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Abstract

Objectives: Cardiovascular disease (CVD) is the leading cause of mortality in the United States. The risk for developing CVD
is usually calculated and communicated to patients as a percentage. The calculation of heart age—defined as the predicted age
of a person’s vascular system based on the person’s CVD risk factor profile—is an alternative method for expressing CVD risk.
We estimated heart age among adults aged 30-74 in New York City and examined disparities in excess heart age by race/
ethnicity and sex.

Methods: We applied data from the 2011, 2013, and 2015 New York State Behavioral Risk Factor Surveillance System to the
non–laboratory-based Framingham risk score functions to calculate 10-year CVD risk and heart age by sex, race/ethnicity, and
selected sociodemographic groups and risk factors.

Results: Of 6117 men and women in the study sample, the average heart age was 5.7 years higher than the chronological age,
and 2631 (43%) adults had a predicted heart age �5 years older than their chronological age. Mean excess heart age increased
with age (from 0.7 year among adults aged 30-39 to 11.2 years among adults aged 60-74) and body mass index (from 1.1 year
among adults with normal weight to 11.8 years among adults with obesity). Non-Latino white women had the lowest mean
excess heart age (2.3 years), and non-Latino black men and women had the highest excess heart age (8.4 years).

Conclusions: Racial/ethnic and sex disparities in CVD risk persist among adults in New York City. Use of heart age at the
population level can support public awareness and inform targeted programs and interventions for population subgroups most
at risk for CVD.
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Cardiovascular disease (CVD) is the leading cause of death

in the United States.1 Surveillance data indicate that perva-

sive disparities exist for CVD and its underlying risk factors.2

Identification and management of persons with high-risk

CVD and population-level interventions to address cardio-

vascular disparities and reduce CVD risk factors are impor-

tant risk-reduction strategies.2,3 Risk-assessment tools, such

as the Framingham Risk Score (FRS), can detect persons at

high CVD risk for primary prevention.4-6 The FRS allows

health care providers to present CVD risk information to

patients, facilitating informed treatment decision making and

increased compliance with therapeutic decisions.7 However,

the FRS communicates CVD risk in a 10-year period as a

percentage, which may not resonate with patients.8,9

Heart age is an alternate way to convey CVD risk.10 It is

defined as the predicted age of a person’s vascular system

based on the person’s CVD risk factor profile. Heart age is

calculated by identifying the chronological age of a person

with the same predicted FRS-derived 10-year CVD risk but

normal levels of CVD risk factors. Heart age greater than

chronologic age (excess heart age) connotes increased CVD

risk. Several studies suggest that heart age may be more

meaningful than the FRS in conveying CVD risk and
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motivating patients to adopt healthier cardiovascular life-

styles.11,12 Estimating heart age at the population level may

identify geographic regions and populations in greatest need

of CVD prevention and motivate action for interventions at

the local level.13 National estimates indicate that a consider-

able burden of excess heart age exists in the United States,

including substantial racial/ethnic, sociodemographic, and

state-level disparities in heart age among adults.13 However,

limited research is available on population-level estimates of

heart age in smaller geographic areas. CVD risk for smaller

regions of the country, such as counties or cities, can differ

substantially from the national average and may have impor-

tant implications for local health policy.14 Estimating heart

age and examining CVD risk variability by population sub-

groups at the local level may improve priority-setting efforts

to address health disparities and provide opportunities to

educate and empower the public to better manage CVD risk

and promote population-level prevention.15,16

The objectives of our study were to (1) estimate heart age

by using the FRS, (2) characterize increased CVD risk across

various sociodemographic factors, and (3) measure the

amount of excess heart age attributable to modifiable CVD

risk factors (eg, body mass index [BMI], systolic blood pres-

sure, and smoking) among adults in New York City.

Methods

We used data from the New York State Behavioral Risk Fac-

tor Surveillance System (BRFSS),17 a random-digit-dial tele-

phone survey that uses a multistage sampling design to select a

state-specific sample from the noninstitutionalized US civilian

population aged�18. The BRFSS monitors risk behaviors and

factors that contribute to leading causes of morbidity and

mortality. A CVD-specific module is conducted in odd-

numbered years. We used weighted BRFSS data collected

from New York City in 2011, 2013, and 2015 combined, and

we limited study participants to adults aged 30-74 with no

history of CVD (coronary heart disease, myocardial infarction,

stroke). Of 12 058 BRFSS participants, 7485 met the age cri-

teria for heart age estimation and had no self-reported history

of CVD. We excluded 1368 participants because of missing

covariates used for calculations, leaving 6117 participants

(2502 men and 3615 women) for analysis.

We used the methods of Marma and Lloyd-Jones18 to

derive heart age equations and calculate heart age (chrono-

logical age of a person with the same predicted CVD risk but

all risk factors at the normal level: systolic blood pressure ¼
125 mm Hg, BMI ¼ 22.5 kg/m2, no hypertension treatment,

no smoking, and no diabetes).10 Briefly, we first used non–

laboratory-based sex-specific FRS risk function regression

equations10,19 to calculate the 10-year risk for developing

CVD. The non–laboratory-based FRS uses common office-

based variables obtained in primary care (age, sex, BMI,

systolic blood pressure, use of antihypertensive medication,

smoking status, and diabetes status). Second, we entered the

normal levels of risk factors (defined previously) into the

FRS equations and then solved for age, leaving risk prob-

ability as an independent variable, which resulted in sex- and

hypertension treatment–specific health age equations. Thus,

the estimated 10-year risk in these equations was matched

with the age at which the risk was equivalent but all other

risk factors were normal. For example, according to the FRS,

a hypothetical 50-year-old man who smokes, has a systolic

blood pressure of 140 mm Hg, and is treated for hypertension

has an estimated 10-year CVD risk of 27%. The heart age of

this person would be 75 years, because this is the age at

which a man with normal risk factor levels would also have

an estimated CVD risk of 27%. We then entered the esti-

mated CVD risk into the appropriate heart age equations and

calculated heart age.

The FRS uses systolic blood pressure in risk estimation,

but because measured systolic blood pressure is unavailable

in the BRFSS, we used an established method15,20 to estimate

systolic blood pressure. Briefly, Yang et al15 developed mul-

tivariable regression models to predict systolic blood pres-

sure based on information from the National Health and

Nutrition Examination Survey 2005-2010. Systolic blood

pressure was the dependent variable in these models; age,

race/ethnicity, educational attainment, centered-log BMI,

physical activity level, annual household income, smoking

status, alcohol consumption, health insurance, diagnosed dia-

betes, and use of antihypertensive medication were indepen-

dent variables. We applied these model parameters to the

comparable variables among BRFSS participants in New

York City to predict systolic blood pressure.

