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Introduction

Arterial stiffness is directly related to increased cardiovas-
cular events [1-7]. Increased arterial stiffness, is a measure of
the elasticity of arteries, has been shown to increase the risk of
myocardial infarction and stroke.

European Society of Hypertension guidelines on the man-
agement of hypertension acknowledges that central pressures
(measure of arterial stiffness) may be more predictive of cardio-

i

vascular events when compared to brachial pressures. This is
due to different antihypertensive drugs potentially having dif-
ferent effects on peripheral pressures and central pressures [8].
Furthermore, increased arterial stiffness is a better predictor of
disease progression as they more sensitive to cardiac changes
as compared to peripheral pressures [9]. Effect of postural vari-
ation for parameters of arterial stiffness has not been well stud-
ied and was evaluated in this study.
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Methods

In this study, postural variations and their effects on mea-
sures of arterial stiffness were analysed in 2 groups of patients
consisting of hypertensive subjects (56 patients) and normoten-
sive subjects (54 patients).

Hypertensive patients (56 patients) were further analysed in
2-groups.

1. Hypertensivepatientsonanti-hypertensivemedication(41)

2. Hypertensive (labile) or white coat hypertensive patients
not on anti-hypertensive medication as clinic readings
fluctuated from high normal to pre-hypertensive to stage
1 hypertensive range on different clinic visits.

These patients were put on life style modifications by their
clinic primary physicians (15).

Operator Index (Ol), central pressures such as Aortic Systolic
Pressure (ASP), Aortic Pulse Pressure (APP), Aortic Pulse Aug-
mentation (APA), Augmentation Index (Al) and brachial Blood
Pressures (BP) such as brachial Systolic Pressure (SP) and brachi-
al Diastolic Pressure (DP) were measured in supine and sitting
positions. Median values and interquartile range was calculated
for all these parameters and compared between supine and sit-
ting positions.

Subjects with hypertension had follow up with clinic physi-
cians and were chosen based on their diagnosis of hypertension
on ambulatory blood pressure monitoring or had two average
brachial blood pressure readings above 140/90 mm Hg on at
least two separate occasions in clinic.

The labile BP was seen in the in group of 15 patients who were
diagnosed with stage 1 hypertension with no organ damage by
primary physicians. These patients were not on medications but
started on life style modifications. When these patients were
recruited for study, the blood pressure ranged from normoten-
sive to pre-hypertensive to hypertensive range. These patients
had labile blood pressure or had white coat hypertension.

Normotensive subjects, didn’t follow with clinic physician
and were volunteers who had normal Blood Pressure (BP) read-
ings on at-least 2 separate occasions in clinic.

Table 1: Hypertensive subjects on antihypertensive medication.

The parameters of arterial stiffness were measured by using
a Sphygmo-Cor device in the morning between 8 am to 10 am
initially on supine position. After three minutes, values in sitting
position were obtained. Subjects were advised to refrain from
smoking, eating or drinking beverages three hours before the
test and drinking alcohol 10 hours before the test.

As a clinic protocol, young hypertensives, hypertensive pa-
tients with diabetic mellitus with chronic kidney disease, pa-
tients with labile blood pressure and patients with aortic an-
eurysm and dissection were chosen to undergo the arterial
stiffness study.

Normotensive volunteers were invited to participate in this
study.

Informed verbal consent was obtained from all participants
and ethics approval was obtained before the start of the study.

Summary measures on demographics such as age, race, gen-
der, height, weight and BMI were noted. Differences between
BP characteristics in supine and sitting were compared using
paired T-test and Man Whitney u-test. A p-value of p < 0.05 was
accepted as statistically significant. Bad or incomplete data, low
operator index values (<80%) and data with incomplete patient
information were excluded from the study.

