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Clinical and prognostic value of hypertensive cardiac
damage in the PAMELA Study
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Because subclinical alterations in cardiovascular structure reflect cumulative damage induced by risk factors and represent an

intermediate stage between risk factor exposure and cardiovascular events, this damage is regarded as a marker of increased

cardiovascular risk in different clinical settings, including the general population. The Pressioni Monitorate e Loro Associazioni

(PAMELA) is an originally designed research study aimed at assessing the normal values and prognostic significance of

ambulatory and home blood pressure in a representative sample of the Northern Italian general population. Because the study

protocol included the collection of electrocardiographic (ECG) and echocardiographic (ECHO) data, the prevalence and clinical

correlates, as well as the prognostic value of subclinical cardiac alterations, have been extensively investigated. This article is a

review of the findings of the PAMELA study regarding the clinical aspects and prognostic significance of cardiac abnormal

phenotypes such as left ventricular hypertrophy, left atrial dilatation and aortic root dilation.
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INTRODUCTION

Hypertensive subclinical organ damage is an intermediate step in the
progression of cardiovascular disease and is a powerful predictor of
cardiovascular outcomes. Reversal of target organ damage is regarded
to be a reliable intermediate end point of an effective antihypertensive
treatment. Among the markers of subclinical organ damage, cardiac
alterations, as assessed by ECG or echocardiography (ECHO),
play a key role in the clinical work-up of hypertensive patients owing
to the wide availability, acceptable costs and undisputed value of both
techniques in predicting cardiovascular events.
The PAMELA Study (Pressioni Arteriose Monitorate E Loro Asso-

ciazioni) is an epidemiologic study designed to determine the normal
values and prognostic significance of ambulatory and home blood
pressure (BP) in the population. Because the study protocol included
the collection of ECG and ECHO data, we were able to examine the
presence of subclinical cardiac alterations at the community level.
The main features of this research project can be briefly

summarized as follows. The PAMELA Study started in 1990–1991
and included 3200 individuals aged 25–74 years who were randomly
selected from among the residents in Monza (Italy). The participation
rate was 64%; thus, complete baseline data were collected in 2051
subjects (Table 1).
After their informed consent had been obtained during the initial

visit, all subjects underwent the following procedures: medical history
and physical examination, three sphygmomanometric BP measure-
ments in the sitting position, blood and urine sampling and standard
12-lead ECG and ECHO. On the same day, all subjects were fitted with

an ambulatory BP monitoring device. In addition, each subject was
given a validated semi-automatic device for BP measuring at home.
Of the subjects enrolled in the original study, 70% consented to

have the same measurements repeated 10 years later. Moreover,
the numbers of fatal and nonfatal cardiovascular events (stroke,
myocardial infarction and heart failure) were recorded during an
average follow-up of 148 months.
This article is a review of the findings of the PAMELA Study on the

clinical and prognostic significance of cardiac abnormalities such as
left ventricular hypertrophy (LVH), left atrial dilatation (LA) and
aortic root (AR) dilatation. These results will be discussed in detail in
separate subsections.

LEFT VENTRICULAR HYPERTROPHY

In the past several decades, observational and interventional studies
have consistently demonstrated that LVH, assessed either by standard
12-lead ECG or ECHO, is a strong predictor of cardiovascular
morbidity and mortality as well as of all-cause death in the general
population and in specific settings, such as in patients with systemic
hypertension, coronary heart disease, congestive heart failure and
chronic renal failure.1–4

