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1. Abstract
1.1. Objective: To determine changes in parameters of arterial stif-
fness with posture in 41 hypertensive patients on anti-hypertensive 
treatment

1.2. Method: Postural variations of parameters of arterial stiffness 
are measured in hypertensive patients on anti-hypertensive me-
dication (n=41). Operator index, central aortic systolic pressure 
(ASP), central aortic pulse pressure (APP), Augmentation Index 
(AI) and brachial systolic pressure (SP) and brachial diastolic 
pressure (DP) were measured in supine and sitting positions. Pa-
rameters of arterial stiffness were obtained through Sphygmo-Cor 
device between 8am to 10am initially on supine position. After 
three minutes, values in sitting position were obtained. Ethics ap-
proval was taken. Demographics such as age, race, gender, height 
and BMI were noted. Differences between BP characteristics in 
supine and sitting were compared using non-parametric paired test 
of Wilcoxon Signed-rank test. 

1.3. Results: A statistically significant decrease in median APP 
(38(35-54) vs 38(31-48), p=0.0058) and a significant increase in 
median DP (74(69-83) vs 76(69-87), p=0.023) was observed in 
hypertensive subjects on medications when moved from supine 
into sitting position. 

1.4. Conclusions: Parameters of arterial stiffness vary with postu-
ral changes in hypertensive subjects on anti-hypertensive medica-
tions.  The parameters of arterial stiffness reduce in sitting position 
compared to supine position. The significance of these variations 
is not well known but it may indicate reduction in cardiovascular 

events when patient is in sitting positon and may be on activity or 
exertion. 

2. Introduction
Arterial stiffness is directly related to increased cardiovascular 
events [1-7]. Increased arterial stiffness, is a measure of the elas-
ticity of arteries, has been shown to increase the risk of myocardial 
infarction and stroke. European Society of Hypertension guide-
lines on the management of hypertension acknowledges that cen-
tral pressures (measure of arterial stiffness) may be more predic-
tive of cardiovascular events when compared to brachial pressures. 
This is due to different antihypertensive drugs potentially having 
different 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 variation 
for parameters of arterial stiffness has not been well studied and 
was evaluated in this study.  

3. Methods
In this study, postural variations and their effects on measures of 
arterial stiffness were analysed for hypertensive patients on an-
ti-hypertensive medication. Operator index (OI), central pressures 
such as aortic systolic pressure (ASP), aortic pulse pressure (APP), 
Aortic Pulse Augmentation (APA), Augmentation Index (AI) and 
brachial blood pressures (BP) such as brachial systolic pressure 
(SP) and brachial 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 
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and sitting positions. Subjects with hypertension had follow up 
with clinic physicians 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 parameters of arterial stiffness were measured by using a 
Sphygmo-Cor device in the morning between 8am to 10am ini-
tially 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 hypertensive, hypertensive patients with diabetic mellitus 
with chronic kidney disease, elderly patients with labile blood 
pressure and patients with aortic aneurysm and dissection were 
chosen to undergo the arterial stiffness 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, gender, 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.

4. Results

When postural variations parameters of arterial stiffness and bra-
chial BP were studied in hypertensive subjects on antihypertensive 
medication, a statistically significant increase in APP (38(35-54) 
vs 38(31-48)=0.0058) and a significant decrease in DP (74(69-83) 
vs 76(69-87), p=0.023) was seen in the supine position as com-
pared to in the sitting position (Table 1). 

Table 1: Hypertensive subiects on antihypertensive medication

  Hyper tensive subjects on anti-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 (Interquafiile range) 119 (112-130) 119 (113-127) 0.74896

Median Aortic PP mm Hg (Interquaftile range) 38 (35-54) 38 (31-48) 0.00578

Median AP Aortic Augmentation (Interquafiile range) 6 (0-17) 4 (1-14) o. 79486

Median Al Aortic Augmentation Index (Interquartile range) 14 (2-28) 9 (2-28) 0.83366

Median SP mm Hg (Interquartile range) 136 (128-144) 138 (131-144) 0.71138

Median DP mm Hg (Interquartile range) 74 (69-83) 76 (69-87) 0.0226

5. Discussion
In a recent study, a significant increase in APP and AI in supine 
position was discovered when compared to the values obtained 
from the sitting position. [10] The increase in APP in supine posi-
tion was consistent with the results of this study in the groups with 
hypertensive subjects on medication and normotensive subjects. 
However, this variation was not seen in hypertensive subjects off 
medication. Moreover, no difference in AI was noted in any of 
the groups in this study. Another study by Nürnberger 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 nor-
motensive subjects. The latter study also did not note any signifi-
cant difference in the AI which is similar with our findings. 

A previous prospective pilot study carried out at our centre on 21 
patients by Ashish et al, reported that normotensive subjects had a 

significantly high supine APP and AI values compared with those 
in sitting postures [12]. While the effects of different anti-hyper-
tensive medication on arterial stiffness have been explored, mul-
tiple studies agree that angiotensin-converting enzyme inhibitors, 
angiotensin receptor blockers and calcium channel blockers have 
beneficial effects on reducing arterial stiffness. [13-24] Mutiple 
studies have shown that arterial stiffness can vary with age, obesity 
and aerobic exercise. [25-27]

There are different studies showing changes in arterial stiffness 
with posture. These studies are mainly done in Caucasians and not 
in Asian population. The studies also show postural variations with 
parameters of arterial stiffness in diabetes mellitus and with fasting 
[28-31]. A study conducted by Stoner Lee et al. concluded that 
pressure taken in the supine position was more reliable than when 
seated. [30,33] As APP and AI values also tended to be significant-
ly higher in the supine position, underdiagnoses could be prevent-
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ed when more weight is given to the BP values taken in the supine 
posture during diagnosis. A study carried out by Bas van den Bo-
gaard et al. highlighted that between supine and upright position, 
arterial wave reflection tended to be higher in the supine position. 
[34] Another study carried out by Alyssa Torjesen et al. concluded 
similar results of the study we carried out, adding that the negative 
relation between forward wave amplitude and change in mean arte-
rial pressure on standing was accentuated in women.31 This could 
help guide future policy guidelines on BP measurements, allow-
ing for more accurate BP readings to be obtained. 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. [32] This could help 
identify patients with Diabetes Mellitus who have a higher car-
diovascular risk for early intervention treatment. There are some 
limitations to this study. Mainly, there was a high variance of the 
demographics in the sample population. The hypertensive groups 
consisted of more than 80% of Chinese population. Subjects from 
hypertensive group on medication had a high BMI (29) and aver-
age age (44.7+/-19.5). Several studies have highlighted that age, 
physical conditioning, obesity, ethnicity, obesity related diabetes, 
and body height are all strong determinants of augmentation in-
dex. [13,25-27] Hence, this demographical variation could have 
had an effect on the data. Despite the limitations, this study has 
several strengths too as it has novel data comparing BP charac-
teristics on different positions and different patient groups were 
compared. Measurement of BP characteristics using SphygmoCor 
is a relatively safe and non-invasive procedure. Values with a ope-
rator index <80% were excluded and the average operator index 
was >90%, making the readings more accurate. New data on Asian 
population has been collected through this study.  

6. Conclusion
Parameters of arterial stiffness vary with postural changes in hy-
pertensive subjects on anti-hypertensive medications.   The pa-
rameters of arterial stiffness reduce in sitting position compared 
to supine position. The significance of these variations is not well 
known but it may indicate reduction in cardiovascular events when 
patient is in sitting positon and may be on activity or exertion. 
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