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BACKGROUND: The American Heart Association recently introduced the novel construct of Cardlpvascular Kidney-Metabolic
(CKM) Syndrome, but it is unclear how the CKM staging construct applies to young adults a;s @weit may correlate with
cardiovascular health status and carotid artery health. R

METHODS: In the FF-CHAYA study (Future of Families—Cardiovascular Health Among Young Adults), we defined CKM stages
using the American Heart Association’s framework. Cardiovascular health was-measured by Life’s Essential 8 scores (a
composite metric consisting of dietary quality,-physical activity, sleep, nicotine exposure, body mass index, blood glycemia,
blood lipids, and blood pressure). We examined cross-sectional associations of CKM stages with Life's Essential 8 scores
and carotid ultrasonography measures using multivariable regression models adjusted for age, self-identified gender, and
self-identified race/ethnicity.

RESULTS: Among 1283 FF=CHAYA participants (mean [SD] age; 22:9[0:7] years; 54:4% women); 20:7% of participants were
classified as Stage 0 CKM (no-risk factors), 40.2% as.Stage.1 CKM (excess adiposity), 36.2% as Stage 2 CKM (metabolic
risk factors), and 2.8% as Stage 3 CKM (subclinical cardiovascular disease or advanced kidney disease). Compared with
Stage O, participants in Stages 1 to 3 had significantly lower Life's Essential 8 scores (B, =7.6 [95% CI, —9.4 to —5.8] for
Stage 1, —13.9 [95% Cl, —15.7 to —12.0] for Stage 2, —13.2 [95% Cl, —17.4 to —9.0] for Stage 3). In addition, Stages 1
to 3 had significantly higher mean-mean and mean-maximum carotid intima-medial thickness and lower gray scale median
compared with Stage 0. For example, mean-maximum carotid intima-medial thickness was 0.014 mm higher (95% CI,
0.005-0.020) for Stage 1, 0.020 mm higher (95% ClI, 0.017-0.035) for Stage 2, and 0.100 mm higher (95% CI, 0.085—
0.128) for Stage 3, compared with Stage O.

CONCLUSIONS: Among young adults, a more advanced CKM stage was associated with worse cardiovascular health, including
greater evidence of early arterial injury. These findings elucidate the need for earlier preventive efforts and population-level
interventions to address upstream drivers of CKM health.
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disease (CVD) risk factors such as obesity, dia- tion.! Between 2020 and 2050, the prevalence of these

Given the increasing prevalence of cardiovascular  adults represent a key population for primary preven-
betes, and hypertension in recent years, young health conditions among US adults aged 20 to 44 years
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WHAT IS KNOWN

+ Cardiovascular disease risk factors are increasing
in prevalence among young adults, and strategies
are needed to identify and intervene early in the life
course.

* The American Heart Association’s Cardiovascular-
Kidney-Metabolic (CKM) Syndrome staging model
provides a framework for specific prevention strate-
gies by CKM stage.

+ Data are sparse regarding how CKM stages may be
applied among younger adults, including its associa-
tions with subclinical disease markers.

WHAT THE STUDY ADDS

* In this sample of young adults across large US cities,
CKM Syndrome was highly prevalent, and a more
advanced CKM stage was associated with greater
evidence of early arterial injury.

* These findings identify opportunities for preventive
efforts among young adults and underscore the
urgency to address the upstream drivers of CKM
health earlier in the life course.

Nonstandard Abbreviations and Acronyms

CARDIA Coronary Artery Risk Development in
Young Adults

cIMT carotid intima-medial thickness

CKM Cardiovascular-Kidney-Metabolic

CVvD cardiovascular disease

CVH cardiovascular health

LES Life's Essential 8

FF-CHAYA Future of Families—Cardiovascular
Health Among Young Adults

FFCWS Future of Families and Child Well-
Being Study

IMT intima-medial thickness

is projected to increase significantly (41.7%-60.0% for
obesity, 6.1%-15.5% for diabetes, and 30.3%-40.5%
for hypertension), with a disproportionate burden among
those from minoritized racial and ethnic groups.? Obesity
in particular impacts large proportions of individuals in
early life and is a major driver of downstream disparities
in diabetes, chronic kidney disease, and CVD.2® There-
fore, transforming current CVD prevention paradigms is
critical for mitigating these projected trends, with a need
for efforts to begin earlier in the life course, especially
during young adulthood, and a focus on upstream drivers
of these inequities.

