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Abstract

Introduction: Cardiovascular disease is a leading cause of morbidity and mortality in the United States. Heart age (the
predicted age of a person’s vascular system based on their cardiovascular risk factor profile) and its comparison with
chronological age represent a new way to express risk for developing cardiovascular disease. This study estimates heart
age and differences between heart age and chronological age (excess heart age) and examines racial, sociodemographic,
and regional disparities in heart age among U.S. adults aged 30—74 years.

Methods: Weighted 2011 and 2013 Behavioral Risk Factor Surveillance System data were applied to the sex-specific
non-laboratory-based Framingham risk score models, stratifying the results by age and race/ethnic group, educational
and income level, and state. These results were then translated into age-standardized heart age values, mean excess heart
age was calculated, and the findings were compared across groups.

Results: Overall, average predicted heart age for adult men and women was 7.8 and 5.4 years older than their chronologi-
cal age, respectively. Statistically significant (p<0.05) racial/ethnic, sociodemographic, and regional differences in heart age
were observed: heart age among non-Hispanic black men (58.7 years) and women (58.9 years) was greater than other
racial/ethnic groups, including non-Hispanic white men (55.3 years) and women (52.5 years). Excess heart age was lowest
for men and women in Utah (5.8 and 2.8 years, respectively) and highest in Mississippi (10.1 and 9.1 years, respectively).

Conclusions and Implications for Public Health Practice: The predicted heart age among U.S. adults aged 30—74 years
was significantly higher than their chronological age. Use of predicted heart age might 1) simplify risk communication
and motivate more persons to live heart-healthy lifestyles and better comply with recommended therapeutic interven-
tions, and 2) motivate communities to implement programs and policies that support cardiovascular health.

Introduction and regional disparities in CVD morbidity and mortality in
Cardiovascular disease (CVD) is responsible for nearly the United States (3,4).
800,000 deaths and approximately $320 billion in costs in the To help with the prevention and management of CVD,
United States each year (I). Studies have identified a number several multivariable prediction models have been developed
of modifiable CVD risk factors, including high blood pressure, to predict the risk for developing CVD based on a person’s
smoking, high blood cholesterol, diabetes, and being over- cardiovascular risk factor profile (2,5,6). Most of these models
weight or obese (1,2). Differences in prevalence of CVD risk estimate a person’s absolute risk for having a coronary heart
factors play important roles in persistent racial, socioeconomic, disease event or stroke within a certain period (e.g., in the next
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10 years). However, predicted absolute risk is an epidemiologic
concept that might be difficult for members of the public to
interpret and, therefore, its usefulness in motivating lifestyle
changes or adherence to recommended therapeutic interven-
tions might be limited (7,8). Moreover, its use might provide
false assurance, especially among younger persons whose
chronological age might conceal the effects that risk factors
(e.g., smoking and uncontrolled hypertension) have on their
long-term CVD risk (9).

In 2008, the Framingham Heart Study introduced the con-
cept of heart age (i.e., the predicted age of the vascular system
of a person based on his or her cardiovascular risk factor profile)
(10). The comparison of heart age to chronological age rep-
resents an alternative way to express a person’s risk for having
a CVD event® and provides information about a person’s car-
diovascular health that is not clear from the 10-year risk score
alone. This method might simplify risk communication and
motivate more persons, especially younger persons, to establish
heart-healthy lifestyle changes and adhere to recommended
treatment strategies (7,8,11). However, no study has provided
population-level estimates of heart age and examined disparities
in heart age among U.S. adults. This study provides national
estimates for heart age, identifies differences between heart
age and chronological age, and examines the racial, sociode-
mographic, and state-level disparities in heart age among U.S.
adults aged 30—74 years using 2011 and 2013 Behavioral Risk
Factor Surveillance System (BRESS) data.

Methods

BRESS is a state-based, random-digit—dialed telephone
survey that uses a multistage sampling design to select a
state-specific sample from noninstitutionalized U.S. civilian
adults aged >18 years; a CVD-specific module is conducted
in odd-numbered years. Detailed methodology on BRESS is
available at http://www.cdc.gov/brfss. Weighted 2011 and
2013 BREFSS data collected from all 50 states and the District
of Columbia were combined to obtain stable estimates; the
median combined response rate for each year was 49.7% and
45.9%, respectively. Among 981,660 participants, 403,135
(41%) were excluded, including 234,936 participants aged
<30 or 275 years, to meet the recommended age range for
heart age calculation; 74,834 participants with self-reported
coronary heart disease, myocardial infarction, or stroke at
baseline; 2,929 pregnant women; and 90,409 participants with
missing covariates used for blood pressure prediction, leaving
578,525 participants for analysis.

