1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
J Am Soc Echocardiogr. Author manuscript; available in PMC 2018 December 01.

-, HHS Public Access
«

Published in final edited form as:
JAm Soc Echocardiogr. 2017 December ; 30(12): 1172-1179. doi:10.1016/j.ech0.2017.08.001.

Association of Aortic Root Dilation from Early Adulthood to
Middle Age with Cardiac Structure and Function: The CARDIA
Study

Chike C. Nwabuo, MD, MPH?!, Henrique T. Moreira, MD, PhD%, Henrique D. Vasconcellos,
MD, MScl, Bharath Ambale-Venkatesh, PhD?!, Kihei Yoneyama, MD, PhD?, Yoshiaki
Ohyama, MD, PhD1, Ravi K. Sharma, MD?, Anderson C. Armstrong, MD, MSc, PhD?,
Mohammed R. Ostovaneh, MD, MPH1, Cora E. Lewis, MD, MSPH?, Kiang Liu, PhD3, Pamela
J. Schreiner, PhD, M.S4, Kofo O. Ogunyankin, MD3, Samuel S. Gidding, MD?®, and Joao A.C.
Lima, MD?1

1Johns Hopkins University School of Medicine, Baltimore, Maryland 2University of Alabama,
Birmingham, Alabama 3Northwestern University Feinberg School of Medicine, Chicago, lllinois
4University of Minnesota School of Public Health, Minneapolis, Minnesota °Nemours Cardiac
Center, Alfred I. duPont Hospital for Children, Wilmington, Delaware

Abstract

BACKGROUND—The human aorta dilates with advancing age. However, the association
between progressive aortic dilation with aging and cardiac remodeling has not been established in
studies of community-dwelling adults. We hypothesized that there would be a relationship
between aortic size increase over the early adult lifespan with left ventricular (LV) structural
remodeling and subclinical LV dysfunction in middle age, even in the absence of overt
cardiovascular and valvular disease.

METHODS—Included were Coronary Artery Risk Development in Young Adults (CARDIA)
study participants (n=2933) aged 23-35 years with available transthoracic echocardiography
measurements during 20-years of follow-up. Multivariable linear regression models assessed sex-
specific associations between 20-year change in aortic root diameter with LV structure and
function.

RESULTS—Larger aortic root diameter at 20-year follow-up was associated with greater LV
mass (2.77g/mm versus 2.18/mm, in men and women respectively, p<0.001). In longitudinal
analyses, increase in aortic root diameter over 20-year follow up was associated with a greater 20-
year increase in LV mass and LV Mass to LV end diastolic volume ratio in both sexes. In women
but not in men, increased aortic root diameter over 20-years was associated with increased left
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atrial dimension, impaired E/E” and impaired early diastolic longitudinal and circumferential
strain rates assessed by speckle tracking echocardiography.

CONCLUSIONS—Progressive increase in aortic root diameter from early adulthood to middle
age was associated with increased LV mass and LV concentric remodeling in both sexes and
impaired diastolic function predominantly in women.

INTRODUCTION

Aortic remodeling with advancing age has been described in population and postmortem
studies [1-5]. These aging-related changes are thought to be mediated in part, by collagen
deposition in the aortic wall, aortic stiffness, progressive thinning and fragmentation of
elastin fibers, ultimately resulting in aortic root enlargement [2, 6, 7]. Structural alterations
in the aorta are exacerbated by chronic pressure load and exposure to cardiovascular risk
factors [1, 5, 8-11]. In the Coronary Artery Risk Development in Young Adults (CARDIA)
study, we have previously demonstrated that aortic root size increases from early adulthood
to middle age, with a greater increase in men than women, and that key determinants that
may accelerate this aging-related increase in aortic size include: obesity, cigarette smoking
and blood pressure [12]. Recent studies have shown that larger aortic root diameter (AoD)
independently predicts adverse cardiovascular outcomes [13-15]. However, studies
evaluating the association between longitudinal aortic size increase and cardiac structural,
systolic and diastolic functional indices in later life are notably lacking.