To address the increasing burden of CVD and the
interrelatedness of adverse adiposity, metabolic disease,
chronic kidney disease, and CVD, the American Heart
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Association recently introduced the novel construct of
Cardiovascular-Kidney-Metabolic  (CKM) ~ Syndrome.
The CKM staging model provides a framework for spe-
cific prevention strategies across CKM stages, with an
emphasis on primordial prevention in Stage O (repre-
senting no CKM risk factors) and increasing intensity of
primary prevention across Stages 1 to 3 of CKM Syn-
drome.* In particular, Stages 1 and 2 CKM focus on the
management of CKM risk factors, while Stage 3 CKM
introduces the importance of imaging for earlier detec-
tion of subclinical disease. Across all CKM stages, pro-
motion of cardiovascular health (CVH) using the Life’s
Essential 8 (LE8) score is central to health maintenance
and remediation efforts; this focus on health promotion
appears particularly useful for younger individuals who
may not yet have clinically diagnostic elevations in risk
factor levels.®

However, at present, data are sparse regarding how
the novel CKM construct may be applied among young
adults, including how it may intersect with the exist-
ing LE8 framework for measuring CVH. Moreover, it is
unknown whether CKM stages;r:elate to early markers
of carotid arterial injury in youﬁ@ﬂ H#00d. Such knowl-
edge could elucidate CKM's prognostic relevance in a
primary prevention population. Therefore, we explored
the application 'of the CKM. staging model in the FF-
CHAVYA study (Future of Families—Cardiovascular Health
Among Young Adults). We sought to examine the dis-
tribution. of CKM. stages and-their correlates with car-
diovascular health scores and early arterial injury during
young adulthood.

METHODS

Study Sample

FF-CHAYA is an ancillary study of the FFCWS (Future of
Families and Child Well-Being Study).® FFCWS enrolled
~b000 mother-baby dyads at the time of birth between 1998
and 2000 in 20 large US cities with oversampling of unmar-
ried mothers, resulting in enriched recruitment of individuals
from minoritized racial and ethnic groups and those living
below the poverty line. FFCWS has conducted 7 waves of
data collection at age O (birth) and approximate ages 1, 3, 5,
9, 15, and 22 years of the offspring. The FF-CHAYA substudy
consisted of an in-person examination after completion of the
year 22 wave of FFCWS in 2021 to 2023, with sample selec-
tion and recruitment methods previously described.® Of the
1421 participants who completed the FF-CHAYA in-person
examination, we excluded 134 participants who were miss-
ing data to assess CKM stages, and 3 participants missing
additional outcome data for both CVH status and carotid
ultrasonography. Finally, we excluded 1 participant with a
self-reported history of prevalent CVD given our focus on a
primary prevention population. This study was approved by
the institutional review board at Princeton University, and all
participants provided written informed consent. De-identified
data are publicly available through FFCWS for some variables
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(https://ffcws.princeton.edu/) or upon reasonable request for
all variables from the Coordinating Center.

Study Procedures

During the in-person FF-CHAYA examination, all participants
underwent objective assessment of anthropometric mea-
sures and blood pressure; phlebotomy for laboratory analysis
of blood lipids, hemoglobin Alc, and serum creatinine; and
carotid ultrasonography, using standardized protocols that have
been previously described® Estimated glomerular filtration
rate was calculated using the 2021 chronic kidney disease-
EPI creatinine equations.” In addition, all participants com-
pleted self-administered questionnaires for the assessment
of medical history and medications usage, and standardized
questionnaires to assess diet (Dietary Screener Questionnaire
from the National Health and Nutrition Examination Survey),
physical activity (PAQ-K from the National Health and Nutrition
Examination Survey), sleep (assessed during wave 22 of the
core FFCWS study), and nicotine exposure (tobacco use
questionnaire from the CARDIA study [Coronary Artery Risk
Development in Young Adults]).? Data on childhood social
exposures, including parental education levels, parental incar-
ceration, household income and finances at the time of off-
spring birth, and adverse childhood experiences (ACEs), were
collected at the indicated times through interviewer- and self-
administered questionnaires during the core FFCWS study.

