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Abstract
Decreased arterial compliance is an early manifestation of adverse structural and functional
changes within the vessel wall. Its correlation with left ventricular (LV) area on computed
tomography (CT), a marker of LV remodeling, has not been well demonstrated. We tested the
hypothesis that decreasing aortic compliance and increasing arterial stiffness is independently
associated with increased LV area. The study population consisted of 3,540 (61±10 years, 46%
men) from the MESA study who underwent aortic distensibility (AD) assessment on magnetic
resonance imaging (MRI) and LV area measurement on CT (adjusted to body surface area).
Multivariable logistic regression was performed to assess the association between body surface
area (BSA) normalized LV area >75th percentile and AD after adjusting for baseline clinical,
historical and imaging covariates. The mean LV area /BSA was 2,153 cm2 and mean AD was 1.84
mm Hg−1 x103. Subjects in the lowest AD quartile were older with higher prevalence of
hypertension, diabetes, and hypercholesterolemia (p<0.05 for all comparisons). Using multivariate

© 2013 Excerpta Medica, Inc. All rights reserved.

Please send correspondence to: Mouaz H. Al-Mallah, MD, Associate Professor of Medicine, Wayne State University, Detroit, MI,
USA, Consultant Cardiologist and Division Head, Cardiac Imaging, King Abdul-Aziz Cardiac Center, King Abdul-Aziz Medical City
(Riyadh), National Guard Health Affairs, Department Mail Code: 1413, P.O. Box 22490, Riyadh 11426, Kingdom of Saudi Arabia,
Tel. Sec. +96612520088 Ext. 16035, Fax. 16700, mouaz74@gmail.com.

Disclosures: M.J. Budoff is a member of the Speakers’ Bureau for General Electric

Publisher's Disclaimer: This is a PDF file of an unedited manuscript that has been accepted for publication. As a service to our
customers we are providing this early version of the manuscript. The manuscript will undergo copyediting, typesetting, and review of
the resulting proof before it is published in its final citable form. Please note that during the production process errors may be
discovered which could affect the content, and all legal disclaimers that apply to the journal pertain.

NIH Public Access
Author Manuscript
Am J Cardiol. Author manuscript; available in PMC 2015 January 01.

Published in final edited form as:
Am J Cardiol. 2014 January 1; 113(1): 178–182. doi:10.1016/j.amjcard.2013.09.039.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



linear regression adjusting for demographics, traditional risk factors, coronary artery calcium and
C-reactive protein, each standard deviation decrease was associated with 18 cm2 increase in the
LV area. In addition, decreasing AD quartiles were independently associated with increased BSA
LV area defined as >75th percentile. In this multi-ethnic cohort, reduced AD was associated with
increased LV area. Longitudinal studies are needed to determine if decreased distensibility
precedes and directly influences increased LV area.

Keywords
Arterial compliance; Left ventricular area; Computed tomography; Aortic Distensibility

Introduction
Decreased arterial compliance is an early manifestation of adverse structural and functional
changes within the vessel wall.1 The use of different imaging techniques optimized for
assessment of vascular elasticity and quantification of luminal and vessel wall parameters
allows for a comprehensive and detailed view of the vascular system. 2 The distensibility
coefficient (a measure of compliance) has been validated in large study populations and has
been used to predict adverse cardiovascular outcomes. 2 Several studies have also
documented the prognostic importance of arterial stiffness in various populations as an
independent predictor of cardiovascular morbidity and all-cause mortality.3–6 Increased left
ventricular (LV) mass is also well established as an independent predictor of cardiovascular
morbidity and mortality.7–11 Recently, LV area has been shown to be an accurate and highly
reproducible surrogate of LV mass and volumes.12, 13 It is easily obtained from gated chest
computed tomography (CT). While the correlation between LV mass and aortic
distensibility (AD) has been well demonstrated, the correlation between LV area on CT and
AD has not been studied. 14–16 Thus, we tested the hypothesis that decreasing aortic
compliance and increasing arterial stiffness are independently associated with increased LV
area.

