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Abstract
Objectives—Increased arterial wave reflection is a predictor of cardiovascular events and has
been hypothesized to be a cofactor in the pathophysiology of heart failure. Whether increased
wave reflection is inversely associated with left ventricular (LV) systolic function in subjects
without heart failure is not clear.

Methods—Arterial wave reflection and LV systolic function were assessed in 301 participants
from the Cardiovascular Abnormalities and Brain Lesions (CABL) study using 2-dimensional
echocardiography and applanation tonometry of the radial artery to derive central arterial
waveform by a validated transfer function. Aortic augmentation index (AIx) and wasted energy
index (WEi) were used as indices of wave reflection. LV systolic function was measured by
ejection fraction (LVEF) and tissue Doppler imaging (TDI). Mitral annulus peak systolic velocity
(Sm), peak longitudinal strain and strain rate were measured. Participants with history of coronary
artery disease, atrial fibrillation, LVEF <50% or wall motion abnormalities were excluded.

Results—Mean age of the study population was 68.3±10.2 years (64.1% women, 65%
hypertensive). LV systolic function by TDI was lower with increasing wave reflection, whereas
LVEF was not. In multivariate analysis, TDI parameters of LV longitudinal systolic function were
significantly and inversely correlated to AIx and WEi (p values from 0.05 to 0.002).

Conclusions—In a community cohort without heart failure and with normal LVEF, an increased
arterial wave reflection was associated with subclinical reduction in LV systolic function assessed
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by novel TDI techniques. Further studies are needed to investigate the prognostic implications of
this relationship.
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wave reflection; arterial stiffness; systolic function; strain; strain rate; tissue Doppler;
echocardiography

Introduction
Aging, hypertension, and other cardiovascular risk factors are associated with a global
stiffening of the vascular tree [1–3]. In the presence of normal arterial elastic properties, the
systolic-diastolic ventricular-vascular coupling (the Windkessel function) has an important
role in reducing left ventricular (LV) afterload and improving coronary blood flow [4,5]. As
a consequence of the progressive stiffening of the elastic arteries, cardiac afterload increases
both directly (because of a reduction in the Windkessel function) and indirectly (because the
accelerated return from periphery of the arterial wave reflection that adds to the resistance to
the LV ejection effort) [6–8]. Indicators of increased arterial wave reflection are independent
predictors of coronary artery disease, heart failure, cardiovascular events, and mortality [9–
16], and alterations in ventriculo-vascular coupling have been advocated as possible factors
involved in the pathogenesis of both systolic [17,18] and diastolic heart failure [19,20].

The echocardiographic evaluation of LV tissue velocities and tissue deformation by tissue
Doppler imaging (TDI) constitutes a novel method for evaluating the LV systolic function,
able to analyze different components of LV function and to detect subclinical and regional
alterations even in patients with normal LV chamber function (i.e. normal or increased
ejection fraction) [21]. In fact, a reduced LV systolic function, measured by TDI in the
longitudinal direction, is present in patients with heart failure and normal ejection fraction
when measured by TDI technique [22,23]. It is possible, therefore, that even in the setting of
a normal LV ejection fraction, an increase in arterial stiffness may be associated with an
initial, subclinical reduction in the longitudinal LV systolic function. The few previous
studies that investigated this topic showed conflicting results [24,25]. Therefore, in this
cross-sectional study we sought to assess the correlation of arterial wave reflection with LV
longitudinal systolic function measured by TDI-derived techniques in a community-based
cohort free of overt coronary heart disease and with normal LV ejection fraction.