Observational studies have shown a greater incidence of heart failure with preserved ejection
fraction (HFpEF) with aging, especially among women [16]. Adverse vascular-ventricular
interactions, elevated LV filling pressures with predominant but not isolated diastolic
dysfunction may be contributory mechanisms that are theorized to play a role in the
pathophysiology of HFpEF [17, 18]. This may suggest differential arterial and ventricular
interactions with aging and by gender that may be reflected in associations of change in
aortic root size with markers of LV remodeling and subclinical function.

Accordingly, we posited that there would be a relationship between AoD increase over the
early adult lifespan with LV structural remodeling and subclinical LV function in middle
age. We tested these hypotheses in CARDIA; a community-based cohort study that provides
a unique opportunity to explore these relationships over the early adult life course and also
assess for race and gender specific effects.

METHODS

Study Design and Participants

The selection criteria and study design of the CARDIA study have been described in detail
elsewhere [19]. Briefly, CARDIA is a multi-center bi-racial cohort study that enrolled 5,115
men and women from 4 U.S. Field Centers (Birmingham, Alabama; Oakland, California;
Chicago, Illinois; and Minneapolis, Minnesota), aged 18 to 30 years at baseline (1985-1986)
with 25 years of follow-up in 7 subsequent visits up until 2010-2011 (year-25 exam). For
this study, we evaluated 3,239 CARDIA participants with echocardiograms done 20 years
apart, 1990-1991 (year-5, baseline) and 2010-2011 (year-25, follow up). 170 participants
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were excluded due to suboptimal images for AoD assessment. Participants with clinical
cardiovascular disease events (93) and moderate or severe valvular dysfunction (43) were
excluded. The final analytic cohort had 2,933 participants (91% of total year 5 -year 25
participants). All study participants gave written informed consent and the institutional
review boards of each participating institution approved study.

Echocardiographic assessments

The echocardiography protocols at CARDIA year-5 and year-25 were designed to ensure
consistency across exams and followed existing American Society of Echocardiography
(ASE) guidelines at each period [20-23]. Briefly, trained sonographers, following
standardized protocols across all four-field centers, acquired images. Experienced readers
interpreted digitized images using standard software offline image analysis system
transmitted to a core-reading laboratory (video tape in year-5 to the University of California,
Irvine and digitally in year-25 to the Johns Hopkins University Echocardiography Reading
Center in Baltimore, Maryland). AoD was measured from 2D guided parasternal M-mode
tracings at the level of the sinuses of Valsalva, using the leading edge-to-leading edge
approach in end-diastole. LV and left atrial dimensions were acquired using 2D-guided M-
mode obtained from parasternal views [22]. LV mass was derived according to ASE
guidelines. LV volumes were estimated from apical views using Simpson’s method. LV
ejection fraction (LVEF) was calculated from LV end diastolic and end systolic volumes
[24]. Peak early diastolic velocity (E) and peak late diastolic velocity (A) were measured
from pulsed Doppler recordings of transmitral flow. Early peak diastolic mitral annular
velocity (E”) - derived from tissue Doppler as the average of septal and lateral mitral annular
velocities [25].

Speckle Tracking Echocardiography

Covariates

The speckle tracking echocardiography (STE) protocol and quality control procedures for
CARDIA has been previously described [23, 26]. In a retrospective analysis of prospectively
collected data, STE for LV myocardial strain and strain rate measures were performed
offline with dedicated semi-automated 2-dimensional wall motion tracking software
(Toshiba Medical systems). Three cardiac cycles were recorded for apical and parasternal
views at an average frame rate of 46.2 frames per second. After manual tracing of LV
endocardial border, a mid-wall region of interest was automatically defined and adapted
when necessary. Lagrangian strain was derived from the change in regional length relative to
the length at end-diastole: Strain = (L (t) — LO)/LO x 100, in which L (t) is the length at time
tand LO is the length of the segment at the beginning of the QRS segment. Strain rate was
defined as the rate of deformation, estimated from the strain temporal derivative. Strain rate
parameters were presented as deformation per second (1/s). Global strain values were
calculated as the average of segmental peak systolic strain. More negative strain values
imply better systolic function whereas more negative diastolic strain rate values denote
worse diastolic function.

