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                        ORIGINAL ARTICLE    

 Aortic root dilatation in hypertensive patients: A multicenter 
survey in echocardiographic practice      
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 Abstract 
  Background and aim . Aortic root dilatation (ARD) is a cardiovascular phenotype of adverse prognostic value; its prevalence 
has been mostly investigated in population-based samples and selected hypertensive cohorts. Data from clinical practice 
are rather scant. Thus, we examined the prevalence and correlates of ARD in a large sample of hypertensive patients referred 
by general practitioners for a routine echocardiographic examination.  Methods . A total of 2229 untreated and treated 
hypertensive subjects (mean age 62 years) referred to 17 outpatient echocardiographic laboratories across Italy for detection 
of hypertensive subclinical cardiac damage were included in the study. ARD was defi ned by aortic diameter exceeding 
3.7 cm in women and 3.9 cm in men.  Results . ARD was found in 263 patients, with an overall prevalence of 11.8% (16.9% 
in men and 6.2% in women,  p   �  0.05). In multivariate regression analyses, body surface area (BSA), left ventricular (LV) 
mass and age were in ranking order the most important correlates of aortic root size in the whole population study as well 
as in men. In women, LV mass and its derivative indexes were the most important independent variables associated to 
aortic root size.  Conclusions . This multicenter nationwide survey indicates that ARD is a frequent cardiovascular phenotype 
in hypertensives referred to echo-labs for detection of hypertensive organ damage. BSA, LV mass and age are the most 
important correlates of this phenotype. The hierarchical order of these factors differs between genders, LV mass being the 
strongest independent variable in women.  

  Key Words:   Aortic root dilatation  ,   hypertension  ,   left ventricular mass   

  Introduction 

 Aortic root dimensions in human subjects are 
related to age, body size, gender, blood pressure (BP) 
levels and the degree of aortic regurgitation (1 – 4). 
Previous studies pointed towards hypertension as a 
major determinant of aortic root dilatation (ARD); 
this relationship, however, has been challenged by 
negative fi ndings from other investigations (5 – 8). 

 These confl icting data may result from differ-
ences in study design, defi nition of the aortic pheno-
type and site of BP measurement. This last point has 

been elegantly addressed by Jondeau et al. (9) in a 
cross-sectional study showing that in patients with 
Marfan syndrome aortic diameter was related to 
central but not to brachial pressure. 

 Mounting evidence indicates that dilatation of 
the most proximal segment of the systemic arterial 
tree in hypertension may be regarded as a sign 
of organ damage paralleling other subclinical mark-
ers of established prognostic value such as left 
ventri cular hypertrophy (LVH), carotid atheroscle-
rosis and microalbuminuria (10 – 12). Furthermore, 
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the available evidence indicates that ARD is 
independently associated with abdominal obesity, 
metabolic syndrome and infl ammatory markers 
(i.e. C-reactive protein), thus supporting a role of 
metabolic and low-grade infl ammatory factors in the 
pathogenesis of large arteries alterations (13). 

 The prognostic value of ARD in the absence of 
aneurysmatic alterations remains to be fully eluci-
dated. In a large biracial cohort of 3993 elderly 
surveyed in the Cardiovascular Health Study and 
free from overt cardiovascular diseases at baseline, 
aortic root dimensions were predictive of stroke and 
cardiovascular mortality in both genders as well as of 
congestive heart failure in males (14). 

 Prevalence rates and clinical correlates of ARD 
have been evaluated in population-based samples (5) 
and in hypertensive cohorts attending outpatient 
hypertension hospital clinics (15) or enrolled in 
clinical trials (10). To our knowledge, only scant 
observations have been generated from patients seen 
in current clinical practice. 

 Therefore, we sought to investigate this issue in 
a multicenter nationwide survey involving a large 
number of hypertensive patients referred from general 
practitioners to an echocardiographic laboratory for 
routine examination; our aim was to determine the 
prevalence and correlates of ARD.   

