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ORIGINAL ARTICLE

Vascular inflammation and aortic stiffness relate to early left
ventricular diastolic dysfunction in prehypertension
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Abstract

Prehypertension is characterized by an increased cardiovascular risk and by an increased prevalence of target organ damage
compared with the pure normotensive state. The present study was designed to assess in prehypertensive subjects the pos-
sible relationships between early left ventricular dysfunction, vascular inflammation and aortic stiffness. The study popula-
tion consisted of 31 untreated prehypertensive subjects (age: 34 £ 6 years, mean = SD) and 31 age-matched pure
normotensive controls. Left ventricular function was assessed by echocardiography, aortic distensibility parameters were
derived from aortic diameters measured by ultrasonography, and high-sensitivity C-reactive protein was assessed by latex-
enhanced reagent. Prehypertensive subjects displayed a significantly lower E/A ratio and a significantly greater deceleration
time and isovolumetric relaxation time compared with normotensive controls. They also displayed aortic systolic diameter,
diastolic diameter and mean aortic stiffness index beta significantly increased while systo-diastolic diameter change, mean
aortic distensibility and aortic strain were significantly reduced compared with controls. Values of inflammatory markers
were increased. At multiple regression analysis, E/A ratio was significantly related to high-sensitivity C-reactive protein and
aortic stiffness index beta, after correction for age, left ventricular mass index and mean blood pressure (B coefficient = —0.49,
overall »=0.24, p=0.01 and B coefficient =—0.46, overall >=0.21, p = 0.02, respectively). Thus, in prehypertension, left
ventricular dysfunction is significantly related to vascular inflammation and aortic stiffness, suggesting that early cardiac
and vascular alterations may have an increased inflammatory process as a common pathophysiological link.

Key Words: Arterial stiffness, diastolic dysfunction, prehypertension, vascular inflammation

Introduction . .
throughout the incoming months and/or years a

Some years ago, the American Joint National Com-
mittee on Hypertension (JNC VII) provided a new
category in the definition and classification of the
hypertensive states (1). The Committee indeed uni-
fied the blood pressure categories previously defined
as “normal” and “high-normal” into a single clinical
entity defined as “prehypertension”, characterized by
systolic blood pressure values between 120 and 139
mmHg and/or diastolic blood pressure between 80
and 89 mmHg. There are several reasons for this deci-
sion. First, the evidence from the Framingham Heart
Study that in such subjects the risk of developing

“true” hypertensive state is higher than that charac-
terizing the true normotensive state (2). Second, the
observation that this condition is frequently associ-
ated with subclinical organ damage, such as an
increased arterial stiffness and intima-media thick-
ness, an impaired left ventricular diastolic function,
an augmented left ventricular mass and may display
an enhanced vascular inflammatory process (3—-13).
Finally, the finding that the prehypertensive state car-
ries an increased risk of vascular events compared
with the true normotensive state (14,15), presumably
because of the above-mentioned alterations and, more
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in general, because of the complex pathophysiological
background of this condition.

Despite the large number of data collected in the
past few years on the structural and functional car-
diovascular abnormalities characterizing prehyper-
tension, no information is available on whether and
to what extent the early alterations in left ventricular
diastolic function seen in prehypertension relate to
vascular inflammation and aortic stiffness impair-
ment. The present study, which is part of a joint
research project between Milan an Ankara academic
centers, was aimed at addressing this issue by evalu-
ating subjects with a documented prehypertensive
state but without any concomitant cardiovascular
risk factor.

