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HIGHLIGHTS

e Only 1 in 4 young adults have ideal cardiovascular health (CVH).

e The CVH in young adults has not improved in last decade.

e Race/ethnicity and sex differences exist in CVH among young adults.

® 47.3% individuals with ideal CVH were reclassified to a lower CVH category by the Life’s Essential 8 score.

ARTICLE INFO ABSTRACT
Keywords: Objective: This study assessed cardiovascular health (CVH) in young adults using the 2022 AHA Life’s Essential 8
Cardiovascular health (LE8) score and compared it with the Life’s Simple 7 (LS7) score.
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Sleep
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Methods: Individuals aged 18 to 44 years without a history of cardiovascular disease in the National Health and
Nutrition Examination Survey (NHANES) cycles were included. Data from 2007-2008 to 2017-2018 were
combined to create 3 groups (2007-2010, 2011-2014, and 2015-2018) for analysis. The LE8 score and its
components were computed in the overall population and stratified by sex and race/ethnicity. Trends for the LE8
score were analyzed using adjusted linear regression models.

Results: Among 12,197 young adults, representing an estimated 89.4 million individuals, from the NHANES
2007-2018, the CVH in the overall population and across all subgroups was stable (Peng >0.05). The blood lipid
score improved across all subgroups (Ptrend:<0.05). The mean LE8 score was 69.2+0.3. Females (71.4+0.4) had
better CVH compared with males (67.2+0.4). Non-Hispanic Black individuals (65.1+ 0.3) had the lowest CVH
compared with Non-Hispanic White individuals (69.94+0.5), Mexican American individuals (67.3+0.3), and
other race individuals (71.2+0.4). Of the 46.1 million individuals categorized as intermediate CVH by the LS7
score, 8.1 million (17.6%) and 2.3 million (5.0%) were reclassified to poor and ideal CVH by the LE8 score,
respectively. Of the 40.1 million individuals categorized as ideal CVH by the LS7 score, 18.9 million (47.1%) and
0.1 million (0.2%) were reclassified to poor CVH and intermediate CVH by the LE8 score, respectively.
Conclusion: Among US young adults, there has been no improvement in CVH over the last decade with notable
sex and race/ethnicity-associated differences in the LE8 score. Nearly 1 in 4 young adults had ideal CVH using
the LE8 score compared with 1 in 2 individuals using the LS7 score.
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1. Introduction

Despite the overall improvement in cardiovascular mortality in the
US, the proportion of young adults experiencing cardiovascular events
has increased [1,2]. Prior studies have shown that the prevalence of
ideal cardiovascular health (CVH) in young adults is abysmally low
[3-5]. In addition to traditional risk factors for cardiovascular disease,
poor sleep health has been associated with an increased risk of cardio-
vascular mortality [6-9]. Inadequate sleep is reported by about 30% of
young adults and may affect other determinants of CVH [5,10,11].
Though the association of sleep with cardiovascular outcomes has been
known, it has only recently been formally included as a determinant of
CVH [5].

In 2010, the American Heart Association (AHA) introduced the
concept of ideal CVH to improve health at the individual and population
levels through an emphasis on primordial prevention and introduced the
Life’s Simple 7 (LS7) score for CVH measurement [12]. The 2022 AHA
Life’s Essential 8 (LE8) score improves upon the existing framework
established by the LS7 by optimizing the methods by which the 7
different components (physical activity, blood glucose, blood lipids,
blood pressure, smoking, body mass index, and diet) are measured and
by adding sleep as a new CVH determinant [5,12]. In addition to adding
sleep as a factor, the LE8 score is graded on a scale of 0 to 100 which
makes it inherently easier to understand, improves the quantification of
CVH in an individual, and increases the sensitivity of measuring the
changes in CVH over time at an individual and population level [13].
With the introduction of the LE8 score, the reclassification of CVH cat-
egories previously estimated using the LS7 score among young US adults
is unknown.

This study utilized the National Health and Nutrition Examination
Survey (NHANES) data from 2007-2018 to assess the CVH of young
adults between 18 to 44 years using the LE8 score in the overall popu-
lation and subgroups of sex and race/ethnicity. This study also compares
the CVH scores as quantified by the LE8 score with the LS7 score.

2. Methods

This study utilized the NHANES data from 2007-2008 to 2017-2018.
The National Center for Health Statistics (NCHS) and Center for Disease
Control and Prevention (CDC) conduct the NHANES every 2 years to
examine the nutritional and health status of a sample population,
selected using a multistage probability sampling design, representing
the civilian, non-institutionalized population of the United States
[14-18]. Each individual in the survey underwent a home interview
during which data on demographics, sleep, diet, physical activity,
smoking, medical conditions such as diabetes mellitus and hypertension,
and medication use were collected [14]. Individuals who consented to a
clinical examination were invited to a mobile examination center where
they underwent anthropometric measurements, detailed physical ex-
amination, blood sampling for laboratory testing, and vital signs mea-
surement [14]. Written informed consent was obtained for each
individual before the home interview and the physical examination
[14]. Ethical oversight for this study was provided by the University of
Alabama at Birmingham Institutional Review Board.

