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Association of left ventricular structural and functional
abnormalities with aortic and brachial blood pressure
variability in hypertensive patients: the SAFAR study
C Chi1, S-K Yu1, R Auckle1, AA Argyris2,3, E Nasothimiou3, C Tountas2,3, E Aissopou2,3, J Blacher4, ME Safar4, PP Sfikakis2, Y Zhang1

and AD Protogerou2,3

Both brachial blood pressure (BP) level and its variability (BPV) significantly associate with left ventricular (LV) structure and
function. Recent studies indicate that aortic BP is superior to brachial BP in the association with LV abnormalities. However,
it remains unknown whether aortic BPV better associate with LV structural and functional abnormalities. We therefore aimed to
investigate and compare aortic versus brachial BPV, in terms of the identification of LV abnormalities. Two hundred and three
participants who underwent echocardiography were included in this study. Twenty-four-hour aortic and brachial ambulatory BP
was measured simultaneously by a validated BP monitor (Mobil-O-Graph, Stolberg, Germany) and BPV was calculated with
validated formulae. LV mass and LV diastolic dysfunction (LVDD) were evaluated by echocardiography. The prevalence of LV
hypertrophy (LVH) and LVDD increased significantly with BPV indices (P⩽ 0.04) in trend tests. After adjustment to potential
confounders, only aortic average real variability (ARV), but not brachial ARV or weighted s.d. (wSD, neither aortic nor brachial)
significantly associated with LV mass index (P= 0.02). Similar results were observed in logistic regression. After adjustment, only
aortic ARV significantly associated with LVH (odds ratio (OR) and 95% confidence interval (CI): 2.28 (1.08, 4.82)). As for LVDD, neither
the brachial nor the aortic 24-hour wSD, but the aortic and brachial ARV, associated with LVDD significantly, with OR= 2.28 (95% CI:
(1.03, 5.02)) and OR= 2.36 (95% CI: (1.10, 5.05)), respectively. In summary, aortic BPV, especially aortic ARV, seems to be superior to
brachial BPV in the association of LV structural and functional abnormalities.
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INTRODUCTION
Growing evidence has shown that blood pressure variability (BPV),
independent of blood pressure (BP) level, has a close relationship
with cardiovascular (CV) risk, with higher occurrences of CV events
in patients with higher BPV.1 High BPV was proved to be an
independent predictor of CV events.2–4 Moreover, it was reported
that high BPV significantly associated with hypertensive target
organ damage (TOD),5 for which BPV carries more prognostic
value. More recently, data from meta-analysis showed that,
different anti-hypertensive agents varied in their effects on BPV,
but with similar BP reduction. Among all the first-line anti-
hypertensive agents, calcium channel blockers were proved to be
more efficient in reducing the variation in systolic BP (SBP),
leading to the greatest protective effects on stroke.6

The causal relationship between high BP and TOD or CV events
has not been clarified yet, but it might be either attributed to the
long-term exposure of target organs to higher pressure load
(for the same usual BP level) or to other coexisting risk factors.7

Theoretically, aortic BP can better reflect the hemodynamic stress
that the heart directly confronts than brachial BP does. Therefore,
it has been proposed that TOD and CV events are more closely
related to aortic than brachial BP. Although the superiority of
office aortic BP over office brachial BP had been established in

multiple clinical trials and meta-analyses,8 such as the REASON
study9 and the substudy of ASCOT trial,10 the final verdict is still
open.11 In our previous publications, with the use of a novel 24hr
aortic ambulatory BP monitoring device, we extended previous
findings and reported that both left ventricular (LV) hypertrophy
(LVH)12 and LV diastolic dysfunction (DD)13 were better associated
with aortic than brachial systolic 24 h BP.
Current guidelines recommend that, LV structure and function

should be assessed by echocardiography in hypertensive patients,
since LVH and LVDD are significantly associated with CV outcomes.14

In previous studies, independent of BP level, brachial BPV significantly
associated with LVH and LVDD.9,15 However, it remains unclear that if
aortic BPV, as compared to brachial BPV, better associated with TOD,
such as LVH and LVDD. Therefore, we aimed to investigate the
independent association of LV abnormalities with aortic BPV as well
as its superiority over brachial BPV on the association with cardiac
structure and function in hypertensive patients.

