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Treatment-induced changes in ambulatory arterial
stiffness index: one-year prospective study and
meta-analysis of evidence

Anastasios Kollias1,3, Vayia Rarra1,3, Nikos Karpettas1, Leonidas Roussias1, Eoin O’Brien2 and
George S Stergiou1

The ambulatory arterial stiffness index (AASI) has been introduced as an index of arterial function, predicting cardiovascular

events. However, treatment-induced changes in AASI are rather equivocal. This study aims to: (i) present the results of

treatment-induced changes in AASI in untreated subjects with elevated blood pressure (BP), subjected to antihypertensive

treatment for 1 year and (ii) perform a meta-analysis of studies reporting on treatment-induced change in AASI. A total of 104

subjects (mean age 51.4±10.3 years, 62% males, mean follow-up: 13.6±2.4 months) were analyzed. Despite significant

reductions in 24-h ambulatory systolic/diastolic BP, pulse pressure and pulse wave velocity (mean change: −15.9±12/

−10.4±7.6mmHg, −5.4±6.8mmHg, −0.7±1.9m s−1, respectively, all Po0.05), there was no significant change (Follow

up—Baseline) in AASI values (mean change: 0.01±0.17, P= not significant). The treatment-induced change in AASI was

correlated with baseline AASI (r=−0.61), baseline 24-h pulse pressure (−0.26), treatment-induced change in 24-h pulse

pressure (0.26) and in systolic/diastolic nocturnal dipping (−0.25/−0.40, respectively). Meta-analysis of eight trials (n=990)

revealed a marginal decrease in AASI with antihypertensive treatment (pooled change: −0.018 (95% confidence interval (CI):

−0.033,−0.003)). When the analysis was restricted to data with renin-angiotensin system blockers (n=755, 76% of total), the

results did not significantly change (pooled change −0.028 (95% CI −0.048, −0.007)). In conclusion, although AASI is an

independent predictor of cardiovascular events, its response to antihypertensive treatment is only marginal and clinically

uncertain, which may render its use as a therapeutic target in clinical practice questionable.
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INTRODUCTION

Ambulatory arterial stiffness index (AASI) was introduced in 2006 as a
measure of the dynamic relationship between systolic and diastolic
blood pressure (BP).1,2 More specifically, it is derived from the
regression slope of diastolic on systolic BP during 24-h ambulatory BP
monitoring.1,2 Although it was initially regarded as an index of arterial
stiffness, subsequent studies revealed that it is a more composite index
of arterial function determined by several arterio-ventricular coupling
factors.3,4 More importantly, a large number of studies have shown
AASI to be associated with several indices of arterial damage, including
arterial stiffness, and to independently predict cardiovascular events,
mainly stroke.5–8

The superiority of ambulatory BP monitoring over clinic BP in
terms of diagnostic and prognostic value is well established and recent
guidelines support its increasing use in clinical practice.9,10 This led to

an initial enthusiasm about the broad use of AASI in clinical practice
as an additional piece of information which is easily derived from
routine ambulatory BP monitoring and has independent
prognostic value.
However, doubts have been raised regarding the response of AASI

to antihypertensive treatment, an issue that has not been systematically
addressed. Some studies have reported a significant decline in AASI
values with antihypertensive treatment,11,12 whereas others have failed
to show any difference.13,14 Some of these studies have implied that
the response of AASI to treatment may be drug-class-specific with the
largest response seen with the blockers of the renin-angiotensin
system.11 However, several issues regarding the response profile of
AASI by antihypertensive treatment remain uncertain.
This study aimed to: (i) present the data of a prospective study

regarding treatment-induced changes in AASI in subjects receiving
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antihypertensive treatment for 1 year15 and (ii) perform a systematic
review and meta-analysis of relevant studies on the response of AASI
to antihypertensive treatment.