Methods
Study population

The study cohort of the Cardiac Abnormalities and Brain Lesions (CABL) study was
derived from the Northern Manhattan Study (NOMAS), an epidemiological study that
evaluates the incidence, risk factors, and clinical outcome of stroke in the multiethnic
population of Northern Manhattan. The study design and methodological details regarding
NOMAS have been described previously [26]. Briefly, community subjects from Northern
Manhattan were eligible if they: (1) had never been diagnosed with a stroke, (2) were age 40
or older, and (3) resided in Northern Manhattan for at least 3 months in a household with
telephone. NOMAS subjects over age 50 that voluntarily agreed to undergo a brain MRI
study and a more extensive echocardiographic evaluation including assessment of diastolic
function were included in the CABL study. Informed consent was obtained from all study
participants. The study was approved by the Institutional Review Board of Columbia
University Medical Center.
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Risk Factors Assessment
Cardiovascular risk factors were ascertained through direct examination and interview by
trained research assistants. Hypertension was defined as systolic blood pressure (SBP) ≥140
mm Hg or diastolic blood pressure (DBP) ≥90 mm Hg at the time of the visit (mean of two
readings), or a patient’s self-reported history of hypertension or of anti-hypertensive
medications (diuretics, beta-blockers, ACE-inhibitors, AT2-blockers, or Ca++-blockers).
Diabetes mellitus was defined as fasting blood glucose ≥126 mg/dL or patient’s self-
reported history of diabetes or of diabetes medications (insulin or oral hypoglycemic
agents). Hypercholesterolemia was defined as total serum cholesterol >240 mg/dL, self-
report of hypercholesterolemia, or of use of lipid-lowering treatment. Participants with
coronary artery disease, defined as a history of myocardial infarction, coronary artery bypass
grafting, or percutaneous coronary intervention, and those with atrial fibrillation, were
excluded from analysis.

Echocardiographic Assessment
Transthoracic echocardiography evaluation was performed using a commercially available
system (iE 33, Philips, Andover, MA) by a trained registered cardiac sonographer according
to a standardized protocol. LV end-diastolic and end-systolic diameters, interventricular
septum thickness and posterior wall thickness were measured at end-diastole from a
parasternal long-axis view according to the recommendations of the American Society of
Echocardiography (ASE) [27]. LV mass was calculated with a validated formula [28], and
indexed by height to the power of 2.7 to account for the effect of body size on LV mass
growth [29]. LV hypertrophy was defined using the ASE guidelines sex-specific cutoffs
[27]. Left ventricular relative wall thickness (RWT), an index of LV geometry, was
calculated with the formula: (2 × posterior wall thickness)/end-diastolic diameter [30]. LV
ejection fraction (LVEF) was calculated by the biplane-modified Simpson’s rule as
recommended by the ASE [27]. Subjects with an LVEF < 50% or with LV segmental wall
motion abnormalities and those not in sinus rhythm at the time of examination were
excluded from analysis.

TDI-based deformation analysis was performed off-line using commercially available
software (QLAB Strain Quantification, Philips, version 7.0). From a color TDI loop of an
apical 4-chamber view, three consecutive beats were recorded during patient apnea and
stored in digital format for off-line analysis. The sector was narrowed to include only the
wall of interest (interventricular septum) in order to obtain high frame rates (>150 frames/
sec). The region of interest was placed at the level of the mid interventricular septum and a
frame-by-frame manual tracking was used during the whole cardiac cycle to compensate the
lateral shift of the wall and maintain the region of interest on the myocardium. Visual
analysis of the strain rate curved M-mode spectrum (Figure 1 A) was used to judge the
quality of the TDI signal, based on a reproducible and meaningful visualization of systolic
and diastolic phases [31]. Three cardiac cycles were averaged and strain rate and strain
curves were derived (Figure 1A and 1B). Peak LV systolic strain and strain rate, defined as
the negative strain and strain rate curve peaks during the ejection period, were measured and
were used as indicators of global LV chamber systolic function in the absence of regional
wall motion abnormalities [32,33]. In addition, time to peak systolic strain, measured from
the onset of the QRS to the peak systolic strain, was also recorded. LV peak longitudinal
systolic myocardial velocity at the septal mitral annulus (Sm) was evaluated by pulsed TDI
from the apical 4-chamber view (Figure 1 C).

