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ORIGINAL RESEARCH ARTICLE

American Heart Association’s Life’s Simple 7: 
Lifestyle Recommendations, Polygenic Risk, and 
Lifetime Risk of Coronary Heart Disease
Natalie R. Hasbani , MPH; Symen Ligthart, MD, PhD; Michael R. Brown , MS; Adam S. Heath , MS; Allison Bebo, MPH;  
Kellan E. Ashley, MD; Eric Boerwinkle, PhD; Alanna C. Morrison , PhD; Aaron R. Folsom , MD; David Aguilar , MD;  
Paul S. de Vries , PhD

BACKGROUND: Understanding the effect of lifestyle and genetic risk on the lifetime risk of coronary heart disease (CHD) is 
important to improving public health initiatives. Our objective was to quantify remaining lifetime risk and years free of CHD 
according to polygenic risk and the American Heart Association’s Life’s Simple 7 (LS7) guidelines in a population-based 
cohort study.

METHODS: Our analysis included data from participants of the ARIC (Atherosclerosis Risk in Communities) study: 8372 
White and 2314 Black participants; 45 years of age and older; and free of CHD at baseline examination. A polygenic risk 
score (PRS) comprised more than 6 million genetic variants was categorized into low (<20th percentile), intermediate, 
and high (>80th percentile). An overall LS7 score was calculated at baseline and categorized into “poor,” “intermediate,” 
and “ideal” cardiovascular health. Lifetime risk and CHD-free years were computed according to polygenic risk and LS7 
categories.

RESULTS: The overall remaining lifetime risk was 27%, ranging from 16.6% in individuals with an ideal LS7 score to 43.1% 
for individuals with a poor LS7 score. The association of PRS with lifetime risk differed according to ancestry. In White 
participants, remaining lifetime risk ranged from 19.8% to 39.3% according to increasing PRS categories. Individuals 
with a high PRS and poor LS7 had a remaining lifetime risk of 67.1% and 15.9 fewer CHD-free years than did those 
with intermediate polygenic risk and LS7 scores. In the high-PRS group, ideal LS7 was associated with 20.2 more CHD-
free years compared with poor LS7. In Black participants, remaining lifetime risk ranged from 19.1% to 28.6% according 
to increasing PRS category. Similar lifetime risk estimates were observed for individuals of poor LS7 regardless of PRS 
category. In the high-PRS group, an ideal LS7 score was associated with only 4.5 more CHD-free years compared with a 
poor LS7 score.

CONCLUSIONS: Ideal adherence to LS7 recommendations was associated with lower lifetime risk of CHD for all individuals, 
especially in those with high genetic susceptibility. In Black participants, adherence to LS7 guidelines contributed to lifetime 
risk of CHD more so than current PRSs. Improved PRSs are needed to properly evaluate genetic susceptibility for CHD in 
diverse populations.
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Reducing the global burden of coronary heart dis-
ease (CHD) remains a crucial public health focus. 
Improving prevention and intervention strategies for 

CHD requires summarizing the effects of both environ-
mental and genetic causes. With the emergence of large 
genome-wide association studies (GWAS), the effects of 
millions of genetic variants on CHD have been described 
and translated into clinically relevant terms using poly-
genic risk scores (PRSs).1–5 To date, GWAS for CHD 
have primarily included individuals of European ancestry. 
As such, PRSs are less effective at predicting disease in 
individuals from other ancestry groups, with particularly 
poor prediction in those of African ancestry.6,7 In individu-
als of European ancestry, a high PRS can confer a risk 

of CHD comparable to monogenic mutations in familial 
hypercholesteremia.8,9 Furthermore, PRSs are indepen-
dent of common risk factors including age, providing 
opportunity for risk ascertainment early in life10,11 which 
is vital to the reduction of CHD and has proven effective 
in individuals with familial hypercholesteremia.12–15

Adherence to a healthy lifestyle is a key preven-
tive approach to CHD and optimizing lifestyle choices 
through education, policies, and environmental change 
remain important public health initiatives. The effect of a 
healthy lifestyle on clinical risk factors for CHD has been 
well described, but the interplay between polygenic risk 
and present lifestyle guidelines is still a topic of interest. 
While a PRS is often considered an immutable trait, there 
is evidence that a healthy lifestyle can offset high poly-
genic risk.16–19 In 2010, the American Heart Association 
created Life’s Simple 7 (LS7) to define ideal cardiovas-
cular health according to 7 risk factors that are modifi-
able through lifestyle changes.20 To our knowledge, no 
studies have examined whether adherence to the LS7 
guidelines can offset polygenic risk.

Most studies that have examined the interplay 
between lifestyle and polygenic risk have communicated 
their results in terms of relative risk during a limited fol-
low-up period.16–18 Lifetime risk is the preferred method 
of risk communication for many patients.21 While tradi-
tional 10-year estimates are more commonly used, a low 
or intermediate 10-year risk can often disguise a high 
lifetime risk, particularly at younger ages.22–25 This lim-
its their utility in describing the potential burden of CHD 
and may delay important lifestyle and clinical interven-
tion. Hindy et al reported a strong gradient in lifetime 
risk of CHD according to polygenic risk in individuals 
of European ancestry.10 This gradient was still present 
within clinical risk stratum defined by the pooled cohort 
equations, suggesting polygenic risk plays a key role in 
lifetime risk of CHD and complements current clinical 
risk assessment strategies.

