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Abstract
Background—A single nucleotide polymorphism on chromosome 9p21, rs10757274 (9p21 allele),
has been shown to predict coronary heart disease (CHD) in whites. We evaluated whether adding
the 9p21 allele to traditional risk factors (RF) improved CHD risk prediction in whites from the
Atherosclerosis Risk in Communities (ARIC) study, and whether changes in risk prediction would
modify lipid therapy recommendations.

Methods and Results—Whites (n=9,998) in the ARIC study for whom the 9p21 genotype and
traditional RF information was available were included. Using Cox proportional hazards models, the
ARIC Cardiovascular Risk Score (ACRS) which is based on traditional RF, was determined. A total
of 1,349 individuals (13.5%) developed incident CHD events during a period of 14.6 years. Adding
the 9p21 allele to traditional RF was associated with hazard ratio (HR) of incident CHD of 1.2 per
allele (p<0.000003) and a significant increase in the area under the curve of the receiver operating
characteristic from 0.782 to 0.786 (95% CI= [0.001, 0.007]). The 9p21 allele’s greatest influence to
the ACRS was observed in the intermediate-low (>5% to ≤10% 10-year CHD risk) and intermediate-
high (>10% to ≤20% 10-year CHD risk) categories with 12.1% and 12.6% reclassified, respectively.
This may impact therapy since 90% of these reclassified individuals had LDL-C>100 mg/dL.
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Conclusion—Adding the 9p21 allele to traditional RF in whites in the ARIC study modestly
improved CHD risk prediction in the intermediate categories.
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Introduction
Although coronary heart disease (CHD) is the leading cause of death in the western world, a
large number of CHD events could be avoided if risk factors could be modified in the whole
population (population approach) or if individuals with increased risk for CHD were identified
and appropriately treated through lifestyle modification and/or drug therapy aimed at risk factor
modification (high-risk individual approach).1 A fundamental concept in all national guidelines
is matching the intensity of risk factor modification to the individual’s risk probability for
developing a CHD event. Therefore, the stratification of CHD risk is a key initial step in order
to target therapies for CHD prevention. Large population studies, such as the Framingham
Heart Study and Atherosclerosis Risk in Communities (ARIC) study have been used to develop
a “risk score,” which includes traditional risk factors (RF) such as age, gender, total cholesterol,
systolic blood pressure, high-density lipoprotein cholesterol (HDL-C), and smoking. The
Framingham risk score serves as the basis for the risk assessment algorithm proposed by the
widely-accepted Adult Treatment Panel (ATP) III guidelines.1, 2 Treatment modalities,
including lifestyle modification and lipid-lowering agents, are based on the calculated ATP III
risk.

Recent application of genome-wide association studies (GWAS) has accelerated the pace of
gene discovery for CHD.3 Two recently reported single nucleotide polymorphisms (SNPs) in
the 58-kilobase interval on chromosome 9p21, have been shown to be associated with CHD
in the white participants of multiple large cohorts.4–6 Rs10757274 and rs2383206 define a
single allele and were found to be associated with an estimated 20% increase in CHD risk in
heterozygotes and 40% increase in CHD risk in homozygotes. However, the practical
application of this new genomic information by practicing physicians remains uncertain.7

In this study, we used the ARIC Cardiovascular Risk Score (ACRS), which presents a
quantitative approach for global risk assessment based on traditional RF for CHD. We
hypothesize that adding the 9p21 allele to the model using traditional RF will result in a
statistically significant improvement of overall prediction for CHD, and in the shifting of a
significant number of subjects from one risk category to another. This, in turn, may result in a
change of treatment recommendation by either altering the decision to begin pharmacotherapy
or changing the goal of therapy.

