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Association of Socioeconomic Status
With Life’s Essential 8 Varies by Race and
Ethnicity
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BACKGROUND: The American Heart Association’s Life’s Essential 8 (LE8) are 8 risk factors for cardiovascular disease, with poor
attainment across all racial, ethnic, and socioeconomic groups. Attainment is lowest among Americans of low socioeconomic
status (SES). Evidence suggests the association of SES with LE8 may vary by race and ethnicity.

METHODS AND RESULTS: The association of 4 SES categories (education, income-to-poverty line ratio, employment, insur-
ance) with LE8 was computed in age-adjusted linear regression models, with an interaction term for race and ethnicity, using
National Health and Nutrition Examination Survey data, years 2011 to 2018. The sample (n=13529) had a median age of
48years (51% female) with weighting to be representative of the US population. The magnitude of positive association of col-
lege education (relative to <high school) with LE8 was greater among non-Hispanic White Americans (NHWA) compared with
non-Hispanic Black Americans, Hispanic Americans, and non-Hispanic Asian Americans (all interactions P<0.001). NHWA
had a greater magnitude of positive association of income-to-poverty line ratio with LE8, compared with non-Hispanic Black
Americans, Hispanic Americans, and non-Hispanic Asian Americans (all interactions P<0.001). NHWA with Medicaid com-
pared with private insurance had a greater magnitude of negative association with LE8 compared with non-Hispanic Black
Americans, non-Hispanic Asian Americans, or Hispanic Americans (all interactions P<0.01). NHWA unemployed due to dis-
ability or health condition (compared with employed) had a greater magnitude of negative association with LE8 than non-
Hispanic Black Americans, non-Hispanic Asian Americans, or Hispanic Americans (all interactions P<0.05).

CONCLUSIONS: The magnitude of association of SES with LE8 is greatest among NHWA. More research is needed on SES’s
role in LE8 attainment in minority group populations.
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of death in the United States.' Significant dis-

parities in CVD mortality exist based on the so-
cial constructs of race and ethnicity. Non-Hispanic
Black Americans (NHBA) have lower life expectancy
than non-Hispanic White Americans (NHWA), and
32% to 43% of this disparity is due to differences
in CVD mortality rates.? The diverse group of non-
Hispanic Asian Americans (NHAA) have a higher

Cardiovascular disease (CVD) is the leading cause

burden of hypertension and hemorrhagic stroke than
NHWA.2 Conversely, for the diverse group of Hispanic
Americans (HA), rates of coronary heart disease and
stroke are lower than rates among NHWA? however,
prevalence of diabetes is twice as high among HA than
NHWA .5

Whether racial and ethnic minority groups have
higher or lower rates of CVD than the majority group,
all CVD rates are unacceptably high, as 80% to 90%
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CLINICAL PERSPECTIVE
What Is New?

The association of socioeconomic status with
cardiovascular health is of greatest magnitude
among non-Hispanic White Americans com-
pared with non-Hispanic Black Americans,
non-Hispanic Asian Americans, and Hispanic
Americans.

What Are the Clinical Implications?

e Improving socioeconomic status is beneficial in
all populations but may have differential magni-
tudes of effect in different races and ethnicities;
thus, multi-pronged approaches may be neces-
sary to advance cardiovascular health equity.

Nonstandard Abbreviations and Acronyms

CVH cardiovascular health

HA Hispanic Americans

LES Life’'s Essential 8

NHAA non-Hispanic Asian Americans

NHANES National Health and Nutrition
Examination Survey

NHBA non-Hispanic Black Americans
NHWA non-Hispanic White Americans
PIR income-to-poverty-line ratio
SDoH social determinants of health

of CVD is preventable.® In an effort to lower CVD rates,
the American Heart Association identified 8 factors
pivotal for the prevention of CVD, called Life’s Essential
8 (LE8).” Racial and ethnic disparities in attainment of
ideal levels of these 8 factors (blood pressure, total
cholesterol, blood glucose, body mass index, diet,
physical activity, sleep, and smoking) exist in the United
States, with NHBA having the lowest LE8 scores.®®
Attainment of Life’s Simple 7, which preceded LE8 and
has the same factors (except sleep), is independently
associated with socioeconomic status (SES), which is
an aggregate construct that includes education, in-
come, and occupation.® Participants with higher SES
have better attainment of Life’s Simple 7 across racial
and ethnic groups.® It has been posited that the ra-
cial and ethnic disparities in ideal cardiovascular health
(CVH) attainment are related to racial and ethnic dis-
parities in higher SES attainment and that improving
SES attainment in racial and ethnic minority groups
will close the CVH gap. However, a recent paper sug-
gests a low magnitude of association of SES with CVH
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among NHBA men.'° Here, we examine the association
of SES with LE8 across racial and ethnic groups in the
United States using nationally representative National
Health and Nutrition Examination Survey (NHANES)
data. NHANES is the preferred method of population-
based assessment of LES indicated in the American
Heart Association presidential statement.” We hypoth-
esized that racial and ethnic minority groups would
have a lower magnitude of association of SES with LE8
compared with NHWA.

METHODS

Sample Characteristics

NHANES is a cross-sectional, multistage, stratified,
clustered probability sample of the US civilian nonin-
stitutionalized population conducted by the National
Center for Health Statistics of the Centers for Disease
Control and Prevention. All data and guidance on an-
alytical approaches are publicly and freely available
from the Centers for Disease Control and Prevention’s
National Center for Health Statistics and can be ac-
cessed at https:/www.cdc.gov/nchs/nhanes/index.
htm. The NHANES data analyzed were collected in
4 waves from 2011 to 2018 (2011-2012, 2013-2014,
2015-2016, and 2017-2018). These waves included
oversampling of NHAA. These waves were combined
and sample weights were adjusted following National
Center for Health Statistics guidelines." Participants
were interviewed and physical examination included
blood collection. For this analysis, we included adults
aged >20years who were not missing any compo-
nents of the LE8 score, SES variables, or covariates
(n=13529; Figure S1). Table S1 shows characteristics
of included participants and participants excluded
due to missing data. All participants gave written in-
formed consent, and the NHANES study protocol was
approved by the National Center for Health Statistics
Institutional Review Board. This analysis of secondary
data was exempted from approval by The Ohio State
University Institutional Review Board, as the use of dei-
dentified secondary data does not constitute human
subjects research.

Socioeconomic Status Variables
(Exposures)
Education

NHANES provided data on education status, with the
following levels: less than 9th grade, 9 to 11th grade (in-
cludes 12th grade with no diploma), high school grad-
uate/General Educational Development or equivalent,
some college or associate’s degree, and college grad-
uate or above. Because of the small sample size, and
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consistent with our prior analyses,'®© the lower levels
of education were condensed. The 3 categories used
in this analysis were high school graduate/General
Educational Development or less, some college or as-
sociate’s degree, and college graduate or above.

Income

Annual family income was divided by the applicable
poverty line, based on family size, to calculate the
income-to-poverty line ratio (PIR). In NHANES, PIR is
reported continuously in values ranging from O (no in-
come) to 5 (=5 times the poverty line). In the particpant
characteristics table, PIR was reported categorically,
but in regression models it was used continuously.

Employment

Employment status levels were student, retired, em-
ployed, unemployed, and unable to work for health
reasons/disability.

Health Insurance Status

Health insurance levels were private, uninsured,
Medicare, Medicaid, military, combination, and
other. Combination insurance is any combination of
insurances.

Life’s Essential 8 Scoring (Outcome)

LES8 score (0100 scale) was the average of the scores
for the 8 individual components detailed next. An aver-
age score of 0 to 49 is defined as low CVH, 50 to 79
is moderate CVH, and 80 to 100 is high CVH in the
participant characteristics table, although in regression
analyses, LE8 score was modeled continuously.

Body Mass Index

Body mass index (kg/m?) was measured in the Mobile
Examination Center by trained health technicians.
Scoring for Asian and non-Asian participants is de-
scribed in Table 1. Non-Asian participants with a body
mass index <25kg/m? received 100 points, and Asian
participants with a body mass index <23kg/m? re-
ceived 100 points.

Blood Pressure

Blood pressure was measured a minimum of 3 times,
with a fourth measure taken if necessary, after 5min-
utes’ seated rest by physician examiners, per NHANES
protocol. The average of all measurements was used
in this analysis, after removing O values for diastolic
blood pressure. Blood pressure scores ranged from O
to 100, as described in Table 1.
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Smoking

Smoking status was self-reported through the
NHANES smoking (SMQ) questionnaire, which probed
for use of cigarettes, pipes, hookah, chewing tobacco,
snuff, and other smokeless tobacco. All current users
of tobacco received O points. If participants reported
quitting, they received between 25 and 75 points, de-
pending on how long it had been since they quit, as
described in Table 1. Participants who never smoked
received 100 points. For the 2013 to 2017 cycles, e-
cigarette use resulted in a subtraction of 20 points (if
the scores were 20 or more). The 2011 cycle does not
include e-cigarette data, but e-cigarette use was rare
at that time.

Physical Activity

Weekly leisure moderate physical activity bouts were
multiplied by bout duration in minutes. Weekly leisure
vigorous physical activity bouts were multiplied by vig-
orous bout duration in minutes. These values were
added together with the sum equaling weekly physical
activity minutes. Greater than or equal to 150 physi-
cal activity minutes received 100 points, and O physi-
cal activity minutes was scored as 0 points. Values in
between 0 and 150 minutes received scores between
0 and 100, as described in Table 1.

Diet

Diet was scored based on the Dietary Approaches to
Stop Hypertension score, as developed by Fung et al.’?
The diet criteria were scored from 2days’ dietary re-
call data (averaged). The first recall was collected in
person at the Mobile Examination Center. The second
was collected over the phone 3 to 10days later. Cup
and ounce equivalents for the requisite food groups
were obtained from the US Department of Agriculture
Agricultural Research Service.'® Intake levels were then
adjusted for caloric targets for each age/sex group
(Table S2). The US Department of Agriculture did
not report low-fat dairy, so total dairy was used. The
US Department of Agriculture did not report sugar-
sweetened beverage consumption, so kilocalories
from sugar-sweetened beverages were averaged from
the 2days’ recall. Once the Dietary Approaches to
Stop Hypertension score was calculated, it was con-
verted to LE8 points based on quantiles, as described
in Table 1.