Our primary objective was to quantify differences in 
the lifetime risk of CHD in White and Black individuals 
according to polygenic risk and adherence to LS7 guide-
lines. We also examined these differences in terms of 
years lived free of CHD, an intuitive measure of absolute 
lifetime risk.

METHODS
Genotype and phenotype data supporting the findings from this 
study are available through the Database of Genotypes and 
Phenotypes (accession no. phs000090.v7.p1).

Study Population
The ARIC (Atherosclerosis Risk in Communities) study is a 
population-based, prospective cohort study of cardiovascular 
disease and associated risk factors sponsored by the National 
Institute of Health’s National Heart, Lung, and Blood Institute. 

Clinical Perspective

What Is New?
• To date, no study has reported the lifetime risk of 

coronary heart disease (CHD), or the years free of 
CHD, according to polygenic risk and adherence 
to the American Heart Association’s Life’s Simple 
7 (LS7) recommendations in both White and Black 
participants.

• Participants with high polygenic risk may offset life-
time risk for CHD by up to 50% through managing 
their health according to LS7 recommendations, 
depending on ancestry.

• Individuals with high polygenic risk scores and ideal 
LS7 scores had 4.5 to 20 more CHD-free years 
than individuals with high polygenic risk scores but 
low LS7 scores, depending on ancestry.

What Are the Clinical Implications?
• Appropriate management of lifestyle and clinical 

risk factors of CHD play larger roles in overall life-
time risk of CHD than presently available genetic 
information.

• Improved polygenic risk scores are needed to 
expand the utility of them to ancestries beyond 
European.

• Communicating the effects of LS7 and polygenic 
risk on CHD in terms of absolute risk may have 
important implications for education, policy, and 
environmental changes, which can benefit not only 
high-risk individuals, but the whole population.

Nonstandard Abbreviations and Acronyms

ARIC atherosclerosis risk in communities
CHD coronary heart disease
GWAS genome-wide association study
LS7 life’s simple 7
PRS polygenic risk score
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ARIC included 15 792 individuals, predominantly White and 
Black participants, 45 to 64 years of age at baseline (1987–
1989), chosen by probability sampling from 4 US communities. 
Cohort members completed 3 more recent triennial follow-up 
examinations: a fifth examination between 2011 and 2013, 
a sixth examination between 2016 and 2017, and a seventh 
examination between 2018 and 2019. Community surveillance 
and annual telephone interviews identify study outcomes in 
the interim. The ARIC study has been described in detail previ-
ously.26 The ARIC study has been approved by the institutional 
review board at all participating institutions. All participants pro-
vided written informed consent.

Of the 15 792 ARIC participants, 11 478 participants 
reported being White (defined by the NIH as European, Middle 
Eastern, or North African ancestry) and 4266 participants 
reported being Black (or of African ancestry) and were included 
in these analyses. Participants who reported other ancestry 
groups, declined to answer, or reported other were not included 
in these analyses (n=48). Of these, 12 219 participants pro-
vided genetic data: 9345 White and 2874 Black participants. 
The primary analysis was restricted to 8372 White and 2314 
Black ARIC participants with appropriate values for principal 
components for genetic ancestry who were free of CHD at the 
baseline examination and had LS7 data available.

Outcome
CHD events were ascertained through cohort follow-up inter-
views, as well as through the routine community-wide surveil-
lance, from 1987 through 2017. Medical records and death 
certificates were used, when available, as source documenta-
tion for CHD events. Incident CHD included hospitalized myo-
cardial infarction (MI), fatal CHD, or a cardiac revascularization 
procedure.27 Hospitalized myocardial infarctions were classified 
by trained ARIC personnel based on combinations of cardiac 
pain, cardiac biomarkers, and/or ECG patterns. Fatal CHD was 
defined as the absence of a lethal process of known nonath-
erosclerotic or noncardiac atherosclerotic causes, presence of 
chest pain within 72 hours of death and/or ever having had 
chronic ischemic heart disease such as coronary insufficiency 
or angina pectoris. Final classification of CHD was adjudicated 
by trained personnel.

Polygenic Risk Score
Participants were genotyped using the Affymetrix 6.0 array 
(Affymetrix Inc, Santa Clara, CA). Genotyped variants were 
used to impute to the TOPMed (version R2) reference panel. 
Haplotype phasing and imputation was performed using the 
Michigan Imputation Server28 (available at https://imputation-
server.sph.umich.edu). 

A PRS for CHD, on the basis of more than 6 million genetic 
variants, was developed using the LDPred algorithm on indi-
viduals of European ancestry in UK Biobank by Khera et al.8 On 
the basis of the publicly available weights from this published 
score, a PRS was created by multiplying the risk allele dosage 
with the weights. After restricting to single nucleotide polymor-
phisms with an imputation quality r2 >0.3 in ARIC, 6 483 355 
single nucleotide polymorphisms were included in an addi-
tive weighted genetic risk score calculated by summing the 
weighted dosages for each individual. A residual PRS was then 
created after adjusting for the first 11 principal components for 

ancestry. Individuals were further categorized into low (<20th 
percentile), intermediate (20th–80th percentile), and high 
(>80th percentile) genetic risk categories according to their 
self-reported race. To maximize the statistical precision and 
analyze the effects of low and high polygenic risk, the interme-
diate genetic risk category was used as the reference.

