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of systolic blood pressure
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In this issue of the Journal, Xie et al.1 report
the findings of a longitudinal population-

based study aimed at assessing the clinical
value of several cardiovascular risk factors
and their variations over time in predicting
the development of carotid plaques in 1590
participants (38% men) selected from two
Chinese communities without baseline
alterations in carotid structure, as assessed
by high-resolution B-mode ultrasonography.
Before addressing the results of the study, the
available evidence on this issue may deserve
some consideration.
Numerous cross-sectional studies con-

ducted in different clinical settings and ethnic
groups reported a robust association between
subclinical carotid structural alterations, such
as intima-media (IM) thickening and/or
plaque extension and traditional risk factors,
as well as organ damage markers, including
left ventricular hypertrophy, cerebral white
matter lesions, peripheral arterial disease,
micro-albuminuria and coronary calcifica-
tions.2,3 In particular, high blood pressure
(BP) has been reported to be a major risk
factor for carotid IM thickening and plaque
development, due to the combined effects of
mechanical stress and growth/inflammatory
factors on the arterial wall. In the
population-based Rotterdam study, partici-
pants with carotid wall thickening during
the ultrasound examination underwent
high-resolution magnetic resonance imaging
for carotid plaque characterization, and

hypertension and active smoking were the
main risk factors associated with unstable
plaques (that is, intraplaque hemorrhage and
large lipid core).
Since the mid-1990s, a number of pro-

spective, observational and interventional
trials were performed in population-based
samples, and selected cohorts of individuals
at high risk have shown that carotid IM
thickness (IMT) and/or plaques predict inci-
dent heart disease and stroke after adjusting
for major risk factors. These pioneering
findings have been recently confirmed by
prospective studies based on updated ultra-
sound technologies in a variety of clinical
settings. In the Tromsø Study, a population-
based survey including 6257 participants
aged 25–84 years, the risk of myocardial
infarction during a follow-up period of
approximately 15 years markedly increased
across the quartiles of mean carotid
IMT (Po0.001) and total plaque area
(Po0.001).4 The results of the IMPROVE
study, a multicenter observational trial
designed to investigate the value of cross-
sectional carotid IMT and overall IMT
progression in predicting new vascular
events in 4482 European individuals at high
risk of cardiovascular disease, showed that
carotid IMT progression over a median
follow-up period of 21.5 months was a
strong predictor of subsequent vascular
events.5

Overall, a large body of evidence supports
the view that carotid IMT is a valuable
biomarker for refining the cardiovascular risk
assessment in medium-high-risk subjects.
Unfortunately, less consistent information
is available on the effects of preventative
strategies based on lifestyle interventions
and/or drug treatment (that is, antihyperten-
sive and lipid-lowering agents) on carotid

atherosclerosis progression. Few studies have
prospectively addressed the relationship
between variations in cholesterol, blood
glucose, body mass index, BP levels, meta-
bolic syndrome status and IMT, and/or
plaque progression at different sites of the
carotid wall.
Investigators of the Amsterdam Growth

and Health Longitudinal Study examined
whether changes in metabolic syndrome
status, which was categorized as never
(n¼ 207, reference group), incident
(n¼ 31), recovery (n¼ 23) and persistent
status (n¼ 32) in young subjects without
overt signs of atherosclerosis, was associated
with changes in carotid structure and func-
tion;6 all data were adjusted for sex, height,
and changes in age, lifestyle variables,
low-density lipoprotein cholesterol and use
of antihypertensive medications. During a
6-year follow-up, individuals with persistent
metabolic syndrome displayed a steeper
increase in IMT compared with the
reference group (11 vs. 5mm per year).
A concomitantly steeper increase in inter-
adventitial (77 vs. 32mm per year) and lumen
diameter (55 vs. 23mm per year) was also
present. In the Healthy Women study,
changes in cardiovascular risk factors during
the perimenopausal and early post-
menopausal years and their correlation with
the carotid IMT and plaque index were
assessed in a cohort of 375 women within
5–8 years after menopause.7 Premenopausal
levels of risk factors were strong determinants
of carotid IMT and plaque after menopause;
however, only pulse pressure changes during
perimenopausal years were independently
related to subsequent carotid disease
beyond premenopausal pulse pressure levels,
after adjustments for age and use of hormone
replacement therapy.
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The protective effect of antihypertensive
treatment in reducing cardiovascular events
and delaying organ damage may depend not
only on the extent of BP reduction but also
on its persistence over time (that is, stable
on-treatment BP control over the long term).
This aspect is supported by limited literature
data. Mancia et al.8 analyzed pooled data
from the European Lacidipine Study on
Atherosclerosis (ELSA) and investigated
whether visit-to-visit BP variability and on-
treatment systolic BP (SBP) obtained at 6-
(clinic BP) and 12- (24h BP) month intervals
were related to IMT and cardiovascular
events. In a multivariable linear regression
model, the mean on-treatment clinic or 24-h
SBP, but not on-treatment visit-to-visit clinic
or 24-h BP variability, was associated with
end-of-treatment carotid IMT. Of note, IMT
progressively increased from the lowest to
highest quartile of mean on-treatment clinic
or 24-h SBP, but not along similar quartiles
of the SBP variation coefficient. In a
multivariable logistic regression model,
mean BP, but not variability, was associated
with cardiovascular outcomes. Both clinic
and 24-h on-treatment mean SBP values
were found to be independently and
positively associated with carotid IMT and
incidence of cardiovascular events. However,
this was not the case for the baseline clinic or
24-h SBP. These findings suggest that the BP
achieved during treatment plays a key role in
preventing or delaying carotid damage and
overt cardiovascular disease.
Xie et al.1 adds a new piece of information

