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3. Timeline: Data to be used in this proposal are already available. Analyses and 

manuscript preparation will be performed over the next 6 months. 

 

4. Rationale:  Accumulating evidence indicates that insufficient oxidative capacity 

plays an important role in the development of metabolic illnesses and their complications, 



such as insulin resistance, hypertension, and atherosclerosis.
1, 2

 For example, insulin 

resistance and type 2 diabetes are associated with decreased mitochondrial size and 

density,
3, 4

 decreased oxidative gene expression,
4-7

 decreased oxidative phosphorylation,
8-

10
 and decreased whole-body aerobic capacity.

5, 11
 However, clinical or epidemiological 

research on oxidative capacity as a predictor of age-related degenerative diseases has 

been limited by the absence of a simple, noninvasive technique to measure oxidative 

capacity. 

 Blood lactate is 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 and insulin resistant 

subjects.
12, 13

 Furthermore, a few studies have shown that a blood lactate level is 

positively correlated with blood pressure.
14-16

 However, these studies were mainly cross-

sectional
14, 15

 or limited to obese individuals,
16

 leaving uncertainty as to whether 

decreased oxidative capacity, expressed as elevated lactate, predicts the development of 

cardiovascular disease (CVD) in the general population.  

 The ARIC Study provides an excellent opportunity to investigate a possible 

relationship between blood lactate and the incidence of CVD in a middle-aged, biracial 

population. 

 

5. Main Hypothesis/Study Questions: 

Blood lactate concentration is positively associated with cardiovascular events and 

mortality independently of potential confounders. 

 

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). 

    

Inclusions: 

- All black and white ARIC subjects with data of lactate at visit 4 (the only visit for 

which lactate data are available in the entire cohort)  

 

Exclusions: 
-Ethnicity other than black or white 

-Individuals without data of lactate  

 

Exposure:  

-Plasma lactate 

Plasma lactate was measured using an enzymatic reaction to convert lactate to pyruvate 

using a Roche Hitachi 911 auto-analyzer. 

 

Outcome (All events that occurred after visit 4 and before January 1, 2009 will be 

included):  

-Incident CHD including a hospitalized myocardial infarction (MI), fatal CHD, cardiac 

procedure or electrocardiogram MI (serial changes) 

-fatal CHD 



-Incident stroke: definite and possible incident stroke 

-Incident HF: the first HF hospitalization coded 428 according to the ICD-9 or death from 

HF (coded 428 for ICD-9 and I50 for ICD-10)
17, 18

    

-All-cause death 

 

Other variables of interest and covariates: 

-Sociodemographics: age, race, gender, education level 

-Physical information: body mass index, waist circumference, blood pressure, heart rate 

-Lifestyle: smoking status, alcohol habit, and physical activity 

-Comorbidities: history of cardiovascular disease (coronary heart disease [CHD], stroke, 

and heart failure [HF]), dyslipidemia (LDL cholesterol, HDL cholesterol, and 

triglyceride), diabetes (diabetic status, fasting glucose, insulin, homeostatic model 

assessment insulin resistance [HOMA-IR]), kidney function  

 

Statistical Analysis Plan:  

The primary analysis will use Cox proportional hazards models to quantify the 

association between lactate and CVD events. Lactate will be treated as categorical 

(quartiles or quintiles) and continuous variables with splines respectively in the models. 

We will adjust for the covariates listed above. We will repeat the analysis after stratifying 

the study sample by age, gender, race, and presence/absence of comorbidities such as 

history of CVD, obesity, and diabetes. 

 We will implement four models for the adjustment for covariates. Model 1 will be 

crude. Model 2 will be adjusted for demographic variables, i.e., age, gender, and race. 

Model 3 will be further adjusted for traditional risk factors, i.e., systolic blood pressure, 

antihypertensive medication, smoking, alcohol intake, level of education, body mass 

index, LDL-C, HDL-C, a self-reported history of coronary heart disease (CHD), and 

estimated glomerular filtration rate. Model 4 will be further adjusted for variables 

associated with insulin resistance or exercise capacity, i.e., HOMA-IR, physical activity, 

and heart rate.  

 We will conduct a few sensitivity analyses. Firstly, given that several anti-diabetic 

and antihypertensive drugs affect lactate concentration and may modify cardiovascular 

risk,
19, 20

 we will evaluate the association after excluding participants who were taking 

these drugs. Secondly, since lactate levels at baseline may be elevated among those with 

subclinical cardiac dysfunction, to minimize the possibility of reverse causation, we will 

assess the association between lactate levels and HF risk after excluding HF cases within 

three years of follow-up. In this connection, if there is an association between lactate and 

incident HF, we will also adjust for NT-proBNP. Thirdly, if lactate is associated with 

both CHD and HF, to elucidate whether CHD is a mediator of lactate-HF relationship, we 

will examine HF occurring in the absence of clinical CHD. To accomplish this, we will 

conduct our analysis limiting to censoring incident CHD cases that occurred prior to the 

incidence of HF. 

  

Limitations:  

As with any observational study, we will not be able to rule out the possibility of residual 

confounding. A single measurement of lactate is an additional limitation. 
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