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Abstract: Background: Subclinical myocardial injury (SCMI) is associated with an increased risk
of poor cardiovascular disease (CVD) outcomes. Understanding the underlying risk factors for
SCMI is crucial for the prevention and management of CVD. We hypothesized that atherogenic
dyslipidemia, a combination of high triglycerides (TG) and low high-density lipoprotein choles-
terol (HDL-C), is associated with an increased risk of SCMI. Methods: This analysis from the third
National Health and Nutrition Examination Survey (NHANES-III) included 7093 participants (age
59.3 ± 13.4 years, 52.8% women, and 49.4% White) free of CVD. Atherogenic dyslipidemia was
defined as TG ≥ 150 mg/dL and HDL-C < 40 mg/dL in men or <50 mg/dL in women. A validated
electrocardiographic-based cardiac infarction injury score (CIIS) ≥ 10 was considered positive for
SCMI. Multivariable logistic regression analysis was used to examine the association of different com-
binations of TG and HDL-C groups, including atherogenic dyslipidemia with SCMI. Results: About
22.5% (n = 1594) of participants had atherogenic dyslipidemia, and 26.3% (n = 1862) had SCMI.
Compared to participants with normal TG and normal HDL-C, those with atherogenic dyslipidemia
had a higher prevalence of SCMI (31.2% vs. 23.9%, p-value < 0.001). In a multivariable logistic
regression model, atherogenic dyslipidemia was associated with the highest odds of SCMI followed
by high TG/normal HDL-C, then low HDL-C/normal TG [OR (95% CI): 131 (1.14, 1.52), 1.13 (0.97,
1.33), and 1.01 (0.86, 1.20), respectively). Conclusions: Atherogenic dyslipidemia is associated with a
higher risk of SCMI, which highlights the role of nontraditional risk factors in the development of
subclinical CVD.

Keywords: NHANES-III; atherogenic dyslipidemia; subclinical myocardial injury

1. Introduction

There is a dramatic increase in the prevalence of obesity that has led to a marked eleva-
tion in metabolic syndrome characterized by visceral adiposity, insulin resistance, elevated
blood pressure (BP), elevated triglycerides (TG), and low levels of high-density lipopro-
tein cholesterol (HDL-C) [1,2]. The mere diagnosis of the metabolic syndrome appears to
confer a substantial additional risk of coronary heart disease (CHD) [3–5]. Atherogenic
dyslipidemia, characterized primarily by elevated TG, low HDL-C, and accumulation
of lipoprotein remnants, is a phenotype associated with increased CVD risk [6]. As an
entity or through its individual components (TG or HDL-C), atherogenic dyslipidemia
has been linked to an increased risk of atherosclerotic CVD (ASCVD) even in patients
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with controlled LDL-C [6,7]. Moreover, one of the most important features of atherogenic
dyslipidemia is the plasma accumulation of small dense LDL (sdLDL) particles, which is
characterized by an increased susceptibility to oxidation. In order for the accumulated
LDL particles—especially sdLDL—to become atherogenic, LDL needs to undergo chemical
modifications, including desialylation and oxidation. When oxidized LDL (ox-LDL) accu-
mulates in predisposed areas of the arterial wall, it contributes to an increased expression
of cell adhesion molecules on endothelial cells [8]. Such oxidative stress has been shown to
play a major role in the pathogenesis of atherosclerosis [9].

Subclinical myocardial injury (SCMI) refers to early cardiac damage that lacks clear
manifestations of CHD. It is identified by an electrocardiographic-based scoring system
called the cardiac infarction/injury score (CIIS) exceeding 10 score points. SCMI has been
associated with an increased risk of CVD and all-cause mortality [10,11]. Previous studies
have linked SCMI with risk factors such as obesity and dyslipidemia [12,13]. However, it is
unclear whether atherogenic dyslipidemia is a risk factor for SCMI. We hypothesize that
atherogenic dyslipidemia is associated with an increased prevalence of SCMI independent
of traditional CVD risk factors, lifestyle factors, and socioeconomic status. We tested this
hypothesis in the third National Health and Nutrition Examination Survey (NHANES-III).

