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Relationship between ambulatory arterial stiffness
index and subclinical target organ damage in
hypertensive patients

Ángel Garcı́a-Garcı́a1, Manuel A Gómez-Marcos1, José I Recio-Rodriguez1, Luis J González-Elena1,
Javier Parra-Sanchez1, Ma- Fe Muñoz-Moreno1, Carmen Patino Alonso2, Francisco Gude3

and Luis Garcı́a-Ortiz1

Increased arterial stiffness has been shown to predict cardiovascular risk in hypertensive patients. Our objective was to

evaluate the relationship between the ambulatory arterial stiffness index (AASI) and subclinical organ damage (SOD). The

design was a cross-sectional study. Subjects included 554 hypertensive patients with and without drug treatment (mean age

57±12 years, 60.6% men). The AASI was defined as 1 minus the regression slope of diastolic over systolic blood pressure

(BP) readings obtained from 24-h recordings. Renal damage was evaluated on the basis of glomerular filtration rate (GFR) and

microalbuminuria; vascular damage was measured by carotid intima–media thickness (IMT) and ankle/brachial index (ABI); and

cardiac damage was evaluated on the basis of the Cornell voltage–duration product (VDP) and left ventricular mass index. The

mean AASI was 0.38±0.07 (0.39±0.07 in treated patients and 0.37±0.06 in nontreated subjects). The AASI showed a

positive correlation with IMT (r¼0.417, Po0.001) and Cornell VDP (r¼0.188, Po0.001), and a negative correlation with GFR

(r¼�0.205, P¼0.001) and the ABI. The variables associated with the presence of SOD were AASI (odds ratio (OR)¼3.89) and

smoking (OR¼1.55). The variables associated with IMT were smoking and waist circumference, whereas those associated with

GFR were AASI, body mass index and waist circumference. In turn, smoking, total cholesterol and glycosylated hemoglobin A1c

were associated with the ABI. Increased AASI implies a greater presence of SOD in primary hypertensive patients with or without

BP-lowering drug treatment.
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INTRODUCTION

Arterial stiffness is currently regarded as an independent predictor of
cardiovascular morbidity and mortality.1,2 The ambulatory arterial
stiffness index (AASI) has been shown to be a better estimator of
central arterial stiffness than other classical indicators, such as pulse
pressure.3 Thus, although pulse pressure is a constant arterial stiffness
index, AASI measures the dynamic relationship between systolic blood
pressure (SBP) and diastolic blood pressure (DBP) over 24 h.4

Similarly, AASI has been shown to be useful as a predictor of vascular
mortality,3,5,6 particularly in reference to fatal and nonfatal stroke.7–9

In this context, AASI even outperforms the measurement of pulse
wave velocity.10

According to the 2007 ESH-ESC (European Society of Hyperten-
sion/European Society of Cardiology) guidelines,11 the presence of
subclinical organ damage (SOD) is of fundamental importance in
determining the estimated cardiovascular risk with the proposed
scale. Thus, subclinical renal damage, as evaluated on the basis of

microalbuminuria and the glomerular filtration rate (GFR);
cardiac damage, as measured by left ventricle hypertrophy (LVH);
and vascular damage, which is evaluated on the basis of carotid
intima–media thickness (IMT) and ankle/brachial index (ABI), are
associated with an increased incidence of cardiovascular disease,12–15

and the presence of any such damage modifies the degree of vascular
risk on the proposed risk scale.16,17

The correlation between IMT and central or core arterial stiffness
has been explored in a number of studies.16,18,19 In this sense, the
correlation has been shown to decrease with an increasing number of
associated vascular risk factors.19 However, few studies have explored
the relationship between AASI and SOD,20,21 and a review of the
literature has yielded no studies analyzing this relationship on the
basis of GFR, LVH, electrocardiogram (ECG) and the ABI as SOD
indicators in hypertensive patients receiving drug treatment. This
study evaluates the relationship between AASI and SOD at renal,
cardiac and vascular levels by measuring these parameters with
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different methods in hypertensive patients receiving drug treatment.
This study also evaluates SOD in patients who are not receiving
BP-lowering drug treatment.