*A CVD event is the development of coronary heart disease (coronary death,
myocardial infarction, coronary insufficiency, and angina), cerebrovascular
disease (ischemic stroke, hemorrhagic stroke, and transient ischemic attack),
peripheral artery disease (intermittent claudication), or heart failure.
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For estimation of heart age, the sex-specific non—laboratory-
based Framingham Risk Score (FRS) was used to estimate
the risk for developing CVD in the next 10 years among
BRESS participants, which required the use of the following
self-reported attributes: age, current smoking status, antihy-
pertensive medication use, diabetes status, and body mass
index (BMI) (10). In addition, because the non—laboratory-
based FRS requires the use of systolic blood pressure and
BRESS data do not include measured systolic blood pressure
for participants, a previously published method to estimate
participants’ systolic blood pressure was used (72). In brief,
using National Health and Nutrition Examination Survey
(NHANES) 2007-2012 data, four sex- and hypertension-
status—specific multivariable linear regression models were
developed to predict systolic blood pressure. These NHANES-
derived parameters were then applied to the comparable
variables among BRESS participants to predict each person’s
systolic blood pressure. After calculating participants’ FRS
using their predicted systolic blood pressure, their FRS result
was translated to the corresponding predicted heart age, with
the upper limit of predicted heart age set at 100 years (10).

Age-standardized and weighted means and prevalence and
95% confidence intervals (Cls) were calculated for participants’
chronological age, predicted heart age, the difference between
predicted heart age and chronological age (defined as excess
heart age). Prevalence of participants whose excess heart age was
>5 years was calculated by age group (30-39, 40-49, 50-59,
and 60-74 years), race/ethnicity (non-Hispanic white [white],
non-Hispanic black [black], Hispanic, and others), education
(<high school, high school, and >high school), annual house-
hold income (<$35,000 or 2$35,000), and state. Multivariable
linear regression models were used to estimate racial dispari-
ties in the difference of excess heart age among racial/ethnic
groups by age, education, and household income group. Data
were analyzed using statistical software that accounted for each
surveys complex sampling design.

Results

Among 236,101 men and 342,424 women, the mean
weighted chronological ages were 47.8 and 47.9 years,
respectively (Table 1). The corresponding predicted heart
ages and excess heart ages were 55.6 and 53.3 and 7.8 and
5.4 years for men and women, respectively (Table 1). Among
men, blacks had the highest predicted heart age (58.7 years)
followed by Hispanics (55.7 years), whites (55.3 years) and
others (54.7 years). Among women, the corresponding values
by race/ethnicity were 58.9 years, 53.5 years, 52.5 years, and
52.3 years, respectively. Excess heart age increased with age
and decreased as education and household income increased.

Opverall, approximately 69.1 million (43.7%) U.S. adults aged
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TABLE 1. Age-standardized and weighted mean and prevalence of chronological age, heart age, and excess heart age, by sex and selected
characteristics, among adults aged 30-74 years — Behavioral Risk Factor Surveillance System, United States, 2011 and 2013

Men* Women*

Prevalence of
excess heart
age =25 yrs

Prevalence of
excess heart
age =25 yrs

Excess
heart aget

Excess

Chronological age heart aget

Yrs (95%Cl) Yrs (95%Cl) Yrs (95%Cl) % (95%Cl) No.

Heart age Chronological age Heart age

Yrs (95%Cl) Yrs (95%Cl) Yrs (95%Cl) % (95%Cl)

Characteristic No.

Total 236,101 47.8 (47.8-47.8) 55.6 (55.6-55.7) 7.8 (7.8-7.9) 48.8 (48.4-49.2) 342,424 47.9 (47.9-47.9) 53.3 (53.2-53.3) 5.4 (5.3-5.5) 38.5 (38.2-38.8)
Age group (yrs)

30-39 39,195 343 (343-34.4) 38.1 (38.0-382) 38 (3.7-3.9) 334 (325-342) 52,054 343 (343-344) 340 (33.9-34.1) -03 (-04--0.2) 16.0 (15.5-16.6)
40-49 50,493 44.4 (44.3-44.4) 503 (50.1-504) 5.9 (5.8-6.0) 40.8 (40.0-41.6) 67,631 444 (44.4-444) 47.1 (47.0-47.3) 2.7 (2.6-2.9) 31.1 (30.4-31.7)
50-59 67,020 54.1 (54.1-54.2) 64.5 (643-64.6) 10.3 (10.2-10.5) 584 (57.7-59.1) 95,632 54.2 (54.1-54.2) 62.3 (62.2-62.5) 8.2 (8.0-8.3) 48.9 (48.3-49.6)
60-74 79,393 65.7 (65.6-65.7) 79.5 (79.3-79.7) 13.8 (13.7-14.0) 72.8 (72.2-73.5) 127,107 66.0 (65.9-66.0) 80.5 (80.4-80.7) 14.6 (14.4-14.7) 71.0 (70.5-71.5)
Race/Ethnicity

White, 191,984 47.8 (47.8-47.9) 553 (55.2-55.4) 74 (74-7.5) 480 (47.5-484) 273,391 480 (48.0-48.0) 52.5 (52.5-52.6) 4.6 (4.5-4.6) 364 (36.1-36.8)
non-Hispanic

Black, 15,446 47.8 (47.7-47.8) 58.7 (58.4-59.0) 11.0 (10.7-11.2) 60.9 (59.5-62.2) 30,531 47.7 (47.7-47.8) 58.9 (58.6-59.1) 11.1 (10.9-11.4) 56.9 (55.9-57.8)
non-Hispanic