CKM Health Status

We adapted the staging construct developed by the American
Heart Association to assign each FF-CHAYA participant to a
CKM stage ranging from O to 3, where all CKM stages are
mutually exclusive (ie, participants meeting any criteria for a
higher stage could not be placed in a lower stage).®* Briefly,
Stage O CKM represents. no~CKM- risk factors, Stage 1
CKM represents excess or dysfunctional adiposity, Stage 2
CKM represents metabolic or kidney risk factors, and Stage
3 CKM represents subclinical CVD or high-risk equivalents.
Detailed methodology for how each CKM stage was defined
in the FF-CHAYA cohort is provided in Table S1. Stage 4 CKM
was not included in our analysis as participants meeting criteria
for clinical CVD were excluded.

Cardiovascular Health Score

CVH was quantified using LES8 scores, with methodology previ-
ously described in the FF-CHAYA cohort5€ Briefly, the overall
LE8 score ranges from O to 100 points, with higher scores
reflecting more favorable CVH, and it was calculated as the
unweighted average of 8 individual component metric scores:
dietary quality, physical activity, sleep, nicotine exposure, body
mass index, blood glycemia, blood lipids, and blood pressure.
Each individual component metric score also ranges from O to
100 points, with higher scores reflecting more favorable met-
rics. Health behaviors (dietary quality, physical activity, sleep,
and nicotine exposure) were assessed using self-reported data
collected by questionnaires. Health factors (body mass index,
blood glycemia, blood lipids, and blood pressure) were assessed
using data from the in-person examination, with medical his-
tory and medications usage self-reported. Additional details
on scoring of LE8 individual metrics are provided in Table S2.
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Scores for the LE8 overall score and individual metrics were
categorized as low CVH (<50 points), moderate CVH (50-79
points), or high CVH (=80 points) in accordance with American
Heart Association recommendations.>®

Carotid Ultrasonography

Carotid ultrasonography was performed during the FF-CHAYA
in-person examination by 1 of 2 highly experienced sonogra-
phers from the University of Wisconsin-Madison Atherosclerosis
Imaging Research Program core ultrasound center with the
Mindray M9 ultrasound system and L12-4s linear array ultra-
sound transducer (Mahwah, NJ). The Siemens Arterial Health
Package software was used to semi-automatically measure
bilateral end-diastolic mean and maximum intima-media
thicknesses, from the far walls of the distal 1.0 cm common
carotid arteries, the carotid artery bifurcation segments, and
the proximal 1.0 cm of the internal carotid arteries, in triplicate,
each from 2 complementary angles of approach. Mean-mean
common carotid intima-medial thickness (IMT; mm) was cal-
culated as the mean of the right and left mean IMT values.
Mean-maximum carotid IMT (mm) was calculated as the mean
of the maximum IMT measures from all 3 carotid artery seg-
ments. Additional details on ultrasonography and standardized
carotid artery measurement prgCegdures<have been previously
described for the FF-CHAYA s d§f5°°fﬁ‘fl’a- and interreader
reproducibility for all measures were excellent® The measures
analyzed for the present study include markers of early arte-
rialinjury. (mean-mean and mean-maximum carotid IMT [cIMT],
gray scale.median, entropy, contrast, and angular second
moment [crude and log-transformed]) and arterial stiffness
(distensibility. coefficient, Young-Elastic Modulus).

Statistical Analyses

Participants.were stratified by CKM stage (0, 1, 2, or 3) to com-
pare young adult CVH characteristics and carotid ultrasonogra-
phy measurements. We calculated adjusted mean LE8 scores
and carotid ultrasonography measurements by CKM stage and
then examined the associations of CKM stages with (1) LE8
scores and (2) carotid ultrasonography measurements using
multivariable linear regression models adjusted for age, self-
identified gender, and self-identified race/ethnicity. Additional
sensitivity analyses were conducted examining LE8 scores for
health behaviors only that included the diet, physical activity,
sleep, and nicotine exposure individual metrics. All analyses
were performed using SAS, version 9.4, and <0.05 was con-
sidered statistically significant.

RESULTS
Study Sample Characteristics

Baseline characteristics for the 1283 participants
included in the final sample are presented in Table 1,
overall and stratified by CKM stage. Overall, mean (SD)
age was 229 (0.7) years and 54.4% were women, with
51.6% identifying as Black, 27.1% as Hispanic, 16.8%
as White, and 4.4% as other race and ethnicity groups.
In addition, 51.7% of participants experienced paren-
tal incarceration, and 76.4% of participants’ mothers
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CKM stage Overall (N=1283) Stage 0 (n=266) Stage 1 (n=516) Stage 2 (n=465) Stage 3 (n=36)

Mean age, y (SD) 22.9 (0.7) 22.8 (0.6) 22.9 (0.6) 22.9 (0.7) 22.8 (0.6)

