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Abstract

PURPOSE—To determine the normal size and wall thickness of the ascending thoracic aorta
(AA) and its relationship with cardiovascular risk factors in a large population-based study.

MATERIALS AND METHODS—The mean AA luminal diameter was measured in 3573 Multi-
Ethnic Study of Atherosclerosis (MESA) participants (age: 45-84 years), using gradient echo
phase contrast cine MRI. Multiple linear regression models were used to evaluate the associations
between risk factors and AA diameter. The median and upper normal limit (95™ percentile) was
defined in a “healthy” subgroup as well as AA wall thickness.

RESULTS—The upper limits of body surface area indexed AA luminal diameter for age
categories of 45-54, 55-64, 6574, and 75-84 years are 21, 22, 22, and 28 mm/m? in women and
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20, 21, 22, 23 mm/m2 in men, respectively. The mean AA wall thickness was 2.8 mm. Age,
gender and body surface area were major determinants of AA luminal diameter (~+1 mm/10
years; ~+1.9 mm in men than women; ~+1 mm/ 0.23 m2; p<0.001). The AA diameter in
hypertensive subjects was +0.9 mm larger than in normotensives (p<0.001).

CONCLUSION—AA diameter increases gradually with aging for both genders, among all race/
ethnicities. Normal value of AA diameter is provided.
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Thoracic aorta; MRI; normal value; cardiovascular risk factors

INTRODUCTION

Enlargement of the ascending aorta (AA) is a frequent finding in clinical practice. Age,
gender, and body size have been shown to be the important determinants of AA diameter
(1,2). The ascending aorta is considered dilated or ectatic when its size is 1.1 to 1.5 times
larger than the normal and aneurismal when its size exceeds the limits defining dilatation
(3,4).

The diameter of the ascending aorta, typically measured at the level of the right pulmonary
artery, is used to define the dimensions of the AA. The normal size of the AA has previously
been defined using magnetic resonance imaging (MRI) in single center studies without
consideration of race/ ethnicity and or other determinates of AA size using T1 weighted spin
echo and balanced fast field echo sequences (5-8). The purpose of this study was assess AA
lumen and wall size in a large multi-center and multi-ethnic population-based study to
determine normal reference values for AA luminal diameter and wall thickness. We also
sought to determine the major relationships between AA size and cardiovascular risk factors.

METHODS

Study Designh and Population

The Multi-Ethnic Study of Atherosclerosis (MESA) study has been previously described (9).
In brief, 6,814 participants (age 45 to 84 years, 3,601 females) who identified themselves as
white, African-American, Hispanic, or Chinese and free of clinically apparent CVD were
recruited from six US communities (Baltimore City and Baltimore County, MD; Chicago,
IL; Forsyth County, NC; Los Angeles County, CA; Northern Manhattan and the Bronx, NY;
and St. Paul, MN) between July 2000 and August 2002. The institutional review boards at
all participating centers approved the study, and all participants gave written informed
consent.

Baseline Examination

Study subjects underwent an extensive baseline evaluation including clinical history,
physical examination, laboratory tests, and anthropometric measurements. Body surface area
(BSA) was calculated as 0.20247 x [height (m) (0-725)] x [weight (kg) ©425)] (10). Weight
was measured to the nearest 0.5 kg (in light clothing) and height to the nearest 0.1 cm.
Standardized questionnaires were used to obtain information about smoking history, current
medications, and physician diagnoses of hypertension and diabetes. Hypertension was
defined as systolic blood pressure (SBP) =140 mm Hg, diastolic blood pressure (DBP) =90
mm Hg, or self reported hypertension with use of anti-hypertensive medications(11). Steady
and pulsatile components of blood pressure were expressed as mean blood pressure (MBP =
2/3DBP + 1/3SBP) and pulse pressure (PP = SBP — DBP). Diabetes was defined based on
the use of hypoglycemic drugs or insulin, or fasting blood glucose = 126 mg/dl (12).
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Coronary artery calcium (CAC) score and maximum common and internal carotid artery
intima-media thicknesses (IMT) were used as measures of subclinical atherosclerotic
disease. The protocols for assessment of CAC by computed tomography and carotid IMT by
carotid ultrasound were previously described (9,13,14). Interleukin-6 (IL-6) and C-reactive
protein (CRP) were used as markers of systemic inflammation. Serum levels of IL-6 were
determined by ultrasensitive ELISA (Quantikine HS Human IL-6 Immunoassay, R&D
Systems, Minneapolis, MN), and CRP levels were measured by the BNII nephelometer (N
High Sensitivity CRP, Dade Behring Inc., Deerfield, IL).

