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Abstract

INTRODUCTION: This study evaluated the associations between Life’s Essential 8

(LE8) and cognitive performance, and compared the strength of the relationships of

Life’s Simple 7 (LS7) and LE8 to cognition in midlife and older adults.

METHODS: Participants (N = 1539) were from the Healthy Aging in Neighbor-

hoods of Diversity across the Life Span (HANDLS) study. Cross-sectional multivariable

regression examined the associations between LE8 and cognition. Secondary analyses

compared model performance between LE8 and LS7 measures on cognition from the

same available sample.

RESULTS: Higher LE8 scores were associated with better global cognitive perfor-

mance, working memory, and attention. The LS7 model outperformed the LE8 model

on global cognitive performance, but the LE8 model outperformed the LS7 model for

the workingmemory domain.

DISCUSSION: Better cardiovascular health (CVH) was associated with better cogni-

tive performance among US middle-aged and older adults. However, the association

between CVH and specific cognitive domains varies when using LE8 versus LS7.
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Highlights

∙ Cardiovascular health (CVH) is associated with cognitive performance.

∙ Life’s Essential 8 (LE8) is a new construct to quantify CVH.

∙ Associations between LE8 and cognition were assessed.

∙ Higher LE8was associated with better global cognitive performance.

∙ Higher LE8was also associated with better workingmemory and attention.
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1 BACKGROUND

Cognitive decline is a growing public health concern for an aging

population. More than 55 million people have dementia worldwide,1

including roughly 10% of the US adult population ≥ 65 years of age.2

Similarly, approximately one third of adults living in the United States

≥ 85 years of age have Alzheimer’s disease (AD), and this number

is expected to dramatically increase over the next 40 years.3 Given

these projections, it is crucial to identify behaviors that can encour-

age healthy aging earlier in life andprevent/delay the onset of cognitive

decline.

Accumulating evidence suggests that cardiovascular disease is asso-

ciatedwith a decline in cognition.4 For example, patientswith coronary

artery disease have a 45% increased risk of developing cognitive

impairment.5 Additionally, people with heart failure have 1.67 higher

odds for cognitive impairment than those without heart failure.6 Risk

for cardiovascular disease is ameliorable by lifestyle changes. Conse-

quently, it is important to identify modifiable risk factors that adults

can target to improve their cardiovascular health (CVH).7

The American Heart Association (AHA) created a 7-metric CVH

construct in2010 toestimate the likelihoodof optimalCVH, and subse-

quently better overall quality of life. It was anticipated that this metric,

Life’s Simple 7 (LS7), would represent a personalized indicator of CVH

that would encourage preventative approaches (e.g., maintenance or

incorporationof positivehealthbehaviors) rather thanhealth interven-

tion approaches designed solely to treat disease.8 The LS7 construct

includes blood pressure, glucose, cholesterol, body mass index (BMI),

diet, physical activity (PA), and smoking. Prior literature has shown that

optimal LS7, as indicated by a high total LS7 score, is related to bet-

ter cognitive functioning,10,11,9 particularly on tests of global cognition,

processing speed, and executive function.11,12 Additionally, optimal

LS7 has been shown to be related to slower episodic memory decline

within adults≥60years of age. Limited research has explored the asso-

ciationbetweenLS7andcognition in adults<60years of age.However,

this association may be meaningful to explore at an early period of

the life course, such as midlife, when CVH risk (e.g., hypertension) and

poorer quality of life may initially manifest.13

In 2022, AHA’s working group released updated metrics and

renamed the construct fromLS7 to Life’s Essential 8 (LE8). Researchers

found that sleep duration was associated with each of the LS7 com-

ponents and with overall health. The AHA working group elected to

add sleep duration as an eighth metric to the formal definition of

CVH given this variable’s ease of assessment, measurement reliability,

and independent contributions to cardiometabolic and overall health

outcomes.14 In addition, the new LE8 construct includes more con-

tinuous scoring and updated categories of other individual metrics

(see Table S1 in supporting information for more information on how

to calculate the LE8 and LS7 composite scores). However, there is

limited research on the associations between the new LE8 construct

and cognitive outcomes. Therefore, the current study tested the rela-

tionship of a new LE8 construct with multiple cognitive measures

in a unique, socioeconomically and racially diverse sample of midlife

adults.

RESEARCH INCONTEXT

1. Systematic review: The authors reviewed the available

literature using traditional sources andmeeting abstracts

and presentations. Evidence suggests that better car-

diovascular health (CVH), as indicated by a higher Life’s

Simple 7 (LS7) score, is associated with better cognitive

performance in midlife and older adults. Research gaps

remain regarding the association between the new Life’s

Essential 8 (LE8) score and cognition, and its comparison

to LS7 in how it relates to cognition.

2. Interpretation: Higher LE8 scores were significantly

associated with better global cognitive performance,

working memory, and attention. The LS7 model outper-

formed the LE8 model on global cognitive performance,

but the LE8 model outperformed the LS7 model for the

workingmemory domain.

3. Future directions: This article highlights the need for

more consistent reporting of the LE8 components and

considers a multi-dimensional sleep component as an

alternative to self-reported sleep duration.

The present study examines two hypotheses. First, a higher LE8

score will be associated with better cognitive performance domains

and global scores. Second, LE8 (with the addition of sleep and more

continuous scoringmetrics sensitive to interindividual differences) will

show a stronger association with cognitive performance outcomes

than the LS7 composite score.

