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Associations Between Life’s Essential 8
and Abdominal Aortic Calcification Among
Middle-Aged and Elderly Populations

Zongao Cai @, MD*; Zaoqu Liu
Shuang Guo, MD; Shiyong Wu

, MD*; Yuyuan Zhang
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BACKGROUND: Abdominal aortic calcification (AAC) is an independent risk factor for cardiovascular disease. We aim to examine
the associations between Life’s Essential 8 (LES), the recently updated measurement of cardiovascular health (CVH), and AAC
among participants aged >40vyears.

METHODS AND RESULTS: This population-based cross-sectional study used data from the National Health and Nutrition
Examination Survey in 2013 to 2014. AAC (AAC score>0) and severe AAC (AAC score>6) were quantified by the Kauppila
score system. Multiple linear, multivariable logistic, and restricted cubic spline models were used to assess the associations.
A total of 2369 participants were included with a mean AAC score of 1.41 (0.13). Participants in the high-cardiovascular-health
group had lower AAC scores, lower prevalence of AAC, and lower prevalence of severe AAC. After the adjustment of po-
tential confounders (age, sex, race and ethnicity, education levels, marital status, poverty income ratio, estimated glomerular
filtration rate, serum creatinine, serum uric acid, serum phosphorus, and serum total calcium), higher cardiovascular health
was significantly associated with lower risk of AAC. Meanwhile, elevated nicotine exposure score, blood glucose score, and
blood pressure score within the LES components were significantly associated with lower risk of AAC. Also, nonlinear dose—
response relationships were observed. Subgroup analyses (age strata, sex, poverty income ratio, education levels, marital
status) indicated the inverse associations of LE8 and AAC were generally similar in different populations.

CONCLUSIONS: LE8 was negatively and nonlinearly related to the risk of AAC among middle-aged and older populations.
Meanwhile, LE8 components should prioritize higher scores for nicotine exposure, blood glucose, and blood pressure
evaluations.
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a common vascular condition characterized by

disrupted mineral metabolism of calcium and
phosphorus, as well as abnormal deposition of min-
eralized plaques in the arterial wall, and its incidence
increases progressively with age."? Extensive studies
have demonstrated that AAC was an independent
risk factor for the incidence of cardiovascular events,
as well as a reliable biomarker for atherosclerotic

Abdominal aortic calcification (AAC) represents

cardiovascular disease (CVD).%=® A retrospective study
has revealed that computed tomography-based AAC
was a robust predictor of CVD.® A quantifiable meth-
odology for grading a calcified abdominal aorta was
developed by Kauppila and colleagues (Kauppila AAC
score), using lateral radiographs of the lumbar region
to quantifiably estimate the extent of AAC.” Owing to
its accuracy and excellent predictive power, the quan-
tifiable methodology has been extensively used in prior
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CLINICAL PERSPECTIVE

What Is New?

e This was the first study to elucidate novel inverse
dose-response relationships between cardio-
vascular health and both abdominal aortic calci-
fication and severe abdominal aortic calcification
by employing Life’s Essential 8 to assess cardio-
vascular health levels.

e Life’s Essential 8 may be negatively and nonline-
arly related to the risk of abdominal aortic calcifi-
cation and severe abdominal aortic calcification
among middle-aged and older populations.

What Are the Clinical Implications?

e These findings suggest that Life’s Essential 8
may have clinical applications as a functional
and utilitarian composite indicator for improving
vascular health.

e Differences in the underlying salutary value of
cardiovascular health constituents need to be
fully recognized.