Epidemiological and clinical evidence suggests that arterial
hypertension is the major determinant of LVH. Hypertensive LVH
is the result of interactions between BP and volume overload with
genetic, ethnic, humoral and hormonal factors,5–7 thus leading to
cardiomyocyte hypertrophy and interstitial fibrosis. Experimental
studies have provided evidence that these alterations result from an
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imbalance between stimulatory (that is, angiotensin II, endothelin-1,
catecholamines, aldosterone, basic fibroblast growth factor,
insulin-like growth factor) and inhibitory factors (prostaglandins,
nitric oxide, natriuretic peptides) regulating cardiomyocyte growth
and myocardial collagen expression.8,9 LVH development is a
compensatory response to pressure overload and is aimed at
counterbalancing heart wall stress in the early phases of essential
hypertension. In the subsequent phases, experimental and human
studies have indicated that this condition is related to unfavorable
cardiac effects such as increased myocardial stiffness leading to
diastolic dysfunction, reduced coronary reserve, atrial/ventricular
arrhythmias and ultimately systolic dysfunction, the pathophysiologic
substrate carrying a high risk for cardiovascular events.10

Detection of LVH can be performed by several diagnostic methods
characterized by different sensitivity and specificity, namely, ECG,
chest X-ray, ECHO or MRI. Standard ECG at rest is a simple, low-cost
technique that is widely available in clinical practice. ECHO is the
most widely used noninvasive imaging procedure for evaluation of
cardiac anatomy and function in hypertensive patients. The ECG and
ECHO findings provided by the PAMELA studies will be discussed
separately.

ECG-LVH
During the past half-century, substantial data have accumulated
supporting the prognostic value of ECG criteria for LVH in
population-based samples. These findings primarily have come from
populations at high cardiovascular risk characterized by an elevated
prevalence of ECG alterations (LVH and strain), cardiovascular disease
or multiple risk factors. The role of ECG-LVH in predicting
cardiovascular prognosis in populations at lower cardiovascular risk
than those included in the previous studies are poorly defined.

Therefore, we evaluated the values of three established ECG
voltage criteria (Sokolow-Lyon index: ⩾ 3.5 mV, Cornell voltage:
aVL 42.0 mV in women and 42.8 mV in men and RaVL voltage:
40.7 mV) to detect anatomical LVH, by using echocardiographic LV
mass (LVM) index as reference, and to predict incident cardiovascular
events and all-cause mortality in 1549 PAMELA participants.11 The
prevalence of ECG-LVH was lowest (0.9%) in the Sokolow-Lyon
index, intermediate (7.7%) in the Cornell voltage and highest (12.7%)
in the RaVL wave voltage. The Cornell voltage showed the best
diagnostic performance for the detection of ECHO-LVH and was the
only ECG criterion associated with an increased risk of cardiovascular
events and all-cause mortality after adjustment for age, sex and average
24-h ambulatory BP. In a practical perspective, our observations
indicate that (1) the three examined ECG-LVH criteria have a different
power in cardiovascular risk stratification and (2) the Cornell voltage
index is more effective than the time-honored Sokolow-Lyon in
improving cardiovascular risk stratification.
The diagnostic sensitivity of old and newer ECG-LVH criteria is

limited, as documented by studies simultaneously estimating LVM by
ECHO and, less frequently, by computerized tomography or magnetic
resonance. In particular, obesity markedly impairs the accuracy of
ECG-LVH criteria because of the attenuating effects of chest wall and
epicardial fat on QRS amplitudes; normalization of ECG criteria to
body mass index (BMI) has been proposed to increase the diagnostic
sensitivity of LVH. Thus, in the PAMELA population, we tested
whether adjusting ECG-LVH criteria to BMI improved the accuracy in
detecting anatomical ECHO-LVH and, more importantly, in
predicting incident cardiovascular events.12 Our results showed that
correction for BMI ameliorated the diagnostic accuracy of the Cornell
voltage criterion in detecting ECHO-LVH. In particular, the adjusted
risk of cardiovascular events related to a 1s.d. increment of the
BMI-corrected Cornell voltage significantly outperformed in the obese
participants; however, this was not the case in the total population, in
which the performance of the corrected and uncorrected criterion was
similar. Thus, normalization of ECG criteria to BMI has a relevant
value in obese individuals; this value remains to be evaluated in
populations with a higher prevalence of obesity than that in the
PAMELA population.