2 METHODS

2.1 Participants

This cross-sectional study used survey and cognitive battery data from

the Wave 4 visits (2013–2017; n = 2171) of the Healthy Aging in

Neighborhoods of Diversity across the Life Span (HANDLS). HAN-

DLS participants are a fixed cohort of 3720 community-dwelling Black

and White adults aged 30 to 64, recruited from 13 predetermined

neighborhoods (groups of contiguous census tracts) comprising an

area probability sample of Baltimore City. HANDLS was specifically

designed to understand Black–White and socioeconomic disparities

in health and cognitive decline by exploring protective and adverse

biopsychosocial factors, a topic of relevance in the field of cognition

and Alzheimer’s disease and related dementias (ADRD) risk.15 HAN-

DLS was approved by the institutional review board at the National

Institutes of Health and all participants provided written informed

consent. For more information on the study sample, see Evans et al.16

Participants in the primary analyses (n = 1539) provided complete

data for demographic covariates taken at wave 1 or wave 4, variables

incorporated in the LE8 score, and the Joggle cognitive battery at
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MASTER ET AL. 3

HANDLS Wave 4 Full Sample

(N = 2171)

Complete LE8 and
Cognitive Outcomes

(n = 1567)

Final Analytic
Sample

(n = 1539)

Complete
Cognitive Outcomes

(n = 2042)

 Excluded: incomplete cognition task (n=129)

Balloon Analog Risk (n=119)
Digit Symbol Subsitution (n=118)
Line Orientation Task (n=118)
Psychomotor Vigilance (n=129)
Abstract Matching (n=114)
Nback (n=113)
Visual Object Learning (n=112)
Motor Praxis (n=109)

 Excluded: incomplete LE8 variables (n=475)

Diet (n=77)
Body mass index (n=15)
Physical activity (n=49)
Sleep Duration (n=187)
Smoking (n=134)
Cholesterol (n=110)
Blood Pressure (n=12)
Glucose (n=84)

 Excluded: missing covariates (n=28)

WRAT-3 (n=28)

F IGURE 1 Analytic sample consort diagram
(Aim 1; LE8). HANDLS, Healthy Aging in
Neighborhoods of Diversity across the Life Span;
LE8, Life’s Essential 8;WRAT-3,Wide Range
Achievement Test.

wave 4. If available, data from wave 3 were used to calculate smok-

ing/nicotineuse categories for someparticipants. SeeFigure1 formore

information on data missingness. The analytic sample to test the sec-

ondary aim consisted of participants with complete data to calculate

the LE8 (n = 1539) and the LS7 (n = 1513) composite scores (n = 1428

overlap). Variations from the LE8 sample and the LS7 sample and their

overlap are due to missingness in three metrics (diet, cholesterol, and

glucose) calculated differently, and the additional LE8 sleep metric.

Starting from the full wave 4 sample (n = 2171), LE8 diet (n = 2066

valid) and LS7 diet (n= 2066 valid) had an overlap of 2065 valid partic-

ipants; LE8 cholesterol (n = 2039 valid) and LS7 cholesterol (n = 2081

valid) had an overlap of 2039 valid participants; LE8 glucose (n = 2074

valid) and LS7 glucose (n = 1920 valid) had an overlap of 1909 valid

participants. Last, n= 1919 participants had valid data to calculate the

LE8 sleep metric. See Table S1 for more information on the data used

to calculate LE8 and LS7 composite scores.

2.2 Measures/variables

2.2.1 CVH: LS7 and LE8 (predictors)

LS7 and LE8 constructs of CVH consist of eight components: diet, PA,

nicotine exposure, BMI, blood lipids, blood glucose, bloodpressure, and

sleep health (new for LE8). The LS7 score is the sum of the seven met-

rics categorized into poor (0), intermediate (1), and ideal (2), while the

LE8 is calculated by averaging the eight metrics, which were updated

as more continuous scores ranging from 0 to 100. See Table S1 for

information on the calculation of LS7 (consistentwith Beydoun et al.17)

and LE8 for our sample, including the available survey variables used

to create each of the metrics. Due to differing measurements, survey

instruments, and available data used in our study versus the pub-

lished calculations,14,8 some components of LS7/LE8 are constructed

differently.
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4 MASTER ET AL.

2.2.2 Cognition (outcome)

During data collection at wave 4, participants completed The Jog-

gle Research battery (Joggle Research, Inc.) using an iPad to track

performance across eight tasks: BalloonAnalogRisk,Digit Symbol Sub-

stitution, LineOrientation, Psychomotor Vigilance, AbstractMatching,

N-Back, Visual Object Learning, and Motor Praxis. For each task, stan-

dardized scores were estimated to create scores for five cognitive

abilities (speed, workingmemory, attention, executive functioning, and

visual orientation) and a global cognitive performance score.18

Computerized cognitive test batteries consisting of multiple cog-

nitive domains have been validated in participant samples with acute

total sleep deprivation.19 The computerized Joggle Research battery

has been compared to a traditional paper-and-pencil neuropsycho-

logical battery in midlife and older Black adults,18,20 a sample with

similar sociodemographics as the current study’s sample. Gamaldo

et al.18 revealed that participants reported more satisfaction and less

testing anxiety with the Joggle battery compared to the traditional

neuropsychological battery.

ConsistentwithGamaldo et al.,18 the global cognition scorewas cal-

culatedby summing the standardized scores of all eight cognition tasks.

A composite score for each of the five cognitive domains was calcu-

lated by summing standardized scores of different tasks, as follows: (1)

speed:Motor Praxis+Psychomotor Vigilance; (2) workingmemory: N-

Back; (3) attention: Visual Object Learning + N-Back + Digital Symbol

Substitution+Psychomotor Vigilance; (4) executive function: Abstract

Matching+Digit Symbol Substitution+ Balloon Analog Risk; (5) visual

orientation: Visual Object Learning+ LineOrientation.

