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ABSTRACT

Background and Objectives: Ambulatory arterial stiffness index (AASI) is well known as a predictor of cardiovascular mor-
tality in hypertensive patients. Mathematically, AASI reflect the standard deviation (SD) of blood pressure (BP) variation.
AASI is measured higher levels in non-dipper than dipper. Thus, AASI has a possibility of not only reflecting arterial stiffness
but also BP variability and/or autonomic nervous dysfunction. Subjects and Methods: Consecutive data from 418 untreat-
ed hypertensive patients were analyzed retrospectively. We examined the association between the 24-hour ambulatory BP mo-
nitoring (ABPM) parameters and AASI. Results: AASI had a simple correlation with age (R=0.189, p<0.001), relative wall
thickness (RWT) (R=0.115, p=0.019), left ventricular mass index (LVMI) (R=0.192, p<0.001), average systolic BP (SBP) (R=
0.232, p<0.001), average pulse pressure (PP) (R=0.363, p<0.001), SD of diastolic BP (DBP) (R=-0.352, p<0.001), SD of PP (R=
0.330, p<0.001), SD of heart rate (HR) (R=-0.268, p<0.001), and nocturnal dipping (R=-0.137, p=0.005). In multiple linear
regression analysis model including clinical parameters and 24 hour-ABPM parameters, independent predictors of AASI
were SD of PP (B=1.246, p<0.001), SD of DBP (B=-1.067, p<0.001), SD of SBP (B=-0.197, p<0.001), and non-dipper (=0.054,
p=0.033). Conclusion: AASI is closely correlated with BP variability. The result of this study shows that AASI is not only a

parameter for arterial stiffness, but also a parameter for BP variability. (Korean Circ J 2011;41:235-240)
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Introduction

Ambulatory arterial stiffness index (AASI) is a marker of ar-
terial stiffness suggested by Li et al.” AASI is a well known pre-
dictor of cardiovascular mortality in hypertensive patients.”
In the dynamic relation between systolic and diastolic blood
pressure (BP), for a given increase in diastolic BP (DBP), the
increase in systolic BP (SBP) is smaller in a compliant artery
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than in a stiff artery.” According to this basic principle, Li et
al.” calculated the regression slope of DBP on SBP from the
BP value of 24 hour ambulatory BP monitoring (ABPM), to
quantify the increase in DBP for a given SBP change. One mi-
nus the slope corresponds to AASI, which is known to reflect
arterial stiffness.”

However, the biological mechanisms underlying AASI as a
parameter of arterial stiffness is not yet fully understood. First,
by using ABPM, AASI is inevitably influenced by BP variabi-
lity component. In other words, with a mathematical consi-
deration, the standard deviation (SD) of DBP as a numerator
of the regression slope is positively correlated with the regress-
ion slope of DBP on SBP. Consequently, SD of DBP is inver-
sely correlated with AASI (1-regression slope).

Second, BP variability has also been documented to be a pr-
ognostic marker in some reports.*” According to a previous
report, AASI has only weak correlations with the parameters
of arterial stiffness.” There appears to be a possibility that AA-
S, as a prognostic marker, is confounded by BP variability.
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Moreover, some studies showed that AASI is strongly in-
fluenced by factors unrelated to arterial stiffness, i.e., noctur-
nal BP fall®” According to Schillaci et al.¥ AASI is higher in
non-dippers than dippers. AASI has a possibility of reflecting
not only arterial stiffness, but also diurnal BP variability and/
or autonomic nervous dysfunction. Therefore, we hypothesiz-
ed that BP variability is a significant biologic mechanism un-
derlying AASI, and elected to study the relationship between AASI
and BP variability in hypertensive patients using ABPM data.

Subjects and Methods

Study population

The dataset of 644 consecutive patients was acquired from
the ABPM database. The patients had undergone both ABPM
and echocardiography at the Hanyang University Hospital,
Seoul, the Republic of Korea from February 16th, 2006 to De-
cember 31st, 2008. Among these 644 patients, only hyper-
tensive patients who had not taken medication were enroll-
ed. Hypertension was defined as clinic BP of at least 140/90
mmHg, or 24 hour average BP of at least 135/85 mmHg, or an-
tihypertensive drug treatment in patients with history of hy-
pertension. Finally, consecutive data from 418 patients were
analyzed retrospectively.

Height, weight, clinical BP and heart rate (HR) were mea-
sured before ABPM was performed. Diabetes was defined as
a self-reported history of being told by a physician that dia-
betes was present, or having a fasting glucose of 126 mg/dL
or greater. Clinical information was collected by reviewing
medical records. The study protocol was approved by the in-
stitutional review board at the Hanyang University Hospital.