Assessments of risk factor variables in the CARDIA Study have been previously described
[22, 27]. Briefly, the use of anti-hypertensive medication and smoking status (current
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smoker, former smoker and never smoker) were self-reported, assessed using validated
questionnaires. A physical activity score (exercise units) was obtained from the CARDIA
physical activity history—a modified version of the Minnesota Leisure Time Physical
Activity Questionnaire [28]. Three seated blood pressure (BP) measurements were obtained,;
the mean of the second and third readings was used. Diabetes mellitus was ascertained at
each examination based on one or more of a combination of history of medication use (every
visit), fasting glucose = 126 mg/dL, 2 hours from a glucose tolerance test (glucose=200
mg/dL) or HbAlc = 6.5 and the absence of pregnancy. Total cholesterol, high-density
lipoprotein cholesterol (HDL-C), and triglycerides were determined using an enzymatic
assay by Northwest Lipids Research Laboratory (Seattle, Washington). Low-density
lipoprotein cholesterol (LDL-C) was derived by the Friedewald equation [29].

Statistical analysis

RESULTS

Descriptive characteristics of study participants were summarized for men and women at
year-5 and year-25. Continuous variables were presented as means and standard deviations
(SD) or median and inter quartile range (IQR), using student t-test or Wilcoxon rank-sum
(Mann-Whitney) tests, as appropriate. Categorical variables were compared using chi-
squared statistics for frequencies and proportions. AoD at the year-25 exam was used for
cross-sectional analyses and 20-year change in AoD (AAoD); calculated as AoD in year-25
minus AoD in year-5) was used for longitudinal analyses. Multivariable linear regression
models were used to assess the cross-sectional and longitudinal associations of AoD and
AAo0D with LV structure and function in both sexes. In cross-sectional analyses with LV
structure and function as dependent variables, models were adjusted for age, sex, race,
education, smoking status (current, former vs never), systolic blood pressure, diastolic blood
pressure, resting heart rate, body mass index, HDL-C, LDL-C, anti-hypertensive
medications (any vs. none) and physical activity (continuous). In longitudinal analyses, the
relationship between LV structure and function as dependent variables and AAoD was
assessed with models adjusted for baseline year-5 risk factors, year-5 echocardiography
parameters if available, 20-year change in risk factors, chronic risk exposure (anti-
hypertensive use; consistent anti-hypertensive use at year-5 and year-25, anti-hypertensive
use at year-5 but not year-25 and vice versa compared to never used anti-hypertensive
medication, diabetes mellitus at year-5 and new onset diabetes at year-25, smoking (current,
former vs never). To assess potential collinearity of selected covariates in regression models,
variance inflation factor was utilized. Finally, we examined the interaction of AoD with sex
and race in its association with cardiac structural and functional parameters using interaction
terms as well as stratified analyses. Statistical significance was set at a two-sided probability
of p<0.05. All statistical analyses were performed using STATA (version 13.1, Stata Corp.,
College Station, Texas, USA).

Population characteristics

Baseline and follow-up population characteristics of the 2933 CARDIA participants are
illustrated in Table 1. Fifty-six percent of study population was female and about fifty-five
percent Caucasian. The median age at baseline and follow-up was 30 (IQR 27-33) and 51
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(IQR 47-53) years, respectively. The prevalence of diabetes increased significantly from
baseline to 20-year follow-up examination, together with an increase in mean body mass
index and systolic and diastolic blood pressures in both men and women over 20-years of
follow-up. Compared to women, men had higher blood pressures at each visit. Mean LV
mass increased from baseline to 20-year follow-up in both men and women, although men
had a higher mean LV mass compared to women in both examinations. Conversely, LVEF
was higher in women compared to men at baseline and decreased significantly in both sexes
across the 20-year follow-up period. Mean absolute AoD increased from baseline to 20-year
follow-up exam, and was higher in men (29.9 + 3.6mm versus 33.3 £ 3.8mm, p<0.001)
compared to women (26.1 £ 3.1mm versus 28.7 = 3.4mm, p<0.001) at both baseline and
follow-up examination. Similarly, men had larger mean increase in aortic root diameter over
20-years compared to women (3.40 + 3.9mm versus 2.62 + 3.4, P<0.001).