MATERIALS AND METHODS
Study design and population
The 'noninvaSive Aortic ambulatory BP monitoring For the detection of
tARrget organ damage' (SAFAR) study is an ongoing prospective
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observational study recruiting patients over 18 years old with established
or suspected hypertension (with or without anti-hypertensive agents) for
BP and global CV-risk assessment. Patients without sinus rhythm or with
any modification in CV disease medication during the past month were
excluded. Until May 2015, 203 Caucasian participants who underwent
cardiac ultrasound examination were investigated in the present cross-
sectional analysis. Structured standard questionnaire was applied to obtain
some information about participants such as age, gender, medical history,
family history and so on. The blood and urine samples were gathered
and tested in the ‘Laiko’ hospital. This study was approved by the
Ethical/Scientific Committee of the ‘Laiko’ Hospital and all participants
provided informed consent.

Office BP assessment
After at least 10 min of rest, office BP was assessed in the morning (0830 to
1230 h) in a temperature-controlled (22–25 ℃) room. The brachial BP was
measured three times (with 1-min interval between readings) in the supine
position with a validated automated device (Microlife WatchBP Office;
Microlife AG, Widnau, Switzerland) in the right arm. The average of the
three readings was calculated and used in subsequent statistical analysis if
necessary, as well as in calibration of the radial pressure waveform
recorded by the Sphymocor apparatus (AtCor, Sydney, NSW, Australia) to
assess office aortic BP.

Ambulatory (brachial and aortic) blood pressure monitoring
The ambulatory brachial and aortic BP monitoring were assessed
noninvasively with validated devices (Mobil-O-Graph NG apparatus,
I.E.M., Stolberg, Germany). The right arm was used to measure the
ambulatory BP recordings. The device was set to record brachial BP (four
times per hour from 0800 to 2359 h and two times per hour from 0000 to
0759 h) together with brachial pressure waveform simultaneously. If there
is a missing reading, the closest reading will be the surrogate for the
missing value. Aortic BP was assessed by software analysis (with the
application of pulse wave analysis and of a generalized transfer function)
when the data were downloaded to the manufacturer’s software (HMS
version 4.6, I.E.M.). Two parameters were calculated to assess the BPV,
namely weighted s.d. (wSD) and average real variability (ARV) (brachial and
aortic, respectively). The formulas that we applied to calculate the wSD and
ARV were listed below:16,17

ARV ¼ 1Pw
Xn
k¼1

w ´ 9BPk - BPk - 19

SD ¼
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiXn
k¼1

½wk ´ ðBPk - BPÞ2�= n - 1ð Þ=
Xn
k¼1

wk

s

wSD ¼ DaytimeSD´ATþ NighttimeSD´ STð Þ= ATþ STð Þ
where k ranges from 1 to n, w represents corresponding time interval, BPk
is one BP measurement and n represents the number of BP readings in
24 h (in ARV) or the number of BP readings in corresponding daytime or
nighttime (in wSD). AT: awake time hours, from 0800 to 2359 h in this
study. ST, sleep time hours, from 0000 to 0759 h in this study.

Measurements of echocardiography
One experienced operator, blinded to the characteristics of each
participant, performed the transthoracic echocardiography in all
participants with an ultrasound system (Vivid 7 Pro; General Electric,
Fairfield, CT, USA) according to the American Society of Echocardiography
recomimendations.18

LVM was evaluated with the formula recommended by the American
Society of Echocardiography from two-dimensional echo views. The LVM
was standardized to body surface area as LVM index (LVMI). LVH was
defined as LVMI greater than 110 g m−2 in women or 125g m−2 in men.
Similarly, the left atrial volume (LAV) was calculated according to
the American Society of Echocardiography recommendations and
standardized to body surface area as LAV index (LAVI), which was
described in detail previously.13