Nonstandard Abbreviations and Acronyms

AAC abdominal aortic calcification
CVH cardiovascular health
LE8 Life’'s Essential 8

NHANES National Health and Nutrition
Examination Survey

PIR poverty income ratio

investigations and has been shown to forecast all-
cause death and CVD independently.®""

The American Heart Association initiated Life’s
Essential 8 (LE8) as a measure of quantifying cardio-
vascular health (CVH) to enhance CVH of the general
population.”” LE8 is a scoring system that is sensitive
to interindividual differences and intraindividual vari-
ation. Meanwhile, LE8 has emerged as a powerful
tool for assessing CVH, and extensive studies have
demonstrated a significant, progressive, negative link
between LE8 score and CVD, all-cause death, and var-
ious non-CVD outcomes.’® A prospective study has
demonstrated that maintaining a high CVH, defined by
LES8 score, is significantly associated with increased life
expectancy among US adults.'® Given the intimate as-
sociation between AAC and CVD, promoting LE8 may
be a crucial management strategy for mitigating the
risk of AAC and severe AAC. Nevertheless, as of yet,
no research has evaluated the associations between
LE8 and both AAC and severe AAC.
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Thus, this cross-sectional investigation used in-
formation from the National Health and Nutrition
Examination Survey (NHANES) to examine the poten-
tial relationships between LE8 and both AAC and se-
vere AAC in middle-aged and older populations. These
findings may provide new strategies for preventing and
managing AAC and severe AAC in clinical practice.

METHODS

All data are publicly available and can be accessed
at the NHANES (https://www.cdc.gov/nchs/nhanes/
index.htm). Relevant R code is available upon reason-
able request to the corresponding author.

Study Population
NHANES focuses on estimating the prevalence of pri-
mary illnesses and disease-specific risk factors in the
United States. A detailed description of the survey can
be obtained at http://www.cdc.gov/nchs/nhanes.htm.
Sophisticated multiperiod probability-based sampling
methods were used by NHANES to obtain samples that
were representative of the nation. The National Center
for Health Statistics Research Ethics Review Board ap-
proved all NHANES protocols, and all participants pro-
vided written informed consent. This cross-sectional
investigation used NHANES data from 2013 to 2014
and adhered to the standards for Strengthening the
Reporting of Observational Studies in Epidemiology.'”
This investigation was limited to adults aged
>40years, with no available AAC score data for par-
ticipants aged <40years. After excluding participants
aged <40years (N=6360), those with missing AAC
score data (n=675), missing CVH indicators data
(n=558), and missing relevant covariates data (n=213)
from a total of 10175 participants in the 2013 to 2014
NHANES cycle, a total of 2369 participants aged
>40years were eventually included (Figure 1).

Measurements of LES8

The American Heart Association has recently updated
Life’s Simple 7 to LE8 to quantify CVH, which includes
4 health behaviors and 4 health factors, as a way to
significantly enhance guidance on improving CVH in
the general population.'? The elaborated description of
the calculation of scores for each metric of LE8 using
NHANES data can be viewed in Table $1."® Overall,
each of the LE8 indicators was rated on a scale of O
to 100 scores, and the unweighted mean of these 8
indicators was calculated to obtain the total LE8 score.
The American Heart Association recommended that
participants with LE8 scores >80 were categorized
as the high CVH, those with LE8 scores of 50 to 79
were classified as moderate CVH, and those with LES
scores <50 were grouped as low CVH."?


https://www.cdc.gov/nchs/nhanes/index.htm
https://www.cdc.gov/nchs/nhanes/index.htm
http://www.cdc.gov/nchs/nhanes.htm
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NHANES 2013-2014
N =10175
o| Excluded participants under the age of 40:
d N = 6360
\ 4
N = 3815
N Excluded participants without AAC data:
d N =675
\ 4
N =3140
+| Excluded participants without complete CVH
d metrics: N = 558
\ 4
N = 2582
«| Excluded participants without covariants data:
” N=213
\ 4
N = 2369
Figure 1. Flowchart of the screening process for the

selection of the study population.

AAC indicates abdominal aortic calcification; CVH, cardiovascular
health; and NHANES, National Health and Nutrition Examination
Survey.

The Healthy Eating Index—-2015 was utilized to es-
timate the diet metric.'® Table S2 generalizes the con-
stituents and criteria for scoring the Healthy Eating
Index—2015. The Healthy Eating Index—2015 score
was computed by employing information from the first
24-hour dietetic recall interview completed during the
NHANES mobile examination center visit, and if two
24-hour recalls were available, the first one that pro-
vided diet data was used. Information on physical ac-
tivity, nicotine exposure, and sleep health, as well as
diabetes and medication history, was obtained through
self-report questionnaires. During the physical exam-
ination, participants were professionally measured
for blood pressure, height, and weight. Researchers
collected blood samples for analysis of blood lipids,
plasma glucose, and glycated hemoglobin at central
laboratories.