ECHO- LVH
The PAMELA Study provided a number of relevant findings
concerning the prevalence, clinical correlates, diagnostic criteria and
prognostic value of LVH. In this section, we will focus on the
following issues: (1) LVH diagnostic criteria, (2) the relationship
between in- and out-of-office BPs with LVH and (3) the prognostic
value of LVH and abnormal LV geometric patterns. Normal values of
LVM in our study were defined in a selected sample of healthy true
normotensive individuals. After excluding conditions known to affect
LVM, such as obesity and type 2 diabetes mellitus, normotension was
defined not only by clinical BP measurement but also by home and
ambulatory BP criteria. Thus, in this study, in contrast to previous
studies, subjects with masked hypertension were not included in the
normal BP fraction of the population.13 The upper limits of LVM
in our study sample were similar (114 g m− 2 in men and 99 g m− 2 in
women) to those subsequently adopted by 2013 ESH/ESC (European
Society of Hypertension/European Society of Cardiology) guidelines
on hypertension (115/95 g m− 2) that have replaced the 2007 criteria
(125/110 g m− 2; Table 2).
The prevalence and clinical significance of isolated office-measured

(or white coat) hypertension and the opposite condition (that is,
masked hypertension) is controversial. We studied the prevalence of

Table 1 Clinical characteristics of the PAMELA Study population at

the initial evaluation (n=2051)

Variables

Age (years) 50±13.5

Male (%) 50.5%

Body mass index (kg m−2) 25.4±4.2

Body surface area (m2) 1.75±0.19

Waist circumference (cm) 85.1±12.2

Height (m) 1.64±0.1

Office SBP (mm Hg) 132±21

Office DBP (mm Hg) 83±11

24 h SBP (mm Hg) 119±11

24 h DBP (mm Hg) 74±7

Home SBP (mm Hg) 123±19

Home DBP (mm Hg) 76±11

HDL cholesterol (mg dl−1) 55.6±15.5

Serum glucose (mg dl−1) 89.8±19.5

Triglycerides (mg dl−1) 113.5±76.9

Serum creatinine (mg dl−1) 0.88±0.17

Antihypertensive drugs (%) 17.5%

Office BP ⩾140/90 or antihypertensive drugs (%) 43.6%

History of CV events (%) 3.4%

Sokolow-Lyon index (mm) 19.4±5.4

Cornell voltage index (mm) 15.2±5.7

LVM index (g m−2) 85.9±20.3

Abbreviations: BP, blood pressure; CV, cardiovascular; DBP, diastolic blood pressure; HDL,
high-density lipoprotein; LVM, left ventricular mass; PAMELA Study, Pressioni Arteriose
Monitorate E Loro Associazioni Study; SBP, systolic blood pressure.
Data are shown as means± s.d., percentages.
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both conditions and their association with LVH in the untreated
fraction of the PAMELA population.14 In subjects with isolated office
hypertension (∼10% of the sample), the LVM index and LV heart wall
thickness were, on average, lower than those in subjects with both
office and ambulatory or home hypertension but greater than those in
subjects with true normotension. This finding was also the case when
data were separately analyzed by sex and adjusted for age. Of note, the
extent of subclinical cardiac damage (average LVM index, LV heart
wall thickness and prevalence of LVH) in subjects with masked
hypertension (10%) was similar to those of subjects with isolated
hypertension and was greater than those in normotensive participants.
Overall, these findings indicate that masked and isolated hypertension
involving a consistent fraction of the general population represent a
considerable risk factor for LVH.
The relationship between circadian BP variations and night-time BP

levels with LVH has been investigated by cross-sectional studies in
different settings, including population-based samples. Our study was,
to our knowledge, the first to prospectively examine the value of such
ambulatory BP parameters in predicting new-onset LVH in a
population study.15 A total of 243 subjects with a baseline normal
LVM index developed LVH 10 years later; these subjects were older
and more obese and had higher office and ambulatory BP values than
those of subjects with persistently normal LVM. After adjustment for
age, sex and baseline LVM, the mean BP and the lowest systolic BP
value at night were identified as independent risk factors for LVH
development; this finding was not the case for absolute and percent
nocturnal BP fall. Thus, night-time BP levels, rather than the
magnitude of nocturnal BP decline, may be regarded as a reliable
ambulatory BP parameter for predicting the progression to LVH.
In the PAMELA population, the value of LVH in stratifying the risk