Methods
The Multi-Ethnic Study of Atherosclerosis (MESA) investigated the prevalence, correlates,
and progression of sub-clinical cardiovascular disease (CVD) in a population-based sample
of 6,814 men and women aged 45–84 years free of known cardiovascular disease at
baseline. The study objectives and design have been published before.17 In brief, this
prospective cohort study includes recruited subjects from six U.S. communities (Baltimore,
MD; Chicago, Ill; Forsyth County, North Carolina; Los Angeles County, California;
northern Manhattan, New York; and St. Paul, MN). In this analysis, we included all
individuals who had baseline aortic distensibility (AD) assessment on MRI as well as LV
area on non contrast computed tomography. We used baseline data from MESA (2000–
2002). A total of 3,540 subjects (61±10 years, 46% males) had both LV area and AD on
MRI measured and formed the study cohort. Institutional Review Board approval was
obtained at all MESA sites, and written informed consent obtained from all participants.

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, a family history of coronary heart disease and
medical history were obtained by questionnaires. Current smoker was defined as having
smoked a cigarette in the last 30 days. Diabetes mellitus (DM) was defined as a fasting
glucose ≥126 mg/dL or use of hypoglycemic medications. Resting blood pressure was
measured 3 times in the seated position, and the average of the second and third readings
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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 (BMI) was calculated from the equation weight (kg)/ height (m2). Total and high-
density lipoprotein (HDL) cholesterol were measured from blood samples obtained after a
12-hour fast. Low-density lipoprotein cholesterol (LDL) was estimated by the Friedewald
equation.18 Estimated glomerular filtration rate (GFR) was calculated using the creatinine-
based four-variable Modification of Diet in Renal Disease (MDRD) equation.19

All participants underwent CT scans at the same time for evaluation of coronary
calcification in exam 1. The image acquisition protocol has been described before.20–23 In
summary, computed tomography scanning of the chest in supine position was performed
either with an ECG-triggered (at 80% of the RR interval) electron-beam CT scanner or with
prospectively ECG-triggered scan acquisition at 50% of the RR interval with a multidetector
CT system that acquired 4 simultaneous 2.5mm slices for each cardiac cycle in a sequential
or axial scan mode. A minimum of 35 contiguous images with a 2.5 or 3mm 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, field of view of 35 cm, and matrix of 512 ×
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 4–detector row CT. Spatial resolution is described by the
smallest volume element, or voxel, for the protocol for each system: 1.15 mm3 for 4–
detector row CT (0.68 × 0.68 × 2.50 mm) and 1.38 mm3 for electron beam CT (0.68 × 0.68
× 3.00 mm).

LV area was determined using a single mid-slice area at the level containing the coronary
sinus slice or the first level below the left atrium during mid-diastole. In the core lab, the LV
traces were done around region bounded by the outer border, the anterior interventricular
groove (where the left anterior descending coronary artery resides) and the left posterior
interventricular groove. This area included both the LV mass and LV intracavitary volume,
as well as part of the interventricular septum. The LV area calculated was adjusted to body-
surface area (BSA) in all participants. Ascending and descending thoracic aortic calcium
(TAC) was measured in the aorta from the lower edge of the pulmonary artery bifurcation to
the cardiac apex (imaged on every study of coronary calcium). Coronary Calcium was
traced in all three coronary arteries. The coronary calcium score as well as the TAC score
were calculated by the method of Agatston 24.

The MESA Gradient-echo phase-contrast cine MRI with electrocardiographic gating was
performed to evaluate the distensibility of the descending aorta. Images of the descending
aorta were obtained in the transverse plane at the level of the right pulmonary artery
perpendicular to the vessel lumen. To determine AD, the minimum and maximum cross-
sectional areas of the ascending aorta vessel were determined using an automated contour
routine using the software FLOW (MEDIS Medical Imaging Systems). AD was calculated
using this described by Gamble23:

