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Abstract

Background. Plasma ceramides are recognized biomarkers of cardiovascular risk; however, racial and
ethnic differences in their levels, as well as their association with cardiovascular health (CVH) among African-
American populations, remain insufficiently studied.

Objectives. This study aimed to assess the association between ceramide scores and CVH, as well as ath-
erosclerotic cardiovascular disease (ASCVD) risk, among African-American adults, and to compare ceramide
scores between African-American and White adults.

Materials and methods. We conducted a secondary analysis of 2 U.S. studies including African-American
and White adults. Collected data encompassed demographics, behavioral factors (e.q., diet) and clinical
measures (e.g., plasma ceramide levels). Atherosclerotic cardiovascular disease risk was assessed using
the American College of Cardiology/American Heart Association (ACC/AHA) 10-year pooled cohort equations,
while CYH was evaluated using the American Heart Association (AHA) Life’s Essential 8 (LE8) scoring system.

Results. Fifty-eight African-American adults (mean age: 54.6 years; 67.2% women) and 1,103 White adults
(mean age: 64.5 years; 52.1% women) were included. Compared with White participants, African-Americans
had significantly higher prevalence of obesity, hypertension, diabetes, and hyperlipidemia, but similar ASCVD
risk (12.8% vs 12.6%; p=0.65). No significant associations were observed between ceramide scores and either
LE8 or ASCVD risk in African-Americans. Ceramide levels differed by race/ethnicity, with African-Americans
showing lower concentrations of 18:0 (0.08 vs 0.10 umol/L) and 24:1 (0.9 vs 1.17 umol/L) species compared
with White adults (both p < 0.001).

Conclusions. No association was observed between ceramide scores and CVH or ASCVD risk in African-
American adults. Despite having a less favorable cardiometabolic profile, African-Americans exhibited lower
ceramide levels than White adults. These findings suggest that ceramide scores may not accurately reflect
cardiovascular risk in African-American populations.
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Highlights

Essential 8) in African-American participants.

« Plasma ceramide levels were lower in African-American adults compared to White adults, despite African-Amer-
icans showing higher prevalence of obesity, hypertension, diabetes, and hyperlipidemia.
« No ssignificant association was observed between ceramide scores and ASCVD risk or cardiovascular health (Life’s

+ Key ceramides, including 18:0 and 24:1, were significantly lower in African-Americans compared with White adults,
suggesting racial/ethnic differences in lipid biomarkers.

+ Ceramide scores may underestimate cardiovascular risk in African-Americans, highlighting the need for race-
specific biomarkers or ceramide score cutoffs to improve CVD risk prediction.

Background

Although cardiovascular care has advanced, African-
American adults continue to experience suboptimal
cardiovascular disease outcomes compared to White
adults.! Furthermore, while African-American adults typi-
cally exhibit higher levels of established biomarkers such
as lipoprotein(a) (Lp(a)) than White adults, the strength
of the association between Lp(a) and atherosclerotic car-
diovascular disease (ASCVD) appears to be comparable
across both groups.?

This evidence underscores the need to explore novel
biomarkers that may enhance cardiovascular disease
(CVD) risk assessment among African-American adults.
Ceramides are phospholipids that play key roles in cellular
functions, and some ceramide species have been associ-
ated with atherosclerotic plaque instability and adverse
cardiovascular events.>*

Research has demonstrated that elevated plasma
ceramide species, including ceramide (d18:1/16:0),
(d18:1/18:0), (d18:1/20:0), and (d18:1/24:1), are indepen-
dent predictors of CVD risk.> These findings underscore
the utility of ceramides in CVD risk assessment, even
among individuals with normal lipid profiles or low-
density lipoprotein cholesterol (LDL-C) concentrations
below conventional treatment thresholds.*® Importantly,
ceramide-based risk scores have been developed for
clinical application, providing efficient tools for CVD
risk stratification and prevention.*® However, racial and
ethnic variations in ceramide concentrations, as well
as their relationship to cardiovascular health (CVH)
in African-American populations, remain insufficiently
explored.

Objectives

This study aimed to examine the association between
ceramide scores and both CVH and ASCVD risk among
African-American adults, and to assess differences in ce-
ramide profiles between African-American and White
adults.