of cardiovascular morbidity and mortality, as well as the risk of
all-cause death, was assessed during a long-term follow-up (average
148 months).16 The risk of cardiovascular events and total mortality
was significantly greater in patients with LVH than in their counter-
parts (hazard ratio (HR) 1.65, 95% confidence interval (CI) 1.10–2.49,
P= 0.02; HR 1.49, 95% CI 1.02–2.18, P= 0.04, respectively). In LVH
participants, the increased risk remained significant even after the data
were adjusted for several confounding factors, including home BP,
24 h mean BP and office BP. A 10% increase in LVM index was
associated with a clearly increased risk in cardiovascular morbidity/
mortality or all-cause deaths. In multivariate analysis, LVMI was an
independent predictor of cardiovascular events and death for any
cause. This study provides the first demonstration that LVH also
remains a major risk factor when the contribution of different BPs
(office, home and ambulatory) is fully taken into account. This result
was independent of methods used to normalize LVM to body size
(that is, body surface area (BSA) or height).

In this respect, the most reliable method for scaling LVM to body
size remains a matter of debate. Indexation to BSA is more commonly
applied in clinical practice; this approach, however, has been
questioned because (1) the three-dimensional variable LVM is divided
by the two-dimensional variable BSA and (2) indexation to BSA tends
to underestimate the LVH prevalence in the obese population.
Alternatively, LVM normalization to body height or to height to the
power of different allometric exponents (that is, 2.7–1.9–1.7) has been
proposed. In 1716 PAMELA participants, we estimated the risk of
cardiovascular and all-cause mortality associated with LVH, as assessed
by LVM normalized to different indexes (BSA, height, height2.7,
height1.7).17 We found that LVH, as defined according to four
sex-specific criteria derived from the healthy fraction of the PAMELA
population, entailed an increased risk of cardiovascular mortality and
all-cause death independently of the indexation method regarding
body size. Similar results have been obtained when the LVM index was
treated as a continuous instead of a dichotomous variable. Together,
our results indicate that indexation of LVM to BSA, in line with
recommendations provided by the 2013 ESH/ESC guidelines, may
reliably estimate cardiovascular risk related to LVH in populations
with characteristics similar to those of the PAMELA cohort.
A further relevant issue addressed by the PAMELA Study relies on

the prognostic significance of LVH subtypes (Figure 1). Whether
abnormal LV geometric patterns (that is, LV concentric remodeling,
eccentric and concentric LVH) provide different prognostic
information is uncertain.18 Recently, investigators in the Dallas Heart
Study have suggested a new LVH classification based on the following
four subtypes: eccentric nondilated and dilated LVH, and concentric
nondilated and dilated LVH.19 In the PAMELA population, we
evaluated the risk of cardiovascular and all-cause mortality associated
with abnormal LV geometric patterns, as defined by this new
classification.20

Compared with normal LV geometry, concentric LVH (represented
by nondilated LVH), eccentric dilated LVH and eccentric nondilated
LVH, in that order, predicted the risk of cardiovascular mortality after
adjustment for baseline covariates, including ambulatory BP. Similar
findings were observed for all-cause mortality. Only concentric LVH,
maintained a significant prognostic value for both outcomes after
adjustment for baseline values of the LVM index. Thus, the new
classification of LV geometric patterns tends to improve the risk
stratification for all-cause and cardiovascular mortality; graduation
of risk, however, is strongly dependent on LVM levels, and
only concentric LVH provides prognostic information beyond the
estimated cardiac mass.