LS7 and Baseline Covariates
At baseline, questionnaires assessing information on demo-
graphic characteristics, health behaviors, medical history and 
medication use were administered. Family history of CHD was 
considered if an individual reported maternal or paternal his-
tory of heart attack. If the incident occurred before 60 years 
of age for women and 55 years of age for men, then it was 
considered premature CHD. Physical assessments including 
weight, height and blood pressure were performed by trained 
staff members. Fasting blood samples were also obtained and 
blood glucose and cholesterol were measured using standard 
laboratory techniques.

LS7 was previously calculated in ARIC.29,30 In brief, the 7 
cardiovascular health factors include smoking status, body 
weight, total cholesterol, blood glucose, physical activity, and 
diet. Each cardiovascular health factor was categorized into 
3 groups (ideal, intermediate, poor). Smoking was considered 
“ideal” if individuals never smoked or quit >1 year ago, interme-
diate if they quit within the past year, and “poor” if they currently 
smoked. Body weight was classified according to an individual’s 
body mass index. Body mass index was calculated as weight in 
kilograms divided by height in square meters and classified into 
3 categories: <25 kg/m2 (ideal), ≥25 to <30 kg/m2 (intermedi-
ate), and ≥30 kg/m2 (poor). Serum total cholesterol was sepa-
rated into 3 categories: <200 mg/dL and untreated (ideal), 
200 to 239 mg/dL or treated (intermediate), and ≥240 mg/
dL (poor). Ideal fasting blood glucose was considered <100 
mg/dL and was not treated, 100 to 125 mg/dL or treated to 
goal range was considered intermediate, and ≥126 mg/dL was 
considered poor. Ideal blood pressure was systolic blood pres-
sure <120 mm Hg and diastolic blood pressure <80 mm Hg 
without medication; intermediate was systolic blood pressure 
of 120 to 139 mm Hg or diastolic blood pressure 80 to 89 
mm Hg or on blood pressure–lowering medication and treated 
to appropriate low/intermediate range; and systolic blood pres-
sure ≥140 mm Hg or diastolic blood pressure ≥90 mm Hg 
was considered poor. Physical activity was considered ideal in 
individuals who participated in ≥150 min/week of moderate 
or vigorous physical activity, intermediate in those who partici-
pated in 1 to 149 min/week of moderate or vigorous intensity, 
and poor in individuals who did not participate in any moderate 
or vigorous physical activity. Last, a healthy diet was evaluated 
on the basis of 5 components: if an individual consumed ≥4.5 
cups/day of fruits and vegetables, ≥2 3.5-oz servings/week of 
fish, 3 1-oz equivalent servings/day of fiber-rich whole grains, 
and restricted their diet to <1500 mg/day of sodium and ≤450 
kcal/week of sugar-sweetened beverages, they were consid-
ered to meet all 5 criteria for an ideal healthy diet. Individuals 
who met the criteria for a healthy diet for at least 4 of the 5 
areas were also considered to have an ideal diet. Those who 
met the criteria for 2 to 3 components were considered to have 
an intermediate diet, and those who met the criteria for one or 
none of the components were considered to have a poor diet.



ORIGINAL RESEARCH 
ARTICLE

Circulation. 2022;145:808–818. DOI: 10.1161/CIRCULATIONAHA.121.053730 March 15, 2022 811

Hasbani et al  Lifetime Risk of CHD by Genetic Risk and Lifestyle

As done previously,29,31 each of the 7 cardiovascular health 
factors was assigned a value of 0 if poor, 1, if intermediate and 
2, if ideal. The values for the factors were then summated to 
create a total score that reflects the overall lifestyle and clinical 
management of risk factors an individual maintains. An overall 
LS7 score of 0 to 4 was considered poor, 5 to 9 was intermedi-
ate, and 10 to 14 was ideal. Intermediate LS7 score was used 
as the reference.

Statistical Analysis
Baseline characteristics of the study population were described 
according to PRS and LS7 categories. Median and interquar-
tile range were reported for continuous variables. Frequency 
and percentages were calculated for categorical variables. 
Differences between PRS and LS7 groups were evaluated 
using Kruskal–Wallis tests for continuous variables and Pearson 
chi-square for categorical variables. To determine whether each 
characteristic increased ordinally with increasing PRS and LS7 
score category, Jonckheere–Terpstra test for ordinal categori-
cal or continuous variables and Cochran-Armitage tests for 
binary variables were used.

Remaining lifetime risk of CHD for polygenic risk and LS7 
score were computed using a nonparametric survival model 
accounting for the competing risk of death.32 Cumulative inci-
dence functions (CIF) were calculated from study entry age in 
1987 to 1989 to age of incident CHD, death, or to censor date 
because of participant withdrawal or end of follow-up (2017). 
Under the competing risk framework and using age-related 
outcome definitions, these CIF translate directly into absolute, 
or lifetime, risk estimates.33 Remaining lifetime risk of CHD was 
calculated for polygenic risk and LS7 for the total population 
starting at the earliest entry age.