This study included individuals between 18 and 44 years from 6
consecutive NHANES cycles (2007-2008 to 2017-2018). Individuals
who did not undergo a physical examination, pregnant or breastfeeding
females, individuals with self-reported cardiovascular diseases (stroke,
coronary heart disease, heart failure, angina, and “heart attack™) [13],
and those with missing data in any of the components of the LE8 score
were excluded. Self-identified age, sex, and race/ethnicity were used to
sub-categorize individuals. Race/ethnicity was categorized into 4
groups: Non-Hispanic-White, Non-Hispanic Black, Mexican American,
and other races/ethnicities. The other races/ethnicities group was a
racially/ethnically diverse group that included Non-Hispanic Asian in-
dividuals (data available from the 2011-12 cycle), other Hispanic
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individuals, multi-racial/ethnic  individuals, and those not
self-identifying as any of the above-listed races/ethnicities.

The LE8 score is composed of 4 health factors [body mass index
(BMI), blood glucose levels, blood lipid levels, and blood pressure] and 4
health behaviors (smoking status, physical activity, diet, and sleep) [5].
The definitions and levels of each component have been described in
Supplementary Table 1 [5,13]. Each of these components is graded on
a scale of 0 to 100. The LE8 score is the mean value of the 8 components.

The LS7 categories are composed of 7 components which include
smoking status, diet, physical activity, blood pressure, HbA;C levels,
total cholesterol, and BMI [12,19-21]. Each of these components is
graded as 0 (poor), 1 (intermediate), and 2 (ideal) as reported in Sup-
plementary Table 2 [12]. The LS7 is the sum of the scores of the 7
components.

The LE8 and LS7 scores vary in the definitions of the components.
Specifically, the LE8 score uses non-HDL cholesterol compared with the
total cholesterol used in the LS7 score for the blood lipids component [5,
12]. Furthermore, the LE8 score introduced a negative scoring system
for the smoking, blood pressure, and blood lipid levels components [5].

To record blood pressure, 3 measurements were taken in a seated
position after 5 minutes of rest during the physical examination visit.
The mean of the 3 values was used to calculate the systolic and diastolic
blood pressures. In case of a missing value in the 3 measurements, the
first value was considered as the systolic and diastolic blood pressures.
The current use of anti-hypertensive medications was determined from
the home interview questionnaire.

HbA1C (determined using high-performance liquid chromatog-
raphy), fasting blood glucose (determined using hexokinase-based
enzyme assay), and cholesterol (determined using an enzymatic assay)
levels were obtained from the blood samples collected during the
physical examination visit. Non-HDL cholesterol values were calculated
by subtracting HDL cholesterol levels from the total cholesterol level.
The use of lipid-lowering medications, insulin, and oral hypoglycemic
agents was obtained from the home interview questionnaire.

The weight in kilograms and the height in meters (both measured
during the physical examination) were used to calculate the BMI.
Physical activity was determined using self-reported duration (fre-
quency per week and duration per day) and self-reported intensity
(moderate and vigorous) of recreational physical activity. Moderate
physical activity was described as activity leading to a small increase in
breathing and heart rate or light sweating. Vigorous physical activity
was described as activity leading to a large increase in breathing and
heart rate or heavy sweating.

Two 24-hour dietary recall interviews for each individual were
conducted to determine their self-reported adherence to the recom-
mendations of the Healthy Eating Index-2015 (HEI-2015). The HEI-
2015 was scored from O to 100 utilizing the calorie-indexed values for
the servings of total fruits, whole fruits, total vegetables, greens and
beans, whole grains, dairy, total protein foods, seafood and plant pro-
teins, fatty acids, refined grains, sodium, added sugars, and saturated
fats consumed. The maximum scores and scoring descriptions for each
component have been depicted in Supplementary Table 3.

The tobacco use questionnaire was used to assess the self-reported
cigarette smoking status, use of inhaled nicotine delivery systems (e-
cigarettes, hookahs, cigars, and pipes) in the previous 5 days, and
duration since quitting cigarette smoking. Exposure to secondhand
smoke indoors at home was assessed using the household smokers
questionnaire.

The average self-reported duration of sleep per day was obtained
from the sleep disorders questionnaire. Additionally, data on insurance
status (yes/no), number of healthcare visits in the past year (none, 1 to
3, 4 or more), poverty income ratio (>3.50, 1.30-3.49, <1.30), and
educational status (<12 years of education, some college education, and
a college degree or higher) were used in this study [15,22].

The CVH determined by the LE8 score was categorized as ideal
(>80), intermediate (50-79), and poor (<50) [13]. Similarly, ideal,
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intermediate, and poor CVH were defined as an LS7 score of 0-4, 5-9,
and 10-14, respectively [23-25].

All statistical analyses were performed on SAS 9.4 (Cary, NC). To
account for the complex multistage sample selection design, the SUR-
VEYFREQ and SURVEYMEANS procedures were used for data analyses
in SAS as recommended by the NCHS. This study combined the NHANES
cycles from 2007-2008 through 2017-2018 [16,22]. As recommended
by the NHANES NCHS analytic guidelines, the sample weight for the
physical examination sub-sample was used and was adjusted to account
for combining 6 survey cycles. The analyses were carried out in the
overall population and stratified by race/ethnicity, sex, and NHANES
cycles. The overall and component scores were presented as mean
(standard error) and median (interquartile range). As recommended by
NHANES, the NHANES cycles were categorized into three 4-year groups
(2007-2010, 2011-2014, and 2015-2018) to study the trends of the LE8
score and the component scores. For analyzing trends, a weight ac-
counting for combining 2 cycles was constructed and used. Temporal
trends in the LE8 score and its components were assessed using linear
regression models with adjustment for race/ethnicity, age, insurance
status, education level, number of healthcare visits per year, and income
[15-17,26]. Agreement between the LE8 score and LS7 score in CVH
categorization was assessed using the weighted Cohen’s kappa statistic.
The statistical significance was set at a two-sided p-value of <0.05.

