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Abstract

Background—The aim of this paper is to determine the relationships between aortic wall
calcification (AWC) including ascending and descending thoracic aortic calcification and gender,
race/ethnicity, age, and traditional risk factors. Allison et al and Post et al previously described the
relationship of noted risk factors and AWC as detected by computed tomography (CT) in smaller
cohorts. We performed a cross-sectional study to determine which of these variables are
independently associated with thoracic calcium.

Methods—The Multi-Ethnic Study of Atherosclerosis (MESA) study population included a
population based sample of four ethnic groups (12% Chinese, 38% White, 22% Hispanic and 28%
black) of 6814 women and men ages 45-84 years old. CT scans were performed for all participants.
We quantified AWC, which ranged from the lower edge of the pulmonary artery bifurcation to the
cardiac apex. Multivariable logistic regression was used to evaluate relationships between AWC and
measured cardiovascular risk factors.

Results—Overall prevalence of AWC was 28.0%. In the ethnic groups, prevalence of AWC was
32.4% Chinese, 32.4% White, 24.9% Hispanic and 22.4% Black. All age categories of females had
a higher prevalence of thoracic calcification than males (total age prevalence: 29.1% and 26.8%,
respectively). AWC were most strongly associated with hypertension and current smoking. In
addition, diabetes, hypercholesterolemia, high LDL, low HDL, family history of heart attack and
high CRP were all associated with increased AWC. Overall p-value for difference between genders
for prevalence of AWC =0.037. Overall p-value for difference between race for prevalence of AWC
<0.001. The only significant gender differences distributed by race were for Chinese (p=0.035) and
Hispanic (p=0.042) participants.

Conclusions—Risk factors for aortic calcification were similar to cardiovascular risk factors in a
large population based cohort. Suprisingly, AWC was similar for the Chinese and white populations
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despite the fact that MESA demonstrated that coronary caclium was more prevalent in the white
population. Further studies are needed to investigate whether aortic calcification is a risk factor for
coronary disease, independent of coronary calcification.

Introduction

Methods

Cardiovascular disease is the leading cause of death in the United States?. Low density
lipoproprotein (LDL) cholesterol is a cardiovascular risk factor for the development of
coronary atherosclerosis.? Calcifications are part of the development of atherosclerosis; they
occur exclusively in atherosclerotic arteries and are absent in the normal vessel wall.3-9
Studies have demonstrated calcification in both coronary and aortic arteries to be a specific
marker of underlying atherosclerosis in the respective vascular beds.® Several preliminary
studies have demonstrated that similar atherosclerotic risk factors contribute to the formation
or presence of aortic wall calcification (AWC). AWC is common in the elderly and its presence
is associated with increased risk of cardiovascular events3:4:2,

The aim of this paper is to determine the relationships between AWC, including ascending and
descending thoracic aortic calcification (ATAC and DTAC, respectively), with traditional CV
risk factors. Cardiac computed tomography (CT) is a well-established tool for the detection of
coronary artery calcium (CAC). One previous study has shown that the presence of DTAC was
associated with a higher prevalence of coronary artery disease by angiographyG. No previous
study has examined the relationship of known risk factors and thoracic aortic calcium as
detected by computed tomography (CT) in a large population based participant cohort. We
performed a cross-sectional study to determine which of these variables, at baseline, are
independently associated with thoracic aortic calcium.

The Multi-Ethnic Study of Atherosclerosis (MESA) was initiated in July 2000 to investigate
the prevalence, correlates and progression of subclinical cardiovascular disease in individuals
without known cardiovascular disease’. This prospective cohort study includes 6814 women
and men ages 45-84 years old recruited from six U.S. communities (Baltimore, MD; Chicago,
IL; Forsyth County, NC; Los Angeles County, CA; northern Manhattan, NY’; and St. Paul,
MN). There are 38% White (N=2624), 28% Black (N=1895), 22% Hispanic (N=1492), and
12% Chinese (N=803) individuals.