Materials and methods

A secondary analysis was performed using data from 2 U.S.
studies in Minnesota: The Fostering African-American Im-
provement in Total Health! (FAITH!) Heart Health+” study,
a community-based study of Black/African-American adults,
and the Prevalence of Asymptomatic Left Ventricular Dysfunc-
tion (PAVD) study,® a community population-based cohort
of predominantly White adults. Ethical approval for both stud-
ies was granted by the Mayo Clinic Institutional Review Board
(IRB No. 21-011103 (Heart Health+) and 15-005100 (PAVD)).
All participants provided informed consent before enrollment.
Data included demographic characteristics, behavioral factors
(e.g., dietary patterns) and clinical measures (e.g., ceramide
16:0, 18:0, 24:0, and 24:1 levels). Ceramide ratios 16:0/24:0,
18:0/24:0 and 24:1/24:0 were obtained. Ceramide scores were
calculated on a 12-point scale and categorized into risk levels:
low (0-2), intermediate (3—6), moderate (7-9), and high (10—
12). The ASCVD risk was assessed using the American Col-
lege of Cardiology/American Heart Association (ACC/AHA)
10-year pooled cohort risk scores, while CVH was calculated
using AHA Life’s Essential 8 (LES) scores.

Continuous variables, including age and mean ASCVD
risk scores, were compared between the 2 study cohorts
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using the Kruskal-Wallis test. Pearson’s x? goodness of fit
test was used to compare categorical variables, including
categorized ASCVD risk score, sex and the prevalence
of cardiovascular risk factors. Within the African-Amer-
ican cohort, Pearson’s correlation was used to assess asso-
ciations between ceramide levels and both LE8 scores and
ASCVD risk. Ceramide scores were compared between
study groups using multivariable linear regression with
robust standard errors (SEs), adjusting for age, sex and
cardiovascular risk factors (e.g., hypertension, diabetes, hy-
perlipidemia, obesity, and tobacco use/cigarette smoking).

All statistical test assumptions were assessed. Continuous
variables were assessed for normality using histograms when
comparing mean values between White and African-Amer-
ican cohorts. Linearity between variables was examined for
correlation analyses. The linear regression model was assessed
for linearity, multicollinearity, homoscedasticity, and normal-
ity of residuals (see Supplementary data). Robust SEs were
used in the model to provide robust estimates of the mean
difference in ceramide scores between cohorts in the context
of potential heteroscedasticity and non-normality of error
residuals. Statistical significance was defined as a p < 0.05.
All analyses were conducted using R v. 4.2.2 (R Foundation
for Statistical Computing, Vienna, Austria).

Results

Fifty-eight African-American adults (mean age (stan-
dard deviation (SD): 54.6 (11.9) years, 67.2% women) and
1,103 White adults (mean age (SD): 64.5 (11.9) years, 52.1%
women) were included (Table 1). The prevalence of car-
diometabolic risk factors was significantly higher among
African-American adults than White participants: obesity
(67.9% vs 31.9%; p < 0.001), hypertension (69.6% vs 41.2%;
p < 0.001), diabetes (30.4% vs 11.1%; p < 0.001), and hyper-
lipidemia (42.9% vs 29.3%; p = 0.03). The mean ASCVD
risk scores were comparable between African-American
(12.8% (SD = 10.4)) and White individuals (12.6% (SD = 11.1))
(p = 0.65). White individuals had higher ceramide levels
for 18:0 (0.10 (0.04) vs 0.08 (0.03) umol/L) and 24:1 (1.17
(0.33) vs 0.91 (0.31) pmol/L) than African-American adults
(p <0.001). In the African-American study group, ceramide
scores had a weak, nonsignificant association with LE8 scores
(r = -0.29, p = 0.071) and ASCVD risk scores (r = —0.10,
p =0.503). White individuals showed higher ceramide scores
than African-American adults (mean (SD): 3.48 (2.88) vs 1.90
(1.97), p = 0.001) in the adjusted model (Table 2).

Discussion

This study found no significant associations between ce-
ramide profiles and CVH or ASCVD risk among African-
Americans. Surprisingly, African-American adults had
lower ceramide scores than White adults, despite having

more adverse cardiometabolic risk factors. This finding
aligns with the limited existing literature. The Baltimore
Longitudinal Study of Aging found that African-American
adults had lower plasma concentrations of most ceramide
and dihydroceramide species compared to White adults.®
Similarly, Buie et al. reported that African-American in-
dividuals with metabolic disease had lower levels of ce-
ramides C16 and C20 compared to White individuals.?
Additionally, total ceramide levels were higher in African-
Americans without metabolic disease relative to those with
metabolic disease. These findings suggest distinct expres-
sion of sphingolipids in African-Americans.

Clinical validation of ceramide scores has been con-
ducted in White populations in the USA and Europe®®;
thus, these findings may not be generalizable to African-
Americans due to potential differences in genetic and
lifestyle factors between these groups. Notably, African-
Americans in this study exhibited lower LE8 scores for
diet and body mass index (BMI), which, based on ex-
isting evidence on the association between adherence
to a healthy diet and circulating ceramide levels, should
have resulted in higher ceramide levels.”!° One explana-
tion could be that ceramide levels are expressed differ-
ently in African-Americans than in White individuals.
The postulation of genetic differences in sphingolipid
expression and blood levels is supported by evidence
of higher occurrences of mutations that lower other lip-
ids such as LDL-C among African-Americans.!! Fur-
ther genetic studies are warranted to determine whether
African-Americans express ceramides differently.