METHODS

Study design and population
This was a cross-sectional study performed in a primary care setting.

All patients included in the study were diagnosed with hypertension o10

years ago and visited their primary care clinics between January 2006 and June

2008. All participants agreed to take part in the study and were included by

consecutive sampling.

The inclusion criteria were age 30-80 years, recently diagnosed or short/

medium-term clinical hypertension, no diagnosis of ischemic heart disease or

cerebrovascular disease and complete assessment of the cardiovascular risk

according to the 2007 ESH-ESC guidelines.11 Of the 618 patients recruited, 64

were excluded because of their diagnosis of ischemic heart disease or cere-

brovascular disease; a total of 554 patients were ultimately included.

The sample size is sufficient to identify differences in AASI according to the

associated SOD in the carotid artery, as measured by the IMT; in the heart, as

measured by LVH with ECG tracing; and in the kidney, assuming an a-risk of

0.05 and a b-risk of 0.20 in two-sided contrasting with a standard deviation

(s.d.) of 0.10. In this context, we require 406 patients (ratio 1:6) for carotid

SOD, 550 patients (ratio 1:9) for LVH with ECG and 550 patients (ratio 1:9) for

renal SOD to detect AASI differences X0.04. The protocol was approved by an

independent ethics committee and all participants signed informed consent

forms.

BP measurement
Clinical BP measurements were obtained by performing three measurements of

SBP and DBP using a validated sphygmomanometer (Omron M7 model,

Omron Health Care, Kyoto, Japan) following the recommendations of the

ESH.22 For the study, the mean of the last two measurements obtained by the

nurse of the research unit was used. Pulse pressure was estimated with the mean

values of the second and third measurements. We considered BP to be at target

if clinical BP was lower than 140/90 mm Hg.

Ambulatory blood pressure monitoring was performed on a day of standard

activity with a cuff adequate for the size of the patient’s arm. A control system,

the Spacelabs 90207 model (Spacelabs Healthcare, Issaquah, WA, USA), was

used and validated according to the protocol of the British Hypertension

Society.23 Of the total readings, X66% were considered valid. Furthermore, for

the records to be valuable, at least 14 measurements were required during the

daytime period or at least 7 during the night or rest period. The monitor was

scheduled to obtain BP measurements every 20 min during the daytime and

every 30 min during the rest period. The average and dispersion estimators of

SBP and DBP were calculated for the total 24-h daytime and nighttime periods,

respectively, and they were defined on the basis of the diary reported by the

patient. Each patient completed a form specifying bedtime and wake-up time.

SOD evaluation
Cardiac assessment. The electrocardiographic examination was performed

using a General Electric MAC 3.500 ECG System (General Electric, Niskayuna,

NY, USA) that automatically measures the voltage and duration of waves and

estimates the criteria of the Cornell voltage–duration product (Cornell VDP)24

to assess the LVH. LVH is defined as the VDP42440 mm ms.

Echocardiographic examination was performed by two investigators specifi-

cally trained before the start of the study. A Sonosite Micromax device (Sonosite,

Bothell, WA, USA) with a 2.5–3.5 MHz linear transducer was used, with subjects

lying down on their left sides. The measurements were performed according to

the recommendations of the American Society of Echocardiography in mode

M.25 Left ventricular mass was calculated using the Deveroux formula corrected

for the body surface to estimate the left ventricular mass index.26 According

to the European Hypertension Guidelines of 2007, LVH was defined as an left

ventricular mass index 4125 g m�2 in men and 4110 g m�2 in women.11

Renal assessment. Kidney damage was assessed by measuring creatinine

plasma concentration, the GFR was estimated by the Cockcroft-Gault27 and

the MDRD (Modification of Diet in Renal Disease),28 and proteinuria was

assessed by the albumin/creatinine ratio following the ESH 2007 criteria.11 SOD

was defined as plasma creatinine of 1.3 mg per 100 ml or higher in men and

1.2 mg per 100 ml or higher in women, a GFR below 60 ml per min or albumin/

creatinine ratio 422 mg g�1 in men and 31 mg g�1 in women.11

Assessment of carotid IMT. Carotid ultrasonography was performed by two

investigators specifically trained to assess IMT before the start of the study. A

