p21 variant 
and later life 20-year survival to cohort extinction. Circulation Cardiovascular genetics. 
2011;4(5):542-8. PMID: 21852414 

37. Shiffman D, O'Meara ES, Rowland CM, et al. The contribution of a 9p21.3 variant, a 
KIF6 variant, and C-reactive protein to predicting risk of myocardial infarction in a 
prospective study. BMC cardiovascular disorders. 2011;11:10. PMID: 21406102 

38. Do R, Xie C, Zhang X, et al. The effect of chromosome 9p21 variants on cardiovascular 
disease may be modified by dietary intake: evidence from a case/control and a 
prospective study. PLoS medicine. 2011;8(10):e1001106. PMID: 22022235 

39. Brautbar A, Ballantyne CM, Lawson K, et al. Impact of adding a single allele in the 9p21 
locus to traditional risk factors on reclassification of coronary heart disease risk and 
implications for lipid-modifying therapy in the Atherosclerosis Risk in Communities 
study. Circulation Cardiovascular genetics. 2009;2(3):279-85. PMID: 20031596 

40. Bai N, Liu W, Xiang T, et al. Genetic association of ANRIL with susceptibility to Ischemic 
stroke: A comprehensive meta-analysis. PloS one. 2022;17(6):e0263459. PMID: 
35653368 

41. Anderson CD, Biffi A, Rost NS, et al. Chromosome 9p21 in ischemic stroke: population 
structure and meta-analysis. Stroke. 2010;41(6):1123-31. PMID: 20395606 

42. Traylor M, Farrall M, Holliday EG, et al. Genetic risk factors for ischaemic stroke and its 
subtypes (the METASTROKE collaboration): a meta-analysis of genome-wide 
association studies. Lancet neurology. 2012;11(11):951-62. PMID: 23041239 

43. Ni X, Zhang J. Association between 9p21 genomic markers and ischemic stroke risk: 
evidence based on 21 studies. PloS one. 2014;9(3):e90255. PMID: 24625579 

44. Lu Z, Zhang Y, Maimaiti Y, et al. Variants on Chromosome 9p21 Confer Risks of 
Noncardioembolic Cerebral Infarction and Carotid Plaque in the Chinese Han 
Population. Journal of atherosclerosis and thrombosis. 2015;22(10):1061-70. PMID: 
25958930 

45. Bi J, Yang L, Liu D, et al. Sequence variants on chromosome 9p21 are associated with 
ischemic stroke and the lipids level in Chinese Han population. Journal of stroke and 
cerebrovascular diseases : the official journal of National Stroke Association. 
2015;24(4):894-900. PMID: 25724239 

46. Yue X, Tian L, Fan X, et al. Chromosome 9p21.3 Variants Are Associated with Cerebral 
Infarction in Chinese Population. Journal of molecular neuroscience : MN. 2015. PMID: 
25665551 

47. Preuss M, Konig IR, Thompson JR, et al. Design of the Coronary ARtery DIsease 
Genome-Wide Replication And Meta-Analysis (CARDIoGRAM) Study: A Genome-wide 
association meta-analysis involving more than 22 000 cases and 60 000 controls. 
Circulation Cardiovascular genetics. 2010;3(5):475-83. PMID: 20923989 

48. Dichgans M, Malik R, Konig IR, et al. Shared genetic susceptibility to ischemic stroke 
and coronary artery disease: a genome-wide analysis of common variants. Stroke. 
2014;45:24-36. PMID: 24262325 

49. Adamou A, Mavrovounis G, Beltsios ET, et al. The rs1333040 and rs10757278 9p21 
locus polymorphisms in patients with intracranial aneurysm: a meta-analysis. Int J 
Neurosci. 2022:1-12. PMID: 34511017 

50. Yu T, Jiang H, Fan Y, et al. The association of CDKN2BAS gene polymorphisms and 
intracranial aneurysm: A meta-analysis. Medicine. 2020;99(49):e23209. PMID: 
33285697 



GT62 | 14 

51. Alg VS, Sofat R, Houlden H, et al. Genetic risk factors for intracranial aneurysms: a 
meta-analysis in more than 116,000 individuals. Neurology. 2013;80:2154-65. PMID: 
23733552 

52. Thompson AR, Golledge J, Cooper JA, et al. Sequence variant on 9p21 is associated 
with the presence of abdominal aortic aneurysm disease but does not have an impact 
on aneurysmal expansion. European journal of human genetics : EJHG. 
2009;17(3):391-4. PMID: 18854858 

