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Incremental predictive value of carotid intima–media
thickness to arterial stiffness for impaired coronary
flow reserve in untreated hypertensives

Stavros Tzortzis, Ignatios Ikonomidis, John Lekakis, Costas Papadopoulos, Helen Triantafyllidi, John Parissis,
Paraskevi Trivilou, Ioannis Paraskevaidis, Maria Anastasiou-Nana and DT Kremastinos

Coronary microcirculation is disturbed in patients with arterial hypertension. Carotid intima–media thickness (IMT) and arterial

stiffness are markers of subclinical atherosclerosis with prognostic significance. We investigated whether the combination of

increased carotid IMT and arterial stiffness has a greater predictive value for the presence of impaired coronary flow reserve

(CFR) than each index alone in never-treated hypertensives. We studied 110 untreated patients (age: 54.5±12 years) with

newly diagnosed arterial hypertension. We measured (1) carotid-to-femoral artery pulse wave velocity (PWV), (2) carotid IMT

and (3) CFR by means of color-guided Doppler echocardiography after adenosine infusion. Among other confounders, arterial

stiffness and IMT were independent determinants of CFR (coefficient B¼�0.146 and B¼�0.006, Po0.05). Arterial stiffness

and IMT had an incremental value for the determination of CFR when added to a model including other confounders

(v2 change¼4.423, P for change¼0.038 after addition of IMT; and v2 change¼5.369, P for change¼0.020 after addition

of PWV). Receiver operating curve analysis showed that PWV410.2 m s�1 and IMT41 mm were the optimal cutoff values to

predict a CFRo2.5. Patients with IMT41 mm, PWV410.2 m s�1 or their combination had an odds ratio of 3.5, 5.0 and 11.2,

Po0.05, for a CFRo2.5, respectively. The combination of increased carotid IMT and arterial stiffness has a greater predictive

value for impaired CFR than each index alone in never-treated hypertensives.
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INTRODUCTION

Hypertension is a major risk factor for cardiovascular disease1 and is
associated with functional and structural arterial wall changes. These
changes are best reflected by arterial stiffness and carotid intima–
media thickness (IMT). Increased arterial stiffness is associated with
cardiovascular mortality in patients with essential hypertension and is
accurately assessed by measuring the carotid-to-femoral pulse wave
velocity (PWV).2,3 In hypertensive patients, IMT is usually found to
be increased, reflecting a generalized vascular damage.4,5

Coronary microcirculation is disturbed in patients with essential
hypertension and is reliably assessed by calculating the coronary flow
reserve (CFR) after adenosine-induced hyperemia using Doppler
echocardiography.6,7 Changes in CFR may reflect early abnormalities
of coronary microcirculation in the context of a generalized vascular
damage in hypertensive patients.6

In our previous studies, we have demonstrated that, in hypertensive
patients, impaired CFR was related to increased PWV.8 Other inves-
tigators have shown an association between IMT and CFR.9The
assessment of CFR provides important clinical and prognostic infor-
mation in hypertensive patients.10–14 However, its measurement

requires specialized medical staff and dedicated echocardiographic
equipment, which is not readily available in each hospital. Conversely,
IMT and PWV are easier to obtain and do not require prolonged
training. The complementary value of arterial stiffness and IMT for
the determination of impaired coronary microcirculation has not been
fully investigated. We hypothesized that PWV, a marker of vascular
function, and IMT, a marker of vascular structural abnormalities, have
a greater predictive value for the determination of impaired CFR than
each index alone.
In this study, we investigated whether IMT and arterial stiffness, as

assessed by PWV, are complementary determinants of CFR among
other conventional determinants of coronary microcirculation, and
whether the combination of increased IMTand PWV has a greater pre-
dictive value than each index alone for the presence of impaired CFR
in newly diagnosed untreated patients with essential hypertension.

