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BACKGROUND The relationship between atherogenic lipoproteins and subclinical coronary atherosclerosis has not

been thoroughly evaluated in low-risk adults.

OBJECTIVES The purpose of this study was to assess the association of low-density lipoprotein cholesterol (LDL-C),

non-high-density lipoprotein cholesterol (HDL-C), and apolipoprotein B (apoB) with coronary atherosclerosis in adults

without traditional risk factors.

METHODS We assessed atherosclerosis on coronary computed tomography angiography among asymptomatic adults in

the Miami Heart Study not taking lipid-lowering therapy and without hypertension, diabetes, or active tobacco use.

Prevalence of atherosclerosis was evaluated based on serum LDL-C, non-HDL-C, and apoB, and multivariable logistic

regression with forward selection was used to assess variables associated with coronary plaque.

RESULTS Among 1,033 adults 40 to 65 years of age, 55.0% were women and 86.3% had estimated 10-year athero-

sclerotic cardiovascular disease risk <5%. Coronary atherosclerosis prevalence was 35.9% (50.6% in men; 23.8% in

women) and 3.4% had$1 high-risk plaque feature. Atherosclerosis prevalence increased with LDL-C, ranging from 13.2%

in adults with LDL-C <70 mg/dL up to 48.2% with $160 mg/dL. Higher LDL-C (adjusted OR [aOR]: 1.13 [95% CI: 1.08-

1.18] per 10 mg/dL), age (aOR: 1.43 [95% CI: 1.28-1.60] per 5 years), male sex (aOR: 3.81 [95% CI: 2.86-5.10]), and

elevated lipoprotein(a) (aOR: 1.46 [95% CI: 1.01-2.09]) were associated with atherosclerosis. Higher serum non-HDL-C

and apoB were similarly associated with atherosclerosis. In adults with optimal risk factors, 21.2% had atherosclerosis

with greater prevalence at higher lipoprotein levels.

CONCLUSIONS Among asymptomatic middle-aged adults without traditional risk factors, coronary atherosclerosis is

common and increasingly prevalent at higher levels of atherogenic lipoproteins. These findings emphasize the impor-

tance of lipid-lowering strategies to prevent development and progression of atherosclerosis regardless of risk factors.
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A therosclerotic cardiovascular disease
(ASCVD) is the leading cause of mor-
tality in the United States and glob-

ally, accounting for more than 15 million
deaths worldwide every year.1 The majority
of ASCVD-related deaths are related to coro-
nary atherosclerosis, which commonly de-
velops early in life and progresses over
time.2-4 Elevated low-density lipoprotein
cholesterol (LDL-C) is a primary cause of
ASCVD including coronary atherosclerosis,
and reducing LDL-C is fundamental to
preventing ASCVD events.5 Older guidelines
have previously defined LDL-C $160 mg/dL as
elevated for adults, and serum LDL-C
levels <100 mg/dL have generally been considered
optimal for individuals without clinical ASCVD.6-8

However, serum LDL-C levels below either of these
thresholds are likely insufficient to prevent athero-
sclerosis or clinical ASCVD.9-11 Risk of clinical ASCVD
is also better predicted by non-high-density lipopro-
tein cholesterol (HDL-C) and apolipoprotein B
(apoB),7,12 which are rarely evaluated in studies
assessing coronary atherosclerosis in asymptomatic
populations. Additional evidence on the association
between coronary atherosclerosis and measures of
atherogenic lipoproteins (LDL-C, non-HDL-C, and
apoB) in adults without clinical ASCVD or other risk
factors is needed to better understand atherosclerosis
development and tailor long-term primary prevention
strategies.

To investigate this further, we explored the asso-
ciation between atherogenic lipoproteins and sub-
clinical coronary atherosclerosis detected by coronary
computed tomography angiography (CCTA) in
asymptomatic middle-aged U.S. adults without
traditional ASCVD risk factors in the MiHeart (Miami
Heart) Study. The MiHeart Study is the first large
study using CCTA to comprehensively evaluate cor-
onary atherosclerosis in asymptomatic U.S. adults
and includes data on noncalcified and calcified coro-
nary plaque, coronary stenosis, and high-risk plaque
features.13,14 We hypothesized that atherogenic lipo-
proteins would be associated with coronary athero-
sclerosis in otherwise healthy U.S. adults without
traditional risk factors for ASCVD.
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and Food and Drug Administration guidelines, including patien

thor Center.

received December 1, 2023; revised manuscript received March
METHODS

DATA SOURCE-THE MIAMI HEART STUDY. This
analysis used data from the MiHeart Study, a
community-based cohort study conducted at Baptist
Health South Florida (BHSF).13,14 The study enrolled
2,459 volunteers from the general population be-
tween 2015 and 2018. All participants were employees
of BHSF and/or residents of the Greater Miami area,
aged 40 to 65 years at the time of initial enrollment,
and free of clinically apparent cardiovascular disease
including any known history of angina, coronary ar-
tery disease, stroke, transient ischemic attack, pe-
ripheral artery disease, abdominal aortic aneurysm,
or heart failure. Potential volunteers with any of the
following were also excluded from participation:
weight $350 lbs; allergy to iodinated contrast agents;
creatine >1.5 mg/dL or estimated creatinine
clearance <50 ml/h; asthma or chronic obstructive
pulmonary disease; active cancer; active systemic
infection; use of steroids, immunosuppressive, or
chemotherapeutic agents; and active pregnancy,
breastfeeding, or planning to become pregnant. The
study was approved by the BHSF Institutional Review
Board and all participants provided written informed
consent before enrollment.