Cholesterol

Total cholesterol (measured enzymatically by hydro-
lyzing cholesterol esters and producing H,O,, which
was then quantified chromatically with paraguinone),
high-density lipoprotein cholesterol concentration, and
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Table 1. Measurement and Scoring of Life’s Essential 8

Socioeconomic Status & Life’s Essential 8 by Race and Ethnicity

Cardiovascular health metric Method of measurement Scoring
Diet 2- to 24-h recalls, intakes averaged. DASH Points Quantile of DASH score
score calculated as described.”? 100 >95th percentile
80 75th—94th
50 50th-74th
25 25th—49th
0 1st-24th
Physical activity NHANES physical activity questionnaire, Points Minutes/week
leisure min/wk 100 5150
90 120-149
80 90-119
60 60-89
40 30-59
20 1-29
0 0
Smoking NHANES smoking questionnaire Points Status
100 Never smoker
75 Quit =5y
50 Quit 1 to <by
25 Quit <1y, or current nicotine
delivery system use
0 Current smoker
Subtract 20 (if score >25) for living with active indoor smoker
Sleep 2011 and 2013 cycles: average sleep per Points Hours of sleep
gl(%h; and 2017 cycles: average weekday 100 7109
sleep per night 90 9to <10
70 6to <7
40 5to <6 or >10
20 410 <5
0 <4
Body mass index Weight in kg/height in m squared Points kg/m?
Non-Asian Americans
100 <25
70 25.0-29.9
30 30.0-34.9
15 35.0-39.9
0 >40.0
Asian Americans
100 <23.0
70 23.0-24.9
50 25.0-29.9
25 30.0-34.9
0 >35.0
Non-HDL-c Enzymatically measured total cholesterol Points Non-HDL-c, mg/dL
minus HDL-c 100 <130
60 130-159
40 160-189
20 190-219
0 >220

If drug-treated level, subtract 20 (if score >20)

J Am Heart Assoc. 2023;12:e029254. DOI: 10.1161/JAHA.122.029254

(Continued)



Williams et al

Table 1. Continued

Socioeconomic Status & Life’s Essential 8 by Race and Ethnicity

Cardiovascular health metric Method of measurement Scoring

Blood glucose Glycated hemoglobin Points %
100 <5.7, no diabetes
60 5.7-6.4, no diabetes
40 <7.0, with diabetes
30 7.0-7.9, with diabetes
20 8.0-8.9, with diabetes
10 9.0-9.9, with diabetes
0 >10.0, with diabetes

Blood pressure Appropriately measured systolic and Points mmHg

diastolic blood pressure, mmHg 100 <120/<80

75 120-129/<80
50 130-139 or 80-89
25 140-159 or 90-99
0 >160 or =100
If drug-treated level, subtract 20 (if score >20)

The table is adapted from Lloyd-Jones et al” with permission. Copyright © 2022 the American Heart Association, Inc.
DASH indicates Dietary Approaches to Stop Hypertension; HDL-c, high-density lipoprotein cholesterol; and NHANES, National Health and Nutrition

Examination Survey.

self-reported use of hypercholesterolemia medications
were used to calculate the cholesterol score. Non-
high-density lipoprotein cholesterol cholesterol (total
cholesterol minus high-density lipoprotein cholesterol)
<130 mg/dL without the use of medication was consid-
ered optimal (100 points). Non-high-density lipoprotein
cholesterol of 220mg/dL or more received 0 points.
Values between 130 and 220mg/dL received scores
between 0 and 100, as described in Table 1.

Blood Glucose

The blood glucose score was based on diabetes sta-
tus (self-reported diagnosis, hemoglobin Alc [HbA1c]
>6.5, or use of diabetes medication) and HbA1c.
HbA1c was measured using high-performance liquid
chromatography. An HbA1c of <5.7% in the absence
of diabetes received 100 points. For people with diag-
nosed diabetes, the highest score achievable was 40
points (HbAl1c of <7.0%). Participants with an HbAlc
>10.0% received O points. Values of HbAlc between
7.0% and 10.0% received scores between 0 and 40,
as described in Table 1.

Sleep

Hours of average weekday sleep was used for cycles
2015 and 2017, and average sleep per night was used
for cycles 2011 and 2013. Both were measured with
the NHANES Sleep Disorders questionnaire. Optimal
sleep was 7 to <9hours per night (100 points), and
0 points were awarded for sleep <4hours per night.
Other sleep durations received points between 0 and
100, as described in Table 1.
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Demographic Variables (Covariates)
Race and Ethnicity

Race and ethnicity were self-reported from the options
non-Hispanic White, non-Hispanic Black, non-Hispanic
Asian, non-Hispanic Other, Mexican American, and Other
Hispanic. For this analysis, participants who identified as
non-Hispanic Other were excluded, and participants who
identified as Mexican American or Other Hispanic were
combined into the group Hispanic.

Age

Age at time of survey was calculated in years from the
participant’s self-reported or imputed date of birth.
Participants >80years of age were coded as 80 to
minimize disclosure risk.

Sex

Sex was self-reported at the time of interview, with
male or female being the only options.

Statistical Analysis

Our conceptual model is shown in Figure S2. Sample
characteristics are reported in Table 2 and Table S3 as
counts of observations and the number and percent-
age of US adults those observations represent, based
on the provided sample weights. Linear regression was
used to quantify the association of SES components
with LE8 score. An interaction term was placed in the
model to test the interaction of race and ethnicity with
SES in the association with LE8 score. Models were
fit with an interaction term of racial and ethnic group
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Table 2. NHANES Observations, Weighted n, and Weighted Percentage of Sociodemographic Variables and

Cardiovascular Health Scores by Racial and Ethnic Group

NH White NH Black NH Asian Hispanic
Obs No. % Obs ‘ No. % Obs No. % Obs No. %

Age

20-30y 893 23 M 59 565 51M 13 328 26M 7 592 8 M 21

31-50y 1794 42 M 64 958 7.3 M 1A 590 4M 6 1095 12M 18

51-65y 1404 39M 74 982 54 M 10 378 24 M 5 955 57M 1

66+y 1736 28M 83 564 23M 7 174 1™ 3 521 2.3M 7
Income/poverty line

0.00-1.00 915 13 M 49 771 52M 20 169 1.3M 5 899 7™M 27

1.01-2.00 1582 24 M 60 820 55M 14 209 1.4 M 4 977 8.6M 22

2.01-3.00 860 20M 69 500 31 M " 204 14 M 5 502 43 M 15

3.01-4.00 654 17 M 71 345 23M 222 1.6 M 6 310 3.4 M 14

4.01-5.00 1816 59 M 82 633 41 M 6 666 4.4 M 6 475 4.6 M 6
Employment status

Disabled/health 547 87M 67 344 21 M 16 27 0.18 M 1 270 2M 15

Employed 3048 81 M 68 1738 12 M 10 1014 7™ 6 1864 19 M 16

Homemaker 273 6.3M 63 95 061M | 6 124 0.85M | 9 314 2.3M 23

Retired 16565 27 M 84 538 24M 7 160 0.98 M 3 418 2M 6

Student 70 1.6 M 50 64 0.5M 16 64 0.49M 16 45 0.59M 19

Unemployed 334 6.6 M 56 290 22M 19 81 057M | 5 252 2.3M 20
Education

High school or 2086 40M 61 1337 8.6 M 13 264 2M 3 1905 15 M 23

less

Some college 2053 44 M 71 1113 75M 12 301 22M 4 833 8.2M 13

College+ 1688 48 M 77 619 41 M 7 905 6 M 10 425 4.2M 7
Health insurance

Combination 1292 22M 84 426 2M 7 83 0.53M | 2 307 17M 6

Medicaid 345 54 M 48 378 29M 25 81 0.57 M 5 294 25M 22

Medicare 586 9.8 M 77 276 12M 10 81 0.49M 4 265 1.2M 9

Military 119 2.3M 70 86 0.58M | 17 14 014 M 4 28 0.26M | 8

Other 267 58M 59 203 14 M 15 89 0.73 M 7 214 1.8M 19

Private 2477 72M 74 1140 7.8 M 8 926 6.2M 6 1085 1M 11

Uninsured 74 14 M 49 560 4.4M 15 196 14 M 5 970 9.3M 32
Sex

Female 2954 67 M 69 1626 1M i 728 51 M 5 1682 14 M 14

Male 2873 65 M 70 1443 91 M 10 742 49M 5 1481 14 M 15
Life’s Essential 8 score

Low (0-49) 1204 22 M 68 822 49M 16 11 0.73M | 2 615 45M 14

Moderate (50-79) | 3630 82 M 68 1964 13 M 11 908 6.3M 5 2118 18 M 15

High (80-100) 993 29 M 74 283 21 M 5 451 31M 8 430 5M 13

% indicates weighted percentage; disabled/health, people out of work because of disability or health reasons; M, millions; No., weighted number of US adults
represented by observations; NH, non-Hispanic; NHANES, National Health and Nutrition Examination Survey; and Obs, observations.

with each SES component in turn. Univariate models
contained only the racexSES variable interaction term
describing LE8 score. Age-adjusted models contained
the interaction term and age. Multivariable models were
adjusted for age, sex, and all SES variables not included
in the interaction term (Table S4). To determine if the in-
teraction term improved model fit, likelihood ratio tests

J Am Heart Assoc. 2023;12:e029254. DOI: 10.1161/JAHA.122.029254

were performed on models with and without the in-
teraction term. Predicted values were calculated from
the age-adjusted models that included the interaction
term, with age held constant at the median. These
values are presented in Figure 1. Sensitivity analyses
were performed on data imputed with the mice() func-
tion in R using the cart method (Table S5). Additional



Williams et al

Socioeconomic Status & Life’s Essential 8 by Race and Ethnicity

Education Level
Hispanic NH Asian NH Black NH White
oo 80
'.._g = =
S 701 ¥ ¥
A 3
u%J x= x> T =
» 60 *= = =
:..2 =
_I 50 A T T T T T T | J T T T T T
&6 &0 0& &6 zgev é‘?; &6 &0 0& @6 Qp? é@
& &S &S S &SNS &S S
O <& (4 ) < (4 O <& (4 O < <
A S P S & A
& © S ¢ S S ¢
Ny Ny Ny Ny
Income / Poverty Line
Hispanic NH Asian NH Black NH White
o0 80
©
= K 3
c 70 =
@ 70 'y 3 = 3 $ |
ugJ s s % b T
% 60 z 5 & % : =
:g k]
_l 50 A T T T T T T T T T T T T T T T T T T T T
1 2 3 4 5 1. 2 3 4 5 1 2 3 4 5 1.2 3 4 5
Multiples of Poverty Line
Employment Status
Hispanic NH Asian NH Black NH White
o0 80
g 3
c 704 E 3
[} =
=
u$.| x =& I t / »
» 6071 3 T T =
o N
= T
= 60— e P
> > S S S > D
,z}\ ¢ @ @ \\ @ @ P ) @ PN R
&*2‘ QO* Qg’\ © 6\‘3‘ Q\O* Qg’\ \* &‘?‘0 N Qg’\ @Q\ 6\‘3‘0 Q\& <Zg'\\ Q\O*
é° é\\ N2 éQ <& NG é(\
PN PN N ANY
& & N &
Health Insurance
Hispanic NH Asian NH Black NH White
o0 80
K] s ¥
< =
S 701 3 o
173 ¥ 3 & I 3 [ ]
it i3 ]
Weo s =& LI B L]
v T
o I (]
_I 50 A T T T T T T T T T T T T T T T T T T T T T T T T
. @b 0@6 {\\Q}A g &2 ,\\00.4 - (?’\b 0&6 \Q}A E &2 ,-Qo‘\. \\{b@ & 0@6 & S &2 \\o‘\ & N Q,b Q}. g &2 '\5°°. \\Ib@
& O <'>\°® & &€ S ‘-)\o"’ & & 0& N4 ‘ @b‘ \& 06\ ‘-)\o?’ &
N N NS S S S Qoo@ N N @ @Oo@
Figure 1. Predicted Life’s Essential 8 values for each level of socioeconomic status with

age held constant at the median (48years).

Predicted Life’s Essential 8 scores are from models adjusted for age. Age was held constant
at the median (48years) in predicting the Life’s Essential 8 scores from the models. Error bars
represent the estimate+SE. Disabled/health indicates people out of work because of disability
or health reasons. Interpretation: non-Hispanic White Americans have the greatest variability in
predicted Life’s Essential 8 scores across levels of socioeconomic status variables. NH indicates

non-Hispanic.
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sensitivity analyses were performed on data excluding
participants with a history of CVD (heart failure, heart
attack, stroke, or coronary heart disease; Table S6).
All analyses were performed accounting for NHANES
sample weights, primary sampling units, and strata in
R using the survey package.'*-'® Statistical analyses
were performed in R version 4.0.3 (R Foundation for
Statistical Computing, Vienna, Austria). Statistical sig-
nificance for all analyses was defined as 2-sided alpha
<0.05 for main effects of the models and alpha <0.1 for
interaction terms.'®

RESULTS

Sample Characteristics
The overall weighted sample (n=13529) was 15% HA,
11% NHBA, 5% NHAA, 69% NHWA, 49% male, and rep-
resentative of the United States’ adult population. Median
age was 48years. Table 2 shows weighted sample char-
acteristics by racial and ethnic group. The least common
type of insurance was military insurance, and the least
common occupation was student (student option pre-
sented only to those who did not work). NHWA were un-
derrepresented in the low CVH category (LE8 scores from
0-49), whereas NHBA were overrepresented in the low
CVH category. In addition, NHAA were overrepresented
in the high CVH category (LE8 scores from 80-100).
Table S8 lists the weighted sample characteristics
by racial and ethnic group and LE8 category (low,
moderate, or high CVH). The unadjusted numbers
show the decreasing prevalence of participants in the
low CVH category as income and education increase,
and this decreasing prevalence had the greatest mag-
nitude among NHWA.

