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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 cholesterol (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 7,093 participants (age 59.3+13.4 years, 52.8% women, and 49.4% White) free of CVD. Atherogenic
dyslipidemia was defined as TG 2150 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 combinations
of TG and HDL-C groups, including atherogenic dyslipidemia with SCMI. Results: About 22.5% (n=1,594) 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.
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1. Introduction

There is a dramatic increase in the prevalence of obesity that has led to a marked increase in
metabolic syndrome characterized by visceral adiposity, insulin resistance, elevated blood pressure
(BP), elevated triglycerides (TG), and low levels of high-density lipoprotein 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
with controlled LDL-C [6,7].

Subclinical myocardial injury (SCMI) refers to early cardiac damage that lacks clear
manifestations of CHD. It's identified by an electrocardiographic-based scoring system called the
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cardiac infarction/injury score (CIIS) exceeding 10 score points. SCMI has been associated with an
increased risk of CVD and all-cause mortality [8,9]. Previous studies have linked SCMI with risk
factors such as obesity and dyslipidemia [10,11]. 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

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 noninstitutionalized 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 information regarding the study design and
methods has been previously disseminated [12].
For this analysis, we only included NHANES-III participants who underwent an electrocardiogram
(ECG) recording (n=8,561) and with complete data on atherogenic dyslipidemia. We excluded
participants with a prior history of CVD or missing key covariates. After all exclusions, a total of 7,093
participants were included in the analysis.

Electrocardiographic Subclinical Myocardial Injury

A resting 12-lead ECG was acquired using a Marquette MAC 12 electrocardiograph (Marquette

Medical Systems, Milwaukee, Wisconsin) during a physical examination conducted in a mobile
examination center (MEC). The ECG tracings were automatically processed at the Epidemiological
Cardiology Research Center (EPICARE Center, Wake Forest School of Medicine, Winston-Salem, NC)
after visual inspection by skilled technicians.
The methods for measuring Cardiac Infarction/Injury Score (CIIS) have been detailed in prior
literature [13]. CIIS employs a weighted scoring approach, incorporating various objective
electrocardiographic waveform elements associated with myocardial injury and ischemia to establish
a risk-stratified scoring system. The scoring system comprises 11 discrete and 4 continuous ECG
features. These features encompass measurements of Q, R, and T waves, along with the ST segment.
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 [14].

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 [15]. LDL-C was calculated using the Friedewald
equation [16]. Based on the levels of HDL-C and TG, participants were grouped into the following
groups: Atherogenic dyslipidemia, defined as high TG (2150 mg/dL) and low HDL-C (<40 mg/dL in
men or <50 mg/dL in women) [17]; high TG/normal HDL-C group; low HDL-C/normal TG; and
normal HDL-C/normal TG group.

Covariates

Demographics (age, sex, race) and smoking status were self-reported during an in-home
interview. Obesity was defined as body mass index (BMI) 230 kg/m2. Hypertension was defined as
systolic BP 2130 mmHg, diastolic BP >80 mmHg, or the use of antihypertensive medications. Diabetes
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was defined as fasting blood glucose levels 2126 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.

Statistical Analysis

Continuous variables were presented as means and standard deviation (SD). Categorical
variables were presented as counts and corresponding percentages. We used the chi-square test for
categorical variables, analysis of variance for normally distributed continuous variables, or Wilcoxon
rank sum analysis for non-normally distributed continuous variables.

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 SCML
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 SCML

All analyses were conducted using SAS version 9.4 (SAS Institute Inc, Cary, NC). P-values less than
0.05 were considered statistically significant.

3. Results

After exclusions, 7,093 participants (age of 59.3 + 13.4 years, 52.8% women and 49.4% White)
were included in the analysis. Approximately a quarter of the sample (n=1,594) 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.

Table 1. Participant characteristics stratified by levels of HDL-C and TG.

Normal Normal Low HDL-

Overall HDL-C,  HDL-C, C, ]‘;‘ thle.’r‘.)gem.c Povaluet
Variable (n=7,093) Normal TG HighTG Normal TG };:1111)15 9e41;11a vaie
(n=3,304) (=1134)  (n=1,061) ’
Age,years  59.3:134  59.6:13.8 609124  57.3:13.7 59.1+12.8 <0.001
Female 3743(52.8) 1,762(23.3) 521(459)  636(59.9) 824(51.7) <0.001
Race-Ethnicity
Non-Hispanic ;o0 104y 1630(49.6)  568(50.1)  480(45.2) 819(51.4)
White
N°“]';II;:£“’° 1588(22.4)  911(27.6)  186(16.4)  277(26.1) 214(13.4) <0.001
Mexican-
Ao 1709241)  624(189)  350(309)  245(23.1) 490(30.7)
Other 290(4.1)  130(3.9) 30(2.6) 59(5.6) 71(4.5)
Income <§20k  3205(45.2) 1466(444)  532(46.9)  463(43.6) 744(46.7) 0.195
Education >High
d““;t:}‘::)‘ol BN 3003(55.0)  1918(58.1)  572(50.4)  611(57.6) 802(50.3) <0.001
Ever Smoker  3852(543) 1753(53.1)  640(56.4)  545(51.4) 914(57.3) 0.0032
BMI 276455 262451 284449  28.6:6.2 29.5+5.4 <0.001
Anti-
nti 1543(21.8)  593(18.0)  315(27.8)  210(19.8) 425(26.66)  <0.001

hypertensive
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LDL, mg/dL 136.4+38.3 132.7+37.6 14294429 134.1+34.5 142.2+38.0 <0.001