Hispanic 14,136 47.7 (47.6-47.8) 55.7 (55.4-56.0) 8.1 (7.8-8.3) 47.9 (46.4-49.3) 20,518 47.6 (47.5-47.7) 53.5 (53.2-53.8) 5.9 (5.7-6.2) 37.6 (36.4-38.7)
Other 14,535 47.6 (47.5-47.8) 54.7 (54.4-55.1) 7.1 (6.7-7.4) 440 (42.4-456) 17,984 47.8 (47.6-47.9) 523 (51.9-52.7) 45 (4.2-4.9) 35.0 (33.5-36.5)
Education

<High school 15,467 47.9 (47.9-48.0) 584 (58.2-58.7) 10.5 (10.2-10.7) 61.2 (59.8-62.6) 21,282 479 (47.8-48.0) 57.9 (57.6-58.3) 10.0 (9.8-10.3) 54.0 (52.7-55.2)
High school 63,586 47.9 (47.8-47.9) 57.5 (57.4-57.6) 9.6  (9.5-9.8) 58.1 (57.4-58.9) 90,064 48.0 (48.0-48.1) 55.3 (55.2-55.5) 7.3  (7.2-7.5) 46.9 (46.3-47.6)
>High school 157,048 47.7 (47.7-47.8) 54.1 (54.0-54.2) 6.3 (6.3-6.4) 41.5 (41.1-42.0) 231,078 47.8 (47.8-47.8) 51.5 (51.5-51.6) 3.7 (3.6-3.8) 32.2 (31.9-32.6)

Annual household income$
<$35,000 63,342 47.8 (47.8-47.9) 58.0 (57.9-58.2) 10.2 (10.1-10.4) 60.4 (59.6-61.2) 112,186 47.9 (47.8-47.9) 57.1 (57.0-57.2) 9.2
>$35,000 154,389 47.8 (47.8-47.8) 54.5 (54.4-546) 6.7 (6.6-6.8) 43.2 (42.7-43.7) 193,042 47.8 (47.8-47.9) 51.1 (51.0-51.1) 3.2

(9.1-9.4) 524 (51.8-53.0)
(3.2-3.3) 30.8 (30.4-31.2)

Abbreviation: Cl = confidence interval.

* Age-standardized by the direct method to the U.S. 2010 census population using the age groups 30-39, 40-49, 50-59, 60-69, and 70-74 years.
T Excess heart age = predicted heart age - chronological age.

S Information on household income was not available for 55,566 participants.

3074 years had excess heart age >5 years. Prevalence of excess
heart age >5 years was 48.8% among men and 38.5% among
women; among both sexes, prevalence was higher among blacks
compared with whites, increased with age, and decreased with
greater education and household income (Table 1).

Among men, the adjusted difference in excess heart age
between blacks and whites was 2.7 years, -1.2 years between
Hispanics and whites, and 3.8 years between blacks and
Hispanics (Table 2). The corresponding numbers for women
were 5.3 years, -1.6 years, and 7.0 years, respectively. The racial
differences in predicted excess heart age tended to increase
with greater age, education, and household income for blacks
compared with whites, but decrease for Hispanics compared
with whites (Table 2). For blacks compared with Hispanics,
predicted excess heart age tended to increase with greater age,
but decrease with greater education and household income.

To determine the number of persons with heart age greater than chronological
age, the sex-specific prevalence of adults aged 30-39, 40-49, 50-59, and
6074 years free from CVD was determined using NHANES 2007-2012 data.
Next, these prevalence estimates were applied to the NHANES 2011-2012
age- and sex-specific noninstitutionalized U.S. civilian population counts to
determine the number of adults by age category free from CVD during that
period. Finally, the BRFSS 2011 and 2013 derived age- and sex-specific heart
age prevalence estimates were applied to these population estimates to determine
the age- and sex-specific count estimates averaged across 2011 and 2013.

At the state level, age-standardized excess heart age was low-
est in Utah for men (5.8 years) and women (2.8 years) and
was highest in Mississippi for men (10.1 years) and women
(9.1 years) (Table 3). Similar patterns were observed in the
distribution of prevalence of excess heart age >5 years by sex

and state (Table 3).

Conclusions and Comment

The predicted heart age among surveyed U.S. adults aged
30-74 years was substantially higher than their chronological
age. On average, men and women had a predicted heart age
7.8 and 5.4 years older, respectively, than their chronological
age, if the selected CVD risk factors were in an ideal range (not
smoking, having normal systolic blood pressure (<120 mmHg)
and BMI <25, and not having diabetes). One in two men and
two in five women had a predicted heart age 25 years older
than their chronological age. This finding of high prevalence
of excess heart age was consistent with the findings of other
studies that have documented only a small proportion of U.S.
adults meeting ideal cardiovascular health metrics (13,14).