Age-Adjusted Predicted Life’s Essential 8
Scores

Figure 1 shows the age-adjusted variation in LE8
scores with each of the 4 SES metrics by race and
ethnicity. For each SES metric, the greatest variation in
LES8 scores was seen among NHWA. For example, the
spread between LE8 scores seen between levels of
employment status among NHWA is 17 points. Among
NHBA, the employment-level-based variation in LES
scores is only 10 points.

Likelihood Ratio Tests

All likelihood ratio tests for the interaction term of
racexSES factor (education, income, employment and
health insurance) in unadjusted, age-adjusted, and
multivariable models yielded P values less than 0.001.
To illustrate how the association of SES factor with
LE8 score varies by race and ethnicity, we describe
the individual interaction terms for each nonmajority

J Am Heart Assoc. 2023;12:e029254. DOI: 10.1161/JAHA.122.029254
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group compared with the majority group in the text
that follows.

Education

In Table S4 and Figure 2, when comparing participants
with a college degree or more to high school or less, all
racial and ethnic groups had a higher LE8 score with
college education compared with high school or less in
age-adjusted models (all P<0.001). NHWA had a greater
magnitude of association of college education versus
high school or less with LES compared with NHBA, HA,
and NHAA (all P for interactions <0.001). As shown in
Figure 2 and Table S4, the change in LE8 scores as-
sociated with college or more versus high school or
less was highest in NHWA (+15.4 [95% CI, 13.9-16.8)),
followed by HA (+10.0 [95% ClI, 7.5-12.5]), NHBA (+9.7
[95% ClI, 7.8-11.7]), and NHAA (+7.7 [95% ClI, 5.0-10.5]).

Income

As PIR increases, all racial and ethnic groups have
higher LE8 scores (P<0.001) in age-adjusted models.
Compared with NHBA, HA, and NHAA, NHWA had a
greater magnitude of association of PIR with LE8. As
shown in Figure 2 and Table S4, the increase in LE8
associated with 1-point increase in PIR was highest
in NHWA (+2.9 [95% ClI, 2.4-3.3)), followed by NHBA
(+1.8 [95% ClI, 1.4-2.2], interaction P=0.001), NHAA
(+1.5 [95% ClI, 0.9-2.2], interaction P=0.001), and HA
(+1.6 [95% CI, 1.1-21], interaction P=0.001).

Employment

Compared with NHBA, HA, and NHAA, NHWA have
a greater magnitude of association of disability status
with LE8, as shown in Figure 2 and Table S4. Compared
with employed people, NHWA with a disability or health
condition that prevents them from working have a more
negative associated change in LE8 scores (-15.1 [95%
Cl, -17.7 to —12.5]) than NHBA (-8.2 [95% ClI, -10.5 to
-6.0]), HA (-=8.1 [95% ClI, —10.8 to —5.4]), or NHAA (-6.4
[95% Cl, —13.3 to 0.4]) (all interactions P<0.05).

Health Insurance
Compared with racial and ethnic minority groups,
NHWA had a greater magnitude of association between
some insurance statuses and LE8 score, as shown in
Figure 2 and Table S4. NHWA with Medicaid insurance
compared with private insurance had a greater mag-
nitude of negative association with LE8 scores (-12.8
[95% CI, —16.0 to -9.6]) compared with NHAA (-5.0
[95% ClI, —10.1 to 0.1]; interaction P=0.007), HA (-4.8
[95% CI, —6.9 to —2.7]; interaction P<0.001), or NHBA
(5.9 [95% ClI, -8.1 to —3.6], interaction P=0.003).

The other findings were not consistent across racial
and ethnic minority groups. For NHBA and HA, there
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Figure 2. The association of education level with Life’s Essential 8 cardiovascular health scores by race and ethnicity, with

race and ethnicity interaction P values listed.

Plotted estimates and Cl are from age-adjusted linear models (Table S4). Interaction P values (interaction P) are from
racexsocioeconomic status factor interaction terms in the age-adjusted linear models. Interpretation: there is a significantly

greater magnitude of positive association of education level with

Life’'s Essential 8 among non-Hispanic White Americans than

other groups (likelihood ratio test P<0.001). There is a significantly greater magnitude of positive association of income level with
Life’s Essential 8 among non-Hispanic White Americans than other groups (likelihood ratio test P<0.001). There is a significantly
greater magnitude of negative association of having a disability or health issue that prevents work with Life’s Essential 8 among
non-Hispanic White Americans than other groups (likelihood ratio test P<0.001). There is a significantly greater magnitude of
negative association of having Medicaid insurance with Life’s Essential 8 among non-Hispanic White Americans than other

groups (likelihood ratio test P<0.001). NH indicates non-Hispanic.

was a lower magnitude of association of uninsured
versus private insurance with LE8 scores than NHWA
(interaction P<0.05).

Sensitivity Analyses

Sensitivity analyses performed with imputed data for
missing variables (h=18417) and excluding individuals
with a history of CVD (n=12 157), yielded similar findings
as the main analysis (Tables S5 and S6, respectively).

DISCUSSION

Summary

In this novel study comparing 4 SES measures with
CVH in a diverse, nationally representative sample, the
association of SES with LE8 was significant across

J Am Heart Assoc. 2023;12:e029254. DOI: 10.1161/JAHA.122.029254

racial and ethnic groups but had the greatest magni-
tude of association among NHWA. NHWA had greater
positive associations of higher income and education
with CVH scores than racial and ethnic minority groups
but also had greater negative associations of disability
(compared with employed) and of Medicaid (compared
with private insurance) with CVH scores. The findings
suggest that although eliminating inequities in SES is
a critical component for CVD primordial and primary
prevention, in order to advance CVH equity, address-
ing additional social determinants of health (SDoH)
may be necessary.

These results are concordant with the only study with
similar methodology known to the authors. Johnson
et al’® observed a lower magnitude of association be-
tween education and Life’s Simple 7 CVH score among
racial and ethnic minority groups in NHANES data,
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but this study did not assess other measures of SES.
There are studies that have evaluated the interaction of
race and SES with other health-related outcomes. An
NHANES analysis of hypertension, diabetes, and obe-
sity rates between NHWA and NHBA among SES strata
found that racial disparities in the prevalence of obesity
were worst in higher income and education strata.?! An
analysis of the interaction of race and socioeconomic
position describing a count of doctor-diagnosed dis-
eases among NHBA and NHWA in Tennessee found
some socioeconomic position factors were differentially
associated with disease among NHWA and NHBA, with
significant associations among NHWA and nonsignifi-
cant associations among NHBA.??

Mechanisms

The lower magnitude of positive association of edu-
cation and income with LE8 scores observed in racial
and ethnic minority groups could be described as di-
minishing returns®® and may be due to a number of
factors including racism, the wealth gap, stress, medi-
cal mistrust, and the opportunity gap.

Racism

The different forms of racism (structural, institutional,
interpersonal, and internalized) all contribute to the
racial and ethnic health disparities pervasive in the
United States.®® Structural and institutional racism
in the past and present created and perpetuate the
wealth and opportunity gaps between some racial and
ethnic minority groups and NHWA. All forms of rac-
ism contribute to the perceived racism and resultant
chronic stress that racial and ethnic minority groups
experience on a daily basis. The following paragraphs
provide more detail about the effects of racism on the
health of racial and ethnic minority groups.

The Wealth Gap

Net worth, liabilities subtracted from assets, is a fre-
quently used definition of personal wealth. This metric
is used to track the widening disparity between wealth
trends among NHWA and some racial and ethnic mi-
nority groups.?>?% Many attempts to explain this dis-
parity have been made. The best supported theories
include the racial income gap that persists even after
accounting for education and occupation,?” lower re-
turn on investments, especially housing investments,?®
lower rates and amounts of intergenerational transfers
of wealth among racial and ethnic minority groups,?°%°
and historical forms of legal discrimination, like redlin-
ing.3! Whatever the cause, there persists a wealth gap
between some racial and ethnic minority groups and
NHWA even when the SES factors analyzed in this
article are considered. The wealth gap may partially
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explain the lower achievement of ideal LE8 metrics at
higher incomes and education levels of racial and eth-
nic minority groups compared with NHWA, as wealth
is associated with greater CVH.%?

Psychosocial Stress

Stress, defined by Cohen et al as the process in which
the environmental demands tax or exceed the adaptive
capacity of an organism...®® can have positive effects
on the body, if experienced in moderation.®* Prolonged
stress, as in low SES,*® perceived racial discrimination,3®
or sleep deprivation,®” leads to negative physiological
changes collectively referred to as weathering by some®
and allostatic load by others.3* By either name, racial and
ethnic minority groups have higher stress-induced physi-
ological damage than NHWA 3% The accumulation of the
stresses of being a member of a racial and ethnic minor-
ity group may explain why NHBA have greater biological
age (derived from a number of biomarkers) than chrono-
logical age (years since birth), whereas NHWA have lower
biological age than chronological age.®® Another reputed
consequence of this stress is the accelerated shortening
of telomeres observed in NHBA compared with NHWA
even when controlling for initial telomere length at birth.*°
Weathering, or allostatic load, may partially explain why
the difference in LE8 scores between higher and lower
SES groups was greater among NHWA than racial and
ethnic minority groups.

Medical Mistrust

NHBA and HA are more likely to mistrust the health
care system than NHWA,*' especially if health care
providers are not racially concordant.*? People with
medical mistrust are less likely to follow medical advice
and fill prescriptions and more likely to miss follow-up
appointments and postpone needed care.*® More re-
search is needed on the association of medical mis-
trust with health outcomes and risk factors like LES.

Opportunity Gap

Racial and ethnic minority groups are more likely than
NHWA to have reading levels lower than their level of
completed education.** This achievement gap, or more
justly, opportunity gap, has been posited to be associ-
ated with the racism-related segregation and selective
underfunding of schools (resource inequity) through-
out history and today.*® The opportunity gap may be
yet another explanation for the observed diminishing
returns of higher education and other aspects of SES
on racial and ethnic minority groups in this study.

Access to Care

All of the data analyzed in this report was collected
after the passage of the Affordable Care Act in 2010.
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The Affordable Care Act reduced, but did not eliminate,
health care access disparities by race and ethnicity.*®
NHBA and HA are still more likely to be uninsured or
underinsured than NHWA, even after adjustment for
sociodemographic  factors, including education.*®
Similarly, the Affordable Care Act narrowed access
disparities by SES, even when adjusting for race and
ethnicity.*” More research is needed to determine the
interaction between race and ethnicity and SES de-
scribing health care access. Such an interaction may
partially explain the present results.