Pulse waveform analysis
On the same day, after the performance of the echocardiogram, blood pressure was
measured with the subjects still in supine position, and pulse wave analysis of the radial
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artery by applanation tonometry at the wrist was performed using a commercially available
device (SphygmoCor, Pulse Wave Analysis System, AtCor Medical). After the acquisition
of 20 to 30 reproducible sequential waveforms, the radial pulse wave was generated, and a
validated generalized transfer function [34,35] was used to derive the corresponding central
aortic pressure waveform and calculate central systolic, diastolic, and pulse pressures. Aortic
augmented pressure (AP) from the reflected wave was measured as the difference between
the peak systolic central pressure and the pressure at the onset of the reflected wave from the
lower body (time to reflection, Tr) (Figure 2). The aortic augmentation index (AIx) was
calculated as the ratio between the augmented pressure and the central pulse pressure and
expressed as percent. In addition to the AIx, we calculated the wasted energy that the LV
generates to overcome the extra afterload imposed by the wave reflection. The aortic
pressure-time integral is a main determinant of myocardial oxygen consumption [36]. The
portion of the systolic aortic pressure-time integral that is attributable to the reflected wave,
representing the extra effort sustained by the LV (wasted energy, WE), was calculated as the
area of a half ellipse: WE (sec-dyne-cm−2) = AP (mmHg) * reflected wave duration (msec)
* π/2 multiplied by the conversion factor 1.33 [37]. The wasted energy is associated with LV
hypertrophy in patients with hypertension, and is related to the myocardial oxygen demand
[37–39]. The ratio of the WE by the total systolic pressure-time integral (wasted energy
index, WEi) expressed in percent, provides an estimation of the contribution of wave
reflection to the late systolic afterload, an estimation that takes into account not only the
amplitude of the reflection (like AIx does) but also its duration. The WEi was therefore used
as an additional index of wave reflection and arterial stiffness.

An algorithm included in the device evaluated the overall quality of the captured signal for
all recordings (based on average pulse height, pulse height variation, diastolic variation,
shape deviation and maximum dP/dT), and only studies with an acceptable quality score
(operator index > 80%) were included in the analysis.

Statistical Analysis
Data are presented as mean ± standard deviation for continuous variables and as proportions
for categorical variables. Simple correlations were evaluated by Pearson’s r correlation
coefficients. Analysis of variance (ANOVA) was used to test differences between quartiles
of AIx and WEi. Multivariate linear regressions were performed to assess the independent
association of aortic stiffness and wave reflections variables with parameters of LV
longitudinal systolic function. Reproducibility of the measurements was assessed by
calculating the intraclass correlation coefficients (ICC) for absolute agreement and relative
95% confidence intervals (CI), and by Bland-Altman plots. For all statistical analyses, a
two-tailed p<0.05 was considered significant. Statistical analyses were performed using
SPSS software version 17.0 (SPSS inc., Chicago, IL).

Reproducibility of wave reflection measurements
In a random sample of 20 study participants, a pulse waveform recording was re-obtained on
the same day of the first measurement, and test-retest reproducibility for the parameters of
wave reflection was assessed. Intraobserver test-retest variability was 0.6±4.1% for AIx, and
0.3±1.5% for WEi. ICC were 0.93 for AIx (95% CI: 0.84–0.97, p<0.001) and 0.98 for WEi
(95% CI: 0.94–0.99, p<0.001)

Reproducibility of TDI measurements
In a random sample of 20 study participants, TDI measurements were re-measured by the
original reader, and intra-observer reproducibility was assessed. ICC were: 0.95 for Sm
(95% CI: 0.88–0.98, p<0.001), 0.94 for peak strain (95% CI: 0.85–0.98, p<0.001), 0.90 for
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peak strain rate (95% CI: 0.76–0.96, p<0.001), 0.94 for time-to-peak strain (95% CI: 0.84–
0.97, p<0.001).