The results of sex-specific regression analyses adjusted for temporal changes in
cardiovascular risk factors and therapies to control hypertension are shown in Table 2.
Larger AoD at CARDIA examination year-25 was associated with higher LVM (2.77g/mm
versus 2.18 g/mm, in men and women respectively), lower LVEF and higher LV mass to LV
end diastolic volume ratio (LVMVR) in both sexes, p<0.05 for all). Larger AoD at CARDIA
examination year-25 was also associated with impaired E’, and impaired longitudinal and
circumferential early diastolic strain rates by STE. In contrast, larger AoD at examination
year-25 was associated with higher LAD (p<0.001) in women only.

Statistical significance of gender and race interaction terms with regard to 20-year change in
AoD in fully adjusted regression models are demonstrated in Table 3. As illustrated in
Figure 1 and Table 3, we observed significant interaction between AoD change over 20-
years and sex with respect to E/E” (P=0.04), E” (p=0.02) and Ell_SRE (p=0.045) but no
interaction between AoD change over 20 years and sex with LVM (p=0.53) and LVMVR
(p=0.15). There was no significant interaction between AoD increase over 20 years and race
for any LV structure or functional parameter. As shown in Table 2, increase in AoD over 20
years was associated with greater increase in LVM (1.68 g/mm versus 1.47g/mm, in men
and women respectively, p<0.001) and greater increase in LVMVR over 20-years follow-up
in both sexes. We did not observe a consistent significant relationship between increased
AoD over 20 years with measures of subclinical LV systolic function assessed by STE in
either sex. In women only, AoD and 20-year change in AoD was associated with increased
left atrial dimension, impaired E/E” and impaired longitudinal and circumferential early
diastolic strain rates by STE. Further analysis (Appendix Table 4) accounting for
childbearing status did not attenuate these associations.

DISCUSSION

Our study provides data regarding sex-specific associations between AoD change from early
adulthood to middle age with cardiac structure and function. We confirm previous studies
that have shown positive relationships between larger aortic root size and higher LV mass
[10, 30-33]. The present study importantly extends these findings by evaluating the
association of aortic size change over the early adult life course with cardiac structure and
function in middle age and included assessments by Tissue Doppler and STE. We
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demonstrate that, in the community, increased AoD from early adulthood to middle age was
associated with increased LV mass and LV concentric remodeling in both sexes and
impaired diastolic function predominantly in women.

Production of elastin in the media layer of the aortic wall greatly diminishes after childhood
[34]. In comparison, aortic lumen diameter increases from early adulthood in response to
aging-related cyclical stress, increased body size and chronic risk factor exposure [12, 35].
Consistent with the law of Laplace, aortic luminal dilation may result in increased aortic
wall stress, leading to further thinning and fracturing of elastic lamina. This logically implies
a vicious cyclical pattern wherein increased aortic size with subsequent higher wall stress
and concomitant vascular stiffness, could result in further aortic enlargement and
acceleration of the aortic-aging processes. Data using murine animal models convincingly
illustrated that aortic stiffening may precede subsequent aortic aneurysmal dilation [36].
Aortic root dilation with concomitant arterial stiffness may result in early return and
increased magnitude of reflected pressure waves in late systole, leading to augmented aortic
pressures, reduced coronary blood flow, myocardial fibrosis, and increased loading
conditions of the ventricle with resultant compensatory LV hypertrophy. Alterations in aortic
material properties that occur in mid-to-late adulthood and their relationship with
echocardiography determined adverse cardiac remodeling have been primarily described in
cross-sectional studies [30—33]. Several prior studies and a meta-analysis have shown
associations between larger aortic size and higher LV mass [10, 30-33]. These reported
associations might reflect the role of comorbidities that may also contribute to left
ventricular (LV) alterations. Our study results are in concordance with these findings and
importantly extend them by demonstrating increased AoD over 20-years was associated with
greater 20-year increase in LV mass and LV concentric remodeling. Data from the
Framingham study showed that aortic root diameter change was independently associated
with incident heart failure [14], but this relationship was not statistically significant after
accounting for alterations in LV mass. Taking together with our findings, a mediatory role
for LV structural remodeling in the pathogenesis of heart failure, in response to increasing
aortic size is supported.