Methods
Study population

The study population included 31 newly diagnosed
prehypertensive patients (20 males), aged 34+ 6
years (mean = SD) and 31 healthy controls matched
for age, sex and body mass index. Patients were
recruited from those followed by the outpatient clinic
of the Department of Cardiology, Gulhane Military
Medical Academy, Ankara, Turkey. Controls were
recruited from the individuals who were visited by
the same institution for periodic routine examina-
tions. To be enrolled into the study, patients were
required to have prehypertension, according to the
Seventh Report of the Joint National Committee
(JNC 7) criteria (1) and not to be under antihyper-
tensive drugs and/or non-pharmacological interven-
tions. The study was carried out in agreement with
the declaration of Helsinki, local ethics committee
approval and patients’ written informed consent.
Eligible patients underwent standard clinical exami-
nation, electrocardiogram (ECG), transthoracic
echocardiography, chest radiography and routine
laboratory examinations.

Patients with mild-to-moderate hypertension
(blood pressure values =140/90 mmHg at three dif-
ferent visits spaced each other by an interval of 2-3
weeks), according to the European Society of Hyper-
tension and European Society of Cardiology criteria
(16) or secondary hypertension, history of acute
infection within the past 30 days, presence of any
chronic inflammatory-autoimmune disease, connec-
tive tissue disorders, known malignancy, bradycardia
(heart rate <60 beats/min), atrio-ventricular block,
left bundle branch block, atrial fibrillation or other
cardiac arrhythmias, valvular heart disease, coronary
artery disease, aortic disease (Marfan’s syndrome,
coarctation of aorta, aortic aneursym or aortic sur-
gery), myocardial infarction or cerebrovascular acci-
dent within 6 months, left ventricular hypertrophy
(>110-125 g/m? in men and women, respectively),
were not eligible. Additional exclusion criteria were

acute or chronic renal dysfunction, hepatic dysfunc-
tion, asthma or chronic obstructive lung disease,
impaired glucose tolerance, diabetes mellitus (fasting
plasma glucose >126 mg/dl), metabolic syndrome,
obesity (body mass index >30 kg/m?), dyslipidemia,
treatment with medications that could affect blood
pressure, inappropriate echocardiographic window,
pregnancy or nursing women.

Measurements

Blood pressure. Blood pressure was measured by the
same investigator three times on the right arm in sit-
ting position, following 10 min resting, using a stan-
dard mercury sphygmomanometer and the average
of the three measurements was used for the analysis.
Phase I and V Korotkoff sounds were employed to
assess systolic and diastolic blood pressure, respec-
tively. The diagnosis of prehypertension was based
on systolic blood pressure values between 120 and
139 mmHg and/or diastolic blood pressure between
80 and 89 mmHg at three different visits spaced each
other by an interval of 2—3 weeks.

Echocardiography. M-mode, two-dimensional color-
Doppler echocardiography was performed by using
ESAOTE 2.5-MHz probe (ESAOTE, Genova, Italy)
at the left lateral decubitus position. Echocardio-
graphic measurements were performed by two cardi-
ologists unaware of the patients’ clinical data. Mea-
surements of the left atrium and the left and right
ventricles were obtained from the parasternal long-
axis view at a speed of 50 mm/s as recommended
by the American Society and the European Associa-
tion of Echocardiography guidelines (17,18). Five
consecutive cardiac cycles were averaged for every
echocardiographic measurement. Left ventricular
systolic and diastolic diameters (LVIDs, LVIDd),
and left atrial systolic diameter (ILAd) were calcu-
lated. Left ventricular ejection fraction (LVEF) was
measured by the software using the Teichholz formu-
lae (17). Left ventricular mass (LVM) was calculated
according to Penn convention method and indexed
to body surface area (17). Transmitral flow velocity
pattern was evaluated from the apical four-chamber
view with pulsed-wave Doppler placing the sample
volume at the tips of mitral leaflets during diastole.
Early (E) and late (A) mitral flow peak velocities, the
E/A ratio, deceleration time (DT) and isovolumic
relaxation time (IVRT) were used to assess the left
ventricular diastolic function (18).