Among younger adults, predicted excess heart age was higher
among men compared with women. For example, among men
aged 30-39 years, the average predicted heart age was 3.8 years
older than their chronological age, compared with -0.3 years
among similarly aged women. This disparity aligns with other
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TABLE 2. Adjusted difference in excess heart age comparing different race/ethnicity groups, by sex and selected characteristics, among adults
aged 30-74 years — Behavioral Risk Factor Surveillance System, United States, 2011 and 2013

Men

Women

Black / White

Hispanic / White

Black / Hispanic

Black / White

Hispanic / White

Black / Hispanic

Difference in Difference in Difference in Difference in Difference in Difference in
heart age heart age heart age heart age heart age heart age

Characteristic (yrs) (95% CI) (yrs) (95% Cl) (yrs) (95% ClI) (yrs) (95% Cl) (yrs) (95% Cl) (yrs) (95% ClI)
Total* 2.7 (2.4-2.9) -1.2 (-1.4--0.9) 3.8 (3.5-4.2) 53 (5.1-5.6) -1.6 (-1.9--1.4) 7.0 (6.6-7.3)
Age group (yrs)t
30-39 0.6 (0.2-1.0) -1.6 (-2.0-1.3) 2.2 (1.7-2.7) 1.3 (0.9-1.6) -3.7 (-4.0-3.4) 49 (4.5-5.4)
40-49 1.6 (1.1-2.1) -1.8 (-2.2-1.4) 3.4 (2.8-4.1) 43 (3.8-4.8) -2.5 (-3.0-2.1) 6.9 (6.2-7.5)
50-59 4.7 (4.1-5.2) -0.5 (-1.2-0.2) 5.1 (4.2-6.0) 8.7 (8.1-9.3) 0.2 (-0.7-1.1) 8.5 (7.5-9.5)
60-74 4.4 (3.8-5.0) -0.2 (-1.1-0.6) 4.7 (3.7-5.7) 74 (6.9-7.9) 0.7 (0.0-1.5) 6.7 (5.8-7.6)
p-value** <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Education$
<High school (1) 1.0 (0.2-1.8) -39 (-4.4-3.4) 49 (4.0-5.7) 47 (3.9-5.6) -4.6 (-5.3-3.9) 9.3 (8.4-10.3)
High school (2) 2.4 (1.9-2.9) -1.4 (-1.8-0.9) 3.8 (3.1-4.4) 49 (4.4-5.3) -1.5 (-2.0--1.0) 6.3 (5.7-6.9)
>High school (3) 3.1 (2.8-3.4) 0.8 (0.4-1.1) 23 (1.9-2.8) 55 (5.2-5.8) 0.2 (-0.2-0.5) 54 (4.9-5.8)
p-value (1) vs. )t 0.003 <0.001 0.050 0.811 <0.001 <0.001
p-value (1) vs. (3)Tt <0.001 <0.001 <0.001 0.088 <0.001 <0.001
Annual household income?
<$35,000 2.0 (1.6-2.5) -2.6 (-3.0--2.2) 4.6 (4.1-5.2) 4.6 (4.2.4-4.9) -3.5 (-3.9--3.1) 8.1 (7.6-8.6)
>$35,000 29 (2.5-3.2) 0.3 (-0.1-0.6) 2.6 (2.1-3.1) 5.4 (5.1-5.8) 0.5 (0.0-1.0) 5.0 (4.4-5.6)
p-valueft 0.004 <0.001 <0.001 0.001 <0.001 <0.001

Abbreviation: Cl = confidence interval.

* Adjusted for age (30-39, 40-49, 50-59, and 60-74 years), education (<high school, high school, and >high school), and annual household income (<$35,000,

>$35,000, and unknown).

T Adjusted for age (30-39, 40-49, 50-59, and 60-74 years), education (<high school, high school, and >high school), household income (<$35,000, >$35,000, and
unknown), and included an interaction term of age-by-race/ethnicity to estimate racial difference in excess heart age by age group.

§ Adjusted for age (30-39, 40-49, 50-59, and 60-74 years), education (<high school, high school, and >high school), household income (<$35,000, >$35,000, and
unknown), and included an interaction term of education-by-race/ethnicity to estimate racial difference in excess heart age by educational attainment group.

9 Adjusted for age (30-39, 40-49, 50-59, and 60-74 years), education (<high school, high school, and >high school), household income (<$35,000, 2$35,000, and
unknown), and included an interaction term of household income-by-race/ethnicity to estimate racial difference in excess heart age by household income level.

** p-value based on t-tests across the age group.
t p-value based on pairwise t-tests.

findings showing that the mean chronological age of men who
have suffered an initial heart attack is about 7 years younger
than that of women (65.0 versus 71.8 years) (). This pattern
of greater excess heart age among men was consistent across
all the age groups until age 60—74 years, where women’s excess
heart age surpassed that of men’s.

This analysis revealed substantial racial/ethnic disparities in
the predicted heart age, with blacks having significantly higher
predicted heart age compared with that of other groups. When
adjusted for age, education and household income, the excess
heart age among black men was 3 or 4 years more than white
or Hispanic men, respectively, and among black women was
5 or 7 years more than white and Hispanic women, respectively.
The higher predicted heart age among blacks might reflect
persistent racial disparities in CVD risk factors, especially
elevated hypertension prevalence among blacks (3,4).

