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Reproducibility of the ambulatory arterial stiffness index in
hypertensive patients
Dirk G. Decheringa,b, Marijke S. van der Steena, Ahmet Adiyamana,
Lutgarde Thijsb, Jaap Deinuma, Yan Lic, Eamon Doland,
Reinier P.M. Akkermansa, Tom Richartb,e, Tine W. Hansenf, Masahiro Kikuyag,
Jiguang Wangc, Eoin O’Brienh, Theo Thiena and Jan A. Staessenb,e
Background We studied the repeatability of the ambulatory
arterial stiffness index (AASI), which can be computed from
24-h blood pressure (BP) recordings as unity minus the
regression slope of diastolic on systolic BP.
Methods One hundred and fifty-two hypertensive
outpatients recruited in Nijmegen (mean age U 46.2 years;
76.3% with systolic and diastolic hypertension) and 145
patients enrolled in the Systolic Hypertension in Europe
(Syst-Eur) trial (71.0 years) underwent 24-h BP monitoring
at a median interval of 8 and 31 days, respectively. We used
the repeatability coefficient, which is twice the SD of the
within-participant differences between repeat recordings,
and expressed it as a percentage of four times the SD of the
mean of the paired measurements.
Results Mean AASI (crude or derived by time-weighted or
robust regression) and 24-h pulse pressure (PP) were
similar on repeat recordings in both cohorts. In Nijmegen
patients, repeatability coefficients of AASI and PP were
50%. In Syst-Eur trial patients, repeatability coefficient
was 60% for AASI and 40% for PP. For comparison,
repeatability coefficients for 24-h systolic and diastolic BP
were 30%. Differences in AASI between paired recordings
were correlated with differences in the goodness of fit (r2) of
the AASI regression line as well as with differences in the
night-to-day BP ratio. However, in sensitivity analyses
stratified for type of hypertension, r2, or dipping status,
repeatability coefficients for AASI did not widely depart from
50 to 60% range.

Introduction
Increased arterial stiffness of the large arteries predicts
cardiovascular complications over and beyond blood pressure (BP) and classical cardiovascular risk factors [1].
Nevertheless, risk stratification based on arterial stiffness
remains underused in clinical practice because most
techniques to measure arterial properties require expensive equipment and highly trained observers. We recently
proposed the ambulatory arterial stiffness index (AASI) as
a measure reflecting arterial stiffness [2,3]. This novel
index, defined as one minus the regression slope of
diastolic on systolic BP in individual subjects, can be
determined from 24-h ambulatory BP recordings [2,3].
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To date, several cross-sectional studies [4,5] and at least
three prospective cohort studies [3,6,7] demonstrated an
association of AASI either with signs of target organ
damage in never-treated hypertensive patients [4] or with
the incidence of cardiovascular mortality and morbidity
[3,6,7]. When adjusted for pulse pressure (PP) [3,6,7] or
aortic pulse wave velocity [8], AASI remained predictive,
in particular of stroke.
To our knowledge, no previous publication has addressed
the reproducibility of AASI as determined from repeat
ambulatory BP recordings. We investigated the reproducibility of AASI in patients with systolic and/or diastolic
DOI:10.1097/HJH.0b013e328309ee4c
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hypertension recruited in Nijmegen and in older patients
with isolated systolic hypertension enrolled in a substudy
to the Systolic Hypertension in Europe (Syst-Eur) trial.

Methods
Study population

Patients referred to the outpatient clinic of the University
Medical Centre St Radboud, Nijmegen, the Netherlands
[9], and patients enrolled in the substudy on ambulatory
BP measurement to the Syst-Eur trial [10] qualified for
the present analysis, if they had undergone repeat 24-h
ambulatory recordings within 2 months, while being
untreated [9,10] or minimally treated [9] with no change
in treatment status between the first and repeat recording.
Nijmegen cohort