Male, n (%) 585 (45.6%) 127 (47.7%) 192 (37.2%) 248 (53.3%) 18 (50.0%)

Race, n (%)
White 216 (16.8%) 56 (21.1%) 69 (13.4%) 84 (18.1%) 7 (19.4%)
Black 662 (51.6%) 129 (48.5%) 282 (54.7%) 228 (49.0%) 23 (63.9%)
Hispanic 348 (27.1%) 64 (24.1%) 146 (28.3%) 132 (28.4%) 6 (16.7%)
Other 57 (4.4%) 17 (6.4%) 19 (3.7%) 21 (4.5%) 0

Childhood social exposures

Mother's poverty level at birth, n (%)
<100% 457 (35.6%) 83 (31.2%) 209 (40.5%) 159 (34.2%) 6 (16.7%)
100-299% 523 (40.8%) 99 (37.2%) 208 (40.3%) 192 (41.3%) 24 (66.7%)
300% + 303 (23.6%) 84 (31.6%) 99 (19.2%) 114 (24.5%) 6 (16.7%)
Parental education > college, n (%) 637 (49.6%) 164 (61.7%) 238 (46.1%) 218 (46.9%) 17 (47.2%)
Raised in a 2-parent home, n (%) 751 (58.5%) 165 (62.0%) 282 (54.7%) 285 (61.3%) 19 (52.8%)
Parental incarceration, n (%) 663 (51.7%) 115 (43.2%) 289 (56.0%) 239 (51.4%) 20 (55.6%)
Cumulative ACEs score to year 5 3.7 (1.3) 35(1.2) 3.7 (1.3) 3.7 (1.3) 4.0(1.1)

Cardiovascular health characteristics
Mean body mass index, kg/m? 29.0 (8.2) 21.5 (2.1) 30.1 (6.8) 31.8 (92) 30.2 (9.2)
Waist circumference, cm 82.6 (23.6) 68.5 (12.4) 84.1 (21.9) 88.5 (‘QéIb’) ?ifoﬁ;cn 89.9 (21.5)
Mean systolic blood pressure, mmHg (SD) 115.9 (12.0) 111.4 (8.9) 111.8 (9.2) 122.6 (12.7) 120.8 (16.0)
Mean diastolic blood pressure, mmHg (SD) 69.2 (10.4) 63.1 (7.9) 66.3 (7.3) 75.6 (11.0) 72.7 (18.1)
Mean total cholesterol, mg/dL (SD) 165.0 (32.8) 158.6 (28.3) 160.8 (30.6) 171.9 (33.9) 183.1 (63.5)
Mean HDL cholesterol, mg/dL (SD) 51.4 (15.4) 61.6 (13.4) 49.4 (13.9) 47.7 (15.1) 52.8 (20.0)
Mean trig cholesterol, mg/dL (SD) 94.1(60.9) 67.0 (26.9) 77.1 (28.3) 127.9 (82.4) 99.4 (60.0)
Mean HbA1c, % (SD) 5.3 (0.5) 5.1 (0.3) 5.2 (0.3) 5.4 (0.8) 5.2 (0.4)
Creatinine, mg/dL 0.8 (0.4) 0.8 (0.2) 0.8 (0.2) 0.8 (0.2) 1.4 (2.4)
eGFR, mL/min per 1.73 m? 116.4 (15.3) 117.7 (11.8) 118.2 (12.5) 113.9 (17.7) 111.5 (29.8)

Baseline demographic, childhood social exposures, and clinical characteristics among FF-CHAYA participants. Values represent mean (SD) or n (%), as appropriate,
for the overall sample and stratified by. CKM syndrome stages. CKM indicates Cardiovascular-Kidney-Metabolic; and FF-CHAYA, Future of Families—Cardiovascular

Health Among Young Adults.

indicated that their income was under 300% of the
federal poverty level at the time of offspring birth. With
regard to CKM staging, 20.7% of participants were clas-
sified as Stage 0, 40.2% as Stage 1 CKM, 36.2% as
Stage 2 CKM, and 2.8% as Stage 3 CKM—indicating
a significant burden (#80%) of excess adiposity, meta-
bolic risk factors, and subclinical CVD, respectively, in this
cohort of young adults. As expected, there were notable
differences in measures of adiposity, blood pressure, and
lipids across CKM stages, with less marked variation in
glycemia and kidney function in these young adults.