Aorta MRI and Image Analysis

5004 MESA participants had cardiac MRI. Aorta MRI was performed in 5 field centers
(excluding St Paul, MN due to technical reasons) using ECG gated gradient echo phase
contrast cine sequence (n=3573). Ascending aorta images were obtained in the axial plane at
the level of the right pulmonary artery with free breathing (TR = 10 msec; TE = 1.9 msec;
field of view = 34 cm; slice thickness = 8 mm; matrix size = 256 x 224; NEX=2; temporal
resolution = 20 ms; velocity encoding gradient = 150 cm/s; and receiver bandwidth = 32
kHz) and magnitude images of the cine phase contrast sequence were used to calculate AA
luminal diameter (5). Ascending aorta contours were traced throughout the cardiac cycle
automatically after selecting the center point in the first image using QFLOW software
(Medis, the Netherlands). Contours were checked and corrected manually if needed. The
maximum and minimum AA luminal diameters were determined from maximum and
minimum cross-sectional areas of ascending aorta, respectively (Figure 1A—C). The mean
AA luminal diameter was calculated as (maximum AA diameter + minimum AA diameter)/
2. Phase contrast images from 100 participants were re-read by a second reader with an
inter-reader intra-class correlation of 0.98 (95% confidence interval; 0.98-0.99). The mean
difference between two readers was 0.14 mm; the limits of agreement was —1.1 to +1.4 mm.

In a subgroup of 1,053 MESA participants, who were scanned in three field centers (Johns
Hopkins University, Wake Forest University, and Columbia University) with an MRI
scanner from the same manufacturer equipped with similar software, ECG gated double
inversion recovery black blood fast spin echo sequence (TR = 2 RR intervals; TE = 42 msec;
field of view = 36 cm; slice thickness = 6 mm; matrix size = 512 x 256, interpolated to 512
x 512; echo train length = 32; and receiver bandwidth = 62.5 kHz) was performed at the
same image position during diastole. The normal value of AA wall thickness was defined
from participants with Inner and outer AA contours were traced automatically using
VESSELMASS research software (V2011-EXP, Leiden University Medical Center, Leiden,
the Netherlands) to obtain vessel wall thickness (15) (Figure 1D).

All aortic MRI studies were evaluated and quantified at a single reading center blinded to
the clinical information of the subjects.

Statistical Analysis

Clinical characteristics of the study population are presented as mean (SD) for continuous
variables [except CAC, which is presented as median (251", 75™ percentile)] or as
percentage for categorical variables. Differences in these characteristics by gender were
evaluated with the Student unpaired t test and Pearson’s chi-square test for continuous and
categorical variables, respectively. CAC values were natural log-transformed after adding 1
before transformation to accommodate zeroes and very small values.

We used linear regression to calculate the association of AA luminal diameter with each risk
factor (traditional cardiovascular risk factor, measure of subclinical atherosclerosis, and
inflammatory marker). Two different models were used: i) Minimally adjusted model was
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adjusted for age, sex, and BSA, and additionally adjusted for each risk factor one at a time,
and ii) Fully adjusted model was adjusted for age, sex, BSA, and all other risk factors
together. We evaluated BP measures in minimally adjusted models [systolic blood pressure
(SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), and pulse pressure
(PP)] and singled out the measure that gave the highest association with AA luminal
diameter for further pursuance in the fully adjusted model. BSA was used as the surrogate of
body size as it gave higher association with AA luminal diameter than height and weight on
a separate univariate analysis (nhot shown). The minimally adjusted models for BP and lipid
measures were additionally adjusted for hypertension and lipid medication use, respectively.
In a series of separate models, we tested for all potential interactions between i)
sociodemographic variables of age, sex, BSA, and ethnicity and ii) each risk factor and these
sociodemographic variables; for this, significance was declared at p<0.001 after Bonferroni
correction for a total of 50 interaction tests. Univariate summary statistics were used to
report normal reference values of AA luminal diameter (both un-indexed and indexed by
BSA\) [including 5™, 50t (median), 95" percentile values] by age, gender, and ethnicity.
The upper limit of AA luminal diameter was defined as 95! percentile value. To compare
AA luminal diameter obtained from 2 MRI sequences, Pearson’s correlation coefficient was
calculated and Bland-Altman plot was generated.