At the Nijmegen outpatient clinic, doctors discontinued
BP-lowering drugs in newly referred patients, except
when there was a compelling indication, such as the
use of b-blockers in patients with angina pectoris (‘minimal treatment’). The office BP was then reassessed by
obtaining three consecutive measurements at two to
three follow-up visits. Of 1325 consecutive patients
attending the Nijmegen clinic, 275 underwent repeat
ambulatory BP measurement within 2 months. Of those,
we excluded 33 (12.0%) from analysis because their
treatment status changed between the first and repeat
recording, and 56 (20.4%) because over the whole day the
mean interval between the ambulatory BP readings was
shorter than 15 min or longer than 45 min.
The Systolic Hypertension in Europe trial cohort

Previous publications describe the protocol of the SystEur trial in detail [10]. Eligible patients were aged 60 years
or older. They had a sitting BP ranging from 160 to
219 mmHg systolic and less than 95 mmHg diastolic.
The standing systolic BP had to be at least 140 mmHg.
Of 837 patients [10] enrolled in the substudy on ambulatory BP monitoring, 153 (18.3%) had repeat recordings
within 2 months, while taking placebo.
Blood pressure measurement

Trained observers measured the patients’ office BP at
repeated visits. To describe the patients’ conventional
BP, we used the average of six to nine readings (three
readings at two to three visits) in the Nijmegen cohort [9]
and the average of six readings (two readings at three
visits) in Syst-Eur trial patients [10]. For the definition of
hypertension in the sensitivity analyses, we applied current guidelines [11]. Isolated systolic hypertension was a
BP of 140 mmHg systolic or higher with diastolic BP
below 90 mmHg.
For analysis, we considered ambulatory BP recordings with
the interval between successive readings programmed at
intervals from 15 to 30 min during daytime and from 30 to
60 min during nighttime. We only analysed recordings

with at least five readings between midnight and
06:00 h. In addition, we required that the recordings
included at least 15 daytime readings. On the basis of
these quality criteria, we excluded 34 patients from the
Nijmegen cohort (12.4%) and eight Syst-Eur trial patients
(5.2%). Thus, the number of patients analysed totalled
297, that is 152 patients from Nijmegen and 145 Syst-Eur
trial patients.
The validated monitors used in Nijmegen were the
auscultatory Oxford Medilog (Oxford Medical Systems
Ltd, Oxford, UK [12]) in 54 patients (35.5%), the oscillometric Mobil O Graph (I.E.M., Stolberg, Germany [13])
in 43 patients (28.3%), and the oscillometric SpaceLabs
90207 (SpaceLabs Inc., Redmond, Washington, USA
[14]) in 55 patients (36.2%). The monitors fitted to
Syst-Eur trial patients were the oscillometric SpaceLabs
90202 [14] or 90207 [15] in 49 patients (35.5%) and
78 patients (56.5%), respectively, and the auscultatory
Takeda TM2420 (A&D, Tokyo, Japan [16]) in 11 patients
(3.7%).
The same SAS macro processed all ambulatory recordings, which stayed unedited. For the sensitivity analysis
involving dipping status, we defined daytime and nighttime in both cohorts as the intervals ranging from 10:00 to
20:00 h and from midnight to 06:00 h, respectively
[17,18]. We weighted the individual means of the ambulatory BP by the interval between readings.
From individual 24-h recordings, we computed the
regression slope of diastolic on systolic BP. We defined
the AASI as one minus the regression slope (crude AASI).
We used the coefficient of determination (r2) as a
measure of the goodness of fit of the AASI regression
line. We also computed AASI, using time-weighted or
robust regression (least trimmed squares).
Statistical methods

For database management and statistical analysis, we
used SAS software (version 9.1.3; SAS Institute, Cary,
North Carolina, USA). For comparison of means, we
applied the Student’s t-test for paired or unpaired observations, as appropriate. For comparison of proportions
between groups, we applied the x2-statistic. Statistical
significance was an a-level of 0.05 on two-sided tests.
We assessed the agreement between paired ambulatory
recordings by Bland and Altman’s approach [19,20]. For
the evaluation of reproducibility, we used the repeatability coefficient, which is twice the SD of the withinparticipant differences between repeat recordings (repeat
minus first) [21]. This measure is specifically designed to
evaluate within-participant reproducibility. To take into
consideration the normal biological variation of a
measure, we expressed the repeatability coefficient as
a percentage of close to maximal variation (four times the
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Table 1

Characteristics of patients at first ambulatory recording

Characteristic

Nijmegen

Syst-Eur

years), taller (170 versus 162 cm), heavier (77.9 versus
69.4 kg), but had similar body mass index (26.8 versus
26.4 kg/m2).