Results

When postural variations parameters of arterial stiffness and
brachial BP were studied in hypertensive subjects on antihyper-
tensive medication, a statistically significant increase in APP (45
(35-54) vs. 42 (31-48) = 0.0058) and a significant decrease in
DP (75 (69-83) vs. 78 (69-87), p = 0.023) was seen in the su-
pine position as compared to in the sitting position (Table 1). A
similar trend of significant increase in APP and decrease in DP
(33 (28.3-36) vs. 30 (23.3-33.8), p= 0.00158 and 62 (55-67) vs.
65 (59-71), p = 0.0006 respectively) was seen in normotensive
subjects (Table 2).

However, hypertensive subjects off antihypertensive medi-
cation showed no statistically significant difference between
any parameters of arterial stiffness including APP and DP in sit-
ting and supine position, contrary to the trend previously ob-
served (Table 3).

Hypertensive subjects on hypertensive medication

Number 41

Mean age in years(SD) 45.3 (19.5)

Mean BMI(SD) 29.2 (7.4)

Parameters Supine Sitting P value
Median Aortic SP mm Hg (Interquartile range) 121 (112-130) 122 (113-127) 0.74896
Median Aortic PP mm Hg (Interquartile range) 45 (35-54) 42 (31-48) 0.00578
Median AP Aortic Augmentation (Interquartile range) 8.3 (0-17) 8.1(1-14) 0.79486
Median Al Aortic Augmentation Index (Interquartile range) 14 (2-28) 13 (2-28) 0.83366
Median SP mm Hg (Interquartile range) 138 (128-144) 138 (131-144) 0.71138
Median DP mm Hg (Interquartile range) 75 (69-83) 78 (69-87) 0.0226
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Table 2: Normotensive subjects.

Normotensive subjects
Number 54
Mean age in years(SD) 30 (8.18)
Mean BMI(SD) 25.4 (6.5)
Parameters Supine Sitting P value
Median Aortic SP mm Hg (Interquartile range) 96 (87.5-105) 96 (90-105) 0.6818
Median Aortic PP mm Hg (Interquartile range) 33 (28.3-36) 30(23.3-33.8) 0.00158
Median AP Aortic Augmentation (Interquartile range) 5.3(1.25-8) 4.7 (1-7) 0.09692
Median Al Aortic Augmentation Index (Interquartile range) 13.5(5.5-20) 13.3 (4.5-21.8) 0.63122
Median SP mm Hg (Interquartile range) 111 (103.3-116.8) 112 (102.3-116) 0.60306
Median DP mm Hg (Interquartile range) 62 (55-67) 65 (59-71) 0.0006
Table 3: Labile Hypertensive subjects not on anti-hypertensive medication.

Labile Hypertensive subjects not on antihypertensive medication
Number 15
Mean age in years(SD) 33.1(12.6)
Mean BMI(SD) 26.9 (4.9)
Parameters Supine Sitting P value
Median Aortic SP mm Hg (Interquartile range) 118 (109-127.25) 120 (107.5-129) 0.201
Median Aortic PP mm Hg (Interquartile range) 40.1 (32-46.5) 41.8 (34.75-47.25) 0.85716
Median AP Aortic Augmentation (Interquartile range) 8.4 (3.75-15) 7.8 (4.25-12) 0.71884
Median Al Aortic Augmentation Index (Interquartile range) 16 (0.75-31) 14.4 (0.75-27.5) 0.5485
Median SP mm Hg (Interquartile range) 134.5 (128-139.25) 139 (128.75-147) 0.19706
Median DP mm Hg (Interquartile range) 77.2 (69.75-83.75) 79 (68.75-86.25) 0.18352

Discussion

In a recent study, a significant increase in APP and Al in su-
pine position was discovered when compared to the values
obtained from the sitting position [10]. The increase in APP in
supine position was consistent with the results of this study in
the groups with hypertensive subjects on medication and nor-
motensive subjects. However, this variation was not seen in hy-
pertensive subjects off medication. Moreover, no difference in
Al was noted in any of the groups in this study. Another study by
Nirnberger et al noted that there was a significant increase in
the DP in sitting position as compared to in the supine position
[11]. This was also consistent with our findings in hypertensive
subjects on medication and normotensive subjects. The latter
study also did not note any significant difference in the Al which
is similar with our findings.