We validated the systolic blood pressure predictive mod-

els by applying their regression coefficients to participants

recruited for the New York City Heart Follow-Up Study

(HFUS).21 The New York City Department of Health and

Mental Hygiene conducted the HFUS in 2010 to assess

sodium intake among the New York City population. Impor-

tant to this validation, the HFUS contains objectively mea-

sured values of CVD risk factors. HFUS participants

completed an interview with questions on hypertension sta-

tus and antihypertensive medication use, collected urine dur-

ing a 24-hour period to measure sodium intake, and

consented to an in-home medical examination that included

anthropometric measurements and 3 seated blood pressure

readings using the Omron HEM-907XL device (Omron

Healthcare Inc, Kyoto, Japan). Overall, 1656 HFUS partici-

pants provided complete 24-hour urine samples. To validate

the models, we predicted each person’s systolic blood pres-

sure by using the models and then compared it with the

average of the person’s HFUS systolic blood pressure mea-

surements. Overall, the mean predicted systolic blood

pressure was 120.3 mm Hg (95% confidence interval [CI],

119.4-121.2 mm Hg) and the mean measured systolic blood

pressure was 121.8 mm Hg (95% CI, 120.3-123.3 mm Hg).

The mean difference corresponded to about 1.5 mm Hg

(median, –0.8 mm Hg; interquartile range, –9.2 to 7.5 mm

Hg). In addition, the log systolic blood pressure values that
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were included when calculating heart age were identical (4.8

for both measurement methods).

Measurements

We calculated mean excess heart age and prevalence of

excess heart age by using the following variables: age group

(30-39, 40-49, 50-59, 60-74), race/ethnicity (non-Latino

white, non-Latino black, Latino), education (<high school,

high school, >high school), annual household income

(<$30 000, �$30 000), general health (good or better health:

respondents who reported having excellent, very good, or

good health; poor health: respondents who reported having

fair or poor health), health insurance status (yes, no), BMI

(normal/underweight: BMI <25 kg/m2; overweight: BMI 25

to <30 kg/m2; obese: BMI �30 kg/m2), current smoker (yes,

no), hypertension (yes, no), suboptimal blood pressure con-

trol (yes, no), suboptimal blood pressure control among per-

sons without hypertension (yes, no), and borough of

residence (Bronx, Brooklyn, Manhattan, Queens, Staten

Island). We defined the physical activity variable as whether

the respondent reported doing �150 minutes per week of

physical activity (yes, no). We created the suboptimal blood

pressure control variable as a composite measure that

included adults who were not taking hypertension medica-

tion and had a predicted systolic blood pressure >125 mm Hg

and adults who were taking hypertension medication and had

a predicted systolic blood pressure �140 mm Hg. We based

suboptimal blood pressure control among persons without

hypertension only on adults not taking hypertension medica-

tion with a predicted systolic blood pressure >125 mm Hg.

All measurements, with the exception of predicted systolic

blood pressure and suboptimal blood pressure control vari-

ables, were self-reported.

Statistical Analysis

We generated descriptive statistics of CVD risk factors by

using means for continuous variables and percentages for

categorical variables. We calculated overall and sex-

specific weighted means and 95% CIs for participants’

chronological age, heart age, excess heart age, and preva-

lence of excess heart age �5 years. To determine differences

in means and percentages and calculate P values, we used the

t test for continuous variables and Wald w2 test for catego-

rical variables. We performed bivariate linear and logistic

regression analyses to test the differences in excess heart age

and prevalence of excess heart age �5 years within each

sociodemographic and risk factor subgroup and between

sexes. We used multivariable linear regression models to

estimate racial/ethnic disparities in the differences of excess

heart age among racial/ethnic groups, adjusting for selected

sociodemographic variables. All statistical tests were 2-

sided, with P < .05 considered significant. We calculated

relative standard errors and 95% CIs for means and percen-

tages, and we considered any estimates with a relative

standard error �30% to be unreliable. We conducted all

analyses by using SAS version 9.422 and SAS-Callable-

SUDAAN version 11.0.123 to account for survey complex

sampling design and to obtain standard error estimates by

Taylor series linearization. The protocol was approved by the

New York City Department of Health and Mental Hygiene

Institutional Review Board.

Results

Compared with men, women were slightly older (48.9 years;

95% CI, 48.4-49.5 years vs. 47.8 years; 95% CI, 47.2-48.4

years), significantly more likely to have an annual household

income <$35 000 (44.5%; 95% CI, 42.1%-46.8% vs. 40.6%;

95% CI, 37.9%-43.4%) and be insured (88.8%; 95% CI,

87.2%-90.2% vs. 82.9%; 95% CI, 80.8%-84.9%), and signif-

icantly less likely to report being in good or better general

health (80.4%; 95% CI, 78.6%-82.2% vs. 83.5%; 95% CI,

81.3%-85.4%) or current smokers (13.4%; 95% CI, 11.9%-

15.0% vs. 18.6%; 95% CI, 16.6%-20.8%; Table 1). Com-

pared with men, women had a significantly lower prevalence

of self-reported hypertension (27.0%; 95% CI, 25.2%-28.9%
vs. 30.4%; 95% CI, 28.1%-32.9%), predicted mean systolic

blood pressure (120.1; 95% CI, 119.7-120.6 mm Hg vs.

124.4; 95% CI, 124.1-124.8 mm Hg), and prevalence of sub-

optimal blood pressure control (15.9%; 95% CI, 14.5%-

17.5% vs. 25.1%; 95% CI, 22.9%-27.4%). Of 1988 adults

with hypertension, a higher percentage of women than men

reported use of antihypertensive medication (80.8%; 95% CI,

77.7%-83.7% vs. 65.2%; 95% CI, 60.6%-69.6%).

Compared with non-Latino white adults, non-Latino black

adults had a significantly higher prevalence of self-reported

hypertension (35.0%; 95% CI, 31.7%-38.4% vs. 24.9%; 95%
CI, 23.0%-27.0%), diabetes (12.6%; 95% CI, 10.5%-15.1%
vs. 6.2%; 95% CI, 5.3%-7.3%), and obesity (37.0%; 95% CI,

33.5%-40.6% vs. 19.2%; 95% CI, 17.4%-21.2%) and a sig-

nificantly higher predicted mean systolic blood pressure

(126.0; 95% CI, 125.4-126.7 mm Hg vs. 120.9; 95% CI,

120.5-121.2 mm Hg; Table 2). In addition, non-Latino white

women had better risk profiles than non-Latino white men, but

the same was not true for non-Latino black and Latino women.

Non-Latino black women had significantly higher levels of

obesity and a similar percentage of diabetes compared with

non-Latino black men, and Latino men and women had com-

parable levels of diabetes and obesity prevalence. The overall

female advantage in CVD risk profile was driven predomi-

nantly by non-Latino white women.

Overall, average excess heart age was 5.7 years (95% CI,

5.4-6.0 years), and the prevalence of excess heart age �5

years was 43.0% (95% CI, 41.3%-44.7%). Among men and

women, excess heart age increased with age and BMI and

was higher among non-Latino black and Latino men

and women than among non-Latino white men and women

(Table 3). Excess heart age was higher among adults with

<high school education vs. >high school education, <$35 000

annual household income vs. �$35 000 annual household
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Table 1. Characteristics of study population aged 30-74 (n ¼ 6117) in New York City, by sex, New York State Behavioral Risk Factor
Surveillance System, 2011, 2013, and 2015a

Characteristic

Overall Men Women

No.
Mean %
(95% CI) No.

Mean %
(95% CI) No.