METHODS

Study population
Among 500 patients attending the Hypertension Unit of our hospital during

2005–2006, 110 never-treated consecutive patients (mean age: 54.5±12 years,
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51 females) with newly diagnosed essential hypertension were prospectively

studied as outpatients in our echocardiography laboratory. The diagnosis of

arterial hypertension was defined as seated systolic blood pressure (SBP)

X140mmHg and/or diastolic blood pressure (DBP) X90mmHg during

at least three measurements and/or 4125/80mmHg during 24h ambulatory

blood pressure (BP) monitoring. Patients with elevated clinic BP (X140/

90mmHg) and normal 24h ambulatory BP recordings (o125/80mmHg)

were characterized as white-coat hypertensive and were also excluded from

the study.

Exclusion criteria were history of diabetes mellitus or a fasting plasma

glucose 47 nmol l�1 (125mg per 100ml), familiar dyslipidemia, coronary

artery disease and cardiomyopathy, as these factors may directly influence

coronary microcirculation, as well as chronic pulmonary disease. All patients

underwent a noninvasive test (thallium scintigraphy, dobutamine stress echo-

cardiography) to exclude myocardial ischemia. None of the patients were on

treatment with statins or cardioactive medications, and none of the female

patients were on hormone replacement treatment.

The study protocol was approved by the Institute’s Ethics Committee, and

written informed consent was obtained from all patients.

Analyzed risk factors for atherosclerosis included body mass index (BMI),

dyslipidemia and smoking. Dyslipidemia was defined as fasting total cholesterol

45.17mmol l�1 (200mg per 100ml) or low-density lipoprotein cholesterol

43.36mmol l�1 (130mg per 100ml), or fasting triglycerides 42.66mmol l�1

(200mg per 100ml).

Echocardiography
Studies were conducted using a Vivid 7 (GE Medical Systems, Horten, Norway)

phased array ultrasound system using second harmonic imaging. All studies

were digitally stored and were analyzed by two observers blinded to clinical and

laboratory data, using a computerized station (Echopac GE, Horten, Norway).

All patients had adequate images for analysis.

2D, Doppler and color tissue Doppler echocardiography
From cross-sectional echocardiographic images of the left ventricle (LV), the

following measurements were made: fractional shortening and ejection fraction

(%), LV mass (LVM) and LVM index, as well as left atrium dimension (mm),

according to previously published methodology.8

Flow velocity profiles were obtained using color, pulse-wave Doppler from

four chambers apical projection. From the mitral valve diastolic waveform,

peak early (E) and atrial (A) flow velocities (cm s�1) of the LV diastolic filling

were measured.

Myocardial velocities were recorded using color tissue Doppler. A 5mm

sample volume was placed in septal, lateral, inferior and anterior corner of the

mitral annulus in the apical four- and two-chamber view to record the early

diastolic velocity (Em). The mean value of Em at these four sites of the annulus

was used in the analysis. The ratio of the E wave of the mitral inflow measured

by pulse-wave Doppler to Em was calculated as an index of LV diastolic filling

pressures.8,15 Inter- and intra-observer variability of E and Em were 1 and 3%

and 0.5 and 1.7%, respectively.

Coronary flow
Coronary flow velocity profiles in the left atrium dimension were obtained

using color-guided pulse-wave Doppler from long-axis apical projections using

a 7-MHz transducer. In 15 patients with a weak resting Doppler signal of

coronary flow, an intravenous bolus infusion of 0.3ml of contrast agent

(Sonovue, Bracco, Italy) was used at rest, and a peak adenosine was used to

enhance the signal. We measured velocity time integral of the diastolic coronary

waveform (VTI-Vd) at rest and after adenosine infusion (140mg kg�1 per min)

for 3min. Measurements from three cardiac cycles were averaged. CFR was

calculated as the ratio of hyperemic to resting diastolic velocity time integral

according to standard Doppler methodology.8,16 Inter- and intra-observer

variability of these measurements in our laboratory were B4 and 2%, as

previously published.8

The mean CFR value of our cohort (o2.5) was used for subgroup

analysis after previously published cutoff values for impaired CFR in

hypertensives.8,10,17

Carotid IMT
IMT was measured in three paired segments of both carotid arteries from