The Figure presents the distribution of CVH status (low,
moderate, high) by CKM stage (additional data in Table
S3). With more advanced CKM stages, the prevalence
of high CVH (LE8 score >80 points) was lower, and
the prevalence of low CVH (LE8 score <50 points)
was higher. The majority of participants (>60%) had

Circ Popul Health Outcomes. 2026;19:e013042. DOI: 10.1161/CIRCOUTCOMES.126.013042

moderate CVH status (LE8 score 50—79 points) across
all stages.

Mean LE8 overall and individual metric scores by
CKM stage, adjusted for age, gender, and race/ethnicity,
are presented in Table 2. Among all FF-CHAYA partici-
pants, mean (95% CI) LE8 CVH score was 69.2 (95%
Cl, 68.4-69.9). Overall LE8 scores differed significantly
by CKM stage, from 77.6 (95% Cl, 76.1-79.1) in Stage O
to 64.4 (95% Cl, 60.5-68.4) in Stage 3 CKM (R<0.01).
Body mass index, glucose, lipids, and blood pressure
scores were significantly different across CKM stages,
with higher scores in Stage O and lower scores in more
advanced CKM stages (£<0.01). Mean health behaviors-
only LE8 scores and individual health behavior metrics
did not differ significantly across CKM stages; mean
dietary quality and physical activity scores were low (<50
points), and mean nicotine exposure and sleep scores
were moderate (50-79 points) for all CKM stages.

Compared with those in Stage O, participants in Stage
1 CKM had, on average, 7.6-point lower LE8 scores
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Figure. Cardiovascular health status by cardiovascular-kidney-metabolic (CKM) syndrome stage in the FF-CHAYA (Future of

Families-Cardiovascular Health Among Young Adults) cohort.

Joint distribution of cardiovascular health (CVH) scores among FF-CHAYA participants by CKM syndrome stages. CVH was measured using
American Heart Association Life's Essential 8, with scores <50 points corresponding to low CVH status, 50 to <80 points corresponding to
moderate CVH status, and >80 points corresponding to high CVH status. -~

(95% ClI, —9.4 to —5.8]), in Stage 2 CKM had 13.9-point
lower scores (95% Cl, —15.7 to —12.0), and in Stage
3 CKM had 13.2-point lower-seores (96% Cl,—174 to
—9.0).

CKM Stages and Early Carotid Artery Injury

Carotid ultrasonography measurements by CKM stage,
adjusted for age, gender, and race/ethnicity, are pre-
sented in Table 3. Among FF-CHAYA participants overall,
mean-mean cIMT was 0.504 mm (0.501-0.507), mean-
maximum cIMT was 0.641 mm (0.637-0.644), and gray

American
Heart
Association.

scale median was 77.3 (76.5—78.1). With more advanced
CKM stage, mean-mean cIMT and mean-maximum cIMT
were significantly. higher, and gray scale median was sig-
nificantly lower (F<0.01). Entropy, contrast, distensibil-
ity coefficient, and Young Elastic Modulus also differed
significantly. in-statistical  analyses, though modestly in
absolute terms; with more advanced CKM stage in these
young adults.

Table 4 presents the associations of CKM stages with
carotid 'ultrasonography. measurements from adjusted
models. Compared. with. Stage 0O, mean-maximum
cIMT was, on average, 0.014 mm higher (95% ClI,