2. Materials and Methods
2.1. Study Population

NHANES, a recurring survey carried out by the National Center for Health Statistics
(NCHS) under the Centers for Disease Control and Prevention (CDC), aims to evaluate
the health and disease patterns among non-institutionalized civilians in the United States.
NHANES-III, conducted from 1988 to 1994, received approval from the NCHS Research
Ethics Review Board. All participants provided documented informed consent. Detailed in-
formation regarding the study design and methods has been previously disseminated [14].

Per the NHANES-III protocol, only participants 40 years of age and older underwent
an electrocardiogram (ECG) recording (n = 8561), whom we considered in this analysis,
along with those with complete data on atherogenic dyslipidemia. We excluded participants
with a prior history of CVD, including ECG evidence of MI or missing key covariates. After
all exclusions, a total of 7093 participants were included in the analysis.

2.2. Electrocardiographic Subclinical Myocardial Injury

A resting 12-lead ECG was acquired using a Marquette MAC 12 electrocardiograph
(Marquette Medical Systems, Milwaukee, WI, USA) during a physical examination con-
ducted in a mobile examination center (MEC). The ECG tracings were automatically pro-
cessed at the Epidemiological Cardiology Research Center (EPICARE Center, Wake Forest
School of Medicine, Winston-Salem, NC, USA) after visual inspection by skilled technicians.

The methods for measuring Cardiac Infarction/Injury Score (CIIS) have been detailed
in prior literature [10]. CIIS is a risk-stratified scoring system related to myocardial injury
and ischemia, both discrete and continuous, based on a weighted scoring system taking
several objective electrocardiographic waveform components. The score is defined by a
combination of 11 discrete and 4 continuous features and provides a simple scoring scheme
suitable for both visual and computer classification of a standard 12-lead ECG. In the
NHANES-III dataset, CIIS values underwent an initial multiplication by a factor of 10 to
circumvent the use of decimal points. However, for the current analysis, CIIS values were
divided by 10 to present them in their original scale. Similar to prior studies, SCMI was
defined as CIIS values equal to or exceeding 10 score points [11].

2.3. Atherogenic Dyslipidemia

A phlebotomist collected blood samples via venipuncture. The samples were analyzed
for total HDL-C, TG, glucose, and other components in the metabolic panel using laboratory
procedures as reported by the National Center for Health Statistics [14]. LDL-C was
calculated using the Friedewald equation [15]. Based on the levels of HDL-C and TG,
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participants were grouped into the following groups: Atherogenic dyslipidemia, defined as
high TG (≥150 mg/dL) and low HDL-C (<40 mg/dL in men or <50 mg/dL in women) [16];
high TG/normal HDL-C group; low HDL-C/normal TG; and normal HDL-C/normal
TG group.

2.4. Covariates

Demographics (age, sex, race) and smoking status were self-reported during an in-
home interview. Obesity was defined as body mass index (BMI) ≥ 30 kg/m2. Hypertension
was defined as systolic BP ≥ 130 mmHg, diastolic BP ≥ 80 mmHg, or the use of antihyper-
tensive medications. Diabetes was defined as fasting blood glucose levels ≥126 mg/dL
or the use of glucose-lowering medications. Physical activity was assessed based on the
frequency of leisure time activity and included information on types of activity, frequency,
and level of activity.

2.5. Statistical Analysis

The baseline characteristics were assessed according to atherogenic dyslipidemia
status using analysis of variance for continuous variables and chi-square test for categorical
variables. Continuous variables were reported as mean and standard deviation (SD) and
number and percentage (%) for categorical variables. The normality of the data distribution
was assessed using both graphical methods and statistical testing. Specifically, histograms
with normal curves, Q–Q plots, and kernel density plots were generated using the SAS
‘PROC SGPLOT’ procedure. Additionally, the Kolmogorov–Smirnov test for normality was
performed using the SAS ‘PROC UNIVARIATE’ procedure.