a fixed lateral transducer angle using B-mode ultrasound imaging (7.0–10MHz,

linear array transducer) as described previously.18 Measurements were made (1)

at the level of the common carotid artery (defined as the segment 1 cm

proximal to carotid dilation); (2) at the level of the carotid bulb (defined as

the segment between the carotid dilation and carotid flow divider); and (3) at

the level of the internal carotid artery (defined as 1 cm-long arterial segment

distal to the flow divider) using an automated tracing system (Vivid 7, GE

Medical Systems). In each segment, three measurements of the maximal IMT in

the far wall were averaged. The average IMTof all six segments was calculated.

Pulse wave velocity
Carotid-to-femoral PWV was noninvasively determined using the Complior

apparatus (Artech Medical, Pantin, France), which allowed a simultaneous

pulse wave recording and automatic calculation of PWV with two pressure-

sensitive transducers: the first positioned proximally at the base of the neck over

the common carotid artery and the other, distally, over the right femoral artery.

The distance traveled by the pulse wave was obtained from superficial

measurements of the distance between the two transducers, and carotid-to-

femoral PWV is then calculated as distance/time (m s�1).2,3

BP monitoring
Clinic SBP and DBP measurements were obtained using mercury cuff

sphygmomanometer on the left brachial artery after 5min of rest. We

calculated pulse pressure (PP¼SBP�DBP) and mean arterial pressure (MBP)

((2�DBP)+SBP)/3. Three measurements 2min apart were averaged.

Twenty-four-hour ABPM was carried out on the nondominant arm using

the valid recorder TONOPORT V (General Electric Healthcare, Berlin,

Germany) as previously published.10 Recordings were analyzed to obtain

24h, average SBP, DBP, MBP, as well as 24 h PP. All patients had 475% of

successful readings.

Statistical analysis
All variables are expressed as mean±s.d. Statistical analysis was performed

using the SPSS 13.0 statistical software package (SPSS, Chicago, IL, USA).

Variables were tested by the Kolmogorov–Smirnov test to assess the normality

of distribution. Variables that had a nonnormal distribution were analyzed after

transformation into ranks. Simple linear regression was used to investigate the

relations between variables.

Multiple linear relations were checked by multiple linear regression analysis

using forward or backward procedure. Age, sex, BMI, LVM, atherosclerotic risk

factors (clinic or 24 h BP, smoking, dyslipidemia), as well as E/Em, were forced

into the regression analysis model as independent variables, to take into

account any possible relationship with the examined dependent variables.

Clinic SBP, DBP, MBP and PP, as well as 24h SBP, DBP, MBP and PP, were

entered into the multivariable model separately to avoid collinearity. Associa-

tions are presented by means of correlation coefficient (B) and corresponding

95% confidence intervals (CIs). All covariates included in the final models were

tested for interactions. The tolerance value of each covariate was 40.5 in the

multivariable models.

To assess the additive value of IMT and PWV over other known determi-

nants of impaired CFR (o2.5), PWV was entered in a second step and IMT in

a third step in a multivariable model that included age, sex, BMI, LVM, E/Em,

smoke, dyslipidemia and BP parameters, known to impair CFR. BP parameters

were entered into the multivariable model separately to avoid collinearity. The

�2 log likelihood ratio of the model before and after inclusion of PWV and

IMT, as well as the corresponding w2 change and the P-value of this change, was

calculated.