Predicted heart age differed substantially among states.
Among the five states with the highest age-standardized

SSupplementary Tables 1 and 2 (available at htep://stacks.cdc.gov/view/
cdc/33002) demonstrate the age-standardized distribution of CVD risk factors
included in non—laboratory-based FRS heart age calculations, by race/ethnic
group and sex.
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predicted excess heart age for men (Mississippi, Louisiana,
West Virginia, Alabama, and Kentucky), the excess heart
age was 9.7 years, and 259.0% of men had excess heart age
>5 years. Women living in the five states with the highest
age-standardized predicted heart age (Mississippi, Louisiana,
Alabama, Arkansas, and West Virginia) had an average excess
heart age >8.0 years, with 248.9% of women having excess
heart age >5 years.

The findings in this report are subject to at least six limita-
tions. First, heart age was calculated using model-estimated
systolic blood pressure instead of measured systolic blood
pressure. However, use of mean predicted systolic blood
pressure in BRESS participants has been shown to produce
a nearly identical 10-year FRS for developing CVD to that
of NHANES participants with measured systolic blood pres-
sure (12). Second, the non-laboratory-based FRS that was
used to estimate heart age might result in higher predicted
heart age from that calculated using laboratory-based FRS
estimates (12). Different CVD prediction models, including
models developed using data from other cohorts that account
for racial/ethnic differences in the effects of risk factors on
CVD risk or that incorporate additional CVD risk factors
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TABLE 3. Mean excess heart age and prevalence of excess heart age =5 years, by sex and state — Behavioral Risk Factor Surveillance System,
United States, 2011 and 2013

Men Women Total
Mean excess Prevalence excess Mean excess Prevalence excess Mean excess Prevalence excess
heart age heart age =5 yrs heart age heart age =5 yrs heart age heart age =5 yrs