Table 2. Mean Life’s Essential 8 Scores by CKM Stage
Adjusted mean (95% CI) LE8 score
CKM stage Overall Stage 0 Stage 1 Stage 2 Stage 3 P value
Overall, points 69.2 (68.4-69.9) 77.6 (76.1-79.1) 70.0 (69.0~71.0) 63.8 (62.6-64.9) 64.4 (60.5-68.4) <0.001
Health behaviors score, points 56.9 (55.8-58.1) 58.1 (55.6-60.7) 57.0 (65.1-58.8) 56.5 (54.6-58.4) 53.2 (46.3-60.0) 0.527
Individual metric scores, points
Diet 39.9 (88.2-41) 42,9 (39.1-46.7) 39.8 (37.1-42.5) 38.5 (35.7-41.4) 36.7 (26.4-46.9) 0.297
Physical activity 425 (39.8-45.1) 46.1 (40.3-51.8) 42.0 (37.8-46.1) 41.4 (37.0-45.7) 36.7 (21.2-52.2) 0.506
Nicotine exposure 67.3 (65.1-69.4) 67.0 (62.6-72.1) 66.3 (62.9-69.7) 68.2 (64.6-71.8) 68.1 (55.2-80.9) 0.901
Sleep 77.2 (75.7-78.7) 775 (74.1-80.7) 78.3 (75.9-80.7) 76.2 (73.6-78.6) 73.9 (64.8-83.0) 0.571
Body mass index 61.9 (59.9-63.9) 99.6 (95.8-103.) 54.1 (51.4-56.8) 49.5 (46.6-52.3) 56.1 (45.9-66.3) <0.001
Blood lipids 85.7 (84.5-87.0) 94.4 (91.6-97.1) 87.9 (86.0-89.9) 79.1 (77.0-81.1) 76.9 (69.5-84.2) <0.001
Blood pressure 83.4 (82.0-84.6) 95.5 (93.2-97.7) 94.1 (92.5-95.7) 65.1 (63.4-66.8) 74.2 (68.0-80.3 <0.001
Glycemia 94.6 (93.8-95.5) 99.4 (97.6-101.4) 96.3 (94.9-97.5) 90.1 (88.7-91.5) 95.3 (90.4-100.) <0.001

Values represent mean (95% CI) LE8 scores from multivariable linear regression models adjusted for age, self-identified gender, and self-identified race/ethnicity,
with Pvalues representing significance of trends from CKM syndrome Stage O to Stage 3. LE8 scores range from O to 100 points, with higher values indicating more
optimal CVH. The overall LE8 score includes all 8 individual metrics, while the LE8 behaviors score only includes dietary quality, physical activity, sleep health, and nicotine
exposure. Participants missing LE8 scores (N=105) were excluded in this analysis. CKM indicates Cardiovascular-Kidney-Metabolic; CVH, cardiovascular health; and

LES8, Life’s Essential 8.
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Mean Carotid Measurements by CKM Stage
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Adjusted mean (95% CI) carotid measurement
CKM stage Overall Stage 0 Stage 1 Stage 2 Stage 3 P value
Mean-mean cIMT, mm | 0.504 (0.501-0.507) 0.486 (0.479-0.493) 0.503 (0.498-0.508) 0.513 (0.508-0.519) 0.528 (0.509-0.547) | <0.001
Mean-maximum cIMT, | 0.641 (0.637-0.644) 0.622 (0.615-0.630) 0.637 (0.631-0.642) 0.649 (0.643-0.654) 0.72 (0.709-0.749) <0.001
mm
Gray scale median, 77.3 (76.5-78.1) 85.1 (83.5-86.8) 76.4 (75.3-77.6) 73.9 (72.6-75.1) 74.8 (70.3-79.3) <0.001
units
Entropy 3.73 (3.72-3.74) 3.70 (3.67-3.73) 3.78 (38.71-8.75) 3.74 (3.72-3.77) 3.82 (3.74-3.90) 0.011
Contrast 50.4 (49.7-51.1) 48.3 (46.7-49.8) 50.0 (49.5-51.7) 51.3 (60.1-52.5) 50.8 (46.6-55.0) 0.019
Angular second 0.007 (0.007-0.007) 0.007 (0.007-0.008) 0.007 (0.007-0.007) 0.007 (0.007-0.007) 0.006 (0.004-0.007) | 0.204
moment
Log-transformed ASM | —5.05 (—5.08 to —5.02) | —5.02 (—5.08 to —4.95) | —5.05 (—5.09 to —5.00) | —5.05 (=5.10 to =5.0) | —5.21 (—5.39 to —5.0) | 0.274
Distensibility 0.007 (0.006-0.007) 0.007 (0.006-0.007) 0.007 (0.007-0.007) 0.006 (0.006-0.006) 0.007 (0.006-0.007) | 0.006
coefficient
Young elastic 929.7 (905.3-954.0) 875.0 (824.9-925.2) 895.0 (858.6-931.4) 1004.8 (966.1-1043.4) | 881.4 (741.7-1021.1) | <0.001
modulus

Values represent mean (95% Cl) carotid ultrasonography measurements from multivariable linear regression models adjusted for age, self-identified gender, and self-
identified race/ethnicity, with Pvalues representing significance of trends from CKM syndrome Stage O to Stage 3. Participants missing cIMT data (N=5) were excluded
in this analysis. ASM indicates angular second moment; cIMT, carotid intima-medial thickness; and CKM, Cardiovascular-Kidney-Metabolic.