3. Results

The NHANES cycles from 2007-2018 included 70,190 individuals.
The final study sample had 12,197 individuals after excluding 20,302
individuals aged >44 years, 33,610 individuals <18 years of age, 374
pregnant females, 208 breastfeeding females, 603 individuals who did
not undergo a physical examination, 254 individuals with a history of
cardiovascular disease, and 2,642 lacking complete data for the com-
ponents of the LE8 scores were excluded. (Supplementary Figure 1)
This represented 89.4 million individuals of the non-institutionalized,

Table 1
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civilian US population. The median age of the participants was 30.6
(24.1, 37.5) years.

In the overall population of young adults aged 18-44 years, the mean
CVH was 69.2 (0.3). The highest and lowest scoring components were
blood sugar [91.2 (0.2)] and diet [35.7 (0.6)], respectively (Table 1).

The mean LE8 score remained stable from 2007-2010 [68.5 (0.5)] to
2015-2018 [69.6 (0.6)]. An increasing score was noted in the sleep [82.3
(0.6) in 2007-2010 to 85.1 (0.5) in 2015-2018, Pyeng: <0.001] and
blood lipid [69.6 (0.6) in 2007-2010 to 76.1 (0.8) in 2015-2018, Pyeng:
<0.001] components of the score and decreasing score was noted in the
blood pressure [83.0 (0.5) in 2007-2010 to 81.8 (0.6) in 2015-2018,
Pirend: 0.004], blood sugar [92.0 (0.3) in 2007-2010 to 90.3 (0.4) in
2015-2018, Pyeng: <0.001], and BMI [65.5 (0.8) in 2007-2010 to 60.2
(1.2) in 2015-2018, Pyeng: <0.001] components (Table 2).

The mean LES8 score was 67.2 (0.4) in males and 71.4 (0.4) in fe-
males. Females had higher scores than males in every component of the
LES8 score except physical activity [53.2 (1.0) compared with 59.6 (0.9)
in males]. (Table 2).

An increasing score in the mean blood lipids score was observed in
both males [63.5 (0.8) in 2007-2010 to 70.4 (0.9) in 2015-2018, Pyeng:
<0.001] and females [76.0 (0.8) in 2007-2010 to 82.4 (0.9) in 2015-
2018, Pyrend: <0.001]. (Table 2) In males, an increasing score for sleep
[82.2 (0.9) in 2007-2010 to 84.6 (0.7) in 2015-2018, Pyeng: 0.02] was
noted and decreasing scores for blood sugar [90.7 (0.5) in 2007-2010 to
89.7 (0.6) in 2015-2018, Pyeng: 0.031, blood pressure [77.6 (0.7) in
2007-2010 to 76.1 (0.8) in 2015-2018, Pyepg: 0.01]1 and BMI [64.7 (1.0)
in 2007-2010 to 60.8 (1.3) in 2015-2018, Pieng: 0.003] components
were noted. In females, increasing scores for physical activity [50.0 (1.2)
in 2007-2010 to 56.6 (1.8) in 2015-2018, Pyeng: 0.002] and sleep [82.5
(0.6) in 2007-2010 to 85.7 (0.5) in 2015-2018, Pieng: <0.001] were
noted and decreasing scores for the blood sugar [93.3 (0.4) in 2007-
2010 to 91.0 (0.7) in 2015-2018, Pyeng: <0.001], and BMI [66.3 (1.1)
in 2007-2010 to 59.6 (1.5) in 2015-2018, Pieng: <0.001] components
were noted (Fig. 1).

Baseline Characteristics and Life’s Essential 8 Scores of the Overall Population and Stratified by Sex in National Health and Nutrition Examination Survey 2007-2018

Overall
[n=12,197 (89,422,241)]

Male Female
[n=6,115 (46,314,839)] [n=6,082 (43,107,401)]

Age* 30.6 (24.1, 37.5)
Race
Non-Hispanic White
Non-Hispanic Black
Mexican American

59.4 (56.3-62.5)
11.8 (10.2-13.4)
12.2 (10.3-14.1)

Other 16.6 (15.0-18.1)
Insurance Status
Insured 74.4 (72.8-76.0)

30.4 (24.1, 37.2) 30.9 (24.2, 37.8)
59.9 (56.7-63.0)
10.7 (9.2-12.2)

13.0 (11.0-15.0)
16.4 (14.7-18.1)

58.9 (55.6-62.3)
13.0 (11.2-14.9)
11.3 (9.4-13.2)

16.7 (15.1-18.4)

71.5 (69.6-73.4) 77.5 (75.9-79.2)