Sonosite Micromax ultrasound device (Sonosite) paired with a 5–10 MHz

multifrequency high-resolution linear transducer with Sonocal software (Sono-

site) was used for performing automatic measurements of IMT for optimizing

reproducibility. Measurements were taken from the primitive carotid after the

examination of a 10-mm longitudinal section at 1 cm away from the bifurca-

tion. We performed measurements of the anterior or proximal walls and of the

posterior or distal walls in the lateral, anterior and posterior projections,

following an axis perpendicular to the artery to discriminate two lines, one

for the intima–blood interface and the other to the media–adventitious

interface. A total of six measurements were obtained from the right carotid

and another six of the left carotid, using average values (average IMT) and

maximum values (maximum IMT) calculated by the software automatically.

The measurements were obtained with the subject lying down, with the head

extended and slightly turned in the opposite direction as the carotid being

examined, following the recommendations of the Manheim Carotid Intima-

Media Thickness Consensus.29 The average IMT was considered abnormal if it

was 40.9 mm or if there were atherosclerotic plaques with a diameter

41.5 mm or a focal increase of 0.5 mm or 50% of the adjacent IMT.11

Evaluation of peripheral artery disease. This parameter was evaluated using the

ABI and was performed in the morning in patients who had not consumed

coffee or tobacco for at least 8 h before measurement in an ambient tempera-

ture of 22–24 1C. With the feet uncovered and the patient in a supine position

after 20 min of rest, the pressure in the lower extremities was measured using a

portable Minidop Es-100Vx Doppler system (Hadeco, Arima, Miyamae-ku,

Kawasaki, Japan). The probe was applied at the anterior or posterior tibial

artery at an angle of B601 relative to the direction of blood flow. The

transducer’s cuff was quickly inflated on each ankle to B30 mm Hg

above the systolic pressure, and the pressure was then allowed to descend

(by B2 mm Hg per second) until the first sound corresponding to the systolic

pressure was heard. BP was also measured in both arms (measured twice

at 3–5 min intervals). The ABI was calculated separately for each foot by

dividing the higher of the two systolic pressures in the ankle by the higher of

the two systolic pressures in the arm. SOD was considered if the ABI was

lower than 0.9.30

Estimations of AASI. AASI was defined as 1 minus the regression slope of DBP

over SBP readings obtained from 24-h recordings.3 The stiffer the arterial tree

was, the closer the regression slope and AASI were to 0 and 1, respectively.4,5

Statistical analysis
Continuous variables are expressed as mean±s.d., whereas qualitative variables

are expressed on the basis of their frequency distribution. The difference in

means between two-category qualitative variables was analyzed using Student’s

t-test for independent samples. Pearson’s correlation coefficient was used to

estimate the relationship between quantitative variables, and the w2-test was

applied to the association of qualitative variables.

The multivariate analysis involved a multiple linear regression model to

analyze the variables; mean IMT, Cornell VDP, the Cockroft-Gault formula and

the ABI were dependent variables. We included the independent variables AASI,

age, sex and antihypertensive drugs in the first step using the ‘enter’ method.

For the second step, we used a stepwise method and included as independent

variables all those parameters that were statistically significant in the bivariate

analysis, including total cholesterol (mg per 100 ml), high-density lipoprotein-

cholesterol (mg per 100 ml), low-density lipoprotein-cholesterol (mg per

100 ml), triglycerides (mg per 100 ml), diabetes mellitus, HbA1c (glycosylated

hemoglobin A1c), smoking, heart rate, waist circumference, body mass index

and years since the diagnosis of hypertension.
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In this analysis, we used dependent variables (namely mean IMT, Cornell

VDP, the Cockroft-Gault formula and ABI), the same independent variables

showed in Table 3 and adjusted variables using the enter method and

statistically significant variables using the stepwise method.

Logistic regression analysis by the enter method was performed to evaluate

the association between the different study parameters and SOD as the

dependent variable (1 with SOD and 0 without SOD). Independent variables

included sex, age, antihypertensive drug therapy, Ln (natural logarithm) AASI

and smoking. An a-risk of 0.05 was established as the limit of statistical

significance. The SPSS/PC+ version 15.0 (SPSS, Chicago, IL, USA) statistical

package was used throughout the study.