As part of MiHeart Study data collection, informa-
tion on demographics, clinical history, blood pres-
sure, serum glucose, and lipids was obtained.
Estimated 10-year ASCVD risk was based on the
American College of Cardiology/American Heart
Association pooled cohort risk equations for primary
prevention.15 Coronary CT assessments were per-
formed on all participants using a 256-slice volu-
metric multidetector scanner (Revolution CT, GE
Healthcare) allowing coverage of the entire heart in 1
heart beat with <1 second of image acquisition. A
standard noncontrast coronary artery calcification
(CAC) scan was performed first, followed by contrast-
enhanced multidetector CCTA. CAC was quantified
using the Agatson method by board-certified level III
cardiac imagers blinded to participant information.
Coronary arteries were evaluated based on the pre-
dominant plaque component in each segment using a
modified American Heart Association 18-segment
classification.16 Each segment was assessed to
es and animal welfare regulations of the authors’
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TABLE 1 Characteristics of MiHeart Participants With and Without Traditional

Risk Factors

Study Cohort
Without Traditional

Risk Factors
(n ¼ 1,033)

Excluded Cohort
With $1 Traditional

Risk Factor
(n ¼ 1,326) P Value

Age, y 51 (46-56) 56 (50-60) <0.001

Women 568 (55.0) 602 (45.4) <0.001

Race/ethnicity 0.44

Non-Hispanic White 435 (42.1) 582 (43.9)

Non-Hispanic Black 28 (2.7) 54 (4.1)

Non-Hispanic Asian 31 (3.0) 40 (3.0)

Non-Hispanic other 1 (0.1) 1 (0.1)

Non-Hispanic $1 race 12 (1.2) 20 (1.5)

Hispanic/Latino 504 (48.8) 605 (45.6)

Unknown/not disclosed 22 (2.1) 24 (1.8)

Education 0.01

Less than high school 2 (0.2) 6 (0.5)

High school 67 (6.5) 126 (9.5)

Some college, no degree 105 (10.2) 170 (12.8)

Bachelors degree 525 (50.8) 635 (47.9)

Postgraduate studies 330 (31.9) 381 (28.7)

Not disclosed 4 (0.4) 8 (0.6)

Annual income, $ 0.05

<25,000 19 (1.8) 30 (2.3)

25,000 to <50,000 59 (5.7) 108 (8.1)

50,000 to <75,000 75 (7.3) 126 (9.5)

75,000 to <150,000 358 (34.7) 451 (34.0)

$150,000 417 (40.4) 488 (36.8)

Not disclosed 105 (10.2) 123 (9.3)

Family history of ASCVD

Any MI 131 (12.7) 210 (15.8) 0.03

Premature MI 42 (4.1) 50 (3.8) 0.71

Any stroke 91 (8.8) 172 (13.0) 0.001

Premature stroke 13 (1.3) 24 (1.8) 0.29

Body mass index, kg/m2 26.7 (23.7-29.4) 28.8 (25.8-32.5) <0.001

Body mass index categories, kg/m2 <0.001

Underweight (BMI <18.5) 8 (0.8) 1 (0.1)

Normal weight (BMI 18.5-24.9) 353 (34.2) 246 (18.6)

Overweight (BMI 25.0-29.9) 438 (42.4) 542 (40.9)

Obese, class I (BMI 30-34.9) 176 (17.0) 337 (25.4)

Obese, class II (BMI 35.0-39.9) 42 (4.1) 143 (10.8)

Obese, class III (BMI $40) 16 (1.5) 56 (4.2)

Tobacco use <0.001

Current smoker 0 (0.0) 71 (5.4)

Former smoker 232 (22.5) 342 (25.8)

Prior hypertension 0 (0.0) 829 (62.5) <0.001

Blood pressure, mm Hg

Systolic blood pressure 118 (110–125) 128 (118–138) <0.001

Diastolic blood pressure 75 (70–80) 81 (75–86) <0.001

Prior diabetes mellitus 0 (0.0) 195 (14.7) <0.001

Fasting glucose, mg/dL 91 (86–96) 95 (89–104) <0.001

HbA1c, % 5.4 (5.2–5.6) 5.6 (5.4–5.9) <0.001

Continued on the next page
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quantify the maximal luminal stenosis and identify
plaque vulnerability (positive remodeling, low CT
attenuation, spotty calcifications, and napkin-ring
sign). Further details on CT acquisition and image
assessment have been previously described.13,14 Par-
ticipants were provided written reports for all study
tests including CT results and were recommended to
review results with their individual physicians. No
direct therapeutic interventions were performed as
part of study participation.

STUDY POPULATION. The current study was a cross-
sectional analysis which included all participants of
the MiHeart study without traditional ASCVD
risk factors, defined for this investigation as stage II
hypertension, diabetes, or active tobacco use.
Individuals with any of the following were therefore
excluded: self-reported hypertension, use of a
blood pressure lowering medication, systolic
blood pressure $140 mm Hg, diastolic blood
pressure $90 mm Hg, self-reported diabetes, fasting
plasma glucose $126 mg/dL, hemoglobin A1c $6.5%,
use of a diabetes medication, and active tobacco use at
the time of enrollment. All individuals using lipid-
lowering medication were also excluded. Of those
with CAC and CCTA data available (n ¼ 2,359), 1,326
did not meet the specified risk factor criteria and were
excluded. The final study cohort consisted of
1,033 participants.

Additional analyses were performed on a study
subgroup with optimal risk factors. This group
included participants in the study cohort who met
all of the following criteria: systolic blood pressure
<120 mm Hg, diastolic blood pressure <80 mm Hg,
fasting plasma glucose <100 mg/dL, hemoglobin A1c
<5.7%, body mass index (BMI) <25 kg/m2, HDL-C
>40 mg/dL, triglycerides <150 mg/dL, and no
former tobacco use.