State No.* Yrs  (95% Cl) % (95% Cl) No.* Yrs (95% Cl) % (95% CI) Yrs (95% CI) % (95% Cl)
Alabama 2,793 9.7 (9.3-10.2) 59.0 (56.6-61.5) 5360 8.1 (7.7-8.5) 489 (47.1-50.8) 8.9 (8.6-9.2) 53.9 (52.3-55.4)
Alaska 2422 76 (7.2-8.1) 49.1 (46.3-51.8) 2,776 53 (4.8-5.9) 379 (35.6-403) 6.5 (6.2-6.9) 43.7 (41.9-45.5)
Arizona 2375 74 (6.8-79) 46.3 (43.1-49.6) 3,558 4.6 (4.1-5.2) 358 (33.3-385) 6.1 (5.7-6.5) 41.4 (39.2-43.5)
Arkansas 2,083 94 (8.9-9.9) 57.0 (53.9-60.0) 3410 80 (7.5-8.5) 49.0 (46.6-51.3) 8.7 (8.3-9.0) 52.9 (51.0-54.9)
California 7059 6.5 (6.2-6.7) 403 (38.8-41.8) 9,988 3.9 (3.6-4.2) 31.6 (30.4-328) 5.2 (5.0-5.4) 35.9 (35.0-36.9)
Colorado 7472 6.0 (5.7-6.2) 399 (38.4-41.3) 9,725 3.1 (29-3.3) 29.8 (28.7-309) 4.6 (4.4-4.8) 35.0 (34.0-35.9)
Connecticut 3593 7.1 (6.8-7.5) 45.6 (43.4-47.9) 5316 3.9 (3.6-4.2) 325 (31.0-34.1) 5.5 (5.3-5.8) 39.1 (37.7-40.5)
Delaware 2332 85 (8.1-89) 53.8 (51.1-56.5) 3614 6.0 (5.5-6.4) 42.1 (40.0-442) 7.2 (6.9-7.5) 47.8 (46.0-49.5)
District of Columbia 2,361 76 (7.1-8.1) 46.0 (43.3-48.8) 3434 57 (5.2-6.3) 385 (36.3-40.8) 6.7 (6.3-7.0) 42.2 (40.4-44.0)
Florida 9424 81 (7.8-84) 49.7 (47.7-51.7) 14,766 5.2 (49-54) 372 (35.8-38.7) 6.6 (6.4-6.8) 43.4 (42.2-44.7)
Georgia 4,014 82 (7.8-85) 499 (47.8-52.0) 6,661 6.7 (6.4-7.1) 439 (424-455) 7.5 (7.2-7.7) 47.0 (45.7-48.3)
Hawaii 4465 6.5 (6.2-6.9) 42.1 (40.0-44.2) 5282 3.7 (3.3-4.0) 33.0 (31.2-349) 5.2 (4.9-5.4) 37.8 (36.4-39.2)
Idaho 2993 7.0 (6.6-7.4) 455 (42.9-48.2) 4,082 4.2 (3.7-46) 33.6 (31.7-355) 5.6 (5.3-5.9) 39.7 (38.1-41.4)
Illinois 2,846 82 (7.7-86) 514 (48.8-54.0) 4,029 53 (49-5.7) 388 (36.8-409) 6.7 (6.4-7.0) 44.9 (43.3-46.6)
Indiana 4386 88 (8.5-9.1) 54.8 (52.9-56.7) 6,308 6.4 (6.1-6.7) 43.0 (41.5-446) 7.6 (7.4-7.8) 48.9 (47.7-50.2)
lowa 3806 7.7 (74-8.0) 47.8 (45.9-49.8) 5188 4.8 (4.5-5.1) 37.1 (35.6-38.7) 6.3 (6.1-6.5) 42.7 (41.4-44.0)
Kansas 10919 81 (7.9-83) 506 (49.5-51.7) 15330 54 (5.2-5.6) 39.1 (38.2-40.0) 6.8 (6.6-6.9) 45.0 (44.2-45.7)
Kentucky 4376 9.7 (9.3-10.0) 60.8 (58.7-62.9) 8,005 7.3 (6.9-7.6) 483 (46.6-50.0) 8.5 (8.2-8.7) 54.5 (53.1-55.9)
Louisiana 3,122 10.0 (9.5-10.4) 60.1 (57.3-62.8) 6,467 8.3 (79-8.8) 50.2 (48.3-52.1) 9.1 (8.8-9.5) 55.0 (53.4-56.7)
Maine 5430 7.8 (7.5-8.1) 50.5 (48.6-52.3) 8,089 438 (4.5-5.1) 372 (35.7-386) 6.3 (6.1-6.5) 43.8 (42.6-45.0)
Maryland 5436 7.7 (7.3-8.0) 47.0 (45.0-48.9) 8,529 55 (5.2-5.8) 389 (37.4-403) 6.6 (6.4-6.8) 42.9 (41.7-44.2)
Massachusetts 8,702 6.8 (6.5-7.0) 434 (41.8-45.0) 13,120 35 (3.3-3.7) 322 (31.0-333) 5.1 (5.0-5.3) 37.7 (36.7-38.7)
Michigan 5970 86 (83-89) 543 (52.5-56.1) 8,291 5.7 (5.4-6.0) 39.5 (38.0-409) 7.2 (7.0-7.4) 46.9 (45.7-48.1)
Minnesota 8280 6.9 (6.7-7.2) 442 (42.5-45.9) 10412 38 (3.5-4.0) 33.1 (31.7-345) 54 (5.2-5.6) 38.8 (37.7-39.9)
Mississippi 3,366 10.1 (9.7-10.5) 61.0 (58.8-63.2) 5979 9.1 (8.7-9.5) 52.1 (50.4-539) 9.6 (9.3-9.9) 56.5 (55.1-57.9)
Missouri 2958 87 (82-9.1) 528 (50.2-55.3) 4,558 6.2 (5.8-6.6) 43.0 (41.0-450) 7.5 (7.2-7.8) 47.9 (46.2-49.5)
Montana 5399 7.0 (6.7-7.3) 453 (43.4-47.2) 6,856 4.1 (3.8-4.4) 33.8 (32.3-354) 5.6 (5.3-5.8) 39.6 (38.4-40.9)
Nebraska 10218 7.6 (74-7.9) 47.7 (46.2-49.1) 14,572 49 (4.6-5.1) 373 (36.1-38.5) 6.3 (6.1-6.5) 42.6 (41.6-43.5)
Nevada 2609 82 (7.6-88) 49.8 (46.5-53.1) 3653 5.0 (43-5.6) 37.0 (34.5-396) 6.7 (6.2-7.1) 43.8 (41.6-46.0)
New Hampshire 3292 71 (6.8-7.5) 46.1 (43.9-484) 4,744 38 (3.5-4.1) 332 (31.6-348) 5.5 (5.2-5.7) 39.5 (38.1-40.9)
New Jersey 6,981 72 (6.9-7.4) 455 (43.9-47.1) 9,781 4.2 (4.0-45) 350 (33.9-363) 5.7 (5.6-5.9) 40.4 (39.4-41.4)
New Mexico 4,661 76 (7.3-7.9) 48.6 (46.6-50.6) 6,628 5.2 (4.9-5.6) 37.5 (36.0-39.1) 6.5 (6.2-6.7) 43.0 (41.7-44.3)
New York 3815 7.2 (6.9-7.5) 46.3 (443-484) 5454 5.1 (4.8-5.5) 36.5 (34.9-38.1) 6.2 (5.9-6.4) 41.3 (40.0-42.6)
North Carolina 4,639 85 (82-89) 525 (50.6-54.5) 7343 6.7 (6.3-7.1) 429 (41.3-445) 7.6 (7.4-7.9) 47.6 (46.3-48.9)
North Dakota 3468 81 (7.8-85) 51.0 (48.9-53.2) 4,700 4.7 (43-5.1) 36.8 (34.9-38.7) 6.5 (6.3-6.8) 44.3 (42.9-45.8)
Ohio 5107 86 (83-89) 53.5 (51.6-55.4) 7,758 6.2 (5.8-6.5) 41.5 (40.0-43.00 74 (7.1-7.6) 47.5 (46.3-48.8)
Oklahoma 3855 94 (9.1-9.7) 56.3 (54.3-58.3) 5988 6.9 (6.6-7.2) 46.1 (44.5-476) 8.2 (7.9-8.4) 51.2 (50.0-52.5)
Oregon 3,021 69 (6.5-7.3) 444 (42.1-46.8) 4,092 46 (4.2-5.0) 36.0 (34.1-379) 5.8 (5.5-6.1) 40.3 (38.8-41.9)
Pennsylvania 5427 81 (7.8-83) 500 (48.3-51.8) 7379 57 (5.4-6.0) 413 (39.8-428) 6.9 (6.7-7.1) 45.8 (44.6-47.0)
Rhode Island 3084 7.8 (74-8.1) 50.1 (47.8-52.4) 4830 49 (4.6-5.2) 373 (356-389) 6.4 (6.1-6.6) 43.7 (42.2-45.1)
South Carolina 5509 9.2 (8.9-9.5) 56.9 (54.9-58.8) 8267 7.6 (7.2-7.9) 46.8 (45.2-485) 8.4 (8.1-8.6) 51.7 (50.4-53.0)
South Dakota 3820 7.6 (7.2-8.1) 47.3 (44.6-50.0) 5042 47 (43-5.1) 374 (35.2-39.7) 6.2 (5.9-6.5) 42.5 (40.7-44.3)
Tennessee 2211 94 (8.9-10) 57.8 (54.4-61.1) 4,284 74 (6.9-7.9) 475 (45.1-50.0) 8.4 (8.0-8.8) 52.6 (50.5-54.7)
Texas 5744 81 (7.8-84) 49.8 (47.8-51.8) 8790 5.9 (5.5-6.2) 399 (38.3-414) 7.0 (6.8-7.3) 44.9 (43.7-46.2)
Utah 6,861 58 (5.6-6.0) 38.2 (36.9-39.6) 8494 2.8 (2.6-3.0) 27.7 (26.7-288) 4.3 (4.2-4.5) 33.1 (32.2-34.0)
Vermont 3623 6.9 (6.6-7.2) 458 (43.6-48.0) 5003 34 (3.1-3.7) 304 (29.0-319) 5.2 (4.9-5.4) 38.2 (36.8-39.6)
Virginia 3,789 7.9 (7.5-83) 49.1 (47.0-51.2) 5149 56 (5.2-5.9) 389 (37.2-40.7) 6.8 (6.5-7.0) 44.1 (42.7-45.5)
Washington 6,795 6.8 (6.5-7.0) 434 (41.7-45.1) 9413 4.2 (3.9-45) 335 (32.2-349) 55 (5.3-5.7) 38.6 (37.5-39.7)
West Virginia 2,788 9.8 (9.4-10.2) 60.9 (58.7-63.0) 3919 8.0 (7.6-8.3) 49.2 (474-51.00 8.9 (8.6-9.2) 55.0 (53.6-56.5)
Wisconsin 3017 7.6 (7.1-8.0) 48.7 (46.1-51.3) 3,911 52 (4.8-5.6) 38.6 (36.2-41.1) 6.4 (6.1-6.7) 43.8 (42.0-45.6)
Wyoming 3385 73 (6.9-7.6) 454 (43.2-47.7) 4,697 47 (4.3-5.1) 372 (35.3-39.2) 6.1 (5.8-6.3) 41.5 (40.0-43.1)
United States 236,101 7.8 (7.8-7.9) 48.8 (48.4-49.2) 342,424 54 (5.3-5.5) 38.5 (38.2-38.8) 6.6 (6.6-6.7) 43.7 (43.4-44.0)