To assess inter-observer reproducibility, a different reader re-measured TDI parameters in a
random subset of 20 study participants. ICC were: 0.90 for Sm (95% CI: 0.77–0.96,
p<0.001), 0.92 for peak strain (95% CI: 0.80–0.97, p<0.001), 0.85 for peak strain rate (95%
CI: 0.65–0.94, p<0.001), 0.93 for time-to-peak strain (95% CI: 0.86–0.98, p<0.001). Bland-
Altman plots showing inter-observer variability of Sm, peak strain and peak strain rate are
shown in Figure 3. Mean differences between readers were: 0.03±0.53 cm/s for Sm (p=0.83
for the comparison between the two readings), 0.08±2.56% for peak strain (p=0.88), and
0.02±0.17 1/s for peak strain rate (p=0.56).

Results
Study population

The study population consisted of 301 subjects. Characteristics of the study sample are
shown in Table 1. As per inclusion criteria, no subject had history of CAD, LV segmental
wall motion abnormalities or LVEF < 50%.

Correlates of wave reflection parameters
Simple correlations of AIx and WEi with clinical, demographic and echocardiographic
variables are shown in Table 2. AIx showed significant correlations with age, body surface
area, mean BP and heart rate (all p<0.01). WEi was significantly correlated with age, body
surface area, mean BP, heart rate (all p<0.01) and LV mass index (p<0.05). The presence of
diabetes, hypercholesterolemia, and medical treatment for hypertension, diabetes and
dyslipidemia were not correlated to wave reflection parameters. In sub-analyses adjusted for
age and sex, treatment with beta-blockers was associated with lower AIx (β=−0.13, p=0.02)
and lower WEi (β=−0.12, p=0.03). No significant associations were found in AIx nor in
WEi associated with the use of angiotensin converting enzyme-inhibitors (β for AIx=0.02,
p=0.69; β for WEi=0.01, p=0.28) and of calcium channel-blockers (β for AIx=0.08, p=0.12;
β for WEi=0.09, p=0.09).

Wave reflections and LV systolic function
The study population was divided into quartiles of AIx and WEi, and LV systolic function
was compared among the groups (Table 3). LVEF was not different among the quartiles of
AIx (p=0.22) or WEi (p=0.57). Sm showed a significant decrease with the increase in AIx
and WEi (both p<0.001). Peak strain rate was lower (less negative) in higher AIx quartiles
(p=0.03) and showed a borderline significant trend in the same direction in higher WEi
quartiles (p=0.06). Time to peak strain was significantly higher in higher AIx and WEi
quartiles (both p<0.001).