0.005-0.020) for Stage 1 CKM, 0.020 mm higher (95%
Cl, 0.017-0.035) for Stage 2 CKM, and 0.100 mm
higher (95% Cl, 0.085-0.128) for Stage 3 CKM. Stages
1 to 3 CKM were also associated with significantly
higher mean-mean cIMT and lower, gray scale median
values compared with Stage 0.

In this sample of young adults from disadvantaged back-
grounds across large US cities, we defined the distri-
bution of CKM stages and their associations with CVH
status and carotid artery injury, with several important
findings. First, a large majority of FF-CHAYA partici-
pants met criteria for CKM Syndrome, with only 20%
having no CKM risk factors (eg, Stage 0 CKM). Sec-
ond, LE8 scores were substantially lower with more
advanced CKM stages, although suboptimal CVH status

(low or moderate LES8 scores) was present in the major-
ity of participants across all CWﬁ%tﬁges Third, more
advanced CKM stage was associated with greater evi-
dence of early arterial injury, even at this young age.
These findings provide validation of the novel construct
of CKM Syndrome in a demographically diverse sample
of young adults and have important implications for CVD
prevention.

Our study builds on prior work by extending the CKM
staging model to younger adults and demonstrating its
intersection with the LE8 framework. Consistent with
nationally representative data, we observed a high prev-
alence of CKM Syndrome and suboptimal CVH in the
FF-CHAYA cohort, with ‘a substantially greater burden
of Stages 1 to 3 CKM in our cohort compared with US
adolescents in the National Health and Nutrition Exami-
nation Survey.>'? This may be partly explained by the
design of FF-CHAYA, which over-sampled individuals

Associations of CKM stages with carotid ultrasonography measurements

Beta (95% CI) for carotid measurements
CKM stage Stage 0 Stage 1 Stage 2 Stage 3
Mean-mean cIMT, mm Reference 0.01 (0.009-0.026) 0.027 (0.019-0.036) 0.042 (0.022-0.062)
Mean-maximum cIMT, mm Reference 0.014 (0.005-0.02) 0.02 (0.017-0.035) 0.10 (0.085-0.128)
Gray scale median, units Reference —8.70 (—10.7 to —6.68) —11.2 (—18.3 t0 —9.21) —10.2 (—15.0 to —5.51)
Entropy Reference 0.033 (—0.002 to 0.06) 0.045 (0.009 to 0.081) 0.121 (0.037 to 0.205)
Contrast Reference 2.339 (0.448 to 4.231) 3.029 (1.10 to 4.953) 2.55 (—1.92 to 7.032)
Angular second moment Reference —0.0004 (—0.001 to 0.0003) —0.005 (—0.001 to 0.0003) —0.002 (—0.003 to —0.0003)
Log-transformed ASM Reference —0.02 (—0.11 to 0.054) —0.03 (—0.11 to 0.048) —0.19 (—0.38 to 0.002)
Distensibility coefficient Reference 0.00004 (—0.002 to 0.0004) —0.0004 (—0.0007 to —0.0001) —0.0006 (—0.0008 to 0.0007)
Young elastic modulus Reference 19.98 (—42.0 to 82.02) 129.7 (66.40 to 192.9) 6.357 (—142.1 to 154.7)

Values represent beta coefficient (95% ClI) from multivariable linear regression models between carotid ultrasonography measurements and CKM syndrome stages,
with CKM Stage O as the reference. Models adjusted for age, self-identified gender, and self-identified race/ethnicity. Participants missing cIMT data (N=5) were
excluded in this analysis. ASM indicates angular second moment; cIMT, carotid intima-medial thickness; and CKM, Cardiovascular-Kidney-Metabolic.
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experiencing greater adversity. Although the associations
between CKM stages and LE8 scores that we observed
are partly definitional, our findings highlight current gaps
in young adulthood to address CVH, as the majority of
FF-CHAYA participants in Stage O CKM already had
moderate LE8 scores, which presents key targets for
lifestyle and behavioral modifications. Numerous studies
have demonstrated that maintaining optimal CVH status
may prevent the development of subclinical and clinical
CVD, and even 10-point higher LE8 scores are associ-
ated with significantly lower CVD risk.'®"'® While we did
not observe differences in LE8 health behavior scores
across CKM stages, this may reflect the limited sensi-
tivity of self-reported data for describing these metrics
in our study, and the importance of diet, physical activ-
ity, smoking cessation, and sleep is well established.”
Health behaviors are further upstream in the causal
pathway for arterial injury and likely require longer than
proximal physiological risk factors to manifest associa-
tions with subclinical CVD.