All analyses were performed using STATA version 9.0 (StataCorp; College Station, TX)
statistical software. A 2-sided P value of <0.05 was considered statistically significant,
unless specified otherwise.

Participant Characteristics

3,573 MESA participants underwent phase contrast MRI of the AA. The mean age of the
participants was 60.6 years (range 45-84); 54% were female; 11% were Chinese-American,
30% were African-American, 17% Hispanic and 42% were Caucasian (Table 1). Among the
participants included in the analysis, women had lower mean BSA, DBP, common and
internal carotid IMT (p<0.001 for all), lower median CAC scores (p<0.001), and lower
triglycerides (p=0.006). Compared to men, women were less likely to be smokers (p<0.001)
and diabetic (p=0.04). Women were also more likely to use anti-hypertension medication
(p=0.03) and have higher PP, IL-6, and CRP levels (p<0.001, p=0.004 and p<0.001,
respectively).

Ascending Aorta Luminal Diameter and Cardiovascular Disease Risk Factors

The mean AA luminal diameter was 33.4 mm in men and 30.5 in women. Age, male gender,
and BSA were major determinants of AA luminal diameter, accounting for 26% of the
variability in AA luminal diameter. AA luminal diameter increased an average of 1.2 mm
(about 3.8% of the mean value) per each 10-year increase in age and 1 mm (about 3.1% of
the mean value) per each 0.23 m2 increase in BSA. Men had 1.9 mm (about 5.9% of the
mean value) larger AA luminal diameter than women after adjusting for age and BSA
(Table 2). The fully adjusted model confirmed these findings with only small changes in the
magnitude of effect (Table 3). All variables in the fully adjusted model accounted for 30%
of the variability. As regards interactions, the only significant variable was observed
between age and ethnicity in which the rate of increase in AA luminal diameter with age in
Chinese was 0.1 mm higher than in Caucasians.

Chinese participants had a larger AA luminal diameter (1.5 mm larger, p<0.001) and
African Americans had a slightly smaller AA luminal diameter (=0.5 mm, p<0.001) in the
fully adjusted model, compared to Caucasian participants.
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In minimally adjusted models, hypertension, SBP, DBP, MBP and PP all showed a positive
association with AA luminal diameter. The influence of DBP on AA luminal diameter was
more than double that of SBP (0.73 mm vs. 0.32 mm increase in AA diameter per 1 standard
deviation —SD- increase in DBP and SBP, respectively) (Table 2). These findings persisted
in the fully adjusted models that were developed separately for each of the above mentioned
blood pressure related variables (not shown). Given its greatest regression coefficient of all
continuous BP measures, we included DBP in the fully adjusted model in Table 3. AA
luminal diameter was an average of 0.4 mm (about 1.25% of the mean value) less in
diabetics compared to non-diabetics after adjusting for age, gender and BSA (Table 2).
There was no association between total cholesterol, triglycerides, LDL, and HDL after
adjusting for age, gender, BSA, and lipid lowering medication use. However, in the fully
adjusted regression models, total cholesterol and lipid lowering medication use was
negatively associated with AA luminal diameter (0.2 mm smaller, about 0.6% of the mean
value, p<0.007; and 0.7 mm smaller, about 2.2% of the mean value, p<0.001, respectively)
(Table 3). There was no change in the significance of associations if we used minimum or
maximum ascending aortic diameter except small changes in the magnitude of regression
coefficients (not shown).