Lifetime risk of CHD for the joint association of PRS and 
LS7 score category was computed for the total population, 
accounting for different starting ages. Irwin’s restricted mean 
survival time were used to calculate the years free of CHD 
and overall survival time. Restricted mean survival time used 
the area under the survival curve up to 95 years given that 
few participants achieved this age during the follow-up period. 
Adjusted CIF for CHD were also calculated using Fine and 
Gray subdistribution regression models. All models adjusted for 
family history of CHD, sex, and study center.

Remaining lifetime risk and Fine and Gray subdistribution 
hazard regression analyses were also used to evaluate the 
effect of individual components of LS7, family history of CHD, 
and sex. All analyses were performed in the total population 
and stratified according to self-reported race. All P values are 
2-sided and significant at P<0.05. Analyses were performed 
using R (version 3.6; etm package) and SAS (version 9.4).

RESULTS
Baseline Characteristics
Participants were a median age of 54 years on entry 
into the cohort and were followed for a median 26.4 
years (interquartile range, 16.5–29.1). At baseline, 
participants with a high PRS had a higher prevalence 
of hypertension, type 2 diabetes, higher total choles-
terol, and lower high-density lipoprotein cholesterol 

as compared with participants with an intermediate or 
low PRS (P<0.001; Table 1). Participants were most 
commonly assigned poor LS7 scores because of poor 
physical activity (82.9%), poor blood pressure (70.3%), 
high body mass index (68.2%), and poor total choles-
terol (61.3%; Table S1).

Incidence and Lifetime Risk of CHD
During a total of 239 942 person-years of follow-up, 
1725 White and 427 Black participants had a CHD event 
(incidence rate, 9.2 [95% CI, 8.7–9.6]) per 1000 person-
years and 8.3 [95% CI, 7.5–9.1] per 1000 person-years, 
respectively). CHD events occurred more frequently in 
the high-PRS group for both White and Black partici-
pants. Overall remaining lifetime risk was 27.8% in the 
total population, 28.8% for White participants and 24.4% 
for Black participants. Men had higher lifetime risk esti-
mates than women across both race groups. In the total 
population, men had a remaining lifetime risk of 38.2% 
and women had a lifetime risk of 19.8%.

Lifetime Risk Estimate and Years Free of CHD 
by LS7 Score
The lifetime risk of CHD ranged from 16.6% in individu-
als with an ideal LS7 score to 43.1% individuals with 
a poor LS7 score. Both races had similar lifetime risk 
of CHD according to LS7 category (Figure 1). Without 
adjustment for other risk factors or polygenic risk, poor 
blood sugar, elevated blood pressure, and total choles-
terol were the components of LS7 with the highest ob-
served lifetime risk of CHD. After controlling for polygen-
ic risk and all cardiovascular health factors, the highest 
risk of CHD was observed with poor blood sugar. Ideal 
body mass index, cholesterol, and physical activity had 
the strongest significant inverse associations with CHD 
risk (Tables S2 and S3).

After stratification, the remaining lifetime risk for White 
participants ranged from 17.1% to 48.0% according to 
increasing LS7 score. A poor LS7 score was associated 
with an absolute difference in lifetime risk of 15.5% com-
pared with intermediate LS7 score, and 30.9% compared 
with an ideal LS7 score (Figure 1). For White individu-
als with poor LS7 scores, this translated into 5.9 fewer 
years free of CHD than individuals with intermediate LS7 
scores, and 15.6 fewer CHD-free years than individu-
als with ideal LS7 scores (Table S4). Similarly, remaining 
lifetime risk for Black participants ranged from 12.8% 
to 38.2% according to LS7 score, with an absolute dif-
ference of 14.7% between poor and intermediate LS7 
scores and 25.4% between a poor and ideal LS7 score. 
In Black individuals with a poor LS7 score, this translated 
into 5.2 fewer years free of CHD than individuals with 
an intermediate LS7 score and 11.6 fewer years free of 
CHD than individuals with an ideal LS7 score.
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Lifetime Risk and Years Free of CHD by PRS
Polygenic risk significantly predicted incident CHD for all 
participants, but the magnitude of association differed ac-
cording to race. For White individuals, remaining lifetime risk 
ranged from 19.6% to 39.5% according to increasing PRS, 
with an absolute difference of 11.4% between a high and 
intermediate PRS and 19.9% between a high and low PRS 
(Figure 1). While Black participants had a lifetime risk rang-
ing from 19.1% to 28.6% according to increasing PRS, the 
absolute difference between PRS categories was smaller 
in Black than White participants, as Black individuals had an 
absolute difference of 3.7% between high and intermediate 
PRS and 9.5% between high and low PRS. This translated 
into 5.4 fewer years free of CHD for White participants and 
only 2.1 fewer years free of CHD for Black participants with 
a high PRS as compared with a low PRS (Table S4).