Evaluations of AAC and Severe AAC

The Kauppila AAC score was calculated from dual-en-
ergy x-ray absorptiometry scans of the lateral lumbar
spine.” The AAC score was used to assess the sever-
ity of AAC, with higher scores indicating a more pro-
nounced degree of calcification. The Kauppila scoring
system divided the wall of the abdominal aorta into 4
continuous segments that correspond directly to the
L1 to L4 vertebral region. Each segment was given a
score (0-6) according to the degree of calcium depo-
sition, and the sum of the scores from all segments
yielded the final AAC score (0-24). AAC was consid-
ered present when the total AAC score was >0, and
severe AAC was determined by a total AAC score that
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exceeded 6, which have been extensively employed as
thresholds in previous investigations.?%4!

Covariates Assessment

Duringthe homeinterviews, trained interviewers collected
demographic information using computer-assisted per-
sonal interviewing. Age was separated into 2 categories:
40 to 60years and >60years. Race and ethnicity were
categorized into 5 groups: Mexican American, Non-
Hispanic White, Non-Hispanic Black, Other Hispanic,
and other race/multiracial. The poverty income ratio
(PIR) was estimated by dividing monthly family income
by the poverty level and then classified into 3 groups:
<1.30, 1.31 to 3.50, and >3.50. Education levels were
categorized into 3 groups: less than high school, high
school, and more than high school. Single/separated or
coupled were the 2 marital status categories.

The serum samples were transported to the central
laboratory for evaluation to obtain serum creatinine,
serum uric acid, serum phosphorus, and serum total
calcium. The Chronic Kidney Disease Epidemiology
Collaboration equation was used to calculate the esti-
mated glomerular filtration rate.??

Statistical Analysis

The data were analyzed following the analytical guide-
lines and recommended survey weights for NHANES
data. Baseline characteristics were described using
weighted mean with SE for continuous variables and
unweighted frequencies with weighted percentages
for categorical variables. Participants were divided
into low-CVH, moderate-CVH, and high-CVH groups
on the basis of their LE8 scores, and differences in
baseline characteristics were compared employing
one-way ANOVA for continuous variables and the chi-
square test for categorical variables.

Survey-weighted multiple linear regression was used
to explore the correlations between LES and its compo-
nents with AAC score. Multiple logistic regression was also
applied to investigate the connections between LES and
its components with AAC and severe AAC. Additionally,
restricted cubic spline regression (3 knots) was adopted
to probe into underlying nonlinear relationships between
LE8 score and its components with AAC. The nonlinear-
ity was evaluated with the likelihood ratio test.

To further investigate the associations between LES
and both AAC and severe AAC in different populations,
subgroup analysis was implemented by age strata, sex,
PIR levels, education levels, and marital status. The sig-
nificance of interactions was estimated using P values for
the interaction coefficients between LES and subgroup
populations. Furthermore, we excluded participants with
self-reported histories of CVD (including coronary heart
disease, angina, congestive heart failure, and heart at-
tack; n=309) to evaluate the soundness of our results.
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Table 1. Baseline Characteristics of the Study Population*