Other Potential Mechanisms: Rural-Urban
Disparities, Medication Adherence, Other
SDoH

Rural residents have poorer health and access to
health care than urban residents,*® and rural resi-
dents are more likely to be NHWA, older, living with
a disability, unemployed, and of low SES than urban
residents.*® This may partially explain why NHWA with
Medicaid (compared with private insurance) have rela-
tively poorer LE8 scores than racial and ethnic minority
groups with Medicaid (compared to private insurance).
A separate potential reason for this phenomenon is
that Medicaid covers medications completely, which
may increase medication adherence in racial and eth-
nic minority groups more than NHWA, who have the
highest rates of medication adherence.®® More re-
search is needed to describe the effect of Medicaid
participation on medication adherence by race. Finally,
although SES factors are SDoH, there are many other
SDoH that were not analyzed.’' These unmeasured
factors may be correlated with the exposures and out-
comes in this analysis.® Although outside the context
of the current study, further research is needed to ex-
amine the effect of other SDoH on LE8 achievement.

Strengths and Limitations

The strengths of this study include the use of a na-
tionally representative sample, standardized, census-
based definitions of race and ethnicity, a validated
physical activity questionnaire, gold standard ascer-
tainment of diet (24-hour recall), and reliably measured
laboratory values. Results should be considered in
light of a few limitations. The study is cross-sectional
in design, so causation can neither be ascertained
nor inferred. NHANES lacks a question that assesses
wealth consistently across years, so the mediation of
wealth in SES relationships with LE8 by race could not
be assessed. Similarly, racism (perceived or insidious)
was not measured, thus the nature of its effects is only
theorized. People who identify as Indigenous or mixed
race are not covered in this analysis. The possibility of
systematic measurement error across racial and ethnic
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groups in self-reported variables exists. Finally, individ-
uals of different national origin and immigration status
are considered together within the 4 racial and ethnic
groups described. Due to power considerations, these
groups could not be further subdivided.

CONCLUSIONS

The magnitude of association of SES with LE8 is great-
estin NHWA. NHWA have greater increases in LE8 with
higher education and income and greater decreases in
LE8 under Medicaid and disability than racial and eth-
nic minority groups. The former may be an effect of the
wealth gap, psychosocial stress experienced by racial
and ethnic minority groups due to racism, the oppor-
tunity gap, medical mistrust, and differential access to
care. The latter may be due to the psychosocial resil-
ience of racial and ethnic minority groups, rural—urban
disparities, and differences in medication adherence in
Medicaid. The findings suggest cardiovascular disease
primordial and primary prevention efforts should not
rely solely on the closing of SES disparities by racial
and ethnic group but must additionally address other
SDoH that drive CVH inequities.
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SUPPLEMENTAL MATERIAL



Table S1. Comparison of included participants and participants excluded due to missing values in the data.

Included Excluded

Obs n % Obs n %
Age
20-30 2378 38 M 20 918 7.0M 21
31-50 4437 65 M 34 1638 12 M 35
51-65 3719 53 M 28 1262 8.2 M 24
66+ 2995 34 M 18 1070 6.7 M 20
Race and Ethnicity
Hispanic 3163 28 M 15 1387 6.4 M 19
NH Asian 1470 10M 5 740 2.7 M 8
NH Black 3069 20M 11 1268 6.1 M 18
NH White 5827 130 M 69 1493 19 M 55
Income / Poverty Line
0.00-1.00 2754 26 M 14 892 39M 21
1.01-2.00 3588 39 M 21 850 4.0M 22
2.01-3.00 2066 29 M 15 481 2.7 M 15
3.01-4.00 1531 25M 13 302 18M 10
4.01-5.00 3500 72 M 38 699 58M 32
Employment Status
Disabled/Health 1188 13 M 7 531 3.9M 12
Employed 7664 120 M 63 2676 18 M 53
Homemaker 806 10M 5 413 3.3 M 10
Retired 2671 33 M 17 854 57M 17
Student 243 3.1 M 2 64 048 M 1
Unemployed 957 12 M 6 329 23M 7
Education
HS 5592 66 M 35 2478 14 M 41
Some College 4300 62 M 32 1347 9.8 M 29
College+ 3637 62 M 33 1048 10 M 30
Health Insurance
Combination 2108 27 M 14 654 54 M 16
Medicaid 1098 11 M 6 507 29M 9
Medicare 1208 13 M 7 495 26 M 8
Military 247 33 M 2 61 0.76 M 2
Other 773 9.8 M 5 260 1.7M 5
Private 5628 97 M 51 1796 14 M 41
Uninsured 2467 29 M 16 1019 59 M 18
Sex
Female 6990 97 M 51 2567 19 M 58
Male 6539 93 M 49 2321 14 M 42
LE8 Score
Low (0-49) 2752 32 M 17 256 2.4 M 17
Moderate (50-79) 8620 120 M 63 863 9.2 M 64
High (80-100) 2157 39M 20 175 2.6 M 19

% - weighted percent, Disabled/Health — people out of work because of disability or health reasons, HS — high school,
LE8 — Life’s Essential 8, M — numbers in millions, n — weighted number of Americans represented by observations, NH —
non-Hispanic, NHANES — National Health and Nutrition Examination Survey, Obs — observations



Table S2. Caloric targets for each age/sex group used to adjust dietary intake values when calculating the Dietary

Approaches to Stop Hypertension score.

Age

Males

Females

2-4 years

1300 kilocalories

1200 kilocalories

5-8 years

1600 kilocalories

1500 kilocalories

9-13 years

2100 kilocalories

1800 kilocalories

14-18 years

2600 kilocalories

2100 kilocalories

19-30 years

2700 kilocalories

2100 kilocalories

31-59 years

2600 kilocalories

1900 kilocalories

60 or more years

2300 kilocalories

1900 kilocalories

Intake of each Dietary Approaches to Stop Hypertension score food category was multiplied by the caloric target for the
relevant age/sex group then divided by actual calories consumed.




Table S3. Number of NHANES observations, weighted n, and weighted percentages by SES variables, racial and ethnic

group, and Life’s Essential 8 score category.

Hispanic Americans

Low (0-49) Moderate (50-79) High (80-100)

Obs n % Obs n % Obs n %
Age
20-30 43 0.55M 7 383 5M 63 166 2.4 M 30
31-50 173 2M 16 737 78M 65 185 2.2M 18
51-65 257 14M 25 640 4 M 70 58 0.27M 5
66+ 142 0.6 M 26 359 16M 69 21 011 M 5
Income / Poverty Line
0.00-1.00 211 1.3 M 19 593 47M 67 95 1M 14
1.01-2.00 196 15M 18 670 57M 66 111 1.4 M 16
2.01-3.00 87 0.7M 16 349 3M 69 67 0.67M 15
3.01-4.00 55 046M 14 210 23M 68 45 061M 18
4.01-5.00 66 053M 12 297 28M 60 112 1.3 M 28
Employment Status
Disabled/Health 116 081M 41 141 1AM 54 13 0.094M 5
Employed 300 2.6M 14 1269 12 M 66 295 3.7M 20
Homemaker 49 025M 11 208 16M 68 57 047M 21
Retired 97 046M 23 297 14M 71 24 0.12M 6
Student 5 0.05M 8 26 0.3M 50 14 0.24M 41
Unemployed 48 0.37M 16 178 1.7M 72 27 029M 13
Education Level
HS or less 424 3.1 M 20 1318 11 M 69 163 1.7M 11
Some College 135 1.1 M 13 554 54M 66 144 1.8M 21
College+ 56 0.39M 9 246 23M 54 123 15M 36
Health Insurance
Combination 91 047M 28 197 11M 64 19 0.13 M 8
Medicaid 60 04M 16 206 18M 71 28 0.32M 13
Medicare 80 037M 32 172 0.71M 61 14 0.084M 7
Military 10 0.097 M 37 15 0.14M 52 3 0.03M 11
Other 32 022M 12 147 12M 64 35 0.44M 24
Private 176 1.4 M 13 702 71M 63 207 26M 24
Uninsured 166 1.5M 17 680 65M 69 124 1.3 M 14
Sex
Female 276 1.8 M 13 1108 9 M 65 298 3.1M 23
Male 339 2.8M 20 1011 94M 67 132 18M 13

Non-Hispanic Asian Americans
Low (0-49) Moderate (50-79) High (80-100)

Obs n % Obs n % Obs n %
Age
20-30 8 0.047M 2 146 12M 47 174 13M 51
31-50 43 0.31 M 8 356 25M 62 191 12M 30
51-65 42 0.30M 12 275 17M 72 61 0.38M 16
66+ 18 0.072M 7 131 081M 77 25 0.16M 16
Income / Poverty Line
0.00-1.00 21 0.16 M 12 100 080M 60 48 036M 27
1.01-2.00 30 0.15M 10 137 099M 69 42 029M 20
2.01-3.00 15 0.12M 8 137 095M 69 52 030M 22
3.01-4.00 17 0.11 M 7 133 093M 60 72 053M 34
4.01-5.00 28 0.19M 4 401 26M 59 237 16M 37

Employment Status




Disabled/Health 7 0.039M 21 15 0.11M 61 5 0.033M 18
Employed 68 0.43 M 6 620 44M 62 326 22M 32
Homemaker 7 0.090M 10 78 052M 61 39 024M 29
Retired 16 0.080M 8 123 0.75M 77 21 0.15M 15
Student 2 0.0043M 1 32 024M 50 30 0.24M 50
Unemployed 11 0.079M 14 40 028M 49 30 021 M 37
Education Level
HS or less 43 028M 14 181 14M 70 40 031M 16
Some College 33 0.24M 11 195 14M 63 73 056M 26
College+ 35 0.21 M 4 532 35M 59 338 22M 37
Health Insurance
Combination 12 0051M 9 58 037M 69 13 011 M 21
Medicaid 8 0.064M 11 58 037M 64 15 0.14M 25
Medicare 9 0.044M 9 63 041M 8 9 0.044M 9
Military 0 oM 0O 11 0.11M 77 3 0.033M 23
Other 7 0.058M 8 59 O05M 68 23 0.18M 24
Private 52 0.34 M 5 536 36M 58 338 23M 37
Uninsured 23 0.17M 12 123 0.93M 67 50 0.29M 21
Sex
Female 41 0.32 M 6 422 3.0M 58 265 18M 36
Male 70 041 M 8 486 33M 67 186 12M 25
Non-Hispanic Black Americans
Low (0-49) Moderate (50-79) High (80-100)

Obs n % Obs n % Obs n %
Age
20-30 55 038M 7 391 37M 71 119 1i1M 21
31-50 240 18M 25 623 48M 65 95 0.72M 10
51-65 347 20M 37 599 33M 60 36 014M 3
66+ 181 0.73M 31 352 15M 62 33 015M 6
Income / Poverty Line
0.00-1.00 274 17M 32 451 32M 61 47 037M 7
1.01-2.00 248 14M 26 504 35M 64 69 054M 10
2.01-3.00 126 0.75M 24 332 20M 65 42 033M 11
3.01-4.00 77 046M 20 228 15M 68 40 027M 12
4.01-5.00 98 065M 16 450 29M 70 85 06M 15
Employment Status
Disabled/Health 171 099M 47 170 11M 51 4 0.025M 1
Employed 369 25M 20 1175 84M 68 194 15M 12
Homemaker 25 0.16 M 26 63 04M 65 7 0.052M 9
Retired 171 073M 31 337 15M 63 31 014M 6
Student 5 0.027M 6 40 0.31M 63 19 0.16M 31
Unemployed 82 053M 24 180 14M 64 28 027M 12
Education Level
HS or less 476 29M 33 800 52M 61 61 047M 6
Some College 253 15M 20 749 52M 69 111 085M 11
College+ 93 058M 14 415 27M 67 111 0.78M 19
Health Insurance
Combination 137 063M 32 273 13M 64 18 0.076 M 4
Medicaid 120 0.84M 29 223 17M 59 35 032M 11
Medicare 100 04M 32 159 0.72M 59 17 011M 9
Military 22 018M 31 58 035M 60 6 0.048M 8
Other 49 032M 22 133 095M 66 21 017M 12
Private 234 15M 19 764 52M 67 142 10M 13
Uninsured 161 11M 25 355 29M 68 44 034M 8
Sex
Female 402 25M 22 1057 74M 67 167 12M 11