Ascending Aorta Diameter and Measures of Subclinical Atherosclerosis

Non-zero coronary artery calcium (CAC) score showed a positive association with AA
luminal diameter (0.2 mm greater, about 0.6% of the mean value per each 1 SD increase in
CAC score). This association remained significant in the fully adjusted regression model
(Table 3).

Maximum common and internal carotid artery intima-media thicknesses were not associated
with AA luminal diameter in the minimally adjusted (Table 2) or fully adjusted models
(Table 3 for maximum common carotid artery intima-media thickness).

Ascending Aorta Diameter and Systemic Inflammatory Markers

There was no association between IL-6, CRP and AA luminal diameter after adjusting for
age, gender and, BSA (Table 2).

Reference Values for Ascending Aorta Luminal Diameter

In the whole MESA cohort with AA luminal diameter measurements, 42% of participants
were hypertensive, 10% were diabetic and 15% were on lipid lowering medications. Those
risk factors as well as CAC score, total cholesterol was significantly associated with AA
luminal diameter. Participants with hypertension, diabetes, lipid lowering medication use,
CAC score value > 95™ percentile (CAC score >95t" percentile per age, gender and race
categories (16) and total cholesterol value > 95™ percentile were excluded from the sample
to define reference values of AA luminal diameter. Histograms comparing average AA
luminal diameter of all participants with aorta MRI (n=3,573) to participants without risk
factors associated with AA luminal diameter (n=1,612) are shown in Figure 2. Median and
upper normal limits of AA luminal diameter in all MESA participants were 32 mm and 39
mm; whereas these values were 31 mm and 38 mm in participants without risk factors
influencing AA luminal diameter. The mean AA luminal diameter is significantly larger in
participants with risk factors associated with AA luminal diameter than those without (32.6
mm vs. 31.4 mm; p<0.0001, respectively)

The median value of AA luminal diameter increased approximately by 1 mm per each
decade for both men and women. The trend of greater AA luminal diameter with increased
age was similar for all race/ethnic groups (not shown). The upper limits (95t percentile) of
ascending aortic luminal diameter for age categories of 45-54, 55-64, 65-74, and 75-84
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years were 34.4, 36.4, 36.3 and 37.1 mm in women, respectively. These values were 37.3,
40.7, 41.0, 40.8 mm in men, respectively (Table 4, Figure 3A-D).

Table 5 shows 51, 50t 95t percentile values of BSA-indexed AA luminal diameter
stratified by age and gender, respectively. The upper limits (951 percentile) of BSA-indexed
AA luminal diameter for age categories of 45-54, 55-64, 65—74, and 75-84 years were 21,
22, 22, and 28 mm/m?2 in women; whereas these values were 20, 21, 22, 23 mm/m? in men,
respectively. The formula for predicting the mean ascending aortic luminal diameter is 14.99
+0.12 x age + 1.79 (if male) + 4.63 x BSA.

The upper limit of normal (95% percentile) and BSA indexed AA luminal diameter for
women was 35.8 mm and 22 mm/m? for Caucasians, 36.4 mm and 25 mm/m? for Chinese-
Americans, 35.4 mm and 20 mm/m? for African-Americans, and 35.4 mm and 21 mm/m?
for Hispanics. For men, these values were 40.3mm and 20 mm/m? for Caucasians, 37.9mm
and 23 mm/m? for Chinese-Americans, 39.6mm and 20 mm/m? for African-Americans, and
39.1 mm and 21 mm/m? for Hispanics, respectively.

AA Luminal Diameter and Wall Thickness Using Black Blood Fast Spin Echo

Of 1,053 MESA participants with spin echo images, 312 participants had no risk factors
associated with AA luminal diameter.

The mean AA wall thickness was 2.8 mm and showed no significant association with age
(p=0.78), gender (p=0.06), CAC score (p=0.5), or maximum common carotid artery intima-
media thickness (p=0.08).