Transmitral early diastolic peak flow (E), atrial peek flow (A) and
deceleration time of E wave (DTE) were measured by Pulse-wave Doppler.
Early diastolic movement (Ea) in the septum and lateral side was measured
by Tissue Doppler. Ratio of E and Ea wave (E/Ea) was calculated for the
evaluation of LV diastolic function. According to the recommendations
from American Society of Echocardiography,18 LVDD was identified if E/Ea

⩾ 15, or if E/Ea was between 8 and 15 and with any of the following
evidences: (1) age450years and E/Ao0.5 and DTE4280 ms;
(2) LAVI440 ml m−2; and (3) LVMI4149 g m−2 (male) or LVMI4122 g m−2

(female).

Sample size estimation
To estimate the sample size, an interim pilot analysis of the first 20
consecutively recruited patients was performed. The correlation coefficient
between LVMI and brachial wSD was 0.32, and the correlation coefficient
between LVMI and aortic wSD was 0.16. A sample size of at least 173
participants was estimated to provide 80% power to detect a significant
difference in correlation coefficients at a significance level of 0.05 within a
single sample.

Statistical analysis
Statistical analysis was performed using SAS software, version 9.2 (SAS
Institute, Cary, NC, USA). Statistical significance was defined as P less than
0.05. Continuous values were expressed as mean± s.d. and the discontin-
uous as absolute numbers and percentage. Pearson’s correlation
coefficient was applied to test the linear association of LVMI and E/Ea
with BPV indices. Participants were divided into three groups by tertiles of
BPV indices and the percentages of the participants with LV structural and
functional abnormalities were calculated. Cochran–Armitage test for trend
was applied to assess the tendency. Then, multiple linear regression
models were constructed to evaluate the changes in LVMI or E/Ea in
relation to 1 s.d. increment in BPV indices, with (model 2) or without
(model 1) adjustment to age, gender, body mass index, hypertension, the
use of antihypertensive agents, smoking and mean 24-h SBP (brachial and
aortic, respectively). Binary logistic models with similar adjustment were
applied to assess the association between LVH or LVDD and BPV indices.

Results
Out of 203 participants (mean age: 54.1 ± 15.1 years), there were 112 (55%)
men, 126 (62%) smokers, 145 (71%) hypertensive patients and 13 (6.4%)
diabetic patients (see Table 1). Patients’ BP components, including
brachial and aortic BP level and BP variations, are presented in Table 2.
On the average, 79.3 ± 8.1 BP measurements were performed by the
Mobil-O-Graph device on each patient. The mean valid brachial BP
readings were 72.0 ± 10.1 (90.8%) and the mean valid aortic BP readings
were 62.3 ± 11.2 (78.6%). Office brachial SBP was significantly higher
than aortic SBP (136.2 ± 17.9 mm Hg vs 132.1 ± 16.7 mm Hg, Po0.001).
Similarly, brachial 24-h mean SBP was higher than 24- h mean aortic
SBP (127.0 ± 13.0 mm Hg vs 117.6 ± 12.4 mm Hg, Po0.001), as well as
the BP variability, expressed either as 24hr wSD model (12.9 ± 3.3 vs
11.8 ± 3.1, Po0.001), or ARV model (10.7 ± 2.7 vs 10.5 ± 2.8, P= 0.01).
Echocardiographic parameters are also listed in Table 2. There were 16

Table 1. Clinical characteristics of participants (n= 203)

Basic demographics

Male 112 (55%)
Age 54.1± 15.1
BMI 27.2± 4.2
Smoker 126 (62%)
Hypertensive patients 145 (71%)
Diabetic patients 13 (6.4%)

Anti-hypertensive agents
Total anti-HTN patients 124 (61%)
ACE inhibitor 16 (7.9%)
ARB 45 (22%)
CCB 35 (17%)
Diuretics 28 (14%)
Beta blocker 27 (13%)
ALD receptor antagonist 3 (1.5%)

Abbreviations: ACE, angiotensin converting enzyme; ALD, aldosterone;
Anti-HTN, anti-hypertensive; ARB, angiotensin receptor blocker; BMI, body
mass index; CCB, calcium channel blocker.
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participants (7.9%) with LVH, and 11 participants (5.5%) with LVDD in the
present study.