In linear regression analysis, after adjusting for covariates (Table 4), a higher AIx was
associated with lower Sm (β=−0.17, p=0.03), lower (less negative) peak strain (β=0.18,
p=0.008) and strain rate (β =0.12, p=0.05), and longer time to peak strain (β=0.28, p=0.002).
Similarly, a higher WEi was significantly associated with lower TDI parameters of LV
systolic function (β =−0.18, p=0.01 for Sm; β =0.13, p=0.04 for peak strain; β =0.14, p=0.03
for peak strain rate; β=0.22, p=0.02 for time to peak strain). The results of the analyses did
not change when in the linear models the interventricular septum thickness was used as a
covariate instead of the LV mass.
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Discussion
In the present study, we demonstrated that, in a community-based cohort without overt heart
disease, TDI parameters of LV systolic function correlated inversely with arterial wave
reflection parameters, whereas LVEF did not. AIx and WEi are the result of the ratio
between the extra pressure/effort caused by reflected waves and the total pulse pressure/
systolic effort, therefore they express the amount of afterload caused by arterial wave
reflection, and are considered indicators of vascular aging and vascular disease, and
surrogate indicators of arterial stiffness [39]. In fact, with increasing stiffening of the arterial
tree, reflected waves from periphery travel faster due to increased pulse wave velocity,
returning to the heart during systole. The result is a substantial increase in late-systolic LV
afterload [6,40]. Our findings may be interpreted as either a consequence of the afterload-
shortening paradigm or as an indicator of impending reduction in LV contractility associated
to increased arterial stiffness. The TDI parameters that we used to assess LV systolic
function explore different aspects of LV mechanics. The peak systolic myocardial velocity
of the mitral annulus (Sm) reaches its peak in proto-systole, and, although its afterload
dependence is debated [41,42], it has been shown to be able to detect alterations of LV
systolic function in different conditions [43,44]. Peak LV strain, which represents the
amount of systolic deformation of the sampled myocardium in respect to the end-diastolic
state, has been found to be related to the LV systolic chamber function [45]. Similarly to
LVEF, LV strain reaches its peak at the end of systole, being the expression of the total
deformation of the sampled LV segments. Among the TDI parameters, LV strain is probably
the one most influenced by afterload. Peak LV strain rate, which is the rate of deformation
of the sampled myocardium, is an early systolic index of LV function, occurring in the very
early systolic phase. LV strain rate showed good correlation with LV contractility measured
invasively in several studies [32,45]. Since the extra afterload generated by wave reflection
occurs in late systole, the relationships between wave reflections and Sm and LV strain rate
suggest that a subclinical reduction in myocardial contractility may be already present even
in the absence of overt clinical LV systolic dysfunction. Although LVEF was not
significantly associated with wave reflection, a non significant trend towards lower LVEF in
higher quartiles of AIx was observed. It is possible that the absence of subjects with heart
failure and impaired LVEF in our study affected the strength of the association between
wave reflection parameters and LVEF by truncating the distribution of LVEF at 50% on the
lower side. Consistent with this hypothesis, in a study in subjects with coronary artery
disease in which the whole spectrum of LVEF was represented, LVEF was found to be
correlated with aortic stiffness [46], although the strength of the correlation was fairly low
(r2=−0.11). If the relationship between wave reflection parameters and systolic function
were linear, as it is likely the case, the absence of subjects with low LVEF in our study
might have also affected the magnitude of the association between TDI parameters and wave
reflection. However, in our population TDI parameters were able to detect alterations in
systolic function; therefore, the TDI technique might be a clinically useful tool to identify
early reduction in LV systolic function when LVEF is still in the normal range, given its
higher sensitivity to detect subclinical alterations of the LV systolic function [21].

The evaluation for a cause-effect relationship between higher wave reflection, reduction in
LV systolic function, and development of heart failure was not an aim of our study.
However, several reports have demonstrated that alterations in ventriculo-vascular coupling
may be a cofactor in the pathogenesis of heart failure. Increased arterial wave reflection and
stiffness have been described in patients with systolic heart failure [17,18,47,48], and brain
natriuretic peptide, a marker of severity of heart failure with prognostic value, has been
shown to be strongly associated with increased aortic stiffness in the setting of idiopathic
dilated cardiomyopathy and in patients with CAD [49,50]. Alterations in arterial stiffness
and wave reflection have also been documented in patients with heart failure and normal
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ejection fraction [10,19,46]. Previous studies suggest that one of the possible factors linking
arterial stiffness to alterations in LV function is atherosclerotic vascular disease. Arterial
stiffness is strongly associated to coronary artery disease [10,51]. In addition, diastolic
pressure is reduced in stiffened arteries, thus affecting coronary perfusion and predisposing
to ischemia. Data from the Multi-Ethnic Study of Atherosclerosis (MESA) showed that
subclinical atherosclerosis is associated with initial myocardial dysfunction, as measured by
strain imaging, in subjects free of heart disease [52]. It is possible, therefore, that subclinical
acute or chronic ischemia may result in a damage of the subendocardial fibers, which are the
major determinant of longitudinal LV function, and that this event can be detected by
sensitive techniques such as TDI and strain imaging, but not by the conventional assessment
of LVEF.