Multivariable logistic regression analysis was used to examine the cross-sectional
associations of different combinations of TG and HDL-C groups, including atherogenic
dyslipidemia with SCMI. The normal HDL-C/normal TG group was used as the reference
group. Model 1 was adjusted for age, sex, race/ethnicity. Model 2 was adjusted for variables
in model 1 plus diabetes, hypertension, serum creatinine, body mass index, lipid-lowering
medications, smoking, and physical activity. In similar models, we also examined the
associations of high TG (vs. normal) and low HDL-C (vs. normal) separately with SCMI.

Analysis was conducted using SAS version 9.4 (SAS Institute Inc., Cary, NC, USA).
p-values less than 0.05 were considered statistically significant.

3. Results

After exclusions, 7093 participants (mean age of 59.3 ± 13.4 years, sex 52.8% women
and race 49.4% White) were included in the analysis. Approximately a quarter of the sample
(n = 1594) had prevalent SCMI. The prevalence of atherogenic dyslipidemia was 22.5%,
with average LDL-C levels of 136.4 mg/dL and total cholesterol of 222.2 mg/dL. Table 1
shows the characteristics of the study population stratified by different combinations of
TG and HDL-C levels. Compared to individuals with a normal lipid profile (Normal
HDL-C/Normal TG), participants with atherogenic dyslipidemia were more likely to be
women, Mexican Americans, with higher LDL-C, total cholesterol, and BMI, and had a
higher prevalence of diabetes.

The prevalence of SCMI was highest among individuals with atherogenic dyslipidemia
(31.2%), as shown in Table 2. However, a similar prevalence of SCMI was observed between
individuals with normal HDL-C/normal TG and low HDL-C/normal TG (23.9% vs. 23.8%,
respectively). In a multivariable logistic regression model adjusted for demographics and
potential confounders, atherogenic dyslipidemia was associated with increased odds of
SCMI (OR (95% CI): 1.31 (1.14–1.52). Although similar risk patterns were observed in both
the low HDL-C/normal TG and normal HDL-C/high TG groups, the results did not reach
statistical significance (OR (95% CI): 1.01 (0.86–1.20), 1.13 (0.97–1.33), respectively).
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Table 1. Participant characteristics stratified by levels of HDL-C and TG.

Variable Overall
(n = 7093)

Normal HDL-C,
Normal TG
(n = 3304)

Normal HDL-C,
High TG
(n = 1134)

Low HDL-C,
Normal TG
(n = 1061)

Atherogenic
Dyslipidemia

(n = 1594)
p-Value †

Age, years;
mean (SD) 59.3 ± 13.4 59.6 ± 13.8 60.9 ± 12.4 57.3 ± 13.7 59.1 ± 12.8 <0.001

Female; n (%) 3743 (52.8) 1762 (23.3) 521 (45.9) 636 (59.9) 824 (51.7) <0.001

Race-Ethnicity; n (%)

<0.001

Non-Hispanic White;
n (%) 3506 (49.4) 1639 (49.6) 568 (50.1) 480 (45.2) 819 (51.4)

Non-Hispanic Black;
n (%) 1588 (22.4) 911 (27.6) 186 (16.4) 277 (26.1) 214 (13.4)

Mexican-American;
n (%) 1709 (24.1) 624 (18.9) 350 (30.9) 245 (23.1) 490 (30.7)

Other; n (%) 290 (4.1) 130 (3.9) 30 (2.6) 59 (5.6) 71 (4.5)

Income <$20k; n (%) 3205 (45.2) 1466 (44.4) 532 (46.9) 463 (43.6) 744 (46.7) 0.195

Education ≥High
School; n (%) 3903 (55.0) 1918 (58.1) 572 (50.4) 611 (57.6) 802 (50.3) <0.001

Ever Smoker; n (%) 3852 (54.3) 1753 (53.1) 640 (56.4) 545 (51.4) 914 (57.3) 0.0032