Lipid Lowering
medications 258(4.0) 83(2.5) 67(5.9) 41(3.9) 41(5.9) <0.001
Total Cholesterol, ) ) 110 21734407 2458:444 197.8:384  2315:444 <0001
mg/dL
SBP, mmHg, 132.9426.7 131+20.3 137.6+42.9  130.1+30.0 134.5+19.6 <0.001
mean (SD)
DBP, mmHg 76.9+23.9 76.1+17.5 79.6+42.8 76.9+26.9 76.9+10.3 <0.001
Diagnosis of
Diabetes Mellitus 1043(14.7) 301(9.1) 212(18.7) 134(12.6) 396(24.8) <0.001
Physically Active 4797(67.6)  2323(10.3) 769(67.8) 689(64.9) 1016(63.4) <0.001
Serum Creatinine 1.1+0.4 1.1+0.3 1.1+0.3 1.1+0.6 1.1+04 0.027

HDL-C, high-density lipoprotein cholesterol; TG, Triglycerides; BMI, body mass index; LDL-C, low-density
lipoprotein cholesterol; SBP, systolic blood pressure; DBP, diastolic blood pressure. Continuous variables are
presented as means and standard deviation (SD). Categorical variables are presented as counts and
corresponding percentages. tP-values calculated using chi-square test for categorical variables, analysis of
variance for normally distributed continuous variables or Wilcoxon rank sum analysis for non-normally
distributed continuous variable.

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).

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

No. Event Model 1 Model 2
TG/HDL-C Group 0(0/:)’en OR (95% ?Zl)e P-value  OR (95% gl)e P-value
el TG 789(23.9) Ref - Ref -
LI:I)(‘;:EB]"}S 252(23.8) 1.09(092-129) 0320 1.01(0.86-1.20) 0.877
N"r}‘;‘iagthT%L'C' 323(285) 123(1.06-144) 0008 1.13(0.97-133) 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 lipoprotein
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, lipid lowering medications, smoking, physical
activity and lipid-lowering medications.

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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Table 3. Association of TG and HDL-C, separately, with SCML

No. Event Model 1 Model 2
TG and HDL-C Status (%) OR (95%) P-value OR (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,
lipid lowering medications, smoking, physical activity and lipid-lowering medications.

HDL and TG Groups No. Cases (%) ; OR (95% CI)
HDL Status
H
Normal HDL 567(26.3%) f Reference
Low HDL 1,295(26.2%) P—— 1.24(1.05-1.45)
H
TG Status
H
Normal TG 1,041(23.9%) f Reference
High TG 821(30.1%) P —— 1.23(1.10-1.38)

HDL and TG Status

Normal HDL/Normal TG 789(23.9%) f Reference
Normal HDL/High TG 323(28.5%) . — 1.01(0.86-1.20)
H
H
Low HDL/Normal TG 252(23.8%) —— 1.13(0.97-1.33)
Low HDL/High TG (AD) 498(31.2%) P —— 1.31(1.14-1.52)
0.4 1.0 2.7

Odds Ratio (Log-Scale)

Figure 1. Associations of atherogenic dyslipidemia and different combinations of HDL-C and TG with
SCMI.

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 independently 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. These results indicate a
preferential pattern of a stronger association between atherogenic dyslipidemia and SCMI. Notably,
low HDL-C (vs. normal HDL-C) and high TG (vs. normal TG), separately, were both associated with
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SCM]I, and their strength of association with SCMI was relatively similar but was less than that of
atherogenic dyslipidemia. This further underscores the synergistic effect of the combination posed
by high TG and low HDL-C (AKA atherogenic dyslipidemia) on the process of developing
myocardial ischemia.

The synergistic 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 abnormalities [18-
20]. 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 [21,22]. 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 [23-25].

The association between atherogenic dyslipidemia and SCMI may involve a broad spectrum of
underlying mechanisms. The poor prognostic effect of low HDL-C/high TG appears to be an
important independent risk factor for CVD. Even though the association between atherogenic
dyslipidemia and SCMI attenuated after adjusting for CVD risk factors, the fact that it remained
significant suggests that the association between atherogenic dyslipidemia and SCMI involves
several mechanisms. Possible mechanisms may include alteration in lipoprotein lipase activity,
chronic inflammation and the highly atherogenic nature of TG-rich lipoproteins, primarily due to
their smaller size and high cholesterol content, which facilitates endothelial migration, acting as a
substrate for atherosclerosis and myocardial injury. [6,26-28].

It has been suggested that HDL-C levels function more as a biological marker than a therapeutic
target for ASCVD. [29-31] 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. Undoubtedly, the heightened CVD risk associated with atherogenic dyslipidemia
phenotype remains not fully understood, which warrants further research to explore its effect on
subclinical myocardial ischemia and injury before they manifest clinically.

Certain limitations need to be taken into consideration in the interpretation of our study. We
only had a single measurement of HDL-C and TG, which may not reflect the status of the long-term
lipid profile. Our study design was cross-sectional, and therefore, a causal relationship between
atherogenic dyslipidemia and SCMI could not be established. Some of the measurements, like
smoking and physical activity, are self-reported and thus subjected to recall bias. Finally, although
we adjusted for several confounders, residual confounding 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.

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 nontraditional risk factors in the development of subclinical CVD.
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