Methods
The study sample was chosen from the large, ongoing Atherosclerosis Risk in Communities
(ARIC) study which included 15,792 US individuals aged 45–64 years at recruitment (1987–
1989) who were followed for the development of clinical CHD or other vascular events. A full
description of the ARIC study design and methods has been published previously.8, 9

Of the 15,792 individuals initially enrolled in the ARIC study, we excluded individuals who
had prevalent CHD or stroke at the baseline ARIC study visit (1987–89) and individuals with
missing CHD prevalence data (1,446 individuals), those who belonged to any race group other
than “white” (3,918 individuals), participants with missing information on risk factors
(including age, gender, systolic blood pressure, antihypertensive medication use, diabetes, total
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cholesterol, HDL-C, and current tobacco use/smoking), those missing rs10757274 (9p21
allele) genotype information (423 individuals), and those who withdrew consent for the use or
storage of their DNA (7 individuals). A total of 9,998 white participants for whom the ARIC
risk score was calculated at the baseline visit were eligible for the analysis presented here.

Incident CHD events were determined by annually contacting each participant in the study
population and reviewing hospital discharge lists and death certificates for incident CHD
events. Follow up time was determined as the interval between the date of the first clinical visit
and the date of the first CHD event, death or end of follow up on December 31, 2004. Detailed
descriptions of quality assurance for ascertainment and classification of CHD events have been
published previously.9 A CHD event was defined as definite or probable myocardial infarction,
a silent myocardial infarction between examinations (indicated by electrocardiogram), a
definite CHD death, or a coronary revascularization.

Blood pressure measurements were performed 3 times with the participant seated with a
random-zero sphygmomanometer, and the last 2 measurements were averaged. Questionnaires
were administered to assess current use of antihypertensive medication. Plasma total
cholesterol was measured by an enzymatic method,10 while HDL-C was measured after
dextran-magnesium precipitation of non–high-density lipoproteins.11 Diabetes was defined as
a fasting glucose level ≥126 mg/dL or a nonfasting glucose level ≥200 mg/dL, or a self-reported
physician diagnosis of diabetes or use of diabetic medication. Cigarette smoking status was
classified as current or not current.

Statistical Methods
Baseline population characteristics of the 10,004 white individuals eligible for this study were
compared across 9p21 genotypes using ANOVA for the continuous variables (age, BMI, blood
pressure, etc.) and chi-square contingency table for the categorical variables. Analysis of
incident CHD was carried-out using Cox proportional hazards modeling of time-to-event. All
eligible subjects, as described above, were scored according to the ARIC Cardiovascular Risk
Score (ACRS) which is based on the following: age, gender, smoking, diabetes, systolic blood
pressure, antihypertensive medication use, total cholesterol and HDL-C.12 Each subject was
evaluated by Cox proportional hazards model for time-to-incident CHD, and this calculation
was completed for the entire white population. As covariates representing traditional RF used
in the Cox proportional hazards model, we used age, gender, smoking, diabetes, systolic blood
pressure, antihypertensive medication use, total cholesterol and HDL-C. For each covariate a
beta-coefficient was determined by regression analysis. These coefficients were then used to
construct the ACRS that is based on traditional RF only. The ACRS was then calculated for
each subject by multiplying each model coefficient by the subject’s associated risk-variable
value and then deriving the predicted 10-year CHD risk. A separate calculation was performed
to determine the beta-coefficient for each of the traditional RF and the 9p21 genotype
information variables. These beta-coefficients were then used to construct an ACRS which
includes the 9p21 information. A second calculation of the ACRS was performed after adding
the 9p21 allele. A value of 1, 0, and −1 was given for the genotypes GG, AG, AA, of the
rs10757274, respectively. The area under curve of the receiver operating characteristic
(AROC) was calculated for each model, one with traditional RF alone (ACRS) and one with
the 9p21 allele added to traditional RF (ACRS+9p21).

The beta-coefficients for each model (with and without the 9p21 allele) were determined
separately using the same dataset. This enabled direct comparison between the two models.

Classification of participants with and without adding the 9p21 allele was performed by first
classifying each individual by traditional RF-only (ACRS or Framingham risk score [FRS])
into the following risk categories: low (0–5% 10-year CHD risk), intermediate-low (>5% to
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≤10% 10-year CHD risk), intermediate-high (>10% to ≤20% 10-year CHD risk), and high
(>20% 10-year CHD risk). The same classification process was then repeated with the addition
of the 9p21 allele to the ACRS. We then used the net reclassification index (NRI)13 to examine
correct movement between risk categories after adding the 9p21 allele in the ACRS model.
Both the total NRI and clinical NRI (NRI for intermediate-risk [>5% to ≤10% and >10% to
≤20% 10-year CHD risk] categories only) were preformed as recently suggested.14 NRI
calculations were preformed taking into account censored data at a time point of 10 years. The
integrated discrimination index (IDI) which examines model performance independent of risk
categories choice was also calculated.13 Calculations of IDI, and NRI were completed for
events before a defined follow-up period and accounted for censoring by rewriting the formula
in terms of the survival function, using Bayes' Law and then using survival analysis methods
to estimate the survival function while accounting for censoring.