STUDY VARIABLES AND OUTCOMES. The exposures
of interest in this study were atherogenic lipoproteins
as measured by LDL-C, non-HDL-C, and apoB. The
primary outcome for this study was coronary
atherosclerosis, defined as the presence of any coro-
nary plaque on CCTA. Presence of CAC, coronary
stenosis $50%, and high-risk plaque features
(positive remodeling, low CT attenuation, spotty
calcifications, and napkin-ring sign) were also evalu-
ated. Data were analyzed with stratification by lipo-
protein measures, age, and sex. Available
demographic and clinical characteristics were
considered in adjusted analyses assessing predictors
of coronary atherosclerosis.

STATISTICAL ANALYSES. Characteristics of partici-
pants who met study criteria were reported, as were
characteristics of excluded participants. Frequencies
of coronary atherosclerosis, CAC, coronary
stenosis $50%, and high-risk plaque features are
described for the study cohort. Participant



TABLE 1 Continued

Study Cohort
Without Traditional

Risk Factors
(n ¼ 1,033)

Excluded Cohort
With $1 Traditional

Risk Factor
(n ¼ 1,326) P Value

Lipids, mg/dL

Total cholesterol 209 (186–234) 198 (171–228) <0.001

Non-HDL cholesterol 144 (121–171) 139 (115–170) <0.001

LDL cholesterol 125 (104–149) 117 (95–144) <0.001

HDL cholesterol 61 (48–76) 53 (43–67) <0.001

Triglycerides 85 (64–120) 106 (76–147) <0.001

Apolipoprotein B 94 (80–111) 94 (79–111) 0.53

Lipoprotein(a) >125 nmol/L, % 174 (16.8) 245 (18.5) 0.25

Medication use

Lipid-lowering medications 0 (0.0) 553 (41.7) <0.001

Statins 0 (0.0) 527 (39.7) <0.001

Aspirin 96 (9.3) 450 (33.9) <0.001

10-y estimated ASCVD risk <0.001

<5% 891 (86.3) 720 (54.3)

5% to 7.4% 99 (9.6) 231 (17.4)

7.5% to 19.9% 41 (4.0) 328 (24.7)

$20% 1 (0.1) 31 (2.3)

Coronary plaque

Any plaque 371 (35.9) 784 (59.1) <0.001

$50% stenosis 20 (1.9) 120 (9.0) <0.001

CAC 0 771 (74.6) 604 (58.5) <0.001

CAC 1-99 215 (20.8) 454 (34.2) <0.001

CAC $100 47 (4.5) 268 (25.9) <0.001

Any high-risk feature 35 (3.4) 130 (9.8) <0.001

Values are median (IQR) or n (%). Traditional risk factors were defined as hypertension (self-reported hyper-
tension, use of a blood pressure lowering medication, systolic blood pressure $140 mm Hg, or diastolic blood
pressure $90 mm Hg), diabetes (self-reported diabetes, fasting glucose $126 mg/dL, or HbA1c $6.5%), or
active tobacco use. Participants on lipid-lowering therapy were also excluded.

ASCVD ¼ atherosclerotic cardiovascular disease; BMI ¼ body mass index; CAC ¼ coronary artery calcification;
HbA1c ¼ hemoglobin A1c; HDL ¼ high-density lipoprotein; LDL ¼ low-density lipoprotein; MI ¼ myocardial
infarction; MiHeart ¼ Miami Heart.
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characteristics were compared using 2-sample t-test
for continuous variables and chi-square tests or
Fisher’s exact tests for categorical variables. To assess
the association between coronary atherosclerosis and
lipoprotein measures, frequency of any plaque and
CAC were determined by strata of LDL-C, non-HDL-C,
and apoB. Logistic regression models with forward
stepwise variable selection based on significant re-
ductions in Akaike information criterion were used to
analyze the associations of multiple covariates with
the presence of coronary plaque on CCTA in the study
cohort and in those with an optimal risk factor profile.
Models were developed separately for LDL-C, non-
HDL-C, and apoB as continuous variables, with step-
wise inclusion of other variables that resulted in
statistically significant improvements in the model.
There were no missing values for any of the variables
included in adjusted analyses. Selected variables
were also included in models that analyzed LDL-C,
non-HDL-C, and apoB by quartiles across the study
cohort. In secondary analyses, associations between
lipoprotein measures and coronary atherosclerosis
were further evaluated after excluding participants
with LDL-C $160 mg/dL (n ¼ 166 excluded), or with
BMI $30 kg/m2, history of former tobacco use, and/or
family history of premature ASCVD (n ¼ 442
excluded). Associations were presented as ORs with
95% CIs. P values <0.05 were considered statistically
significant and all analyses were performed using R
software, version 4.2.0 (R Foundation for Statistical
Computing, Vienna, Austria).

RESULTS

STUDY COHORT. The final cohort for this study
included 1,033 individuals with a median (25th, 75th
percentile; range) age of 51 years (46, 56; 40-65), and
55.0% (n ¼ 568) were women. The median (25th, 75th
percentile) serum LDL-C, non-HDL-C, and apo B
levels were 125 (104, 149), 144 (121, 171), and 94 (80,
111) mg/dL, respectively. Compared to MiHeart par-
ticipants who were excluded (n ¼ 1,326), the study
cohort was younger and had lower predicted ASCVD
risk based on the pooled cohort risk equation, with
more than 86% of participants having <5% estimated
10-year risk (Table 1). Men in the study cohort
generally had higher BMI, atherogenic lipoprotein
measures, and 10-year estimated ASCVD risk
compared to women (Table 2).

CORONARY PLAQUE PREVALENCE AND ATHEROGENIC

LIPOPROTEINS. Among MiHeart participants without
traditional risk factors, 35.9% had coronary plaque,
25.3% had CAC >0 and 4.5% had CAC $100, 3.4% had
at least 1 high-risk plaque feature and 1.9% had
stenosis $50% on CCTA; prevalence of these features
was less common compared with excluded partici-
pants with 1 or more traditional risk factors (Table 1).
Among participants included in this study with
CAC ¼ 0, 14.1% had noncalcified plaque. Study cohort
participants with coronary plaque were more
commonly men and had higher levels of atherogenic
lipoproteins (Supplemental Table 1). Prevalence of
any coronary plaque and calcified plaque in the study
cohort was progressively higher at increasing levels of
LDL-C, non-HDL-C, and apoB (Figure 1). Coronary
plaque was much more common in men than women
across all lipoprotein strata except at the lowest levels
(Figure 2, Supplemental Tables 2 and 3). Coronary
plaque was increasingly prevalent with greater age
among men and women (Supplemental Figure 1).