Receiver operating curve analysis was used to determine the optimal cutoff

value of PWV for the prediction of reduced CFR (o2.5, mean value of

hypertensives). Curves were constructed by plotting sensitivity against

1�specificity. On the basis of these cutoff values, we divided our patients into

those with increased PWV (410.2m s�1) and increased IMT (41.0mm) and

into those with lower PWV and/or IMT values to assess the additive value in

the determination of CFR.
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Logistic regression analysis was performed to assess the association of

CFRo2.5 with increased IMT, PWV and their combination. By multivariable

analysis, the correlation coefficient (B) and odds ratios with the corresponding

95% CIs of each one of the increased PWVs, IMTs and their combinations for

the determination of CFRo2.5 were calculated after adjusting for age, sex,

BMI, LVM, BMI E/Em and risk factors (BP parameters separately, as previously

performed).

A P-value o0.05 was considered to be the level of statistical significance.

RESULTS

Study population characteristics
Clinical baseline characteristics of the study population are presented
in Table 1. All patients had normal ejection fraction.
By receiver operating curve analysis, PWV and IMT predicted a

CFR o2.5 with area under the curve: 70.1%, 95% CI: 60.3–79.8%,
Po0.001; and area under the curve: 64.4%, 95% CI: 54.0–74.8%,
P¼0.009, respectively. By receiver operating curve analysis, the optimal
cutoff value for the prediction of a CFR o2.5 was 410.2m s�1 for
PWV and 41.0mm for IMT, respectively.

Determinants of coronary flow
When resting coronary flow was examined, patients with IMT41.0mm
had a higher VTId rest compared with those with IMTp1.0mm
(9.61±2.87 vs. 8.34±2.43, P¼0.014). Similarly, patients with PWV4
10.2 cms�1 had higher VTId rest compared with those with PWVp
10.2 cms�1 (9.55±2.74 vs. 8.38±2.62, P¼0.025).
In univariate analysis, IMT and PWV, either as continuous

or dichotomous variables, were significant determinants of CFR
used either as continuous or dichotomous variable (Table 2,
Po0.01). The composite of PWV410.2m s�1 and IMT41.0mm
was also a significant determinant of CFR (Table 2, Po0.01).
Furthermore, in univariate analysis for the determination of

impaired CFR (o2.5), PWV and IMT were significant determinants
of CFR o2.5 (Po0.01).

Independent association of PWV and IMT with CFR
In multivariable regression analysis, PWV and IMT were inde-
pendent determinants of CFR among age, sex, smoke, dyslipidemia,
LVM, BMI, 24 h MBP and E/Em (coefficient B¼�0.146, 95% CI:
�0.222 to �0.070, Po0.001; and coefficient B¼�0.006, 95% CI:
�0.010 to �0.002, P¼0.040, respectively). Similar results were
obtained after inclusion of each one of the remaining clinic
(SBP, DBP and MBP) and 24h BP parameters (24 h SBP, DBP) in
the model separately.

Additive value of IMT to PWV for determination of impaired CFR
To assess the additive value of PWV and IMT over other known
determinants of impaired CFR, multivariable adjustments were car-
ried out by a stepwise forced-entry approach. The initial model
included age, sex, smoking, dyslipidemia, BMI, LVM and E/Em as
an index of LV diastolic filling pressure and ambulatory 24h MBP.
After the addition of IMT, the overall P-value was increased to 0.055,
w2 change¼4.423, P for change¼0.035. After the addition of PWV, the
overall P-value was further increased to 0.015, w2 change¼5.369, P for
change¼0.020. Similar results were obtained if 24 h SBP, 24 h DBP,
and clinic SBP, DBP and MBP were entered into the model instead of
ambulatory 24h MBP (Table 3 and Figure 1).
Furthermore, by logistic regression analysis, after adjustment for

age, sex, smoking, dyslipidemia, LVM, BMI, E/Em and 24h MBP,
patients with increased IMT (41.0mm) (n¼57, 51.8%), increased
PWV (410.2m s�1) (n¼58, 52.7%) and the combination of increased
IMT and PWV (41.0mm and 410.2m s�1) (n¼35, 31.8%) had

an adjusted odds ratio of 3.508 (95% CI: 1.299–9.475), co-
efficient B¼1.255, P¼0.013; 4.990 (95% CI: 1.618–15.383), coefficient
B¼1.607, P¼0.005; and 11.235 (95% CI: 2.568–49.145), coefficient
B¼2.419, P¼0.001, for a CFR o2.5, respectively. Similar results were
obtained if 24h SBP, 24 h DBP, and clinic SBP, DBP and MBP were
entered into the model instead of ambulatory 24h MBP.