Measurement of office blood pressure and 24-hour
ambulatory blood pressure monitoring

Clinic BP was measured by a mercury sphygmomanome-
ter, and defined as the average of at least 2 measurements re-
corded 3 minutes apart. Five physicians were involved in the
measurement of clinic BP. Standardization quality was not va-
lidated. ABPM was recorded during a routine day by a TM-
2430 device (A&D, Saitama, Japan). The device was applied to
the non-dominant arm for 24 hours. BP was measured every
15 minutes during daytime, and every 30 minutes at night-
time. Patients were instructed to maintain their usual activi-
ties during monitoring, and to stay calm when the device start-
ed to work. Daytime and nighttime periods were defined in-
dividually according to the patients’ self-reported data. As dis-
played in Fig. 1, raw data were examined by a scatter plot and
the regression slope of DBP on SBP was computed to obtain
an AASI (1-slope).” The average mean arterial pressure (AM-
AP), SBP, DBP, pulse pressure (PP) and HR were calculated.
The SDs of SBP, DBP, PP and HR were also calculated as pa-
rameters of BP and HR variability. Nocturnal dipping (%) is
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Fig. 1. Derivation of the ambulatory arterial stiffness index (AASI)
from a 24 hour ambulatory blood pressure recording.

defined by percent decrease in nocturnal systolic BP compar-
ed to daytime systolic BP. When patients exhibited nocturnal
dipping of less than 10%, they were defined as non-dippers.

Measurement of echocardiography

Echocardiograms were carried out using a HP Sonos 2500
(Hewlett-Packard, Santa Clara, CA, USA) machine equipped
with a 2.5 MHz probe. Left ventricular mass index (LVMI)"*'?
and relative wall thickness (RWT)*'¥ are associated with ar-
terial stiffness. We have examined LVMI and RWT to eluci-
date the relationship between AASI and LV structural change
due to arterial stiffness. Left ventricular mass (LVM) was cal-
culated from 2D-guided M-mode echocardiographic mea-
surement of the left ventricle. Measurement of the left ventri-
cle internal dimension, interventricular septal thickness, and
posterior wall thickness were made during diastole accord-
ing to methods established by the American Society of Echo-
cardiography. LVM was calculated using the Devereux equa-
tion."”” LVMI was calculated by dividing LVM by height*” to
minimize effects of age, gender, ethnicity, and overweight
status.’¥"” RWT was calculated as the ratio of 2x(posterior
wall thickness/end diastolic diameter) to assess the concentric
LV remodeling."¥

Statistical analysis

All data are presented as means*SDs. Statistical analyses
were performed using Statistical Package for the Social Sci-
ences (SPSS) (version 13.0; SPSS Inc., Chicago, IL, USA). A
P<0.05 was considered statistically significant.

Student’s t-test was used for comparison of the measured
values from the two groups divided according to sex and ac-
cording to nocturnal BP dipping status. Pearson correlation
coeflicients between AASI and clinical parameters or 24 ho-
ur-ABPM parameters were calculated.



Multiple linear regression analyses were performed to ad-
just associated variables. Two multiple linear regression an-
alysis models were used to estimate the independent corre-
lation of AASI with clinical parameters and 24 hour-ABPM
parameters. The first model included age, sex, height, wei-
ght, LVMI, RWT, diabetes mellitus, lipid profile, and 24 ho-
ur-ABPM parameters. Twenty-four hour ABPM parameters,
included average MAP, average SBP, SD of SBP, average DBP,
SD of DBP, average PP, SD of PP, average HR, SD of HR, and
dipping status. In the second model, as another method to ad-
just the BP level, we introduced coefficient of variation (CV).
CV was defined as the ratio of the SD to the mean. The crite-
rion for entry into stepwise multiple linear regression analysis
was p<0.05, while removal criterion was p>0.10.

Results

General characteristics of study subjects

The clinical characteristics of the study population are sum-
marized in Table 1. The mean (£SD) age of the subjects was
60.3+15.5, and proportion of male was 51.9%. The mean (£
SD) office SBP was 149.3+14.4 mmHg and the mean (+SD)
office DBP was 89.4+9.3 mmHg.