2.2.3 Covariates

Sociodemographic covariates included continuous age (HANDLSwave

4), sex (wave 1), self-reported racial identity (dichotomized African

American/Black or White at wave 1), and dichotomized poverty sta-

tus above or below 125% of the household poverty threshold (wave

1). Other covariates included education quality measured by the

Wide Range Achievement Test 3 (WRAT-3, wave 1) and dichotomized

self-reported sleep apnea (wave 4). Last, continuous depressive symp-

toms measured from the 20-item Center for Epidemiological Studies

Depression (CES-D)21 at wave 4were included, less the question relat-

ing to sleep, avoiding conflictwith the sleepmeasure in LE8or the sleep

apnea covariate. All analyses were adjusted for these demographic

characteristics.

A separate sensitivity analysis was performed to evaluate differ-

ences between the primary aim’s analytic sample (n = 1539) and the

full wave 4 participant sample (n = 2171). Logistic regression analy-

ses were conducted to investigate whether sex, race, poverty status,

sleep apnea diagnosis, reading literacy (WRAT-3 score), depressive

symptoms, and age were associated with exclusion from the primary

analyses (LE8 sample) due to data missingness (included n = 1539;

excluded n=632). Living below thepoverty line (odds ratio [OR]=1.54,

p < 0.0001), having sleep apnea (OR = 1.48, p = 0.0085), a lower

score on the WRAT-3 (OR = 0.98, p = 0.0047), and higher depres-

sive symptoms (OR = 1.01, p = 0.02) predicted higher odds of data

missingness.

2.3 Statistical analyses

Multivariable linear regression models in R Studio (version 4.2.1) were

run to test associations between the CVH constructs (LS7 or LE8) and

cognition. For the primary aim, six regression analyseswere performed

(LE8 and covariates × 6 cognitive outcomes; N = 1539). Due to the

exploratory nature of this analysis, no correction was applied for the

analyses using the cognitive domains.

For the secondary aim, the participant sample was reduced to

n = 1428 to include participants who had data for both LS7 and LE8

constructs to comparemodels andmodel fit to each of the six cognitive

variables (12 models total, covariates included in all models). Bayesian

information criterion (BIC; lower is better)22,23 and non-nested likeli-

hood ratio tests were used to identify differences between models.24

According to Raftery’s 1995 guidelines,22,23 evidence associated with

a difference of 0 to 2 in BIC is considered weak, 2 to 6 is positive, 6 to

10 is strong, and > 10 is very strong. Additionally, Vuong’s theory of

non-nested model comparisons was implemented using R.24,25 A two-

step testing procedure is used for Vuong’s theory, testing whether the

twomodels are distinguishable from one another (variance test), and if

they are distinguishable, testingwhether the twomodels’ fits are equal

(non-nested likelihood ratio test).

Additionally, to assess the impact of themodifiedmetric calculations

and scaling of LE8 (without sleep) and LS7, we ran analyses between

LS7 and LE8 (without the sleep metric) in the identical overlapping

sample (n = 1428), and compared the models using the same model

fit criteria. The LE8 (without sleep metric) composite score was calcu-

lated as theunweightedaverageof the seven componentmetric scores,

whereas the full LE8 composite scorewas calculated as theunweighted

average of all eight component metric scores (including sleep).

3 RESULTS

3.1 Descriptive statistics

Participants (N = 1539) in the LE8 sample were 56.6 years old (stan-

dard deviation [SD]= 9.0); 59%women; 60%Black, non-Hispanic (40%

White, non-Hispanic); and 37%below the poverty line (Table 1). Partic-

ipants had an average LE8 score of 54.7 (SD = 13.5) and LS7 score of

7.2 (SD= 2.1, n= 1513).

3.2 Associations of LE8 and cognition

Higher LE8 scores were significantly associated with better global

cognitive performance (β = 0.08, p < 0.001; Table 2). Among specific

cognitivedomains, higher LE8 scoreswere significantly associatedwith
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MASTER ET AL. 5

TABLE 1 Participant characteristics and descriptive statistics
(N= 1539).

Mean or% (SD or n)

Sex

Women 59% (902)

Men 41% (637)

Race

Black, non-Hispanic 60% (923)

White, non-Hispanic 40% (616)

Poverty status (125%)

Above 63% (962)

Below 37% (577)

Sleep apnea

No 91% (1397)

Yes 9% (142)

Age 56.6 (9.0)

WRAT literacy 42.2 (7.8)

Depressive symptoms 11.2 (10.3)

LE8 54.7 (13.5)

LS7 7.2 (2.1)

Notes: LE8 has a range of 0–100 (mean of eight categories), where a

higher score indicates better CVH. LS7 has a range of 0–14 (sum of seven

categories), where a higher score indicates better CVH; LS7M/SD was cal-

culated on n = 1513 who had complete LS7 data. The CES-D is scored by

summing 20 individual items (assigned a value of 0, 1, 2, or 3); higher scores

indicate greater depressive symptoms. In the current analyses, depressive

symptoms (range: 0–57) is calculated by the sum of 19 items in the CES-D,

omitting the question on sleep (#11, restless sleep). WRAT Literacy (word

reading subtest of theWRAT 3) has a range of 0–57.

Abbreviations: CES-D, Center for Epidemiological Studies Depression;

CVH, cardiovascular health; LE8, Life’s Essential 8; LS7, Life’s Simple 7; M,

mean; SD, standard deviation;WRAT,Wide Range Achievement Test.

better working memory (β = 0.17, p < 0.001) and attention (β = 0.02,

p < 0.001), but not visual orientation (β = 0.003, p = 0.15), executive

function (β= 0.004, p= 0.22), or speed (β= 0.001, p= 0.82).