Abdominal Aortic Calcification

Characteristics Total Low CVH Moderate CVH High CVH P value
Participant number 2369 438 1637 294 /
Age, y, mean (SE) 5715 (0.30) 57.40 (0.60) 57.97 (0.34) 53.44 (0.68) <0.001
Age strata, n (%) <0.001
40-60 1362 (63.16) 245 (60.65) 901 (60.17) 216 (78.42)
>60 1007 (36.84) 193 (39.35) 736 (39.83) 78 (21.58)
Sex, n (%) 0.010
Female 1238 (51.99) 227 (50.87) 837 (50.14) 174 (60.60)
Male 1131 (48.07) 211 (49.13) 800 (49.86) 120 (39.40)
Race and ethnicity, n (%) <0.001
Mexican American 286 (6.24) 63 (7.89) 200 (6.60) 23 (3.13)
Non-Hispanic Black 465 (9.87) 118 (15.59) 319 (9.90) 28 (4.20)
Non-Hispanic White 1092 (72.66) 182 (66.05) 752 (72.46) 158 (79.93)
Other Hispanic 214 (4.27) 47 (5.73) 144 (4.07) 23 (3.68)
Other race/multiracial 312 (6.96) 28 (4.74) 222 (6.97) 62 (9.06)
Education levels, n (%) <0.001
Less than high school 183 (4.19) 50 (5.86) 125 (4.44) 8 (1.53)
High school 828 (30.89) 202 (44.74) 582 (32.97) 44 (8.62)
More than high school 1358 (64.92) 186 (49.40) 930 (62.60) 242 (89.85)
Marital status, n (%) 0.010
Coupled 1505 (68.90) 259 (62.69) 1032 (68.86) 214 (75.07)
Single or separated 864 (31.10) 179 (37.31) 605 (31.14) 80 (24.93)
PIR, mean (SE) 3.22 (0.13) 2.39 (0.14) 319 (0.12) 413 (0.15) <0.001
PIR levels, n (%) <0.001
<1.30 703 (18.75) 186 (30.79) 479 (18.79) 38 (6.90)
1.31-3.50 813 (33.03) 174 (45.77) 569 (33.99) 70 (16.57)
>3.50 853 (48.293) 78 (23.43) 589 (47.22) 186 (76.52)
eGFR, mL/min per 1.73m? 84.68 (0.50) 85.22 (0.73) 84.00 (0.66) 87.05 (0.95) 0.020
Serum creatinine, umol/L 81.29 (0.76) 81.68 (1.32) 82.16 (1.06) 77.21 (1.14) 0.010
Serum uric acid, pmol/L. 318.95 (1.48) 341.07 (7.08) 320.83 (2.30) 289.47 (5.40) 0.002
Serum phosphorus, mmol/L 1.23 (0.01) 1.24 (0.01) 1.22 (0.01) 1.24 (0.02) 0.210
Serum total calcium, mmol/L | 2.36 (0.00) 2.37 (0.00) 2.36 (0.00) 2.35 (0.01) 0.080
AAC score, mean (SE) 1.41 (0.13) 1.59 (0.18) 1.58 (0.17) 0.50 (0.10) <0.001
AACH, n (%) 693 (27.47) 148 (31.06) 497 (30.29) 48 (11.99) <0.001
Severe AACH, n (%) 213 (7.72) 44 (8.22) 157 (8.77) 12 (2.74) 0.010

AAC indicates abdominal aortic calcification; CVH, cardiovascular health; eGFR, estimated glomerular filtration rate; and PIR, poverty income ratio.
*Data are presented as weighted mean (SE) for continuous variables and unweighted frequencies (weighted percentages) for categorical variables; low CVH
was defined as an LE8 score of 0 to 49, moderate CVH, 50 to 79, and high CVH, 80 to 100.

TAAC was considered present when the total AAC score was >0.
*Severe AAC was determined by the total AAC score that exceeded 6.

All statistical analyses were performed using R version
4.2.1 software (R Foundation for Statistical Computing,
Vienna, Austria). Statistical tests were 2-sided, and sta-
tistical significance was assumed to be P<0.05.

RESULTS

Baseline Characteristics

The basic characteristics of the included and excluded
individuals are exhibited in Table S3. A total of 2369
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middle-aged and elderly adults were enrolled in this
study. Based on low-CVH, moderate-CVH, and high-
CVH categories, Table 1 generalizes the baseline
characteristics of the study population. Significant
differences were found among different CVH groups
in terms of age, age strata, sex, race and ethnicity,
education levels, marital status, PIR, PIR levels, es-
timated glomerular filtration rate, serum creatinine,
serum uric acid, AAC score, AAC, and severe AAC (all
P values <0.05). Participants in the high-CVH group
were younger and more likely to be women; had higher
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Figure 2. The nonlinear associations between LE8 and AAC.