METHODS

Prospective study
A prospective randomized study was conducted in untreated subjects that
compared the BP reduction, the hypertension control rate and the regression of
target-organ damage achieved after 12 months of treatment based either on
home BP monitoring alone or on office BP measurement combined with
occasional use of ambulatory BP monitoring.15 Details for the study protocol
and patients’ characteristics have been published previously.15,16 In brief, adults
aged 430 years who fulfilled the study entry criteria were enrolled and
participated in a 2-week run-in period during which they were evaluated with
the following: (i) measurements of BP in the clinic, at home and with
ambulatory monitoring; (ii) laboratory investigations (full blood count and
routine blood biochemistry); and (iii) assessment of preclinical target-organ
damage (electrocardiogram, echocardiography, carotid–femoral pulse wave
velocity and urinary albumin excretion). Participants who fulfilled the study
selection criteria and had a BP above target were subjected to antihypertensive
treatment using a stepwise add-on treatment strategy until preset BP goals were
reached. Treatment was initiated with full-dose angiotensin receptor blocker
(irbesartan 300mg, telmisartan 80mg or valsartan 320mg once daily) (step 1).
Amlodipine 5mg once daily was added as a second drug (step 2) and titrated to
10mg once daily if required (step 3). In case of amlodipine-induced ankle
edema, the dose was reduced or the drug discontinued according to the
intensity of edema. If the BP goal was not reached, hydrochlorothiazide 12.5mg
once daily was added (step 4) and titrated to 25mg once daily if required (step
5). Carvedilol 12.5mg twice daily was added as a fourth drug (step 6) and
titrated to 25mg twice daily according to BP levels (step 7). Treatment
initiation and titration were based on either clinic BP and ambulatory BP
measurement or home BP measurement alone, with participants randomized to
the two treatment strategy arms. After 12 months of treatment, the participants
underwent the same evaluation as at baseline. Ambulatory BP was monitored
on a routine workday at 20-min intervals for 24 h using validated oscillometric
devices: SpaceLabs 90207 or 90217 (Healthcare, Issaquah, WA, USA) or
Microlife WatchBP O3 (Microlife AG, Widnau, Switzerland). Each individual
used the same type of ambulatory BP monitor throughout the study.
Ambulatory BP recordings with o20 valid awake and 7 asleep readings were
repeated.
The regression slope of diastolic on systolic BP was computed for each

individual on the basis of ambulatory BP readings and AASI was defined as one
minus the respective regression slope.1,2 Symmetrical AASI was calculated using
the formula 1−(1−AASI)/r, with r being the correlation coefficient between
systolic and diastolic ambulatory BP.17

Analysis
Participants with complete 24-h ambulatory BP and pulse wave velocity
evaluations both at baseline and at the end of follow-up were analyzed. The
Kolmogorov–Smirnov test was used to check the normality of the distribution
of the study samples. Student’s paired t-test was used to compare BP and AASI
values at baseline and at the end of the study, and the Wilcoxon’s test was used
for paired comparisons of non-parametric data. Pearson correlations were used
to assess the relationship between treatment-induced changes in AASI and the
corresponding changes in BP and pulse wave velocity. Stepwise multivariate
regression was performed for the identification of independent determinants of
treatment-induced change in AASI. Statistical analysis was performed using the
IBM SPSS Statistics (Version 21.0., IBM Corp, Armonk, NY, USA). A P-value
of 0.05 was considered statistically significant.

Meta-analysis
Search strategy. A systematic literature search was performed by a single
investigator (AK) at PubMed during the period from 2006 (when AASI was
introduced) to August 2014, using the keywords: ‘ambulatory arterial stiffness
index’ and ‘treatment’.

Selection criteria, data extraction and statistical analysis. By taking the PRISMA
guidelines into consideration (www.prisma-statement.org), a systematic review
was performed of articles written in English and presenting data from
prospective studies on antihypertensive treatment-induced changes in AASI.
Eligible studies were those that examined AASI values before and after
antihypertensive treatment in untreated subjects, or in treated patients who
were subjected to wash-out period, or were subjected to treatment change or
up-titration. In case of randomized placebo studies, only the treated group was
included in the analysis.