 Methods 

 For the present investigation, data derived from 
two Italian multicenter surveys performed by the 
Working Group on Heart and Hypertension of the 
Italian Society of Hypertension during the period 
2008 – 2009, have been pooled. 

 The fi rst study including 2646 patients enrolled 
from 14 centers and was designed to assess how fre-
quently an echo examination is requested in current 
practice for detection of hypertensive subclinical car-
diac damage (16). The second one, including 2513 
patients enrolled from nine centers, was undertaken 
to investigate the difference between self-reported and 
measured weight and height in individuals referred 
to outpatient echo labs by general practitioners for a 
routine examination and the impact of the difference 
in these anthropometric parameters on the estimated 
prevalence of LVH (17). 

 In both studies, participating laboratories were 
requested to enroll at least 100 adult outpatients of 
either sex, consecutively referred by general practi-
tioners, whose written prescription identifi ed the 
clinical indications for the examination. No exclusion 
criteria were defi ned for the enrollment with the 
exception of patients in whom altered LV geometry 
made estimated LV unreliable. Patients ’  demographic 
data, medical history and medications were collected 
in a structured interview by attending physicians at 
echo-labs.  

 Measurements 

 Clinic BP was measured by mercury sphygmoma-
nometer with appropriate-sized cuffs; measure-
ments were performed in the echocardiographic 
laboratories after the subjects had been resting for 
3 – 5 min in the sitting position. Three measurements 
were taken from the non-dominant arm at 1-min 
intervals and the average was used to defi ne patient ’ s 
representative values.   

 Echocardiographic procedures 

 Echo and Doppler examinations were performed in 
each participating centre according to a standardized 
protocol. In brief, M-mode, two-dimensional and 
Doppler echo examinations were carried out with 
commercially available instruments. In particular, 
end-diastolic (d) and end-systolic (s) LV internal 
diameters (LVID), interventricular septum thickness 
(IVST) and posterior wall thickness (PWt) were 
measured from two-dimensionally guided M-mode 
tracings recorded at a speed of 50 – 100 cm/s, during 
at least three consecutive cycles according to the 
Penn convention. Relative wall thickness (RWT) was 
defi ned by the ratio of PWT plus IVST to LVIDd; 
LV mass was estimated by Devereux ’ s formula 
{1.04[(IVSTd  �  PWTd  �  LVIDd) 3   �  LVIDd 3 ]  �  13.6} 
(18) and normalized to body surface area (BSA) or 
height 2.7  (h 2.7 ). LV ejection fraction was measured 
from the four-chamber apical projection by the 
product of area  �  ventricular length. 

 Aortic root size was measured at the level of 
Valsalva ’ s sinuses by M-mode tracings, under two-
dimensional control, as the maximal distance between 
the two leading edges of the anterior and posterior 
aortic root wall at end diastole (19).   

 Defi nition of cardiac phenotypes 

 Aortic root was considered dilated when its diameter 
exceeded 3.7 cm in women and 3.9 cm in men (12). 
LVH was defi ned by absolute LV mass and by nor-
malized values according to the following gender 
specifi c thresholds: (i) LV mass index  �  116/96 g/m 2 ; 
(ii) LV mass index  �  49/45 g/h 2.7  in men and women, 
respectively (19). 

 Patterns of abnormal LV geometry were defi ned 
as follows: (i) LV concentric remodeling (normal LV 
mass index combined with RWT  �  0.43); (ii) eccen-
tric LVH (increased LV mass index combined with 
RWT  �  0.43); and (iii) concentric LVH (increased 
LV mass index combined with RWT  �  0.43) (19). 

 Two fi les per patient have been e-mailed to the 
Clinical Research Center, Istituto Auxologico Italiano, 
University of Milano-Bicocca, acting as coordinat-
ing centre for the fi nal analysis and included: (i) a 
questionnaire containing demographic and clinical 
data, (ii) echo diagnostic report. 
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 The protocols of both studies have been approved 
by the Ethics Committee of the coordinating center 
(Istituto Auxologico Italiano and University of Milano-
Bicocca). The study was conducted in accordance 
with Good Clinical Practice guidelines.   