Abbreviation: Cl = confidence interval.
* Unweighted number of participants.
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Key Points

e Cardiovascular disease (heart disease and stroke) is the
leading cause of death in the United States.

* People can determine their risk for having a heart attack
or stroke during the next 10 years by calculating their
10-year risk score.

* An alternative, simpler way to look at their risk for
heart attack and stroke is for people to calculate their
heart age. Heart age is the predicted age of their heart
and blood vessels based on their blood pressure, weight,
and smoking and diabetes status. Comparing heart age
with their chronological (actual) age can tell a person
what their risk is for heart attack and stroke. The closer
their heart age is to their actual age the lower their risk.

* This is the first national study to determine heart age for
U.S. adults aged 3074 years. Using information from
the Framingham Heart Study and data collected from
every U.S. state, the study estimates that, on average,
U.S. men have a heart that is about 8 years older, and
U.S. women 5 years older, than their actual age.

* About 69 million (43.7%) U.S. adults had a heart age
5 or more years older than their actual age. The average
difference between heart age and actual age was lowest
in Utah for men and women (5.8 and 2.8 years,
respectively) and highest in Mississippi (10.1 and
9.1 years, respectively), and higher among non-
Hispanic blacks compared to other race/ethnic groups.

* More than 3 in 4 heart attacks and strokes could be
avoided or postponed if people manage or control their
cardiovascular risk factors.

* Doctors and their patients can calculate heart age and
discuss a plan to reduce their risks for heart attack
and stroke based on heart age (http://www.cdc.gov/
heartdisease/heartage.htm).

* Additional information is available at http://www.cdc.
gov/vitalsigns.