Dose-response relationships Life’s Essential 8 score with AAC score (A), AAC (B), and severe AAC (C). 3/OR (solid lines) and 95% Cls
(shaded areas) were adjusted for age (as a continuous variable), sex, race and ethnicity, poverty income ratio (as a continuous variable),
education levels, marital status, eGFR, serum creatinine, serum uric acid, serum phosphorus, and serum total calcium. Vertical
dotted lines indicate the minimal threshold for the beneficial association with estimated =0 or OR=1. AAC indicates abdominal aortic
calcification; eGFR, estimated glomerular filtration rate; LES8, Life’s Essential 8; and OR, odds ratio.

education levels, higher PIR, higher estimated glomer-
ular filtration rate, lower serum creatinine, and lower
serum uric acid; and were coupled more than all other
groups. Participants in the high-CVH group had lower
AAC scores (low CVH, 1.59 [0.18], moderate CVH, 1.58
[0.17], high CVH, 0.50 [0.10]), lower prevalence of AAC
(low CVH, 31.06%; moderate CVH, 30.29%; high CVH,
11.93%), and lower prevalence of severe AAC (low
CVH, 8.22%; moderate CVH, 8.77%; high CVH, 2.74%).

Associations Between LE8 and Its
Components With AAC

Multivariable regression models were used to explore
the relationships between LE8 and AAC. Model 1 was
unadjusted for any covariates, and model 2 included
adjustments for age (continuous), sex, race and eth-
nicity, education levels, and marital status. Model 3
was further adjusted for PIR (continuous), estimated

glomerular filtration rate, serum creatinine, serum uric
acid, serum phosphorus, and serum total calcium.
Results from the fully adjusted multiple linear re-
gression in Table S4 illustrate an inverse link between
LE8 and AAC score. The multivariable-adjusted re-
stricted cubic spline regression analysis revealed that
there were inverse dose-response associations be-
tween LE8 score (P for nonlinearity=0.027; Figure 2A)
and its components (Figure S1) with AAC score, and
the minimum beneficial thresholds were found to be
62.9 (B-coefficient=0). These results demonstrated
that following higher CVH may have potential bene-
fits in reducing AAC score. Further analysis (Table S4)
revealed significant associations between higher nic-
otine exposure score (f=—0.07 [95% CI, -0.12 to
—0.03]), blood glucose score (f=—0.09 [95% ClI, —0.15
to —0.03]), blood pressure score (f=—0.05 [95% Cl,
—-0.10 to 0.00]) of LE8 components, and lower AAC
score in model 3. The newly included sleep score in

Table 2. Associations Between LE8 and Both AAC and Severe AAC*

Model 1 Model 2 Model 3
OR (95% ClI) P value OR (95% ClI) P value OR (95% ClI) P value
LE8 scoref
Low (0-49) Reference / Reference / Reference /
Moderate (50-79) 0.96 (0.62-1.50) 0.861 0.91 (0.49-1.71) 0.722 0.96 (0.60-1.55) 0.867
High (80-100) 0.30 (0.19-0.47) <0.001 0.37 (0.17-0.78) 0.021 0.41 (0.22-0.74) 0.006
LE8 score*
Low (0-49) Reference / Reference / Reference /
Moderate (50-79) 1.07 (0.67-1.72) 0.749 0.86 (0.43-1.71) 0.570 0.90 (0.55-1.49) 0.670
High (80-100) 0.31 (0.11-0.90) 0.034 0.36 (0.08-1.70) 0141 0.38 (0.11-1.24) 0.100

AAC indicates abdominal aortic calcification; LE8, Life’s Essential 8; and OR, odds ratio.
*Model 1 was unadjusted for any covariates, and Model 2 included adjustments for age (continuous), sex, race and ethnicity, education levels, and marital
status. Model 3 was further adjusted for poverty income ratio (continuous), estimated glomerular filtration rate, serum creatinine, serum uric acid, serum

phosphorus, and serum total calcium.
The association between LE8 and AAC.
*The association between LE8 and severe AAC.