Medical history, anthropometric measurements, and laboratory data for the present study were
taken from the first examination of the MESA cohort (July 2000 to August 2002). Information
about age, gender, ethnicity, and medical history were obtained by questionnaires. Information
regarding physical activity was collected at the baseline examination with a combination of
self-administered and interviewer-administered questionnaires. Physical activity was
measured by self-reported leisure, conditioning, occupational and household activities, and
quantitated by hours/day of activity. Current smoking was defined as having smoked a cigarette
in the last 30 days. Alcohol use was defined as never, former, or current. Diabetes was defined
as a fasting glucose > 126 mg/dl or on hypoglycemic medication. Use of antihypertensive and
other medications were based on clinic staff entry of prescribed medications.

Resting blood pressure was measured three times in the seated position using a Dinamap model
Pro 100 automated oscillometric sphygmomanometer (Critikon, Tampa, Florida) and the

average of the 2nd and 3rd readings was recorded. Hypertension was defined as a systolic blood
pressure > 140 mmHg, diastolic blood pressure > 90 mmHg, or use of medication prescribed
for hypertension. Body mass index was calculated from the equation weight (kg)/height (m?).
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Total and HDL cholesterol were measured from blood samples obtained after a 12-hour fast.
LDL cholesterol was calculated with the Friedewald equation(11). CRP was measured using
the BNII nephelometer (N High Sensitivity CRP; Dade Behring Inc., Deerfield, IL) at the
Laboratory for Clinical Biochemistry Research (University of Vermont, Burlington, VT).
Analytical intra-assay CVs ranged from 2.3 — 4.4% and inter-assay CVs ranged from 2.1 —
5.7%.

All participants underwent two CT scans at the same time for evaluation of CAC, after signing
informed consent. An ancillary study, supported by the National Institutes of Health, was
performed to measure aortic and valvular calcification on the scans obtained for the MESA
study. This study was approved by the Institutional Review Board of our institution. Three
sites used an Imatron C-150XL CT scanner (GE-Imatron, San Francisco, CA), and three sites
used a multidetector CT scanner (four slice). The method has been reported previouslyg. Image
slices were obtained with the participant supine, with no couch angulation. A minimum of 35
contiguous images with a 2.5- or 3-mm slice thickness was obtained, starting above the left
main coronary artery to the bottom of both ventricles. Each scan was obtained in a single breath
hold. Section thickness of 3 mm, field of view of 35 cm, and matrix of 512 x 512 were used
to reconstruct raw image data. The nominal section thickness was 3.0 mm for electron beam
CT and 2.5 mm for four-detector row CT. Spatial resolution can be described by the smallest
volume element, or voxel, for the protocol for each system: 1.15 mm3 for four-detector row
CT (0.68 x 0.68 x 2.50 mm) and 1.38 mm?3 for electron beam CT (0.68 x 0.68 x 3.00 mm).
Ascending and descending thoracic aortic calcification (ATAC and DTAC, respectively)
ranged from the lower edge of the pulmonary artery bifurcation to the cardiac apex (imaged
on every study of coronary calcium) were quantified by using the same lesion definition for
coronary calcification. AWC included both ATAC and DTAC on the portion of the aorta
imaged by cardiac CT. Any calcified focus seen extending into the aortic root wall was
excluded from the aortic wall calcium. The absence of AWC, ATAC and DTAC was assigned
a score of zero.