Male 421 25M 27 908 57M 63 116 0.90M 10
Non-Hispanic White Americans

Low (0-49) Moderate (50-79) High (80-100)

Obs n % Obs n % Obs n %
Age
20-30 84 14M 6 538 14 M 61 271 75M 33
31-50 376 6.1 M 15 1045 25M 59 373 11 M 26
51-65 395 9.6 M 24 828 23 M 58 181 6.9M 18
66+ 349 45M 16 1219 21 M 72 168 33M 12
Income / Poverty Line
0.00-1.00 331 41 M 32 495 69M 54 89 19M 14
1.01-2.00 433 6 M 25 1005 15M 62 144 29M 12
2.01-3.00 175 3.3 M 17 565 13 M 67 120 32M 16
3.01-4.00 101 26 M 15 418 11 M 61 135 42M 24
4.01-5.00 164 55M 9 1147 37M 62 505 16 M 28
Employment Status
Disabled/Health 273 43 M 49 254 40M 46 20 0.40M 5
Employed 495 11 M 13 1889 50M 62 664 20M 25
Homemaker 52 1.0M 17 141 28M 45 80 24 M 38
Retired 313 45M 16 1090 20 M 72 152 32M 12
Student 4 0.043M 3 36 0.70M 45 30 0.83M 53
Unemployed 67 1.0M 15 220 41M 62 47 15M 22
Education Level
HS or less 650 11 M 27 1315 26 M 65 121 29M 7
Some College 444 79 M 18 1325 28 M 65 284 75M 17
College+ 110 2.7 M 6 990 27 M 57 588 18 M 38
Health Insurance
Combination 298 4.1 M 18 862 15M 69 132 29M 13
Medicaid 124 1.8 M 34 195 29M 54 26 0.67M 12
Medicare 136 2.0M 20 404 70M 71 46 0.85M 9
Military 29 042M 18 77 1.4M 60 13 050M 22
Other 50 1.0M 17 174 38M 64 43 1.1M 18
Private 344 85M 12 1480 43 M 60 653 20M 28
Uninsured 223 3.7 M 25 438 86M 60 80 22M 15
Sex
Female 552 9.8 M 15 1769 39 M 58 633 18 M 27
Male 652 12 M 18 1861 43 M 66 360 10M 16

% - weighted percent, Disabled/Health — people out of work because of disability or health reasons, HS — high school,
LE8 — Life’s Essential 8, M — numbers in millions, n — weighted number of Americans represented by observations, NH —
non-Hispanic, NHANES — National Health and Nutrition Examination Survey, Obs — observations, SES — socioeconomic
status.



Table S4. The association of socioeconomic status with Life’s Essential 8 score by race and ethnic group, excluding NHANES participants with missing data

(final n=13,529).

Education Unadjusted Models Age-Adjusted Models Multivariable Models

Level Group Beta (Cl) p Int.p Beta (Cl) p Int.p Beta (Cl) p Int.p
HS or less vs College+ Hispanic  10.3 (7.7, 13.0) p<0.001 0.001 10.0 (7.5, 12.5) p<0.001 0.001 6.9 (4.3, 9.4) p<0.001 <0.001
HS or less vs College+ NH Asian 8.5 (5.6, 11.5) p<0.001 <0.001 7.7 (5.0, 10.5) p<0.001 <0.001 4.9 (2.2, 7.5) p=0.001 <0.001
HS or less vs College+ NH Black 9.8 (7.6, 11.9) p<0.001 <0.001 9.7 (7.8, 11.7) p<0.001 <0.001 5.6 (3.6, 7.6) p<0.001 <0.001
HS or less vs College+ NH White 15.8 (14.3, 17.3) p<0.001 Ref  15.4(13.9, 16.8) p<0.001 Ref  12.6 (11.3, 13.9) p<0.001 Ref
HS or less vs Some Hispanic 5.1 (3.3, 6.9) p<0.001 0.342 4.1 (2.4,5.8) p<0.001 0.179 2.1(0.5,3.7) p=0.011 0.040
College

HS or less vs Some NH Asian 3.3 (-0.1, 6.8) p=0.058 0.122 2.1 (-1.3,5.6) p=0.223 0.059 -0.3(-3.4, 2.8) p=0.857 0.008
College

HS or less vs Some NH Black 4.8 (3.0, 6.7) p<0.001 0.197 4.1 (2.6, 5.6) p<0.001 0.089 1.6 (0.2, 3.0) p=0.027 0.003
College

HS or less vs Some NH White 6.1 (4.8, 7.5) p<0.001 Ref 5.6 (4.3, 6.8) p<0.001 Ref 4.2 (3.1, 5.3) p<0.001 Ref
College

Income / Poverty Line Unadjusted Models Age-Adjusted Models Multivariable Models
Continuous Group Beta (Cl) p Int.p Beta (Cl) p Int.p Beta(Clhp Int.p
Income/Poverty Line Hispanic 1.4 (1.0, 1.9) p<0.001 0.001 1.6 (1.1, 2.1) p<0.001 0.001 0.2 (-0.3,0.7) p=0.374 0.001
Income/Poverty Line NH Asian 1.4 (0.8, 2.1) p<0.001 0.003 1.5(0.9, 2.2) p<0.001 0.001 0.1(-0.5,0.8) p=0.661 0.001
Income/Poverty Line NH Black 1.4 (1.0, 1.9) p<0.001 <0.001 1.8 (1.4, 2.2) p<0.001 0.001 0.3(-0.2,0.9) p=0.173 0.001
Income/Poverty Line NH White 2.6 (2.2, 3.1) p<0.001 Ref 2.9 (2.4, 3.3) p<0.001 Ref 1.4 (1.0, 1.8) p<0.001 Ref
Employment Status Unadjusted Models Age-Adjusted Models Multivariable Models
Level Group Beta (Cl) p Int.p Beta(Cl)p Int.p Beta (Cl) p Int.p
Employed vs Hispanic -11.2 (-13.9, -8.6) p<0.001  0.003 -8.1 (-10.8, -5.4) p<0.001 0.001 -6.2(-8.8, -3.6) p<0.001 0.032
Disabled/Health

Employed vs NH Asian -9.4 (-16.7, -2.0) p=0.014 0.044 -6.4 (-13.3, 0.4) p=0.065 0.018 -4.1(-8.9, 0.6) p=0.084 0.030
Disabled/Health

Employed vs NH Black -10.7 (-13.0, -8.4) p<0.001  0.001 -8.2 (-10.5, -6.0) p<0.001 <0.001 -4.1(-6.2,-1.9) p=0.001 0.001
Disabled/Health

Employed vs NH White -17.1 (-19.6, -14.6) p<0.001 Ref -15.1 (-17.7, -12.5) p<0.001 Ref -10.1 (-12.8, -7.5) p<0.001 Ref
Disabled/Health

Employed vs Homemaker Hispanic 0.7 (-1.4, 2.9) p=0.496 0.575 1.6(-0.4,3.5) p=0.114 0.951 1.7 (-0.4, 3.8) p=0.103 0.576
Employed vs Homemaker NH Asian -0.3 (-3.5, 2.9) p=0.848 0.305 0.4 (-2.5, 3.3) p=0.773 0.581 -1.0(-4.0, 2.0) p=0.498 0.301
Employed vs Homemaker NH Black -3.2 (-7.7, 1.2) p=0.150 0.099 -4.4(-8.9, 0.0) p=0.052 0.052 -0.9 (-4.9, 3.1) p=0.662 0.523
Employed vs Homemaker NH White 1.8 (-1.1, 4.7) p=0.214 Ref 1.4 (-1.3, 4.2) p=0.299 Ref 0.7 (-1.7, 3.1) p=0.533 Ref
Employed vs Retired Hispanic -6.2 (-8.3, -4.1) p<0.001 0.193 0.4 (-1.7, 2.5) p=0.696 0.350 0.1(-2.1, 2.3) p=0.922 0.139




Employed vs Retired NH Asian -4.5 (-7.3, -1.6) p=0.003 0.879 1.9(-0.9, 4.6) p=0.177 0.803 2.9 (-0.5, 6.3) p=0.094 0.568
Employed vs Retired NH Black -5.3 (-7.2, -3.4) p<0.001 0.562 1.2 (-0.9, 3.3) p=0.256 0.773 2.0(-0.1, 4.1) p=0.060 0.940
Employed vs Retired NH White -4.7 (-6.1, -3.3) p<0.001 Ref 1.5 (-0.3, 3.3) p=0.106 Ref 1.9 (0.3, 3.5) p=0.018 Ref
Employed vs Student Hispanic 6.7 (1.8, 11.5) p=0.008 0.329 3.6 (-1.3, 8.5) p=0.148 0.469 2.1(-2.8,7.1) p=0.386 0.159
Employed vs Student NH Asian 7.1 (3.2, 11.0) p=0.001 0.345 3.5(-0.5, 7.4) p=0.086 0.406 5.2 (1.4,9.0) p=0.010 0.556
Employed vs Student NH Black 9.8 (4.5, 15.1) p=0.001 0.945 6.6 (2.0,11.1) p=0.006 0.828 8.1(3.7,12.6) p=0.001 0.692
Employed vs Student NH White 10.0 (4.6, 15.5) p=0.001 Ref 6.0 (1.1, 10.9) p=0.018 Ref 7.0(1.8,12.2) p=0.010 Ref
Employed vs Unemployed Hispanic -3.6 (-6.3, -0.9) p=0.009 0.101 -3.7 (-6.3, -1.2) p=0.006 0.088 -2.0(-4.4, 0.4) p=0.105 0.109
Employed vs Unemployed NH Asian -1.4 (-6.3, 3.6) p=0.585 0.864 -2.0(-7.0, 3.0) p=0.428 0.678 -1.6 (-6.3, 3.1) p=0.485 0.363
Employed vs Unemployed NH Black -0.3 (-2.8, 2.2) p=0.813 0.671 -0.9(-3.2, 1.5) p=0.453 0.985 2.4 (0.4,4.5) p=0.020 0.143
Employed vs Unemployed NH White -0.9 (-3.0, 1.2) p=0.384 Ref -0.9 (-3.2, 1.4) p=0.428 Ref 0.6 (-1.5, 2.7) p=0.561 Ref
Health Insurance Unadjusted Models Age-Adjusted Models Multivariable Models