The lack of correlation between LVEF and parameters of arterial wave reflection in our
study is consistent with the results of other studies in subjects with normal LVEF. In patients
undergoing coronary angiography but with normal LVEF, there was a correlation between
aortic stiffness (measured by AIx) and mitral systolic velocity but not LVEF; the analysis,
however, could not be adjusted for LV mass in that study [53]. In a study on 49 subjects
without heart failure, Borlaug et al. found that peak mitral systolic velocity was not
correlated with LVEF but was inversely correlated with carotid augmentation index in
univariate analysis; however, after adjusting for covariates, this relation was no longer
present [24].

In our study, the aortic AIx and the WEi were inversely associated with the LV systolic
function measured by TDI and by strain/strain rate imaging after adjustment for covariates
that affect LV systolic function. While the correlation between AIx and systolic function had
been previously described, we are the first to report on the WEi as an index of vascular
stiffness related to systolic function. WEi showed also stronger correlations than AIx with
age, blood pressure, and LV mass, and could represent a better indicator of LV afterload.
Our finding confirms data from a study by Hashimoto et al., in which LV wasted effort
pressure was found to be associated with LV hypertrophy [38]. However, the association
between aortic stiffness and LV mass has been questioned, especially when stiffness was
measured by pressure-independent methods [54]. Despite the significant relationship found
in our study in univariate analysis, the correlation between WEi and LV mass lost statistical
significance after adjusting for age (data not shown), confirming data from previous studies
[55].

Our study provides interesting and potentially important preventive implications. The
assessment of LV systolic function by TDI and strain imaging might be useful in selecting
patients with initial subclinical impairment in LV function that might benefit from targeted
treatment interventions aimed at reducing aortic stiffness, with the potential of delaying the
progression from subclinical to overt LV dysfunction. Several studies have demonstrated the
beneficial effect of pharmacological treatment in reducing arterial stiffness [56,57].
However, the clinical impact of these interventions needs to be established in prospective
studies.

Study limitations
The parameters derived from arterial waveforms analysis provide information about wave
reflection, and are only indirect indices of arterial stiffness. The measurement of pulse wave
velocity, an important method for assessing arterial stiffness, was not available in our study.
Moreover, the TDI analysis of LV longitudinal function by strain and strain rate was
performed on the ventricular septum, under the assumption that, in subjects with normal EF
and without LV segmental wall motion abnormalities, the systolic function of the septal wall
can reasonably represent the overall longitudinal LV function. However, in some patients a
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heterogeneity in LV function may exist that is not detected by traditional wall motion
analysis. The cross-sectional design of our study prevented us from detecting cause-effect
relationships between the studied variables, therefore our findings must be seen as
hypothesis-generating. Finally, despite being representative of the community living in
Northern Manhattan, the population sample of this study is an elderly cohort with overall
high cardiovascular risk. Therefore, the results of the study may not extrapolate to
populations with different demographics and risk factor distribution.
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Figure 1. Tissue Doppler analysis of the LV longitudinal systolic function
Peak systolic longitudinal strain rate (A) and strain (B) measured at the mid-level of the
ventricular septum. AVO: aortic valve opening. AVC: aortic valve closing. MVO: mitral
valve opening. (C) Pulsed tissue Doppler of the septal mitral annulus.
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Figure 2. Arterial pulse waveform analysis by applanation tonometry
Radial (left) and aortic (right) waveforms. Aortic waveform is generated with a transfer
function from radial artery waveform. pSBP: peripheral systolic blood pressure. pDBP:
peripheral diastolic blood pressure: pPP: peripheral pulse pressure. cSBP: central systolic
blood pressure. cDBP: central diastolic blood pressure: cPP: central pulse pressure. AP:
augmented pressure. Tr: time to the beginning of the reflected wave. ED: ejection duration.
The aortic augmentation index is calculated as 100 × AP/cPP. The striped area represents the
area of under the reflected wave (wasted energy, WE) due to the return of the arterial wave
from the reflection sites of the lower body. The gray area is the total systolic effort
(pressure-time integral, PTI) of the systolic curve. The wasted energy index (WEi) is
calculated as 100*WE/PTI.
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Figure 3. Bland-Altman plots showing inter-observer reproducibility of LV systolic function by
TDI
A: Peak mitral annulus systolic velocity (Sm). B: Peak LV longitudinal systolic strain. C:
Peak LV longitudinal systolic strain rate.
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Table 1