A previous prospective pilot study carried out at our cen-
tre on 21 patients by Ashish et al, reported that normotensive
subjects had a significantly high supine APP and Al values com-
pared with those in sitting postures while hypertensive subjects
on anti-hypertensive medication had a reduction in APP and Al
in supine position [12]. Multiple studies have shown the effects
of different anti-hypertensive medication on arterial stiffness.
Angiotensin-converting enzyme inhibitors, angiotensin recep-
tor blockers and calcium channel blockers have beneficial ef-
fects on reducing arterial stiffness [13-24].

Studies have shown that arterial stiffness can vary with age,
obesity and aerobic exercise [25-27]. Studies have shown that
arterial stiffness varies posture. For central systolic BP, there was
nonsignificant main effect for fasting state but there was a main
effect for posture. Conversely, for Al, there was nonsignificant
main effect for posture but there was a large main effect for
fasting state [28]. Another study carried out by Alyssa Torjesen
et al. concluded similar results of the study we carried out, add-
ing that the negative relation between forward wave amplitude
and change in mean arterial pressure on standing was accentu-
ated in women [31]. Higher aortic stiffness was associated with
a blunted orthostatic increase in mean arterial pressure, even
in middle age. Authors believe that the clinical implications of
these findings would warrant further study [29]. Furthermore,
a study carried out by Yusuke Kobayashi et al. concluded that
higher arterial stiffness could be deduced from the size of BP
drop when moving from the supine to sitting position [30]. This
could help identify patients with Diabetes Mellitus who have a
higher cardiovascular risk for early intervention treatment.

A study conducted by Stoner Lee et al. concluded that pres-
sure taken in the supine position was more reliable than when
seated [31]. As APP and Al values also tended to be significantly
higher in the supine position, underdiagnosis could be pre-
vented when more weight is given to the BP values taken in the
supine posture during diagnosis. A study carried out by Bas van
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den Bogaard et al. highlighted that between supine and upright
position, arterial wave reflection tended to be higher in the su-
pine position [32].

There are some limitations to this study. There was variance
of the demographics in the sample population. While 48% of
the subjects in the normotensive group were Chinese, both the
hypertensive groups consisted of more than 80% of Chinese
population. Subjects from hypertensive group on medication
had a higher BMI (29) and higher average age (44.7 +/- 19.5)
compared to hypertensive subjects off medication and normo-
tensive subjects whose BMI were 26 and 25 and average ages
were 34.3 +/- 13.2 and 33.7 +/- 27.3 respectively. Several stud-
ies as above have highlighted that age, physical conditioning,
obesity, ethnicity, obesity related diabetes, and body height are
all strong determinants of augmentation index. Hence, this de-
mographical variation could have had an effect on the data.

The group of labile hypertensive subjects not on anti-hyper-
tensive medications had a relatively smaller sample size (15) to
the other two groups. They had labile blood pressure or they
were ones who had white coat hypertension and fluctuating
blood pressure. They didn’t need antihypertensive as per their
physicians and were put on life style modifications with most
doing well on subsequent follow up.

Despite the limitations, this study has several strengths too
as it has novel data comparing BP characteristics on different
positions and different patient groups were compared. Mea-
surement of BP characteristics using SphygmoCor is a relatively
safe and non-invasive procedure. The average operator index
was > 90%, making the data more robust and accurate. New
data on Asian population has been collected through this study.

Conclusion

Postural changes has an effect on arterial stiffness. Normo-
tensive subjects and hypertensive patients on treatment be-
have similarly on postural changes. On the other hand, hyper-
tensive subjects who are not on medications, behave differently
with posture. Central aortic pulse pressure is a sensitive marker
for postural variation response of arterial stiffness.
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