Level Group Beta (Cl) p Int.p Beta(Clhp Int.p Beta (Cl) p Int.p
Private vs Combination Hispanic -9.6 (-12.7, -6.4) p<0.001 0.057 -2.5(-6.1,1.1) p=0.163 0.089 2.6 (-1.0, 6.2) p=0.146 0.749
Private vs Combination NH Asian  -5.6 (-10.1, -1.0) p=0.018 0.803 1.5(-3.0, 6.1) p=0.491 0.756 4.0 (-0.6, 8.6) p=0.088 0.753
Private vs Combination NH Black  -7.2 (-9.2, -5.2) p<0.001 0.323 -1.3(-3.3,0.6) p=0.178 0.067 3.2(1.2,5.1) p=0.003 0.974
Private vs Combination NH White  -6.2 (-7.6, -4.7) p<0.001 Ref 0.8 (-1.0, 2.6) p=0.363 Ref 3.2 (1.8, 4.6) p<0.001 Ref
Private vs Medicaid Hispanic  -4.8 (-7.1, -2.4) p<0.001 0.003 -4.8(-6.9, -2.7) p<0.001 <0.001 0.1 (-2.4,2.5) p=0.937 0.014
Private vs Medicaid NH Asian  -5.0 (-10.8, 0.8) p=0.089 0.045 -5.0(-10.1, 0.1) p=0.054 0.007 2.8 (-3.1, 8.6) p=0.338 0.022
Private vs Medicaid NH Black  -4.1 (-6.4, -1.8) p=0.001 0.003 -5.9(-8.1, -3.6) p<0.001 0.003 0.4 (-1.8, 2.6) p=0.714 0.015
Private vs Medicaid NH White  -11.4 (-14.9, -7.8) p<0.001 Ref -12.8 (-16.0, -9.6) p<0.001 Ref -4.3 (-7.1, -1.5) p=0.004 Ref
Private vs Medicare Hispanic -9.9 (-12.4, -7.3) p<0.001 0.607 -2.8 (-5.3,-0.3) p=0.029 0.732 3.4 (0.5, 6.2) p=0.024 0.336
Private vs Medicare NH Asian  -7.8 (-10.6, -5.0) p<0.001 0.466 0.2 (-2.5, 3.0) p=0.870 0.148 3.2 (0.8,5.7) p=0.013 0.328
Private vs Medicare NH Black -6.2 (-8.3, -4.1) p<0.001 0.048 -0.0(-2.1, 2.0) p=0.969 0.114 5.4 (3.4, 7.3) p<0.001 0.004
Private vs Medicare NH White  -9.0 (-11.0, -7.0) p<0.001 Ref -2.2 (-4.6, 0.2) p=0.066 Ref 1.7 (-0.4, 3.7) p=0.105 Ref
Private vs Military Hispanic  -10.4 (-17.3, -3.5) p=0.004 0.217 -8.9 (-16.6, -1.2) p=0.024 0.316 -5.9 (-12.5,0.7) p=0.078  0.113
Private vs Military NH Asian 1.6 (-5.0, 8.1) p=0.629 0.082 3.1(-1.6,7.8) p=0.186 0.019 6.9 (0.5, 13.4) p=0.036 0.033
Private vs Military NH Black  -6.0 (-11.8, -0.2) p=0.044 0.845 -4.0(-9.4, 1.5) p=0.150 0.879 -1.7 (-7.0, 3.6) p=0.521 0.701
Private vs Military NH White  -5.2 (-10.1, -0.4) p=0.034 Ref -4.5 (-9.1, 0.0) p=0.051 Ref -0.4 (-3.3, 2.5) p=0.766 Ref
Private vs Other Hispanic 0.4 (-2.1, 3.0) p=0.729 0.005 1.0(-1.3, 3.4) p=0.364 0.001 2.3 (-0.3, 4.9) p=0.078 0.012
Private vs Other NH Asian  -3.4 (-7.0, 0.2) p=0.062 0.260 -2.5(-6.5, 1.6) p=0.222 0.100 1.2 (-2.3, 4.6) p=0.492 0.048
Private vs Other NH Black -0.4 (-2.8, 1.9) p=0.722 0.005 -0.5(-2.8,1.8) p=0.689 0.002 3.2 (0.9, 5.6) p=0.010 0.002
Private vs Other NH White  -5.9 (-8.7, -3.0) p<0.001 Ref -6.3 (-9.1, -3.5) p<0.001 Ref -2.9 (-5.5, -0.3) p=0.028 Ref




Private vs Uninsured Hispanic -4.1 (-6.2, -2.0) p<0.001 0.027 -4.9(-6.9, -2.9) p<0.001 0.018 -0.5(-2.6, 1.7) p=0.672 0.082
Private vs Uninsured NH Asian -6.2 (-10.1, -2.3) p=0.003 0.452 -6.9 (-10.6, -3.2) p=0.001 0.356 -2.0 (-5.3, 1.3) p=0.221 0.548
Private vs Uninsured NH Black -2.0 (-4.1, 0.2) p=0.068 0.001 -3.6 (-5.7,-1.5) p=0.001 0.001 0.8 (-1.3, 2.8) p=0.440 0.015
Private vs Uninsured NH White  -7.8 (-10.1, -5.5) p<0.001 Ref -8.7 (-10.9, -6.6) p<0.001 Ref -3.0 (-4.9, -1.1) p=0.003 Ref

Cl — 95% confidence interval, HS — high school, Int.p — race interaction p-value, NH — non-Hispanic, NHANES — National Health and Nutrition Examination Survey.
Multivariable models are adjusted for age, sex, and socioeconomic status variables not included in interaction term. Example Interpretation: there is a
significantly greater magnitude of positive association of education level with Life’s Essential 8 among NHWA than other groups (likelihood ratio test p < 0.001).
There is a significantly greater magnitude of positive association of income level with Life’s Essential 8 among non-Hispanic White Americans than other groups

(likelihood ratio test p < 0.001). There is a significantly greater magnitude of negative association of having a disability or health issue that prevents work with

Life’s Essential 8 among non-Hispanic White Americans than other groups (likelihood ratio test p < 0.001). There is a significantly greater magnitude of negative
association of having Medicaid insurance with Life’s Essential 8 among non-Hispanic White Americans than other groups (likelihood ratio test p < 0.001).



Table S5. The association of socioeconomic status with Life’s Essential 8 score by race and ethnic group, imputing missing data (final n=18,417).

Education Unadjusted Models Age-Adjusted Models Multivariable Models

Level Group Beta (Cl) p Int.p Beta (Cl) p Int.p Beta (Cl) p Int.p

HS or less vs College+ Hispanic 9.8 (7.4,12.2) <0.001 9.6 (7.3, 11.8) p<0.001 <0.001 6.5 (4.3, 8.8) p<0.001 <0.001
p<0.001

HS or less vs College+ NH Asian 8.7 (6.4, 11.0) <0.001 7.7 (5.5, 9.9) p<0.001 <0.001 4.9 (2.8, 7.0) p<0.001 <0.001
p<0.001

HS or less vs College+ NH Black 10.1 (8.3, 11.8) <0.001 10.1 (8.4, 11.7) <0.001 6.1 (4.4, 7.7) p<0.001 <0.001
p<0.001 p<0.001

HS or less vs College+ NH White 15.3 (14.0, 16.6) Ref 14.8 (13.6, 16.1) Ref 12.2 (11.1, 13.3) Ref
p<0.001 p<0.001 p<0.001

HS or less vs Some Hispanic 4.7 (3.1, 6.2) p<0.001 0.352 3.7(2.2,5.2) p<0.001  0.180 1.8 (0.3, 3.2) p=0.018 0.049

College

HS or less vs Some NH Asian 3.0(0.3,5.7) p=0.029  0.075 1.7 (-1.0, 4.4) p=0.208 0.027 -0.6 (-3.1, 1.8) p=0.593 0.002

College

HS or less vs Some NH Black 5.0 (3.4, 6.6) p<0.001 0.484 4.2 (3.0,5.5) p<0.001  0.321 1.8 (0.6, 3.0) p=0.006 0.014

College

HS or less vs Some NH White 5.5(4.4,6.7) p<0.001 Ref 4.9 (3.9,5.9) p<0.001  Ref 3.5(2.6, 4.5) p<0.001 Ref

College

Income / Poverty Line

Unadjusted Models

Age-Adjusted Models

Multivariable Models

Continuous Group Beta (CI) p Int.p Beta (Cl) p Int.p Beta (Cl) p Int.p

Income/Poverty Line Hispanic 1.3 (0.8, 1.7) p<0.001 <0.001 1.4(1.0,1.8) p<0.001 <0.001  0.1(-0.3, 0.6) p=0.527 <0.001

Income/Poverty Line NH Asian 1.4 (0.9, 1.9) p<0.001 0.001 1.5 (1.0, 2.0) p<0.001 <0.001 0.1(-0.4, 0.6) p=0.763 <0.001

Income/Poverty Line NH Black 1.3 (0.9, 1.8) p<0.001 <0.001 1.7 (1.3, 2.1) p<0.001 <0.001 0.3(-0.1,0.8) p=0.175 <0.001

Income/Poverty Line NH White 2.6 (2.1, 3.0) p<0.001 Ref 2.8 (2.4, 3.2) p<0.001 Ref 1.3 (0.9, 1.7) p<0.001 Ref

Employment Status Unadjusted Models Age-Adjusted Models Multivariable Models

Level Group Beta (CI) p Inttp Beta(Cl)p Int.p Beta (Cl)p Int.p

Employed vs Disabled/Health Hispanic -11.3 (-13.6,-9.0) p<0.001 0.005 -8.2 (-10.6, -5.8) p<0.001 0.001 -6.4(-8.9,-4.0) p<0.001 0.065

Employed vs Disabled/Health NH -9.3 (-14.7, -3.8) p=0.001 0.018 -6.4(-11.6, -1.2) p=0.017 0.006 -2.5(-7.0, 2.0) p=0.261 0.011
Asian

Employed vs Disabled/Health NH Black -10.4 (-12.6, -8.1) p<0.001  0.001 -7.9 (-10.1, -5.8) p<0.001 <0.00 -4.4(-6.5,-2.2) p<0.001 0.003

1

Employed vs Disabled/Health NH -16.2 (-18.4, -14.0) p<0.001 Ref -14.2 (-16.4, -12.0) p<0.001 Ref -9.5(-11.8, -7.2) p<0.001 Ref
White

Employed vs Homemaker Hispanic 1.9 (-0.2, 3.9) p=0.072 0.620 2.5(0.6,4.4) p=0.011 0.246 2.4 (0.5, 4.2) p=0.013 0.137

Employed vs Homemaker NH 0.6 (-2.1, 3.3) p=0.638 0.859 1.2 (-1.3, 3.6) p=0.341 0.713 0.1 (-2.4, 2.6) p=0.950 0.972
Asian

Employed vs Homemaker NH Black -1.5(-5.2, 2.2) p=0.418 0.328 -2.3(-5.9,1.4) p=0.214 0.264 0.2 (-3.1, 3.5) p=0.924 0.949

Employed vs Homemaker NH 1.0 (-1.8, 3.8) p=0.480 Ref 0.5 (-2.2, 3.1) p=0.717 Ref 0.0 (-2.2, 2.3) p=0.983 Ref