DISCUSSION

In this study, we demonstrated that increased carotid IMTand arterial
stiffness are independent and complementary determinants of
impaired CFR in never-treated patients with essential hypertension.
Furthermore, we have shown for the first time that the combination of
functional and structural vascular markers such as PWV and IMT has
a greater predictive value for impaired CFR than each index alone.
CFR is a marker of coronary microcirculatory function. Studies have

demonstrated that, in the absence of significant epicardial coronary or
myocardial pathology, hypertensive patients have reduced CFR com-
pared with healthy controls.6,8 CFR impairment is observed at early
stages of essential hypertension19 and in patients with prehyper-
tension.7 In these patients, impaired CFR is an indicator of early
functional and structural alterations in coronary microcirculation
caused by endothelial dysfunction,19,20 as well as structural remodeling
of intramyocardial arterioles and accumulation of fibrillar collagen.21

Arterial stiffness is determined by the visco-elastic properties of the
artery.22,23 In hypertensive patients, the presence of vascular structural
changes, such as hypertrophy and changes in extracellular matrix24

and impairment of the endothelium-derived nitric oxide pathway25

are related to arterial stiffening. Increased arterial stiffness shifts

Table 1 Clinical characteristics, echocardiographic and vascular

measurements of the study population

Age (years) 54.5±12

Sex (female) 51 (46%)

BMI (kg m�2) 29.48±4.05

Smoking 30 (27%)

Dyslipidemia 37 (33.6%)

SBP (mm Hg) 154±13.9

DBP (mm Hg) 91±9.2

PP (mm Hg) 60.4±13

MBP (mm Hg) 111±9.6

24-h Mean SBP (mmHg) 141.5±11

24-h Mean DBP (mm Hg) 91.5±7.2

24-h Mean PP (mmHg) 48.8±10.1

FS (%) 36±6.9

EF (%) 69±7.9

LVM (g) 161±40

LVMI (gm�2) 82.2±17.3

LA (mm) 38.7±4.7

LVOT-VTI (cm) 18.5±3.5

Em (cm s�1) 10.5±8.2

Em/Am 0.95±0.5

E/Em 7.85±3.39

CFR 2.51±0.63

IMT (mm) 0.115±0.033

PWV (ms�1) 10.59±1.96

Abbreviations: Am, late diastolic velocity of mitral annulus; BMI, body mass index; CFR,
coronary flow reserve; DBP, diastolic blood pressure; EF, ejection fraction; Em, early diastolic
velocity of mitral annulus; FS, fractional shortening; LA, left atrium; LVM, left ventricular mass;
LVMI, left ventricular mass index; LVOT-VTI, left ventricular outflow tract-velocity time integral;
IMT, intima–media thickness; MBP, mean blood pressure; PP, pulse pressure; PWV, pulse wave
velocity; SBP, systolic blood pressure.
Values are mean ±s.d.
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pressure wave reflections from diastole to systole, causing (1) aug-
mentation of the systolic aortic pressure and thus increases in LV
afterload and wall stress, leading to increased LVM and myocardial
oxygen demands and (2) reduction in diastolic aortic pressure result-
ing in reduced myocardial perfusion.22,23 In addition, a stiff aorta has
a diminished capacity to serve as a blood reservoir during cardiac
ejection, such that blood is available for coronary perfusion during
diastole.22 Thus, arterial stiffness causes a mismatch between myo-
cardial oxygen demands and myocardial perfusion resulting in sub-
endocardial ischemia, LV diastolic dysfunction and elevation of
diastolic filling pressure, which further decreases myocardial perfu-
sion.22 Indeed, experimental studies have shown that arterial stiffness
contributed to a decrease in CFR26 and has an effect on subendo-
cardial ischemia.27 Furthermore, Kingwell et al.28 demonstrated that
aortic stiffness is an important independent determinant of myo-
cardial ischemic threshold in patients with CAD. In this study, patients
with PWV410.2 had an increased coronary flow at rest and a
decreased CFR after adenosine infusion compared with those with
PWVo10.2. Thus, increased arterial stiffness may have contributed
substantially to the changes in coronary flow at rest and after
adenosine, as observed in this study.
Carotid IMT can detect morphological changes of the carotid