Mean %
(95% CI)

P
Valueb

Mean age, y 6117 48.4 (48.0-48.8) 2502 47.8 (47.2-48.4) 3615 48.9 (48.4-49.5) .01
Race/ethnicity .41

Non-Latino white 2967 36.0 (34.5-37.5) 1309 37.3 (35.0-39.6) 1658 34.3 (32.9-36.7)
Non-Latino black 1288 21.9 (20.5-23.4) 441 18.9 (16.9-21.0) 847 24.8 (22.9-26.8)
Latino 1363 27.2 (25.7-28.8) 525 27.8 (25.5-30.3) 838 26.7 (24.8-28.7)
Otherc 499 14.9 (13.4-16.4) 227 16.1 (13.9-18.5) 272 13.7 (12.0-15.7)

Education .29
<High school 673 18.8 (17.3-20.3) 242 18.0 (15.8-20.4) 431 19.5 (17.6-21.6)
High school 1065 20.6 (19.1-22.0) 425 20.4 (18.4-22.7) 640 20.6 (18.8-22.5)
>High school 4379 60.7 (59.0-62.4) 1835 61.6 (58.9-64.2) 2544 59.9 (57.7-62.1)

Annual household income, $d .04
<35 000 2037 42.6 (40.8-44.4) 779 40.6 (37.9-43.4) 1258 44.5 (42.1-46.8)
�35 000 3488 57.4 (55.6-59.2) 1536 59.4 (56.6-62.1) 1952 55.5 (53.2-57.9)

General healthd .03
Good or better 5064 81.9 (80.5-83.2) 2118 83.5 (81.3-85.4) 2946 80.4 (78.6-82.2)
Poor 1010 18.1 (16.8-19.5) 366 16.5 (14.6-18.7) 644 19.6 (17.8-21.4)

Health insurance <.001
Yes 5479 86.0 (84.7-87.2) 2180 82.9 (80.8-84.9) 3299 88.8 (87.2-90.2)
No 638 14.0 (12.8-15.3) 322 17.1 (15.1-19.2) 316 11.2 (9.8-12.8)

Physical activitye .07
Yes 3046 46.3 (44.6-48.0) 1294 48.1 (45.5-50.7) 1752 44.6 (42.5-46.8)
No 3071 53.7 (52.0-55.4) 1208 51.9 (49.3-54.5) 1863 55.4 (53.2-57.5)

BMI, kg/m2 .02
Underweight/normal weight (BMI <25) 2401 37.7 (36.0-39.3) 818 32.3 (29.9-34.8) 1583 42.7 (40.5-44.8)
Overweight (BMI 25 to <30) 2183 36.5 (34.9-38.2) 1118 43.8 (41.2-46.4) 1065 29.8 (27.8-31.8)
Obese (BMI �30) 1533 25.8 (24.3-27.3) 566 23.9 (21.7-26.2) 967 27.6 (25.6-29.6)

Current smokerf <.001
Yes 831 15.9 (14.7-17.3) 398 18.6 (16.6-20.8) 433 13.4 (11.9-15.0)
No 5286 84.1 (82.7-85.3) 2104 81.4 (79.2-83.4) 3182 86.6 (85.0-88.1)

Diabetes .98
Yes 638 10.5 (9.5-11.6) 259 10.5 (8.9-12.2) 379 10.5 (9.2-11.9)
No 5479 89.5 (88.4-90.5) 2243 89.5 (87.8-91.1) 3236 89.5 (88.1-90.8)

Predicted mean systolic blood pressure,
mm Hg

6117 122.2 (121.9-122.5) 2502 124.4 (124.1-124.8) 3615 120.1 (119.7-120.6) <.001

Self-reported hypertension .03
Yes 1888 28.7 (27.2-30.2) 817 30.4 (28.1-32.9) 1071 27.0 (25.2-28.9)
No 4229 71.3 (69.8-72.8) 1685 69.6 (67.1-71.9) 2544 73.0 (71.1-74.8)

Antihypertensive medication use among
persons with hypertension

<.001

Yes 1435 72.9 (70.0-75.6) 571 65.2 (60.6-69.6) 864 80.8 (77.7-83.7)
No 453 27.1 (24.4-30.0) 246 34.8 (30.4-39.4) 207 19.2 (16.3-22.3)

Suboptimal blood pressure control <.001
Yes 1351 20.4 (19.0-21.7) 682 25.1 (22.9-27.4) 669 15.9 (14.5-17.5)
No 4766 79.6 (78.3-81.0) 1820 74.9 (72.6-77.1) 2946 84.1 (82.5-85.5)

Suboptimal blood pressure control among
persons without hypertension

<.001

Yes 799 15.7 (14.3-17.2) 413 19.7 (17.4-22.2) 386 12.2 (10.6-13.9)
No 3430 84.3 (82.8-85.7) 1272 80.3 (77.8-82.6) 2158 87.7 (77.8-82.6)

Borough of residenced .50
Manhattan 1477 20.5 (19.2-21.8) 616 20.5 (18.5-22.6) 861 20.4 (18.8-22.2)
Bronx 880 16.2 (14.9-17.5) 316 15.2 (13.4-17.3) 564 17.0 (15.4-18.7)
Brooklyn 1635 29.5 (27.9-31.2) 698 30.1 (27.6-32.6) 937 29.0 (27.0-31.2)

(continued)
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income, poor general health vs. good or better general health,

no physical activity vs. physically active, self-reported

hypertension vs. no self-reported hypertension, suboptimal

blood pressure control vs. optimal blood pressure control,

and among current smokers vs. nonsmokers. Excess heart

age was lowest among adults living in Manhattan.

Men had a higher excess heart age than women (6.8; 95%
CI, 6.4-7.2 years vs. 4.7; 95% CI, 4.2-5.1 years) and a higher

proportion with excess heart age �5 years (47.6%; 95% CI,

45.0%-50.2% vs. 38.8%; 95% CI, 36.7%-40.9%; Table 3).

Excess heart age did not differ significantly by sex for older

age, lower education levels, and lower income; self-reported

poor general health; not having health insurance; current

smokers; or obesity. Non-Latino black men and women had

equally high excess heart age (8.4 years). Among adults who

had self-reported hypertension, women had significantly

higher excess heart age than men (17.2 years; 95% CI,

16.5-17.9 years vs. 13.6; 95% CI, 12.8-14.3 years). We found

similar trends for the estimated prevalence of excess heart

age �5 years (Table 4).

After multivariate adjustment, racial differences in excess

heart age between non-Latino black and non-Latino white

adults were significant for almost all sociodemographic char-

acteristics (Table 5). Racial/ethnic differences in excess

heart age between non-Latino black and non-Latino white

men was 1.5 years (95% CI, 0.3-2.7 years). Non-Latino black

men had significantly higher excess heart age than non-

Latino white men in the following subgroups: age (50-59

and 60-74), poor general health, insurance, no physical activ-

ity, overweight, and suboptimal blood pressure control.

Excess heart age among Latino men and non-Latino white

men was comparable, but Latino men who were obese had

lower excess heart age than non-Latino white men. Racial/

ethnic differences in excess heart age between non-Latino

black and non-Latino white women were larger than differ-

ences observed between non-Latino black and non-Latino

white men (5.1; 95% CI, 4.0-6.1 years). Compared with

non-Latino white women, non-Latino black women had sig-

nificantly higher adjusted excess heart age across all levels of

sociodemographic variables and risk factors, except subopti-

mal blood pressure control among women without hyperten-

sion. Latino and non-Latino white women had comparable

excess heart age, but Latino women had higher excess heart

age than non-Latino white women in categories that usually

protect against CVD (eg, higher education, income, good or

better general health, and not smoking).