J Am Heart Assoc. 2023;12:e031146. DOI: 10.1161/JAHA.123.031146
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Table 3. Associations Between Components of LE8 and Both AAC and Severe AAC*

Abdominal Aortic Calcification

ORT (95% ClI) P value OR* (95% Cl) P value

HEI-2015 diet score

Low (0-49) Reference / Reference /

Moderate (50-79) 0.86 (0.67-1.10) 0.207 117 (0.76-1.81) 0.447

High (80-100) 0.67 (0.24-1.87) 0.419 0.50 (0.14-1.79) 0.262
Physical activity score

Low (0-49) Reference / Reference /

Moderate (50-79) 1.64 (0.92-2.93) 0.090 1.76 (0.62-4.95) 0.265

High (80-100) 0.74 (0.53-1.05) 0.091 1.21(0.63-2.31) 0.546
Nicotine exposure score

Low (0-49) Reference / Reference /

Moderate (50-79) 0.61 (0.42-0.89) 0.013 0.57 (0.31-1.05) 0.070

High (80-100) 0.44 (0.26-0.73) 0.003 0.27 (0.13-0.58) 0.002
Sleep health score

Low (0-49) Reference / Reference

Moderate (50-79) 0.85 (0.60-1.20) 0.337 1.28 (0.56-2.95) 0.535

High (80-100) 0.81(0.53-1.23) 0.290 1.12 (0.54-2.34) 0.748
Body mass index score

Low (0-49) Reference / Reference

Moderate (50-79) 1.32 (1.03-1.69) 0.029 1.77 (1.02-3.06) 0.043

High (80-100) 1.20 (0.83-1.74) 0.31 0.96 (0.42-2.18) 0.910
Blood glucose score

Low (0-49) Reference / Reference

Moderate (50-79) 0.63 (0.48-0.82) 0.002 0.43 (0.28-0.65) <0.001

High (80-100) 0.68 (0.47-0.99) 0.044 0.36 (0.22-0.56) <0.001
Blood lipids score

Low (0-49) Reference / Reference

Moderate (50-79) 0.73 (0.46-1.15) 0.157 0.68 (0.39-1.16) 0.143

High (80-100) 0.82 (0.56-1.18) 0.260 0.88 (0.52-1.51) 0.629
Blood pressure score

Low (0-49) Reference / Reference

Moderate (50-79) 0.79 (0.57-1.10) 0.151 0.91 (0.58-1.42) 0.648

High (80-100) 0.79 (0.53-1.18) 0.237 0.48 (0.34-0.67) <0.001

AAC indicates abdominal aortic calcification; HEI, Healthy Eating Index; LES, Life’s Essential 8; and OR, odds ratio.
*Adjusted for age (continuous), sex, race and ethnicity, education levels, marital status, poverty income ratio (continuous), estimated glomerular filtration rate,

serum creatinine, serum uric acid, serum phosphorus, and serum total calcium.

The association between components of LE8 and AAC.
*The association between components of LE8 and severe AAC.

LE8 components demonstrated no significant associ-
ation with AAC scores. Additionally, the outcome of the
subgroup analysis in Table S5 indicates a robust in-
verse association between LE8 components and AAC
score among various subgroups of the population, and
the results were consistent with the primary findings.
Multiple logistic regression in Table 2 reveals that
compared with the low-CVH group, the odds ratios
(ORs) for AAC and severe AAC were 0.41 (95% Cl,
0.22-0.74) and 0.38 (95% CI, 0.11-1.24), respectively,
in the high-CVH group. According to the findings in
Table S6, when considering moderate CVH as the
reference, the ORs for AAC and severe AAC in the

J Am Heart Assoc. 2023;12:e031146. DOI: 10.1161/JAHA.123.031146

high-CVH group were 0.42 (95% CI, 0.26-0.70) and
0.42 (95% Cl, 0.17-1.02), respectively. Additionally, the
results in Table 3 indicate that elevated nicotine expo-
sure score, blood glucose score, and blood pressure
score within the LE8 component may potentially have
beneficial effects in reducing the risk of AAC.