Where ΔPD was the difference between systolic and diastolic measurements of blood
pressure, and ΔD was the difference between maximum and minimal cross-sectional aortic
diameters. Blood pressure was measured immediately before and after the MRI aortic
measurements, while the patient was in the supine position on the MRI scanner gantry; the
average systolic and diastolic values were then used to calculate pulse pressure. The MRI
reader was blinded to all variables of the study subjects.
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Categorical data are presented as percent frequencies and compared between groups by chi-
square test. Continuous variables are presented as mean ± standard deviation and compared
using Student’s t-test. Non-normally distributed variables are presented as median and
Interquartile range and were compared using non-parametric Kruskal-Wallis test.
Multivariable linear regression analysis was used to determine the association between BSA
normalized left ventricular and AD after adjusting for baseline clinical, historical and
imaging covariates. The primary analysis was to assess the association between BSA
normalized left ventricular area >75th percentile and AD after adjusting for baseline clinical,
historical and imaging covariates by multivariable logistic regression. The 4th quartile (most
distensible) is used as the reference group for subsequent analysis. For all multivariate
modeling, the threshold for variable entry into models was p<0.05 using forward selection
conditional logistic regression. Care was given to avoid model over-fitting by maintaining
an outcome: covariate ratio of at least 20:1. In addition to LV area, model 1 included age,
gender and ethnicity. Model 2 was adjusted for age, gender, ethnicity, hypertension, DM,
cigarette smoking, family history of coronary artery disease, low density lipoprotein
cholesterol levels, cholesterol lowering medications Model 3 includes all the variables in
model 2 plus the Log transformed CAC+1 and Log transformed C-reactive protein (CRP).
Statistical analyses were performed using SPSS (version 17.0; SPSS Inc, Chicago, IL) and
SAS (version 9.1 Cary, North Carolina).

Results
A total of 3,540 subjects are included in this analysis. The mean difference between the CT
and MRI was 26 days. Participants were divided into 4 AD quartiles as shown in table 1.
With the decrease in AD quartile (increasing aortic stiffness), participants were older, more
likely to be males and black. The decrease in aortic distensibility was associated with an
increase in the prevalence of traditional atherosclerotic risk factors including hypertension,
diabetes, hypercholesterolemia, decreasing renal function and 10 year Framingham risk
score (p<0.0001, Table 1) and a higher prevalence of patients with thoracic and coronary
aortic calcium. The LV area increased significantly across decreasing quartiles of AD
(p<0.0001). The subjects with least distensible aorta had the highest prevalence of BSA
normalized LV area in the highest quartile. (Figure 1)

Using multivariable analysis, the adjusted mean BSA normalized LV area is shown in table
2. After adjustment for age, gender and ethnicity, lower AD was associated with a
significant increase in the BSA normalized LV area. (P<0.0001) To determine whether AD
was independently associated with having BSA normalized LV area highest quartiles, we
constructed several logistic regression models adjusting for multiple baseline characteristics
(Table 2). After adjusting for age, gender and ethnicity, decreasing AD was independently
associated with having BSA normalized LV area in the highest quartile (p<0.0001). This
relation persisted after adjusting for body mass index, hypertension, diabetes mellitus,
cigarette smoking, family history of heart attack, LDL cholesterol levels, cholesterol
lowering medications (p<0.0001) as well as adjusting for coronary artery calcium and high
sensitivity C-reactive protein (p<0.0001).

Discussion
Our analysis demonstrates that decreased AD was independently associated with increased
LV area after adjusting for age, ethnicity, gender, atherosclerotic risk factors, and coronary
artery calcium. Participants in the lowest quartile of AD (least compliant aorta) had a 30%
increased risk of having LV area in the highest quartile.
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Previous analysis from the MESA study has shown that decreased AD (a stiffer aorta) is
associated with older age, hypertension, African American ethnicity, and increased aortic
calcifications25. Additionally, decreased AD was present in current smokers and in subjects
with higher HDL cholesterol levels 5. In this analysis, we extended this observation and
showed that decreased AD is associated with higher LV area, an easy and quick
measurement that could be easily obtained from non contrast chest CT. With the increase in
atherosclerotic risk factors, especially hypertension, the left ventricular mass and size
increases. In addition, the aorta stiffens with aging, and the age-related structural and
functional degenerative changes are accelerated by arterial hypertension. Our analysis
suggests that both pathologic processes, the decreasing aortic compliance and increased left
ventricular area, correlate well and are concomitantly present in many subjects.

