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4. Rationale:

Chronic hyperglycemia may contribute to the development of atherosclerosis and
subsequent macrovascular events in persons with diabetes, but this relation is
controversial. Hemoglobin A, (HbA¢), a measure of long-term glycemic control, is used
to monitor and guide clinical treatment in persons with diabetes. Chronic hyperglycemia,
as measured by HbA, is an established risk factor for diabetes-associated microvascular
disease (1;2). Recent studies have also suggested that HbA;. may be associated with
incident large-vessel disease (coronary heart disease, stroke, and peripheral arterial
disease (PAD)) in persons with diabetes (3).

We have previously demonstrated using data from the ARIC Study, that HbA is
associated with incident coronary heart disease independent of other heart disease risk
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factors in persons with diabetes [ARIC MS #1024]. There have been few prospective
studies that have examined the association between HbA;; and PAD in persons with
diabetes (4-6). The few previous studies in the literature have shown a positive
association between HbA;. and incident PAD, however these studies have not
consistently adjusted for known heart disease risk factors, including smoking, lipids, and
adiposity (3). There is currently no consensus regarding a standard definition for PAD
and prevalence estimates and risk factors associations may differ depending on the
definition used. Previous studies have not separately examined the association between
HbA and different measures of peripheral arterial disease such as low ABI and
intermittent claudication (which are related primarily to stenoses between the aortic
bifurcation and the arteries around the knee), or re-vascularization procedures and
amputation (which may also have a component of inadequate microvascular supply to the
skin and peripheral nerves). This study will assess the association between HbA;. and
incident PAD in a community-based cohort of persons with diabetes. We will also
investigate whether this association is robust across different manifestations of PAD.

5. Main Hypothesis/Study Questions:

Hi: HbA. is positively associated with incident PAD (combined definition, see below) in
persons with diabetes in the ARIC study independently of other known risk factors.

Hia: HbA is associated with incident PAD as defined by an ankle-brachial index
(ABI) < 0.90.

His: HbA;. is associated with incident PAD as defined by intermittent claudication
as determined from ARIC annual surveillance.

Hip: HbA. is associated with incident PAD as defined by hospital discharge codes
for symptomatic PAD.

Hic: HbA;. is associated with incident PAD as defined by lower extremity
amputation or leg revascularization procedure by hospital discharge codes.

6. Data (variables, time window, source, inclusions/exclusions):

Exposure: Hemglobin Aic (HbA1c)

We measured HbA;. from stored whole blood specimens in ARIC as part of ARIC
Ancillary Study #2003.5, “Glycemic Control (HbA1¢) at Visit 2 as a Predictor of Stroke,
Coronary Heart Disease, Kidney Disease and Incident Diabetes.” HbA,data are
available on all participants with diabetes at ARIC Visit 2, which will be the baseline
visit for the present study.

QOutcome: Incident Peripheral Arterial Disease
Incident PAD (combined definition) will be defined by any one of the following:

(1) Low ankle brachial index (ABI)




Defined as ABI < 0.9 in one leg at either Visit 3 or Visit 4

(2) Intermittent claudication from ARIC annual surveillance
Intermittent claudication based Rose Questionnaire administered annually to ARIC
participants by telephone.

(3) Symptomatic PAD by ICD-9 Code
Defined as a hospital discharge ICD-9 code of 443.9 (intermittent claudication,
peripheral vascular disease NOS, peripheral angiopathy NOS, spasm of artery)

(4) Lower extremity amputation or revascularization procedure by ICD-9 code
Defined as hospital discharge ICD-9 code of 84.11 (toe amputation), 84.12 (foot
amputation), 84.15 (below knee amputation), 38.18 (leg endarterectomy), and 39.29

(leg bypass surgery).

Sample-size permitting, we will also examine the HbA,.-PAD association separately for
each of these groups (1-4).

Diabetes Status

We will compare the HbA;.-PAD association in persons with undiagnosed (unreported)
diabetes (by glucose level only) and persons with diagnosed diabetes (reported history).
We will examine the effects of different types of medication use in persons with
diagnosed diabetes. Because the inclusion of all persons with diabetes at Visit 2 will
result in a population with mix of different diabetes duration and severity of disease, we
will conduct sensitivity analyses looking at the HbA;.-PAD association in diabetic adults
using different definitions of diabetes, including comparing fasting glucose cut-points of
126 mg/dl and 140 mg/dl. We will also conduct separate analyses using the following
definitions of diabetes: (1) diabetes by glucose/history at either Visit 1 or Visit 2; and (2)
diabetes diagnosis by glucose/history at both Visit 1 and Visit 2. Furthermore, we will
also evaluate the effect of diabetes duration (available from Visit 3 data) on the sub-
sample of individuals for which this information is available.

Covariates

Other variables of interest include age, race, sex, HDL- and LDL-cholesterol, blood
pressure, hypertension medication, diabetes medication use, body mass index, waist-hip
ratio, education level, smoking. Final analyses may also consider a broader range of
confounders including family history, intima-medial thickness, kidney function,
insulin/HOMA index (Visit 1 only), and fibrinogen (Visit 1 only).

Inclusions/Exclusions

Inclusions: all persons with diabetes at Visit 2.

Exclusions: persons with prevalent PAD (excludes all PAD cases occurring on or before
or Visit 2) or missing covariates of interest.

Statistical Analysis




We will use Cox proportional hazards models to generate relative risk estimates for PAD
by quartiles of HbA;. and modeling HbA;. continuously (if relation appears linear).
Separate models will be constructed to examine whether the HbA;.-PAD association
persists using different definitions of diabetes, in persons with undiagnosed diabetes, and
using different PAD definitions.

Limitations

There are no ABI data at Visit 2 (our baseline in this study) when HbA1lc is measured.
As a result, exclusion of prevalent disease is limited to prevalent cases at Visit 1 and
clinical cases occurring by Visit 2. Additionally, previous studies of incident PAD have
adjusted for baseline ABI, however these data are unavailable in this manuscript. In
previous analyses of incident PAD using Visit 1 as baseline we found that adjusting for
baseline ABI did not appreciably alter our results. Nonetheless, we will explore
controlling for Visit 1 ABI (since Visit 2 ABI is not available) and evaluate the effect of
measurement error in the multivariable models (e.g., using Stata eivreg commands).
While we will use all incident PAD cases occurring during post-Visit 2 follow-up to
maximize power in this study, we will have limited power to detect moderate associations
for those outcome definitions with small numbers of events, such as
revascularization/amputation. Previous analyses indicate, however, that the associations
for these more severe, but smaller, sub-groups may actually be stronger than for PAD
defined based on ABI alone. Loss to follow-up is also a potential concern in cohort
studies. To address this, we will examine whether people who are loss-to-follow up
differ according to baseline characteristics, including HbA;. level. However, because
loss-to-follow-up in ARIC is very low, we do not expect selection bias to pose a major
problem in this study.
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