White




Employed vs Retired Hispanic -5.8 (-7.4, -4.2) p<0.001 0.426 0.8 (-1.0, 2.6) p=0.364 0.763 0.5 (-1.3, 2.2) p=0.604 0.156
Employed vs Retired NH -5.1 (-7.3, -2.8) p<0.001 0.943 1.3(-0.9, 3.4) p=0.253 0.897 2.6 (0.0, 5.2) p=0.050 0.569
Asian
Employed vs Retired NH Black -4.7 (-6.3, -3.1) p<0.001 0.759 1.7 (-0.1, 3.4) p=0.061 0.535 2.2(0.3, 4.0) p=0.025 0.769
Employed vs Retired NH -5.0 (-6.3, -3.6) p<0.001 Ref 1.1 (-0.6, 2.8) p=0.188 Ref 1.9 (0.4, 3.4) p=0.017 Ref
White
Employed vs Student Hispanic 6.6 (1.7, 11.5) p=0.010 0.435 3.6 (-1.3, 8.5) p=0.148 0.641 2.2(-2.7,7.1) p=0.366 0.231
Employed vs Student NH 6.7 (3.5, 9.9) p<0.001 0.382 3.0(-0.2, 6.3) p=0.069 0.453 4.5(1.4,7.7) p=0.007 0.564
Asian
Employed vs Student NH Black 9.6 (5.2, 14.1) p<0.001 0.851 6.4 (2.6, 10.2) p=0.002 0.573 8.0(4.3,11.7) p<0.001 0.463
Employed vs Student NH 9.1 (4.3, 14.0) p<0.001 Ref 5.1 (0.6, 9.5) p=0.026 Ref 6.1 (1.3,10.9) p=0.014 Ref
White
Employed vs Unemployed Hispanic -2.8 (-5.1, -0.5) p=0.020 0.639 -3.0(-5.2,-0.7) p=0.011 0.562 -1.3(-3.5, 0.8) p=0.207 0.754
Employed vs Unemployed NH -0.3 (-4.0, 3.4) p=0.867 0.387 -1.0(-4.7,2.7) p=0.591 0.595 -0.1(-3.5, 3.2) p=0.932 0.695
Asian
Employed vs Unemployed NH Black -0.6 (-2.8, 1.7) p=0.620 0.274 -1.2 (-3.3,0.9) p=0.247 0.505 1.9(-0.1, 3.9) p=0.059 0.029
Employed vs Unemployed NH -2.1(-4.1, -0.1) p=0.040 Ref -2.1 (-4.2, 0.0) p=0.052 Ref -0.9 (-2.8, 1.1) p=0.362 Ref
White
Health Insurance Unadjusted Models Age-Adjusted Models Multivariable Models
Level Group Beta (Cl) p Int.p Beta (Cl) p Int.p Beta (Cl) p Int.p
Private vs Combination Hispanic -9.4 (-11.9, -6.8) p<0.001 0.051 -2.8 (-5.7, 0.0) p=0.052 0.075 2.0 (-1.0,4.9) p=0.178 0.719
Private vs Combination NH Asian  -7.0 (-10.5, -3.5) p<0.001 0.792 0.2 (-3.2, 3.5) p=0.928 0.950 3.2 (-0.4, 6.8) p=0.076 0.696
Private vs Combination NH Black -6.8 (-8.5, -5.1) p<0.001 0.729 -1.4 (-3.1, 0.2) p=0.082 0.126 3.0 (1.3, 4.7) p=0.001 0.577
Private vs Combination NH White  -6.5 (-7.8, -5.2) p<0.001 Ref 0.0 (-1.5, 1.5) p=0.957 Ref 2.5 (1.3, 3.7) p<0.001 Ref
Private vs Medicaid Hispanic -3.4 (-5.6, -1.2) p=0.003 <0.001 -3.6(-5.7,-1.5) p=0.001 <0.001 0.9(-1.3, 3.2) p=0.409 0.001
Private vs Medicaid NH Asian  -4.2 (-8.9, 0.5) p=0.077 0.011 -3.9 (-8.3, 0.5) p=0.081 0.001 3.4 (-1.1, 8.0) p=0.132 0.002
Private vs Medicaid NH Black  -3.1 (-5.3, -1.0) p=0.005 <0.001 -4.6(-6.7, -2.6) p<0.001 <0.001 1.5(-0.6, 3.6) p=0.149 0.001
Private vs Medicaid NH White  -11.2 (-14.2, -8.2) p<0.001 Ref -12.6 (-15.3, -9.9) p<0.001 Ref -4.6 (-6.9, -2.2) p<0.001 Ref
Private vs Medicare Hispanic -10.2 (-12.5, -7.9) p<0.001 0.360 -3.4 (-6.0, -0.9) p=0.009 0.454 2.6 (0.2, 5.0) p=0.037 0.478
Private vs Medicare NH Asian  -7.2 (-9.9, -4.5) p<0.001 0.302 0.5 (-2.1, 3.2) p=0.682 0.073 3.5 (1.1, 5.9) p=0.006 0.160
Private vs Medicare NH Black -7.0 (-8.8, -5.2) p<0.001 0.109 -1.1 (-3.0, 0.9) p=0.270 0.297 4.1 (2.4, 5.8) p<0.001 0.012
Private vs Medicare NH White  -8.8 (-10.6, -7.1) p<0.001 Ref -2.2 (-4.3, -0.2) p=0.033 Ref 1.5(-0.4, 3.3) p=0.119 Ref
Private vs Military Hispanic  -9.8 (-16.5, -3.1) p=0.005 0.191 -8.5 (-15.7, -1.3) p=0.023 0.267 -5.8 (-11.9, 0.3) p=0.060 0.152
Private vs Military NH Asian 1.5 (-4.2, 7.1) p=0.596 0.094 3.6 (-0.0, 7.3) p=0.053 0.009 6.6 (1.2, 12.0) p=0.019 0.017
Private vs Military NH Black -6.4 (-11.5, -1.4) p=0.014 0.569 -4.6 (-9.4, 0.3) p=0.063 0.843 -2.3 (-7.0, 2.4) p=0.321 0.700
Private vs Military NH White  -4.6 (-9.5, 0.3) p=0.067 Ref -3.9 (-8.6, 0.8) p=0.100 Ref -1.2 (-4.5, 2.1) p=0.460 Ref
Private vs Other Hispanic 0.8 (-1.5, 3.1) p=0.483 0.003 1.3 (-0.8, 3.4) p=0.210 <0.001 2.6(0.5,4.8) p=0.018 0.004
Private vs Other NH Asian  -3.7 (-7.0, -0.4) p=0.030 0.414 -3.0 (-6.4, 0.5) p=0.090 0.180 1.0 (-2.2, 4.3) p=0.516 0.063
Private vs Other NH Black -0.7 (-2.9, 1.6) p=0.554 0.014 -0.9 (-3.2, 1.3) p=0.393 0.009 2.7 (0.6, 4.8) p=0.012 0.001
Private vs Other NH White  -5.4 (-8.3, -2.6) p=0.001 Ref -5.7 (-8.5, -3.0) p<0.001 Ref -2.6 (-4.8, -0.3) p=0.027 Ref




Private vs Uninsured

Hispanic

-2.9 (-4.7, -1.0) p=0.003

0.001

-3.6 (-5.4, -1.9) p<0.001

<0.001

0.3 (-1.6, 2.2) p=0.732

0.004

Private vs Uninsured

NH Asian

-6.1 (-9.2, -3.0) p<0.001

0.294

-6.4 (-9.4, -3.3) p<0.001

0.149

-1.4 (-4.3, 1.4) p=0.315

0.180

Private vs Uninsured

NH Black

-2.7 (-4.4, -1.0) p=0.003

<0.001

-4.1 (-5.7, -2.4) p<0.001

<0.001

0.4 (-1.2, 2.1) p=0.601

0.003

Private vs Uninsured

NH White

-8.1 (-10.2, -5.9) p<0.001

Ref

-9.0 (-10.9, -7.0) p<0.001

Ref

-3.5 (-5.2, -1.8) p<0.001

Ref

Cl — 95% confidence interval, HS — high school, Int.p — race interaction p-value, NH — non-Hispanic. Multivariable models are adjusted for age, sex, and

socioeconomic status variables not included in interaction term. Example Interpretation: there is a significantly greater magnitude of positive association of
education level with Life’s Essential 8 among non-Hispanic White Americans than other groups (likelihood ratio test p < 0.001). There is a significantly greater

magnitude of positive association of income level with Life’s Essential 8 among non-Hispanic White Americans than other groups (likelihood ratio test p < 0.001).

There is a significantly greater magnitude of negative association of having a disability or health issue that prevents work with Life’s Essential 8 among non-

Hispanic White Americans than other groups (likelihood ratio test p < 0.001). There is a significantly greater magnitude of negative association of having
Medicaid insurance with Life’s Essential 8 among non-Hispanic White Americans than other groups (likelihood ratio test p < 0.001).



Table S6. The association of socioeconomic status with Life’s Essential 8 score by race and ethnic group, excluding NHANES participants with missing data or

history of CVD (final n=12,157).

Education

Unadjusted Models

Age-Adjusted Models

Multivariable Models

Level Group Beta (Cl) p Int.p Beta (Cl) p Int.p Beta (Cl) p Int.p
HS or less vs College+ Hispanic  10.1 (7.5, 12.7) p<0.001 0.001 9.9 (7.5, 12.4) p<0.001 0.001 7.0 (4.5, 9.5) p<0.001 <0.001
HS or less vs College+ NH Asian 8.5 (5.5, 11.4) p<0.001 <0.001 7.7 (4.9, 10.5) p<0.001 <0.001 5.1 (2.3,7.9) p=0.001 <0.001
HS or less vs College+ NH Black 9.2 (7.0, 11.4) p<0.001 <0.001 9.4 (7.4,11.5) p<0.001 <0.001 5.5(3.5, 7.5) p<0.001 <0.001
HS or less vs College+ NH White  15.5 (13.9, 17.0) p<0.001  Ref 15.3 (13.7, 16.8) p<0.001  Ref 12.7 (11.2, 14.1) p<0.001  Ref

HS or less vs Some Hispanic 5.0 (3.1, 6.8) p<0.001 0.337 4.1 (2.4,5.8) p<0.001 0.160 2.2 (0.6, 3.8) p=0.009 0.045
College

HS or less vs Some NH Asian 3.2 (-0.2, 6.6) p=0.065 0.127 2.1 (-1.3,5.5) p=0.223 0.057  -0.1(-3.2, 3.0) p=0.947 0.012
College

HS or less vs Some NH Black 4.4 (2.6, 6.2) p<0.001 0.100 3.7(2.4,5.1) p<0.001 0.027  1.3(-0.0, 2.7) p=0.053 0.001
College

HS or less vs Some NH White 6.0 (4.6, 7.4) p<0.001 Ref 5.6 (4.3, 6.9) p<0.001 Ref 4.3 (3.1, 5.4) p<0.001 Ref
College

Income / Poverty Line Unadjusted Models Age-Adjusted Models Multivariable Models
Continuous Group Beta (Cl) p Int.p Beta (Cl) p Int.p Beta (Cl) p Int.p
Income/Poverty Line Hispanic 1.3 (0.8, 1.8) p<0.001 0.005 1.5(1.0, 2.1) p<0.001 0.001 0.2(-0.3,0.7) p=0.451 0.002
Income/Poverty Line NH Asian 1.5 (0.8, 2.1) p<0.001 0.014 1.6(0.9, 2.2) p<0.001 0.002 0.2 (-0.4, 0.9) p=0.469 0.003
Income/Poverty Line NH Black 1.2 (0.8, 1.7) p<0.001 0.001 1.7 (1.2, 2.1) p<0.001 0.001 0.3(-0.2,0.8) p=0.262 0.001
Income/Poverty Line NH White 2.4 (1.9, 2.9) p<0.001 Ref 2.8 (2.3, 3.2) p<0.001 Ref 1.3 (0.9, 1.7) p<0.001 Ref
Employment Status Unadjusted Models Age-Adjusted Models Multivariable Models

Level Group Beta (Cl) p Int.p Beta (Chp Int.p Beta(Ch)p Int.p
Employed vs Hispanic  -11.6 (-14.9, -8.4) p<0.001 0.025 -9.1(-12.3, -5.8) p<0.001 0.011 -7.3(-10.5, -4.1) p<0.001 0.184
Disabled/Health

Employed vs NH Asian  -5.2 (-14.6, 4.2) p=0.269 0.020 -3.2(-12.4,5.9) p=0.478 0.015 -5.1(-12.1, 2.0) p=0.152 0.182
Disabled/Health

Employed vs NH Black -9.9 (-12.3, -7.4) p<0.001 0.002 -7.7 (-10.1, -5.4) p<0.001 0.001 -3.7 (-6.2, -1.2) p=0.005 0.002
Disabled/Health

Employed vs NH White -16.5 (-19.2, -13.7) p<0.001  Ref -14.8 (-17.6, -12.0) p<0.001  Ref -10.0 (-12.9, -7.1) p<0.001 Ref
Disabled/Health