TABLE 2 Characteristics of Men and Women Without Traditional Risk Factors

Men
(n ¼ 465)

Women
(n ¼ 568) P Value

Age, y 50 (45–55) 52 (47–57) <0.001

Race/ethnicity 0.17

Non-Hispanic White 178 (38.3) 257 (45.2)

Non-Hispanic Black 13 (2.8) 15 (2.6)

Non-Hispanic Asian 13 (2.8) 18 (3.2)

Non-Hispanic other 0 (0.0) 1 (0.2)

Non-Hispanic $1 race 4 (0.9) 8 (1.4)

Hispanic/Latino 244 (52.5) 260 (45.8)

Unknown/not disclosed 13 (2.8) 9 (1.6)

Education 0.28

Less than high school 2 (0.4) 0 (0.0)

High school 32 (6.9) 35 (6.2)

Some college, no degree 56 (12.0) 49 (8.6)

Bachelors degree 230 (49.5) 295 (51.9)

Postgraduate studies 143 (30.8) 187 (32.9)

Not disclosed 2 (0.4) 2 (0.4)

Annual income, $ <0.001

<25,000 8 (1.7) 11 (1.9)

25,000 to <50,000 20 (4.3) 39 (6.9)

50,000 to <75,000 21 (4.5) 54 (9.5)

75,000 to <150,000 164 (35.3) 194 (34.2)

$150,000 214 (46.0) 203 (35.7)

Not disclosed 38 (8.2) 67 (11.8)

Family history of ASCVD

Any MI 55 (11.8) 76 (13.4) 0.46

Premature MI 10 (2.2) 32 (5.6) 0.005

Any stroke 33 (7.1) 58 (10.2) 0.08

Premature stroke 5 (1.1) 8 (1.4) 0.63

Body mass index, kg/m2 28.2 (26.0–30.8) 24.9 (22.4–28.1) <0.001

Body mass index categories, kg/m2 <0.001

Underweight (BMI <18.5) 0 (0.0) 8 (1.4)

Normal weight (BMI 18.5-24.9) 74 (15.9) 279 (49.1)

Overweight (BMI 25.0-29.9) 247 (53.1) 191 (33.6)

Obese, class I (BMI 30-34.9) 110 (23.7) 66 (11.6)

Obese, class II (BMI 35.0-39.9) 24 (5.2) 18 (3.2)

Obese, class III (BMI $40) 10 (2.2) 6 (1.1)

Tobacco use

Current smoker 0 (0.0) 0 (0.0) -

Former smoker 91 (19.6) 141 (24.8) 0.04

Prior hypertension 0 (0.0) 0 (0.0) -

Blood pressure, mm Hg

Systolic blood pressure 120 (114–126) 115 (106–124) <0.001

Diastolic blood pressure 77 (73–82) 73 (68–79) <0.001

Prior diabetes mellitus 0 (0.0) 0 (0.0) -

Fasting glucose, mg/dL 92 (87–98) 90 (85–95) <0.001

HbA1c, % 5.5 (5.3–5.6) 5.4 (5.2–5.6) 0.31

Lipids, mg/dL

Total cholesterol 207 (183–231) 210 (189–236) 0.03

Non-HDL cholesterol 152 (130–181) 137 (116–163) <0.001

LDL cholesterol 131 (110–154) 119 (99–142) <0.001

HDL cholesterol 51 (42–61) 71 (58–85) <0.001

Triglycerides 99 (70–138) 78 (61–107) <0.001

Apolipoprotein B 100 (86–116) 89 (76–106) <0.001

Lipoprotein(a) >125 nmol/L, % 71 (15.3) 103 (18.1) 0.22
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Among men, 3.0% had plaque with $50% stenosis
and 5.8% had 1 or more high-risk plaque features,
compared to 1.1% and 1.4% among women, respec-
tively. Positive remodeling was the most common
high-risk plaque feature and was present in 71.4% of
those with at least 1 high-risk plaque. High-risk pla-
que generally appeared to be more frequent at higher
serum lipoprotein levels, particularly among men,
thought a definitive association was difficult to
determine due to the relatively low occurrence of
these plaques (Supplemental Tables 2 and 3).

COHORT WITH OPTIMAL RISK FACTORS. In the
study cohort, 17.8% of participants (n ¼ 184) had
health metrics considered to be in the optimal range. A
very large majority of participants with optimal risk
factors were women (83.7%) and 98.4% had an esti-
mated 10-year ASCVD risk of<5% (Table 3). Prevalence
of coronary plaque was 21.2% in this subgroup, which
was lower than the 39.3% of study participants
without traditional risk factors but whose health
metrics were not in the optimal ranges. In addition,
14.7% had CAC >0 but none had CAC $100. No par-
ticipants in the optimal risk factor group had coronary
stenosis $50%, only 2 (1.1%) had a high-risk plaque
feature, and 7.6% of those with CAC ¼ 0 had non-
calcified plaque. Similar to the larger cohort, those
with coronary plaque in the optimal risk factor group
had higher average serum levels of atherogenic pro-
teins and comparable blood pressure and serum
glucose measurements (Supplemental Table 1). Only
30 men met criteria to be included in the optimal risk
factor group but were observed to have a much higher
prevalence of coronary plaque (53.3%) than women
(14.9%). Prevalence of coronary plaque was generally
higher at increased levels of atherogenic lipoproteins
(Supplemental Figure 2, Supplemental Tables 4 and 5).