RESULTS

The general characteristics of the sample (336 men and 218 women)
are shown in Table 1. The mean AASI was 0.38±0.07 and was greater
in patients receiving drug treatment (0.39±0.07) than in those with-
out drug treatment (0.37±0.06) (Po0.001). A greater proportion of
vascular and cardiac SOD was also observed in patients receiving
drug treatment (16.5 and 22.8%, respectively) than in those with-
out (9.9 and 14.0%, respectively) (Po0.05). We also found a higher
proportion of vascular damage (16.2 vs. 9.7%) in subjects with off-
target BP, but did not find heart or renal damage in these subjects.

Table 1 General demographic and clinical characteristics, in hypertensive patients receiving or not antihypertensive treatment

Variables Total (554) Antihypertensive treatment (314) Without antihypertensive treatment (240)

Age* 57.69±12.81 61.33±11.75 52.94±12.60

Men n (% ) 336 (60.6) 193 (61.5) 143 (59.6)

Time evolution of the hypertension* 3.66±3.41 5.26±3.56 1.56±1.59

Smoking 126 (22.7) 66 (21.1) 60 (25.0)

BMIw 28.27±4.15 28.72±4.35 27.68±3.80

Waist circumference (cm)* 97.91±11.37 99.93±11.08 95.25±11.23

Office BP (mmHg)

SBP 139.93±18.32 141.18±19.93 138.30±15.85

DBP 87.58±10.60 87.37±10.63 87.86±10.56

HR 74.01±12.17 73.41±12.16 74.78±12.18

ABPM 24h (mmHg)

SBPw 123.57±12.22 122.50±12.84 124.97±11.22

DBP* 75.76±9.40 73.91±9.40 78.19±8.85

HRw 71.59±9.61 70.61±9.69 72.87±9.37

Activity time ABMP (mmHg)

SBPw 127.43±12.41 126.17±12,85 129.08±11.64

DBP* 79.26±9.86 77.23±9.87 81.93±9.22

HRw 74.88±10.52 73.67±10.65 76.47±10.16

Resting time ABPM (mmHg)

SBPw 113.37±14.38 113.40±15.48 113.34±12.83

DBPw 66.35±9.81 65.28±9.91 67.76±9.52

HRw 62.70±8.54 62.64±8.74 62.78±8.30

AASI* 0.38±0.07 0.39±0.07 0.37±0.06

Creatinine (mg per 100 ml)w 0.91±0.20 0.93±0.22 0.89±0.18

Total cholesterol (mg per 100 ml) 208.30±37.66 206.05±38.68 211.09±36.23

HDL-c (mg per 100 ml) 54.68±15.46 53.67±14.67 55.91±16.32

HbA1c (%)* 5.27±1.28 5.49±1.32 5.02±1.20

Albumin/creatinine (mg g) 22.17±110.21 27.11±130.10 16.65±82.45

MDRD* 85.55±16.82 83.36±17.11 88.27±16.06

Cockroft-Gault* 95.55±28.93 90.99±28.37 101.25±28.67

Cornell VDP (mm ms) 1478.84±831.18 1520.99±940.18 1429.38±680.26

LVMI (gm�2) 109.33±33.25 109.73±34.55 108.65±31.17

Average IMT (mm)* 0.74±0.11 0.77±0.12 0.71±0.10

Left ABI 1.09±0.17 1.10±0,20 1.07±0.13

Right ABI 1.09±0.15 1.10±0.17 1.08±0.13

SOD

Renal 69 (12.5) 42 (18.2) 27 (13.0)

Vascular* 54 (9.7) 35 (16.5) 19 (9.9)

Heartw 91 (16.4) 60 (22.8) 31 (14.0)