Uninsured 25.6 (24.0-27.2) 28.5 (26.6-30.4) 22.5 (20.8-24.1)
Family Poverty Income Ratio
>=3.50 34.5 (32.3-36.7) 36.5 (33.9-39.1) 32.3 (30.0-34.6)
1.30-3.49 34.4 (32.8-36.1) 34.4 (32.3-36.5) 34.5 (32.7-36.3)
<1.30 31.1 (29.1-33.0) 29.1 (27.0-31.3) 33.2(31.1-35.2)
Number of Healthcare Visits
None 22.9 (21.7-24.0) 31.1 (29.3-32.8) 14.1 (13.0-15.1)
1to3 51.8 (50.5-53.0) 50.5 (48.7-52.3) 53.1 (51.5-54.7)
>=4 25.4 (24.3-26.4) 18.4 (17.1-19.7) 32.9 (31.4-34.3)
Median (IQR) Mean (SE) Median (IQR) Mean (SE) Median (IQR) Mean (SE)
Essential 8 Score 69.8 (58.6, 80.4) 69.2 (0.3) 67.8 (56.8, 77.9) 67.2 (0.4 72.2 (60.9, 82.9) 71.4 (0.4)
Physical Activity Score 76.9 (0.0, 94.1) 56.5 (0.8) 84.9 (0.0, 94.6) 59.6 (0.9) 59.4 (0.0, 93.4) 53.2 (1.0)
Blood Pressure Score 83.8 (58.3,91.9) 82.7 (0.3) 80.0 (46.5, 90.0) 77.6 (0.5) 86.5 (77.7, 93.3) 88.2 (0.4)
Blood Lipids Score 79.1 (40.7, 90.0) 72.9 (0.49) 54.7 (33.7, 88.1) 67.5 (0.5) 82.9 (46.6, 91.5) 78.7 (0.5)
Blood Sugar Score 75.3 (62.9, 87.6) 91.2 (0.2) 74.6 (61.9, 87.3) 90.4 (0.3) 76.0 (64.0, 88.0) 92.1 (0.3)
Body Mass Index Score 50.7 (22.3, 78.9) 63.4 (0.6) 48.9 (23.7, 76.4) 63.4 (0.7) 53.2 (20.4, 81.0) 63.4 (0.7)
Smoking Score 82.4 (10.8,91.2) 68.0 (0.7) 80.3 (0.6, 90.2) 63.4 (0.8) 84.1 (37.5,92.1) 73.0 (0.8)
Sleep Score 91.2 (54.9, 95.6) 83.3 (0.49) 91.2 (54.0, 95.6) 83.1 (0.5) 91.2 (56.2, 95.6) 83.6 (0.4)
Diet Score 19.7 (0.0, 46.1) 35.7 (0.6) 16.6 (0.0, 42.3) 32.9(0.7) 23.4 (0.0, 50.1) 38.7 (0.8)

Median (interquartile range), mean (standard deviation), and frequency (percentage) have been used to describe data.

“ Median (interquartile range) has been used.
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Table 2
Trend of Essential 8 Score and its Components Stratified by Sex in National Health and Nutrition Examination Survey 2007-18
2007-2010 2011-2014 2015-2018 Pirend
[n=4,239 (88,558,753)] [n=4,239 (90,911,084)] [n=3,719 (88,796,885)]

Overall
Essential 8 Score 68.5 (0.5) 69.6 (0.6) 69.6 (0.6) 0.89
Physical Activity Score 54.6 (1.2) 57.1 (1.5) 57.9 (1.3) 0.32
Blood Pressure Score 83.0 (0.5) 83.4 (0.6) 81.8 (0.6) 0.004
Blood Lipids Score 69.6 (0.6) 73.0 (0.8) 76.1 (0.8) <0.001
Blood Sugar Score 92.0 (0.3) 91.3 (0.4) 90.3 (0.4) <0.001
Body Mass Index Score 65.5 (0.8) 64.5 (0.9) 60.2 (1.2) <0.001
Smoking Score 65.7 (1.3) 69.0 (1.1) 69.4 (1.2) 0.73
Sleep Score 82.3 (0.6) 82.6 (0.7) 85.1 (0.5) <0.001
Diet Score 35.0 (1.0) 36.5 (0.8) 35.6 (1.3) 0.90

Males
Essential 8 Score 66.4 (0.6) 68.1 (0.7) 67.2 (0.6) 0.34
Physical Activity Score 59.0 (1.6) 60.6 (1.6) 59.1 (1.3) 0.18
Blood Pressure Score 77.6 (0.7) 78.9 (0.9) 76.1 (0.8) 0.01
Blood Lipids Score 63.5 (0.8) 68.5 (1.0) 70.4 (0.9) <0.001
Blood Sugar Score 90.7 (0.5) 90.6 (0.5) 89.7 (0.6) 0.03
Body Mass Index Score 64.7 (1.0) 64.7 (1.1) 60.8 (1.3) 0.003
Smoking Score 61.2 (1.4) 64.6 (1.4) 64.4 (1.4) 0.87
Sleep Score 82.2 (0.9) 82.4 (0.9) 84.6 (0.7) 0.02
Diet Score 32.2(1.2) 34.2 (0.8) 32.2(1.3) 0.46

Females
Essential 8 Score 70.6 (0.5) 71.4 (0.5) 72.2(0.7) 0.50
Physical Activity Score 50.0 (1.2) 53.2(1.9) 56.6 (1.8) 0.002
Blood Pressure Score 88.5 (0.5) 88.3 (0.8) 88.0 (0.6) 0.09
Blood Lipids Score 76.0 (0.8) 77.9 (0.7) 82.4 (0.9) <0.001
Blood Sugar Score 93.3(0.4) 91.9 (0.5) 91.0 (0.7) <0.001
Body Mass Index Score 66.3 (1.1) 64.2 (1.0) 59.6 (1.5) <0.001
Smoking Score 70.4 (1.6) 73.9 (0.9) 74.7 (1.49) 0.76
Sleep Score 82.5 (0.6) 82.7 (0.7) 85.7 (0.5) <0.001
Diet Score 37.9(1.1) 38.9 (1.0) 39.3(1.7) 0.68

The Essential 8 score and its components have been presented as mean (standard error).
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Fig. 1. Trends of the Life’s Essential 8 Score in the 18-44 Year Age Group, Overall and Stratified by Sex from NHANES Cycles 2007 to 2018.