artery, consisting of both an intimal atherosclerotic process and medial
hypertrophy.29 Increased IMT correlates with most conventional
cardiovascular risk factors,30 with atherosclerotic lesions in other
sites of the arterial tree,31 as well as with the presence and severity
of coronary artery disease32 and endothelial dysfunction in patients
with atherosclerosis.33 Thus, it may be used as a cumulative vascular
marker of the atherogenetic process, reflecting vascular structural
changes of the arterial wall.
In this study, we have hypothesized that PWV, a marker of vascular

function, and IMT, a marker of vascular structural abnormalities, have

a greater predictive value for the determination of impaired CFR than
each index alone. Indeed, we have demonstrated that increased IMT
and PWV are complementary determinants of impaired CFR after
adjustment for several confounders. Moreover, the combination of
PWV410.2m s�1 and IMT41mm showed a greater odds ratio for
the prediction of CFRo2.5 than each index alone. Previous studies
have defined a CFRo2 as significantly abnormal, between 2 and 2.5 as
borderline normal and 42.5 as normal.17,34 However, several studies
in hypertensives, HOCM, DCM and syndrome X have shown that
CFR values of 2.0–2.5 may reflect microcirculatory dysfunction.6,17

Thus, the findings of this study suggest that the combination of
vascular markers that reflect functional and/or structural changes
of the arterial wall has a greater value for the prediction of coronary
microcirculatory dysfunction than each index alone.
CFR, carotid IMT and PWV evaluate different aspects of athero-

sclerosis, as well as different sites of the artery. However, athero-
sclerosis undergoes systemic progression that affects all vascular
territories, causing functional and anatomical changes, and results in
the worsening of these atherosclerotic parameters to a different extent.
Nevertheless, the functional changes of atherosclerosis show a strong
correlation with structural changes.4 Thus, the association between
increased PWV, increased IMT and impaired coronary microcircula-
tion may be a parallel effect of endothelial dysfunction, fibrosis and
structural remodeling in the context of a generalized vascular damage,
which is already observed in the early phases of hypertension.21,25,29

The findings of our study about the predictive value of the
combination of PWV and IMT for the prediction of an abnormal
CFR are of clinical significance, as studies have shown that impaired
CFR contributes to exercise-induced myocardial ischemia11 and LV
diastolic12 and systolic dysfunction10 in hypertensive patients. Further-
more, impairment of CFR seems to account for the poor prognosis of
hypertensive patients, especially those with LV hypertrophy.13,14 On

Table 2 Univariate analysis of the determinants of coronary flow reserve in hypertensive patients