LEFT ATRIAL ENLARGEMENT

LAE is an established marker of LV pressure and/or volume
overload.21,22 LA size, routinely assessed by echocardiography, is

Table 2 Upper normal limits for relative wall thickness, absolute left ventricular mass and left ventricular mass indexes according to gender

Men Women

Variables Mean+1.96 s.d. 95th percentile Mean+1.96 s.d. 95th percentile

RWT 0.45 0.44 0.44 0.42

LVM (g) 213 207 161 157

LVM/BSA (g m−2) 114 110 99 95

LVM h−1 (g m−2.7) 51 49 47 45

LVM h−1 (g m−1) 123 116 101 98

Abbreviations: BSA, body surface area; h, height; LVM, left ventricular mass; RWT, relative wall thickness.
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increased in several cardiac diseases such as coronary artery disease,
dilated and hypertrophic cardiomyopathies, mitral or aortic valve
diseases as well as systemic hypertension; all these conditions
are associated with alterations in LV structure and function of
various degrees.
Hypertensive heart disease is characterized by chronically elevated

LV filling pressure and diastolic dysfunction; in this condition, the
increase in LA size is the response to impaired LV compliance and LV
diastolic dysfunction in the hypertrophic ventricle.23 It has been
reported that LAE may already be present before LVH is manifested.
Tsioufis et al.24 have shown that in newly diagnosed essential
hypertensive subjects without LVH, LA volume is directly related to
office and ambulatory BP and to brain natriuretic peptide and LV
mass index. The association between circulating levels of brain
natriuretic peptide, an index of myocardial stress/dysfunction, and
LA size has also been documented in patients with heart failure of
different etiologies with and without preserved LV systolic function.25

Despite growing evidence that LA size is a relevant cardiac phenotype
for cardiovascular risk stratification, a limited number of studies have
analyzed LAE prevalence and its demographic and clinical correlates in
large population-based studies. In a random-sample of 2042 residents
of Olmsted County, Minnesota, USA, who were aged ⩾ 45 years, the
LAE prevalence, identified according to the partition values of LA
volume indexed to BSA derived from a healthy reference group, was
16%.26 In the MONIKA/KORA study, a population-based survey
including 1212 individuals aged 25-74 years, LAE diagnosed according
to criteria based on LA volume indexed to height was found to be
enlarged in 9.6% of men and 10% of women.27

In small-scale cross-sectional investigations, a higher risk of LAE has
been associated with type 2 diabetes, obesity, metabolic syndrome,
sleep apnea, hypertension, aging, chronic kidney disease, ECG- and
ECHO-LVH and LV systolic and diastolic dysfunction.28,29

The prognostic significance of LA size has been investigated in
longitudinal studies in both Caucasian and ethnically mixed
populations. These reports have shown that LAE is among the
strongest risk factors for atrial fibrillation30 and ischemic stroke,
independently of concomitant LVH.31,32 Moreover, LA size has
been found to be a strong predictor of death and heart failure
hospitalization in patients with myocardial infarction and reduced LV
ejection fraction.33,34 Whether abnormalities in LA structure may
revert and lead to an improvement in cardiovascular prognosis, as
LVH regression does, is less clear. In the Losartan Intervention for

Endpoint Reduction in Hypertension Trial (LIFE), a reduction in LA
diameter during follow-up has been found to be related to LVH
regression and to a lower incidence of new-onset atrial fibrillation or
mitral regurgitation.35

Because hypertension is the major modifiable risk factor for LAE, a
number of echocardiographic studies have addressed the relationship
between LA size and BP status. To provide comprehensive
information on this topic, we performed a meta-analysis focusing
on LAE prevalence in hypertension.36 A total of 15 studies published
from January 2000 to July 2012, including 10 141 untreated and
treated subjects (mean age range 46–72 years, 54% men), were
considered. Approximately 90% of the pooled population was
Caucasian; the overall prevalence of type 2 diabetes mellitus
(14 studies, 9977 patients) was 7.6%; a marginal fraction of patients
(n= 385 patients, 3.8%) had previous cardiovascular events.
LAE was defined according to 11 different criteria based on two