53. Helgadottir A, Thorleifsson G, Magnusson KP, et al. The same sequence variant on 
9p21 associates with myocardial infarction, abdominal aortic aneurysm and intracranial 
aneurysm. Nature genetics. 2008;40(2):217-24. PMID: 18176561 

54. Bown MJ, Braund PS, Thompson J, et al. Association between the coronary artery 
disease risk locus on chromosome 9p21.3 and abdominal aortic aneurysm. Circulation 
Cardiovascular genetics. 2008;1(1):39-42. PMID: 20031540 

55. Biros E, Cooper M, Palmer LJ, et al. Association of an allele on chromosome 9 and 
abdominal aortic aneurysm. Atherosclerosis. 2010;212(2):539-42. PMID: 20605023 

56. Lederle FA, Johnson GR, Wilson SE, et al. The aneurysm detection and management 
study screening program: validation cohort and final results. Aneurysm Detection and 
Management Veterans Affairs Cooperative Study Investigators. Archives of internal 
medicine. 2000;160(10):1425-30. PMID: 10826454 

57. Wei Y, Xiong J, Zuo S, et al. Association of polymorphisms on chromosome 9p21.3 
region with increased susceptibility of abdominal aortic aneurysm in a Chinese Han 
population. Journal of vascular surgery. 2014;59(4):879-85. PMID: 24365123 

58. Murabito JM, White CC, Kavousi M, et al. Association between chromosome 9p21 
variants and the ankle-brachial index identified by a meta-analysis of 21 genome-wide 
association studies. Circulation Cardiovascular genetics. 2012;5(1):100-12. PMID: 
22199011 

59. O'Donnell CJ, Kavousi M, Smith AV, et al. Genome-wide association study for coronary 
artery calcification with follow-up in myocardial infarction. Circulation. 
2011;124(25):2855-64. PMID: 22144573 

60. van Setten J, Isgum I, Smolonska J, et al. Genome-wide association study of coronary 
and aortic calcification implicates risk loci for coronary artery disease and myocardial 
infarction. Atherosclerosis. 2013. PMID: 23561647 

61. Pechlivanis S, Muhleisen TW, Mohlenkamp S, et al. Risk loci for coronary artery 
calcification replicated at 9p21 and 6q24 in the Heinz Nixdorf Recall Study. BMC 
medical genetics. 2013;14:23. PMID: 23394302 

62. Zhang X, Wen F, Zuo C, et al. Association of genetic variation on chromosome 9p21 
with polypoidal choroidal vasculopathy and neovascular age-related macular 
degeneration. Investigative ophthalmology & visual science. 2011;52(11):8063-7. PMID: 
21896860 

63. Lee IT, Liang KW, Wang JS, et al. Value of Chromosome 9p21 Polymorphism for 
Prediction of Cardiovascular Mortality in Han Chinese Without Coronary Lesions: An 
Observational Study. Medicine. 2015;94:e1538. PMID: 26426617 

64. Cesana F, Nava S, Menni C, et al. Does the 9p region affect arterial stiffness? Results 
from a cohort of hypertensive individuals. Blood pressure. 2013;22(5):302-6. PMID: 
23445356 

65. Folsom AR, Pankow JS, Li X, et al. No association of 9p21 with arterial elasticity and 
retinal microvascular findings. Atherosclerosis. 2013;230(2):301-3. PMID: 24075760 



GT62 | 15 

66. Downing KP, Nead KT, Kojima Y, et al. The combination of 9p21.3 genotype and 
biomarker profile improves a peripheral artery disease risk prediction model. Vasc Med. 
2014;19:3-8. PMID: 24323119 

67. Iribarren C, Lu M, Jorgenson E, et al. Weighted Multi-marker Genetic Risk Scores for 
Incident Coronary Heart Disease among Individuals of African, Latino and East-Asian 
Ancestry. Sci Rep. 2018;8(1):6853. PMID: 29717161 

68. Krarup NT, Borglykke A, Allin KH, et al. A genetic risk score of 45 coronary artery 
disease risk variants associates with increased risk of myocardial infarction in 6041 
Danish individuals. Atherosclerosis. 2015;240(2):305-10. PMID: 25864160 