The results of 24 hour ambulatory blood pressure
monitoring

Twenty-four hour ABPM parameters of the study popula-
tion are listed in Table 2. The mean (£SD) of average SBP was

Table 1. Clinical characteristics of patients

Age (years) 60.3+15.5
Male (%) 217/418 (51.9)
Height (cm) 161.5+9.2
Weight (kg) 64.4+12.2
Office SBP (mmHg) 149.3+14.4
Office DBP (mmHg) 89.419.3
Office HR (BPM) 70.0+12.9
Fasting blood glucose (mg/dL) 112.6+37.3
Serum creatinine (mg/dL) 0.98+0.67
Blood urea nitrogen (mg/dL) 14.916.9
Total cholesterol (mg/dL) 181.3+40.4
Triglycerides (mg/dL) 135.24+86.5
HDL-C (mg/dL) 40.8£11.7
LDL-C (mg/dL) 105.0£30.7
Diabetes mellitus (%) 75/418 (17.9)
LVMI (g/m?7) 52.03£13.48

RWT 0.38%0.04

Data are reported as mean (£SD) or percentage. SBP: systolic blood
pressure, DBP: diastolic blood pressure, HR: heart rate, BPM: beats
per minute, HDL-C: high density lipoprotein-cholesterol, LDL-C: low
density lipoprotein-cholesterol, LVMI: left ventricular mass index,
RWT: relative wall thickness
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144.5+13.9 mmHg, the mean (£SD) of average DBP was 84.2
1+8.8 mmHg, and the mean (£SD) of average PP was 60.0+
10.7 mmHg. The proportion of non-dippers was 61.7%, and
the mean (+SD) of AASI was 0.583+0.133.

Crude association between ambulatory arterial
stiffness index and clinical parameters

AASI was not different between female and male (0.576+
0.126 vs. 0.589+0.139; p=0.311). Bivariate correlations of AA-
SI with clinical parameters are listed in Table 3. AASI had sig-
nificant correlation with age (R=0.189, p<0.001), RWT (R=
0.115, p=0.019), and LVMI (R=0.192, p<0.001).

Crude association between ambulatory arterial
stiffness index and 24 hour ambulatory blood
pressure monitoring parameters

AASI was significantly higher in non-dippers than in dip-

Table 2. 24-hour ABPM parameters

Average SBP (mmHg) 144.5+13.9
Average DBP (mmHg) 84.2+8.8
Average PP (mmHg) 60.0+10.7
Average MAP (mmHg) 104.3+9.6
Average HR (BPM) 71.219.4
SD of SBP (mmHg) 19.8+5.2
SD of DBP (mmHg) 15.5+4.1
SD of PP (mmHg) 17.514.3
SD of HR (BPM) 10.3+3.3
CV for SBP 0.1384+0.037
CV for DBP 0.18610.051
CV for PP 0.298+0.082
Nocturnal dipping (%) 7.2+11.0

Non-dipper (%) 258/418 (61.7)
AASI 0.583+0.133

Data are reported as mean (+SD) or percentage. ABPM: ambulatory
BP monitoring, SBP: systolic blood pressure, DBP: diastolic blood
pressure, PP: pulse pressure, MAP: mean arterial pressure, HR: heart
rate, BPM: beats per minute, SD: standard deviation, CV: coeffici-
ent of variation, AASI: ambulatory arterial stiffness index

Table 3. Bivariate correlation of AASI with clinical parameters

Variable Pearson’s correlation coefficient p

Age (years) 0.189 <0.001
Height (cm) -0.054 0.279
Weight (kg) -0.002 0.962
Triglycerides (mg/dL) 0.067 0.210
HDL-C (mg/dL) -0.102 0.059
LDL-C (mg/dL) -0.014 0.800
RWT 0.115 0.019
LVMI 0.192 <0.001

AASI: ambulatory arterial stiffness index, HDL-C: high density li-
poprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol,
RWT: relative wall thickness, LVMI: left ventricular mass index
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pers (0.602£0.133 vs. 0.552+0.128; p<0.001). Bivariate cor-
relations of AASI with 24 hour ABPM variables are listed in
Table 4. AASI had significant correlation with average SBP
(R=0.232, p<0.001), average PP (R=0.363, p<0.001), SD of
DBP (R=-0.352, p<0.001), SD of PP (R=0.330, p<0.001), SD of
HR (R=-0.268, p<0.001), CV for SBP (R=-0.135, p=0.006),
CV for DBP (R=-0.318, p<0.001), and nocturnal dipping (R=
-0.137, p=0.005) (Fig. 2).