Cochran–Armitage test for trend
The participants were divided into three groups by the tertiles of 24 h wSD
and ARV, namely low BPV group (group 1), middle BPV group (group 2)
and high BPV group (group 3). The percentages of participants with LVH or
LVDD were shown in Figure 1. Cochran–Armitage test for trend was
performed. The prevalence of LVH significantly increased with BPV indices,
with P= 0.01 (grouped by brachial wSD), P=0.04 (grouped by aortic wSD),
P= 0.001 (grouped by brachial ARV) and P= 0.01 (grouped by aortic ARV),
respectively. Similarly, the prevalence of LVDD significantly increased with
BPV indices too, with P=0.001 (grouped by brachial wSD), P= 0.01
(grouped by aortic wSD), Po0.001 (grouped by brachial ARV) and
P= 0.001 (grouped by aortic ARV), respectively.

Univariate correlation between LVMI or E/Ea and BPV
In Table 3, Pearson’s correlation analyses were applied to investigate the
association of LVMI and E/Ea with brachial and aortic BP and BPV. LVMI was
significantly correlated with age, BMI and all brachial and aortic BP and BPV
indices (P⩽0.045), and E/Ea was also significantly correlated with those
parameters (P⩽0.01), except the association between E/Ea and BMI (P=0.62).

Multiple linear regression of LVMI and E/Ea with BPV parameters
In multivariate linear analyses (Table 4), all four BPV parameters
significantly associated with LVMI and E/Ea without adjustment, with all
P-values ⩽ 0.003. After adjustment to age, gender, body mass index, the
presence of hypertension, use of antihypertensive agents, smoking and the
mean 24 h brachial or aortic SBP, 1 s.d. increment in ARV significantly
associated with 4.35±1.80 g m− 2 increment in LVMI (P=0.02), whereas the
association of LVMI with brachial ARV did not reach statistical significance
(P⩾ 0.07, Figure 2). Neither aortic nor brachial wSD significantly associated
with LVMI. No significant association of E/Ea with aortic or brachial BPV,
neither for ARV nor for wSD model, was found (P⩾ 0.30).

Multivariate logistic regression of LVH and LVDD with BPV
parameters
In Table 5, multivariate logistic regression analyses were performed to
evaluate the independent association of LVH and LVDD with brachial and
aortic BPV. Similar as the results in linear regression, all four BPV
parameters significantly associated with LVH and LVDD without adjust-
ment to potential confounders, with P⩽ 0.046. After adjustment to age,
gender, body mass index, the presence of hypertension, use of

antihypertensive agents, smoking and the mean 24-h brachial or aortic
SBP, it was showed that 1 s.d. increment in aortic ARV significantly
associated with LVH (odds ratio (OR) (95% confidence interval (CI)): 2.28
(1.08, 4.82), P= 0.04), but no significant association of LVH with brachial
ARV was detected (P⩾ 0.09). No significant association of aortic or brachial
wSD with LVH was found. As for cardiac diastolic dysfunction, both aortic
and brachial ARV significantly associated with LVDD, with OR (95% CI) of
2.36 (1.10, 5.05) (P=0.03) and 2.28 (1.03, 5.02) (P= 0.04), respectively. Of
note, there was no significant association of cardiac structure and function
with BPV in wSD model (P⩾ 0.14), as shown in Figure 3.