A baseline LDL-C level for study participants in the intermediate-low (>5% to ≤10%) and
intermediate-high (>10% to ≤20%) 10-year CHD risk groups was also examined, as calculated
by traditional RF alone (ACRS without 9p21 allele). The proportion of individuals that were
reclassified to different risk categories after adding the 9p21 allele information to the ACRS
calculation, along with their LDL-C levels, were determined. The 10-year CHD event rate was
determined according to the Kaplan-Meier survival curve for 10-year incident CHD per 100
individuals.

Because most physicians use the Framingham risk score (FRS) in clinical practice and it does
not differ significantly from the ACRS for white men (and is similar for white women15), we
also calculated the FRS for each ARIC participant based on age, gender, smoking, systolic
blood pressure, antihypertensive medication use, total cholesterol and HDL-C as covariates.
16 For each covariate, a beta-coefficient was determined by regression analysis in a way that
was similar to the analysis for the ACRS described above. A second calculation of the FRS
was performed after including the 9p21 allele. A value of 1, 0, and −1 was given for the
genotypes GG, AG, AA, of the rs10757274, respectively. NRI and IDI were then calculated
for the FRS based reclassification. .

We further calculated the Grønnesby-Borgan statistic, an overall goodness-of-fit test for the
Cox proportional hazards model.

Results
Baseline characteristics of the 9,998 white participants in ARIC who were eligible for the study
and classified according to the 9p21 genotype are presented in Supplemental Table 1. As
previously reported, we observed no association between the 9p21 genotype and traditional
RF. However, there was a significant association (P=0.014) between lower body mass index
(BMI) and the AG/GG genotype in ARIC. Supplemental Table 2 shows the baseline
characteristics of the ARIC white population in relation to the development of incident CHD.
As expected, a significant difference was observed for the traditional RF and other risk factors
between incident CHD cases and noncases.

The frequencies of the G and A alleles for the entire study population were 0.49 and 0.51,
respectively. There was no significant difference (P=0.37) in the G allele frequency between
men (0.48) and women (0.49). A significantly higher frequency of the G allele was found in
the CHD cases (0.52) than noncases (0.48), P=0.0017. The GG genotype was more frequent
in cases (26.2%) than noncases (23.4%), P<0.002 (Supplemental Table 2).

Of the 9,998 subjects eligible for the study followed for 14.6 years, 1,349 (13.5%) developed
an incident CHD event. The hazard ratio (HR) for the 9p21 allele with only age and gender as
covariates was 1.17 (P=4.705 E-05). After taking into account traditional RF and ACRS model
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covariates, the 9p21 allele was still significantly associated with incident CHD with a HR of
1.20 (P<3E-06). The HR for CHD-related procedures was 1.22 (P<5E-06); the HR for MI
(either fatal or non fatal) and fatal CHD was 1.20 (P<0.0004).

When calculated for the traditional RF-only (ACRS–only: age, gender, systolic blood pressure,
total cholesterol, HDL-C, antihypertensive medication, diabetes and smoking), the area under
the curve of the receiver operating characteristic (AROC) for incident CHD was 0.782 for the
entire cohort. Adding the 9p21 allele increased the AUC to 0.786 (95% confidence interval
[0.001, 0.007]). Furthermore, in evaluating the goodness-of-fit, the 9p21 allele + traditional
RF model did better than the traditional RF-only model using the Grønnesby-Borgan test (see
Supplemental Table 4). However, both models did not demonstrate good fit.

Reclassification
When the 9p21 allele was added to traditional RF, 12–13% in the intermediate-low (>5% to
≤10% 10-year risk) and intermediate-high (>10% to ≤20% 10-year risk) categories were
reclassified in both ACRS and FRS models.