DISCUSSION

In a large, population-based study conducted in the United States of men and women with a
mean age of 61 years, the upper limit of BSA-indexed ascending aortic luminal diameter
(95 percentile) for age categories of 45-54, 55-64, 65-74, and 75-84 years was proposed
as 21, 22, 22, and 28 mm/m? in women; whereas these values were 20, 21, 22, 23 mm/m?2 in
men, respectively. The mean AA wall thickness was 2.8 mm with no significant change by
age and gender. Age, male gender, and BSA were major determinants of mean AA luminal
diameter, accounting for 26 % of its variability. Variation of AA luminal diameter by race/
ethnicity was of minor clinical significance.

Prior knowledge about the normal limits of AA diameter was mainly from single center
studies performed using TTE (1), MRI (5) (7), electron beam tomography, and MDCT
(2,17-20). The measurement of AA diameter depends on the characteristics of the image
acquisition and resolution. It is measured as luminal diameter in some of these studies
(1,5,17,18,21) and as outer diameter in others (2,7,18,20). The mean values of AA luminal
diameter were between 29 and 32 mm for women and between 32 and 35 mm for men. AA
mean outer diameter values were between 31 and 34 mm and 34 and 40 mm for women and
men, respectively. Our results are in the similar range of published studies for AA luminal
diameter (mean + standard deviation: 30 +3 for women, 33 £4 mm for men). Variation
between these studies may also in part be due to aortic pulsatility and the sequence
performed in MRI. The AA diameter changes approximately by 7-8% (~ 2-3 mm) over the
cardiac cycle (17-19). The current study allows us to measure the AA luminal diameter
using cine phase contrast MRI. A phase contrast sequence would not be the first choice to
determine aortic size and in MESA study it was performed to obtain asending aortic
distensibility.
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The positive relationship between age (1,2,5,17-20), gender (1,2,18,20), body surface area
(1,17,20), and ascending aortic diameter has been previously reported in smaller studies.
Our results are consistent with previous studies. AA diameter was greater with advancing
age for both genders and across all ethnicities.

Previous studies reported contradictory results about the role of high blood pressure as a
major risk factor for ascending aortic dilatation. In the Framingham heart study, blood
pressure variables showed inconsistent associations (DBP and MBP were positively related,
SBP and PP were negatively related) with aortic root dimension (22). In the SPARC study,
AA diameter did not show any association with systolic and diastolic blood pressures;
whereas aortic diameter at the level of sinuses of Valsalva was negatively associated with
systolic blood pressure (1). Chironi et al. (20) reported a positive relationship between AA
diameter and hypertension, and systolic and diastolic blood pressure. In the current study,
blood pressure measurements were standardized at 6 sites evaluating more than 6814
subjects. Our data indicate that all blood pressure related variables were consistently and
positively associated with AA diameter, although the overall effect size is small.

Chironi et al. (20) reported a positive association between CAC and AA diameter after
adjustments for age, gender, and BSA, similar to the current study. In our study, this
association remained significant in the fully adjusted model. Other subclinical measures of
atherosclerosis (maximum common and internal carotid artery IMT) and systemic
inflammatory markers (IL-6 and CRP) showed no clinically significant relationship to AA.

As a limitation, selection of participants in MESA was designed to minimize biases typically
associated with studies of volunteers, but does not necessarily represent a random sample of
the U.S. population. Smaller sample sizes for some ethnicities may have limited our ability
to detect ethnic interactions. The cross sectional design of the study impairs the ability to
establish the temporal and causal nature of the associations. The thoracic aorta diameter was
measured at a single site of ascending aorta from a single slice.

In conclusion, major determinants of AA diameter were age, gender, and body size. AA
diameter increased gradually with advancing age for both genders and among all race/
ethnicities. We provide normal reference values of AA luminal diameter as well as wall
thickness with the objective of defining enlargement of the ascending aorta.
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Figure 1.

A-D: Image analysis. Series of modulus images from ECG gated phase contrast aorta MRI
at the level of right pulmonary artery (A). A representative image from the series with
ascending aorta contour (B). The resulting ascending aorta cross sectional area/ time curve
over the cardiac cycle to determine maximum and minimum cross sectional areas (C). ECG
gated double inversion recovery black blood fast spin echo image at the same image position
during diastole showing the inner and outer contours of ascending aorta to obtain ascending
aorta wall thickness (D).
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Figure 2.

