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4. Rationale: Accumulating evidence indicates that insufficient oxidative capacity plays
a central role in the development of insulin resistance and type 2 diabetes.'” Insulin
resistance and type 2 diabetes are associated with decreased mitochondrial size and
density,"'° decreased oxidative gene expression,' > decreased oxidative
phosphorylation,”®!! and decreased whole-body acrobic capacity.” However, clinical
research on oxidative capacity as a mediator of obesity’s physiologic effects has been
limited by the absence of a simple, noninvasive technique to measure oxidative capacity.

We considered blood lactate as an indirect indicator of insufficient oxidative capacity:
when oxidative capacity decreases, flux through glycolytic pathways increases and blood
lactate rises.'*"” Prior work suggests that lactate is elevated among obese, insulin
resistant subjects.'®!” Moreover, two cross-sectional studies have shown that lactate is
associated with blood pressure.'®"” This study has two primary goals: 1) to assess the
relationship between adiposity and lactate, and 2) to assess the relationship between
lactate, insulin resistance, and type 2 diabetes, with and without adjustment for adiposity
and other metabolic factors.

5. Main Hypothesis/Study Questions:

H1. Measures of adiposity, such as BMI and waist circumference, are associated with
blood lactate concentration.

H2. Lactate is elevated among diabetic subjects and is associated with insulin resistance
as measured via glucose and HbA1C before and after adjustment for demographics and
measures of adiposity.

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 adiposity.
e Outcome variable: lactate log-transformed.
e Independent variables: measures of adiposity including body mass index, waist
circumference, and waist-hip-ratio
e Covariates: Age, gender, ethnicity, field center, high vs low IMT

The distribution of lactate will be examined within strata defined by age, gender, and
ethnicity. Lactate will be log-transformed to account for its skewed distribution. The
association of log lactate with measures of adiposity will be assessed via linear regression
and scatter plots within strata of age, gender, and ethnicity. If no interaction is present, we
will assess the association of lactate with adiposity with and without adjustment for age,
gender, and ethnicity.

Aim 2: Association of lactate with insulin resistance and type 2 diabetes.
e Outcome variables
0 Continuous: Glucose and HbA 1c measured at Visit 5
0 Dichotomous: Type 2 diabetes defined as a prior diagnosis, currently taking
diabetic medications, or a fasting glucose > 126 mg/dL
e Independent variable: Lactate (mg/dL)
e Covariates:
0 High verses low IMT
Demographics: Age, gender, ethnicity, education
Medication use, especially metformin
Measures of adiposity (see above)
Metabolic factors including:
» Lipids: triglycerides, LDL, HDL-c
= Blood pressure (hypertension diagnosis)
» Inflammatory markers (C-reactive protein)
Measures of physical activity
Current smoking
Alcohol consumption
Parental history of diabetes
Field center
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In this analysis, we will use linear and logistic regression to characterize the effect of lactate
levels on continuous and dichotomous measures of insulin resistance and type 2 diabetes,
with and without adjustment for adiposity. Likelihood ratio tests will be utilized to compare
models with and without adjustment for adiposity to assess the independent effects of lactate
on measures of insulin resistance and type 2 diabetes.
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