Meta-analysis was performed based on aggregate data from selected studies
(not individual patients’ data). In one case, the exact aggregate AASI values were
retrieved from the authors as these were contained in a graph.18 Average values
pooled by random effects meta-analysis were estimated for treatment-induced
changes in AASI. Random rather than fixed effects models were performed as
more appropriate for balancing weights across large and small studies and to
allow for variation in study effects, owing to the expected dispersion in the effect
size across studies (attributed to factors such as age, ethnicity, methodology,
different treatment strategies, duration of treatment, etc). A standard formula for
combining subgroup means and s.ds. for AASI was performed where necessary.19

Publication bias was evaluated by means of Begg’s funnel plots and Begg’s and
Egger’s statistical tests.20,21 Meta-analysis and meta-regression were performed
using the STATA SE version 11.2 (StataCorp, College Station, TX, USA).
Heterogeneity was tested using I2 statistics. Two-sided P-values o0.05 were
considered significant. Data are given as mean± s.d., unless stated otherwise.

RESULTS

Prospective study
A total of 104 subjects had complete data for the purpose of this study
(mean age 51.4± 10.3 years, 62% males, body mass index:
28.9± 4.3 kg m−2, mean follow-up: 13.6± 2.4 months). Despite
significant decreases in 24 h BP (systolic, diastolic and pulse pressure)
as well as in pulse wave velocity with the antihypertensive treatment,
there were no significant changes in AASI values (Table 1). The change
in AASI values (Follow up—Baseline) was correlated with baseline
AASI, baseline pulse pressure, the treatment-induced change in pulse
pressure and with the change in nocturnal dipping; however, no
association was observed with the treatment-induced change in pulse
wave velocity (Table 2). Only subjects with baseline AASI values at the
upper quartile (average baseline AASI: 0.55± 0.06) exhibited a
significant decrease in AASI with antihypertensive treatment (mean
change: − 0.10± 0.17, Po0.01). Stepwise multivariate regression
analysis using the treatment-induced change in AASI as the dependent
variable and all the variables showing significant correlations with this
change as independent variables, revealed that baseline AASI values
(beta coefficient± s.e.: − 0.70± 0.09) and the change in diastolic

Table 1 Twenty-four-hour ambulatory blood pressure, ambulatory

arterial stiffness index and pulse wave velocity at baseline and at the

end of the follow-up

Variables Baseline

Change

(Follow up—Baseline)

24-h BP (mmHg)

systolic/diastolic

134.1±11.2/84.5±7.9 −15.9±12*/

−10.4±7.6*

Pulse pressure (mmHg) 49.6±8.2 −5.4±6.8*

Systolic BP dip (%) 12.4±6.2 0.1±7.3

Diastolic BP dip (%) 16±7.1 −0.08±9.1

AASI 0.38±0.14 0.01±0.17

Symmetrical AASI 0.20±0.15 0.01±0.16

PWV (m s−1) 7.3±1.8 −0.7±1.9*

Abbreviations: AASI, ambulatory arterial stiffness index; BP, blood pressure; PWV, pulse wave
velocity; *Po0.05.
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nocturnal dipping (−0.63± 0.13) were the sole determinants of the
variation of the change in AASI (R2= 0.70). Likewise, the treatment-
induced change in symmetrical AASI was determined (R2= 0.66) by
baseline symmetrical AASI values (−0.58± 0.08), treatment-induced
change in pulse pressure (0.006± 0.002) and diastolic nocturnal
dipping (−0.37± 0.13).

Meta-analysis
Seventy-eight studies were identified by the original search. Seven of
them satisfied the inclusion criteria and were included in the analysis
along with the data of this prospective study.11–14,18,22,23 Their
characteristics are shown in Table 3. The rest of the articles were
irrelevant or did not satisfy the aforementioned inclusion criteria.
The meta-analysis of these eight studies (n= 990) revealed a pooled

change (Follow up—Baseline) in AASI of − 0.018 (−0.033, − 0.003)
(Figure 1). Both Begg’s and Egger’s tests did not identify any
publication bias (P values non-significant). Meta-regression analysis
did not identify any significant determinants (baseline age, baseline
AASI, duration of treatment) of the AASI change, although there was a
trend for higher differences with higher baseline AASI values
(Figure 2). When the analysis was performed by including only
data for patients receiving antihypertensive treatment based on

angiotensin-renin system blockers (n= 755, 76% of total), the pooled
difference was − 0.028 (−0.048, − 0.007).