Histograms Comparing Average Ascending Aortic Luminal Diameter of Whole MESA
Cohort with Aorta MRI (n=3573) to Participants without Influential Predictors* (n=1612)
* Participants with hypertension, diabetes, lipid lowering medication use, coronary calcium
score value > 95™ percentile and total cholesterol value > 951 percentile were excluded
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Figure 3.

A-D: Ascending Aorta Diameter in Relation to Age and Body Surface Area.

A: The mean value and 95% Normal Confidence Limits for Ascending Aorta Diameter in
relation to age in women with a body surface area < 0.17 m2.

B: The mean value and 95% Normal Confidence Limits for Ascending Aorta Diameter in
relation to age in women with a body surface area > 0.17 m?2

C: The mean value and 95% Normal Confidence Limits for Ascending Aorta Diameter in
relation to age in men with a body surface area < 0.2 m?2

D: The mean value and 95% Normal Confidence Limits for Ascending Aorta Diameter in
relation to age in men with a body surface area = 0.2 m?2
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Characteristics of MESA Participants with Ascending Aortic Luminal Diameter Measurement (n= 3573) by

Gender, 2000-02

Women
N=1940
Mean=SD or n

Men
N=1633
Mean £SD or n

(%) (%) p

Cardiovascular Disease Risk Factors
Age, years 60.6 £10.0 60.5+10.0 0.73
Race/ethnicity 0.42

Caucasian 801 (41.3) 700 (42.9)

Chinese American 214 (11.0) 185 (11.3)

African American 601 (31.0) 464 (28.4)

Hispanic 324 (16.7) 284 (17.4)
Body Surface Area (m2) 1.76 £0.2 2.0+0.2 <0.0001
Total Cholesterol (mg/dl) 199.54 + 34.9 187.8+33.4 <0.0001
LDL Cholesterol (mg/dl) 117.5+£31.6 116.8+29.7 0.44
HDL Cholesterol (mg/dl) 57.36+15.7 45.3+11.6 <0.0001
Triglycerides (mg/dl) 123.3+ 80.8 131.0+85.2 0.006
Lipid Lowering Medication(Yes) 315 (16.3) 236 (14.5) 0.14
Hyperlipidemia 862 (45.1) 930 (57.7) <0.0001
Systolic BP (mmHg) 125.1+22.8 124.5+18.8 0.34
Diastolic BP (mmHg) 69.35+10.3 75.1+9.5 <0.0001
Mean BP (mmHg) 88.0+13.2 91.5£11.5 <0.0001
Pulse Pressure (mmHg) 55.8+17.8 49.4+ 143 <0.0001
Hypertension (Yes) 838 (43.2) 653 (40.0) 0.053
Hypertension Medication (Yes) 715 (36.9) 546 (33.4) 0.030
Diabetes (Yes) 182 (9.4) 187 (11.5) 0.043
Cigarette Smoking (Yes) 791 (40.9) 936 (57.5) <0.0001
Family History of Heart Attack (Yes) 847 (46.1) 595 (38.9) <0.0001
Measures of Subclinical Atherosclerosis
Coronary calcium score” 0(0-19.6) 9.7 (0-130.9) <0.0001
Maximum CCA IMT (mm) 0.8 (0.2) 0.9 (0.2) <0.0001
Maximum ICA IMT (mm) 1.0 (0.5) 1.1(0.6) <0.0001
Systemic I nflammatory Markers
IL-6 (pg/ml) 15(1.2) 1.4 (1.2) 0.004
CRP (mg/l) 45(6.2) 2.66 (5.3) <0.0001

CCA IMT: common carotid artery intima media thickness, ICA IMT: Internal carotid artery intima media thickness.