Independent predictors of higher ambulatory arterial
stiffness index
In the first model including age, sex, height, weight, LV-

Table 4. Bivariate correlation of AASI with 24-hour ABPM param-
eters

Variable Pearsons correlation coefficient  p

Average SBP (mmHg) 0.232 <0.001
Average DBP (mmHg) -0.073 0.135
Average PP (mmHg) 0.363 <0.001
Average MAP (mmHg) 0.067 0.169
Average HR (BPM) -0.065 0.188
SD of SBP (mmHg) -0.065 0.186
SD of DBP (mmHg) -0.352 <0.001
SD of PP (mmHg) 0.330 <0.001
SD of HR (BPM) -0.268 <0.001
CV for SBP -0.135 0.006
CV for DBP -0.318 <0.001
CV for PP 0.068 0.164
Nocturnal dipping (%) -0.137 0.005

AASI: ambulatory arterial stiffness index, ABPM: ambulatory blood
pressure monitoring, SBP: systolic blood pressure, DBP: diastolic
blood pressure, PP: pulse pressure, MAP: mean arterial pressure, HR:
heart rate, BPM: beats per minute, SD: standard deviation, CV: co-
efficient of variation
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Fig. 2. Correlation of ambulatory arterial stiffness index with noc-
turnal dipping.

MI, RWT, diabetes mellitus, lipid profile, average MAP, aver-
age PP, SD of PP, average SBP, SD of SBP, average DBP, SD of
DBP, average HR, SD of HR, and dipping status, statistically
significant predictors of higher AASI were SD of PP ($=1.246,
p<0.001), SD of DBP (B=-1.067, p<0.001), SD of SBP (B=
-0.197, p<0.001), and non-dipper status (f=0.054, p=0.033)
(Table 5). In the second model including age, sex, height,
weight, LVMI, RWT, diabetes mellitus, lipid profile, average
MAP, CV for SBP, CV for DBP, CV for PP, average HR, SD of
HR, and dipping status, statistically significant predictors of
higher AASI included CV for PP ($=0.692, p<0.001), CV for
DBP (p=-0.658, p<0.001), age (B=0.211, p<0.001), SD of HR
(B=-0.217, p<0.001), non-dipper status (f=0.115, p=0.016),
and diabetes mellitus (3=0.106, p=0.018) (Table 5).

Discussion

This study demonstrated that AASI is closely related with

Table 5. Independent predictors of higher AASI in stepwise mul-
tiple linear regression analysis models

First model Second model

Variable

B p B p
Age (years) 0.019 0.451 0211  <0.001
Male 0.017 0.492 0.047 0.306
Height (cm) 0.008 0.750 0.028 0.575
Weight (kg) 0.002 0.948 0.047 0.331
Diabetes mellitus 0.014 0.569 0.106 0.018
Triglycerides (mg/dL) 0.005 0.852 0.018 0.698
HDL-C (mg/dL) -0.011 0.657 0.014 0.758
LDL-C (mg/dL) 0.014 0.565 0.027 0.550
RWT -0.046 0.063 0.026 0.562
LVMI (g/m*’) 0.034 0.170 0.046 0.320
Non-dipper 0.054 0.033 0.115 0.016
Average HR (BPM) -0.025 0.309  -0.046 0.331
SD of HR (BPM) -0.018 0.525  -0.217  <0.001
Average SBP (mmHg) 0.023 0.360 - -
SD of SBP (mmHg) -0.197  <0.001 - -
Average DBP (mmHg) 0.009 0.708 - -
SD of DBP (mmHg) -1.067  <0.001 - -
Average PP (mmHg) 0.020 0.447 - -
SD of PP (mmHg) 1.246  <0.001 - -
Average MAP (mmHg) 0.016 0.510  -0.036 0.450
CV for SBP - - 0.038 0.644
CV for DBP - - -0.658  <0.001
CV for PP - - 0.692  <0.001

AASI: ambulatory arterial stiffness index, HDL-C: high density li-
poprotein-cholesterol, LDL-C: low density lipoprotein-cholesterol,
RWT: relative wall thickness, LVMI: left ventricular mass index, HR:
heart rate, BPM: beats per minute, PP: pulse pressure, SD: standard
deviation, MAP: mean arterial pressure, SBP: systolic blood pres-
sure, DBP: diastolic blood pressure, CV: coefficient of variation



BP variability. Furthermore, AASI has a much stronger rela-
tionship with BP variability than with BP itself. BP variabili-
ty and BP is known to be relevant to the adverse consequ-
ence of hypertension."” These findings suggest that AASI
reflects BP variability and arterial stiffness.