All of the individuals reclassified were placed into adjacent risk groups, the immediately higher
or lower risk category. Table 1 and 2 describe the resulting risk reclassification after adding
the 9p21 allele to the ACRS and FRS, respectively.

The ACRS total NRI after adding the 9p21 allele showed minimal change (0.8% improvement,
P=0.31) that was not statistically significant. The clinical NRI was 6.2% which was statistically
significant (P = 0.03). The IDI was 0.002 which was statistically significant (P<0.015). The
clinical NRI and IDI for the FRS model were 6.8% and 0.021 respectively.

From the ACRS high group (>20% 10-year risk), 66 (10.5%) individuals were reclassified
down to the intermediate-high category. For these individuals, although reclassified to a lower
risk group, after adding 9p21 genotype information, it would seem reasonable not to change
treatment since they already have considerable risk from traditional RF. From the low-risk
group (0–5% 10-year risk), only 157 (3.4%) were reclassified to the intermediate-low risk
category. According to ATP III guideline, these subjects do not change risk category, and
therefore, no treatment change would be recommended for them.

The Adult Treatment Panel (ATP) III update published in 2004 recommends an optional target
LDL-C goal of <100 mg/dL for the >10% to ≤20% 10-year CHD risk group, especially in the
presence of abnormal “emerging” risk factors.17 We evaluated the baseline LDL-C distribution
in the >5% to ≤10% (intermediate-low) and >10% to ≤20% (intermediate-high) 10-year CHD
risk groups based on traditional RF, prior to reclassification (Table 3). In the intermediate-high
group (>10% to ≤20% 10-year CHD risk), based on traditional RF alone, 94.1% of subjects
had LDL-C ≥100 mg/dL, which is above the optimal LDL-C target level by the updated ATP
III recommendation. In the intermediate-low category (>5% to ≤10% 10-year risk), based on
traditional RF alone, 89.3% of subjects had LDL-C levels ≥100 mg/dL.

The majority of individuals who were reclassified from the intermediate-low group (>5% to
≤10% 10-year risk) and intermediate-high group (>10% to ≤20% 10-year risk) had LDL-C
levels above optimal. The decision regarding lifestyle modification, initiation of drug therapy,
or the target goal of therapy may be clarified by adding the 9p21 genotype information, and a
more detailed discussion of how reclassification may alter clinical decisions is provided in the
Electronic Supplement and Supplemental Table 3.

The case examples in Table 4 demonstrate the practical clinical implication (which is further
expanded in the Supplement) of the 9p21 genotype for individuals in the intermediate-low and
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intermediate-high risk groups. The formulas which were used for the calculation of 10-year
CHD risk based on ACRS only and ACRS + 9p21 genotype information are detailed in Figure
1.

Reclassification from the intermediate-low (>5% to ≤10% 10-year risk) category
in the ACRS model—Subject 1 (Table 4) is a male with an initial 10-year CHD risk of 9.0%
and LDL-C level of 135 mg/dL. According to ATP III guidelines, in an individual with <10%
10-year risk and 2 risk factors (in this case, male age ≥45 and HDL-C <40 mg/dL), one
considers initiation of drug therapy if LDL-C ≥160 mg/dL with a LDL-C goal of <130 mg/dL.
Adding the 9p21 genotype to traditional RF will increase, decrease or have no major influence
on his 10-year CHD risk to 10.6%, 7.5%, and 9.0%, respectively. In the case of the GG genotype
increasing his risk to 10.3%, the ATP III guidelines would recommend drug therapy initiation
at LDL-C levels ≥130 mg/dL, and target LDL-C goal <130 mg/dL with an optional target LDL-
C goal <100 mg/dL.

Reclassification from the intermediate-high (>10% to ≤20% 10-year risk)
category in the ACRS model—Subject 2 (Table 4) is a female with an initial 10-year CHD
risk of 17.7% and LDL-C level of 150 mg/dL. According to ATP III guidelines, she would be
placed in the >10% to ≤20% 10-year risk with at least 2 risk factors (in this case, female age
≥55 and hypertensive medication use), and initiation of drug therapy would be recommended
at LDL-C ≥130 mg/dL, with a LDL-C goal <130 mg/dL and an optional target LDL-C goal
<100 mg/dL. Adding the 9p21 GG genotype to traditional RF will increase her 10-year CHD
risk to 20.7%, changing the recommendation for therapy initiation to LDL-C ≥100 mg/dL and
target goal to LDL-C <100 mg/dL.