3.3 Comparison between LS7 and LE8’s
associations with cognition

For participants who had complete data to calculatemeasures for both

LS7 and LE8 (n = 1428), model fit was compared using BIC difference

(≥ 6 is considered strong evidence of a difference)23 and Vuong’s non-

nested likelihood ratio test.24,25 Covariate and cognitive performance

variables were identical in both sets of models (Table 3 for model com-

parisons; Table S2 in supporting information for LS7 and LE8 model

results using the same sample).

LS7 (β = 0.102, p < 0.001) and LE8 (β = 0.086, p < 0.001) were both

significant predictors of global cognitive performance. Using Raftery’s

BIC difference guidelines, the LS7 model marginally outperformed the

LE8 model (LS7 BIC = 7309.4, LE8 BIC = 7315.5; strong evidence of T
A
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TABLE 3 LS7/LE8 and cognitionmodel comparisons (n= 1428).

LS7 BIC LE8 BIC

BIC

difference

95% confidence

interval of BIC

difference

Raftery guidelines:

evidence associated

with a differencea
Vuong test: non-nested likelihood ratio

testb

Global

cognitive

performance

7309.357 7315.540 −6.183 [−17.332, 4.965] “Strong” evidence of

difference

models are distinguishable (p< 0.001), but

model fits are equal for the focal population

(p’s> 0.05).

Speed 5218.880 5222.296 −3.416 [−8.945, 2.114] “Positive” evidence of

difference

Models are distinguishable (p= 0.028), but

model fits are equal for the focal population

(p’s> 0.05).

Working

memory

4018.724 4003.567 15.157 [−1.117, 31.433] “Very strong” evidence

of difference

Models are distinguishable (p< 0.001); LE8

model fits better than LS7model (p= 0.034)

Attention 6255.013 6259.795 −4.782 [−16.178, 6.614] “Positive” evidence of

difference

Models are distinguishable (p< 0.001), but

model fits are equal for the focal population

(p’s> 0.05).

Executive

function

5369.202 5371.402 −2.2 [−8.035, 3.635] “Positive” evidence of

difference

Models are indistinguishable (p= 0.102);

cannot use test

Visual

orientation

5043.942 5045.209 −1.267 [−5.857, 3.322] “Weak” evidence of

difference

Models are indistinguishable (p= 0.175);

cannot use test

Note: Participant n= 1428 (LS7 and LE8 complete participant data overlap). Covariates were included in all models.

Abbreviations: BIC, Bayesian information criterion; LE8, Life’s Essential 8; LS7, Life’s Simple 7.
aEvidence associatedwith a difference of 0–2 in BIC is consideredweak, 2–6 is positive, 6–10 is strong,> 10 is very strong (1995 Raftery).
bIf themodels are indistinguishable, Vuong’s Closeness Test can test partially non-nestedmodels for model fit (1989 Vuong).

a difference). However, Vuong’s non-nested likelihood ratio test indi-

cated thatwewere not able to reject the null hypothesis that themodel

fits are equal for the focal population (p> 0.05).

Similar to the primary analyses, LS7 and LE8 (from the overlapping

sample)were both associatedwithworkingmemory and attention cog-

nitive domains. The LE8 model outperformed the LS7 model in the

working memory domain, using both Raftery’s and Vuong’s guidelines

(Raftery: LS7 working memory BIC = 4018.7, LE8 working memory

BIC = 4003.6, very strong evidence of a difference; Vuong: LE8 model

fits better than the LS7 model, p = 0.034). There was no meaning-

ful difference in BIC in the attention domain (Raftery: LS7 attention

BIC = 6255.0, LE8 attention BIC = 6259.8; positive evidence of a

difference; Vuong: models fits are equal for the focal population).

Finally, there were no meaningful model fit differences in the

LS7/LE8 models that were not associated with cognition domains

(p> 0.05: speed, executive function, visual orientation).

3.4 Comparison between LS7 and LE8’s (without
sleep metric) associations with cognition

There were only slight changes to LE8 BIC in each model with the

removal of the sleep metric, which is also reflected in changes to

the difference in BIC between LE8 and LS7 (see Table 4). Addition-

ally, in the Global Cognitive Performance model comparison using

Raftery’s guidelines, there was only “positive” evidence of BIC dif-

ference between LE8 (without sleep) and LS7, compared to “strong”

evidence of BIC difference between LE8 (with sleep) and LS7. There

were no other differences in the Raftery guidelines and Vuong test on

model performance between Table 3 (LE8 with sleep) and Table 4 (LE8

without sleep).

4 DISCUSSION

As indicated by a higher LE8 score, better CVH is associated with

better cognitive performance among the HANDLS sample of US

middle-aged and older adults. A higher LE8 composite scorewas signif-

icantly associated with better global cognitive performance, working

memory, and attention, but not visual orientation, executive function,

or processing speed. Secondary analyses showed inconsistent model

performance for the associations between cognitive performance and

the older LS7 measure versus the newer LE8 measure, which adds

a sleep category, revises metric scaling, and calculates the compos-

ite score differently. Interestingly, in direct model comparisons, LS7

outperformed the LE8 (with andwithout sleep) on global cognitive per-

formance using Raftery’s BIC difference guidelines. However, the LE8

(with and without sleep) outperformed the LS7 model for the work-

ing memory domain using both Raftery’s and Vuong’s guidelines. Thus,

we speculate that the updated scaling of the metrics in LE8 was more

influential in the comparison between LE8/LS7 and cognition models

than the addition of the sleep duration metric. Overall, our findings

suggest that both LS7 and LE8 may be significant tools for evaluating

interventions to lower the risk of cognitive decline.