Numbers given represents median (25th—75th percentile) for coronary calcium score
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Table 2

Minimally Adjusted Linear Regression Models Showing Associations of Ascending Aortic Luminal Diameter
with Cardiovascular Disease Risk Factors in 3573 MESA Participants, 2000-02

Variable Regression  95% ClI p
Coefficient
(mm)

BASELINE MODEL

Age ( per SD of 10 yrs) 1 1.2 1.1-1.3 <0.001
Gender 2 1.9 1.6-2.1 <0.001
Body Surface Area (per SD of 0.23m2)3 10 09-11 <0.001

BASELINE MODEL+ ONE VARIABLE

Traditional Risk Factors

Race
...Caucasian Reference Reference

Chinese American 17 1.3-2.1 <0.001

African American -0.2 -0.4-0.1 0.20

Hispanic 0.1 -0.2-0.4 0.57
Systolic BP (per SD of 21 mmHg)# 03 0.2-0.5 <0.001
Diastolic BP (per SD of 10 mmHg)# 0.7 06-08 <0.001
Mean BP (per SD of 13 mmHg) 4 06 04-0.7 <0.001
Pulse Pressure (per SD of 17 mmHg) 4 -0.1 -0.3-0.0 0.07
Hypertension (yes) 0.9 0.7-1.2 <0.001
Cigarette Smoking (yes) -0.2 -0.4-0.0 0.07
Diabetes (yes) -0.4 -0.8--0.1 0.02
Total Cholesterol (per SD of 36 mg/dl)5 -0.1 -0.2-0.0 0.08
HDL (per SD of 15 mg/dI) 0.0 —01-01 074
LDL ( per SD of 32 mg/dI)® -0.1 -02-00 018
Triglycerides ( per SD of 89 mg/dl)5 -0.04 -0.2-0.1 043
Measures of Subclinical Atherosclerosis
Coronary Calcium Score (present) 0.3 0.1-0.5 0.015
Log CAC (per SD of 2.52) 0.21 0.1-04  0.001
Maximum CCA IMT (per SD of 0.19mm) 0.1 0.0-0.3 0.06
Maximum ICA IMT (per SD of 0.60mm)  -0.1 -0.2-0.1 0.44
Systemic I nflammatory Markers
IL-6 (per SD of 1.22pg/ml) -0.03 -0.2-0.1 0.59
CRP (per SD of 6 mg/l) -0.1 -0.2-0.0 0.17

CI: Confidence Interval, BP: blood pressure, CAC: coronary artery calcium score, CCA IMT: common carotid artery intima media thickness, ICA
IMT: Internal carotid artery intima media thickness.
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All models (except for age, gender and, body surface area) were adjusted for age, gender, body surface area.
lAdjusted for gender, body surface area

2Adjusted for age, body surface area

3Adjusted for age and gender

4Adjusted for age, gender, body surface area, hypertension medication use

5Adjusted for age, gender, body surface area, lipid lowering medication use.
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Fully Adjusted Linear Regression Model Showing Associations of Ascending Aortic Luminal Diameter with

Cardiovascular Disease Risk Factors in 3573 MESA Participants, 2000-02

Variable Regression  95% ClI p
Coefficient
(mm)

Age (per SD of 10 yrs) 11 1.0-1.3 <0.001
Gender 1.2 0.9-1.5 <0.001
Body Surface Area (per SD of 0.23 m2) 1.2 1.0-1.4 <0.001
Race

Chinese American 15 1.1-1.9 <0.001

African American -0.5 -0.8--0.2 <0.001

Hispanic 0.03 -0.3-0.4 0.86
Diastolic Blood Pressure (per SD of 10 mmHg) 0.73 0.6-0.8 <0.001
Hypertension Medication (yes) 0.6 0.4-0.9 <0.001
Cigarette smoking (yes) -0.04 -0.3-0.2 0.74
Diabetes -0.5 -0.9--0.2 0.006
Total cholesterol (per SD of 36 mg/dl) -0.2 -0.3--0.0 0.007
HDL (per SD of 15 mg/dl) 0.1 -0.0-0.2  0.07
Lipid medication (yes) -0.7 -1.0--0.4 <0.001
IL-6 (per SD of 1.22 pg/ml) 0.0 -0.1-0.1 0.98
CRP (per SD of 6 mg/l) -0.1 -0.2-0.0 0.07
Max CCA IMT (per SD of 0.19 mm) 0.09 -01-02 023
Log CAC (per SD of 2.52) 0.07 0.0-0.1 0.01
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