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Reflecting on posture
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Cardiovascular parameters are most often assessed at rest,
and in many cases in the supine position. This generally

facilitates measurement procedures and obviates the

need to account for external and usually complex con-

founding factors, other than those related to the inherent

physiology being investigated. Although the supine rest-

ing position may be relevant for some part of circadian

living, a large part of human activity is characterized

by locomotion and the upright posture. Physiological

adaptations to locomotion are studied under controlled

conditions and at varying degrees of exercise. However,

although primary measures of basic physiological

quantities (e.g. stroke volume) can be obtained with

some level of confidence at rest in supine position, it

becomes extremely difficult to measure them during

exercise, and so they are generally derived from other

measurable quantities, with the associated errors. Not-

withstanding this, the large body of work done so far on

the physiological response to exercise has been extremely

beneficial in elucidating both underlying and adaptive

mechanisms for the function of the circulatory system.

On the other hand, assessment of the changes occurring

in cardiovascular variables when shifting from supine to

standing is the procedure most commonly adopted to

explore the response of cardiovascular control mechan-

isms to gravitational challenges, both when investigating

physiological adaptations to the upright posture in

healthy individuals and when assessing alterations in

cardiovascular regulation in patients with a variety of

diseases.

Indeed, studies related to changes in posture can be

considered as a subset of exercise studies. That is,

whereas conventional exercise studies involve assess-

ment of physiological response to dynamic changes,

postural alterations generally involve static changes

between supine to active or passive standing, such that

measurements are done at different positions, but with no

locomotion or movement in any of them. However, these
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static changes in response to postural shifts involve

sensory and neurogenic responses to changes in static

pressure of different fluid compartments, due to fluid

shifts and gravity effects on fluid columns (such as those

in the aortic trunk). In the intact circulation, these effects

produce changes in cardiac function due to gravity effects

on venous return with the corresponding reaction of

autonomic control mechanisms, such as arterial and car-

diopulmonary baroreflexes [1]. They also induce changes

in the function of large conduit arteries in terms of

pressure-dependent effects of wall properties, as well

as changes in the function of the peripheral vasculature

in terms of alterations in resistance to blood flow.

Because of the inherent pulsatile nature of the cardiac

pump and the distributed features of the arterial tree,

wave propagation phenomena contribute to the gener-

ation of the arterial pressure pulse [2]. These include the

speed of wave travel along the arterial wall, determined

essentially by the wall stiffness and vessel geometry, and

the relative magnitudes of the forward and backward

waves. Wall stiffness is dependent, among other factors,

on distending pressure, and timing and magnitude of

wave reflection depend on pulse wave velocity (and

distance to reflecting sites) and on the amount of impe-

dance mismatch at the periphery, relating mainly to

peripheral resistance [2]. In physiological and clinical

investigations, this wave propagation is assessed nonin-

vasively by measurement of pulse wave velocity (usually

in the supine position) and by pulse wave analysis using

waveform features to determine relative magnitude of

stiffness and effects of wave reflection. Thus, given the

physiological effects of postural changes on the intact

circulation, the static postural changes from supine

to standing would result in significant fluid shifts and

gravity-related pressure gradients affecting cardiac con-

tractility, stiffness of large conduit vessels and peripheral

resistance, with consequent effects on arterial pulse

waveform characteristics.

Postural effects on wave propagation characteristics are

being acknowledged in many recent studies, which are

conducted at varying degrees of head-up tilt [3,4]. In

addition to assessment of changes in reflex control of

arterial pressure with age [5,6], such studies are generally

aimed at uncovering intrinsic effects of arterial stiffness

on orthostatic hypotension [3,7–9].

The study reported by Davis et al. [10] in this issue of the

Journal offers a further contribution to the discussion in

this field, by assessing the changes in peripheral resist-

ance and wave reflection in a group of healthy young

(mean age 29 years) and older (mean age 53 years)
orized reproduction of this article is prohibited.

DOI:10.1097/HJH.0b013e328345852a

mailto:gianfranco.parati@unimib.it
http://dx.doi.org/10.1097/HJH.0b013e328345852a


C

656 Journal of Hypertension 2011, Vol 29 No 4
individuals from supine to active standing. Quantities

are determined from measurements of continuous

pulsatile pressure in the finger and from aortic flow

estimated from a vascular model adapted for mean

arterial pressure and the individual’s age, sex, height

and weight. Aortic pressure is obtained from a math-

ematical transformation of the finger pressure and aortic

pressure and flow are used to calculate peripheral resist-

ance and to determine forward and backward waves and

augmentation index. From these parameters, a reflection

magnitude is calculated.

The study found essentially similar relative changes in

both young and older individuals, with an increase in

peripheral resistance being associated with a reduction

in wave reflection [10]. The authors conclude that the

changes in reflected waves between supine to standing

are not importantly determined by aging, but appear to

be rather related to processes involving predominantly

changes in pressure distribution over large arteries and

vasoconstriction of the microcirculation.