BMI; mean (SD) 27.6 ± 5.5 26.2 ± 5.1 28.4 ± 4.9 28.6 ± 6.2 29.5 ± 5.4 <0.001

Anti-hypertensive
medications; n (%) 1543 (21.8) 593 (18.0) 315 (27.8) 210 (19.8) 425 (26.66) <0.001

LDL, mg/dL;
mean (SD) 136.4 ± 38.3 132.7 ± 37.6 142.9 ± 42.9 134.1 ± 34.5 142.2 ± 38.0 <0.001

Lipid Lowering
medications;
mean (SD)

258 (4.0) 83 (2.5) 67 (5.9) 41 (3.9) 41 (5.9) <0.001

Total Cholesterol,
mg/dL; mean (SD) 222.2 ± 44.2 217.3 ± 40.7 245.8 ± 44.4 197.8 ± 38.4 231.5 ± 44.4 <0.001

SBP, mmHg;
mean (SD) 132.9 ± 26.7 131 ± 20.3 137.6 ± 42.9 130.1 ± 30.0 134.5 ± 19.6 <0.001

DBP, mmHg;
mean (SD) 76.9 ± 23.9 76.1 ± 17.5 79.6 ± 42.8 76.9 ± 26.9 76.9 ± 10.3 <0.001

Diabetes Mellitus;
n (%) 1043 (14.7) 301 (9.1) 212 (18.7) 134 (12.6) 396 (24.8) <0.001

Physically Active;
n (%) 4797 (67.6) 2323 (10.3) 769 (67.8) 689 (64.9) 1016 (63.4) <0.001

Serum Creatinine;
mean (SD) 1.1 ± 0.4 1.1 ± 0.3 1.1 ± 0.3 1.1 ± 0.6 1.1 ± 0.4 0.027

HDL-C, high-density lipoprotein cholesterol; TG, triglycerides; BMI, body mass index; LDL, low-density lipopro-
tein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure. Continuous variables are pre-
sented as means and standard deviation (SD). Categorical variables are presented as counts and corresponding
percentages. † p-values calculated using chi-square test for categorical variables and analysis of variance for
continuous variables.

Further analysis of individual lipid markers utilizing similar models showed increased
odds of SCMI in participants with either high TG and low HDL independently compared
to normal levels (OR (95% CI): 1.23 (1.10–1.38), 1.24 (1.05–1.45), respectively) (Table 3).
Figure 1 summarizes the results of the association observed between lipid markers, either
as combinations or individual markers, with the highest risk observed in the atherogenic
dyslipidemia group.
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Figure 1. Associations of atherogenic dyslipidemia and different combinations of HDL-C and TG
with SCMI.

Table 2. Association of atherogenic dyslipidemia and other TG/HDL-C combinations with SCMI.

TG/HDL-C Group No. Event (%) Model 1 Model 2

OR (95% CI) p-Value OR (95% CI) p-Value

Normal HDL-C, Normal TG 789 (23.9) Ref -- Ref. --

Low HDL-C, Normal TG 252 (23.8) 1.09 (0.92–1.29) 0.320 1.01 (0.86–1.20) 0.877

Normal HDL-C, High TG 323 (28.5) 1.23 (1.06–1.44) 0.008 1.13 (0.97–1.33) 0.120

Atherogenic dyslipidemia 498 (31.2) 1.52 (1.32–1.74) <0.001 1.31 (1.14–1.52) <0.001

OR, odds ratio; CI, confidence interval; SCMI, subclinical myocardial injury; HDL-C, high-density lipopro-
tein cholesterol; TG, triglycerides. Model 1 adjusted for age, sex, race/ethnicity; Model 2 adjusted for
model 1 plus diabetes, hypertension, serum creatinine, body mass index, smoking, physical activity, and
lipid-lowering medications.
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Table 3. Association of TG and HDL-C, separately, with SCMI