The current study’s findings support the biopsychosocial cardio-

vascular disease framework26 and empirical evidence supporting the

interconnections among cardiovascular risk and disease (e.g., hyper-

tension, diabetes, obesity) to cognition.27–29 In fact, numerous studies
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TABLE 4 LS7/LE8 (without sleepmetric) and cognitionmodel comparisons (n= 1428).

LS7 BIC LE8 BIC

BIC

difference

95% confidence

interval of BIC

difference

Raftery guidelines:

evidence associated

with a differencea
Vuong test: non-nested likelihood ratio

testb

Global

Cognitive

Performance

7309.357 7314.513 −5.156 [−15.505, 5.193] “Positive” evidence of

difference

Models are distinguishable (p< 0.001), but

model fits are equal for the focal population

(p’s> 0.05).

Speed 5218.880 5222.112 −3.232 [−8.352, 1.887] “Positive” evidence of

difference

Models are distinguishable (p= 0.032), but

model fits are equal for the focal population

(p’s> 0.05).

Working

memory

4018.724 4002.629 16.095 [0.781,31.410] “Very strong” evidence

of difference

Models are distinguishable (p< 0.001); LE8

model fits better than LS7model

(p= 0.0197)

Attention 6255.013 6258.714 −3.701 [14.437, 7.036] “Positive” evidence of

difference

Models are distinguishable (p< 0.001), but

model fits are equal for the focal population

(p’s> 0.05).

Executive

function

5369.202 5371.304 −2.102 [−7.423, 3.219] “Positive” evidence of

difference

Models are indistinguishable (p= 0.092);

cannot use test

Visual

orientation

5043.942 5045.136 −1.194 [−5.476, 3.087] “Weak” evidence of

difference

Models are indistinguishable (p= 0.173);

cannot use test

Note: Participant n=1428 (LS7 and LE8 complete participant data overlap). The LE8 (without sleepmetric) composite scorewas calculated as the unweighted

average of the seven component metric scores, whereas the full LE8 composite score (Table 3) was calculated as the unweighted average of all eight

componentmetric scores (including sleep). Covariates were included in all models.

Abbreviations: BIC, Bayesian information criterion; LE8, Life’s Essential 8; LS7, Life’s Simple 7.
aEvidence associatedwith a difference of 0-2 in BIC is consideredweak, 2-6 is positive, 6-10 is strong,> 10 is very strong (1995 Raftery).
bIf themodels are indistinguishable, Vuong’s Closeness Test can test partially non-nestedmodels for model fit (1989 Vuong).

have suggested a link between CVH and cognition using LS7.30,9

Recent studiesusing LE8haveprimarily exploredassociationsbetween

metabolic dysfunction-associated fatty liver disease, incidence of car-

diovascular outcomes, and clinically significant weight loss among

other health outcomes.31–34 Only one study examined LE8’s associa-

tion with cognition. Zhou et al.35 examined the association among LE8

scores and risk of dementia, cognition, and neuroimaging outcomes

in middle-aged to older adults (ages 37–73) in a sample of partici-

pants from the UK Biobank without prevalent cardiovascular disease

or dementia at baseline. Their findings indicated that individuals with

intermediate LE8profiles (LE8 scores ranging from50 to79) hadhigher

fluid intelligence (verbal–numerical reasoning) and numeric memory

(maximum digits remembered) than those with poor LE8 profiles. The

same association persisted comparing those with optimal LE8 pro-

files to those with poor LE8 profiles. Although the direction of these

findings is consistent with our results, the same cognitive domains

were not examined and the LE8 score was categorized to create poor,

intermediate, and optimal profiles. Moreover, the directionality of our

findings are consistent with a body of literature demonstrating a posi-

tive association between higher LS7 and varying cognitive domains.12

Specifically, Speh et al.12 identified that having an optimal LS7 score

was associatedwith better baseline performance for perceptual speed,

verbal fluency, and global cognition. In sum, our study findings high-

light not only the utility of LE8 as a continuous metric but a call for

more researchers to incorporate LE8 in their studies examining asso-

ciations between CVH and various domains of cognition (e.g., memory,

attention).

To our knowledge, there are no comparative studies using LS7 and

LE8 pertaining to cognition. There are studies that have compared the

predictive valuebetweenLS7andLE8 topredict the likelihoodofmajor

adverse cardiac events (MACEs) and evaluate CVH in samples ranging

from early childhood to middle adulthood.36–38 As our study findings

indicated, all previous studies also identified concordance in direc-

tionality between the two constructs. However, unlike our study, LE8

outperformed LS7. For example, using multivariable Cox proportional

hazards analysis, Gao et al.36 demonstrated that LE8 was a significant

influencing factor of MACEs risk. Furthermore, their results from area

under the curve (AUC) analyses illustrated the AUCwas higher for LE8

than LS7. Additionally, studies by Perng et al.37 and Shetty et al.38 iden-

tified that LE8 yielded a moderate percentage of discrepancy between

the proportion of participants in each category (poor, intermediate,

ideal) based on LS7 and LE8 metrics. That is, the categorization of the

participants based on LS7 and LE8 differed depending on the cutoff

points for each score.

Our findings in the comparison of LS7 versus LE8 for cognition

are inconsistent with some prior findings, potentially due to differ-

ent survey tools and questionnaires used in the calculation of LS7/LE8

measures. For example, for the calculation of the PA metric, we used

self-reported duration categories of moderate and vigorous activi-

ties (e.g., 1–2 hours) from the Baecke Questionnaire for PA 39 as

an estimation, rather than a measure of self-reported continuous

minutes of moderate-to-vigorous PA. These types of measurement

differences between individuals’ self-evaluation may lead to an incon-

sistency of the data accuracy across participants. Additionally, we had
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limited information about electric cigarette use and secondhand smoke

exposure as recommended by LE8 criteria for the nicotine exposure

category. See Table S1 for LE8/LS7 calculations.