Mathematically, DBP variability is inversely correlated with
AASI. After adjusting the associated variables, our results are
consistent with this principle. Increased BP variability could
potentially be caused by increased average BP. However, af-
ter adjusting the average BP, BP variability was still an inde-
pendent risk factor for higher AASI. This result suggests that
AASI is closely related to BP variability.

In the first regression model, PP variability was a positive
determinant of AASI after adjusting the PP. PP is one of the
most important parameters for arterial stiffness. This result sug-
gests that SD of PP may be a predictor for prognosis. We also
documented that BP variability factors are stronger determi-
nants of AASI than average BP. In the first model, SD of PP
was the strongest independent predictor of higher AASI.

Considering that variability size is dependent on the mean
value, CV appears to be a better indicator. In the second
model, CV for PP and DBP, age, SD of HR, non-dipper, and
diabetes mellitus were independent predictors. From these
independent predictors, CV for PP was the strongest inde-
pendent predictor of AASI. Thus, CV for PP or the SD of PP,
which represents PP variability, is better related to AASI than
PP itself, which is a well-known parameter of arterial stiffness.

In this study, AASI is significantly higher in non-dipper
than in dipper, as demonstrated in a previous study. Non-dip-
per is known to be associated with several conditions, includ-
ing autonomic dysregulation and target organ damage.”*”
In addition, HR variability was independently and inversely
correlated with AASI. HR variability is decreased in patients
with autonomic dysfunction.” Furthermore, a previous study
had documented that reduced HR variability estimated by
ABPM has prognostic significance for cardiovascular mor-
tality.® According to our study, there is a possibility that non-
dipper or autonomic dysregulation may confound AASI in
predicting cardiovascular outcome.

On the contrary, LVH is associated with arterial stiffness'*"”
and with increased PP?""* In our study, LVMI was positively
correlated with AASI in the crude relationship. However, in
regression analysis models, the relationship between AASI
and LVMI did not survived. Concentric left ventricular re-
modeling is also associated with arterial stiffeness''¥ and
with left ventricular pressure overload.” RWT was positively
correlated with AASI in the crude relationship. However, in
the regression analysis model, RWT was not an independent
predictor of AASI. These results imply that AASI have weak
relationship with increased afterload resulted from arterial
stiffness.

The finding that AAST has a weak correlation with PP and
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with SBP in this study may be interpreted as AASI reflects dif-
ferent aspects of arterial stiffness as measured by PP. It is con-
sistent with the outcomes of a previous study that AASI was
a significant predictor of stroke in a general population, after
having adjusted for PP*)

PP is mainly affected by stroke volume and arterial elastici-
ty, which determines both arterial compliance and wave re-
flection.® When symphathetic tone increases and parasym-
phathetic nervous activity decreases, the variability of stroke
volume rises.”” On the other hand, as arterial distending pres-
sure increases, the elasticity decreases.” Thus, increased st-
roke volume might cause decreased elasticity, which causes
both reduced arterial compliance and increased pulse wave
velocity. Therefore, autonomic dysfunction, which increases
stroke volume variability, may give rise to increased PP vari-
ability.

We have demonstrated that AASI has much stronger rela-
tionship with PP variability than with PP itself. Thus, we mig-
ht speculate that AASI which is regarded as a parameter of ar-
terial stiffness may reflect PP variability, autonomic nervous
dysfunction, or increased sympathetic tone.

There are limitations in this study. First, we have not dem-
onstrated a direct relationship between PP variability and
autonomic cardiovascular regulation. Therefore, the relation-
ship between PP variability and autonomic cardiovascular
regulation remains conjectural. However, there is other evid-
ence that AASI is affected by autonomic cardiovascular reg-
ulation. According to our results, AASI is inversely correlat-
ed with the SD of HR. HR variability decreases in patients
with autonomic dysfunction.” Furthermore, non-dipper was
an independent predictor of higher AASI after adjusting cli-
nical variables. These results support that AASI is affected by
autonomic dysregulation. Second, pulse wave velocity, wh-
ich is regarded as standard method to measure arterial stiff-
ness, was not available in this study. Therefore, there is some
limitation to demonstrate the relationship between AASI and
arterial stiffness. However, we have suggested average PP,
LVMI and RWT as parameters of arterial stiffness. Average
PP, LVMI'*'® and RWT™' also represent arterial stiffness.
None of these parameters were independently associated with
AASI. These results suggest that AASI have a weak relation-
ship with arterial stiffness.

In conclusion, AASI is closely related to BP variability. This
suggests that AASI is not only a parameter for arterial stiff-
ness, but also a parameter for BP variability.
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