 Statistical analysis 

 Statistical analysis was performed by the SAS Sys-
tem (version 6.12; SAS Institute Inc., Cary, North 
Carolina, USA) and was mostly descriptive; values 
were expressed as means  �  SD or as percentages. 
Mean values have been compared by Student ’ s 
 t -test for independent samples and categorical 
data analyzed by the chi-square test or the Fischer ’ s 
exact test when appropriate. The strength of cor-
relation between variables was tested by linear cor-
relation analysis and multiple regression analysis. 
The value of  p   �  0.05 was considered statistically 
signifi cant.    

 Results 

 A total of 2299 out of 5222 individuals recruited in 
both surveys by 17 participating centers between 
February 2008 and June 2009 were hypertensives 
and fulfi lled the inclusion criteria; seventy cases 
were excluded, because of unavailable or incomplete 
echocardiographic reports. 

 Thus, 2229 subjects (52.3% males) were eligible 
for the fi nal analysis. Briefl y, the mean age was 62  �  
13 years, mean BP 140  �  17/83  �  10 mmHg, 85% 
of the study sample was on antihypertensive drugs, 
26% was obese according to the 1998 National Insti-
tutes of Health classifi cation (i.e. body mass index, 
BMI  �  30 kg/m 2 ), 8% was affected by diabetes 
mellitus (fasting glucose  �  126 mg/dl or on glucose 
lowering medications or history of diabetes mellitus). 

 ARD, as defi ned by the cut-off values  �  3.9 cm 
in men and  �  3.7 cm in women, was found in 263 
patients, with an overall prevalence of 11.8% (16.9% 
of men and 6.2% of women,  p   �  0.05). 

 As shown in Table IA, men with ARD were older 
and had higher BSA and BMI than their counter-
parts; no differences were found in clinic systolic 
and diastolic BP values, prevalence rate of diabetes 
mellitus, obesity and use of antihypertensive drugs. 
As reported in Table IB, at variance from men, 
women with ARD had similar body size indexes and 
were more frequently on antihypertensive treatment 
than their counterparts. 

 In both genders, end-diastolic LV diameter, LV 
absolute and relative wall thickness, LV mass and LV 
mass indexed both to BSA and h 2.7  were signifi -
cantly greater in patients with ARD than in those 
with normal aortic root size (Tables IIA and IIB). 

 When echocardiographic data were analyzed as 
categories, i.e. presence or absence of altered LV 
structure and geometry, LVH prevalence in men with 
and without ARD was, respectively, 63.7% vs 51.0% 
by criterion A ( p   �  0.001) and 71.0% vs 60.7% by 
criterion B ( p   	  0.003). 

 The trend was even more signifi cant in women: 
90.9% vs 62.1% by criterion A ( p   �  0.0001) and 
90.9% vs 66.0% by criterion B ( p   �  0.0001); all dif-
ferences remained signifi cant after controlling for age 
and diastolic BP. 

 LV ejection fraction was lower in men with ARD 
as compared with those with normal aortic size, 
whereas non-signifi cant differences were seen in 
women. Mitral fl ow velocity E/A ratio tended to be 
lower and left atrium diameter greater in patients 
with ARD, regardless of gender.  

 Correlation analyses 

 Univariate correlation analyses between aortic root 
diameter as a continuous variable and several clinical/
echocardiographic parameters in the whole popula-
tion as well as in both genders are given in Table III. 
In the total study sample aortic root dia meter showed 
positive correlations with body size measures, LV mass 
(and its normalized indexes), left atrium diameter, 
and to a lesser extent with age and clinic systolic BP. 

  Table IA. Clinical characteristic in hypertensive men with and without aortic root dilatation at echocardiography.  

