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4. Rationale: 
 
In the United States an estimated 5.4 million individuals have been diagnosed with 
diabetes and around 2.4 million are undiagnosed [1]. Heart disease death rates among 
adults with diabetes are 2 to 4 times higher than the rates for adults without diabetes [2]. 
Diabetes affects the vasculature by various mechanisms; “atherosis” is a term which has 
been used to refer to lipid deposition in the vasculature to form intimal plaques while 
sclerosis refers to “vessel stiffening” [3]. The relationship between hyperglycemia and 
atherosis has been examined, but limited studies have addressed the role of 
hyperglycemia in the pathophysiology of sclerotic vascular disease. 
 
Earlier studies suggested that insulin stimulates the proliferation of smooth muscles cells 
[4] and that hyperglycemia causes non-enzymatic glycosylation of proteins and stiffening 
of the vasculature [5, 6]. Data from ARIC has also shown that insulin resistance and 
elevated fasting glucose are associated with indices of increased arterial stiffness [7]. 
 
In ARIC, Liao et al. demonstrated that increased arterial stiffness was associated with the 
development of hypertension independently of other traditional cardiovascular risk 
factors [8]. Also, in a recent meta-analysis increased arterial stiffness was also shown to be 
a strong predictor of future cardiovascular events and all-cause mortality [9]. 
 
The association between chronic hyperglycemia, as assessed by hemoglobin A1c 
(HbA1c), and arterial stiffness in diabetics and non-diabetics has not been previously 
studied. Thus, we sought to examine the relationship between HbA1c and measures of 
increased arterial stiffness in the ARIC cohort. 
 
 
5. Main Hypothesis/Study Questions: 
 
Hypothesis: 
Higher HbA1c values will be associated with increased arterial stiffness after controlling 
for socio-demographic and cardiovascular risk factors. 

a) The association above will be present both in persons with and without a 
history of diabetes. 

b) The association will be seen both for an index that does and one that does not 
adjust for arterial dimensions (Ep and YEM, respectively, see below) 
suggesting that HbA1c level is associated with altered material in the arterial 
wall. 

 
 
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 methodological limitations or challenges if 
present). 
 
Study design: Cross-sectional analyses of participants at ARIC visit 2. 



 
Exposure: Hemoglobin A1c (HbA1c) (available at visit 2 only) 
We measured HbA1c from stored whole blood specimens in ARIC as part of ARIC 
Ancillary Studies #2003.5 and #2006.15. HbA1c data are available on all participants at 
ARIC Visit 2. 
 
Outcomes:  
Both outcomes were measured in participants during the ultrasound exam (visit 2). 
 
A) Peterson’s Elastic Modulus (EP) 
EP = (Pulse Pressure * Diastolic Arterial Diameter) / (Arterial Diameter Change) 
 
B) Young’s Elastic Modulus (YEM) 
YEM = (EP * Diastolic Arterial Diameter) / (2 * Intima Media Thickness) 
 
 
Inclusions 
All black and white ARIC subjects with data on HbA1c at visit 2 who have ultrasound 
measurements available (n ≈ 9,500). 
 
Exclusions: 
Ethnicity other than black or white, blacks with center Washington or Minnesota, missing 
HbA1c at visit 2, non-fasting at visit 2, missing ultrasound measurements at visit 2, less 
than 2 EKG cycles, or missing covariates of interest. 
 
Definition of History of Diabetes 
Subjects will be classified as having a history of diabetes if they report a physician 
diagnosis of diabetes or medications use for diabetes at either Visit 1 or Visit 2.  
 
Covariates 
Other variables of interest will include age, sex, race, center, smoking status, height, 
weight, hypertensive medication use, education, heart rate, triglycerides, HDL and LDL 
cholesterol and kidney function (estimated GFR from serum creatinine). Additional 
analyses will adjust for systolic BP (during ultrasound measurement), since, even in 
arteries with unaltered stiffness, the stiffness indices are believed to change with higher 
BP levels. 
 
Statistical Analysis  
HbA1c will be modeled as: (1) a continuous variable; and (2) in clinical categories in 
persons without a history of diabetes (<5.7, 5.7-<6.5 and ≥6.5%) and in persons with a 
history of diabetes (<7, 7-<8, ≥8%). 
 
EP and YEM with be modeled as: (1) a continuous variable; and (2) by quartiles. 
 
We will use linear and logistic regression models to assess the association between 
HbA1c and EP and YEM at visit 2. For example, multivariable logistic regression models 



will be used to estimate odds ratios and corresponding 95% CIs for the highest quartiles 
of EP or YEM, by categories of HbA1c. 
 
Without a priori interaction hypotheses, we will formally test for interaction between 
HbA1c level and gender, race, prevalent hypertension at baseline and use of hypertension 
medication.  If effect modification is present, we will conduct stratified analyses. 
 
 
Limitations 
Around 25% of the cohort is missing ultrasonic measurements at visit 2. Additionally, the 
pulse pressure was measured at the brachial artery while the ultrasound measurement was 
performed in the carotid artery. Finally, despite adjustment for known cardiovascular risk 
factors, residual confounding cannot be excluded. 
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