For CFR (as a continuous variable) For impaired CFR (o2.5, as a dichotomous variable)

b 95% CI P-value B Hazard ratio (95% CI) P-value

Age (years) �0.100 �0.015–0.05 0.301 0.016 0.309 (0.985–1.049) 0.309

Sex 0.063 �0.162–0.320 0.516 �0.084 0.920 (0.434–1.947) 0.827

BMI (kg m�2) 0.237 0.008–0.066 0.012 �0.083 0.920 (0.835–1.014) 0.093

LV mass 0.106 �0.001–0.005 0.271 0.000 1.000 (0.991–1.010) 0.924

Smoking 0.039 �0.257–0.375 0.713 0.238 1.269 (0.471–3.420) 0.638

Dyslipidemia �0.200 �0.534–0.011 0.060 0.186 1.205 (0.508–2.854) 0.672

MBP (mm Hg) �0.136 �0.017–0.003 0.156 0.025 1.026 (0.992–1.060) 0.136

SBP (mm Hg) �0.146 �0.012–0.001 0.127 0.007 1.007 (0.986–1.029) 0.511

DBP (mmHg) �0.100 �0.017–0.005 0.297 0.036 1.036 (0.999–1.076) 0.059

PP (mm Hg) �0.114 �0.014–0.003 0.235 0.025 1.026 (0.992–1.060) 0.136

24-h SBP (mm Hg) �0.134 �0.018–0.003 0.164 0.030 1.030 (0.996–1.066) 0.087

24-h DBP (mm Hg) �0.112 �0.023–0.006 0.247 0.055 1.057 (1.005–1.111) 0.031

24-h PP (mmHg) �0071 �0.019–0.009 0.461 0.004 1.004 (0.962–1.048) 0.845

24-h MBP (mm Hg) �0.133 �0.024–0.004 0.168 0.053 1.055 (1.005–1.107) 0.030

E/Em �0.073 �0.049–0.022 0.448 0.050 1.051 (0.935–1.182) 0.406

PWV (ms�1) �0.384 �0.181 to �0.067 o0.001 0.342 1.408 (1.112–1.782) 0.004

IMT (mm) �0.200 �0.009 to 0.001 0.037 0.017 1.017 (1.004–1.030) 0.010

PWV 410.2m s�1 �0.388 �0.712 to �0.268 o0.001 1.355 3.877 (1.756–8.559) 0.001

IMT41.0 mm �0.292 �0.599 to �0.138 0.002 1.116 3.052 (1.403–6.642) 0.005

PWV410.2ms�1 and IMT41.0mm �0.369 �0.739 to �0.259 o0.001 1.848 6.345 (2.455–16.401) o0.001

Abbreviations: BMI, body mass index; CFR, coronary flow reserve; CI, confidence interval; DBP, diastolic blood pressure; Em, early diastolic velocity of mitral annulus; IMT, intima–media thickness;
LV, left ventricle; MBP, mean blood pressure; PP, pulse pressure; PWV, pulse wave velocity; SBP, systolic blood pressure.
B indicates unstandardized coefficient B, and b represents standardized coefficient, b.
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the other hand, ultrasound measurement of carotid IMT and deter-
mination of aortic PWV are easily and reproducibly measured para-
meters and the devices for their measurements are readily available in
most hospitals. Conversely, determination of CFR requires specific
equipment and training, as well as a well-organized echocardiographic
department. Thus, a simple noninvasive measurement of PWV and
IMT may provide significant clinical information about coronary
microcirculatory function, in addition to vascular and LV diastolic
function, and consequently about prognosis in hypertensive patients.

Study limitations
Our results establish a close relationship between increasing PWV,
IMT and CFR in hypertensive patients, as well as a complementary
role of PWV and IMT for the determination of impaired CFR.
However, this study was not designed to verify whether this relation-
ship is causative or secondary to endothelial dysfunction and inter-
stitial fibrosis within the arterial and coronary wall in hypertensive
patients.
As our hypertensive patients were newly diagnosed, none had

evidence of LV hypertrophy. Thus, we were unable to assess the effects
of LV hypertrophy on CFR in our study. However, studies have shown
that coronary microcirculatory impairment may occur at very early
stages of hypertension in the absence of LV hypertrophy.35

In conclusion, PWV and carotid IMT are independent and com-
plementary determinants of impaired coronary microcirculatory
function and their combination demonstrates a greater predictive
value for coronary microvascular dysfunction than each index alone in
never-treated patients with essential hypertension.
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