Aortic root dilatation

Yes ( n   	  197) No ( n   	  970)  p 

Age (years) 62.2  �  11.3 59.3  �  13.0 0.02
Clinic BP (mmHg) 136  �  16/82  �  10 139  �  17/84  �  11 NS
Heart rate (beats/min) 70  �  12 71  �  11 NS
Weight (kg) 86.1  �  14.9 82.0  �  13.3  � 0.0001
Height (cm) 174  �  7 172  �  8  � 0.001
BSA (m 2 ) 2.0  �  0.18 1.95  �  0.17  � 0.001
BMI (kg/m 2 ) 28.5  �  4.7 27.4  �  4.1 0.02
Obesity (%) 30.1 23.9 NS
Diabetes mellitus (%) 9.1 7.4 NS
Elderly ( � 65 years) (%) 44.4 37.8  � 0.01
Treatment (%) 87.2 82.3 NS

   Data are shown as means  �  SD or percent. BP, blood pressure; BSA, body surface area; BMI, body mass index.   
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A signifi cant inverse relationship was found between 
aortic root diameter and LV ejection fraction as 
well as E/A ratio. In a gender-based analysis LV 
mass persisted as the most important variable associ-
ated to aortic root size in both genders, whereas 
systolic BP and LV ejection fraction lost their 
statistical signifi cance. 

 Multiple regression models were constructed to 
evaluate the independent contribution of different 
factors on aortic root size (Table IV): BSA, LV mass 
and age were in ranking order the most important 
correlates of aortic root size in the whole population 
and in men. When the fi rst model was run again 
by replacing LV mass with LV mass/h 2.7 , similar 
fi ndings were obtained .  In a third model, which 
included BMI and LV mass/BSA, the latter, followed 
by left atrium diameter and age, was the most impor-
tant determinant of aortic root diameter. In women, 
LV mass, LV mass/BSA and LV mass/h 2.7 , turned out 
to be the strongest variables associated to aortic 
diameter in all models.    

 Discussion 

 The present study provides the fi rst comprehensive 
evaluation of ARD prevalence and correlations of 
this aortic phenotype with clinical and echocardio-
graphic variables in a large group of hypertensive 
patients referred to outpatient echo-labs for a routine 
assessment of hypertension-related subclinical car-
diac damage. In contrast to previous studies carried 
out in patients selected according to pre-defi ned 
epidemiological and research protocols, our series 
included patients referred to echo-labs by their prac-
titioners and more likely represent hypertensive sub-
jects managed in the primary care setting, in 
particular the fraction of patients routinely referred 
to echocardiographic examination for the evaluation 
of hypertensive cardiac damage on the basis of the 
physicians ’  clinical judgment. 

 Our study shows that ARD at Valsava ’ s sinuses 
was present in a relevant fraction of the population 
(i.e. 10%), with a frequency threefold higher in men 
than in women. Demographic variables such as BSA, 

  Table IIB. Echocardiographic variables in hypertensive women 
with and without aortic root dilatation.  

Aortic root dilatation

Yes ( n   	  66) No ( n   	  996)  p 

LVIDd (mm) 48.8  �  4.1 46.6  �  4.5 0.002
IVSTd (mm) 11.1  �  1.7 10.1  �  1.7 0.0003
PWTd (mm) 9.8  �  1.3 9.1  �  1.4  � 0.0001
LV RWT 0.43  �  0.07 0.41  �  0.07  � 0.05
Aortic root (mm) 40.3  �  5.1 30.9  �  3.2  � 0.0001
Left atrium (mm) 38.7  �  6.2 36.9  �  5.9  � 0.01
LVEF (%) 63.7  �  6.8 66.0  �  7.1 NS
E/A ratio 0.88  �  0.42 0.94  �  0.34 NS
LV mass (g) 220.4  �  48.5 180.3  �  52.8  � 0.0001
LV mass/BSA (g/m 2 ) 127.4  �  31.2 106.2  �  29.3  � 0.0001
LVmass/h2.7 (g/m 2.7 ) 63.3  �  16.9 52.5  �  16.3  � 0.0001

   Data are shown as means  �  SD or percent. LVIDd, diastolic LV 
internal diameter; IVSTd, diastolic interventricular septum 
thickness; PWTd, diastolic posterior wall thickness; LV, left 
ventricular; RWT, relative wall thickness; LVEF, left ventricular 
ejection fraction; BSA, body surface area.   