PREDICTORS OF CORONARY PLAQUE. In analyses
without multivariable adjustment, most clinical
characteristics were associated with the presence of
coronary plaque (Supplemental Table 6). However,
after multivariable adjustment, only higher athero-
genic lipoproteins, increased age, male sex, and high
lipoprotein(a) were significantly associated with cor-
onary plaque in the study cohort; family history of
premature ASCVD was also included in the model
with apoB (Table 4). Participants in higher lipoprotein
quartiles also had increased odds of having coronary
atherosclerosis after multivariable adjustment
(Supplemental Table 7). Results of multivariable an-
alyses were similar when CAC >0 was evaluated as
the outcome and after excluding participants with



TABLE 2 Continued

Men
(n ¼ 465)

Women
(n ¼ 568) P Value

Medication use

Lipid-lowering medications 0 (0.0) 0 (0.0) -

Statins 0 (0.0) 0 (0.0) -

Aspirin 54 (11.6) 42 (7.4) 0.02

10-y estimated ASCVD Risk <0.001

<5% 335 (72.0) 556 (97.9)

5% to 7.4% 88 (18.9) 11 (1.9)

7.5% to 19.9% 40 (8.6) 1 (0.2)

$20% 1 (0.2) 0 (0.0)

Values are median (IQR) or n (%). Traditional risk factors were defined as hypertension (self-reported hyper-
tension, use of a blood pressure lowering medication, systolic blood pressure $140 mm Hg, or diastolic blood
pressure $90 mm Hg), diabetes (self-reported diabetes, fasting glucose $126 mg/dL, or HbA1c $6.5%), or
active tobacco use. Participants on lipid-lowering therapy were also excluded. Abbreviations as in Table 1.

FIGURE 1 Prevalence of Coronary Atherosclerosis Among

Asymptomatic Adults Without Traditional Risk Factors

Based on Serum Lipoproteins

Prevalence (%) of coronary atherosclerosis detected by

coronary computed tomography angiography is shown with

stratification by serum cholesterol in MiHeart Study participants

not taking lipid-lowering therapy and without hypertension,

diabetes, or active tobacco use. Prevalence of coronary artery

calcium (CAC) is also shown. Cholesterol values are in mg/dL.

The number of study participants within each category of

cholesterol is shown. All P values were <0.001 for coronary

plaque and CAC across categories of serum lipoprotein levels.

LDL ¼ low-density lipoprotein; MiHeart ¼ Miami Heart;

non-HDL ¼ non-high-density lipoprotein.
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LDL-C $160 mg/dL (Supplemental Table 8). Associa-
tions between atherogenic lipoproteins and coronary
plaque were also similar after excluding participants
with BMI $30, former history of tobacco use, and/or
family history of premature ASCVD (Supplemental
Tables 9 and 10).

In the subgroup with optimal risk factors,
increased age and male sex were the most significant
predictors of coronary atherosclerosis (Table 4).
Higher serum LDL-C, non-HDL-C, and apoB appeared
to be positively associated with coronary plaque after
multivariable adjustment, though findings were not
statistically significant in this smaller subgroup
(Table 4, Supplemental Table 7).

DISCUSSION

In this study of asymptomatic middle-aged U.S.
adults without hypertension, diabetes, or active to-
bacco use, we found that coronary atherosclerosis
detected by CCTA is present in more than one-third of
individuals and is increasingly prevalent at higher
levels of LDL-C, non-HDL-C, and apoB. Coronary
plaque was much more common in men and
frequently found even at lower serum levels of
atherogenic lipoproteins (Central Illustration), though
high-risk coronary plaque features were relatively
uncommon. These findings emphasize the impor-
tance of atherogenic lipoproteins even in low-risk
adults without traditional risk factors for ASCVD.

Evidence describing CCTA-detected coronary
atherosclerosis among asymptomatic low-risk adults
is sparse, and the MiHeart Study is the first large
study to specifically evaluate U.S. adults. In the
SCAPIS (Swedish CArdioPulmonary bioImage Study),



FIGURE 2 Prevalence of Coronary Atherosclerosis Among

Asymptomatic Men and Women Without Traditional Risk

Factors Based on Serum Lipoproteins

Prevalence (%) of coronary atherosclerosis detected by

coronary computed tomography angiography is shown with

stratification by serum cholesterol and sex in MiHeart Study

participants not taking lipid-lowering therapy and without

hypertension, diabetes, or active tobacco use. Cholesterol

values are in mg/dL. All P values were <0.01 for men and

women across categories of serum lipoprotein levels.

Abbreviations as in Figure 1.
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35% of men and 25% of women 50 to 64 years of age
with low ASCVD risk in Sweden had coronary plaque
on CCTA.4 We found higher prevalence in U.S. men
(51%) with similar prevalence (24%) in women,
though the prior study did not specifically evaluate
risk factor-free individuals, prevalence based on
atherogenic lipoproteins, or high-risk plaque fea-
tures. In a prior study of asymptomatic Korean
middle-aged adults without risk factors, 21% had
coronary atherosclerosis on CCTA and increased age,
male sex, and higher LDL-C were significant pre-
dictors of plaque,10 similar to our study. Among Ko-
reans with LDL-C <100 mg/dL, 17% had coronary
plaque. However, prevalence based on lower LDL-C
levels, non-HDL-C, and apoB, as well as detailed
plaque features, were not reported.