P

Number of participants
152
145
Mean (SD) of characteristic
Age (years)
46.2  13.6 71.0  6.5 <0.0001
Weight (kg)
77.9  15.3 69.4  13.6 <0.0001
Height (cm)
170  9
162  10 <0.0001
26.8  4.7
26.4  4.2
0.46
Body mass index (kg/m2)
Office systolic BP (mmHg)
168.6  25.1 178.4  16.6 <0.0001
Office diastolic BP (mmHg)
101.2  11.4 85.4  9.0 <0.0001
Pulse rate (beats per minute)
72.9  12.5 73.5  11.1 0.35
Number of participants (%) with characteristic
Women, n (%)
89 (58.6)
89 (61.4)
0.62
Smokers, n (%)
21 (14.2)
15 (10.3)
0.32
Drinking alcohol, n (%)
22 (14.5)
34 (23.8)
0.05
On BP lowering drugs, n (%)
18 (11.8)
0 (0.0)
<0.0001
Diabetes mellitus, n (%)
11 (7.2)
11 (7.6)
0.99
a
Classification of hypertension
Isolated systolic, n (%)
17 (11.2)
100 (69.0) <0.0001
Isolated diastolic, n (%)
12 (7.9)
0 (0.0)
0.001
Mixed, n (%)
116 (76.3)
44 (30.3) <0.0001
History of cardiovascular disease, n (%)
22 (14.5)
44 (30.3)
0.001

In line with the recruitment criteria based on office BP,
Syst-Eur compared with Nijmegen patients (Table 1)
had higher systolic BP (178.4 versus 168.6 mmHg) on
conventional measurement, but lower diastolic BP (85.4
versus 101.2 mmHg). A history of cardiovascular disease
was more prevalent among the older Syst-Eur trial
patients (30.3 versus 14.5%). Table 2 shows that SystEur trial patients on average had higher AASI than
Nijmegen patients, irrespective of the way AASI was
computed (all P < 0.008).
Repeatability of ambulatory measurements

Figure 1 provides Bland and Altman plots for the crude
AASI in Nijmegen and Syst-Eur trial patients, respectively. Detailed repeatability statistics appear in Table 2.

P values are for the differences between the patients enrolled in the Nijmegen
cohort and in the Syst-Eur trial. AASI, ambulatory arterial stiffness index. a A total of
seven patients in Nijmegen and one from the Systolic Hypertension in Europe
(Syst-Eur) trial were not hypertensive on clinic blood pressure (BP) measurement
when taking into account current hypertension guidelines.

Nijmegen cohort

Patient characteristics

The median interval between the first and repeat ambulatory recording was 8 days [range ¼ 4–60 days; interquartile range (IQR) ¼ 7–15 days]. AASI, time-weighted AASI,
robust AASI and 24-h PP were similar on first and repeat
measurement (P  0.10; Table 2). The 24-h diastolic BP
was significantly lower on repeat than first recording
(1.43 mmHg; P ¼ 0.009) with a similar trend for the
24-h systolic BP (1.51 mmHg; P ¼ 0.09). The repeatability of AASI and 24-h PP expressed as a percentage of the
near maximal variation in these measurements (the interval corresponding with 2SD around the mean of the
repeat recordings) ranged from approximately 45 to 55%.
The corresponding repeatability estimate for the 24-h
systolic and diastolic BP was around 30% (Table 2).