Lifetime Risk and Years Free of CHD by LS7 
and PRS
Overall, individuals with a high PRS and poor LS7 score 
had a higher lifetime risk than either high PRS or poor 

LS7 alone (54.3% [42.0%–67.5%]). However, the joint 
association of LS7 and PRS differed according to self-
reported race. In White participants, a clear increase in 
lifetime risk of CHD was observed with each increase in 
PRS and LS7 score category (Figure S1). Participants 
with both a high PRS and a poor LS7 score had 35.3% 
greater risk than participants with intermediate PRS and 
intermediate LS7 and 53.5% greater risk than partici-
pants with a low PRS and an ideal LS7 score (Table 2). 
Furthermore, for those in the high-PRS group, remaining 
lifetime risk of CHD ranged from 23.7% to 67.1% ac-
cording to increasing LS7 score. Individuals with both a 
high PRS and a poor LS7 score had 15.9 fewer years 
free of CHD than those with an intermediate PRS and an 
intermediate LS7 score (Figure 2; Table 3). Within Black 
participants, similar lifetime risk estimates were observed 
for individuals of poor LS7 score regardless of PRS cat-
egory. Participants with both a high PRS and poor LS7 
score had higher lifetime risk than participants with an 
intermediate PRS and LS7 score (absolute difference, 
12.7%; Table 2). In the high-PRS group, an ideal LS7 
score was associated with 1.0 more year free of CHD 
and a poor LS7 score was associated with 6.6 fewer 

Table 1. Baseline Characteristics of All Participants. by Polygenic Risk Score

Baseline characteristics

Polygenic risk category score   

Low (N=2139) Intermediate (N=6418) High (N=2129) P value* Trend P value†

Age, y 54.0 (44.0, 65.0)‡ 54.0 (44.0, 66.0)‡ 53.0 (44.0, 66.0)‡ 0.06 0.20

Female, n (%) 1205 (56.3) 3649 (56.9) 1230 (57.8) 0.37 0.16

Center location, n (%)    0.13 —

 North Carolina 564 (26.4) 1697 (26.4) 554 (26.0)   

 Mississippi 420 (19.6) 1226 (19.1) 416 (19.5)   

 Minnesota 628 (29.4) 1890 (29.4) 597 (28.0)   

 Maryland 527 (24.6) 1605 (25.0) 562 (26.4)   

Family history of CHD, n (%)§    <0.001 <0.001

 No 1342 (62.7) 3770 (58.7) 1166 (54.8)   

 Yes 626 (29.3) 1966 (30.6) 688 (32.3)   

 Yes, premature CHD 139 (6.5) 537 (8.4) 232 (10.9)   

Body mass index, kg/m2 26.7 (15.7, 54.1)‡ 26.7 (14.2, 59.3)‡ 26.6 (14.4, 57.5) 0.95 0.81

Hypertension, n (%) 606 (28.3) 2093 (32.6) 726 (34.1) <0.001 <0.001

Type 2 diabetes, n (%) 174 (8.1) 590 (9.2) 216 (10.1) 0.07 0.02

Total cholesterol, mg/dL, medium 
(min, max) 

208 (48.0, 594) 212 (86.0, 532) 217 (62.0, 423) <0.001 <0.001

High-density lipoproteins, mg/dL 50.1 (14.4, 136) 49.1 (9.63, 153) 48.2 (11.6, 129) <0.001 <0.001

Life’s Simple 7, n (%)    <0.001 <0.001

 Ideal 687 (32.1) 1855 (28.9) 558 (26.2)   

 Intermediate 1343 (62.8) 4099 (63.9) 1411 (66.3)   

 Poor 109 (5.1) 464 (7.2) 160 (7.5)   

CHD indicates coronary heart disease.
*P values were determined using Pearson chi-square tests and Kruskal–Wallis tests for categorical and continuous variables, respectively.
†P values for trend were determined using Jonckheere–Terpstra test for ordinal categorical or continuous variables and Cochran–Mantel–

Haenszel tests for binary variables.
‡Values are expressed as median (minimum, maximum).
§Data are missing for 220 participants (low: 32; intermediate: 145; high: 43).
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CHD-free years as compared with an intermediate LS7 
score (Figure 2; Table 3). There was no evidence of sig-
nificant multiplicative interactions between PRS and LS7 
for either race group.

Lifetime Risk by PRS and LS7 According to Sex
In all participants, men had higher lifetime risk across all 
PRS and LS7 score categories (Table S5). Within the 
high PRS category, men in the poor LS7 score group 
had nearly twice the lifetime risk of those in the ideal 
group, while women in the poor group had nearly 3× the 
risk of those in the ideal group (Table 4). In the high-PRS 

group, women with a poor LS7 had 7.7 fewer years free 
of CHD compared with the intermediate group and 14.4 
fewer years free of CHD than ideal group. Men had 12.2 
fewer years free of CHD compared with the intermediate 
group and 17.9 fewer years free of CHD compared with 
the ideal group (Figure S2).

