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4. Rationale:

Pulse wave velocity (PWV) is a valid and reliable measure of arterial stiffness known to
predict mortality and cardiovascular events in clinical and community based studies [1].
PWV has also been predictive of mortality among individuals with diabetes [2]. Prior
studies of the association of diabetes and impaired fasting glucose with PWV have been
in selected clinical populations or in subsets from community cohorts, of which the
majority of these studies are in populations outside of the US.

In a 2004 study of aortic PWV measured using applanation tonometry, 186 British
patients with and without diabetes with mean age of 55 years were consecutively
recruited from diabetic and hypertension clinics [3]. They observed that PWV increased
more with age in women with diabetes than in women without diabetes, whereas they
found a similar increase in PWV for men with and without diabetes. From the Asklepios
study of 2,368 community-dwelling healthy Belgian volunteers aged 35-55, aortic root
PWYV and carotid femoral PWV were higher in those with type 2 diabetes compared to
those without diabetes [4]. They did not find significant differences for those with
impaired fasting glucose. The Bogalusa Heart Study, a cohort study in the US, measured
aortic—femoral pulse wave velocity (af-PWV) in 518 adults aged 27-43 years [5]. In this
population of asymptomatic young adults, the correlation for homeostasis model
assessment of insulin resistance (HOMA-IR) with af-PWV was 0.2, and HOMA-IR was
observed to be a significant predictor of af-PWV.

The American Diabetes Association (ADA) has published guidelines in which
hemoglobin A1C (HbA1c), a measure of blood glucose levels over several months, is a
recommended diagnostic test for diabetes [6]. A prior study found that greater
hemoglobin Alc was associated with a higher carotid-femoral (cfPWV), a measure of
central arterial stiffness, in a Chinese population of 5,098 men and women (mean age: 50
years) without a prior history of diabetes [7]. In this same study, fasting glucose was not
associated with cfPWV.

No prior studies have evaluated PWV in a population-based US cohort of older adults
with detailed measures of diabetes. Previous studies are largely in populations younger
than the ARIC population at the time of Visit 5. We propose to study both peripheral
(brachial ankle (aPWV)) and central measures of PWV (carotid-femoral (cfPWV)) and
their association with diabetes and impaired fasting glucose using distribution-based and
clinically defined cut points for fasting glucose and HbAlc, in a population-based cohort
of older adults [6, 8].

5. Main Hypothesis/Study Questions:

We aim to assess whether impaired insulin/glucose metabolism and diabetes and
impaired fasting glucose are associated with peripheral and central arterial stiffness
measured by baPWV and cfPWYV, and to assess age, race, coronary artery disease, and
gender as modifiers.



Assess whether severity of diabetes, as defined by presence of end organ damage
(retinopathy, microalbuminuria), is associated with arterial stiffness.

Assess whether chronic hyperglycemia, as defined by level of hgbA1C, is associated with
arterial stiffness.

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 Design: Cross-sectional analysis of participants at V5 with PWV measures

Exposure:

We plan to define diabetes, impaired fasting glucose and chronic hyperglycemia by
fasting glucose measures and/or the use of hypoglycemic medication and by HbAlc
measures, as described below.

Definition 1:

1) Diabetes will be defined as (1) fasting glucose >126 mg/dL or (2) diabetes medication
use.

2) Impaired fasting glucose (IFG) will be defined among those without diabetes (as
defined in #1) and with fasting glucose 100-125 mg/dL.

3) The group without ‘diabetes’ will include everyone without IFG or DM, and with
fasting glucose measures.

Definitions 2-3 for hyperglycemia using clinical categories for Hgb Alc that vary
depending on the presence of diabetes.
(1) For those without known diabetes:
a. Hgb Alc<5.7%
b. Hbg Alc5.7-6.5%
c. With Hgb Alc >6.5% considered undiagnosed diabetes

(2) For those with known diabetes by self-report or currently on medications for
diabetes we will stratify by Hgb Alc <8% or > 8%, and in sensitivity analyses by
a cutpoint of 7% HgbAlc.

Outcomes: Carotid-femoral PWV (cfPWV) and brachial-ankle PWV (baPWV)

PWYV was measured by the Omron VP-1000 plus system (Omron Co., Ltd., Komaki,
Japan) and the path length was calculated using the following formula: path length (cm) =
carotid-femoral distance (cm) — (suprasternal notch — carotid distance (cm)). A minimum
of two measurements were taken per participant and the last two usable measurements
(i.e. non-zero values) were averaged. baPWYV was similarly measured.



Covariates of interest: study site, race, age, gender, heart rate, hypertension, medications
for hypertension, blood pressure, GFR, smoking status, BMI, microalbuminuria, diabetic
retinopathy, medication type for diabetics, insulin levels, glucose levels, and height.

Inclusions: All ARIC participants with PWV measures from V5.

Exclusions:

1) Race not white or African-American due to limited numbers and African Americans
not from Forsyth or Jackson

2) BMI>=40

3) Not fasting 8 hours

4) Outliers for PWV defined as >3 SD from the mean

Statistical Analysis:

We will present the distribution of the two PWV measures by diabetes status as means,
standard deviations, medians and inter-quartile ranges (IQR). If normality is a concern we
will use non-parametric methods. We will graphically display the relationship between
PWYV and diabetes status (DM, IFG, and neither DM or IFG) with cumulative frequency
plots and make statistical comparisons using the Kolmogorov-Smirnov test. We will do
the same for the hyperglycemia categories as defined by HgbAlc.

We will examine associations between diabetes status and cfPWV and baPWV using
multivariable linear regression analysis adjusting for study site, race, age, gender and
heart rate. In addition, we will have models adjusting for hypertension, smoking status,
and BMI. Variables with skewed distribution will be naturally log transformed for
analysis. We will report betas and r? values that represent the amount of variability in
cfPWV and baPWV accounted for by the model. We will also evaluate whether there is
effect modification by gender by including an interaction terms for diabetes status and
gender in the model along with the main effects (P<0.1 threshold for significance of
interaction. Similarly, we will test for effect modification by age and race. All analyses
will be stratified as necessary.

In secondary analysis, we will re-run this analysis after excluding those with known
coronary artery disease. In addition, we will further stratify the diabetics into those with
and without end organ damage as defined by microalbuminuria, and retinopathy. We
will then evaluate PWYV for diabetics with end organ damage and then diabetics without
end organ damage to the same referent group (discussed above) of non-diabetics with
normal fasting glucose. In additional analysis, we will compare diabetes with chronic
hyperglycemia (as defined by Hgb A1C) to those without chronic hyperglycemia.
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