Assuming all other CVD risk factors were normal, the

amount of excess heart age attributable to BMI alone for this

population was 2 years (95% CI, 1.9-2.1 years), smoking alone

was 1.9 years (95% CI, 1.7-2.0 years), and systolic blood pres-

sure alone was 1.0 year (95% CI, 0.8-1.2 years). Although

excess heart age effects due to BMI and smoking were rela-

tively stable with increasing age, excess heart age effects due to

systolic blood pressure had an increasing effect with increasing

age (Figure). We observed similar trends among both sexes and

racial/ethnic groups. However, excess heart age effects due to

systolic blood pressure alone had a larger effect with older age

among non-Latino black adults compared with non-Latino

white adults, especially among women.

Discussion

Broadly, our findings are comparable to those of a national

study of US adults13 that used 2011 and 2013 BRFSS data

collected from all 50 states. The study reported excess heart

age of 7.8 years among men and 5.4 years among women

and a prevalence of excess heart age �5 years of 49%
among men and 39% among women. The national results

also showed similar differences between racial/ethnic

groups: non-Latino black adults had higher excess heart age

than other racial/ethnic groups, particularly non-Latino

black women. Interestingly, the difference in excess heart

age between non-Latino black men and non-Latino white

men was significantly lower in New York City than in the

national study.13

Racial/ethnic differences in cardiovascular health have

been documented extensively in the literature.16,24-28

Although CVD mortality declined 28.8% in the United States

Table 1. (continued)

Characteristic

Overall Men Women

No.
Mean %
(95% CI) No.

Mean %
(95% CI) No.

Mean %
(95% CI)

P
Valueb

Queens 1361 27.9 (26.3-29.6) 576 28.4 (25.9-31.0) 785 27.5 (25.4-29.6)
Staten Island 359 5.9 (95.2-6.7) 134 5.8 (4.7-7.1) 225 6.1 (5.2-7.1)

Abbreviation: BMI, body mass index.
a Data source: New York State Behavioral Risk Factor Surveillance System.17 Data were weighted for the New York City adult population.
b All comparisons were based on the t test for continuous variables and Wald w2 test for categorical variables. All statistical tests were 2-sided, with P < .05
considered significant.
c Other includes all racial/ethnic groups other than non-Latino white, non-Latino black, and Latino.
d Data were missing for 593 persons on annual household income, 43 persons on general health, and 405 persons on borough of residence.
e Physical activity was defined as �150 minutes per week of physical activity.
f A current smoker was defined as someone who smoked �100 cigarettes in his or her lifetime and currently smoked.
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from 2003-2013, racial/ethnic disparities in CVD mortality

have not changed.1,16,29 Various rates of CVD prevalence are

seen in the United States; non-Latino black persons have

more cardiovascular events than other racial/ethnic groups.1

A higher prevalence of uncontrolled CVD risk factors also

places non-Latino black persons at a greater probability of

having adverse outcomes and premature mortality.16,27,30

Non-Latino black men in particular have the highest overall

CVD mortality rate of any racial/ethnic group, and non-

Latino black women have higher CVD mortality rates than

non-Latino white women.16,31,32

We found that excess BMI accounted for 2 years of excess

heart age among adults in New York City, and although

excess heart age varied by age, it was a consistent finding

across all age groups. This finding underscores the impor-

tance of public health interventions aimed at achieving and

maintaining a healthy weight, including promoting a healthy

diet, increasing physical activity, and promoting health

Table 2. Distribution of cardiovascular disease risk factors included in the Framingham Risk Score heart agea calculation comparing racial/
ethnic groups, by sex, among adults in New York City aged 30-74, New York State Behavioral Risk Factor Surveillance System, 2011, 2013,
and 2015b

Characteristic

Non-Latino
White,

Mean % (95% CI)

Non-Latino
Black,

Mean % (95% CI)

P Valuec for
Difference

Between Non-
Latino White and
Non-Latino Black

Latino,
Mean % (95% CI)

P Valuec for
Difference

Between Non-
Latino White

and Latino

Overall
Mean age, y 49.8 (49.3-50.4) 48.1 (47.3-48.9) .01 47.4 (46.6-48.2) <.001
Predicted mean systolic blood

pressure, mm Hg
120.9 (120.5-121.2) 126.0 (125.4-126.7) <.001 122.5 (121.9-123.1) <.001

Self-reported hypertension
prevalence

24.9 (23.0-27.0) 35.0 (31.7-38.4) <.001 30.0 (27.0-33.2) .01

Diabetes prevalence 6.2 (5.3-7.3) 12.6 (10.5-15.1) <.001 13.4 (11.2-16.0) <.001
BMI category, kg/m2

Normal (BMI <25) 45.5 (43.1-47.7) 25.3 (22.2-28.6) <.001 30.1 (27.1-33.2) <.001
Overweight (BMI 25 to <30) 35.4 (33.2-37.6) 37.7 (34.2-41.3) .28 37.4 (34.3-40.7) .30
Obese (BMI �30) 19.2 (17.42-21.2) 37.0 (33.5-40.6) <.001 32.5 (29.4-35.8) <.001

Current smoking prevalence 14.9 (13.2-16.8) 18.0 (15.2-21.3) .08 16.4 (14.0-19.1) .35
Men

Mean age, y 48.9 (48.1-49.7) 47.5 (46.2-48.8) .07 46.9 (45.6-48.2) .01
Predicted mean systolic blood

pressure, mm Hg
123.6 (123.3-124.0) 128.0 (127.1-128.8) <.001 124.5 (123.8-125.2) .03

Self-reported hypertension
prevalence

29.2 (26.1-32.5) 33.6 (28.4-39.3) .17 28.2 (23.7-33.1) .74

Diabetes prevalence 7.1 (5.7-8.9) 10.9 (8.2-14.4) .04 13.3 (10.0-17.6) .01
BMI category, kg/m2

Underweight/normal (BMI <25) 34.2 (31.0-37.6) 24.5 (19.9-29.7) .01 28.0 (23.6-32.9) .03
Overweight (BMI 25 to <30) 43.7 (40.3-47.1) 50.9 (45.0-56.9) .04 40.6 (35.6-45.7) .32
Obese (BMI �30) 22.1 (19.2-25.3) 24.6 (20.0-29.9) .40 31.4 (26.7-36.6) .01

Current smoking prevalence 16.7 (14.1-19.6) 21.5 (16.7-27.2) .11 19.1 (15.4-23.5) .33
Women

Mean age, y 50.8 (50.0-51.5) 48.5 (47.4-49.6) .01 47.9 (46.9-48.9) <.001
Predicted mean systolic blood

pressure, mm Hg
118.1 (117.5-118.7) 124.7 (123.9-125.5) <.001 120.5 (119.5-121.4) <.001