  Table IIA. Echocardiographic variables in hypertensive men with 
and without aortic root dilatation.  

Aortic root dilatation

Yes ( n   	  197) No ( n   	  970)  p 

LVIDd (mm) 51.8  �  5.2 50.5  �  5.1 0.002
IVSTd (mm) 11.4  �  1.6 10.8  �  1.5  � 0.0001
PWTd (mm) 10.2  �  1.6 9.8  �  1.4 0.0002
LV RWT 0.42  �  0.06 0.41  �  0.07  � 0.05
Aortic root (mm) 42.2  �  3.8 34.5  �  3.1  � 0.0001
Left atrium (mm) 40.3  �  6.1 39.5  �  5.5 NS
LVEF (%) 63.5  �  7.8 65.3  �  8.0 0.007
E/A ratio 0.93  �  0.37 1.00  �  0.37 NS
LV mass (g) 258.3  �  69.7 230.3  �  61.9  � 0.0001
LV mass/BSA (g/m 2 ) 129.4  �  35.1 118.6  �  30.1  � 0.0001
LV mass/h (g/m 2.7 ) 58.5  �  16.9 53.8  �  15.4  � 0.0001

   Data are shown as means  �  SD or percent. LVIDd, diastolic LV 
internal diameter; IVSTd, diastolic interventricular septum 
thickness; PWTd, diastolic posterior wall thickness; LV, left 
ventricular; RWT, relative wall thickness; LVEF, left ventricular 
ejection fraction; BSA, body surface area.   

  Table IB. Clinical characteristics in hypertensive women with and without aortic root dilatation at echocardiography.  

Aortic root dilatation

Yes ( n   	  66) No ( n   	  996)  p 

Age (years) 70.3  �  9.9 63.9  �  13.3 0.0002
Clinic BP (mmHg) 140  �  18/81  �  10 141  �  18/82  �  10 NS
Heart rate (beats/min) 71  �  10 72  �  11 NS
Weight (kg) 72.7  �  16.4 68.5  �  13.4 NS
Height (cm) 160  �  8 158  �  7 NS
BSA (m 2 ) 1.75  �  0.20 1.70  �  0.16 NS
BMI (kg/m 2 ) 28.6  �  6.3 27.4  �  5.3 NS
Obesity (%) 36.6 27.3 NS
Diabetes mellitus (%) 5.5 8.9 NS
Elderly ( � 65 years) (%) 80.3 54.3  � 0.0001
Treatment (%) 95.5 85.3 0.02

   Data are shown as means  �  SD or percent. BP, blood pressure; BSA, body surface area; BMI, body mass index.   
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age and absolute LV mass were the most important 
predictors of aortic root size in the whole study 
sample as well as in men. In women, LV mass 
was the most important factor related to the aortic 
phenotype. 

 These fi ndings deserve the following comments. 
 Estimates of ARD depend on the clinical charac-

teristics of subjects under investigation as well as on 
criteria defi ning this cardiac phenotype. Our esti-
mates, based on cut-off points representing the 97th 
percentile of a small group of apparently normal, 
normotensive adults (12), should be interpreted in 

the light of this limitation. Normal reference values 
and methods for normalizing aortic diameter to 
body size remain a matter of debate. The intersociety 
Lang ’ s report (19) suggests different reference values 
specifi c for sex, age (for each decade, starting from 
the third one) and body size, all derived from a 
large random sample of normotensive adults in the 
general Framingham population (1). Such a complex 
indication is hardly implementable in clinical as in 
research settings. 