TG and HDL-C Status No. Event (%) Model 1 Model 2

OR, CI (95%) p-Value OR, CI (95%) p-Value

Normal TG 1041 (23.9) Ref -- Ref. --

High TG 821 (30.1) 1.36 (1.22–1.52) <0.001 1.23 (1.10–1.38) <0.001

Normal HDL-C 567 (26.3) Ref -- Ref --

Low HDL-C 1295 (26.2) 1.34 (1.14–1.57) <0.001 1.24 (1.05–1.45) 0.011

OR, odds ratio; CI, confidence interval; SCMI, subclinical myocardial injury. Model 1 adjusted for age, sex,
race/ethnicity; Model 2 adjusted for model 1 plus diabetes, hypertension, serum creatinine, body mass index,
smoking, physical activity, and lipid-lowering medications.

4. Discussion

Atherogenic dyslipidemia, characterized by abnormalities in the TG–HDL axis, is
highly prevalent in patients with CHD, the leading global cause of death. Our analysis from
the NHANES-III, a community-based survey, revealed that individuals with atherogenic
dyslipidemia had higher odds of SCMI. This association was independent of participants’
demographics or CVD risk factors. Low levels of HDL and higher TG were also inde-
pendently associated with higher odds of SCMI compared to their normal levels, with a
synergistic effect when both abnormalities coexist. These results underscore the role of
atherogenic dyslipidemia in the early development of CHD in the form of SCMI and its
potential importance in primary prevention and risk stratification.

Except for the atherogenic dyslipidemia pattern, the associations of other different
combinations of abnormal TG and HDL with SCMI did not reach statistical significance. As
our results showed, low HDL-C compared to normal HDL-C and high TG in comparison
to normal TG, separately, were both associated with SCMI, and their strength of association
with SCMI was less than that of atherogenic dyslipidemia. This further underscores the
augmented effect of the combination posed by atherogenic dyslipidemia phenotype on the
process of developing myocardial ischemia.

This effect of high TG and low HDL-C has been linked to an increased risk of ASCVD
development and worse cardiovascular outcomes after adjusting for other lipid abnor-
malities [17–19]. Our results suggest that this relationship might have been preceded by
subclinical myocardial ischemia and injury before progression to ASCVD.

Hence, the management of atherogenic dyslipidemia could have a bigger role in the
prevention of CVD than what is currently thought. This is further underscored by the
fact that atherogenic dyslipidemia commonly coexists and correlates with several CVD
risk factors [20,21]. It is prevalent in patients with obesity, metabolic syndrome, insulin
resistance, and type 2 diabetes mellitus, serving as a marker for increased CVD risk in these
populations [6,22–24]. The link between atherogenic dyslipidemia and increased CVD risk
has also been supported by results from observational studies [7] and clinical trials [6,25].

Atherogenic dyslipidemia is a complex, multifactorial trait, and its contribution to
CVD risk is usually estimated through a concomitant presence of hypertriglyceridemia
and low HDL-C levels. The association between the atherogenic dyslipidemia pheno-
type and SCMI can be attributed to interrelated pathophysiological pathways involving
metabolic abnormalities such as insulin resistance, genetic factors, oxidative stress, and
systemic inflammation.

A hallmark feature of atherogenic dyslipidemia is the accumulation of small dense LDL
(sdLDL) particles in the plasma, which are more atherogenic than larger LDL particles due
to their higher affinity for endothelial adhesion and susceptibility to lipid peroxidation [26]
generates reactive oxygen species (ROS), leading to altered endothelium-dependent vas-
cular relaxation, structural and functional changes, and eventual cell death [27]. These
oxidized LDL molecules also increase the expression of molecules vascular cell adhesion
molecule-1 (VCAM-1), which are later engulfed by endothelial macrophages creating foam
cells [27–29].
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The imbalance between oxidative stress and the capacity of antioxidants serves as an
epitome for early atherosclerosis particularly in the predisposed arterial wall by vascular
inflammation [9,28–30]. Some studies suggest that oxidative stress is initiated by NADPH
oxidase, which generates free radicals that further propagate oxidation, especially in
the presence of systemic inflammation [31]. Many ROS are associated with elevated
inflammatory biomarkers, such as CRP and interleukins, which are crucial in the interplay
between oxidative stress and the pro-inflammatory state linked to metabolic conditions
like obesity, insulin resistance, and liver disease [32–34].