Self-reported hypertension
prevalence

20.7 (18.4-23.1) 35.9 (31.9-40.2) <.001 31.8 (28.0-35.9) <.001

Diabetes prevalence 5.3 (4.2-6.7) 13.9 (10.9-17.5) <.001 13.5 (10.8-16.8) <.001
BMI category, kg/m2

Underweight/normal (BMI <25) 56.5 (53.4-59.5) 25.9 (22.0-30.2) <.001 32.1 (28.3-36.2) <.001
Overweight (BMI 25 to <30) 27.1 (24.4-30.1) 28.3 (24.6-32.4) .63 34.4 (30.5-38.6) .01
Obese (BMI �30) 16.4 (14.3-18.6) 45.8 (41.2-50.4) <.001 33.5 (29.5-37.8) <.001

Current smoking prevalence 13.1 (11.1-15.5) 15.6 (12.4-19.5) .24 13.7 (10.9-17.1) .75

Abbreviation: BMI, body mass index.
a Heart age is defined by identifying the chronological age of a person with the same predicted Framingham Risk Score–derived 10-year cardiovascular disease
(CVD) risk but normal levels of CVD risk factors.
b Data source: New York State Behavioral Risk Factor Surveillance System.17 Data were weighted for the New York City adult population.
c All comparisons were based on the t test for continuous variables and Wald w2 test for categorical variables. All statistical tests were 2-sided, with P < .05
considered significant.
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Table 3. Mean excess heart age,a by sex, among adults in New York City aged 30-74 (n ¼ 6117), New York State Behavioral Risk Factor
Surveillance System, 2011, 2013, and 2015b

Characteristic

Overall Men Women P Value for

Difference

Between Men

and Womenc
Years

(95% CI)

P

Valuec
Years

(95% CI)

P

Valuec
Years

(95% CI)

P

Valuec

Total 5.7 (0.3-1.1) 6.8 (6.4-7.2) 4.7 (4.2-5.1) <.001

Age group, y

30-39 0.7 (0.3-1.1) Ref 3.4 (2.8-3.9) Ref –1.8 (–2.2 to –1.4) Ref <.001

40-49 4.0 (3.4-4.6) <.001 5.3 (4.5-6.1) <.001 2.4 (1.4-3.4) <.001 <.001

50-59 8.7 (7.9-9.5) <.001 9.4 (8.4-10.4) <.001 8.1 (7.0-9.3) <.001 .11

60-74 11.2 (10.7-11.7) <.001 11.3 (10.5-12.1) <.001 11.1 (10.4-11.8) <.001 .70

Race/ethnicity

Non-Latino white 4.2 (3.8-4.6) Ref 6.1 (5.7-6.6) Ref 2.3 (1.8-2.9) Ref <.001

Non-Latino black 8.4 (7.7-9.1) <.001 8.4 (7.4-9.3) <.001 8.4 (7.4-9.4) <.001 .94

Latino 6.4 (5.8-7.0) <.001 7.1 (6.4-7.9) .03 5.7 (4.8-6.7) <.001 .02

Education

<High school 9.0 (8.1-10.0) Ref 9.3 (8.1-10.4) Ref 8.8 (7.4-10.3) Ref .66

High school 7.6 (6.8-8.3) .01 7.8 (6.9-8.8) .06 7.3 (6.2-8.3) .09 .44

>High school 4.0 (3.7-4.4) <.001 5.7 (5.3-6.2) <.001 2.4 (1.9-2.9) <.001 <.001

Annual household income, $

<35 000 8.1 (7.5-8.7) Ref 8.1 (7.3-8.9) Ref 8.1 (7.3-9.0) Ref .95

�35000 3.9 (3.6-4.3) <.001 5.9 (5.4-6.3) <.001 1.9 (1.4-2.5) <.001 <.001

General health

Good or better 4.4 (4.1-4.7) Ref 5.9 (5.5-6.3) Ref 2.9 (2.4-3.3) Ref <.001

Poor 11.5 (10.6-12.4) <.001 11.2 (9.9-12.4) <.001 11.8 (10.5-13.1) <.001 .52

Health insurance

Yes 5.7 (5.3-6.0) Ref 6.9 (6.4-7.4) Ref 4.6 (4.1-5.1) Ref <.001

No 5.7 (4.9-6.5) .89 6.3 (5.4-7.1) .20 5.0 (3.5-6.5) .61 .16

Physical activityd

Yes 5.0 (4.5-5.4) Ref 6.4 (5.8-7.0) Ref 3.6 (2.9-4.2) Ref <.001

No 6.3 (5.8-6.8) <.001 7.2 (6.6-7.8) .06 5.5 (4.9-6.2) <.001 <.001

BMI, kg/m2

Underweight, normal

weight (BMI <25)

1.1 (0.7-1.5) Ref 3.2 (2.6-3.8) Ref –0.3 (–0.8 to 0.2) Ref <.001

Overweight (BMI 25 to <30) 6.0 (5.6-6.5) <.001 6.7 (6.1-7.3) <.001 5.1 (4.4-5.9) <.001 .002

Obese (BMI �30) 11.8 (11.2-12.5) <.001 11.9 (11.0-12.8) <.001 11.8 (10.8-12.7) <.001 .86

Current smokere

Yes 15.3 (14.5-16.2) Ref 15.5 (14.6-16.5) Ref 15.1 (13.6-16.5) Ref .59

No 3.9 (3.6-4.2) <.001 4.8 (4.4-5.2) <.001 3.0 (2.6-3.5) <.001 <.001

Self-reported hypertension

Yes 15.3 (14.8-15.9) Ref 13.6 (12.8-14.3) Ref 17.2 (16.5-17.9) Ref <.001

No 1.8 (1.6-2.1) <.001 3.8 (3.5-4.2) <.001 0 (–0.3 to 0.4) <.001 <.001

Suboptimal blood pressure control

Yes 9.3 (8.7-9.8) Ref 8.4 (7.7-9.1) Ref 10.5 (9.6-11.5) Ref <.001

No 4.8 (4.4-5.1) <.001 6.3 (5.8-6.8) <.001 3.5 (3.0-4.1) <.001 <.001

Suboptimal blood pressure control among persons

without hypertension

Yes 7.6 (6.9-8.3) Ref 7.5 (6.6-8.4) Ref 7.8 (6.6-8.9) Ref .73

No 0.7 (0.5-1.0) <.001 2.9 (2.6-3.3) <.001 –1.0 (–1.4 to –0.7) <.001 <.001

Borough of residence

Manhattan 3.8 (3.2-4.4) Ref 5.0 (4.3-5.7) Ref 2.7 (1.7-3.7) Ref <.001

Bronx 7.2 (6.4-8.0) <.001 8.7 (7.7-9.8) <.001 6.0 (4.8-7.1) <.001 .001

Brooklyn 5.9 (5.3-6.5) <.001 6.8 (6.0-7.5) <.001 5.0 (4.1-6.0) <.001 .01
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Table 3. (continued)

Characteristic

Overall Men Women P Value for

Difference

Between Men

and Womenc
Years

(95% CI)

P

Valuec
Years

(95% CI)

P

Valuec
Years

(95% CI)

P

Valuec

Queens 6.0 (5.3-6.7) <.001 7.3 (6.3-8.3) <.001 4.8 (3.9-5.7) .01 <.001

Staten Islandf 6.9 (5.6-8.2) <.001 8.3 (6.7-10.0) <.001 5.7 (3.7-7.7) .01 .04

Abbreviations: BMI, body mass index; Ref, reference group.
a Heart age is defined by identifying the chronological age of a person with the same predicted Framingham Risk Score–derived 10-year cardiovascular disease
(CVD) risk but normal levels of CVD risk factors. Excess heart age (heart age greater than chronological age) connotes increased CVD risk.
b Data source: New York State Behavioral Risk Factor Surveillance System.17 Data were weighted for the New York City adult population.
c P value based on linear regression model t test. All statistical tests were 2-sided, with P < .05 considered significant.
d Physical activity was defined as �150 minutes per week of physical activity.
e Current smoker was defined as persons who reported having smoked �100 cigarettes in their lifetime and currently smoked.
f Estimate may be unreliable due to a large relative standard error.