Notably, we found that the relationship between increased AoD over 20-years with impaired
diastolic function by Doppler and STE was found predominantly in women. HFpEF
accounts for about 50% of heart failure events and is more prevalent with aging, particularly
among women [17, 37-39]. The pathophysiological mechanisms underlying this sex
difference are not completely understood, but may be related to differential patterns of
diastolic function and vascular-ventricular coupling with aging. Studies of generally healthy
populations have shown that women may have a steeper rise in arterial stiffness and wave
reflections compared to men with aging [40]. Beyond sex differences in aortic material
properties, there are also differences by sex with respect to myocardial fibrosis and
ventricular remodeling in response to arterial loading conditions. In the Multi-Ethnic Study
of Atherosclerosis, women had greater fibrosis than men and replacement myocardial
fibrosis was related to LV concentric remodeling in women compared to LV dilation in men
[41, 42]. Similarly, in senescent hearts, a steeper increase in LV mass was observed in
women in contrast to men [43]. In young females, childbearing may represent a transient
period of physiological increase in intravascular blood volume that may relate to short-term
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aortic dilation. In this study, accounting for childbearing status did not attenuate observed
associations between aortic size and cardiac structure and function. Furthermore, sex-
specific relationships with diastolic function persisted despite the mitigating effects of
accounting for temporal changes in body size, blood pressure, valvular dysfunction, and
overt cardiovascular disease. Since these sex-specific associations were present despite a
relatively smaller increase in aortic size in women compared to men with senescence, it is
plausible that these vascular-ventricular interactions are modulated by additional
pathophysiological mechanisms. These sex differences may be related to neuro-hormonal,
bio-molecular and genetic influences, but further studies are required to elucidate the exact
pathobiological mechanisms.

STRENGTHS AND LIMITATIONS

The strengths of this study include a large biracial cohort of men and women, long-term
follow up, ability to control for demographic, socioeconomic and other traditional
cardiovascular risk factors and inclusion of measures of cardiac performance assessed by
STE and Tissue Doppler. To our knowledge, this is the first comprehensive assessment of the
relationship between longitudinal aortic size change with LV structure and function in later
life in a large community-based population. We acknowledge that aortic root measurement
was performed using the leading edge-to-leading edge technique which may include 1-2mm
of aortic wall thickness and the use of 2D-guided M-mode may also result in
underestimation of aortic root diameters. Echocardiograms were acquired 20 years apart on
different equipment, interpreters, and reading centers. However, rigorous training and quality
control procedures were followed and the CARDIA echocardiography exams showed good
reproducibility profile [12, 22, 23].

CONCLUSIONS

In summary, this study demonstrated associations between aortic root diameter increase
from early adulthood to middle age with greater 20-year increase in LV mass and LV
concentric remodeling in both sexes, and impaired diastolic function predominantly in
women. Our study findings support the hypothesis that aortic root dilation is associated with
adverse cardiac remodeling and underscores the potential importance of sex-specific
ventricular-arterial interactions in the pathogenesis of heart failure.
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Figure 1.

Plots showing the linear regression fit and 95% confidence intervals for men (blue line) and
women (red line) with left ventricular structure and functional indices on the y-axis and 20-
year change in AoD on the x-axis.
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