Abbreviations: AASI, ambulatory arterial stiffness index; ABI, ankle/brachial index; ABPM, ambulatory blood pressure monitoring; BMI, body mass index; BP, blood pressure; DBP, diastolic blood
pressure; HbA1C, glycosylated hemoglobin A1c; HDL, high-density lipoprotein; HR, heart rate; IMT, intima–media thickness; LVMI, left ventricular mass index; MDRD, modification of diet in renal
disease; SBP, systolic blood pressure; SOD, subclinical organ damage; VDP, voltage–duration product.
Data for qualitative variables are expressed as no. (%) and quantitative variables, mean±s.d. The time course of HT is indicated in months.
*Pp0.001; wPp0.05.
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The percentage of patients taking different families of antihyper-
tensive drugs were as follows: 52.9% diuretics, 23.9% b-blockers,
22.8% angiotensin-converting enzyme inhibitors, 43% angiotensin
receptor blockers, 15.9% calcium antagonists and 9% others. Figure 1
shows the percentage of patients taking a combination of drugs.

The univariate analysis showed AASI to be positively correlated
with patient age (r¼0.495, Po0.001), IMT (r¼0.417, Po0.001),
SBP (r¼0.349, P¼0.000), pulse pressure (r¼0.633, Po0.001),
HbA1c (r¼0.245, Po0.001), Cornell VDP (r¼0.118, Po0.001), waist
circumference (r¼0.130, Po0.001), body mass index (r¼0.135,
P¼0.001) and the time since the diagnosis of arterial hypertension
(r¼0.260, Po0.001) (Table 2). Similarly, a negative correlation was

observed with the Cockroft-Gault formula (r¼�0.205, Po0.001),
DBP (r¼�0.261, P¼0.001), heart rate (r¼�0.192, P¼0.001) and
the ABI (r¼�0.103, P¼0.024).

Figure 2 shows that AASI was greater in patients with vascular SOD,
in terms of both IMT (0.424±0.060 vs. 0.367±0.062; Po0.001) and
ABI (0.393±0.065 vs. 0.375±0.065; Po0.05). Similarly, AASI was
greater in patients with cardiac SOD, as assessed by ECG tracing
(0.408±0.064 vs. 0.347±0.080; Po0.05), although no differences
were recorded in those subjects evaluated by echocardiography.
With regard to renal SOD, we only found AASI to increase with
the presence of lesions, as assessed by GFR (0.413±0.712 vs.
0.377±0.064; P¼0.001), but not when considering the albumin/
creatinine index. When we analyzed the relationship between AASI
and SOD in patients with BP at target vs. those not at target, we found
a similar behavior of AASI in all types of SOD except for LVH, as
assessed by ECG, and for renal damage, as assessed by GFR. In these
two cases, although AASI was greater in patients with SOD, we only
found heart damage in patients with BP at target and only found
statistically significant kidney damage in patients with off-target BP.

The multivariate analysis with multiple linear regression (Table 3),
using IMT as a dependent variable in addition to control variables and
AASI (B¼0.411; 95% confidence interval (95% CI): 0.236–0.587),
included smoking (B¼0.044; 95% CI: 0.020–0.068) and waist circum-
ference in the equation (B¼0.001; 95% CI: 0.000–0.002). No variable
was maintained with Cornell VDP, and AASI failed to reach statistical
significance (P¼0.057). With the Cockroft-Gault formula as the
dependent variable, the equation included AASI (B¼52.599; 95%
CI: 22.297–82.901), body mass index (B¼1.772; 95% CI: 1.011–
2.533) and waist circumference (B¼0.583; 95% CI: 0.280–0.886).
With the ABI, the equation maintained smoking (B¼�0.055;
95% CI: �0.105 to �0.006), cholesterol (B¼�0.001; 95% CI:
�0.001�0.000) and HbA1c (B¼�0.024; 95% CI: �0.045 to �0.004).

2%

42%

9%

21%

26%

0 1 2 3 4 or more combined drugs

Figure 1 Drug treatment. Percentage of patients in relation to the number of

antihypertensive drugs combined.