Table 4. Prevalence of excess heart age �5 years,a by sex, among adults in New York City aged 30-74 (n ¼ 6117), New York State
Behavioral Risk Factor Surveillance System, 2011, 2013, and 2015b

Characteristic

Overall Men Women P Value for
Difference

Between Men
and Womenc% (95% CI)

P
Valuec % (95% CI)

P
Valuec % (95% CI)

P
Valuec

Total 43.0 (41.3-44.7) 47.6 (45.0-50.2) 38.8 (36.7-40.9) <.001
Age group, y

30-39 20.2 (17.4-23.2) Ref 29.7 (25.1-34.7) Ref 11.1 (8.6-14.2) Ref <.001
40-49 35.0 (31.7-38.4) <.001 39.6 (34.7-44.8) .01 29.5 (25.4-34.0) <.001 .003
50-59 52.5 (49.1-55.9) <.001 57.3 (52.2-62.3) <.001 48.5 (44.0-53.0) <.001 .01
60-74 73.1 (70.3-75.7) <.001 75.4 (70.9-79.4) <.001 71.3 (67.7-74.7) <.001 .15

Race/ethnicity
Non-Latino white 38.6 (36.3-40.9) Ref 45.5 (42.1-49.0) Ref 31.6 (28.9-34.5) Ref <.001
Non-Latino black 52.2 (48.5-55.8) <.001 51.5 (45.5-57.7) .09 52.6 (48.0-57.2) <.001 .78
Latino 46.4 (43.0-49.8) <.001 49.7 (44.5-54.9) .19 43.1 (38.9-47.4) <.001 .06

Education
<High school 58.4 (53.6-63.0) Ref 62.5 (54.9-69.5) Ref 54.8 (48.8-60.7) Ref .11
High school 51.3 (47.4-55.2) .03 53.4 (47.4-59.3) .06 49.4 (44.4-54.5) .18 .33
>High school 35.5 (33.6-37.4) <.001 41.3 (38.3-44.4) <.001 29.9 (27.7-32.1) <.001 <.001

Annual household income, $
<35 000 52.9 (49.9-55.8) Ref 54.7 (50.0-59.2) Ref 51.3 (47.5-55.0) Ref .27
�35 000 35.8 (33.7-37.9) <.001 42.5 (39.2-45.8) <.001 28.8 (26.3-31.4) <.001 <.001

General health
Good or better 37.3 (35.5-39.1) Ref 43.1 (40.4-45.9) Ref 31.7 (29.5-33.9) Ref <.001
Poor 68.2 (64.2-72.0) <.001 69.8 (63.4-75.5) <.001 67.0 (61.8-71.8) <.001 .49

Health insurance
Yes 43.0 (41.2-44.8) Ref 47.9 (45.0-50.7) Ref 38.8 (36.6-41.0) Ref <.001
No 43.1 (38.3-47.9) .98 46.2 (39.7-52.8) .65 38.6 (32.0-45.8) .97 .12

Physical activityd

Yes 39.5 (37.2-41.8) Ref 44.8 (41.2-48.5) Ref 34.1 (31.3-37.0) Ref <.001
No 46.1 (43.7-48.8) <.001 50.2 (46.6-53.9) .05 42.5 (39.5-45.5) <.001 .001

BMI, kg/m2

Underweight/normal weight (BMI
<25)

25.1 (22.8-27.6) Ref 32.3 (28.0-37.0) Ref 20.0 (17.6-22.6) Ref <.001

Overweight (BMI 25-<30) 42.1 (39.4-44.9) <.001 44.3 (40.5-48.2) <.001 39.0 (35.3-42.9) <.001 .05
Obese (BMI �30) 70.5 (67.3-73.5) <.001 74.2 (69.0-78.7) <.001 67.5 (63.3-71.4) <.001 .04

Current smokere

Yes 92.0 (89.2-94.1) Ref 99.3 (96.9-99.8) Ref 82.6 (76.9-87.1) Ref <.001
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Table 4. (continued)

Characteristic

Overall Men Women P Value for
Difference

Between Men
and Womenc% (95% CI)

P
Valuec % (95% CI)

P
Valuec % (95% CI)

P
Valuec

No 33.7 (32.1-35.5) <.001 35.8 (33.1-38.5) <.001 32.0 (29.9-34.1) <.001 .03
Self-reported hypertension

Yes 90.7 (88.7-92.3) Ref 86.9 (83.6-89.6) Ref 94.6 (92.7-96.0) Ref <.001
No 23.9 (22.2-25.7) <.001 30.4 (27.5-33.4) <.001 18.1 (16.2-20.2) <.001 <.001

Suboptimal blood pressure control
Yes 65.8 (62.3-69.2) Ref 60.6 (55.6-65.4) Ref 73.5 (68.5-77.9) Ref <.001
No 37.2 (35.4-39.0) <.001 43.2 (40.2-46.2) <.001 32.2 (30.0-34.4) <.001 <.001

Suboptimal blood pressure control
among persons without hypertension
Yes 58.5 (53.5-63.2) Ref 55.9 (49.2-62.4) Ref 62.1 (54.9-68.9) Ref .21
No 17.4 (15.8-19.3) <.001 24.1 (21.2-27.3) <.001 12.0 (10.3-14.0) <.001 <.001

Borough of residence
Manhattan 35.1 (31.8-38.5) Ref 38.4 (33.1-43.9) Ref 32.0 (28.0-36.2) Ref .07
Bronx 49.4 (45.1-53.6) <.001 58.1 (51.2-64.7) <.001 42.1 (37.0-47.5) .003 <.001
Brooklyn 43.7 (40.4-47.0) <.001 48.2 (43.3-53.2) .01 39.3 (35.2-43.7) .02 .01
Queens 44.3 (40.8-47.8) <.001 49.0 (43.6-54.4) .01 39.8 (35.5-44.3) .01 .01
Staten Islandf 50.3 (43.8-56.9) <.001 55.4 (44.8-65.5) .01 45.9 (37.8-54.1) .002 .16

Abbreviations: BMI, body mass index; Ref, reference group.
a Heart age is defined by identifying the chronological age of a person with the same predicted Framingham Risk Score–derived 10-year cardiovascular disease
(CVD) risk but normal levels of CVD risk factors. Excess heart age (heart age greater than chronological age) connotes increased CVD risk. Prevalence of
excess heart age �5 years indicates the proportion of population with a heart age at least 5 years older than their chronological age and therefore at greater
risk for CVD event.
b Data source: New York State Behavioral Risk Factor Surveillance System.17 Data were weighted for the New York City adult population.
c P value based on logistic regression model Wald w2 test. All statistical tests were 2-sided, with P < .05 considered significant.
d Physical activity was defined as �150 minutes per week of physical activity.
e Current smoker was defined as persons who reported having smoked �100 cigarettes in their lifetime and currently smoked.
f Estimate may be unreliable due to a large relative standard error.