Aortic elasticiry. Aortic systolic and diastolic diame-
ters (Aos and Aod) were measured by using M-mode
aortic tracing obtained 3 cm above the aortic valve.
Aos was determined at the time of the full opening of
the aortic valve and Aod was determined at the peak
of QRS. All parameters were measured in five con-
secutive cardiac cycles and averaged. Simultaneously,
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cuff brachial artery systolic (SBP) and diastolic
(DBP) pressures were measured with an aneroid
sphygmomanometer. Aortic elasticity was assessed
using the following indexes (19):

Aortic strain (%) =100 X (Aos — Aod)/Aod
Aortic distensibility index (cm™2 dyn~! 1079)
=2 X aortic strain X (SBP — DBP)
Aortic stiffness index beta = (SBP/DBP)/
Aortic strain

The coefficients of variation for aortic systolic diam-
eter, diastolic diameter, systolic and diastolic blood
pressures, all of which are the main components of
aortic elasticity calculation, were 4.9%, 6.6%, 3.5%
and 7.7%, respectively. Intra- and inter-observer vari-
abilities were found to be 2.8% and 4.2 % for aortic
systolic diameter; 2.6% and 4.7% for aortic diastolic
diameter; 2.2% and 3.2% for systolic blood pressure;
2.5% and 2.7% for diastolic blood pressure, respec-
tively. These data are in line with those obtained via
the gold standard approach to assess arterial elastic-
ity, i.e. the sphygmocor technique (20).

Blood chemistry. Venous blood samples were col-
lected in tubes containing K, EDTA and were spun
at 5000 rpm for 15 min. Plasma and serum sam-
ples were stored at —80°C until assays were made.
Total plasma cholesterol, triglyceride, high-density
lipoprotein (HDL) cholesterol, uric acid and glu-
cose concentrations were measured with a spectro-
photometric method (Olympus AU-2700 autoana-
lyzer, Hamburg, Germany). Low-density lipoprotein
(LDL) cholesterol levels were calculated by Fried-
wald formula. Serum insulin levels were quantified
by the Modular Analytics E 170 System (Roche
Diagnostics, Indianapolis, IN, USA). Insulin resis-
tance was assessed using the homeostatic model with
the formula: [HOMA-IR] = [Fasting plasma glucose
(mg/dl) X immunoreactive insulin (IRI) (IU/ml)]/405
(21). High-sensitivity C-reactive protein measure-
ments were performed with latex-enhanced reagent
(Dade Behring Deerfield, IL, USA) using a Behring
BN ProSpec analyzer (Dade Behring). Whole blood
cell count was measured by Coulter LH 780 Hema-
tology Analyzer (Beckman Coulter, Inc. Fullerton,
CA, USA).

Statistical analysis

Statistical analysis was performed by using the SPSS
15.0 Statistical Package Program for Windows (SPSS
Inc., Chicago, IL, USA). We used one-sample
Kolmogorov—Smirnov and Levene tests to determine
the distribution characteristics of variables and vari-
ance homogeneity. Results are expressed as the
mean *= SD, median and percentages. The differences
between groups were tested by chi-square, indepen-
dent samples z-test and Mann—Whitney U tests. The
relationship between variables was analyzed with

Spearman correlation test. Intra- and inter-observer
variabilities were calculated as a relative error. Linear
regression analysis was performed to evaluate the
association between left ventricular diastolic func-
tions, markers of vascular inflammation and aortic
elasticity parameters. Next, linear regression analysis
was done to evaluate the association between left
ventricular diastolic parameters and other variables.
Then, multiple linear regression analysis was done to
clarify the contributions of aortic elasticity and high-
sensitivity C-reactive protein adjusting for age, left
ventricular mass index (LVMI) and mean blood
pressure. Differences were considered statistically
significant at a p-value <0.05.

Results

Baseline characteristics of the study population are
shown in Table I. Individuals with pre-hypertension
displayed significantly greater systo-diastolic blood
pressure, pulse pressure, white blood cell count and
high-sensitivity C-reactive protein than controls. The
echocardiographic parameters (Table II) show that
prehypertensive and normal participants displayed
similar values of left ventricular end-diastolic and
end-systolic diameters, ejection fraction, left atrial
diameters, LVMI, diastolic and systolic posterior wall
thickness and interventricular septum thickness.