These findings indicate that ceramide scores may have
limited utility in assessing cardiovascular risk in African-
American adults, potentially leading to suboptimal patient
management and exacerbation of existing CVD disparities
in this population. Thus, alternative sphingolipid biomark-
ers or ceramide score cutoffs should be explored. Buie et al.?
found that sphingosine-1-phosphate (Sph-1P) levels were
notably higher in African-Americans than in White and
African-American adults without metabolic disease. Given
the observed inverse relationship between ceramide levels
and cardiometabolic profiles in African-Americans, fu-
ture research should investigate whether Sph-1P may serve
as a more accurate biomarker of CVD risk in this popula-
tion. Notably, Mielke et al. found that age-related elevations
in ceramides were less pronounced among African-Ameri-
cans. The observation that African-American adults in our
study exhibited ASCVD risk levels comparable to those
of the White cohort, despite being younger, underscores
the need for further validation and investigation of cerami-
des as CVD biomarkers in African-American populations.

Limitations
While statistically significant differences in ceramide

scores were observed between African-American and
White participants, a notable limitation is the relatively
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Table 1. Cardiovascular risk factors, cardiovascular health and ceramide levels in African-American and White participants

Variable Africez:—ig;e)rican (nvz\”::ga’) Test, df, p-value
Female sex, n (%) 39 (67.2) 575 (52.1) X ;Szosoczlf; K
Age, mean (SD) [years] 546 (11.9) 64.5 (9.5) H(1,n=1159) = 34.40, p < 0.001©
Cardiovascular risk factors, n (%)
Obesity 38(67.9) 352 (319) X 1%’%%5{? 2
Tobacco use/cigarette smoking 17 (30.9) 510 (48.5) X 2821030?;: 2
Hypertension 39 (69.6) 454.(41.2) X :ng%g{f [z
Type 2 diabetes 17 (30.4) 106 (11.1) X :pf'é%&ff [z
Hyperlipidemia 24.(429) 305 (293) X ;f&gﬂf 2
ASCVD risk, mean (SD)
Overall ASCVD risk score 12.8% (10.4) 12.6% (11.1) H(1,n=2886)=0211,p = 0.646°
ASCVD category*, n (%) X T) ]:909 SC;;: 3
Low 12(23.5) 248 (29.7)
Borderline 10 (19.6) 112 (134)
Intermediate 18(353) 302 (36.2) :
High 11(21.6) 173 (20.7)
Cardiovascular health?, mean (SD)
Total LE8 score 574 (11.5) - -
LE8 components scores
Diet 303 (124) - -
Physical activity 50.2 (38.6) - -
Tobacco or nicotine exposure 84.1 (24.2) - -
Sleep health 73.7 (29.0) - -
Body mass index (BMI) 364 (304) - -
Blood lipids (non-HDL-C) 64.6 (29.5) - -
Blood glucose 77.1 (29.8) - -
Blood pressure 39.1(32.2) - -
Ceramides, mean (SD)
Ceramide (16:0) [umol/L] 0.28 (0.06) 0.27 (0.06) H(1,n=1150) =036, p = 0.547¢
Ceramide (18:0) [umol/L] 0.08 (0.03) 0.10 (0.04) H(1,n=1137)=2431,p < 0.001®
Ceramide (24:1) [umol/L] 091 (0.31) 1.17(0.33) H(1,n=1146) = 33.68,p < 0.001®
Ceramide ratio (16:0)/(24:0) 0.08 (0.01) 0.08 (0.02) H(1,n=1150) = 0.02, p = 0.889¢
Ceramide ratio (18:0)/(24:0) 0.02 (0.01) 0.03 (0.01) H(1,n=1137)=2121,p <0.001®
Ceramide ratio (24:1)/(24:0) 0.25 (0.06) 0.33(0.11) H(1,n=1145)=4451,p < 0.001®
Ceramide score (0-12)% 90 (1.97) 348 (2.88) p =0.001
Ceramide score category, n (%) 5 :p2<] 'S%Od]fs: 3
0-2 8(76.0) 475 (43.2)
3-6 10 (20.0) 441 (40.1)
7-9 240) 150 (136) )
10-12 0(0.0) 34 (3.1)