Notably, we observed higher levels of early arterial
injury (eg, precursors of atherosclerosis development)
with more advanced CKM stage. Although the differ-
ences in carotid IMT measurements for Stages 1 to 3
CKM Syndrome compared with Stage O seem small in
magnitude (*0.01-0.10 mm), prior work has found.that
even small absolute differences (<0.10 mm) are associ-
ated with significantly higher risk of myocardial infarc-
tion and stroke in older adults; associations-that may
be further magnified in a younger population. like the
FF-CHAYA cohort.®'” In addition, the levels of carotid
IMT observed in our study would be considered more
advanced relative to the participants’ age.® Qur find-
ing that carotid IMT measurements were worse with
more advanced CKM stage, including the presence of
plaque (which defined Stage 3 CKM in this cohort),
is generally expected given the known associations
of CVD risk factors with atherosclerosis development.
Additionally, several studies have linked excess adipos-
ity during early life with higher carotid IMT in adulthood,
which may be partly mediated by the development of
additional risk factors related to blood pressure, lipids,
and glucose.’®2° However, quantification of the mag-
nitude of arterial injury is uncommon among young
adults, and the greater burden we observed may rep-
resent a trajectory of higher risk moving through the
life course, or accelerated cardiovascular aging. These
findings demonstrate that CKM stages are associated
with early markers of carotid arterial injury as early as
young adulthood and further position the construct as
a tool for prognostication and prevention across the
life course.

These results should be considered in the context of
potential limitations. FF-CHAYA is a unique cohort whose
participants are broadly representative of the young adult
urban population of the United States® Nonetheless,

Circ Popul Health Outcomes. 2026;19:e013042. DOI: 10.1161/CIRCOUTCOMES.126.013042
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the participants were over-sampled for individuals from
disadvantaged backgrounds, which may not be repre-
sentative of other groups of young adults with different
demographic compositions. Given the cross-sectional
design and exploratory aims of this study, causal infer-
ence is limited, and multiple outcomes were also evalu-
ated simultaneously, which increases the likelihood of
spurious findings. However, the CKM stages and LES8
scores are comprised largely of component metrics for
which there is strong evidence for their associations with
cardiovascular outcomes, which strengthens our find-
ings. Finally, longitudinal data are needed to understand
the prospective associations of the CKM stages among
young adults, which can additionally inform risk stratifica-
tion and prevention efforts in this population.

Taken together, these findings underscore the criti-
cal need for preventive efforts to begin earlier in the life
course, particularly in the prevention of adverse adipos-
ity and downstream risk factors that may contribute to
early arterial injury. Importantly, while the CKM construct
aligns with the LE8 framework, it does not replace it, and
each offers complementary but distinct approaches for
CVD prevention across the lifglc8iifge. CKM Syndrome
provides a clinical framework for the management of
risk factors and conditions that have shared pathophysi-
ology, with the emergence of novel therapeutics that
benefit numerous aspects of cardiovascular, renal, and
metabolic health (eg, sodium-glucose cotransporter-2
inhibitors, -glucagon-like- peptide 1 receptor agonists,
and _nonsteroidal mineralocorticoid receptor antago-
nists). The LE8 framework provides specific and action-
able targets across its 8 individual metrics to support
healthy longevity that can be implemented at the indi-
vidual and population levels for the primordial preven-
tion of CKM Syndrome, and the primary prevention of
additional CKM risk factors and subclinical development
of atherosclerosis. Although many young adults may not
yet have clinically elevated risk factor levels (and are
ineligible because of age for quantitative 10-year risk
estimation), many still present opportunities for risk fac-
tor optimization through lifestyle and behavioral modi-
fication. Therefore, CKM and LE8 are complementary
tools for the identification of young adults who may ben-
efit from enhanced preventive efforts and clinical man-
agement of adverse risk factors that are increasing in
prevalence in the United States.

CONCLUSIONS

Among a diverse sample of young adults from large cit-
ies across the United States, the majority met criteria for
CKM Syndrome, and more advanced CKM stage was
associated with worse CVH metrics, including greater
evidence of carotid artery injury. Our findings underscore
the urgency of earlier prevention and population-level
efforts to address the upstream drivers of CKM health.
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Future work should evaluate the application of the CKM
stages in clinical practice among younger adults to sup-
port risk stratification and preventive efforts.
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