Subjects with prehypertension had a significantly
lower E/A ratio and a significantly greater decelera-
tion time and isovolumetric relaxation time com-
pared with normotensive controls (Figure 1). In
prehypertensive subjects, aortic systolic diameter,
diastolic diameter and mean aortic stiffness index
beta were significantly increased while systo-
diastolic diameter change, mean aortic distensibility
and aortic strain were significantly reduced com-
pared with controls (Figure 2). At multiple regres-
sion analysis (Figure 3) in the prehypertensive
individuals, the E/A ratio was significantly related
to high-sensitivity C-reactive protein and aortic
stiffness index beta, after correction for age, LVMI,
and mean blood pressure (B coefficient= —0.49,
overall »=0.24, p=0.01 and B coefficient = —0.46,
overall »=0.21, p = 0.02, respectively). No correla-
tion was found, on the other hand, between E/A and
LVMI, aortic distensibility, aortic strain, age and
mean blood pressure (Figure 3).

Discussion

The results of the present study show an alteration of
left ventricular diastolic function in subjects with pre-
hypertension compared with healthy true normotensive
controls. They also show a significant increase in the
value of high-sensitivity C-reactive protein and white
blood cells, as markers of inflammation and an impair-
ment in aortic elasticity, documented by a decrease
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Table I. Baseline anagraphic, anthropometric, hemodynamic and biochemical parameters in the study

population.

Controls Prehypertensives
Variable n=31) (n=31) P
Age (years) 32+%5 34*6 0.16
Gender (M), n (%) 21 (67.7) 20 (64.5) 0.78
BMI (kg/m?) 25.8+1.6 25.8+3.1 0.62
BSA (m?) 1.81+0.1 1.8+0.1 0.47
SBP (mmHg) 108.2+9.6 131.9+5.1 <0.001
DBP (mmHg) 66.6 £6.6 82.2*5.6 <0.001
Mean BP (mmHg) 80.5*+6.4 98.8+4.5 <0.001
PP (mmHg) 41.6 9.0 49.7+6.4 <0.001
Total cholesterol (mg/dl) 206.6 =41.3 200.4 =44 0.57
TG (mg/dl) 124.6 £48.6 144.9+82.3 0.54
HDL-cholesterol (mg/dl) 45.5+10.1 44.4+11.7 0.97
LDL-cholesterol (mg/dl) 137.1+42.8 127.0 £40.1 0.32
Serum glucose (mg/dl) 94.0*+6.9 97.3+7.8 0.08
Serum insulin (WU/ml) 8.94+3.3 10.4+2.7 0.16
HOMA-IR 2.09+1.3 2.5+0.7 0.10
WBC (X 10°1) 8.6+0.1 11.7+0.8 <0.001
hs-CRP (ug/dl) 84.2+34.6 170.4+41.9 <0.001
Heart rate (beats/min) 71+9 73+12 0.27

Data are shown as means = SD. BMI, body mass index; BSA, body surface area; SBP, systolic blood
pressure; DBP, diastolic blood pressure; PP, pulse pressure, TG, triglyceride; HDL, high-density
lipoprotein; LDL, low-density lipoproteiny HOMA-IR, the homeostatic model assessment of insulin
resistance; WBC, white blood cell; hs-CRP, high-sensitivity C-reactive protein.

in aortic distensibility and an increase in aortic stiffness
index. However, the main and new study finding con-
cerns the evidence of a significant relationship between
E/A ratio and both high-sensitivity C-reactive protein
and vascular stiffness in the prehypertensive subjects.
The multiple regression analysis with E/A ratio as a
dependent variable shows a statistical significant cor-
relation between the E/A ratio, high-sensitivity
C-reactive protein (beta: —0.002) and aorta stiffness
index (beta: —0.233). The association remained signifi-
cant after adjustment for age, gender and body mass
index, suggesting that systemic inflammation and arte-
rial stiffness independently predict the E/A values in
subjects with prehypertension.