Demographic, clinical, echocardiographic and vascular characteristics of the study population.

Clinical/Demographic characteristics N=301

Age, years 68.3 ± 10.2

Body mass index, kg/m2 27.6 ± 4.7

Women, n (%) 193 (64.1)

SBP, mmHg 130.9 ± 21.0

DBP, mmHg 72.7 ± 10.3

MBP, mmHg 93.2 ± 12.7

Heart rate, bpm 67.9 ± 10.6

Hypertension, n (%) 197 (65.4)

Anti-hypertensive treatment, n (%) 125 (41.5)

Diabetes, n (%) 84 (27.9)

Anti-diabetic treatment, n (%) 52 (17.3)

Hypercholesterolemia, n (%) 171 (56.8)

Lipid lowering treatment, n (%) 37 (13.5)

Echocardiographic variables

LV septum thickness, mm 11.0 ± 1.8

LV end-diastolic diameter, mm 45.0 ± 4.4

LV posterior wall thickness, mm 10.8 ± 1.5

LV mass index, g/m2.7 48.9 ± 12.9

LV hypertrophy, n (%) 162 (53.8)

Relative wall thickness 0.48 ± 0.08

LVEF, % 63.5 ± 4.8

Sm, cm/s 8.0 ± 1.7

Peak strain, % −23.4 ± 7.3

Peak strain rate, 1/s −1.30 ± 0.42

Time to peak strain, ms 361.1 ± 56.8

Pulse waveform

Aortic augmented pressure, mmHg 14.5 ± 8.9

Aortic AIx, % 29.2 ± 10.6

LV wasted energy, sec-dyne-cm−2 5699.8 ± 4131.5

WEi, % 12.0 ± 6.8

Systolic pressure-time integral, sec-dyne-cm−2 44429.4 ± 8384.4

Time to reflection (Tr), msec 135.1 ± 9.8

SBP: Systolic blood pressure. DBP: Diastolic blood pressure. MBP: Mean blood pressure. LVEF: LV ejection fraction. AIx: Augmentation index.
WEi: Wasted energy index.

Results provided as mean ± standard deviation or n (%) when indicated.
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Table 2

Univariate correlates of wave reflection parameters

Aortic AIx WEi

Age 0.22** 0.42**

Body surface area −0.33** −0.32**

Mean BP 0.27** 0.28**

Diabetes −0.06 0.04

Hypercholesterolemia −0.004 −0.02

Anti-hypertensive treatment 0.00 0.01

Anti-diabetic treatment −0.11 −0.09

Lipid lowering treatment 0.03 0.07

LV mass index 0.04 0.13*

Relative wall thickness −0.09 −0.03

Heart rate −0.54** −0.50**

Values in table are Pearson’s correlation coefficients

*
= p<0.05;

**
= p<0.01
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Table 4

Multivariate analysis of the relationship between indices of wave reflections and LV longitudinal systolic
function

Sm Peak strain Peak strain rate Time to peak
strain

AIx, β −0.17 0.18 0.12 0.28

P value 0.03 0.008 0.05 0.002

WEi, β −0.18 0.13 0.14 0.22

P value 0.01 0.04 0.03 0.02

Values in table are standardized correlation coefficients (β) and relative p values.

Covariates: Age, sex, body surface area, mean BP, heart rate, LV mass index
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