Discussion
In this study, we demonstrated that adding the 9p21 genotype to traditional RF statistically
significantly improved CHD risk prediction, with 12–13% of individuals reclassified in the
intermediate-low and intermediate-high risk categories of both the ACRS and FRS models.
For a large proportion of those reclassified, LDL-C target goals would be altered and thus,
therapy recommendations would be changed. We present a simple way to utilize the 9p21
information for calculating the 10-year CHD risk for an individual based on the formula
detailed in Figure 1.

The use of traditional risk factors to predict CHD risk is a well-established clinical tool. The
ATP III CHD risk classification is generally accepted by most clinicians as a guideline for both
risk prediction and for determining preventive therapy for CHD. Adding certain biomarkers
to risk prediction calculations has been shown to modestly improve CHD risk prediction.18,
19 However, in recent years, extensive research has concentrated on associations between
genetic markers and CHD.3

In this study, the 9p21 genotype had no association with blood pressure, lipid levels or other
traditional RF. A modest association between the GG genotype and a lower BMI was observed
in ARIC whites, but this observation has not been replicated in other studies.6 However, the
AG/GG genotype’s possible tendency towards a lower BMI would not explain an increased
risk for CHD.

The 9p21 variant had a HR of 1.20 per allele (P<3E-06). in ARIC whites, and adding the 9p21
allele to the traditional RF model resulted in a statistically significant improvement of the
AROC. In a study by Talmud et al, although the AROC was modestly larger for 10-year risk
prediction by adding the 9p21 genotype to traditional RF, it was not statistically significant.6
The statistically significant improvement in the AROC in our study may be related to the larger
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number of participants (9,998 vs. 2,742) or to the fact that we were examining both men and
women vs. men only.6 In the study by Paynter et al, conducted on 22,129 white females, there
was no significant improvement in C-statistics in either an ATP III-based risk model or the
Reynolds score. The total NRI for the ATP III-based risk score was modestly better (2.7%
improvement, P=0.02) after adding the 9p21 allele, and the clinical NRI was not calculated for
that model.20

Although the total NRI in our study, which specifically examines correct movement between
risk categories, did not show significant improvement between the model with and without the
9p21 allele, the clinical NRI, which examines the intermediate-risk categories in particular,
was significantly better for the 9p21 allele model. The clinical NRI results may be useful,
because the individuals in the intermediate-risk categories would most benefit from clarifying
their risk status by testing “emerging” risk factors, such as the 9p21 allele.

The IDI, which examines improvement in model performance independent of choice of risk
categories, was also significantly better for the model with the 9p21 allele. In evaluating the
goodness-of-fit, the 9p21 allele + traditional RF model did better than the traditional RF-only
model using the Grønnesby-Borgan test. However, both models did not provide a good fit.

The fact that adding the 9p21 allele to the ACRS model had the highest effect on the
intermediate-low (~12% reclassified) and intermediate-high (~12% reclassified) risk
categories is useful because patients in these “middle” categories are usually the most
challenging for clinical evaluation. ATP III guidelines and other guidelines recommend
consideration of additional testing, such as imaging and biomarkers, for the >10% to ≤20%
10-year risk group to aid in clinical evaluation and therapeutic strategy.21–23 We suggest that
the 9p21 allele genotype may serve as one of these additional modalities.

Although the ATP III guidelines focus on >10% to ≤20% 10-year CHD risk as an intermediate-
low risk category, others have expanded this category to either 6–20% or 5–20%.18, 24, 25 In
the current study, another consideration for expanding to 5–20% risk category is that the 10-
year absolute CHD risk dramatically underestimates the lifetime risk for CHD events. For
example, individuals from the intermediate-low category (>5% to ≤10% 10-year risk) who
were reclassified to the intermediate-high category (>10% to ≤20% 10-year risk), by adding
the 9p21 genotype to the traditional RF model, had an 11.4 CHD event rate per 100 individuals
over 10 years of follow up. However, a longer follow up period of 14.6 years in ARIC for the
same reclassified population showed a much higher event rate of 19.6 CHD events per 100
individuals. This demonstrated the potential advantage of adding 9p21 testing to traditional
RF in defining a group of individuals who would especially benefit from longterm preventive
therapy.