Aside from the availability of data from our study to create similar

individual metrics, there were several major differences in the pub-

lished classification of LE8 compared to LS7. These differences, and

our results from the comparisonbetweenLS7andLE8’s (without sleep)

associations with cognition, may suggest that the discrepancies in the

LS7/LE8models are not necessarily attributed to the inclusion of sleep

duration in the LE8 but could be influenced by classification of some

of the original LS7 components. For more detailed information on the

differences between LS7 and LE8, see Supplementary Text in support-

ing information. Overall, the differences in the current study between

LS7 and LE8 inmeasurement and their relationshipwith cognitionwar-

rant further analyses in a different sample to determine whether the

findings are consistently observable. This may prompt conversations

on which metric is particularly clinically sensitive to estimate risk on

particular cognitive ability. Differences between LS7 and LE8may have

clinical implications for longitudinal assessments of health, as longitu-

dinal studies that shift from LS7 to LE8 may show differences due to

the meaningful consensus updates. We recommend that researchers

recalculate the LE8 CVH construct on prior samples that use LS7.

This study addresses the gap in knowledge about the associa-

tion between LE8 and cognition, particularly computerized cognitive

performance. The strengths include its large diverse sample. Specif-

ically, Black adults and adults from low socioeconomic status (SES)

backgrounds are at disproportionate risk for cardiovascular disease40

and/or cognitive impairment, particularly ADRD.41 Few studies have

explored the intersection of cognition and CVH using a sample, simi-

lar to the current study, that consists of a large number of Black adults

and adults from lower SES backgrounds.42,9 Thus, the diverse demo-

graphic characteristics of the current study’s sample and exploration

of the association between LE8 and cognition align with scientific rec-

ommendations for a more inclusive representation of these groups to

better understandmechanisms linked to health risk. Similarly, themid-

dle age of the study sample is a strength. Midlife is a critical period

to identify factors associated with cognitive health and decline.27,43,44

Exploration of cognitive health at midlife may identify early and

meaningful sources of cognitive health as individuals approach older

adulthood.

Although the study has several strengths, there are limitations.

First, the study sample is limited to adults residing in Baltimore, Mary-

land, who may have unique sociocontextual experiences (e.g., access

to health providers, high-quality housing, nutrition-rich food options)

that could influence the association between LE8 and cognition. Thus,

the study findings may not be generalizable to participants from other

geographic settings. Additionally, only 71% (n= 1539) of the full HAN-

DLS wave 4 sample (n = 2171) were included in our primary analyses

due to having sufficient data; therefore, the participants included in

our study may represent a biased sample. Second, the study’s cross-

sectional data limit the ability to detectwhether LE8 relates to changes

in cognition. Future studies should explore this relationship using longi-

tudinal data, and explore the predictive power of each LE8 component

and the connection between LE8 and biomarkers of systemic inflam-

mation associated with cognitive health.45–48 Third, the calibration of

measures is not a one-to-one match to the components of LE8 or LS7.

That is, this study extracted measures from a larger study (i.e., HAN-

DLS) to create the aggregate measures to calculate LE8 scores. Many

of these survey measures differed from the metric measurements rec-

ommended in Lloyd-Jones et al.,14 such as PA duration and nicotine

exposure. Last, future work should measure behavior metrics objec-

tively, such as PA and sleep duration, as self-reported measures are

prone to bias.

Our findings indicate that higher LE8 and LS7 composite scores are

associated with better cognitive performance among US middle-aged

and older adults; however, one score didn’t systematically outperform

the other. The addition of the new sleep duration metric made only

minor variations to the LE8/LS7 and cognition model comparisons, in

contrast to the change in scaling of metrics and calculation of the new

composite score. Although the addition of a sleep component to LS7 is

crucial given the associations between cardiometabolic risks and poor

sleep health,49–51 current research indicates the importance of other

sleep elements, such as quality and timing, rather than only nighttime

sleep duration.52,53 Thus, incorporating a multi-dimensional sleep cat-

egory may be appropriate for future updates to AHA’s LE8 when using

the composite score to enhance the scientific understanding of the

associations between CVH and cognition.
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Supplementary Text: Differences in LS7 and LE8 component calculations 

First, for the classification of BMI, LE8 provided more specific guidelines (5 vs. 3 categories 
based in part on National Heart, Lung, and Blood Institute guidelines). Second, the classification 
of blood pressure and cholesterol in LE8 was handled by subtracting points for taking 
medications, whereas in LS7, the category was automatically “intermediate” if a participant was 
“treating to goal”. Moreover, LE8 used non-HDL cholesterol, where LS7 used total cholesterol. 
For the blood glucose category, LE8 used HbA1c (both fasting and non-fasting), where LS7 
required using fasting glucose. The classification of physical activity was broken down by 
minutes of the total time of moderate and vigorous activities in LE8, while in LS7 the total time of 
moderate and vigorous activities were counted separately, with only the “ideal” category 
specified by minutes. Lastly, the smoking classification in LE8 includes quit smoking information 
over the last 5 years, while LS7 only includes quitting information less than or greater than the 
last 12 months. 