This figure depicts the trends of the Life’s Essential 8 (LE8) score and its components from 2007-2018. Two consecutive NHANES cycles were combined to create 3
groups (2007-2010, 2011-2014, and 2015-2018) for analyzing the trends of the LE8 score and its components. The overall population, males, and females have been
depicted in black, red, and blue, respectively.
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On the race-stratified analysis, the other race group [71.2 (0.4)] had
the highest LE8 score and Non-Hispanic Black individuals [65.1 (0.3)]
had the lowest LE8 score. Non-Hispanic Black individuals had the lowest
scores for blood pressure [77.2 (0.6)], blood sugar [85.6 (0.6)], sleep
[74.8 (0.6)], and diet [31.1 (0.7)]. (Table 3)

The LE8 score remained stable from 2007-2010 to 2015-2018 across

Table 3
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all race/ethnic groups. (Table 4) Blood LE8 lipid scores increased across
all race/ethnicity groups. In Non-Hispanic White individuals, the sleep
score increased from 84.1 (0.8) in 2007-2010 to 87.6 (0.7) in 2015-2018
(Ptrend: 0.003). However, a decreasing blood sugar score [93.8 (0.3) in
2007-2010 to 92.5 (0.6) in 2015-2018, Pyeng: 0.006] and the BMI [67.2
(1.1) in 2007-2010 to 61.7 (1.6) in 2015-2018, (Pirend: <0.001)] score

Essential 8 Score and its components Stratified by race/ethnicity in National Health and Nutrition Examination Survey 2007-18

Non-Hispanic White
[n= 4,521 (53,127,793)]

Non-Hispanic Black

[n=2,478 (10,577,294)]

Other
[n=3,006 (14,829,082)]

Mexican American
[n=2,192 (10,888,071)]

Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD) Median (IQR) Mean (SD)
Essential 8 Score 70.7 (58.8, 81.2) 69.9 (0.5) 65.5 (54.8, 75.5) 65.1 (0.3) 67.5 (56.9, 77.4) 67.3 (0.3) 72.2 (61.2, 81.9) 71.2 (0.4)
Physical Activity Score 83.2 (0.0, 94.5) 60.1 (1.1) 56.2 (0.0, 93.6) 51.7 (1.2) 21.6 (0.0, 92.8) 45.8 (1.1) 70.6 (0.0, 93.9) 55.1 (1.2)
Blood Pressure Score 83.9 (58.8, 91.9) 83.1 (0.5) 81.3 (46.3, 90.7) 77.2 (0.6) 84.3 (60.8, 92.2) 83.9 (0.6) 84.6 (61.4, 92.3) 84.4 (0.5)
Blood Lipids Score 73.5 (40.3, 89.9) 72.7 (0.6) 82.9 (46.0, 91.4) 78.2 (0.6) 55.6 (36.9, 88.4) 68.9 (0.8) 80 (40.5, 90.0) 72.8 (0.7)
Blood Sugar Score 76.5 (64.8, 88.3) 93.3(0.3) 70.9 (55.1, 85.4) 85.6 (0.6) 72.9 (58.9, 86.5) 87.6 (0.5) 74.7 (62.0, 87.3) 90.3 (0.4)
Body Mass Index Score 53.7 (23.6, 80.2) 65.2 (0.8) 39 (15.2, 75.1) 55.8 (0.7) 38.2 (18.7, 67.6) 55.6 (0.7) 57.1 (27.0, 81.1) 68.1 (0.9)
Smoking Score 80.8 (0.0, 90.4) 64.9 (1.1) 82.7 (2.8, 91.3) 66.3 (1.1) 85 (55.3, 92.5) 76.2 (1.0) 84.8 (42.7, 92.4) 74.6 (1.0)
Sleep Score 91.6 (58.7, 95.8) 84.9 (0.5) 70.7 (39.5, 94.3) 74.8 (0.6) 91.3 (56.4, 95.6) 84.2 (0.5) 91.2 (54.1, 95.6) 83.1 (0.5)
Diet Score 18.5 (0.0, 46.0) 35(0.9) 14.9 (0.0, 39.4) 31.1 (0.7) 21.1 (0.0, 45.4) 36.2 (0.8) 26.6 (3.1, 51.8) 41.1 (0.8)
Median (interquartile range) and mean (standard deviation) have been used to describe the Life’s Essential 8 Score and its components.
Table 4
Trend of Essential 8 Score and its Components Stratified by Race/Ethnicity in National Health and Nutrition Examination Survey 2007-18
2007-2010 2011-2014 2015-2018 Pirend
[n=4,239 (88,558,753)] [n=4,239 (90,911,084)] [n=3,719 (88,796,885)]
Non-Hispanic White
Essential 8 Score 69.2 (0.9) 70.1 (0.8) 70.5 (0.8) 0.88
Physical Activity Score 59.0 (1.9) 60.5 (2.0) 60.9 (1.9) 0.96
Blood Pressure Score 83.0 (0.8) 83.8 (0.9) 82.5 (1.0) 0.20
Blood Lipids Score 69.2 (0.9) 72.7 (1.0) 76.7 (1.2) <0.001
Blood Sugar Score 93.8 (0.3) 93.6 (0.5) 92.5 (0.6) 0.006
Body Mass Index Score 67.2 (1.1) 66.3 (1.3) 61.7 (1.6) <0.001
Smoking Score 62.7 (1.8) 65.7 (1.6) 66.5 (2.0) 0.65
Sleep Score 84.1 (0.8) 83.4 (0.9) 87.6 (0.7) 0.003
Diet Score 34.3 (1.5) 35.3(1.2) 35.4 (1.8) 0.67
Non-Hispanic Black
Essential 8 Score 64.3 (0.6) 65.5 (0.6) 65.4 (0.6) 0.85
Physical Activity Score 48.1 (2.1) 53.5(2.2) 53.5(2.0) 0.27
Blood Pressure Score 77.2 (1.0) 77.3 (1.3) 77.0 (0.8) 0.57
Blood Lipids Score 76.0 (1.2) 77.6 (1.1) 81.0 (0.9) 0.001
Blood Sugar Score 86.4 (1.3) 85.1 (1.0) 85.2 (0.7) 0.25
Body Mass Index Score 56.9 (1.4) 55.0 (1.1) 55.6 (1.3) 0.43
Smoking Score 65.5 (1.5) 68.0 (2.1) 65.5 (1.8) 0.23
Sleep Score 73.3(1.1) 75.7 (1.2) 75.3 (0.8) 0.16
Diet Score 31.0 (1.2) 32.0(1.4) 30.1 (1.3) 0.38
Mexican American
Essential 8 Score 67.0 (0.6) 67.7 (0.5) 67.1 (0.6) 0.14
Physical Activity Score 42.2 (1.7) 44.6 (1.9) 50.6 (1.7) 0.004
Blood Pressure Score 84.2 (1.0) 84.9 (1.0) 82.6 (0.9) 0.008
Blood Lipids Score 64.8 (1.2) 69.4 (1.6) 72.2 (1.0) 0.005
Blood Sugar Score 89.1 (0.8) 87.9 (0.9) 86.0 (0.9) <0.001
Body Mass Index Score 59.6 (1.4) 56.1 (1.2) 51.4 (1.3) <0.001
Smoking Score 73.7 (1.8) 78.0 (1.8) 76.8 (1.4) 0.87
Sleep Score 85.3 (0.8) 84.2 (0.9) 83.2 (1.0) 0.65
Diet Score 37.2(1.6) 36.9 (1.2) 34.4 (1.5) 0.10
Other
Essential 8 Score 70.0 (0.8) 72.2 (0.7) 71.1 (0.5) 0.90
Physical Activity Score 50.0 (2.6) 57.0 (1.7) 56.7 (1.7) 0.09
Blood Pressure Score 86.6 (0.9) 85.2 (1.1) 82.0 (0.7) <0.001
Blood Lipids Score 70.3 (1.4) 73.6 (1.0) 73.9(1.1) 0.16
Blood Sugar Score 91.0 (0.8) 90.0 (1.0) 90.0 (0.5) 0.11
Body Mass Index Score 70.0 (1.6) 70.7 (1.5) 64.5 (1.5) <0.001
Smoking Score 73.3 (2.4) 74.7 (1.6) 75.6 (1.3) 0.74
Sleep Score 79.5(1.1) 83.3 (0.8) 85.3 (0.7) <0.001
Diet Score 39.7 (1.9) 43.1 (1.2) 40.4 (1.0) 0.80

The Essential 8 score and its components have been presented as mean (standard error).
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Fig. 2. Trends of the Life’s Essential 8 Score in the 18-44 Year Age Group Stratified by Race/Ethnicity from NHANES Cycles 2007 to 2018.

This figure depicts the trends of the Life’s Essential 8 (LE8) score and its components from 2007-2018 stratified race/ethnicity. Two consecutive NHANES cycles were
combined to create 3 groups (2007-2010, 2011-2014, and 2015-2018) for analyzing the trends of the LE8 score and its components. Non-Hispanic White, Non-
Hispanic Black, Mexican American, and other races have been depicted in black, red, blue, and green, respectively.

trends were noted. In Non-Hispanic Black individuals, the trend of the
components of the LE8 score remained stable (other than blood LE8 lipid
score). In Mexican American individuals, the physical activity score
increased from 42.2 (1.7) in 2007-2010 to 50.6 (1.7) in 2015-2018
(Ptrend: 0.004). A decrease in the trends of the blood pressure [84.2
(1.0) in 2007-2010 to 82.6 (0.9) in 2015-2018, (Pyend: 0.008)]1, blood
sugar [89.1 (0.8) in 2007-2010 to 86.0 (0.9) in 2015-2018, (Pirend:
<0.001)] and the BMI [59.6 (1.4) in 2007-2010 to 51.4 (1.3) in 2015-
2018, (Pyreng: <0.001)] scores were noted (Fig. 2).