Employed vs Homemaker Hispanic 0.9 (-1.4, 3.3) p=0.419 0.857 1.7 (-0.4, 3.8) p=0.116 0.685 1.7 (-0.6, 3.9) p=0.141 0.416
Employed vs Homemaker NH Asian -0.4 (-3.7, 3.0) p=0.830 0.432 0.3 (-2.6, 3.3) p=0.824 0.753 -1.3(-4.4, 1.8) p=0.388 0.384
Employed vs Homemaker NH Black -2.4 (-6.5, 1.7) p=0.242 0.203 -3.6 (-7.8, 0.5) p=0.080 0.110 -0.3(-4.0, 3.4) p=0.873 0.845
Employed vs Homemaker NH White 1.3 (-1.7, 4.3) p=0.378 Ref 0.9 (-1.9, 3.7) p=0.507 Ref 0.2 (-2.3, 2.6) p=0.880 Ref
Employed vs Retired Hispanic  -5.8 (-8.1, -3.6) p<0.001 0.171 0.6 (-1.7, 2.9) p=0.590 0.290 -0.1 (-2.5, 2.3) p=0.942 0.139
Employed vs Retired NH Asian -4.1 (-7.0, -1.1) p=0.009 0.935 2.1(-0.8,5.0) p=0.146 0.866 3.2 (-0.1, 6.5) p=0.059 0.426
Employed vs Retired NH Black -4.1 (-6.3, -2.0) p<0.001 0.960 2.3 (-0.1, 4.6) p=0.059 0.707 2.6 (0.4, 4.9) p=0.021 0.483




Employed vs Retired NH White -4.2 (-5.6, -2.8) p<0.001 Ref 1.8 (-0.0, 3.7) p=0.052 Ref 1.9 (0.3, 3.5) p=0.023 Ref
Employed vs Student Hispanic 6.6 (1.7, 11.4) p=0.009 0.374 3.6 (-1.4, 8.5) p=0.151 0.511 2.0 (-2.9, 6.9) p=0.408 0.185
Employed vs Student NH Asian 6.9 (3.0, 10.8) p=0.001 0.381 3.4 (-0.6, 7.4) p=0.096 0.435 4.9(1.1,8.8) p=0.014 0.583
Employed vs Student NH Black 9.4 (4.1, 14.8) p=0.001 0.949 6.3 (1.7,11.0) p=0.009 0.834 7.7 (3.3,12.2) p=0.001 0.689
Employed vs Student NH White 9.6 (4.2, 15.1) p=0.001 Ref 5.7 (0.8, 10.7) p=0.023 Ref 6.6 (1.4, 11.8) p=0.014 Ref
Employed vs Unemployed Hispanic  -3.4 (-6.2, -0.6) p=0.020 0.110 -3.5(-6.1,-0.8) p=0.011 0.104 -1.9(-4.4,0.6) p=0.129 0.122
Employed vs Unemployed NH Asian  -1.2 (-6.4, 3.9) p=0.627 0.837 -2.0(-7.2,3.1) p=0.434 0.646 -1.8(-6.4, 2.8) p=0.423 0.319
Employed vs Unemployed NH Black 0.1 (-2.5, 2.7) p=0.930 0.602 -0.4(-2.8, 1.9) p=0.705 0.824 2.7 (0.6, 4.9) p=0.013 0.115
Employed vs Unemployed NH White -0.7 (-2.9, 1.5) p=0.525 Ref -0.8 (-3.1, 1.6) p=0.510 Ref 0.6 (-1.6, 2.8) p=0.590 Ref
Health Insurance Unadjusted Models Age-Adjusted Models Multivariable Models

Level Group Beta (CI) p Int.p Beta (Cl) p Int.p Beta (Cl) p Int.p
Private vs Combination Hispanic -8.8 (-12.0, -5.7) p<0.001 0.040 -1.9 (-5.0, 1.1) p=0.206 0.040 2.4 (-0.7,5.5) p=0.125 0.433
Private vs Combination NH Asian  -4.5(-8.9, -0.0) p=0.048 0.731 2.7 (-1.6, 7.0) p=0.211 0.629 5.1(1.0,9.3) p=0.017 0.497
Private vs Combination NH Black  -6.7 (-8.6, -4.7) p<0.001 0.198 -0.8(-2.8,1.3) p=0.461 0.066 3.2 (1.1, 5.3) p=0.005 0.718
Private vs Combination NH White  -5.3 (-6.7, -3.8) p<0.001 Ref 1.6 (-0.4, 3.5) p=0.106 Ref 3.6 (2.1, 5.2) p<0.001 Ref
Private vs Medicaid Hispanic -4.6 (-7.0, -2.2) p<0.001 0.010 -4.9(-7.1,-2.7) p<0.001 0.001 -0.4 (-3.0, 2.2) p=0.748 0.047
Private vs Medicaid NH Asian  -4.7 (-10.5, 1.1) p=0.109 0.075 -4.9 (-10.0, 0.3) p=0.064 0.013 2.3(-3.8, 8.3) p=0.443 0.042
Private vs Medicaid NH Black  -3.6 (-6.0, -1.3) p=0.003 0.006 -5.5(-7.7,-3.2) p<0.001 0.004 0.4 (-1.7,2.6) p=0.675 0.021
Private vs Medicaid NH White  -10.6 (-14.4, -6.9) p<0.001  Ref -12.3 (-15.6, -8.9) p<0.001  Ref -4.2 (-7.2, -1.2) p=0.008 Ref
Private vs Medicare Hispanic -8.6 (-11.6, -5.6) p<0.001 0.854 -1.6 (-4.5, 1.3) p=0.264 0.977 4.0(1.0,7.1) p=0.012 0.209
Private vs Medicare NH Asian  -6.9 (-10.0, -3.8) p<0.001 0.461 0.9 (-2.2,4.1) p=0.544 0.171 3.2 (0.5, 6.0) p=0.022 0.401
Private vs Medicare NH Black  -4.4 (-6.8, -2.0) p=0.001 0.010 1.8(-0.5, 4.2) p=0.128 0.016 6.5(4.2,8.7) p<0.001 <0.001
Private vs Medicare NH White  -8.3 (-10.2, -6.4) p<0.001 Ref -1.7 (-4.0, 0.7) p=0.163 Ref 1.7 (-0.4, 3.8) p=0.103 Ref
Private vs Military Hispanic -12.7 (-19.3,-6.2) p<0.001  0.029 -11.7 (-18.5,-4.9) p=0.001  0.043 -8.2 (-14.2, -2.3) p=0.009 0.008
Private vs Military NH Asian 2.3 (-4.2, 8.9) p=0.479 0.120 3.7 (-0.9, 8.2) p=0.109 0.026 7.4 (1.0, 13.8) p=0.025 0.037
Private vs Military NH Black  -5.6 (-12.4, 1.2) p=0.103 0.646 -3.7 (-10.1, 2.7) p=0.246 0.949 -1.3(-7.1, 4.4) p=0.639 0.658
Private vs Military NH White  -3.7 (-8.4, 1.0) p=0.115 Ref -3.5(-8.0, 1.1) p=0.133 Ref 0.2 (-2.9, 3.2) p=0.899 Ref
Private vs Other Hispanic 1.1 (-1.5, 3.8) p=0.398 0.006 1.6 (-0.8, 4.0) p=0.190 0.001 2.5(-0.2, 5.2) p=0.065 0.011
Private vs Other NH Asian  -3.7 (-7.3, -0.0) p=0.049 0.424 -2.8(-6.9, 1.2) p=0.165 0.182 0.6 (-2.8,4.1) p=0.718 0.083
Private vs Other NH Black -0.2 (-2.4, 2.1) p=0.891 0.008 -0.1(-2.3,2.1) p=0.906 0.002 3.5(1.1, 5.8) p=0.005 0.001
Private vs Other NH White  -5.4 (-8.5, -2.4) p=0.001 Ref -6.0 (-8.9, -3.0) p<0.001 Ref -3.0 (-5.6, -0.4) p=0.027 Ref
Private vs Uninsured Hispanic -4.0 (-6.1, -1.9) p<0.001 0.053 -4.9(-6.9, -2.8) p<0.001 0.035 -0.6(-2.8,1.7) p=0.595 0.157
Private vs Uninsured NH Asian  -6.2 (-10.0, -2.4) p=0.002 0.626  -6.8 (-10.5, -3.2) p=0.001 0.479 -2.1(-5.3,1.1) p=0.185 0.736
Private vs Uninsured NH Black  -1.6 (-3.8, 0.6) p=0.148 0.001 -3.2(-5.4,-1.1) p=0.004 0.002 0.9 (-1.2, 3.0) p=0.399 0.024
Private vs Uninsured NH White  -7.2 (-9.6, -4.8) p<0.001 Ref -8.2 (-10.5, -6.0) p<0.001 Ref -2.7 (-4.7, -0.7) p=0.010 Ref

Cl —95% confidence interval, HS — high school, Int.p — race interaction p-value, NH — non-Hispanic, NHANES — National Health and Nutrition Examination Survey.
Multivariable models are adjusted for age, sex, and socioeconomic status variables not included in interaction term. Example Interpretation: there is a



significantly greater magnitude of positive association of education level with Life’s Essential 8 among non-Hispanic White Americans than other groups
(likelihood ratio test p < 0.001). There is a significantly greater magnitude of positive association of income level with Life’s Essential 8 among non-Hispanic
White Americans than other groups (likelihood ratio test p < 0.001). There is a significantly greater magnitude of negative association of having a disability or
health issue that prevents work with Life’s Essential 8 among non-Hispanic White Americans than other groups (likelihood ratio test p < 0.001). There is a
significantly greater magnitude of negative association of having Medicaid insurance with Life’s Essential 8 among non-Hispanic White Americans than other
groups (likelihood ratio test p < 0.001).



Figure S1. National Health and Nutrition Examination Survey participant flow diagram.
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HA — Hispanic Americans, LE8 — Life’s Essential 8, NHAA — non-Hispanic Asian Americans, NHANES -
National Health and Nutrition Examination Survey, NHBA — non-Hispanic Black Americans, NHWA — non-
Hispanic White Americans, PIR —income to poverty line ratio



Figure S2. Conceptual Model: Historically marginalized group membership tempers the association of
socioeconomic status with Life’s Essential 8.
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Conceptual Model: Historically marginalized group membership tempers the association of
socioeconomic status with Life’s Essential 8. Arrows indicate association. T-shaped connectors indicate
inhibition or tempering of an association.



	Association of Socioeconomic Status With Life’s Essential 8 Varies by Race and Ethnicity
	METHODS
	Sample Characteristics
	Socioeconomic Status Variables (Exposures)
	Education
	Income
	Employment
	Health Insurance Status
	Life’s Essential 8 Scoring (Outcome)
	Body Mass Index
	Blood Pressure
	Smoking
	Physical Activity
	Diet
	Cholesterol
	Blood Glucose
	Sleep

	Demographic Variables (Covariates)
	Race and Ethnicity
	Age
	Sex

	Statistical Analysis

	RESULTS
	Sample Characteristics
	Age-­Adjusted Predicted Life’s Essential 8 Scores
	Likelihood Ratio Tests
	Education
	Income
	Employment
	Health Insurance
	Sensitivity Analyses

	DISCUSSION
	Summary
	Mechanisms
	Racism
	The Wealth Gap
	Psychosocial Stress
	Medical Mistrust
	Opportunity Gap
	Access to Care
	Other Potential Mechanisms: Rural–­Urban Disparities, Medication Adherence, Other SDoH
	Strengths and Limitations

	CONCLUSIONS
	Sources of Funding
	Disclosures
	References