Our study focused on both noncalcified and calci-
fied coronary plaque, with findings that are generally
consistent with studies that have only evaluated CAC.
In the PESA (Progression of Early Subclinical Athero-
sclerosis) study, atherosclerosis by vascular ultra-
sound or CAC was present in 50% of Spanish adults
(mean age 45 years) without risk factors and in 38% of
those with optimal risk factor profiles, including
those with LDL-C <100 mg/dL. Coronary artery cal-
cium was infrequent (11%) but more prevalent at
higher LDL-C levels; presence of noncalcified coro-
nary plaque could not be assessed as in our study.9

Among U.S. adults in the MESA cohort without
traditional risk factors (median age 54 years) and with
LDL-C levels <160 mg/dL,17 29.1% had CAC >0. In this
study, higher LDL-C and non-HDL-C levels were
associated with greater prevalence of CAC and higher
incidence of subsequent cardiovascular events.17

More generally, other studies have demonstrated
that CAC is relatively common in younger, relatively
low-risk populations and associated with develop-
ment of clinical ASCVD.18-20 Unlike any similar prior
investigations, we showed that coronary plaque on
CCTA is common across atherogenic lipoprotein
levels typically considered optimal for a primary
prevention population (eg LDL-C <100 mg/dL, non-
HDL-C <130 mg/dL, and apoB <80 mg/dL), even in
the absence of traditional modifiable risk factors.
Furthermore, higher levels of all atherogenic lipo-
protein measures were associated with greater prev-
alence of coronary plaque in our cohort after
adjustment for other factors.

These findings have several important implica-
tions. First, we showed that subclinical coronary
atherosclerosis can occur in more than one-third of
healthy U.S. adults 40 to 65 years of age without hy-
pertension, diabetes, or tobacco use, even if they
have low (<5%) estimated 10-year ASCVD risk and
relatively high socioeconomic status. This is particu-
larly true of men, with more than half having coro-
nary plaque by age 50 years despite their low risk.
Importantly, coronary plaque was found in >40% of
low-risk men even with lipoprotein measures that
might be considered optimal without lipid-lowering
therapy (LDL-C 70-99, non-HDL-C 100-129, or apoB
60-79 mg/dL). More than one-third of low-risk



TABLE 3 Characteristics of MiHeart Participants With Optimal Risk Factors

Overall
(N ¼ 184)

Men
(n ¼ 30)

Women
(n ¼ 154)

P Value
(Men vs Women)

Age, y 50 (46–55) 49 (46–51) 50 (47–55) 0.19

Race/ethnicity 0.46

Non-Hispanic White 92 (50.0) 13 (43.3) 79 (51.3)

Non-Hispanic Black 1 (0.5) 0 (0.0) 1 (0.6)

Non-Hispanic Asian 4 (2.2) 1 (3.3) 3 (1.9)

Non-Hispanic other 0 (0.0) 0 (0.0) 0 (0.0)

Non-Hispanic $1 race 0 (0.0) 0 (0.0) 0 (0.0)

Hispanic/Latino 82 (44.6) 14 (46.7) 68 (44.2)

Unknown/not disclosed 5 (2.7) 2 (6.7) 3 (1.9)

Education 0.17

Less than high school 0 (0.0) 0 (0.0) 0 (0.0)

High school 7 (3.8) 0 (0.0) 7 (4.5)

Some college, no degree 13 (7.1) 2 (6.7) 11 (7.1)

Bachelors degree 98 (53.3) 12 (40.0) 86 (55.8)

Postgraduate studies 66 (35.9) 16 (53.3) 50 (32.5)

Not disclosed 0 (0.0) 0 (0.0) 0 (0.0)

Income, $ 0.57

<25,000 4 (2.2) 1 (3.3) 3 (1.9)

25,000 to <50,000 6 (3.3) 0 (0.0) 6 (3.9)

50,000 to <75,000 9 (4.9) 1 (3.3) 8 (5.2)

75,000 to <150,000 56 (30.4) 7 (23.3) 49 (31.8)

$150,000 84 (45.7) 18 (60.0) 66 (42.9)

Not disclosed 25 (13.6) 3 (10.0) 22 (14.3)

Family history of ASCVD

Any MI 21 (11.4) 4 (13.3) 17 (11.0) 0.72

Premature MI 7 (3.8) 1 (3.3) 6 (3.9) 0.88

Any stroke 21 (11.4) 3 (10.0) 18 (11.7) 0.79

Premature stroke 2 (1.1) 0 (0.0) 2 (1.3) 0.53

Body mass index, kg/m2 22.7 (21.0–23.6) 23.6 (22.5–24.6) 22.4 (20.9–23.5) <0.001

Body mass index categories, kg/m2 >0.99

Underweight (BMI <18.5) 5 (2.7) 0 (0.0) 5 (3.2)

Normal weight (BMI 18.5-24.9) 179 (97.3) 30 (100.0) 149 (96.8)

Overweight/Obese (BMI $25.0) 0 (0.0) 0 (0.0) 0 (0.0)

Current/Former smoker 0 (0.0) 0 (0.0) 0 (0.0) -

Prior hypertension 0 (0.0) 0 (0.0) 0 (0.0) -

Blood pressure, mm Hg

Systolic blood pressure 106 (100–111) 111 (104–114) 106 (99–110) 0.002

Diastolic blood pressure 68 (64–72) 70 (67–73) 68 (64–71) 0.03

Prior diabetes mellitus 0 (0.0) 0 (0.0) 0 (0.0) -

Fasting glucose, mg/dL 88 (84–92) 86 (83–91) 88 (84–92) 0.59

HbA1c, % 5.3 (5.1–5.5) 5.4 (5.2–5.5) 5.3 (5.1–5.5) 0.74

Lipids, mg/dL

Total cholesterol 202 (181–222) 194 (178–215) 204 (184–228) 0.18

Non-HDL cholesterol 126 (104–147) 136 (115–156) 122 (103–146) 0.07

LDL cholesterol 108 (88–130) 120 (101–136) 106 (88–129) 0.07

HDL cholesterol 76 (64–88) 56 (50–64) 80 (67–91) <0.001

Triglycerides 66 (55–81) 70 (53–90) 66 (55–80) 0.65

Apolipoprotein B 84 (70–98) 91 (82–102) 82 (70–98) 0.07

Lipoprotein(a) >125 nmol/L, % 24 (13.0) 4 (13.3) 20 (13.0) 0.96

Continued on the next page
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women were also found to have plaque either at the
highest levels of serum atherogenic lipoproteins or by
age 60 years. Heterogeneity in prevalence of CAC has
previously been demonstrated regardless of risk,19
and our results further demonstrate the limitations
of using risk calculations to identify existing coronary
plaque on CCTA. Given that subclinical coronary
plaque is associated with increased risk of clinical