Supplemental Material 
 
 
Supplemental Table S1. Calculation of Life’s Simple 7 and Life’s Essential 8 

  
CVH metric  

Life's Simple 7*  Life's Essential 8  
Method of 

Measurement  Proposed cut-offs  
Method of 

Measurement  Proposed cut-offs  

Sleep health  N/A  N/A  
Self-reported 
sleep duration 

from PSQI 
survey  

Points  Level  
100  7–<9  
90  9–<10  
70  6–<7  
40  5–<6 or ≥10  
20  4–<5  
0  <4  

Nicotine exposure  
Self-reported 

smoking 
questionnaire  

Poor  Current smoker  

Self-reported 
smoking 

questionnaire  

Points   Status  

Intermediate  

Former smoker and smoked 
in the last 12 months  

100  
Never smoked (never tried, or tried and never 
used regularly)  

Ideal  "Never tried" or "Tried, never 
used regularly", or former 
smoker who did not smoke in 
the last 12 months  

75  Former smoker, quit ≥5 years  
50  Former smoker, quit 1–<5 years  

25  

Former smoker, quit <1 year, or used 
electronic cigarettes (1+ days) in the past 
month  

0  Current smoker  

Body mass index  
Measured height 
and weight (BMI 

= kg/m2)  

Poor  ≥30  

Measured height 
and weight (BMI 

= kg/m2)  

Points   Level  

Intermediate  
 ≥25 and <30  

100  <25  
Ideal  <25  70  25.0–29.9  

30  30.0–34.9  
15  35.0–39.9  
0    ≥40.0  

Physical activity  Poor  Not reporting any activities  Points  Minutes   



Estimated 
minutes of 

moderate or 
vigorous physical 
activity by self-

reported 
validated Baecke 

questionnaire 
(BQ)**  

Intermediate  

Have moderate or vigorous 
activities, but not meet the 
Ideal criteria, or reported only 
having leisure (low) activity  Estimated total 

minutes of 
moderate and 

vigorous physical 
activity by self-

reported 
validated Baecke 

questionnaire 
(BQ)**  

100  ≥150  
Ideal  ≥150min moderate activity, or 

≥75min vigorous activity  90  120–149  
80  90–119  
60  60–89  
40  30–59  
20  1–29  
0  0  

Diet  
Self-reported 

Healthy Eating 
Index tool (HEI-

2010)  

Poor  
have 0-1 diet elements in the 
HEI-2010  

Self-reported 
Healthy Eating 

Index tool; (HEI-
2015; HANDLS 

population 
quantile)  

Points  Quantile  

Intermediate  
have 2-3 diet elements in the 
HEI-2010  100  ≥95th percentile (top/ideal diet)  

Ideal  have 4-5 diet elements in the 
HEI-2010  80  75th–94th percentile  

50  50th–74th percentile  
25  25th–49th percentile  

0  
1st–24th percentile (bottom/least ideal 
quartile)  

Blood lipids  

Measured total 
cholesterol, 

mg/dL & 
medication use 
(Choleserolemia 

or Statin)  

Poor  total cholesterol ≥240  
Non-HDL 

cholesterol 
(calculated using 
plasma total and 
HDL cholesterol); 

subtract 20 
points if treated 
with Statin or 

Choleserolemia 
medications  

Points   Level  

Intermediate  

total cholesterol 200-239 or 
taking medication AND total 
cholesterol<200)  100  <130  

Ideal  total cholesterol <200 and no 
medication  60  130–159  

40  160–189  
20  190–219  
0  ≥220  

Blood pressure  

Measured 
systolic (SBP) 
and diastolic 
(DSP) blood 

pressure; 
average of left 

Poor  SBP ≥140 OR DBP >=90  Measured 
systolic and 

diastolic blood 
pressure 

(average of left 
and right arms); 

Points  Level  

Intermediate  
SBP 120–139 AND DBP 80–
89; OR taking medication  100  <120/<80 (optimal)  

Ideal  <120 and <80 AND no 
medication  75  120–129/<80 (elevated)  

50  130–139 or 80–89 (stage 1 hypertension)  



and right arms & 
medication use 

(anti-
hypertensive 
medications)  

subtract 20 
points if treated 

with anti-
hypertensive 
medications  

25  140–159 or 90–99  

0  ≥160 or ≥100  

Blood glucose   

Measured fasting 
glucose (mg/dl) & 
medication use 

(diabetes 
medication)  

Poor  Glucose ≥126  

Measurement: 
HbA1c (%); 

diabetes 
diagnosis  

Points   Level  

Intermediate  

Glucose 100-125 OR taking 
medication and glucose 
<100)  100  No diabetes diagnosis and HbA1c < 5.7  

Ideal  Glucose <100 and no 
medication  60  No diabetes diagnosis and HbA1c 5.7–6.4  

40  

Diabetes diagnosis and HbA1c <7.0 OR no 
diabetes diagnosis (or missing) and HbA1C 
6.4-7.0  

30  HbA1c 7.0–7.9 (regardless of dx)  
20  HbA1c 8.0–8.9 (regardless of dx)  
10  HbA1c 9.0–9.9 (regardless of dx)  
0  HbA1c ≥10.0 (regardless of dx)  

Score  Each metric is rated as 0: Poor; 1: intermediate; 2: ideal; these 
are summed to yield LS7 score (higher is better)  

The new aggregate score is scaled from 0 to 100 points, calculated as the 
unweighted average of all 8 component metric scores (higher is better)  

 

Notes: Refer to 2010 Lloyd-Jones and 2022 Lloyd-Jones for LS7 and LE8 recommended calculations. *Refer to 2023 Beydoun 
supplemental materials for detailed component calculations of the LS7. **The classification of physical activity (low, moderate, 
vigorous) was based on self-reported categories of physical activity (low, medium, high). For duration, self-reported category of <1hr 
was estimated as 30min, 1hr-2hr category was estimated as 90min, 2hr-3hr category was estimated as 150min, 3hr-4hr category 
was estimated as 210min,>4hr category was estimated as 270min.  
Abbreviations 
CVH: Cardiovascular Health; PA: physical activity; BPAQ: Bone-specific Physical Activity Questionnaire; kg/m2: kilograms 
weight/meters height squared; PSQI: Pittsburgh Sleep Quality Index  
 