 Aortic root diameter normalized to BSA has been 
regarded as a reliable parameter accounting for differ-
ences in body size. Nonetheless, echocardiographic 
guidelines (19) do not provide detailed reference 
intervals as also this approach has the major limitation 
of relying on the geometric difference between two 
variables, namely the linear dimension of aortic root 
diameter and the quadratic dimension of BSA (20). 

 Our observed prevalence of ARD at Valsalva ’ s 
sinuses was similar to that found by Bella et al. (10%) 
in 947 patients with moderate to severe hyperten-
sion and electrocardiographic signs of LVH (10) 
and by Cipolli et al. (10.5%) in 438 hypertensives 
with echocardiographic LVH (i.e. LV mass  �  51 g/h 2.7 ) 
(13). Overall, these values were higher than that 
reported by Palmieri et al. (4.2%) in 2096 hyperten-
sive patients included in the Hypertension Genetic 
Network study (5) and by ourselves (6.1%) in a large 
cohort of 3366 uncomplicated hypertensives attending 
an outpatient hypertension clinic (12). Thus, in hyper-
tensive patients referred for evaluation of subclinical 
cardiac damage in current practice, ARD prevalence is 
relevant and comparable with that documented in 
hypertensive patients with LVH. This fi nding may be 
explained by the fact that our patients had a similar 
age and prevalence of echocardiographic LVH as the 
participants in the LIFE sub-study (10) and were older 
than patients examined by Cipolli et al. (13). 

 Our results extend previous fi ndings by show-
ing that determinants of the aortic phenotype are 

  Table III. Univariate correlation analysis between aortic root diameter and clinical/echocardiographic parameters in the study population 
as a whole and in both genders.  

All ( n   	  2229) Men ( n   	  1167) Women ( n   	  1062)

 r  p -value  r  p -value  r  p -value

Age (years) 0.07 0.001 0.11 0.0002 0.22  � 0.0001
Clinic SBP (mmHg) 0.06 0.008 0.04 NS 0.01 NS
Clinic DBP (mmHg) 0.04 NS 0.02 NS 0.02 NS
Weight (kg) 0.34  � 0.0001 0.17  � 0.0001 0.16  � 0.0001
Height (cm) 0.40  � 0.0001 0.15  � 0.0001 0.11  � 0.0001
BSA (m 2 ) 0.40  � 0.0001 0.19  � 0.0001 0.17  � 0.0001
BMI (kg/m 2 ) 0.11  � 0.0001 0.10 0.0007 0.11 0.0004
LV mass (g) 0.38  � 0.0001 0.20  � 0.0001 0.29  � 0.0001
EF (%)  � 0.08 0.001 0.05 NS 0.05 NS
LV RWT 0.03 NS 0.01 NS 0.08 0.01
Left atrium (mm) 0.19  � 0.0001 0.08 0.01 0.14  � 0.0001
E/A ratio  � 0.07 0.005  � 0.11 0.002  � 0.15  � 0.0001

   SBP, systolic blood pressure; DBP, blood pressure; BSA, body surface area; BMI, body mass index; LV, left ventricular; EF, ejection 
fraction; RWT, relative wall thickness.   

  Table IV. Multiple linear regression analyses between aortic and 
clinical/echocardiographic variables in the study population as a 
whole and in both genders.  

Independent variable  β  p 

4A All hypertensive patients ( n   	  2229) 
  (Model 1)

BSA (m 2 ) 0.368  � 0.0001
LV mass (g) 0.283  � 0.0001
Age (years) 0.100 0.0004
E/A ratio  � 0.073 0.002
Systolic BP (mmHg)  � 0.071 0.002
Left atrium diameter (mm)  � 0.065 0.02
LVEF (%) 0.039 NS

4B Hypertensive men ( n   	  1167) 
  (Model 1)

BSA (m 2 ) 0.236  � 0.0001
LV mass (g) 0.223  � 0.0001
Age (years) 0.131 0.001
E/A ratio  � 0.093 0.01
Left atrium diameter (mm)  � 0.064 NS