A strong correlation between the LS7 score and the LE8 score was
noted (0.79, P<0.001). After the categorization of the LS7 and LE8
scores into poor, intermediate, and ideal categories, there was moderate
agreement between the LE8 and LS7 score categories with a weighted
Kappa coefficient of 0.44 (P<0.001). Of the 1.7 million individuals
categorized as poor CVH by the LS7 score, 1.6 million (94.1%) remained
in the poor CVH category and 0.1 million (5.9%) were reclassified to
intermediate CVH when classified by the LE8 score. Of the 46.1 million
individuals categorized as intermediate CVH by the LS7 score, 35.6
million (77.2%) remained in the intermediate CVH category, 8.1 million
(17.6%) were reclassified as poor CVH, and 2.3 million (5.0%) were
reclassified to ideal CVH by the LE8 score. Of the 40.1 million in-
dividuals categorized as ideal CVH by the LS7 score, 21.1 million
(52.6%) remained in the ideal CVH category, 18.9 million (47.1%) were
reclassified as intermediate CVH, and 0.1 million (0.2%) were reclassi-
fied to poor CVH by the LE8 score (Central Illustration).

4. Discussion

This study of 12,197 young US adults, representing 89.4 million in-
dividuals of the non-institutionalized US population, showed that the
CVH of the 18-44 years age group using the LE8 score has not shown any
improvement from 2007 to 2018. Females had a higher mean score than
males in all components of the LE8 score, except BMI and physical ac-
tivity. However, an improvement in the physical activity score was
noted in females from 2007 to 2018. The overall LE8 score was the
lowest in the Non-Hispanic Black individuals compared with the other
race/ethnic groups. On analyzing the trend of the LE8 score and its
components, the sleep score increased and the blood pressure, blood
glucose, and BMI scores decreased over the years in the overall popu-
lation. The blood lipids score increased among the study cohort partic-
ipants across the sex and race/ethnic subgroups. Nearly 1 in 4 young
adults in the US were classified as having ideal CVH using the LE8 score
compared with 1 in 2 individuals using the LS7 score. Approximately
19.0 million (47.3%) young adults with ideal CVH as per the LS7 score
were reclassified as having intermediate or poor CVH as per the LE8
score.

The use of the LE8 score captures greater granularity in the overall
CVH and each component. As opposed to the LS7 score, the LE8 score
and its components are measured on a continuous scale from 0 to 100
[5]. Each component of the score has at least 5 levels which allows each
level to have a narrow range of values. This increases the sensitivity of
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the score and prevents the clubbing of a wide range of values into a
single category. The LS7 score does not quantify the metrics in a manner
beyond traditional clinical categories whereas the LE8 score estimates
CVH using the entire range of the respective CVH metric. Therefore, the
blood pressure, BMI, blood glucose, and blood lipids categories in the
LS7 score do not reflect the incremental increase in the risk of cardio-
vascular disease with the increase of these indices over and above the
normal range [27-30]. Although a moderate increase in the sleep score
was noted, the CVH of more than half of the young adults was classified
as intermediate by the LE8 score which was concordant with the LS7
score. About ~20 million individuals with LS7-defined ideal CVH were
reclassified as intermediate or poor CVH by the LE8 score. These in-
dividuals represent a previously unidentified section of the population
who would benefit from primary preventative interventions.

This study noted sex differences in the overall LE8 score and its
components. Females in early adulthood are more likely to seek help and
follow up more frequently with a physician compared with males which
may explain the higher scores in the blood pressure, blood lipids, and
blood glucose categories [31,32]. The prevalence of hypertension in
females is lower than that of males in the young adult age group which
has been previously attributed to sex hormones and sex-associated dif-
ferences in the renin-angiotensin system along with sex-associated dif-
ferences in social determinants of health [33].

In race/ethnicity-based analysis, Non-Hispanic Black young adults
had the lowest scores in blood pressure, blood sugar, sleep, and diet
categories and the total LE8 score compared with other racial/ethnic
groups. Social determinants of health include the non-medical factors
that impact health. These factors may largely explain the lower scores
observed in Non-Hispanic Black individuals. Non-Hispanic Black in-
dividuals are more likely to have lower socioeconomic status and attain
lower education levels compared with Non-Hispanic White individuals
[34,35]. Furthermore, Non-Hispanic Black individuals are more likely to
reside in poorer neighborhoods and lack transportation which may limit
access their access to healthy food and healthcare [34,35]. Lower scores
in the blood pressure and blood sugar category have been previously
attributed to poor dietary patterns, poor sleep, lower awareness, lower
adherence to therapy, inadequate therapy, and lack of access to
healthcare [15,36-39]. The reduced duration of sleep in Non-Hispanic
Black individuals could be attributed to a combination of environ-
mental factors, socioeconomic status, and psychosocial factors [40-44].
The poor dietary pattern in Non-Hispanic Black individuals may be
multi-factorial including socioeconomic status, neighborhood effect,
cultural traditions, and targeted advertisements promoting unhealthy
diets [45,46].

The multi-dimensionality of sleep and its strong association with
other determinants of CVH has led to its inclusion in the LE8 score. Poor
sleep health has been associated with obesity, hypertension, hyperlip-
idemia, and diabetes mellitus [38,39,47-49]. In addition to increasing
the risk of cardiovascular disease through its association with the de-
terminants of CVH, poor sleep independently has also been associated
with a higher risk of coronary heart disease, stroke, and heart failure
[47]. Racial/ethnic differences in sleep health may partly explain dif-
ferences in the prevalence of cardiovascular diseases by race/ethnicity.
Self-reported data showed that Non-Hispanic Black individuals have a
lower sleep duration compared with Non-Hispanic White individuals
[50-54]. Additionally, objective measurement of sleep using poly-
somnography and actigraphy-based studies showed that in addition to
reduced duration of sleep, Non-Hispanic Black individuals had poor
sleep quality characterized by shorter duration of sleep, lower sleep
maintenance, higher fragmentation of sleep, and reduced short wave
sleep duration [54-57]. Racial/ethnic differences in sleep have been
previously noted to persist even after controlling for socioeconomic
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status, other social determinants of health that affect sleep require
further examination [52,53,55-57].