TABLE 3 Continued

Overall
(N ¼ 184)

Men
(n ¼ 30)

Women
(n ¼ 154)

P Value
(Men vs Women)

Medication use

Lipid-lowering medications 0 (0.0) 0 (0.0) 0 (0.0) -

Statins 0 (0.0) 0 (0.0) 0 (0.0) -

Aspirin 9 (5.0) 2 (6.7) 7 (4.5) 0.64

10-y estimated ASCVD risk 0.004

<5% 181 (98.4) 27 (90.0) 154 (100.0)

5% to 7.4% 3 (1.6) 3 (10.0) 0 (0.0)

$7.5% 0 (0.0) 0 (0.0) 0 (0.0)

Values are median (IQR) or n (%). Among participants not on lipid-lowering therapy and without hypertension, diabetes, or active tobacco use, optimal risk factors were further
defined as having all of the following: systolic blood pressure <120 mm Hg, diastolic blood pressure <80 mm Hg, fasting glucose <100 mg/dL, HbA1c<5.7%, BMI <25 kg/m2,
HDL-C >40 mg/dL, triglycerides <150 mg/dL, and no former tobacco use. Abbreviations as in Table 1.
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ASCVD,18,20-25 our results indicate lipid-lowering
through improved diet and lifestyle and potentially
medical therapy should be strongly considered even
in the lowest risk adults, with statin initiation guided
by shared decision-making, presence of risk-
enhancing factors and potentially CAC testing.7,26,27

Second, given that we observed a consistent in-
crease in atherosclerosis prevalence with rising serum
levels of atherogenic lipoproteins, our findings
emphasize the importance of reducing atherogenic
lipoproteins to prevent or delay coronary plaque from
developing. Average serum cholesterol values are
much lower in populations that have not adopted
Western dietary patterns,28-32 including an
TABLE 4 Predictors of Coronary Atherosclerosis After Multivariable

LDL Cholesterol

Adjusted OR
(95% CI) P Value

Cohort without traditional
risk factors

LDL-C (per 10 mg/dL) 1.13 (1.08-1.18) <0.001 Non
(per 1

Age (per 5 y) 1.43 (1.28-1.60) <0.001 Age

Men 3.81 (2.86-5.10) <0.001

Lp(a) $125 nmol/L 1.46 (1.01-2.09) 0.043 L
$125

- - -

Cohort with optimal risk factors

LDL-C (per 10 mg/dL) 1.11 (0.97-1.27) 0.13 Non
(per 1

Age (per 5 y) 1.50 (1.08-2.11) 0.018 Age

Men 6.17 (2.48-15.90) 0.002

Traditional risk factors were defined as hypertension, diabetes, or active tobacco use; pa
risk factors were further defined as having all of the following: systolic blood pressure <1
>40 mg/dL, triglycerides <150 mg/dL, and no former tobacco use. Multivariable adjuste
ethnicity, family history of premature ASCVD, BMI, HbA1c, systolic blood pressure, diastol
shown. Each lipoprotein category (LDL-C, non-HDL-C, and apoB) was analyzed separate

apoB ¼ apolipoprotein B; HDL-C ¼ high-density lipoprotein cholesterol; LDL-C ¼ low
indigenous Bolivian population with rare risk factors
and the lowest prevalence of CAC on record, even into
older age.33 As noted above, higher LDL-C has previ-
ously been associated with greater prevalence of
atherosclerosis in asymptomatic Korean and Spanish
populations without traditional risk factors.9,10

Persistently high serum levels of LDL-C over time
are also associated with developing CAC in the
future.34,35 Importantly, once calcified coronary pla-
que develops, ASCVD risk likely cannot be restored to
the lowest level of risk even with lipid-lowering
therapy.36,37 Our study is also consistent with data
from prospective cohorts demonstrating that
achieving lower serum LDL-C earlier in life is
Adjustment

Non-HDL Cholesterol Apolipoprotein B

Adjusted OR
(95% CI) P Value Characteristic

Adjusted OR
(95% CI) P Value

-HDL-C
0 mg/dL)

1.12 (1.08-1.16) <0.001 ApoB (per
10 mg/dL)

1.20 (1.13-1.27) <0.001

(per 5 y) 1.44 (1.29-1.61) <0.001 Age (per 5 y) 1.44 (1.29-1.61) <0.001

Men 3.69 (2.77-4.94) <0.001 Men 3.70 (2.76-4.97) <0.001

p(a)
nmol/L

1.46 (1.01-2.10) 0.041 Lp(a)
$125 nmol/L

1.50 (1.04-2.16) 0.029

- - - Family history of
premature
ASCVD

1.73 (0.98-3.03) 0.056

-HDL-C
0 mg/dL)

1.11 (0.99-1.26) 0.087 ApoB (per
10 mg/dL)

1.11 (0.90-1.36) 0.32

(per 5 y) 1.50 (1.09-2.11) 0.015 Age (per 5 y) 1.54 (1.11-2.17) 0.011

Men 6.02 (2.44-15.30) 0.001 Men 6.11 (2.46-15.60) <0.001

rticipants on lipid-lowering therapy were also excluded. Among participants without traditional risk factors, optimal
20 mm Hg, diastolic blood pressure <80 mm Hg, fasting glucose<100 mg/dL, HbA1c<5.7%, BMI <25 kg/m2, HDL-C
d analyses were performed using stepwise selection of candidate variables (serum lipoprotein value, age, sex, race/
ic blood pressure, HDL-C, triglycerides, and Lp(a)$125 nmol/L). All variables included in each of the final models are
ly.