The multivariable-adjusted restricted cubic spline
regression analysis reveals that there were significant
nonlinear associations between LE8 score and both
AAC (P for nonlinearity <0.001; Figure 2B) and severe
AAC (P for nonlinearity=0.002; Figure 2C), and the
minimum beneficial thresholds were found to be 62.9
(OR, 1). Furthermore, Figures S2 and S3 illustrate the
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dose-response relationships between the LE8 com-
ponent and the risk of AAC and severe AAC. The find-
ings indicate that maintaining an LE8 score of >62.9
may be associated with a lower risk of AAC and severe
AAC.

Subgroup and Sensitivity Analysis

The outcome of the subgroup analysis in Table S7 in-
dicates a robust inverse association between LE8 and
both AAC and severe AAC among various subgroups
of the population, and the results are consistent with
the primary findings. The outcome of the sensitivity
analysis was also robust (Table 4). After excluding par-
ticipants with histories of CVD from sensitivity analy-
ses, the fully adjusted multivariable logistic regression
models demonstrated that ORs for AAC and severe
AAC were 0.43 (95% Cl, 0.24-0.78) and 0.32 (95% Cl,
0.08-1.18) in high CVH separately, relative to the low
CVH.

DISCUSSION

In this nationwide investigation, a significant relation-
ship was discovered between higher LE8 scores and
lower AAC scores, along with significant associations
between higher nicotine exposure scores, blood glu-
cose scores, blood pressure scores, and lower AAC
scores. Additionally, the study found that individuals in
the high-CVH group had lower risks of developing AAC
and severe AAC. Subgroup and sensitivity analyses
demonstrated that the negative associations between
LE8 and both AAC and severe AAC were broadly con-
sistent with the overall results.

For now, this is the first study to elucidate novel in-
verse dose-response relationships between CVH and
both AAC and severe AAC by employing LES to assess
CVH levels. The ORs associated with AAC and severe
AAC remained stable in the lower range of LE8 scores
but decreased sharply in the higher range, suggest-
ing that adherence to a higher LE8 score may confer
greater protection against AAC and severe AAC.

Furthermore, participants with higher scores for
nicotine exposure, blood pressure, and blood glucose
had lower AAC scores, which was consistent with pre-
vious research findings. Research in 2021 revealed
that activation of o7 and a3 nicotinic acetylcholine
receptors by nicotine increased intracellular Ca?* and
initiated calcification of human vascular smooth mus-
cle cells by upward Nox5 activity, resulting in oxida-
tive stress—mediated extracellular vesicle release.?®?*
This research provided evidence that nicotine induces
Nox5-mediated procalcific processes as a novel
mechanism of increased atherosclerotic calcification.
Another clinical study demonstrated that pulse pres-
sure was a robust and important correlate for calcified
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Table 4. Sensitivity Analysis for the Associations Between
LE8 and Both AAC and Severe AAC

Excluding participants with history of CVD
OR* (95% ClI) P value
LE8 scoref
Low (0-49) Reference /
Moderate (50-79) 0.99 (0.63, 1.55) 0.945
High (80-100) 0.43 (0.24-0.78) 0.009
LE8 score*
Low (0-49) Reference /
Moderate (50-79) 0.77 (0.44-1.33) 0.322
High (80-100) 0.32 (0.08-1.18) 0.083

AAC indicates abdominal aortic calcification; LE8, Life’s Essential 8; and
OR, odds ratio.

*Adjusted for age (continuous), sex, race and ethnicity, education levels,
marital status, poverty income ratio (continuous), estimated glomerular
filtration rate, serum creatinine, serum uric acid, serum phosphorus, and
serum total calcium.

The association between LE8 and AAC.