MRI evaluation of different regions of arterial stiffness provides additional information
about vascular changes. However, the use of MRI derived AD has been restricted by the
limited availability and cost. Previous work has demonstrated that AD is altered by smoking,
exercise, valvular disease as well as medical therapy26–28. Decreased aortic stiffness has
been previously associated with a significant morbidity and increased all-cause and
cardiovascular mortality in hypertensive participants 4, 29, 30. Similar relations had been
shown between left ventricular hypertrophy and different outcomes. In this analysis we used
left ventricular area as a surrogate of left ventricular mass and showed that it correlates well
with increased AD. Whether there is a significant correlation between LV area and other
atherosclerotic changes (outward remodeling, increased non calcified plaque) is not known
and needs further evaluation.

This analysis should be interpreted in the context of its limitations. The cross-sectional
design of our analysis would not allow us to address whether decreased AD precedes the
development or is caused by increased LV area. We did not evaluate subsequent
cardiovascular events and thus, it is unclear whether AD adds incremental prognostic value
over increased LV area in predicting cardiovascular endpoints.
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Figure 1.
Prevalence of increased body surface area adjusted left ventricular area in the highest
quartile across the different aortic distensibility quartiles. There is an increase in the
prevalence of increased LV area across aortic distensibility quartiles. Quartile 4 AD≥2.33
mm Hg−1 x103; Quartile 3 AD1.57–2.32 mm Hg−1 x103; Quartile 2 AD 1.05–1.56 mm Hg−1

x103; Quartile 1 AD ≤1.04 mm Hg−1 x103

Al-Mallah et al. Page 8

Am J Cardiol. Author manuscript; available in PMC 2015 January 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Al-Mallah et al. Page 9

Ta
bl

e 
1

B
as

el
in

e 
C

ha
ra

ct
er

is
tic

s 
of

 th
e 

st
ud

y 
co

ho
rt

 a
cc

or
di

ng
 to

 th
e 

Fo
ur

 Q
ua

rt
ile

s 
of

 A
or

tic
 D

is
te

ns
ib

ili
ty

V
ar

ia
bl

e
A

or
ti

c 
D

is
te

ns
ib

ili
ty

 (
m

m
 H

g−1
 x

10
3 )

P
 V

al
ue

≥2
.3

3 
(N

=8
85

)
1.

57
–2

.3
2 

(N
=8

85
)

1.
05

–1
..5

6 
(N

=8
85

)
≤1

.0
4 

(N
=8

85
)

A
ge

 (
Y

ea
rs

)
54

±
7

58
±

9
63

±
9

69
±

10
<

0.
00

01

W
om

en
41

2(
47

%
)

44
5(

50
%

)
38

7(
44

%
)

37
3(

42
%

)
0.

00
3

W
hi

te
36

4(
41

%
)

38
6(

44
%

)
37

0(
42

%
)

36
4(

41
%

)
<

0.
00

1

C
hi

ne
se

12
9(

15
%

)
98

(1
1%

)
93

(1
1%

)
78

(9
%

)

B
la

ck
20

3(
23

%
)

24
4(

28
%

)
29

5(
33

%
)

31
3(

35
%

)

H
is

pa
ni

c
18

9(
21

%
)

15
7(

18
%

)
12

7(
14

%
)

13
0(

15
%

)

A
nt

i-
H

yp
er

te
ns

io
n

18
3(

20
%

)
30

9(
35

%
)

42
4(

48
%

)
55

3(
62

%
)

<
0.

00
01

H
yp

er
te

ns
io

n 
m

ed
ic

at
io

ns
18

1(
20

%
)

26
3(

30
%

)
35

6(
40

%
)

44
4(

50
%

)
<

0.
00

01

D
ia

be
te

s 
M

el
lit

us
46

(5
%

)
48

(5
%

)
81

(9
%

)
10

7(
12

%
)

<
0.