DISCUSSION

There is considerable evidence supporting the prognostic significance
of AASI in terms of cardiovascular morbidity and mortality.5–8

Although this index is promptly derived from routine 24-h ambula-
tory BP monitoring, its use in everyday clinical practice is restricted by
the lack of data regarding its usefulness as a therapeutic measure.8 This
study investigated the response of AASI to antihypertensive treatment
by means of a 1-year prospective study and a meta-analysis of relevant
data. The main findings are that AASI: (i) presents only marginal
decrease with antihypertensive treatment which raises doubts about its
clinical utility in clinical practice and (ii) there seems to be no
association between treatment-induced changes in AASI and in arterial
stiffness.
In this 1-year study, antihypertensive treatment based on a renin-

angiotensin system blocker failed to decrease AASI values. This is in
line with previously published studies using similar therapeutic regi-
mens based on a renin-angiotensin system blocker for comparable
durations of treatment.13,14 Moreover, the change in AASI values
appeared to be associated with baseline AASI and pulse pressure
values, as well as with the treatment-induced change in pulse pressure,
and with the change in nocturnal dipping; however, no association
was observed with the change in pulse wave velocity. Moreover,
subjects with baseline AASI values at the upper quartile exhibited a
significant decrease with the antihypertensive treatment. This observa-
tion might imply that the treatment effect becomes evident only in
subjects with higher AASI values indicating a more serious derange-
ment in arterial function. The association between the changes in
AASI and nocturnal dipping confirms previous observations on the
dependence of AASI on the nighttime BP change.3,17 Indeed, a
previous study in untreated hypertensive subjects revealed that AASI
is inversely related with nocturnal systolic and mainly diastolic BP
reduction.3 In line with these data, the present findings demonstrated
an inverse association of the treatment-induced change in AASI with
the change in nocturnal diastolic BP dipping. However, even when

Table 2 Associations of treatment-induced change in ambulatory

arterial stiffness index (correlation coefficients r)

Variables r

Age −0.18

Baseline AASI −0.61*

Baseline pulse pressure −0.26*

Δ Pulse pressure 0.26*

Δ PWV −0.05

Δ Systolic nocturnal BP dip −0.25*

Δ Diastolic nocturnal BP dip −0.40*

Abbreviations: AASI, ambulatory arterial stiffness index; BP, blood pressure; PWV, pulse wave
velocity; Δ, treatment-induced change (Follow up—Baseline); *Po0.05.

Table 3 Characteristics of the studies on treatment-induced change in AASI included in the meta-analysis

Study Subjects n

Mean age

(years) Treatment duration (weeks) and type Baseline AASI

Treatment-induced change in AASI

(Follow up—Baseline)

Andreadis11 Untreated HTN 185 55.4±10.5 12

CCB and/or ARB

0.58±0.17 −0.052±0.24

Jin13 HTN subjected to 4-week

washout

201 55.6±12.4 48

Perindopril/indapamide or atenolol

0.43±0.16 −0.007±0.13

Matsui14 HTN treated with olmesartan 207 68.5±8.6 24

Olmesartan+(HCTZ or azelnidipine)

0.55±0.14 −0.015±0.18

Litvin22 HTN with obstructive sleep apnea

(6–10-days washout)

44 55.5±9.6 3

Valsartan+(HCTZ or amlodipine)

