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4. Rationale:
Atherosclerosis is a complex inflammatory process that is characterized by the
formation of raised plaques resulting in the narrowing of the lumen in a number of arterial



beds.(1) Oxidized LDL plays a central role in plague formation. Macrophages preferentially
take up oxidized LDL becoming foam cells, which contribute to the formation of fatty
streaks and the plaque’s lipid core. So-called vulnerable or unstable plaques (UP)
characteristically have a thin fibrous cap and a prominent lipid core.(2) Oxidized LDL
enhances the release of cytokines, inhibits nitric oxide production in the arterial wall,
increases the expression of adherence molecules, and impairs endothelial function.(3)
Therefore, oxidized LDL contributes to both plague development and plague instability
through multiple pathways.

Oxidative stress expressed in the form of increased production of reactive oxygen
species is responsible for the increased occurrence of oxidized LDL, at least in part. ROS
may contribute to atherosclerosis through other pathways as well (4). For example, reactive
oxygen species are produced in the arterial endothelium, smooth muscle cells, and adventitia.
In addition to promoting lipid oxidation, ROS has direct, pro-atherosclerotic effects on
expression of adhesion molecules, apoptosis, and activation of metalloproteinases.(4)

Despite its importance in the pathogenesis of atherosclerosis, the source of increased
oxidized LDL is poorly understood. Mitochondrial dysfunction is a potential source of ROS
(5). Several lines of evidence show that increased mitochondrial uncoupling leads to
increased production of ROS (5). Furthermore, those with decreased aerobic capacity
demonstrate elevated levels of ROS (6). However, no population-based study has
investigated the potential relationship between mitochondrial dysfunction and ROS.

Blood lactate is an indirect indicator of insufficient oxidative capacity: when
oxidative capacity decreases, flux through glycolytic pathways increases and blood lactate
rises.(7-10) Prior work suggests that lactate is elevated among obese, insulin resistant
subjects.(11-12) Moreover, cross-sectional studies have shown that lactate is associated with
blood pressure, type 2 DM.(13, 14) and with coronary atherosclerosis (15). These studies
suggests that decreased oxidative capacity marked by increased blood lactate is associated
with cardio-metabolic risk factors and atherosclerosis. The goal of this study is to assess the
relationship between blood lactate levels and plaque thickness and plaque characteristics
such as size of the lipid core in the carotid artery and carotid stenosis among ARIC
participants.
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5. Main Hypothesis/Study Questions:

H1. It is well established that inflammation is a primary component of plaque formation. Decreased
oxidative capacity may contribute to LDL oxidation via reactive oxidative species (ROS) production
and subsequent LDL oxidation. In order to assess the relative role of decreased oxidative capacity,
we intend to examine the association of lactate, a marker of decreased oxidative capacity and markers
of inflammation with plaque thickness in the Atherosclerosis Risk in Communities Study (ARIC).
The outcome will be carotid wall plaque as measured via MRI.

6. Design and analysis (study design, inclusion/exclusion, outcome and other variables
of interest with specific reference to the time of their collection, summary of data
analysis, and any anticipated methodologic limitations or challenges if present).

Study population

The study population consists of all persons participating in the ARIC Carotid MRI study
(n=2066). Subjects were recruited to the Carotid MRI study based upon their intima-media
thickness (IMT), as measured by B-Mode ultrasound at the most recent ARIC visit. The
study consists of 1,250 participants who had an IMT value greater than the 85" percentile,
and 816 individuals randomly sampled from the remainder of the IMT distribution (<85th
percentile).

Lactate

We measured lactate among all Carotid MRI study participants as part of ARIC Ancillary
Study # 2006.04C, “Assessing the association between mitochondrial dysfunction and insulin
resistance via the measurement of cellular energy intermediates: The Atherosclerosis Risk in
Communities Carotid MRI Study.” Lactate measurements were completed in December,
2007 and available for 1964 ARIC-MRI participants.

Data Analysis

Aim 1: Association of lactate with plaque characteristics
e Qutcome variable: Increased atherosclerosis is measured by
1) Maximum lipid core area (MLA) (cm2)
2) Total lipid core volume (TLV) (mm3)
¢ Independent variables: lactate log-transformed, categorized into quartiles
e Covariates
Age
Gender
Ethnicity
Field center
BMI (kg/m2)
Systolic Blood pressure (mmhg)
Diastolic blood pressure (mmhg)
Glucose (mg/dl)
. Smoking
10. Triglycerides
11. HDL
12. LDL
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13. HsCRP
14. Statins

Aim 1: Association of lactate with carotid stenosis
A potential mechanism linking atheroscelosis with lactate is low blood flow due to peripheral
vascular disease as indicated by increased carotid stenosis. In order to examine this possibliliy we
will perform an analysis examing the relationship of carotid stenosis with lactate.
e Outcome variable: Carotid stenosis (lumen area, rcca)
¢ Independent variables: lactate log-transformed, categorized into quartiles
e Covariates
15. Age
16. Gender
17. Ethnicity
18. Field center
19. BMI (kg/m2)
20. Systolic Blood pressure (mmhg)
21. Diastolic blood pressure (mmhg)
22. Glucose (mg/dl)
23. Smoking
24. Triglycerides
25. HDL
26. LDL
27. HsCRP
28. Statins

Statistical Analysis:

Data will be expressed as means and 95% confidence intervals. All statistical analyses will
incorporate the stratified random sampling design, for estimation, testing and confidence
intervals. Sampling weights will be based on the probability of being selected from each field
center based upon the high IMT status of each participant.

Characteristics of subjects participating in the ARIC-MRI study will be compared across lactate
quartiles.

Step 1: coding MLA and TLV as continuous variables multiple linear regression will be
performed including all the covariates in the model.

Step 2: Categorize MLA and TLV. For example, the following analyses will be performed.

e Unadjusted log- binomial regression with dichotomized MLA and TLV as dependent
variables and the covariates as independent variables and lactate categorized into
quartiles.

e Multiple log binomial regression will be performed with MLA and TLV as dependent
variables, lactate categorized according to quartiles after adjusting for covariates.

Step 3:



¢ Internal validation: Dividing the data into training set (70%) and validation set (30%).
Develop a prediction equation with the training set and use it in the validation set and
analyze discrimination and calibration in the validation set.

e Use Framingham risk score in our data and see if that predicts carotid atherosclerosis in
our data.
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