(e.g., physical inactivity), might provide different predicted
risk for developing CVD (5,10,15); therefore, the predicted
heart age presented in this report should be interpreted with
caution. Third, self-reported BMI and diabetes diagnosis
were used to estimate heart age among BRESS participants.
Underreporting of BMI is well-documented in BRESS, and
this might underestimate heart age for some participants (16);
however, studies indicate that diabetes status by self-report and
that based on actual diagnoses have been in substantial agree-

ment in BRFESS and in survey data (17,18). Fourth, BRFSS
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does not collect self-reported heart failure or peripheral artery
disease status, so participants with these conditions were not
able to be excluded from these analyses. Fifth, within-state
differences in excess heart age likely exist; however, such dif-
ferences could not be assessed adequately in this study because
of limited sample size at the county level. Finally, FRS uses a
selected set of CVD risk factors to predict the development of
CVD (10). Lifestyle changes, such as reducing consumption
of sodium, being physically active, and eating a healthy diet,
also play an important role in reducing incidence of CVD but
are not included in FRS heart age calculations (79).

Studies suggest that >75% of CVD could be prevented or
postponed by controlling and managing specific CVD risk
factors through lifestyle changes and/or adherence to recom-
mended treatments (7/9-21). One important component of
the Million Hearts initiative (http://millionhearts.hhs.gov),
a national effort to improve access to and quality of care to
reduce the incidence of CVD through community and clinical
prevention strategies, is to focus on the “ABCS” (aspirin when
appropriate, blood pressure control, cholesterol management,
and smoking cessation). Greater achievement of the ABCS, in
addition to control of other CVD risk factors and reductions
in racial and geographic CVD disparities, are critical for meet-
ing the initiative’s goal of preventing 1 million heart attacks,
strokes, and other CVD-related events in 5 years.

Although traditional absolute CVD risk (e.g., 10-year CVD
risk score) should continue to be used by clinicians to inform
treatment and management, heart age might be an effective way
to communicate individual-level risk for developing CVD and
spur action to improve health. One study comparing the effect
of using absolute CVD risk versus heart age on participants’ risk
perceptions and intention to make lifestyle changes suggested
that heart age messaging led to significantly higher perceived risk
and was more emotionally impactful for participants at higher
actual CVD risk levels (7). A randomized intervention trial
concluded that communicating CVD risk using heart age versus
absolute risk resulted in a greater reduction (-1.5 versus -0.3 year
decrease in heart age) in CVD risk over the 1-year intervention
period (22). Adopting a healthy lifestyle could have a profound
effect on reducing excess heart age. For example, a male smoker
aged 50 years with untreated systolic blood pressure of 140
mm Hg, no diabetes, and a BMI of 30, has a predicted heart
age of 72 years (74 years for a female with similar characteris-
tics) (Figure). Quitting smoking for 1 year alone would have
reduced predicted heart age by 14 years (15 years), reducing
systolic blood pressure to 120 mm Hg alone would have reduced
predicted heart age by 6 years (10 years), and removing both
risk factors would have lowered predicted heart age by 19 years

9 A heart age calculator is available at http://www.cdc.gov/heartdisease/heartage. htm.


http://millionhearts.hhs.gov
http://www.cdc.gov/heartdisease/heartage.htm
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FIGURE. Excess heart age among U.S. adults without and with diabetes, by sex, chronological age, smoking status, and untreated systolic
blood pressure**
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FIGURE. (Continued) Excess heart age among U.S. adults without and with diabetes, by sex, chronological age, smoking status, and untreated
systolic blood pressure*t

With diabetes
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* To determine a person’s predicted excess heart age using these charts, follow these steps. Identify the person’s 1) diabetes status (without or with diabetes); 2) sex
(woman or man); 3) smoking status (nonsmoker or smoker); 4) chronological age (rounded to the nearest value of 30, 40, 50, 60, or 70 years); 5) systolic blood pressure
(rounded to the nearest value of 120, 140, 160, or 180 mm Hg); and 6) body mass index (rounded to the nearest value of 20, 25, 30, 35, or 40). The value in the
corresponding box is the person’s predicted excess heart age. This value can be added to the person’s chronological age to determine his or her predicted heart
age. For example, a male smoker aged 50 years with untreated systolic blood pressure of 140 mm Hg, no diabetes, and a body mass index of 30, has a predicted
excess heart age of 22 years and a heart age of 72 years.

T An upper limit of predicted heart age has been set at 100 years.
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(23 years). At the population-level, the use of predicted heart
age might be an effective way to communicate CVD risk, to
identify geographic regions and populations most in need of
CVD risk factor improvement,** and to stimulate action at the
state, county, or community level.

Considerable burden of elevated heart age exists in the United
States, and statistically significant racial, sociodemographic, and
regional disparities in heart age exist among U.S. adults aged
30—74 years. Use of heart age might simplify risk communica-
tion and motivate more persons, especially younger persons, to
adopt healthier lifestyles and better comply with recommended
therapeutic interventions to prevent heart disease and stroke.
Moreover, its use might support public health efforts in geo-
graphic areas most at risk for poor CVD outcomes and support
the implementation of programs and policies that increase the
availability of heart-healthy lifestyle options within communities.

** Supplementary Table 3 (available at http://stacks.cdc.gov/view/cdc/33002)
demonstrates the effect of CVD risk factors included in non—laboratory-based
FRS heart age calculations on population mean excess heart age estimates
stratified by sex and chronological age.
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