Insulin resistance is closely tied to qualitative and quantitative lipid modifications,
including reduced nuclear expression of lipoprotein lipase, altered function of hormone-
sensitive lipase, and increased release of free fatty acids from adipocytes [35,36]. These
circulating free fatty acids trigger inflammation by activating Toll-like receptor-2 on cell
surfaces, subsequently activating the NF-kB pathway [35]. Activation of this pathway,
driven by stimuli such as oxidized LDL and cholesterol crystals, leads to the production of
pro-inflammatory cytokines like IL-1β and IL-18 [37]. These cytokines not only promote
further recruitment of inflammatory cells but also stimulate the production of IL-6, which
increases C-reactive protein levels, which is often associated with SCMI [38]. This chronic,
low-grade inflammatory state, in the absence of overt clinical symptoms, eventually lead to
subtle disruptions in coronary blood flow and set the stage for progression of overt ASCVD.

Additionally, a hallmark of atherogenic dyslipidemia is an increase in triglyceride-rich
lipoproteins in both fasting and postprandial states, which, in circumstances of overproduc-
tion or impaired lipolysis and clearance of triglycerides, results in excessive intravascular
remodeling and the accumulation of cholesterol remnant in the plasma [39]. The mecha-
nisms conferring increased atherogenicity of remnant lipoproteins include direct deposition
of cholesterol into the vascular wall and pro-inflammatory and pro-oxidative properties. It
is believed that an increase in postprandial triglycerides may cause endothelial dysfunction
through the induction of oxidative stress [40,41]. Additionally, it has been shown that
the oxidation of free fatty acids, released during the lipolysis of triglycerides, exerts pro-
inflammatory effects [42]. These findings indicate that triglycerides and oxidative stress
have interactive roles in atherosclerosis. The complex nature of coronary artery disease,
which unfolds over decades and involves both genetic and environmental factors, under-
scores the importance of genetic predisposition in lipid abnormalities and atherosclerosis.
Emerging studies highlight the role of small non-coding microRNAs (miRNAs) in these
processes [43,44]. By regulating gene expression at the post-transcriptional level, microR-
NAs influence lipid metabolism, inflammation, and endothelial function [45]. For example,
the presence of miR-122 and miR-370 has been associated with severity of coronary artery
disease in patients with dyslipidemia [46]. miR-33a/b have been shown to act as regulators
of a lipid metabolism, and their pharmacological inhibition diminished atherosclerosis
by raising plasma HDL levels [47]. The inhibition of anti-miR-34a has been showen to
reduce vascular inflammation, senescence, and apoptosis, highlighting their prognostic and
therapeutic potential [48] Furthermore, genetic variations in the expression of lipoprotein
lipase and its associated modulators, such as apoB, have been independently linked to
the development of atherosclerosis [45,46]. With these findings in mind, our observed
association between atherogenic dyslipidemia and SCMI is most probably due to multiple
interacting CVD risk factors and not only the direct effect of atherosclerosis. This is further
supported by recent studies showing that coronary artery disease was linked to vascular
inflammation independent of coronary artery calcium score, which is a measure of evident
atherosclerosis [48,49]. Possible mechanisms include chronic inflammation and the highly
atherogenic nature of TG-rich lipoproteins. This is primarily due to their smaller size and
high cholesterol content, which facilitates endothelial migration, acting as a substrate for
atherosclerosis and myocardial injury [6,49–51]. Preventing and controlling atherogenic
dyslipidemia will, in turn, prevent excessive cholesterol deposition and oxidation and
could lower the risk of SCMI. Lifestyle modification and positive habits targeting regular
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control of traditional CVD risk factors seem to be promising preventive measures to halt
atherogenic dyslipidemia, oxidative stress, and atherosclerosis [8].