With young adults forming the majority of the demographic dividend
of the population, poor CVH in young adults may devastatingly impact
the economy not only by increasing healthcare expenditure due to car-
diovascular morbidity and mortality but also loss of the workforce of the
country. Regional differences in CVH, with the southeastern US having
disproportionately low CVH and high cardiovascular mortality, may
lead to the development of a geographic disparity in the economy [58,
59]. The proportion of young adults experiencing a cardiovascular event
has increased from 27% to 32% over the last two decades [1]. An esti-
mated ~90% of these patients have a modifiable risk factor during an
index event, most commonly hypertension, dyslipidemia, and obesity
[60]. Furthermore, an increasing trend in the poor control of these
modifiable risk factors such as hypertension, diabetes mellitus, and
dyslipidemia [16,18]. Control of these risk factors in young adults has
been associated with a reduction of cardiovascular and all-cause mor-
tality in later life [61-63]. Widespread use of the LE8 score enables the
measurement of these risk factors and allows the trending of the CVH of
an individual over time. This can help identify the specific categories
which require improvement and therefore plan a directed intervention
to improve CVH. However, due to the interrelated nature of the com-
ponents of the score, improvement in the overall score should be the aim
at an individual level. For example, inadequate sleep has been associ-
ated with obesity, hypertension, dyslipidemia, and type 2 diabetes
mellitus [39]. At an individual level, aggressive control of the health
factors (blood glucose, blood lipids, and blood pressure) should be
promoted. Increased taxation of tobacco products, junk food, and
sweetened beverages [64], incentivization of physical activity [65],
improved access to healthcare, and subsidization of healthy food can
help improve CVH at a population level.

5. Limitations

This study has several limitations. First, the serial cross-sectional
nature of the NHANES cycles prohibits any causal inferences but pro-
vides robust population-level estimates of CVH. Additionally, changes in
the CVH at an individual level could not be assessed longitudinally over
time. Second, NHANES uses self-identified data for race/ethnicity and
sex. Self-identified race/ethnicity is a construct combining social, cul-
tural, and geographical factors that may not reflect genetic ancestry.
This study could not compare the CVH of the Non-Hispanic Asian pop-
ulation with the other racial/ethnic groups due to the unavailability of
data before the 2011-2012 cycles. Third, the data used for the calcula-
tion of the components of the LE8 score may be subject to measurement
errors due to the reliance on self-reported data, such as for physical
activity and smoking. Blood pressure measurement on a single day may
be an insufficient measure of the 24-hour average blood pressure in an
individual. Fourth, 2,642 individuals in the study population had
missing components for the calculation of the LE8 score. This study
excluded individuals with incomplete data to compute the scores. The
weights assigned by NHANES to each individual can be highly variable
due to oversampling of groups of interest. Therefore, the exclusion of
individuals may contribute to the increased variance in population-level
estimates.

6. Conclusions

An estimated one in four young US adults has ideal CVH estimated
using the AHA LE8 score. The CVH status among young US adults has
not demonstrated any overall improvement between 2007 and 2018, or
when stratified by sex and race/ethnicity. Nearly 47% of young adults
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categorized as having ideal CVH as per the LS7 score were reclassified as
having intermediate or poor CVH as per the LE8 score.

26.7%
45.6% -
62.1%
52.3%
S 11.2%
2.0% . —
Life’s Simple 7 Score Life’s Essential 8 Score
- Ideal Intermediate - Poor

Central Illustration: Sankey Diagram Depicting Reclassification of Cardio-
vascular Health Categories Using the Life’s Simple 7 and Life’s Essential 8
Scores.

This figure depicts the reclassification of cardiovascular health (CVH) in young
adults using the Life’s Simple 7 (LS7) score and the Life’s Essential 8 (LE8)
Score. LS7 scores of 0-4, 5-9, and 10-14 were defined as poor, intermediate, and
ideal CVH, respectively. LE8 scores of <50, 50-79, and >80 were defined as
poor, intermediate, and ideal CVH, respectively. Of the 1.7 million individuals
categorized as poor CVH by the LS7 score, 1.6 million (94.1%) remained in the
poor CVH category and 0.1 million (5.9%) were reclassified to intermediate
CVH when classified by the LE8 score. Of the 46.1 million individuals catego-
rized as intermediate CVH by the LS7 score, 35.6 million (77.2%) remained in
the intermediate CVH category, 8.1 million (17.6%) were reclassified as poor
CVH, and 2.3 million (5.0%) were reclassified to ideal CVH by the LE8 score. Of
the 40.1 million individuals categorized as ideal CVH by the LS7 score, 21.1
million (52.6%) remained in the ideal CVH category, 18.9 million (47.1%) were
reclassified as intermediate CVH, and 0.1 million (0.2%) were reclassified to
poor CVH by the LE8 score.
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