4C Hypertensive women ( n   	  1062) 
  (Model 1)

LV mass (g) 0.262  � 0.0001
Age (years) 0.148 0.001
BSA (m 2 ) 0.097 0.02
LV relative wall thickness  � 0.064 NS
E/A ratio  � 0.061 NS
Left atrium diameter (mm)  � 0.044 NS

   BSA, body surface area; LV, left ventricular; BP, blood pressure; 
EF, ejection fraction.   
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gender-related. In men, indeed, BSA, LV mass and 
age were, in ranking order the most important 
correlates of aortic root diameter in two multivari-
able regression models. At difference, in women 
LV structure parameters (i.e. absolute LV mass, LV 
mass/BSA and LV mass/h 2.7 ) were the most impor-
tant determinants of aortic root size in multivari-
able models. This fi nding supports the existence of 
a robust association between LVH and aortic root 
dimensions independently of covariates and refi nes 
this notion by showing that LVH in the female 
gender is the strongest factor related to the aortic 
phenotype. It is of interest to note that less than 
10% of hypertensive women with ARD exhibited a 
normal LV mass. 

 ARD associated with systemic hypertension is the 
result of multiple mechanisms acting in parallel on 
LV structure; in particular, chronic pressure overload 
may be a determinant of both aortic dilatation and 
altered LV structure and geometry (6). Growth fac-
tors involved in the pathogenesis of LVH (e.g. angio-
tensin II, endothelin I, catecholamines, aldosterone, 
fi broblast growth factor, insulin-like growth factor, 
etc.) are also invoked in ARD (21). 

 The link between LV diastolic dysfunction and 
ARD merits to be commented. We found a signifi -
cant, inverse relationship between mitral E/A ratio, 
an index of diastolic function of proven prognostic 
value (22), and aortic root size in the total popu-
lation as in men in all multivariable regression 
models; this was not the case in woman, probably 
because of the dominant effect of LVH in this gen-
der. Recently, an independent association between 
a new integrated index of diastolic function, namely 
deceleration time/peak E velocity ratio, and aortic 
root size has been shown in a population-based 
sample (23) and in a hypertensive cohort (24). 
Altogether, these fi ndings suggest a common path-
ways in the pathogenesis of ARD and LV diastolic 
dysfunction. This link was further supported by the 
independent relation between left atrial diameter, a 
valid surrogate of left atrial volume (25) refl ecting 
LV relaxation/fi lling, and aortic root size observed 
in the whole study population. 

 Some limitations of our study need to be acknow-
ledged. First, as aortic root measurements were 
performed at a single level, we cannot exclude that 
measurements at multiple levels (i.e. annulus, suprao-
rtic ridge and ascending aorta) may have yielded dif-
ferent results. It should be pointed out that available 
evidence is mostly based on aortic measurements 
at a single level (i.e. Valsava ’ s sinuses) (5,7,10,12). 
Second, the lack of association between BP and 
aortic root size may be explained by the fact that 
the majority of patients (85%) was on antihyperten-
sive treatment, in line with a previous study con-
ducted in treated hypertensives (10,12). Third, since 
patients with moderate-severe aortic regurgitation 
were excluded from the study, no information on the 

relationship between aortic root and valve insuffi -
ciency could be obtained. 

 In conclusion, our study shows that dilatation of 
the most proximal segment of the arterial tree, is a 
frequent cardiovascular phenotype, in particular in 
the male gender, in the setting of patients referred to 
echo-labs for detection of subclinical hypertensive 
organ damage. BSA, LV mass and age are the most 
important correlates of this phenotype in both gen-
ders. The hierarchical order of these factors, how-
ever, differs between genders, being LV mass the 
strongest independent variable in women. Altogether, 
these fi ndings suggest that ARD, in human hyperten-
sion, is driven by different sex-related pathophysio-
logical mechanisms. The clinical and prognostic 
value of these observations remains to be investigated 
in future studies. 
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confl icts of interest. The authors alone are responsible 
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