DISCUSSION
The present study indicates that, after adjustment to potential
confounders, aortic BPV, especially aortic ARV, seems to be better
associated with LV abnormalities, including mainly LVH and
secondarily LVDD, than brachial BPV, independent of BP level. To
our knowledge, this is the first study presenting the superiority of
the association between TOD and aortic over brachial BPV.
Because of the development of ambulatory BP monitoring devices,

it is possible now to make an accurate assessment of short-term BPV
within a 24 h period continuously and noninvasively. Previous studies
indicated that, though sometimes still in debate, the increase of
short-term BPV within 24 h might be an important cause for the
development of multiple TOD and the increasing incurrences of CV
events in hypertensive patients.19 Several mathematical models for
BPV calculation were developed. After simply calculating the SD of all
BP recordings, time-weighted SD was proposed later to weight the
duration of day-time and night-time BP s.d., respectively, in order to
avoid the effect of physiological night-time BP dipping.17 Meanwhile,
the ARV model, which is not affected by the ‘dipping’ phenomenon,
were raised,16 and soon showed its superiority over simple s.d. in the
association of TOD and CV risks.20 Thus, we chose wSD and ARV as
the markers of patients’ BPV, and investigated their associations with
LV structure and function.
SBP varies between the aortic to the brachial artery up to

40 mm Hg and the relationship between aortic and brachial BP is
not linear.21 From the physiological point of view, the aortic BP
waveform is composed of a forward and a backward travelling
wave, and the backward travelling wave is largely dependent on
peripheral arterial stiffness. On the other hand, from the
pathophysiological point of view, target organs, including heart,
kidney and brain, directly confront the aortic BP rather than the
brachial BP. Indeed, brachial BP is the surrogate of aortic BP when
aortic BP is not available. Thus, aortic BP and its variability may be
better related to TOD and future CV events than the brachial, since
it reflects both the aortic stiffness and the 'real' pressure burden
on those organs. Emerging evidences now are supporting the
superiority of aortic BP over brachial BP, in either the resting or the
ambulatory settings. Recently, McEniery et al. summarized evidences
on the importance of aortic BP and more than 10 observational and
longitudinal studies were included in his analysis.22 However, the
superiority of aortic BPV over brachial BPV has not yet been
definitely proven. Our observational data for the first time indicates
the superiority of aortic BPV over peripheral BPV.
Many clinical issues need to be considered in relation to the

present results. First, more clinical evidences, especially from the
prospective studies, need to be obtained to prove the prognostic
value. Particularly, the increment of prognostic significance of
aortic BP variability over the usual BP level needs to be verified.
This SAFAR study is still ongoing and in the near future the SAFAR-
China study will start. We may have more interesting findings
when SAFAR-China study is completed. Second, we need to be
very cautious to recommend the BPV-driven antihypertensive
therapy as an important supplement of the current BP-driven
antihypertensive therapy, let alone the aortic BPV-driven anti-
hypertensive therapy. As early as 2010, Hansen TW et al. reviewed
the data from 11 populations and found that, though higher
systolic ARV did predict CV events, it only increased o1%

Table 2. Blood pressure and echocardiography parameters

Office blood pressure

Brachial systolic BP 136.2± 17.9
Brachial diastolic BP 81.9± 11.0
Aortic systolic BP 132.1± 16.7
Aortic diastolic BP 80.0± 10.8

Mean systolic blood pressure
Brachial mean 24 h SBP 127.0± 13.0
Aortic mean 24h SBP 117.6± 12.4

Systolic blood pressure variablity
Brachial 24 hwSD 12.9± 3.3
Aortic 24 hwSD 11.8± 3.1
Brachial ARV 10.7± 2.7
Aortic ARV 10.5± 2.8

Cardiac structure and function
LV mass index 97.3± 25.3
LV hypertrophy 16 (7.9%)
mean E/Ea ratio 8.9± 3.2
Diastolic dysfunction 11 (5.5%)