on this topic by showing that the changes in
clinic SBP at the end of a 5-year follow-up,
in addition to several baseline variables
including age, male gender, SBP, high-
density lipoprotein cholesterol, triglycerides,
active smoking and common carotid IMT,
were significantly related to the occurrence
of new carotid plaques and total plaque
area in the general population free of
carotid structural alterations at the initial
observation. Such association was still
significant after full adjustments for baseline
risk factors. In contrast with SBP, the 5-year
increase in pulse pressure exhibited an
independent correlation with the total
plaque area but not with the incidence of
carotid plaques. Some further aspects and
limitations of this study merit consideration.
First, the incidence of carotid plaque was
approximately 50% in the total population,
ranging from 29% in women aged o50 years
to 63% in elderly men. As expected, the
atherosclerotic process occurred more in the

carotid bifurcation than the common or
internal carotid artery. These results show
that the new-onset carotid structural
alterations over a 5-year period may affect a
large fraction of middle-aged subjects from a
general population without history of
cardiovascular disease and that this adverse
process is highly frequent in individuals aged
X50 years. Second, only 5-year changes in
SBP, but not in other risk factors, such as
lipid and blood glucose levels or body mass
index, showed an association with incident
carotid plaques and total plaque area. When
the strength of this correlation was assessed
according to the baseline BP levels, statistical
significance was maintained only among
the 904 individuals without hypertension.
Overall, this information indicates that the
increase in SBP over time in the general
population is a stronger determinant of
carotid damage compared to the longi-
tudinal variations of other risk factors.
Third, in the study by Xie et al.1 SBP,

but not diastolic BP, showed a prognostic
importance. This finding further supports
available evidence that SBP is a more
important prognostic factor than diastolic
BP, at least in middle-aged and elderly
subjects. This observation is consistent with
the results of a prospective investigation by
Lakka et al.9 in a European population, in
which the relationship of SBP, diastolic BP
and pulse pressure showed an increase in the
parameters of early carotid atherosclerosis,
that is, mean and maximal common carotid
IMT. This study assessed in 1026 men aged
42 to 60 years over 4 years. The authors
found that SBP had a strong, graded and
direct association with the IMT increase
regardless of diastolic BP levels; in contrast,
diastolic BP had no relationship with the
IMT increase when controlled for SBP.
Finally, some limitations of the paper by

Xie et al.1 need to be briefly discussed. Because
all subjects with carotid plaques at the initial
ultrasound examination were excluded from
the study, data focusing on the evolution of
carotid lesions over time and factors involved
in this process are lacking. Furthermore, no
information was provided on the impact of
baseline IMT on subsequent changes in SBP.
This intriguing issue was examined by Zureik
et al.10 in a population of 957 volunteers aged
59–71 years in a 4-year longitudinal study.
The authors found that pulse pressure was
associated with IMT changes over time and,
vice versa, that IMT was associated with the
pulse pressure changes over time. These
associations were independent of other

traditional cardiovascular risk factors and
were observed in hypertensive and non-
hypertensive subjects, as well as in antihy-
pertensive-treated and untreated subjects.
In conclusion, the findings provided by

Xie et al.1 support the view that both baseline
and gradual changes in SBP play a central
role in the progression of carotid athero-
sclerosis and reinforce the notion that the
prevention and adequate treatment of systolic
hypertension is a key strategy in reducing
vascular damage in the general population.
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