 



Supplemental Table S2. Associations between Life's Essential 8 (or Life’s Simple 7) and Cognition (n=1428) 

 Global Cognitive 
Performance Speed Working Memory Attention Executive Function Visual Orientation 

  B 95% CI B β B 95% CI B β B 95% CI B β B 95% CI B β B 95% CI B β B 95% CI B β 

Life's Essential 8 .02*** [.01, .04] .09 .00 [.00, .01] .01 .01*** [.01, .02] .17 .02*** [.01, .03] .10 .01 [.00, .01] .04 .00 [.00, .01] .04 

Intercept 1.21 [-.51, 2.93]   1.42*** [.59, 2.25]   -1.11*** [-1.65, -.57]   .97 [-.22, 2.16]   .94* [.07, 1.81]   -.04 [-.82, .74]   

Male Sex (ref: Women) .26 [-.07, .59] .04 -.10 [-.25, .06] -.03 .21*** [.10, .31] .10 -.02 [-.25, .20] .00 -.24** [-.40, -.07] -.07 .39*** [.24, .54] .12 

Black Race (ref: White) -1.23*** [1.57, -.90] -.17 -.40*** [-.56, -.24] -.12 -.12* [-.22, .-01] -.06 -.69*** [-.92, -.46] -.14 -.24** [-.41, -.07] -.07 -.48*** [-.63, -.33] -.15 

Poverty Status <125% (ref: >125%) -.59*** [-.93, -.25] -.08 -.27** [-.44, -.11] -.08 -.06 [-.17, .04] -.03 -.57*** [-.81, -.34] -.11 .00 [-.17, .18] .00 -.26*** [-.41, -.11] -.08 

Sleep Apnea (ref: no sleep apnea) .28 [-.28, .84] .02 .16 [-.11, .42] .03 -.04 [-.22, .13] -.01 .10 [-.29, -.49] .01 .08 [-.20, .36] .01 .09 [-.16, .34] .02 

Age -.11*** [-.13, -.09] -.28 -.04*** [-.05, -.03] -.23 .00 [-.01, .00] -.02 -.07*** [-.08, -.06] -.26 -.04*** [-.05, -.03] -.22 -.03*** [-.04, -.02] -.17 

WRAT Literacy .13*** [.11, .15] .28 .03*** [.02, .04] .17 .01*** [.01, .02] .11 .07*** [.06, .09] .24 .03*** [.02, .04] .16 .05*** [.04, .06] .24 

Depressive Symptoms -.06*** [-.08, -.05] -.18 -.02*** [-.03, -.01] -.13 .00 [-.01, .00] -.03 -.04*** [-.05, -.03] -.17 -.01** [-.02, .00] -.08 -.03*** [-.03, -.02] -.18 

Life's Essential 7 .18*** [.10, .26] .10 .04 [.00, .07] .05 .06*** [.04, .09] .13 .13*** [-.20, 2.13] .11 .04* [.00, .08] .06 .03 [.00, .07] .04 

Intercept 1.13 [-.55, 2.81]   1.19** [.39, 2.00]   -.88** [-1.41, -.35]   .96 [.07, .18]   .88* [.03, 1.73]   -.06 [-.83, .70]   

Male Sex (ref: Women) .24 [-.09, .56] .03 -.10 [-.26, .05] -.03 .20*** [.10, .30] .10 -.04 [-.26, .19] -.01 -.25** [.41, -.08] -.07 .39*** [.24, .53] .12 

Black Race (ref: White) -1.25*** [-1.59, -
0.91] -.17 -.40*** [-.56, -.23] -.12 -.13* [-.24, -.02] -.06 -.70*** [-.93, -.47] -.14 -.24** [-.41, -.07] -.07 -.48*** [-.64, -.33] -.15 

Poverty Status <125% (ref: >125%) -.60*** [-.94, -.26] -.08 -.27** [-.43, -.10] -.08 -.07 [-.18, .04] -.03 -.57*** [-.81, -.34] -.11 .00 [-.17, .18] .00 -.26*** [-.41, -.11] -.08 

Sleep Apnea (ref: no sleep apnea) .29 [-.27, .85] .02 .18 [-.09, .44] .03 -.06 [-.24, .11] -.02 .10 [-.29, .48] .01 .09 [-.20, .37] .02 .09 [-.16, .34] .02 

Age -.11*** [-.13, -.09] -.27 -.04*** [-.05, -.03] -.23 .00 [-.01, .00] -.02 -.07*** [-.08, -.06] -.25 -.04*** [-.05, -.03] -.22 .03*** [-.04, -.02] -.16 

WRAT Literacy .13*** [.11, .15] .28 .03*** [.02, .04] .17 .02*** [.01, .02] .12 .07*** [.06, -.09] .24 .03*** [.02, -.04] .16 .05*** [.04, .06] .24 

Depressive Symptoms -.07*** [-.08, -.05] -.19 -.02*** [-.03, -.01] -.13 .00 [-.01, 00] -.05 -.04*** [-.05, -.03] -.18 -.01** [-.02, -.01] -.09 -.03*** [-.03, -.02] -.18 

 

Notes: The column name represents the cognitive outcome. B = unstandardized beta, β = standardized beta, CI= confidence interval. Significance 
codes:  ***p<0.001, **p<0.01, *p<0.05, p<.0.1 
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