Lifetime Risk Estimates for CHD According to 
PRS, LS7, and Family History of CHD
The remaining lifetime risk for individuals with family 
history of premature CHD (N=908) was 32.0% (95% 
CI, 27.9%–36.4%; Table S6). In White participants, the 

Figure 1. Cumulative incidence of 
coronary heart disease according to 
polygenic risk and Life’s Simple 7 
score.
A, C, and E, Cumulative incidence function 
(CIF) and 95% CI bands stratified by PRS 
category and self-reported race. In all 
participants, a low, intermediate, or high 
PRS was associated with an overall CIF of 
19.5% (17.1%–22.1%), 27.3% (25.1%–
29.6%), and 36.9 (34.0%–40.0%), 
respectively. In White participants, a low, 
intermediate, or high PRS was associated 
an overall CIF of 19.6% (16.9%–22.6%), 
28.0% (25.2%–31.1%), and 39.5% 
(36.0%–43.1%), respectively. In Black 
participants, a low, intermediate, or high 
PRS was associated with an overall CIF 
19.1% (14.0%–25.8%), 24.9% (22.1%–
28.0%), and 28.6% (23.5%–34.4%), 
respectively. B, D, and F, CIF and 95% 
CI bands stratified by LS7 category and 
self-reported race. In all participants, a 
poor, intermediate, or ideal LS7 score was 
associated with an overall CIF of 16.6% 
(14.7%–18.7%), 30.4 (28.5–32.5), and 
43.1% (38.5%–48.0%), respectively. In 
White participants a poor, intermediate, 
or ideal LS7 score was associated with 
an overall CIF of 17.1% (15.1%–19.2%), 
32.6% (30.3%–35.0%), and 48.0% 
(40.9%–55.8%), respectively. In Black 
participants a poor, intermediate, or ideal 
LS7 score was associated with an overall 
CIF of 12.8% (5.6%–28.0%), 23.5% 
(20.9%–26.4%), and 38.2% (32.5%–
44.6%), respectively
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lifetime risk of CHD did not meaningfully differ by pres-
ence or absence of family history of premature CHD 
within PRS categories (Table S7). Individuals who 
had a high PRS and no family history of CHD had a 
higher lifetime risk of CHD than those with interme-
diate or low PRS regardless of their family history. In 
Black participants, the highest lifetime risk of CHD was 
observed in individuals with a high PRS and a family 
history of premature CHD. (Table S7). Individuals with 
family history of premature CHD had a clear increase 
in lifetime risk of CHD according to increasing PRS. 
However, clear differences in lifetime risk were not ob-
served across PRS groups for individuals according to 
family history of CHD.

DISCUSSION
Approximately 1 in 3 individuals with high polygenic risk 
and 1 in 2 individuals with a poor LS7 score, which is re-
flective of a poor lifestyle and clinical risk factors, will ex-
perience a CHD event in their lifetime. Participants with 
high polygenic risk may offset their lifetime risk for CHD 
by up to 50% through adherence to the LS7 recommen-
dations. Notable differences were observed in the joint 
association of PRS and LS7 according to self-reported 
race. White participants with a high PRS and poor LS7 
score had a remaining lifetime risk of 67.1% and nearly 
16 fewer years free of CHD than those with intermedi-
ate PRS and LS7 scores. While polygenic risk was as-
sociated with high lifetime risk of CHD in Black partici-
pants, the association was attenuated. As such, lifetime 
risk estimates were observed for individuals of poor LS7 
regardless of PRS category, suggesting the benefits of a 
healthy lifestyle play a much stronger role in this popula-
tion than current polygenic risk scores, which were es-
tablished based largely on previous studies in people of 
European ancestry.

Overall lifetime risk estimates for CHD (to 95 years 
of age) were previously reported as 48% for men and 
32% for women.34 Similar estimates for atherosclerotic 

cardiovascular disease at an index age of 50 years were 
approximately 50% for men and 39% for women.35 Our 
estimates of 38.2% for men and 19.8% for women are 
lower, most likely attributable to our more restricted out-
come definition. Previous studies used broader definitions 
of CHD by including angina pectoris or used a compos-
ite definition of atherosclerotic cardiovascular disease, 
which includes additional endpoints such as stroke. We 
restricted our outcome to hospitalized myocardial infarc-
tion, cardiac revascularization procedures and fatal CHD 
in accordance with the outcomes analyzed in the GWAS 
used in the creation of the PRS. Recent lifetime risk esti-
mates for CHD were reported according to polygenic 
risk deciles and ranged from 16.3% to 47.7%.10

Our finding that high lifetime risk conferred by high 
PRS can be offset by healthy lifestyle echoes the find-
ings of previous studies that used more limited genetic 
risk scores and did not account for the competing risk 
of death.16,17 We used a PRS composed of more than 
6 million genetic variants that accounted for the effects 
of linkage disequilibrium, which has been shown to 
improve the accuracy of genetic risk scores.8,36 As such, 
the resulting risk strata based on PRS may more accu-
rately stratify individuals according to their underlying 
genetic risk of CHD. Similarly, our study evaluates risk 
across the lifespan while accounting for the competing 
risk of non-CHD death, improving the accuracy of our 
estimates. Without such an adjustment, the risk of CHD 
may be overestimated.34