Statistical Methods

Distributions of demographics, cardiovascular risk factors and the various calcium scores were
compared across ethnic groups. Differences in characteristics were compared using ANOVA
for continuous variables and 2 tests for categorical variables. AWC including ATAC and
DTAC was dichotomized as present (Agatston score > 0) or absent (=0). Because the
prevalence of calcification is greater than 10% in our cohort, odds ratios (ORs) overestimate
the relative risk (RR). Therefore, RR estimates are presented from the regression model y=exp
(XTB). The exponentiated parameters p are interpreted as relative risks. We assumed Gaussian
error and used robust standard error estimates. Using this method we assessed the relationship
between each risk factor and the presence of calcium, adjusting for all other risk factors in the
model. The following covariates were used in a backward stepwise regression for multivariable
adjustment: age, gender, body mass index, HDL, LDL, lipid lowering medication, smoking,
hypertension, diabetes mellitus and education level. Among those with detectable AWC
including ATAC and DTAC the relationship between risk factors and the quantity of
calcification [(In)Agatston score] by ethnicity was assessed with multivariable linear
regression, controlled for all other risk factors in the model. The relationship was expressed as
a percent difference in calcification for a given increment in the risk factor. The ‘Relative
Difference’ is the anti-log of the regression coefficient using log-transformed calcium score
as the dependent variable in each multiple linear regression analysis. Statistical analyses were
performed with SPSS 13.0.1 software for Windows (SPSS Inc, Chicago, Ill) and STATA 8.0
for Windows (Stata Co, College Station, Tx).
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The study population (6814 individuals, 49% men and mean age: 63+10 years) was assessed
as to the distribution and frequency of ATAC and DTAC. Overall 4904 (72%) did not
demonstrate any detectable DTAC and ATAC. A total of 1675 (25%) had only DTAC, 56 (1%)
had isolated ATAC, and 178 (3%) participants were found to have both DTAC and ATAC,
respectively. One participant had uninterpretable data for DTAC.

Age had a stronger association with DTAC (RR 1.16 per year) than ATAC (RR 1.11 per year,
P<0.05), and men had a lower prevalence of DTAC than women (RR 0.68, 95% CI 0.58-0.80,
p<0.001). Figure 1 shows the prevalence of TAC variables by gender and increasing age-
groups. Female participants had a higher prevalence of thoracic calcification than males, with
the sole exception of ascending calcification in persons aged 55 years or more. With increasing
age, the prevalence of thoracic calcifications abruptly increases in both genders.

Table 1 demonstrates the baseline characteristics of the study population according to TAC
variables. The ethnic makeup of the MESA cohort was: White 2623(38%), Chinese 803(12%),
Black 1895(28%) and Hispanic 1492(22%). The prevalence of ATAC was highest among
Black participants (4.5%, significantly greater than other ethnic subgroups, p<0.05).
Conversely, white and Chinese participants had the highest prevalence of DTAC (32%,
significantly greater than Black [21.4%] and Hispanics [24.3%], p<0.01). Smoking history was
more significantly predictive of ATAC than DTAC. Former or current smokers had a 5%
prevalence of ATAC, compared with a 2.2% prevalence in never smokers (p<0.01).

Multivariable prevalence ratio estimates for factors associated with the presence of ATAC,
DTAC, and AWC are shown in table 2. Males were less likely to have DTAC than females
(0.68, 95% CI 0.58-0.80). Current smoking, in particular, most influenced the prevalence of
ATAC (RR 4.35, 95% CI 2.83-6.70). Hypertension, hypercholesterolemia and current
smoking increased all TAC variables. In addition, high LDL and low HDL, and taking lipid
lowering meds independently increased the prevalence of all TAC variables while diabetes,
and family history of heart attack increased DTAC alone (Tables 2-3). C-Reactive protein was
weakly associated with aortic calcification (RR=1.07, 95% CI 1.00,1.14).

Ethnic differences were also observed. Overall Black and Hispanics were less likely to have
any AWC compared to non-Hispanics whites. After multivariable analysis, blacks were much
less likely to have descending thoracic calcification than whites (RR = 0.40, 95% confidence
intervals 0.33-0.48). No such difference was seen for Chinese.

Discussion

Atherosclerosis has been demonstrated to coexist with osteoporosis, suggesting to some that
these processes are inter-related.9:10:11,12,13 Arterial calcification has osteoblastic-like

mechanisms, many bone-proteins expressed in arterial calcification of the coronary arteries
and aorta.14,15,16,17,18,19

Ascending Aortic Calcification

The distribution of calcification varies by segments of the aorta. Thoracic aorta is anatomically
divided into three segments; ascending aorta, arch and descending aorta. A population based
transesophageal echocardiography (TEE) study on thoracic atherosclerosis reported that the
prevalence of atheroma in the descending thoracic aorta is the highest, followed by the aortic
arch, with lowest prevalence in the ascending aorta20. Inan autopsy study21, ascending aortic
atherosclerosis was also found to have a significantly lower prevalence than other segments.
Previous reports by CT demonstrated that the aortic arch had the highest prevalence of
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calcification?2:23. In this study, the prevalence of ATAC was one eighth of DTAC (Figure 2).
A possible explanation is related to the sheer forces on the wall. The ascending aorta has a very
large diameter, high blood velocity and no branch vessels. While high velocity can cause shear
stress, most raised lesions occur at sites where shear stresses are low but rapidly fluctuating,
such as branch vessels or abrupt changes in vessel diameter.24.