Table 5. Multivariate adjusteda difference in excess heart ageb among racial/ethnic groups, by sex and selected sociodemographic
characteristics and CVD risk factors, among adults in New York City aged 30-74 (n ¼ 6117), New York State Behavioral Risk Factor
Surveillance System, 2011, 2013, and 2015c

Model

Difference in Excess Heart Age, y (95% CI) [P Value]d

Men Women

Non-Latino Black vs.
Non-Latino White

Latino vs.
Non-Latino White

Non-Latino Black vs.
Non-Latino White

Latino vs.
Non-Latino White

Total 1.5 (0.3-2.7) [.01] –0.4 (–1.4 to 0.6) [.41] 5.1 (4.0-6.1) [<.001] 0.9 (–0.3 to 2.0) [.13]
Age group, y

30-39 0.7 (–0.8 to 2.1) [.37] 0.7 (–1.4 to 1.5) [.93] 2.6 (1.3-3.9) [<.001] –1.3 (2.6-0) [.06]
40-49 0.9 (–1.8 to 3.5) [.51] –0.6 (–2.2 to 1.0) [.45] 6.6 (4.5-8.7) [<.001] 0.7 (–1.3 to 2.7) [.49]
50-59 2.4 (0.2-4.7) [.04] –2.0 (–4.1 to 0) [.05] 6.8 (4.2-9.3) [<.001] 3.6 (1.2-6.1) [.003]
60-74 2.5 (0.5-4.6) [.02] 0.8 (–1.2 to 2.9) [.43] 4.4 (2.9-5.8) [<.001] 0.7 (–1.5 to 3.0) [.54]

Education
<High school 1.9 (–2.0 to 5.8) [.34] –1.2 (–4.5 to –2.1) [.47] 4.2 (0.3-8.0) [.04] –1.6 (–4.9 to 1.8) [.35]
High school 0.7 (–1.9 to 3.3) [.58] –2.0 (–4.1 to –0.2) [.07] 4.5 (2.5-6.5) [<.001] 0.9 (–1.2 to 3.0) [.40]
>High school 1.4 (0.0-2.7) [.05] 0.4 (–0.7 to 1.4) [.53] 5.2 (4.0-6.4) [<.001] 1.5 (0.3-2.7) [.01]

Annual household income, $
<35 000 1.4 (–0.4 to 3.1) [.14] –1.2 (–2.8 to 0.5) [.16] 3.7 (1.7-5.6) [<.001] –0.7 (–2.6 to 1.2) [.47]
�35000 1.4 (–0.1 to 2.9) [.06] 0.5 (–0.7 to 1.6) [.46] 5.8 (4.6-7.0) [<.001] 2.1 (0.8-3.4) [.002]

General health
Good or better 1.1 (–0.2 to 2.3) [.09] –0.5 (–1.5 to 0.5) [.35] 4.7 (3.7-5.7) [<.001] 1.2 (0.1-2.4) [.04]
Poor 5.2 (1.8-8.5) [.002] 1.5 (–1.0 to 3.9) [.24] 6.3 (2.9-9.7) [<.001] –0.2 (–2.9 to 2.4) [.86]

(continued)

412 Public Health Reports 134(4)



behaviors that also can improve blood pressure control inde-

pendent of weight status.33 Several community-based life-

style interventions from the National Institutes of Health

Diabetes Prevention Program have shown promise in

improving diet and physical activity and reducing body

weight. These interventions resulted in a 3% to 7% loss of

body weight and increased moderate physical activity to at

least 150 minutes per week immediately after the core curri-

culum, varying in length from 6-24 weeks.34 Scaling up these

lifestyle interventions could mitigate excess health age by

improving BMI among overweight and obese adults, reduc-

ing the incidence of diabetes, and lowering blood

pressure.33,34 Current smoking also accounted for nearly 2

years of excess heart age among adults in New York City.

This figure is notable because the prevalence of smoking

among adults in New York City was about 14% in 201 535

and reflects the great potential that continued reductions in

smoking prevalence may have on CVD risk.34,36,37 We found

that systolic blood pressure accounted for 1 year of the

excess heart age among adults in New York City. Although

this effect was smaller than the effect of BMI and smoking, it

may be explained by the low systolic blood pressure among

younger adults (eg, the mean systolic blood pressure among

adults aged 30-39 was 115.2 mm Hg). Having a systolic

Table 5. (continued)

Model

Difference in Excess Heart Age, y (95% CI) [P Value]d

Men Women

Non-Latino Black vs.
Non-Latino White

Latino vs.
Non-Latino White

Non-Latino Black vs.
Non-Latino White

Latino vs.
Non-Latino White

Health insurance
Yes 1.7 (0.4-3.0) [.01] –0.2 (–1.2 to 0.9) [.75] 5.2 (4.1-6.3) [<.001] 0.9 (–0.2 to 2.1) [.12]
No 0.1 (2.1-2.3) [.90] –1.6 (–3.6 to 0.4) [.13] 4.6 (1.7-7.6) [.002] 0.7 (–2.4 to 3.9) [.66]

Physical activitye

Yes 1.1 (�0.3 to 2.4) [.13] –0.9 (–2.1 to 0.3) [.16] 5.2 (3.9-6.6) [<.001] 0.8 (–0.6 to 2.2) [.26]
No 1.9 (0.2-3.7) [.03] 0 (–1.4 to 1.4) [.98] 4.9 (3.5-6.4) [<.001] 0.8 (–0.6 to 2.3) [.25]

BMI, kg/m2

Underweight/normal
weight (BMI <25)

0.7 (–1.1 to 2.5) [.45] –0.4 (–2.0 to 1.2) [.64] 3.3 (1.9-4.7) [<.001] 0.2 (–1.1 to 1.5) [.78]

Overweight (BMI 25 to <30) 1.2 (0.1-2.4) [.04] –0.2 (–1.5 to 1.0) [.78] 2.3 (0.8-3.8) [.003] 0.6 (–0.9 to 2.2) [.42]
Obese (BMI �30) 2.1 (–0.5 to 4.8) [.11] –2.6 (–4.3 to –0.8) [.004] 3.5 (1.6-5.5) [<.001] –0.5 (–2.7 to 1.6) [.62]

Current smokerf

Yes 2.4 (0.3-4.6) [.03] 0.2 (–1.2 to 1.6) [.80] 5.9 (2.9-8.8) [<.001] 2.3 (–0.3 to 4.8) [.08]
No 1.2 (0.4-2.1) [.004] 0.3 (–0.6 to 1.1) [.55] 5.0 (4.1-5.9) [<.001] 1.3 (0.3-2.3) [.01]