Abbreviations: ARV, average real variability; BP, blood pressure; LV, left
ventricular; SBP, systolic blood pressure; wSD, weighted s.d.
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Figure 1. Prevalence of LVH and LVDD in participants with different BPV levels. The participants were divided into three groups by the tertiles
of BPV, namely low BPV group (group 1), middle BPV group (group 2) and high BPV group (group 3). Though the participant were grouped by
four different BPV indices (brachial wSD and ARV, aortic wSD and ARV, respectively), the prevalence of LVH and LVDD increased significantly
with all BPV indices. ARV, average real variability; BPV, blood pressure variability; LVDD, left ventricular diastolic dysfunction; LVH, left
ventricular hypertrophy; wSD, 24-h weighted s.d.
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additional prognostic significance over the BP level.23 Recently,
Zhang YQ et al. reported that, in 9711 hypertensive patients from
the Felodipine Event Reduction (FEVER) study, BPV significantly
predicted the subsequent stroke, but was less important than
level of systolic BP, age and level of diastolic BP in this cohort.24

As suggested in this paper, whether aortic BPV carries more
prognostic value than brachial BPV needs to be further addressed,

Table 3. Univariate correlations between cardiac structure and
function indexes and cardiac risk factors

LVMI E/Ea ratio

R P R P

Age 0.14 0.045 0.57 o0.001
BMI 0.21 0.003 0.04 0.624
Brachial mean 24h SBP 0.42 o0.001 0.22 0.002
Aortic mean 24h SBP 0.36 o0.001 0.18 0.012
Brachial systolic 24hwSD 0.26 o0.001 0.32 o0.001
Aortic systolic 24hwSD 0.22 0.002 0.36 o0.001
Brachial systolic ARV 0.23 0.001 0.31 o0.001
Aortic systolic ARV 0.23 0.001 0.32 o0.001

Abbreviations: ARV, average real variability; BP, blood pressure; BMI, body
mass index; LVMI, left ventricular mass index; wSD, weighted s.d. All values
in bold indicate that these P-values are less than 0.05 with statistical
significance.

Table 4. Associations of LVMI and E/Ea ratio with BPV parameters (β-coefficient and P-value)

LVMI (β± s.e.) P-value E/Ea (β± s.e.) P-value

Model 1: without adjustment
Brachial systolic 24 hwSD 6.75± 1.68 o0.001 1.02± 0.22 o0.001
Aortic systolic 24 hwSD 5.32± 1.69 0.002 1.01± 0.22 o0.001
Brachial systolic ARV 5.77± 1.70 o0.001 1.17± 0.22 o0.001
Aortic systolic ARV 5.12± 1.70 0.003 1.01± 0.22 o0.001

Model 2: with adjustment
Brachial systolic 24 hwSD 2.02± 1.96 0.3 0.14± 0.24 0.56
Aortic systolic 24 hwSD 3.19± 1.97 0.11 0.21± 0.24 0.39
Brachial systolic ARV 3.21± 1.77 0.07 0.22± 0.22 0.3
Aortic systolic ARV 4.35± 1.80 0.02 0.16± 0.22 0.53

Abbreviations: ARV, average real variability; BPV, blood pressure variability; LVMI, left ventricular mass index; wSD, weighted s.d. Multiple linear regressions
were performed to investigate the association of LVMI and E/Ea ratio with 1 s.d. increment of four blood pressure variability parameters (brachial and aortic
systolic 24 hwSD, and brachial and aortic systolic ARV), respectively. The adjustment models included: age, gender, body mass index, the use of
antihypertensive agents, smoking and the mean 24 h brachial or aortic systolic blood pressure. All values in bold indicate that these P-values are less than 0.05
with statistical significance.

Figure 2. Associations of LVMI with systolic BPV parameters. Multiple
linear regressions were performed to investigate the association of
LVMI with 1 s.d. increment of four blood pressure variability
parameters (brachial and aortic systolic 24hwSD, and brachial and
aortic systolic ARV), respectively. The adjustment models included:
age, gender, body mass index, the use of antihypertensive agents,
smoking and the mean 24-h brachial or aortic systolic blood
pressure. * indicates the association is significant after adjustment.
24 hwSD, 24-h weighted s.d.; ARV, average real variability; BP, blood
pressure; BPV, blood pressure variability; LVDD, left ventricular
diastolic dysfunction; LVH, left ventricular hypertrophy. * indicates
LVMI significantly increased when aortic systolic ARV increased 1 s.d.
A full colour version of this figure is available at the Journal of
Human Hypertension journal online.