It has been suggested that HDL-C levels function more as a biological marker than a
therapeutic target for ASCVD [46,52,53]. This is due to the highly heterogeneous nature
of HDL particles, in terms of their shape, size, and composition, which arises because of
continuous intravascular remodeling in both physiological and pathophysiological states.
In atherogenic dyslipidemia, the lipid content of HDL particles is significantly altered
and characterized by a decrease in cholesteryl esters with an associated increase in TG
content [54]. Moreover, oxidative stress might be an enhancing cause of lipid peroxidation
within HDLs, leading to the accumulation of oxidized HDL particles in the plasma of
patients with cardiometabolic diseases [55,56]. There is an accompanying pro-inflammatory
state that, in turn, alters the protein composition of HDL particles by increasing their serum
amyloid A (SAA) content [57]. We showed that lower levels of HDL-C (vs. normal) were
associated with an elevated risk of SCMI. These findings reinforce the concept of utilizing
low HDL-C levels as an early biomarker for myocardial injury, potentially preceding
the manifestation of clinically evident ASCVD. However, the complexity of atherogenic
dyslipidemia, with its intertwined components, makes it challenging to isolate and attribute
the direct roles of individual components. Although our analysis revealed increased odds
of SCMI with induvial components, in real life, these abnormalities rarely occur in isolates,
and therapeutic modalities often provide collateral improvement of lipid biomarkers. It
is important to take into consideration the influence of other systems on this association.
For example, both metabolic-associated fatty liver and non-alcoholic fatty liver disease can
help in identifying populations at risk of CVD, which can be attributed to both associated
lipid abnormalities or the systematic inflammatory state [58,59].

Although coronary artery disease, as a component of systemic atherosclerosis, is
typically seen as a continuously progressing condition, the onset of myocardial ischemia
which suggests that an early, identifiable sentinel event in the disease timeline could
be pinpointed in this high-risk group. Our study is among the first to demonstrate an
association between the atherogenic dyslipidemia phenotype and subclinical myocardial
infarction using the CIIS, highlighting the potential rule of incorporating atherogenic
dyslipidemia as a whole rather than individual components in risk stratification and
supporting the development of more effective preventive strategies. Undoubtedly, the
heightened CVD risk associated with the atherogenic dyslipidemia phenotype remains not
fully understood. Further research directed towards investigating the pathophysiological
effects and the influence of non-LDL-targeting medication on subclinical myocardial injury
before they manifest clinically is warranted. Additionally, examining the association in
different population samples is needed given the genetic and environmental influences on
atherogenic dyslipidemia.

Certain limitations need to be taken into consideration in the interpretation of our
study. In this analysis, we only had a single measurement of HDL-C and TG, which may
not reflect the status of the long-term lipid profile of the participants. Moreover, we did not
incorporate other non-LDL particles (small-dense lipoproteins and lipoprotein remnants)
in the diagnosis of atherogenic dyslipidemia, which could undermine the magnitude of
the association. Our study design was cross-sectional, and therefore, a causal relationship
between atherogenic dyslipidemia and SCMI could not be established. Some of the mea-
surements, like smoking and physical activity, are self-reported and thus subjected to recall
bias. Finally, despite adjusting for common CVD risk factors, residual confounding by
comorbid conditions that we did not adjust for, e.g., familial hypercholesteremia, remains a
possibility. Our study has many strengths as well. This includes a large community-based,
multiracial sample size. The ECG and laboratory data were processed in central units. All
variables were ascertained using standardized approaches.
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5. Conclusions

Our results revealed a strong association between AD and SCMI in a racially diverse
general population. This underscores the atherogenic effect of this dyslipidemia phenotype
and highlights the role of non-traditional risk factors in the development of subclinical
CVD. Further research is needed to characterize the pathophysiological mechanisms and
explore the influence of lipid management interventions on early myocardial injury.
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