69. Lluis-Ganella C, Subirana I, Lucas G, et al. Assessment of the value of a genetic risk 
score in improving the estimation of coronary risk. Atherosclerosis. 2012;222(2):456-63. 
PMID: 22521901 

70. Prospective association of a genetic risk score and lifestyle intervention with 
cardiovascular morbidity and mortality among individuals with type 2 diabetes: the Look 
AHEAD randomised controlled trial. Diabetologia. 2015;58(8):1803-13. PMID: 25972230 

71. Kullo IJ, Jouni H, Austin EE, et al. Incorporating a Genetic Risk Score Into Coronary 
Heart Disease Risk Estimates: Effect on Low-Density Lipoprotein Cholesterol Levels 
(the MI-GENES Clinical Trial). Circulation. 2016;133(12):1181-8. PMID: 26915630 

72. Marston NA, Kamanu FK, Nordio F, et al. Predicting Benefit From Evolocumab Therapy 
in Patients With Atherosclerotic Disease Using a Genetic Risk Score: Results From the 
FOURIER Trial. Circulation. 2020;141(8):616-23. PMID: 31707849 

73. Mayerhofer E, Parodi L, Prapiadou S, et al. Genetic Risk Score Improves Risk 
Stratification for Anticoagulation-Related Intracerebral Hemorrhage. Stroke. 
2023;54(3):791-99. PMID: 36756894 

74. Goff DC, Jr., Lloyd-Jones DM, Bennett G, et al. 2013 ACC/AHA guideline on the 
assessment of cardiovascular risk: a report of the American College of 
Cardiology/American Heart Association Task Force on Practice Guidelines. Journal of 
the American College of Cardiology. 2014;63(25 Pt B):2935-59. PMID: 24239921 

75. Arnett DK, Blumenthal RS, Albert MA, et al. 2019 ACC/AHA Guideline on the Primary 
Prevention of Cardiovascular Disease: Executive Summary: A Report of the American 
College of Cardiology/American Heart Association Task Force on Clinical Practice 
Guidelines. Circulation. 2019;140(11):e563-e95. PMID: 30879339 

76. O’Sullivan JW, Raghavan S, Marquez-Luna C, et al. Polygenic Risk Scores for 
Cardiovascular Disease: A Scientific Statement From the American Heart Association. 
Circulation. 2022;146(8):e93-e118. PMID:  

77. Recommendations from the EGAPP Working Group: genomic profiling to assess 
cardiovascular risk to improve cardiovascular health. Genetics in medicine : official 
journal of the American College of Medical Genetics. 2010;12(12):839-43. PMID: 
21042222 

 

CODES 
 

Codes Number Description 
CPT 0401U Cardiology (coronary heart disease [CAD]), 9 genes (12 variants), targeted 

variant genotyping, blood, saliva, or buccal swab, algorithm reported as a 
genetic risk score for a coronary event 

 0439U Cardiology (coronary heart disease [CHD]), DNA, analysis of 5 single-
nucleotide polymorphisms (SNPs) (rs11716050 [LOC105376934],rs6560711 
[WDR37], rs3735222 [SCIN/LOC107986769], rs6820447 [intergenic], and 
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Codes Number Description 
rs9638144 [ESYT2]) and 3 DNA methylation markers (cg00300879 
[transcription start site {TSS200} of CNKSR1], cg09552548 [intergenic], and 
cg14789911 body of SPATC1L]), qPCR and digital PCR, whole blood, algorithm 
reported as a 4-tiered risk score for a 3-year risk of symptomatic CHD 

 0440U Cardiology (coronary heart disease [CHD]), DNA, analysis of 10 single-
nucleotide polymorphisms (SNPs) (rs710987 [LINC010019], rs1333048 
[CDKN2B-AS1], rs12129789 [KCND3], rs942317 [KTN1-AS1], rs1441433 
[PPP3CA], rs2869675 [PREX1], rs4639796 [ZBTB41], rs4376434 [LINC00972], 
rs12714414 [TMEM18], and rs7585056 [TMEM18]) and 6 DNA methylation 
markers (cg03725309 [SARS1], cg12586707 [CXCL1,cg04988978 [MPO], 
cg17901584 [DHCR24-DT], cg21161138 [AHRR], and cg12655112 [EHD4]), 
qPCR and digital PCR, whole blood, algorithm reported as detected or not 
detected for CHD 

 81479 Unlisted molecular pathology procedure 
HCPCS None  
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