Compared to studies in the supine position or in arterial

models of wave propagation, the findings from this study

would seem somewhat paradoxical: an increase in per-

ipheral resistance would be expected to be associated

with an increase in wave reflection. However, one plaus-

ible explanation offered by the authors is that while the

increase in peripheral resistance relates to the resistive

component (i.e. the real part) of the impedance of the

terminal vascular beds as determined by values of mean

pressure and flow, active standing may also change the

reactive component (i.e. the imaginary part) and so

produce a frequency-dependent phase change. This

effect would be manifest as reduced reflection as deter-

mined from waveform features of the central aortic

pressure.

The study by Davis et al. [10] relied on model estimations

of aortic flow waveforms, which were also used to esti-

mate stroke volume and, thus, peripheral resistance. This

technique of determining stroke volume has been shown

to be valid under conditions of orthostatic stress [11];

however, the validation study [11] did not explicitly

evaluate the flow waveform. The consistency of the flow

waveform is only inferred from the consistency of the

stroke volume. This is, of course, only one of many

possibilities in which similar area under the curve can

be obtained by different wave shapes. And the change in

ventricular ejection wave shape would indeed be a plaus-

ible effect of standing wherein changes in gravity-related

venous return would affect cardiac contractility in accord-

ance with the Starling mechanism. Thus, changes in

ejection waveform would affect the aortic waveform,

independent of peripheral wave reflection phenomena.

Due to the gravity effect on the blood column in the

aortic trunk and lower limbs, it would be expected that

the graded increase in distending pressure would produce
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an increase in regional arterial stiffness resulting in

increase in pulse wave velocity with standing. This

was not measured by the study of Davis et al. [10]; hence,

it is not possible to ascertain whether the reduction of

wave reflection was also associated with an expected

increase in pulse wave velocity as has been found with

peripheral resistance. In a previous study by Xu et al. [12],

an average 21.5% increase in carotid-femoral pulse wave

velocity from the supine to the upright position was

observed in a group of nine healthy male participants

(age 25–37 years) independent of changes in arterial

pressure and heart rate. This was associated with a mean

increase in the gravity-related pressure of 21.1% at the

mid-thoracic level with reference to the position of the

femoral artery. For a mean value of supine pulse wave

velocity of 6 m/s and an average path length of 50 cm, this

gravity-related increase in pulse wave velocity would

have the effect of an earlier return of reflected waves

of 18 ms. For an unchanged flow waveform, this effect

would be manifest as a change in pressure waveform, and

an earlier return during systole would be manifest as a

possible increase in the augmented pressure component.

However, if it is not detected, it may indicate a possible

change in the ventricular ejection wave.

Given the complexity of the mechanisms involved in the

changes in arterial properties associated with a posture

shift from supine to standing, the above-mentioned

limitations of the study by Davis et al. [10] do not allow

to reach a final conclusion on this issue. Indeed, as

previously underlined, this study is limited to the mag-

nitude and the effect of changes in total peripheral

resistance on wave reflection, with no information on

concomitant changes in arterial stiffness through assess-

ment of pulse wave velocity. The latter changes are likely

to play an important role, however, in explaining changes

in arterial pulse waveform, given both the known increase

in sympathetic activity associated with shift to the

upright posture, and the recent demonstration that sym-

pathetic nerve activity is related to pulse wave velocity

[13]. Moreover, aortic pressure and flow were not

measured but were determined from distal, noninvasive

pressure measurement. This is another potential limita-

tion, given the peripheral site of blood pressure measure-

ment and its sensitivity to changes in the hydrostatic

height difference between finger cuff and the heart level

on going from supine to standing posture. The authors

minimize this problem based on the results of a previous

study, which demonstrated that from the supine to

standing position the bias for systolic finger pressure

did not change significantly [14]. They also claim that

the reconstruction of aortic pressure from finger pressure

using a finger to aortic transfer function provides reliable

results [15], based in particular on the data collected by

Sharman et al. during exercise [16] and on a previous

validation study [17]. Finally, the effect of heart rate on

augmentation index was accounted for by using a relation
rized reproduction of this article is prohibited.
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that was determined in supine participants [18], and no

information is available on whether postural stress

modifies such relationship.

In conclusion, although the study by Davis et al. provides

a stimulating contribution to the discussion in this field,

its results cannot be taken as the last word on this issue,

given that a number of important variables were not

measured in the conditions of this study and because

of the above-mentioned potential methodological limita-

tions. The findings by Davis et al. should, thus, be

considered as important background observations for

future studies on the effects of standing on arterial pulse

waveform, which should be based on a further refined

methodological approach.