echocardiographic parameters (that is, anteroposterior diameter and
LA volume); its prevalence consistently varied among studies, from 16
to 83%, with an average prevalence of 32% in the pooled population.
According to a sex-based analysis of 9 out of 15 studies (8588
patients), the LAE prevalence was similar in women as in men,
although this finding should be taken with caution because of the
heterogeneity of diagnostic criteria (sex and non-sex specific) used to
define LAE in the studies. Notably, Aurigemma et al.37 have examined
230 healthy elderly participants in the Cardiovascular Health Study
and have observed that in aging women, LA tends to increase in the
supero-inferior diameter, whereas in aging men, LA shape tends to
become more spherical. Thus, in elderly male populations, LA volume
rather than LA diameter should provide a better estimate of the
prevalence and severity of LA size changes. Finally, data from 10 out of
15 studies (n= 9,354 patients) indicate that LVH prevalence is
significantly higher in patients with LAE (68%) than in those without
LAE (42%). Owing to the intrinsic limitations of the meta-analytic
method, our literature review did not address important aspects such
as the clinical correlates of LAE. In this regard, two recent analyses of
the PAMELA database38,39 have provided interesting new findings on
the prognostic implications of LA size and factors influencing
long-term changes of LA diameter. In the first paper,38 we have
found that LA diameter in the overall PAMELA population is normally
distributed, as are most biological parameters; thus, only arbitrary
thresholds can separate abnormal from normal values. The LA
diameter showed a direct relationship with demographic factors
(age and male sex), as well as with office and out-of-office BP,
metabolic indexes such as BMI, total cholesterol, triglycerides, fasting
glucose and the LVM index. Increased LA dimensions, therefore,
occur concomitantly with an array of abnormalities associated with
cardiovascular risk. In the entire population, the LAE prevalence at the
baseline observation varied from 5% (LA diameter indexed to BSA) to
10% (non-indexed LA diameter); these figures indicate that LAE is not
a rare condition in a general population sample. Notably, these
findings refer to a middle-aged population, with an average age of 47
years. Further qualifying information from our analysis is that the LA
diameter predicted the incidence of nonfatal and fatal cardiovascular
events over a 12-year observation period, independently of several
cardiovascular risk factors. This finding confirms previous
observations on the adverse prognostic importance of LA dimension
and extends the conclusion to a longer follow-up period compared
with previous longitudinal studies. Interestingly, the cardiovascular
risk indicated by the LAE presence in subjects without LVH was
superimposable with that indicated by LVH alone in subjects without

Figure 1 Cardiovascular mortality survival rates in the population study,
divided according to echocardiographic geometric patterns of the left
ventricle (LV). LVH, left ventricular hypertrophy. A full color version of this
figure is available at the Hypertension Research journal online.
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LAE. This finding suggests that isolated alterations of LA structure are
as prognostically important as isolated alterations of LV structure.
Available information on the extent of LA dimension changes over

time and their correlates in the general population is limited to a
number of North American prospective studies. Our report on this
issue39 included 1045 subjects with normal LA at the baseline
evaluation and a readable echocardiogram at the end of the
follow-up. Over a 10-year period, a substantial fraction of participants
(12%) progressed to LAE; these subjects were older and exhibited
higher entry office, home and ambulatory systolic and diastolic BP
values as well as higher fasting blood glucose and serum cholesterol
compared with subjects who did not develop LAE. The incidence of
new-onset LAE significantly increased from the lowest to the highest
tertile of baseline office, home and 24-h BP, as well as the BMI, fasting
blood glucose and LVM index. In a multivariate analysis, the baseline
LA diameter, female sex, office systolic BP, BMI and LVM index
emerged as key correlates of new-onset LAE (Figure 2). Interestingly,
the LA diameter increased to a similar extent from the lowest to the
highest BP tertile irrespective of whether office, home or 24 h mean
values were considered.
Together, our findings support the following conclusions: (1) LAE

is a powerful integrated marker of cardiovascular risk, (2) LAE has a
similar prognostic value as LVH and (3) maintenance of BP, BMI and
LVM within normal levels during adult life may contribute to
preventing LAE and its adverse complications. In a practical
perspective, assessment of LA dimensions (diameter and/or volume)
should be recommended during routine ECHO examination to
improve cardiovascular risk stratification in the general population.