00
01

Sm
ok

er
 (

Fo
rm

er
)

28
8(

32
%

)
29

5(
33

%
)

33
0(

37
%

)
33

7(
38

%
)

0.
06

Sm
ok

er
 (

C
ur

re
nt

)
11

1(
13

%
)

13
0(

15
%

)
11

4(
13

%
)

10
6(

12
%

)
0.

60

C
ho

le
st

er
ol

 lo
w

er
in

g 
M

ed
ic

at
io

n
10

9(
12

%
)

10
8(

12
%

)
14

7(
17

%
)

17
4(

20
%

)
<

0.
00

01

H
ig

h 
Se

ns
iti

vi
ty

 C
-r

ea
ct

iv
e 

pr
ot

ei
n 

(m
g/

l)
 *

2.
1 

(0
.9

 –
4.

4)
1.

8 
(0

.8
 –

4.
2)

1.
8 

(0
.8

 –
4.

1)
1.

7 
(0

.7
 –

4.
0)

0.
01

3

Pr
es

en
ce

 o
f 

T
A

C
64

(7
%

)
14

8(
17

%
)

27
3(

31
%

)
37

6(
42

%
)

<
0.

00
01

C
A

C
 =

 0
51

2 
(5

8%
)

47
1 

(5
3%

)
37

3 
(4

2%
)

27
6 

(3
1%

)
<

0.
00

01

B
M

I 
(k

g/
m

2 )
27

.6
±

4.
8

27
.6

±
4.

9
28

.1
±

5.
2

27
.9

±
4.

9
0.

51

Sy
st

ol
ic

 b
lo

od
 p

re
ss

ur
e 

(m
m

H
g)

11
3±

16
12

3±
19

12
9±

20
13

6±
23

<
0.

00
01

D
ia

st
ol

ic
 b

lo
od

 p
re

ss
ur

e 
(m

m
H

g)
69

±
11

72
±

10
72

±
11

74
±

11
<

0.
00

01

L
D

L
 (

m
g/

dl
)

11
8±

31
11

7±
30

11
7±

30
11

6±
30

0.
38

H
D

L
 (

m
g/

dl
)

51
±

15
51

±
15

53
±

16
53

±
15

0.
02

4

T
ri

gl
yc

er
id

es
 (

m
g/

dl
) 

*
11

0 
(7

7–
16

0)
73

 (
51

 –
10

5)
75

 (
56

 –
10

7)
10

7 
(7

5 
–1

57
)

0.
21

E
st

im
at

ed
 G

lo
m

er
ul

ar
 F

ilt
ra

tio
n 

R
at

e,
 (

m
L

/m
in

/1
.7

3 
m

2 )
84

±
15

83
±

17
81

±
17

78
±

11
<

0.
00

01

* m
ed

ia
n 

an
d 

in
te

rq
ua

rt
ile

 r
an

ge

Am J Cardiol. Author manuscript; available in PMC 2015 January 01.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Al-Mallah et al. Page 10

Table 2

Adjusted odds ratios (95% confidence interval) for presence of BSA normalized left ventricular area >75th

percentile with reduced aortic distensibility

Model
Aortic Distensibility (mm Hg−1 x103)

≤1.04 (N=885)
≥2.33 (N=885) 1.57–2.32 (N=885) 1.05–1..56 (N=885)

Mean LVA/BSA (cm2) 2119±277 2142±312 2168±312 2183±306

Model 1 1.00 (Ref) 1.35(1.07 – 1.71) 1.67 (1.31 – 2.13) 1.82 (1.41 – 2.35)

Model 2 1.00 (Ref) 1.21 (0.95 –1.54) 1.40 (1.09 – 1.80) 1.34 (1.03 –1.76)

Model 3 1.00 (Ref) 1.20 (0.94 –1.53) 1.39 (1.08 – 1.80) 1.32 (1.01 –1.74)

Abbreviations: Ref: Reference

Model 1: adjusted for age, gender, ethnicity

Model 2: Further adjusted for hypertension, diabetes mellitus, cigarette smoking, family history of heart attack, low density lipoprotein cholesterol
levels, cholesterol lowering medications

Model 3: Further adjusted for coronary artery calcium and C-reactive protein
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