Furthermore, using lifetime risk and years free of dis-
ease further highlights the particular importance of estab-
lishing healthy habits in a high-risk population. Lifetime 
risk for individuals with a high PRS and a poor lifestyle 
was >50% (>67% in men; 44% in women). On average, 
individuals with a high polygenic risk who maintained a 
poor lifestyle experienced a CHD event 20 years earlier 
than those with a same genetic risk profile but adhered 
to an ideal lifestyle. While the relative impact of lifestyle 
on lifetime CHD risk was greater for women than men, 
men with a high PRS and a healthy lifestyle experienced 

Table 2. Remaining Lifetime Risk of Coronary Heart Disease According to Polygenic Risk and Life’s Simple 7 Score

Life’s Simple 7 score

Polygenic risk score

Low Intermediate High

Events/total 
(n/N)

Cumulative incident 
function, % (95% CI)

Events/total 
(n/N)

Cumulative incident 
function, % (95% CI)

Events/total 
(n/N)

Cumulative incident 
function, % (95% CI)

White participants

 Ideal 53/623 13.6 (9.9–18.5) 197/1699 16.1 (13.7–19.0) 93/507 23.7 (19.4–28.8)

 Intermediate 167/991 22.6 (19.1–26.6) 718/3102 31.8 (28.8–35.0) 354/1067 43.1 (38.9–47.6)

 Poor 13/58 29.2 (16.9–47.4) 90/237 44.4 (36.7–53.0) 40/88 67.1 (52.4–81.1)

Black participants

 Ideal 1/64 1.6 (0.2–10.6) 8/156 7.1 (3.4–14.5) 6/51 27.0 (11.3–56.1)

 Intermediate 45/352 19.9 (13.9–28.0) 182/997 23.9 (20.6–27.7) 73/344 27.1 (21.6–33.7)

 Poor 12/51 32.2 (17.7–54.1) 75/227 39.2 (32.4–46.7) 25/72 36.7 (26.2–49.7)
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nearly 2 more decades of CHD-free years. The American 
College of Cardiology and American Heart Association 
guidelines for the treatment and prevention of athero-
sclerotic cardiovascular disease stress the importance 
of lifetime risk estimates to guide individuals younger 
than 40 years of age.37 Beyond 40 years of age, the 
American College of Cardiology/American Heart Asso-
ciation guidelines lean heavily on 10-year risk estimates 
derived from the pooled cohort equations. However, in a 
middle-aged cohort, we note large absolute effects of a 
healthy lifestyle. While polygenic risk provides important 
information for early intervention, communicating life-
time risks may also encourage lifestyle changes later in 
life, particularly in those who have low 10-year risk, but 
high lifetime risk. Lifestyle counseling, along with poli-

cies and environmental changes, have proven effective 
at reducing cardiovascular risk.38,39 Smoking cessation 
or improved aerobic activity can also effectively reduce 
vascular aging.40

Last, family history of premature CHD is a well-estab-
lished surrogate variable for genetic risk, and is con-
sidered a risk enhancing factor, which is considered in 
shared decision making about the initiation of statin ther-
apy among individuals at low and intermediate risk in the 
2019 American College of Cardiology/American Heart 
Association guidelines.37 In the past decade, increasingly 
well-powered GWAS of CHD and advances in method 
development have fueled the creation of more effective 
PRSs.4,36 Previous work in ARIC suggested a high PRS 
did not predict incident CHD as well as family history.41 

Figure 2. Years free of coronary 
heart disease and overall survival 
according to polygenic risk and 
lifestyle.
Each bar represents Irwin’s mean restricted 
survival time for incident coronary 
heart disease or years free of coronary 
heart disease, and overall survival for 
participants according to PRS and Life’s 
Simple 7 score categories. A, Data for all 
participants. B, Data for White participants. 
C, Data for Black participants. Dark gray 
bars indicate CHD-free years; light gray 
bars indicate overall survival. PRS indicates 
polygenic risk score.
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However, this study significantly truncated follow-up 
time, starting at ARIC visit 4, which may have underesti-
mated predictive accuracy of this PRS, as described by 
Hindy et al.10 Using the complete ARIC follow-up time, 
we found lifetime risk of CHD predicted by polygenic risk 
versus family history of CHD was similar. As PRSs con-
tinue to improve, it is likely that PRSs will become mark-
edly more effective at capturing genetic risk than family 
history. Results from the present study and other recent 
studies suggest that we may have already reached this 
inflection point for individuals of European ancestry.10

Some limitations of this study must be acknowledged. 
First, the current PRS8 was developed using a primarily 
European population. While our analysis emphasizes the 
importance of a healthy lifestyle in all populations, the 
effect of the PRS on lifetime risk in Black participants 
was attenuated. This resonates with current literature, 
which thoroughly documents the attenuated associa-
tion of European-derived PRS among individuals of Afri-
can ancestry.6,42 Thus, our study highlights the need for 
diverse GWAS to create polygenic risk scores for indi-
viduals of all ancestral backgrounds to improve appro-

priate risk assignments based on PRS. If the gap in the 
effectiveness of PRSs in different ancestry groups is not 
addressed, PRSs may exacerbate health disparities.43

Also, although lifestyle is a mutable variable, LS7 scor-
ing was only available at baseline. Individuals who met 
criteria for a poor LS7 score may have changed course 
over time. Similarly, the starting age varied across our 
study sample. As such, the number of years that an indi-
vidual may have adhered to the LS7 guidelines is not 
reflected in their lifetime risk estimates. Further research 
is needed to determine how improving lifestyle offsets 
the lifetime risk for CHD conferred by PRS. Similarly, we 
acknowledge that LS7 guidelines consist of lifestyle and 
clinical risk factors, and some of the clinical risk factors 
have a heritable, genetic component and are not strictly 
modifiable. However, after controlling for genetic infor-
mation, summarized through PRSs, we still note large 
differences between ideal and poor LS7 categories, sug-
gesting modifiable portions of these risk factors still play 
an important role in the lifetime risk of CHD.