AORTIC ROOT DILATATION

The AR is the most proximal portion of the systemic arterial tree. It is
a complex structure extending from the basal attachment of the aortic
valve cusps within the LV outflow tract to the distal attachment at the
tubular tract of the aorta (the so-called sinotubular junction),
including Valsalva sinuses.
Accumulating evidence indicates that AR dilatation in the general

population and in hypertensive cohorts may be regarded as a target
organ damage that parallels other subclinical markers of established
prognostic values such as LVH, carotid atherosclerosis, retinal
alterations and microalbuminuria.40–42 More importantly, emerging
data, including those recently provided by the PAMELA Study, suggest
that AR dilatation is an independent predictor of cardiovascular
morbidity and mortality.
The risk of life-threatening vascular complications such as thoracic

aorta dissection and rupture has been reported to be strictly related to

AR and ascending aorta diameter.43 Systemic hypertension tends to
increase aortic wall stress and is a major modifiable risk factor for the
development of thoracic aorta aneurysms.44 In addition, systemic and
local growth factors involved in cardiac remodeling also play a role in
AR dilatation in the hypertensive setting.
The relative contribution of BP in AR dilatation, however, in both

normotensive and hypertensive subjects, appears to be substantially
lower than that of other factors such as age, sex and anthropometric
variables, including height, weight and their derivatives, BSA and
BMI.45,46 The crucial influence of age on aorta dimensions is related to
the progressive thinning and fragmentation of elastic fibers during the
aging process combined with the effects of chronic cyclic stress.
Furthermore, recent evidence indicates that AR dilatation is
independently associated with abdominal obesity, metabolic syndrome
and inflammatory markers (for example, C-reactive protein), thus
supporting a role of metabolic and low-grade inflammatory factors in
the pathogenesis of large artery alterations.47

AR dilatation has been shown to occur more frequently in
hypertensive than in normotensives individuals,48 and an association
between AR size and LVH has been reported in hypertensive patients.
Studies evaluating the hemodynamic and nonhemodynamic
determinants of AR size, however, have yielded inconsistent
results.49,50 In a cross-sectional analysis of subjects enrolled in the
Hypertension Genetic Study, the prevalence of AR dilatation was
similar between 2096 hypertensives and 361 normotensives (∼4%),
and AR adjusted for BSA was nonsignificantly higher in the
hypertensive group.51

The prevalence of AR dilatation depends on the clinical
characteristics of the subjects under investigation as well as on the
criteria defining this phenotype. In this respect, normal reference
values and methods for normalizing aortic diameter to body size
remain a matter of debate; AR diameter normalized to BSA has been
indicated to be a reliable parameter accounting for differences in body
size. This approach, however, has the major limitation of relying on
the geometric difference between the linear dimension of aortic root
diameter and the quadratic dimension of BSA. Alternatively,
indexation to height has been recommended by ECHO guidelines.
The prevalence of AR dilatation has been found to be higher in

selected hypertensive populations with ECG- or ECHO-LVH than in
unselected hypertensive cohorts. In a LIFE substudy, Bella et al.40

have found that 10% of 947 patients with moderate and severe
hypertension and ECG-LVH fulfilled diagnostic criteria for AR
dilatation. A similar figure (10.5%) has been reported by Cipolli
et al.47 in 438 hypertensives with ECHO-LVH (that is, LV mass index
451 g height− 2.7). Among 3366 untreated and treated essential
hypertensives (mean age 53± 12 years) consecutively attending an
out-patient hypertension clinic, we have found that AR dilatation was
present in 6% of the sample.41