Table 2 Bivariate correlations of AASI with different variables and subclinical organ damage associated

All subjects With antihypertensive treatment Without antihypertensive treatment

Dependent variable AASI P-value AASI P-value AASI P-value

Age 0.495 o0.001 0.514 o0.001 0.414 o0.001

Time evolution of the hypertension (years) 0.260 o0.001 0.256 o0.001 0.049 0.638

Dominant arm office SBP 0.349 o0.001 0.441 o0.001 0.142 0.028

Dominant arm office DBP �0.261 o0.001 �0.164 0.004 �0.419 o0.001

Average HR �0.192 o0.001 �0.164 0.004 �0.221 0.001

Pulse pressure 0.633 o0.001 0.682 o0.001 0.520 o0.001

Waist circumference (cm) 0.130 0.002 0.108 0.056 0.082 0.207

BMI 0.135 0.001 0.142 0.012 0.071 0.276

Total cholesterol (mg per 100 ml) �0.107 0.016 �0.158 0.008 �0.002 0.974

HDL-c (mg per 100 ml) 0.016 0.724 0.037 0.546 0.017 0.804

LDL-c (mg per 100 ml) �0.115 0.011 �0.174 0.004 �0.003 0.963

Triglycerides (mg per 100 ml) �0.014 0.752 �0.018 0.758 �0.013 0.846

HbA1c (%) 0.245 o0.001 0.233 o0.001 0.204 0.003

Average IMT 0.417 o0.001 0.369 o0.001 0.461 o0.001

Left ABI �0.103 0.024 �0.101 0.104 �0.140 0.038

Right ABI �0.089 0.053 �0.084 0.176 �0.118 0.081

Cornell VDP 0.188 o0.001 0.244 o0.001 0.071 0.295

LVMI (gm2) 0.014 0.865 0.061 0.567 �0.091 0.526

Cockroft-Gault �0.205 o0.001 �0.158 0.008 �0.216 0.001

MDRD 0.008 0.854 0.081 0.173 �0.042 0.529

Albumin/creatinine 0.070 0.146 0.073 0.271 0.042 0.552

Abbreviations: AASI, ambulatory arterial stiffness index; ABI, ankle/brachial index; BMI, body mass index; BP, blood pressure; DBP, diastolic blood pressure; HbA1C, glycosylated hemoglobin A1c;
HDL, high-density lipoprotein; HR, heart rate; IMT, intima–media thickness; LDL, Low-density lipoprotein; LVMI, left ventricular mass index; MDRD, modification of diet in renal disease; SBP,
systolic blood pressure; damage; VDP, voltage–duration product.
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AASI behavior was similar in subjects with BP at target and in
those with off-target BP in terms of IMT and glomerular filtration,
but not in terms of Cornell VDP (B¼4101, Po0.05 for those with BP
at target and B¼457, P40.05 for those with off-target BP) and left
ABI (B¼�0.715, Po0.05 for those with BP at target and B¼�0.075,
P40.05 for subjects with off-target BP).

AASI (odds ratio (OR)¼3.890 (95% CI: 1.224–12.359)), smoking
(OR¼1.551 (95% CI: 1.013–to 2.373)) and age (OR¼1.024 (95% CI:
1.007–1.042)) were the only three variables to form part of the logistic
regression model when using the presence of some types of SOD as the
dependent variable (Table 4). However, AASI lost its predictive
capacity in patients with uncontrolled BP (OR: 1.448, P40.05).
Therefore, smokers, older patients and patients with high AASI have
an increased risk for target organ damage.

DISCUSSION

This study shows the relationship between AASI and SOD in hyper-
tensive patients. This relationship is particularly striking in those
patients who have been recently diagnosed as hypertensive and who
are not on any medications but are instead treated with lifestyle
modifications. In these patients, the increase in AASI is associated with
vascular target organ damage, as measured by assessing the level of
carotid and peripheral arterial disease. This finding suggests a loss of
elasticity in the early stages of hypertension and reinforces the

usefulness of AASI for the early detection of arterial stiffness and as
a marker of vascular target organ damage. This study also demon-
strates an association between AASI and renal SOD and reaffirms the
importance of this index in the full assessment of hypertensive
patients. In addition to the relationship found in untreated patients,
we also observed a direct relationship between AASI and renal and
vascular damage in hypertensive patients receiving drug therapy.
However, in case of cardiac damage, this correlation was limited to
patients with antihypertensive treatment. Similarly, AASI was an
independent estimator of SOD. In this context, AASI even outper-
formed the classical vascular risk factors in patients both with and
without antihypertensive drug treatment.