Table 1 lists the main clinical characteristics of the two
study cohorts. Both groups of patients included nearly
60% of women. Compared with Syst-Eur trial patients,
the Nijmegen patients were younger (46.2 versus 71.0

In Nijmegen patients, the differences between repeat
minus first crude AASI correlated inversely with the
differences in the goodness of fit of the AASI regression

SD of the mean of the duplicate measurements). By this,
a reasonable comparison of the repeatability of different
measures can be undertaken.
We also applied single and multiple regression analysis.
In stepwise regression, we set the P-value for independent variables to enter and to stay into models at 0.15. We
studied the coincidence of regression lines by analysis of
covariance, as described by Kleinbaum et al. [22].

Results

Table 2

Differences between repeat minus first ambulatory measurement

Nijmegen (n ¼ 152)
Crude AASI
Time-weighted AASI
Robust AASI
24-h systolic BP (mmHg)
24-h diastolic BP (mmHg)
24-h PP (mmHg)
Syst-Eur trial (n ¼ 145)
Crude AASI
Time-weighted AASI
Robust AASI
24-h systolic BP (mmHg)
24-h diastolic BP (mmHg)
24-h PP (mmHg)

First

Repeat

P

DAbsolute

95% CI

RC

pMV (%)

0.47  0.16
0.47  0.16
0.43  0.17
150.1  19.2
94.2  13.1
56.0  12.1

0.45  0.17
0.43  0.17
0.42  0.19
148.6  18.4
92.7  12.6
55.9  12.5

0.13
0.10
0.28
0.09
0.009
0.88

0.02  0.16
0.02  0.16
0.01  0.15
1.51  10.7
1.43  6.69
0.08  7.00

0.04 to 0.01
0.05 to 0.01
0.04 to 0.01
3.23 to 0.21
2.50 to 0.36
1.15 to 0.99

0.32
0.32
0.30
21.4
13.4
14.0

55
55
46
30
27
52

0.52  0.19
0.52  0.20
0.55  0.16
154.7  15.4
81.1  9.7
73.6  12.2

0.51  0.20
0.51  0.20
0.54  0.15
153.4  15.7
80.4  8.9
73.0  12.9

0.40
0.29
0.66
0.09
0.12
0.24

0.02  0.20
0.02  0.20
0.01  0.16
1.30  9.11
0.71  5.95
1.45  9.21

0.40
0.40
0.32
18.2
11.9
18.4

61
61
62
31
33
37

0.05
0.05
0.03
2.79
1.68
1.71

to
to
to
to
to
to

0.02
0.02
0.02
0.20
0.19
0.32

Plus–minus values are mean  SD. Absolute differences (D) were computed as repeat minus first recording. The repeatability coefficient (RC) is twice the SD of the signed
differences between the duplicate measurements. RC was also expressed as a percentage of four times the SD of the mean of the paired recordings (pMV). AASI,
ambulatory arterial stiffness index; BP, blood pressure; CI, confidence interval; PP, pulse pressure; Syst-Eur, Systolic Hypertension in Europe.
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Fig. 1
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Reproducibility of the ambulatory arterial stiffness index (crude AASI) in patients enrolled in the Nijmegen and Syst-Eur trial cohorts. The difference of
the second minus the first measurement of AASI was plotted against the mean of the repeat measurements (Bland–Altman plot). The full and dotted
lines represent the mean difference and the limits of agreement (mean  2 SD), respectively. Outliers were plotted at 0.35. AASI, arterial stiffness
index.

line (r ¼ 0.77; P < 0.0001) and the changes in the nightto-day ratios of diastolic BP (r ¼ 0.29; P ¼ 0.0003), but
not systolic BP (r ¼ 0.12; P ¼ 0.14). In multiple
regression analyses, with mutual adjustments for these
covariates, the corresponding partial correlation coefficients were 0.76 (P < 0.0001), 0.25 (P ¼ 0.003), and
0.25 (P ¼ 0.002), respectively.
The Systolic Hypertension in Europe trial patients