-density lipoprotein cholesterol.



CENTRAL ILLUSTRATION Coronary Atherosclerosis in Asymptomatic U.S. Adults Without
Traditional Risk Factors

Faridi KF, et al. JACC Adv. 2024;3(7):101049.

Prevalence (%) of any coronary atherosclerosis detected by coronary computed tomography angiography is shown with stratification by sex

and serum cholesterol levels in MiHeart Study participants not taking lipid-lowering therapy and without hypertension, diabetes, or active

tobacco use. Prevalence of coronary artery calcium (CAC) is also shown. Multivariable adjusted analyses were performed using stepwise

selection of variables. All variables included in final models are shown. LDL-C, non-HDL-C, and apoB were analyzed separately.

apoB ¼ apolipoprotein B; ASCVD ¼ atherosclerotic cardiovascular disease; CAC ¼ coronary artery calcification; HDL-C ¼ high-density

lipoprotein cholesterol; LDL-C ¼ low-density lipoprotein cholesterol; other abbreviations as in Figure 1.
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important for preventing clinical ASCVD over the
lifespan, regardless of other risk factors.38-42

Given this evidence, lifestyle habits that effec-
tively lower atherogenic lipoproteins including high
dietary fiber consumption from whole plant foods,
low saturated fat intake (eg, <7% of total daily calo-
ries) and maintenance of healthy body weight as
recommended by current guidelines remain central
for prevention of atherosclerosis from early life
through middle age.43-47 As fewer than 1 in 10 Amer-
icans currently meet guidelines for limiting saturated
fat or consuming the recommended amount of di-
etary fiber,48 improved diet quality should be
continually emphasized.

Since apoB-containing lipoproteins cause athero-
sclerosis and lifetime risk of ASCVD is high for the
majority of the population, use of lipid-lowering
therapies in low-risk adults based on shared
decision-making and possible use of CAC testing are
strategies which warrant further investigation but
nonetheless can also be considered in current clinical
practice.49,50 Notably, significant stenosis (1.9%) and
high-risk plaque features (3.4%) were infrequent in
this low-risk cohort, and only 1.1% of adults with
optimal risk factors had high-risk plaque features.
Given differences in coronary plaque prevalence
based on other risk factors (59.1% in the excluded
cohort with at least 1 traditional risk factor including
9.8% with high-risk plaque, compared to 35.9% in the
risk factor-free cohort and 21.2% in the subgroup with
an optimal risk factor profile), primordial prevention
of hypertension, diabetes, and tobacco use as well as
prediabetes, metabolic syndrome, and obesity re-
mains paramount for prevention of atherosclerosis.
STUDY LIMITATIONS. This study has several limita-
tions. All data were collected at a single time point,
and therefore measured serum levels of atherogenic
lipoproteins do not necessarily represent lifelong
exposure to prior levels of LDL-C, non-HDL-C, or
apoB. Data on dietary patterns and physical activity
were also not available. Though associations between
lipoproteins and coronary atherosclerosis in the
optimal risk factor subgroup appeared to be similar to
the larger cohort, this cohort was smaller, contained
very few men, and may have been underpowered to
detect significant associations. Similarly, associations
with high-risk plaque features could not be defini-
tively determined due to their low prevalence. The
MiHeart Study cohort is also not necessarily repre-
sentative of the general U.S. population, as many
participants were employees of a large health system
and most had a college degree with a relatively high
income. More than 90% of participants also identified
as either non-Hispanic White or Hispanic/Latino, and
findings could differ in other racial and ethnic groups.
Lastly, clinical outcomes were not prospectively
assessed in this study. Longitudinal studies assessing
the relationship between atherogenic lipoproteins,
subclinical coronary plaque on CCTA, and ASCVD
events in low-risk adults can help further inform
clinical evaluation and management.

CONCLUSIONS

Among healthy asymptomatic middle-aged adults
without traditional ASCVD risk factors in the U.S.,
coronary atherosclerosis on CCTA is common even at
lower serum levels of LDL-C, non-HDL-C, and apoB.
Coronary atherosclerosis is more prevalent at higher
levels of serum lipoproteins for both men and
women, and high-risk plaque features are present but
relatively infrequent in low-risk adults. These find-
ings emphasize the importance of lipid-lowering
strategies to prevent the development and progres-
sion of atherosclerosis in adults regardless of risk
factors.
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PERSPECTIVES

COMPETENCY IN MEDICAL KNOWLEDGE: Coronary

atherosclerosis detected by coronary CTA is present in

more than one-third of asymptomatic, healthy middle-

aged U.S. adults not on lipid-lowering therapy and

without hypertension, diabetes, or active tobacco use. In

this low-risk population, coronary atherosclerosis is

common even at serum cholesterol levels frequently

considered optimal, and increasingly prevalent at higher

serum levels of LDL-C, non-HDL-C, and apoB, though

high-risk plaque features are relatively infrequent.

COMPETENCY IN PATIENT CARE: Given the high

prevalence of coronary atherosclerosis among low-risk

middle-aged adults, lowering of atherogenic lipoproteins

with improved diet and lifestyle as well as potential use

of medical therapy should be strongly considered even if

traditional risk factors are absent and predicted risk of

ASCVD is low.

TRANSLATIONAL OUTLOOK: Findings from this

study emphasize the importance of reducing serum

atherogenic lipoproteins from early life through middle

age to prevent or delay development of atherosclerosis.

Further studies are needed to clarify optimal timing of

risk assessment based on nontraditional risk factors, use

of supplemental imaging such as coronary artery calcium

scoring, and implementation of lipid-lowering therapy in

low-risk adults.
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