Self-reported hypertension
Yes 1.9 (–0.2 to 4.0) [.07] 0.6 (–1.0 to 2.3) [.44] 3.0 (1.4-4.6) [<.001] 0.5 (–1.3 to 2.3) [.56]
No 1.1 (0.0-2.2) [.04] 0 (–0.9 to 0.9) [>.99] 3.5 (2.6-4.5) [<.001] 0 (–0.9 to 0.9) [.97]

Suboptimal blood pressure control
Yes 2.1 (0.4-3.8) [.02] 1.0 (–1.1 to 3.1) [.35] 3.5 (1.0-6.0) [.01] –0.2 (–2.6 to 2.2) [.89]
No 1.5 (0.0-2.9) [.05] –0.9 (–1.9 to 3.1) [.10] 5.4 (4.3-6.4) [<.001] 1.0 (–0.2 to 2.2) [.09]

Suboptimal blood pressure control
among persons without hypertension
Yes 0.5 (–1.8 to 2.8) [.66] –0.9 (–3.0 to 1.3) [.44] 2.1 (–0.9 to 5.0) [.17] –0.5 (–3.1 to 2.1) [.72]
No 0.4 (–0.8 to 1.6) [.51] 0.2 (–0.7 to 1.2) [.63] 3.2 (2.2-4.1) [<.001] 0.3 (–0.7 to 1.3) [.56]

Borough of residence
Bronx 2.4 (–0.4 to 5.1) [.09] –0.3 (–3.0 to 2.5) [.85] 6.6 (3.7-9.6) [<.001] 2.5 (–0.3 to 5.4) [.08]
Brooklyn 1.8 (0.2-3.3) [.03] 0.1 (–1.7 to 1.9) [.91] 4.4 (2.7-6.1) [<.001] 1.5 (–0.7 to 3.7) [.19]
Manhattan 2.9 (–0.2 to 6.0) [.07] –0.3 (–2.1 to 1.5) [.76] 5.4 (3.5-7.3) [<.001] 3.1 (0.7-5.6) [.01]
Queens –0.4 (–3.7 to 2.8) [.79] –0.6 (–2.5 to 1.3) [.53] 4.5 (2.5-6.5) [<.001] –1.0 (–3.0 to 1.0) [.32]
Staten Islandg –3.3 (–5.8 to 0.8) [.01] –2.5 (–5.9 to 1.0) [.16] 10.2 (0.9-19.4) [.03] –2.4 (–5.7 to 0.9) [.15]

Abbreviations: BMI, body mass index; CVD, cardiovascular disease.
a Overall differences in excess heart age were adjusted for age, education, annual household income, general health, health insurance, physical activity, and
borough of residence. Subgroup differences in excess heart age were adjusted for age, education, income, general health, health insurance status, physical
activity, borough of residence, and subgroup characteristic variable by race/ethnicity interaction term to estimate racial/ethnic differences by subgroup levels.
b Heart age is defined by identifying the chronological age of a person with the same predicted Framingham Risk Score-derived 10-year CVD risk but normal
levels of CVD risk factors. Excess heart age (heart age greater than chronological age) connotes increased CVD risk.
c Data source: New York State Behavioral Risk Factor Surveillance System.17 Data were weighted for the New York City adult population.
d P value based on multivariate linear regression model t test. All statistical tests were 2-sided, with P < .05 considered significant.
e Physical activity was defined as �150 minutes per week of physical activity.
f Current smoker was defined as persons who reported having smoked �100 cigarettes in their lifetime and currently smoked.
g Estimate may be unreliable due to a large relative standard error.
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blood pressure <125 mm Hg lowered overall heart age. How-

ever, once a person develops high blood pressure (especially

requiring medication), the health age effect of systolic blood

pressure increases substantially, which we observed when

calculating health age among adults aged >40. This increase

in heart age highlights the importance of efforts to ensure

higher overall systolic blood pressure control among persons

with hypertension38 and policies and programs designed to

reduce raised blood pressure at the population level.39-42

Limitations

This study had several limitations. First, we used model-

estimated systolic blood pressure instead of measured systo-

lic blood pressure. However, studies showed that the FRS

CVD risk using mean predicted systolic blood pressure

among BRFSS participants was nearly identical to that of

National Health and Nutrition Examination Survey partici-

pants with measured systolic blood pressure.15 The results of

our model validation component using HFUS data showed

small differences between the 2 systolic blood pressure mea-

surements. Similarly, we used the non–laboratory-based FRS

to predict CVD risk, which, according to some studies, may

overestimate CVD risk compared with the laboratory-based

FRS.13,15 Second, we were limited in our ability to report on

heart age for certain racial/ethnic subgroups, including

Asian/Pacific Islanders. We used a previously published

method15,20 to estimate systolic blood pressure in which the

authors calculated regression coefficients for 3 racial/ethnic

categories (non-Latino white, non-Latino black, Latino) and
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Figure. Excess heart age attributable to modifiable cardiovascular disease (CVD) risk factors (body mass index [BMI], current smoking, systolic
blood pressure [SBP]), by sex, race/ethnicity, and chronological age, among adults in New York City aged 30-74, New York State Behavioral Risk
Factor Surveillance System, 2011, 2013, and 2015. Heart age is defined by identifying the chronological age of a person with the same predicted
Framingham Risk Score–derived 10-year CVD risk but normal levels of CVD risk factors. Excess heart age (heart age greater than chronological
age) connotes increased CVD risk. Prevalence of excess heart age�5 years indicates the proportion of the population with a heart age at least 5
years older than their chronological age and therefore at greater risk for CVD event. Data source: New York State Behavioral Risk Factor
Surveillance System (BRFSS).17 Data were weighted for the New York City adult population. Error bars indicate 95% confidence intervals.
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grouped all others in the “other” category. Future studies

should expand heart age calculations to additional racial/

ethnic subgroups. Oversampling racial/ethnic subgroups at

an earlier step of data collection is needed for the sample to

produce statistically reliable health estimates for these under-

representedgroups. Third, we used self-reported height, weight,

and diabetes status to predict CVD risk. Generally, self-report

tends to overestimate height and to underestimate weight, thus

reducing BMI measurements and leading to an underestimation

of CVD risk. Missing adults with undiagnosed diabetes would

also underestimate CVD risk. We estimated the relative contri-

bution of modifiable CVD risk factors included in the FRS

equations to the excess heart age. Thus, the relative contribution

of these risk factors was calculated only among a preselected set

of risk factors. Finally, the BRFSS does not collect data on heart

failure or peripheral artery disease, so participants with these

conditions could not be excluded. As such, we might have over-

estimated heart age for some participants.

Conclusions

Excess heart age is potentially a timely indicator for CVD

risk surveillance at the national level rather than the local

level due to the need for smaller geographies to combine

survey years for robust measures. However, local prospec-

tive tracking of excess heart age is a potentially useful addi-

tion to public health surveillance efforts. Studies indicate a

high level of public interest in CVD risk self-assessments

when an easily understood metric such as heart age is used.43

Interactive heart age tools can be helpful as a communication

instrument to initiate lifestyle change. By simplifying the

concept of CVD risk, state and local jurisdictions may effec-

tively monitor socioeconomic, racial/ethnic, and sex dispa-

rities in excess heart age to support public health initiatives

and promote heart-healthy lifestyle changes.
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