The median interval between the first and repeat ambulatory recording was 31 days (range ¼ 2–57 days;
IQR ¼ 28–35 days). AASI, time-weighted AASI, robust
AASI, 24-h PP and 24-h systolic and diastolic BP were
similar on first and repeat measurement (P  0.09;
Table 2). Estimates of repeatability expressed as a percentage of near maximal variation were close to 60% for
AASI, around 40% for the 24-h PP, and approximately
30% for 24-h systolic and diastolic BP (Table 2).
In Syst-Eur trial patients, the differences between repeat
minus first crude AASI correlated inversely with the
differences in the goodness of fit of the AASI regression
line (r ¼ 0.57; P < 0.0001) and those in the night-to-day
ratios of diastolic BP (r ¼ 0.25; P ¼ 0.003) with a similar
trend for the differences in the night-to-day ratio of
systolic BP (r ¼ 0.15; P ¼ 0.07). The corresponding
partial correlation coefficients with mutual adjustment
for these covariates were 0.55 (P < 0.0001), 0.30
(P ¼ 0.001), and 0.23 (P ¼ 0.006), respectively.
Comparison of repeatability between Nijmegen and the
Systolic Hypertension in Europe trial patients

None of the differences in the estimates of repeatability
among paired recordings between Nijmegen and Syst-

Eur trial patients reached significance for any of the
variables listed in Table 2 (P  0.10). For the sensitivity
analyses, we therefore pooled Nijmegen and Syst-Eur
trial patients.
The regression lines for the differences among the paired
recordings in crude AASI versus those in the goodness of
fit of the AASI regression lines were not coincident in
Nijmegen and Syst-Eur trial patients because the slope
was steeper in the Nijmegen patients (P ¼ 0.008; Fig. 2).
In contrast, the regression lines for the differences among
the paired recordings in crude AASI versus those in the
night-to-day BP ratio were coincident (P  0.70; Fig. 3).
Sensitivity analyses

Table 3 shows sensitivity analyses, according to the type of
hypertension, dipping status, and the r2 of the AASI
regression line. In these analyses, we defined nondipping
as a diastolic night-to-day BP ratio higher than 0.90. For the
goodness of fit of the AASI regression line, we used 0.36 as
the cut-off threshold, because the association of AASI with
four determinants of arterial stiffness increased curvilinearly with r2, with most of the improvement in the
association occurring above a value of r2 of 0.36.

Discussion
The key finding of our study was that AASI as determined from ambulatory BP recordings repeated within an
interval of 2 months had moderate reproducibility. Mean
values of AASI were similar in paired recordings. The
repeatability coefficient, which is a measure for reproducibility within individual participants, was within the
50–60% range, which is better than for other parameters
derived from the diurnal BP profile [23]. For comparison,
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Fig. 2
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Δ R2 of DBP on SBP
Association between the differences (repeat minus first) between repeat measurements of the ambulatory arterial stiffness index (crude AASI) and
the differences (repeat minus first) in the goodness of fit of the AASI regression lines (r2) in individual patients enrolled in the Nijmegen and Syst-Eur
trial cohorts, respectively. The slope was significantly steeper in Nijmegen than Syst-Eur trial patients (P ¼ 0.008). DBP, diastolic blood pressure;
SBP, systolic blood pressure.

the repeatability coefficients of the 24-h systolic and
diastolic BPs in the current study were close to 30%,
but diastolic BP in the Nijmegen cohort showed significant regression to the mean with lower values of the 24-h
diastolic BP on repeat recording.

PP, the QRS-Korotkoff-delay (QKD) index standardized
to a systolic BP of 100 mmHg and a heart rate of 60 beats
per minute (QKD100–60), the systolic augmentation
index and pulse wave velocity are other noninvasive
measures of arterial stiffness. Stergiou et al. [24] investi-

Fig. 3

Δ AASI (units)

0.75

n = 152

0.75

0.50

0.50

0.25

0.25

0.00

0.00

--0.25

--0.25

--0.50

--0.50

--0.75

r = --0.28; P = 0.0003
--30

--20

--10

--0.75

Nijmegen
0

10

20

n = 145

30

r = --0.25; P = 0.003
--30

--20

--10

Syst-Eur
0

10

20

30

Δ Diastolic dipping (%)
Association between the differences between repeat measurements of the ambulatory arterial stiffness index (crude AASI) and the differences in the
night-do-day ratio of diastolic blood pressure in individual patients enrolled in the Nijmegen and Syst-Eur cohorts, respectively. The regression lines in
Nijmegen and Syst-Eur trial patients were coincident.
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Differences between repeat minus first ambulatory measurement in subgroups