In contrast to the intermediate-low and intermediate-high risk groups, the utility of the 9p21
genotype for risk calculation for subjects in the low (0–5% 10-year CHD risk) and high (>20
10-year CHD risk) categories is unclear. In both risk categories, few subjects were reclassified,
and for those who were reclassified, no treatment change would seem appropriate.

In summary, we have shown that the 9p21 genotype added to traditional risk factors modestly
improved risk classification in the intermediate-low (>5% to ≤10% 10-year CHD risk) and
intermediate-high (>10% to ≤20% 10-year CHD risk) categories.. Future studies should be
designed to test whether a strategy of altering therapy by virtue of a single SNP or combination
of SNP’s could improve clinical outcome.
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Limitations
The 9p21 allele association with CHD events has been shown in multiple cohorts in whites but
was not demonstrated in blacks. Thus, the black population of the ARIC study was not included
in this analysis. Although there are reports of association between the 9p21 allele and CHD in
ethnicities other than whites and blacks, most of these reports include a relatively small number
of participants, and further studies are required for verification.26 The ARIC study includes a
relatively small number of individuals of ethnicities other than whites and blacks which did
not supply enough statistical power to test our hypothesis in these populations. The fact that
no other ethnicities other than whites were used for the current analysis, suggests that the results
may not be generalized to other populations other than those like the one tested.

Another limitation is the use of a single SNP vs. the use of several SNPs which could have
augmented the results of the current analysis. Finally, we did not examine the question of
whether the 9p21 allele provided additional information to improve risk assessment if newer
biomarkers such as high-sensitivity C-reactive protein, or imaging tests for subclinical
atherosclerosis such as carotid intima-media thickness, are included in the multivariate models,
and this needs to be addressed in future studies.

In recent years, multiple studies have identified a large number of single nucleotide
polymorphisms (SNP’s) associated with coronary heart disease (CHD). Although many of
these genetic markers are available commercially, their clinical utility and the appropriate
populations for testing are largely unclear. In the current study, we examined the clinical
utility of a single SNP in the 9p21 region, which was associated with CHD in multiple
studies to address the questions noted above.

Addition of the 9p21 allele to traditional risk factors (RF) modestly improved the 10-year
CHD risk prediction in the intermediate risk groups (defined as absolute 10-year CHD risk
of 5–20%). Reclassification of an individual from the intermediate risk category to either
a lower or higher CHD risk group may influence management base on Adult Treatment
Panel (ATP) III guidelines. On the other hand, adding the 9p21 allele to traditional RF for
individuals in the low (10-year risk <5%) or high-risk (10-year risk >20%) groups did not
demonstrate clinical utility in this study.

In summary, this study demonstrates the clinical utility of adding the 9p21 allele to
traditional RF when limited to individuals in the intermediate CHD risk categories. Future
studies should be designed to test whether a strategy of altering therapy by virtue of adding
a single or combination of SNPs to CHD risk prediction algorithms could improve clinical
outcomes.

Supplementary Material
Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
10-year CHD risk calculation based on ACRS and 9p21 genotype information & 10-year CHD
risk calculation based on ACRS only.
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Table 3

Distribution of LDL-C in the intermediate-low and intermediate-high risk categories according to traditional risk
factors, prior to reclassification (Risk categories calculated based on traditional risk factor-only model)

10-year CHD risk

>10% to ≤20%

>5% to ≤10%

Intermediate-
low

Intermediate-
high

LDL-C in mg/dL
Total n=2742

% (n)
Total n=1928

% (n)

<100 10.7 (293) 5.9 (113)

100–129 27.6 (757) 17.6 (340)

≥130 61.7 (1692) 76.5 (1475)

  ≥ 130–159 32.1 (880) 36.9 (712)

  ≥ 160 29.6 (812) 39.6 (763)
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