A recent meta-analysis of 8 studies including 10 791 hypertensive
subjects has shown that the prevalence of AR dilatation in the pooled
population was 9.1%, and the prevalence in men was nearly 3 times
higher than that in women (12.7% and 4.5%, respectively).52

A significant difference in AR prevalence was evident among studies
(3.7–16.7%), primarily because of heterogeneity in the clinical
characteristics of enrolled patients and, to a lesser extent, differences
in diagnostic criteria of AR dilatation. Notably, hypertensive subjects
with AR dilatation compared with those with normal AR size had
similar office systolic and diastolic BP values, but they were older
(+4 years) and had higher LVM index values.
The value of the AR diameter in predicting cardiovascular outcomes

in the absence of aneurysmatic alterations remains incompletely

Figure 2 Incidence of new-onset left atrium enlargement (LAE) in tertiles of
body mass index (BMI), waist circumference (WC) and serum glucose.
*Po0.05 between tertiles.
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elucidated. Before this topic was addressed in the PAMELA
population, available information was limited to two prospective
studies performed in North American population-based samples.
The Cardiovascular Health Study has demonstrated that the AR
diameter at baseline is associated with an increased risk of incident
stroke and cardiovascular mortality (HRs 1.3 and 1.6, respectively, for
each 1 cm increase of AR diameter) over a 10-year follow-up.53

Among the 6483 middle-aged and older adults followed in the
Framingham Heart Study over a 8-year period, the risk of incident
heart failure increased with AR diameter values at baseline
(HR 1.19 for a 1 s.d. increase, 95% CI 1.04–1.38).54 After adjustment
for LVM as well as for traditional risk factors, the association of
baseline AR diameter with incident heart failure lost the statistical
significance.
The new piece of information added by the PAMELA Study55 on

the clinical and prognostic significance of AR diameter can be
summarized as follows. First, AR dilatation defined by sex-specific
cutoffs indexed to body size measures tended to be more prevalent in
men than in women (5.9% vs. 5.2% for AR diameter indexed to BSA
and 10.1% vs. 9.1% for AR diameter indexed to height, respectively).
Second, age, LVM/BSA, male sex and 24 h systolic BP/diastolic BP in a
multiple regression analysis were the most important predictors of AR
diameter normalized to height. Our data provide the first indication of
the role of out-of-office BP in AR remodeling. This result is relevant,
given that the effect of ambulatory BP on AR diameter has not
previously been prospectively investigated in large population studies.
Third, after adjustment for several covariates (age, sex, BP, fasting
blood glucose, total cholesterol, smoking status, previous
cardiovascular disease and use of antihypertensive drugs), the AR
diameter indexed to height emerged as a significant predictor of
incident cardiovascular morbidity and mortality (HR 2.62 for every 1
unit increase, 95% CI 1.19–5.75, P= 0.01). Fourth, when participants
were classified according to the presence/absence of LVH and AR
dilatation, the fully adjusted risk of cardiovascular events was markedly
greater in subjects with concomitant LVH and aortic dilatation than in
their counterparts with LVH alone. Thus, the overall risk is
significantly increased when parallel changes occur in LV structure
and aortic dimension compared with isolated alterations of LV
structure. Together, these results showed that the assessment of AR
diameter contributes to refining the prognostic assessment and
preventive strategies in the general population. This biomarker is a
reliable predictor of adverse cardiovascular prognosis, and AR dilation
associated with LVH represents a high-risk condition.

CONCLUSIONS

Abnormalities in the LV structure/geometry and LA and AR size are
common at the community level. Findings from the PAMELA
population indicate that unhealthful risk factors such as elevated
office and out-of-office BP, metabolic alterations and overweight/
obesity are the most important modifiable determinants of the
development and progression of such markers of target organ damage,
and they are clearly predictive of increased long-term incidence of
cardiovascular outcomes. From a clinical perspective, the search
for cardiac organ damage is an important means to improve
cardiovascular risk stratification and, more importantly, to prevent
cardiovascular morbidity and mortality in the general population.
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