Type of hypertension
Isolated systolic (n ¼ 117)
Isolated diastolic (n ¼ 12)
Mixed systolic and diastolic (n ¼ 160)
Dipping status
Consistent dipper (n ¼ 198)
Consistent nondipper (n ¼ 31)
Inconsistent between recordings (n ¼ 68)
Dipper to nondipper (n ¼ 37)
Nondipper to dipper (n ¼ 31)
Goodness of fit of AASI regression line
r2 < 0.36 in two recordings (n ¼ 75)
r2  0.36 in two recordings (n ¼ 145)
r2 < 0.36 and 0.36 (n ¼ 78)
r2  0.36 to <0.36 (n ¼ 36)
r2 < 0.36 to 0.36 (n ¼ 42)

First

Repeat

P

DAbsolute

95% CI

RC

pMV (%)

0.54  0.19
0.36  0.16
0.48  0.16

0.51  0.19
0.43  0.17
0.46  0.18

0.09
0.09
0.25

0.03  0.19
0.07  0.13
0.02  0.17

0.06 to 0.01
0.01 to 0.15
0.04 to 0.01

0.38
0.26
0.34

64
43
51

0.46  0.17
0.61  0.15

0.45  0.13
0.60  0.22

0.18
0.88

0.02  0.17
0.01  0.21

0.04 to 0.01
0.08  0.07

0.34
0.42

57
67

0.50  0.18
0.54  0.17

0.54  0.17
0.49  0.15

0.38
0.25

0.04  0.18
0.05  0.17

0.03 to 0.11
0.12 to 0.01

0.36
0.34

55
49

0.66  0.14
0.40  0.13

0.62  0.17
0.40  0.13

0.06
0.95

0.04  0.16
0.00  0.12

0.07 to 0.00
0.02 to 0.02

0.32
0.24

68
44

0.43  0.15
0.60  0.09

0.59  0.19
0.42  0.13

<0.0001
<0.0001

0.16  0.18
0.18  0.17

0.10 to 0.22
0.23 to 0.13

0.36
0.32

50
55

Plus–minus values are mean  SD. Absolute differences (D) were computed as repeat minus first recording. The repeatability coefficient (RC) is twice the SD of the signed
differences between the duplicate measurements. RC was also expressed as a percentage of four times the SD of the mean of the paired recordings (pMV). AASI,
ambulatory arterial stiffness index.

gated the reproducibility of 24-h PP from repeat ambulatory BP recordings in 133 untreated hypertensive
patients. The SD of the paired differences was 4 mmHg
compared with 7 and 9 mmHg in our Nijmegen and SystEur trial patients, respectively. In Stergiou’s study, the
24-h PP averaged (SD) 47.5  7.4 and 46.4  7.9 mmHg
on first and repeat measurement. The nonreported
P-value for the difference (1.1 mmHg) was therefore
0.0015 [1.1/(4/1330.5)]. We estimated that in Stergiou’s
study the repeatability coefficient expressed as a percentage of near maximal variation was approximately
27% [24], which at first sight seems somewhat smaller
than in our Syst-Eur trial patients (37%). However, in
16 of Stergiou’s patient who were older than 60 years,
the SD of the paired differences in the 24-h PP was
5 mmHg [24], which would have yielded a repeatability
estimate almost identical to that in our Syst-Eur trial
cohort.
Gosse et al. [25] evaluated the reproducibility of
QKD100–60 and AASI in 38 volunteers, who were
selected from a cohort of 469 patients and who underwent
repeat ambulatory recordings within 2 weeks. According
to the French group [25], QKD100–60 (mean ¼ 224 ms;
coefficient of variation ¼ 4%) had a better reproducibility
than AASI (mean ¼ 0.60; coefficient of variation ¼ 25%).
Coefficient of variation is the SD of the differences
between paired measurements (SDD) divided by the
mean of all measurements. The coefficient of variation
does not account for the possible range of biological
variation in the two ambulatory measures of arterial
stiffness. We, therefore, expressed repeatability (twice
SDD) as a percentage of near maximal variation in the
measurements as given by four times the SD. Had the
French investigators [25] expressed reproducibility in
this way with the application of a proper test statistic,
their results and conclusions could possibly have been
different.