Last, our sample size provided adequate power for 
our main analyses but resulted in a low number of 

Table 3. CHD-Free Years According to Polygenic Risk and LS7

Variable

All participants White participants Black participants

CHD-free years Overall survival, y CHD-free years Overall survival, y CHD-free years Overall survival, y

Low PRS

 Ideal LS7 85.1±0.53 86.4±0.51 85.0±0.58 86.4±0.55 84.6±1.15 84.8±1.14

 Intermediate LS7 80.5±0.38 82.8±0.33 80.6±0.43 83.1±0.36 80.4±0.75 82.1±0.69

 Poor LS7 72.9±2.26 77.0±1.42 73.6±2.74 78.0±2.21 72.6±3.14 75.8±1.81

Intermediate PRS

 Ideal LS7 83.9±0.32 86.0±0.29 83.7±0.34 86.0±0.30 85.9±1.05 86.8±1.03

 Intermediate LS7 78.2±0.26 81.9±0.20 78.2±0.29 82.3±0.22 78.3±0.54 80.7±0.43

 Poor LS7 71.2±0.78 75.8±0.61 69.7±1.28 75.5±0.79 72.6±1.01 76.2±0.93

High PRS

 Ideal LS7 82.2±0.63 86.0±0.55 82.5±0.67 86.7±0.56 79.2±1.95 79.8±1.87

 Intermediate LS7 75.7±0.68 81.4±0.55 74.9±0.76 81.7±0.36 78.2±1.36 81.0±1.39

 Poor LS7 65.8±2.41 74.5±1.14 62.3±2.99 74.3±1.74 72.6±1.20 75.3±1.32

Data are Irwin’s restricted mean survival times and standard errors. CHD indicates coronary heart disease; LS7, Life’s Simple 7; and PRS, polygenic risk score.

Table 4. Lifetime Risk of Coronary Heart Disease According to Polygenic Risk, LS7, and Sex of Participants

Variable
Events/total 
(n/N) Low PRS (%)

Events/total 
(n/N)

Intermediate PRS 
(%)

Events/total 
(n/N) High PRS (%)

Men

 Ideal LS7 37/253 23.1 (16.1–32.4) 145/685 26.1 (22.4–30.2) 64/220 38.3 (30.7–47.1)

 Intermediate LS7 135/638 29.3 (24.4–35.0) 546/1911 38.7 (34.9–42.7) 250/618 49.3 (44.3–54.7)

 Poor LS7 11/43 33.4 (19.7–53.1) 74/173 49.6 (41.5–58.4) 30/61 67.2 (47.7–85.3)

Women

 Ideal LS7 17/434 5.5 (3.3–9.2) 60/1170 9.1% (6.3–13.1) 35/338 15.4 (9.5–24.5)

 Intermediate LS7 77/705 14.7 (11.5–18.6) 354/2288 21.9% (19.6–24.5) 177/793 30.3 (26.0–35.1)

 Poor LS7 14/66 28.3 (14.1–51.8) 91/291 36.5% (30.2–43.6) 35/99 44.2 (33.3–56.9)

Data are cumulative incidence functions and 95% CIs. LS7 indicates Life’s Simple 7; and PRS, polygenic risk score.
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cases for some combinations of PRS and LS7 strata. 
Similarly, with our current sample size, we were unable 
to examine extreme thresholds for high PRS. Large, 
diverse study populations are needed to evaluate the 
effects of defining high polygenic risk at different 
thresholds to determine the best risk threshold for 
future risk stratification.

Both high polygenic risk and poor lifestyle confer a 
high lifetime risk of CHD. Lifestyle had a larger impact 
on the lifetime risk of CHD than genetic information. 
Managing one’s cardiovascular health according to LS7 
guidelines is associated with lower lifetime risk of CHD 
for all individuals, suggesting that individuals with high 
genetic susceptibility for CHD may experience a lifetime 
risk of CHD comparable to those with an intermediate 
polygenic risk and intermediate lifestyle. Communicating 
the effects of polygenic risk on CHD in terms of abso-
lute risk may have important implications for education, 
policy, and environmental changes, which not only ben-
efit high-risk individuals, but the whole population. Fur-
ther research is needed to determine how much lifestyle 
improvements offset the lifetime risk for CHD conferred 
by PRS. Additional consideration should be given to 
using polygenic risk as a risk-enhancing factor in cur-
rent treatment guidelines and in current lifetime risk esti-
mates for CHD.
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