Table 5. Associations of LVH and LVDD with systolic BPV parameters

LVH (95% CI), n= 202 P-value LVDD (95% CI), n=199 P-value

Model 1: without adjustment
Brachial systolic 24 hwSD 2.06 (1.13, 3.74) 0.02 2.41 (1.44, 4.02) o0.001
Aortic systolic 24 hwSD 3.10 (1.59, 6.03) o0.001 3.00 (1.74, 5.16) o0.001
Brachial systolic ARV 1.82 (1.01, 3.28) 0.046 2.39 (1.44, 3.97) o0.001
Aortic systolic ARV 2.52 (1.43, 4.45) 0.002 2.62 (1.59, 4.33) o0.001

Model 2: with adjustment
Brachial systolic 24 hwSD 1.40 (0.84, 2.33) 0.23 1.53 (0.66, 3.51) 0.32
Aortic systolic 24 hwSD 1.59 (0.75, 3.39) 0.23 1.91 (0.82, 4.45) 0.14
Brachial systolic ARV 1.86 (0.92, 3.79) 0.09 2.28 (1.03, 5.02) 0.04
Aortic systolic ARV 2.28 (1.08, 4.82) 0.04 2.36 (1.10, 5.05) 0.03

Abbreviations: ARV, average real variability; BP, blood pressure; BPV, blood pressure variability; CI, confidence interval; LVDD, left ventricular diastolic
dysfunction; LVH, left ventricular hypertrophy; wSD, weighted s.d. Logistic regressions were performed to investigate the association of: (i) LVH and (ii) LVDD
(1=presence and 0= absence), with 1 s.d. increment of four blood pressure variability parameters (brachial and aortic systolic 24 hwSD, and brachial and
aortic systolic ARV), respectively. The adjustment models included: age, gender, body mass index, the use of antihypertensive agents, smoking and the mean
24-h brachial or aortic systolic BP. All values in bold indicate that these P-values are less than 0.05 with statistical significance.
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and more clinical data are warranted to verify the application of
BPV. We hold the opinion that, with the increasing clinical
evidences, BPV would be considered as a necessary supplement of
BP measurement, and it would be valuable in the therapeutic
strategy for patients after considering their BP level. In this case,
aortic BPV together with aortic BP level could be routinely
examined and prevailed as a novel and valuable biomarker.
Our study needs to be interpreted with its limitations. As a

cross-sectional study with a small sample size, the causal
relationship of BPV and TOD needs to be further discussed and
the results should be verified by large prospective studies. For the
same reason and the shortage of current knowledge about the
mechanisms of short-term BPV, our study, though proving the
association between aortic BPV and TOD independently of BP
level, could not give further explanations on the mechanisms of
this association. Experimental studies are warranted to solve the
question. Second, our study did not involve the pulse wave
velocity as an important confounding factor. We have no idea how
the aortic stiffness accounted for in the calculations. Third, the
population of this study is composed of the outpatients in ‘Laiko’
Hospital with suspected or diagnosed hypertension. It should be
very cautious to extend our results to other populations.

CONCLUSION
Twenty-four hour aortic BPV, especially aortic ARV, significantly
associated with LVH and LVDD independently of BP level, and
seemed to be superior to brachial BPV in this association. This
finding, together with our previous publications, favors the
application of 24h ambulatory aortic BP measurement in clinical
practice. However, clinical prospective studies are warranted to
further elucidate its value.

What is known about topic?
● Both brachial and central blood pressure are associated with target
organ damages.

● Central blood pressure is better associated with target organ
damages than brachial blood pressure.

● Brachial systolic blood pressure variability is associated with target
organ damages.

What this study adds?
● Central blood pressure variability is associated with left ventricular
hypertrophy and diastolic dysfunction.

● Central blood pressure variability, especially central average real
variability, may be better associated with cardiac structural and
functional abnormalities than brachial blood pressure variability.
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