Matsui et al. [26] studied the reproducibility of
the brachial-ankle pulse wave velocity (baPWV) and the
carotid augmentation index (cAIX) in 103 hypertensive
patients. The interval between the repeat measurements
was 4 weeks. They measured baPWV, using a volumeplethysmographic device with four cuffs fitted with oscillometric sensors, which were wrapped around the upper
arms and ankles and automatically and simultaneously
inflated. The measurement of cAIX was done by multielement applanation tonometry. The Japanese investigators used the correlation between paired measurements
as index of agreement [26]. The correlation coefficients
were 0.89 for abPWV and 0.87 for cAIX. In our study, the
correlation coefficients for AASI ranged from 0.52 to 0.61.
In the absence of statistics specifically designed to assess
repeatability [26], the Japanese results are difficult to
interpret. Moreover, the Japanese study was done under
highly standardized laboratory conditions, using a fully
automated technique, whereas we measured AASI over
24 h during the usual daily activities of our patients.
In our current study, we found that the differences
between repeat minus first AASI correlated inversely
with the differences in the night-to-day ratios of diastolic
BP. Two recent reports already reported on AASI’s
dependency on the nocturnal BP fall [27,28]. We also
confirmed the inverse association between AASI and the
night-to-day BP ratio in 1325 hypertensive patients
referred to the Nijmegen clinic for ambulatory BP
monitoring [29]. Several investigators demonstrated poor
reproducibility of dipping status in hypertensive patients.
Hernández-del Rey [30] performed repeat ambulatory
monitoring on 2 consecutive days and noticed that of 611
patients 147 (24.1%) participants switched from a nighttime dipper to nondipper or vice versa. Other studies [31]
reported similar findings. When we stratified our study
sample according to the consistency of dipping status, the
repeatability coefficients expressed as a percentage of
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maximal variation were not substantially different. Thus,
although there is a significant inverse association between
AASI and the night-to-day BP ratio, this relation does not
affect intra-individual repeatability of AASI to a large
extent in stratified analyses.
In the present analysis, differences in the goodness of fit
of the AASI regression line had an impact on the repeatability of AASI. Similar to recent observations by Gavish
et al. [32], we demonstrated in 7604 participants enrolled
in the International Database on Ambulatory BP monitoring in relation to Cardiovascular Outcomes (IDACO [33])
that the association of AASI with four main determinants
of arterial stiffness (age, height, 24-h mean arterial pressure and 24-h heart rate) increased curvilinearly with the
goodness of fit of the AASI regression line with most of
the improvement in these associations occurring when
the r2 of the AASI regression line was 0.36 or higher. In
line with these still unpublished observations, the repeatability of AASI was 68% and 44% in patients who in
repeat recordings consistently had an r2, respectively,
below or above this 0.36 threshold.
The results of our study have to be interpreted in the
context of its potential limitations. First, the Nijmegen
cohort included 11.8% who were on antihypertensive
medications. However, treatment remained unchanged
between the first and repeat recording. Second, we did
not standardize the ambulatory BP recordings across
centres in terms of device type and intervals between
readings. However, within patients, we used the same
monitor and intervals in the first and repeat recordings.
Moreover, we did not find any significant differences in
repeatability between the five device types or between
oscillometric versus auscultatory machines. To minimize
heterogeneity, we additionally used the same programme
to compute BP means and used time-weighted and
robust regression.
In conclusion, estimates of group mean AASI were not
different between repeat recordings. Within individual
participants, the repeatability coefficients of AASI
expressed as a percentage of near maximum variation
were within the 50–60% range. These findings were
consistent in older patients with isolated systolic hypertension and in a younger patient group with predominantly mixed hypertension. To our knowledge, this study
is the first to report on the repeatability of AASI in
hypertensive patients.
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