Indeed, as concluded by the authors, the occurrence of

orthostatic changes in pulse wave characteristics is an

issue that deserves additional investigation, given that

humans spend a large part of their time in either the

seated or standing postures, that is, under conditions that

influence wave reflection.
References
1 Parati G, Castiglioni P, Di Rienzo M, Mancia G. Arterial baroreflex.

Encyclopedia of stress. 2nd ed. Fink G, editor-in-chief; 2007. Elsevier-
Oxford Academic Press. pp. 248–257.

2 Nichols WW, O’Rourke MF. Mc Donald’s blood flow in arteries:
theoretical, experimental and clinical principles. London: Hodder Arnolds;
2005.

3 Mattace-Raso FU, van der Cammen TJ, Knetsch AM, van den Meiracker
AH, Schalekamp M, Hofman A, Witteman JC. Arterial stiffness as the
candidate underlying mechanism for postural blood pressure changes and
orthostatic hypotension in older adults: the Rotterdam Study. J Hypertens
2006; 24:339–344.

4 Tahvanainen A, Koskela J, Tikkakoski A, Lahtela J, Leskinen M, et al.
Analysis of cardiovascular responses to passive head-up tilt using
continuous pulse wave analysis and impedance cardiography. Scand J Clin
Lab Invest 2009; 69:128–137.
opyright © Lippincott Williams & Wilkins. Unauth
5 Tahvanainen A, Leskinen M, Koskela J, Ilveskoski E, Nordhausen K, et al.
Ageing and cardiovascular responses to head-up tilt in healthy subjects.
Atherosclerosis 2009; 207:445–451.

6 Mattace-Raso FU, van den Meiracker AH, Bos WJ, van der Cammen TJ,
Westerhof BE, et al. Arterial stiffness, cardiovagal baroreflex sensitivity and
postural blood pressure changes in older adults: the Rotterdam study.
J Hypertens 2007; 25:1421–1426.

7 Sengstock D, Vaitkevicius PV, Supiano MA. Does increased arterial
stiffness increase the risk for postural hypotension? Am J Geriatr Cardiol
2005; 14:224–229.

8 Tabara Y, Nakura J, Kondo I, Miki T, Kohara K. Orthostatic systolic
hypotension and the reflection pressure wave. Hypertens Res 2005;
28:537–543.

9 Tuday EC, Meck JV, Nyhan D, Shoukas AA, Berkowitz DE. Microgravity-
induced changes in aortic stiffness and their role in orthostatic intolerance.
J Appl Physiol 2007; 102:853–858.

10 Davis S, Westerhof BE, van den Bogaard B, Bogert LWJ, Truijen J, et al.
Active standing reduces wave reflection in the presence of increased
peripheral resistance in young and old healthy subjects. J Hypertens 2011;
29:682–689.

11 Harms MP, Wesseling KH, Pott F, Jenstrup M, Van Goudoever J, et al.
Continuous stroke volume monitoring by modelling flow from noninvasive
measurement of arterial pressure in humans under orthostatic stress. Clin
Sci (Lond) 1999; 97:291–301.

12 Xu K, Butlin M, Avolio A. Effects of postural changes on aortic stiffness
estimated by carotid femoral pulse wave velocity. Proceedings: High Blood
Pressure Research Council of Australia, Melbourne, 1–3 December 2010.

13 Swierblewska E, Hering D, Kara T, Kunicka K, Kruszewski P, Bieniaszewski
L, et al. An independent relationship between muscle sympathetic nerve
activity and pulse wave velocity in normal humans. J Hypertens 2010;
28:979–984.

14 Bogert LWJ, Harms MP, Pott F, Secher NH, Wesseling KH, Van Lieshout
JJ. Reconstruction of brachial pressure from finger arterial pressure during
orthostasis. J Hypertens 2004; 22:1873–1880.

15 Stok WJ, Westerhof BE, Karemaker JM. Changes in finger-aorta pressure
transfer function during and after exercise. J Appl Physiol 2006;
101:1207–1214.

16 Sharman JE, Lim R, Qasem AM, Coombes JS, Burgess MI, Franco J, et al.
Validation of a generalized transfer function to noninvasively derive central
blood pressure during exercise. Hypertension 2006; 47:1203–1208.

17 Guelen I, Westerhof BE, Van Der Sar GL, Van Montfrans GA, Kiemeneij F,
Wesseling KH, et al. Validation of brachial artery pressure reconstruction
from finger arterial pressure. J Hypertens 2008; 26:1321–1327.

18 Wilkinson IB, MacCallum H, Flint L, Cockcroft JR, Newby DE, Webb DJ.
The influence of heart rate on augmentation index and central arterial
pressure in humans. J Physiol 2000; 525:263–270.
orized reproduction of this article is prohibited.


	Reflecting on™posture
	References