*Risk categories: low (<5%), borderline (5%-7.5%), intermediate (7.5-20%), high (=20%); #Score range: 0-100; categories: low (<50), moderate
(50-79), high (=80); “Adjusted for age, sex, hypertension, diabetes, hyperlipidemia, obesity, and smoking status (see Table 2 for full model results);
ASCVD - atherosclerotic cardiovascular disease; LE8 - Life's Essential 8; ®H: Kruskal-Wallis test; df — degrees of freedom; SD - standard deviation;
HDL-C - high-density lipoprotein cholesterol; BMI — body mass index.
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Table 2. Multivariable linear regression analysis of ceramide risk score with robust SEs

Variable Estimate
Intercept -0.866
Race (African-American) -1.189
Age 0.056
Sex (female) 0.608
Hypertension (yes) 0456
Diabetes (yes) -0.135
Hyperlipidemia (yes) -0.642
Obesity (yes) 0.785
Smoker (former) 0.073
Smoker (current) 0.579

SE Tvalue p-value
0.663 -1.307 0.192
0354 -3.361 0.001%
0.010 5439 <0.001
0.191 3.190 0.001
0.197 2309 0.021
0.289 -0.468 0.640
0.201 -3.190 0.001
0.205 3.823 <0.001
0.196 0374 0.708
0.385 1.502 0.133

“Model adjusted for age, sex, hypertension, diabetes, hyperlipidemia, obesity, and tobacco use/cigarette smoking status; ¥The p-value for the ceramide

score comparison reported in Table 1. SE — standard error.

small sample of African-American participants. This may
have limited the ability to detect associations between
ceramide profiles and CVH or ASCVD risk within this
group, raising the possibility of type II error and the po-
tential for missed meaningful associations. Larger, ad-
equately powered studies are warranted to validate ce-
ramide scores as CVD risk biomarkers or to identify
alternative sphingolipid biomarkers to assess CVD risk
among African-Americans. Additionally, due to differ-
ences in study design, behavioral metrics (diet, physical
activity and sleep health) were not collected in the PAVD
study,® precluding an assessment of LE8 scores among
White participants. Given these limitations, this hetero-
geneity should be considered when interpreting the com-
parative findings, and our results should be interpreted
cautiously as exploratory.

Conclusions

While ceramide profiles are beneficial in predicting
CVD risk in White populations, our study findings suggest
that their utility in assessing risk among African-American
adults appears limited. Identifying accurate population-
specific biomarkers or ceramide score cutoffs is crucial for
preventing CVD and improving health outcomes in high-
risk populations such as African-Americans.
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Supplementary data

The supplementary materials are available at https://
doi.org/10.5281/zenodo.15756695. The package includes
the following files:

Supplementary Fig. 1. Scatterplot to assess linear rela-
tionship between LE8 score and ceramide score in the co-
hort of African-American adults.

Supplementary Fig. 2. Scatterplot to assess linear re-
lationship between ASCVD score and ceramide score
in the cohort of African-Americans adults.

Supplementary Fig. 3. Histogram to check normality
assumption for age in the cohorts of African-American
and White adults.

Supplementary Fig. 4. Histogram to check normality as-
sumption for ASCVD risk score in the cohorts of African-
American and White adults.

Supplementary Fig. 5. Histogram to check normality
assumption for ceramide 16_0 in the cohorts of African-
American and White adults.

Supplementary Fig. 6. Histogram to check normality
assumption for ceramide 18_0 in the cohorts of African-
American and White adults.

Supplementary Fig. 7. Histogram to check normality
assumption for ceramide 24_1 in the cohorts of African-
American and White adults.

Supplementary Fig. 8. Histogram to check normality as-
sumption for ceramide ratio (16_0)_(24_0) in the cohorts
of African-American and White adults.

Supplementary Fig. 9. Histogram to check normality as-
sumption for ceramide ratio (18_0)_(24_0) in the cohorts
of African-American and White adults.

Supplementary Fig. 10. Histogram to check normality
assumption for ceramide ratio (24_1)_(24_0) in the cohorts
of African-American and White adults.
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Supplementary Fig. 11. Scatterplot to assess the linear
relationship between age and ceramide score in the co-
horts of African-American and White adults.

Supplementary Fig. 12. Plot of model residuals compared
to fitted values to assess the validity of the linear regres-
sion model in the cohorts of African-American and White
adults.

Supplementary Fig. 13. Scale-location plot to assess ho-
moscedasticity in the linear regression model in the co-
horts of African-American and White adults.

Supplementary Fig. 14. Q-Q plot to assess normality
of residuals in the linear regression model in the cohorts
of African-American and White adults.

Supplementary Table 1. Table of generalized variance
inflation factor values to assess for multicollinearity in
the cohorts of African-American and White adults.
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