The relationship between AASI and certain target organ lesions in
hypertensive patients was previously reported by Leoncini et al.20 in a
series of 188 hypertensive patients who were not receiving drug
treatment. The results of our study corroborate these findings and
extend them to other target organs and to hypertensive patients who
are receiving drug treatment and those with a longer course of high
BP. Thus, the greater the AASI is, the greater the risk for SOD. The
logistic regression analysis performed by Leoncini et al.20 yielded an
OR for AASI of 1.886, considering damage to any target organ as a
dependent variable. This value is lower than that obtained in our study
with Ln AASI (OR¼3.890). However, the loss of the predictive
capacity of AASI for SOD in those patients with uncontrolled BP
must be taken into account.

The association between AASI and other vascular lesions, such as
the increase in carotid IMT, is a constant finding. However, the
correlation coefficient obtained by Leoncini et al.20 (r¼0.196,
P¼0.015) is lower than that obtained in our series (r¼0.417,
Po0.001), possibly as a result of the longer course of hypertension
in our patients. Similar to our study, Leoncini et al.20 observed greater
AASI values in patients with carotid SOD (0.6) than in those without
(0.5). With regard to peripheral arterial damage as assessed by the ABI,
a negative correlation, which disappears in patients with hypertension
of longer duration, has been found in nontreated individuals.
Consequently, the relationship between AASI and the ankle/arm
index is not clear.

The association between AASI and heart rate remains controversial.
Thus, whereas Adiyaman et al.4 have reported a negative correlation
similar to that found in our study, Li et al.3 recorded no relationship
between these variables in their study of 348 patients who were not
receiving antihypertensive treatment. However, although there are still
a number of contradictory studies, heart rate and AASI are gaining
importance as determinants of the dynamic measurement of arterial
stiffness.4

The relationship between AASI and cardiac damage is not yet clear.
In our series, we noted a positive correlation between AASI and
Cornell VDP (r¼0.188, Po0.001), but not with the left ventricle mass
index (r¼0.014, P¼0.865). Our findings are in agreement with the
observations of Leoncini et al. (r¼0.133, P¼0.086) and Schillaci
et al.,21 who reported a statistically significant positive correlation
between these parameters (r¼0.17, Po0.001). However, this correla-
tion was not maintained in the corresponding multivariate analysis.

In terms of renal SOD, the results we obtained confirm the findings
of Ratto et al.31 and Mulé et al.,32 who reported a negative correlation
between AASI and renal damage, as assessed by GFR (r¼�0.25,
P¼0.0018; r¼�0.30, Po0.001, respectively), and those of Hermans
et al.,33 who estimated renal damage on the basis of parameters, such
as the MDRD formula and linked a lower GFR in intermediate stages
of kidney disease to a greater increase in arterial stiffness. However, on
evaluating renal damage by measuring urinary albumin excretion, we
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observed no correlation with AASI. In contrast, such a correlation was
reported by Leoncini et al.;20 however, this correlation was reported
after logarithmic transformation of the data.

The main limitation of our study is its cross-sectional design, which
precludes longitudinal analysis between AASI and SOD. Another

limitation is the selection of the study population; sampling was
performed consecutively with pragmatic and broad inclusion criteria.
Therefore, the study population includes hypertensive patients with a
recent diagnosis or a short course of hypertension, some subjects with
diabetes and hyperlipidemia, and many patients who were receiving
drug therapy. These circumstances may modify BP levels and, there-
fore, may limit the validity of some results. However, the results did
not change after controlling for these variables in the multivariate
analysis. Consequently, the heterogeneity of the sample could lead to
some limitations when interpreting the results, although the sample is
quite similar to the distribution of the actual population of short-
course hypertensive patients with some risk factors and no previous
cardiovascular disease.

