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Background: Calcification of the thoracic aorta is a risk factor for cardiovascular disease and
peripheral arterial disease but has not been well studied in diabetics. In addition, many
studies consider aortic calcium as a single anatomic entity, whereas calcification of the
ascending and descending portions of the thoracic aorta may represent separate pheno-
types. We sought to characterize the prevalence of ascending and descending aortic cal-
cium among diabetics and to assess their associations with cardiovascular risk factors,
coronary artery calcium, and peripheral arterial disease.

Methods: Within the Penn Diabetes Heart Study, a cross-sectional study of subjects with
type 2 diabetes mellitus but without coronary or renal disease, we quantified Agatston
scores of the ascending and descending thoracic aorta in 1739 subjects (63% male, 61%
Caucasian). Multivariate logistic and Tobit regressions were used to assess associations
with cardiovascular risk factors, coronary calcium, and peripheral arterial disease.
Results: Of all subjects, 54% had thoracic aortic calcium; of these, 37% had calcium solely in
the ascending thoracic aorta and 20% solely in the descending thoracic aorta. In multi-
variate regression, age, Caucasian race, systolic blood pressure, low-density lipoprotein
cholesterol, smoking, and diabetes duration were independently associated with calcium
of both the ascending and descending thoracic aorta (P < .001 for all). Ascending and
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descending aortic calcium were each independently associated with coronary calcium in
multivariate regression, but only calcification of the descending thoracic aortic was asso-
ciated with low ankle-brachial index.

Conclusion: Ascending and descending thoracic aortic calcium have similar associations
with traditional cardiovascular risk factors in diabetics and are independently associated
with coronary artery calcium. Only calcium in the descending aorta is associated with

peripheral arterial disease. Delineation of both phenotypes may provide information about

the individualized vascular disease and risk profile of patients with type 2 diabetes

mellitus.

© 2015 Society of Cardiovascular Computed Tomography. All rights reserved.

1. Introduction

Cardiovascular disease is a major contributor to morbidity and
mortality among those with type 2 diabetes mellitus (T2DM).
Individuals with T2DM are known to have increased arterial
calcification across multiple vascular beds, including the
coronary arteries, the great vessels, and peripheral arteries,” *
but the mechanisms underlying this process are incompletely
understood. Thoracic aortic calcification is a common finding
on cardiac and chest CTs among those with diabetes.
Although coronary artery calcium is predictive of cardiovas-
cular events in diabetics,” it is not clear whether aortic calci-
fication is also associated with increased cardiovascular risk
in this population.

In nondiabetic cohorts, data for thoracic aortic calcium as
an independent risk factor for cardiovascular disease are
mixed. Within a population of >5000 individuals in the Fra-
mingham Study, the presence of aortic calcification seen on
chest x-ray was predictive of cardiovascular death,® but in
the Multi-Ethic Study of Atherosclerosis (MESA), thoracic
aortic calcium, as measured by CT, was an independent risk
factor for coronary events only in women.” In a recent study
by Wong et al, in a healthy asymptomatic population of
>2300 subjects (notably only 7% diabetic), there was no
relationship between CT-measured thoracic aortic calcium
and cardiovascular disease.® Lack of consistent findings may
relate to differences in measurement and quantification of
thoracic aortic calcium or to the use of healthy populations
with overall low rates of cardiovascular disease. In addition,
many prior studies considered all thoracic aortic calcium as
one anatomic entity, and it is possible that differences in
pathophysiology and disease risk may exist depending on
the location of the calcification.

In particular, ascending thoracic aortic calcium involving
the aortic root and ascending aorta may relate differently to
cardiovascular risk as compared to descending thoracic aortic
calcification. The ascending and descending sections of the
aorta are subject to different hemodynamic stresses and differ
in their embryologic origins, which appear to affect suscepti-
bility to calcification,” and they are known to calcify at
different rates.” In addition, 2 distinct pathophysiological
processes of arterial calcification exist—calcification of the
arterial intima, which is viewed primarily as part of athero-
sclerotic plaque development, and calcification of the medial
layer, which is particularly prominent in diabetes and other
metabolic disorders—and it is possible these occur differen-
tially in different sections of the vessel."*

We therefore decided to quantify thoracic aortic calcium by
cardiac CT in a large diabetic sample and ask whether
important differences exist between calcification of the
ascending and descending thoracic aorta with respect to
traditional cardiovascular risk factors, the presence of sub-
clinical coronary atherosclerosis as measured by coronary
artery calcium, and the presence of peripheral arterial disease.

2. Methods
2.1. Study participants

Details of the Penn Diabetes Heart Study recruitment have
been described previously.'? Briefly, this was a single-center
cross-sectional study of atherosclerotic and vascular risk
factors in subjects with T2DM without clinical coronary dis-
ease or significant renal disease (as defined by serum creati-
nine >2.5 mg/dL). Subjects were recruited from 2001 to 2011
from clinics at or affiliated with the Hospital of the University
of Pennsylvania and the Philadelphia Veterans Affairs Medical
Center. Inclusion and exclusion criteria were as previously
described; all subjects were aged 35 to 75 years had a diagnosis
of T2DM and serum creatinine <2.5 mg/dL and weighed <300
pounds.'? The University of Pennsylvania Institutional Review
Board approved the study protocol, and all participants gave
informed consent.

All subjects who had a baseline electron beam CT scan and
complete covariate data were included in this study, with the
final sample including 1739 of 2032 eligible recruited subjects.
Subjects excluded because of missing covariate or CT data
were similar to included subjects with regard to age and
gender but were disproportionately African American (39% vs
33%; P = .03).

2.2. Evaluated parameters

All subjects were evaluated at the University of Pennsylva-
nia’s Clinical and Translational Research Center after a
12-hour fast. All subjects underwent a detailed medical
questionnaire and had standard anthropometric measure-
ments. Standard lipid panels were measured in real time in
Penn’s Centers for Disease Control—certified lipid laboratory
using enzymatic assays (Hitachi 912; Roche Diagnostic Sys-
tems Inc., Branchburg, NJ) in lipoprotein fractions after
ultracentrifugation (B-quantification technique). Fasting low-
density lipoprotein cholesterol (LDL-C) was measured
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