Table II. Echocardiographic findings in the population of the
study.

Controls  Prehypertensives

Variable (n=31) n=31) P

LVIDd (mm) 45.1+1.9 45.6£1.9 0.26
LVIDs (mm) (median) 26.4*1.7 26.3+1.8 0.83
IVSd (mm) 9.3+1.1 9.3+1.4 0.84
IVSs (mm) 13.3*+1.0 13.3*+1.5 0.92
LVPWd (mm) (median) 8.1+1.3 85*1.6 0.19
LVPWs (mm) (median) 124*+1.4 12.9*+1.75 0.26
LVEF (%) 65.6 3.9 66.8+3.2 0.22
LVMI (gr/m?) 107.4*+14.5 112.1%£13.2 0.11
Left atrial diameter (mm) 32.8 +3.0 34.0+2.9 0.09

Data are shown as means = SD. LVIDd, left ventricular internal
diameter (diastolic); LVIDs, left ventricular internal diameter
(systolic); IVSd, interventricular septum thickness (diastolic);
IVSs, interventricular septum thickness (systolic); LVPWd, left
ventricular posterior wall thickness (diastolic); LVPWs, left
ventricular posterior wall thickness (systolic); LVEEF, left ventricular
ejection fraction; LVMI, left ventricular mass index.

Previous studies evaluated left ventricular dia-
stolic function in individuals with prehypertension
via both conventional echo-Doppler and tissue Dop-
pler echocardiography (5-7,10,12). The results show
that, compared with healthy normotensive subjects,
patients with prehypertension have a lower peak E
wave velocity, a higher isovolumetric relaxation time,
a significant decrease of E/A ratio, that was generally
>1 and a significant increase in E/E’, indicating the
presence of an early impairment in left ventricular
diastolic function. In a study (6) the E’/A’ ratio was
<1, but only in non-dipper subjects, suggesting that
stable high blood pressure values predict the appear-
ance of the diastolic dysfunction. This is in agree-
ment with the results of a large observational report
(7) demonstrating a significantly higher prevalence
of diastolic dysfunction in subjects with persistent
prehypertension compared with age-matched nor-
motensive controls.

In the present study, the E/A ratio was significantly
lower while deceleration time and isovolumetric relax-
ation time values significantly higher than those detect-
able in control age-matched normal subjects. However,
these modifications do not exceed the proposed cut-off
for the diagnosis of diastolic dysfunction (18), but, as
suggested by another study (12), indicate a mild
impairment of left ventricular diastolic relaxation, as
an intermediate step between diastolic dysfunction and
normal diastolic function. The E/A ratio >1 supports
this interpretation, because values of E/A ratio <1 are
found when myocardial relaxation is markedly delayed
and is associated with a deceleration time value >220
ms (19). Another important finding of our study is
represented by the fact that in our prehypertensive
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E/A Deceleration time IVRT
(a.u) (ms) (ms)
2.0 — p<0.001— 240 —P<0.001— 100 —p=0.002—
1.5 [ 200 80
1
T
1.0 160 60
0.5 120 40

Controls Prehypertensives

Controls Prehypertensives

Controls Prehypertensives

Figure 1. Mean (= standard deviation) values of E/A ratio, deceleration time and isovolumetric relaxation time (IVRT) in healthy controls
and in subjects with prehypertension. Statistical significance between data obtained in the two groups is shown.

patients the significant decrease in aortic elasticity
(reduced distensibility and increased stiffness index)
was accompanied by the significant increase in inflam-
matory markers such as high-sensitivity C-reactive
protein and white blood cell count. These findings are
consistent with previous reports documenting the
association between prehypertension and arterial stiff-
ness (6,8-9,11,13) and between prehypertension and
inflammation (3,11,14, 22).