0.55±0.17 −0.07±0.43

Boesby23 Treated HTN with chronic kidney

disease

22 58.3±13.4 24

Eplerenone

0.47±0.12 −0.02±0.19

Jekell18 Treated HTN subjected to 4–6-

week washout

77 54±9 48

Irbesartan or atenolol

0.36±0.18 −0.03±0.25

Andreadis12 Untreated HTN 154 52.5±13 24

Aliskiren or ramipril

0.40±0.16 −0.032±0.19

Present study Untreated HTN 104 51.4±10.3 54

ARB± (amlodipine±HCTZ± carvedilol)

0.38±0.14 0.012±0.17

Abbreviations: AASI, ambulatory arterial stiffness index; ARB, angiotensin receptor blocker; CCB, calcium channel blocker; HCTZ, hydrochlorothiazide; HTN, hypertensives.
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symmetrical AASI, an index less dependent on the nocturnal BP fall
was used, no significant treatment effect could be observed.24 More
specifically, symmetrical AASI was less dependent on the change in
diastolic BP dipping (although not devoid of it), but this advantage
might be moderated by other characteristics such as its inferiority
compared with AASI in terms of reproducibility.25 It should be
mentioned that, in this study, a significant decrease in pulse wave
velocity with antihypertensive treatment was observed. Indeed, pulse
wave velocity represents an accurate index of arterial stiffness, can be
measured noninvasively with different techniques and several studies
have established the positive effects of antihypertensive treatment on
this index.13,14,26,27 The findings of this study that there was a
significant decrease in pulse wave velocity with treatment and there
was no association between the treatment-induced change in pulse
wave velocity and AASI indicate that AASI monitoring during

antihypertensive treatment appears not to offer accurate information
on the change in the arterial stiffness.
Previous studies have provided contradictory results regarding the

response of AASI to antihypertensive treatment. Two large studies
have failed to show a significant decrease in AASI values with 6 or
12 months of treatment, which is in line with the present study,13,14

whereas Andreadis et al.11 showed a significant decrease only in those
subjects receiving a renin-angiotensin system blocker. When all the
studies were examined in the context of the meta-analysis, a significant
decrease in AASI values was observed. However, this decrease, which
was in the range of 0.018, was only marginal with the upper 95%
confidence interval reaching the value of zero. Thus, the response does
not appear to be helpful in individualized monitoring of treatment in
clinical practice.
The marginal response of AASI to antihypertensive treatment might

imply that the treatment effect may be dependent on several factors
determining heterogeneous responses. Indeed, several parameters such
as baseline AASI values, duration and severity of arterial damage,
duration and characteristics of treatment might influence the occur-
rence of treatment effects. However, there was no change in the results
of the meta-analysis when data only from subjects treated with
blockers of the renin-angiotensin system were included. In addition,
the baseline AASI values, treatment duration and participants’ age did
not appear to have a predictive role in the treatment-induced change
in AASI. Although the trend towards larger decreases in subjects with
higher baseline AASI values might imply that the treatment effect is
related to the severity of the arterial dysfunction, it might also be due
to regression to the mean.
The findings of the present meta-analysis should be interpreted in

the context of some methodological weaknesses. The main limitation
is that there was a considerable heterogeneity in the included studies,
regarding patients’ characteristics, variation in ambulatory BP-
monitoring protocols, and differences in therapeutic regimens, which
may have affected the results. Another issue to be commented is that
the oscillometric devices estimate systolic and diastolic BP through
algorithms. Although the accuracy in this estimation has been
validated for most of the used ambulatory BP monitors, as systolic
and diastolic BP are not independently measured, their relationship is
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Figure 1 Forest plot of pooled differences in ambulatory arterial stiffness index with the antihypertensive treatment. A full color version of this figure is
available at the Hypertension Research journal online.
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Figure 2 Meta-regression analysis on the relationship between baseline
ambulatory arterial stiffness index values and change with antihypertensive
treatment. A full color version of this figure is available at the Hypertension
Research journal online.
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partly determined by the algorithm used for their determination,
which in turn might influence the AASI estimation.
In conclusion, although AASI might offer independent prognostic

information, the available evidence does not appear to support its use
to monitor the effects of antihypertensive drug treatment.
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