#The association between LE8 and severe AAC.

atherosclerosis in different vascular beds.?® Several
studies also demonstrated that sustained hyperglyce-
mia in patients with diabetes can lead to the abundant
production and cumulation of advanced glycation end
products.?®?” The binding of advanced glycation end
products with their respective receptors can activate
multiple cellular signaling pathways, thereby promoting
vascular calcification.?” In addition, hyperglycemia can
upregulate the expression of runt-related transcription
factor-2 by increasing oxidative stress, thus stimulating
the calcification of vascular smooth muscle cells.?8-%0
These findings imply that avoiding nicotine exposure
and maintaining healthy blood glucose and blood
pressure levels may have a beneficial impact on reduc-
ing the risk of AAC.

Although the underlying mechanism between LES
and AAC remain elusive, extensive investigations have
revealed the crucial roles that metabolic syndrome and
lifestyles play in the development of AAC,3'-%3 both of
which were underlying health factors and indicators of
healthy behaviors in LE8. Elevated chronic inflamma-
tion and oxidative stress during metabolic syndrome
stimulate the synthesis of tumor necrosis factor-a and
interleukins.®* The release of microparticles containing
bone morphogenetic protein-2 by endothelial cells fol-
lowing stimulation with tumor necrosis factor-a facil-
itates osteogenesis when phagocytosed by vascular
smooth muscle cells, implicating chronic inflammation
in promoting arterial calcification.®® Additionally, bone
morphogenetic protein-2 functions as a proinflam-
matory cytokine that stimulates endothelial activation,
hinting at the possibility that these focal inflammatory
disturbances might feed into a self-perpetuating cycle
that aggravates vascular calcification.3® As a cytokine
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secreted by activated macrophages, interleukin-18 is
involved in regulating phosphate metabolism. It in-
creases the expression of tissue-nonspecific alkaline
phosphatase in vascular smooth muscle cells, inde-
pendently of runt-related transcription factor-2, leading
to a decrease in extracellular pyrophosphate levels and
driving vascular calcification.” Therefore, these find-
ings may provide potential mechanistic explanations
for the role of LE8 in the development of AAC.

Our finding was consistent with the current knowl-
edge that aortic calcification is inversely associated
with CVH levels. A US-based multiethnic cohort re-
vealed that higher Life’s Simple 7 levels were asso-
ciated with 57%, 56%, 70%, and 54% lower risk of
incident aortic valve calcification, mitral annulus cal-
cification, ascending thoracic aorta calcification, and
descending thoracic aorta calcification, respectively.3®
However, as a predecessor to LES, Life’'s Simple 7 has
certain limitations. For instance, Life’'s Simple 7 is less
sensitive to individual variations and cannot be used to
assess dose-response effects. The updated LES8, on
the other hand, addresses these shortcomings.'? This
study, by using LE8 as the definition for CVH, not only
adds notable evidence of the relationship between
CVH and AAC but also broadens the scope of health
effects relevant to optimal CVH on AAC and severe
AAC. In brief, our findings demonstrate that emphasiz-
ing optimal CVH may reduce the burden of AAC.

The results of this study may offer important guid-
ance for managing and preventing the risk of AAC
and severe AAC. Furthermore, CVH and AAC were
studied concerning the dose-response relationship,
and the minimum threshold for the salutary associa-
tion was identified. Nevertheless, several limitations
should be taken into account in this study. First, de-
spite controlling for several potential confounding vari-
ables, the nature of the cross-sectional investigation
precluded us from concluding the causal relationship
between LE8 and AAC. The longitudinal and causal
relationship between LE8 and AAC risk needs further
study. Second, the assessment of some indicators in
the LE8 component was based on questionnaire sur-
veys, which may easily lead to estimation errors. Third,
the effect of nonrandom missing data on the results is
unable to be excluded due to differences in baseline
between included and excluded individuals. Finally,
the generalizability of the associations identified in this
study to younger individuals or populations from other
countries remains uncertain and warrants additional
research.

CONCLUSIONS

LE8 may be negatively and nonlinearly related to the
risk of AAC among middle-aged and older populations.
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Meanwhile, the LE8 component should prioritize higher
scores for nicotine exposure, blood glucose, and blood
pressure evaluations. These findings suggest that LES,
as practical and salutary comprehensive indicators for
improving CVH, may be applied in clinical practice to
help patients, as well as the general population, identify
the risk of AAC early and minimize the burden of AAC.
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