In conclusion, increased AASI implies an increased presence of
associated vascular, cardiac and renal SOD in primary hypertensive
patients with or without BP-lowering drug treatment. Thus, AASI
could offer added predictive value to the evaluation of vascular risk.
Finally, we consider that further prospective studies of AASI in the
general population are required to assess the theory of a possible

Table 3 Multivariate analysis

Model Variable B 95% Confidence interval P-value

Dependent variable: average median IMT

(Constant) 0.167 0.056–0.278 0.003

Sex* 0.034 0.011–0.057 0.004

Age* 0.005 0.004–0.006 o0.001

Antihypertensive drugs 0.002 �0.022 to 0.025 0.877

AASI* 0.411 0.236–0.587 o0.001

Smoking* 0.044 0.020–0.068 o0.001

Waist circumference (cm)* 0.001 0.000–0.002 0.034

Dependent variable: Cornell VDP

(Constant) 803.090 90.727–1515.453 0.027

Sex* �260.807 �484.989 to �36.625 0.023

Age 3.644 �7.781 to 15.070 0.531

Antihypertensive drugs 37.268 �208.733 to 283.269 0.766

AASI* 1752.668 �55.337 to 3560.673 0.057

Dependent variable: Cockroft-Gault

(Constant) 59.487 41.170–77.805 0.000

Sex* 4.249 0.145–8.353 0.043

Age* �1.635 �1.827 to �1.443 o0.001

Antihypertensive drugs �2.368 �6.471 to 1.736 0.257

AASI* 52.599 22.297–82.901 0.001

Body mass index* 1.772 1.011–2.533 o0.001

Waist circumference (cm)* 0.583 0.280–0.886 o0.001

Dependent variable: Left ABI

(Constant) 1.422 1.206–1.639 o0.001

Sex �0.023 �0.068 to 0.021 0.301

Age 0.001 �0.001 to 0.004 0.204

Antihypertensive drugs 0.023 �0.026 to 0.072 0.355

AASI �0.358 �0.719 to 0.003 0.052

Smoking* �0.055 �0.105 to �0.006 0.028

Total cholesterol (mg per 100 ml)* �0.001 �0.001 to 0.000 0.020

HbA1c (%)* �0.024 �0.045 to �0.004 0.033

Abbreviations: AASI, ambulatory arterial stiffness index; ABI, ankle/brachial index; BMI, body mass index; HbA1C, glycosylated hemoglobin A1c; HDL, high-density lipoprotein; IMT, intima–media
thickness; LDL, Low-density lipoprotein; VDP, voltage–duration product.
Related variables to different associated subclinical organ damage in hypertensive patients.
Dependent variables: average median IMT, VDP, estimated glomerular filtration rate Cockroft-Gault, ABI.
Independent variables: age, sex, antihypertensive treatment, AASI, smoking, waist circumference, total cholesterol, HDL-c (mg per 100 ml), LDL-c (mg per 100 ml), triglycerides, diabetes mellitus,
HbA1c, BMI, heart rate and evolution years of the hypertension.
*P: statistically significant differences (Po0.05). The enter method was used for the following variables: age, sex, AASI and antihypertensive treatment. Stepwise method was used for others
independent variables.

Table 4 Logistic regression analysis considering as depending

variable any target organ damage

Variable B P value OR OR (CI 95%)

Sex (1: men/0: women) 0.160 0.387 1.174 0.816–1.688

Age 0.024 0.005 1.024 1.007–1.042

Antihypertensive drugs 0.082 0.666 1.086 0.748–1.577

Ln AASI 1.358 0.021 3.890 1.224–12.359

Smoking (1: smoker/ 0: nonsmoker) 0.439 0.043 1.551 1.013–2.373

Constant �0.705 0.440 0.494

Abbreviations: AASI, ambulatory arterial stiffness index; CI, confidence interval; Ln, natural
logarithm; OR, odds ratio.
Logistic regression by the enter method. Dependent variables: any target organ damage (the heart,
vascular or kidney). Independent variables: age, sex, antihypertensive drugs, Ln AASI and smoking.
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increase in arterial stiffness in the early stages of arterial hypertension
and before the development of SOD. The results of this study confirm
the potential importance of AASI in the early detection of target organ
damage in hypertensive patients, regardless of the duration of high BP
and the use or absence of antihypertensive drug therapy. In this sense,
AASI could be used to more efficiently evaluate cardiovascular risk.
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