A close relationship between inflammatory mark-
ers and arterial stiffness, assessed via different
approaches (measurement of pulse wave velocity,
augmentation index, aortic elasticity, pulse pressure),
has been reported in subjects with prehypertension
(11,14,22,23) and in apparently healthy subjects
(24-26), suggesting the role of inflammation as
pathophysiological mechanism potentially responsi-
ble for the arterial stiffening process. While the
association between prehypertension with arterial
stiffness, as well with inflammation, has been reported
previously, little information is available on the

— p<0.001—

relationships between left ventricular diastolic func-
tion, inflammation and arterial stiffness, simultane-
ously assessed in the same subjects. At best of our
knowledge, three studies (8,9,27) have shown a sig-
nificant correlation between impaired diastolic func-
tion and arterial stiffness, but only in two (8,9) have
the levels of high-sensitivity C-reactive protein been
evaluated. In one (8), high-sensitivity C-reactive pro-
tein was high but not statistically different from the
controls, whereas in the other (9), the levels of high-
sensitivity C-reactive protein were higher compared
with normotensive subjects, and correlated with the
vascular stiffness and diastolic parameters. However,
this study was performed in young and adolescents,
most of whom with obesity and type 2 diabetes.
Therefore, the present study is the only one available
so far showing in the same adult subjects with pre-
hypertension, without cardiovascular risk factors, a
significant correlation between impaired left ventric-
ular diastolic relaxation, arterial stiffness and inflam-
mation. Our study was not aimed at dissecting the

ADD Diameter change

(mm)

8 — p=0.006—|

o

Controls Prehypertensives

Aortic strain

[

Controls Prehypertensives

Aortic stiffness index beta

—p<0.001— 6 — p<0.001—,
4
[
2
0

ASD
(mm) (mm)
40 — p=0.001— 35
35
30
30 T
25
25
20 20
Controls Prehypertensives
Distensibility
(cm=2dyn=11079) (%)
16 — p<0.001— 30
12
[ 20
8
10
4
0 0
Controls Prehypertensives

Controls Prehypertensives

Controls Prehypertensives

Figure 2. Mean (= standard deviation) values of aortic systolic (ASD) and diastolic (ADD) diameter, diameter change, aortic distensibility,
strain and stiffness index beta in healthy controls and in subjects with prehypertension. Statistical significance between data obtained in

the two groups is shown.
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Figure 3. Values of beta multiple linear regression coefficient with E/A as the dependent variable. For each value, 95% confidence intervals

and p-value are shown.

pathophysiological mechanisms linking inflamma-
tion, arterial stiffness and diastolic dysfunction.
However, since inflammation impairs endothelial
function by decreasing nitric oxide (28), which in
turn is involved in the functional regulation of both
large artery elasticity and diastolic compliance (29),
inflammation may represent one possible pathophys-
iological mechanism linking arterial stiffness and
diastolic impairment in prehypertension.

Our study has some limitations but also a clinical
implication. The limitations refer to relatively small
sample size, the absence of Valsava maneuver and the
diastolic assessment only via the echo Doppler tech-
nique, an approach which is less sensitive than the
tissue Doppler one (18). However, we have to take
into account that (i) the Valsava maneuver is not
standardized and thus the test performance is char-
acterized by a large inter-individual variability of the
responses (30) and (ii) the echo Doppler approach,
although with limitations, still stands as an accept-
able tool to assess left ventricular diastolic function
(18). The clinical implication is that, since the early
cardiac and vascular alterations occurring in prehy-
pertension may have as common pathophysiological
link an increased inflammatory process, an early
therapeutic intervention should be aimed at reducing
inflammation. Future studies are thus needed to
determine the effects of therapeutic interventions
capable of reducing inflammation on left ventricular
function and arterial stiffness.

Declaration of interest: The authors report no
conflicts of interest. The authors alone are respon-
sible for the content and writing of the paper.
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