Smoking influenced ATAC more than DTAC. Nicotine, the component most characteristic of
smoking, influences cardiac function by increasing systolic and diastolic pressure, heart rate,
force of myocardial contraction, myocardial oxglgen consumption, and myocardial excitability
through the release of endogenous epinephrine=2. It is possible that the ascending wall is more
directly influenced by these variables.

Cardiovascular Risk Factors and Thoracic Calcification

The associations to cardiovascular risk factors were similar between ATAC and DTAC in this
study, with positive associations with hypertension, tobacco use, LDL cholesterol, lipid
lowering therapy and inversely with HDL cholesterol (table 2). Arai et al26 have shown in a
study of participants modified with HMG-CoA reductase that progression of the abdominal
aortic wall volume is inhibited by aggressively lower LDL-C below 125 mg/dl during the
follow-up period. These results have suggested that serum cholesterol, especially LDL-C,
strongly affect the progression or development of aortic atherosclerosis. In a recently published
study, the measures of extra-coronary calcification were found to sufficiently reproducible to
allow serial investigation527.

Allison et al compared calcifications of the coronary and extra-coronary arteries (carotid artery,
aorta and iliac artery) in 650 asymptomatic subjects by whole-body electron beam tomography
(EBT)28. The calcifications the vascular beds had similar associations to those found in this
study. In the thoracic aorta, the prevalence of calcification increased more than twofold
between the sixth and seven decades of life. The relationship of aging with increased likelihood
of presence of calcification in aortic wall is consistent with similar relationships observed in
other vascular beds.?8

Extensive evidence exist that men are more likely to have calcification in the coronary arteries,
29 however whether similar difference exists in other vascular beds is not well established. In
our study, women had more prevalent DTAC even after adjusting for traditional atherosclerotic
risk factors, except in the ascending aorta in women aged >55 years. Our data extends the
findings of a previous report from the Reykjavik study that demonstrated that the prevalence
of calcification in the abdominal aorta was more prevalent in women, independently associated
with atheroscleratic risk factors, and a potential marker for both coronag/ and peripheral arterial
disease. In a study of symptomatic men and women, Yamamoto et al 0 also noted a higher
prevalence of DTAC in women compared to men.

This study is among the first that demonstrates that the AWC distribution and associated risk
factors parallel coronary atherosclerosis. Risk factors for TAC are largely similar coronary risk
factors.31 Whether TAC has prognostic implications incremental or independent to CAC is
actively being investigated in the Multi-Ethnic Study of Atherosclerosis.

This study has several limitations. This study only examined the aorta in the available range
on calcium scanning (excluding the aortic arch and the infra-renal abdominal aorta, two places
with noted higher prevalence of calcification).zzl23 However the relative ease in identifying
AWC during a standard CAC scan, without requiring additional scanning, is a potential
advantage as it can be a good estimate of the presence and extent of overall calcific atheroma
burden®:32. Aortic calcification was influenced by almost all of the traditional risk factors,
suggesting this may just be another manifestation of cardiovascular atherosclerosis. ATAC has
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a much smaller sample size, and some variables which are statistically significant for DTAC
may not reach significance for ATAC, despite a similar relationship. Thus, the findings from
this study may be more pertinent for either DTAC or total AWC, which is primarily driven by
the presence of DTAC. Further studies will be performed to better classify inflammatory
pathways and bone metabolism mechanisms of aortic calcifications.
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Figure 2.

Left Panel — Patient with severe coronary calcium (black arrow) and mild thoracic aortic
calcification (white arrow). Right panel — patient with severe thoracic calcification (white
arrow) in descending aorta.
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